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Malignancy-associated Hypercalcemia: role of Denosumab.
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Introduction: Hypercalcemia is a common metabolic disorder in patients with malignant diseases; it is
primarily associated with multiple myeloma and other hematological malignancy, but hypercalcemia is also
found in advanced solid cancers, particularly squamous cell cancer as lung cancer, head and neck cancer, breast
cancer, kidney and prostate cancer [1]. Frequent clinical manifestations of malignancy-related hypercalcemia
are: nausea, vomiting, ileus, anorexia, dehydration, renal failure, muscle weakness, psychosis, lethargy, coma,
and cardiac abnormalities as short QT interval and atrial or ventricular arrhythmia [2].

At least two main mechanisms can be responsible for hypercalcemia in these patients: humoral malignancy-
associated hypercalcemia and local osteolytic hypercalcemia [3].

HUMORAL HYPERCALCEMIA

Humoral hypercalcemia of malignancy accounts for approximately 80% of hypercalcemia in cancer
patients [1] and it is essentially due to tumor secretion of parathyroid hormone-related protein (PTHrP) [4]
and/or tumor production of 1,25-dihydroxyvitamin D (calcitriol) [5, 6]; rarely, ectopic secretion of parathyroid
hormone (PTH) has been reported [7]. PTHrP is the principal factor responsible for humoral hypercalcemia;
PTHrP increases the expression of osteoblast receptor activator of nuclear factor kappa-beta ligand (RANKL)
[8]. This receptor plays a central role in osteoclastogenesis and in mediating bone remodeling and resorption.
Upon binding to the receptors activator of nuclear factor kappa-beta (RANK), located on the surface of
osteoclast precursors and mature osteoclasts, RANKL induces both differentiation and activation of osteoclasts
[9]. This in turn leads to increased bone resorption and metabolism with consequent rise of calcium plasma
levels. Moreover, it has been show that PTHrP agonizes PTH receptors in renal tubular cells resulting in
enhanced calcium reclamation in the kidney [10, 11].

LOCAL OSTEOLYTIC HYPERCALCEMIA

Local osteolytic hypercalcemia can occur as the result of osteolytic bone metastases with local release
of malignancy secreted cytokines, including Tumor necrosis factor-alpha (TNF-a), Transforming growth factor
alpha (TGF-a)) and moreover Interleukin-1 (IL-1), initially termed “osteoclast activating factor"; these cytokines
mediate osteoclast activation [3, 12, 13]. In addition, in local osteolytic hypercalcemia, the RANKL/RANK
interaction leads to an excessive osteoclast activation resulting in enhanced bone resorption and consequent
hypercalcemia [14]. In this mechanism, Transforming growth factor-beta (TGF-B) released as a consequence of
bone resorption in the bone microenvironment, stimulating tumor growth and PTHrP expression by tumor cells,
plays an important role in maintaining the “vicious cycle” between tumor cells and osteoclasts [15-17].

MANGEMENT OF HYPERCALCEMIA IN CANCER PATIENTS

Malignancy-associated hypercalcemia may become a life threatening metabolic disorder in cancer
patients, so early detection and timely treatment are fundamental to prevent serious and fatal complications [2].
The optimal approach to hypercalcemia related to malignant diseases is to treat the underlying tumor;
nevertheless, fluid intravenous hydration with normal saline should be the initial treatment. The hydro-saline
replenishment corrects the dehydration and increases the glomerular filtration rate. Although loop diuretics
inhibit renal calcium resorption, these agents should not be routinely used for all hypercalcemic patients in order
not to deteriorate the dehydration; these drugs may be added after adequate fluid replenishment. Calcitonin, that
inhibits bone resorption and increases the renal calcium excretion, is a useful adjunctive initial therapy. The
hypocalcaemic effect of Calcitonin appears rapidly but it is often partial and temporary. Corticosteroids as
Hydrocortisone and Prednisone, can prevent the conversion of precursor 25-hydroxyvitamin D into calcitriol
and are useful in hypercalcemia mediated by ectopic production of calcitriol. In patients with severe renal failure
and oliguria hemodialysis with a low calcium bath may be necessary [18].

Intravenous Bisphosphonates are generally established as first-line therapy after volume expansion;
these agents have been widely used because of inhibitory effect of bone resorption mediated by osteoclasts.
Zoledronic acid was shown to be more potent than Pamidronate in the treatment of hypercalcemia of
malignancy, resulting in faster normalization of calcium plasma levels, longer maintenance of normocalcemia
and longer duration of therapeutic action (about 30 days for Zoledronic acid and 20 days for Pamidronate) [19].
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The use of intravenous Bisphosphonates is limited in patients with compromised renal function, due to drug-
induced nephrotoxicity; a dose reduction is required in case of glomerular filtration rate less than 60 ml/min.
Lastly, prolonged treatment increases the risk of rare complications such as osteonecrosis of the jaw and atypical
femoral fractures [20].

ROLE OF DENOSUMAB
IN MALIGNANCY-ASSOCIATED HYPERCALCEMIA

From some years, in the treatment of malignancy hypercalcemia, there is a growing interest in the use
of Denosumab, a human monoclonal 1gG2 antibody that acts by binding with high affinity and specificity to
RANKL, preventing its ligand interaction with RANK and decreasing osteoclast formation, activity and
survival. By inhibiting the binding of RANKL to RANK, Denosumab significantly decreases bone resorption
and hypercalcemia [21, 22]. The United States Food and Drug Administration (FDA) and the European
Medicines Agency (EMA) have approved Denosumab, atdosage of 60 mg administered as a
single subcutaneous injection once every 6 months, for the treatment of osteoporosis in postmenopausal women
and in men who have an increased risk of fracture; it is also approved to treat bone loss in men receiving
treatment for prostate cancer that increases their risk of fracture and, FDA approval only, in women receiving
adjuvant Aromatase Inhibitor therapy for breast cancer [23, 24].

At a dose of 120 mg administered as a subcutaneous injection every 4 weeks, Denosumab is approved
to prevent skeletal-related complications in patients with metastatic bone disease from solid tumors; these
complications include fractures, spinal compression, or complications requiring radiotherapy or surgery.
Denosumab is also approved in patients with unresectable giant cell tumor of bone; in the latter case
recommended dose is 120 mg of Denosumab administered every 4 weeks with additional 120 mg doses on days
8 and 15 of the first month of therapy [25, 26]. In Italy, the Italian Drug Agency (AIFA), acknowledging FDA
and EMA guidances, has approved Denosumab for the same indications [27, 28]. However, in 2014, FDA has
approved a new indication of Denosumab in the treatment of hypercalcemia of malignancy refractory to
bisphosphonate therapy. For this indication Denosumab is administered as subcutaneous injection (120 mg)
every 4 weeks, with additional doses of 120 mg on days 8 and 15 of the first month of therapy [29].

The approval of Denosumab for hypercalcemia of malignancy was based on positive results from an
open-label, single-group study of patients with advanced cancer and persistent malignancy-
associated hypercalcemia after recent bisphosphonate treatment. The primary endpoint was the proportion of
patients with a response, defined as an albumin-corrected serum calcium level of 11.5 mg/dL or less within 10
days after the first dose of Denosumab. The study achieved its primary endpoint with a response rate at day 10
of 63.6% in the 33 patients evaluated. The estimated median time to response was 9 days, and the median
duration of response was 104 days. The most common adverse reactions were nausea, dyspnea, decreased
appetite, headache, peripheral edema, vomiting, anemia, constipation, and diarrhea [30]. In clinical studies
Denosumab was found to be well tolerated apart arthralgias and a risk of jaw osteonecrosis comparable to that
of Zoledronate; no dose adjustment has been required in patients with renal impairment [21, 22].

CONCLUSION

Malignancy-associated hypercalcemia is a serious complication of advanced cancer. It occurs most
often in patients with onco-hematological diseases and squamous cell cancer, particularly breast and renal
carcinomas. Hypercalcemia of malignancy is an oncologic emergency that causes a high burden of debilitating
symptoms, conveys a poor prognosis and can limit the ability to administer necessary antitumoral treatments; if
left untreated, this cancer complication can lead to renal failure, progressive mental impairment, coma, and
death. Denosumab, at a dose of 120 mg every 4 weeks, recently approved by FDA for the treatment of
hypercalcemia of malignancy refractory to bisphosphonate therapy, is a welcome addition that effectively
inhibits osteoclast-mediated bone resorption by disrupting the RANKL/RANK pathway. It is desirable, in the
near future, also in European Countries an extension of current indications of Denosumab for this potential life-
threatening cancer complication.
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