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Introduction: Cinacalcet is effective in reducing serum parathyroid hormone (PTH) in patients
with secondary hyperparathyroidism (HPT). This study focused on testing whether a prescription
of low-dose cinacalcet on alternate days could be an option for treatment of secondary HPT.
Materials and methods: A retrospective clinical study was conducted on chronic maintenance
hemodialysis patients. Patients with secondary HPT who received cinacalcet at a starting dose
of 25 mg on alternate days were reviewed (low-dose group). Patients who were being treated
with a standard dose of cinacalcet in the same period of time were selected as the control group.
The primary outcome was difference in the percentage of patients achieving >30% reduction of
intact parathyroid hormone (iPTH) levels at 16 weeks. The changes of serum iPTH and other
biochemical data were also tested.

Results: A total of 30 patients (16 low doses and 14 controls) took part in the study. Baseline
iPTH levels in the low-dose and control group were 1,065.9+477.7 and 1,214.1£497.6 pg/mL,
respectively (p=0.413). The analysis showed that the percentage of patients who achieved the
primary outcome showed little or no difference (33.3% in the low-dose group compared with
38.5% in the control group, p=1.0). Serum iPTH reduction during 16 weeks of study period in
the low-dose and control group was 253.5£316.1 and 243.4£561.3 pg/mL, respectively (p=0.957).
There was no difference in the adverse events between both groups.

Conclusion: Among patients with secondary HPT, initial treatment with cinacalcet 25 mg on
alternate days can decrease serum PTH levels. The role of low-dose cinacalcet in secondary
HPT should be further determined in large-scale, randomized controlled trials.
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Introduction

Secondary hyperparathyroidism (HPT) is a common condition in hemodialysis patients
and has been associated with a high incidence of bone fractures, cardiovascular (CV)
disease, and mortality.! Standard treatment for this condition includes the treating
of hyperphosphatemia, correcting 1,25-hydroxy vitamin D deficiency, and surgery.5’
Although parathyroidectomy can effectively lower parathyroid hormone (PTH) levels, it
is associated with major complications such as postoperative hypocalcemia and recur-
rent laryngeal nerve paralysis.®® Cinacalcet is a modulator of calcium-sensing receptor.
It acts by increasing the sensitivity to extracellular calcium!'®!! and effectively reducing
serum PTH in clinical studies.!*'* Moreover, treatment with cinacalcet decreases the
incidence of vascular calcification?® and bone fractures.?! In Thailand, however, the
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use of this medication as a treatment is limited by its cost
because cinacalcet is not covered under the universal health
coverage scheme. According to data obtained from western-
ized countries, the mean dose of cinacalcet in clinical trials
ranges from 44 to 64 mg/d and about 40% of patients can be
effectively maintained on 25 mg/d.!® There is no clinical data
available for the use of cinacalcet at starting dosages lower
than 25 mg daily, and cinacalcet has a long-elimination half-
life of more than 30 hours.?? We, therefore, conducted a pilot
retrospective clinical study to test whether a prescription of
low-dose cinacalcet on alternate days could be an option for
the treatment of secondary HPT.

Materials and methods
Study design and population

This study was a single-center retrospective clinical study
conducted at the Department of Medicine at Bhumibol
Adulyadej Hospital, Royal Thai Air Force, Bangkok. The
medical records of chronic maintenance hemodialysis
patients treated with low-dose cinacalcet on alternate days
from July 1, 2014 to October 31, 2015 were reviewed. The
major inclusion criteria for this study were: patients with 18
years or older, hemodialysis treatment for at least 6 months,
and the baseline intact PTH (iPTH) levels were more than the
current recommendation from the Kidney Disease Improving
Global Outcome (KDIGO) guidelines (>9 times the upper
normal limit for the assay, ie, 585 pg/mL).” The exclusion
criteria were: those with previous parathyroidectomy, a base-
line corrected serum calcium <8.4 mg/dL, diagnosed with
tertiary HPT and having other causes of hypercalcemia and
hypocalcemia. Hemodialysis patients who were being treated
with standard-dose cinacalcet during the same period of time
were selected as the control group.

Treatment protocol

Subjects included in this study received cinacalcet at the
starting dose of 25 mg on alternate days. After 8 weeks of
treatment, the dose of cinacalcet could be increased to 25 mg
once daily if the serum PTH levels were not achieving the
KDIGO target. However, the dose would not be increased or
may even be withheld at the doctor’s discretion in the case
of adverse events or significant decreases in serum calcium
levels. No restrictions were imposed on the use of active
vitamin D and its analogs or phosphate binders. In the con-
trol group, the dose of cinacalcet was started at the standard
recommended dosage of 25 mg, once daily, without a specific
treatment algorithm provided. Patient compliance was evalu-
ated at each clinic visit as standard practice. All patients in

this study were managed according to the current KDIGO
guidelines for Chronic Kidney Disease-Mineral and Bone
Disorder (CKD-MBD).” The duration of the evaluation period
in this study was 16 weeks. The study protocol was approved
by Bhumibol Adulyadej Hospital’s Ethics Committee and was
conducted in compliance with recommendations of the 18th
World Health Congress (Helsinki, 1964). All participants
provided written informed consent including their data to
be used for this study.

Laboratory methods

Laboratory tests were performed at the baseline for all sub-
jects. Subsequently, follow-up tests were performed at 8 and
16 weeks after the start of the medication as per standard prac-
tice without additional clinic visits. We compared the levels of
iPTH, phosphate, calcium, and alkaline phosphatase at these
time points. Blood was analyzed using a modular analytics
cobas 8000 analyzer series (Roche Diagnostics, Mannheim,
Germany). The total serum calcium level was corrected
according to albumin level as follows: corrected Ca = Ca +
0.8 X (4.4 — albumin) g/dL.% All patients in our study also
had lateral X-ray of the thoracic and lumbar spines to detect
abdominal aortic calcification before receiving cinacalcet.?

Study outcomes

The primary outcome was the percentage of patients achiev-
ing >30% reduction of iPTH from the baseline to 16 weeks.
Secondary outcomes included changes in serum iPTH,
calcium, phosphate, and alkaline phosphatase. The efficacy
outcomes analyses included all subjects who completed their
treatment regimens and laboratory data during the study
period. In terms of safety analyses, all subjects who received
at least one dose of cinacalcet were included.

Statistical analysis

Categorical variables were summarized using frequency and
percentages, while continuous variables were summarized
using mean + standard deviations unless otherwise indicated.
Differences in the percentage of patients achieving primary
outcome were performed using Fisher’s exact test. Mean
values for intact PTH, calcium, phosphate, and alkaline
phosphatase during the study period were used to evaluate
the secondary outcomes. Differences in the changes of these
parameters between both groups were performed using two
sided student’s  test (Mann—Whitney U test for non-normally
distributed variables). The relationship between primary
outcome and covariates was assessed using a simple logistic
regression model and reported as crude odds ratios (ORs)
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with 95% confident intervals (CIs). Differences in adverse
events rates were performed using the y? and Fisher’s exact
test. p-values were two sided, and p<0.05 was considered to
indicate statistical significance. All analyses were performed
using SPSS statistical package version 20.0 (IBM, Armonk,
NY, USA).

Results

A total of 16 patients who were treated with a low dose of
cinacalcet on alternate days were enrolled (low-dose group).
In addition, 14 patients who received a standard dose of
cinacalcet were recruited as the control group. Baseline char-
acteristics of the study patients are summarized in Table 1.
Demographic data of the patients between both groups were
not statistically significant except for the ages of the patients
in the control group were older. The majority of the patients
had been on renal replacement therapy for more than 5 years
and were being treated with hemodialysis thrice weekly. The
baseline biochemical data of the patients from both groups
were comparable, except that serum phosphate and albumin
were found to be higher in the low-dose group. The mean
value for vascular calcification scores was numerically lower

Table | Patient characteristics at initiation of cinacalcet

in the low-dose group compared with the control group.
Four patients discontinued cinacalcet (three patients with
adverse events and one patient underwent a deceased donor
kidney transplantation) before the end of the study period.
One patient had no final laboratory measurements due to
personal reasons. Therefore, 25 patients were entered into
the efficacy outcomes analyses.

Primary outcome: percent reduction of
iPTH

For patients who included in the efficacy outcomes analyses
(12 low doses and 13 controls), the baseline iPTH in the low-
dose and control group was 949.3+400.7 and 1,195.3£512.7
pg/mL, respectively (p=0.157). Patients received cinacalcet
and maintained the initial doses for 8 weeks, and then the
dose could be adjusted to achieve iPTH levels. The mean
dose of cinacalcet during the second half of the study in the
low-dose group was 21.88+10.83 mg/d, while the control
group had a mean dose of 34.62+12.66 mg/d (p=0.008).
Following 8 weeks of treatment, the percentage reduction of
iPTH in the low-dose and control group was 16.161+36.34%
and 9.76169.55%, respectively (p=0.870). At the end of the

Characteristics Low-dose group (n=16) Control group (n=14) p-value
Age (years) 42.6x11.1 54.1£14.8 0.022
Male gender (%) 56.3 429 0.464
Duration of hemodialysis (years) 6.44+3.43 8.211+5.62 0.298
Frequency of hemodialysis (%) 0413

2/wk 25 7.1

3/wk 75 92.9
Etiology of end-stage renal disease (%) 0.609

Diabetes 25 28.6

Hypertension 25 14.3

Chronic glomerulonephritis 12.5 7.1

Others 12.5 14.3

Unknown 25 357
Calcium-based phosphate binders used (%) 81.25 64.26 0.295
Dose of elemental calcium (g/d) 1.42+1.21 1.24+0.65 0.832
Noncalcium-based phosphate binders used (%) 438 28.6 0.402

Lanthanum carbonate 375 21.5

Sevelamer carbonate 0 7.1

Aluminum hydroxide 6.3 0
Active vitamin D used (%) 75 50 0.156
Dose of vitamin D (ug/wk) 4.42+2.94 2.89+1.89 0.142
Serum iPTH (pg/mL) 1,065.9+477.7 1,214.1+497.6 0413
Serum albumin (g/dL) 4.54+0.30 4.231£0.45 0.031
Corrected serum calcium (mg/dL) 9.52+0.68 9.87+1.12 0.295
Serum phosphate (mg/dL) 6.1511.47 4.5210.99 0.002
Serum alkaline phosphatase (IU/L) 234.6%171.4 226.7+142.5 0.893
Serum 25-hydroxy vitamin D (ng/mL) 34.20+13.31 24.69+12.92 0.058
Aortic calcification score 5.19+4.90 9.751+8.56 0.198
Note: Data presented as mean+SD and percentage.
Abbreviation: iPTH, intact parathyroid hormone; SD, standard deviation.
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study period, percentage of iPTH reduction during the 16
weeks of the study period in both groups was comparable
(22.45431.85% and 21.86152.97%, respectively, p=0.974). In
terms of primary outcome, it has been shown that the percent-
age of patients who had iPTH reduction by more than 30%
was not significantly different (33.33% in the low-dose group
compared with 38.46% in the control group, p=1.0) (Table 2).

Secondary outcome: changes in
biochemical markers during the
study period

The key biochemical data in all patients are summarized
in Figure 1A-D. The mean serum iPTH, calcium, and
phosphate significantly decreased from the baseline in both

Table 2 Percent reduction in serum iPTH during study period

groups. Serum iPTH reduction during the 16 weeks of the
study period in both groups was comparable; —253.5+316.1
pg/mL in the low-dose group and —243.4£561.3 pg/mL in
the control group (p=0.957). Serum calcium reduction was
numerically greater in the control group compared with
the low-dose group, but the difference was not statisti-
cally significant (—0.94£1.0 vs —0.3410.68, p=0.095). For
serum phosphate, there was a trend for a higher reduction
in the low-dose group compared with the control group
(-1.17£1.17 vs —0.66%0.90, p=0.238). However, it is
important to note that the baseline serum phosphate was
significantly higher in the low-dose group. In terms of serum
alkaline phosphatase, there was a small increase in both
groups during the study period.

Group iPTH reduction at 8 weeks (%)

iPTH reduction at 16 weeks (%)

Percentage of patients achieving
primary outcome (iPTH reduction
>30%) at 16 weeks

Low dose (n=12) 16.16136.34 22.45+31.85 33.33
Control (n=13) 9.76169.55 21.86152.97 38.46
p-value 0.870 0.974 1.0
Note: Data presented as mean+SD.
Abbreviation: iPTH, intact parathyroid hormone; SD, standard deviation.
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Figure | Changes in serum iPTH (A), phosphate (B), calcium (C), and alkaline phosphatase (D) levels over time in the low-dose and control groups.

Notes: p-value compared changes from baseline between both groups.
Abbreviation: iPTH, intact parathyroid hormone.
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Factors associated with percent
reduction of iPTH

Because of the retrospective nature of the study which led
to differences in baseline characteristics, we investigated
whether these factors were associated with response rate to
cinacalcet use. OR of achieving >30% reduction of iPTH at
16 weeks was estimated for various variables (ie, age, gender,
years in dialysis, frequency of dialysis, baseline biochemical
data, dose of elemental calcium and vitamin D, type of phos-
phate binders, and aortic calcification score) using regres-
sion analysis (Table 3). It has been found that none of those
variables was significantly associated with percent reduction
of iPTH. However, there was a trend for a higher number of
patients achieving >30% reduction of iPTH in patients with
lower serum phosphate (OR =3.11, 95% CI: 0.47-20.53) and
male gender (OR =2.17, 95% CI: 0.69-6.79).

Adverse events

All adverse events in this study are summarized in Table 4.
Adverse events occurred in 9 of the 16 (56.3%) subjects in
the low-dose group and in 9 of the 14 (64.3%) subjects in
the control group. Adverse events ascribed to the treatment
with cinacalcet included gastrointestinal symptoms (43.8% in

Table 3 OR and 95% ClI for achieving >30% reduction of iPTH at
16 weeks after initiation of cinacalcet

Variables OR 95% CI p-value
Initial cinacalcet dose of 25 mg/d 1.08 0.60-1.95 0.790
(standard-dose group)

Final cinacalcet dose >25 mg/d 092 0.42-2.02 0.835
Male gender 2.17  0.69-6.79 0.l6l
Age 250 years 1.0l 0.56-1.83 0.973
Duration of hemodialysis >8 years 094 0.52-1.71 0.790
Hemodialysis 3 times/wk 1.05 0.44-2.48 0918
(compared with 2 times/wk)

Baseline serum iPTH <1,000 pg/mL 1.57  0.50-4.91 0.420
Baseline serum phosphate <5.5 mg/dL 3.1l 0.47-20.53  0.158
Baseline corrected serum calcium 090 0.48-1.67 0.790
29.4 mg/dL

Baseline serum albumin >4.2 g/dL .33 0.76-2.35 0.405
Baseline serum alkaline phosphatase 0.86 0.48-1.53 0.610
>230 mg/dL

Baseline serum 25-hydroxy vitamin D 1.31  0.70-2.47 0.383
230 ng/mL

Aortic calcification score <10 1.60 0.41-6.18 0.795
Noncalcium-based phosphate 095 0.49-1.84 0.936
binders used

Dose of elemental calcium >| g/d 0.96 0.49-1.89 0.886
Dose of active vitamin D >3 pg/iwk 0.88 0.34-2.25 0.782

Abbreviations: iPTH, intact parathyroid hormone; OR, odds ratio; Cl, confidence
interval.

Table 4 Adverse events during study period

Adverse events Low-dose Control p-value
group (n=16), group (n=14),
number (%) number (%)
All events 9 (56.3) 9 (64.3) 0.654
Serious adverse events® 2 (12.5) 1(7.1) 1.0
Hypocalcemia 3(18.8) 4 (28.6) 0.590
Cardiovascular® 2 (12.5) 1(7.1) 1.0
Gastrointestinal 7 (43.8) 1(7.1) 0.103
Neurological (numbness) 0 (0) 1(7.1) 0.946
Infection® 0(0) 2(14.3) 0.406

Notes: *Adverse events that caused discontinuation of cinacalcet; > Adverse events
that were not attributed to cinacalcet.

the low-dose group vs 7.1% in the control group; p=0.103),
numbness (0% in the low-dose group vs 7.1% in the control
group; p=0.946), and hypocalcemia (18.8% in the low-dose
group vs 28.6% in the control group; p=0.590). Serious
adverse events causing discontinuation of cinacalcet were
reported in two subjects in the low-dose group (12.6%) and in
one subject in the control group (7.1%). After careful review,
only one serious event was attributed to cinacalcet (patient
in the control group who developed severe gastrointestinal
symptoms). There were no deaths during the study period.

Discussion

This study evaluated the efficacy of cinacalcet to treat second-
ary HPT at a dosage lower than the standard recommendation.
Despite the differences in some of the baseline clinical char-
acteristics, low-dose cinacalcet showed comparable effective-
ness compared to the standard dose. The low-dose cinacalcet
achieved the primary outcome (iPTH reduction more than
30% at 16 weeks) in 33.33% of the patients compared with
38.46% in the control group. Patients in the low-dose group
had a serum iPTH reduction of 171.6+335.4 pg/mL during
the first 8 weeks. It was numerically higher compared to the
control group that had a mean reduction of 71.7+733.8 pg/mL
during the same period. After a dose adjustment, however,
iPTH reduction during the 16 weeks of the study period in
both groups was almost the same (253.5+£316.1 pg/mL in the
low-dose group compared with 243.4£561.3 in the control
group, p=0.957). Following the treatment with cinacalcet,
serum phosphate and calcium levels were reduced in both
groups but at different rates. While the low-dose cinacalcet
group had a less reduction in serum calcium, it was associated
with a higher reduction in serum phosphate. All patients in
both low-dose and control groups received the assigned dose
of cinacalcet during the first 8 weeks. After a dose adjust-
ment, the mean dose of cinacalcet in the low-dose and control
group was 21.88+10.83 and 34.62+12.66 mg/d, respectively.
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The efficacy of low-dose cinacalcet in this study should
be interpreted carefully, and these results need to be further
confirmed in the future. In terms of pharmacokinetics,
peak plasma concentrations of cinacalcet occur within 2—6
hours with a bioavailability of 20%—-25%. The elimination
half-life is 30—40 hours, and steady-state concentrations
are achieved within 7 days. Furthermore, nadir PTH levels
occur approximately 2-3 hours after dosing.'*!'?> However,
these pharmacokinetic profiles are not the best explanation
for the efficacy results because of the wide differences in the
efficacy of cinacalcet in this study (both in the low-dose and
control groups). Our analyses have been tested to explore the
predictor of response to cinacalcet, but the population in the
study was too small to determine.

In terms of adverse events, cinacalcet was well tolerated in
both groups. Though there were three patients who discontin-
ued medication due to adverse events, only one of them was
attributed to cinacalcet and that patient in the control group
had severe gastrointestinal side effects when the dose was
increased to 50 mg/d. The other patients who discontinued
(one from each group) dropped out because they developed
CV events (myocardial infarction and pericarditis) during
the study, and the patients decided to discontinue cinacalcet.
After extensive review, both CV events could not be attributed
to the taking of cinacalcet. For adverse events associated
with cinacalcet, it was not different between both groups.
However, it is important to note that within the low-dose
group there was a higher incidence of gastrointestinal side
effects, but it was not statistically significant. The explana-
tion for the higher incidence of gastrointestinal symptoms in
the low-dose group is unclear, and the compliance issue was
less likely explanation since most of the patients in the study
were taking cinacalcet as prescribed. However, even with
the higher rate, none of the patients in the low-dose group
needed to stop the medication because of these symptoms. As
for hypocalcemia, the control group’s serum calcium levels
decreased more than those in the low-dose group. However,
the hypocalcemia events (corrected serum calcium <8.4 mg/
dL) throughout the study period showed very little difference
between both groups (18.8% vs 28.6%, p=0.590).

This study used a 30% reduction of iPTH as a primary end
point which was different from any major previous studies
conducted of cinacalcet. Studies in western countries and in
Japan used the percentage of patients who achieved iPTH
targets of 250-300 pg/mL.'*'7 Nonetheless, it is important
to note that the objective of this study was to compare the
efficacy of different cinacalcet dosages during a short period
of time, and where the dosage was not increased to the same

ranges as those studies. Considering the differences in the
baseline iPTH levels between intervention groups, using per-
centage reduction as primary outcome would be considered
more appropriate than using a recommended target scenario.
Nonetheless, we also analyzed the data using KDIGO iPTH
target (585 pg/mL) as a primary outcome. The analysis
showed that the percentage of patients who achieved the
KDIGO PTH target was not significantly different between
the two groups (41.7% in the low-dose group compared with
30.8% in the control group, p=0.688). In terms of pharmaco-
economic analysis using the data derived from this study, the
low-dose, alternate-day cinacalcet represents a cost saving
of up to 520 US dollar per patient for the duration of the 4
months of the study period.

Limitations

There were some limitations to our study. First, it was a ret-
rospective, nonrandomized study that led to a selection bias.
Patients in the low-dose group were younger, had higher serum
phosphate levels, and had better nutritional conditions com-
pared to the controls. These clinical characteristics could be
associated with the response rate for the cinacalcet use. More-
over, there was a single-center study with small number of
subjects and relatively short period of follow-up. Thus, these
results need to be revalidated in well-designed multicenter,
randomized clinical trial with a longer follow-up period. Sec-
ond, there was no standard protocol for the dosage adjustment
of cinacalcet and other related medications such as vitamin
D and phosphate binders, particularly in the control group.
However, the second limitation did not affect the study quality
as most of the patients in our study were managed based on
the current recommendations from KDIGO, and the dose of
vitamin D and phosphate binders did not change throughout
the study period. Third, there was no data to determine if
the patients were taking medications that affected cinacalcet
blood levels or pharmacokinetic tests such as trough levels or
area under the curve to confirm the efficacy of the low-dose,
alternate-day cinacalcet.?? Finally, tertiary HPT could not be
excluded in some patients with long-standing renal replace-
ment therapy, especially in the control group. Thus, it could
be associated with poor response to cinacalcet.

Conclusion

In summary, among hemodialysis patients, initial treatment
with cinacalcet 25 mg on alternate days may be used for the
treatment of secondary HPT. The role of low-dose cinacal-
cet in secondary HPT should be confirmed in a large-scale,
adequately powered, randomized controlled trial.
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