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A B S T R A C T

Background. Secondary hyperparathyroidism (SHPT) is a
major complication associated with chronic kidney disease. We
evaluated the efficacy and safety of etelcalcetide (ONO-5163/
AMG 416), a novel intravenous calcimimetic, in Japanese hae-
modialysis patients with SHPT.
Methods. In this phase 3, multicentre, randomized, double-
blind, placebo-controlled, parallel-group study, etelcalcetide
was administered three times per week at an initial dose of
5 mg, and subsequently adjusted to doses between 2.5 and
15 mg at 4-week intervals for 12 weeks. A total of 155 SHPT
patients with serum intact parathyroid hormone (iPTH) lev-
els�300 pg/mL were assigned to receive etelcalcetide
(n¼ 78) or placebo (n¼ 77). The primary endpoint was the
proportion of patients with decreased serum iPTH to the tar-
get range proposed by the Japanese Society for Dialysis
Therapy (60–240 pg/mL). The major secondary endpoint was

the proportion of patients with�30% reductions in serum
iPTH from baseline.
Results. The proportion of patients meeting the primary end-
point was significantly higher for etelcalcetide (59.0%) versus
placebo (1.3%). Similarly, the proportion of patients meeting the
major secondary endpoint was significantly higher for etelcalce-
tide (76.9%) versus placebo (5.2%). Serum albumin-corrected
calcium, phosphorus and intact fibroblast growth factor-23 lev-
els were decreased in the etelcalcetide group. Nausea, vomiting
and symptomatic hypocalcaemia were mild with etelcalcetide.
Serious adverse events related to etelcalcetide were not observed.
Conclusions. This study demonstrated the efficacy and safety of
etelcalcetide. As the only available intravenous calcium-sensing
receptor agonist, etelcalcetide is likely to provide a new treat-
ment option for SHPT in haemodialysis patients.

Keywords: calcium-sensing receptor agonist (calcimimetics),
etelcalcetide (ONO-5163/AMG 416), placebo-controlled
phase 3 study, secondary hyperparathyroidism, CKD-MBD
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I N T R O D U C T I O N

Secondary hyperparathyroidism (SHPT) is a complex disorder
associated with chronic kidney disease (CKD) and subsequently
becomes a maladaptive process that develops in response to
declining kidney function and impaired phosphate/calcium
homeostasis [1–3]. Continuous stimulation of the parathyroid
glands through a combination of elevated extracellular phos-
phorus (P), decreased serum ionised calcium and markedly
decreased serum 1,25-dihydroxyvitamin D leads to increased
parathyroid hormone (PTH) synthesis and release in dialysis
patients [1–3], resulting in the development of parathyroid
hyperplasia. Elevated P increases fibroblast growth factor-23
(FGF23), leading to downregulated renal production of 1,25-
dihydroxyvitamin D [4–6]. This further exacerbates the defi-
ciency of 1,25-dihydroxyvitamin D, acting as an additional
driver for SHPT [7, 8]. Elevated serum PTH with parathyroid
hyperplasia continues to stimulate bone resorption, thereby
releasing calcium and P, and leading to not only bone and min-
eral disease but also vascular calcification [3], both of which
are strongly associated with increased morbidity and mortality
[9–11]. To prevent the progression of these changes in SHPT
patients, control of serum PTH within an appropriate range is
important.

Current treatment options for SHPT consist of oral and
intravenous active vitamin D analogues, and the oral calcimi-
metic agent cinacalcet. Although active vitamin D analogues
decrease PTH, they also increase calcium and P. Meanwhile,
despite the beneficial clinical properties of cinacalcet, its use has
been limited by gastrointestinal adverse events (AEs), including
nausea and vomiting. Furthermore, most SHPT patients need
to take other oral medications to treat complications, causing
poor adherence.

Etelcalcetide (ONO-5163/AMG 416) is a new peptide
calcium-sensing receptor (CaSR) agonist with a similar mecha-
nism of action to cinacalcet [12, 13]. Unlike cinacalcet, etelcalce-
tide requires cysteine at position 482 in human CaSR for
pharmacological activity, specifically for the formation of a
disulphide bond with the D-cysteine in the peptide backbone of
etelcalcetide [13]. In addition, etelcalcetide is injectable through
the blood return after haemodialysis, thus lessening the pill bur-
den on patients.

The present study aimed to evaluate the efficacy and safety
profile of etelcalcetide in a phase 3, multicentre, randomized,
double-blind, placebo-controlled, parallel-group study for the
treatment of SHPT in Japanese CKD patients on dialysis.

M A T E R I A L S A N D M E T H O D S

Patients

This was a phase 3, multicentre, randomized, double-blind,
placebo-controlled, parallel-group study. The study population
comprised Japanese patients with SHPT who were aged�20
years and had been treated with haemodialysis three times per
week for at least 90 days. The primary inclusion criteria were
mean serum intact PTH (iPTH)�300 pg/mL within 14 days of

the first dose, serum albumin-corrected calcium (cCa)�8.4 mg/
dL and dialysate calcium level�2.25 mEq/L. The major exclu-
sion criteria were primary hyperparathyroidism, parathyroidec-
tomy within 90 days before the start of screening, symptomatic
angina pectoris or chronic heart failure, and uncontrollable dia-
betes or hypertension.

The protocol was reviewed and approved by the institutional
review board at each study site and written informed consent
was obtained from all patients prior to enrolment. The study
was conducted in conformity with the International Council for
Harmonisation – Good Clinical Practice guidelines, and the
Declaration of Helsinki. The study was registered as JapicCTI-
142664.

Study design

Using a dynamic allocation method, the patients were ran-
domly assigned through a centralized randomization system to
receive either etelcalcetide or placebo. To balance certain patient
characteristics between the two groups, the randomization was
stratified according to serum iPTH (iPTH<500 pg/mL;
iPTH�500 and <700 pg/mL; iPTH�700 pg/mL) and cCa
(cCa� 8.4 and �10.0 mg/dL; cCa>10.0 mg/dL) measured at
screening, and cinacalcet pre-treatment (with or without
washout).

Etelcalcetide was administered three times per week at an
initial dose of 5 mg, and the dose was subsequently adjusted to
between 2.5 and 15 mg at 4-week intervals for 12 weeks. The
dose was increased by 5 mg if serum iPTH was>240 pg/mL,
serum cCa was�8.4 mg/dL and there were no clinically signifi-
cant AEs, including symptomatic hypocalcaemia, that pre-
vented dose escalation. Drug administration was interrupted if
serum cCa prior to dialysis was<7.5 mg/mL, or symptomatic
hypocalcaemia developed.

Blood samples were collected prior to dialysis at the start of
the first dialysis session of the week and on the day of discontin-
uation. Serum iPTH, albumin, calcium and P levels were deter-
mined every week. Serum intact FGF23 (iFGF23), bone alkaline
phosphatase (BAP) and tartrate-resistant acid phosphatase
(TRACP)-5b levels were determined every 4 weeks and on the
day of discontinuation. Anti-etelcalcetide antibodies were deter-
mined on Days 1 and 85 and on the day of discontinuation. All
samples were analysed by SRL (Tokyo, Japan) for serum iPTH
using ECLIA on an Elecsys PTH (Roche Diagnostics, Tokyo,
Japan) (normal range 10–65 pg/mL), and FGF23 using ELISA
on an FGF23 ELISA Kit (Kainos, Tokyo, Japan) (normal range
14.7–40.5 pg/mL). BAP was determined by CLEIA (Access
Ostase; Beckman Coulter, Tokyo, Japan) [normal range male,
3.7–20.9 mg/L; female, 2.9–14.5 mg/L (before menopause), 3.8–
22.6 mg/L (after menopause)] and TRACP-5b was determined
by EIA (Osteolinks TRAP-5b; Nittobo Medical, Fukushima,
Japan) [normal range male, 170–590 mU/dL; female (young
adult mean), 120–420 mU/dL]. Anti-etelcalcetide antibodies
were determined by Amgen Biological Sample Management
(Thousand Oaks, CA, USA) using surface plasmon resonance.

Bisphosphonates, human PTH and denosumab were prohib-
ited from 24 weeks before the start of screening to the final
examination, and the following medications were prohibited
from 14 days prior to iPTH determination at screening and

1724 M. Fukagawa et al.
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from 28 days before the first dose to the final examination: calci-
tonin, oestrogens, synthetic oestrogens, selective oestrogen
receptor modulators and cinacalcet. Phosphate binders, calcium
supplements and active vitamin D analogues were allowed if the
dosage and administration schedules remained unchanged
from 14 days prior to screening until the final examination.

Efficacy

The primary endpoint of the study was the proportion of
patients with serum iPTH between 60 and 240 pg/mL [14] on
Day 85, and the superiority of etelcalcetide over placebo was
tested using this parameter. The following parameters were
determined as secondary efficacy endpoints: measured and
per cent changes from baseline in serum iPTH, cCa and P at
each time point. Serum iFGF23, BAP and TRACP-5b levels
at each time point were determined as exploratory efficacy
endpoints.

Safety

The safety and tolerability profiles of etelcalcetide were
assessed based on AEs, vital signs, laboratory measurements,
12-lead electrocardiograms (ECGs) and anti-etelcalcetide anti-
bodies. All AEs were summarized by frequency and severity
according to the Medical Dictionary for Regulatory Activities.
The 12-lead ECGs were analyzed by Suzuken Co. Ltd (Nagoya,
Japan).

Statistical analysis

Under the assumption that 10.0% of patients in the placebo
group and 35.0% of patients in the etelcalcetide group would
have serum iPTH between 60 and 240 pg/mL on Day 85, 67
patients per group needed to be enrolled for the study to have
94% power to detect a statistical significance at a two-sided
alpha level of 5%. Anticipating approximately 10% exclusion
from the analyses, the aim was to recruit 75 patients per group.

The primary endpoint was assessed using a Mantel–
Haenszel test stratified according to serum iPTH, cCa and cina-
calcet pre-treatment (primary analysis). The analysis was per-
formed based on the intention-to-treat principle. Patients who
received at least one administration and who were evaluated at
least once for efficacy endpoints were included in the efficacy
analysis population (full analysis set, FAS). The proportion of
patients meeting the secondary endpoint of serum iPTH reduc-
tions of �30% from baseline on Day 85 was analyzed in a simi-
lar manner to the primary endpoint. For the secondary
endpoints, pre-specified analyses in subgroups defined accord-
ing to serum iPTH at screening, cinacalcet pre-treatment and
dialysis history were also performed. Continuous efficacy out-
comes were analyzed in a descriptive manner and, for the mean
per cent changes in serum iPTH, cCa and P from baseline, a
repeated-measures analysis of covariance method was used.
This repeated-measures model included: terms of treatment,
serum iPTH at screening, serum cCa at screening, cinacalcet
pre-treatment; time; and interactions of time with treatment,
time with serum iPTH at screening, time with serum cCa at
screening and time with cinacalcet pre-treatment. The treat-
ment differences in terms of mean per cent changes from base-
line at a given time point were estimated and tested using this

model. No adjustments for multiplicity were made, because
there was only one primary efficacy hypothesis to be verified.

The safety analysis population (safety set, SAF) included
patients who received at least one administration. Dose distribu-
tions and safety endpoints were analyzed in a descriptive manner.

R E S U L T S

Patients

A total of 155 patients were enrolled in the study, and ran-
domly allocated to the etelcalcetide group (n¼ 78) or placebo
group (n¼ 77) (Figure 1). All patients received the study drug
at least once, and were therefore considered to comprise both
the SAF and FAS populations. There were no apparent differen-
ces in the demographic and baseline characteristics between the
two treatment groups (Table 1). The mean etelcalcetide dose on
Day 82 (last dose) was 7.80 6 4.93 mg.

Efficacy

The proportions of patients meeting the primary endpoint of
serum iPTH between 60 and 240 pg/mL on Day 85 were 59.0%
(46/78) and 1.3% (1/77) in the etelcalcetide and placebo groups,
respectively (Figure 2). The proportions differed between the
two groups by 60.0% [95% confidence interval (CI): 49.7–
70.4%], with statistical significance (P< 0.0001, Mantel–
Haenszel test). Likewise, the proportions of patients meeting
the secondary endpoint of serum iPTH reductions of �30%
from baseline on Day 85 were 76.9% (60/78) and 5.2% (4/77),
respectively (Figure 2), with a significant difference between the
two groups (P< 0.0001, Mantel–Haenszel test). Similar results
were obtained irrespective of serum iPTH at screening: the pro-
portions were 76.2%, 78.3% and 76.9% in patients with serum
iPTH at screening of <500 pg/mL, �500 and <700 pg/mL,
and�700 pg/mL, respectively.

The serum iPTH, cCa and P levels decreased from baseline
over time in the etelcalcetide group, but did not change appreci-
ably in the placebo group (Figure 3). Significant reductions
regarding per cent changes from baseline were observed from
Day 8 (serum iPTH and cCa) and Day 15 (serum P) compared
with the placebo group.

For the exploratory efficacy endpoints, the serum BAP levels
increased just after the start of administration, and then
returned to the baseline level on Day 85 (Figure 4). The serum

FIGURE 1: Disposition of study participants.||
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TRACP-5b levels in the etelcalcetide group decreased from
baseline over time, while those in the placebo group did not
change appreciably (Figure 4).

The serum iFGF23 levels in the etelcalcetide group decreased
from baseline over time, while those in the placebo group did
not change appreciably (Figure 5). The median per cent changes
from baseline in iFGF23 on Day 85 were�72.0% (Q1,

Q3:�83.5,�42.0%) for the etelcalcetide group and�3.7% (Q1,
Q3:�33.3, 26.0%) for the placebo group.

It is well known that active vitamin D analogues can reduce
the PTH level. In this study, changes in the doses of active vita-
min D analogues were restricted throughout the study period.
The mean dose of maxacalcitol, the most commonly used active
vitamin D analogue, remained almost unchanged throughout
the study period, as follows: 11.30 6 8.72 mg/week on Day 1,
11.40 6 8.63 mg/week on Day 85 for the etelcalcetide group; and
12.02 6 8.79 mg/week on Day 1, 10.00 6 5.34 mg/week on Day
85 for the placebo group.

Safety

At least one AE was reported in 65.4% (51/78) and 72.7%
(56/77) of patients in the etelcalcetide and placebo groups,
respectively. Drug-related AEs were reported in 19.2% (15/78)
and 3.9% (3/77) of patients in the etelcalcetide and placebo
groups, respectively. AE-induced treatment discontinuations
were observed in 2.6% (2/78) of patients in the etelcalcetide
group: cerebral infarction (1) and rash (1, drug-related AE).
Serious AEs related to etelcalcetide were not reported. Drug-

Table 1. Demographic and baseline characteristics of the study patients

Patient characteristics Classification Etelcalcetide Placebo

Number of patients, n 78 77
Sex, n (%) Male 48 (61.5) 52 (67.5)

Female 30 (38.5) 25 (32.5)
Age (years) Mean 6 SD 62.1 6 9.9 60.6 6 12.3

Median 64.0 61.0
Range 37–83 22–86

Body weight (kg) (post-dialysis) Mean 6 SD 59.27 6 11.63 62.22 6 13.07
Median 58.40 61.20
Range 39.2–97.2 39.1–104.0

BMI (kg/m2) Mean 6 SD 22.67 6 3.55 23.12 6 3.55
Median 22.15 22.85
Range 16.3–34.2 14.8–33.2

Duration of dialysis (years) Mean 6 SD 11.9 6 7.3 11.8 6 7.8
Median 11.0 11.0
Range 1–41 1–32

Use of active vitamin D, n (%) Yes 63 (80.8) 67 (87.0)
No 15 (19.2) 10 (13.0)

Use of phosphate binder, n (%) Yes 74 (94.9) 72 (93.5)
No 4 (5.1) 5 (6.5)

Serum iPTH (pg/mL) Mean 6 SD 536.2 6 245.7 568.1 6 354.1
Median 484.0 504.0
Range 222–1470 209–2620

Serum cCa (mg/dL) Mean 6 SD 9.58 6 0.65 9.48 6 0.76
Median 9.60 9.50
Range 8.2–11.1 7.8–11.1

Serum P (mg/dL) Mean 6 SD 5.94 6 1.44 6.33 6 1.41
Median 5.80 6.20
Range 3.4–10.7 3.4–11.4

Serum BAP (mg/L) Mean 6 SD 19.35 6 8.96 19.56 6 10.62
Median 16.80 16.60
Range 7.5–64.5 7.9–78.3

Serum TRACP-5b (mU/dL) Mean 6 SD 854.5 6 351.5 873.3 6 344.5
Median 791.5 864.0
Range 279–1990 244–1780

Serum iFGF23 (pg/mL) Mean 6 SD 22 769.7 6 39 726.9 23 928.5 6 38 857.2
Median 9050.0 11800.0
Q1, Q3 3300.0, 26 100.0 4500.0, 28 400.0

BMI, body mass index; SD, standard deviation.
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placebo group, included asymptomatic blood calcium decreased
(6.4%), vomiting (3.8%), nausea (1.3%) and symptomatic hypo-
calcaemia (1.3%). All of these drug-related AEs were mild or
moderate. No clinically relevant changes were reported in vital
signs, body weight and laboratory tests, except for asympto-
matic blood calcium decrease. The respective changes in QTc
Fridericia (QTcF) interval from baseline at Days 29, 57 and 85
were 11.0 6 14.1, 15.0 6 14.0 and 12.7 6 12.3 ms in the etelcal-
cetide group, and 3.2 6 12.8, 2.2 6 15.1 and 2.0 6 13.3 ms in
the placebo group. The QTcF prolongations occurring in the
etelcalcetide group were related to blood calcium decrease. No
clinically relevant cardiovascular AEs, including abnormal 12-
lead ECGs, were observed.

D I S C U S S I O N

The currently available major therapeutic interventions for
SHPT are active vitamin D analogues and calcimimetics [14,
15]. Although active vitamin D analogues suppress PTH secre-
tion, they stimulate intestinal absorption of calcium and P and

elevate serum FGF23, and higher doses frequently lead to
hypercalcaemia and hyperphosphataemia, both of which are
associated with ectopic calcification [16]. Furthermore, cinacal-
cet, the only approved oral calcimimetic, is an allosteric activa-
tor of the CaSR located on the parathyroid cell membrane.
Cinacalcet binding induces a conformational change within the
CaSR, thereby reducing its threshold for calcium and leading to
reduced synthesis and secretion of PTH [17–19]. Cinacalcet
treatment was shown to suppress serum iPTH, as well as serum
calcium and P, in patients with SHPT [20–22]. Cinacalcet was
also effective in patients refractory to active vitamin D ana-
logues and capable of reducing serum iPTH in patients with
severe SHPT, whose parathyroid gland hyperplasia was also
reduced by the treatment [23, 24]. However, cinacalcet treat-
ment is associated with gastrointestinal AEs, including nausea
and vomiting, thereby limiting compliance with treatment [25–
27]. Most SHPT patients also need to take other oral medica-
tions, including phosphate binders and antihypertensives, to
treat complications [28]. Thus, new parenteral drugs leading to
fewer gastrointestinal AEs and a lower pill burden are needed.

In this study, three times per week administration of etelcal-
cetide for 12 weeks reduced serum iPTH on Day 85 with
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statistical significance compared with placebo. Etelcalcetide
reduced serum iPTH regardless of cinacalcet pre-treatment:
80.0% and 73.7% in patients with or without cinacalcet pre-
treatment, respectively. In a post hoc subgroup analysis, the
patients were divided into two groups by the median baseline
serum iFGF23 level of 9050 pg/mL, and the patient groups with
higher and lower serum iFGF23 levels had mean baseline serum
iPTH levels of 610.9 pg/mL and 461.4 pg/mL, respectively.
Etelcalcetide reduced these serum iPTH levels by 49.5% and
54.8% from baseline, respectively, on Day 85. Therefore, etelcal-
cetide is expected to reduce serum iPTH in SHPT patients
regardless of their background. In addition, a phase 2 open-
label, single-arm, dose-titration study in non-Japanese patients
[29] demonstrated that the proportion of patients with serum
iPTH reductions of �30% from baseline was 89% (95% CI:
73.9–96.9%). Japanese patients, in general, have a longer history
of dialysis and lower baseline serum iPTH with well-controlled
treatment compared with non-Japanese patients [30, 31].
Nevertheless, our data demonstrated that the serum iPTH-
reducing effect of etelcalcetide was unaffected by these factors,
suggesting that etelcalcetide is equally effective in Japanese and

non-Japanese patients. In addition, as renal excretion is a major
clearance route for etelcalcetide [12], its plasma levels should
remain constant in haemodialysis patients, thereby enabling
continuous reductions in serum iPTH during dialysis intervals.
Indeed, a phase 1/2 study in Japanese patients (unpublished
data) and phase 2 study in non-Japanese patients [32] demon-
strated that etelcalcetide continuously reduced serum iPTH,
indicating that etelcalcetide may be a useful new treatment
option for SHPT in dialysis patients.

Elevated serum FGF23 has been implicated in CKD progres-
sion, with complications such as cardiac failure, increased cardi-
ovascular events and mortality [9–11]. In this study,
etelcalcetide reduced serum iFGF23 levels concomitantly with
reductions in serum iPTH, cCa and P. In a post hoc analysis, the
reductions in iFGF23 levels were associated with reductions in
serum cCa and P, but not iPTH. Some possibilities for the
mechanism of reduction in FGF23 with calcimimetics have
been reported: one such possibility is an indirect pathway in
which FGF23 decreases via the reductions in serum calcium
and P. Similar results have been reported in a previous study
with cinacalcet [33]. On the other hand, a pathway mediated by
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|PTH reduction could also be considered, because parathyroi-

dectomy for severe SHPT results in significant reductions in
serum FGF23 [8]. Yet another possibility is a direct pathway via
secretion of FGF23, because bone cells are known to express
CaSR [34]. Although the precise mechanisms are still unclear,
this effect is considered to have clinical impact. The data are in
line with those of the EVOLVE trial [35] in which a post hoc
analysis further demonstrated that cinacalcet-induced reduc-
tions in serum FGF23 were associated with lower rates of cardi-
ovascular mortality and morbidity. Therefore, etelcalcetide may
reduce the mortality of SHPT patients on dialysis.

SHPT patients are known to have high bone turnover, leading
to reductions in bone mass and bone strength [1–3]. Chronic
treatment with etelcalcetide may suppress or prevent these changes
by inhibiting high bone turnover, since etelcalcetide reduced serum
TRACP-5b, a marker of bone resorption, in this study.

In a post hoc analysis, the proportions of patients whose
serum iPTH, cCa and P levels were reduced to the correspond-
ing target ranges recommended by the guideline [14] were sig-
nificantly higher in the etelcalcetide group (28.4%) compared
with the placebo group (1.5%). These proportions were compa-
rable to the statistical data reported by the Japanese Society for
Dialysis Therapy (32.3%) [36]. The doses and administration
schedules of active vitamin D analogues and phosphate binders
were kept constant according to the protocol of this study.
However, these medications would usually be changed in a
case-by-case manner depending on the responsiveness and
severity of SHPT/CKD, which could improve the effects of etel-
calcetide in such patients. In this regard, further data from long-
term studies and clinical experience are required.

Etelcalcetide is a synthetic peptide and, therefore, potential
concerns regarding efficacy and safety, such as hypersensitivity
and infusion reactions, need to be addressed [37]. In an attempt
to address these concerns, antibody detection was performed:
only one patient was shown to have anti-etelcalcetide antibodies
and these were pre-existing. Therefore, longer term or larger
size studies are required to assess the clinical relevance of anti-
etelcalcetide antibodies.

Nausea and vomiting, as specific AEs associated with the
currently available calcimimetic cinacalcet, occurred in the etel-
calcetide group. However, these events were mild and did not
cause discontinuation of treatment, thereby demonstrating that
etelcalcetide was well tolerated in Japanese patients.

In conclusion, etelcalcetide is safe, well tolerated and effective
in reducing iPTH in Japanese haemodialysis patients with
SHPT. In addition, intravenous etelcalcetide can be easily
administered via the blood return after dialysis, thus enabling a
decrease in the pill burden on patients, and providing a new
alternative for the treatment of SHPT.
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