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We report a boy with hypercalcemia due to neonatal severe hyperparathyroidism (NSHPT) caused by a com-
pound heterozygous mutation in the calcium sensing receptor (CaSR) managed successfully on a type II calci-
mimetic drug. The hypercalcemia was temporarily treated by hyperhydration, bisphosphonate and calcium
depleted milk. At 29 days of age cinacalcet was introduced. The starting dose was 0.5 mg/kg/day and was
subsequently titrated to the point of efficacy (5.2 mg/kg/day) when a persuasive reduction in parathyroid

hormone and calcium concentrations was observed. We propose a trial of type II calcimimetics in newborns with
NSHPT irrespective of the genetic mutation and advocate that residual functionality of the CaSR predict the drug

efficacy.

1. Background

Neonatal severe hyperparathyroidism (NSHPT) is a rare autosomal
recessive disease caused by homozygous or compound heterozygous
inactivating mutations in the calcium sensing receptor (CaSR) gene
located at chromosome 3q21.1 (Hannan et al., 2016). More than 25
CaSR mutations have been associated with NSHPT (Hannan et al.,
2016). The CASR gene encodes a 1078-amino acid plasma membrane G-
protein-coupled receptor with seven transmembrane domains, that is
mainly expressed in the parathyroid glands, the kidneys and bone
(Allgrove, 2015). Many inactivating CaSR mutations cluster in the
extracellular calcium-binding domain of the protein (Hannan et al.,
2012) causing a higher set point for sensing of extracellular calcium
plasma levels and regulation of parathyroid hormone (PTH) secreted
from the parathyroid glands (Hannan et al., 2016).

Patients with NSHPT typically present in the neonatal period with
nausea, failure to thrive, lethargy and poor muscle tone accompanied
with considerable elevation of total calcium levels between 5 and 8
mmol/L (Glaudo et al., 2016). The symptomatic hypercalcemia is
associated with clinical features of osteopenia, fractures and resultant

respiratory distress (Stokes et al., 2017). If left untreated the condition
may cause developmental delay or at worst be fatal (Hannan et al., 2016;
Stokes et al., 2017). Acute management aims at controlling the severe
hypercalcemia with hyperhydration, diuretics, bisphosphonates, and
calcium depleted milk (Hannan et al., 2018). The duration of these
medical strategies is short term, lasting up to 2-3 weeks (Murphy et al.,
2016; Sun et al., 2018).

Previously, parathyroidectomy has been practiced to obtain a long-
lasting effect in patients with NSHPT as treatment with cinacalcet has
been ineffective (Murphy et al., 2016; Garcia Soblechero et al., 2013;
Atay et al., 2014; Capozza et al., 2018; Ahmad et al., 2017; Savas-Erdeve
et al., 2016) except in two cases (Sun et al., 2018; Gulcan-Kersin et al.,
2020). Cinacalcet has, however, been effective in curtailing symptom-
atic hypercalcemia at lower calcium concentrations (2.8-3.2 mmol/L) as
seen in neonatal hyperparathyroidism (NHPT) caused by heterozygous
CaSR mutations (Glaudo et al., 2016; Fisher et al., 2015; Reh et al., 2011;
Forman et al., 2019; Gannon et al., 2014). Cinacalcet is a type II calci-
mimetic drug that induces a conformational change in the CaSR making
it more sensitive to calcium and also enhance mutant receptor biosyn-
thesis and expression leading to suppression of PTH levels and increased

Abbreviations: NSHPT, neonatal severe hyperparathyroidism; CaSR, calcium sensing receptor; PTH, parathyroid hormone; NHPT, neonatal hyperparathyroidism;
RR, reference range; FHH, familiar hypocalciuric hypercalcemia; AD, admission day; C-PAP, continuous positive airway pressure.
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renal calcium excretion (Hannan et al., 2018).

2. Objective

To describe the first case of NSHPT with a compound heterozygous
CaSR mutation successfully managed long term on cinacalcet treatment.

3. Case

An 11-day old boy was referred to our pediatric department due to
lethargy and weight loss of 14%. He was born by a multigravida woman
by spontaneous vaginal delivery at gestational age 40 weeks after an
uncomplicated pregnancy. The parents were unrelated Caucasians. The
mother had noted the boy was drowsier compared to previous siblings
from an earlier marriage. The boy was increasingly apathic without
awakening during feeding and consequently failure to thrive ensued.
Clinically the boy had mild sub- and intercostal recessions, he had a
floppy muscle tone and the neonatal reflexes were difficult to elicit. He
had a large soft anterior fontanelle extending into the forehead, and he
appeared mildly dehydrated with a prolonged capillary response of
three seconds.

Initial blood samples showed mild respiratory acidosis (pH 7.25,
pCO; 8.9 kPa, base excess +1 mmol/L), a very high concentration of
PTH of 67.4 pmol/L (reference range (RR) 0.7-9.4), a pH corrected
ionized calcium ion of 3.00 mmol/L (RR 1.18-1.32), and hypo-
phosphatemia 0.82 mmol/L (RR 1.36-2.26). Magnesium was 1.37
mmol/L (RR 0.50-1.10), alkaline phosphatase was increased 608 U/L
(RR 55-425) and 25-hydroxyvitamin D was 46 pmol/L (50-160). The
first urine was sampled on admission day (AD) two after hyperhydration
and loop diuretics had been started. Urine calcium:creatinine ratio was
relatively low (3.71 mmol/mmol), but yet above levels that were
sampled later during loop diuretic free periods.

The father informed that he had a calcium disease, which was
confirmed from his medical files to be familiar hypocalciuric hypercal-
cemia (FHH). The mother was unaware of any calcium problems in her
family. The results of her blood samples obtained the following morning
showed a mildly increased concentration of calcium 1.34 mmol/L (RR
1.18-1.32) and PTH 9.5 pmol/L (RR 1.3-7.6). Based on the clinical
findings, near normal 25-hydroxyvitamin D level and parental bloods,
we suspected NSHPT on a background of a compound heterozygous
CaSR mutation in the boy. This was genetically confirmed on AD ten.
Two missense mutations both located in exon 7 were identified. One was
paternally inherited (p.Cys582Tyr (G>A)) and one was later identified
to be of maternal inheritance (p.Pro682Leu (C>T)).

An X-ray examination of the ribcage and thighbones showed gener-
alized skeletal demineralization and irregular broad metaphysis (Fig. 1).

Fig. 1. X-ray with arrows indicating generalized skeletal demineralization.
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Cerebral and kidney ultrasound scans on AD two did not show any
calcifications. A thyroid ultrasound scan on day two was normal without
enlarged parathyroid glands.

The boy was treated with hyperhydration (intravenous 0.9% saline/
5% glucose and formula; in total 300 mL/kg/day) and pamidronate (0.5
mg/kg) on three consecutive days resulting in a reduction of the calcium
level but with rebound hyperparathyroidism (PTH 177.9 pmol/L)
(Fig. 2). Calcium depleted formula was started on AD four. To gain time,
whilst discussions of long-term management took place, the boy had
further infusions with pamidronate (Fig. 2). As the efficacy of
bisphosphonates diminished and ionized calcium started to rise, cina-
calcet was introduced at a low dose (0.5 mg/kg/day) administered on
two daily doses on AD 29. Cinacalcet dose was slowly increased until a
sufficient effect was seen on calcium and PTH concentrations (Fig. 2). At
this point in time normal formula was introduced again (day 40). The
cinacalcet tablets were crushed and suspended in water before admin-
istration. Compelling evidence of efficacy was seen when the cinacalcet
dose was 5.2 mg/kg/day divided on three daily doses. The dose was
further increased to 8.5 mg/kg/day. We never experienced any signifi-
cant or clinically relevant hypocalcemia, and the boy did not show any
signs of gastrointestinal side effects or other adverse events.

Due to poor muscle tone and softening of the bones that lead to
respiratory problems necessitating support with nasal-continuous posi-
tive airway pressure (CPAP) and nasogastric tube feeding, the boy was in
the neonatal intensive care department for three months. He was dis-
charged to our outpatient setting when he turned four months old. He
has been weaned of nasal-CPAP, he is bottle fed, and only his motor
development is delayed at now age eight months.

4. Discussion

We describe the first case with a compound heterozygous CaSR
mutation successfully managed on cinacalcet. Acute treatment with
hyperhydration, diuretics and bisphosphonates (Stokes et al., 2017; Sun
et al., 2018; Ahmad et al., 2017) was successful in achieving a serum
calcium within a safe range, but exact titration was challenging as
demonstrated by fluctuating calcium concentrations repeatedly drop-
ping below the RR. We also witnessed significant rebound hyperpara-
thyroidism after normalization of serum calcium explained by the
higher set point, at which calcium inhibits PTH in NSHPT (Reh et al.,
2011). Both measures emphasize that acute treatment is a temporary
rescue plan (Gulcan-Kersin et al., 2020). Lastly, long-term use of
bisphosphonates in children remains unknown (Sun et al., 2018).

At the time we treated this boy only one case with a homozygous
mutation (NSHPT) (Sun et al., 2018) and four cases with heterozygous
CaSR mutations (neonatal hyperparathyroidism) (Fisher et al., 2015;
Reh et al., 2011; Forman et al., 2019; Gannon et al., 2014) had been
successfully treated with cinacalcet. Recently another homozygous
CaSR mutation displaying NSHPT has been reported to respond to
cinacalcet (Gulcan-Kersin et al., 2020). Other described cases have not
responded well, and have required parathyroidectomy (Murphy et al.,
2016; Garcia Soblechero et al., 2013; Atay et al., 2014; Capozza et al.,
2018; Ahmad et al., 2017; Savas-Erdeve et al., 2016).

Osteopenia at the time of parathyroidectomy increases the risk of
hungry bone disease characterized by hypocalcemia, hypophosphatemia
and hypomagnesemia due to excessive bone remineralization (Atay
et al, 2014; Capozza et al., 2018). Hypocalcemia after para-
thyroidectomy due to postoperative hypoparathyroidism is more
commonly described however (Stokes et al., 2017; Murphy et al., 2016;
Capozza et al., 2018; Ahmad et al., 2017). Obtaining normal and stable
calcium concentrations with active vitamin D, 25-hydroxyvitamin D and
calcium supplements is difficult and necessitates frequent biochemical
monitoring (Murphy et al., 2016; Ahmad et al., 2017; Di Maio et al.,
2018). On the longer-term renal imaging to monitor for the potential
development of nephrocalcinosis is necessary (Hannan et al., 2018; Di
Maio et al., 2018). Hypoparathyroidism during a lifetime also carries a
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Fig. 2. Bloods and interventions during the course of treatment.

risk of reduced bone remodeling (Di Maio et al., 2018). The effect of
cinacalcet, which enhances the sensitivity to calcium at the CaSR by
allosteric activation resulting in normalization of calcium and suppres-
sion of PTH, mimics a more physiological response and likely does not
impose the same adverse effects (Hannan et al., 2018). Long term use
however, has not been described in children.

Cinacalcet responsive cases with NHPT had heterozygeous variants
in the extracellular CaSR region in an area with predilection for muta-
tional hotspots (Hannan et al., 2016; Fisher et al., 2015; Reh et al., 2011;
Forman et al., 2019; Gannon et al., 2014). Cinacalcet responsive cases
with NSHPT had genetic variants that did not truncate the CaSR protein
and its ability to couple with downstream signaling proteins (Hannan
et al., 2018; Sun et al., 2018; Gulcan-Kersin et al., 2020) opposed to
unresponsive cases (Hannan et al., 2018; Murphy et al., 2016; Garcia
Soblechero et al., 2013; Atay et al., 2014; Capozza et al., 2018; Ahmad
et al., 2017; Savas-Erdeve et al., 2016). The proportion of nonsense or
frameshift mutations leading to truncated proteins are much higher in
NSHPT compared to heterozygeous cases (>40% vs 10%) (Hannan et al.,
2012). Thus, chances of efficacy using cinacalcet would expectedly be
higher when only a single allele is mutated. The variability of response
to cinacalcet is not fully understood (Murphy et al., 2016). Two cases
with the same CaSR mutation did not display the same response, and
possibly unidentified genetic modifiers play a role (Murphy et al., 2016;
Wilhelm-Bals et al., 2012). Compound heterozygosity likely display a
conformational change in the CaSR with preserved binding sites likely
explaining the efficacy of cinacalcet in our case. Future functional
studies of CaSR variants may be able to elucidate this further.

Inactivating mutations of the CaSR are characterized by a gene
dosage effect and more commonly, when a single allele is affected, a
milder and often asymptomatic variant, FHH, occurs (Hannan et al.,
2016; Glaudo et al., 2016; Lietman et al., 2009). The background for the
severe case presentations when only a single allele is affected is not fully
understood, but allelic imbalance, a dominant-negative effect of the

CaSR mutations in the wildtype-CaSR, maternal vitamin D deficiency or
paternally inherited mutations (sensing a normal maternal calcium level
as low) have been suggested to play a role (Hannan et al., 2016; Glaudo
et al,, 2016). In our case the father had symptoms and therefore
knowledge of his condition, and we speculate if this affected the initial
clinical picture due to the mother’s milder phenotype with near normal
calcium concentrations. Progression to more a more benign condition in
heterozygeous cases has been described (Murphy et al., 2016; Garcia
Soblechero et al., 2013; Gulcan-Kersin et al., 2020). So far, our com-
pound heterozygeous boy remains well on a stable dose of cinacalcet.

Cinacalcet has a dose-dependent effect on PTH regulation (Gannon
et al., 2014; Vahe et al., 2017). It appears that the effective dose varies
between cases (Table 1) (Forman et al., 2019). We titrated cinacalcet
whilst monitoring calcium and PTH levels, and when the dose was
increased to 5.2 mg/kg/day, we employed a three daily dosing regimen
(Fig. 2). The dose was further increased to 8.5 mg/kg/day after which
calcium and PTH remained stable.

5. Conclusion

NSHPT is a life-threatening state of hypercalcemia that requires
acute action to normalize calcium concentrations. Acute medical man-
agement has transient effect, and definite treatment with surgery is not
uncomplicated. The effect of cinacalcet appears to depend on the
remaining functionality of the CaSR. On this basis, we suggest a trial of
cinacalcet in cases with NSHPT or severe NHPT irrespective of the na-
ture of the CaSR mutation to assess the efficacy of the drug on an indi-
vidual basis (Reh et al., 2011; Forman et al., 2019; Gannon et al., 2014).

Contributors’ statement
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Table 1
NSHPT (homozygeous) and NHPT (heterozygeous) cases treated with cinacalcet.
Case report Genetic mutation Age at Presenting Ionized Ca Presenting Cinacalcet Cinacalcet Starting Psychomotor
presentation total Ca mmol/L PTH pmol/L mg/kg/d mg/m?/d age delay
mmol/L (RR) (RR) (RR) (DD
Cinacalcet responsive cases
Fisher et al. R185Q (c.554G>A) 11 months 3.45 NAP 8 2.4-7.4 NA 13 Yes
(2015) heterozygeous-de novo (2.1-2.6) (1.0-6.8) (2-4 DD) months
dominant negative
Fisher et al. R185Q (c.554G>A) Day 26 3.3 NA 21 1.68-2.7 NA 4 months No
(2015) heterozygeous-de novo (2.1-2.6) (1.0-6.8) (3 DD)
dominant negative
Reh et al. R185Q (c.554G>A) Day 7 3.1 NA 70 4 20.0 23 days No
(2011) heterozygeous-de novo (2.25-2.75) (1-7.5) (2 DD)
dominant negative
Forman et al. R185Q (c.554G>A) Day 3 3.3 NA 99 0.5-5.0 7.3-112.5 7 days No
(2019) heterozygeous-de novo (RR NA) (RR NA)
dominant negative
Gannon et al. R185Q (c.554G>A) Day 2 3.23 1.99 122 0.4-9.6 6-202 36 days No
(2014) heterozygeous-paternal (2.33-2.74) (1.0-1.17) (<6.4) (3 DD)
dominant negative
Wilhelm-Bals p-R69H (c.206G>A) Week 1 8.25 NA 95 30-60/90 mg NA 6 years Yes
et al. homozygeous (2.20-2.52) (1.2-6.4) on
(2012)¢ intermittent
days
Sun et al. p.I18K (c.242T>A) Day 7 6.01 NA 100 NA 30-45 72 days No
(2018) homozygeous (2.10-2.55) (1.5-7.2) (2 DD)
Gulcan- p.G613E (c.1836G>A) Day 1 3.60 2.10 158.3 NA 20-160 2 days No
Kersin et al. homozygeous (2.25-2.75) (1.15-1.30) 1.6-6.9 (3-4 DD)
(2020)
Current case Compund Day 11 NA 3.24 67 0.2-5.5 1-22 29 days Motor delay at
heterozygeous (1.18-1.32) (0.7-9.4) (3 DD) 8 months.
(p.Cys582Tyr (G>A)) No impression
(p.Pro682Leu(C>T)). of cognitive
delay.
Cinacalcet non-responsive cases
Capozza et al. IVS5+1G>A Day 8 7.18 NA 49.3 0.4-4 NA Within NA
(2018) ¢.1608+1G>A (2.15-2.95) (0.7-3.9) first
Splice site-skipped month of
Exon 5 life
Homozygeous
Ahmad et al. 1IVS4-19 (c.1378-2A>G) 2 months 5.6 NA 153.9 4 NA 2 months No
(2017) Homozygeous (2.10-2.55) (1.1-6.9) (2 DD)
Murphy et al. p-R69H (c.206G>A) 4 days 9.2 >5 91.99 0.4-8.5 6-143 18 days NA
(2016) homozygeous (2.10-2.55) (1.59-6.9)
Atay et al. p-M741fs*24 21 days 4.75 NA 116.2 NA 30-90 28 days No
(2014) (c.222_226delGATAT) (2.10-2.62) (1.0-5.5) (2DD)
homozygeous
Garcia p-R465Lfs*9 23 days 5.8 3.69 54.9 NA 10-25 2 months No
Soblechero (c.1392_1404del13) (2.15-2.58) (1.00-1.20) (1.6-6.9)
et al. homozygeous
(2013)
Savas-Erdeve p-R544* (C.1630C>T) 12 days 4.85 NA 269 NA 10-25 29 days No
et al. homozygeous (2.25-2.75) (1.6-6.9)
(2016)

@ DD: divided doses.
> NA: not available.
¢ This patient had sub-total parathyroidectomy in the first year of life prior to cinacalcet.
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