
CLINICAL RESEARCH
Corre

Unive

Show

nagoy

Recei

Septe

2168
A Prospective, Randomized Clinical Trial

of Etelcalcetide in Patients Receiving

Hemodialysis With Secondary

Hyperparathyroidism (the DUET Trial)
Yuya Itano1, Sawako Kato1, Masato Tsuboi2, Hirotake Kasuga2, Yoshinari Tsuruta3,

Fumihiko Sato4, Manabu Hishida1, Takuji Ishimoto1, Tomoki Kosugi1, Masahiko Ando5,

Yachiyo Kuwatsuka5 and Shoichi Maruyama1

1Department of Nephrology, Nagoya University Graduate School of Medicine, Aichi, Japan; 2Kaikoukai Healthcare Group,

Aichi, Japan; 3Meiyo Clinic, Aichi, Japan; 4Sato Hospital, Aichi, Japan; and 5Department of Advanced Medicine, Nagoya

University Hospital, Aichi, Japan
Introduction: The clinical trial on the Development of a treatment strategy for chronic kidney disease‒
mineral and bone disorder by a mUltilateral mechanism of ETelcalcetide hydrochloride, or the DUET trial,

was designed to determine the efficacy of etelcalcetide, an intravenous calcimimetic, for control of sec-

ondary hyperparathyroidism (SHPT).

Methods: Eligible SHPT maintenance hemodialysis patients (n ¼ 124) were randomized (1:1:1) for inclu-

sion in the DUET trial, a 12-week, multicenter, open-label, parallel-group study (jRCTs041180108), and

assigned to either an etelcalcetide þ active vitamin D group (group EþD), an etelcalcetide þ oral calcium

preparation group (group EþCa), or a control group (group C). The primary endpoint was number of

patients with a 50% reduction from baseline of intact parathyroid hormone (iPTH) levels, and iPTH levels#
240 pg/mL at 12 weeks after start of the trial.

Results: The proportion of patients reaching the primary endpoint (95% confidence interval [CI]) was

90.0% (76.3%–97.2%) in group EþD, 56.8% (39.5%–72.9%) in group EþCa, and 19.5% (8.8%–34.9%) in

group C. Etelcalcetide treatment led to a significant increase in the number of patients achieving the

endpoint (odds ratio, 13.4; 95% CI, 5.10–35.3) on logistic regression analysis, with iPTH, corrected serum

calcium, and phosphate at baseline as covariates. Significantly more patients achieved the endpoint in

group EþD compared with group EþCa (odds ratio, 6.35; 95% CI, 1.79–22.48). There were fewer hypo-

calcemic visits in group EþD compared with group EþCa (P ¼ 0.018), yet the former group was prone to

hyperphosphatemia.

Conclusion: Etelcalcetide showed good control of iPTH for maintenance hemodialysis patients with SHPT.

Active vitamin D was useful in correcting hypocalcemia, but the oral calcium preparation was superior for

suppression of hyperphosphatemia.
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S
econdary hyperparathyroidism (SHPT), a major
complication in advanced chronic kidney disease

(CKD), may lead to imbalances in mineral metabolism
(such as hypocalcemia and hyperphosphatemia) and, in
turn, vascular calcification and high mortality.1 Intact
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parathyroid hormone (iPTH) levels are monitored as an
index to determine the course of SHPT treatment in the
clinical setting.2 Parathyroid hormone (PTH)-lowering
therapy, calcimimetics, calcitoriol, vitamin D analogs,
and the combination of a calcimimetic with calcitoriol
and vitamin D analogs have been recommended for
dialysis patients.2,3 Before calcimimetics use was
widespread, poor control of SHPT had been far more
common.4 Based on satisfactory results from the
various global clinical studies using calcimimetics,5,6

we expect that use of these agents will lead to
improved control of SHPT, and that the new lower
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therapeutic target of iPTH levels will improve the
prognosis of maintenance dialysis patients in the near
future.

Chronic kidney disease‒mineral and bone disorder
(CKD-MBD) is a complex condition that occurs over the
course of declining kidney function.7 Most patients
with advanced kidney disease develop SHPT as a
consequence of CKD-MBD and have markedly elevated
iPTH levels, exceeding the upper normal limit.8 Ne-
phrologists are in agreement that poor control of serum
iPTH levels is associated with poor outcomes,9 but the
target level of serum iPTH for dialysis patients has
varied.10 The iPTH target level for maintenance dialysis
patients from recent clinical practice guidelines pub-
lished in 200911 and 201712 is broader than the recom-
mendation from 2003.13 The new level is approximately
2 to 9 times the upper normal limit for the assay rather
than 150 to 300 pg/mL. Until 2006, the same target range
was also accepted in Japan. However, because Japanese
dialysis patients have naturally lower iPTH levels than
patients in the United States and Europe,10 we now have
a stricter iPTH target level (60–240 pg/mL) for demon-
strating improved survival.14

Because calcimimetics amplify the sensitivity of the
calcium (Ca)-sensing receptor, the use of calcimimetics
suppresses serum Ca, which results in hypocalcemia
and a decrease in PTH secretion. Control of hypocal-
cemia induced by calcimimetics poses a significant
problem. Therefore, we also compared vitamin D and
Ca preparations to determine which is the safer
approach for correction of hypocalcemia induced by
etelcalcetide treatment.

The DUET (Development of treatment strategy for
chronic kidney disease-mineral and bone disorder by
mUltilateral mechanism of ETelcalcetide hydrochloride)
study addressed the efficacy and safety of etelcalcetide
for control of iPTH levels and also evaluated its optimal
use for treatment of etelcalcetide-induced hypocalcemia
in maintenance dialysis patients with SHPT.
METHODS

Trial Design and Oversight

The trial design and methods of the DUET study have
been described elsewhere.15 The trial was registered
with the Japan Registry of Clinical Trials
(jRCTs041180108). The protocol was approved by the
clinical research review board of Nagoya University
(CRB4180004) and is consistent with the 1964 Helsinki
Declaration. All patients provided written informed
consent for participation in this study.

The DUET study is a 12-week, multicenter, open-
label, randomized (1:1:1), parallel-group study
comparing the control of SHPT with 3 groups: group
Kidney International Reports (2020) 5, 2168–2177
EþD—etelcalcetide and additional active vitamin D on
top of the original medications if hypocalcemia is
induced by etelcalcetide; group EþCa—etelcalcetide
and additional oral precipitated calcium carbonate on
top of the original medications if hypocalcemia is
induced by etelcalcetide; or group C—control (stan-
dard therapy using vitamin D and precipitated calcium
carbonate). The main inclusion criteria were stable
maintenance hemodialysis patients, iPTH level $ 240
pg/mL for 4 months before enrollment, and corrected
serum calcium level of $ 8.4 mg/dL at enrollment.
The stratifying factors for randomization included iPTH
(> 400 pg/mL or# 400 pg/mL), corrected serum Ca (> 9
mg/dL or # 9 mg/dL), serum phosphate (> 5 mg/dL
or # 5 mg/dL within 2 weeks before start of the trial),
and the institution to which the patient belonged. The
dose algorithm of etelcalcetide was applied as follows:
starting dose was 5 mg and then increased in 2.5- or 5-mg
increments at 4 and 8 weeks based on the target iPTH
level calculated to achieve the primary outcome.

Primary and Secondary Endpoints

The primary endpoint of the protocol was a 50%
reduction of iPTH levels and reduction of iPTH levels
to < 240 pg/mL after 12 weeks of treatment. As per the
guidelines from the Japanese Society for Dialysis
Therapy, we set PTH 60 # iPTH # 240 pg/mL as the
target range for the control of SHPT in our study pa-
tients.14 The secondary endpoints after 12 weeks of
treatment included > 50% reduction in iPTH level, >
30% reduction in iPTH level, 60 # iPTH # 240 pg/mL,
and > 30% or > 50% reduction in iPTH levels and
60 # iPTH # 240 pg/mL. This endpoint was a com-
parison between the group treated with etelcalcetide
and the control group. We evaluated changes in iPTH
levels and corrected serum Ca levels (relative to the
baseline) every 2 weeks during treatment of the 3 groups.
Initially, we planned to study the normalized ratios of
hypocalcemia induced by etelcalcetide between group
EþD and group EþCa. However, due to recurrence in
some patients, it became difficult to count the number of
the patients who became hypocalcemic. Therefore, we
identified the proportion of total visits in which patients
elicited hypocalcemia. Finally, we assessed safety and
adverse events during the intervention period.

Statistical Analysis

The statistical analysis used in this trial has been
described elsewhere.15 In summary, we calculated the
endpoint achievement proportions and their 95% con-
fidence intervals (CIs) based on binomial distribution for
each treatment group, and compared these between the
groups treated with etelcalcetide (group EþD and group
EþCa) and the control group (group C) by logistic
2169



Table 1. Characteristics of study patients at baseline

Characteristic

Etelcalcetide

ControlEtelcalcetide D Vit D Etelcalcetide D Ca

Number of patients 41 41 42

Age, years, mean (SD) 66.5 (11.6) 66.8 (14.1) 66.4 (10.5)

Men, n (%) 32 (78.0) 27 (65.9) 25 (59.5)

Dialysis vintage, years, median (IQR) 7.0 (2.3–13.6) 5.8 (2.4–9.5) 5.8 (2.4–12.0)

Underlying kidney disease, n (%)

Diabetes mellitus 16 (39.0%) 12 (29.3%) 21 (50.0%)

Nephrosclerosis 8 (19.5%) 9 (22.0%) 4 (9.5%)

Glomerulonephritis 10 (24.4%) 9 (22.0%) 9 (21.4%)

Polycystic kidney disease 1 (2.4%) 0 (0.0%) 2 (4.8%)

Unknown/other 6 (14.6%) 11 (26.8%) 6 (14.3%)

Dialysis modality, n (%)

Hemodiafiltration 17 (41.4%) 16 (39.0%) 18 (42.9%)

Hemodialysis 24 (58.5%) 25 (61.0%) 24 (57.1%)

History of cinacalcet use, n (%) 6 (14.6%) 6 (14.6%) 10 (23.8%)

History of parathyroidectomy, n (%) 0 (0.0%) 1 (2.4%) 1 (2.4%)

Use of phosphate binders, n (%)

Oral calcium carbonate 21 (51.2%) 14 (34.1%) 14 (34.1%)

Non–calcium-containing phosphate binders 32 (78.0%) 29 (70.7%) 32 (78.0%)

Intact parathyroid hormone, pg/mL

Median (IQR) 258 (223.5–336) 266 (195.5–368.5) 286 (212–357)

Mean (SD) 284.3 (109.6) 293.7 (138.5) 311.3 (136.1)

Ca (albumin-corrected), mg/dL, mean (SD) 9.2 (0.6) 9.3 (0.7) 9.2 (0.4)

Phosphate, mg/dL, mean (SD) 5.1 (1.2) 5.7 (1.7) 5.4 (0.9)

BAP, mg/L, mean (SD) 16.8 (9.2) 22.0 (18.2) 18.7 (9.1)

TRACP-5b, mU/dL, mean (SD) 697.6 (404.4) 800.3 (658.2) 690.9 (326.5)

BAP, bone-specific alkaline phosphatase; IQR, interquartile range; SD, standard deviation; TRACP-5b, tartrate-resistant acid phosphatase 5b; Vit D, vitamin D.
Dialysate calcium ¼ 3 mEq/L.
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regression analysis with iPTH, corrected Ca, and phos-
phate as covariates. In addition, statistically significant
differences were then compared between group EþD
and group EþCa. We assumed that 35% of patients in the
intervention group would achieve a lower than iPTH
normalization rate (iPTH240pg/mL).After assuminga10%
normalization rate in the control group, we calculated that
at least 76 individuals would be necessary in the inter-
vention group to detect a significant difference with a po-
wer of 0.85 and significance level of 0.05. We speculated
that the normalization ratewould be higher than that of the
previous report (cited in Kato et al.15) and set the number of
intervention patients to 80, with 40 control patients, and
thus, a total of 120 patients had been foreseen.

To test the changes in parameters, we calculated the
adjustedmeanandthe95%CI forchangesat each time-point
using a linear mixed model. The treatment group, time-
point, and interaction of treatment group and time-point
were used as fixed effects. Changes in each index among
treatment groups at each time-point were then compared
using the Tukey-Kramer method to correct for multiplicity.

To test the proportion of visits in which patients
showed hypocalcemia, we performed a covariance
analysis with iPTH, corrected Ca, and serum phosphate
levels as covariates at baseline. The groups treated with
etelcalcetide (group EþD and group EþCa) were
2170
initially compared with the control group (group C),
and then compared versus each other.

RESULTS

Overview of Trial Conduct

One hundred twenty-four Japanese patients were ran-
domized to the trial groups from May 2018 to February
2019; 118 patients were included in the statistical analysis
of the primary outcome. The flow diagram of the study is
shown in Supplementary Figure S1. The baseline data of
all the enrolled patients are shown in Table 1. The clinical
characteristics and baseline laboratory data were similar
in these 3 groups.

Primary Endpoint: > 50% Reduction and

Reduction of iPTH Levels to < 240 pg/mL After

12 Weeks of Treatment

The proportion of patients reaching the primary endpoint
was 74.0% (95% CI, 62.8%–83.4%) for those treated with
etelcalcetide, compared with 19.5% (8.8%–34.9%) of
control patients (Figure 1a). The proportions of patients
achieving the primary endpoint in group EþD and group
EþCa were 90.0% (95% CI, 76.3%–97.2%) and 56.8%
(95% CI, 39.5%–72.9%), respectively (Figure 1b). The
upper row of Table 2 shows the odds ratios for the pri-
mary outcome. Treatment with etelcalcetide demonstrated
Kidney International Reports (2020) 5, 2168–2177



Figure 1. Achievement of iPTH 50% reduction and iPTH # 240 pg/mL at 12 weeks after administration and 95% confidence intervals on a
binomial distribution for each treatment group: (a) Comparison of etelcalcetide patients versus controls. (b) Etelcalcetide users corrected
hypocalcemia by active vitamin D versus oral calcium preparation (Ca). *P < 0.05.
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a significant increase in the number of patients achieving
the primary endpoint. Significantly fewer patients reached
the primary endpoint in group EþCa when compared
with group EþD. Supplementary Figure S2 shows the
distributions of iPTH at the end of the intervention.

Secondary Endpoint: Change in iPTH

and Corrected Ca in a Linear Mixed Model

Estimated iPTH levels using a linear mixed model are
shown in Figure 2. The iPTH levels in patients treated
with etelcalcetide (group EþD and group EþCa) were
significantly reduced compared with those of the control
patients (groupC) at 4, 6, 8, 10, and 12weeks after the start
of the trial. However, there were no statistical differences
in iPTH levels between group EþD and group EþCa.

Secondary Endpoint: Achievement Proportions

for Different Targets for Control of SHPT

The achieved proportions (95% CIs) for secondary out-
comes are shown in Figure 3. In this trial, there were
more patients with PTH oversuppression than expected,
and approximately 52% of patients of the etelcalcetide
Table 2. Odds ratios of primary and secondary endpoints for control of S
Etelcalcetide vs. c

Odds ratio 95% CI

Primary outcome

> 50% reduction and iPTH # 240 pg/dL 13.42 5.10–35.3

Secondary outcome

> 50% reduction of iPTH 16.14 5.99–43.4

> 30% reduction of iPTH 30.10 9.53–95.0

60 # iPTH # 240 pg/dL 0.35 0.16–0.78

> 50% reduction and 60 # iPTH # 240 pg/dL 1.33 0.48–3.70

> 30% reduction and 60 # iPTH # 240 pg/dL 1.28 0.55–2.98

CI, confidence interval; EþCa, etelcalcetide þ oral calcium preparation; EþD, etelcalcetide þ
aP < 0.05.
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treatment groups had iPTH < 60 pg/mL at 12 weeks
after the intervention (the lower limit of target value for
the Japanese Society for Dialysis Therapy).

The lower row of Table 2 shows the odds ratios of
the secondary endpoints for control of SHPT. Admin-
istration of etelcalcetide demonstrated a significant in-
crease in patients achieving a> 50% reduction and a<
30% reduction in iPTH levels. Achievement of iPTH
60 # iPTH # 240 pg/mL was significantly lower when
compared with control patients.

Group EþD and group EþCa were compared with
regard to achievement of secondary endpoints. In
group EþD, achievement of a > 50% reduction, >
30% reduction, and iPTH 60 # iPTH # 240 pg/mL
were 90.0% (95% CI, 76.3%–97.2%), 100% (95% CI,
91.1%–100%), and 30.0% (95% CI, 16.6%–46.5%),
respectively. In group EþCa, achievements of a > 50%
reduction, a > 30% reduction, and iPTH 60 # iPTH #
240 pg/mL were 62.2% (95% CI, 44.8%–77.5%),
83.8% (95% CI, 68.0%–93.8%), and 51.4% (95% CI,
34.4%–68.1%), respectively. Treatment with etelcal-
cetide plus vitamin D resulted in a significant increase
HPT
ontrol EDD vs. EDCa

P value Odds ratio 95% CI P value

4 0.000a 6.35 1.79–22.48 0.004a

9 0.000a 5.31 1.49–18.91 0.010a

6 0.000a NP

0.010a 0.41 0.15–1.14 0.089

0.585

0.569

active vitamin D; iPTH, intact parathyroid hormone; NP, analysis not possible.

2171



Figure 2. Adjusted mean intact parathyroid hormone levels and 95%
confidence intervals calculated using a linear mixed model with
each treatment group, time-point, and interaction of treatment group
and time-point as fixed effects. Changes in each index are
compared among treatment groups at each time-point using the
Tukey-Kramer method to correct for multiplicity. (a) Comparison of
etelcalcetide patients versus controls. (b) Etelcalcetide users cor-
rected hypocalcemia by active vitamin D versus oral calcium
preparation (Ca). *P < 0.05. iPTH, intact parathyroid hormone.
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in patients achieving with a > 50% reduction in iPTH
compared with treatment using etelcalcetide with oral
calcium preparations (lower row of Table 2).
Exploratory Endpoints: Management of

Hypocalcemia

Figure 4a and b shows the changes in serum-corrected
Ca and the proportion of visits in which patients
showed hypocalcemia. Covariance analysis showed
there were significantly more hypocalcemic visits in
patients treated with etelcalcetide (group EþD and
group EþCa) compared with controls (group C) (P <
0.0001). Moreover, number of hypocalcemic visits in
group EþD was lower than in group EþCa (P ¼ 0.018).
Estimated correct serum Ca levels according to a linear
mixed model in patients treated with etelcalcetide
(group EþD and group EþCa) were significantly lower
when compared with controls (group C) at all intervals
2172
after the start of the trial (Figure 4c). Although esti-
mated correct serum Ca levels in group EþCa were
consistently low, those in group EþD reached a nadir
at 4 weeks after the start of the trial and then recov-
ered, and were significantly higher than those in group
EþCa at 12 weeks (Figure 4d).

Secondary Endpoint: Change in Phosphate and

Ca-phosphate Product in a Linear Mixed Model

Estimated phosphate and Ca-phosphate product levels
using a linear mixed model are shown in Figure 5.
Although there were no significant differences for
EþCa in phosphate levels between patients treated
with etelcalcetide (group EþD and group EþCa) and
controls (group C), phosphate levels in group EþD
increased significantly compared with group EþCa at
10 and 12 weeks after start of the trial. Ca-phosphate
product levels in patients treated with etelcalcetide
(group EþD and group EþCa) were reduced compared
with those in controls (group C), and there were sig-
nificant differences at 4, 6, and 12 weeks after the start
of the trial between these 2 groups. When comparing
group EþD and group EþCa, Ca-phosphate product
levels in the former group increased significantly at 8,
10, and 12 weeks after start of the trial. Supplementary
Figures S3 and S4 show the achievement of targeted
corrected calcium and phosphate levels and change in
magnesium in a linear mixed model, respectively.
Supplementary Figures S5–S9 show the summary of the
dose level of medication during the study.

Adverse Events

A full list of treatment-emergent adverse events with
frequency in each treatment group is shown in Table 3.
Information on all severe adverse events was collected
by the individual attending doctors, and the correla-
tion with etelcalcetide administration was evaluated by
the safety monitoring committee. One patient died from
septic shock during the study (group EþCa). One pa-
tient had been hospitalized due to unstable angina and
another for fever before entry into the study, but both
safely entered the trial after recovery.

Although neoplasms were discovered in 2 patients
(allocated to group EþCa after starting the study), their
cancer was already advanced at diagnosis. During the
intervention, 3 patients received planned percutaneous
coronary intervention, 1 received emergency hemodi-
alysis due to overflow, and 1 was hospitalized due to
fracture after a fall. None of the severe adverse events
were found to be related to the study.

DISCUSSION

In this multicenter, prospective, open-label, ran-
domized, controlled trial of etelcalcetide
Kidney International Reports (2020) 5, 2168–2177



Figure 3. Achievement (95% confidence interval) of secondary outcomes. Achievement proportions of (a) > 50% reduction, (b) > 30%
reduction, (c) iPTH 60 # iPTH # 240 pg/mL, (d) > 50% reduction and iPTH 60 # iPTH # 240 pg/mL, and (e) > 30% reduction and iPTH 60 #

iPTH # 240 pg/mL. *P < 0.05. iPTH, intact parathyroid hormone.
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administration in patients on maintenance hemodi-
alysis therapy with moderate SHPT, we found that
etelcalcetide had a powerful PTH-lowering action.
Use of etelcalcetide also induced lower serum Ca
levels. The addition of active vitamin D to the current
Kidney International Reports (2020) 5, 2168–2177
treatment was more effective in the correction of hy-
pocalcemia induced by etelcalcetide than the addition
of an oral Ca preparation. However, in many cases,
the PTH-lowering effect of etelcalcetide caused
oversuppression.
2173



Figure 4. Visits in which patients showed hypocalcemia (corrected Ca level < 8.3 mg/dL) and 95% confidence intervals, based on a binomial
distribution for each treatment group. (a) Comparison of etelcalcetide patients versus controls. (b) Etelcalcetide users corrected hypocalcemia
by active vitamin D (Vit D) versus oral calcium preparation (Ca). The adjusted mean serum corrected calcium levels and 95% confidence interval
calculated by a linear mixed model with each treatment group, time-point, and interaction of treatment group and time-point as fixed effects.
Changes of each index compared among treatment groups at each time-point using the Tukey-Kramer method to correct for multiplicity. (c)
Comparison of etelcalcetide patients versus controls, (d) Etelcalcetide users corrected hypocalcemia by active vitamin D (Vit D) versus oral
calcium preparation (Ca). *P < 0.05. VitD, vitamin D.
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In this study, we set 60 to 240 pg/mL iPTH as the
therapeutic target level. As we anticipated the power-
ful PTH-lowering action of etelcalcetide, 69 of 77 pa-
tients (89.6%) showed iPTH levels < 240 pg/mL. All 6
patients who failed to achieve this target had to stop or
not increase the dose of etelcalcetide due to hypocal-
cemia. Because etelcalcetide is administered intrave-
nously, it is not involved in self-withdrawal due to
gastrointestinal symptoms. Therefore, etelcalcetide
shows promise as a therapeutic agent, but there re-
mains a risk of hypocalcemia.

The iPTH-lowering effect of etelcalcetide was
significant enough to induce oversuppression, that
is, iPTH < 60 pg/mL, in many cases in this study.
Several studies reported a J-curve relationship be-
tween iPTH levels and mortality.9,10 One reason for
the high mortality rate is the association with a low
iPTH level, below the lower limit, which may
indicate low bone turnover and lead to accelerated
vascular calcification.16 It was reported that exces-
sively low iPTH was an independent risk factor for
aortic arch calcification progression and also for
adverse cardiac and cerebrovascular events.17
2174
Another reason for the high mortality is malnutrition
and inflammation inhibiting PTH secretion.18 Thus,
the detrimental impact of hypoparathyroidism induced
by calcimimetics remains unclear. The administration
of etelcalcetide, as well as other calcimimetics,
must be constantly monitored for oversuppression
while following the clinical course of such
hypoparathyroidism.

Hypocalcemia induced by calcimimetics is a major
risk. Among calcimimetics, etelcalcetide is associated
with hypocalcemia19 due to its longer elimination half-
life.20 In this study, 61 of 82 patients (74.39%) treated
with etelcalcetide developed hypocalcemia. Although
previous studies demonstrated that hypocalcemia
induced by etelcalcetide occurred in 60% to 70% of
patients,19,21 the incidence in this study was higher.
We speculate that the lower corrected serum Ca at
baseline in our patients was due to a higher incidence
of hypocalcemia compared with patients in other
RCTs.19,21 The lower iPTH levels in our study were also
suspected to be due to milder SHPT. Although there
have been reports that mild and asymptomatic hypo-
calcemia due to calcimimetics is harmless,2,12 severe
Kidney International Reports (2020) 5, 2168–2177



Figure 5. Adjusted mean phosphate levels and 95% confidence intervals (a, b) and calcium-phosphate products and the 95% confidence
intervals (c, d) calculated using a linear mixed model with each treatment group, time-point, and interaction of treatment group and time-point
as fixed effects. Changes in each index are compared among treatment groups at each time-point using the Tukey-Kramer method to correct for
multiplicity. (a, c) Comparison of etelcalcetide patients versus controls. (b, d) Etelcalcetide users corrected hypocalcemia by active vitamin D
(Vit D) versus oral calcium preparation (Ca). *P < 0.05. VitD, vitamin D.
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hypocalcemia, although rare, remains fatal. Hypocal-
cemia should be corrected in a cautious manner, as low
serum Ca is associated with mortality in the dialysis
population.9 The concurrent therapies for correcting
hypocalcemia were active vitamin D, oral Ca prepara-
tion, and dialysate Ca. For avoiding hypercalcemia that
Table 3. Treatment-emergent adverse events

Adverse events

Etelcalcetide (n [ 82)

Control
(n [ 42)

Etelcalcetide D Vit D
(n [ 41)

Etelcalcetide D Ca
(n [ 41)

Blood calcium
decreasea

29 (70.7%) 32 (82.1%) 5 (12.2%)

Severe blood Ca
decreaseb

0 (0.0%) 5 (12.2%) 0 (0.0%)

AVF-site complication 2 (4.9%) 4 (9.8%) 3 (7.1%)

Infection 1 (2.4%) 4 (9.8%) 0 (0.0%)

CVD/heart failure 1 (2.4%) 4 (9.8%) 2 (4.8%)

Cancer 0 (0.0%) 2 (4.9%) 0 (0.0%)

Fracture 0 (0.0%) 0 (0.0%) 1 (2.4%)

Joint pain 1 (2.4%) 1 (2.4%) 0 (0.0%)

Rash 0 (0.0%) 1 (2.4%) 0 (0.0%)

Nausea 1 (2.4%) 0 (0.0%) 0 (0.0%)

AVF, arteriovenous fistula; CVD, cardiovascular disease; EþCa, etelcalcetide þ oral
calcium preparation; EþD, etelcalcetide þ active vitamin D; Vit D, vitamin D.
aBlood calcium decrease defined as a corrected Ca level of < 8.3 mg/dL (need medical
intervention: add/increase active Vit D or oral calcium preparations according to
allocation).
bSevere blood Ca decrease defined as a corrected Ca level of < 7.4 mg/dL (stop
etelcalcetide).
Data expressed as number (%).
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may induce vascular calcification and result in mor-
tality,9 restriction of a Ca-based phosphate binder has
been recommended.12,14 In this study, we compared
the Ca-correcting ability of active vitamin D and an oral
calcium preparation. Active vitamin D was more
effective in correcting Ca levels than the oral Ca
preparation. We assessed risk factors of etelcalcetide-
associated hypocalcemia at the end of the interven-
tion. We found that higher baseline iPTH levels as well
as use of an oral Ca preparation, as compared with use
of active vitamin D, contributed to hypocalcemia,
whereas age, sex, dialysis vintage, previous cinacalcet
use, and baseline-corrected Ca did not (Supplementary
Table S1). We speculated that the high risk of hypo-
calcemia induced by etelcalcetide in patients with high
iPTH levels at baseline was due to the study protocol
that dose of etelcalcetide was to be increased until iPTH
level of each patient was to achieve his/her target of
iPTH.

However, we demonstrated that an oral Ca prepa-
ration is superior for suppression of phosphate and
Ca-phosphate product levels. In the practical setting,
the combination of active vitamin D, Ca-free phos-
phate binder, and an oral Ca preparation may be
necessary for management of hypocalcemia induced
by calcimimetics.
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The DUET trial has some limitations. As SHPT is a
chronic complication often requiring long-term con-
trol, a 12-week observation may be too short to eval-
uate the efficacy of etelcalcetide. Due to the relatively
long period from screening to the start of the inter-
vention, 41 patients (33%) reported baseline iPTH
levels < 240 pg/mL. Patients who did not require step
up for treatment of SHPT were included. A strength of
this trial is that few patients were lost to follow-up.

In conclusion, the DUET study is the first random-
ized, controlled study to assess the ability of etelcal-
cetide to control iPTH and investigate the correction of
hypocalcemia. Among maintenance hemodialysis pa-
tients with moderate SHPT, etelcalcetide had high po-
tential to lower iPTH levels. Because active active
vitamin D was useful in correcting hypocalcemia while
oral calcium preparation was superior in suppressing
hyperphosphatemia, the combination of active vitamin
D, Ca-free phosphate binder, and an oral calcium
preparation may be necessary for management of hy-
pocalcemia induced by calcimimetics. Further study is
needed to evaluate vascular calcification over a long
period in dialysis patients using etelcalcetide.
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