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Abstr act

Hypercalcemia of malignancy is the most common life-threa-
tening metabolic disorder in patients with advanced stage 
cancers and is a sign of poor prognosis. It usually presents with 
markedly elevated calcium level and is severely symptomatic. 
It is associated with hematological malignancies, such as mul-
tiple myeloma, non-Hodgkin lymphoma, leukemias and solid 
cancers, particularly renal and breast carcinomas as well as 
squamous cell carcinomas of any organ. Several mechanisms 
have been implicated in the development of hypercalcemia of 
malignancy amongst them the osteolytic related hypercalce-
mia, parathyroid hormone-related peptide (PTHrP) mediated 
hypercalcemia, extrarenal 1,25 dixydroxyvitamin D (calcitriol) 
mediated hypercalcemia and parathyroid hormone (PTH) rela-
ted hypercalcemia either ectopic in origin or in patients with 
parathyroid carcinoma. Clinical history and and physical exa-
mination could point towards the correct diagnosis confirmed 
by the above-mentioned biochemical mediators of hypercal-
cemia. Early diagnosis and treatment lowering calcium levels 
in the blood can improve symptoms and the quality of life of 
these patients and avoid delays for further antitumor therapy.

Introduction
Hypercalcemia is an uncommon finding in patients admitted to the 
emergency department [1, 2]. Hypercalcemia is defined as a serum 
calcium level above the upper limit of the normal reference range 
(usually above 10.5 mg/dl) and can complicate the course of 
10–30 % of all cancer patients [3, 4]. Among all patients who pre-
sent to the emergency department with hypercalcemia, the most 
common causes are malignancy followed by primary hyperpara-
thyroidism [2, 5]. The incidence of hypercalcemia at the early pre-

sentation of cancer is low (1–5 %) but increases in advanced stage 
cancer [6] associated with poor prognosis [7] with a median dura-
tion of survival, for these patients, of 2–6 months from disease 
onset [7]. Among all cancers, multiple myeloma has the highest 
prevalence of hypercalcemia [7, 8] followed by breast, renal, and 
squamous carcinomas of any origin [1, 2, 9, 10]. Of the total liquid 
malignancies, multiple myeloma is the most prevalent hematolo-
gical cancer associated with hypercalcemia, followed by leukemia 
and non-Hodgkin lymphoma [1, 2, 7, 11–13].
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Materials and Methods

Review of the Literature
To identify studies and determine their eligibility a systematic re-
search was conducted in the PubMed and Cochrane Databases on 
the 18th February 2019. Search terms included the following: “can-
cer”, “hypercalcemia”, “malignancy”, “PTHrP” “bone lesions”, “25-
OH vitamin D”, and “PTH”. The above keywords were also com-
bined with the Boolean operators AND and OR. Two of the authors 
(N.A and A.A) independently examined all potentially eligible titles 
and abstracts. Full manuscripts were obtained as necessary to fi-
nalize eligibility (studies which were available only as abstracts were 
excluded). Reference lists of eligible studies were also searched 
through to identify additional studies. Only English language pa-
pers published in the last 10 years were selected. Studies on child-
ren (we included only adults of > 19 years old) as well as studies with 
hypercalcemia of non-malignant etiology (other causes such as sar-
coidosis, renal failure, ileus) were also excluded. Ninety articles 
were finally included in our review based on the full text manuscript 
(▶Fig. 1).

Results

Clinical presentation
According to serum total calcium levels, hypercalcemia is catego-
rized as follows: mild hypercalcemia 10.5–11.9 mg/dl; moderate 
hypercalcemia 12–13.9 mg/dl, and severe hypercalcemia  ≥ 14 mg/
dl [14]. While mild hypercalcemia may be asymptomatic, modera-
te to severe hypercalcemia can be associated with a variety of sym-
ptoms. Severe hypercalcemia is almost always symptomatic; it ap-
pears with an abrupt onset and is most often associated with ma-
lignancies [15]. Patients manifest gastrointestinal symptoms, such 
as nausea, vomiting, anorexia, constipation, abdominal pain, rare-
ly pancreatitis, and peptic ulcer disease [16]. In addition, neurolo-
gic manifestations can also be manifested ranging from fatigue to 
coma, psychiatric conditions like anxiety, cognitive dysfunction, 
depression, as well as cardiovascular manifestations that include 
arrhythmias and shortening of the QT interval [17]. Renal dysfunc-
tion can be developed with polyuria, which is consistent of neph-
rogenic diabetes insipidus, due to kidney’s impaired concentrating 
ability as a result of hypercalcemia [17]. Reduced oral intake of flu-
ids due to nausea and malaise further aggravate the state of volu-
me depletion. The clinical features of hypercalcemia are summa-
rized in ▶Table 1.

Etiology and pathophysiology
Hypercalcemia of malignancy is most commonly caused by incre-
ased bone resorption with release of calcium from bone and the 
inadequate ability of the kidneys to manage higher calcium levels. 
There are four mechanisms, by which this can occur as depicted in 
▶Table 2, [17–19]:

Humoral hypercalcemia of malignancy (via the secretion of 
parathyroid hormone related peptide (PTHrP)
The concept that a PTH-like factor secreted by tumor could medi-
ate hypercalcemia associated with malignancies with few or no 

bone metastases was introduced by Fuller Albright in 1941. In 1987 
PTHrP was isolated confirming Albright’s “humoral hypothesis” 
[20, 21]. The Parathyroid Hormone-Like Hormone (PTHLH) gene, 
which is located on the short arm of chromosome 12 encodes 
PTHrP. Alternative splicing gives rise in three separate isoforms of 
PTHrP of 139, 141, and 173 amino acids. PTHLH and PTH genes have 
quite comparable structures since the intron/exon organization of 
both genes encoding pre-pro sequences and the initial part porti-
on of the mature peptides are identical. Furthermore, the amino-
terminal end of secreted PTH and PTHrP are highly homologous, 
such that the first 13 amino acids are almost identical and there is 

▶Fig. 1 	 Flow diagram of the research in the databases.  *  We exclu-
ded the papers referred to primary hyperparathyroidism (n = 240) or to 
hypercalcemia not related to malignancy (n = 119) (ex. rheumatologi-
cal diseases such as sarcoidosis, chronic renal failure, hemodialysis, 
and ileus) as well as the papers analyzing the role of vitamin D in 
cancer (n = 30) without specific comment to hypercalcemia in the 
abstract or to the full text paper.  *  *  We excluded 719 papers, 10 of 
them had no available full text (only abstract was available), the majo-
rity of papers (n = 679) noted hypercalcemia in the biochemical analy-
ses of their included population without any further comment, focu-
sing mainly on therapies of the cancer or the survival or the imaging 
modalities; at last 30 papers were focused only on vitamin D.

Published in the last
10 years

n = 11 242

n = 2 710

n = 2 145

n = 1 198

Search on PubMed and Cochrane
databases for relevant articles

Studies referred to
humans (exclusion

of in vivo/vitro
articles)

Based on full text

English-written
articles

n = 1 902

n = 809*
– Systematic Reviews: n = 17
– Reviews: n = 83
– Clinical studies/trials: n = 89
– Case reports: n = 620

Included only adults
(> 19 years old)

Based on title and
abstract

n = 3
n = 31
n = 12
n = 44

n = 90**
– Systematic Reviews:
– Reviews:
– Clinical studies/trials:
– Case reports:
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a similar secondary structure over the next 21 amino acids [22]. 
PTHrP regulates osteoblast, osteoclast, and chondrocyte differen-
tiation, and is responsible for normal endochondral bone formati-
on [22, 23], and is highly expressed in the placenta and the breast 
during lactation to transfer calcium to the fetus and regulates va-
scular smooth muscle, skin, hair follicles, hematopoiesis, teeth, and 
the development of brain [22, 24]. Despite their differences in pro-
tein structure, both PTH and PTHrP bind to a common receptor 
PTH1R activating similar second messengers such as cyclic adeno-
sine monophosphate (cAMP), protein kinase A and C, phospholi-
pase C, and inositol phosphate, so that PTHrP mimics the effects 
of PTH [5, 25, 26]. All the above intracellular messengers can trig-
ger RANKL expression in osteoblasts, which in turn upon binding 
to the RANK receptor in osteoclasts lead to further osteoclast ge-
neration and activation.

Humoral hypercalcemia of malignancy accounts for approxi-
mately 80 % of hypercalcemia in cancer patients [6, 26] and is com-
monly encountered in squamous cell carcinomas (head, lung and 
neck, esophageal, cervical, and colon cancers), breast, kidney, blad-

der, endometrial and ovarian cancers, and rarely in pancreatic neu-
roendocrine tumors [6, 27–31]. Hodgkin and non-Hodgkin lym-
phomas have also been reported to led to PTHrP-related hypercal-
cemia of malignancy, albeit rarely [32, 33].

Although patients with Humoral Hypercalcemia of Malignancy 
(HHM) may manifest biochemical features compatible with PTH 
hypersecretion like increased bone resorption, increased calcium 
reabsorption in the ascending limb of loop of Henle and distal con-
voluted tubule, elevated excretion of nephrogenous cAMP, inhibi-
tion of phosphate reabsorption in the proximal convoluted tubule 
leading to hypophosphatemia and phosphaturia [17], studies con-
ducted so far have failed to demonstrate native PTH secretion in 
patients with cancer, except those patients with parathyroid can-
cer [3, 34, 35]. It is well known that PTH also increases renal 
1α-hydroxylase activity leading to overproduction of 1,25(OH)2D, 
the active metabolite of vitamin D, in the proximal convoluted tu-
bule increasing thus the intestinal absorption of calcium and phos-
phate [3, 34, 35]. Of note, PTHrP did not affect the 1α-hydroxylase 
activity and the 1,25 (OH)2D production. Thus patients with pri-
mary hyperparathyroidism are characterized by elevated level of 
1,25(OH)2D, while in patients with PTHrP-dependent HHM this in-
crease is not seen [36]. This difference is probably attributed to the 
differences between PTH and PTHrP ligand receptor binding kine-
tics and activation of the downstream signaling pathways [37, 38]. 
PTHrP can activate the osteoclastic bone resorption and efflux of 
skeletal calcium and phosphate as PTH does, via increasing the ex-
pression of osteoblast receptor activator of nuclear factor κB ligand 
(RANKL), which consequently activates the receptor activator of 
nuclear factor κB (RANK) on the osteoclasts precursors [38]. PTHrP, 
unlike PTH, uncouples bone resorption from formation by favoring 
osteoclast activation and osteoblast suppression and leading thus 
to marked calcium efflux from bone into circulation. This effect is 
in part mediated by cytokines such as tumor necrosis factor (TNF), 
prostaglandin-E, lymphotoxin, and interleukin-1 (IL-1) that stimu-
late osteoclasts and bone resorption [26].

Local osteolytic hypercalcemia with secretion of other 
humoral factors responsible for hypercalcemia
Osteolytic metastases, which lead to excessive calcium release from 
bone is responsible for approximately 20 % of cases of hypercalcemia 
of malignancy [6]. The common causes of such metastases are mul-
tiple myeloma and metastatic breast cancer followed by leukemia 
and lymphoma [6, 39]. Local cytokines released from the tumor can 
stimulate the local production of PTHrP, which in turn induces 
RANKL/RANK interaction [40] resulting in excessive osteoclast acti-
vation, enhanced bone resorption and hypercalcemia [26, 41]. Inter-
leukin-1 (IL-1), IL-3, IL-6, tumor necrosis factor α (TNFα), transfor-
ming growth factor α and β (TGFα, TGFβ), lymphotoxin, and prosta-
glandins E series are the main cytokines/humoral factors associated 
with increased bone remodeling and consequent hypercalcemia 
[39, 42]. A protein which plays important role in hypercalcemia as-
sociated with multiple myeloma is the macrophage inflammatory 
protein 1alpha (MIP1α), which is known to induce osteoclastogene-
sis in human bone marrow cells and to inhibit the differentiation of 
marrow stromal cells into osteoblasts [43].

▶Table 1	 Clinical features of hypercalcemia of malignancy.

Signs and symptoms of hypercalcemia of malignancy

Neurologic Muscle weakness, fatigue, hyporeflexia, apathy, 
disturbances of perception and behavior, 
lethargy, stupor, and coma

Renal Polyuria, polydipsia, volume depletion, 
progressive renal insufficiency, nephrocalcinosis, 
and nephrolithiasis

Gastrointestinal Nausea, anorexia, vomiting, constipation, ileus, 
peptic ulcer disease, pancreatitis

Cardiovascular Shortened ST segments and QT intervals, 
widened T waves, and bundle branch Block 
depressed ST segments, second-degree block, 
bradydysrhythmias, complete heart block, 
cardiac arrest, and hypertension

Dermatologic Pruritus

▶Table 2	 Mechanisms of hypercalcemia of malignancy.

Type Incidence 
( %)

Bone 
Metastasis

Causal Agent

Humoral hypercalcemia 80 Minimal to 
Absent

PTHrP

Osteolytic hypercalcemia 20 Common and 
extensive

Cytokines, 
chemokines, 
PTHrP

1,25(OH)2D Lymphomas  < 1 Variable 1,25(OH)2D

Ectopic PTH production  < 1 Variable PTH

PTHrP: Parathyroid hormone-related peptide; 1,25(OH)2D: 1,25-Dihyd-
roxyvitamin D; PTH: Parathyroid hormone.

772

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Asonitis N et al. Hypercalcemia of Malignancy…  Horm Metab Res 2019; 51: 770–778

Excess production of extra-renal 1,25-dihydroxyvitamin D
One percent (1 %) of all cases of hypercalcemia of malignancy is due 
to increased ectopic production of the active metabolite of vitamin 
D by the tumor [6]. It is found to occur nearly exclusively in lympho-
mas (both Hodgkin and non-Hodgkin) while it has also been recog-
nized in ovarian dysgerminoma [44, 45]. However, Shallis et al. 
(2018) [33] in single center retrospective study reported that the 
main mechanism by which non-Hodgkin lymphomas led to hyper-
calcemia was not mediated by active vitamin D or PTHrP, and remai-
ned unknown. Of note, hypercalcemia was found to be more preva-
lent in large diffuse B-cell lymphomas and in particular of the non-
germinal cell subtype. Furthermore, the outcome was worse in 
patients with calcitriol-mediated hypercalcemia, indicating that cal-
citriol could serve as a marker of high-grade lymphoma or to its 
transformation [33].

Extra-renal 1,25-dihydroxyvitamin D production due to increa-
sed 1α-hydroxylase activity in tissues macrophages has been also 
reported in various nonmalignant granulomatous diseases such as 
sarcoidosis and other inflammatory conditions resulting in hypercal-
cemia [46]. It should be noted that under normal conditions, 25-hy-
droxyvitamin D is converted to the active vitamin D metabolite 
1,25-dihdroxyvitamin D via the enzymatic activity of 1α-hydroxylase 
in the kidney, a process regulated by parathyroid hormone (PTH) 
[47]. However, in 1,25-dihydroxyvitamin D- induced hypercalcemia, 
the cancer cells recruit the adjacent macrophages and stimulate 
them to express 1α-hydroxylase with the result of the conversion of 
endogenous 25-hydroxyvitamin D into the active metabolite 
1,25-dihydroxyvitamin D, which in turn binds to their receptors in 
the gut leading to an increased intestine calcium absorption and hy-
percalcemia (absorptive hypercalcemia) [17, 48].

Ectopic secretion of parathyroid hormone (PTH)
Malignant cells [3, 34, 35] can also produce ectopic PTH accounting 
for less than 1 % of cases of hypercalcemia of malignancy [6], which 
has been described in cases involving cancer of the lung and ovary, 
as well as sarcoma and neuroendocrine tumors [6, 17, 49–52]. How-
ever, primary hyperparathyroidism due to parathyroid adenoma or 
hyperplasia can also occur concomitantly in patients with malignan-
cies [39, 53, 54]. Primary hyperparathyroidism as a result of parathy-
roid carcinoma has also been reported albeit extremely rare [55].

Differential diagnostic approach
The investigation of hypercalcemia should begin with its underly-
ing causes. Hypercalcemia develops in the context of known di-
sease, which is the apparent cause, but sometimes there may be 
multiple causes. Although the symptoms and signs of hypercalce-
mia are similar, the clinical findings of the associated primary dis-
orders are different and can be the key for differentiating the etio-
logy of hypercalcemia. It should be noted that primary hyperpara-
thyroidism and malignancy are the two main causes that comprise 
nearly 90 % of hypercalcemia cases [5, 56, 57], so a diagnostic ap-
proach should first focus on distinguishing between these two en-
tities. The natural history of both processes can help in establishing 
the diagnosis before purchasing laboratory tests. Among patients 
admitted to the hospital, hypercalcemia due to malignancy is 2–3 
times more common than primary hyperparathyroidism while the 
source of malignancy often becomes evident from the history and 

physical examination [5, 56]. For example, mild chronic hypercal-
cemia in an asymptomatic patient may suggest primary hyperpa-
rathyroidism. In contrast, patients with malignancy associated hy-
percalcemia often have rapidly increasing calcium concentrations 
along with a rapid duration of onset and are more likely to be sym-
ptomatic [5, 56].

The first step in the evaluation of the suspected hypercalcemia 
is the measurement of serum calcium. The most commonly deter-
mined is the total calcium, which includes both bound and un-
bound form. It is well known that calcium homeostasis is strongly 
affected by albumin concentration [58]; thus albumin levels must 
be measured for interpretation of the serum calcium; in case that 
albumin is abnormal, then serum calcium should be corrected ta-
king into account the following formula: calcium (mg/dl) + 0.8 (4.0–
patient’s albumin level). However, it should be noted that ionized 
calcium levels which can be measured directly, is the preferred me-
thod with the higher sensitivity, since albumin is the major but not 
the only carrier of calcium [3, 6]. After the laboratory confirmation 
of hypercalcemia, an initial panel of laboratory evaluation consis-
ting of PTH, PTHrP, phosphorus, 25-hydroxyvitamin D, and 1,25-di-
hydroxyvitamin D should be obtained. ▶Table 3 summarizes the 
differential diagnosis of hypercalcemia of malignancy.

Humoral hypercalcemia of malignancy
Elevated PTHrP with a decreased or low-normal serum PTH indica-
tes humoral hypercalcemia of malignancy; if low-normal phospho-
rus and 1,25-dihydroxyvitamin D also exists, it confirms the diag-
nosis. Direct bone osteolysis is characterized by a low PTH, unde-
tectable PTHrP and decreased 1,25-dihydroxyvitamin D with a high 
to normal phosphorus [59].

Local osteolytic hypercalcemia
It is characterized by increased levels of phosphorus with sup-
pressed PTH and low levels of 1,25(OH)2D (▶Table 3). In case that 
hypercalcemia due to bone metastases is strongly suspected but 
not apparent, serum and urine protein electrophoresis, serum-free 

▶Table 3	 Laboratory findings for etiologies of hypercalcemia of mali-
gnancy.

Etiology Humoral 
hypercal-
cemia

Osteolytic 
hypercal-
cemia

1,25(OH)2D 
mediated 
hypercalcemia

Calcium High High High

Phosphorus Low High High

PTH Low Low Low

25(OH)D Any value Any value Low or normal

1,25(OH)2D Low or 
normal

Low or 
normal

High

PTHrP High Low Low

PTHrP: Parathyroid hormone-related peptide; 1,25(OH)2D: 1,25 
Dihydroxyvitamin D; PTH: Parathyroid hormone; 25(OH)D: 25 
Hydroxyvitamin D.
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light chains, and serum and urine immune fixation along with a 
skeletal radiographic images and/or bone scintigraphy should be 
performed for evaluation of a monoclonal gammopathy.

Excess production of extra-renal 1,25-dihydroxyvitamin D
In cases of hypercalcemia caused by lymphoma, PTH is suppressed 
and serum 1,25-dihydroxyvitamin D is elevated without concomi-
tant elevation of serum 25-hydroxyvitamin D.

Ectopic secretion of parathyroid hormone (PTH)
It is important to note that patients with malignancies may exhibit 
a higher prevalence of primary hyperparathyroidism and in some 
cases, primary hyperparathyroidism is the sole cause of hypercal-
cemia in such patients [39, 53, 54, 60]; thus, given the fact that 
some cancers may produce PTH ectopically, whenever, in the set-
ting of hypercalcemia, a high to normal PTH is measured sugges-
ting the existence of parathyroid hyper-functioning, imaging tests 

may be performed to evaluate the parathyroid glands for hyper-
function [39, 61].

Finally, a review of medications should be included during the 
evaluation of hypercalcemia [21, 39]; medications such as lithium, 
thiazide diuretics, and vitamin A and D supplements should be dis-
continued when possible. The above medications although may 
not entirely explain the hypercalcemia, they have the potential to 
make it worse or to unmask it.

Management
The primary goal of therapy is the treatment of the underlying ma-
lignancy. The available pharmacologic treatments available are sum-
marized in ▶Table 4. The type and timing of therapy is determined 
by the severity of the hypercalcemia and associated symptoms; thus, 
in mild asymptomatic hypercalcemia, treatment could be delayed 
until the laboratory tests have been completed and a diagnosis has 
been made. However, in moderate to severe hypercalcemia, espe-

▶Table 4	 Treatment of hypercalcemia of malignancy.

Agent Regimen-Dosage Onset of 
action

Duration 
of action

Practical considerations, SE Approval Approval

0.9 % NaCl 2–4 liter i. v./day Immediate 2–3 days Volume overload

Calcitonin 4–8 units/kg SQ q 6–12 h 4–6 h Up to 3 
days

Tachyphylaxis develops after 72 h. SE: 
nausea, vomiting, and pain at the injection 
site

Approved by FDA for the 
treatment of hypercalcemic 
emergencies

Bisphosphonates 
Zoledronic acid

3–4 mg i. v. over 
15–30 min

48 h 3–4 weeks SE: Nephrotoxicity, infusion site reaction, 
bone pain and flu-like illness for the first 1 
to 2 days after the infusion and osteone-
crosis of the jaw. May repeat dosing after 
at least 7 days. Dose reduction according 
to creatinine clearance

Approved by FDA for the 
treatment of hypercalcemia 
of malignancy and the 
prevention of skeletal-
related events in patients 
with bone metastases

Pamidronate 60–90 mg i. v. over 2–6 h 48 h 3–4 weeks Do not use if glomerular filtration rate is 
less than 30 ml/min

Approved by FDA for the 
treatment of hypercalcemia 
of malignancy

Corticosteroids 200–400 mg hydrocorti-
sone i. v./day for 3–5 days 
and then prednisone 
10–20 mg/day for 7 days 
or prednisone 40–60 mg/
day for 10 days

7 days Unclear 
(perhaps 1 
week)

More likely to benefit patients with 
1,25(OH)2D syndrome from lymphoma 
than other malignancies. SE: hyperglyce-
mia, hypertension, psychiatric disturban-
ces, muscle weakness, peptic ulcer 
disease, and further immunosuppression

Denosumab 120 mg SQ weekly for 4 
weeks and monthly 
thereafter

7–10 days 3–4 
months

Approved for hypercalcemia refractory to 
bisphosphonates therapy and the 
prevention of skeletal-related events in 
patients with solid tumors. SE include 
arthralgias, nausea, diarrhea, dyspnea, and 
osteonecrosis of the jaw

Approved by FDA for 
hypercalcemia refractory to 
bisphosphonates therapy 
and the prevention of 
skeletal-related events in 
patients with solid tumors

Gallium Nitrate 200 mg/m² per day for 5 
days

4 days 2 weeks SE: hypophosphatemia, anemia, and acute 
tubular necrosis

Approved by FDA for 
hypercelcemia of 
malignancy (but not 
available)

Cinacalcet 30 mg twice daily to 
90 mg four times daily

2–16 weeks 
(titration 
phase)

80 weeks Minimal SE include nausea, vomiting, 
diarrhea, myalgia, dizziness, hypertension 

Approved by FDA for 
hypercalcemia of 
parathyroid carcinoma

SE: Side effects; FDA: Food and Drug Administration; SQ: Subcutaneous; i. v.: Intravenous; q: Every.
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cially when it is followed by severe renal or neurologic symptoms, 
treatment should be started immediately. In patients with sympto-
matic severe hypercalcemia, therapy should be aimed specifically 
against the mediating mechanisms and it is essential to decrease 
serum calcium concentration, to increase urinary calcium excretion, 
and to inhibit bone resorption. Reducing intestinal calcium reabsorp-
tion is essential in patients with extra-renal 1,25-dihydroxyvitamin 
D production. Treatment is begun empirically at the time of presen-
tation, while waiting several days for definitive serologic diagnosis. 
As many hypercalcemic patients are dehydrated at presentation, vo-
lume expansion with isotonic saline is the initial treatment of choice 
to restore renal perfusion and to increase renal calcium excretion 
[62]. The rate of hydration depends on the severity of hypercalce-
mia, the age of the patient and comorbidities like congestive heart 
failure, which may change the rate of isotonic saline infusion. Usu-
ally, 1–2 liter of isotonic saline bolus is administered followed by 
maintenance fluids at a rate of 100–150 ml/hour titrated to ensure 
a urine output of 100 ml/hour. In those patients with severe hyper-
calcemia and minimal comorbidities, 4–6 liters can be administered 
over the first 24 h. Just after normovolemia is established, either oral 
or maintenance i. v. fluids is continued to maintain satisfactory urine 
output until the anti-hypercalcemic agents start giving effect. The 
addition of furosemide to promote calciuresis is generally not re-
commended and should be reserved for patients with congestive 
heart failure and symptoms of volume overload or in case of oliguric 
renal failure [63].

Calcitonin is a rapid-acting peptide hormone secreted by the pa-
rafollicular C cells of the thyroid gland, which is a useful adjunctive 
initial therapy that inhibits osteoclastic bone resorption and renal 
calcium reabsorption [15, 64]. It is approved by Food and Drug ad-
ministration (FDA) and when used with bisphosphonates, it can lower 
calcium level more rapidly than either agent alone. A disadvantage 
of calcitonin is the development of tachyphylaxis within approxi-
mately 3 days because of downregulation of the calcitonin receptors 
[48]. However, glucocorticoids can be used to enhance the effect of 
calcitonin by upregulating the cell surface calcitonin receptors and 
creating new ones on the osteoclast [41]. Calcitonin is usually admi-
nistered at a dose of 4–8 IU/kg subcutaneously every 6–12 h; it be-
gins to exert its effect within 4–6 h up to 72 h and decreases calcium 
levels by 1–2 mg/dl [5, 53, 62]. Side effects are minimal; nausea, vo-
miting, and injection site pain are the most common.

Bisphosphonates (BPs) are a class of pyrophosphate analogues 
that bind with high affinity to hydroxyapatite crystals in mineralized 
bone. They target osteoclasts inducing their apoptosis by inhibiting 
farnesyl pyrophosphate synthase, an enzyme that controls intracel-
lular levels of several essential proteins for multiple biologic proces-
ses, resulting thus in the blockage of bone resorption [65]. They also 
affect proliferation and differentiation of osteoblasts preventing 
their apoptosis and they can also neutralize the RANKL-mediated 
stimulation of osteoclasts [18, 66, 67]. They are approved by FDA 
for treatment and prevention of osteoporosis, Paget’s disease of 
bone, metastatic bone disease and they are effective in treating hy-
percalcemia of malignancy resulting in excessive bone resorption 
of any cause [68, 69]. The most commonly used nitrogen-contai-
ning (second generation) BPs are ibandronate, pamidronate, and 
zoledronic acid [68, 69]. BPs are first line therapy and should be 
given within 48 h of diagnosis, because it takes approximately 2–4 

days for them to take effect with complete normalization of the cor-
rected serum calcium level in 4–10 days [69, 70]. The preferred BPs 
for hypercalcemia of malignancy are the parenteral agent pamid-
ronate (typical dose range is 60 mg to 90 mg, administered i. v. over 
2–24 h with duration of achieved normocalcemia of 18 days) and 
zoledronic acid, the latter one is preferred, because it is more po-
tent than the former one, is infused over 15 min and normocalce-
mia is maintained longer up to 32–43 days after infusion of 4 mg 
and 8 mg respectively [71]. Zoledronic acid, at a dose of 4 mg is ap-
proved in USA and the European Union for the treatment of hyper-
calcemia of malignancy and the prevention of skeletal-related 
events (SREs) in patients with bone metastases. Unfortunately, zo-
ledronic acid has been associated with nephrotoxicity and the pa-
ckage insert recommend dose reduction according to creatinine 
clearance as follows: GFR > 60 ml/min: 4 mg, GFR 50–60 ml/min: 
3.5 mg, GFR, 40–49 ml/min: 3.3 mg, GFR 30–39 ml/min: 3.0 mg and 
is not recommended if creatinine clearance is less than 30 ml/min. 
Ibandronate, with a dose range from 2 mg to 6 mg administered i. v., 
has been successfully used for the treatment of multiple myeloma 
patients with renal failure [72], but even though it is not indicated 
for the treatment of hypercalcemia of malignancy, it may offer an 
alternative therapy for patients with renal failure [73]. Side effects 
of BPs include nephrotoxicity, infusion site reaction, bone pain and 
flu-like illness during the first 1–2 days after the infusion and oste-
onecrosis of the jaw in patients receiving high-dose, with prolonged 
therapy and in those who have undergone dental procedures while 
on therapy [74].

Corticosteroids are most likely to have a clinical effect in the set-
ting of the hypercalcemia associated with multiple myeloma and 
other hematological malignancies associated with 1, 25(OH)2D 
overproduction. In these situations, glucocorticoids inhibit 
1α-hydroxylase conversion of 25-hydroxyvitamin D into 1,25-di-
hydroxyvitamin D, therefore inhibiting intestinal calcium absorp-
tion. They also inhibit osteoclast resorption by decreasing tumor 
production of locally active cytokines in addition to having direct 
tumorolytic effects. Steroids are usually given as hydrocortisone 
200–400 mg/day for 3–4 days and then prednisone 10–20 mg/day 
for 7 days or prednisone 40–60 mg/day for 10 days [21], with a de-
crease in serum calcium level up to > 3 mg/dl within 7 days after in-
itiating therapy. When prednisone is not helpful following 10 days 
administration, it should be discontinued [18]. Clinicians should be 
aware that effects may not be apparent for more than 4 days and 
steroids should be used with caution because they may precipita-
te tumor lysis syndrome [75]. Side effects include hyperglycemia, 
hypertension, psychiatric disturbances, muscle weakness, peptic 
ulcer disease, and further immunosuppression [76].

Denosumab is a human monoclonal antibody to RANKL that in-
hibits osteoclasts activity and bone resorption [77]. It is approved 
by FDA for the treatment of osteoporosis and the prevention of 
skeletal-related events in patients with solid tumors [78]. In 2014, 
it was approved for hypercalcemia refractory to bisphosphonates 
therapy [79, 80]. Studies have shown that denosumab was more 
efficacious than zoledronic acid in delaying or preventing hypercal-
cemia of malignancy in patients with advanced cancer stages, in-
cluding breast cancer, other solid tumors and multiple myeloma 
[79, 81]. It was given to patients with cancer and hypercalcemia re-
fractory to i. v. bisphosphonates, defined as serum calcium 
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level > 12.5 mg/dl and who had received BPs within 7 days to 30 
days. Denosumab dosed as 120 mg subcutaneously weekly for the 
first month and monthly thereafter lowered calcium level in 60 % 
of patients within 10 days and it had a median duration of 104 days 
[79]. Denosumab is not metabolized by the kidney, but the effect 
may be more pronounced in patients with renal failure, therefore 
dose reduction is recommended to avoid hypocalcemia [39, 82]. 
Side effects include arthralgias, nausea, diarrhea, dyspnea, oste-
onecrosis of the jaw (usually seen in patients treated with deno-
sumab for at least several months), and hypocalcemia [83, 84].

Cinacalcet is a calcimimetic agent that activates the calcium 
sensing receptor (CaSR) on the surface of parathyroid glands. In 
addition to parathyroid cells, the CaSR is expressed along the ne-
phron as well as in other tissues and is the regulator of PTH synthe-
sis and secretion [85, 86]. By increasing the sensitivity of the CaSR 
to extracellular calcium it effects a reduction in PTH and therefore 
a reduction in serum calcium level [87, 88]. Cinacalcet has recently 
been approved by FDA for the treatment of hypercalcemia in pati-
ents with severe primary hyperparathyroidism (PHPT) when para-
thyroidectomy is contraindicated, those with parathyroid carcino-
ma, and finally for the treatment of patients with end stage renal 
disease on maintenance dialysis therapy and secondary hyperpa-
rathyroidism [26, 89]. To date two cases have been reported for hy-
percalcemia of malignancy treated with cinacalcet and it could be 
used as an additional effective therapeutic option, though not ap-
proved by FDA [26, 88, 90].

In patients with a contraindication to aggressive i. v. hydration 
and i. v. bisphosphonates, hemodialysis can be an effective treat-
ment [6]. It is recommended for patients with a glomerular filtra-
tion rate of less than 10–20 ml/min, in patients already receiving 
hemodialysis or in patients with severe congestive heart failure and 
in cases of treatment failure or when calcium levels are markedly 
increased and are life threatening [91].

Gallium nitrate could be used in the treatment of hypercalcemia 
of malignancy via the inhibition of osteoclast activity and by incre-
asing renal calcium excretion. It was administered as a slow i. v. in-
fusion daily for 5 days and the typical dose used is 200 mg/m² [92]. 
It was well tolerated with side effect of hypophosphatemia, anemia 
and acute tubular necrosis [92]. However, it is no longer available 
for use since 2012, while the manufacturer discontinued its pro-
duction.

Conclusion
Hypercalcemia of malignancy is a common finding in patients with 
advanced stage cancers. It usually presents with markedly eleva-
ted calcium levels and patients are consequently severely sympto-
matic. Among the most common mechanisms which are respon-
sible for the development of hypercalcemia of malignancy are the 
PTHrP-mediated humoral hypercalcemia, the osteolytic metasta-
ses-related hypercalcemia, the PTH-mediated hypercalcemia in pa-
tients with extra parathyroid cancers or parathyroid carcinoma, and 
the 1,25-dihydroxyvitamin D-mediated hypercalcemia. Diagnosis 
and differential diagnosis is made on the basis of the medical his-
tory of the patient and clinical examination, as well as the measu-
rement of the aforementioned mediators of hypercalcemia. Treat-

ment includes i. v. hydration, calcitonin, bisphosphonates, deno-
sumab, corticosteroids, and cinacalcet depending on the cause of 
hypercalcemia. Patients suffering from advanced underlying kid-
ney disease and/or refractory severe hypercalcemia should be con-
sidered for hemodialysis. The administration of PTHrP-related an-
tibodies has been recently emerged as a promising therapy for the 
management of HHM. Oncology and palliative care specialists 
should be involved early to guide the selection of cancer-targeted 
therapies and proposing potential comfort care options.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1]	 Dalemo S, Eggertsen R, Hjerpe P et al. Long-term follow-up of patients 
with elevated serum calcium concentrations in Swedish primary care. 
Scand J Prim Health Care 2013; 31: 248–254

[2]	 Lindner G, Felber R, Schwarz C et al. Hypercalcemia in the ED: 
Prevalence, etiology, and outcome. Am J Emerg Med 2013; 31: 
657–660

[3]	 Turner JJO. Hypercalcaemia - presentation and management. Clin Med 
(London, England) 2017; 17: 270–273

[4]	 Sargent JT, Smith OP. Haematological emergencies managing 
hypercalcaemia in adults and children with haematological disorders. 
Br J Haematol 2010; 149: 465–477

[5]	 Zagzag J, Hu MI, Fisher SB et al. Hypercalcemia and cancer: Differential 
diagnosis and treatment. CA-Cancer J Clin 2018; 68: 377–386

[6]	 Stewart AF. Clinical practice. Hypercalcemia associated with cancer.  
N Eng J Med 2005; 352: 373–379

[7]	 Dellay B, Groth M. Emergency management of malignancy-associated 
hypercalcemia. Adv Emerg Nurs J 2016; 38: 15–25 quiz E11

[8]	 Mhaskar R, Kumar A, Miladinovic B et al. Bisphosphonates in multiple 
myeloma: An updated network meta-analysis. Cochrane Database 
System Rev 2017; 12: CD003188

[9]	 Williams J, Seelamanthula V, Loon K. Parathyroid hormone-related 
peptide mediated hypercalcaemia with squamous cell carcinoma of 
the anus. ANZ J Surg 2018; 88: 516–517

[10]	 Trisal D, Kumar N, Sundriyal D et al. Hypercalcaemia of malignancy: 
Two primaries in the same patient. BMJ Case Rep. 2014; 2014: pii 
bcr2014204368 doi:10.1136/bcr-2014-204368

[11]	 Hua J, Ide S, Ohara S et al. Hypercalcemia and osteolytic bone lesions 
as the major symptoms in a chronic lymphocytic leukemia/small 
lymphocytic lymphoma patient: A rare case. J Clin Exp Hematopathol 
2018; 58: 171–174

[12]	 Rujirachun P, Junyavoraluk A, Owattanapanich W et al. Leukemic 
arthritis and severe hypercalcemia in a man with chronic myeloid 
leukemia: A case report and review of the literature. J Med Case Rep 
2018; 12: 257

[13]	 Toro-Tobon D, Agosto S, Ahmadi S et al. Chronic myeloid leukemia 
associated hypercalcemia: A case report and literature review. Am J 
Case Rep 2017; 18: 203–207

[14]	 Chang WT, Radin B, McCurdy MT. Calcium, magnesium, and 
phosphate abnormalities in the emergency department. Emerg Med 
Clin North Am 2014; 32: 349–366

[15]	 Lumachi F, Brunello A, Roma A et al. Cancer-induced hypercalcemia. 
Anticancer Res 2009; 29: 1551–1555

776

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Asonitis N et al. Hypercalcemia of Malignancy…  Horm Metab Res 2019; 51: 770–778

[16]	 Inzucchi SE. Understanding hypercalcemia. Its metabolic basis, signs, 
and symptoms. Postgrad Med 2004; 115: 69–70 73–66

[17]	 Clines GA. Mechanisms and treatment of hypercalcemia of malignancy. 
Curr Opin Endocrinol Diabetes Obesity 2011; 18: 339–346

[18]	 Clines GA, Guise TA. Hypercalcaemia of malignancy and basic research 
on mechanisms responsible for osteolytic and osteoblastic metastasis 
to bone. Endocr Relat Cancer 2005; 12: 549–583

[19]	 Maier JD, Levine SN. Hypercalcemia in the intensive care unit: A review 
of pathophysiology, diagnosis, and modern therapy. J Intens Care Med 
2015; 30: 235–252

[20]	 Zheng H, Li W, Kang Y. Tumor-stroma interactions in bone metastasis: 
Molecular mechanisms and therapeutic implications. Cold Spring 
Harbor Symp Quant Biol 2016; 81: 151–161

[21]	 Santarpia L, Koch CA, Sarlis NJ. Hypercalcemia in cancer patients: 
Pathobiology and management. Horm Metab Res 2010; 42: 153–164

[22]	 Wysolmerski JJ. Parathyroid hormone-related protein: An update. J Clin 
Endocrinol Metab 2012; 97: 2947–2956

[23]	 Bandyopadhyay A, Tsuji K, Cox K et al. Genetic analysis of the roles of 
BMP2, BMP4, and BMP7 in limb patterning and skeletogenesis. PLoS 
Genet 2006; 2: e216

[24]	 Miao D, Su H, He B et al. Severe growth retardation and early lethality 
in mice lacking the nuclear localization sequence and C-terminus of 
PTH-related protein. Proc Natl Acad Sci USA 2008; 105: 20309–20314

[25]	 Datta NS, Abou-Samra AB. PTH and PTHrP signaling in osteoblasts. Cell 
Signal 2009; 21: 1245–1254

[26]	 Sternlicht H, Glezerman IG. Hypercalcemia of malignancy and new 
treatment options. Therap Clinical. Risk Manage 2015; 11: 1779–1788

[27]	 Acikgoz Y, Sendur MA, Aksoy S et al. Metastatic parenchymal renal 
squamous cell carcinoma with hypercalcemia. Med Oncol (Northwood, 
London, England) 2014; 31: 169

[28]	 Ngo N, Edriss H, Figueroa JA et al. Squamous cell carcinoma of the 
sigmoid colon presenting with severe hypercalcemia. Clin Colorect 
Cancer 2014; 13: 251–254

[29]	 Rossi RE, Naik K, Navalkissoor S et al. Case report of multimodality 
treatment for metastatic parathyroid hormone-related peptide-secre-
ting pancreatic neuroendocrine tumour. Tumori 2014; 100: 153e–
156e

[30]	 Motilal Nehru V, Garcia G, Ding J et al. Humoral hypercalcemia in 
uterine cancers: A case report and literature review. Am J Case Rep 
2017; 18: 22–25

[31]	 Chen Y, Xu G, Yang F. Effect of neoadjuvant chemotherapy on the 
serum levels of bone turnover markers in women with early-stage 
breast cancer. PloS One 2015; 10: e0126053

[32]	 Chevalier N, Udi J, Sigler M et al. Interplay of parathyroid hormone-
related peptide (PTHrP), renal insufficiency and bulky disease in the 
pathogenesis of hypercalcemia in Hodgkin's lymphoma (HL). Eur J 
Haematol 2010; 85: 368–369

[33]	 Shallis RM, Rome RS, Reagan JL. Mechanisms of hypercalcemia in 
non-hodgkin lymphoma and associated outcomes: A retrospective 
review. Clin Lymp Myel Leuke 2018; 18: e123–e129

[34]	 Mundy GR, Edwards JR. PTH-related peptide (PTHrP) in hypercalcemia. 
J Am Soc Nephrol 2008; 19: 672–675

[35]	 Wei CH, Harari A. Parathyroid carcinoma: Update and guidelines for 
management. Curr Treat Opt. Oncol 2012; 13: 11–23

[36]	 Soki FN, Park SI, McCauley LK. The multifaceted actions of PTHrP in 
skeletal metastasis. Future Oncol (London, England) 2012; 8: 803–817

[37]	 Dean T, Vilardaga JP, Potts JT Jr. et al. Altered selectivity of parathyroid 
hormone (PTH) and PTH-related protein (PTHrP) for distinct 
conformations of the PTH/PTHrP receptor. Mol Endocrinol (Baltimore, 
Md) 2008; 22: 156–166

[38]	 Pioszak AA, Parker NR, Gardella TJ et al. Structural basis for parathyroid 
hormone-related protein binding to the parathyroid hormone receptor 
and design of conformation-selective peptides. J Biol Chem 2009; 284: 
28382–28391

[39]	 Mirrakhimov AE. Hypercalcemia of malignancy: An update on 
pathogenesis and management. North Am J Med Sci 2015; 7: 483–493

[40]	 Johnson RW, Nguyen MP, Padalecki SS et al. TGF-beta promotion of 
Gli2-induced expression of parathyroid hormone-related protein, an 
important osteolytic factor in bone metastasis, is independent of 
canonical Hedgehog signaling. Cancer Res 2011; 71: 822–831

[41]	 Goldner W. Cancer-related hypercalcemia. J Oncol Pract 2016; 12: 
426–432

[42]	 Ikushima H, Miyazono K. TGFbeta signalling: A complex web in cancer 
progression. Nat Rev Cancer 2010; 10: 415–424

[43]	 Roodman GD. Pathogenesis of myeloma bone disease. J Cell Biochem 
2010; 109: 283–291

[44]	 Cheng C, Kuzhively J, Baim S. Hypercalcemia of malignancy in thymic 
carcinoma: Evolving mechanisms of hypercalcemia and targeted 
therapies. Case Rep Endocrinol 2017; 2608392

[45]	 Hibi M, Hara F, Tomishige H et al. 1,25-dihydroxyvitamin D-mediated 
hypercalcemia in ovarian dysgerminoma. Pediatr Hematol Oncol 2008; 
25: 73–78

[46]	 Kallas M, Green F, Hewison M et al. Rare causes of calcitriol-mediated 
hypercalcemia: A case report and literature review. J Clin Endocrinol 
Metab 2010; 95: 3111–3117

[47]	 Christakos S, Ajibade DV, Dhawan P et al. Vitamin D: Metabolism. 
Endocrinol Metab Clin North Am 2010; 39: 243–253. Table of contents

[48]	 Rosner MH, Dalkin AC. Onco-nephrology: The pathophysiology and 
treatment of malignancy-associated hypercalcemia. Clin J Am Soc 
Nephrol 2012; 7: 1722–1729

[49]	 Wong K, Tsuda S, Mukai R et al. Parathyroid hormone expression in a 
patient with metastatic nasopharyngeal rhabdomyosarcoma and 
hypercalcemia. Endocrine 2005; 27: 83–86

[50]	 Nakajima K, Tamai M, Okaniwa S et al. Humoral hypercalcemia 
associated with gastric carcinoma secreting parathyroid hormone: A 
case report and review of the literature. Endocr J 2013; 60: 557–562

[51]	 Nussbaum SR, Gaz RD, Arnold A. Hypercalcemia and ectopic secretion 
of parathyroid hormone by an ovarian carcinoma with rearrangement 
of the gene for parathyroid hormone. N Eng. J Med 1990; 323: 
1324–1328

[52]	 Yoshimoto K, Yamasaki R, Sakai H et al. Ectopic production of 
parathyroid hormone by small cell lung cancer in a patient with 
hypercalcemia. J Clin Endocrinol Metab 1989; 68: 976–981

[53]	 Behl D, Hendrickson AW, Moynihan TJ. Oncologic emergencies. Crit 
Care Clin 2010; 26: 181–205

[54]	 Horwitz MJ, Tedesco MB, Sereika SM et al. Continuous PTH and PTHrP 
infusion causes suppression of bone formation and discordant effects 
on 1,25(OH)2 vitamin D. J Bone Mineral Res 2005; 20: 1792–1803

[55]	 Alperstein A, Bhayani R. Parathyroid carcinoma, a rare cause of 
primary hyperparathyroidism. BMJ Case Rep. 2014 pii bcr2014204279 
doi:10.1136/bcr-2014-204279

[56]	 Endres DB. Investigation of hypercalcemia. Clin Biochem 2012; 45: 
954–963

[57]	 Lafferty FW. Differential diagnosis of hypercalcemia. J Bone Mineral Res 
1991; (6 Suppl 2) S51–S59. discussion S61

[58]	 Meng QH, Wagar EA. Laboratory approaches for the diagnosis and 
assessment of hypercalcemia. Crit Rev Clin Lab Sci 2015; 52: 107–119

[59]	 Savvari P, Peitsidis P, Alevizaki M et al. Paraneoplastic humorally 
mediated hypercalcemia induced by parathyroid hormone-related 
protein in gynecologic malignancies: a systematic review. Onkologie 
2009; 32: 517–523

777

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Asonitis N et al. Hypercalcemia of Malignancy …  Horm Metab Res 2019; 51: 770–778

Review

[60]	 Soyfoo MS, Brenner K, Paesmans M et al. Non-malignant causes of 
hypercalcemia in cancer patients: A frequent and neglected 
occurrence. Support Care Cancer 2013; 21: 1415–1419

[61]	 Bilezikian JP. Primary hyperparathyroidism. Endocr Pract 2012; 18: 
781–790

[62]	 McCurdy MT, Shanholtz CB. Oncologic emergencies. Crit Care Med 
2012; 40: 2212–2222

[63]	 LeGrand SB, Leskuski D, Zama I. Narrative review: Furosemide for 
hypercalcemia: An unproven yet common practice. Ann Intern Med 
2008; 149: 259–263

[64]	 Tsavaris N, Kopterides P, Kosmas C et al. Analgesic activity of 
high-dose intravenous calcitonin in cancer patients with bone 
metastases. Oncol Rep 2006; 16: 871–875

[65]	 Drake MT, Clarke BL, Lewiecki EM. The pathophysiology and treatment 
of osteoporosis. Clin Therap 2015; 37: 1837–1850

[66]	 Dunford JE. Molecular targets of the nitrogen containing bisphospho-
nates: The molecular pharmacology of prenyl synthase inhibition. Curr 
Pharmaceut Design 2010; 16: 2961–2969

[67]	 Sabry NA, Habib EE. Zoledronic acid and clodronate in the treatment 
of malignant bone metastases with hypercalcaemia; efficacy and 
safety comparative study. Med Oncol (Northwood, London, England) 
2011; 28: 584–590

[68]	 Teixeira S, Branco L, Fernandes MH et al. Bisphosphonates and Cancer: 
A relationship beyond the antiresorptive effects. Mini Rev Med Chem 
2019; 19: 988–998

[69]	 von Moos R, Costa L, Gonzalez-Suarez E et al. Management of bone 
health in solid tumours: From bisphosphonates to a monoclonal 
antibody. Cancer Treat Rev 2019; 76: 57–67

[70]	 Kommalapati A, Tella SH, Esquivel MA et al. Evaluation and manage-
ment of skeletal disease in cancer care. Crit Rev Oncol/Hematol 2017; 
120: 217–226

[71]	 Macherey S, Monsef I, Jahn F et al. Bisphosphonates for advanced 
prostate cancer. The Cochrane Database System Rev 2017; 12: 
CD006250

[72]	 Henrich D, Hoffmann M, Uppenkamp M et al. Ibandronate for the 
treatment of hypercalcemia or nephrocalcinosis in patients with 
multiple myeloma and acute renal failure: Case reports. Acta 
haematologica 2006; 116: 165–172

[73]	 Body JJ, Diel IJ, Tripathy D et al. Intravenous ibandronate does not 
affect time to renal function deterioration in patients with skeletal 
metastases from breast cancer: Phase III trial results. Eur J Cancer Care 
2006; 15: 299–302

[74]	 Khan A, Morrison A, Cheung A et al. Osteonecrosis of the jaw (ONJ): 
Diagnosis and management in 2015. Osteopor Int 2016; 27: 853–859

[75]	 Walsh J, Gittoes N, Selby P et al. Emergency management of acute 
hypercalcaemia in adult patients. Endocr Connect 2016; 5: G9–G11

[76]	 Fardet L, Flahault A, Kettaneh A et al. Corticosteroid-induced clinical 
adverse events: Frequency, risk factors and patient's opinion. Br J 
Dermatol 2007; 157: 142–148

[77]	 Castellano D, Sepulveda JM, Garcia-Escobar I et al. The role of 
RANK-ligand inhibition in cancer: The story of denosumab. Oncologist 
2011; 16: 136–145

[78]	 Stopeck AT, Lipton A, Body JJ et al. Denosumab compared with 
zoledronic acid for the treatment of bone metastases in patients with 
advanced breast cancer: A randomized, double-blind study. J Clin 
Oncol 2010; 28: 5132–5139

[79]	 Hu MI, Glezerman IG, Leboulleux S et al. Denosumab for treatment of 
hypercalcemia of malignancy. J Clin Endocrinol Metab 2014; 99: 
3144–3152

[80]	 Salahudeen AA, Gupta A, Jones JC et al. PTHrP-Induced refractory 
malignant hypercalcemia in a patient with chronic lymphocytic 
leukemia responding to denosumab. Clin Lymph Myel Leuk 2015; 15: 
e137–e140

[81]	 Diel IJ, Body JJ, Stopeck AT et al. The role of denosumab in the 
prevention of hypercalcaemia of malignancy in cancer patients with 
metastatic bone disease. Eur J Cancer (Oxford, England: 1990) 2015; 
51: 1467–1475

[82]	 Cicci JD, Buie L, Bates J et al. Denosumab for the management of 
hypercalcemia of malignancy in patients with multiple myeloma and 
renal dysfunction. Clin Lymph Myel Leuk.  2014; 14: e207–e211

[83]	 Hanley DA, Adachi JD, Bell A et al. Denosumab: Mechanism of action 
and clinical outcomes. Int J Clin Pract 2012; 66: 1139–1146

[84]	 Saad F, Brown JE, Van Poznak C et al. Incidence, risk factors, and 
outcomes of osteonecrosis of the jaw: integrated analysis from three 
blinded active-controlled phase III trials in cancer patients with bone 
metastases. Ann Oncol 2012; 23: 1341–1347

[85]	 Brown EM. Mechanisms underlying extracellular calcium homeostasis. 
In:  Handbook of Parathyroid Diseases. Berlin: Springer; 2012: 1–18

[86]	 Schwarz P, Body JJ, Cap J et al. The PRIMARA study: A prospective, 
descriptive, observational study to review cinacalcet use in patients 
with primary hyperparathyroidism in clinical practice. Eur J Endocrinol 
2014; 171: 727–735

[87]	 Khan A, Grey A, Shoback D. Medical management of asymptomatic 
primary hyperparathyroidism: Proceedings of the third international 
workshop. J Clin Endocrinol Metab 2009; 94: 373–381

[88]	 Takeuchi Y, Takahashi S, Miura D et al. Cinacalcet hydrochloride 
relieves hypercalcemia in Japanese patients with parathyroid cancer 
and intractable primary hyperparathyroidism. J Bone Mineral Metab 
2017; 35: 616–622

[89]	 Valdes-Socin H, Almanza MR, Fernandez-Ladreda MT et al. Use of 
cinacalcet and sunitinib to treat hypercalcaemia due to a pancreatic 
neuroendocrine tumor. Archiv Endocrinol Metab 2017; 61: 506–509

[90]	 Asonitis N, Kassi E, Kokkinos M et al. Hypercalcemia of malignancy 
treated with cinacalcet. Endocrinol Diabetes Metab Case Rep. 2017; 
pii: 17-0118 doi:10.1530/EDM-17-0118. eCollection 2017

[91]	 Kindgen-Milles D, Kram R, Kleinekofort W et al. Treatment of severe 
hypercalcemia using continuous renal replacement therapy with 
regional citrate anticoagulation. ASAIO J 2008; 54: 442–444

[92]	 Cvitkovic F, Armand JP, Tubiana-Hulin M et al. Randomized, double-
blind, phase II trial of gallium nitrate compared with pamidronate for 
acute control of cancer-related hypercalcemia. Cancer J (Sudbury, 
Mass) 2006; 12: 47–53

778

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


