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Abstract

Introduction Transient hypercalcaemia due to teriparatide occurs in up to 11% of patients though delayed hypercalcaemia
(>24 h post injection) is rare. We report the case of a female who developed significant delayed hypercalcaemia after teri-
paratide treatment for osteoporosis and review other cases in the literature to date.

Casereport A 72-year-old female on teriparatide for the treatment of osteoporosis was found to have hypercalcaemia (3.30
mmol/l) on routine testing approximately 3 months after starting therapy. Serum calcium pretreatment was normal at 2.39
mmol/l. She was admitted to the hospital for investigations which identified a serum 25-hydroxyvitamin D of 94 nmol/l,
a low parathyroid hormone of 6.0 pg/ml, and normal test results for 1,25 dihydroxyvitamin D (115 pmol/l), parathyroid
hormone-related peptide (< 1.4 pmol/ml), serum electrophoresis and angiotensin-converting enzyme (39 IU/1). CT abdomen,
pelvis, and thorax revealed no evidence of malignancy and an isotope bone scan ruled out skeletal metastases. Serum calcium
normalised (2.34 mmol/l) several days after stopping teriparatide and calcium supplements and administering intravenous
fluid. On restarting teriparatide, delayed hypercalcaemia reoccurred and treatment was switched to denosumab.

Discussion Delayed moderate to severe hypercalcaemia (serum calcium > 3.0 mmol/l) due to teriparatide is rare but may lead
to therapy withdrawal. The underlying predisposing risk factors remain unclear and highlight the importance of a routine
serum calcium assessment on therapy.
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Introduction

Teriparatide is recombinant human parathyroid hormone
(1-34) and is indicated for the treatment of patients with
osteoporosis at high risk of fracture, including steroid
induced osteoporosis [1]. It is the first anabolic therapy
developed and has been in use for over 20 years, being gen-
erally well tolerated. Mild transient hypercalcaemia is an
adverse effect that occurs in up to 11% of patients. This
usually resolves within 16 to 24 h and is infrequently a cause
of therapy cessation. However, delayed hypercalcaemia
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(persisting > 24 h after teriparatide administration) has
been rarely reported with unclear predisposing risk factors
[2]. We report a patient who developed a delayed moderate
hypercalcaemia after teriparatide therapy and review other
case reports in the literature to date.

Case history

A 72-year-old female with osteoporosis attending our bone
health clinic was started on teriparatide (Sondelbay™) 20
mcg daily after sustaining a low-trauma L1 vertebral frac-
ture. She had been on a 2-year drug holiday after 10 years
of alendronate, with recent densitometry (DXA) showing
a T-score of —2.5 in spine and — 1.9 in total hip. Medi-
cal history included hypertension, hyperlipidaemia, and
treated hepatitis C. Medications included aspirin, bisopro-
lol, amlodipine, rosuvastatin, and calcium 500 mg/vitamin
D3 400 IU once daily. Serum calcium at baseline was 2.39
mmol/l, though delayed hypercalcaemia (3.30 mmol/l) was
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identified on routine testing after 3 months of teriparatide
and on retesting (3.33 mmol/l) one day after stopping. She
was admitted to hospital for investigations which found evi-
dence of mild dehydration, serum 25-hydroxyvitamin D of
94 nmol/l, suppressed parathyroid hormone (PTH) of 6.0
pg/ml, and normal test results for 1,25 dihydroxyvitamin
D (1,25(OH)D) (115 pmol/l), parathyroid hormone-related
peptide (PTHrP) (< 1.4 pmol/l), and serum electrophoresis
and angiotensin-converting enzyme (39 IU/1). CT abdomen,
pelvis, and thorax revealed no evidence of malignancy. Iso-
tope bone scan ruled out skeletal metastases but showed
increased uptake at the site of her L1 fracture and in her
skull. After stopping teriparatide and calcium supplements,
and treatment with intravenous fluids, serum calcium nor-
malised (2.34 mmol/l) after several days (see Table 1). She

Table 1 Biochemical test results

remained off calcium tablets and restarted teriparatide 19
days after it was stopped. However, delayed hypercalcaemia
(serum calcium 2.70 mmol/l) was re-identified after the 4th
injection and treatment was switched to denosumab. The
24-h urinary calcium was subsequently tested and was nor-
mal at 5.32 mmol (2.5-7.5 mmol).

Discussion

This case adds to the few reports of hypercalcaemia (> 24
h) attributed to teriparatide (see Table 2). In our patient,
the Naranjo criteria (score 9) for definite causality between
teriparatide and delayed hypercalcaemia were met [3] with
other causes of high calcium excluded and re-occurrence

Baseline Day 1* Day 2° Day 3 Day 4 Day 5 Day 11 Day 24° Day 77¢ Range
Calcium (mmol/l) 2.39 3.30 3.33 3.05 275 2.64 2.34 2.70 243 2.10-2.50
Phosphate (mmol/l) 1.14 0.90 0.84 1.0 0.77 0.82 1.07 1.18 0.92 0.81-1.45
Albumin (g/1) 50 48 50 46 42 40 48 48 46 35-50
PTH (pg/ml) 20.9 6.0 - - - - - 16.4 15.0-65.0
ALP (IU/ml) 60 55 53 57 44 50 49 42 80-120
eGFR (ml/min) 76 46 51 48 53 54 59 - >60
25(0OH)D (nmol/l) 130 94 - 74 - - - - >50
1,25(0H)D (pmol/l) - . . 115 - . . 15-150
PTHrP (pmol/l) - - - <14 - - - <14

Calcium corrected calcium (Roche Cobas c¢701 assay), PTH parathyroid hormone (Elecys Roche Assay}, ALP alkaline phosphatase, eGFR esti-
mated glomerular filtration (MDD formula), 25(OH)D 25 hydroxyvitamin D (Liquid Chromatography tandem Mass Spectrometry—LCMS),
1,25(0OH)D 1,25 dihydroxyvitamin D (LCMS), PTHrP Parathyroid Hormone-related Peptide (LCMS).

2110 days after teriparatide started and day when stopped.
®Day admitted to hospital.
€5 days after restarting teriparatide.

453 days after teriparatide stopped and on denosumab therapy

Table 2 Case reports of delayed hypercalcaemia attributed to teriparatide

Age (years) Sex  Calcium (mmol) Time on Resolution Management
- TPD (weeks) (days)
Baseline®  On TPD

Karatoprak et al. (2012) [6] 74 F 2.32 3.62% 28 18 Stopped, Hospitalised, IVF, Frus
Ayasreh et al. (2012) [7] 77 M - 3.23 52 >7 Stopped, Hospitalised, IVF, Frus
Koo et al. (2012) [8] 78 F 2.34 3.64* 8 >3 Stopped, Hospitalised, IVF
Thiruchelvam (2014) [9] 65 F 2.32 3.44* 20 >2 Stopped Hospitalised, IVF
Hajime et al. (2014) [10] 49 F 2.32 2.74 8 >14 Stopped
Sistla et al. (2019) [11] 74 F - 4.32% 16 - Stopped, Hospitalised, IVF, BP, Calc
Milosavljevic (2022) [2] 54 M 2.32 2.79 24 >4 Continued and normalised

75 F 2.37 3.12 24 - Stopped and monitored

Calcium values converted into mmol/l using Unitlabs.com. Teriparatide dose was 20 mcg daily though was not reported by Sistla et al.

*normocalcaemic at baseline, *symptomatic hypercalcaemia.

F female, M male, TPD teriparatide, /VF intravenous fluids, Frus frusemide, BP bisphosphonate, Calc calcitonin,—data not available
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of hypercalcaemia on restarting treatment. In particular, we
ruled out conditions associated with extra-renal production
of 1,25(OH)D such as sarcoidosis and lymphoma and other
causes including multiple myeloma, skeletal metastases and
PTHrP-secreting tumours. An isotope bone scan revealed
increased uptake in the skull as described elsewhere on teri-
paratide [4] and consistent with a change in bone density at
this site on treatment [5]. The patient was educated by the
nurses at our unit on injection technique and was able to
correctly administer the injection, with no concerns that she
could have overdosed.

Only eight case reports of delayed hypercalcaemia were
identified, with it being noted on the first calcium check
performed between 8 and 52 weeks after starting teriparatide
[2, 6-11]. All patients were normocalcaemic at baseline and
where checked serum PTH [6-11] and 1,25(OH)D levels
[8, 9, 11] at the time of hypercalcaemia were suppressed or
normal. Four patients were asymptomatic and had serum
calcium between 2.74 and 3.23 mmol/l [2, 7, 10], with one
resolving on continuing treatment and stopping calcium sup-
plements [2]. However, in all other cases teriparatide was
stopped, three of whom had severe hypercalcaemia (> 3.50
mmol/l) [6, 8, 11] and two moderately high calcium lev-
els (3.00-3.50 mmol/1) [2, 7]. Five patients were hospital-
ised and treated with intravenous fluids [6-9, 11] with two
receiving frusemide [6, 7] and one also a bisphosphonate
and calcitonin [11]. The highest calcium was 4.32 mmol/l
though hypercalcaemia recurred off teriparatide despite
extensive investigations (CT neck and whole body, PTHrP,
1,25(OH)D) suggesting other contributory causes [11]. One
patient also had acute renal failure though frequent use of
anti-inflammatories was a contributing factor [10].

Miller noted pre-dose hypercalcaemia (>2.99 mmol/l)
in only 5 out of over 1000 patients (< 0.5%) treated with
teriparatide with the highest level of 3.49 mmol/l. Addition-
ally, about 5% had a level above 2.74 mmol/l [12]. How-
ever, persistent mild hypercalcaemia (serum calcium levels
of 2.74-2.87 mmol/l) was noted in three patients by Licato
[13] though no clinical details were provided in the former
or latter cases.

By comparison, the incidence of transient hypercalcaemia
in randomised controlled trials was up to 11% with the vast
majority being mild [2, 14—17]. Serum calcium measure-
ments in trials were generally taken 4—16 h after teripara-
tide administration. In the pivotal trial by Neer et al., 95%
with transient hypercalcaemia (> 6 h) had levels below 2.79
mmol/l [14] whilst Black et al. found median increases in
calcium of 0.05 and 0.07 mmol/l at 1 and 3 months, return-
ing to baseline at 1 year [17]. However, in the VERO trial
where serum calcium was checked between 16 and 24 h
post teriparatide injection, 9.7% had hypercalcaemia,
with 0.6% having a level above 3.12 mmol/l (0.47 mmol/l
above normal) [16]. Overall, discontinuation rates due to

hypercalcaemia in trials were low (0.18-4.0%) [2, 14, 15].
This transient rise in calcium (peaking at 4-6 h) and usually
normalising by 1624 h is consistent with the rapid absorp-
tion and short half-life (2—4 h) of teriparatide [18].

The predisposing factors for delayed hypercalcaemia are
unclear. Calcium supplement use in patients on teriparatide
has been associated with transient hypercalcaemia which
resolves on their cessation or on dose reduction [2, 14]. One
mechanism whereby teriparatide may cause hypercalcaemia
is by increasing synthesis of 1,25(OH)D consistent with the
actions of endogenous PTH. Higher 1,25(OH)D after teri-
paratide are reported in clinical trial [19] and real-world set-
tings [13]. In fact, median 1,25(OH)D were found to increase
by 22-27% at 1 month and 14-19% at 1 year [19], whilst
levels above normal were found 6 h after teriparatide admin-
istration [13]. A trend for a positive correlation between
higher 1,25(OH)D and increases in serum calcium has also
been reported [13]. In our patient and other case reports,
1,25(OH)D was not elevated but this might be explained by
its short half-life (4 h) [18] and levels being drawn days after
stopping teriparatide. Our patient’s 1,25(OH)D level was in
the upper limit of normal though, which could be consid-
ered inappropriately high in the presence of hypercalcaemia
and a low PTH. It is therefore possible that her suprathera-
peutic baseline 25(OH)D of 130 nmol/l could have resulted
in excessive synthesis of 1,25(OH)D. Another proposed
mechanism for hypercalcaemia was reduced hepatic clear-
ance of teriparatide, though this was in a patient with acute
porphyria and significant liver disease [10].

Whilst teriparatide product literature does not stipulate
a routine serum calcium check on treatment, this is recom-
mended after 1 month of therapy, by which time hypercal-
caemia should be apparent [12]. However, in most case
reports, hypercalcaemia was identified much later or only
after testing symptomatic patients [6, 8, 9, 11], suggesting
that routine calcium checks are not standard. Importantly,
blood sampling should occur at least 16 h postinjection [12]
as identification of transient hypercalcaemia could lead to
unnecessary investigations.

For patients with hypercalcaemia, a first approach would
to be stop or lower the dose of calcium supplements to
ensure a total intake of < 1000 mg per day [12]. Indeed, in
clinical trials where this was done, hypercalcaemia on repeat
blood testing was uncommon (1.3%) [2, 14]. Additionally,
avoiding supplemental vitamin D when serum 25(OH)
D > 50 nmol/ has been proposed [13] and predicated on
reducing vitamin D activation to 1,25(OH)D. This strategy
remains uncertain, though levels above 75 nmol/I are prob-
ably best avoided. Secondly, consideration should be given
to changing to alternate day teriparatide [12] though defini-
tive evidence on anti-fracture efficacy is lacking. However,
areduction in vertebral fractures has been identified in trials
of once weekly teriparatide using 28.2 ug or higher doses
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[20]. Finally, therapy could be switched to abaloparatide
which has a lower incidence of hypercalcaemia, though is
not approved in Europe. Given the significant hypercalcae-
mia (0.83 mmol/l above normal) in our patient, we decided
to switch therapy to denosumab.

To conclude, delayed and non-mild hypercalcaemia (>24 h)
is a rare side effect of teriparatide. Hypercalcaemia may persist
despite stopping calcium supplements and lead to therapy ces-
sation. Routine serum calcium checks between 1 and 3 months
after starting teriparatide should be standard for all patients, by
which time any hypercalcaemia should be apparent.
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