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Severe hypocalcemia and hypophosphatemia
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comorbidity patient
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Abstract

The case is presented of an elderly patient (DCP) with extensive medical history,
including osteoporosis, who developed hypocalcaemia and hypophosphataemia
whilst treated with denosumab, while prescribed concomitant calcium and vitamin D
therapies. The management of this complex case involved a multidisciplinary team
(MDT) approach, incorporating the patient’s wishes. It included discontinuation
of denosumab and intravenous (IV) and oral mineral supplementation that yielded
gradual amelioration of calcium and phosphate levels. This case demonstrates the
importance of vigilant monitoring and appropriate management in patients receiving
denosumab, particularly those with multiple comorbidities. It carries important
considerations for using denosumab for osteoporosis treatment in patients with
complex medical backgrounds. Ethical clearance waiver was granted by the Trust
Research Ethics Committee on 18/01/2024.
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Background

Denosumab is a  human
monoclonal IgG2 antibody, primarily
used to treat osteoporosis [1]. It acts
by blocking receptor activator nuclear
factor kB ligand (RANKL) that
activates receptor activator nuclear
factor kB (RANK) on osteoclasts,
therefore competitively inhibiting other
RANKLs [2]. RANKL is expressed by
osteoblasts to stimulate bone resorption
and activation of RANK stimulates
osteoclastogenesis [2]. This reduces bone
breakdown and prevents the progression
of osteoporosis [1]. Osteoprotegrins
are another receptor to RANKL, which
affects several mechanisms, such as bone
resorption, inflammatory responses and
apoptosis [3].

Denosumab has World Health
Organisation (WHO) type 1 side
effects (attributable to its known
mode of action) including electrolyte
abnormalities, musculoskeletal pain and

osteonecrosis of the jaw [1]. According to
the manufacturer’s product information,
denosumab-induced electrolyte imbalances
appear to be rarely reported in the
literature, while the most reported
complication is infection [2]. Denosumab-
induced hypocalcaemia reportedly occurs
in 5-10% of patients treated for bony
metastases, and in up to 10-45% of
patients with renal dysfunction [4,5]. This
occurs around 10 days after the initiation
of therapy, and it may take up to 8 weeks
for serum calcium to return to normal
levels, given the half-life of denosumab is
around 30 days [5,6]. Hypophosphatemia
can co-exist in these patients, particularly
with impaired vitamin D metabolism
secondary to CKD.

It is also reported that cases of
hypophosphatemia and hypocalcaemia
have occurred after initiation of denosumab
in patients with metastatic cancer [5,7]. It
is speculated that an underlying electrolyte
imbalance is unproven but is believed
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to be due to the calcium-parathyroid-vitamin D axis [6].
Through denosumab’s inhibition of osteoclastic activity and
bone resorption, there is a decrease in serum calcium, with
calcium being bound to bone [8]. Serum hypocalcaemia
could lead to induction of the parathyroid gland to secrete
parathyroid hormone. However, where this would usually
increase serum calcium levels, if a patient is vitamin D
deficient due to CKD, phosphate excretion and subsequent
hypophosphatemia will occur and calcium levels would not
be appropriately restored by gut resorption [7].

At the time of writing, this NHS Trust has 1003
patients prescribed denosumab. Based in a rural area of
small, closely integrated communities, the detail we can
present is limited because patients may be identified from
the history. Ofthese, four experienced severe hypocalcaemia
and hypophosphatemia (3.99/1000 patients) with one death
(0.99/1000 patients), and three who recovered on cessation
of treatment.

The aim of bringing this case to wider attention is to
raise the awareness of medical practitioners and consultants
of the need to be vigilant when prescribing denosumab to
a patient with concurrent CKD diagnosis, and inform the

future development of strategies to spot the development of
complications earlier.

Case Presentation

DCP has a complicated medical history including
recurrent iron deficiency anemia, mild folic acid deficiency,
atrial fibrillation, sarcoidosis, type II diabetes mellitus,
obstructive sleep apnoea, chronic kidney disease (CKD
stage 3b) and prostate cancer for which he underwent
prostatectomy. Denosumab 60 mg by slow subcutaneous
injection every 6 months was commenced on 24/03/2022.
In July 2023, DCP was first admitted to hospital with
low calcium. Bowel cancer was considered but was not
scheduled for further investigations due to his high risk
of life-threatening perforation and blood loss. In addition,
with a possible diagnosis of cancer, he would not be a
candidate for dissection or chemotherapy due to his age,
complex medical history and the absence of obstructions
or adhesions. It was decided by his treating team that
performing further invasive investigations carried too great
a risk. Calcium and Vitamin D results are shown in figures
1A and B.
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Figure 1 A. Calcium trend for MR DCP.
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Figure 1B. Vitamin D trend for MR DCP.

MEDICINE AND PHARMACY REPORTS Vol. 98 / No. 1 /2025: 144 - 148




Metabolic Diseases

suonedrduwoo

Paje[oIun I3YI0 03 NP Paseaddq
pasea)

Q)BIDPOIN

(g 107 eruownosud o1uag0)dA10)
SUOI}OJUI }SAYD JUALINOAI JO AIOISTH
9SBOSIP }1BAY OIWOBYOS]
uone[[uqy ey

110

qg o5e1s D

LT0T Ul WnuI)s

Pue 10T BIGIAA 6-8L ‘€10T
ISLIM O] 21N :S1s010d00ISO

‘uoIsuo)0dAY JO YSLI Y} 9SeAIUT
ued UoIeUIqUIOd duojorjouords pue
‘OPIQIOSOSI ‘QPIWAS0.IN] ‘WAZeN[I(

ag sdoip 94a jsoxdoaea],

do 8w op¢ [e150prdor)
g 3w (f denIuouour d9pIqIosos|
o 8w (0 2uojoejouondg

Qo 3w 0] wozen(iq
o 3wt opruasoIn g

S0M 9
8L'1

144

9T'C

HHH (dDQ) 1 958D |

*K10)SIY UOTJEOIPAW PUE [EOIPAW SISEY) *] I[qBL

POIOA0Y POIOA0IY
pasea) pasea)
910A9S RIEVEIN

Whow 109UBD [oM0q pajoadsng

sisoud)s [eurdg SIsejoaIyouoIg

. G 93ms Q.MU sisoud)s [eurdg

9861 Ul WNUIdIS PAINJORI] ¢ aSe1s (D
s18010d021SQO 1207 digq parmoel]

. s1s010d0d)sO
“Kyorxojoreday jo

3[SII oY) 9seAIOUT UkD :une)seArad pue [owrejadeIeg
‘uorsuajodAy pue erwoeneuodAy Jo JSLI oy} 9SeAIOUT
ued s3nIp Y3oq :PuIjA)driyaou pue IpIuIsn g

'sy[se) po[[Iys woytad 0}

ATIqe 9} 109k et YOIYM UOIBPIS aSNED ULd SINIp
10q :9U0pP0eIAX0 pue dul[A}dLi.I0u ‘QUOPOIAX0

pue weadoreyn Quikydiyiou pue weadofer)
“erwoeneuodAy

JO YSII 91} aseaIour ued s3nIp yog "werdoreiro

M UOAIS uoym erwoefeyodAy asnes 0y pajorpaid

ST 9pIWAsoINy :aprurdsoany pue weadoer)
‘wexdoferd 03 arnsodxo oy} sasearour

9rozeadowoss :9jozeadawosd pue weadoreyr)

"uolI [e10 jo uondiosqe ay) SaSeaIddp

9)BU0QIED WNIO[ED [BIO (UOII PUE JJLUO(IRd WD)
O Sw (g unejsesel

N [owelaoeie
N d UOIN[os QUOPOIAX()

dg Sw o] YN QUOpooAXQO

PAIUAWNOOP SUOT)OLIANUL ON

o Swg duojosTupaIg

Areq o Sw g djozerdow
NI00% [010319E9[07 pue UODSIABD)
DG’ [ dreUoqIe) WNIofe) 9s0[MoRT

JO Sw (] uneIseAIo)y
Qo 8w o[ ourdipojury

jo0u Jw ()] surjAydinioN
o Sw 0oz reydins snowd,|

0 Sw ) oprwesoIn,|

o Sw oz wexdogey)

Ssyeam ¢ SPIM
L1 Sl

all @l

Ly'C €T

eruoey N[ ankooydwA| oruoryd 1) ‘uorsuopadAy (N LH ‘parmbar se
INRId “OSEO[I POYIPOU A OSBOSIP ASUPDY JIUOIYD (I3 WSIu 1k :9)00N ‘A[rep 201m} :qg ‘Aqrep 9ouo :qQ “odax sty ur passnosip juoned o) (gD«

PIISA0IY

pased)
91008

Awoyo9yeIsord — 100ULd 9)BISOIJ
g¢ 98eis @310

dVdD uo eooude dosfs oAn3ONINSqO
‘smi[ouw sajaqerp [ 2dAL
SISOPI0JIES

uone[uqy [eLny

100UBd [om0q pajdadsng

AKouatoyop pioe o104 PIIN
BIWARUY AOUQIOOP UOI] JULINISY

‘uo11 [elo jo uondiosqe
AU} SOSEOIIIP AJRUOGIED WINIO[LD
[BIO :UOJI PUE J)BUOIEI WND[E)

SYOIM 7 ATOAD 0SOJ[BWIAXOQIRD OLLIS ]
SY0M 7] / Bl §°(] UI[Q19S00)

A N100% [019J19[899[0))

pue HGZ' JeUOGIR) WNI[RD)
‘paddoss - urrejrep

o Sw g oj0zerdow

9)00N S ()7 une)seAIo)y

agd Sw S 21euoqIedoIg WnIpos

ao Sw g1 [outndoyy

SquOW 7
9€'T

T

7T

8

uI0dIN0 puy

Adeaay) pasedd 1o panunuo)
£ILIAS

SIPIPIqI0WO)

l6] syuoned ¢ oy

Jo Aue .10j Pa)Ia)ap suondLIduUl
SuIUI)BIIY) AJI] .10 JIIAIS ON
SUONIRIANUI SNAP-3n.ap JqIssod

SSNIp PaId)sIuImIpe-0)

3s0p JSIY Jd)Je
(S99M) erurdeded0dAy 03 duury,
(J/[owur) Wned JUIWILI-)S0J
LD durpseq

(1/10ww)
wnped pajsnlpe surpsegqg

eruded[ed0dAy Jo dwn Je I3y

o0
=
2
3
%)
o
(=}
(o]

=}
Z
o0
N
S
%
o~
o
[=%
[sa]
o~
>
Q
m
<
jun)
(=)
=
<
[8a}
&
S
o
[sa)
=




Case Report

Investigations and differential diagnosis

One year after the initiation of denosumab, DCP
presented to his GP with severe fatigue. On investigation
he had seriously reduced calcium and phosphate levels
(corrected calcium 2.2 mmol/L and serum inorganic
phosphate 0.33 mmol/L). Parathyroid hormone level was
9.9 pmol/L and levels of 25-OH Vitamin D were low at
47.9 nmol/L. His eGFR was 42 mL/min (stable CKD). Due
to his CKD he had been prescribed calcium and vitamin
D supplements, but had chosen to discontinue them over
the summer and had not informed his carers. Interventions
were initiated to ensure rigorous management of the
patient’s electrolyte imbalances while being mindful of
his concurrent conditions. Given the history of chronic
kidney disease and parathyroid disorder, the impact of
concurrent self-discontinuation of calcium and vitamin
D and the known relationship between denosumab
administration and onset of hypocalcaemia, denosumab
was discontinued. Drug-drug interactions as a cause were
ruled out (Table I).

Treatment, outcome and follow-up

After ceasing Denosumab, IV calcium gluconate,
oral phosphate two tablets three times a day (TDS),
calcium carbonate 1.25 g/ cholecalciferol 400 iu, two
tablets BD. After discussion with the metabolic bone
disease consultant at the regional Metabolic Bone Centre,
the strategy was changed to add calcitriol (activated
vitamin D) 0.25 mcg BD, with monitoring of calcium
in 2 weeks, 6 weeks and 3 monthly thereafter if stable.
Calcitriol was to be titrated up to 1 mcg if necessary. With
this treatment plan, the patient’s corrected serum calcium
reached 2.36 mmol/L and serum inorganic phosphate
was 0.84 mmol/L within 8 weeks. This strategy served
to gradually recalibrate calcium and phosphate levels,
whilst maintaining a delicate balance of the patient’s
complex clinical picture. He had also previously received
ferric carboxymaltose infusions, which were ceased, as
it could be a confounding and contributing factor to the
low phosphate. This regimen notably improved DCP’s
metabolic imbalance, but it took around 8 weeks for the
calcium levels to stabilize. The patient was monitored
through agreed, scheduled blood tests, ensuring a vigilant
watch over electrolyte levels, and facilitating prompt
intervention as required.

Discussion

Our four patients with hypocalcaemia shared the
following in common: advanced age, chronic kidney
disease (two with stage 5 and one with stage 3b) and multi
comorbidities. Hypocalcaemia became apparent after first
dose of denosumab dose (2-6 weeks) in three cases and
after a year in one (Table I).

CKD, vitamin D deficiency and chronic iron
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deficiency are known major risk factors [5], of which all
were present in DCP, and could have contributed to these
complications.

Additionally, his previous medical history of iron
and folic acid deficiency, previous prostate cancer, current
colorectal cancer and stage 3B CKD, osteoporosis and
type 2 diabetes, sarcoidosis and obstructive sleep apnea
should also be considered as contributing factors due to
their impact on further altering key homeostatic responses
of the body when under stress and represent a challenging
clinical dilemma in modern medicine [10]. Therefore,
knowledge of complications such as those experienced in
this case provide valuable learning as these cases become
more common. DCP presented to the department of acute
medicine on multiple occasions over a period of three
months, during which his corrected calcium ranged from
2.05 to 1.65 to 2.19 mmol/L. Following the initiation of
activated Vit D in the form of calcitriol after discussion
with metabolic bone disease specialist, DCP’s calcium
stabilized, although it is of note that the team was not
aware that he had previously chosen to discontinue
his prescribed combined calcium with cholecalciferol
tablets. The management of electrolyte abnormalities in
the context of denosumab administration at present is
to promptly stop denosumab and commence electrolyte
replacement.

It must be noted however, that cessation of
denosumab has its own consequences. A recent review
by Selling et al. [11] sets out in great detail the current
evidence on the effects of cessation. They concluded that
discontinuation rapidly leads to increased in bone turnover
and loss, with increased fracture risk. They concluded
a case could be made that treatment with denosumab
should be life-long, but occurrence of side-effects may
necessitate discontinuation. They suggest that patients
stopping denosumab be offered other antiresorptive
treatment with close monitoring in the first year as this is
the period where most of the bone loss occurs.

Despite the risks, the potential benefits of
denosumab in patients, even with end stage renal disease
were well summarized in a recent review by Gu et al
[12]. In their review of 12 studies covering 348 cases,
the majority of patients saw a beneficial increase in bone
mineral density with most not experiencing electrolyte
disturbance. The potential benefits appear to outweigh the
potential risks of therapy even in ESRD.

In conclusion, our patient manifests hypocalcaemia
and hypophosphatemia, a relatively uncommon but
important complication of denosumab treatment.
Managing osteoporosis in patients with concurrent CKD,
early withdrawal of denosumab and prompt, closely
monitored treatment with IV calcium gluconate and oral
phosphate, calcium and activated vitamin D was crucial to
a successful outcome.




Metabolic Diseases

Conclusion

Denosumab is now widely used in the management
of osteoporosis with high rates of success and low rates of
adverse events, even in patients such as DCP, so similar
presentations are likely to occur in the future.

In deciding to prescribe denosumab in patients with
concurrent pathologies, notably CKD, consideration of the
potential to develop hypocalcaemia should be considered
and monitored.

Discussion of this case is intended to lead to
further case presentations that will inform development of
strategies to better monitor such patients aiming for earlier
detection and intervention.

Discussion with appropriate specialists and initiation
of appropriate doses and formulations of vitamin D and
calcium was the turning point in the progress of this patient.

The evaluation of the risk-benefit profile of
denosumab should be considered, noting concurrent
pathologies and potential interactions. Discontinuation of
denosumab and appropriate supplementation can lead to the
resolution of hypocalcaemia and hypophosphatemia, but
also results in rapid loss of any benefit from the denosumab
therapy, which will need to be addressed. Patient education
is paramount in continuing with calcium and vitamin D
supplementation when denosumab is to be used as a long-
term treatment of osteoporosis.

Adherence to prescribed therapy by the patient
should not be assumed.
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