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insufficiency were randomized 2:   1 to receive oral ER calcife-
diol (30 or 60 μg) or placebo once daily at bedtime for 26 
weeks. Most subjects (354 or 83%) completed dosing, and 
298 (69%) entered a subsequent open-label extension study 
wherein ER calcifediol was administered without interrup-
tion for another 26 weeks.  Results:  ER calcifediol normalized 
serum total 25-hydroxyvitamin D concentrations (>30 ng/
ml) in >95% of per-protocol subjects and reduced plasma 
intact parathyroid hormone (iPTH) by at least 10% in 72%. 
The proportion of subjects receiving ER calcifediol who 
achieved iPTH reductions of  ≥ 30% increased progressively 
with treatment duration, reaching 22, 40 and 50% at 12, 26 
and 52 weeks, respectively. iPTH lowering with ER calcifediol 
was independent of CKD stage and significantly greater than 
with placebo. ER calcifediol had inconsequential impact on 
serum calcium, phosphorus, FGF23 and adverse events. 
 Conclusion:  Oral ER calcifediol is safe and effective in treat-
ing SHPT and vitamin D insufficiency in CKD. 

 © 2016 S. Karger AG, Basel 
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 Abstract 

  Background/Aims:  Vitamin D insufficiency and secondary 
hyperparathyroidism (SHPT) are associated with increased 
morbidity and mortality in chronic kidney disease (CKD) and 
are poorly addressed by current treatments. The present 
clinical studies evaluated extended-release (ER) calcifediol, a 
novel vitamin D prohormone repletion therapy designed to 
gradually correct low serum total 25-hydroxyvitamin D, im-
prove SHPT control and minimize the induction of CYP24A1 
and FGF23.  Methods:  Two identical multicenter, random-
ized, double-blind, placebo-controlled studies enrolled sub-
jects from 89 US sites. A total of 429 subjects, balanced be-
tween studies, with stage 3 or 4 CKD, SHPT and vitamin D 
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 Introduction 

 Chronic kidney disease (CKD) is a worldwide public 
health problem with steadily increasing patient numbers 
and cost. Prevalence exceeds 10% globally  [1]  and has ris-
en to 14% in the United States (US)  [2] . Key factors driv-
ing the growth of CKD in developed countries include 
aging populations and the increasing incidence of obesi-
ty, with its associated complications of hypertension and 
adult-onset diabetes. Stages 3 and 4 CKD afflict more 
than 6% of the US population, or approximately 20 mil-
lion individuals  [2] .

  Secondary hyperparathyroidism (SHPT) is a major 
facet of CKD mineral and bone disorder (CKD-MBD), 
the broader clinical syndrome of mineral, bone and cal-
cific cardiovascular abnormalities that develop as a com-
plication of CKD. SHPT is characterized by excessive se-
cretion of parathyroid hormone (PTH) and arises from a 
combination of vitamin D insufficiency, phosphate re-
tention, elevated FGF23 and reduced serum total 1,25-di-
hydroxyvitamin D and calcium (Ca) concentrations. 
SHPT affects 40 and 82% of patients with stages 3 and 4 
CKD  [3] , respectively, and requires prompt and effective 
treatment. In the absence of effective treatment, SHPT 
becomes progressively more severe and ultimately unre-
sponsive to medical treatment  [4] , leading ultimately to 
parathyroidectomy.

  Vitamin D insufficiency affects an estimated 71–83% 
of patients with stage 3 or 4 CKD  [5, 6] . It is defined in 
clinical practice guidelines applicable to CKD as serum 
total 25-hydroxyvitamin D <30 ng/ml  [7, 8]  and it arises 
from nutritional inadequacy, decreased sunlight expo-
sure, proteinuric loss and decreased hepatic synthesis of 
25-hydroxyvitamin D and increased expression of 
 CYP24A1, the cytochrome P450 enzyme that specifical-
ly catabolizes 25-hydroxyvitamin D to 24,25-dihy-
droxyvitamin D and more polar catabolites  [9, 10] . There 
is  general agreement amongst nephrologists and endo-
crinologists that vitamin D insufficiency should be cor-
rected  [7, 8, 11] . However, no dosing regimen with ergo-
calciferol or cholecalciferol has been shown to be effec-
tive for reliably correcting vitamin D insufficiency and 
significantly reducing elevated PTH levels in CKD  [12, 
13] .

  In contrast, extended-release (ER) calcifediol has 
been shown in a 6-week randomized, double-blind, pla-
cebo-controlled trial to reliably correct vitamin D insuf-
ficiency and to effectively suppress elevated plasma in-
tact PTH (iPTH) in CKD patients while maintaining 
normal serum total 25-hydroxyvitamin D concentra-

tions  [10].  We report herein additional studies that ex-
amine the safety and efficacy of ER calcifediol adminis-
tered for periods of up to 52 weeks in patients with stage 
3 or 4 CKD.

  Methods 

 Study Design 
 Two identical studies (studies A and B) with multicenter, ran-

domized, double-blind, placebo-controlled designs enrolled 429 
subjects with CKD stage 3 or 4, SHPT and vitamin D insufficiency 
from 89 US sites. A total of 213 subjects were randomized in study 
A (72 received placebo and 141 received ER calcifediol), and 216 
subjects were randomized in study B (72 received placebo and 144 
received ER calcifediol). Subjects were stratified equally by CKD 
stage and were randomized in a 2:   1 ratio to receive a once daily 
30  μg oral dose of ER calcifediol (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 ER calcife-
diol (or placebo). The dose was increased to 60 μg at the start of 
week 13 if plasma iPTH remained >70 pg/ml (the upper limit of 
the laboratory reference range), serum total 25-hydroxyvitamin D 
was <65 ng/ml and serum Ca was <9.8 mg/dl.

  A total of 354 subjects (83%) completed studies A or B, and 298 
(69%) entered a single 6-month open-label extension study dur-
ing which dosing continued unchanged with the exceptions that 
(a) subjects who had been receiving placebo switched to 30 μg of 
ER calcifediol (once daily at bedtime), and (b) all subjects could 
titrate to 60 μg at week 38 if plasma iPTH was >70 pg/ml and se-
rum Ca was <9.8 mg/dl, with no restriction on the level of serum 
25-hydroxyvitamin D. A total of 84 subjects who had been receiv-
ing 60 μg daily at week 38 and met dose titration criteria were 
randomized (1:   1) to continue daily ER calcifediol (a) alone or (b) 
with daily additional adjunctive therapy. Data collected from 42 
subjects randomized to additional adjunctive therapy have been 
excluded from this analysis to focus solely on the effect of ER cal-
cifediol.

  Plasma iPTH and serum Ca, phosphorus (P) and total 25-hy-
droxyvitamin D were measured every 2 or 4 weeks in studies A and 
B and in the subsequent extension. Serum total 1,25-dihydroxyvi-
tamin D (includes both 1,25-dihydroxyvitamin D 2  and D 3 ) and 
24,25-dihydroxyvitamin D 3  were measured at the same intervals 
in studies A and B only. Routine blood chemistries, hematologic 
parameters, spot urine Ca, P and creatinine (Cr) levels and serum 
FGF23 were measured before initiating treatment, titrating the 
dose and at the end of treatment. An independent Data Safety 
Monitoring Board monitored patient safety throughout the study.

  The sole primary efficacy end point in all 3 studies was the 
number (n, %) of subjects in the intent-to-treat (ITT) population 
that attained a mean decrease of  ≥ 30% in plasma iPTH from pre-
treatment baseline in the efficacy assessment period (EAP), de-
fined as the last 6 weeks of the 26- and 52-week treatment periods.

  The primary safety end points included adverse event (AE) 
rates, laboratory parameters (clinical chemistry, hematology, 
urine chemistry and urinalysis), physical examinations, vital signs, 
12-lead electrocardiograms and assessments of estimated glomer-
ular filtration rate (eGFR), all of which were evaluated at regular 
intervals.
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  Subject Selection 
 Eligible subjects were  ≥ 18 years of age and had CKD (not re-

quiring regular dialysis) with eGFR  ≥ 15 and <60 ml/min/1.73 m 2 . 
Other eligibility criteria included serum total 25-hydroxyvitamin 
D  ≥ 10 and <30 ng/ml, plasma iPTH  ≥ 85 and <500 pg/ml, serum 
Ca  ≥ 8.4 and <9.8 mg/dl and serum P  ≥ 2.0 and <5.0 mg/dl. Exclu-
sion criteria included a spot urine Ca:Cr ratio >0.2, nephrotic 
range proteinuria (>3 mg/mg Cr) and history of parathyroidec-
tomy for SHPT or renal transplantation. Subjects taking >1,000 
mg/day of elemental Ca reduced intake for the duration of the 
study and underwent a 14-day pre-treatment washout. Subjects 
receiving supplementation with ergocalciferol or cholecalciferol 
maintained stable doses below 1,600 international units (IU)/day 
and 1,600 IU/dose. Any bone metabolism therapy (with the excep-
tion of bisphosphonates) that could potentially interfere with 
study end points was discontinued for the duration of the study, 
and a 56-day pre-treatment washout was imposed. In the case of 
bisphosphonates, subjects had to be on a stable dose for >6 months 
prior to enrollment and maintain that dose for study duration.

  Study Blind 
 All subjects and staff were blinded as to whether a given subject 

was assigned to ER calcifediol or placebo treatment until the study 
database was locked or until a decision was made to break the blind 
for that subject (e.g., as a result of an emergent AE). For subjects 
enrolling into the extension study, treatment assignments re-
mained blinded until 8 weeks after the end of studies A or B at 
which time the study database was locked for that subject. All sub-
jects took 1 capsule per day from a single bottle starting at day 1 
for 12 weeks, and 2 capsules per day from 2 bottles (1 capsule from 
each bottle) starting after 12 weeks, unless dose reduction (to 1 
capsule thrice weekly) or suspension was warranted (these were 
rare events). The switch from 1 to 2 bottles after 12 weeks in all 
subjects allowed the ER calcifediol dose to be increased, as neces-
sary, from 30 to 60 μg/day for selected subjects without breaking 
the blind.

  All subjects and staff were also blinded to serum total 25-hy-
droxyvitamin D and plasma iPTH concentrations obtained during 
treatment. Serum total 25-hydroxyvitamin D and plasma iPTH 
data were maintained blinded for any subject enrolling into the 
subsequent extension study until that subject had completed an-
other 8 weeks of treatment and the subject’s data from the preced-
ing study had been locked.

  Drug Products and Dosing 
 Calcifediol was purchased from the Dishman Group 

(Veenendaal, Netherlands) and formulated in ER capsules con-
taining 30 μg by Catalent Pharma Solutions (Clearwater, Fla., 
USA). Placebo capsules had the same formulation, except for the 
omission of calcifediol, and had identical appearance and packag-
ing. Both active and placebo capsules underwent full quality con-
trol analysis prior to use in the studies, and were monitored for 
stability during the period of use. The active capsules gradually 
released calcifediol over a 12-hour period during in vitro dissolu-
tion testing. A single-dose study of 450 and 900 μg ER calcifediol 
in subjects with stage 3 or 4 CKD produced maximum serum cal-
cifediol concentrations in the range of 13.1–13.6 h after dosing in 
the fasted state  [14] .

  Subjects were instructed to take 1 or 2 capsules by mouth every 
day at bedtime (with any non-alcoholic liquid). Subjects discontin-

ued dosing if they had confirmed plasma iPTH <30 pg/ml, serum 
Ca >10.3 mg/dl, serum P >5.5 mg/dl (only if deemed to be study 
drug related) or serum total 25-hydroxyvitamin D >100 ng/ml.

  Laboratory and Clinical Procedures 
 Blood and urine samples were shipped on dry ice for analysis 

to PPD Global Central Labs (Highland Heights, KY, USA). Plasma 
iPTH levels were determined by 2-site sandwich immunochemi-
luminescence (Roche Elecsys). Serum total 25-hydroxyvitamin D 
was determined by chemiluminescence (DiaSorin), serum total 
1,25-dihydroxyvitamin D was determined by radioimmunoassay 
(IDS) and intact FGF23 was determined by ELISA (Millipore). 
Samples were forwarded to InVentiv Health (Quebec, Canada) for 
analysis of serum 24,25-dihydroxyvitamin D 3  by LC-MS/MS.

  Analysis of Data 
 Serum Ca values were corrected for albumin below 4.0 g/dl. 

eGFR was calculated with the Modification of Diet in Renal Dis-
ease equation  [15] . Pre-treatment ‘baseline’ values for all param-
eters were defined as the average of the measurements obtained at 
(a) the 2 screening visits and (b) immediately prior to dosing on 
the day when treatment was initiated. EAP values were defined as 
the average of all (minimum of 2) measurements in weeks 20, 22, 
24 and 26 for studies A and B as well as the average of all (minimum 
of 2) measurements in weeks 46, 50 and 52 for the extension study. 
Efficacy end points were analyzed in the ITT and per-protocol (PP) 
populations according to a pre-specified statistical analysis plan, 
but results of only the PP analyses are reported herein, except 
where noted, since there were no material differences between the 
2 analyses.

  Results 

 Study Population 
 Demographic and baseline characteristics of the 429 

subjects are summarized in  table 1  by study and treatment 
group. No significant differences were detected among the 
2 treatment groups for both the individual studies A and 
B and for the pooled data. The subjects’ mean age was 66 
years (range 25–85), 50% were male, 65% White, 32% 
 African-American or Black, 21% Hispanic and 3% Other. 
At baseline, subjects had SHPT and stage 3 (52%) or stage 
4 (48%) CKD. The most common causes of CKD were 
diabetes and hypertension and the mean eGFR was 31 ml/
min/1.73 m 2 . Mean baseline plasma iPTH was 130 pg/ml 
for subjects with stage 3 disease (n = 222) and 166 pg/ml 
for subjects with stage 4 disease (n = 207). Also, at baseline, 
mean serum Ca was 9.2 mg/dl, mean serum P was 3.7 mg/
dl and mean serum total 25-hydroxyvitamin D was 20 ng/
ml. Nutritional vitamin D therapy was used concomitant-
ly by 14.4% of subjects randomized to ER calcifediol treat-
ment and by 13.2% of subjects randomized to placebo 
treatment. Only one subject (randomized to placebo treat-
ment) used concomitant bisphosphonate therapy.

D
ow

nl
oa

de
d 

by
: C

. B
is

ho
p 

- 
24

28
47

12
.1

2.
17

8.
22

6 
- 

9/
28

/2
01

6 
4:

10
:2

4 
P

M



 ER Calcifediol Suppresses PTH in CKD Am J Nephrol 2016;44:316–325
DOI: 10.1159/000450766

319

  Subject Disposition 
 Most (83%) enrolled subjects completed the 26-week 

placebo-controlled treatment period. Comparable pro-
portions of subjects in the 2 treatment groups and studies 
terminated early for various reasons, the most frequent of 
which were withdrawal of consent (6%), followed by dis-
continuations due to a non-serious (1.8%) or serious 
(3.5%) treatment emergent AE (TEAE).

  Serum Total 25-Hydroxyvitamin D 
 Mean serum total 25-hydroxyvitamin D increased 

gradually and comparably with ER calcifediol treatment 
in both studies ( fig. 1 ) but was unchanged with placebo 
treatment (p < 0.0001). In studies A and B, 80 and 83% 
of the ITT subjects treated with ER calcifediol attained 
serum 25-hydroxyvitamin D levels of at least 30 ng/ml 
versus 3 and 7% of subjects treated with placebo (p  < 

0.001), respectively. More than 95% of the PP subjects in 
each study attained at least 30 ng/ml. At the start of week 
13, 74% of subjects treated with ER calcifediol increased 
the dose to 60 μg/day. Steady-state serum total 25-hy-
droxyvitamin D levels were reached after 12 weeks of 
dosing and averaged 50 and 56 ng/ml for subjects receiv-
ing 30 μg daily, and 69 and 67 ng/ml for subjects receiv-
ing 60 μg daily, in the 2 studies, respectively. The levels 
remained stable throughout the 52-week treatment pe-
riod.

  Plasma iPTH 
 In studies A and B, mean plasma iPTH levels declined 

gradually, but progressively, with ER calcifediol treat-
ment and tended to increase with placebo treatment 
( fig. 2 ). Differences between the treatment groups in the 
EAP were significant in both studies (p < 0.001). During 

Table 1.  Subject demographics and baseline characteristics

Parameter Pooled data from placebo-controlled studies A and B

study A study B total

placebo 
(n = 72)

ER calcifediol 
(n = 141)

placebo 
(n = 72)

ER calcifediol 
(n = 144)

placebo  
(n = 144)

ER calcifediol 
(n = 285)

Sex, n (%)
Female 33 (45.8) 71 (50.4) 39 (54.2) 71 (49.3) 72 (50.0) 142 (49.8)
Male 39 (54.2) 70 (49.6) 33 (45.8) 73 (50.7) 72 (50.0) 143 (50.2)

Race, n (%)
White 48 (66.7) 85 (60.3) 46 (63.9) 98 (68.1) 94 (65.3) 183 (64.2)
Black 22 (30.6) 50 (35.5) 23 (31.9) 43 (29.9) 45 (31.3) 93 (32.6)
Other 2 (2.7) 6 (4.2) 3 (4.2) 2 (1.4) 5 (3.4) 8 (2.8)

Ethnicity, n (%)
Hispanic or Latino 16 (22.2) 28 (19.9) 15 (20.8) 29 (20.1) 31 (21.5) 57 (20.0)
Not Hispanic 56 (77.8) 113 (80.1) 57 (79.2) 115 (79.9) 113 (78.5) 228 (80.0)

Cause of CKD, n (%)
Diabetes mellitus 34 (47.2) 55 (39.0) 30 (41.7) 74 (51.4) 64 (44.4) 129 (45.3)
Hypertension 24 (33.3) 54 (38.3) 31 (43.1) 49 (34.0) 55 (38.2) 103 (36.1)
Polycystic kidney 

disease 2 (2.8) 4 (2.8) 0 (0.0) 4 (2.8) 2 (1.4) 8 (2.8)
Glomerulonephritis 2 (2.8) 1 (0.7) 0 (0.0) 1 (0.7) 2 (1.4) 2 (0.7)

Weight, kg, mean (SD) 96.3 (25.55) 96.2 (25.84) 97.4 (18.47) 97.5 (24.13) 96.9 (22.2) 97.1 (25.1)
Age, years, mean (SD) 64.4 (12.74) 65.1 (10.33) 65.3 (10.06) 66.8 (10.90) 64.9 (11.5) 66.0 (10.6)
BMI, kg/m2, mean (SD) 34.2 (7.66) 34.1 (8.33) 35.0 (7.34) 34.7 (7.93) 34.6 (7.5) 34.4 (8.1)
eGFR, ml/min/1.73 m2, 

mean (SD) 32.3 (11.02) 30.3 (11.07) 31.8 (9.61) 30.9 (9.90) 32.0 (10.3) 30.6 (10.5)
Ca, mg/dl, mean (SD) 9.2 (0.28) 9.2 (0.29) 9.3 (0.28) 9.3 (0.35) 9.2 (0.28) 9.2 (0.32)
P, mg/dl, mean (SD) 3.8 (0.59) 3.7 (0.55) 3.7 (0.47) 3.8 (0.56) 3.8 (0.53) 3.7 (0.55)
iPTH, pg/ml, mean (SD) 142.2 (46.11) 146.8 (56.01) 155.6 (63.09) 147.6 (64.21) 148.9 (55.5) 147.2 (60.2)
25-Hydroxyvitamin D, ng/dl, 

mean (SD) 19.2 (5.43) 20.2 (5.08) 19.4 (5.51) 19.7 (5.56) 19.3 (5.5) 19.9 (5.3)
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the open-label extension study, the gradual decrease in 
plasma iPTH continued for subjects receiving ER calcife-
diol. For subjects switching from placebo to ER calcife-
diol, plasma iPTH declined in a manner similar to that 
observed previously with active treatment in the 2 blind-
ed studies.

  In the ITT population, the proportion of subjects 
who achieved at least a 30% reduction in plasma iPTH 
in the EAP was greater with ER calcifediol than with 
placebo treatment in both studies (33 vs. 8% in study A 
(p < 0.001) and 34 vs. 7% in study B (p < 0.001)) irre-
spective of whether the CKD stages were combined or 
analyzed separately. In the pooled PP population, re-
sponse rates rose with duration of ER calcifediol thera-
py, reaching 22% after 12 weeks, 40% after 26 weeks 
and 50% after 52 weeks, compared with <8% for pla-
cebo (p < 0.001). Response rates were higher in the PP 
analysis because subjects who terminated prematurely 
were deemed to be non-responders in the ITT analysis, 
irrespective of observed changes in plasma iPTH.  Fig-
ure 3  shows that more (72%) subjects in the pooled PP 
population treated with ER calcifediol achieved reduc-
tions in plasma iPTH of at least 10% in the EAP (weeks 
20–26) than subjects (27%) treated with placebo (p < 
0.01).

  Serum Total 1,25-Dihydroxyvitamin D and 
24,25-Dihydroxyvitamin D 3  
 Mean (SE) serum total 1,25-dihydroxyvitamin D and 

24,25-dihydroxyvitamin D 3  levels at baseline were 34.4 
(0.9) pg/ml and 1.0 (0.04) ng/ml, respectively, in the 
pooled ER calcifediol group compared to 36.0 (1.3) pg/ml 
and 1.0 (0.04) ng/ml in the pooled placebo group. Mean 
serum levels of these 2 metabolites increased gradually 
with ER calcifediol treatment versus both placebo treat-
ment and baseline to 46.7 (1.0) pg/ml and 3.8 (0.1) ng/ml 
after 26 weeks (p < 0.05), respectively. No changes were 
observed with placebo treatment.

  Serum Ca and P 
 Subjects randomized to ER calcifediol experienced a 

slightly greater mean (SE) increase in serum Ca than 
those randomized to placebo ( fig. 4 ). This increase was 
0.2 (0.02) mg/dl for ER calcifediol versus 0.1 (0.03) mg/dl 
for placebo (p < 0.001), and resulted primarily from up-
ward correction of a subset of serum Ca values that were 
in the low normal range at baseline. Six subjects (2%) in 
the ER calcifediol treatment group and no subjects (0%) 
in the placebo group required dose reductions for proto-
col-defined hypercalcemia (2 consecutive serum Ca val-
ues >10.3 mg/dl). All but one of these subjects exhibited 
a tendency toward elevated serum Ca before treatment, 
as evidenced by occasional serum Ca values  ≥ 9.8 mg/dl 
during the screening period. The only exception was a 
patient who developed hypercalcemia as a consequence 
of prolonged high doses with a thiazide diuretic. A total 
of 4.2% of active-treated subjects and 2.1% of placebo-
treated subjects experienced at least 1 elevation in serum 
Ca above the upper limit of normal (10.5 mg/dl), none of 
which were clinically significant.

  Patients randomized to ER calcifediol also experienced 
a slightly greater mean (SE) increase in serum P than pa-
tients randomized to placebo, namely 0.2 (0.03) vs. 0.1 
(0.04) mg/dl. One subject (0.4%) in the active treatment 
group met protocol-defined hyperphosphatemia (2 con-
secutive serum P values >5.5 mg/dl deemed to be study 
drug related) compared to no subjects in the placebo group. 
A total of 45% of active-treated subjects and 44% of place-
bo-treated subjects experienced at least one elevation in 
serum P above the upper limit of normal (4.5 mg/dl)

  Urine Ca/Cr 
 Mean (SE) ratios of urine Ca:Cr were 0.04 (0.003) in 

the ER calcifediol group and 0.04 (0.005) in the placebo 
treatment group at baseline, and were unchanged after 26 
weeks of treatment.
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  Fig. 3.  Response rates for plasma iPTH reductions of  ≥ 30,  ≥ 20 and 
 ≥ 10% by treatment group and duration of treatment in the pooled 
PP population. Data for each subject at weeks 12 and 26 represent 
the mean of up to 3 values obtained in the periods of weeks 8–12 
and 20–26, respectively.  *  *  p < 0.005 vs. placebo,  *  *  *  p < 0.0001 vs. 
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  Serum FGF23 
 Mean (SE) serum FGF23 levels showed similar trends 

in the pooled ER calcifediol group (from 41.4 (3.5) to 54.9 
(5.2) ng/ml) and in the pooled placebo group (from 38.3 
(3.6) to 53.4 (7.1) ng/ml) after 26 weeks of treatment (p = 
NS). No significant differences in serum FGF23 levels 
were noted between treatment groups at any time point.

  Estimated Glomerular Filtration Rate 
 Pooled data from studies A and B showed that the ER 

calcifediol and placebo groups experienced identical per-
centage declines (–2.2%) in mean eGFR over the 26-week 
treatment period. Mean (SE) serum Cr was slightly high-
er at baseline in the ER calcifediol treatment group (2.2 ± 
0.05 vs. 2.1 ± 0.06 mg/dl, respectively), and both treat-
ment groups experienced a 0.1 mg/dl increase over the 
26-week treatment period.

  Adverse Events 
 The percentages of subjects that experienced at least 

one TEAE were comparable in the pooled placebo (69.4%) 
and ER calcifediol (67.4%) groups. Most TEAEs were not 
serious (84.0% with placebo vs. 81.8% with ER calcifediol) 
and were mild or moderate in severity (87.0% with pla-
cebo vs. 85.4% with ER calcifediol). The most common 
TEAEs that were observed in at least 4% of placebo sub-
jects and more frequently than in ER calcifediol subjects 
were urinary tract infection (9.0 vs. 4.9%), diarrhea (8.3 

vs. 4.2%), hypertension (7.6 vs. 6.3%), back pain (5.6 vs. 
2.5%), pain in extremity (5.6 vs. 2.1%), peripheral edema 
(5.6 vs. 4.6%), arthralgia (4.9 vs. 2.8%), chest pain (4.9 vs. 
2.5%), gout (4.9 vs. 3.5%), upper respiratory tract infec-
tion (4.9 vs. 2.5%), nausea (4.2 vs. 3.2%), vomiting (4.2 vs. 
1.4%), hypokalemia (4.2 vs. 1.4%) and metabolic acidosis 
(4.2 vs. 1.1%). The most common TEAEs that were ob-
served in at least 4% of ER calcifediol subjects and more 
frequently than in the placebo subjects were anemia (4.9 
vs. 3.5%), nasopharyngitis (4.9 vs. 2.8%), increased blood 
Cr (4.9 vs. 1.4%) and dyspnea (4.2 vs. 2.8%). ER calcife-
diol was well tolerated based on the low rate of discon-
tinuations due to TEAEs (5.7% compared with 2.8% for 
placebo in study A, and 4.9 vs. 5.6% in study B).

  Discussion 

 Supplementation with ergocalciferol or cholecalciferol 
is recommended for SHPT associated with vitamin D in-
sufficiency by the Kidney Disease Outcomes Quality Ini-
tiative Clinical Practice Guidelines for Bone Metabolism 
and Disease in CKD  [8] , the more recent Kidney Disease: 
Improving Global Outcomes Guideline for CKD-MBD 
 [11]  and the Endocrine Society’s Guideline for the Treat-
ment and Prevention of vitamin D Deficiency  [7] . None 
of these clinical practice guidelines provides guidance on 
how supplements should best be administered. Published 
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studies have reported daily vitamin D doses of 700–4,000 
IU, weekly doses of 5,000–50,000 IU and monthly doses 
of 50,000–300,000 IU. Recent reviews, however, have 
concluded that there is little, if any, benefit of nutritional 
vitamin D replacement in CKD  [12, 13] .

  In current clinical practice, therapy with a VDRA is 
initiated in CKD patients when vitamin D supplements 
are found ineffective in lowering PTH  [8, 11] . Although 
VDRAs effectively lower plasma PTH, they leave serum 
25-hydroxyvitamin D uncorrected (and potentially low-
er)  [16] , depriving tissues with CYP27B1 of adequate sub-
strate for local hormone production. Bolus oral or intra-
venous administration of VDRAs produces supraphysi-
ological surges in blood vitamin D hormone levels, 
causing unwanted elevation of FGF23 and CYP24A1-me-
diated vitamin D catabolism, both of which are implicat-
ed in the observed development of resistance to vitamin 
D therapy  [17] .

  Published clinical studies  [18–20]  have shown that im-
mediate-release (IR) calcifediol failed to produce clinically 
meaningful reductions in PTH ( ≥ 30% from pre-treatment 
levels) in patients with stage 3 or 4 CKD unless adminis-
tered at doses that sustained serum 25-hydroxyvitamin D 
at levels well above the upper limit of the normal range 
(100 ng/ml). In one study  [18] , subjects were treated with 
oral calcifediol (10–50 μg/day) or calcium carbonate (con-
trol) for 2 years. The PTH responses in the 2 treatment 
groups were reported as ‘comparable’ and, in aggregate, 
decreased by 4%. Another study  [19]  reported that a much 
higher dose (160 μg orally per day) reduced PTH by 6%. A 
third study  [20]  reported a mean decrease in PTH of 21% 
at 200 μg/day orally or 500 μg given intravenously every 
1–5 days. Although blood 25-hydroxyvitamin D levels 
were not reported, such high doses would have been ex-
pected to produce sustained serum total 25-hydroxyvita-
min D levels far above 100 ng/ml, based on the published 
dose–response data  [21] .

  ER calcifediol increases serum total 25-hydroxyvita-
min D at a slower rate than IR formulations. A single-
dose comparative study conducted in vitamin D-defi-
cient rats  [14]  demonstrated that IR calcifediol produced 
surges in serum calcitriol that triggered substantial 
 CYP24A1 and FGF23 induction, whereas ER calcifediol 
produced similar but more gradual hormonal exposure 
with only minimal effects on CYP24A1 and FGF23. A 
single-dose comparative clinical study showed that ER 
calcifediol was more effective than IR calcifediol in lower-
ing elevated plasma iPTH in CKD patients with vitamin 
D insufficiency  [14] . A 6-week randomized, double-blind 
placebo-controlled study in CKD patients demonstrated 

that daily bedtime doses of 30, 60 or 90 μg of ER calcife-
diol increased serum 25-hydroxyvitamin D levels to  ≥ 30 
ng/ml in more than 90% of treated subjects and dosages 
of  ≥ 60 μg/day reduced plasma iPTH by  ≥ 30% from pre-
treatment baseline in more than 60% of subjects without 
meaningful impact on serum Ca, P or FGF23  [10] .

  The present studies have extended these findings by 
examining the safety and efficacy of 30–60 μg/day of ER 
calcifediol in treating SHPT in patients with stage 3 or 4 
CKD over a treatment period of up to 52 weeks. The two 
26-week studies (studies A and B), with identical ran-
domized, double-blind and placebo-controlled designs, 
demonstrated that ER calcifediol reproducibly raised 
both serum total 25-hydroxyvtiamin D and 1,25-dihy-
droxyvitamin D and reduced mean plasma iPTH by at 
least 30% from pre-treatment baseline in a greater pro-
portion of subjects than matching placebo (p < 0.0001), 
using a pre-specified analysis. Pooled data from all 3 stud-
ies showed that iPTH suppression became progressively 
greater with continuing ER calcifediol treatment, reach-
ing 50% after 52 weeks. The majority of subjects (72%) 
treated with ER calcifediol experienced a PTH-lowering 
benefit of at least 10% after 26 weeks.

  The proportion of subjects in the ITT population of 
each 26-week study achieving a serum total 25-hydroxyvi-
tamin D level of at least 30 ng/ml in the EAP (weeks 20–
26) was greater with ER calcifediol ( ≥ 80%) than with pla-
cebo treatment ( ≤ 7%; p < 0.0001). Response rates with ER 
calcifediol were similarly high in both studies and >95% 
in the PP population. These data showed that ER calcife-
diol, unlike any commonly prescribed regimen of nutri-
tional vitamin D, reliably raised serum total 25-hy-
droxyvitamin D to levels (mean of 50–67 ng/ml) required 
for plasma iPTH suppression. The observation that se-
rum 25-hydroxyvitamin D levels >30 ng/ml are required 
for iPTH control in CKD has been previously reported 
 [22] . The small rise in serum total 25-hydroxyvitamin D 
observed between 38 and 42 weeks of treatment with ER 
calcifediol ( fig. 1 ) resulted in dose titration from 30 to 60 
μg/day without the restriction that pre-titration 25-hy-
droxyvitamin D levels be <65 ng/ml. Patients with mas-
sive proteinuria were excluded from participation in 
these 2 studies. It is, therefore, unknown if ER calcifediol 
therapy could overcome proteinuric loss of 25-hydroxyvi-
tamin D in these patients. A significant inverse relation-
ship was observed in the pooled data between serum total 
25-hydroxyvitamin D and proteinuria in subjects treated 
with ER calcifediol.

  Data from the 3 trials presented herein, and from one 
previous controlled study  [10] , have all demonstrated 
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that ER calcifediol is well tolerated at higher 25-hy-
droxyvitamin D levels within the normal range and that 
subjects’ compliance with the prescribed doses is excel-
lent. The incidences of TEAEs in studies A and B were 
similar between subjects treated with ER calcifediol and 
placebo, and there was a low rate of discontinuations due 
to TEAEs (5.3% for ER calcifediol compared with 4.2% 
for placebo). The 6 observed episodes of hypercalcemia 
(2 consecutive serum Ca values >10.3 mg/dl) with ER cal-
cifediol were not related to dose, serum total 25-hy-
droxyvitamin D or 1,25-dihydroxyvitamin D level, or use 
of elemental Ca or Ca-based phosphate binder, support-
ing an etiology related to an extrinsic (diet or drug) or 
intrinsic (intestinal transport) factor. No data from these 
studies have suggested that ER calcifediol has an adverse 
effect on renal function; mean serum Cr increase and 
mean eGFR decline were similar in the active and placebo 
groups. High serum concentrations of 25-hydroxyvita-
min D 3  (>300 ng/ml) have been reported to exacerbate 
tubular interstitial injury in CYP27B1 knockout mice 
 [23] , but these levels were much greater than those re-
corded in the present studies. Mean adherence to study 
drug was over 95% in all studies.

  Conclusions 

 These data presented from the two 26-week random-
ized, double-blind, placebo-controlled trials and a sub-
sequent 26-week extension study show that oral ER cal-
cifediol administered in daily bedtime doses of 30 or 60 
μg is safe and effective in treating SHPT and correcting 
the underlying vitamin D insufficiency in adult patients 
with stage 3 or 4 CKD. They indicate that ER calcifediol 
may provide a more reliable and standardized approach 
to vitamin D repletion than any commonly used regi-
mens of nutritional vitamin D and may reduce depen-
dency on the more calcemic VDRA therapies for con-
trolling SHPT in CKD patients not requiring regular di-
alysis.

  Disclosure Statement 

 Funding for this research was provided by Cytochroma Inc., 
acquired by OPKO Health, Inc. Dr. Stuart M. Sprague is an Asso-
ciate Editor of AJN and a member of the Scientific Advisory Board 
for OPKO Health Renal Division. Dr. P. Martin Petkovich is a 
consultant for OPKO Health Renal Division.  

 References 

  1 Eckardt KU, Coresh J, Devuyst O, Johnson RJ, 
Köttgen A, Levey AS, Levin A: Evolving im-
portance of kidney disease: from subspecialty 
to global health burden. Lancet 2013;   382:  
 158–169. 

  2 CKD in the United States: an overview of the 
USRDS annual data report, volume 1. Am J 
Kidney Dis 2015;   66:S1–S10. 

  3 Levin A, Bakris GL, Molitch M, Smulders M, 
Tian J, Williams LA, Andress DL: Prevalence 
of abnormal serum vitamin D, PTH, calcium, 
and phosphorus in patients with chronic kid-
ney disease: results of the study to evaluate ear-
ly kidney disease. Kidney Int 2007;   71:   31–38. 

  4 Nigwekar SU, Tamez H, Thadhani RI: Vita-
min D and chronic kidney disease-mineral 
bone disease (CKD-MBD). Bonekey Rep 
2014;   3:   498. 

  5 LaClair RE, Hellman RN, Karp SL, Kraus M, 
Ofner S, Li Q, Graves KL, Moe SM: Prevalence 
of calcidiol deficiency in CKD: a cross-sec-
tional study across latitudes in the United 
States. Am J Kidney Dis 2005;   45:   1026–1033. 

  6 Wolf M, Shah A, Gutierrez O, Ankers E, Mon-
roy M, Tamez H, Steele D, Chang Y, Camargo 
CA Jr, Tonelli M, Thadhani R: Vitamin D lev-
els and early mortality among incident hemo-
dialysis patients. Kidney Int 2007;   72:   1004–
1013. 

  7 Holick MF, Binkley NC, Bischoff-Ferrari HA, 
Gordon CM, Hanley DA, Heaney RP, Murad 
MH, Weaver CM; Endocrine S: Evaluation, 

treatment, and prevention of vitamin D defi-
ciency: an endocrine society clinical practice 
guideline. J Clin Endocrinol Metab 2011;   96:  
 1911–1930. 

  8 National Kidney Foundation: K/DOQI clini-
cal practice guidelines for bone metabolism 
and disease in chronic kidney disease. Am J 
Kidney Dis 2003;   42(4 suppl 3):S1–S201. 

  9 Helvig CF, Cuerrier D, Hosfield CM, Ireland 
B, Kharebov AZ, Kim JW, Ramjit NJ, Ryder 
K, Tabash SP, Herzenberg AM, Epps TM, Pet-
kovich M: Dysregulation of renal vitamin D 
metabolism in the uremic rat. Kidney Int 
2010;   78:   463–472. 

 10 Sprague SM, Silva AL, Al-Saghir F, Damle R, 
Tabash SP, Petkovich M, Messner EJ, White 
JA, Melnick JZ, Bishop CW: Modified-release 
calcifediol effectively controls secondary hy-
perparathyroidism associated with vitamin D 
insufficiency in chronic kidney disease. Am J 
Nephrol 2014;   40:   535–545. 

 11 Kidney Disease: Improving Global Outcomes 
(KDIGO) CKD-MBD Work Group: KDIGO 
clinical practice guideline for the diagnosis, 
evaluation, prevention, and treatment of 
chronic kidney disease-mineral and bone dis-
order (CKD-MBD). Kidney Int Suppl 2009;  
 113:S1–S130. 

 12 Kalantar-Zadeh K, Kovesdy CP: Clinical out-
comes with active versus nutritional vitamin 
D compounds in chronic kidney disease. Clin 
J Am Soc Nephrol 2009;   4:   1529–1539. 

 13 Agarwal R, Georgianos PI: Con: nutritional 
vitamin D replacement in chronic kidney dis-
ease and end-stage renal disease. Nephrol 
Dial Transplant 2016;   31:   706–713. 

 14 Petkovich M, Melnick J, White J, Tabash S, 
Strugnell S, Bishop CW: Modified-release 
oral calcifediol corrects vitamin D insuffi-
ciency with minimal CYP24A1 upregulation. 
J Steroid Biochem Mol Biol 2015;   148:   283–
289. 

 15 Levey AS, Coresh J, Greene T, Stevens LA, 
Zhang YL, Hendriksen S, Kusek JW, Van 
Lente F; Chronic Kidney Disease Epidemiol-
ogy Collaboration: Using standardized serum 
creatinine values in the modification of diet in 
renal disease study equation for estimating 
glomerular filtration rate. Ann Intern Med 
2006;   145:   247–254. 

 16 Saab G, Young DO, Gincherman Y, Giles K, 
Norwood K, Coyne DW: Prevalence of vita-
min D deficiency and the safety and effective-
ness of monthly ergocalciferol in hemodialy-
sis patients. Nephron Clin Pract 2007;  
 105:c132–c138. 

 17 de Boer IH, Thadhani R: Vitamin D deficien-
cy: consequence or cause of CKD? Clin J Am 
Soc Nephrol 2013;   8:   1844–1846. 

 18 Fournier A, Idrissi A, Sebert JL, Gueris J, Ga-
rabedian M, Renaud H, Westeel PF: Prevent-
ing renal bone disease in moderate renal fail-
ure with CaCO3 and 25(OH) vitamin D3. 
Kidney Int Suppl 1988;   24:S178–S179. 

D
ow

nl
oa

de
d 

by
: C

. B
is

ho
p 

- 
24

28
47

12
.1

2.
17

8.
22

6 
- 

9/
28

/2
01

6 
4:

10
:2

4 
P

M



 ER Calcifediol Suppresses PTH in CKD Am J Nephrol 2016;44:316–325
DOI: 10.1159/000450766

325

 19 Letteri JM, Kleinman LM, Ellis KN, Caselno-
va R, Akhtar M, Cohn SH: Effects of 25-hy-
droxycholecalciferol on calcium metabolism 
in chronic renal failure. Adv Exp Med Biol 
1977;   81:   591–601. 

 20 Bordier PJ, Marie PJ, Arnaud CD: Evolution 
of renal osteodystrophy: correlation of bone 
histomorphometry and serum mineral and 
immunoreactive parathyroid hormone values 

before and after treatment with calcium car-
bonate or 25-hydroxycholecalciferol. Kidney 
Int Suppl 1975;   2:   102–112. 

 21 Haddad JG Jr, Rojanasathit S: Acute adminis-
tration of 25-hydroxycholecalciferol in man. 
J Clin Endocrinol Metab 1976;   42:   284–290. 

 22 Ennis JL, Worcester EM, Coe FL, Sprague SM: 
Current recommended 25-hydroxyvitamin D 
targets for chronic kidney disease manage-

ment may be too low. J Nephrol 2016;   29:   63–
70. 

 23 Kusunoki Y, Matsui I, Hamano T, Shimomu-
ra A, Mori D, Yonemoto S, Takabatake Y, 
Tsubakihara Y, St-Arnaud R, Isaka Y, Rakugi 
H: Excess 25-hydroxyvitamin D3 exacerbates 
tubulointerstitial injury in mice by modulat-
ing macrophage phenotype. Kidney Int 2015;  
 88:   1013–1129.   

D
ow

nl
oa

de
d 

by
: C

. B
is

ho
p 

- 
24

28
47

12
.1

2.
17

8.
22

6 
- 

9/
28

/2
01

6 
4:

10
:2

4 
P

M


