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Abstract Pharmacological treatment of hypercalcemia
is essential for patients with parathyroid carcinoma and
intractable primary hyperparathyroidism (PHPT). Use of
the calcimimetic cinacalcet hydrochloride (cinacalcet) is
an option to treat such patients. We investigated the effi-
cacy and safety of cinacalcet in Japanese patients with
parathyroid carcinoma and intractable PHPT. Five Japa-
nese patients with parathyroid carcinoma and two with
intractable PHPT were enrolled in an open-label, single-
arm study consisting of titration and maintenance phases.
Cinacalcet doses were titrated until the albumin-corrected
serum calcium concentration decreased to 10.0 mg/dL or
less or until dose escalation was considered not necessary
or feasible. Serum calcium concentration at the baseline
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was 12.1 + 1.3 mg/dL (mean =+ standard deviation; range
10.4-14.6 mg/dL) and decreased to 10.1 £ 1.6 mg/dL
(range 8.6-13.3 mg/dL) at the end of the titration phase
with cinacalcet at a dosage of up to 75 mg three times a
day. At the end of the titration phase, at least a 1 mg/dL
reduction in serum calcium concentration from the baseline
was observed in five patients (three with carcinoma and
two with PHPT), and it decreased to the normocalcemic
range in five patients (three with carcinoma and two with
PHPT). Common adverse events were nausea and vomit-
ing. One patient discontinued participation in the study
because of an adverse event, liver disorder. Cinacalcet
effectively relieved hypercalcemia in 60% of the Japanese
patients with parathyroid carcinoma and might be effective
in those with intractable PHPT. The drug might be tolerable
and safe at a dosage of at most 75 mg three times a day.

Keywords Cinacalcet - Hypercalcemia - Parathyroid
cancer - Primary hyperparathyroidism

Introduction

Parathyroid carcinoma, a rare cause of primary hyperpar-
athyroidism (PHPT) [1, 2], is often intractable, with multi-
ple recurrences and distant metastases. The 5-year survival
rate after recurrence of parathyroid carcinoma is approxi-
mately 50% [3]. Uncontrolled hypercalcemia is the most
critical issue among the clinical features in patients with
parathyroid carcinoma, and their survival time is usually
limited because of severe hypercalcemia and its related
events. There are few medical management options for
patients with recurrent and/or metastatic parathyroid car-
cinoma [4], since it is essentially unresponsive to chemo-
therapy and/or radiotherapy. Because the primary cause
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of death is parathyroid hormone (PTH)-dependent hyper-
calcemia but not direct tumor invasion or metastases, it is
necessary to focus on direct control of PTH secretion in
patients with parathyroid carcinoma.

PHPT due to benign parathyroid adenoma is a com-
mon endocrine disease and requires surgical removal of
the tumor for its cure. It is, however, sometimes difficult to
localize the parathyroid tumor precisely. Even though the
tumor localization is confirmed with several imaging stud-
ies, it is sometimes difficult for patients with PHPT to be
surgically treated because of their severe comorbidities,
such as cardiovascular diseases. Uncontrolled severe hyper-
calcemia is the most critical issue in those patients.

Calcimimetics have been developed as allosteric modu-
lators of the calcium-sensing receptor [5]. They directly
reduce PTH secretion by binding to the calcium-sensing
receptor on chief cells in parathyroid glands [5]. Cinacal-
cet hydrochloride (cinacalcet) is a commercially available
calcimimetic and is widely prescribed to patients who are
undergoing hemodialysis to relieve their secondary hyper-
parathyroidism. This compound has been approved for
treatment of parathyroid carcinoma in many countries,
because cinacalcet effectively relieves hypercalcemia in
approximately two thirds of patients with parathyroid car-
cinoma for up to 128 weeks [6]. In addition, cinacalcet
normalized serum calcium and decreased circulating PTH
levels for up to 3 years in patients with PHPT [7]. In Japan,
cinacalcet had not been approved for treatment of hyper-
calcemia with parathyroid carcinoma and intractable PHPT
before this study was completed. Therefore, we investi-
gated the efficacy and safety of cinacalcet for treatment of
hypercalcemia in Japanese patients with parathyroid carci-
noma and intractable PHPT.

Materials and methods
Patients

Patients with parathyroid carcinoma whose serum calcium
concentrations were higher than 11.3 mg/dL at screening
within 28 days before the first administration of cinacal-
cet were eligible for the study, because such hypercalce-
mic patients are usually advised to have parathyroid sur-
gery if possible and feasible and because hypercalcemia
in patients with parathyroid carcinoma is prone to serious
exacerbation. Those with intractable PHPT whose serum
calcium concentrations were higher than 12.5 mg/dL at
screening were enrolled into the study because such hyper-
calcemic patients are sometimes treated with antihyper-
calcemic agents if they cannot have parathyroid surgery.
Patients whose parathyroid tumors could not be localized
before surgery or those who were in relapse after surgery

or in whom parathyroidectomy was not allowed to be per-
formed because of their complications were assigned to
have intractable PHPT.

The major exclusion criteria were (1) diagnosed malig-
nancy except for parathyroid carcinoma, nonmelanoma-
tous skin cancers, or in situ cervical cancer within 5 years
before enrollment, (2) being treated with chemotherapy for
cancers other than parathyroid carcinoma, and (3) having
hypercalcemia caused by malignancy other than parathy-
roid carcinoma.

The study was approved by the institutional or inde-
pendent ethics committee and was conducted in accordance
with the Declaration of Helsinki. Each patient gave written
informed consent.

This study was registered with ClinicalTrials.gov
(NCT01460030).

Study design

This was an open-label, single-arm, intra-individual dose-
titration study. The study consisted of a dose-titration phase
and a maintenance phase.

The treatment with cinacalcet was initiated at 25 mg
twice daily. Cinacalcet doses were titrated (sequential
doses of 25 mg twice a day, 50 mg twice a day, 75 mg
twice a day, and 75 mg three or four times a day) until the
serum calcium concentration decreased to 10.0 mg/dL or
less or until dose escalation was considered not feasible
because of adverse events [6]. Cinacalcet was administered
at the same dose for at least 2 weeks before dose escala-
tion. When dose escalation was considered not necessary or
feasible, the patients underwent a transition from the dose-
titration phase to the maintenance phase. Dose adjustments
were permitted during the maintenance phase in the same
manner as in the titration phase if needed. Clinic visits
were scheduled weekly during the titration phase and every
8 weeks during the maintenance phase. The study was
completed when the last patient was in the maintenance
phase for 4 months.

Use of intravenously administered bisphosphonate was
prohibited from 1 week before the initiation of the study
treatment to the end of the study. Orally administered bis-
phosphonates that had been given since before initiation of
the treatment with cinacalcet continued to be administered
at the same dose. Use of calcitonin for treatment of hyper-
calcemia and other drugs that could affect calcium and
bone metabolism was prohibited once the treatment with
cinacalcet was initiated.

The primary end points of the study were the propor-
tion of patients experiencing a reduction in serum calcium
concentration of 1 mg/dL or greater from the baseline at
the end of the titration phase, and the proportion of patients
experiencing a reduction in serum calcium concentration
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into the reference range (10.3 mg/dL or less). Baseline
values were measured on the first day of cinacalcet treat-
ment before its administration. The secondary end points
included serum intact PTH (iPTH) concentrations, adverse
events, laboratory tests, and vital signs.

Assessments

Serum calcium concentrations were measured on the day
of initiation of the treatment with cinacalcet (day 1) and
once weekly thereafter during the titration phase. Measure-
ment of the serum iPTH concentrations and biochemical,
hematological, and electrocardiographic parameters was
performed on day 1 and every 4 weeks thereafter, and at the
end of the titration phase.

During the maintenance phase, measurement of the
serum calcium concentrations, serum iPTH concentrations,
and biochemical, hematological, and electrocardiographic
parameters was performed every 8 weeks.

Blood samples were collected in the morning after
patients had fasted overnight and before they took
cinacalcet.

Serum calcium concentrations were corrected for
albumin with use of the following equation if the serum
albumin concentration was less than 4.0 g/dL: corrected
calcium concentration (mg/dL.) = measured calcium con-
centration (mg/dL) 4+ 4 — serum albumin concentration (g/
dL).

Statistical analysis

Categorical data were summarized as the number and per-
centage of participants, and continuous data were summa-
rized with use of descriptive statistics; that is., mean, stand-
ard deviation (SD), and median.

Adverse events were classified by preferred term accord-
ing to the Medical Dictionary for Regulatory Activities,
Japanese version (MedDRA/J; version 15.1) and were
graded by severity according to the National Cancer Insti-
tute Common Terminology Criteria for Adverse Events,
version 4, Japan Clinical Oncology Group edition (CTCAE
v4-JCOG).

All analyses were performed by the company Kyowa
Hakko Kirin using SAS version 9.2.

Results
Patient demographics and cinacalcet doses

Demographic and baseline characteristics of the patients
are shown in Table 1. Seven patients (five with parathyroid
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Table 1 Demographic and baseline characteristics of the patients (n
=7

Baseline parameter Value

Age (years) 65.9 + 7.6 (51-74)
Sex (male/female) 4/3

Prior parathyroid surgery 5

Prior bisphosphonate use 4

12.1 £ 1.3 (10.4-14.6)
433.6 + 379.8 (181-1230)

Serum calcium (mg/dL)
Plasma iPTH (pg/mL)

Values are given as the median + standard deviation (with the range
in parentheses) or as the number of patients.

iPTH intact parathyroid hormone

carcinoma and two with intractable PHPT) were enrolled
in the study and received cinacalcet. There were four men
and three women aged 65.9 £+ 7.6 years (mean £ SD;
range 51-74 years). All five patients with parathyroid car-
cinoma had undergone parathyroidectomy and had gross
local and/or distant metastases. Four of the seven patients
had been previously treated with orally administered
bisphosphonates.

After initiation of the treatment with cinacalcet, one
patient with parathyroid carcinoma (14.3%) discontinued
participation in the study during the titration phase because
of an adverse event (liver disorder) and six patients (85.7%)
completed the titration phase but only four, among them
two with parathyroid carcinoma, could undergo transition
to the maintenance phase.

At the end of the titration phase, three patients received
cinacalcet at 25 mg twice daily, and each of remaining three
patients received cinacalcet at 50 mg twice daily, 75 mg
twice daily, or 75 mg three times daily. The duration of the
titration phase was 54.2 + 22.3 days (mean £ SD; range
29-92 days). The maintenance phase lasted 113-501 days.

Changes in serum calcium concentration

Individual changes in serum calcium concentrations during
the study are shown in Fig. 1. Five of the seven patients
(71.4%), three with parathyroid carcinoma and two with
intractable PHPT, experienced a reduction of serum cal-
cium concentration of 1 mg/dL or greater from the base-
line value at the end of the titration phase (Fig. 1a). Those
five patients also experienced a reduction in serum calcium
concentration to 10.3 mg/dL or less at the end of the titra-
tion phase (Fig. 1a). Among the remaining two patients,
one failed to complete the titration phase because of to liver
dysfunction, and the other could not tolerate further dose
escalation because of gastritis even though the serum cal-
cium levels of the patient did not reach the target.
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The serum calcium levels during the maintenance phase
were not apparently exacerbated in four patients who
received cinacalcet.

The serum calcium concentration was 12.1 + 1.3 mg/
dL (mean £ SD; range 10.4-14.6 mg/dL) at the baseline
and decreased to 10.1 £ 1.6 mg/dL (range 8.6—13.3 mg/dL)
at the end of the titration phase. The decrease in the mean
serum calcium concentrations in all seven patients was
16.5%. In the five patients with parathyroid carcinoma, the
decrease in serum calcium concentration was 12.4%.

Changes in serum intact PTH

Individual changes in serum iPTH concentrations during
the study are shown in Fig. 2. Serum iPTH concentrations
at the end of the titration phase or at the time when par-
ticipation in the study was discontinued were lower than
the baseline values in four of the seven patients, three with
parathyroid carcinoma and one with intractable PHPT
(Fig. 2a). The serum iPTH concentrations at the baseline

and at the end of the titration phase were 433.6 £ 379.8 pg/
mL (n = 7) and 357.8 & 234.6 pg/mL (n = 6) (mean £ SD)
respectively.

Although at the end of the titration phase the mean
serum iPTH level was less than that at the initiation of
treatment, the serum iPTH levels fluctuated in patients with
parathyroid carcinoma (Fig. 2b). In particular, they were
consistently higher in one patient with parathyroid carci-
noma than at the baseline (Fig. 2b), even though the serum
calcium levels were less than those at the baseline through-
out the maintenance phase (Fig. 1b).

Changes in serum phosphorus and creatinine
concentrations

The serum phosphorus concentrations at the baseline and
at the end of the titration phase or at the time when partici-
pation in the study was discontinued were 2.2 £+ 0.6 mg/dL
and 2.5 £ 0.7 mg/dL (mean £ SD) respectively (Table 2).
The serum phosphorus levels somewhat increased during the
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Fig. 2 Change of serum intact
parathyroid hormone (iPTH)
concentration in a the titration
phase and b the titration and
maintenance phases. PHPT
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Table 2 Biochemical parameters during the study

Parameter Summary
No. of patients Mean SE SD
Creatinine (mg/dL)
Baseline 7 0.86 0.08 0.22
End of titration phase 7 0.93 0.10  0.25
Maintenance phase 2 0.89 0.09 0.12
Phosphorus (mg/dL)
Baseline 7 22 0.2 0.6
End of titration phase 7 2.5 0.3 0.7
Maintenance phase 2 1.9 0.4 0.5

SD standard deviation, SE standard error

treatment with cinacalcet, although the difference from the
baseline value was not statistically significant. The serum cre-
atinine concentrations at the baseline and at the end of the titra-
tion phase or at the time when participation in the study was

@ Springer

discontinued were 0.86 & 0.22 mg/dL and 0.93 + 0.25 mg/dL
(mean % SD) respectively, and the difference was not statisti-
cally significant (Table 2). Those data were available in only
two patients during the maintenance phase (Table 2).

Vital signs and electrocardiographic parameters

No remarkable changes were observed in the blood pres-
sure or pulse rate throughout the study period. The QT and
corrected QT intervals tended to be prolonged after ini-
tiation of the treatment with cinacalcet compared with the
baseline data, all of which were, however, within the refer-
ence range in all patients.

Adverse events

All patients (n = 7) experienced at least one adverse event
(Table 3). Adverse events that occurred in at least two
patients included nausea (n = 4, 57.1%), vomiting (n = 3,
42.9%), and gastroesophageal reflux disease (n = 2, 28.6%),
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Table 3 Summary of drug- Overall Titration phase Mainte-
related treatment-emergent N=7) (N=1T) nance phase
adverse events (N =4) )
n % n % n %
At least one drug-related TEAE 7 100.0 7 100.0 3 75.0
Gastrointestinal disorders 6 85.7 5 71.4 2 50.0
Nausea 4 57.1 3 429 2 50.0
Vomiting 3 429 3 429 1 25.0
Gastroesophageal reflux disease 2 28.6 2 28.6
Constipation 1 14.3 1 14.3
Gastritis 1 14.3 1 14.3
Oral discomfort 1 14.3 1 25.0
Hepatobiliary disorders 1 14.3 1 14.3
Liver disorder 1 14.3 1 14.3
Investigations 2 28.6 1 14.3 1 25.0
Blood zinc level decreased 1 14.3 1 25.0
Low-density lipoprotein level increased 1 14.3 1 14.3
Weight decreased 1 14.3 1 25.0
Musculoskeletal and connective tissue 1 14.3 1 25.0
disorders
Muscle spasms 1 14.3 1 25.0
Nervous system disorders 2 28.6 2 28.6
Headache 1 14.3 14.3
Hypoesthesia 1 14.3 1 14.3

TEAE treatment-emergent adverse event

and they were considered to be related to cinacalcet by the
investigators. As serious adverse events, pneumonia and
vomiting were observed, and both were resolved by appro-
priate treatments. The pneumonia was diagnosed as obstruc-
tive pneumonia caused by metastasis of the parathyroid car-
cinoma and was considered not to be related to cinacalcet.
Vomiting at grade 3 (MedDRA/J and CTCAE v4-JCOG)
as a serious adverse event in one patient was considered to
be related to cinacalcet. One patient discontinued participa-
tion in the study because of an adverse event, liver disorder
at grade 2 (MedDRA/J and CTCAE v4-JCOG), which was
considered to be related to cinaclacet, during the titration
phase. There were no deaths (Table 3).

Discussion

The symptoms associated with intractable PHPT are usually
due to hypercalcemia in addition to episodes of urolithiasis
and/or bone fragility fractures. The same is true for para-
thyroid carcinoma, because tumor invasion and/or distant
metastases are typically asymptomatic. Since approximately
50% of patients with parathyroid carcinoma survive more
than 10 years after diagnosis even in the absence of effective
anticancer therapies [8], the patients need a feasible therapy

that provides continuous and appropriate control of serum
calcium levels to alleviate symptoms related to hypercal-
cemia. Until recently, we had no adequate options to con-
trol hypercalcemia constantly, because chemotherapy and/
or radiotherapy is essentially ineffective and because treat-
ment with calcitonin in combination with glucocorticoids
[9] or intravenously administered bisphosphonates [10—12]
provides only temporally relief of hypercalcemia. Calcimi-
metics are theoretically attractive options for treatment of
hypercalcemic patients with parathyroid carcinoma because
they decrease PTH secretion and serum calcium level [13,
14]. Cinacalcet, a calcimimetic, has been approved for treat-
ment of hypercalcemic patients with parathyroid carcinoma
in many countries, including the USA and EU countries,
on the basis of its efficacy and safety data obtained from
some clinical trials [6, 8]. Although cinacalcet had not been
approved for treatment of hypercalcemia with parathyroid
carcinoma and intractable PHPT in Japan before this study,
it was approved in February 2014 primarily on the basis of
the results presented here and in previous reports [6, 8, 15].
The present study demonstrated the clinical efficacy and
safety profile of cinacalcet when it was administered to Japa-
nese patients with parathyroid carcinoma and intractable PHPT.
At the end of the titration phase, serum calcium concentration
fell by at least 1 mg/dL in 60% of the patients with parathyroid
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carcinoma in the present study, a value similar to the 62% of
29 patients with the disease examined in the USA [6]. The
mean decrease in serum calcium concentrations in patients
with parathyroid carcinoma was 12.3% in the present study, a
value was similar to the 12.1% reduction in a previous report
[6]. Therefore, the efficacy of cinacalcet in decreasing serum
calcium levels in Japanese patients with parathyroid carcinoma
was similar to that in patients with parathyroid carcinoma in
the USA. This might also be valid in patients with intractable
PHPT. Both patients with intractable PHPT in the present study
fulfilled the primary end point of the reduction in serum cal-
cium concentration, as was reported for 15 of 17 patients with
the disease in Europe, the USA, and Canada, who showed a
decrease in serum calcium level by 1.0 mg/dL or more [15].

In the previous study in the USA, among 29 patients
with parathyroid carcinoma enrolled, only 19 patients
completed the titration phase and entered the maintenance
phase of the study [6]. In the present study, only one patient
was lost during the titration phase and the remaining four
patients with parathyroid carcinoma completed the study,
although several adverse events occurred. Thus, the safety
profile of cinacalcet in Japanese patients with parathyroid
carcinoma was tolerable but not worse than that in patients
in the USA, although the number of patients in the present
study was smaller than that in the US study [6].

The amount of cinacalcet in a tablet available in Japan is less
than that in a tablet available in Europe and the USA. Tablets
containing 25 mg or 75 mg cinacalcet are prescribed in Japan,
whereas tablets containing 30 mg, 60 mg or 90 mg are pre-
scribed in other countries. In the present study, at most 75 mg
cinacalcet three times a day was needed to control hypercalce-
mia. The dosage of the drug given to Japanese patients was not
more than that given to patients in the USA [6]. The data from
the present study indicate that patients may be safely treated
with cinacalcet a dosage of 75 mg three times a day, although
it is uncertain if the maximal dosage in the USA of 90 mg four
times a day is tolerable and safe for Japanese patients.

Cinacalcet could not control hypercalcemia in two patients;
one patient who discontinued the study treatment because
of an adverse event (liver disorder) and another patient for
whom dose escalation was not allowed because of an adverse
event (gastritis). In addition, it has been reported that cinacal-
cet does not increase bone mineral density [7]. Thus, treat-
ment with intravenously administered bisphosphonates along
with cinacalcet may be an option expected to have an additive
effect of relieving hypercalcemia as well as increasing bone
mineral density by the action of bisphosphonates.

In conclusion, cinacalcet effectively and safely relieved
hypercalcemia in a sustained manner in 60% of the Japa-
nese patients with parathyroid carcinoma and might be
more consistently effective in those with intractable PHPT.
The drug might be tolerable and safe at a dosage of at most
75 mg three times a day.
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