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Abstract

Introduction: The primary objective of the study was to assess the safety and the efficacy of a “Slower Loading”
dose of 30,000 IU vitamin D3 supplementation administered in a weekly schedule for 12 weeks in vitamin D deficient
patients compared to the daily equivalent dose of 1000 |U/day regimens in a clinical trial.

Methods: This open label, randomized, controlled, multicenter clinical trial was performed during the spring and
summer period enrolling adult subjects with 250HD levels <20 ng/ml. In a sub-study presented here, subjects were
randomized into two treatment groups using 30,0000 IU Vitamin D3 film coated tablets either in weekly (WD30K
group, daily dose equivalent of 4286 |U/day) or a standard dose for maintenance treatment in a daily administration
(SDD1K group, 1000 IU/day). Subjects in a control group received a similar 30,0000 IU Vitamin D3 film coated
tablets in a once-per-month schedule (MD30K), dosing schedule for 12 weeks, (an equivalent to 1000 |U/day). The
assessment of efficacy made by the changes in 250HD and PTH levels in a throughout 12 weeks. Routine
laboratory tests, serum and urinary calcium served for laboratory-safety assessments in every 4 weeks throughout
the duration of the study.

Results: The baseline values of 250HD at in group (WD30K, SDD1K and MD30K) were in similar range: 13.7 +
3.7 ng/mL, 13.48 + 3.9 ng/mL and 13.1 + 4.3 ng/mL, respectively. A daily dose of 1000 IU for 12 weeks was effective
in restoration of 250HD values to above 20 ng/mL (50 nmol/L), however the median of the group failed to attain the
30 ng/mL (75 nmol/L) threshold. Dose-response was statistically different in the 4286 |U/day group compared to a
1000 IU/daily dose (p<0.001) for all study visits. Treatment efficiency assessed on two levels and for treatment
duration of 8 and 12 weeks. The limit of 25 ng/mL was achieved by 95% of patients in 8 weeks with 30,000 1U/wk
administration (vs. only 33% with 1000 1U/d) but more prominent difference observed with the limit of desired range
(>30 ng/ml): 91% vs. 10% of subjects in after 8 weeks with 30,000 IU/wk and 1000 1U/d doses and 95% vs. 24% by
end of the 12 weeks of treatment. The treatment-related increment potential was in a range of 2.26-2.92 ng/week for
the weekly 30K dosing group compared to 1.32-1.70 ng/week for the 1000 |U/day standard maintenance dose group
after 8 weeks. Treatment with 30,000 IU doses of Vitamin D3 in a weekly administration for 12 weeks did not abolish
serum calcium levels. No difference in frequency of laboratory adverse events and other safety parameters was
observed compared to lower maintenance doses or to control group.

Conclusion: The safety of weekly loading oral doses of 30,000 IU vitamin D3 tablets was demonstrated and
efficacy compared to the maintenance treatment with a daily dose equivalent of 1000 1U/d, in a daily or in monthly
schedule in vitamin D deficient, adult population. Weekly administration of 30,000 IU loading dose for 12 weeks does
not raise safety concern, but provides an effective tool for normalization of 250HD levels to the desirable level of
>30ng/mL in deficient patients.

C J

cardiovascular diseases, diabetes mellitus, male and female fertility,
various autoimmune diseases, but also in chronic CNS disease
conditions [1-7]. The maintenance of adequate 25-hydroxy vitamin D
(250HD) levels in the blood is required since it is essential for a large
number of physiologic mechanisms beyond the classic actions in
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Introduction

Epidemiological evidence on the high prevalence of relative or
manifest hypovitaminosis D in the general healthy population have
triggered a high interest in research and consequently the conclusions
implicated that vitamin D has a potential role in the pathogenesis of
several endocrine conditions, chronic diseases such as cancer,

calcium homeostasis. The new role of vitamin D as a pro-hormone is
rather focusing on other areas and it is also widening range of
therapeutic applications in prevention and maintenance of endocrine
health [7,8].
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Concentration of 250HD is the biomarker used to determine
vitamin D status. The various 250HD thresholds of the recent years
defining vitamin D adequacy may differ from the clinical practice
referred by the Institute of Medicine (IOM) or from the
recommendations of the Endocrine Society. It was concluded that
optimal blood concentration of 250HD should be above the limit of 30
ng/ml (75 nmol/L) [9,10].

Daily maintenance dosing of vitamin D3 in clinical practice often
fails to achieve optimal outcomes, assessed by the level of 250HD,
compared to the recent dosing recommendations. Over the past
decade the daily dosing targets have been elevated from 600 IU/d to
1500-2000 IU/d and considered blood 250HD concentration as a
clinically important surrogate outcome that correlates with health and
disease [8-12].

On the other hand the biological half-life and the pharmacology of
vitamin D indicate that it is suitable also for weekly or monthly dosing
[13-16]. Moreover, the outcome of randomized clinical trial
demonstrating the equal efficacy and safety of the dose equivalent of
1000 1U/day administered either as daily 1000 IU, or once-in-a-week
dose as of 7000 IU or once-in-a- month dose of 30,000 IU vitamin D3
tablets treatment in vitamin D deficient adult population was recently
published by our research group [11] highlighting that 1000 IU daily
equivalent dose for three months in vitamin D deficient population
may elevate the mean 250HD level above 20 ng/ml, but a median of a
treatment group cannot reach 30 ng/ml. Previous studies have shown
some effectiveness of low-dose supplementation lasting for winter
period, but overall daily dose equivalents of 1000 IU are considered as
a minimally effective dose for the maintenance treatment of vitamin D
deficiency [14-18]. Recent clinical trial data in elderly people
supported the efficacy of 1500 IU/day vitamin D in producing serum
250HD serum concentrations higher than 30 ng/ml in a monthly or
weekly dosing schedule [13].

A few recent studies reported the efficacy of an intermittent
administration of high loading doses of 50,000-600,000 IU of vitamin
D [3,19], and confirmed the safety of loading dose with transient
changes of plasma calcium levels and/or urinary calcium excretion
only within a period of one month after dosing [19-21].

The potential safety concerns that a high intermittent weekly dosing
of cholecalciferol might cause transient effects (i.e. hypercalcemia)
because of the production of 1,25-dihydroxyvitamin D, have been
ruled out in a clinical report [13]. It was demonstrated in a clinical
study that the administration of single 45,000 IU dose of vitamin D3 is
not accompanied with hypercalcemia and even subsequent doses do
not show statistically detectable but only a transient increase in
1,25(OH)2D in patients [13]. Lower doses do not expect to raise
additional safety concerns; therefore a weekly 30,000 IU dosing is
potentially one suitable option for a Slower Loading treatment in
deficient patients prior to maintenance.

The current clinical practices and treatment guidelines based on the
National Osteoporosis Society’s (NOS, UK) publication on treatment
of vitamin D deficiency and also taken into consideration the available
evidences and the development of consensus for patient management.
For treatment, oral vitamin D3 is recommended with fixed loading
doses followed by regular maintenance therapy when more rapid
correction of vitamin D deficiency is required to achieve [22]. Loading
regimens for treatment of deficiency may be scheduled as faster
loading a total dose of approx. 300,000 IU within 5 days and aimed for
treating hospitalized patients, while the schedule of slower loading is

set for 6-7 weeks and it is recommended primarily for out-patients
cases.

For safety monitoring, serum calcium should be checked one month
after completing a loading regimen in case primary
hyperparathyroidism has been unmasked. Although the dosing
regimen is unlikely to result in any sign of toxicity, “It should be
recognized” that certain groups may be at increased risk of this or
adverse side effects (such as increased serum calcium) and they should
be monitored [23].

The main objective of the present study was to demonstrate the
comparative efficacy and safety of slower loading dose by a weekly
administration of 30,000 IU vitamin D3 compared to the standard
dose equivalent of 1000 IU/day in vitamin D-deficient subjects.

Materials and Methods

Study design and clinical sites

This sub-study was designed as an open label, controlled,
randomized multicenter clinical trial for adult subjects with vitamin D
deficiency applying a weekly schedule of 30,000 IU vitamin D3 for 12
weeks. The clinical study was performed in Hungary with two clinical
study centers, between February and October 2013. The study approval
was granted by the Hungarian Central Ethics Committee (ETT-KFEB)
and the competent regulatory authority (OGYI). The clinical study was
registered on the www.clinicaltrials.gov (Reg. No.: NCT02069990) and
EU Clinical Trials Register (EUDRACT: 2012-005232-29).

Patients

Subjects 18 years or older were recruited with vitamin D deficiency
(defined as serum 250HD levels were less than 20 ng/ml) and
considering all women with childbearing potential should be using oral
contraceptives throughout the treatment period. The main exclusion
criteria were: elevated serum Calcium (Ca) levels (>2.60 mmol/L);
symptoms or anamnestic lab results of elevated Ca within a year or
clinically significant signs of elevated urinary calcium excretion within
two years prior to the study; chronic and severe grade of metabolic
diseases or bone disorders; clinically significant malabsorption; obesity
(BMI>35 kg/m?). The study related In/Ex criteria described in details
elsewhere [11]. A permanent use of non-permitted medication or
regular intake of vitamin D within 2 months prior to screening was not
allowed for enrolment. Subjects with planned travels to areas of a high
natural UVB exposition or a regular schedule for artificial UVB
exposition (e.g. solarium) during the course of the study were also
excluded. All participants provided written informed consent prior to
participation. Blood and urine samples were collected then a physical
examination and questionnaire on lifestyle and dietary calcium intake
was completed on the screening visit to assess the daily average
calcium consumption. All subjects enrolled were instructed to use
sunblock lotion (factor 50+) over any intended UVB exposition during
the study period.

Dosing and study visit schedule

After the screening and baseline blood and urine assessment,
participants were randomly assigned, using a computer-generated
block randomization schedule, to one of the dosing groups according
to study dosing regimens. The WD30K group received 750 pg (30,000
IU) vitamin D3 film coated tablets in weekly schedule of
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administration (a total of 12 doses of 30,000 IU, for up to 12 weeks in
total of 360,000 IU, a dose equivalent of 4285 IU/day). The comparator
dosing group (SDD1K) received standard doses of 1000 IU/day film
coated tablets for 90 days. The third group (MD30K) received the
similar 750 pg (30,000 IU) vitamin D3 film coated tablets and served
as a “second” control group for this sub-study in monthly dosing
schedule (a total of 3 doses of 30,000 IU to be taken on every 4 weeks, a
total dose of 90,000 IU and similar equivalent dose of 1000 IU/day) for
the span of 12 weeks. All subjects in treatment groups were following
the given dose regimens for 3 month, with interim visits scheduled in
every 30 days (+ 8 days) to assess the safety and the efficacy of the
treatment. Upon the serum levels of reached or above 32 ng/ml limit in
any of the interim visits the subject continued with a dose equivalent of
1000 TU/day until the end of the study.

Investigational ~ medicinal product and study materials:
Investigational Medicinal Products (IMP) in use in this sub-study were
30,000 IU and 1000 IU vitamin D3 these are yellow colored, round,
film coated tablets with the active ingredient of cholecalciferol (either
1000 IU or 30,000 IU vitamin D3. All batches of IMP for the clinical
trial were manufactured, specified and controlled in composition and
quality as described earlier [11]. Additional to IMP a supplementation
of 400-600 or 800 mg calcium in form of calcium citrate tablets
(Citrokalcium 200 mg tablets, Reg.: OGYI-T-7260; MAH: Pharma
Patent Ltd., Hungary) were supplied to all subjects who claimed to be
deficient in daily calcium intake, assessed by a calcium-intake
questionnaire.

Laboratory tests

On screening and on each study visits (on every 30 days) blood and
urine samples were collected to determine study-specific lab
parameters, including 250HD, parathyroid hormone (PTH), serum
calcium as well as routine chemistry (included standard blood
biochemistry included ALT, ASP, GGT, ALP, LDH, serum creatinine,
urea, glucose, cholesterol, triglyceride) and urine tests. The tests were
repeated on the final visit at day 90 (+ 8 days). The measurement of
250HD and PTH was carried out by a direct, competitive
chemiluminescence, fully-automated immunoassay (CLIA, LIAISON
analyzer DiaSorin, USA). The intra- and inter-assay coefficients of
variances (CV) were 4.1-7.7% and 7.7%-10.9% respectively, at
decreasing concentrations. The functional sensitivity was defined as
the dose at which the CV=20%, 2.16 ng/ml t-250HD. Serum calcium,
phosphate, alkaline phosphatase, potassium, sodium, lactate
dehydrogenase, creatinine, urea, glucose, cholesterol, triglyceride,
aspartate  aminotransferase, alanine-aminotransferase, ~gamma-
glutamyl transferase and urinary calcium, phosphate were measured
with a Beckman-Coulter automatic chemistry analyzer Au5800
(Beckman Coulter, Brea, USA). Urinary calcium excretion was
assessed as a ratio of urinary calcium to creatinine concentrations [24].

Statistical analysis

The primary aim of the present study was to analyze serum 250HD
levels of subjects randomly assigned to treatment (WD30K) and
comparator groups (SDD1K, MD30K) defined by the schedule of
vitamin D3. These measurements were conducted at baseline and at
the conclusion of the study. Power calculation was carried out to
estimate the power of a one-way ANCOVA model with Dunnett post

hoc test or T-test for test for pairwise comparisons. A sample size of 20
per treatment group was planned with the power estimation carried
out by simulating and analyzing 5000 series of data. The power of the
tests for the different hypotheses set up for each pairwise comparison
was estimated based on these analyses. The estimated power was
greater than 80% for comparisons WD30K vs. SDD1K. The overall
type-I error of Dunnett-tests is considered as <5%, for each of the tests
hypothesis, independently.

Descriptive demographic statistics and assessment on safety
parameters (serum and urine Ca, PTH) by the frequency and
distribution of adverse events were conducted by Kolmogorov-
Smirnov and Levene statistical tests. The efficacy of vitamin D3
supplementation was determined by using Analysis of Covariance
(ANCOVA) between the study groups. Incremental treatment
potential assessed by change in serum 250HD from baseline levels
divided by the treatment duration in weeks. Treatment efficacy for each
group was calculated and normalized by the mean of 250HD elevation
relative to the baseline values within the same treatment group:

[Effn (dx)=(250HD(dx)-250HDg,s¢line)/250HDgygeline]

Where 250HD (dx) is the nominal value of serum 250HD levels at
day x of treatment, 250HD Baseline refers to nominal value of 250HD
at baseline.

Each EDC data point was collected by and analyzed using the
clinical database software (Mythos system by Adware Research Ltd,
Hungary). After the CDC, Statistical analyses were accomplished using
SPSS 19 (IBM Corporation, New York USA) and SAS 9.3 (SAS
Institute Inc. Cary, USA) as specified in statistical reports. All data
management and statistical analyses were completed according to
protocol validated by ISO 9100 standards and in line with ICH-GCP.

Results

A total of 140 subjects were screened and out of the 89 eligible cases
66 subjects (8 male/58 female) were enrolled to this sub-study
according to study inclusion criteria, 22 randomized subjects to each
treatment groups. All randomized subjects were Caucasian in race and
residents in Hungary, the baseline demographic data are shown in
Table 1.

Three patients dropped out with Withdraw of Consent (WoC) and
one subject was lost to follow-up; 62 completed per protocol this part
of the sub-study. Rates of compliance were excellent in all study groups
(>95%), based on the number of tablets prescribed/collected unused
medication. Data sets of each treatment groups were homogenous and
in normal distribution. The duration of treatment varied in range of
84-90 days (for a weekly or a daily dosage groups) with a + 8 day
window of visit allowance.

Serum 250HD concentrations measured at baseline (group mean
values) were in similar range for all three groups (WD30K: 13.70 +
3.69 ng/mL, SDD1K:13.48 + 3.86 ng/mL and MD30K:13.10 + 4.34
ng/mL) with no statistical differences. The treatment of vitamin D
deficient subjects with 1000 IU/daily dose equivalent on a daily or
monthly treatment schedule are equally effective in elevation of
250HD values to or above 20 ng/ml, the dose-response is similar in
the two groups and present similar efficacy by the end of the study as
reported by our study group earlier [11].
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. . . Age Min Max Bodymass

Treatment group and schedule Subjects Subjects  drop| Subjects
enrolled out completed
(years) age age (kg)

WD30K (weekly 30k I1U) 22 1 (WoC) 21 57.50 £16.48 24 67 66 + 15.0
SDD1K (daily 1000 IU) 22 1( LFu) 21 51.14 £+15.66 26 75 77.1+14.9
MD30K (monthly 30k 1U) 22 2 (WoC) 20 55.67 +17.54 21 86 71.3+13.8

Table 1: Study demographics by treatment groups (WD30K: Weekly 30,000 IU vitamin D3 dosing; SDD1K: Daily 1000 IU dosing; MD30K:

Monthly 30,000 IU vitamin D3 dosing; Values and standard deviation).

Nevertheless, by the end of treatment period only 11/22 subject
(50%) were exceeded the level of 25 ng/mL and only 5/21 subjects
(24%) could achieve the target level of 30 ng/ml with the standard daily
1000 IU dose, the mean 250HD levels in these dose groups failed to
attain the 30 ng/mL threshold. The restoration of 250HD levels was
more effective with a weekly 30,000 IU slower loading dose
administration schedule: 91% and 95% of participants achieved
complete normalization (>30 ng/ml) during first 8 weeks or by the end
of treatment period (12 weeks) (Table 2).

Subjects in normal range (>30 ng/mL)

Treatment daily dose | week-4 week-8 week-12

ratio % ratio % ratio %
4286 1U/d 11/22 50% | 20/22 91% | 21/22" 95%
1000 IU/d 0/22 0% | 2/21 10% | 5/21 24%

Subjects above 25 ng/mL

Treatment daily dose | week-4 week-8 week-12

ratio % ratio % ratio %
4286 1U/d 16/22 73% | 21/22 95% | 21/22" 95%
1000 Iu/d 1/22 5% | 7/21 33% | 11/21 95%

"One subject reached the level of >30 ng/mL prior to DO

Table 2: Results of weekly dosing schedule of 4286 IU/d dose
equivalent versus daily 1000 IU vitamin D3 applied in reaching the
targeted/normal range. (ratio: number of subjects above the limits of
30 ng/mL, or 25 ng/mL 250HD per total number of subjects each
subgroup).

Efficacy assessed by the dose-response of blood 250HD levels after
4- and 8-weeks of treatment. Slower loading dose administration (e.g.
4286 TU/day in a WD30K group) resulted in significantly higher
(p<0.5%) nominal values (17.8 + 8.2 and 22.52 * 6.8 ng/mL), although
the dose normalized values were (4.16 + 1.92; 5.25 + 1.59 for wk-4 and
wk-8 respectively), comparable to effect detected in control, (e.g.
SDD1K group) with 1000 IU/daily dose (6.41 + 4.5; 10.59 + 5.6 ng/mL)
(Figure 1). "One subject reached the level of >30 ng/mL prior to DO.

The comparative utilization assessed in our study by the normalized
treatment efficiency ratio (Effn(dx)) of the loading doses versus
standard maintenance doses applied. The Effn(dx) ratio calculated by
the change of 250HD from baseline within each treatment groups. The
30,000 TU/wk loading dose schedule resulted in Effn(d56)= 1.66 after 8

weeks of treatment, that was at least two-times higher than that
calculated for standard 1000 IU/daily dose group (Effn (d56)=0.74).

50.00
40.00
-
£
B —8—WD30K
: 30,00
2 — SDDIK
[=]
n
N 20.00
£
H]
o
"
10.00
0.00

Baseine  wk4  wke Wk2  teatmentweeks
Figure 1: Effect of the daily equivalent dose of treatment efficacy by
the changes of 250HD levels. The WD30K group received weekly
dosing of 30,000 IU vitamin D3 for 8 weeks (solid line, filled
symbols). Upon reaching the 32 ng/mL limit subjects continued
with 1000 IU/day (dotted line, empty square). Dashed line with
empty symbols (SDD1K) represents the daily maintenance dose of
1000 IU. Means and standard deviations represented.

The treatment-related increment potential has impact on treatment
duration required to reach the desired level of 250HD. The
investigational Slower Loading dose regimens resulted in 2.26-2.92
ng/wk increments for the first 8 weeks and dropped to 1.64-1.73 ng/wk
for the span of 1-12 weeks. That is significantly higher in nominal
values than that observed in 1000 IU/day dose groups (1.32-1.70
ng/wk, and 1.02-1.31 ng/wk, respectively). The chart (Figure 2) is
representing the treatment potential by the median increase on
250HD levels during the 12-week-long study period. Most patients in
Slower Loading dose group exceeded the limit of 32 ng/ml in 8 weeks
(considered as “normal responders”), however a few patients from the
same treatment group had markedly lower restoration speed of
250HD levels resulted in a lower dose-response over the 12-week-long
treatment period. Interestingly, these “slow responders” for whom the
loading dose of 30,000 IU/wk group was just partially effective
increasing 250HD levels by the EOT, resulted in a low individual
increment rate of 0.97 -2.2 ng/week. Similarly, in control group on
standard maintenance doses of 1000 IU/d, four patients had partially
ineffective treatment result, based on a relatively low individual
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increment rate (<0.70 ng/week). In these patients the given a total dose
of 90,000 IU failed to restore the vitamin D deficiency to desirable level
since the elevation observed was only in range of 0.07-4.7 ng/mL over
the 12-week-long treatment period.

w
=
=)

[ WD30K-NR

ra
m
=)

[CIWD30K-SR

o
1=
o

C1SDDIK

—
o
o

—
1=
o

Median increase of 250HD in ng/mL

n
o

treatment weeks

wk-4 wk-8 wk-12

Figure 2: Treatment efficacy assessed by the median increase in
serum 250HD levels. Chart represents result stratified as normal
responsers (WD30K-NR) and slow responders (WD30K-SR) to
treatment by a loading dose with 30,000 IU/week vitamin D3. Light
columns represents the control group (SDDIK) treated with 1000
IU/day. Logarythmic trendlines on 8 or 12 weeks of treatments are
adjusted for prediction.

Serum PTH levels in the 1000 IU/d dose equivalent groups
combined was 50.3 £ 16.5 pg/mL, versus 47.3 + 13.5 pg/mL for the
30,000 IU/d group at baseline, where 25% and 10% of patients had
PTH levels >UNL, respectively. The 12-week-long treatment resulted
in decrease in mean PTH for both groups, but statistically significant
change (-19.5%) for the higher dose (e.g. 4286 IU/day) was
demonstrated (p<0.01), compared to 1000 IU/d group with -9% of
decrease (p=ns). Changes in PTH were more prominent in patients
with lower baseline 250HD levels (stratified as <10 ng/mL, vs. 10-20
ng/mL subgroups): the decrease from baseline was -48%, vs. -18%, for
the weekly loading dose (30,000 IU/d) group compared to -19%, vs.
-3%, for the maintenance dose equivalent (1000 IU/d) groups (Table
3).

Treatment-related changes in serum Ca and urinary Ca within in
each dose groups and also differences between the treatment groups
were evaluated. There was no relevant change detected in mean serum
calcium within the study groups from baseline to end of treatment
(EOT) visits and treatment related changes between the groups
throughout the study (Table 4).

Safety assessment based on patient-reported Adverse Events (AE)
and deviations of laboratory parameters included study specific and
standard routine laboratory tests. Laboratory parameters deviating
from normal range as exceeding the Upper Normal Range Limits
(UNL) occurred during the study exposure considered in causality
relationship to treatment related AE. Since urinary calcium levels may
have transient higher levels during the day and the determination of
24-hour-collected urine for was not feasible to perform for this study,
instead the calcium/creatinine ratio has been determined and was in
use for evaluation.

Dosing group Variable baseline week-4 week-8 week-12 p level’
4286 IU/d “WD30K” Mean + STD 47.3+135 39.8+14.1 42+14.4 38+11.6 P<0.01
1000 IU/d “SDD1K” mean + STD 48.2+14.6 39490 444 £17.0 439+ 115 n.s.
1000 IU/d “MD30K” mean + STD 52.6+18.4 39.8+16.8 48.3+22.6 48.4 +20.8 n.s.
"The significance levels assessed by the End of Treatment vs. Baseline

Table 3: Changes in serum PTH (pg/mL) levels over the duration of the study by daily dose equivalent vitamin D3 (values are in pg/mL; STD:
Standard deviation, p level: Significance levels assessed by the 250HD levels on end of treatment visit at week 12 vs. Baseline, pairwise

significance by T-test).

Mean serum calcium (mmol/L)
'greatment Daily Baseline EOT (wk-12) Change
ose
Value | STD Value | STD Value | %
4286 1U/d 2424 | £0.09 2431 | £0.12 -0.008 | -0.30%
1000 Iu/d 2.366 | £0.11 2.365 | £0.09 -0.001 | 0.00%

Table 4: Changes in mean serum calcium levels by daily dose
equivalent vitamin D3 (EOT: End of Treatment visit at week 12 vs.
Baseline, prior dosing).

Only two individual cases reported slightly elevated serum calcium
which did not exceed the 110% of UNL, both subjects received an 800
mg/day additional calcium supplementation, one of each treatment

groups (i.e. from 4286 IU/d, and 1000 IU/d). The transient increase of
serum calcium has been resolved to normal range by termination visit
(EOT).

Deviation of urinary calcium levels and urinary calcium/creatinine
ratio were considered as laboratory Adverse Event for the study. Four
(4) subjects reported a total of 6 lab test cases of elevated urinary
calcium levels and another three subjects reported 3 cases of elevated
calcium/creatinine ratio, out of them two belonged to the 4286 IU/d
group and the rest to control 1000 IU/d dosing. In a single (1) case of
this latter group the increased urinary Ca level was detected during the
EOT (termination) visit, all others were resolved prior to EOT. All
patients reported elevated urinary calcium levels were received
additional calcium supplementation throughout the study period and
consequently a daily prescribed dose was reduced after deviation
occurred. Overall there was no clinically significant difference in
frequency of all AE between treatment groups were considered.
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Other lab-related deviations in haematology and serum
biochemistry over UNL were subject to evaluation and the overall
frequency of deviations was compared to baseline values. In one case
from standard maintenance (1000 IU/d) group a lab-related AE
reported in serum biochemistry on the EOT visit, where a mild
increase of ALT, ASP, GGT, LDH were registered All other deviations
occurred throughout the study were considered as clinically not-
significant or were existing also at baseline prior the study treatments.

There was no serious adverse event reported in the overall study
period. No patient developed vitamin D toxicity. Two cases of non-
laboratory related AEs were reported, both were mild in intensity and
recovered within the course of the study, none of them considered as
treatment-related. No dropouts occurred due to adverse events.

Discussion

The outcome of the presented clinical investigation demonstrated
that weekly 30,000 IU vitamin D3 dosing schedule for 8-12 weeks is a
suitable option for loading deficient patients to reach the desirable
limit of 30 ng/ml. That is in accordance with the updated
recommendations of the Endocrine Society concerned the optimal
blood concentration of 250HD [10]. Although there is “no universal
consensus” on the limits for optimal levels and also an ongoing debate
concerned the criteria for vitamin D deficiency, the weekly dosing
regimen corresponds to the “Slower Loading” supplementation
schedule published in 2013/14 in a practical clinical guideline on the
management of vitamin D deficiency in adult patients by the National
Osteoporosis Society (UK) [22,23]. The term “Slower Loading”
corresponds to a suggested dosing schedule within the range of
20-50,000 IU/week for 6-7 weeks. According to guideline, when rapid
correction of vitamin D deficiency is required the oral fixed loading
doses of vitamin D3 are recommended approximately 300,000 IU in
total, followed by a regular maintenance dose therapy in 800-2000
IU/d given either daily or intermittently at higher cumulated doses
[22,23]. On the other hand, the equal efficacy and safety of the daily
oral dose equivalent of 1000 IU/day, in daily or monthly (30,000 IU)
dosing schedule is confirmed among vitamin D deficient adult
population in our recent publication [11]. This report is also
highlighting that the various (daily, weekly, monthly) regimens
equivalent of 1000 IU/daily maintenance dose are equally effective in
restoration of 250HD values to >20 ng/ml, however fail to attain 30
ng/mL threshold even after 12 weeks [11] or in another study a similar
dose after 24 weeks of treatment [25].

The results presented here was a sub-study of the above mentioned
investigation, where the weekly 30,000 IU vitamin D3 loading dose
applied for up to 12 weeks and confirmed the superiority in efficacy
compared to daily standard maintenance dosing of 1000 IU/day. This
30,000 TU/wk schedule of “Slower Loading” dose administration
provided 95% efficiency since all (except one) subjects were successful
in restoration of deficiency to the desirable level (>30 ng/mL) in 8
weeks (group median: 35.2 ng/mL). In contrast, only 14% of subjects
from the 1000 IU/d group were able to reach the 30 ng/mL and only
41% were above the limit of 25 ng/mL with the group median of 24.1
ng/mL. Similar range of treatment efficacy of 1000 IU/d daily dose
reported by Giusti et al. and also in a study of Schleck at al. when a
total dose of 400,000 IU given (in combination of 50,000-200,000 IU
loading doses in 8 weeks) resulting in 64% of subject reaching the
target level of 30 mg/mL [25,26].

Interestingly, the same study group observed that a single high (1 x
300,000 IU) loading dose resulted in similar outcome of 250HD
restoration that observed with a daily dosing of 1000 IU, and more
importantly that single high dose is overall less effective in restoration
of vitamin D deficiency over 3 months. Moreover, only 55% of this
high repeated dose (total of 600,000 IU) group reached desirable
concentrations of 250HD, suggesting that even higher doses may be
required for adequate vitamin D repletion [25].

A total amount of loading dose in our study was markedly less,
(12x30,000 TU/wk=360,000 IU in total) but provided a significantly
better efficacy (95%) in restoration of 250HD to >30 ng/ml levels for
deficient patients. The discrepancies in outcome can only partially
explained with a different baseline characteristics (age, mean 74.1 + 6.4
vs. 57.50 + 16.48; baseline 250HD: 9.4 + 5.1 vs. 13.70 + 3.69;
proportion of severe deficiency (<10 ng/mL) of 60% vs. 25%; and In/Ex
criteria: Postmenopausal vs. Healthy trial subjects) [25].

The calculated treatment-related increment potential of this applied
30,000 IU/wk loading dose resulted in 2.26-2.92 ng/wk 250HD mean
increment for the first 8 weeks and followed by slightly diminished (by
27-41%) values for the span of 12 weeks (1.64-1.73 ng/week). The
dose-response rate was in range as estimated, based on the Endocrine
Society’s Clinical Guidelines [10], and similar that was predicted by the
Institute of Medicine [9]. Similar group mean 33.78 + 7.51 ng/mL
250HD and range of increments are presented in a recent study in
healthy adults; 2.48 ng/wk and 1.68 ng/wk for the span of 8- or 12-
weeks, respectively [26]. A decreasing increment potential (23-37%)
was observed also in our control groups (SDD1K, MD30K) resulted in
figures of 1.32-1.70 ng/wk, and 0.83-1.31 ng/wk by the 8- or 12-week-
long periods, respectively. That observation of decreasing efficacy over
the time-course may have various explanations or the combination of
these: (i) The increase in 250HD correlates inversely with the actual
serum 250HD levels. The time-course and dose-response to daily or
monthly oral vitamin D3 administration in healthy young volunteers
has been discussed and reported earlier by several research groups
[13,27]. It is observed that a response ratio is being reduced to almost
half when initial 250HD levels are above 20 ng/mL and decreasing
proportionally in higher doses [3,28]. (ii) Higher doses may have
slightly altered biological utilization and capacity to revert 250HD
levels, potentially due to PK reasons. A recent trial demonstrated that
the dose-response curve of serum 250HD concentration to
cholecalciferol supplementation is widely variable, suggesting that
people may respond differently, in terms of serum 250HD increases,
to a fixed dose of cholecalciferol [25,29]. Body mass or level of obesity
(BMI) could be one of the parameters to consider when estimating the
required dose of cholecalciferol. Although, obese subjects in general
required more vitamin D supplementation than lean patients, there is a
great variability in vitamin D response among subjects in the same
replacement group, as noted elsewhere [25,30].

Previous observations support the recommendation that obese
patients need more vitamin D3 than normal-weight patients to attain
similar levels of 250HD increase. The subjects enrolled for this study
were from the general Hungarian population which is by statistics
slightly overweight (62.3%/male and 48.9%/female, Eurostat data
2014). In that reason our study inclusion criteria were set for Body
Mass Index (BMI) <35 of and generally, only the extremely obese
subjects were excluded, however adjustment for subjects BMI >30 was
not taken into account in dosing. It was observed that a few patients
from each group showed markedly slower restoration capacity over the
treatment period compared to normal responders. These “Slow
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Responders” for whom the loading dose was just partially effective due
to low individual increment rate, in some cases probably due to higher
BMI index or other dietary unknown reason. Since all participants in
our study were Caucasians and residents in Hungary i.e. similar sun
exposure, thus the UVB-transmission capacity of the skin of the trial
subjects, as well as the potential “unintended” solar-exposure were
considered similar. Since there was no statistically significant
difference observed between subjects enrolled in early spring or
summer period, probably due to the given instructions using UVB-
protective lotions (provided to all participants) during intended sun
exposure or outdoor activities, therefore the differences observed
between individuals were less likely related to the level of UVB-
exposure. We understand that treatment related increase of 250HD
varies not only by external factors such as diet, exposure to sunlight, or
also by internal ones, like the UVB transmission capacity of the skin or
other genetic factors [31] but more importantly body (fat) composition
[32]. The patient characteristics therefore may also influence the
optimal vitamin D supplementation strategy.

This considered as one of the strengths of our study, since the
recruitment of subjects was performed with a real range of BMI values
of the population, including the lower end of obese range of BMI 30-
35 kg/m?. On the other hand, this may be considered as one of the
weaknesses of the study, since the BMI data and dietary habits were in
use only as exclusion criteria but not as a covariant for efficacy
calculations. Nevertheless, our calculations on incremental efficacy are
in line with the results reported by other research groups, assuming
that deviation in BMI of the enrolled population would not be
considered significant on the cumulative data. This fact however, also
underlining the importance to assess the initial 250HD prior to
therapy due to concerns being ineffective dosing for those individuals
who are outliers from the normal range either in these factors or
having certain level of malabsorption.

Efficiency of the Slower Loading regimen was evaluated also by
other two aspects: the incremental treatment potential and changes in
PTH levels. The important point of this study is that a population who
had proved hypovitaminosis D and consequently elevated or high PTH
was therefore followed not only on 250HD response to vitamin D
supplementation, but also on the potential ability of different doses of
cholecalciferol in normalize PTH levels. In clinical practice it is
“commonly assumed” that elevated PTH or sHPTH is simply a matter
of inadequate vitamin D intake that responds promptly to the
supplementation of vitamin D [25]. In our study, the baseline mean
PTH levels were in the upper normal range (48.2-52.6 pg/mL) in all
groups, included the 10-25% of patients with slightly elevated values
>UNL. Despite the mean PTH was in (upper-) normal range at
baseline it did decrease in all study groups with vitamin D
supplementation, but the effect was statistically significant only for the
weekly loading (30,000 IU) doses group and found more prominent for
a subgroup with lower baseline 250HD levels. Our results were in
some aspects contrary to a statement that marked decrease of PTH is
seen in both (oral cholecalciferol 1,000 IU/d or two doses of
cholecalciferol 300,000 IU) groups over the 6 months follow-up period
disrespectfully a significant difference in serum 250HD response
between the treatment groups [25]. In other studies published within
the past years reported similar trends of serum PTH and 250HD
changes after different doses and regimens of cholecalciferol. Two trials
in particular showed that, in people with vitamin D deficiency and
sHPTH, a high loading dose of cholecalciferol produced a significantly
more-rapid and -effective increase in serum 250HD than a cumulative
lower monthly or daily dose but a comparable decrease in PTH levels

[3,33]. The response of serum 250HD to cholecalciferol is directly
related to the cumulative dose of cholecalciferol, whereas PTH
response to vitamin D supplementation is largely independent of the
dose given. It is possible that, to some extent, PTH needs a longer
period of time to respond to cholecalciferol, even when adequate
serum 250HD levels are reached and that the relationship between
PTH decrease and 250HD increase is not linear, as previously
reported [34].

Another aspect of treatment safety is related to some recently
published clinical studies with a concern about high annual doses of
vitamin D that rapidly increases 250HD and reducing PTH levels [35]
and can be considered as potential risk. In fact, 500 000 IU once-
annual oral administration of high-dose cholecalciferol increases the
risk of falls and fractures [36]. Administration in bolus exceeding
100,000 TU may be associated with acute increases of C-terminal
telopeptides of type I collagen [37]. The weekly 30 000 IU loading dose,
applied in our study is well below these limits, therefore we did not
monitor the frequency of falls and did not measure the changes of
specific bone markers for the 12-week-long duration. On the other
hand, the response to loading dose of vitamin D only attenuated
elevated PTH levels to mid-range, but did not abolish it after 12 weeks
of treatment.

Safety Profile

Due to long whole body half-life for vitamin D, daily dosing is
generally considered unnecessary, therefore monthly or weekly dosing
seems to be ideal solution. In our study, a loading dose of weekly
30,000 IU for 12 weeks in vitamin D deficient population was proven
equally safe to standard daily maintenance dosing. Overall we did not
find any difference in adverse event frequency among daily, weekly and
monthly treatment schedule applied in this sub-study. In that aspect
our data was in accordance with earlier data with a similar range [13]
and also to recently published data on vitamin D3 supplementation
with 50,000 IU twice weekly for 5 weeks is safe among patients with
low 250HD level [38].

Similar seamless safety profile characteristics of a loading dose
reported by others applying regular administration of a daily, weekly
and monthly dosing schedule, also for loading or combination of
loading+monthly dosing of vitamin D3. A single loading doses of
100,000-500,000 IU, followed by a daily dose of 4800 IU for 3 weeks (a
total of 167,200 IU) or monthly doses of 50,000 IU for 8 months (a
total of 900,000 IU in 9 month) do not result in safety issues in neither
studies: no experience of hypercalciuria or hypercalcemia at any of the
measured points are being detected. In general, the safety results in
these studies within the referred dose ranges applied were good, serum
calcium or urine calcium/creatinine levels do not differ in any these
dosing groups and between-groups [3,13,39].

A theory that connects high levels of 250HD facilitating the
absorption of calcium from the GI tract may constitute hypercalcemia
has been raised earlier as a potential safety concern. Recent
publications pointed out that studies which in vitamin-D-deficient
subjects, the loading dose is efficient in normalizing 250HD do not
result in serum calcium values above the reference range [3,17,40]. On
the other hand, treatment with vitamin D3 is advised to prescribe with
calcium supplements at doses between 400 and 800 mg for calcium
deficient subjects. Since the vast majority of the population is also
deficient in dietary calcium, it was considered to assess the level
deficiency. In the present study all enrolled subject received 800
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mg/day calcium (in form of calcium-citrate) unless the Ca-intake
questionnaire resulted in sufficient dietary calcium intake at baseline.
That point was considered weakness and a potential error in our study,
since dietary calcium intake may have changed during the course of
the study resulted in potential unintended overload of calcium, and
increase of urinary concentration. vitamin D repletion itself in general
does not alter urinary calcium excretion, despite increased calcium
absorption. Since calcium excretion did not change after vitamin D
therapy applied supplementation can be provided also to
postmenopausal women who are not stone-formers and who are
vitamin D insufficient, without fear of increased risk of nephrolithiasis
[41].

Our study has certain limitations. First, the number of participants
was small compared to the number of study groups; however, the study
has sufficient statistical power as it was calculated in advance.

Another potential limitation of the study design is the question of
placebo controlled double blinded manner. Although blinding was not
necessary because all patients received the active agent and the
outcome of the experimental design, i.e., serum 250HD and PTH
levels could not have been modified through a placebo effect. Using
placebo could have been achieved by administering placebo tablets,
but it was not neither necessary, since the efficacy of maintenance
doses have been well established, and treating patients with severe
deficiency would have introduced another level of ethical issue and
unnecessary complexity.

Pharmacokinetic assessment during the first days immediately after
the dose administrations could have been potentially elaborated more
by the aspects of vigilance on short-term safety parameters. On the
other hand, assessing any of the potential transient or harmful effects
of the weekly doses was not necessary since the kinetics and the short-
term safety of vitamin D supplementation of single oral doses of
50,000-500,000 IU have been evaluated in multiple trials without any
of safety concerns [20,42,43] and their results were confirmed recently
[38,44] and dosing in our study we were below of that range. Also it is
less likely that any population of non-Caucasian races (residents with
darker skin e.g. Africans, Indians, etc. who otherwise high of suffering
from vitamin D deficiency) would have any impact on safety of loading
doses since the additive effect of solar UVB-exposure is considered
even less significant during the treatments and afterwards.

Finally, the relatively short 12-week-long study period is considered
another limitation. Longer study duration and treatment would have
produced higher 250HD levels by the final assessment, but that was in
range with the clinical guidelines and recommendation for loading
dose administration. Earlier time points within this study (i.e., at week
4 and 8), the relative 250HD increase already resulted in statistically
significant contrasts between the weekly and daily dosing groups and
that remained unchanged by end of treatment.

The study design as a prospective, controlled, randomized,
multicenter clinical trial is the main advantage of our study. Moreover,
we used a novel loading dose schedule of vitamin D3 doses in forms of
oral tablets available for public and suitable for ambulatory patients, as
opposed to a specialized (non-commercial) vitamin D ethanol solution
in other studies referred. Moreover, as a comparator the daily
equivalent dose was in use here, since 1000 IU is considered a safe and
minimally effective dose for maintenance treatment of vitamin D
deficiency [18]. Strength of the study is the comprehensive assessment
of efficacy and safety not just during the low UVB season (i.e., winter
and spring) but also in in real-life summer conditions in otherwise

vitamin D deficient, healthy adult population. It should be noted that
the effect of vitamin D3 replacement on serum 250HD levels did not
show major seasonal fluctuations, presumably due to the general
instructions from dermatologists using sunscreen lotion during
periods of normal-to-high potential UVB exposures.

Conclusion

In summary, the efficiency of the weekly loading dose regimen of
30,000 TU/wk to reach desirable optimal (>30 ng/mL) levels of 250HD
is safe and reliable. Compared to standard dose equivalents of 1000
IU/d due to a decreased incremental capacity above the 25 ng/ml the
250HD levels are reaching its plateau and the maintenance treatment
seems to be relatively ineffective for the desirable further increase.

Our data also shown, that there is a certain value in obtaining a
250HD level in a clinical setting to monitor the 250HD response to
vitamin D supplementation for a specific population since individual’s
response to a given dose of cholecalciferol is potentially variable. There
was no new safety concern identified during the administration of this
loading dose regimen. There was no change in assessments of other
potential safety concerns based on previous safety results such as
overdosing, risks of abolished serum calcium level or hypercalciuria.
Here should be noted that safety concerns associated with the active
ingredient cholecalciferol component in a form of a 30,000 IU product
do not qualify as important risks according to the criteria in GVP
Module V.

In conclusion, our study demonstrated the safety and a predictable
efficacy profile of a weekly loading dose of 30,000 IU vitamin D3
tablets normalizing the vitamin D deficiency.

Daily dose equivalents of 1000 IU/d, either in a daily 1000 IU or in a
monthly dosing of 30,000 IU schedules for 12 weeks of treatments
failed to attain the 30 ng/mL threshold. Weekly administration of this
loading dose for 12 weeks does not raise safety concern, but proved to
be an effective tool to reach the >30 ng/mL limits in deficient patients.
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