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Introduction: The pharmacokinetics, pharmacodynamics, and safety and tolerability profile of etelcalce-

tide (ONO-5163/AMG 416), a novel, i.v., long-acting calcium-sensing receptor agonist, were studied in

Japanese hemodialysis patients with secondary hyperparathyroidism.

Methods: This multicenter, randomized, double-blind, placebo-controlled, parallel-group study consisted

of a single dose part and a multiple dose (3 times weekly for 4 weeks) part. Major inclusion criteria were

hemodialysis for at least 90 days, serum intact parathyroid hormone (iPTH) $ 300 pg/ml, and serum

albumin-corrected Ca (cCa) $ 9.0 mg/dl. There were 3 single-dose cohorts (n ¼ 6 each) randomized 2:1 to

5, 10, or 20 mg etelcalcetide or placebo, and 2 multiple-dose cohorts (n ¼ 11 each) randomized 8:3 to 2.5 or

5 mg etelcalcetide or placebo.

Results: Etelcalcetide plasma concentration decreased rapidly after i.v. administration, generally remained

stable from 24 hours postdose to the next dialysis, and then decreased by dialysis. Etelcalcetide exposure

increased dose proportionally. Etelcalcetide plasma predialysis concentration reached almost steady state

at week 4. A single dose of etelcalcetide dose-dependently reduced serum iPTH in 30 minutes, and the

reduction reached a plateau at 1 hour that lasted until 8 hours. The percent change from baseline serum

iPTH thereafter showed a trend to gradually decrease; it was still �30% or greater on day 3. Similar results

were obtained at the last injection (days 27–29) of the multiple dose. The effect of the multiple dose

was sustained during the interdialytic period. Etelcalcetide decreased serum cCa in a more gradual but

dose-dependent and sustained manner.

Discussion: Etelcalcetide dose-dependently reduced serum iPTH and serum cCa. Moreover, the effect was

sustained in the interdialytic period.
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parathyroid hormone (PTH) levels.1–3 Elevated PTH
levels and impaired mineral metabolism are linked
to a variety of pathological changes, including
parathyroid hyperplasia,1–3 metabolic bone dis-
ease,1–3 vascular calcification,4 and left ventricular
hypertrophy.5 These pathological changes increase
the risk of cardiovascular events, the leading cause
of morbidity and mortality in these patients.6 Thus,
the importance of appropriate management of
SHPT is underscored by various clinical practice
guidelines.7,8
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Active vitamin D analogues and cinacalcet are major
treatment options for SHPT.7,8 Although active vitamin D
analogues inhibit PTH secretion, these analogues also
stimulate intestinal calcium transport and bone resorp-
tion, thereby increasing the risk of hypercalcemia, leaving
many patients with elevated PTH levels.9 Cinacalcet, a
calcium-sensing receptor (CaSR) agonist, is recommended
for such patients. Cinacalcet reduces PTH secretion by
binding to CaSR located on parathyroid chief cells,
without increasing extracellular calcium.10,11 Numerous
clinical trials have demonstrated that cinacalcet reduces
not only PTH levels, but also serum calcium and phos-
phorus (P).12 Despite the beneficial clinical properties of
cinacalcet, use of the drug has been limited by gastroin-
testinal adverse events (AEs), including nausea and
vomiting, leading to poor compliance.12–14 Thus, there is a
need for other calcimimetic agents with good efficacy
andbetter tolerability that promote increased compliance.

Etelcalcetide (ONO-5163/AMG 416) is a novel pep-
tide consisting of 7 D-amino acids, is administered i.v.,
is an agonist of CaSR,15 and has a long action in he-
modialysis patients with limited or no kidney function
because renal clearance is the main elimination
pathway in healthy individuals.16 Etelcalcetide lowers
the threshold for CaSR activation in response to
extracellular calcium, and directly activates CaSR itself
in the absence or presence of extracellular calcium as
well as cinacalcet.17 Phase I and II studies demonstrated
that etelcalcetide quickly reduced serum intact PTH
(iPTH) and serum albumin-corrected calcium (cCa) in a
dose-dependent manner in non-Japanese hemodialysis
patients with SHPT.18–20 The effects were sustained
during the interdialytic period when the drug was
administered 3 times weekly for 4 weeks. Their studies
supported clinical efficacy, demonstrating sustained
etelcalcetide plasma concentrations throughout the
study. In addition, the desirable timing to evaluate
serum PTH and Ca for etelcalcetide may be different
from that for cinacalcet, considering the pharmacoki-
netics of each.

The present study was conducted to evaluate the
pharmacokinetics, pharmacodynamics including the
time-course changes and daily fluctuations, safety,
and tolerability of etelcalcetide in Japanese hemodi-
alysis patients with SHPT. The possible treatment of
less severe SHPT with different doses of etelcalcetide
was also evaluated, because Japanese patients have
lower baseline iPTH compared to non-Japanese
patients.21

MATERIALS AND METHODS

Study Patients

This was a randomized, double-blind, placebo-
controlled, parallel-group study. The study population
Kidney International Reports (2017) 2, 634–644
comprised Japanese patients $20 years of age in
medically stable condition with CKD who had been
treated with hemodialysis 3 times a week for at least
90 days. The primary inclusion criteria were mean
serum iPTH $ 300 pg/ml and serum cCa$ 9.0 mg/dl at
screening, and calcium concentrations of dialysate
stable ($2.25 mEq/l) for at least 2 weeks prior to
screening.

The major exclusion criteria were as follows: pri-
mary hyperparathyroidism; parathyroidectomy within
90 days or parathyroid intervention within 28 days
before the start of screening; symptomatic angina
pectoris or chronic heart failure; history of myocardial
infarction within 180 days of the first dose of study
drug; uncontrollable diabetes; and bisphosphonate
therapy within 24 weeks of the first dose of study
drug.

Informed consent was obtained from all participants
included in the study. All procedures performed in
studies involving human participants were conducted
in accordance with the ethical standards of the insti-
tutional and/or national research committee at which
the studies were conducted (Institutional Review Board
approval number ONO-5163-02) and with the 1964
Declaration of Helsinki and its later amendments or
comparable ethical standards. The study was registered
as JapicCTI-121978.

Study Design

This study comprised 2 parts: a single-dose study at
1 study center, and a multiple-dose study at 16
centers. Doses of 5, 10, and 20 mg (S1, S2, and S3)
and of 2.5 and 5 mg (M1 and M2) were selected for
the single-dose and multiple-dose parts, respectively,
based on the following considerations: (i) a single i.v.
injection at 5 to 60 mg was tolerable in non-Japanese
SHPT patients18; (ii) 3-times-weekly 5- and 10-mg
doses for 4 weeks were tolerable in non-Japanese
patients19; (iii) a single injection of 5 mg was toler-
able in healthy Japanese subjects with pharmacoki-
netics similar to those of non-Japanese subjects
(unpublished data); and (iv) a possibility that a lower
dose might benefit patients with lower baseline
iPTH.

The patients were randomly assigned via a central-
ized randomization system to receive either etelcalce-
tide or placebo. For the single-dose part, 6 patients each
were enrolled in 3 cohorts and randomized 2:1 to receive
etelcalcetide or placebo (Supplementary Figure S1). The
first cohort (S1) received a 5-mg i.v. injection of etel-
calcetide via the venous blood line after dialysis. After
all patients in cohort S1 or S2 met the safety criteria, the
cohort S2 or S3 was started. The safety criteria included
the following: serum cCa $ 7.5 mg/dl; no occurrence of
635
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hypocalcemia requiring treatment; no occurrence of
corrected QT interval (QTc) prolongation on 12-lead
electrocardiograms (ECGs); iPTH $ 60 pg/ml; QTc by
the Fridericia formula # 450 ms; and no occurrence of
moderate- or higher-grade AEs that were not deter-
mined to be unrelated to the study drug.

For the multiple-dose part, 11 patients each were
enrolled in 2 cohorts and randomized 8:3 to receive
etelcalcetide or placebo (Supplementary Figure S1).
After the safety criteria were met for cohort S1, the first
cohort (M1) received a 2.5-mg i.v. injection of etelcal-
cetide 3 times weekly for 4 weeks. The second cohort
(M2) followed the same treatment schedule with 5 mg
after the safety criteria were met for cohorts S3 and M1.

Bisphosphonates were prohibited from 24 weeks
before the start of screening to the final visit. Calci-
tonin, estrogens, synthetic estrogens, selective estrogen
receptor modulators, and cinacalcet hydrochloride
were prohibited 14 days prior to iPTH determination at
screening and from 28 days before the first dose to the
final visit. Phosphate binders, active vitamin D de-
rivatives, and calcium formulations were allowed if the
dosage and administration schedules were unchanged
from that at 14 days and 7 days before screening,
respectively.

Biochemical Determinations

All samples were analyzed by SRL Medisearch Inc.
(Tokyo, Japan) for laboratory tests and determination of
serum iPTH, cCa, P, bone alkaline phosphatase (BAP),
tartrate-resistant acid phosphatase�5b (TRACP-5b), and
fibroblast growth factor 23 (FGF23).

Antibodies Against Etelcalcetide

Antibodies against etelcalcetide were determined by
Eurofins Pharma Bioanalytics Service US Inc. (St. Charles,
MO) using a validated enzyme-linked immunosorbent
assay (performed between 2013 and 2014).

Determination of Plasma Etelcalcetide

Concentration

The plasma concentration of etelcalcetide was deter-
mined by Quintiles BioSciences, Inc. (Ithaca, NY) using
liquid chromatography coupled with tandem mass
spectrometry (LC/MS/MS).

Safety and Tolerability

The safety and tolerability profiles of etelcalcetide were
assessed in terms of AEs, vital signs, clinical laboratory
measurements, and antietelcalcetide antibodies. Vital
signs were monitored at each institution, and 12-lead
ECGs were monitored and analyzed by Suzuken Co.
Ltd (Nagoya, Japan).
636
Statistical Analyses

There was no hypothesis to be verified a priori in this
study. Therefore, the planned sample sizes were
determined based on practical considerations. All
pharmacodynamic and safety analyses were performed
in a descriptive manner, and no statistical inferences
were made in this study. The pharmacokinetic analysis
set included all patients who received etelcalcetide and
from whom plasma etelcalcetide concentration data
were obtained. The maximum plasma concentration
(Cmax) and area under the plasma concentration�time
curve (AUC) from time 0 to the last time point with
quantifiable concentration before the next hemodialy-
sis (AUClast) were calculated for each subject using a
noncompartmental analysis method. Descriptive sta-
tistics were calculated for both pharmacokinetic
parameters.

RESULTS

Single-Dose Study
Patients

Demographic and clinical characteristics of patients
are summarized in Table 1. The mean serum iPTH
at screening was 414.0 � 396.5, 338.3 � 34.2,
516.6 � 224.1, and 392.3 � 91.6 pg/ml for the placebo
(S1þS2þS3) and etelcalcetide (S1, S2, and S3) groups,
respectively.

Pharmacokinetics

The time course of plasma etelcalcetide concentrations
after a single dose is shown in Figure 1a. Injected
etelcalcetide quickly decreased with time, but
remained fairly constant from 24 h to the next dial-
ysis. AUClast and Cmax increased dose-proportionally
(Table 2).

Pharmacodynamics

Serum iPTH was quickly reduced in 30 minutes after a
single dose, and a plateau was reached at 1 hour in the
etelcalcetide groups (Figure 1b). The effectwas sustained
until day 4, and the percent change from the baseline
was approximately �30% with 20 mg at 56 hours. The
effect was also dose dependent, with a mean maximum
change from the baseline of �16.21% � 8.51% for
placebo, �50.43% � 12.63% for 5 mg, �69.26%
� 11.35% for 10 mg, and 74.47% � 11.12% for 20 mg.
On the other hand, serum cCa did not change appre-
ciably for 8 hours, then gradually decreased after
18 hours, and reached a plateau at 56 hours in the etel-
calcetide groups (Figure 1c). Themeanmaximum change
from the baseline was �4.13% � 5.41% for
placebo, �7.26% � 3.48% for 5 mg, �6.79% � 5.86%
for 10mg, and�14.26%� 6.01% for 20 mg. No patients
developed hypocalcemia with cCa < 7.5 mg/dl in both
groups. Serum P followed a similar time course in the
Kidney International Reports (2017) 2, 634–644



Table 1. Demographic and clinical characteristics of patients in single-dose study
Groups

Placebo (S1DS2DS3)

Cohort S1 Cohort S2 Cohort S3

Dose 5 mg/person 10 mg/person 20 mg/person

No. of patients, n 6 4 4 4

Sex Male 3 (50.0%) 4 (100.0%) 3 (75.0%) 3 (75.0%)
Female 3 (50.0%) 0 (0.0%) 1 (25.0%) 1 (25.0%)

Age (yr) Mean � SD 58.2 � 17.4 54.0 � 11.1 60.5 � 18.4 55.3 � 4.9
Median 59.5 54.0 62.0 57.5
Range 35–79 41–67 40–78 48–58

Body weight (kg) (postdialysis) Mean � SD 64.28 � 9.51 84.65 � 26.30 62.95 � 6.34 64.78 � 16.65
Median 62.05 74.60 64.30 63.80
Range 53.0–79.3 66.4–123.0 54.5–68.7 46.0–85.5

BMI (kg/m2) Mean � SD 24.69 � 5.05 28.71 � 7.36 23.56 � 2.20 24.13 � 4.79
Median 22.39 26.80 22.64 23.19
Range 19.8–32.6 22.4–38.8 22.1–26.8 20.2–29.9

Duration of dialysis (yr) Mean � SD 6.400 � 6.253 5.250 � 3.304 8.875 � 8.910 8.250 � 3.202
Median 5.500 4.000 7.500 7.000
Range 0.27–17.00 3.00–10.00 0.50–20.00 6.00–13.00

Vitamin D treatment Yes 5 (83.3%) 3 (75.0%) 4 (100.0%) 4 (100.0%)
No 1 (16.7%) 1 (25.0%) 0 (0.0%) 0 (0.0%)

Phosphate binder treatment Yes 6 (100.0%) 4 (100.0%) 3 (75.0%) 4 (100.0%)
No 0 (0.0%) 0 (0.0%) 1 (25.0%) 0 (0.0%)

Serum iPTH (pg/ml) Mean � SD 414.0 � 61.3 338.3 � 34.2 516.6 � 224.1 392.3 � 91.6
Median 396.5 328.5 460.5 393.0
Range 342–499 309–387 321–825 309–474

Serum cCa (mg/dl) Mean � SD 9.52 � 0.38 9.55 � 0.44 10.08 � 0.56 9.83 � 0.30
Median 9.45 9.65 10.10 9.80
Range 9.1–10.2 9.0–9.9 9.4–10.7 9.5–10.2

Serum P (mg/dl) Mean � SD 4.82 � 1.35 5.88 � 1.04 5.48 � 2.01 5.53 � 0.54
Median 5.40 6.20 6.00 5.50
Range 2.4–6.1 4.4–6.7 2.6–7.3 4.9–6.2

BMI, body mass index; cCa, albumin-corrected Ca; iPTH, serum intact parathyroid hormone; P, phosphorus; S, single-dose.
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placebo and etelcalcetide groups until 4 hours after drug
administration. From 4 hours to day 4, serum P remained
lower in the etelcalcetide groups compared with the
placebo group.

Safety and Tolerability

No deaths or serious adverse events (AEs) were re-
ported during the study. AEs were reported in 1 pa-
tient (25.0%) each in the etelcalcetide 5-mg group
(abnormal activated partial thromboplastin time
[APTT] and abnormal prothrombin) and 10-mg group
(APTT) group, and in 2 patients (33.3%) in the placebo
group (atrial flutter in 1 patient, and fatigue, periph-
eral pain, and dermatitis in the other). With the
exception of atrial flutter in the placebo group, all AEs
were considered unrelated to treatment. No anti-
etelcalcetide antibodies were detected during the study
period.

Multiple-Dose Study
Patients

Demographic and clinical characteristics of patients are
summarized in Table 3. The mean serum iPTH at
screening was 636.7 � 183.0, 695.0 � 345.7, and
453.5 � 127.5 pg/ml for the placebo (M1þM2), etel-
calcetide M1, and M2 group, respectively.

Pharmacokinetics

Etelcalcetide plasma concentration reached a plateau by
4 weeks (Figure 2a). AUClast and Cmax at week 4 were
Kidney International Reports (2017) 2, 634–644
up to 3.05 and 1.18 times higher than those after the
initial dose, respectively. AUClast and Cmax increased
dose-dependently (Table 4).

Pharmacodynamics

Etelcalcetide injections resulted in marked dose-
dependent reductions in serum iPTH 30 minutes later
(�6.68% � 22.97% for placebo, �41.65% � 19.36%
for 2.5 mg, and �58.60% � 6.47% for 5 mg) and
stayed at the same level up to 4 hours,
remaining �24.25% � 13.36% for 2.5 mg
and �32.64% � 18.20% for 5 mg lower than baseline
on day 3 compared with placebo at �6.94% � 13.00%.
Similar results were obtained at the last injection (day
27 to day 29) in the etelcalcetide groups (Figure 3a).
The reductions in serum iPTH were sustained
throughout the study period, with a percent change
from the baseline of �26.25% � 26.94% for
2.5 mg, �45.65% � 20.06% for 5 mg, and 0.25%
� 21.17% for placebo at the end of the study or at
study withdrawal (Figure 2b). Etelcalcetide also dose-
dependently reduced serum cCa from day 2 through
day 41 (Figure 2c). The mean percent change from the
baseline at the end of the study or at withdrawal was
0.41% � 2.73% for placebo, �7.05% � 4.60% for
2.5 mg, and �12.75% � 4.88% for 5 mg. No patients
experienced hypocalcemia with serum cCa < 7.5 mg/dl
in both groups. The mean percent changes from the
baseline in serum P were greater in the etelcalcetide
637
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Figure 1. Single-dose study. Etelcalcetide was injected via the venous blood line after dialysis in hemodialysis patients with secondary hy-
perparathyroidism (SHPT). (a) Mean (þSD) plasma concentration of etelcalcetide following single-dose i.v. injection. (Inset) First 65 hours of the
plasma concentration curve. (b) Percent changes in serum intact parathyroid hormone (iPTH) after single-dose i.v. injection. Data are expressed
as mean� SD. (c) Percent changes in serum albumin-corrected calcium (cCa) after single-dose i.v. injection. Data are expressed as mean � SD.
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groups compared with the placebo group. At the end
of the treatment or withdrawal from the study,
the percent changes from the baseline were �5.75%
� 11.71% for placebo, �14.68% � 13.38% for 2.5 mg,
and �13.79% � 18.18% for 5 mg.

Serum BAP, TRACP-5b, and FGF23 levels did not
change in the placebo group throughout the study
period (Figure 4a�c). Concentrations of BAP before
638
hemodialysis also remained unchanged on day 29 in the
etelcalcetide groups, but showed trends toward de-
creases on day 55. On the other hand, for TRACP-5b, a
trend toward decreases in the etelcalcetide groups on
day 29 and a return to baseline on day 55 was shown.
Etelcalcetide tended to decrease FGF23 on day 29,
showing a trend toward a return to baseline levels on
day 55.
Kidney International Reports (2017) 2, 634–644



Table 2. Pharmacokinetic parameters (summary statistics) in single-
dose study

Cohort (dosage level) n

AUClast (ng$h/ml) Cmax (ng/ml)

Mean ± SD

S1 (5 mg) 4 1110 � 360 236 � 89

S2 (10 mg) 4 2550 � 110 589 � 88

S3 (20 mg) 4 5460 � 680 999 � 135

AUC last, area under the curve from time 0 to last time point with quantifiable con-
centration before the next hemodialysis; S, single-dose.

K Yokoyama et al.: Etelcalcetide in Hemodialysis Patients With SHPT CLINICAL RESEARCH
Safety and Tolerability

AEs were reported in 7 patients (87.5%) in the etel-
calcetide 2.5-mg group (atrial fibrillation, bradycardia,
cardiopulmonary arrest, supraventricular extrasys-
toles, paroxysmal tachycardia, ventricular extrasys-
toles, edema peripheral, APTT prolonged, increased
blood creatine phosphokinase, prothrombin time
prolonged, white blood cell count increased, neutro-
phil percentage increased, lymphocyte percentage
decreased, and upper respiratory tract inflammation),
Table 3. Demographic and clinical characteristics of patients in multiple-
Groups

PlacebDose

No. of patients, n

Sex Male 2
Female 4

Age (yr) Mean � SD 54.
Median
Range

Body weight (kg) (postdialysis) Mean � SD 52.1
Median
Range 46

BMI (kg/m2) Mean � SD 21.1
Median
Range 19

Duration of dialysis (yr) Mean � SD 8.
Median
Range

Active vitamin D treatment Yes 4
No 2

Phosphate binder treatment Yes 5
No 1

Serum iPTH (pg/ml) Mean � SD 636.
Median
Range 3

Serum cCa (mg/dl) Mean � SD 9.6
Median
Range 9

Serum P (mg/dl) Mean � SD 4.9
Median
Range 4

Serum BAP (mg/l)a Mean � SD 27.9
Median
Range 20

Serum TRACP-5b (mU/dl)a Mean � SD 821.
Median
Range 50

Serum FGF23 (pg/ml)a (logarithm) Mean � SD 7.8
Median
Range 5

BAP, bone alkaline phosphatase; BMI, body mass index; cCa, albumin-corrected Ca; FGF23, fi
P, phosphorus; TRACP-5b, tartrate-resistant acid phosphatase�5b.
aData obtained for baseline measurements.
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3 patients (37.5%) in the 5-mg group (vertigo posi-
tional, decrease in blood calcium, and hypotension),
and 2 patients (33.3%) in the placebo group (blood
creatine phosphokinase increased, blood potassium
increased, and heat rash). For bradycardia and car-
diopulmonary arrest, supraventricular extrasystoles
and ventricular extrasystoles, paroxysmal tachycardia,
and increased blood creatine phosphokinase, 1 patient
each in the 2.5-mg group, and a decrease in blood
calcium in the 5-mg group, the relationships to treat-
ment were not ruled out. With the exception of car-
diopulmonary arrest in the 2.5-mg group, most of
these AEs were mild and disappeared during the
study period. No deaths occurred during the study
period. No antietelcalcetide antibodies were detected
during the study period.

DISCUSSION

The present study demonstrated that single- and
multiple-dose i.v. injections of etelcalcetide resulted in
dose study

o (M1DM2)

Cohort M1 Cohort M2

2.5 mg/person 5 mg/person

6 8 8

(33.3%) 4 (50.0%) 3 (37.5%)
(66.7%) 4 (50.0%) 5 (62.5%)

2 � 16.9 64.4 � 9.4 54.0 � 14.6
54.0 61.5 53.5
30–74 54–81 37–83

3 � 6.56 48.05 � 11.47 63.88 � 18.52
48.80 46.25 63.90
.3–60.5 33.2–67.4 38.9–88.4

6 � 1.21 19.63 � 2.83 25.16 � 6.09
20.99 18.74 23.69
.6–22.9 16.5–24.2 17.0–35.9

2 � 5.6 13.1 � 6.2 9.6 � 6.0
8.0 11.0 10.0
1–17 7–24 2–21

(66.7%) 7 (87.5%) 7 (87.5%)
(33.3%) 1 (12.5%) 1 (12.5%)

(83.3%) 8 (100.0%) 8 (100.0%)
(16.7%) 0 (0.0%) 0 (0.0%)

7 � 183.0 695.0 � 345.7 453.5 � 127.5
655.5 556.5 415.0
50–813 408–1420 341–726

2 � 0.79 9.80 � 0.50 10.20 �0.79
9.25 9.75 10.05
.0–10.9 9.2–10.7 9.4–11.8

5 � 0.80 5.48 � 1.35 5.36 � 1.22
4.95 5.35 5.60
.0–5.8 3.9–7.5 3.3–6.9

0 � 7.26 35.58 � 40.78 17.30 � 9.68
27.55 21.85 15.70
.2–40.2 10.8–135.0 8.0–37.3

0 � 178.1 697.6 � 355.8 548.5 � 297.7
838.5 572.0 488.0
4–1050 328–1390 188–1090

1 � 1.53 8.66 � 2.31 9.54 � 1.64
7.96 9.64 9.67
.7–10.2 5.5–11.0 6.6–11.8

broblast growth factor�23; iPTH, serum intact parathyroid hormone; M, multiple-dose;
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Table 4. Pharmacokinetic parameters (summary statistics) in
multiple-dose study

Cohort (dosage level) n Evaluation date

AUClast (ng$h/ml) Cmax (ng/ml)

Mean ± SD

M1 (2.5 mg) 8 Day 1a 600 � 133 151 � 56
7 Day 27b 1830 � 380 168 � 24
7 Day 27/day 1 3.05 (2.91–3.19)c 1.18 (0.86–1.62)c

M2 (5 mg) 8 Day 1 1200 � 560 315 � 89
8 Day 27 3860 � 1840 356 � 143
8 Day 27/day 1 3.20 (2.87–3.57)c 1.09 (0.90–1.32)c

AUClast, area under the curve from time 0 to last time point with quantifiable concen-
tration before the next hemodialysis; M, multiple-dose.
aFirst administration day of multiple-dose part of study.
bLast administration day of multiple-dose part of study.
cGeometric mean (95% confidence interval).
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dose-dependent and sustained reductions of serum
iPTH and cCa in Japanese hemodialysis patients with
SHPT as well as in a non-Japanese patient
population.18–20

Compared with previous studies in non-Japanese
patients, this study included patients with serum
iPTH much lower than 500 pg/ml, which is the
threshold for treatment with calcimimetics such as
cinacalcet, according to the guidelines.7 The dosage
levels in this study, the single dose at 5, 10, or 20 mg
and the multiple dose at 2.5 or 5 mg 3 times weekly for
4 weeks, were also relatively lower compared with
previous studies of a single dose at 5 to 60 mg and
multiple doses at 5 to 10 mg 3 times weekly for
4 weeks.18,19 There was a consideration to evaluate the
possibility that a lower dose might benefit patients
with less severe SHPT, thereby preventing disease
progression and leading to better prognosis. This study
clearly indicated that a multiple doses of 2.5 mg 3 times
weekly were effective in reducing serum iPTH in
Japanese patients with moderate to severe SHPT.

Etelcalcetide lowers PTH and is expected to affect
bone metabolism and to lower Ca. It is important to
clarify the relation between pharmacokinetics and
pharmacodynamic parameters of etelcalcetide to
appropriately assess its efficacy and safety. If unstable
fluctuations of PTH and Ca are observed, the timing for
assessment of efficacy and safety needs to be consid-
ered. Etelcalcetide plasma concentrations remained
constant from 24 hours after administration to the next
dialysis, and were increased with repeated adminis-
tration. Accordingly, the mean AUClast following the
day 27 injection was approximately 3 times higher than
the AUClast following the day 1 injection, whereas the
mean Cmax following both injections was approxi-
mately the same. In the present study, dialysis reduced
etelcalcetide plasma concentrations to 30% to 40%.
Based on the pharmacokinetics profile of etelcalcetide, a
single dose resulted in sustained reductions of serum
iPTH and cCa. Similarly, multiple doses for 4 weeks
showed sustained reductions despite changes in bone
Kidney International Reports (2017) 2, 634–644
metabolism biomarkers, such as BAP and TRACP-5b,
and marked daily fluctuations of PTH and Ca did not
occur.

Although cinacalcet has a short half-life and there-
fore induces diurnal fluctuation of serum iPTH, etel-
calcetide may maintain a stable level of serum iPTH. In
addition, oral administration of cinacalcet is often
associated with gastrointestinal AEs, causing poor pa-
tient adherence to the therapy.12–14 To avoid these AEs,
various timings of cinacalcet dosing, such as dosing
after a meal or before sleep, have been attempted.
However, changing the dose timing also affects
measured values of serum iPTH and cCa, owing to
diurnal fluctuation.22 To ascertain the effects and safety
of cinacalcet, iPTH measurements are recommended to
be performed before drug administration. Such a
requirement might not be necessary for etelcalcetide,
because etelcalcetide is administered via the venous
blood line after dialysis and because diurnal changes in
serum iPTH and cCa in etelcalcetide-treated patients are
small.

In contrast to the quick reduction in serum iPTH,
the effect of etelcalcetide on serum Ca appeared grad-
ually and steadily. It is therefore possible to predict
possible hypocalcemia in advance through careful
observation. This is an advantage over cinacalcet,
which reduces serum Ca 8 to 12 hours after oral
administration, expected to be during sleep. Because
the timing of blood sampling and measurement affects
the evaluation of drug effects, serum Ca was suggested
to be evaluated 8 to 12 hours after administration of
cinacalcet.23

FGF23 serum level is a known factor that predicts
CKD progression and prognosis.1,2 In addition, high
FGF23 is associated with mortality, left ventricular
hypertrophy, and cardiovascular events independent
of P, iPTH, and other clinical factors.5 Although trends
toward decreases in FGF23 were shown with etelcal-
cetide, the amount of exposure was limited in the
present study; further investigation with clinical doses
will be necessary.

Good safety and tolerability profiles were demon-
strated for etelcalcetide. In terms of serious AEs, car-
diopulmonary arrest reported in the 2.5-mg group of
the multiple-dose study, the relationship to treatment
was not ruled out, although possible causes included
patient background such as aortic valve stenosis/
incompetence, and long-term dialysis history of 19
years as well as the increased fluid volume. The event
promptly recovered with heart massage and pharma-
cotherapy. No other AE that led to drug discontinua-
tion was reported except for this patient, and no
serious AE was reported in the 5-mg group. Although
AEs of nausea and vomiting were not reported, the
641
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Figure 3. Percent changes in serum intact parathyroid hormone (iPTH) and albumin-corrected calcium (cCa) during the study period (multiple-
dose i.v. injections and follow-up). Etelcalcetide was injected via the venous blood line after dialysis on days 1, 3, 6, 8, 10, 13, 15, 17, 20, 22, 24,
and 27 in hemodialysis patients with secondary hyperparathyroidism (SHPT). Blood samples were obtained before each dialysis. Data are
expressed as mean � SD. (a) iPTH levels following drug administration (from day 1 to day 3, and from day 27 to day 29). (b) cCa levels following
drug administration (from day 1 to day 3, and from day 27 to day 29).
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amount of exposure was limited in the study; further
investigation with clinical doses will be needed.

This is the first study of etelcalcetide in Japanese
hemodialysis patients with SHPT. Study limitations
include the small number of patients and the short
period of dosing, as the patients had to be hospitalized
for frequent and accurate blood collection timing to
clarify the relationship between the pharmacokinetics
of etelcalcetide and pharmacodynamics. Therefore,
more definite quantitative data from a subsequent
phase 2 or 3 study extending patient numbers and
642
treatment duration are required to confirm these
observations with statistical evaluation.

In conclusion, the present study clarified the rela-
tionship between the pharmacokinetics and pharma-
codynamics of etelcalcetide, and demonstrated that
etelcalcetide produced dose-dependent and sustained
reductions in serum iPTH and cCa in Japanese hemo-
dialysis patients with SHPT. The i.v. injection of etel-
calcetide will provide a new alternative drug therapy
offering increased compliance and benefits for SHPT in
dialysis patients.
Kidney International Reports (2017) 2, 634–644
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