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ABSTRACT

ARTICLE HISTORY

Introduction: Extended-release calcifediol (ERC) 30 µg capsules were recently approved as Rayaldee®
by the United States Food and Drug Administration (FDA) for the treatment of secondary hyperparathyroidism (SHPT) in adults with stage 3–4 (not 5) chronic kidney disease (CKD) and vitamin D
insufficiency (serum total 25-hydroxyvitamin D < 30 ng/mL). Calcifediol is 25-hydroxyvitamin D3, a
prohormone of calcitriol (1,25-dihydroxyvitamin D3), the endogenous active vitamin D hormone. ERC
capsules have a lipophilic fill which gradually releases calcifediol, corrects vitamin D insufficiency and
increases serum calcitriol and thereby suppresses production of parathyroid hormone (PTH) in CKD
patients without perturbing normal vitamin D and mineral metabolism.
Areas covered: This review focuses on the chemical, pharmacokinetic, pharmacodynamic and clinical
profiles of ERC and describes the product’s utility relative to other current treatment options for SHPT.
Expert commentary: Randomized clinical trials (RCTs) have demonstrated that nutritional vitamin D is
ineffective for treating SHPT whereas vitamin D receptor activators can correct elevated PTH but with
increased risk of hypercalcemia and hyperphosphatemia. ERC offers healthcare professionals a new
treatment option that has been demonstrated in RCTs to be safe and effective for controlling SHPT
without meaningfully increasing serum concentrations of calcium or phosphorus.
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1. Introduction
1.1. Secondary hyperparathyroidism
Secondary hyperparathyroidism (SHPT) is a common condition
that occurs with advancing chronic kidney disease (CKD) and
is characterized by excessive production of parathyroid hormone (PTH), hypocalcemia, and hypertrophy of the parathyroid glands. SHPT affects 40–82% of patients with stage 3 or 4
CKD [1]. SHPT requires prompt and effective treatment, as
prolonged elevation of PTH causes calcium and phosphorus
release from bone, leading to metabolic bone disease and
extra-skeletal calcification. In the absence of effective treatment, SHPT becomes progressively more severe and unresponsive to medical treatment as the parathyroid gland
becomes hyperplastic and less sensitive to calcium and vitamin D hormone signaling [2].

1.2. Chronic kidney disease
CKD is a worldwide public health problem with steadily
increasing incidence, prevalence, and cost [3]. Key factors
driving growth of CKD in developed countries include aging
populations, the increasing incidence of obesity, and its associated complications of hypertension and adult-onset diabetes. CKD is categorized into five successive stages on the
basis of estimated glomerular filtration rate (eGFR), with each
successive stage representing more advanced disease. CKD
afflicts approximately 6–13% of the global population.
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Despite treatment, CKD continues to be associated with poor
outcomes, reflecting the inadequacies of the current standard
of care [4,5].

1.3. Vitamin D insufficiency
Vitamin D insufficiency affects an estimated 71–83% of
patients with stage 3 or 4 CKD [6,7]. It is defined by the
National Kidney Foundation as serum total 25-hydroxyvitamin
D of ≥15 to <30 ng/mL and vitamin D deficiency as <15 ng/mL
in its Kidney Disease Outcomes Quality Initiative (K/DOQI)
Clinical Practice Guidelines for Bone Metabolism and Disease
in Chronic Kidney Disease [8]. The more recent Kidney Disease:
Improving Global Outcomes (KDIGO) Guideline for Chronic
Kidney Disease-Mineral and Bone Disorder (CKD-MBD) [9]
points out that most published studies define vitamin D insufficiency as serum 25-hydroxyvitamin D levels down to 10 ng/
mL and vitamin D deficiency as levels below 10 ng/mL. The
Endocrine Society’s Guideline for the Treatment and
Prevention of Vitamin D Deficiency [10] defines vitamin D
sufficiency as serum 25-hydroxyvitamin D concentrations
between 30 and 100 ng/mL (inclusive). The US Institute of
Medicine expert committee noted in their 2010 report [11]
that the general population is at risk of vitamin D deficiency at
serum 25-hydroxyvitamin D concentrations <12 ng/mL, and
some individuals are potentially at risk for inadequacy at levels
ranging from 12 to 20 ng/mL. Multiple factors contribute to
vitamin D insufficiency in CKD including nutritional
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inadequacy, decreased sunlight exposure, proteinuric loss and
decreased hepatic synthesis of 25-hydroxyvitamin D, and
increased expression of fibroblast growth factor (FGF23) and
CYP24A1, the cytochrome P450 enzyme that specifically catabolizes vitamin D and its metabolites [12,13]. Vitamin D insufficiency is associated with increased morbidity and mortality
[14,15].

1.4. Pathogenesis of SHPT
CKD-associated SHPT develops as the result of phosphorus
retention, mild hypocalcemia, and vitamin D insufficiency [1].
Vitamin D insufficiency plays a central role in the pathogenesis
of SHPT in CKD [16]. It limits the normal activation of 25hydroxyvitamin D to vitamin D hormone (1,25-dihydroxyvitamin D) in the kidney and in other tissues which contain
cytochrome P450 25-hydroxyvitamin D-1α-hydroxylase
(CYP27B1) by reducing the amount of available substrate for
conversion. Declining hormone concentrations increase PTH
secretion by the parathyroid glands and decrease calcium
absorption in the small intestine, leading to hypocalcemia.

2. Overview of the market
2.1. Treatment of vitamin D insufficiency
Vitamin D supplementation is recommended by both the K/
DOQI and KDIGO Clinical Practice Guidelines, although there is
no consensus in regarding how vitamin D supplements should
best be administered. Published studies have reported the use
of daily doses of vitamin D (either cholecalciferol or ergocalciferol) of 700–4000 International Units (IU), weekly doses of
5000–50,000 IU, and monthly doses of approximately
50,000–250,000 IU. Irrespective of the treatment regimen
used, no or inadequate reductions in PTH levels have been
observed at reasonable doses in randomized clinical trials
(RCTs), and nutritional vitamin D remains unproven as an
effective treatment for SHPT in patients with stage 3 to 4
CKD [17,18]. Immediate-release (IR) formulations of calcifediol,
used occasionally in the EU, have also shown no or inadequate
reductions in PTH in clinical trials focused on stage 3 to 4 CKD
(see Section 3.1).

2.2. Treatment of SHPT
In current clinical practice, therapy with a vitamin D receptor
activator (VDRA) is typically initiated when vitamin D supplementation is found ineffective in controlling PTH in patients
with stage 3 or 4 CKD. Three VDRAs are available in the US for
oral administration: calcitriol, paricalcitol, and doxercalciferol.
One other oral VDRA, alfacalcidol, is available outside of the
US. Although VDRAs can control elevated PTH, they leave
serum total 25-hydroxyvitamin D uncorrected (and potentially
lower), depriving tissues of adequate substrate for local hormone production [19]. Bolus oral administration of VDRAs produces supraphysiological surges in blood vitamin D hormone
levels, causing unwanted elevation of FGF23- and CYP24A1mediated vitamin D catabolism, both of which are implicated
in the observed development of resistance to vitamin D therapy

[19]. VDRAs also stimulate intestinal absorption of calcium and
phosphorus, leading to elevations of serum calcium and phosphorus which increase the risk of vascular calcification, the
primary cause of morbidity and mortality in CKD [20]. Both
the original K/DOQI and KDIGO Clinical Practice Guidelines
(Guideline 8A and Chapter 4.2, respectively) recommend the
use of VDRAs in CKD, but the recently updated KDIGO Clinical
Practice Guideline for CKD-MBD [21] recommends against the
routine use of VDRAs in patients with stage 3 or 4 CKD due to
the increased risk of hypercalcemia (Chapter 4.2).

2.3. The unmet medical need
Prior to US FDA approval of extended-release calcifediol
(ERC), health-care professionals were limited to two therapeutic options for SHPT in patients with stage 3 to 4 CKD:
vitamin D supplements and VDRAs (calcitriol and its 1αhydroxylated analogs). Nutritional vitamin D supplements
are safe and inexpensive, but published RCTs have shown
that they are ineffective for reducing elevated PTH and often
delay the initiation of effective therapy [17]. In contrast,
VDRAs are effective for controlling PTH but increase the
risk of hypercalcemia, hyperphosphatemia and adynamic
bone disease, and associated vascular calcification [16].
Calcimimetic therapies (cinacalcet and etelcalcetide) are
approved only for use in dialysis-dependent stage 5 CKD
and cause hypocalcemia and hyperphosphatemia in patients
with stage 3 to 4 CKD [22]. ERC addresses a pressing need
for a new, improved treatment for SHPT in patients with
stage 3 to 4 CKD.

3. Introduction to ERC
3.1. Background
ERC became available in the US market in late 2016. The
product is indicated for the treatment of SHPT in adults with
stage 3 or 4 CKD and vitamin D insufficiency, defined as serum
total 25-hydroxyvitamin D below 30 ng/mL. It is not indicated
in patients with stage 5 CKD on dialysis.
IR formulations of calcifediol have been available for decades in the European Union (EU) for indications such as rickets,
prevention of calcium disorders secondary to corticosteroid or
anticonvulsant therapy and treatment of osteomalacia, renal
osteodystrophy, hypoparathyroidism, familial hypophosphatemia, and vitamin D malabsorption. In the US, IR calcifediol was
marketed from 1980 to 2002 as Calderol® for the treatment of
metabolic bone disease in dialysis patients and was withdrawn
from the market in 2002 for commercial reasons not associated with safety or efficacy. Calderol displayed pharmacokinetic (PK) characteristics consistent with an IR formulation,
with the time (tmax) to reach maximum serum calcifediol concentrations (Cmax) occurring within 4–8 h postdose [23].
Published clinical studies have clearly shown that IR calcifediol increased serum 25-hydroxyvitamin D far more quickly
and effectively than vitamin D supplements but failed to
produce clinically meaningful reductions in PTH (≥30% from
pretreatment levels) in many patients with stage 3 or 4 CKD at
doses considered to be safe [24–26].
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Calcifediol Bolus IV (448 µg)

100

Serum 25(OH)D3 (ng/mL)
(Baseline-Subtracted)

ERC gradually releases calcifediol, increasing serum 25hydroxyvitamin D at a slower rate than IR formulations.
Phase 2 and 3 RCTs have demonstrated that gradual elevation
of serum 25-hydroxyvitamin D to within the normal laboratory
range (30–100 ng/mL) allows effective suppression of elevated
PTH in patients with SHPT, stage 3 or 4 CKD, and vitamin D
insufficiency [13,27] with minimal effect on serum levels of
calcium and phosphorus.
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3.2. Chemistry
ERC contains calcifediol (25-hydroxyvitamin D3) monohydrate, the natural precursor (or prohormone) of calcitriol,
the endogenous active vitamin D hormone. Calcifediol
monohydrate is a white crystalline powder, has a calculated
molecular weight of 418.65, and is soluble in alcohol and
fatty oils but practically insoluble in water. Chemically, calcifediol monohydrate is (3β,5Z,7E)-9,10-secocholesta-5,7,10
(19)-triene-3,25-diol monohydrate. The structure of calcifediol is shown in Figure 1.
ERC is formulated for oral administration as capsules, each
containing 30 µg of calcifediol and the following excipients:
mineral oil, monoglycerides and diglycerides, paraffin, hypromellose, lauroyl polyoxylglycerides, dehydrated alcohol, and
butylated hydroxytoluene. The capsule shell contains modified
starch, carrageenan, sodium phosphate dibasic, sorbitol sorbitan solution, FD&C Blue #1, titanium dioxide, and purified
water. Medium-chain triglyceride (fractionated coconut) oil is
used as a lubricant during manufacture, and trace amounts
may be present in the final formulation.
ERC capsules are intended to be swallowed whole, by
design, based on the characteristics of the formulation. The
capsule has a predominately lipophilic ‘waxy’ fill material
which controls the release rate of calcifediol and, therefore,
determines the PK and pharmacodynamic (PD) profiles. The
product is appropriately described as an extended-release or
prolonged-release capsule.

3.3. Pharmacodynamics
ERC gradually releases calcifediol and thereby prevents the
rapid increases in serum calcifediol and calcitriol seen with IR
formulations. The gradual rise in systemic calcifediol is characterized by a lower Cmax and a longer tmax compared to IR
formulations (see Section 3.4).
The single-dose PD profile of ERC capsules was compared in a randomized, open-label study to IR calcifediol in
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Figure 2. Mean baseline-adjusted serum calcifediol concentrations from 0 to
96 hours after administration of a single dose of Intravenous (IV) or Extendedrelease (ER) Oral Calcifediol (Phase 2a Study).
Asterisk denotes significant differences between treatment groups at p < 0.05
and bars indicate standard deviation. (Reprinted with permission from Petkovich
2015, Copyright© 2014 Elsevier Ltd, Amsterdam, the Netherlands.)

patients with SHPT, stage 3 or 4 CKD, and vitamin D
insufficiency [28]. Patients were randomly assigned to
receive a single oral dose of 450 or 900 μg of ERC (5 or
10 capsules each containing 90 µg) or a single IR (intravenous) dose of 448 μg calcifediol. All patients were followed
for 6 weeks postdose. Blood samples were collected predose and postdose for the analysis of serum calcifediol,
1,25-dihydroxyvitamin D, and 24,25-dihydroxyvitamin D3.
Serum levels of 24,25-dihydroxyvitamin D3 were used to
monitor the degree of CYP24A1 upregulation, since human
tissue biopsy analysis was impractical. A total of 28 subjects completed this study; 9 received 450 μg oral ERC, 9
received 900 μg oral ERC, and 10 received 448 µg intravenous calcifediol. Serum calcifediol and 1,25-dihydroxyvitamin D, plasma PTH, and serum 24,25-dihydroxyvitamin D3
concentrations are presented by treatment group in
Figures 2–5, respectively.
Administration of 900 µg of ERC resulted in gradual
increases in serum calcifediol and 1,25-dihydroxyvitamin D
without significantly elevating serum 24,25-dihydroxyvitamin D3 and produced meaningful, sustained PTH suppression. Conversely, administration of IR calcifediol produced
rapidly rising and higher drug exposures due to a substantially faster delivery and higher bioavailability. IR dosing also
caused abrupt, large increases in serum 1,25-dihydroxyvitamin D and 24,25-dihydroxyvitamin D3, consistent with
greater CYP24A1 activity, and negligible PTH suppression.
A parallel nonclinical study [28] showed that renal production of calcitriol is driven by the supply of calcifediol until

Figure 1. Chemical structures of cholecalciferol, calcifediol monohydrate, and calcitriol.
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Figure 3. Mean baseline-adjusted serum 1,25-dihydroxyvitamin D from 0 to
96 hours after administration of a single dose of Intravenous (IV) or Extendedrelease (ER) Oral Calcifediol (Phase 2a Study).
Note: bars indicate standard deviation. (Reprinted with permission from Petkovich 2015,
Copyright© 2014 Elsevier Ltd, Amsterdam, the Netherlands.).

produced a corresponding surge in serum 1,25-dihydroxyvitamin D, which in turn triggered massive upregulation of
CYP24A1 in both kidney and parathyroid gland [28].
Increased expression of CYP24A1 in CKD patients attenuated
the further rise of serum 1,25-dihydroxyvitamin D, boosted
serum levels of 24,25-dihydroxyvitamin D3, and blocked clinically meaningful reductions in plasma PTH. In contrast, ERC
gradually increased both serum calcifediol and 1,25-dihydroxyvitamin D, avoided excessive increases in 24,25-dihydroxyvitamin D3, and yielded serum 1,25-dihydroxyvitamin D
concentrations that were similar despite much lower calcifediol exposures. ERC produced much greater and more prolonged suppression of plasma PTH in CKD patients. These data
showed that the rate at which exogenous calcifediol is supplied to a patient with SHPT, stage 3 or 4 CKD, and vitamin D
insufficiency has a significant effect on treatment outcome,
with ERC being more effective in reducing elevated plasma
PTH than IR calcifediol.

Calcifediol Bolus IV (448 μg)
Calcifediol ER (900 μg)

Plasma iPTH (pg/mL)(Baseline‐Subtracted)

Calcifediol ER (450 μg)

3.4. Pharmacokinetics
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Figure 4. Mean baseline-adjusted plasma intact PTH from 0 to 72 hours after
administration of a single dose of Intravenous (IV) or Extended-release (ER) Oral
Calcifediol (Phase 2a Study).
Asterisk denotes significant differences between treatment groups at p < 0.05
and bars indicate standard deviation. (Reprinted with permission from Petkovich
2015, Copyright© 2014 Elsevier Ltd, Amsterdam, the Netherlands.).
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Figure 5. Mean baseline-adjusted serum 24,25-dihydroxyvitamin D3 concentrations from 0 to 96 hours after administration of a single dose of Intravenous (IV)
or Extended-release (ER) Oral Calcifediol (Phase 2a Study).
Asterisks denote significant differences between treatment groups at p < 0.05
and bars indicate standard deviation. (Reprinted with permission from Petkovich
2015, Copyright© 2014 Elsevier Ltd, Amsterdam, the Netherlands.)

CYP27B1 is suppressed. The faster calcifediol is supplied, the
more calcitriol is produced. The abrupt increase in serum 25hydroxyvitamin D after bolus IR (intravenous) dosing

Bioequivalence between ERC and any IR preparation of calcifediol was not expected since the rate of absorption of calcifediol from ERC capsules is more gradual. The bioavailability of
calcifediol from an IR preparation was reported in the literature to be between approximately 62% and 77% of the administered dose [23]. The bioavailability of ERC capsules is lower
(approximately 25%), consistent with a lower Cmax.
Healthy adult volunteers treated in the fasted state with a
single oral dose of 900 µg of ERC exhibited serum calcifediol
concentrations that rose gradually to a mean baseline-corrected Cmax of 35.9 ng/mL at a median tmax of 21.0 h. Serum
calcifediol concentrations in similar subjects given a single
dose of 448 µg of intravenous calcifediol increased to a
mean baseline-corrected Cmax of 133.7 ng/mL at a median
tmax of 0.17 h. The postdose PK profiles for these two treatment groups demonstrated single-order characteristics with a
mean terminal elimination half-life (t1/2) of approximately
11 days and a mean clearance (CL) of 0.027–0.028 L/h. The
mean apparent volume of distribution (Vd) was 8.8 L after ERC
and 9.7 L after intravenous calcifediol.
In a food effect study, a single oral dose of 450 µg of ERC
was given to healthy adult volunteers in the fed and fasting
states. The median tmax was 11 h in the fed group compared
to 32 h in the fasted group. Mean Cmax and area under the
curve (AUC) were 5- and 3.5-fold higher, respectively, in fed
versus fasted subjects.
Another study conducted in adults with SHPT, stage 3 or
stage 4 CKD, and vitamin D insufficiency provided multipledose data on serum calcifediol, total 25-hydroxyvitamin D, and
total 1,25-dihydroxyvitamin D for population PK analysis [13].
In this study, subjects received daily bedtime doses of 30, 60,
or 90 µg of ERC or placebo for 6 weeks and were monitored
for 6 weeks after the last dose. Mean serum calcifediol
increased gradually in a dose-proportional manner. The tmax
after the last dose was 38–43 h with a tendency toward higher
values with increasing dose. Mean Cmax, after adjustment for
baseline values, was 28, 60, and 86 ng/mL for the 30, 60, and
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3.5. Metabolism
The metabolism of calcifediol has been extensively reviewed
in the literature [29–32]. Calcifediol is metabolized by the
following three routes: conversion into calcitriol by 25-hydroxyvitamin D-1α-hydroxylase (CYP27B1), located in the kidney,
parathyroid gland, and other tissues; hepatic catabolism to
water-soluble forms excreted in bile, a significant fraction of
which have been identified as glucuronide conjugates; and
conversion into 24,25-dihydroxyvitamin D3, which is biologically inactive, and subsequently calcitroic acid by CYP24A1.
Excretion of calcifediol occurs primarily through the biliary
fecal route [33–35] which can be inhibited by uremic toxins,
causing the t1/2 to increase as CKD progresses [36,37].

4. Clinical efficacy
4.1. Scope of clinical development program
The efficacy of ERC for the treatment of SHPT in patients with
stage 3 or 4 CKD and vitamin D insufficiency has been evaluated in one phase 2b and three phase 3 multiple-dose studies. A placebo control was selected for the three RCTs
because there were no approved therapies in the US or elsewhere to treat both elevated PTH and vitamin D insufficiency
in stage 3 to 4 CKD. Nutritional vitamin D (either cholecalciferol or ergocalciferol) has no PTH-lowering efficacy in patients
with stage 3 to 4 CKD, and VDRAs increase vitamin D catabolism and, thereby, lower serum total 25-hydroxyvitamin D (see
Section 2.2). The fourth study was an open-label phase 3
extension study. Efficacy data from these studies are summarized in the sections which follow. Data obtained from both the
intent-to-treat (ITT) and per-protocol (PP) populations are presented to allow for a clearer evaluation of the efficacy than a
narrower presentation of ITT data alone.
Subjects were considered eligible for enrollment if they
were at least 18 years of age and had a serum calcium level
of ≥8.4 and <9.8 mg/dL and a serum phosphorus level of ≥2.0
and <5.0 mg/dL. Exclusion criteria were spot urine calcium:
creatinine ratio >0.2, nephrotic range proteinuria (>3 mg/mg
creatinine), history of parathyroidectomy or renal transplantation, and the need for regular hemodialysis. Appropriate washout from prior use of PTH-lowering therapies, including
nutritional vitamin D at daily doses above 1600 IU, was
required prior to enrollment.
In all four multiple-dose studies, the active and placebo
groups were similar in race, gender, ethnicity, age, height,
weight, and body mass index. There were almost equal

numbers of enrolled male and female subjects with almost
two-thirds being white (including Hispanic or Latino). The
percentage of blacks was high compared to the general population but in line with that expected in CKD due to higher
rates of diabetes and hypertension among the black population [38]. The mean ages of the subjects studied were in the
range of 63–66 years. The most common causes of CKD across
all groups were diabetes mellitus and hypertension; glomerulonephritis and polycystic kidney disease were the other less
common causes. No differences were detected in either the
ITT or PP populations between the active and placebo groups
with regard to baseline demographics or serum calcium,
serum phosphorus, PTH, and serum total 25-hydroxyvitamin
D and 1,25-dihydroxyvitamin D.

4.2. Phase 2 study
The phase 2b study evaluated a 6-week course of three fixed
daily bedtime doses of ERC capsules (30, 60, or 90 µg) or
matching placebo using a randomized, double-blind design
involving 78 subjects [13]. The primary efficacy end points
were the mean percent change in PTH from pretreatment
baseline and the proportion of subjects that achieved mean
serum 25-hydroxyvitamin D levels of ≥30 ng/mL at the end of
treatment (EOT).
Daily treatment with ERC progressively reduced mean
plasma PTH approximately in proportion to the administered
dose from a baseline value of 140.3 pg/mL. The mean changes
from baseline at EOT in the PP population were −20.9%,
−32.8%, and −39.3% for the 30, 60, and 90 µg dose groups,
respectively, compared with +20.5% and +13.2% in the placebo groups (Figure 6). Differences in the observed mean
percent decreases in PTH were significant for all three ERC
dose groups compared to the corresponding placebo groups
(p < 0.01).
The proportion of subjects achieving serum 25-hydroxyvitamin D ≥30 ng/mL at EOT was greater with 30, 60, and 90 µg
of ERC compared with placebo (p < 0.0001) in both the ITT
and PP populations. The response rates in both populations
were 92.3%, 100.0%, and 100.0% compared to 7.1% and 0.0%
in the placebo groups. The daily dose of 30 µg of ERC
40

Percent Change in Plasma iPTH
(pg/mL; Mean ± SE)

90 µg groups, respectively. Calcifediol exposures, calculated as
mean background-adjusted AUC, were dose proportional, and
the mean t1/2 was between 25 and 50 days. Steady-state
serum calcifediol levels were not reached after 6 weeks of
dosing. PK modeling predicted that steady state would have
been achieved after at least 8 to 9 weeks of dosing.
The effect of alcohol on the release of calcifediol from ERC
capsules was evaluated in an in vitro dissolution study.
Concentrations of ethanol up to 40% by volume had no effect
on the release of calcifediol.
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Figure 6. Mean (±SE) percent change in PTH from baseline by treatment group
at end of treatment (Phase 2b Study). Asterisks denote significant differences
between ERC and placebo treatment at p < 0.05 (**) and p < 0.001 (***).
(Reprinted with permission from Sprague 2014, Copyright © 2015 Karger
Publishers, Basel, Switzerland.).
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increased mean serum 25-hydroxyvitamin D at EOT to 37 ng/
mL, just higher than the minimum adequate level (30 ng/mL),
indicating that this was the minimum effective dose for
correcting vitamin D insufficiency. This dose also reduced
PTH from pretreatment baseline by at least 30% in approximately 40% of subjects. Based on these data, the 30 µg/day
dose was selected as the starting dose for the subsequent
pivotal phase 3 studies, and titration of the dose up to 60 µg/
day was allowed, as needed, in order to sufficiently
reduce PTH.
Mean serum 25-hydroxyvitamin D rose dose-proportionately with daily ERC. The daily dose of 60 µg increased
serum 25-hydroxyvitamin D to a mean of 67 ng/mL well within
the targeted range of 30–100 ng/mL for patients with stage 3
or 4 CKD. The daily dose of 90 µg raised mean serum 25hydroxyvitamin D at EOT to 84.8 ng/mL, causing levels to
exceed 100 ng/mL in a substantial proportion of subjects.
Thus, 90 µg was considered too high for evaluation in the
phase 3 studies. Serum levels of calcifediol did not reach
steady state after 6 weeks of dosing. A summary of the
phase 2b data appears in Table 1.

4.3. Phase 3 studies
Two identical RCTs (Studies A and B) with multicenter, randomized, double-blind, placebo-controlled designs enrolled 429
subjects recruited from 89 US sites [27]. Subjects were stratified by CKD stage (3 or 4) and were randomized in a 2:1 ratio
to receive a once-daily 30-μg oral dose of ERC (or matching

placebo) for 12 weeks at bedtime followed by an additional
14 weeks of treatment with once-daily bedtime doses of either
30 or 60 μg of ERC (or placebo). The dose was increased to 60
μg at the start of week 13 if PTH was >70 pg/mL (the upper
limit of the laboratory reference range), serum total 25-hydroxyvitamin D was <65 ng/mL, and serum calcium was <9.8 mg/
dL. A total of 213 subjects were randomized in Study A (72
placebo and 141 ERC), and 216 patients were randomized in
Study B (72 placebo and 144 ERC). In the two pivotal studies
combined, 222 subjects (51.7%) had stage 3 CKD (71 placebo
and 151 ERC) and 207 subjects (48.3%) had stage 4 CKD (73
placebo and 134 ERC).
Subjects who completed either one of these two pivotal
studies were eligible to enroll in a 26-week open-label extension study. A total of 354 subjects (83%) completed either one
of the two pivotal phase 3 studies without a major protocol
deviation and 298 (69%) entered the extension study. Of these
298 subjects, 195 had been treated with ERC in the preceding
pivotal studies.
In the phase 3 extension study, subjects who had previously
received 26 weeks of oral treatment with ERC continued to receive
ERC at the same dose (either 30 or 60 µg) administered daily at
bedtime. Subjects who had previously received 26 weeks of placebo treatment changed to a daily 30-μg bedtime dose of ERC.
Dosing continued without the option of escalation for 12 weeks.
After 12 weeks, the dose was increased to 60 μg, as necessary, in
any subject receiving a dose of 30 µg/day to achieve a targeted 30% reduction in PTH provided that PTH was >70 pg/mL,
serum total 25-hydroxyvitamin D was <65 ng/mL, and serum

Table 1. Subject end-of-treatment characteristics for phase 2b study (per-protocol subjects).
Placebo
Characteristics
Baseline
Ca, mg/dL
Mean (SD)
P, mg/dL
Mean (SD)
Intact Parathyroid Hormone, pg/mL
Mean (SD)
25-Hydroxyvitamin D, ng/mL
Mean (SD)
Ca/creatinine, mg/g
Mean (SD)
FGF23, pg/mL
Mean (SD)
eGFR, mL/min/1.73 m2
Mean (SD)
End-of-study
Ca, mg/dL
Mean (SD)
P, mg/dL
Mean (SD)
Intact Parathyroid Hormone, pg/mL
Mean (SD)
25-Hydroxyvitamin D, ng/mL
Mean (SD)
Ca/creatinine, mg/g
Mean (SD)
FGF23, pg/mL
Mean (SD)
eGFR, mL/min/1.73 m2
Mean (SD)

Extended-release calcifediol

Cohort 1 n = 17

Cohort 2 N = 14

Total n = 31

30 µg n = 12

60 µg n = 16

90 µg n = 14

Total n = 42

9.4 (0.31)

9.4 (0.32)

9.4 (0.31)

9.3 (0.46)

9.3 (0.34)

9.3 (0.33)

9.3 (0.37)

3.6 (0.43)

3.4 (0.48)

3.5 (0.46)

3.8 (0.58)

3.6 (0.58)

3.8 (0.55)

3.7 (0.57)

160.6 (65.90)

127.6 (69.04)

145.7 (68.27)

156.3 (57.92)

118.5 (25.89)

155.9 (58.51)

141.7 (50.72)

18.9 (5.49)

20.6 (5.50)

19.7 (5.47)

21.1 (6.49)

23.6 (4.54)

21.1 (5.02)

22.1 (5.33)

22.7 (25.75)

29.2 (20.03)

25.5 (23.29)

19.6 (12.59)

40.8 (39.80)

38.3 (46.44)

34.1 (37.57)

22.2 (12.29)

20.6 (13.05)

21.5 (12.45)

37.5 (30.33)

23.8 (16.18)

28.8 (18.07)

29.4 (21.85)

36.9 (14.04)

40.9 (11.37)

38.7 (12.86)

35.6 (10.69)

42.6 (9.42)

36.0 (10.59)

38.9 (10.01)

9.4 (0.40)

9.4 (0.28)

9.4 (0.35)

9.4 (0.45)

9.4 (0.33)

9.4 (0.29)

9.4 (0.35)a

3.7 (0.54)

3.5 (0.54)

3.6 (0.55)

4.0 (0.74)

3.9 (0.78)
b

c

4.0 (0.63)
b

4.0 (0.70)

78.8 (31.33)

b

93.4 (41.10)

96.5 (46.03)c

66.9 (17.72)c

84.8 (20.49)c

64.4 (24.90)c

187.1 (86.04)

139.6 (72.64)

165.7 (82.54)

123.6 (57.39)

18.3 (5.22)

18.7 (5.69)

18.5 (5.35)

37.3 (6.95)

56.7 (66.65)

53.33(98.50)

55.0 (82.27)

40.9 (62.07)

45.1 (47.32)

44.6 (61.95)

43.8 (54.41)

28.7 (23.35)

24.5 (33.56)

26.8 (27.99)

36.9 (26.31)

27.9 (14.60)

36.6 (24.92)

33.4 (22.28)

36.7 (12.82)

41.1 (12.15)

38.7 (12.52)

36.1 (13.08)

37.8 (10.24)

37.3 (11.39)

37.2 (11.22)

End-of-treatment values were compared to baseline values using a mixed-effect model: ap < 0.05; bp < 0.001; cp < 0.0001.
SD: standard deviation; FGF23: fibroblast growth factor 23; eGFR: estimated glomerular filtration rate.
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calcium was <9.8 mg/dL, using average values from the two earlier
treatment weeks.
The sole primary efficacy end point was the number (n, %) of
subjects in the ITT population that attained a mean decrease of
≥30% in PTH from pretreatment baseline in the efficacy assessment period (EAP), defined as the last 6 weeks of the 26-week
treatment period. The secondary efficacy end points included
the number (n, %) of subjects in the PP population achieving a
mean 30% decrease in PTH from pretreatment baseline in the
EAP and the number (n, %) of subjects in the ITT and PP
populations achieving adequate serum total 25-hydroxyvitamin
D (≥30 ng/mL) in the EAP. Key exploratory end points included
changes in mean serum total 1,25-dihydroxyvitamin D, FGF23,
and 24,25-dihydroxyvitamin D3 concentrations.
The primary efficacy end point was reached in both pivotal
studies (Figure 7). The proportion of subjects in the ITT population who achieved at least a 30% reduction in PTH in the EAP
was greater with ERC than with placebo treatment in both
studies irrespective of whether the CKD stages were combined
or analyzed separately (p < 0.001). Response rates were similar
for both CKD stages and were higher in the PP than in the ITT
populations, primarily because subjects who terminated prematurely were deemed to be nonresponders irrespective of
observed changes in PTH.

Mean PTH concentrations at baseline in both studies ranged from 125 to 138 pg/mL for stage 3 subjects and 156 to
169 pg/mL for stage 4 subjects. Daily treatment with ERC
progressively suppressed mean PTH in both CKD stages
(Figure 8). In Study A, the mean changes from baseline for
PP subjects treated with ERC were −13.9% after 12 weeks of
treatment and −22.8% in the EAP (Weeks 20–26) compared
with increases of 0.7% and 5.5% in subjects treated with
placebo. In Study B, the mean changes from baseline for PP
subjects treated with ERC were −13.4% after 12 weeks of
treatment and −21.0% in the EAP compared with increases
of 6.2% and 4.3% in subjects treated with placebo. Differences
between the ERC and placebo treatment groups were all
significant (p < 0.005) favoring treatment with ERC. The proportions of subjects treated with ERC who achieved a mean
reduction in plasma PTH in the EAP of at least 10%, 20%, and
30% were determined to be 72.3%, 58.3%, and 39.7%, respectively, in the pooled PP population. The corresponding
response rates in subjects treated with placebo were 27.3%,
17.4%, and 8.1%, respectively. These data showed that the
majority of subjects treated with ERC experienced a PTH-lowering benefit and, based on regular monitoring of serum bone
turnover markers, none showed evidence of adynamic bone
disease.

a

b

50

50
Stage 3 ITT
Stage 3 PP

30
20

*

**
**

Stage 4 ITT
Stage 4 PP

10
0

Response Rate (%)

Response Rate (%)

**

40

7

40

Stage 3 ITT

30

Stage 4 ITT

Stage 3 PP

20

**
**

**
**

Stage 4 PP

10
0

Placebo

Active

Placebo

Active

Figure 7. Response rates for PTH reduction of ≥30% from baseline by treatment group, CKD stage and analysis population in the efficacy assessment period (Phase
3 Pivotal Studies A and B). Asterisks denote significant differences between ERC and placebo treatment at p < 0.05 (*) and p < 0.01 (**).

Figure 8. Mean (±SE) percent change from baseline over time in PTH by treatment group and Stage 3 (S3) or Stage 4 (S4) in the per protocol population (Phase 3
Pivotal Studies A and B).
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The proportions of subjects in the ITT and PP populations who achieved adequate serum total 25-hydroxyvitamin D levels (≥30 ng/mL) in the EAP were significantly
greater with ERC than with placebo treatment in both studies when the CKD stages were combined or analyzed
separately. Response rates were similar in both studies and
for each CKD stage and approached maximum levels in the
PP populations.
The relationship between mean serum total 25-hydroxyvitamin D concentrations in the EAP and the corresponding
mean concentrations of plasma PTH for all subjects who completed treatment with either ER calcifediol or placebo is displayed in Figure 9, which shows that PTH suppression
increased as serum total 25-hydroxyvitamin D rose above
30 ng/mL.
Mean serum total 1,25-dihydroxyvitamin D levels increased
significantly and progressively with ERC versus placebo treatment regardless of CKD stage. Serum levels of FGF23 in subjects treated for 26 weeks with ERC were unchanged and
serum levels of 24,25-dihydroxyvitamin D3 were only modestly
elevated (versus placebo) consistent with the correction of
vitamin D insufficiency, indicating that treatment with
30–60 µg of ERC avoided overexpression of CYP24A1, a factor
implicated in the development of resistance to vitamin D
therapies.
Data from all three phase 3 studies supported the conclusion that daily ERC treatment progressively suppressed
mean PTH equivalently in both stage 3 and stage 4 CKD and
that the extent of suppression increased with duration of
treatment (Figure 10). The proportion of subjects in the
combined PP population achieving a reduction in PTH of
≥30% from baseline was 22% after 12 weeks on 30 µg, 40%
after 26 weeks of treatment on either 30 or 60 µg, and 50%
after 52 weeks on either 30 or 60 µg compared with <8%
for placebo (p < 0.001).
Population PK/PD modeling demonstrated that body size,
age, race, gender, eGFR, and diabetes had no significant influence on the serum total 25-hydroxyvitamin D elevation and

Figure 10. Mean (±SE) percent change from baseline over time in PTH by
treatment group and CKD stage in the per protocol population (combined
data from Phase 3 pivotal and extension studies).

PTH reduction observed with ERC treatment. As expected,
eGFR was found to be inversely related to baseline PTH and
positively related to baseline total 1,25-dihydroxyvitamin D.
However, eGFR was unrelated to changes from baseline for
PTH, serum total 25-hydroxyvitamin D, or serum total 1,25dihydroxyvitamin D. A summary of the phase 3 data appears
in Table 2.

5. Safety and tolerability
5.1. Background
The safety profile of vitamin D compounds is well understood,
and the major safety-related concerns are hypercalcemia,
hyperphosphatemia, and oversuppression of PTH. The available data show that calcifediol has a good safety profile with
no unique safety concerns beyond those noted above for the
vitamin D class. Table 3 compares the key characteristics of
ERC to those of other vitamin D products used to treat SHPT in
stage 3 to 4 CKD.

180

Plasma iPTH (pg/mL)

170

5.2. Overview of safety data

160
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140
130

***
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100

***

***

90
80
Serum Total
25OHD

The safety of ERC for the intended indication has been demonstrated primarily in the four multiple-dose studies and is supported by four additional single-dose clinical pharmacology
studies. All four of the multiple-dose primary safety studies
were conducted in subjects with SHPT, CKD, and vitamin D
insufficiency and were designed to monitor subjects carefully
for (a) potential adverse effects associated with vitamin D
therapy, namely hypercalcemia, hyperphosphatemia, and
hypercalciuria; (b) possible oversuppression of PTH; and (c)
potential acceleration of CKD progression.

5.3. Tolerability
Figure 9. Plasma PTH as a function of serum total 25-hydroxyvitamin D (25OHD)
in the efficacy assessment period (Pooled Data from Phase 3 Pivotal Studies).
Asterisks denote significant differences from 0-20 ng/mL group at p < 0.001 and
bars indicate standard error.

The majority of subjects enrolled in the multiple-dose studies
completed treatment. Over 82% of subjects receiving ERC in
the two pivotal phase 3 studies completed the 26-week
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Table 2. Baseline and end-of-treatment parameters from phase 3 pivotal (Studies A and B) and extension trials (per-protocol subjects).
Placebo (Studies A and B)
Baseline
n = 122

Characteristics
Ca, mg/dL
Mean (SD)
P, mg/dL
Mean (SD)
Intact Parathyroid Hormone, pg/
mL
Mean (SD)
25-Hydroxyvitamin D, ng/mL
Mean (SD)
1,25-Dihydroxyvitamin D, pg/mL
Mean (SD)
FGF23, pg/mL
Mean (SD)
eGFR, mL/min/1.73 m2
Mean (SD)

Placebo to ER calcifediol
(extension)

EAPa n = 122

EOTb n = 91

ER calcifediol
(extension)

ER calcifediol (Studies A and B)
Baseline
n = 234

EAPa n = 234

EOTb,c n = 163

9.2 (0.27)

9.3 (0.35)

9.5 (0.36)

9.2 (0.30)

9.4 (0.35)d

9.5 (0.44)

3.7 (0.53)

3.8 (0.56)

3.9 (0.61)

3.8 (0.56)

3.9 (0.65)

3.9 (0.66)

145.3 (51.2)

152.3 (65.5)

121.4 (65.1)

143.7 (57.3)

111.8 (65.9)d

107.5 (78.8)

19.3 (5.63)

18.6 (6.44)

70.3 (26.2)

19.7 (5.34)

67.1 (21.6)d

78.9 (25.3)

36.0 (14.4)

37.9 (12.9)

51.3 (20.6)

34.4 (13.2)

46.7 (16.5)d

45.4 (20.13)

38.3 (30.8)

53.4 (48.4)

67.2 (122.8)

41.4 (43.2)

54.9 (60.1)

80.4 (176.0)

32.9 (10.2)

31.9 (11.1)

30.0 (10.8)

30.6 (10.2)

29.6 (11.5)

28.4 (11.6)

a

EAP is the mean of Weeks 20, 22, 24 and 26.
EOT is the mean of Weeks 46, 50 and 52.
Excludes 42 subjects receiving adjunctive therapy at the end of extension study.
d
Significantly different from placebo, p < 0.001.
Significant differences between the change from baseline to EAP for the placebo vs. ER calcifediol groups were calculated by T-test.
ER: extended-release; EAP: efficacy assessment period; EOT: end of treatment; SD: standard deviation; FGF23: fibroblast growth factor 23; eGFR: estimated glomerular
filtration rate.
b
c

Table 3. Comparison of effects on blood bone and mineral parameters of ERC versus other vitamin D therapies.

treatment period. Comparable proportions of subjects in each
treatment group (ERC vs. placebo) and CKD stage terminated
early. Of the subjects who did not complete treatment, the
most frequently reported reasons were withdrawn consent
(5.6%) followed by discontinuations due to a serious treatment-emergent adverse event (TEAE) (3.0%) and lost to follow-up (2.8%).

5.4. Treatment-emergent adverse events
Approximately 70% of subjects in the phase 3 studies
experienced at least one TEAE, and the incidence of TEAEs
was comparable between treatment groups and CKD stages.
In the two pivotal studies, the proportion of TEAEs judged
related to study drug was slightly higher among subjects
treated with ERC (12.6%) than those treated with placebo

(9.0%) but was modest in both groups; the incidence of
related TEAEs was similar in the open-label extension
study (10.7% for 26 weeks and 10.8% for 52 weeks). The
most frequently reported event related to study drug was
diarrhea which occurred in 2.8% of placebo and 1.8% of ERC
subjects. The incidence of severe TEAEs was <12% overall in
any treatment group. There were no late-appearing TEAEs
detected in subjects treated up to 52 weeks in the extension study.
No deaths were reported during the single-dose studies or
the phase 2b study. Twelve subjects (1/144 placebo [0.7%] and
11/388 ERC [2.8%]) died during the phase 3 studies; none of
the deaths was judged related to study drug. No serious TEAEs
were reported in the single-dose studies. In the phase 2b
study, three ERC subjects and one placebo subject experienced a serious TEAE.
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The safety of ERC was examined in subpopulations based
on race, gender, age, ethnicity, and the presence or absence of
diabetes mellitus in the pooled data from the pivotal phase 3
studies (due to reduced power to evaluate each study individually). The TEAE profiles were comparable between treatment groups and CKD stages regardless of the
subpopulation. The TEAE profiles were also comparable
between treatment groups and CKD stages regardless of
whether or not subjects used vitamin D supplements or phosphate binders.
The ERC phase 3 program titrated subjects to a PTH target
in the normal range. Slightly fewer subjects achieving normal
PTH values experienced a TEAE. To examine the safety of
occasional excursions of serum total 25-hydroxyvitamin D
levels ≥100 ng/mL, TEAE profiles were compared between
ERC subjects who had an excursion (n = 45) and those who
did not (n = 240). Slightly fewer subjects with excursions in 25hydroxyvitamin D levels ≥100 ng/mL experienced a severe
(6.7% versus 10.4%) or serious (17.8% versus 18.3%) TEAE,
but slightly more of these subjects experienced at least one
TEAE of any severity (73.3% versus 66.3%). However, the number of subjects with excursions was small.

5.5. Serum calcium and phosphorus
Mean serum calcium increased slightly (0.1 mg/dL) with ERC
treatment in the two pivotal studies compared with placebo
treatment (p < 0.001). Six subjects in the ERC group experienced two consecutive serum calcium levels >10.3 mg/dL (vs.
upper limit of normal of 10.5 mg/dL). The elevations were not
related to dose, serum total 25-hydroxyvitamin D or 1,25dihydroxyvitamin D level, or use of elemental calcium or
phosphate binder, supporting an etiology related to an
unmeasured extrinsic (diet) or intrinsic (intestinal transport)
factor. Mean serum phosphorus levels also increased slightly
more (0.1 mg/dL) with ERC treatment than with placebo treatment (p = ns), and this effect was more apparent in subjects
with stage 4 CKD. Stage 4 CKD subjects had higher mean
serum phosphorus levels at baseline, which increased over
time in both treatment groups likely as a result of progression
of kidney disease. ERC treatment had no significant effect on
serum FGF23.

5.6. Urine calcium
Subjects were monitored for hypercalciuria because of its
possible adverse effect on renal arteriolar vasoconstriction
and progressive calcification with loss of function. Across the
phase 3 pivotal and extension studies, no significant effects of
ERC treatment were detected on spot urinary calcium:creatinine ratio. Thirteen ERC subjects had ratios >0.2; all were
transient except for one subject who had a ratio >0.2 before
receiving ERC which remained elevated throughout 52 weeks
of treatment. These data indicated a lack of a true drug effect
and suggested that the episodic instances likely were related
to fluctuations in dietary calcium intake since the spot samples
were not collected during the fasting state.

5.7. Renal function
In the pivotal studies, a higher incidence of transient increases
in serum creatinine was observed in subjects treated with ERC
(4.9%) versus placebo (1.4%). The increases in serum creatinine
were deemed unrelated to study drug and resolved without
changes to study drug and without specific treatment other
than standard of care for the underlying disorder in all but one
case. No differences in mean eGFR, blood urea nitrogen, or
serum creatinine were detected between ERC and placebo
treatment groups for either CKD stage.

6. Regulatory affairs
ERC is only approved in the US at this time.

7. Conclusion
Data from two adequate and well-controlled phase 3 studies
have demonstrated that daily bedtime administration of
30–60 μg of ERC is safe and effective in treating SHPT in adults
with stage 3 or 4 CKD and vitamin D insufficiency. These 26week RCTs, with identical randomized, double-blind, and placebo-controlled designs, each demonstrated that ERC effectively corrected vitamin D insufficiency and reduced mean
plasma PTH by at least 30% from pretreatment baseline in a
greater proportion of subjects than matching placebo
(p < 0.0001), using a prespecified analysis. The efficacy of
ERC was unaffected by CKD stage and was more pronounced
with longer duration of treatment. ERC was well tolerated, had
minimal effect on serum calcium and phosphorus, and was
free of significant adverse effects. Based on these data, ERC
has recently been approved for marketing in the US.

8. Expert commentary
Data from three prospective RCTs with ERC showed that the
magnitude of plasma PTH suppression in patients with stage 3
or 4 CKD was continuously and directly related to increases in
serum total 25-hydroxyvitamin D above 30 ng/mL. Further,
they showed that serum levels of 25-hydroxyvitamin D and
1,25-dihydroxyvitamin D were continuously and directly
related. These findings support the conclusion that ERC lowered elevated PTH by raising and maintaining serum total 25hydroxyvitamin D and that the mechanism for PTH suppression involved elevation of serum and/or intracellular total
1,25-dihydroxyvitamin D.
It remains unknown if the conversion of 25-hydroxyvitamin D
into 1,25-dihydroxyvitamin D in patients with stage 3 or 4 CKD
occurred primarily in the kidney or elsewhere. The pivotal studies
showed that ERC suppressed PTH to the same degree in both
stage 3 and stage 4 CKD, a finding which is at odds with conventional wisdom that 25-hydroxyvitamin D is less likely to be
converted into 1,25-dihydroxyvitamin D as CKD advances, due to
declining expression of CYP27B1 in the failing kidneys. This finding indicates that (a) there is adequate renal CYP27B1 activity in
predialysis patients to activate 25-hydroxyvitamin D and/or that
(b) 25-hydroxyvitamin D is activated by CYP27B1 expressed outside the kidneys. It is well established that CYP27B1 is found in
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the parathyroid glands and in many other extrarenal tissues [39],
presumably for local hormone production. Further, it has been
demonstrated that serum levels of 1,25-dihydroxyvitamin D rise
in response to administered calcifediol in anephric patients [40].
It is plausible, therefore, that ERC raises serum total 25-hydroxyvitamin D to high enough levels to enable sufficient extrarenal
1,25-dihydroxyvitamin D production for PTH control.
Irrespective of where 25-hydroxyvitamin D is activated, there
remains a pressing need to determine the optimal levels of
serum total 25-hydroxyvitamin D for PTH control in patients
with stage 3 or 4 CKD. Data from the four prospective clinical
studies with ERC suggest that serum total 25-hydroxyvitamin D
should be raised substantially above 30 ng/mL, the level currently considered to be adequate in clinical practice guidelines
applicable to CKD. Cross-sectional data from another recent
study [41] also suggested that higher 25-hydroxyvitamin D levels
are required for SHPT control as CKD advances, based on the
observed continuous inverse relationship between PTH and
serum total 25-hydroxyvitamin D rising well above 30 ng/mL.
Data obtained with ERC show that gradual elevation of serum
total 25-hydroxyvitamin D within the targeted range of
30–100 ng/mL has minimal effect on serum levels of calcium
and phosphorus and is free of significant adverse effects. The
threshold of toxicity for serum total 25-hydroxyvitamin D has
been postulated by others to be 100 [42], 150 [43], and 250 ng/
mL [44], but supportive data are sparse. It has also been postulated that toxicity depends on more on the rate at which serum
total 25-hydroxyvitamin D is elevated during repletion therapy
than on the absolute exposure achieved [28].
The PTH reductions observed with ERC compared favorably to
those previously observed in predialysis patients during RCTs
examining treatment with VDRAs, when considered with concomitant changes in serum calcium and phosphorus. In the PRIMO
trial [45], paricalcitol, administered orally at 2 µg/day, lowered
mean PTH from a baseline level of approximately 130 pg/mL to
the normal range within 8 weeks and maintained it normal for
another 40 weeks of treatment. No PTH reduction was observed
in the parallel placebo group. Mean serum calcium and phosphorus rose with paricalcitol treatment by 0.57 mg/dL (p < 0.001)
and 0.19 mg/dL (p = 0.05), respectively, versus placebo. Nearly
23% of subjects experienced hypercalcemia, defined as two
consecutive measurements above 10.5 mg/dL, on paricalcitol
versus 0.9% on placebo (p < 0.001). In the OPERA Trial [46],
paricalcitol, administered orally at 1 µg/day, reduced median
PTH by 86 pg/mL (55%) from a baseline level of 156 pg/mL
while placebo treatment increased PTH by 21 pg/mL (16%)
from a baseline level of 129 pg/mL. Mean serum calcium rose
with paricalcitol treatment but not with placebo, and 43% of
subjects on paricalcitol experienced hypercalcemia, defined as
serum calcium above 10.2 mg/dL versus 3% on placebo
(p < 0.001). In phase 3 trials, paricalcitol produced a mean
decrease of 45% in PTH after 24 weeks compared with a mean
increase of 14% with placebo and raised serum calcium and
phosphorus by 0.2 and 0.1 mg/dL, respectively [47].
Hypercalcemia, defined as two consecutive serum calcium determinations above 10.5 mg/dL, was observed in 2% of subjects
receiving paricalcitol versus 0% on placebo. Doxercalciferol, at an
average oral dose of up to 1.6 µg/day, reduced mean PTH by 46%
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after 24 weeks of treatment versus 2% with placebo [48], mean
serum calcium rose by 0.4 and 0.1 mg/dL, and mean serum
phosphorus rose by 0.3 and 0.0 mg/dL, respectively. No differences in the rates of hypercalcemia or hyperphosphatemia were
noted between the treatment groups. Alfacalcidol treatment
(0.25–1.0 µg/day) over 2 years produced no significant reduction
in PTH relative to placebo [49]. In the PACE study [50], oral
calcitriol (0.25 µg/day) and paricalcitol (1.0 µg/day) reduced
mean PTH by 46% and 52%, respectively, from pretreatment
baseline levels of 209 and 176 pg/mL over 24 weeks of treatment
and increased serum calcium and phosphorus by 0.3–0.4 mg/dL
(p < 0.05).
The FDA approval of ERC is timely in view of the recently
revised Clinical Practice Guideline for CKD-MBD [21]. The revised
guideline highlights the limited effectiveness of nutritional vitamin D for suppressing elevated PTH in CKD and recommends
against routine use of VDRAs for PTH suppression due to the
increased risk of hypercalcemia, which increases the risk of vascular calcification. ERC offers health-care professionals a new
treatment option that has been shown effective and safe in
controlling PTH without meaningfully perturbing calcium and
phosphorus homeostasis.

9. Five-year view
The current standard of care for SHPT in CKD is early initiation
of vitamin D supplementation followed by a switch to (or
addition of) VDRA therapy (usually calcitriol) after PTH
increases to unacceptable levels. Vitamin D supplementation
alone has not been shown to correct SHPT in RCTs, but its
widespread use is driven by low cost, easy access, a good
safety profile, and, until recently, the absence of a better
repletion therapy. Simply put, health-care professionals view
vitamin D supplements as harmless and potentially helpful.
A recent meta-analysis of RCTs evaluating vitamin D supplements contended that vitamin D supplementation may inappropriately delay the institution of more effective VDRA therapy,
thereby allowing SHPT to become more established and difficult
to treat [17]. VDRAs effectively control PTH but at the risk of
increasing serum calcium and phosphorus, increasing the risk of
hypercalcemia and hyperphosphatemia, especially when used in
combination with vitamin D supplements. Hypercalcemia and
hyperphosphatemia are key drivers of vascular calcification, the
leading cause of morbidity and mortality in CKD [19]. The revised
KDIGO clinical practice guideline for CKD-MBD [21] recommends
against routine use of VDRAs in CKD stages 3 and 4.
Early, effective, and safe treatment of SHPT with ERC could
substantially improve CKD outcomes. This new therapy enables
health-care professionals to eradicate vitamin D insufficiency
and to control SHPT at its onset, which could decrease the risk
of severe SHPT and hyperplasia of the parathyroid glands. Over
time, ERC is likely to become a mainstay in the armamentarium
of SHPT therapies and may appropriately delay institution of
VDRA therapy until dialysis. Achieving better SHPT control with
early, effective ERC therapy could lower the VDRA dose required,
thereby reducing the associated risk of vascular calcification,
resulting in healthier bones at the time of transplantations and
contributing to reduced MBD and related fracture risk.
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Key issues
● Extended-release calcifediol (ERC) was recently approved as
Rayaldee® by the US FDA for the treatment of secondary
hyperparathyroidism (SHPT) in adults with stage 3 or 4
chronic kidney disease (CKD) and vitamin D insufficiency.
● ERC addresses a pressing need for a new, improved treatment for SHPT in patients with stage 3–4 CKD.
● Calcifediol (25-hydroxyvitamin D3) is the natural precursor (or
prohormone) of calcitriol, the endogenous vitamin D hormone.
● ERC gradually releases calcifediol and thereby avoids the
rapid increases in serum calcifediol and calcitriol seen with
immediate-release (IR) formulations.
● A head-to-head comparison of ERC vs. IR calcifediol showed
that ERC produced much greater and more prolonged suppression of plasma PTH in CKD patients.
● Data from two adequate and well-controlled phase 3 studies have demonstrated that daily bedtime administration
of 30–60 μg of ERC is safe and effective in treating SHPT in
adults with stage 3 or 4 CKD and vitamin D insufficiency.
● ERC offers healthcare professionals a new treatment option
that has been shown effective in both correcting vitamin D
insufficiency and controlling PTH without meaningfully perturbing calcium and phosphorus homeostasis.

Information resources
Additional information on ERC can be found at http://rayaldee.com and in
the following refereed articles: Sprague 2014 [13], Petkovich 2015 [28],
and Sprague 2016 [27].
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