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Purpose: This study explored the pharmacokinetics (PK), pharmacodynamics (PD), and safety of evocalcet (KHK7580), a new 
calcimimetic agent, in healthy Chinese subjects following single and multiple doses.
Methods: This was a single-center, open-label phase I trial conducted in China. The study started from the single-dose cohorts (1, 3, 
6, 12 mg evocalcet, step-by-step administration) and proceeded to the multiple-dose cohort (6 mg evocalcet once daily for eight days). 
Blood and urine samples were collected at the designated time points for pharmacokinetic and pharmacodynamic analysis. Safety was 
evaluated by treatment-emergent adverse events (TEAEs), clinical laboratory tests, vital signs, electrocardiograms (ECGs), and 
ophthalmological examination.
Results: Among 42 enrolled subjects, eight in each single-dose cohort and 10 in multiple-dose cohort, 40 subjects completed the 
study. In single-dose cohorts, tmax was 1.00–2.00 h and declined biphasically. The mean t1/2 was 15.99–20.84 h. Evocalcet exposure in 
AUC0-inf, AUC0-t, and Cmax showed a dose-proportional increase. In the multiple-dose cohort, tmax was 2.00 h and declined 
biphasically after multiple administrations. The accumulation was negligible. Ctrough levels were similar across days and steady 
from 24 hours after the first administration. The mean t1/2 was 15.59 h. PD analysis showed that evocalcet decreased intact parathyroid 
hormone and corrected calcium levels in a dose-dependent manner. Seventeen (40.5%) subjects reported TEAEs. No serious or severe 
TEAE occurred.
Conclusion: In healthy Chinese subjects, evocalcet demonstrated dose-dependent PK and PD properties and was well-tolerated.
Keywords: evocalcet, calcimimetic agents, secondary hypoparathyroidism, pharmacokinetic, pharmacodynamic, safety

Introduction
Chronic kidney disease (CKD)-mineral and bone disorder (MBD) is a systemic disorder of mineral and bone metabolism 
due to CKD and is associated with common complications such as fragility fractures and vascular and valvular 
calcification.1,2 Secondary hyperparathyroidism (SHPT) is one of the most significant types of CKD-MBD, with 
a prevalence of 11.5%-54%.3,4 It is characterized by excessive secretion of parathyroid hormone (PTH), hyperpho
sphatemia, and hypocalcemia, leading to osteitis fibrosis and ectopic calcification, resulting in high morbidity and 
mortality.4–6 In China, the prevalence of severe hyperphosphatemia (>7 mg/dL) and SHPT (>600 pg/mL) were 27% 
and 21% in patients undergoing hemodialysis, respectively. Furthermore, the management of MBD in China requires 
improvement and standardization.7
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The traditional interventions for SHPT include the modulation of phosphorus (P) and calcium (Ca) balance by dialysis 
and dietary restriction, calcitriol, other vitamin D analogs, and phosphate binders.5 Furthermore, serum PTH levels 
should be lowered to a target range.8 Calcimimetic agents mimic the action of Ca on calcium-sensing receptors (CaSR) in 
the parathyroid gland, thus suppressing PTH synthesis and secretion.9–11 Cinacalcet hydrochloride (the first calcimimetic 
agent approved for use) and etelcalcetide reduce intact PTH levels and affect P and Ca in CKD patients with SHPT.9,12,13 

Nevertheless, the safety concerns of cinacalcet hydrochloride regarding the upper gastrointestinal tract burden the 
patients and limit the dosage increase to a thoroughly effective level.14 In addition, specific considerations for drug 
interactions are required when coadministered with other drugs because cinacalcet hydrochloride has a strong inhibitory 
effect on cytochrome P450 (CYP) 2D6 and is metabolized by CYP3A4.15–17 Unlike cinacalcet, etelcalcetide activates the 
CaSR by binding the extracellular domain. Etelcalcetide allows better compliance than cinacalcet due to fewer pills to be 
taken and it is administered when the hemodialysis session is completed.18 Etelcalcetide did not inhibit or induce 
CYP450 enzymes and was itself not a substrate for metabolism by CYP450 enzymes. However, the incidence of upper 
gastrointestinal symptoms (such as nausea and vomiting) was similar to cinacalcet.19,20 Furthermore, the demand of 
peritoneal dialysis patients was not met because of intravenous administration.

Evocalcet (KHK7580), a new calcimimetic agent, is developed to resolve the issues of the upper gastrointestinal 
adverse reactions,13,21 drug interactions,22 and low bioavailability observed with cinacalcet while retaining its efficacy on 
PTH reduction and improvement of SHPT.21 In peritoneal dialysis patients, oral administration is preferred. Evocalcet 
was subsequently approved in Japan in 2018 for the treatment of hemodialysis and peritoneal dialysis patients with 
SHPT.13 A phase IIb trial showed that evocalcet decreased the intact PTH levels by −8.40%, −10.56%, and −20.16% at 
doses of 0.5, 1, and 2 mg once daily for 3 weeks with adverse reaction profiles similar to cinacalcet.23 A large 
randomized controlled trial found that in East Asian patients on haemodialysis with SHPT, the mean percentage change 
in intact PTH from baseline at 52 weeks was −34.7% and −30.2% in the evocalcet and cinacalcet groups, respectively. 
Evocalcet was shown to be non-inferior to cinacalcet.24 In addition, no major safety concerns were observed in evocalcet 
group, and gastrointestinal adverse events (AEs) were significantly less frequent in the evocalcet group than in the 
cinacalcet group (33.5% vs 50.5%, P=0.001).24 This suggests that evocalcet has good efficacy and a manageable safety 
profile for patients with SHPT.

The pharmacokinetics (PK) and pharmacodynamics (PD) of evocalcet have only been investigated in healthy 
Japanese subjects. The maximum plasma concentrations (Cmax) of evocalcet were reached within 1.5–2 h. The elimina
tion half-life (t1/2) was 12.98–19.77 h. Evocalcet decreased intact PTH and corrected Ca levels in a dose-proportional 
manner.25 The PK and PD of evocalcet have not been investigated in healthy Chinese individuals, and China has a huge 
dialysis population and a heavy burden of end-stage renal disease.26,27 Therefore, this was the first study to evaluate the 
PK, PD and safety of evocalcet in a healthy Chinese population, and to provide support for further research of evocalcet 
in China.

Methods
Study Design and Population
This open-label phase I trial was conducted between December 2019 and June 2021 at Beijing Hospital, Beijing, People’s 
Republic of China. The study was approved by the Ethics Committee of Beijing Hospital. All subjects provided written 
informed consent. The trial was registered on Clinicaltrials.gov (NCT04206657) and Chinadrugtrials.org.cn 
(CTR20192259).

Chinese healthy volunteers between 20 and 40 years of age with a body mass index (BMI) between 18.5 and 25.0 kg/ 
m2 were enrolled. Subjects with clinically significant abnormality in the crystalline lens, digestive system disorder, or 
electrocardiogram (ECG) waveform shape unfit for QT interval measurement were excluded. The complete inclusion and 
exclusion criteria are detailed in the Supplementary Material.

This study consisted of single- and multiple-dose administration cohorts. The number of subjects in this study 
complied with the principle of the National Medical Products Administration (NMPA) in China that issued the 
“Technical Guidelines for Clinical Pharmacokinetic Research of Chemical Drugs”, which generally requires 8–12 
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subjects per dose group. Hence, a total of 42 subjects, eight each in the four single-dose cohorts and 10 subjects in 
the multiple-dose cohort, were recruited. The study started with the single-dose administration cohorts (1, 3, 6, and 
12 mg evocalcet in the fasting state for 10 h or more, step-by-step administration from the lowest dose) and 
proceeded to the multiple-dose administration cohort (6 mg evocalcet within 30 min after meal once daily for 
eight days). Subjects in the single-dose administration cohort were hospitalized on day −2 and discharged on day 4 
(three days after administration), while subjects in the multiple-dose administration cohort were hospitalized 
on day −2 and discharged on day 12 (four days after the final administration). The use of nicotine-containing anti- 
smoking treatment was prohibited. During hospitalization, caffeine- and alcohol-containing beverages were also 
prohibited.

Endpoints and Assessments
The primary endpoint was the PK evaluation, including the plasma evocalcet concentration and PK parameters. PK 
parameters for evocalcet were estimated by noncompartmental methods using actual elapsed time from the start of 
the respective dose administration. In the single-dose administration cohorts, blood samples were collected before 
the administration of evocalcet (0 h) and at 0.25, 0.5, 1, 2, 3, 4, 6, 8, 12, 24, 36, 48, and 72 h after administration.

In the multiple-dose administration cohort, blood samples were collected before the administration of evocalcet (0 h) 
and at 0.25, 0.5, 1, 2, 3, 4, 8, and 12 h after administration on day 1; just before administration on days 2–7; and before 
the administration of evocalcet (0 h) and at 0.25, 0.5, 1, 2, 3, 4, 8, 12, 24 (day 9), 48 (day 10), 72 (day 11), and 96 (day 
12) h after administration on day 8.

Plasma evocalcet concentrations were measured using a validated liquid chromatography-tandem mass spectrometry 
method.25 The PK parameters were estimated using Phoenix® WinNonlin Version 8.3. The reported PK parameters 
included area under the concentration-time curve from zero to time of 24 hours (AUC0-24), area under the concentration- 
time curve from zero to infinity (AUC0-inf), and area under the concentration-time curve from zero to time t (AUC0-t) for 
only the single-dose cohorts; area under the concentration-time curve from zero during a dosing interval (AUC0-tau), 
predose observed drug concentration (Ctrough), accumulation ratio for AUC0-24 (Robs, AUC0-24), accumulation ratio for 
maximum plasma concentration (Robs, Cmax), and accumulation ratio for Ctrough (Robs, Ctrough) for only the multiple-dose 
cohort, percentage of AUC0-inf obtained by extrapolation (AUCextra), apparent systemic clearance after extravascular 
dosing (CL/F), Cmax, apparent terminal rate constant (kel or λz), terminal elimination half-life (t1/2), time of maximum 
concentration (tmax), and apparent volume of distribution (Vz/F) for all cohorts.

PD parameters and safety profiles were assessed as the secondary endpoint. Peripheral PD, including intact PTH, 
serum corrected Ca, serum P, and calcitonin, were measured. When the serum albumin (Alb) level was <4.0 g/dL, the 
serum Ca level would be corrected according to the following formula. Corrected serum Ca level (mg/dL) = Observed 
serum Ca level (mg/dL) + 4 − serum Alb level (g/dL). Urine PD included Ca, P, magnesium (Mg), sodium (Na), 
potassium (K), chloride (Cl), uric acid (UA), and urine creatinine concentration (UCr). Urine was pooled from 24 
h before the administration of evocalcet and at 0–4, 4–8, 8–12, 12–24, 24–48, and 48–72 h in single-dose administration 
cohorts. In the multiple-dose administration cohort, urine was pooled from 24 h before the first dosing of evocalcet and 
on day 1 (0–4, 4–8, 8–12, 12–24 hours after the first dosing), day 8, and thereafter (0–4, 4–8, 8–12, 12–24, 24–48, 48–72, 
72–96 hours after the last dosing).

UCr correction was performed using the following formula for each examination period.
For Ca, P, Mg, and UA, the following formula was used.
Urine creatinine-corrected [mg/gCre] = 1000 × Laboratory [mg/dL]/Urine creatinine [mg/dL]
For Na, K, and Cl, the following formula was used.
Urine creatinine-corrected [mEq/gCre] = 1000 × Laboratory [mEq/L]/(10 × Urine creatinine [mg/dL])
Safety was evaluated according to AEs, laboratory tests, vital signs, ECG, and ophthalmologic examination. 

Treatment-emergent AEs (TEAEs), which were defined as any untoward medical occurrence in a subject that occurred 
after study drug administration, were monitored over the entire study period and classified using the Medical Dictionary 
for Regulatory Activities version 24.0 or higher.
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Statistical Analysis
All statistical analyses were conducted using SAS 9.4 (SAS Institute, Inc., Cary, NC, USA). Categorical data were 
summarized using frequencies and percentages, and continuous data were summarized using descriptive statistics 
consisting of mean ± standard deviation (SD) and median (minimum, maximum).

For the PK parameters, coefficients of variation (CV%) and geometric mean values were calculated in addition to the 
number of subjects, mean ± SD, and median (minimum, maximum). The linearity of PK assessment for evocalcet single- 
dose administration cohorts was evaluated by plotting the PK exposure parameters (Cmax and AUC0-inf) on the y-axis 
against the dose on the x-axis. Linear regression lines were also presented in the same chart, based on the model: log 
(parameter) = a + b * log (dose), where “a” was the intercept and “b” was the slope. Descriptive statistics were used to 
summarize the results for PD and safety.

Results
Demographics and Baseline Characteristics
Eight subjects each in the single-dose cohorts and 10 subjects in the multiple-dose cohort (a total of 42 subjects) were 
enrolled. All enrolled subjects received at least one dose of the study drug. Two (4.8%) of the 42 subjects withdrew from 
the study, and both of them were in the multiple-dose cohort. One subject was withdrawn due to TEAE by the 
investigator’s decision on day 1, and the other subject withdrew due to personal reasons on day 1. Demographic 
parameters were generally balanced between each cohort, which are shown in Table 1. More male subjects than female 
subjects participated in this study. The subjects were 21–38 years of age, 92.9% were male, and the BMI was 18.6– 
25.3 kg/m2 (Table 1).

Pharmacokinetics
In the single-dose study, plasma evocalcet concentrations reached tmax at 1.00–2.00 h (median) and declined biphasically. 
The geometric mean t1/2 was 15.99–20.84 h (Figure 1A and Table 2). In the multiple-dose study, the median tmax on days 

Table 1 Demographic and Baseline Characteristics of the Study Subjects

Characteristics Single Dose Multiple Doses

1 mg 3 mg 6 mg 12 mg 6 mg All

N 8 8 8 8 10 42

Age (years) 27.3 (24,38) 28.4 (22,35) 30.3 (25,35) 29.3 (21,38) 28.3 (25,34) 29.2 (21,38)

Sex, n (%)

Male 7 (87.5) 7 (87.5) 7 (87.5) 8 (100.0) 10 (100.0) 39 (92.9)

Female 1 (12.5) 1 (12.5) 1 (12.5) 0 0 3 (7.1)

Height (cm) 170.50 (158.0,179.0) 170.50 (164.0,173.0) 169.50 (155.0,177.0) 167.50 (161.0,173.0) 169.50 (163.0,181.0) 170.00 (155.0,181.0)

Weight (kg) 64.70 (50.5,74.7) 63.65 (55.2,73.0) 62.50 (51.4,67.1) 62.70 (55.2,69.1) 60.25 (52.6,75.6) 63.25 (50.5,75.6)

BMI (kg/m2) 22.57 (20.2,24.9) 22.15 (19.3,25.3) 21.86 (19.1,23.8) 22.39 (19.9,24.3) 21.06 (18.6,24.9) 21.90 (18.6,25.3)

Intact PTH (pg/mL) 21.25 (18.6,38.1) 21.65 (13.9,38.3) 31.90 (16.8,51.9) 35.65 (29.4,49.9) 39.55 (29.4,68.8) 30.65 (13.9,68.8)

Corrected calcium (mg/dL) 9.30 (8.9,9.8) 9.75 (9.1,10.0) 9.20 (9.1,10.0) 9.55 (9.3,9.9) 9.45 (9.2,9.6) 9.45 (8.9, 10.0)

Phosphorus (mg/dL) 3.80 (2.7,5.1) 3.70 (3.3,4.1) 3.80 (3.3,4.5) 3.60 (3.1,4.6) 3.30 (2.9,4.9) 3.60 (2.7,5.1)

Calcitonin (ng/L) 3.20 (2.0,9.5) 2.00 (2.0,5.0) 3.90 (2.0,13.1) 2.80 (2.0,10.0) 2.00 (2.0,14.7) 2.70 (2.0,14.7)*

Notes: Data are shown as median (minimum, maximum), except sex is as n (%). Baseline was defined as the last non-missing measurement taken prior to the date of first 
administration of any study medication. *N=41 due to one sample was hemolyzed and not tested. 
Abbreviations: N, number of subjects in the population/cohort; n, number of subjects with valid observations; %, percentage of subjects with valid observations (n/Nx100); 
BMI, body mass index; PTH, parathyroid hormone.

https://doi.org/10.2147/DDDT.S437903                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2024:18 570

He et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


1 and 8 were both 2.00 h. On day 8, the geometric mean t1/2, geometric mean Robs for Cmax, AUC0-24, and Ctrough were 
15.59 h, 1.075, 1.102, and 1.126, respectively (Figure 1B and Table 2). In addition, Table 2, Figure 1C and D indicate 
a dose-proportional increase in evocalcet exposure over the dose range of 1 mg to 12 mg following single oral 
administration.

Pharmacodynamic
Intact PTH
In the single-dose cohorts, the intact PTH levels started to decrease at 0.5 h after evocalcet administration and reached 
a nadir within 0.5–2 h after administration in different dose cohorts. The intact PTH levels remained decreased longer 
with an increasing dose of evocalcet. The intact PTH levels were restored 24 h after evocalcet administration 
(Figure 2A). For the multiple-dose cohort, the intact PTH levels temporarily decreased after administration of evocalcet 
on days 1 and 8 and returned to similar levels to but slightly lower than the baseline levels on days 2 (before dosing) and 
9 (24 h after the last dosing). The maximum decrease after administration of evocalcet on day 1 was similar to that 
on day 8 (Figure 2B).

Corrected Ca
In the single-dose cohorts, the corrected serum Ca levels decreased after administration of evocalcet and reached a nadir 
at 12–24 h after administration, and the decrement was dose-dependent with the increasing dose of evocalcet. The 
corrected serum Ca levels returned to baseline on day 3 (Figure 3A). In the multiple-dose cohort, corrected serum Ca 
levels decreased throughout the dosing period after initiation of evocalcet administration and returned to the baseline 

Figure 1 (A) Single Dose KHK7580 Plasma Concentration-Time Profiles (PKS); (B) Multiple Dose KHK7580 Plasma Concentration-Time Profiles (PKS); (C) Dose- 
proportional increase in evocalcet exposure (AUC0-inf) over the dose range of 1 mg to 12 mg following single oral administration; (D) Dose-proportional increase in 
evocalcet exposure (Cmax) over the dose range of 1 mg to 12 mg following single oral administration. Data in (A and B) are presented as mean ± standard deviation. Data in 
(C and D) are presented as individual, mean, and median.
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levels on three to four days (day 11 and day 12) after the last dosing on day 8. The maximum decrease observed 
between day 1 (two hours after the first dosing) and day 2 (before dosing) and that between day 8 (two hours after the last 
dosing) and day 9 (24 hours after the last dosing) was −7.33% (at 12 hours after day 1 dosing) and −15.27% (at eight 
hours after day 8 dosing), respectively, indicating a higher maximum decrease between days 8 and 9 than between days 1 
and 2 (Figure 3B).

P
In the single-dose cohorts, serum P levels decreased during the first 6 h after study drug administration, started to 
increase at 8 h, and peaked at 12 h. The percentage changes from baseline at 12 and 24 h showed a dose-dependent 
manner, except in the 3- and 6-mg single-dose cohorts, where P levels were similar (Figure 4A). In the multiple-dose 
cohort, on days 1 (2 h after the first dosing) and 8 (2 h after the last dosing), serum P levels temporarily decreased after 
administration of the study drug. At 4 h after evocalcet administration on days 1 and 8, the values returned to the levels 
before dosing (Figure 4B).

Calcitonin
In the single-dose cohorts, calcitonin levels increased dose-dependently from 0.5 h after administration of evocalcet. The 
increments were transient as the calcitonin levels reversed back to baseline at 8 h after evocalcet administration 
(Figure 5A). In the multiple-dose cohort, calcitonin levels transiently increased after administration of the study drug 
on days 1 and 8 and returned to the baseline levels on days 1 and 8 (8 h post administration). When the calcitonin levels 
were measured before administration between days 2 and 7, no marked changes in calcitonin levels were observed 
(Figure 5B).

Table 2 Summary of Primary Pharmacokinetic Parameters for Plasma Evocalcet by Treatment in Chinese Healthy Volunteers 
(Pharmacokinetic Set)

Parameter Single Dose Multiple Doses (6 mg)

1 mg 3 mg 6 mg 12 mg Day 1 Day 8

AUC0-inf (ng*h/mL) 925.3 2745 6091 10,010 - -

AUC0-t (ng*h/mL) 898.5 2726 5417 9313 - -

AUC0-24 (ng*h/mL) 679.1 2117 4351 7379 - -

AUC0-24 or AUC0-tau (ng*h/mL) - - - - 3701 4156

Cmax (ng/mL) 75.55 254.6 470.4 846.9 367.8 410.9

tmax (h) 1.00 (0.50–3.00) 1.00 (0.50–3.00) 2.00 (1.00–3.00) 1.00 (0.50–3.00) 2.00 (1.00–4.00) 2.00 (1.00–3.00)

t1/2 (h) 15.99 20.84 17.12 18.82 - 15.59

CL/F (L/h) 1.081 1.093 0.9852 1.199 - 1.444

Vz/F (L) 24.92 32.87 24.30 24.94 - 32.50

Ctrough (ng/mL) - - - - 48.39 54.03

Robs, Cmax - - - - - 1.075

Robs, AUC0-24 - - - - - 1.102

Robs, Ctrough - - - - - 1.126

Note: Data are shown as geometric mean, except tmax which is as median (minimum-maximum). 
Abbreviations: AUC0-inf, area under the concentration-time curve in the sampled matrix from zero to infinity (ng*h/mL); AUC0-t, area under the concentration-time curve 
in the sampled matrix from zero (predose) to time of last quantifiable concentration at time “t” (ng*h/mL); AUC0-24, area under the concentration-time curve in the sampled 
matrix from zero to time of 24 hours (ng*h/mL); AUC0-tau, area under the concentration-time curve in plasma from time zero during a dosing interval (ng*h/mL); Cmax, 
maximum plasma concentration (ng/mL); tmax, time of maximum concentration (h); t1/2, terminal elimination half-life (h); CL/F, apparent systemic clearance after 
extravascular dosing (L/h); Vz/F, apparent volume of distribution (L); Ctrough, observed predose drug concentration (ng/mL); Robs, Cmax, accumulation ratio for Cmax; Robs, 
AUC0-24, accumulation ratio for AUC0-24; Robs, Ctrough, accumulation ratio for Ctrough.
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Urine PD
In the single-dose cohorts, creatinine-corrected urinary Ca excretion increased dose-dependently from 0–4 h to 8–12 
h after evocalcet administration and returned to baseline levels at 12–24 h (Figure S1A). The creatinine-corrected urinary 
P excretion decreased dose-dependently at 4–8 h after evocalcet administration and returned to near baseline levels at 12– 
24 h for most cohorts (Figure S1B). The creatinine-corrected urinary excretions of Mg, Na, K, and Cl transiently 
increased at different periods after evocalcet administration (Figure S1C-F). For all dose cohorts, urine UA (creatinine- 

Figure 2 (A) Percentage change from baseline in intact parathyroid hormone (PTH) levels in single-dose cohorts; (B) Percentage change from baseline in intact PTH levels in 
multiple-dose cohort.
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corrected) decreased at 0 to 4 hours and met nadir at 12 to 24 hours after evocalcet administration. However, urine UA 
level was increased at 24 to 48 hours after administration, and the changes showed the same trend in different evocalcet 
cohorts (Figure S1G). The changes were dose-dependent for urine Mg excretion.

In the multiple-dose cohort, creatinine-corrected urinary Ca excretion transiently increased after administration of 
evocalcet both on days 1 and 8; it reached a maximum at 4–8 h after evocalcet administration and then decreased to 
levels below the baseline. The maximum percentage increase was higher on day 1 after the evocalcet administration than 

Figure 3 (A) Percentage change from baseline in corrected calcium (Ca) levels in the single-dose cohorts; (B) Percentage change from baseline in corrected Ca levels in the 
multiple-dose cohort.
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on day 8 (Figure S2A). The creatinine-corrected urinary P excretion decreased by over 50% from baseline after 
administration of evocalcet on day 1 up to 8–12 h after administration. Urinary P excretion also decreased after 
administration of evocalcet on day 8, but the decrease on day 8 was smaller than on day 1. After the last dosing 
on day 8, the urine P levels returned to baseline at 24–48 h after administration (Figure S2B). The creatinine-corrected 
urinary excretions of Mg, Na, K, and Cl transiently increased after the administration of evocalcet on day 1 (Figure S2C- 
F). Urine UA (creatinine-corrected) decreased after the study drug administration (Figure S2G).

Figure 4 (A) Percentage change from baseline in serum phosphorus (P) levels in the single-dose cohorts; (B) Percentage change from baseline in serum P levels in the 
multiple-dose cohort.
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Safety
Seventeen (40.5%) subjects reported TEAEs during the study period, with two (25.0%) subjects each in the 1- and 6-mg 
single-dose cohorts, three (37.5%) subjects in the 3-mg single-dose cohort, and all 10 (100.0%) subjects in the multiple- 
dose cohort (Table 3). Study drug-related TEAEs were reported by two (25.0%) subjects each in the 1-, 3-, and 6-mg 

Figure 5 (A) Percentage change from baseline in calcitonin levels in the single-dose cohorts; (B) Percentage change from baseline in calcitonin levels in the multiple-dose 
cohort.
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single-dose cohorts and all 10 (100.0%) subjects in the multiple-dose cohort. No serious or severe TEAE was reported in 
the study. No subjects in this study suffered from tetany.

In the multiple-dose cohort, one subject reported study drug-related TEAEs leading to study drug withdrawal. 
Hypoesthesia (reported by eight subjects, 19.0%), blood Ca decreased, and blood UA increased (each reported by four 
subjects, 9.5%) were the common TEAEs, which were considered related to the study drug. Lenticular opacity was 
reported in one (2.4%) subject and was considered possibly related to evocalcet, but the TEAE was mild and recovered 
with no action taken. All study drug-related TEAEs were mild to moderate.

Nausea was reported in two (4.8%) subjects each in the 6-mg single-dose cohort and in the multiple-dose cohort, 
which was considered possibly related to evocalcet. One subject (No. 05–49) in the multiple-dose cohort experienced 
TEAEs of nausea, asthenia, and hypoesthesia, leading to discontinuation of the study drug, but all these TEAEs were 
moderate in severity. Nausea was reported on day 2 of the study and resolved on the same day without corrective 
treatment. A low incidence of gastrointestinal adverse events was observed.

Table 3 Number (Percentage) of Treatment-Emergent Adverse Events in Chinese Healthy Subjects (Safety Set)

AE Single Dose Multiple Doses All (n=42)

1 mg (n=8) 3 mg (n=8) 6 mg (n=8) 12 mg (n=8) 6 mg (n=10)

Any TEAE 2 (25.0) 3 (37.5) 2 (25.0) 0 10 (100.0) 17 (40.5)

Blood calcium decreased 0 0 0 0 4 (40.0) 4 (9.5)

Blood uric acid increased 0 1 (12.5) 0 0 3 (30.0) 4 (9.5)

Alanine aminotransferase increased 1 (12.5) 0 1 (12.5) 0 1 (10.0) 3 (7.1)

White blood cell count decreased 0 0 0 0 2 (20.0) 2 (4.8)

Aspartate aminotransferase increased 1 (12.5) 0 0 0 0 1 (2.4)

Blood creatine phosphokinase increased 0 0 0 0 1 (10.0) 1 (2.4)

Blood creatinine increased 1 (12.5) 0 0 0 0 1 (2.4)

Blood phosphorus decreased 0 0 0 0 1 (10.0) 1 (2.4)

Protein urine present 0 0 0 0 1 (10.0) 1 (2.4)

White blood cells urine positive 0 0 0 0 1 (10.0) 1 (2.4)

Hypoesthesia 0 0 0 0 8 (80.0) 8 (19.0)

Presyncope 0 0 1 (12.5) 0 2 (20.0) 3 (7.1)

Palpitations 0 0 0 0 2 (20.0) 2 (4.8)

Nausea 0 0 1 (12.5) 0 1 (10.0) 2 (4.8)

Dermatitis 0 0 0 0 1 (10.0) 1 (2.4)

Hyperhidrosis 0 0 0 0 1 (10.0) 1 (2.4)

Lenticular opacities 0 0 0 0 1 (10.0) 1 (2.4)

Asthenia 0 0 0 0 1 (10.0) 1 (2.4)

Feeling jittery 0 0 0 0 1 (10.0) 1 (2.4)

Pulpitis dental 0 1 (12.5) 0 0 0 1 (2.4)

Decreased appetite 0 1 (12.5) 0 0 0 1 (2.4)

Note: Data are shown as the number of subjects who experienced the AE (% of the subjects). 
Abbreviations: AE, adverse event; TEAE, treatment-emergent adverse event; n, number of subjects in the population/cohort.
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There were hematology and blood chemistry parameters found to show abnormalities at post-baseline assessments. 
However, no particular relationship between these laboratory abnormalities (except the PD parameters) and the treatment 
dose of evocalcet was reported. No clinically meaningful changes in mean value were observed in other laboratory 
parameters. There were no clinically significant changes noted in vital signs, physical examinations, or ECG after 
administration of the study drug.

Discussion
Evocalcet is a new calcimimetic agent with comparable efficacy in reducing intact PTH levels and fewer gastrointestinal 
adverse reactions than cinacalcet hydrochloride.21 With the above advantages, evocalcet was approved in Japan in 2018 
for the treatment of SHPT in patients with CKD on maintenance dialysis.28 However, it remains unknown whether the 
evocalcet is applicable to people outside Japan. The present study was the first to evaluate the PK, PD, and safety of 
evocalcet in healthy Chinese subjects. We found that evocalcet exhibited dose-dependent PK properties in healthy 
Chinese volunteers at a single dose of 1–12 mg and multiple doses of 6 mg once daily for eight days. The PD analysis 
suggested that evocalcet reduced intact PTH and corrected serum calcium levels in a dose-dependent manner. In addition, 
all TEAEs or study drug-related TEAEs were mild to moderate, and evocalcet has a manageable safety profile.

After a single dose of 1–12 mg evocalcet in healthy Chinese subjects under fasting conditions, the drug concentra
tions and PK parameters such as Cmax and AUC increased proportionally with the dose escalation. Following the once- 
daily oral administration of 6 mg evocalcet for eight days, the mean plasma evocalcet concentration-time profiles on day 
8 were similar to those on day 1. The Robs for Cmax, AUC0-24, and Ctrough were 1.075, 1.102, and 1.126, respectively, 
indicating negligible evocalcet accumulation upon multiple dosing. Ctrough levels were similar across days, which 
suggested that a steady state was achieved as early as day 2. In addition, the PK parameters in the present study were 
almost consistent with previous results from a similar study conducted in healthy Japanese subjects administered 
evocalcet.25 Indeed, using a single dose (1–20 mg), the previous Japanese study reported a tmax attained in 1.5–2h, 
a t1/2 of 12.98–19.77 h, and dose-dependent Cmax and AUC. Using multiple doses of 6 mg, the tmax was 4.0 h, the Cmax 

was 394 ng/mL, the AUC0-24 was 3860 ng•h/mL, and the Ctrough on day 8 was 51.1 ng/mL.25 Those results are generally 
consistent with those of the present study.

The general PD data in the present study also appeared to be similar to those of the Japanese study.25 The effect of 
evocalcet on plasma intact PTH and Ca levels was dose- and exposure-dependent, with the maximum effect observed 
around the time of peak exposure, as observed with evocalcet in Japanese subjects25 and with cinacalcet hydrochloride.29 

The rapid effect of increased calcitonin resulted in the transient decrement of serum P. However, following the decreased 
PTH, urine P kept decreasing, which resulted in a relatively sustained increment of serum P during the dose adminis
tration in healthy volunteers.

Overall, the results from this study demonstrated the safety and tolerability of oral doses of evocalcet, from 1 mg to 
12 mg as a single dose and 6 mg multiple doses once daily for eight days, and evocalcet did not trigger new safety issues 
in healthy Chinese subjects. Although TEAEs occurred in 40.5% of the subjects in this study, no serious or severe 
TEAEs were reported, and most TEAEs were manageable and recovered without any action taken. In addition, although 
all 10 subjects in the multi-dose dosing cohort developed TEAEs, all TEAEs were mild to moderate. No subjects suffered 
from tetany. The phase I trial in Japan reported three AEs in a higher dose range, including one moderate tetany in 
a subject (17%) of the 12 mg multiple dose evocalcet group,25 and gastrointestinal disorder in two subjects (33%) in the 
20 mg group.25 In the present study, decreased blood Ca was observed in four subjects (9.5%). In addition, hypoesthesia, 
reported by eight subjects (19.0%), was also considered as Ca decrease-related. However, the changes in serum Ca are 
similar to the Japanese single- and multiple-dose cohorts, and ECG abnormalities, which can be caused by low Ca levels, 
have not been observed in the present study. Lenticular opacity was reported in one subject in the 6 mg multiple-dose 
cohort. This mild TEAE was observed on day 12 and later recovered on day 42 without action taken, and this subject 
experienced mild decreased blood Ca during the study. Hypocalcemia can cause or worsen cataracts.30–33 Therefore, 
there is a theoretical risk that calcimimetic agents could cause cataracts.34,35 Even though lenticular opacity is known as 
a class effect, it is known to occur due to long-lasting hypocalcemic conditions for about 6–12 months.30 In the present 
study, the patient with incident lens opacity had mild and short term hypocalcemia, and lens opacity resolved by itself 
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after discontinuing the evocalcet. Therefore, the correlation between lens opacity and evocalcet could not be completely 
excluded, and the occurrence of lens opacity should be monitored in future clinical practice.

Of note, the present Phase 1 study was conducted in healthy Chinese subjects with normal serum calcium and intact 
PTH levels, which were very different from maintenance dialysis patients with hypercalcaemia and SHPT. A recent 
randomized, double-blind, international multi-center study compared the safety of evocalcet (n=203) versus cinacalcet 
(n=200) for 52 weeks in East Asian patients on hemodialysis with SHPT.24 The above study found that no major safety 
concerns were observed in patients using evocalcet, and the incidence of gastrointestinal AEs was significantly lower 
with evocalcet than with cinacalcet (33.5% vs 50.5%, P=0.001). Our study showed that only 4.8% of subjects 
experienced nausea. A study of evocalcet in 66 healthy Japanese subjects also showed that there was no clear difference 
in the incidence of nausea between single-dose fasting groups and multiple-dose post-meal groups. No nausea occurred 
in the 6 mg and 12 mg multiple-dose groups, and no nausea occurred at the same doses in the single-dose groups.25 In 
addition, the incidence of nausea in this study was lower than that of cinacalcet (7.1%) observed in PK study in Chinese 
healthy volunteers.29 This indicates that evocalcet has good efficacy and a manageable safety profile in healthy subjects 
or patients with SHPT, especially in terms of reducing gastrointestinal AEs.

The mechanism underlying how calcimimetic agents induce gastrointestinal side effects remains unclear. It was 
reported that cinacalcet directly stimulated the afferent vagus nerve of the gastrointestinal tract. It was suspected that 
cinacalcet activated the Ca receptor expressed in the gastrointestinal tract without an elevation in its serum concentration, 
as the increase in afferent action potentials occurred early after the administration.36 The pharmacological effects of 
evocalcet were observed at lower doses because of its higher bioavailability (62.7%) compared with cinacalcet (5– 
30%),13 which might have contributed to the reduced gastrointestinal tract symptoms, since only a small amount of 
evocalcet is exposed in the stomach with the dose administered. Additionally, it has been reported that evocalcet has less 
effect on gastric emptying compared to cinacalcet. The rapid disappearance of evocalcet from the digestive tract also 
might lead to limited stimulation of vagal nerves.22

This study had several limitations that should be considered. Even though a small number of subjects per treatment 
group are generally acceptable for phase I trials, the sample size of the present study was relatively small. Furthermore, 
the present study was limited by only one dose level in the multiple-dose study. Finally, no placebo arm was included in 
the study.

Conclusion
In conclusion, this was the first study to assess the PK, PD, and safety of evocalcet following single ascending doses and 
multiple doses in healthy Chinese subjects. Evocalcet demonstrated dose-dependent PK and PD properties and was well- 
tolerated after administration of a single oral dose of up to 12 mg and multiple doses of 6 mg once daily for eight days. 
These results suggest that evocalcet may have good efficacy and a manageable safety profile, and future studies with 
larger sample sizes and longer follow-up are needed to confirm these findings in patients with SHPT.
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