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Abstract The effects of the calcimimetic drug Cinacalcet
were assessed in six children with uncontrolled hyperpara-
thyroidism secondary to stage 5 chronic kidney disease
(CKD). Data were collected retrospectively regarding bone
biochemistry and medications. Patients were between the
ages of 11 months and 14 years on commencing Cinacalcet
at initial doses of 0.4–1.4 mg/kg. Treatment, which was
well tolerated in the majority and still on going in five
patients, was for periods ranging between 3 months and
3 years. All six cases saw at least an 86% reduction in
serum parathyroid hormone (PTH). Hypophosphataemia
and/or hypocalcaemia were observed in three cases.
Overall, achievement of UK Renal Association targets for
corrected calcium (Ca), phosphate (P) and the calcium ×
phosphate product (Ca × P) were unaffected. We conclude
that Cinacalcet is an effective treatment for correcting and
sustaining correction of uncontrollable PTH levels seen in a
difficult group of patients. Importantly, it has allowed the
avoidance of parathyroidectomy for a significant time
period in all cases. There remain questions about the effect
of Cinacalcet on linear growth amongst paediatric dialysis
patients, and future studies should aim to address this.
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Abbreviations
K/DOQI National Kidney Foundation Disease

Outcomes Quality Initiative
Ca Corrected calcium
P Phosphate
PTH Parathyroid hormone
CaSR Calcium sensing receptor
HD Haemodialysis
PD Peritoneal dialysis
SHPT Secondary hyperparathyroidism
AlkP Alkaline phosphatase
FSGS Focal segmental glomerulosclerosis

Introduction

Renal osteodystrophy encompasses three distinct histolog-
ical entities: high turnover, which encompasses osteitis
fibrosa cystica and is associated with high parathyroid
hormone (PTH) levels; adynamic bone disease associated
with low PTH levels; and mixed. Guidelines [UK Renal
Association/National Kidney Foundation Disease Out-
comes Quality Initiative (K/DOQI)] were produced with
the aim of reducing the consequences of secondary
hyperparathyroidism by establishing targets for biochemical
indices, including PTH, calcium (Ca), phosphate (P) and
Ca × P levels. However, these two sets of guidelines are
very different with regard to recommendations for PTH,
with the K/DOQI guidelines recommending maintaining
levels of PTH between 15.9 pmol/l and 31.2 pmol/l and the
UK Renal Association recommending <15.4 pmol/l [1, 2].
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There can be oversuppression of PTH, which is thought to
arise as a consequence of treatment with calcium supplements
and active vitamin D analogues [3, 4]. This has a negative
effect on bone turnover causing adynamic bone disease [5],
the clinical consequences of which are bone pain, patholog-
ical fractures and impairment of linear growth. Bone biopsy
provides the gold standard for this lesion. Although there is
evidence to suggest that infants and children with chronic
kidney disease (CKD) stages 3–4 can have catch up growth
while maintaining a PTH at levels less than twice the upper
limit of the normal range [6], there are also reports that
adynamic bone disease is becoming increasingly common [7].
However, the level of PTH at which this is at risk of
occurring in children remains controversial.

Treatment options aimed at suppressing PTH currently
include dietary phosphate restrictions, phosphate binding
and supplementation with active vitamin D and calcium.
Dialysis provides additional means of phosphate removal as
well as helping to control acid-base balance and remove
uraemic toxins detrimental to bone health [8]. Dietary
phosphate restriction is problematic in children due to the
consequent reduction in protein intake needed to achieve
this [9]. Existing treatment strategies (active vitamin D,
calcium supplements, calcium-containing phosphate bind-
ers) have the potential to increase serum levels of calcium.
Ca and P at high levels are both independent predictors of
adverse cardiovascular outcomes as a result of metastatic
calcification [10–12]. Therefore, there has been a more
recent focus on developing treatments that will suppress
PTH secretion and minimise elevation of these minerals.
Amongst these treatment options are the calcium- and
aluminium-free phosphate binders Sevelamer (Renagel) and
Lanthanum carbonate, the latter of which has been shown
to induce less adynamic bone disease than calcium
carbonate in adult patients with CKD [13, 14].

Parathyroid gland function is regulated by exposure to
vitamin D, phosphate and calcium. The calcium-sensing
receptor (CaSR), first identified and cloned in 1994 [15], is
thought to be the prime regulator of PTH secretion [16, 17]
and as such, has become the target for newer therapies in the
treatment of both primary and secondary hyperparathyroid-
ism [18, 19]. Cinacalcet is a type II calcimimetic that acts as
an allosteric modulator of the CaSR to increase its sensitivity
to extracellular calcium ions and diminish PTH secretion in
response [20]. It is currently the only available calcimimetic
agent. Cinacalcet has been shown to be efficacious in adult
CKD patients, allowing improved control of serum bio-
chemistry as specified by K/DOQI [21], as well as reducing
rates of parathyroidectomy, pathological fracture and hospital
admissions related to cardiovascular complaints [22].

Current UK National Institute for Health and Clinical
Excellence guidance [23] recommends the use of Cinacal-
cet to treat ‘refractory secondary hyperparathyroidism in

patients with end-stage renal disease (including those with
calciphylaxis) only in those who have very uncontrolled
plasma levels of intact PTH that are refractory to standard
therapy, and normal or high adjusted serum calcium level,
and in whom surgical parathyroidectomy is contraindicated,
in that the risks of surgery are considered to outweigh the
benefits’. Contraindications for use include a low baseline
serum corrected Ca (<2.1 mmol/L).

We present our experience of the continuous use of
Cinacalcet for up to 3 years in six CKD 5 patients with
uncontrolled hyperparathyroidism despite the optimisation
of conventional management.

Materials and methods

Clinical details at the start of treatment are shown in Table 1
(Figs. 1 and 2).

Treatment throughout was according to UK Renal
Association guidance [with more recent amendments by
the British Association of Paediatric Nephrologists
(BAPN)] to keep PTH below a level that is twice the upper
limit of normal for the intact PTH (iPTH) assay used. The
indication for the use of Cinacalcet was an elevation in
PTH, despite optimisation of serum Ca and P levels. Doses
of Cinacalcet were titrated according to serum PTH and
adverse effects such as hypocalcaemia. Other medications
(alfacalcidol, phosphate binders and calcium supplements)
were modified over the duration of Cinacalcet treatment to
achieve optimal control of bone biochemistry. Results of
Ca, P, PTH and Ca × P were available in the 3 months
prior to and during Cinacalcet treatment, having been taken
as part of the routine surveillance of all paediatric chronic
renal failure patients. The frequency of blood testing was in
accordance with UK Renal Association guidelines. The
results in this report represent the average value for the above
indices each month. Our laboratory measures iPTH, with a
normal range between 0.8–7.7 pmol/L. Age-specific normal
ranges for corrected Ca and P are detailed in the legend
accompanying Fig. 3 and closely correspond to the specific
targets set by the National Kidney Foundation (K/DOQI).

Results

Prior to treatment with Cinacalcet, all six children had
biochemical evidence of high-turnover bone disease, with
PTH values consistently >31.8 pmol/L (= 300 pg/ml). Five
of the six patients were still taking Cinacalcet at the time of
writing. One child discontinued treatment after successful
renal transplant and resolution of secondary hyperparathy-
roidism. Duration of time on Cinacalcet varied between
5 months and 3 years. The dose range was 0.4–2.6 mg/kg.
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PTH

Comparing 1-month pretreatment with values during the
month in which optimal control over PTH was achieved
(corresponding to the end of the monitoring period in all
but one case in which sustained control of PTH was lost
after 24 months), all six cases saw a minimum reduction in
PTH level of 86% (range 86–98%) over a period of
continuous treatment that ranged between 3 months and
2 years. In case 3 (see Table 1 and Fig. 1), control was

achieved for the first 12 months, for the second 12 months
control was erratic and thereafter control was lost despite
escalating doses of Cinacalcet. Serum PTH levels at the
start of the monitoring period fell outside both the K/DOQI
and UK Renal Association target ranges [1, 2] in all six
cases. Figure 3 compares achievement of UK Renal
Association targets before and during Cinacalcet treatment.
Results were analysed at the point of optimal PTH control,
which for 5/6 cases corresponded to the end of the
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Fig. 2 Graph relating to Table 2 illustrating significant difference
between PTH values pre and during treatment. X-axis: 1 = pre-
treatment group (at – 1 month) with standard error bar. 2 = PTH value
at point of optimal control with standard error bar
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Fig. 1 Graph representing fluctuation in PTH over the duration of
treatment

Table 1 Patient demographics at the start of treatment with additional details regarding Ca/P/PTH values in the 3 months prior to this

Patients 1 2 3 4 5 6

Age (years) 1.5 12 14 2.3 3.3 0.9

Sex M M F M M M

Diagnosis PUV RD FSGS MD MD RD

Dialysis method HD/PD HD HD HD/PDb HD HD/PDb

Dialysis vintage (months) 13a 19 24 28 4 10

Ca (mmol/L) mean ± SE -3 months 2.49±0.02 2.34±0.03 2.28±0.02 2.46±0.01 2.63±0.03 2.57±0.02

Ca (mmol/L) mean ± SE -2 months 2.46±0.04 2.38 2.34±0.02 2.58±0.09 2.58±0.02 2.42±0.06

Ca (mmol/L) mean ± SE -1 month 2.33±0.04 2.44±0.09 2.33±0.02 2.62±0.20 2.61±0.03 2.47±0.03

P (mmol/L) mean ± SE -3 months 0.84±0.01 1.92±0.15 1.48±0.32 0.81±0.04 1.92±0.38 0.78±0.04

P (mmol/L) mean ± SE -2 months 0.73±0.05 1.5 1.96±0.21 1.15±0.03 1.55±0.13 1.21±0.13

P (mmol/L) mean ± SE -1 month 1.08±0.03 1.64±0.36 2.26±0.06 1.1±0.04 1.43±0.12 1.13±0.05

PTH (mmol/L) mean ± SE – 3 months 36 38.3±7.2 120 169±9.1 26±5.6 3.3±0.4

PTH (mmol/L) mean ± SE -2 months 45±26 102±20 157±7.8 42.8±5.8 72±68

PTH (mmol/L) mean ± SE -1 month 72±23 42.3±16.2 154 161.5±16.1 58.4±10.2 129.5±13.7

Starting dose Cinacalcet (mg/kg) 0.4 0.6 0.8 0.5 1.1 0.4

Duration of Cinacalcet treatment (months) 5 24 36 5 12 8

Dialysis vintage refers to the period before commencing Cinacalcet

Ca calcium, P phosphate, PTH parathyroid hormone, PUV posterior urethral valves, RD renal dysplasia, FSGS focal segmental
glomerulosclerosis, MD multicystic dysplasia, HD haemodialysis, PD peritoneal dialysis
a Patient 1 had spent longer on PD than HD prior to Cinacalcet treatment. The remaining 5/6 patients had spent the majority of time on HD
b Patients 4 and 6 were having PD on commencing Cinacalcet. The remaining 4/6 patients were being haemodialysed
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monitoring period and in the remaining case (case 3)
corresponded to the 24 months of treatment after which
time sustained PTH control was lost (Table 2).

Ca, P, Ca × P

Overall and as illustrated in Table 3, there was no
significant difference in serum Ca, P and Ca× P over the
duration of treatment.

Medications

Prior to commencement of Cinacalcet, adjustments to more
standard medications had proven unsuccessful in control-
ling serum PTH, and in several cases, hypercalcaemia
predating the introduction of Cinacalcet had prevented dose
escalation of calcium-containing phosphate binders and
vitamin D analogues. Patients continued on a wide range of
treatments (alfacalcidol, calcium carbonate, calcium san-
doz, phosphate sandoz, Renagel, lanthanum carbonate,
cholecalciferol) over the duration of Cinacalcet use. The
addition of Cinacalcet had little impact on reducing the total
number or dose of medications used to control bone
biochemistry in each of the patients.

Associated events

Hypocalcaemia was observed in 2/6 patients. In 1/2
cases, this was refractory to treatment, resulting in the
discontinuation of Cinacalcet for a 5-month period. The
remaining case responded to an increase in calcium-
containing supplements and alfacalcidol. Neither patient
was symptomatic at any stage (in keeping with results
on Cinacalcet from previous phase III clinical trials [19,
21, 24]). In 3/6 cases, serum P fell by at least 39% (39–
61%) to levels outside the normal range in the 3 months
after starting Cinacalcet. This was rectifiable in two of the
six cases by either a reduction in Cinacalcet, an increase
in alfacalcidol or a reduction in phosphate binder. In the
remaining 1/6, the low P coincided with a decrease in
serum C, necessitating discontinuation of Cinacalcet, as
previously discussed. In this case, P levels have remained
low since restarting Cinacalcet, and were outside the
age-specific target range at this writing. Nausea and
vomiting have been described in the side-effects profile of
Cinacalcet [2]; however, in this series, neither was a
significant problem at any stage during the treatment
course.
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Fig. 3 Percent of patients with biochemistry within UK Renal
Association target ranges before and during Cinacalcet use. Compar-
ison of results at 1 month prior to starting Cinacalcet with those at the
end of the monitoring period up until the point that sustained
parathyroid hormone (PTH) control was lost (case 3). Target ranges
according to the UK Renal Association state that serum phosphate (P)
and calcium (Ca) should be kept within the age-appropriate normal
range, and in the case of serum P, as close as possible to the 50th
centile of this range. Ca × P: <5 mmol2/l2 Ca (corrected for serum
albumin): 2.25–2.7 mmol/l (27 weeks–16 years), P: 1.3–2.0 mmol/L
(8 days–16 years), PTH: <15.4 pmol/L

Table 2 Illustrating decrease in PTH from 1 month pre-treatment to
the point at which optimal PTH control was achieved (please also
refer to Fig. 2)

Patient PTH (pmol/L) pre PTH (pmol/L) Cinacalcet P value

1 71.7±22.7 3±1
2 42.3±16.2 5.9

3 154 *9.3±2.6

4 161.5±16.1 14

5 58.4±10.2 1.9

6 129.5±13.7 8.4

mean 102.9 7.9 0.002

Values for PTH represent monthly averages ± standard error. Paired
student’s t-test used to quantify the significance of the difference
between the two groups

* PTH value at 24 months (case 3 was taking Cinacalcet for a further
year after this) after which time control of PTH was lost. In the 5 other
cases, the PTH values illustrated during Cinacalcet treatment represent
those at the end of the monitoring period

Table 3 Illustrating change in parathyroid hormone (PTH) during
treatment with Cinacalcet from 1 month pretreatment to the point at
which optimal PTH control was achieved (see comments on case 3
from Table 2)

Pretreatment Cinacalcet P value

Ca (mmol/L) 2.47±0.05 2.52±0.07 0.24

P (mmol/L) 1.44±0.19 1.36±0.16 0.21

Ca × P (mmol2/L2) 3.42±0.45 3.28±0.5 0.27

Values represent the monthly averages ± standard error for all six
patients. P values calculated using paired Student’s t test

Ca calcium, P phosphate, Ca × P calcium × phosphate product
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Discussion

Studies of Cinacalcet in the paediatric dialysis population
are lacking. Two prospective trials conducted in 2007 and
2008 looked at a small number (16 in total) of mostly
adolescent patients, none younger than 1.1 years, who were
treated for a short duration (up to 3 months). Both studies
showed a positive effect on short-term PTH suppression,
with one showing a simultaneous improvement in the Ca ×
P product [25, 26]. Significant side effects reported
included hypocalcaemia. Results of our retrospective
observational cohort study are in keeping with previous
literature on Cinacalcet use in the paediatric dialysis
population [25, 26], showing a marked decrease in serum
iPTH levels. Our data extends previous reports in that it
demonstrates that this effect can be sustained. As high-
lighted earlier in this report, the lack of consensus on the
ideal range for PTH in children provides a challenge in
knowing the target PTH that should be achieved.

Although there are clear benefits shown from Cinacalcet
use in the adult population, there remain concerns about the
potential for a negative impact on growth in children. There
are currently no experimental studies to support this
concern. The CaSR is expressed on chondrocytes at the
growth plates of epiphyses and has a role in the
proliferation and differentiation of these cells in vitro [27,
28]. A recent study in uraemic rats has shown no negative
impact on growth-plate chondrocyte function with Cina-
calcet use [28]. The effects of modulating this receptor
during active periods of skeletal growth throughout
childhood are unknown and will require careful evaluation
if Cinacalcet is to be widely used in the paediatric CKD
population. Significant caution is needed to determine
whether biochemical improvements [relating to Ca, P,
Ca × P, PTH, alkaline phosphatase (AlkP)] correlate with
healthy rates of bone turnover, and future studies should
aim to address this.

The time period over which Cinacalcet was used was
12 months or less in four of the six patients in our cohort,
and it was therefore felt to be outside the scope of this
report to meaningfully comment on linear growth. Howev-
er, the trend in growth that was observed over the duration
of Cinacalcet use, although not commented upon in detail
in this report, was not suggestive of any major adverse
impact.

Previous adult studies have shown a simultaneous
reduction in PTH and serum levels of Ca and P as a result
of Cinacalcet therapy [19, 24]. Its effect on mineral
homeostasis is less clear in the paediatric CKD population,
perhaps as a result of active skeletal growth and the
consequent influx and efflux of these minerals from bones
[10, 29]. In the two previous paediatric studies of
Cinacalcet use for treatment of metabolic bone disease in

CKD 5, findings have been inconclusive, with one study
(over a 4-week period) showing a significant decrease in
the median level of serum P and the Ca × P product, and
the second more lengthy study (Cinacalcet administered
over a 3-month period) demonstrating no effect on Ca, P or
Ca × P product despite an overall significant reduction in
serum PTH levels [25, 26]. We have observed that
Cinacalcet can have clinically significant effects on Ca and
P in the short term, necessitating alterations in medication
regimens, but overall, and in terms of standard targets, the
differences pre- and posttreatment are negligible.

Cinacalcet did not facilitate an overall reduction in
medications to achieve control of PTH/Ca/P, and in the
majority, it was associated with an increase in the number
of agents/dose of existing medications used. In view of this,
the changes in PTH observed are potentially attributable to
drugs other than Cinacalcet. Without multivariate regres-
sion analysis (felt to be outside the scope of this report in
view of the small patient group), this remains a limitation of
the study. Despite this, the addition of Cinacalcet was
shown to be helpful in controlling apparently refractory
levels of PTH, which in all cases may have resulted in the
need for parathyroidectomy (PTH levels consistently
> 100 pmol/L). Minor dose increases were used to optimise
PTH control in 3/6 patients. In 2/6 no dose change was
necessary, and in the remaining one, doses were increased
from 30 mg to 120 mg over a 3-month period in order to
achieve a sustained decrease in PTH (1.4–2.6 mg/kg per
dose). A previous study comparing Cinacalcet with stan-
dard therapy has shown a similar trend, with the dose
required at 6 months being similar to or less than that
required at a year to achieve the same suppressive effect on
PTH levels. It has been speculated that this lack of
tachyphylaxis indicates a role for Cinacalcet in the
stabilisation and prevention of progression of secondary
hyperparathyroidism [30].

Concluding remarks

The number of patients in this study is small, and therefore,
conclusions drawn from it should be carefully considered
before being applied more generally. The aims of using
Cinacalcet in this patient group were to suppress PTH and
achieve control over bone biochemistry. Cinacalcet appears
to have been an effective adjunct for this purpose,
facilitating the resolution of hyperparathyroidism that had
been shown to be resistant to conventional treatment.
Parathyroidectomy, a complicated and technically challeng-
ing procedure in children, has been avoided in all cases.
Although there is much anxiety regarding the potential for
adynamic bone disease with suppressed PTH levels, the
authors would stress that there is currently no universally
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accepted lower limit for PTH in patients treated with
Cinacalcet. A randomised control trial is warranted to
further evaluate the use of Cinacalcet in paediatric dialysis
patients.
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