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ABSTRACT

Vitamin D has shown to play a role in multiple diseases due to its skeletal and extraskeletal actions. Furthermore, vitamin D deficiency
has become a worldwide health issue. Few supplementation guidelines mention calcifediol treatment, despite being the direct pre-
cursor of calcitriol and the biomarker of vitamin D status. This 1-year, phase IlI-IV, double-blind, randomized, controlled, multicenter
clinical trial assessed the efficacy and safety of calcifediol 0.266 mg soft capsules in vitamin D-deficient postmenopausal women,
compared to cholecalciferol. Results reported here are from a prespecified interim analysis, for the evaluation of the study’s primary
endpoint: the percentage of patients with serum 25-hydroxyvitamin D (25(OH)D) levels above 30 ng/ml after 4 months. A total of
303 patients were enrolled, of whom 298 were included in the intention-to-treat (ITT) population. Patients with baseline levels of
serum 25(0OH)D <20 ng/ml were randomized 1:1:1 to calcifediol 0.266 mg/month for 12 months, calcifediol 0.266 mg/month for
4 months followed by placebo for 8 months, and cholecalciferol 25,000 IU/month for 12 months. At month 4, 35.0% of postmeno-
pausal women treated with calcifediol and 8.2% of those treated with cholecalciferol reached serum 25(OH)D levels above 30 ng/ml
(p < 0.0001). The most remarkable difference between both drugs in terms of mean change in serum 25(OH)D levels was observed
after the first month of treatment (mean + standard deviation change = 9.7 £+ 6.7 and 5.1 £ 3.5 ng/ml in patients treated with
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calcifediol and cholecalciferol, respectively). No relevant treatment-related safety issues were reported in any of the groups studied.
These results thus confirm that calcifediol is effective, faster,and more potent than cholecalciferol in raising serum 25(0OH)D levels and
is a valuable option for the treatment of vitamin D deficiency. © 2021 The Authors. Journal of Bone and Mineral Research published by
Wiley Periodicals LLC on behalf of American Society for Bone and Mineral Research (ASBMR).
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Introduction

itamin D deficiency is a worldwide public health issue affect-
Ving more than one billion people.”’ However, prevalence
rates for this condition vary depending on the defined thresh-
olds, because there is no consensus on optimal concentrations,
not even for its principal effect on skeletal tissue, for which the
benefits of vitamin D have been clearly demonstrated. @

Vitamin D can be obtained from food, dietary supplements, or
synthesized in response to sunlight. In the skin, solar ultraviolet-B
radiation converts 7-dehydrocholesterol to previtamin D 3, which
is then rapidly converted to vitamin D 5. Afterward, vitamin D3 is
metabolized in the liver to 25-hydroxyvitamin D (calcifediol or
calcidiol; 250HD 3 or 25(0OH)D), a reliable marker of vitamin D sta-
tus.® This compound is metabolized mainly in the kidneys to its
active form, 1,25-dihydroxyvitamin D (calcitriol), by the enzyme
25-hydroxyvitamin D-1a-hydroxylase (CYP27B1).

Vitamin D status is measured as total serum 25(0OH)D levels.
However, some authors suggest that free 25(0OH)D should be
the vitamin D status biomarker because it is not bound to serum
proteins and shows high biological activity. In most subjects, this
activity is strongly correlated with total serum 25(0OH)D levels
and inversely related to intact parathyroid hormone (iPTH) con-
centration.””) Under some circumstances, when vitamin D-
binding protein and albumin levels are altered (i.e., liver disease,
inflammatory diseases, or pregnancy), ©© it might offer a better
indication of vitamin D status. In some studies it also presents a
positive correlation with bone mineral density, unlike total
25(0H)D levels.”?

Vitamin D has been found to have skeletal and extraskeletal
actions (such as immunomodulation). However, whereas extra-
skeletal actions are yet under study, skeletal ones have been
broadly described, including rickets, osteoporosis, and osteoma-
lacia. It has been associated with an increased risk of osteopo-
rotic fractures and inadequate response to antiresorptive
treatment.'?

There is a strong consensus that 25(OH)D levels <25 nmol/L
(10 ng/ml) reflect severe vitamin D deficiency. However, there is
no consensus about the threshold that should be reached to be
within optimal levels. Some societies recommend 50 nmol/L
(20 ng/ml), whereas others recommend 75 nmol/L (30 ng/ml). @2

There are several alternatives for vitamin D deficiency treat-
ment: cholecalciferol (D3), ergocalciferol (D2), or calcifediol
(25-hydroxycholecalciferol). However, few supplementation
guidelines mention the latter, because it is not broadly available
worldwide.

Routine monitoring of 25(0OH)D levels in patients supplemen-
ted with vitamin D is not necessary in the general population
according to guidelines. However, it is recommended in the
high-risk subgroups and for specific conditions. "> Postmeno-
pausal osteoporosis is considered one of these conditions,
because antiresorptive and anabolic treatments should be
accompanied by vitamin D and calcium supplements. 1> The
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most commonly recommended standard dose for vitamin D in
this population is 800 IU/day of vitamin D3 (cholecalciferol).”

In Spain, calcifediol has been available as a prescription drug
and widely used for more than 40 years. The efficacy of calcife-
diol oral solution has been demonstrated in various population
groups and different studies. Moreover, these small-scale trials
have shown that calcifediol is more potent and faster than cho-
lecalciferol"® in terms of raising 25(OH)D levels.

The aim of the present study was to assess the efficacy and
safety of calcifediol in the correction and maintenance of
25(0OH)D levels in postmenopausal women. It also compared cal-
cifediol 0.266 mg soft capsules with cholecalciferol treatment, at
doses recommended by current guidelines.'>'® Results
reported here are from a prespecified interim analysis for the
evaluation of the study’s primary endpoint: the percentage of
patients with 25(OH)D levels above 30 ng/ml after 4 months.
Additional analyses were done on the change in 25(0H)D levels
according to subgroups.

Patients and Methods

Trial design

This was a 1-year phase llI-IV, double-blind, randomized, con-
trolled, multicenter, international, superiority clinical trial; regis-
tered at the European Union Drug Regulating Authorities
Clinical Trials Database (EudraCT number: 2017-004028-31;
https://www.clinicaltrialsregister.eu/ctr-search/search?query=
2017-004028-31). The study took place at 10 centers in Spain and
Italy. Patients were stratified according to their history of osteo-
porosis, and randomized at a 1:1:1 ratio into three groups
(Figure 1):

Group A.1: Test. Calcifediol treatment group: monthly admin-
istration of one calcifediol 0.266 mg soft capsule (Hidroferol ®;
Faes Farma, Leioa, Spain), for 12 months.

Group A.2: SmPC. Treatment approved in Summary of Product
Characteristics (SmPC), or Prescribing Information, by the Span-
ish Agency for Medicinal Products and Medical Devices (AEMPS)
for Hidroferol® 0.266 mg soft capsules: monthly administration
of one calcifediol 0.266 mg soft capsule for 4 months. After this
time, the treatment was withdrawn, and for the next 8 months,
a monthly placebo soft capsule was administered.

Group B: Reference. Cholecalciferol (Dibase®; Abiogen
Pharma, Pisa, Italy) treatment group: monthly administration of
one cholecalciferol 25,000 IU single-dose container, for
12 months. This is the reference treatment defined in guidelines
as cholecalciferol 800 IU/day = 25,000 [lU/month (0.625 mg/
month).!1%2%

The women received active medication as well as the placebo
matching the other treatment arm. For both medicinal products,
the placebos and active formulations looked identical.

The dose of calcifediol was chosen based on the recommen-
dations of AEMPS, taking into account the higher potency of this
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FIGURE 1. Schematic representation of the clinical trial design

supplement reported in other studies. In our study, the dose of
cholecalciferol was 2.35 times higher than the dose of calcifediol,
within the range that has been reported in a position statement
from the European Society for Clinical and Economic Aspects of
Osteoporosis and Osteoarthritis (ESCEO) and the International
Osteoporosis Foundation (IOF). "

The randomization sequence was created by a statistician
using PROC PLAN, available in SAS® version 9.4 (SAS Institute,
Inc,, Cary, NC, USA), using a block size of three. After obtaining
the consent of the subject, the investigator introduced the data
in the electronic case report form; patients were stratified
according to the presence or absence of osteoporosis, and finally
the treatment number for that patient was then received using
an interactive web response system. All the investigators, staff,
and participants were blinded to the allocation.

The study began when the first patient was randomized
(March 27,2018). The last visit of the last patient for month 4 took
place on October 25, 2019. Overall, individual participation in the
study lasted approximately 12 months. The trial included six
onsite visits (screening, baseline, and after 1, 4, 8, and
12 months) and a final telephone follow-up visit.

This trial was conducted in accordance with the principles set
out in the Declaration of Helsinki and followed good clinical
practice guidelines. Informed consent was obtained from the
participants, and the study protocol was formally approved by
the appropriate institutional human research committee and
regulatory authorities.

Study participants

A total of 303 postmenopausal women with 25(0OH)D levels
<20 ng/ml were randomly assigned to different treatment
groups. A sample size of 300 patients was estimated as necessary
for superiority testing, using a two-group chi-square test with a
0.05 two-sided significance level. This would give 80% power
to detect a proportion difference of more than 20% between
the groups in favor of group A, with a 20% loss rate.

In addition to serum 25(0OH)D levels <20 ng/ml, inclusion cri-
teria were as follows: being postmenopausal (defined as amen-
orrhea for >6 months or follicle-stimulating hormone [FSH]
levels >301U/L with estradiol <30 pg/ml); signing of the
informed consent; and understanding of the study procedures.
Exclusion criteria included concomitant use of drugs that can
modify vitamin D levels such as long-term corticosteroids, orli-
stat and cholestyramine, or any nutritional supplement such as
vitamin complexes. Other exclusion criteria were history of

malabsorption, nephrolithiasis, primary hyperparathyroidism,
hyperthyroidism, hypercalcemia, creatinine clearance <30 ml/
min, neoplastic disease within the last 5 years, history of any con-
ditions or circumstances that could alter the conduct of the
study, or allergy to any of the ingredients of the medication. Sub-
jects under treatment with an investigational drug (including
investigational vaccines), having used an invasive investigational
medical device within 30 days before the screening, or already
enrolled in an investigational interventional study were also
excluded.

The collection of blood samples was performed by qualified
health professionals in each of the centers during visits, and later
shipped to the central laboratory. Clinical visits were scheduled
during the morning, and patients had to fast 8 h before the sam-
ple collection.

Serum 25(OH)D levels

Serum 25(0OH)D concentrations were determined in the central
laboratory (Synlab, Barcelona, Spain) using an automated chemi-
luminescence system (LIAISON ® XL; DiaSorin, Saluggia, Italy). The
lower detection limit was <4 pg/ml. The intraassay coefficient of
variation (CV) was 2.34%, and the interassay coefficient of varia-
tion was 5.60%. The 25(0OH)D levels were examined at the
screening visit and months 1, 4, 8, and 12.

Serum free 25(0H)D

Serum free 25(0OH)D was also determined at the central labora-
tory. A competitive enzyme-linked immunosorbent assay (ELISA)
assay using DIAsource ImmunoAssays® S.A. kits (DIAsource,
Louvain-la-Neuve, Belgium) was employed, based on patented
monoclonal antibodies, which allows direct measurement. The
intraassay CV was <5.5% and the interassay CV was <6.3%. This
assay has been validated analytically, in terms of precision, accu-
racy, sensitivity, and specificity. Additional validation work is
being conducted, including a multicenter reproducibility
study.?? Blood aliquots were obtained from blood samples col-
lected at baseline and after 4 and 12 months.

Bone mineral metabolism parameters and bone
remodeling markers

Concentrations of total serum calcium (tCa), albumin, phospho-
rus, iPTH, and total alkaline phosphatase were obtained in the
central laboratory using an automated analyzer (AU5800;
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Beckman Coulter, Brea, CA, USA). The samples were collected at
the screening visit, and after 1, 4, 8, and 12 months.

Serum concentrations of procollagen type 1 N-terminal pro-
peptide (P1INP) and p-isomerized C-terminal telopeptides
(B-CTx) were also measured in the central laboratory using an
automated chemiluminescence system (Cobas E411; Roche
Diagnostics GmbH, Mannheim, Germany). The lower detection
limit of PINP was <5 ng/ml (reference range 5-1200 ng/ml);
the intraassay and interassay CVs were 2.06% and 3.23%, respec-
tively. The lower limit of detection for p-CTX was <0.01 ng/ml
(reference range 0.01-6 ng/ml) ?>2%): the intraassay and interas-
say CVs were 3.10% and 3.35%, respectively. PINP and p-CTX
levels were measured in the group of patients not receiving
treatment with drugs that could affect bone metabolism, at
baseline and after 4, 8, and 12 months.

Other assessments

Dietary calcium consumption at baseline, 4, 8, and 12 months
was assessed using an adapted version of a validated question-
naire.® Physical examination was performed at screening, base-
line, and at 4 and 12 months. Safety and tolerability were also
examined throughout the study.

Statistical analysis

Efficacy endpoints were analyzed for the intention-to-treat (ITT)
population. For the present interim analysis, the two calcifediol
groups (A.1. and A.2) were pooled.

The comparison for the primary efficacy analysis was per-
formed using the chi-square test (without continuity correction)
and the corresponding 95% asymptotic (Wald) confidence inter-
val (Cl) for the proportion difference, using the last observation
carried forward (LOCF) imputation for missing data. Superiority
was demonstrated by a difference between groups greater than
20% (minimum effect). The lower limit of 95% asymptotic Cl for
the proportion difference was more than 0%, based on the ITT
population.

The baseline value was defined as the last valid assessment
before the first administration of the studied drug and applied
for all efficacy and safety parameters analyzed unless specified
otherwise. To guarantee the blinding of the study during the
analysis at month 4, any of the planned subgroups
(e.g., division by baseline 25(0H)D levels, body mass index
[BMI], age groups) that were too small (i.e.,, <10 observations)
were not reported, including the safety analysis due to the low
incidence of adverse events.

Serum 25(OH)D levels and changes from baseline were sum-
marized in terms of the number of observations, mean, standard
deviation (SD), 95% Cl of mean, median, range, and interquartile
range. The statistical significance of differences between groups
(pairwise comparisons) was obtained using Student’s t test or
Mann-Whitney test.

Multivariate regression (correlation) between total 25(0OH)D
and free 25(0OH)D at month 4 was performed and adjusted by
BMI, age, 25(0OH)D, treatment group, and osteoporosis diagnosis
(yes/no) at the baseline.

Results were considered statistically significant when p was
<0.05. All statistical tests performed were two-sided, and the
reported Cls used a significance level of 5%. All statistical ana-
lyses were conducted using SAS ® (version 9.4; SAS Institute
Inc.) in a secure and validated environment.

Results

Initially, 303 patients were randomized (Figure 2). From these,
298 were included in the present ITT population (266 without
and 32 subjects with osteoporosis: 89.3% and 10.7%,
respectively).

Table 1 summarizes baseline characteristics for the two treat-
ment groups, showing a homogenous population. The mean age
of the participants was 63.4 4 8.2 years, 98.3% were white, and
risk factors for osteoporosis and dietary calcium consumption
in the two treatment groups were similar. The mean serum
25(0OH)D level at the screening was 13.0 + 3.9 ng/ml, mean free
25(0OH)D concentration 3.9 4 1.1 pg/ml, and the mean iPTH level
was 60.1 &+ 25.5 pg/ml.

At month 4, the analysis of the primary endpoint of this study
showed that 35.0% (95% Cl, 25.4% to 42.0%) of participants trea-
ted with calcifediol reached 25(0OH)D levels >30 ng/ml, whereas
only 8.2% (95% Cl, 3.6% to 15.5%) in the cholecalciferol group
did (Figure 3). The proportion difference between both groups
was of 26.8% (95% Cl, 18.3% to 35.4%). This difference in efficacy
(in terms of reaching 25(0OH)D levels >30 ng/ml) was already pre-
sent at month 1, where 13.5% (95% Cl, 9.1%; to 19.0%) of the
patients in the calcifediol arm and none of those on cholecalcif-
erol arm (95% Cl, 0.0% to 3.7%) achieved the target level. Both
results were statistically significant, with p < 0.0001.

Results were also analyzed by using 20 ng/ml as threshold.
Likewise, calcifediol was also superior to cholecalciferol at month
1, with 59.0% and 34.0% (95% Cl, 51.8% to 65.9%; and 95% Cl,
24.4% t0 43.9%, respectively) of patients achieving this threshold
(p < 0.0001). At month 4, the results for these groups were 81.0%
and 72.4% (95% Cl, 74.9% to 86.2% and 62.5% to 81.0%, respec-
tively; p > 0.05).

Table 2 shows the increase of 25(0OH)D levels after supplemen-
tation with calcifediol and cholecalciferol at baseline, months
1 and 4, and by baseline 25(OH)D levels. The mean serum
25(0OH)D levels were higher for calcifediol than for cholecalciferol
both at month 1 (22.6 4 7.8 versus 18.4 + 4.0, p < 0.0001) and
month 4 (27.8 & 9.0 versus 23.1 + 5.4, p < 0.0001). At month
1, the mean increase in serum 25(0OH)D levels from baseline
was 9.7 + 6.7 ng/mlin the calcifediol group and 5.1 £ 3.5 ng/ml
in the cholecalciferol group. At month 4, the mean increases
were 14.9 £ 8.1 ng/ml and 9.9 + 5.7 ng/ml, respectively. Both
results were statistically significant (p < 0.0001).

The major difference in the mean change after treatment with
both drugs was observed at month 1 (Figure 4), due to a faster
increase of 25(0OH)D levels with calcifediol. This difference
remained almost constant until month 4, being p < 0.0001 at
both time points.

When interpreting the results by 25(0H)D basal levels, there
are statistically significant differences between calcifediol and
cholecalciferol for patients with basal 25(OH)D levels between
10 and 20 ng/ml. For patients with basal levels <10 ng/ml, there
are differences between both treatments; however, this differ-
ence is not statistically significant. However, when expressing
the results by increase in 25(0OH)D levels per microgram of drug
administered in this subgroup of patients, the increment at
month 1 is superior with calcifediol 0.0354 ng/ml (95% Cl,
0.0297 to 0.0410) when compared to cholecalciferol
0.0118 ng/ml (95% Cl, 0.0085 to 0.0151), p < 0.0001.

Free 25(0OH)D concentrations displayed a similar pattern after
4 months of treatment, with levels of 7.6 4 2.5 pg/ml in the cal-
cifediol treatment arm versus 6.5 + 1.6 pg/ml in cholecalciferol
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FIGURE 2. Flowchart of patient disposition

arm (p < 0.0001). The mean change was 3.8 + 2.4 pg/ml and
2.5 + 1.8 pg/ml, respectively (p < 0.0001). A positive correlation
was found between total 25(0OH)D and free 25(0OH)D concentra-
tions (r = 0.83, p < 0.0001) after adjusting for BMI, age, baseline
25(0OH)D levels, treatment group, and osteoporosis.

Regarding calcium and phosphate metabolism, no differences
were observed after administering calcifediol or cholecalciferol
(Table 3). Similarly, no changes iPTH levels or in bone remodeling
markers were found with any treatment.

The mean change for iPTH from baseline to month 4 was
—4.1 pg/ml (95% Cl, —6.5 to —1.7 pg/ml) for calcifediol, and
—3.9 pg/ml (95% Cl, —7.9 to —0.0 pg/ml; p = 0.9469) for chole-
calciferol. However, women with 25(0OH)D levels >30 ng/ml at
month 4 showed a decrease in iPTH levels of —4.4 £+ 16.7 pg/ml
(95% Cl, —8.2 to —0.6 pg/ml; p = 0.0227). In these patients, only
those treated with calcifediol showed a statistically significant
decrease, —5.0 £ 16.5 pg/ml (95% Cl, —9.0 to —1.1 pg/mi;
p =0.0131) compared to the cholecalciferol group,
1.1 £ 185 pg/ml (95% Cl —14.3 to 16.6 pg/ml; p = 0.8683).
Women with 25(0OH)D levels >20 ng/ml at month 4 showed a
decrease in iPTH levels of —4.5 4+ 17.2 pg/ml (95% Cl, —6.8 to
—2.3 pg/ml; p < 0.0001). Correlation between iPTH and 25(0OH)
D levels in the overall population is inverse and statistically sig-
nificant at baseline, (r = —0.21, p = 0.0003), at month 1 (r =

—0.18, p = 0.0023) and at month 4 (r = —0.13, p = 0.0258).

When dividing the population by treatment groups, this correla-
tion was only observed at month 1, in women treated with calci-
fediol (r = —0.18, p = 0.0127). When dividing the population by
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iPTH quartiles (Figure 5A,B), women in the fourth quartile had the
lowest 25(0OH)D levels, associated to the highest iPTH levels,
higher than the upper limit of normality. In this subgroup, the
decrease in iPTH levels after treatment administration was statis-
tically significant for both calcifediol (month 1 and month 4) and
cholecalciferol (month 4).

Results were also analyzed by BMI, comparing obese and non-
obese patients. Obese patients treated with calcifediol show
higher 25(OH)D levels than those treated with cholecalciferol,
and the difference was statistically significant at month 1
(p = 0.0060), and at month 4 (p = 0.0088). The same was also
observed for non-obese patients at month 1 (p < 0.0001), and
at month 4 (p < 0.0001).

In these first 4 months of treatment, 72 of the 303 (23.8%)
patients enrolled reported at least one adverse event (AE). Only
one AE related to the treatment was reported by one (0.3%)
patient, and only one (0.3%) subject had an AE leading to her
withdrawal from the study. Eight (2.6%) patients reported at least
one serious adverse event (SAE). No safety issues were associ-
ated with the present analysis; there were no deaths, no SAEs
attributable to either of the two study drugs nor any other
significant AEs.

Discussion

Our study shows that calcifediol soft capsules in a monthly dos-
age effectively increases serum 25(0OH)D levels. These results
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TABLE 1. Demographic and other baseline characteristics of participants

Overall (n =298)  Calcifediol (n =200)  Cholecalciferol (n = 98) p

Age (years), mean £+ SD 634 +8.2 63.3 +8.0 63.6 +8.9 0.7638
White ethnicity, n (%) 292 (98.3) 196 (98) 96 (98) 0.6663
Age at menarche (years), mean + SD 126 £1.7 125 +1.6) 126 +1.8 0.5865
Age at menopause (years), mean =+ SD 485 +5.7 48.6 +5.7 484 +55 0.7340
Osteoporosis diagnosis, n (%) 32(10.7) 21 (10.5) 11 (11.2) 0. 8442
Season of baseline assessment, n (%) 0.3601

Spring 135 (45.3) 93 (46.5) 42 (42.9)

Summer 64 (21.5) 45 (22.5) 19 (19.4)

Autumn 24 (8.1) 14 (7) 10(10.2)

Winter 75 (25.2) 48 (24) 27 (27.6)
Patients by location, n (%) 1.0000

North (north of latitude 40 degrees) 256 (85.9) 172 (86) 84 (85.7)

South (south of latitude 40 degrees) 42 (14.1) 28 (14) 14 (14.3)
Body mass index (kg/m?), mean + SD? 293 +£6.0 290 +6.3 298 +£54 0.2525
Body mass index, n (%) 0.0698

Normal weight (18.5-24.9 kg/m?) 75 (25.2) 58 (29.0) 17 (17.3)

Overweight (25.9-29.9 kg/m?) 97 (32.6) 59 (29.5) 38 (38.8)

Obese (>30 kg/m?) 123 (41.3) 80 (40.0) 43 (43.9)
Abdominal circumference (cm), mean + SD 96.2 +14.0 958 +14.4 97.1 £13.1 0.4686
Current smoking, n (%) 46 (15) 30 (15.0) 16 (16.3) 0.8646
Alcohol consumption, n (%) 37 (12.42) 26 (13.0) 11(11.23) 0.7127
Daily calcium consumption (mg/day), mean + SD 866.2 +361.2 863.9 +£376.9 871.0 £3289 0.8725
Total 25(0OH)D (ng/ml), mean + spP 13.0 £3.9 12.8 +3.9 132 +3.7 04135
25(0OH)D level <10 ng/ml, n (%) 74 (24.8) 54 (27.0) 20 (20.4)
25(0OH)D level >10 to 20 ng/ml, n (%) 224 (75.2) 146 (73.0) 78 (79.6)
Free 25(OH)D concentration (pg/ml), mean £ SD 39411 38+1.1 40+1.1 0.2959
Total serum calcium (mg/dl), mean + SD 9.6 +04 9.6 £0.4 9.6 £04 0.0852
Phosphate (mg/dl), mean + SD 3.54+0.5 3.5+05 3.54+0.5 0.7950
Intact parathormone (pg/ml), mean + SD 60.1 £25.5 59.0 £274 623 £21.2 0.2587
Total alkaline phosphatase (IU/L), mean 4+ SD 87.4 +235 86.8 +-23.9 88.6 +23.0 0.5367
B-CTX (ng/L), mean + SD (n = 257)¢ 0.5+0.3 0.5+04 0.5+0.2 0.7988
P1NP (ng/ml), mean + SD (n = 257) 51.1 £20.3 515 4+194 50.1 £22.3 0.5932

Notes: The table includes baseline characteristics for the intention-to-treat population. Values of p are not statistically significant overall, demonstrating a

homogeneous population at baseline.

Abbreviations: 25(0H)D, 25-hydroxyvitamin D; 3-CTX, p-isomerized C-terminal telopeptides; ODS, Office of Dietary Supplements; PTNP, procollagen type

1 N-terminal propeptide; SD, standard deviation.

“Underweight patients (n = 3, 1%) are not represented on this table, to keep data blind.
b25(OH)D: 1 ng/ml = 2.5 nmol/L (ODS, National Institutes of Health, updated on October 9, 2020).

“Assessed only in non-osteoporotic patients.

show that calcifediol is faster and more potent than cholecalcif-
erol in terms of increasing 25(OH)D levels. Calcifediol increases
the concentration of 25(OH)D in a steady, consistent manner,
independent of baseline 25(0OH)D levels, whereas the increments
brought about by cholecalciferol administration are variable. For
patients with baseline values >10 ng/ml treated with cholecalcif-
erol, the increase in 25(0OH)D levels is weaker than for those
receiving calcifediol. When dividing the population by BMI, in
obese (BMI > 30 kg/mz) and non-obese patients, serum 25(0H)D
levels showed a statistically significant increase in calcifediol when
compared to cholecalciferol, at months 1 and 4.

Few studies have compared the efficacy of calcifediol and
cholecalciferol in increasing serum 25(OH)D levels and have
reported similar findings. However, none of them compared
monthly doses of both drugs. Rossini et al.?® studied 271 postmen-
opausal women with either osteoporosis or osteopenia, using sim-
ilar cholecalciferol doses but larger doses of calcifediol (calcifediol
14 pg/day vs. 9 pg/day in our study). They reported comparable
increments in 25(0H)D concentration and a superior (1.66 times

M 1972 PEREZ-CASTRILLON ET AL.
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higher) calculated relative potency of calcifediol versus cholecalcif-
erol. Bischoff-Ferrari et al.*” performed a similar comparison with a
low number of subjects (20 postmenopausal women between the
ages of 50 and 70 years). They compared daily administration of
20 pg calcifediol and 20 pg (800 IU) cholecalciferol and weekly
administration of 140 pg calcifediol and 140 pg (5600 IU) cholecal-
ciferol. The group treated with calcifediol showed a larger incre-
ment in 25(0OH)D concentration and a significant decrease in iPTH
levels. However, the sample size in that study was small and doses
used were greater than ours. Interestingly, an additional analysis,
performed by Meyer et al,®® reported that all women treated with
calcifediol in that study achieved 25(0OH)D levels >30 ng/ml, in com-
parison with 50% of women taking cholecalciferol. In the study of
Shieh et al,” large cholecalciferol doses (60 pg/day or 2400 IU/
day) and 20 pg/day of calcifediol were used in a group of 35 adults
with vitamin D deficiency (25(0H)D < 20 ng/ml). The authors have
reported that 87.5% of the subjects reached 25(0H)D levels
=30 ng/ml in the calcifediol treatment arm at 4 weeks, compared
to 23.1% in the cholecalciferol arm (p = 0.001). They also showed

Journal of Bone and Mineral Research
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FIGURE 3. Percentage of subjects with 25(OH)D levels >30 ng/ml at months 1 and 4, per treatment group. **#p < 0.0001. Abbreviation: 25(0OH)D, 25-

hydroxyvitamin D.

that the free 25(0OH)D concentration increased more after calcife-
diol than after cholecalciferol administration, whereas the iPTH level
was not significantly reduced by either of the supplements used.

The present interim analysis shows that total 25(0OH)D levels
after calcifediol or cholecalciferol treatment in postmenopausal
women correlate well (r = 0.82, p < 0.0001) with free 25(0H)D
levels after adjusting for BMI, age, baseline 25(OH)D levels, treat-
ment group, and osteoporosis. This positive correlation has also
been shown by additional studies in different populations. @ For
many years, this assessment relied on calculations, which overes-
timate the results when compared to directly measuring free
25(0H)D.®? The use of an ELISA assay, as in the present study,
has some limitations because the antibodies have a decreased
affinity for the D, form of the hormone, resulting in an underes-
timation of the true concentration of free 25(0H)D ,, and the
assay is prone to interference with lipids, hemoglobin, and biliru-
bin. Nonetheless, in our study no vitamin D, was used and sam-
ples were not prone to interfering substances.

Cashman et al. ®" studied 56 vitamin D-deficient patients sup-
plemented with cholecalciferol 20 pg/day, calcifediol 7 pg/day,
calcifediol 20 pg/day, or placebo during 10 weeks of winter.
The authors showed that cholecalciferol and lower calcifediol
doses did not reduce the iPTH levels, although 25(0OH)D

TABLE 2. Effect of treatment on mean serum 25(0OH)D levels at months 1 and 4 by baseline 25(OH)D levels

Calcifediol treatment

Baseline serum Baseline serum 25(0OH)D
Time 25(0H)D <10 ng/ >10 to 20 ng/
period ml (n = 54) ml (n = 146)
Baseline 77+18 147 +£25
Month 1 171 +£54 246 +76
Month 4 226 +8.0 29.7 +86

Calcifediol is superior to cholecalciferol in improving vitamin D status in postmenopausal women: a randomized trial 22/10/2119 47

concentration increased. In contrast, calcifediol administered at
20 pg/day significantly increased the levels of 25(OH)D and
reduced the iPTH levels at weeks 5 and 10. Navarro-Valverde
et al,"® in a more recent study, used different doses of calcife-
diol and different dosing intervals (20 pg/day, 266 pg/week,
and 266 ug/2 weeks); their cholecalciferol dose was 800 IU/day,
similar to ours (25,000 IU/month). Although their sample size
was small (40 postmenopausal women), they obtained signifi-
cantly higher 25(0OH)D levels (after 6 and 12 months) in all three
calcifediol treatment arms compared to cholecalciferol treat-
ment, showing a three to six times higher potency of calcifediol
over cholecalciferol. Remarkably, iPTH levels decreased signifi-
cantly after 12 months. In a study performed in an elderly popu-
lation (=75 years of age) by Ruggiero et al.,*? calcifediol rapidly
increased serum 25 (OH)D levels and reached the optimal target
threshold (defined as 22-30 ng/ml). This was particularly marked
among those with comorbidity, taking multiple drugs and show-
ing low muscle strength. Minisola et al., ®® using the calcifediol
doses of 20 pg/day, 40 pg/day, and 125 pg/week, achieved
25(0OH)D concentrations >30 ng/ml from day 14 onward. Olmos
et al.®¥ conducted a real-world study with 156 osteoporotic
patients, 23 men and 133 women, employing calcifediol 266 pg
in fortnightly and monthly administrations. They obtained the

Cholecalciferol treatment
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Baseline serum Baseline serum 25(0OH)
25(0H)D <10 ng/ D >10to 20 ng/

p ml (n = 20) ml (n =78) p
<0.0001 78 +15 146 +£2.7 <0.0001
<0.0001 15.1 +4.2 19.2 +3.5 <0.0001
<0.0001 204 +£6.0 238 +£5.0 0.0110

Notes: Values are mean =+ SD 25(0OH)D levels in ng/ml. Mean serum 25(0OH)D levels that are reached at months 1 and 4 are statistically significantly dif-
ferent when comparing both baseline 25(0OH)D levels subgroups, and for both treatments.

Abbreviations: 25(0H)D, 25-hydroxyvitamin D; SD, standard deviation.
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FIGURE 4. Evolution of mean 25(0H)D levels (ng/mL) at months 1 and
4 per treatment group. Mean serum 25(OH)D levels are represented with
their 95% Cl. ***p < 0.0001. The horizontal dashed line represents the
25(0H)D threshold of 20 ng/ml. Abbreviation: 25(0OH)D, 25-hydroxyvitamin
D; Cl, confidence interval.

largest increases in 25(0OH)D levels using the fortnightly dose,
with 92% of the subjects reaching 25(0OH)D concentrations
>30 ng/ml. In both groups, reductions in the concentration of
iPTH and bone remodeling markers were observed at least a year
after starting treatment (mean 15 + 3 months). It should be
noted that all the patients received antiresorptive treatment.
The superior speed of action and potency observed for calcife-
diol can be attributed to several mechanisms. One explanation
could be its high absorption rate, close to 100% compared to
only 70% for cholecalciferol.®® Due to its lower lipophilicity, cal-
cifediol is less trapped by adipose tissue. The fact that the
hepatic 25-hydroxylation is not required ®® might also contrib-
ute to the superiority of calcifediol in raising 25(0OH)D levels.
Moreover, calcifediol has a higher affinity to the transporter
(megalin), allowing efficient internalization in the cells using
the megalin-cubilin endocytic receptor system.®” In previous

TABLE 3. Effect of treatment on bone mineral metabolism parameters

Baseline Month 4
Calcifediol Cholecalciferol Calcifediol Cholecalciferol
Parameter (n = 200) (n=97) p (n = 200) (n=197) p
Total serum calcium 9.6 +04 9.6 +04 0.0852 9.5 +05 9.6 +0.5 0.1329
(mg/dl)
Phosphate (mg/dl) 35+05 35+05 0.7950 3.6+05 3.6 +05 0.2544
Intact parathormone 59.0 £274 623 +21.2 0.2587 549 +24.6 584 +223 0.2423
(pg/ml)
Baseline Month 4
Calcifediol (n = 175) Cholecalciferol (n = 82) p Calcifediol (n = 179) Cholecalciferol (n = 87) p
B-CTX (pg/L)? 047 £04 0.46 +0.2 0.7870 043 +0.2 043 +0.2 0.9013
P1NP (ng/ml)? 51.5+194 50.1 £22.3 0.5932 513 +19.0 49.9 +20.2 0.5588

22/10/2119 47

studies, daily or weekly doses have been used, meanwhile our
study used monthly doses. Other studies 832 have shown that
monthly doses reach similar 25(0H)D concentrations to daily or
weekly doses, and allow a better treatment adherence.

When the population was divided by baseline 25(0H)D levels,
we found differences in the increase in serum 25(0OH)D levels in
subjects with baseline levels <10 ng/ml, between both treat-
ment groups, albeit this difference was not statistically signifi-
cant. This was probably due to the reduced number of
participants in this subgroup, given that the evaluation of this
threshold was not one of the main objectives for this study.
This may be also due to a more rapid conversion of cholecalcif-
erol into 25(OH)D in patients with severe vitamin D deficiency. %
Cholecalciferol seems to have a biphasic behavior: with higher
baseline serum 25(0OH)D concentrations, it shows slower
increases, whereas this is not the case for calcifediol.

Vitamin D deficiency can result in a rise in PTH levels, or sec-
ondary hyperparathyroidism, increasing bone remodeling. This,
in turn, causes a deterioration in the quality and quantity of
bone, reducing bone strength and increasing the risk of frac-
ture.®? However, most vitamin D-deficient patients can have
normal PTH levels,®® which was also noted in our study. Age,
sex, obesity, and basal 25(0OH)D levels can affect this relationship.
We observed that increasing 25(0OH)D did not modify iPTH levels
or alter bone remodeling parameters during the studied period.
The fact that the basal iPTH levels were within normal range
could explain this absence of treatment effect. Another impor-
tant observation was that after 4 months of treatment, the mean
25(0OH)D levels were 27.8 £ 9.0 ng/ml and 23.1 £ 5.4 ng/ml in
the calcifediol and cholecalciferol groups, respectively. It is possi-
ble that higher concentrations of 25(0OH)D are required for iPTH
suppression and normalization of bone remodeling.

Indeed, baseline iPTH was highest in the most severely
deficient patients, and in patients with the highest quartile
of iPTH both cholecalciferol and calcifediol decreased iPTH
(Figure 5B).

In the present study, no relevant safety issues were encoun-
tered for the analyzed drugs. Furthermore, maximum 25(0OH)D
levels reached were 60 ng/ml, and vitamin D-related toxicity
has been reported for concentrations >100 ng/ml.“?
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Note: There were no statistically significant changes in bone mineral metabolism parameters values after 4 months of treatment, when compared to

baseline for both treatment groups.

Abbreviations: 25(0OH)D, 25-hydroxyvitamin D; -CTX, p-isomerized C-terminal telopeptides; PTNP, procollagen type 1 N-terminal propeptide; SD, stan-

dard deviation.
®Assessed only in non-osteoporotic patients.
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FIGURE 5. Change in serum 25(0OH)D levels and iPTH levels, per iPTH quartiles, at months 1 and 4. (A) Mean change in serum 25(OH)D levels with their

95% Cl, per each quartile of iPTH values at baseline for both treatment groups at months 1 and 4. (B) Mean change in serum iPTH levels with their 95% Cl,

per each quartile of iPTH values at baseline for both treatment groups at months 1 and 4. The number of patients per quartile is: Calcifediol Q1 (53), Q2

(55), Q3 (46), Q4 (46); Cholecalciferol Q1 (18), Q2 (26), Q3 (26), Q4 (27). ***p < 0.001; **p < 0.01; *p < 0.05. Abbreviation: 25(0OH)D, 25-hydroxyvitamin D; Cl,

confidence interval; iPTH, intact parathyroid hormone; ns, not significant; Q, quartile.

The clinical significance of achieving optimal 25(OH)D levels in
postmenopausal women, especially in osteoporotic ones, has previ-
ously been described. Vitamin D deficiency is one of the causes of
inadequate response to osteoporosis treatment.? Therefore, a
rapid increase in 25(OH)D concentration to optimal levels could
facilitate a correct therapeutic response. This is especially important
in cases of an imminent risk of fracture. “? Moreover, calcifediol
could be a good option for osteoporotic women treated with alen-
dronate and the preferred option for obese women with malab-
sorption syndrome or hepatic insufficiency.“%*® It is also important
to note that serum 25(0H)D is considered by some authors as a
negative acute phase reactant.” This could be a better alternative
because of the speed of action for patients with systemic inflamma-
tory conditions, such as the hyperinflammatory phase of coronavi-
rus disease 2019 (COVID-19) infection, associated with vitamin D
deficiency.“849)

The principal strength of this study is the sample size, with
298 postmenopausal women, which gives sufficient statistical
power to confirm significant differences between treatments.

The homogeneity of the study population and the centralization
of the laboratory analyses are also important factors. In addition,
our study used monthly doses and allowed an analysis in sub-
jects with a wide range of BMI. Furthermore, the doses used here
have been recommended by clinical guidelines for vitamin D
supplementation and the dosage recommended for calcifediol
in the SmPC for the general population (0.266 mg once a
month). Following this posology, we found that calcifediol
0.266 mg/month has a potency approximately four times higher
than cholecalciferol 25,000 IU/month. The main limitation of this
study, however, is the dose of the study drugs used, which could
be considered insufficient for the pursued objectives. The criteria
for selecting these therapeutic regimes were based on the rec-
ommendations of clinical practice guidelines and the SmPC
available at the time of study design, given the lack of interna-
tional consensus on optimal treatment schemes.

In conclusion, this study compares the efficacy of calcifediol
and cholecalciferol to correct serum 25(0OH)D in a cohort of vita-
min D-deficient postmenopausal women (osteoporotic and

22/10/2119 47
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non-osteoporotic). Calcifediol is faster and more potent than
cholecalciferol in obtaining 25(0OH)D levels >30 ng/ml after
4 months of treatment. This indicates that calcifediol is an effec-
tive and safe treatment to reach optimal 25(OH)D levels in post-
menopausal vitamin D-deficient patients.
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