
Vol.:(0123456789)

Clinical Pharmacokinetics (2022) 61:1271–1284 
https://doi.org/10.1007/s40262-022-01139-w

ORIGINAL RESEARCH ARTICLE

First‑in‑Patient Phase I/II Study of Upacicalcet in Japanese Patients 
with Secondary Hyperparathyroidism Undergoing Hemodialysis: 
Pharmacokinetic and Pharmacodynamic Properties

Junichiro James Kazama1 · Fumihiko Koiwa2 · Keitaro Yokoyama3 · Masafumi Fukagawa4 · Kenji Asano5 · 
Daisuke Honda6   · Tadao Akizawa7

Accepted: 4 May 2022 / Published online: 28 June 2022 
© The Author(s) 2022

Abstract
Objective  Upacicalcet is a new renally excreted and injectable calcimimetic agent. We evaluated the pharmacokinetics, 
pharmacodynamics, safety, and tolerability of single and multiple intravenous administration of upacicalcet in patients with 
secondary hyperparathyroidism undergoing hemodialysis.
Methods  This study was a multicenter, randomized, placebo-controlled, double-blinded, dose-escalation study consisting of a 
single-dose study and a multiple-dose study. The single-dose study consisted of seven dose steps from 0.025 to 0.8 mg. For each 
step, six patients were randomly assigned 2:1 to receive upacicalcet or a placebo. The multiple-dose study occurred over 3 weeks 
in three-dose steps from 0.05 to 0.2 mg. For each step, 12 patients were randomly assigned 3:1 to receive upacicalcet or a placebo.
Results  The plasma concentration of upacicalcet increased in a dose-dependent manner and was maintained for the next 
dialysis. Upacicalcet was approximately 80% removed by a single dialysis and did not increase in the plasma concentration 
with repeated administration. Serum intact parathyroid hormone and corrected calcium (Ca2+) levels tended to decrease in 
response to the plasma concentration of upacicalcet. In the single-dose study, upper gastrointestinal symptoms were observed 
as a non-serious and mild adverse drug reaction in the groups receiving upacicalcet ≥ 0.4 mg. In the multiple-dose study, 
abdominal discomfort occurred in each patient in the 0.1 mg and 0.2 mg groups.
Conclusions  Upacicalcet for patients with secondary hyperparathyroidism undergoing hemodialysis could be a calcimimetic 
agent that acts in a dose-dependent manner and persistently until the next dialysis session. No safety or tolerability issues 
specific to upacicalcet were found.
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Key Points 

The pharmacokinetics, pharmacodynamics, safety, and 
tolerability of single and multiple intravenous upaci-
calcet, a new renally excreted calcimimetic agent, were 
evaluated in patients with secondary hyperparathy-
roidism undergoing hemodialysis.

Upacicalcet persisted in a dose-dependent manner until 
the time of the next dialysis, was well removed by dialy-
sis, and constant blood concentrations were maintained 
when the same doses were administered repeatedly.

Pharmacodynamic parameters, such as serum intact 
parathyroid hormone and calcium levels, also changed 
according to the plasma upacicalcet concentration.

No severe concerns about the safety and tolerability of 
upacicalcet were observed.
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1  Introduction

Secondary hyperparathyroidism (SHPT) is a major clinical 
manifestation of chronic kidney disease-mineral bone dis-
order caused by abnormally increased parathyroid hormone 
(PTH) secretion. Advanced SHPT leads to vascular calcifi-
cation and bone disorders, worsening the patient’s prognosis 
[1, 2]. The first choice of medical treatment for patients with 
SHPT undergoing hemodialysis is administration of vitamin 
D receptor activators that suppress PTH secretion; however, 
they carry the risk of hypercalcemia and hyperphosphatemia 
[3].

The launch of cinacalcet hydrochloride (hereafter cinacal-
cet) has expanded the scope of treatment for SHPT. Cinacal-
cet is the first-in-class calcimimetic that acts as an allosteric 
modulator of calcium (Ca2+)-sensing receptors (CaSR) on 
parathyroid cell membranes. Cinacalcet can lower serum 
PTH levels as well as serum Ca2+ and phosphorus (P) lev-
els. As a result, cinacalcet has improved the rate of patients 
achieving therapeutic targets in the chronic kidney disease-
mineral bone disorder guidelines [4–8].

In contrast, cinacalcet causes a high incidence of gas-
trointestinal (GI) symptoms, such as nausea and vomiting. 
In addition, cinacalcet, an oral formulation, may increase 
the medication burden and worsen adherence in patients 
undergoing maintenance dialysis who use many oral drugs. 
Moreover, cinacalcet should be administered with caution to 
patients receiving cytochrome P450 3A4 inhibitors or drugs 
that are substrates of 2D6 as well as to patients with hepatic 
dysfunction. Thus, there are medical needs for calcimimetic 
agents with few GI side effects, improved medication adher-
ence, and avoidance of drug–drug interactions [8–12]. In this 
context, intravenous etelcalcetide hydrochloride and evoc-
alcet oral medications have emerged as drugs that partially 
overcome the issues with cinacalcet [13, 14].

Upacicalcet sodium hydrate (AJT240/SK-1403, Fig. S1 
of the Electronic Supplementary Material [ESM]) is a novel 
small-molecule calcimimetic developed for an intravenous 
injection that does not have an inverse effect on patient 
adherence. Non-clinical studies have shown that upaci-
calcet is a specific allosteric modulator of human CaSR; 
it has low substrate properties for hepatic metabolism and 
is unlikely to cause inhibition or induction of cytochrome 
P450 enzymes. In addition, the binding rate of upacicalcet to 
human plasma proteins is approximately 45%. Furthermore, 
the results of our phase I study indicated that upacicalcet, 
when administered to healthy adults, showed a dose-depend-
ent calcimimetic activity and underwent renal excretion in an 
unchanged form. Thus, it is expected that upacicalcet, when 
used in patients with SHPT undergoing hemodialysis with-
out renal function, could maintain its effect until the next 
dialysis session. Therefore, we conducted a double-blind 

placebo-controlled study to evaluate the pharmacokinetics, 
pharmacodynamics, safety, and tolerability of single and 
multiple intravenous doses of upacicalcet in patients with 
SHPT undergoing hemodialysis.

2 � Methods

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of the 
institutional and/or national research committee at which the 
studies were conducted and with the Helsinki Declaration 
and comparable ethical standards, Good Clinical Practice 
guidelines, and other regulatory requirements. The study 
was approved by the institutional review board of each par-
ticipating center. All subjects provided written informed 
consent before participating in the study.

2.1 � Study Design

This study was conducted as a phase I/II, multicenter, rand-
omized, placebo-controlled, double-blinded, dose-escalation 
study. At the screening test, patients who met all inclusion 
criteria and did not meet any exclusion criteria were ran-
domly assigned via a centralized randomization system to 
receive either upacicalcet or a placebo. This study consisted 
of a single-dose study and a 3-week multiple-dose study. The 
dose range of upacicalcet in this study was 0.025–0.8 mg, 
which was considered to be effective, safe, and well tolerated 
based on the results of the phase I study. The study design 
is illustrated in Fig. 1.

For the single-dose study, six patients in each step 
cohort were enrolled in seven-dose steps and then rand-
omized 2:1 to receive upacicalcet or a placebo. The first-
dose step cohort (Step 1) received a 0.025 mg intravenous 
injection of upacicalcet. After the safety of the Step 1 
cohort was confirmed, the second cohort study was initi-
ated. Each subsequent cohort was subjected to the same 
procedure. Criteria for consideration to each step-up are 
shown in the ESM.

For the 3-week multiple-dose study, 12 patients in each 
step cohort were enrolled in three-dose steps and randomized 
3:1 to receive upacicalcet or a placebo. The upacicalcet dose 
for the first multiple-dose step cohort (Step 1) was 0.05 mg. 
After completing the safety confirmation with the single 
dose of 0.1 mg, the first multiple-dose step cohort study 
was initiated. Subsequent multiple-dose step cohort studies 
were initiated after safety confirmation of both the previous 
multiple-dose cohort and a higher single-dose cohort than 
the planned multiple-dose study. Patients who participated 
in the one step were not allowed to participate in another 
cohort study.
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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 fol-
lows: age between 20 and 80 years; hemodialysis or hemo-
diafiltration three times a week for at least 12 weeks prior 
to the screening test; serum intact PTH (iPTH) level > 240 
pg/mL; serum corrected Ca2+ (cCa2+) level ≥ 8.4 mg/
dL; and ability to provide written informed consent. The 
main exclusion criteria were as follows: primary hyper-
parathyroidism, received cinacalcet or changed the dos-
age and administration of active vitamin D preparation, 
Ca preparation, or P adsorbent from 2 weeks prior to the 
screening test. The other inclusion and exclusion criteria 
are shown in the ESM. The participants were randomly 
assigned according to an assignment form prepared by the 
external organization for case registration (EPS Corpora-
tion, Tokyo, Japan).

2.3 � Interventions

In the single-dose study, allocated subjects were admitted to 
the hospital the day before or on the day of dosing, subject 
eligibility was finally confirmed, and upacicalcet or placebo 
was administered intravenously on day 1 as slowly as pos-
sible between 2 and 4 h after the end of dialysis on the day 
of study drug administration. Patients were hospitalized until 
day 4. A post-treatment examination was performed on day 
8. The planned doses of upacicalcet or placebo were 0.025, 
0.05, 0.1, 0.2, 0.4, 0.6, and 0.8 mg.

In the multiple-dose study, allocated subjects were admin-
istered with upacicalcet or placebo on the first dialysis day 
of the week (after the maximum dialysis interval). The study 
drug was administered intravenously into the venous side of 
the dialysis circuit immediately before the end of hemodi-
alysis. The dosing interval and duration were three times per 
week for 3 weeks until day 22. A post-treatment examination 
was performed on day 29. The planned doses of upacicalcet 
or placebo were 0.05, 0.1, and 0.2 mg.

2.4 � Pharmacokinetic Evaluations

To determine the plasma concentrations of upacicalcet 
and its predominant metabolites (M1, M2, and M3), blood 
samples were collected at the following timepoints: in the 
single-dose study, before administration, and 10 and 30 
min, and 1, 3, 6, 18, 30, 42, 66, 67, and 70 h after admin-
istration; in the multiple-dose study, day 1, 3, 5, 8, 10, 
12, 15, 17, 19, and 22 (before dialysis); day 1 (10 and 30 
min, and 1 h after administration); day 17 (10 and 30 min 
and 1 and 20 h after administration); and day 19 (before 
administration).

Blood samples were collected in a vacuum blood col-
lection tube containing 2 mL of sodium heparin (Insepack 
II-D, Sekisui Medical Co., Ltd. Tokyo, Japan) at each 
timepoint. The collected blood was immediately cen-
trifuged, and the separated plasma samples were frozen 
for storage and transported to Shin Nippon Biomedical 
Laboratories, Ltd. (Tokyo, Japan). The concentrations of 
upacicalcet and its metabolites in the plasma were meas-
ured by liquid chromatography-tandem mass spectrometry. 
The pharmacokinetic parameters in the single-dose study 
were calculated as follows: maximum (peak) plasma drug 
concentration (Cmax), time to Cmax, area under the plasma 
concentration–time curve from zero to 66 h, area under the 
plasma concentration–time curve from time zero to infin-
ity, elimination half-life, mean residence time from zero to 
time t, mean residence time to infinity, apparent total body 
clearance of drug from plasma, apparent volume of distri-
bution at steady state, removal rate by hemodialysis, and 
hemodialysis clearance. The formulas for removal rate and 
clearance by dialysis are shown in Table 3. In the multiple-
dose study, the Cmax and removal rate by hemodialysis were 
calculated.

2.5 � Pharmacodynamic Evaluations

As upacicalcet is a calcimimetic developed for the treat-
ment of SHPT, the pharmacodynamic parameters of upaci-
calcet determined were serum iPTH, serum cCa2+, and P 
levels. The Payne’s formula was used to calculate cCa2+. 

Single-dose study

Step 1
0.025 mg

Upacicalcet N=4
Placebo N=2

Step 2
0.05 mg

Upacicalcet N=4
Placebo N=2

Step 3
0.1 mg

Upacicalcet N=4
Placebo N=2

Step 4
0.2 mg

Upacicalcet N=4
Placebo N=2

Step 5
0.4 mg

Upacicalcet N=4
Placebo N=2

Step 6
0.6 mg

Upacicalcet N=4
Placebo N=2

Step 7
0.8 mg

Upacicalcet N=4
Placebo N=2

3 weeks multiple-
dose study

Step 1
0.05 mg

Upacicalcet N=9
Placebo N=3

Step 2
0.1 mg

Upacicalcet N=9
Placebo N=3

Step 3
0.2 mg

Upacicalcet N=9
Placebo N=3

The next step was initiated with the results of the safety confirmation in each step.
Criteria to consider for step-up is shown in Text S1.
Subjects who participated in each step were not allowed to participate in another step.

Fig. 1   Study design and the target number of patients
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As exploratory measurements, we measured whole PTH, 
fibroblast growth factor 23, 1,25(OH)2 vitamin D, ionized 
Ca2+, and calcitonin levels in the single-dose study and tar-
trate-resistant acid phosphatase-5b, bone-specific alkaline 
phosphatase, and osteocalcin, which are markers of bone 
metabolism, in the multiple-dose study.

Blood samples were collected in vacuum blood collec-
tion tubes (VP series, Terumo Corporation, Tokyo, Japan). 
Blood samples for the pharmacodynamic parameters were 
collected at the following timepoints: in the single-dose 
study, before dialysis, before administration, and 10 and 
30 min and 1, 3, 6, 18, 30, 42, 66, and 70 h after admin-
istration; in the multiple-dose study, day 1, 3, 5, 8, 10, 
12, 15, 17, 19, 22, and 29 (before dialysis); day 1 (30 min 
and 1 h after administration); day 17 (30 min and 1 and 
20 h after administration); and day 19 (before administra-
tion) and were measured by SRL Medisearch Inc. (Tokyo, 
Japan).

2.6 � Safety Evaluations

For all adverse events (AEs) that occurred after the start of 
the study treatment, the occurrence and incidence of AEs 
and adverse drug reactions (ADRs) were summarized for 
each treatment period and dose. The incidence of AEs and 
ADRs for each treatment period and dose was summarized 
using the system organ class and preferred term using Medi-
cal Dictionary for Regulatory Activities J version 18.1.

The safety and tolerability profiles of upacicalcet were 
assessed in terms of occurrence of AEs, vital signs, clinical 
laboratory measurements, and ophthalmology examination 
(multiple dose only). Vital signs were monitored at each 
institution, and 12-lead electrocardiograms were monitored 
and analyzed by Suzuken Co. Ltd. (Nagoya, Japan).

2.7 � Statistical Analysis

Patients who received placebo were evaluated collec-
tively as the placebo group without distinguishing the step 
cohort. Patients who received upacicalcet were evaluated 
in each dosage group. Patients who experienced an acci-
dental overdose were excluded from pharmacokinetic and 
pharmacodynamic analyses. The relationship between 
the measured QT interval as corrected by the Fridericia 
method (QTcF) and the change in QTcF before dosing and 
the concentration of upacicalcet and its metabolites (M1, 
M2, and M3) in plasma were examined for each dose group 
of upacicalcet by a regression analysis. The relationship 
between cCa2+ levels and QTcF was also examined in the 
same manner. SAS version 9.3 (SAS Institute, Cary, NC, 
USA) was used to perform other statistical analyses and to 
summarize the data.

3 � Results

3.1 � Study Population

3.1.1 � Single‑Dose Study

Forty-six patients were assigned to the placebo or upaci-
calcet group. Forty-four received the study drug, and two 
patients assigned to the placebo group did not receive the 
study drug (Fig. S2A of the ESM). All patients who received 
the study drugs were included in the analysis.

Patient baseline demographics and clinical characteris-
tics are summarized in Table 1A. The mean age and body 
mass index of each group were between 57.8 and 67.5 years 
and between 20.71 and 26.28 kg/m2, respectively. The mean 
serum iPTH, cCa, and P levels of each group were between 
267.3 and 538.7 pg/mL, 9.30 and 10.20 mg/dL, and 2.98 and 
4.08 mg/dL, respectively.

3.1.2 � Multiple‑Dose Study

Thirty-nine patients who were eligible were assigned to the 
placebo or upacicalcet group (Fig. S2B of the ESM). The 
number of patients who discontinued the study after admin-
istration of the study drug was as follows: one patient in the 
placebo group, two patients in the group receiving 0.05 mg, 
three patients in the group receiving 0.1 mg, and six patients 
in the group receiving upacicalcet 0.2 mg. All patients who 
received the study drugs were included in the analyses. How-
ever, accidental overdose because of an incorrect preparation 
of the study drug occurred in one patient in the group receiv-
ing 0.05 mg and one patient in the group receiving 0.1 mg. 
These patients discontinued treatment and were excluded 
from the pharmacokinetic and pharmacodynamic analyses 
(adopted for the safety evaluation).

The baseline patient demographics and clinical character-
istics are summarized in Table 1B. The mean age and body 
mass index of each group were between 53.7 and 65.2 years 
and between 22.58 and 23.91 kg/m2, respectively. The mean 
serum iPTH, cCa, and P levels of each group were between 
368.8 and 507.5 pg/mL, 9.43 and 9.92 mg/dL, and 5.26 and 
6.33 mg/dL, respectively.

3.2 � Pharmacokinetic Findings

3.2.1 � Single‑Dose Study

After administration of upacicalcet, the concentration 
of unchanged upacicalcet in the plasma was maintained 
up to 66 h after administration and decreased upon dial-
ysis. Plasma concentrations of unchanged upacicalcet 
tended to increase with increasing dose (Fig. 2A). The 
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pharmacokinetic parameters of the plasma are summa-
rized in Table 2A. The mean Cmax, area under the plasma 
concentration–time curve from time zero to 66 h, and area 
under the plasma concentration–time curve from time zero 
to infinity of unchanged upacicalcet in the plasma increased 
with increasing dose. The mean elimination half-life was 
between 65.0 and 122 h. The mean apparent total body clear-
ance of drug from plasma was between 105 and 212 mL/h. 
The mean apparent volume of distribution at steady state 
was between 11,700 and 17,700 mL. In addition, the mean 
dialysis removal rate of unchanged upacicalcet in the plasma 

was between 78.40 and 100.00%, and the mean hemodi-
alysis clearance was between 61.40 and 183.00 mL/min 
(Table 3A).  

M2 was not detected in the groups receiving a dose of 
0.025–0.2 mg and was detected immediately after dosing 
in the group receiving 0.4–0.8 mg. M3 was not detected 
in the group receiving 0.025 mg and was detected from 
18 h after dosing in the groups receiving ≥ 0.05 mg. The 
plasma concentrations of M2 and M3 were much lower 
than those of the unchanged drug (Fig. S3A–S3B of the 
ESM).

Table 1   Patients baseline demographics and clinical characteristics

A: Mean ± SD, or number of patients (%) *n = 3, **n = 14
B: Mean ± SD, or number of patients (%) *n = 8

A is patients baseline demographics and clinical characteristics in single dose study

Step Placebo Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7

Dose (Step 1–7) 0.025 mg 0.05 mg 0.1 mg 0.2 mg 0.4 mg 0.6 mg 0.8 mg
Number of 

patients 
(n)

15 4 4 4 4 4 4 5

Age (years) 58.9 ± 10.2 59.5 ± 10.5 60.0 ± 12.9 59.0 ± 7.5 57.8 ± 8.2 67.5 ± 10.1 62.0 ± 5.1 63.0 ± 9.8
BMI (kg/m2) 24.57 ± 4.04 21.01 ± 3.13 20.71 ± 2.27 26.23 ± 4.15 26.28 ± 2.85 22.27 ± 3.45 21.95 ± 4.04 26.01 ± 3.61
Dry weight 

(kg)
68.96 ± 

14.05
58.93 ± 9.91 51.23 ± 7.49 70.25 ± 

11.74
76.40 ± 6.21 57.83 ± 

11.29
62.20 ± 

14.67
65.00 ± 

22.71
Duration of 

dialysis 
(years)

8.82 ± 8.18 9.53 ± 7.68 13.05 ± 5.18 2.44 ± 2.72 8.02 ± 2.49 3.21 ± 1.75 16.26 ± 8.98 5.74 ± 5.12

Dialysate 
calcium 
concentra-
tion

2.5 mEq/L 2 (13.3) 0 (0.0) 2 (50.0) 1 (25.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (20.0)
2.75 mEq/L 7 (46.7) 3 (75.0) 2 (50.0) 2 (50.0) 4 (100.0) 1 (25.0) 3 (75.0) 2 (40.0)
3.0 mEq/L 6 (40.0) 1 (25.0) 0 (0.0) 1 (25.0) 0 (0.0) 3 (75.0) 1 (25.0) 2 (40.0)

Serum iPTH 
(pg/mL)

510.3 ± 
232.2

394.8 ± 
229.2

486.0 ± 
127.7

301.5 ± 84.5 538.7 ± 
172.1*

267.3 ± 
166.7

404.5 ± 
122.7

520.8 ± 
207.7

Serum cCa 
(mg/dL)

9.71 ± 
0.57**

9.45 ± 0.37 9.35 ± 0.35 9.30 ± 0.90* 9.90 ± 0.22 9.53 ± 0.50 10.20 ± 0.54 9.52 ± 0.84

Serum P 
(mg/dL)

3.56 ± 
0.94**

3.45 ± 0.66 3.03 ± 0.51 3.57 ± 1.00* 4.08 ± 0.15 3.40 ± 0.50 2.98 ± 0.29 3.76 ± 1.43

B is patients baseline demographics and clinical characteristics in multiple dose study

Step Placebo Step 1 Step 2 Step 3

Dose (Step 1–3) 0.05 mg 0.1 mg 0.2 mg
Number of patients (n) 11 9 9 10
Age (years) 65.2 ± 7.9 61.9 ± 8.8 53.7 ± 14.1 56.2 ± 9.8
BMI (kg/m2) 23.41 ± 3.73 22.63 ± 2.98 22.58 ± 2.83 23.91 ± 4.13
Dry weight (kg) 62.68 ± 13.82 60.52 ± 12.18 59.70 ± 10.84 65.34 ± 12.75
Duration of dialysis (years) 12.09 ± 8.19 8.61 ± 5.67 10.73 ± 13.48 6.69 ± 4.29
Dialysate calcium concentration 2.5 mEq/L 1 (9.1) 4 (44.4) 1 (11.1) 2 (20.0)

2.75 mEq/L 6 (54.5) 4 (44.4) 1 (11.1) 5 (50.0)
3.0 mEq/L 4 (36.4) 1 (11.1) 7 (77.8) 3 (30.0)

Serum iPTH (pg/mL) 368.8 ± 78.9 439.0 ± 259.9* 507.5 ± 226.4* 393.7 ± 210.4
Serum cCa (mg/dL) 9.92 ± 0.70 9.43 ± 0.68* 9.46 ± 0.81* 9.49 ± 0.63
Serum P (mg/dL) 5.64 ± 1.43 6.33 ± 0.97* 5.26 ± 1.14* 6.00 ± 1.23
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3.2.2 � Multiple‑Dose Study

After 3 weeks of multiple administrations, upacicalcet 
was present in the plasma mainly in the unchanged form. 
The plasma upacicalcet trough concentration before dialy-
sis did not increase with multiple administration (Fig. 2B, 
Table 2B). The dialysis removal rate of unchanged upaci-
calcet in plasma was between 79.27 and 86.98% (Table 3B).

The trough concentrations of metabolites M1 and M2 were 
not detected in groups receiving any dose before dialysis. The 
trough concentrations of metabolite M3 before dialysis were 
lower than those of the unchanged drug (Fig. S3C of the ESM).

3.3 � Pharmacodynamic Findings

3.3.1 � Single‑Dose Study

Serum iPTH levels in the upacicalcet group decreased 
within 10 min of drug administration, and the effect tended 

to increase with increasing dose. Pre-dialysis serum cCa2+ 
levels tended to decrease after 6 or 18 h of treatment. At 66 
h of treatment, pre-dialysis serum cCa2+ levels relatively 
decreased in the group receiving ≥ 0.1 mg. Serum P levels 
increased over time in all upacicalcet groups, but the degree 
of increase tended to be smaller in the upacicalcet group 
than in the placebo group (Fig. 3A–C).

The trend of serum whole PTH levels was similar to 
that of serum iPTH, and the trend of serum ionized Ca2+ 
levels was similar to that of serum cCa2+ levels. Serum 
fibroblast growth factor 23 levels tended to increase in 
the placebo group and the group receiving 0.025 mg, 
and these increases seemed to be suppressed in the 
groups receiving ≥ 0.05 mg. There was no difference in 
1,25(OH)2 vitamin D levels between the upacicalcet and 
the placebo groups. Calcitonin levels increased immedi-
ately after dosing in all upacicalcet groups compared with 
the placebo group and tended to decrease over time (Fig. 
S4A–S4E of the ESM).

Fig. 2   Mean plasma concentra-
tion-time profiles after single 
(a) and multiple (b) doses of 
unchanged upacicalcet. Arrows 
indicate the initiation of hemo-
dialysis
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3.3.2 � Multiple‑Dose Study

Serum iPTH and cCa2+ levels decreased in a dose-dependent 
manner in the upacicalcet groups. The decrease in iPTH and 
cCa2+ levels in the upacicalcet groups disappeared 1 week 
after the end of administration (day 29). Serum P levels also 
tended to decrease in all the upacicalcet groups compared 
with the placebo group, although the extent of change was 
not as apparent as for iPTH and cCa2+ levels (Fig. 3D–F). 
Serum whole PTH, fibroblast growth factor 23, bone-spe-
cific alkaline phosphatase, and tartrate-resistant acid phos-
phatase-5b levels tended to decrease in all the upacicalcet 
groups compared with the placebo group (Fig. S4F of the 
ESM).

3.4 � Safety and Tolerability Analysis

The occurrence of AEs and ADRs, as well as GI disorders 
and events related to hypocalcemia are summarized in 
Table 4.

3.4.1 � Single‑Dose Study

Among the AEs that occurred in the upacicalcet group, five 
patients had AEs for which a causal relationship to the study 
drug could not be ruled out. Of these, vomiting occurred in 
one patient in the group receiving 0.4 mg, one in the group 
receiving 0.6 mg, and one in the group receiving 0.8 mg, 
nausea in one patient in the group receiving 0.6 mg, and 
adjusted Ca decreased in one patient in the group receiving 
0.8 mg. All of these events were non-serious and mild.

3.4.2 � Multiple‑Dose Study

Serious AEs were as follows: shunt obstruction in one 
patient in the group receiving 0.1 mg, shunt stenosis in one 
patient in the placebo group, and lumbar fracture in one 
patient in the placebo group, all of which were judged to 
be unrelated to the study drug. The reported ADRs were 
as follows: supraventricular extrasystoles in one patient in 
the group receiving 0.1 mg and one in the group receiving 
0.2 mg, ventricular extrasystoles in one patient in the group 
receiving 0.1 mg, abdominal discomfort in one patient in the 
group receiving 0.1 mg and one in the group receiving 0.2 
mg, adjusted Ca decreased in one patient in the group receiv-
ing 0.05 mg and one patient in the group receiving 0.2 mg.

One patient in the group receiving 0.05 mg and one in the 
group receiving 0.1 mg experienced an accidental overdose 
(1.0 mg). In these patients, blood Ca2+ levels decreased (in 
the group receiving 0.05 mg) and hypoesthesia occurred (in 
the group receiving 0.1 mg).

The merged QTcF values obtained from the 12-lead elec-
trocardiogram results in the single-dose and multiple-dose M
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studies are shown in Fig. 4. Although QTcF tended to be 
prolonged with upacicalcet administration, QTcF values 
seemed to have a negative relationship with serum cCa2+ 
levels.

4 � Discussion

The results of this study revealed the pharmacokinetic and 
pharmacodynamic properties of upacicalcet when admin-
istered for the first time to patients with SHPT undergoing 
hemodialysis. Upacicalcet, when administered after dialysis, 
remained mainly unchanged in the plasma until the next dial-
ysis session. Plasma upacicalcet concentrations increased in 
a dose-dependent manner. In addition, upacicalcet was well 
removed by dialysis and did not accumulate after multiple 
administration after each dialysis.

Pharmacodynamic evaluation in the single-dose study 
showed that upacicalcet rapidly lowers serum iPTH lev-
els and subsequently lowers serum Ca. The time of lowest 
serum Ca2+ under upacicalcet administration was the next 
pre-dialysis. It was an important implication of this study for 
the management of hypocalcemic status in patients under-
going dialysis. In contrast, a decrease in serum P was not 
apparent. In the single-dose study, the baseline values are 

post-dialysis values. The interdialytic changes in serum P 
suggest that the decrease in serum P due to upacicalcet was 
obscured by the increase in serum P due to diet. In the mul-
tiple-dose study, changes in pre-dialysis serum iPTH, Ca, 
and P levels responded to plasma upacicalcet concentrations 
and returned to pre-administration levels when upacicalcet 
was eliminated from the body. These results suggest upaci-
calcet produces a dose-dependent decreasing effect on iPTH 
in patients with SHPT undergoing hemodialysis and that the 
effect disappears within a week after withdrawal.

Meanwhile, it is known that etelcalcetide, an intravenous 
calcimimetic similar to upacicalcet, forms a covalent serum 
albumin peptide conjugate and remains in the body after 
dialysis [11]. Therefore, it is estimated that it takes 32 days 
for etelcalcetide to reach steady state in patients undergo-
ing dialysis three times a week for 6 h [12]. It has also been 
reported that the serum Ca-lowering effect of etelcalcetide 
peaks > 7 weeks after administration [15, 16]. Although 
upacicalcet is in the same class of injectable calcimimetics 
as etelcalcetide, it can have a different therapeutic response 
profile from that of etelcalcetide owing to differences in 
pharmacokinetic properties. This assumption should be 
confirmed by further clinical studies in the future.

Concerning the safety assessment of this study, we 
considered that upacicalcet showed no serious safety or 

Table 3   The removal rate by dialysis of unchanged upacicalcet and hemodialysis clearance after single and multiple doses of upacicalcet

The removal rate by dialysis of unchanged upacicalcet in plasma was calculated from the following equation. Removal rate by dialysis (%) = 
(CBD – CAD)/CBD×100
Hemodialysis clearance was calculated from the following equation. CL (mL/min f0) = (CBI − CBO)/CBI × 200*
AD after dialysis, BD before dialysis, C concentration, BI blood in, BO blood out, C concentration
*Blood flow
Only removal rate by dialysis of unchanged upacicalcet was calculated in multiple-dose study.
Mean ± SD, *n=2, **n=3, ***n=4

A is the removal rate by dialysis of unchanged upacicalcet and hemodialysis clearance after single dose of upacicalcet

Step Group N Removal rate by dialysis of unchanged 
upacicalcet (%)

Hemodialysis 
clearance (mL/
min)

Step 1 0.025 mg 4 100.00 ± 0.00 –
Step 2 0.05 mg 4 94.53 ± 10.95 –
Step 3 0.1 mg 4 81.00 ± 14.05 61.40 ± 60.25*
Step 4 0.2 mg 4 78.40 ± 4.47 168.25 ± 2.50
Step 5 0.4 mg 4 80.40 ± 7.34 125.83 ± 39.55**
Step 6 0.6 mg 4 81.35 ± 3.76 183.00 ± 9.90*
Step 7 0.8 mg 5 83.66 ± 13.37 156.00 ± 12.25***

B is the removal rate by dialysis of unchanged upacicalcet after multiple dose of upacicalcet

Step Group N Removal rate by dialysis of unchanged upacicalcet (%)

Step 1 0.05 mg 3 79.27 ± 3.39
Step 2 0.1 mg 6 80.68 ± 7.68
Step 3 0.2 mg 4 86.98 ± 4.97
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Fig. 3   Mean percent changes in the serum intact parathyroid hor-
mone (iPTH) level (A), serum corrected calcium level (B), and serum 
phosphorus level (C) after a single dose of upacicalcet. Mean percent 

changes in the serum iPTH level (D), serum corrected calcium level 
(E), and serum phosphorus level (F) after multiple doses of upacical-
cet. Arrows indicate the initiation of hemodialysis
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tolerability issues. However, we observed an increase in 
upper GI disturbances, especially with upacicalcet doses 
≥ 0.4 mg, in the single-dose study. It has been pointed out 
that CaSR stimulation of the GI tract is involved in the path-
ogenic mechanism of calcimimetic-induced upper GI dis-
orders [17]. Nevertheless, it has been reported that etelcal-
cetide resulted in no difference in the incidence of upper 
GI symptoms in direct comparison with cinacalcet, an oral 
calcimimetic [16]. Hence, even injectable calcimimetics may 
stimulate CaSR in the GI tract if their plasma concentration Ta
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Fig. 4   Correlation between the QT interval as corrected by the Fri-
dericia method (QTcF) and serum-corrected calcium in placebo-
treated patients (A) and upacicalcet-treated patients (B). The merged 
QTcF values were obtained from the 12-lead electrocardiogram 
results in single-dose and multiple-dose studies. 〇 indicates placebo 
(Pearson’s correlation coefficient = − 0.068), ● indicates upacicalcet 
(Pearson’s correlation coefficient = − 0.323).
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is increased. The results of our study support this notion. 
In contrast, evocalcet is thought to have reduced upper GI 
adverse events by increasing bioavailability and reducing GI 
exposure compared with cinacalcet [18, 19]. These reports 
are consistent with the idea that calcimimetics inhibit gastric 
peristalsis by mainly stimulating CaSR in gastric parietal 
cells or gastrin-secreting cells. Our issue would be to control 
the plasma concentrations of upacicalcet so that it stimulates 
the parathyroid CaSR specifically but not the CaSR of the 
GI tract. We should determine the appropriate dosing regi-
men of upacicalcet to reduce upper GI symptoms as much 
as possible and demonstrate its efficacy in further studies.

Regarding the correlation between serum cCa2+ levels 
and QT time prolongation, we assumed that upacicalcet had 
a serum Ca-lowering effect that inhibited bone resorption 
when administered to patients undergoing dialysis, similar to 
other calcimimetics. Calcimimetics do not directly prolong 
QT but do cause QT prolongation with Ca2+ lowering. The 
threshold for management of the hypocalcemic state in the 
treatment of chronic kidney disease-mineral bone disorder 
is inconclusive [20, 21]. However, it is widely known that 
a low serum Ca2+ state causes intra-dialytic hypotension, 
decreased myocardial stroke volume, and QT prolonga-
tion [22–24]. Moreover, low serum Ca2+ levels have been 
suggested to be associated with sudden cardiac arrest [25]. 
Consequently, patients should be monitored to avoid hypoc-
alcemia when administering calcimimetics.

There are some limitations to this study, the major one 
being that the maximum duration of administration was only 
3 weeks, and no information was available on the effect of 
dose change. The condition of patients with SHPT undergo-
ing dialysis is heterogeneous, and for this reason, calcimi-
metics are generally used with dosage adjustments according 
to the PTH and Ca2+ levels of each patient. The efficacy and 
safety of long-term dose-adjusted administration of upaci-
calcet in a large number of patients with SHPT undergoing 
hemodialysis should be evaluated in future studies.

5 � Conclusions

We present the results of the first study on upacicalcet 
injection in patients with SHPT undergoing hemodialysis. 
Upacicalcet persisted in a dose-dependent manner until the 
time of the next dialysis, was well removed by dialysis, and 
constant blood concentrations were maintained when the 
same doses were administered repeatedly. Pharmacody-
namic parameters, such as serum iPTH and Ca2+ levels, also 
changed according to the plasma upacicalcet concentration. 
In addition, there were no severe concerns about the safety 
and tolerability of upacicalcet in this study. The efficacy and 
safety of upacicalcet, as a new calcimimetic agent, should be 
assessed extensively in further clinical studies.
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