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Abstract
Background and Objective Upacicalcet sodium hydrate is a novel small-molecule calcimimetic and has potential as a thera-
peutic agent for secondary hyperparathyroidism. We assessed the pharmacokinetics, pharmacodynamics, safety, and toler-
ability of a single intravenous dose of upacicalcet in Japanese healthy adults.
Method This was a single-center, double-blinded, randomized, placebo-controlled, dose-escalation study. For each cohort, eight 
subjects were randomly assigned at a ratio of 3:1 to receive a single injection of placebo or upacicalcet 0.01, 0.1, 1.0, or 2.5 mg.
Result The plasma concentration of upacicalcet increased in a dose-dependent manner. Upacicalcet rapidly disappeared from 
plasma after administration. The half-life of upacicalcet was approximately 1–2 h. The major excretion route of upacicalcet 
was via urine. Serum intact parathyroid hormone decreased in accordance with the upacicalcet dose, from the lowest dose 
of 0.01 mg. Gastrointestinal disorders occurred in one patient in the 1.0 mg group and in five patients in the 2.5 mg group. 
All adverse events were nonserious, and no symptomatic hypocalcemia occurred.
Conclusion This study showed that upacicalcet acted as a calcimimetic and was excreted in the urine unchanged with little 
metabolism. Moreover, upacicalcet is a small molecule and has a small volume of distribution. In addition, less than 50% 
of upacicalcet binds to human plasma proteins. These findings suggest that upacicalcet administered to patients undergoing 
hemodialysis might be expected to have a long excretion period and sustained pharmacological effect.
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Key Points 

This study demonstrated upacicalcet was well-tolerated 
in healthy Japanese participants.

The dose linearity of upacicalcet pharmacokinetics was 
confirmed in this study.

Upacicalcet was almost unmetabolized and rapidly 
excreted in the urine when administered to healthy adults.

1 Introduction

Secondary hyperparathyroidism (SHPT) is a major patho-
logical condition in patients with chronic kidney disease 
(CKD)–mineral and bone disorder [1–3]. As CKD pro-
gresses, phosphorus excretion by the kidney is suppressed 
and calcium absorption from the intestinal tract is reduced 
because of reduced vitamin D activation. All these factors 
increase parathyroid hormone (PTH) secretion from the par-
athyroid glands [1, 4]. The abnormal increase in PTH secre-
tion accelerates bone turnover, causing bone lesions such as 
osteitis fibrosa and promotes vascular calcification, resulting 
in cardiovascular disorders [5]. Thus, SHPT is one of the 
major factors in the reduced quality of life and increased 
mortality in patients with end-stage CKD [1, 6].

Vitamin D receptor activators (VDRAs) were the first 
medical treatment for SHPT. Active VDRAs decrease 
PTH levels but increase serum calcium and phosphorus 
levels, resulting in calcium and phosphorus overload [7, 
8]. To resolve these adverse effects, calcimimetics, which 
act as allosteric modulators of calcium-sensing receptors 
(CaSRs) on the parathyroid gland, have been developed. 
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Calcimimetics decrease PTH levels without increasing 
serum calcium and phosphorus levels [9–12]. Further, the 
combination of VDRAs and calcimimetics has been reported 
to improve the control of PTH, calcium, and phosphorus 
[12–14].

However, cinacalcet, the first-in-class calcimimetic 
agent, has been reported to exhibit several clinical issues 
(e.g., hypocalcemia and gastrointestinal disorders, includ-
ing nausea and vomiting [15–18]), leading to low patient 
adherence [19], and drug–drug interactions because it 
inhibits cytochrome P450 (CYP)-2D6 and is a substrate 
for multiple CYP enzymes, primarily CYP3A4, CYP2D6, 
and CYP1A2 [20]. To resolve these issues, new calcimi-
metics have been developed: etelcalcetide is an inject-
able drug composed of d-amino acid peptides [21], and 
evocalcet is an oral drug with fewer gastrointestinal side 
effects than cinacalcet [15, 22].

Upacicalcet sodium hydrate (AJT-240/SK-1403) is 
a novel small-molecule calcimimetic agent containing 
an L-amino acid structure. It is designed as an inject-
able drug to be administered via a hemodialysis circuit 
to avoid gastrointestinal side effects and improve patient 
adherence. Results from nonclinical studies revealed the 
following properties of upacicalcet, an allosteric modula-
tor of human CaSR: the ability to decrease serum intact 
PTH (iPTH) levels in animal models of SHPT in a dose-
dependent manner; minimal metabolism by the liver; lit-
tle inhibition or induction of major drug-metabolizing 
enzymes such as CYP; noncovalent binding to human 
plasma proteins to the extent of 44.2–45.6%; little inhib-
itory effects on or substrate properties for major drug 
transporters; and little binding activity for 60 receptors, 
ion channels, and transporters, excluding CaSR.

Here, we report the results of the first-in-human study 
of upacicalcet. In this study, we evaluated the pharma-
cokinetics, pharmacodynamics, and safety of upacicalcet 
in healthy Japanese adults.

2  Methods

2.1  Study Design

This study was a phase I, single-center, double-blinded, 
randomized, placebo-controlled, dose-escalation study. The 
primary objective was to assess the safety and tolerability 
of upacicalcet. In the first dose cohort, eight eligible par-
ticipants were enrolled and randomly assigned to receive 
upacicalcet (n = 6) or placebo (n = 2). At the end of the 
cohort study, the investigator determined whether it was safe 
to start the next cohort study, after which the second dose 
cohort was initiated. Each subsequent cohort underwent the 
same procedure. Participants who participated in one cohort 
were not allowed to participate in another cohort.

To ensure safety before starting the next dose cohort, the 
blinded data were opened and assessed to determine whether 
any of the following had occurred: (1) moderate or severe 
adverse events (AEs) in which a causal relationship to the 
study drug in three or more participants could not be ruled 
out; (2) serious AEs in which a causal relationship to the 
study drug in any subject could not be ruled out; (3) cor-
rected serum calcium level < 8.0 mg/dL in two or more par-
ticipants; (4) corrected serum calcium level < 7.0 mg/dL and 
presence of symptoms associated with low serum calcium 
(tetany, arrhythmia, psychiatric symptoms) in any subject; 
and (5) Fridericia-corrected QT interval (QTcF) > 500 ms 

Before protocol amendment

After protocol amendment

Dose cohort 7
40 mg

Upacicalcet N=6
Placebo N=2

Dose cohort 3
0.01 mg

Upacicalcet N=6
Placebo N=2

Dose cohort 4
0.1 mg

Upacicalcet N=6
Placebo N=2

Dose cohort 1
1.0 mg

Upacicalcet N=6
Placebo N=2

Dose cohort 2
2.5 mg

Upacicalcet N=6
Placebo N=2

Dose cohort 3
5.0 mg

Upacicalcet N=6
Placebo N=2

Dose cohort 4
10 mg

Upacicalcet N=6
Placebo N=2

Dose cohort 5
20 mg

Upacicalcet N=6
Placebo N=2

Dose cohort 6
30 mg

Upacicalcet N=6
Placebo N=2

Fig. 1  Enrollment, assignment of subject of this study. Study out-
line for the dose escalation and expansion. After the previous cohort 
step was completed and the investigator judged, the next cohort step 
was started. Participants who participated in one cohort were not 
allowed to participate in another cohort. At dose cohort 2, adverse 
events of vomiting, nausea were observed. Although these adverse 

events did not violate the safety criteria, higher doses of upacicalcet 
were expected to increase the incidence of side effects due to over-
reaction. Therefore, the study protocol was amended to confirm the 
safety, pharmacokinetics, and pharmacodynamics of the lower dose 
of upacicalcet
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or QTcF increase > 60 ms compared with baseline (before 
treatment) in any subject. The enrollment and assignment of 
participants in this study are shown in Fig. 1.

2.2  Inclusion and Exclusion Criteria 
and Randomization

Participants who met all the inclusion criteria and did not 
meet any exclusion criteria at the screening test were enrolled 
in the study. The inclusion criteria were as follows: healthy 
male Japanese adults; aged 20–40 years; body weight 50–80 
kg; body mass index 18.5–25.0 kg/m2; and able to provide 
written informed consent. The main exclusion criteria were 
as follows: serum albumin-corrected calcium (cCa) < 8.5 mg/
dL; estimated glomerular filtration rate < 90 mL/min/1.73 
 m2; QTcF > 450 ms; serum iPTH < 10 pg/mL; dependence 
on alcohol or drugs; allergy or hypersensitivity to drugs or 
food; smoking habit of more than ten cigarettes/day; alco-
hol consumption of > 20 g/day; intake of any medication or 
supplements within 2 weeks prior to study drug administra-
tion; unable to consent to contraceptive use during the study 
duration; positive for HIV antigen/antibody, anti-hepatitis B 
antibody, hepatitis C virus antigen, or syphilis; or judged to 
be clinically inappropriate by the investigators or subinves-
tigators. The participants were randomly assigned according 
to an assignment form prepared by the external organization 
for case registration (EPS Corporation, Tokyo, Japan).

2.3  Interventions

For any dose cohort, participants who were eligible for the 
screening test were hospitalized 1 day before study drug 
administration; this day was termed as day −1. Upacicalcet 
or placebo was administered intravenously once on day 1. 
The starting dosage of upacicalcet for this first-in-human 
clinical trial was determined using the following proce-
dure. The no-observed-adverse-effect level (NOAEL) of 
upacicalcet in preclinical 4-week repeated-dose studies 
was 10 mg/kg in rats and 3 mg/kg in dogs. The human 
equivalent dose (HED), calculated by converting the 
NOAEL to body surface area, was calculated as 1.61 mg/
kg in rats and 1.67 mg/kg in dogs. Based on the HED 
calculated from the NOAEL in rats, the maximum recom-
mended starting dose (MRSD) was 0.161 mg/kg with a 
safety factor of 10. Based on these calculations, the start-
ing dosage of upacicalcet was set at 1.0 mg, assuming 
that a dose one-tenth of the MRSD was administered to a 
human weighing approximately 60 kg. The planned dos-
ages of upacicalcet or placebo were 1.0, 2.5, 5, 10, 20, 30, 
and 40 mg for each cohort. Changes in dosing regimens 
during the study meant that two cohorts—the 0.01 and 0.1 
mg cohorts—were added, whereas the cohorts receiving 
doses of ≥5 mg were discontinued (as described in Sect. 3 

and in Fig. 1). The participants underwent medical exami-
nations and tests for up to 48 h after administration and 
were discharged on day 3 when the investigator or subin-
vestigator judged that there were no clinical abnormalities. 
The participants returned to the hospital on day 7 for final 
observations, during which observation of the participants 
was completed if no abnormalities were found.

2.4  Pharmacokinetic Evaluations

To determine the plasma concentrations of upacicalcet 
and its predominant metabolites (M1, M2, and M3), blood 
samples were collected before administration and at 5, 10, 
20, 30 min and 1, 2, 4, 6, 8, 12, 24, and 48 h after admin-
istration. To evaluate the urinary excretion rate of upaci-
calcet and its metabolites, pooled urine samples were col-
lected from immediately after administration to 6, 6–12, 
12–24, and 24–48 h after administration.

Blood samples were collected in a vacuum blood collec-
tion tube containing sodium heparin 3 mL (Terumo Co., 
Tokyo, Japan) at each time point. The collected blood was 
immediately centrifuged (4 °C, 3000 rpm, 10 min), and 
plasma was separated into two 0.5-mL bottles. The urine 
volume was measured, and two samples of 0.5 mL each 
were taken from the urine samples at each time point.

Both plasma and urine samples were frozen below 
− 20 °C for storage and transported to a drug concentra-
tion assay laboratory (Shin Nippon Biomedical Laborato-
ries, Ltd., Tokyo, Japan). The concentrations of upacical-
cet and its metabolites (M1, M2, and M3) in plasma and 
urine were measured using liquid chromatography–tan-
dem mass spectrometry. Thereafter, the pharmacokinetic 
parameters (maximum plasma drug concentration [Cmax], 
time to Cmax, area under the plasma concentration–time 
curve  [AUC]0-t, AUC inf, elimination half-life  [t½], mean 
residence time  [MRT]0-t,  MRT0-∞, plasma clearance  [CLp], 
volume of distribution at steady  [Vdss] state, and urinary 
excretion rate) of upacicalcet were calculated.

2.5  Pharmacodynamic Evaluations

As upacicalcet is a calcimimetic developed for the treat-
ment of SHPT, the pharmacodynamic parameters deter-
mined were serum iPTH, cCa, and phosphorus levels. 
Blood samples for determining plasma levels of iPTH, 
cCa, and phosphorus were collected before administration 
and 10 and 30 min and 1, 2, 4, 6, 8, 12, 24, and 48 h after 
administration. To determine the urinary excretion of cal-
cium and phosphorus, urine samples were collected from 
immediately after administration to 6, 6–12, 12–24, and 
24–48 h. Pharmacodynamic samples were stored below 
10 °C or below −20 °C and assayed by an outsourced labo-
ratory (LSI Medience Corporation, Tokyo, Japan).
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2.6  Safety evaluations

AEs were recorded from the start of study drug administra-
tion to the last observation. AEs judged to be related to the 
investigational drug were defined as adverse drug reactions 
(ADRs). AEs and ADRs were classified according to the 
Japanese Medical Dictionary for Regulatory Activities sys-
tem organ class and preferred term (version 17.1).

Laboratory tests were performed at the screening tests 
on days −1, 2, 3, and 7. Twelve-lead electrocardiograms 
(ECGs) were performed at the screening tests on day −1, day 
1 (just before administration and 20 min and 2, 4, 8, and 12 
h after administration), day 2, day 3, and day 7. Vital signs, 
such as systolic and diastolic blood pressure, heart rate, and 
body temperature, were measured during the screening tests 
on day −1, day 1 (just before administration and 1 h after 
administration), day 2, day 3, and day 7.

2.7  Statistical Analysis

Data from all randomized participants were included in the 
analysis. Data from the participants assigned to the placebo 
groups in each cohort were combined into the placebo dose 
group.

The pharmacokinetic parameters were calculated using 
noncompartmental methods with WinNonlin version 6.1 
(Pharsight Corp, Mountain View, CA, USA). SAS version 
9.3 (SAS Institute, Cary, NC, USA) was used to perform 
other statistical analyses and summarize the data.

3  Results

3.1  Study Population

In dose cohort 2, vomiting and nausea were observed with 
the administration of upacicalcet 2.5 mg. Although these 
AEs were mild and nonserious, further increases in the 
dosage of upacicalcet were considered likely to increase 
the incidence of adverse effects and have poor tolerability. 

Thus, the study protocol was amended to confirm the safety, 
pharmacokinetics, and pharmacodynamics of upacicalcet at 
doses lower than 1.0 mg (shown in Fig. 1).

Data from all randomized participants were included 
in the safety, pharmacokinetic, and pharmacodynamic 
analyses. The characteristics of participants in each group 
were similar (Table 1). All participants were appropriately 
assigned and completed the study.

3.2  Pharmacokinetic Findings

Figure 2 shows the mean plasma concentrations of upacical-
cet and its metabolites over time. The mean  t½ was 1.05–2.06 
h. Further, 78.9–95.0% of upacicalcet was excreted in the 
urine within 48 h. The only metabolite present in the blood 
was M2, which was found in the 1.0 mg and 2.5 mg dose 
groups. M2 in all urine samples was less than the lower 
limit of quantification. Plasma concentrations of upacicalcet 
increased with increasing dose from a Cmax of 1.08 ng/mL in 
the 0.01 mg group to a Cmax of 280 ng/mL in the 2.5 mg dose 
group. The Cmax and AUC inf values of upacicalcet increased 
in a dose-dependent manner (Fig. 2A and Table 2). Table 3 
shows the results of the dose-proportionality assessment for 
 Cmax and AUC inf based on the power model.  

3.3  Pharmacodynamic Findings

3.3.1  Serum Intact Parathyroid Hormone

Serum iPTH levels in the upacicalcet group decreased within 
10 min of drug administration (Fig. 3A). The lowest serum 
iPTH levels observed after administration in the placebo 
group and the 0.01, 0.1, 1.0, and 2.5 mg groups were 36.6 
pg/mL at 2 h, 18.2 pg/mL at 10 min, 10.8 pg/mL at 30 min, 
8.2 pg/mL at 1 h, and 9.3 pg/mL at 1 h, respectively. In the 
upacicalcet group, the duration of lowering of iPTH levels 
tended to increase with increasing dose but disappeared after 
12 h of administration.

Table 1  Subject demographics

Data are presented as mean ± standard deviation
BMI body mass index, PTH parathyroid hormone

Characteristic Cohort

Placebo 0.01 mg 0.1 mg 1.0 mg 2.5 mg

N 8 6 6 6 6
Age (years) 25.6 ± 4.1 22.2 ± 1.3 21.8 ± 1.8 24.7 ± 2.9 21.7 ± 1.4
BMI (kg/m2) 21.35 ± 1.55 21.02 ± 1.05 20.12 ± 0.67 20.42 ± 1.48 20.73 ± 1.86
Intact PTH (pg/mL) 44.9 ± 9.6 40.0 ± 10.3 42.5 ± 8.3 39.7 ± 19.2 48.2 ± 10.9
Corrected calcium (mg/dL) 9.34 ± 0.18 9.50 ± 0.13 9.32 ± 0.17 9.27 ± 0.31 9.30 ± 0.25
Phosphorus (mg/dL) 3.89 ± 0.43 3.95 ± 0.16 4.08 ± 0.58 3.83 ± 0.18 3.73 ± 0.55
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3.3.2  Serum Albumin‑Corrected Calcium

Serum cCa levels in the upacicalcet group decreased gradu-
ally 6–12 h after administration (Fig. 3B). The lowest serum 
cCa levels observed after administration in the placebo and 
0.01, 0.1, 1.0, and 2.5 mg groups were 8.85 mg/dL at 12 
h, 8.80 mg/dL at 12 h, 8.72 mg/dL at 6 and 8 h, 8.50 mg/
dL at 8 h, and 8.32 mg/dL at 12 h, respectively. After 24 h 
of administration, this effect of lowering serum cCa levels 
disappeared.

3.3.3  Serum Phosphorus

There was no clear difference in serum phosphorus levels 
between the upacicalcet and placebo groups (Fig. 3C). The 
lowest serum phosphorus levels observed after administra-
tion in the placebo and 0.01, 0.1, 1.0, and 2.5 mg groups 
were 2.96 mg/dL at 6 h, 3.07 mg/dL at 6 h, 2.90 mg/dL at 
6 h, 2.78 mg/dL at 6 h, and 2.73 mg/dL at 6 h, respectively.
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Fig. 2  Plasma concentration-time profile of upacicalcet (A) and M2 (B). Values are mean + standard deviation (N = 6 in each dose)

Table 2  Pharmacokinetic 
parameters of upacicalcet and 
metabolite

Data are presented as mean ± standard deviation unless otherwise indicated
AUC  area under the plasma concentration–time curve, CLp plasma clearance, Cmax maximum plasma drug 
concentration, M2 metabolite 2, NC not calculable, t½ elimination half-life, Vdss volume of distribution at 
steady state

Dosing 0.01 mg 0.1 mg 1.0 mg 2.5 mg

Upacicalcet
 N 6 6 6 6
 Cmax (ng/mL) 1.08 ± 0.0361 11.2 ± 1.77 118 ± 21.1 280 ± 33.7
 AUC inf (ng h/mL) 1.46 ± 1.02 15.3 ± 1.49 145 ± 19.8 384 ± 73.2
 t½ (h) 1.05 ± 0.905 1.66 ± 0.309 1.95 ± 0.42 2.06 ± 0.196
  CLp (mL/h/body) 8480 ± 3840 6190 ± 612 6600 ± 859 6300 ± 1140
  Vdss (mL/body) 8840 ± 1480 12,400 ± 1770 12,300 ± 834 12,600 ± 1680
 0–48 h urinary excretion rate (%) 78.9 ± 3.1 83.2 ± 1.7 95.0 ± 18.6 88.4 ± 11.4

M2
 N 6 6 6 6
 Cmax (ng/mL) NC NC 0.79 ± 0.0945 1.74 ± 0.254
 tmax (h) NC NC 0.264 ± 0.153 0.264 ± 0.153
 AUC inf (ng h/mL) NC NC 1.75 ± 0.0283 3.49 ± 0.373
 t½ (h) NC NC 1.61 ± 0.417 1.32 ± 0.0888
  CLp (mL/h/body) NC NC NC NC
  Vdss (mL/body) NC NC NC NC
 0–48 h urinary excretion rate (%) NC NC NC NC
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3.3.4  Urinary Excretion of Calcium and Phosphorus

The urinary calcium excretion levels increased 0–6 h after 
administration in a dose-dependent manner (Fig. 4A). How-
ever, after 6–12 h, the degree of increase in urinary calcium 
excretion decreased in the upacicalcet group (Fig. 4B).

The urinary phosphorus excretion levels decreased 0–6 
h after administration in the 1.0 mg and 2.5 mg upacical-
cet groups (Fig. 4C). Moreover, these decreases in uri-
nary phosphorus excretion persisted even after 6–12 h of 
administration (Fig. 4D).

Table 3  Assessment of dose 
proportionality by power model

The power model equation: log(Y) =a+b × log(X), where X = dosing and Y =  Cmax or AUC inf

AUC  area under the plasma concentration–time curve, Cmax maximum plasma drug concentration, M2 
metabolite 2

Dosing Parameters Point estimates 95% confidence interval

Upacicalcet
 Cmax (ng/mL) Intercept (a) 4.7 4.7–4.8

Slope (b) 1.0 1.0–1.0
 AUC inf (ng h/mL) Intercept (a) 5.0 4.8–5.2

Slope (b) 1.0 1.0–1.1
M2
 Cmax (ng/mL) Intercept (a) −0.2 −0.4 to −0.1

Slope (b) 0.9 0.7–1.0
 AUC inf (ng h/mL) Intercept (a) 0.6 0.4–0.7

Slope (b) 0.7 0.5–1.0
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Fig. 3  Mean serum intact PTH (A), corrected calcium (B), and phosphorus (C) time course after administration (n = 6)
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3.3.5  Safety Analysis

Table 4 lists all reported AEs. No AEs occurred in partici-
pants in the placebo and upacicalcet 0.01 mg groups. Gas-
trointestinal disorders were observed in one patient and 
five participants in the 1.0 and 2.5 mg groups, respectively. 
All AEs were nonserious and mild or moderate in severity. 

No abnormalities were detected in laboratory tests, vital 
signs, or ECG findings that were reported as ADRs. The 
QTcF values obtained from the 12-lead ECG results are 
shown in Fig. 5. Although QTcF tended to be prolonged by 
upacicalcet administration, QTcF values correlated more 
with serum cCa than with plasma upacicalcet concentra-
tion (Fig. 6).
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Fig. 4  Urinary excretion of calcium (A: 0–6h after administration, B: 6–12 h after administration) and phosphorus (C: 0–6 h after administra-
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Table 4  Treatment-emergent adverse events during the study

Data are presented as n (%). All reported adverse events were diagnosed as nonserious and mild
TEAE treatment-emergent adverse event

Adverse event Adverse drug reaction

Placebo Upacicalcet Placebo Upacicalcet

0.01 mg 0.1 mg 1.0 mg 2.5 mg 0.01 mg 0.1 mg 1.0 mg 2.5 mg

N 8 6 6 6 6 8 6 6 6 6
Subjects with any TEAEs 0 (0.0) 0 (0.0) 1 (16.7) 1 (16.7) 5 (83.3) 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7) 5 (83.3)
Nausea 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (33.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (33.3)
Vomiting 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7) 3 (50.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7) 3 (50.0)
Chills 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (16.7)
Blood bilirubin increased 0 (0.0) 0 (0.0) 1 (16.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
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4  Discussion

This study demonstrates the pharmacokinetic, pharmacody-
namic, and safety parameters of upacicalcet, a new calcimi-
metic agent. The dose linearity of upacicalcet pharmacoki-
netics was confirmed in this study. Further, upacicalcet was 
almost unmetabolized and rapidly excreted in the urine when 
administered to healthy adults. The small distribution vol-
ume of upacicalcet may have contributed to its rapid excre-
tion when administered to healthy participants. The molecu-
lar weight of upacicalcet sodium is 373.75. Moreover, our 
previous studies have confirmed that upacicalcet is barely 
a substrate for liver metabolism and only has about a 45% 
binding rate to plasma proteins. Therefore, when upacicalcet 
was administered to patients with end-stage renal disease 

undergoing dialysis, plasma concentration of upacicalcet 
was expected to be maintained until the next dialysis and to 
be eliminated thereafter by dialysis. In addition, upacicalcet 
may be removed by dialysis and not accumulate in the body. 
This hypothesis should be confirmed by pharmacokinetic 
studies in patients undergoing dialysis.

Administration of upacicalcet decreased serum iPTH 
level rapidly, and the duration of this decrease was dose 
dependent. Changes in serum iPTH levels were followed 
by a decrease in serum calcium levels. Further, the high-
est decrease in calcium levels was observed approximately 
6–12 h after upacicalcet administration. This implied that 
upacicalcet exerted its pharmacological effects as a calcimi-
metic in a drug concentration-dependent manner. In contrast, 
serum phosphorus was not significantly altered by upacical-
cet administration. PTH regulates serum calcium in humans, 
and the bones and kidneys are its main targets of action. PTH 
triggers a positive flow of calcium and phosphorus from the 
bone to serum by promoting bone resorption [1, 4]. The 
renal action of PTH is to promote calcium reabsorption in 
the renal tubules and inhibit phosphorus reabsorption [23]. 
The decrease in serum PTH caused by upacicalcet may affect 
the bones and kidneys, resulting in contrasting blood dynam-
ics of calcium and phosphorus. The study results related to 
urinary excretion of calcium and phosphorus support this 
notion. In patients undergoing dialysis who have almost 
no renal function, the renal effects of PTH are negligible. 
Therefore, the administration of upacicalcet to such patients 
undergoing dialysis is not expected to promote an increase 
in serum phosphorus via inhibition of urinary phosphorus 
excretion.
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In this study, no major safety problems associated with 
upacicalcet were identified. However, upacicalcet dosing 
> 1.0 mg could cause side effects such as nausea and vom-
iting, as observed with other calcimimetics [15, 24], and 
this would make the drug less tolerable. On the other hand, 
pharmacodynamic results showed that upacicalcet tended 
to decrease serum iPTH levels, even at a dose of 0.01 mg. 
Therefore, the effective and well-tolerated dose range of 
upacicalcet might be wide.

Determination of the optimal dose range of upacicalcet 
is a topic of interest for the next study. Further, the results 
of this study could imply that a dose range of upacicalcet 
between 0.01 and 1.0 mg is effective, safe, and well toler-
ated. However, within this specified dose range, the study 
considered only upacicalcet 0.1 mg in addition to these two 
doses. Therefore, more detailed dose-finding studies are 
needed to clarify the optimal dose range of upacicalcet. This 
is one of the limitations of the present study.

Another limitation is that this study confirmed pharma-
cokinetics in only Japanese people. Upacicalcet is mainly 
excreted renally in an unchanged form. In addition, nonclini-
cal studies have indicated that upacicalcet is not a substrate 
for drug-metabolizing enzymes or transporters in the liver. 
However, further studies are needed to determine whether 
racial differences affect the pharmacokinetics of upacicalcet.

5  Conclusion

This study showed that upacicalcet is well tolerated in 
healthy Japanese participants. Upacicalcet is a calcimi-
metic agent that is excreted renally; therefore, when used 
after a dialysis session in patients with SHPT, it is expected 
to maintain its effect until the next dialysis. Furthermore, 
upacicalcet may not accumulate and may be easily removed 
by dialysis should adverse effects occur. The efficacy and 
safety of upacicalcet, as a new calcimimetic agent, should 
be assessed in further clinical studies.
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