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Summary

Objective: Denesumab is often used in men with advanced prostate cancer to prevent skeletal
related events, but can be associated with severe hypocalcaemia. Our objective was to review
the pathophysiology, identify risk factors and provide recommendations for prevention and
management of denosumab-associated hypocalcaemia.

Design: We reviewed the literature regarding denosumab-associated severe hypocalcaemia,
defined as meeessitating hospitalization for intravenous calcium treatment, in the context of
prostate cancer.

Results: We identified 20 men with prostate cancer with severe denosumab-associated
hypocalcemiajineluding the present case. Median age (range) was 70years (45-86). All had
skeletal metastases and presented with symptomatic hypocalcemia 16 days (4-35) after the
initial (n=18) or second (n=2) denosumab treatment, with a serum total calcium of
1.36mmol/E*l.13-1.91). The key risk factor was presence of active osteoblastic metastases,
evidencedsby elevated serum alkaline phosphatase, 838U/L (58-2,620) and supportive
imaging. Other risk factors reported in some men included vitamin D deficiency
(<50nmol/L), 25-OH vitamin D 44nmol/L (22-81), renal impairment, serum creatinine
103pumol/L «(62=1,131), and hypomagnesaemia, 0.82mmol/L. (0.29-1.20). Men received
intravenous ealeium infusions for 16 days (1-90), and median total intravenous elemental
calcium requirements were 3.17g (0.47-26.65).

Conclusions: Denosumab treatment in men with metastatic prostate cancer can be associated
with life-threatening hypocalcaemia requiring prolonged hospitalization for intravenous
calcium treatment. Modifiable risk factors should be corrected before denosumab
administration. In;men with active osteoblastic metastases, consideration should be given to
delay demosumab treatment until underlying disease activity is controlled, and/or be
administered with'close monitoring and proactive treatment with calcium and calcitriol.
Keywords: Hypocalcaemia, prostate cancer, denosumab, consumption hypocalcaemia, risk

factors, pathophysiology, treatment
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Introduction

Prostate cancer is the second most common cancer and the fifth leading cause of mortality
among men worldwide!. Skeletal metastases are common in advanced disease? and can result
in skeletal-related events (SRE) such as pathologic fractures, spinal cord compression and
pain necéssitating radiotherapy or surgery to bone. Treatment with denosumab, a receptor
activator of nuclear factor-kappa P ligand (RANKL) inhibitor, reduces SRE in men with
castrate-resistant prostate cancer’. At standard doses, denosumab is more effective than
zoledronic acid*, with a lower SRE incidence (risk ratio 0.84) and a delayed onset to first
SRE (risk ratio 0.83) reported in a systematic review?. The oncologic benefit of denosumab is
considered “to_be due to its more potent suppression of bone remodeling compared to
zoledronic @cid®%¢, but this may also contribute to an increased risk of hypocalcaemia’.
Multiple phase 3 randomised clinical trials (RCT) trials comparing treatment with oncologic
dosing zoledronic¢ acid (4mg monthly) to denosumab (120 mg monthly) in prostate cancer
and other solid_organ malignancies have reported a higher risk of Common Terminology
Criteria for‘Adverse Events (CTCAE) all-grade hypocalcaemia (serum calcium <2.1mmol/L)
with denosumab«(9.6 — 13%) compared to zoledronic acid (3.9 — 6%)>*7°. The incidence of
all-grade hypocalcaemia was higher (14 — 39.6%) in observational studies!®-!2. Median time
to hypocalcaemia was 3.8 months after denosumab compared to 6.5 months with zoledronic
acid in RCTs® In observational studies, hypocalcaemia following denosumab occurred
between 7 and 25 days!®%!314 and almost all episodes occurred within the first 6 months®.
Patients with prostate cancer had a higher recurrence rate of hypocalcaemia with repeated
denosumab administration compared to other solid organ malignancies®. Most cases of
hypocalcaemia reported in these studies were mild and did not require intensive calcium
replacement._Severe denosumab-associated hypocalcaemia is, by comparison, relatively

uncommon but can be life-threatening.

In this article;™we review the existing literature regarding severe denosumab-associated
hypocalcaemiagdefined as necessitating hospitalisation for intravenous calcium treatment, in
the contextsof prostate cancer. We explore the underlying pathophysiology, identify risk

factors and provide recommendations for prevention and management.

PubMed and MEDLINE database searches were conducted to January 2020 using the terms

“hypocalcemia”, “denosumab”, “prostate cancer”, “risk factors”, “management”. The search

was supplemented by manual review of references listed within retrieved articles.
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Results

Index case

We encountered an unusually severe case of denosumab-induced hypocalcaemia in a 59-
year-old "man™with recently diagnosed bone-metastatic prostate cancer necessitating a
prolonged hospital admission with ongoing intravenous calcium requirement despite high
dose oral " treatment with calcitriol, vitamin D (as cholecalciferol) and calcium
supplementation. The case was notable for a unique combination of risk factors, foremost
extensive osteoblastic metastases evidenced by suggestive FDG-PET skeletal imaging
(Supplementary/ Figure 1), elevated bone density in the spine by DXA, T-score +4.4, and
marked elevations in baseline alkaline phosphatase (ALP), 1,348 IU/L [normal range 30-
110], and 1n procollagen type 1 N propeptide (PINP), >1200 mcg/L [15-80], with pre-
existing borderline hypocalcaemia (total calcium 2.01 mmol/L, albumin-adjusted calcium
2.18 nmol/L) _(Supplementary Table 1). This was compounded by untreated vitamin D
deficiency, ‘serum 25 OH-vitamin D 23mol/L, and chemotherapy-related diarrhoea. There
was evidencegof/Compensatory secondary hyperparathyroidism (Supplementary Table 1).
These factots likely contributed to a very early presentation with symptomatic hypocalcemia,
serum caletum 1.28 mmol/L, only 4 days after his first denosumab administration (120 mg),
with severe clinical features (Supplementary Figure 2), compared to a median of 16 days
(range 4 to 35) in the entire cohort (Table 1). Given his initially uncontrolled skeletal disease
activity, requirement for intravenous calcium treatment was prolonged, totaling 25 days,
despite concomitant high-dose oral calcium, vitamin D and calcitriol (maximum dose 4
mcg/day) administration (Supplementary Figure 3). The total dose of intravenous calcium
administered was 26.65g, the highest reported to date, compared to 0.47 to 7.44 g in previous
reports (Table 1). His C-terminal telopeptide of type 1 collagen (CTX) level was low-normal
on admissions, 137 ng/L [normal range 100-600], consistent with rapid denosumab-associated
suppression“ofbone resorption (Supplementary Table 1). In contrast, bone formation (a
calcium-requiring process), based on the much slower decline in ALP and PINP
(Supplementary Figure 3), remained high for several weeks due to lag in effectiveness of
chemotherapy and androgen deprivation therapy, explaining the ongoing large calcium
requirements. The reductions in ALP and PINP, reflecting oncologic control of his skeletal
disease confirmed by loss of FDG avidity on PET imaging (Supplementary Figure 1),
mirrored the improvement in the hypocalcemia and ultimately allowed weaning and cessation

of intravenous calcium treatment (Supplementary Figure 3). As expected, subsequent doses
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of denosumab, with concomitant oral calcium and calcitriol treatment, did not cause

hypocalcaemia (Supplementary Figure 3).

Summary of published case reports of severe denosumab associated hypocalcaemia

We identified"20"published cases (including the previously unpublished index case) of severe
denosumab=induced hypocalcaemia in men with prostate cancer, defined as necessitating (as
determined by the treating physician) hospitalisation for intravenous calcium administration,
corresponding to CTCAE grade 3 and 4 (3=severe, hospitalization needed, 4= life-threatening
consequences; urgent intervention indicated), regardless of the serum calcium concentration
at presentation. All had skeletal metastases (Table 1)!3:15-23, Eighteen patients were older than
60 years, most'had a relatively long history of prostate cancer, and some had received prior
bisphosphonate ‘therapy. In the total cohort (n=20), median serum total calcium was 1.36
mmol/L (1.13 to) 1.91) at presentation, occurring at a median of 16 days (4-35) after
denosumab administration. lonised calcium, reported in four men, was 0.66 mmol/L (0.58-
0.94). ITonised calcium was not reported in the other 16 men (Table 1). Of note, 18 men
presented aftersth@ir first, and two men after their second denosumab dose. ALP levels were
elevated, median/ 838 U/L (58-2,620), as were parathyroid hormone (PTH) levels, median
30.1 pmol/L (12.7- 128.6). Nine of the 20 patients had evidence of evidence of vitamin D
insufficiency (25 OH-vitamin D <50 nmol/L), and nine had evidence of renal impairment
(increased serum creatinine and/or reduced eGFR). Requirements for intravenous calcium

treatment were prolonged in some patients, with a median duration of 16 days (1-90) (Table

1.

Symptoms and_signs attributable to hypocalcaemia were present in only seven of the 20
cases, and ‘were restricted to features of neuromuscular irritability (spontaneous muscle
cramps/spasmssparaesthesias, and positive Trousseau’s sign); two cases presented with
nonspecific*lethargy/fatigue; no seizures were reported. In the remaining 13 cases, the
hypocalcaemia=was asymptomatic/incidental. In seven of the nine men with available
electrocardiegrams, the corrected QT interval was prolonged at presentation. Evidence of

malabsorption and/or diarrhoea was reported in three cases.

Discussion
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Pathophysiology of prostate cancer-bone metastatic disease and its relationship with
calcium metabolism

Prostate cancer is typically associated with predominantly osteoblastic skeletal metastases>?*.
Prostate cancer cells residing in the prostate or in the metastasis microenvironment release
bone remodeling and growth factors that result in a net increase in bone formation?242>
(Figure 1)/ Extensive osteoblastic activity can lead to consumption hypocalcaemia even in
the absence of anti-resorptive treatment, with rates reaching up to 9 — 33% in retrospective
studies?*3ly A compensatory increase in PTH leads to increased bone resorption via
osteoclast activation to maintain a low-normal serum calcium?®. Denosumab, via inhibition of
RANKL3? potently inhibits this compensatory osteoclast activity, leading to an inhibition of
calcium reléasé from bone, and consequently to marked hypocalcaemia (Figure 1). In the
context of osteoblastic metastases, due to discordance between rapid new bone formation and
its slow mineralisation, the calcium deficit can be severe, requiring prolonged intravenous
calcium administration (Table 1), especially in the context of insufficient oncologic skeletal

disease control.

Pharmacology of denosumab

Denosumab is metabolised by the reticuloendothelial system?? and not dependent on renal or
hepatic clearance’**3. The volume of distribution is approximately 2.6L/66kg body
weight3*33, " Denosumab demonstrates dose-dependent, non-linear pharmacokinetics across a
wide range_of doses. Pharmacokinetics and pharmacodynamics do not differ across tumour

types and are independent of concomitant cancer therapies3®.

While bone remodeling markers are reduced within 24 hours after denosumab administration,
the maximum serum drug level is reached in 7 to 21 days and peak osteoclast suppression
usually ogccurs.within the first 2 weeks of treatment3®-37. Effect duration generally increases
with increasing“dose and frequency®®’’. Mean half-life is 29 days (range 25-35 days) in
patients receiving 4 weekly injections of 120mg denosumab?®. Steady state is achieved by 6

months in patients receiving 120mg every 4 weeks3®.

Risk factors for developing hypocalcaemia
Increased bone remodeling due to active skeletal disease
High bone remodeling increases the risk of denosumab-associated hypocalcaemia occurring

even if dosed for osteoporosis treatment (60 mg 6-monthly) 340, In prostate cancer, elevated
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bone remodeling markers reflect the activity of skeletal metastases®'#!, and patients with
active osteoblastic metastases are reliant on increased bone resorption to maintain
normocalcaemia’®*° (Figure 1). Pre-clinical data have shown that administration of
osteoclast inhibitors to ovariectomised monkeys increased calcium absorption by
unmineralized osteoid, with consequent reductions serum calcium*?. Of note, the importance
of bone reSorption in maintaining serum calcium in men with uncontrolled osteoblastic
metastases from prostate cancer was first recognised in the 1980s, when it was reported that
even treatment with oestrogen, a weakly anti-resorptive agent, can trigger frank

hypocalcaemia 43:44.

In observational \studies of men with metastatic prostate cancer, high baseline bone
remodeling was" consistently associated with a higher incidence and severity, and a more
rapid development of denosumab-associated hypocalcaemia #10-13.26:45:46  This suggests that
uncontrolled_underlying osteoblastic disease activity is a major, and intuitively modifiable

risk factor for denosumab-associated hypocalcemia (see prevention and treatment below).

Vitamin D deficiency

Vitamin'D 1S required to enhance dietary calcium absorption, calcium mobilisation from bone
and calcium _reabsorption from the kidney*’. Vitamin D deficiency leads to a reduction in
gastrointestinal calcium absorption by up to 50%%4°. Of note, vitamin D deficiency alone
can lead to elevations in PTH and increased bone remodelling. Moreover, intestinal
malabsorption, reported in three of the 20 patients in this case series, is associated with
vitamin deficiency, and can further reduce intestinal calcium absorption. Not surprisingly,
vitamin D deficiency is associated with an increased incidence of hypocalcaemia following
intravenous bisphosphonates®® or denosumab in patients with and without skeletal metastases

from malighancy!3.

Chronic kidney-disease

Chronic kidney disease (CKD, especially stages 4 and 5), poses a significant risk factor for
hypocalcaemiasthrough multiple mechanisms including reduction in renal la-hydroxylase
activity resulting in reduced activation of 25-hydroxyvitamin D to 1,25 di-hydroxyvitamin D,
elevated FGF-23-associated suppression of PTH’!, and hyperphosphataemia leading to

increased calcium crystallisation-2,
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Observational studies have reported an increased incidence of hypocalcaemia in patients with
CKD receiving denosumab (60mg 6-monthly), up to 42 — 69% in those receiving
haemodialysis3”-33-33, Patients with CKD may also be treated with cinacalcet which can

further increase susceptibility to denosumab-associated hypocalcaemia’3-¢

In a post-hoc analysis of three RCTs administering denosumab 120mg monthly for the
treatment of skeletal metastases, hypocalcaemia occurred with increasing incidence with
reducing renal function®. One retrospective study of 22 patients with a creatinine clearance
(CrCL) <30mL/min receiving denosumab 120mg monthly for the prevention of SRE in
metastatic renal or breast cancer reported a 45% incidence of all-grade hypocalcaemia and a
14% incideficelofigrade 3 and 4 hypocalcaemia within 6 months of treatment>’ while another
study reported 'that all patients with a CrCl <30mL/min developed grade 2 or worse

hypocalcaemia®’.

Although the pharmacokinetics of denosumab are not altered in CKD, caution is advised; the
product information of Xgeva® (denosumab 120mg) warns of a higher risk of hypocalcaemia
in patients“with/a CrCl <30mL/min®., While the use of calcitriol in the treatment of
denosumab-associated hypocalcaemia has been reported in case reports (Table 1), whether
hypocalcaemiasican be prevented by proactive calcitriol administration has not been

systematically studied.

Hypomagnesaemia

Magnesium is important for the synthesis and release of PTH>®, acting as a cofactor to
calcium sensing_receptors on the parathyroid gland to regulate PTH secretion. Low
magnesium levels suppress PTH release and affect PTH action at target organs such as the
bone and kidney>?. Chronic hypomagnesaemia produces a functional state of PTH resistance.
Poor nutrition;"diarrhoea and diuretics are associated with hypomagnesaemia. In some case
reports, hypomagnesaemia has been documented and may have contributed to the

developmentof hypocalcaemia (Table 1).

Prior bisphosphonate use
Denosumab is a potent anti-resorptive and can cause further suppression of bone resorption in
patients previously treated with bisphosphonates>®. While intuitively, prior antiresorptive

treatment could increase the risk of hypocalcaemia, the data on denosumab after
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bisphosphonates are inconsistent with some studies reporting an increased risk of
hypocalcaemia while others do not>!3-%. However, these studies are difficult to interpret due
to lack of randomization and lack of accounting for differences in underlying skeletal disease

activity.

Prevention/of denosumab-associated hypocalcaemia

Disease control

Given that the risk of severe denosumab-associated hypocalcaemia is substantially dependent
on the degree of skeletal osteoblastic metastatic activity, non-urgent denosumab treatment
should be “postponed until skeletal disease is controlled by oncologic therapy (e.g.
chemotherapy androgen deprivation therapy). Following denosumab administration, close
proactive monitoring for hypocalcaemia within the first few weeks and empirical calcitriol

and calcium supplementation is recommended in at-risk patients.

Correction of other modifiable risk factors

While evideneesspecific to men with metastatic prostate cancer is not available, pre-existing
vitamin D deficiency and hypomagnesaemia should be corrected and renal function should be
optimised.. The Xvega® product information recommends daily supplementation of at least

500mg calciumrand 400 IU vitamin D33,

The effect of vitamin D and calcium supplementation in preventing denosumab-associated
hypocalcaemia are variable with benefit reported in a post hoc analysis®, while other studies
showed no difference!’. In retrospective studies, 10-14% of patients developed
hypocalcaemia_despite the prescription of vitamin D and calcium supplementation!?4, In
these studies however, compliance with vitamin D and calcium supplementation was not
rigorously, assessed. In men with CKD, addition of calcitriol treatment to vitamin D

supplementationimay be considered °'.

Treatment.of denosumab-associated hypocalcaemia

While guidelines, specific to men with prostate cancer are lacking, the European Society of
Endocrinology recommends intravenous calcium treatment for patients with serum calcium
<1.9mmol/L and/or symptomatic hypocalcaemia 2. The preferred intravenous calcium is
calcium gluconate (10mL [10% solution] = 1g calcium gluconate = 90mg elemental calcium

= 4.65mEq). One to two bolus infusions of 10mLs of calcium gluconate followed by a
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continuous infusion with rates of up to 0.5 — 2.0mg elemental calcium/kg/hour or ~5 —
10mLs/hour are suggested 46293, Oral calcium, vitamin D and calcitriol should be
administered concurrently. Calcium carbonate and citrate are the two oral calcium of choice
as they contain the highest content of elemental calcium®. Hypomagnesaemia is treated with
intravenous "or"oral magnesium supplementation in addition to stopping any precipitating
drugs*®%. This 1s followed up by frequent monitoring of serum calcium levels and titration of

oral therapies.

Future considerations

Denosumab,60mg given 6 monthly to men with non-metastatic prostate cancer increases
bone mineral density and reduces vertebral fracture incidence (RR 0.38 vs. placebo), with a
<0.1% incidence of hypocalcaemia®®. However, such men are at lower risk of developing
hypocalcaemia compared to those with skeletal metastases. There are currently no trials
examining whether lower dose denosumab maintains effectiveness in preventing SRE or is
associated with a lower risk of hypocalcaemia, in metastatic prostate cancer. There are no
current trialsseemparing the use of calcitriol treatment to vitamin D supplementation in the
prevention of hypocalcaemia in patients with metastatic prostate cancer.

Conclusion

In patients _with uncontrolled osteoblastic skeletal metastases from prostate cancer,
denosumab treatment, especially after the first dose, can lead to severe, potentially life-
threatening_hypocalcaemia. In some men, despite the biochemical severity, hypocalcaemia
can be asymptomatic, perhaps due to a relatively slow decline in the serum calcium.
Prolonged hospitalization due to ongoing requirement of intravenous calcium treatment may
be necessary, especially in the context of predisposing risk factors. In patients with extensive
osteoblasticumetastases, if feasible, denosumab treatment should be avoided until the disease
activity is,controlled, e.g. by chemotherapy and/or androgen deprivation therapy. Denosumab
associated fisk"of hypocalcaemia is expected to be low, once control of underlying disease
activity is achieved, and modifiable risk factors are optimised. However, close proactive
monitoring fotr hypocalcaemia and empirical treatment with calcitriol, vitamin D and calcium
supplementation;, should be considered in at-risk patients. Future studies assessing the
usefulness of calcitriol supplementation, and whether oncologic efficacy can be maintained

and hypocalcaemia risk reduced with lower dosed denosumab, and are needed.
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FIGURE LEGEND

Figure 1. Mechanism of hypocalcaemia in metastatic prostate cancer after treatment

with denosumab

FGF = fibroblast growth factors, TGF-f = transforming growth factor-p, IGF = insulin-like
growth factors, BMP = bone morphogenic proteins, PC3 = prostate cancer cell line, PSA =
prostate specific antigen, PTHrP = parathyroid hormone related protein, IL-6 = interleukin-6,
RANKL ={ receptor activator of nuclear factor-kappa P ligand, ALP = alkaline phosphatase,
PINP = Procollagen type 1 N Propeptide, BMD = bone mineral density, CTX = C-terminal
telopeptide of type 1 collagen, PTH = parathyroid hormone, Vit D = 25-OH vitamin D

[lustratedware the mechanisms that lead to hypocalcaemia in patients with osteoblastic
sekeletal metastases from prostate cancer treated with denosumab. Various growth and
resorption factors are released in prostate cancer (red circle). These factors are implicated in
causing inereased bone remodelling with a net increase in bone formation, evidenced by
increased bone mineral density on DEXA in some cases. This leads to calcium requirements
for increased bone mineralisation. Untreated vitamin D deficiency reduces gastrointestinal
absorption of calcium, and aggravates secondary hyperparathyroidism. Increased PTH
stimulates calcium release from bone via osteoclast activation, hence mantaining a low to low
normal serumwealcium. Anti-resorptives (in yellow) of increasing potency (thicker line
represents higher potency) prevent the mobilisation of calcium from bone by inhibiting bone
resorption, ‘heénce unmasking subclinical consumption hypocalcaemia, and can lead to frank,

potentiallydife-threatening hypocalcaemia.
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Table 1: Characteristics of men with metastatic prosate cancer requiring intravenous

calcium treatment following denosumab therapy

Characteristic Median Range N
Age (years) 70 45— 86 20
lonised calcium (mmol/L) 0.66 0.58-0.94 4
Serum tetal*ealcium 1.36 1.13-191 20
(mmol/L)

M agnesium.(mmol/L ) 0.82 0.29-1.20 5
Phosphate (mmal/L) 11 0.42-1.97 8
25-OH Vitamin'D (nmol/L) 44 22-81 20
PTH (pmol/L) 30.1 12.5-128.6 19
Creatinine (pmol/L) 103 62— 1131 10
eGFR (mL/min/1.73m?) 66 50— 90 8
Albumin(g/L) 37 24— 40 5
ALP (UILE) 838 58 — 2620 16
Total 1V elemental calcium 3.17 0.47 — 26.65 8

requirement (g)

Timeto presentation of 16 4-35 20
hypocal cagmia (days)

Duration of 1V calcium 16 1-90 6
(days)

Maximum'daily calcitriol 20 0.25-32.0 9
dose (meg/day)

PTH = parathyroid hormone, eGFR = estimated glomerular filtration rate, ALP = alkaline
phosphatase, IV = intravenous. N represents the number of patients with available results for

each parameter. The biochemical parameters reported in the case reports were measured with
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site-specific assay methodology used in routine clincal care. Serum total calcium was
reported to be albumin-adjusted in 18 cases, whereas in 2 cases, it was not specified whether

the serum total calcium was albumin adjusted or not.
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