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Abstract: Hypercalcemia of malignancy affects up to one in five cancer patients during the 

course of their disease. It is associated with both liquid malignancies, commonly multiple 

myeloma, leukemia, and non-Hodgkins lymphoma and solid cancers, particularly breast and renal 

carcinomas as well as squamous cell carcinomas of any organ. The clinical manifestations of 

hypercalcemia are generally constitutional in nature and not specific to the inciting malignancy. 

Such physical manifestations can range from malaise to lethargy and confusion. Constipation 

and anorexia are common. Acute kidney injury is likely the most frequently encountered mani-

festation of end organ damage. Symptomatology is closely linked to both the absolute elevation 

of serum calcium levels and the rapidity of calcium rise. The majority of cases are humoral in 

etiology and related to parathyroid hormone-related protein (PTHrP). Approximately 20% of 

cases are the result of direct bone metastasis with extra-renal 1,25-dihydroxyvitamin D (calcit-

riol) and ectopic parathyroid hormone production likely accounting for less than 1% of cases. 

The diagnosis of hypercalcemia of malignancy is confirmed either by an elevated PTHrP or by 

an evidence of bone metastasis in the appropriate clinical setting. Treatment is predicated on 

the patient’s symptoms and absolute serum calcium level. Interventions are aimed at lowering 

the serum calcium concentration by inhibiting bone resorption and increasing urinary calcium 

excretion, the former accomplished via bisphosphonate therapy and the latter with aggressive 

hydration. Novel therapies for refractory disease include denosumab, a monoclonal antibody 

against the receptor activator of nuclear factor κB ligand, and the calcimimetic cinacalcet. Finally, 

anti-PTHrP antibodies have been successfully deployed in animal models of disease. Despite the 

efficacy of the above therapies, hypercalcemia of malignancy portends an ominous prognosis, 

indicating advanced and often refractory cancer with survival on the order of months.

Keywords: hypercalcemia of malignancy parathyroid hormone, parathyroid hormone-related 

protein, calcitonin, bisphosphonates, denosumab, cinacalcet

Objectives
A comprehensive review of all aspects of hypercalcemia of malignancy is presented 

herein to improve the physician’s understanding and management of this frequent 

disease state. The goals of this paper include educating the clinician on the etiology, 

clinical presentation, and pathogenesis of hypercalcemia among cancer patients. There-

after, the evaluation and management of such patients is reviewed for the practicing 

physician. Finally, a detailed summary of previous, current, and novel therapeutic 

options is described.

Epidemiology
First described in 1921, hypercalcemia of malignancy now occurs in upward of 

20% of cancer patients during the course of their disease.1–3 While exact estimates 

vary as a function of the population studied and the serum calcium cutoff used, 
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hypercalcemia of malignancy is both the most common 

cause of hypercalcemia in cancer patients and the leading 

cause of hypercalcemia in the inpatient setting.2,4 Among 

all cancers, multiple myeloma appears to be the cancer 

with the highest prevalence of hypercalcemia.4–6 With 

respect to solid cancers, breast and renal carcinomas 

followed by squamous carcinomas of any origin are the 

most common culprits.1,4 Among liquid malignancies, 

multiple myeloma is the most prevalent hematologic 

cancer associated with hypercalcemia followed by leu-

kemia and non-Hodgkins lymphoma.4–6 Tumors rarely 

inciting hypercalcemia include central nervous system 

malignancies and prostate cancer, as well as stomach and 

colorectal adenocarcinoma.7

Clinical manifestations
The clinical manifestations of hypercalcemia are protean, 

non-specific, and independent of etiology.8 Symptomatology 

is closely linked to both the absolute elevation of serum 

calcium levels and the rapidity of rise such that moderate 

hypercalcemia (serum calcium 12–14 mg/dL, 3–3.5 mmol/L) 

occurring over a period of months may be well tolerated 

and only vaguely symptomatic whereas similar levels 

of hypercalcemia occurring over a period of weeks can 

result in florid symptoms.8 Severe hypercalcemia (serum 

calcium 14 mg/dL, 3.5 mmol/L) is nearly always symp-

tomatic both because of the absolute level of serum calcium 

and because such hypercalcemia is most often associated with 

malignancy, an elevation that occurs over a period of weeks 

to months. Non-specific neuropsychiatric symptoms include 

malaise and lassitude with progression to lethargy, confusion, 

and coma in those with severe elevations.7 Muscle weakness 

has also been reported. Constipation, anorexia, and nausea 

are frequent gastrointestinal expressions of disease with pan-

creatitis and peptic ulcer disease infrequently encountered.8,9 

Cardiovascular manifestations include a shortening of the 

QT interval and dysrhythmias. Renal dysfunction appears to 

be the most clinically important sequelae of hypercalcemia. 

Patients often report polyuria consistent with nephrogenic 

diabetes insipidus, a result of the kidney’s impaired concen-

trating ability in the hypercalcemic milieu. Acute kidney 

injury, while not a symptom, is common and the product of 

direct renal vasoconstriction and natriuresis-induced volume 

contraction.10 Depressed oral intake from nausea and malaise 

also contribute to a state of volume depletion. Nephrolithiasis, 

while frequently cited, is an uncommon acute manifestation 

of hypercalcemia, and nearly always only found in those with 

longstanding disease.

Mechanism of disease
Hypercalcemia of malignancy occurs as the result of 

direct bone metastasis and via humoral mechanisms such 

as parathyroid hormone-related protein (PTHrP) or 1,25-

dihydroxyvitamin D mediated pathways. Rarely, ectopic 

secretion of parathyroid hormone (PTH) has been implicated. 

Hypercalcemia due to osteolytic bone lesions is common in 

multiple myeloma, leukemia, and breast cancer. Humoral 

hypercalcemia is predominant in squamous cell, renal cell 

and ovarian cancers, and lymphomas are associated with 

1,25-dihydroxyvitamin D mediated hypercalcemia.11

Identified in the 1930s by Gutman et al, osteolytic 

metastases was the first of the aforementioned mechanisms 

observed among hypercalcemia individuals with extensive 

skeletal tumor burden.7 At present, it accounts for 20% of 

cases of hypercalcemia of malignancy and is frequently 

encountered in multiple myeloma, metastatic breast cancer, 

and to a lesser extent in leukemia and lymphoma.7 Local 

osteolytic hypercalcemia was initially attributed to the 

direct physical destruction of bone by malignant cells; 

however, current insights suggest that the presence of 

tumor cells in the bone marrow is insufficient to cause 

hypercalcemia.7,12

Rather, understanding the pathogenesis of metastasis-

induced hypercalcemia requires an appreciation of bone 

metabolism. Physiologic bone turnover requires the comple-

mentary activity of osteoblasts – mesenchymal stem cell-

derived bone-forming cells – and bone-resorbing cells of 

monocyte and macrophage lineage known as osteoclasts.3,13 

During times of bone homeostasis, osteoclast activity is in 

part regulated by the interaction between its receptor activator 

of nuclear factor κB (RANK) surface receptor and that of 

the receptor activator of nuclear factor κB ligand (RANKL) 

protein expressed on osteoblasts and other bone marrow 

stromal cells. RANKL then binds to the RANK receptor on 

osteoclast precursors allowing for the maturation and prolif-

eration of osteoclasts (Figure 1).12,14 In local osteolytic hyper-

calcemia, the RANKL/RANK interaction results in excessive 

osteoclast activation leading to enhanced bone resorption 

and thus hypercalcemia.15 In addition, osteoclast activation 

is also mediated by malignancy secreted cytokines, including 

interleukin-1, initially termed “osteoclast stimulating factor”, 

by Mundy et al in the 1970s.16 In the above cases, the degree 

of hypercalcemia correlates with the tumor burden such that 

the most severe hypercalcemia occurs in those patients with 

the most widely disseminated disease.3

Macrophage inflammation protein 1-alpha (MIP 1-alpha) 

may also play a role in hypercalcemia of malignancy at least 
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in multiple myeloma patients. MIP 1-alpha is elevated in 

bone marrow of patients with active multiple myeloma, 

and MIP 1-alpha has been shown to stimulate osteoclastic 

formation in murine models as well as in human bone mar-

row cells.17

From the identification of hypercalcemia of malignancy in 

the 1920s through to the first large cases series of metastasis-

induced hypercalcemia in the 1930s, all hypercalcemia of 

malignancy was attributed to direct bone invasion.7 However, 

in the 1940s Fuller Albright described a patient with renal 

cell carcinoma and hypercalcemia but only a solitary skel-

etal metastasis.18 He posited that a single metastasis was 

insufficient to cause hypercalcemia and that other circulat-

ing factors were at play. Further credence to Albright’s 

“humoral hypothesis” occurred in the 1950s and 1960s when 

case series of patients with hypercalcemia in the absence of 

bony metastasis were published.19,20 In 1987, PTHrP was 

isolated confirming Albright’s conjecture from a half a 

century earlier.1

Humoral hypercalcemia of malignancy now accounts 

for approximately 80% of hypercalcemia in cancer patients 

and is often attributed to squamous cell carcinomas as well 

as kidney, bladder, and ovarian cancers.2 Under physi-

ologic conditions, PTHrP is expressed in nearly all human 

tissue and functions within the microcirculation to regulate 

smooth muscle tone and transepithelial calcium transport.21 

However, in humoral hypercalcemia of malignancy, PTHrP 

expression is enhanced and enters the systemic circulation 

where it exerts its pathologic effect.7

An approximately 130 amino-acid sequence, PTHrP 

shares 10% structural homology (at the amino-terminal end) 

with PTH.22,23 Owing to its comparable but non-identical 

structural profile, PTHrP activates similar secondary mes-

sengers such as cyclic adenosine monophosphate (cAMP) 

and inositol phosphate as well as protein kinases A and C and 

phospholipase C.24 These intracellular messengers ultimately 

trigger RANKL expression in osteoblasts, which upon bind-

ing with the RANK receptor in osteoclasts triggers further 

osteoclast generation and activation.

From this similar but non-identical structural profile, 

the distinct effects of PTHrP, a biochemical syndrome that 

shares many features with primary hyperparathyroidism, 

can be anticipated. For example, PTHrP agonizes PTH 

receptors in bone and kidney resulting in enhanced bone 

resorption and renal calcium reclamation.25 Specifically, 

by privileging osteoclast activation and osteoblast sup-

pression, PTHrP uncouples bone resorption from forma-

tion leading to marked egress of calcium from bone into 

circulation. This process is, in part, mediated by cytokines 

such as interleukin (IL)-1, prostaglandin, lymphotoxin, and 

tumor necrosis factor (TNF). Both IL-1 and E series pros-

taglandins directly stimulate bone resorption. Moreover, 

lymphotoxin and TNF contribute to the recruitment, prolif-

eration, and stimulation of osteoclasts.26 In toto, when this 

mobilization of calcium, estimated at up to 1,000 mg/day, 

is paired with depressed renal calcium excretion, profound 

hypercalcemia results.1 Akin to primary hyperparathyroid-

ism, humoral hypercalcemia of malignancy also enhances 

renal proximal tubule phosphorus excretion leading to 

phosphaturia and low-normal serum phosphorus levels. 

(In contradistinction, metastases-induced hypercalcemia 

results in hyperphosphatemia). Finally, while PTHrP 

results in enhanced bone resorption and renal calcium 

reclamation – owing to the differences in structure with 

PTH – PTHrP does not augment 1,25-dihydroxyvitamin D 

production, and as a result does not increase intestinal 

calcium absorption.27

The third classical pathway whereby malignancy results in 

hypercalcemia is through extra-renal 1,25-dihydroxyvitamin D 

(calcitriol) production. Accounting for 1% of cases, increased 

production of 1,25-dihydroxyvitamin D occurs nearly 

exclusively in Hodgkin and non-Hodgkin lymphoma with 

case reports of the same in ovarian dysgerminoma.28,29 

In healthy individuals, the conversion of 25-hydroxyvitamin 

D (calcidiol) to the most active vitamin D metabolite, 

Figure 1 Osteoclast maturation activation and denosumab inhibition of osteoclast 
maturation.
Abbreviations: RANK, receptor activator of nuclear factor κB; RANKL, receptor 
activator of nuclear factor κB ligand.
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1,25-dihydroxyvitamin D (calcitriol) occurs via the enzyme 

1-α-hydroxylase in the kidney, a process regulated by PTH.30 

However, in 1,25-dihydroxyvitamin D induced hypercalce-

mia, malignant cells likely recruit and induce adjacent mac-

rophages to express 1-α-hydroxylase, converting endogenous 

calcidiol into calcitriol.31 Calcitriol then binds to receptors in 

the intestine leading to heightened enteric calcium reabsorp-

tion with resultant hypercalcemia. While 1,25-dihydroxyvita-

min D may also induce some bone resorption, this mechanism 

of disease is best conceptualized as an absorptive form of 

hypercalcemia.11 Finally, though the pathway is humoral in 

nature, the term “humoral hypercalcemia of malignancy” is 

reserved for PTHrP-mediated processes.

Ectopic production of PTH by malignant cells has 

been described in a handful of cases involving cancer of 

the ovary and lung, as well as neuroendocrine tumors and 

sarcoma.28,32–35 In such scenarios, immunohistochemical 

assays reveal elevated levels of PTH isolated from cancer 

tissue with subsequent decline in PTH values upon admin-

istration of chemotherapy or tumor resection.

Evaluation and diagnosis
With primary hyperparathyroidism and malignancy com-

prising nearly 90% of cases of hypercalcemia, a diagnostic 

approach that distinguishes between these two entities is 

most expedient. The epidemiology and natural history of both 

processes can assist in ascertaining the diagnosis prior to the 

acquisition of laboratory data. Among patients presenting to 

the hospital, hypercalcemia of malignancy is 2–3 times more 

common than primary hyperparathyroidism with the source 

of cancer often evident by history and physical examination.36 

Moreover, owing to its rapid duration of onset and higher 

calcium concentrations, cancer-related hypercalcemia is 

more likely to provoke symptomatic disease. In contrast, 

findings that suggest primary hyperparathyroidism include 

mild elevations in serum calcium levels, an asymptomatic 

patient, a non-focal exam, and a patient without risk factors 

for cancer.36

Diagnostic algorithms exist for serologic testing and 

stress a step-wise approach to the identification of the etiol-

ogy of hypercalcemia.37 However, given the time pressures 

of day-to-day clinical practice, simultaneous but focused 

testing is likely most efficient. As such, an initial panel con-

sisting of PTH, PTHrP, phosphorus, 25-hydroxyvitamin D, 

and 1,25-dihydroxyvitamin D should be obtained. Elevated 

PTHrP with a depressed or low-normal PTH suggests 

humoral hypercalcemia of malignancy. A low to low-normal 

phosphorus and low 1,25-dihydroxyvitamin D confirms the 

diagnosis. Hypercalcemia related to direct bone invasion 

is characterized by a low PTH, undetectable PTHrP, and 

depressed 1,25-dihydroxyvitamin D. Serum phosphorus is in 

the high-normal range if not frankly elevated. If hypercalce-

mia related to bone metastasis is suspected but not apparent, 

then evaluation for a monoclonal gammopathy should be 

initiated including serum and urine protein electrophoresis, 

serum-free light chains, and serum and urine immune fixation. 

A skeletal survey may also be employed. Lymphoma, a hyper-

calcemia due to 1,25-dihydroxyvitamin D mediated pathways, 

is implied by elevations in 1,25-dihydroxyvitamin D without 

concomitant elevations in 25-hydroxyvitamin D. In such 

cases, PTH is low and PTHrP undetectable.

An important epidemiological caveat is the coexistence 

of hyperparathyroidism with hypercalcemia of malignancy. 

Affecting perhaps 10% of patients with concomitant cancer-

related hypercalcemia, primary hyperparathyroidism is 

diagnosed via an inappropriately high-normal serum PTH 

level in the presence of hypercalcemia.38–40 Clinically, such 

patients often have sub-acute to chronic low-level hypercal-

cemia, attributable to primary hyperparathyroidism, with the 

rapid development of severe and symptomatic hypercalcemia 

linked to malignancy.

Therapy
Treatment of hypercalcemia of malignancy is aimed at 

lowering the serum calcium concentration by targeting the 

underlying disease, specifically by inhibiting bone resorption, 

increasing urinary calcium excretion, and to a lesser extent by 

decreasing intestinal calcium absorption. Because definitive 

serologic diagnosis takes several days, treatment is begun 

empirically at the time of presentation with adjustments 

occurring as laboratory information becomes available. The 

urgency and aggressiveness of treatment is predicated on both 

the serum calcium and importantly, the symptoms manifest. 

Symptomatology, in turn, is a function of both the absolute 

serum calcium concentration and the rate of rise of serum 

calcium.2 While evidence-based guidelines are lacking, in 

individuals with only mildly symptomatic disease, generally 

those with serum calcium levels 12 mg/dL (3 mmol/L), 

immediate treatment can be deferred, apart supportive mea-

sures, until the exact diagnosis has been made. In patients 

with marked symptoms, often those with serum calcium 

levels above 14 mg/dL (3.5 mmol/L), prompt treatment 

with a full complement of therapies should be initiated.41  

In those with serum calcium levels between 12 and 14 mg/dL 

(3–3.5 mmol/L), therapy should be based on symptoms and 

the clinical judgment of the physician. Given the efficacy, 
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tolerability, and cost effectiveness of the treatments involved, 

it may be reasonable to treat such individuals similar to those 

with more severe degrees of hypercalcemia. Table 1 sum-

marizes the various pharmacologic treatments available.42

Patients with asymptomatic or mildly symptomatic 

disease (serum calcium 12 mg/dL, 3 mmol/L) should be 

managed supportively until a definitive diagnosis has been 

obtained and chemotherapy initiated. Such therapies include 

hydration with isotonic fluid (if admitted), avoidance of 

thiazide diuretics, and a low-calcium diet.

Individuals suffering from moderate (serum calcium 

12–14 mg/dL, 3–3.5 mmol/L) to severe (serum calcium 

14 mg/dL, 3.5 mmol/L) hypercalcemia require prompt 

and comprehensive therapy to categorically lower serum 

calcium levels. Conceptually, treatment consists of 

temporizing measures such as volume expansion and calci-

tonin with concurrent bisphosphonate therapy for targeted 

and definitive treatment. Volume expansion with isotonic 

fluid is the initial treatment of choice for hypercalcemia 

of malignancy, leading to a decline in serum calcium of 

approximately 2 mg/dL (0.5 mmol/L). Parenteral fluid 

administration is effective at lowering serum calcium in 

those with acute kidney injury as well as in patients with 

preserved glomerular filtration rates.43 Fluid resuscitation 

acts through multiple mechanisms. It corrects the decline 

in glomerular filtration rate mediated by the direct renal 

vasoconstriction of hypercalcemia as well as the natri-

uresis-induced volume contraction of hypercalcemia.10 In 

addition, it remedies impaired renal clearance of calcium 

associated with hypovolemia.43 Finally, it reverses volume 

depletion associated with vomiting and decreased oral 

intake characteristic of symptomatic hypercalcemia. It also 

addresses the polyuric state consistent with diabetes insipi-

dus that hypercalcemia provokes. The rate and volume 

of infusate should take into consideration the severity of 

hypercalcemia, as well as the patient’s volume status, and 

comorbidities, particularly cardiac and renal. If oliguric 

renal failure or congestive heart failure is present, the 

addition of a diuretic should be considered. A common 

initial treatment regimen consists of 1–2 L normal saline 

bolus followed by maintenance fluids at 100–150 mL/hour 

titrated to a urine output of 100 mL/hour. In those with 

severe elevations in serum calcium and minimal comor-

bidities, 4–6 L can be safely administered over the first 

24 hours.41 Maintenance fluids should be continued until 

the patient is euvolemic and adjuvant anti-hypercalcemic 

agents have taken effect.

Initially employed to augment renal calcium losses, the 

routine use of loop diuretics has fallen out of favor with 

the advent of bisphosphonate therapy. Given the attendant 

electrolyte complications associated with the high doses 

employed, the need for even more frequent monitoring and 

the potential for worsening hypovolemia, loop diuretics 

should be reserved for patients with congestive heart failure 

and evidence of symptomatic volume overload or in cases 

of oliguric renal failure with the same.44

Calcitonin, a 32 amino-acid hormone produced by the 

parafollicular C cells of the thyroid gland, is often an effective 

anti-hypercalcemic agent lowering serum calcium levels by 

approximately 2 mg/dL (0.5 mmol/L) for up to 72 hours.45 

Calcitonin lowers blood calcium levels by inhibiting bone-

resorbing osteoclasts and, to a lesser extent, by enhancing 

calcium excretion into the urine.46 Available as a synthetic 

salmon preparation within the US and as a natural porcine 

product in Europe, an initial dose of 4 units/kg is delivered 

subcutaneously or intramuscularly every 12 hours until the 

effects of bisphosphonate therapy are realized. If no response 

is obtained after initial administration, then doses of up to 

8 units/kg every 6 hours can be attempted.46 Calcitonin 

begins to exert its effect within 4–6 hours with tachyphylaxis 

occurring after approximately 3 days, likely related to 

calcitonin receptors downregulation on osteoclasts.47 There 

are no dosing adjustments necessary for renal failure.42 Side 

effects are limited to nausea and hypersensitivity reaction in 

those with salmon allergies.

Since the approval of etidronate for hypercalcemia of 

malignancy in the late 1980s, bisphosphonates have become 

the standard of care in the treatment of cancer-associated 

hypercalcemia providing safe, effective, and sustained 

Table 1 Treatment of hypercalcemia of malignancy

Agent Regimen Onset Duration

0.9% Sodium chloride 2–4 L iv/day immediate 2–3 days
Calcitonin 4–8 units/kg SQ q 

6–12 hours
4–6 hours Up to 3 days

Bisphosphonates
Pamidronate 60–90 mg iv over 

2–6 hours
48 hours 3–4 weeks

Zoledronic acid 3–4 mg iv over 
15–30 minutes

48 hours 3–4 weeks

Corticosteroids 200–400 mg 
hydrocortisone  
iv/day for 3–5 days

7 days Unclear, 
perhaps  
1 week

Gallium nitrate 200 mg/m2 daily  
for 5 days

4 days 2 weeks

Denosumab 120 mg SQ weekly 
for 4 weeks, then 
monthly thereafter

7–10 days 3–4 months

Abbreviations: iv, intravenous; q, every; SQ, subcutaneous.
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reductions in serum calcium levels.2 Pyrophosphate analogs, 

bisphosphonates, inhibit osteoclast activity in a dose-

dependent fashion and stabilize the bone matrix by binding 

to extracellular calcium and phosphorus.3,48 Clinically, they 

are effective in treating hypercalcemia resulting from exces-

sive bone resorption of any cause.49 At present, the preferred 

bisphosphonates for hypercalcemia of malignancy include 

the high potency parenteral agents pamidronate and zole-

dronic acid. In a randomized double blind trial of 50 patients 

with hypercalcemia of malignancy (mean serum calcium 

13.5 mg/dL, 3.4 mmol/L) evaluating pamidronate versus pla-

cebo, a dose–response relationship vis-à-vis serum calcium 

was seen after a single pamidronate infusion. By day 4, serum 

calcium normalized in 40% of patients receiving 30 mg, 60% 

of patients receiving 60 mg, and 100% of patients receiving 

90 mg. Reductions in calcium began 2 days after administra-

tion with normocalcemia maintained for 10–13 days after 

infusion.50 Zoledronate is nearly one thousand times more 

potent than pamidronate owing to its superior inhibition of 

both farnesyl diphosphate and geranylgeranyldiphosphate 

synthase, enzymes essential for osteoclast activity.51,52 In a 

double blind fashion, 275 patients with hypercalcemia of 

malignancy (mean serum calcium 14.0 mg/dL, 3.5 mmol/L) 

were randomized to either 4 or 8 mg zoledronic acid or 90 mg 

of pamidronate. In all treatment groups, serum calcium began 

to decline within 48 hours with normalization beginning to 

occur by day 4. By day 10, 88% of patients receiving 4 mg 

zoledronic acid, 87% of patients receiving 8 mg zoledronic 

acid, and 70% receiving pamidronate achieved normal 

calcium levels. The duration of sustained normocalcemia 

was 32 and 43 days in the zoledronic acid 4 and 8 mg groups, 

respectively, and 18 days in the pamidronate 90 mg arm.53 

Based on the results of the above trials as well as the shorter 

administration infusion time, zoledronic acid, 4 mg, is the 

preferred bisphosphonate in patients with normal to moder-

ately impaired renal function. With respect to pamidronate, it 

is administered at a dose of 60 mg to patients with moderate 

hypercalcemia (serum calcium 12–14 mg/dL, 3–3.5 mmol/L) 

with 90 mg dose reserved for individuals with severe disease 

(mean calcium 14.0 mg/dL, 3.5 mmol/L).54

As a class, bisphosphonates are among the best-studied 

and safest anti-resorptive therapies. Nonetheless, they are 

subject to certain side effects and limitations. Fever and 

bone pain during infusion have been reported in approxi-

mately 15% of patients. Osteonecrosis of the maxilla and 

mandible occurs in 1% of treated individuals with nearly 

all patients suffering from myeloma or breast cancer, 

having had a preceding dental procedure, and having been 

exposed to bisphosphonate therapy for at least 6 months, 

if not 2–3 years.3,55 Ocular complications such as uveitis 

or orbital inflammation are infrequent, affecting less than 

0.5% of patients. Most importantly, the administration 

of bisphosphonates has been associated with significant 

nephrotoxicity, specifically pamidronate-induced collaps-

ing focal segmental glomerulosclerosis and acute tubular 

necrosis (ATN) with zoledronate. The risk of renal failure 

is directly related to the drug infusion time and dosage. 

Multiple case series have documented the development of 

collapsing focal segmental glomerulosclerosis in cancer 

patients, mostly myeloma, having received more than  

1 year of high-dose pamidronate. ATN has been associated 

with zoledronic acid with acute kidney injury developing 

within a few doses of therapy. With both medications, 

renal impairment has been severe enough to result in per-

manent dialysis dependence.56 In light of their potential 

nephrotoxicity, the American Society of Clinical Oncology 

has issued dosing and monitoring guidelines that stipulate 

bisphosphonate dose and infusion time be tailored to serum 

creatinine in patients receiving bisphosphonates for treat-

ment of multiple myeloma; however, no guidelines exist for 

hypercalcemia of malignancy.57 The package insert recom-

mends pamidronate use in patients with creatinine clear-

ance (CrCl) 30 mL/min only in cases of life-threatening 

tumor-induced hypercalcemia where the benefit outweighs 

the potential risk.54 The zoledronic acid package insert 

stipulates that no dose adjustment is needed for treatment 

of patients with hypercalcemia of malignancy and serum 

creatinine values 4.5 mg/dL (400 µmol/L).58

Corticosteroids are the therapy of choice for cases of 

1,25-dihydroxyvitamin D (calcitriol) mediated hypercal-

cemia. Steroids inhibit 1-α-hydroxylase conversion of 

25-hydroxyvitamin D (calcidiol) into 1,25-dihydroxyvitamin D 

(calcitriol) therefore lessening intestinal calcium absorption. 

In the absence of randomized trials, treatment generally 

consists of intravenous hydrocortisone 200–400 mg/day for 

3–5 days followed by oral prednisone 10–20 mg/day for an 

additional 7 days.59 In addition to a low-calcium diet, case 

reports indicate a favorable response to the above regimen 

with declines in serum calcium of 3.0 mg/dL (0.75 mmol/L) 

within 1 week of initiating therapy.11 The duration of response 

is uncertain but felt to be in the order of 1 week during which 

time malignancy-specific interventions are initiated. Side 

effects of such treatment include hyperglycemia, and further 

immunosuppression.

Although withdrawn from the US market in 1995, 

gallium nitrate is likely as effective an anti-hypercalcemic 
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agent as bisphosphonates inhibiting both osteoclast and 

PTHrP-mediated elevations in calcium.3 In a double blind 

trial of 64 patients with hypercalcemia of malignancy ran-

domized to either pamidronate or gallium nitrate, restoration 

of normocalcemia was achieved more frequently and for a 

longer duration in patients receiving gallium nitrate than 

pamidronate.60 Clinically, gallium nitrate is administered 

by continuous infusion at a dosage of 200 mg/m2 daily for 

5 days. Owing to its extended administration time, the advent 

of even more potent bisphosphonates, and a side effect profile 

including ATN and hypophosphatemia, gallium nitrate is no 

longer available within the US, but should be considered in 

bisphosphonate and denosumab refractory disease.

Since the introduction of bisphosphonate therapy, the 

need for hemodialysis to control hypercalcemia of malig-

nancy has diminished. However, indications remain and 

include those individuals with oliguric renal failure whose 

volume status cannot be managed with diuretics alone. Addi-

tional categories include patients with severe symptomatic 

(ie, coma) elevations in serum calcium despite hydration and 

high-dose bisphosphonate therapy. In such cases, dialysis is 

indicated for symptom relief and control of hypercalcemia 

until chemotherapy has been administered. Renal replace-

ment therapy with low or calcium-free dialysate is highly 

effective at restoring normocalcemia with reductions of 

3–5 mg/dL (0.75–1.25 mmol/L) achieved over a 3–4 hour 

treatment.61,62 The duration of effect is usually on the order of 

hours to days. While case reports in the literature demonstrate 

the safety of calcium-free dialysate baths, our preference is to 

use low-calcium (2.0 mmol/L) baths to minimize the risk 

of cardiac arrhythmia, hypotension, and seizures. Given that 

humoral hypercalcemia is often accompanied by hypophos-

phatemia and the lack of phosphorus in standard dialysate 

solutions, hemodialysis-induced hypophosphatemia should 

be monitored and corrected for.63

Novel therapies for the treatment of hypercalcemia of malig-

nancy include denosumab and cinacalcet with animal models, 

suggesting a possible future role for anti-PTHrP antibodies. In 

2010, the fully human monoclonal antibody denosumab was 

approved for the treatment of osteoporosis and the prevention 

of skeletal-related events in patients with solid tumors. In 2014, 

it was subsequently approved for bisphosphonate refractory 

hypercalcemia.64 Denosumab is an RANKL antibody that inhib-

its osteoclast maturation, activation, and function (Figure 1). 

In case reports, denosumab demonstrated noteworthy anti-

hypercalcemic effects in patients with refractory disease despite 

high-dose bisphosphonate therapy. In an open label, single arm 

phase two study, 33 patients with a mean serum calcium of 

13.5 mg/dL (3.4 mmol/L) despite intravenous bisphosphonate 

therapy received 120 mg denosumab subcutaneously weekly 

for 4 weeks followed by monthly injections. Nearly 65% of 

study patients experienced a normalization of serum calcium 

by, on average, day 9 with a median response duration of 104 

days.65 Denosumab appears to be well-tolerated apart arth-

ralgias and a risk of jaw osteonecrosis comparable to that of 

zoledronate.64 In trials evaluating the efficacy of denosumab in 

preventing skeletal-related events, rates of hypocalcemia were 

close to 10%, nearly double that of bisphosphonate therapy.66 

Severe hypocalcemia has also been reported in prostate cancer 

patients treated with denosumab for the management of osteo-

blastic bone metastases.67 Since it is not metabolized by the 

kidney, acute kidney injury or chronic kidney disease is not a 

contraindication to its use. However, denosumab must be used 

with caution in such patients because the risk of hypocalcemia 

is augmented in patients with impaired calcium homeostasis 

characteristic of renal failure.68 In light of the above, the optimal 

dosing regimen for denosumab in those with impaired renal 

function remains to be determined. However, it is useful to note 

that in patients with preexisting hypercalcemia of malignancy 

treated with denosumab, only 2 of 33 patients developed mild 

hypocalcemia. The median (range) of calculated CrCl in this 

group was 76 (13–311) mL/min.65 Some authors advocate the 

use of oral vitamin D supplementation in patients with low 

vitamin D levels who are hypercalcemic and are treated with 

denosumab. However, the use of oral vitamin D supplements 

should be carefully considered against the risks of exacerbating 

underlying hypercalcemia.

Approved in 2004 for secondary hyperparathyroidism of 

renal failure and parathyroid carcinoma, cinacalcet is a calci-

mimetic that interacts with the calcium sensing receptor on 

parathyroid cells leading to the downregulation of PTH with 

an attendant decline in serum calcium levels.69 Also expressed 

in bone and renal tissue, the calcium sensing receptor is 

responsible for osteoblast differentiation and bone resorp-

tion by osteoclasts.70 Cinacalcet effectively lowers serum 

calcium levels in inoperable parathyroid cancer patients 

with high PTH levels.71 To date, there have been no trials of 

cinacalcet for other types of hypercalcemia of malignancy but 

we reported a patient with metastatic renal cell carcinoma, a 

PTH of 10 pg/dL (reference range: 12–88) and a PTHrP of 

114 pg/dL (reference range: 14–27) with a serum calcium of 

14.2 mg/dL (3.6 mmol/L) despite bisphosphonate and deno-

sumab therapy. Titration of cinacalcet to 60 mg/day resulted 

in a serum calcium of 10.1 mg/dL (2.5 mmol/L) at 10 weeks 

follow-up with a PTHrP of 159 pg/mL at that time.41,72  

As such, cinacalcet may yet have a role in the treatment of 
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hypercalcemia, particularly when provoked by malignancy 

of the parathyroid gland.

A future molecular target for the treatment of hypercalce-

mia of malignancy involves PTHrP-related antibodies. Using 

chimeric anti-PTH antibodies, murine models of hypercal-

cemia suggest infusions of PTHrP antibodies both corrects 

hypercalcemia and suppresses the release of malignancy 

associated cytokines such as TNF and multiple interleukins. 

Moreover, attenuation of these cytokines was accompanied 

by improvement in appetite, weight, and energy.73

Prognosis
Literature from the early 1990s suggests a median survival 

of 1–3 months after the diagnosis of hypercalcemia of 

malignancy.5,74–77 In a retrospective study of 126 patients 

with cancer-associated hypercalcemia (mean serum calcium 

13.2 mg/dL, 3.3 mmol/L) and chemotherapy refractory disease, 

median survival was 1 month with 75% mortality by 3 months.74 

In those whom specific anticancer treatment was available, 

median survival was 4 months. Another retrospective analysis 

of nearly 8,000 hypercalcemia of malignancy patients (serum 

calcium 12 mg/dL, 3.0 mmol/L) from the same time period 

found a 12-month survival of only 25%.5 No distinction was 

made between those with chemotherapy sensitive or resistant 

disease. In a recent study of 138 patients with humoral hypercal-

cemia of malignancy, the median survival was 52 (21–132) days 

from the time the PTHrP level was obtained.78 Therefore, while 

effective therapy exists for controlling serum calcium levels, 

hypercalcemia of malignancy portends an ominous prognosis, 

indicating advanced and often refractory cancer. As such, while 

the aforementioned therapies have markedly decreased the 

symptoms of hypercalcemia, there is little evidence to suggest 

that such modalities affect the natural history or mortality rates 

associated with the underlying malignancy.
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