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Abstract In a randomized multicenter, double-blind,
double-dummy, parallel group study a comparison of the
efficacy and safety of 1 pg alfacalcidol to 880 IU vitamin
D plus calcium carbonate (1 g calcium) once daily per os
was performed on 148 postmenopausal osteoporotic
Caucasian patients with normal vitamin D serum levels
for 18 months. Bone mineral density (BMD) was mea-
sured at baseline, 12 and 18 months. Safety parameters
were followed during the entire study period. Sixty-nine
(90.8%) in the alfacalcidol group and 67 (93.1%) in the
vitamin D group were included in the ITT analysis.
Lumbar BMD in the alfacalcidol group increased by
0.017 g/em® (2.33%) and 0.021 g/cm? (2.87%) from
baseline (P <0.001) at 12 and 18 months, respectively,
whereas in the vitamin D plus calcium group the increase
was 0.005 g/cm? (0.70%) from baseline (N.S.) at both 12
and 18 months. The higher changes from baseline in the
alfacalcidol group, as compared to the changes in the
vitamin D plus calcium group at both 12 and 18 months,
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were found to be statistically significant (P =0.018, 0.005).
A small increase of mean femoral BMD was achieved in
both groups (N.S.). Adverse events were similar in both
groups. No significant differences were noted between the
groups in serum calcium. In conclusion, alfacalcidol was
found to be superior in significantly increasing lumbar
BMD as compared to vitamin D plus calcium while safety
characteristics were found to be similar in both
treatments.

Introduction

Postmenopausal osteoporosis (PMO) is a disease char-
acterized by increased skeletal fragility and susceptibility
to fractures. It is a significant cause of morbidity and
even mortality. Estrogen deficiency and changes in
vitamin D metabolism are important contributors to the
development of PMO. The decrease in calcium absorp-
tion can, in part, be attributed to a decrease in serum
1,25-dihydroxyvitamin D (calcitriol; D-hormone). There
is, however, also evidence of an age-related impairment
in the sensitivity or response of the intestines and other
target organs to circulating endogenous D-hormone
levels due to the reduction of vitamin D receptors
(VDRs) [1]. D-hormone is clearly involved in the bone
modeling and remodeling systems, and can, therefore,
contribute markedly to bone strength.

D-hormone analogs (alfacalcidol, calcitriol) have
been proven to be active in increasing bone mineral
density (BMD), and in reducing vertebral and nonver-
tebral fractures in several prospective, randomized,
mainly placebo-controlled studies [2-8]. A recently
published meta-analysis conducted by two independent
research groups from the USA (The Osteoporosis
Methodology Group) and Canada (The Osteoporosis
Research Advisory Group) clearly showed the advan-
tageous efficacy of hydroxylated vitamin D (alfacalcidol,
calcitriol) versus plain vitamin D [9].
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While plain vitamin D does have an important role as
a supplementary drug in osteoporosis therapy with
agents, such as bisphosphonates or raloxifene, clinical
studies with plain vitamin D as a monotherapy have
yielded unsatisfactory results in PMO [9, 10]. Gallagher
et al. [11] compared the efficacy of D-hormone with a
low dose of vitamin D in a randomized, double-blind
controlled pilot trial over 2 years in 50 patients with
PMO and vertebral fractures: they found a statistically
significant difference in vertebral BMD in favor of D-
hormones after 18 and 24 months. In a randomized,
single-masked, multicenter study, the effects of alfa-
calcidol treatment and plain vitamin D supplementation
on calcium absorption were evaluated in women with
radiological evidence of vertebral fractures [12]: frac-
tional calcium absorption increased significantly after
3 months of treatment with alfacalcidol, but remained
unchanged after taking plain vitamin D. Other “head to
head” studies performed in secondary osteoporosis
confirmed the superiority of alfacalcidol as compared to
plain vitamin D [13, 14].

Vitamin D + calcium supplementation demon-
strated an improvement in digestive calcium absorption,
in the suppression of parathyroid hormone synthesis,
decreased bone loss and reduced nonvertebral fracture
risks in elderly [15, 16]. Such treatment proved to be
ineffective in patients with PMO [17]. As for the safety of
D-hormone analogs, both alfacalcidol and calcitriol may
induce an increase of serum calcium levels and urinary
calcium excretion. However, a large Post-Marketing
Surveillance Study on osteoporotic patients in Japan
proved that there was a very low risk of hypercalcemia,
and no kidney stones were reported [18]. In any case,
there is still a certain unfounded concern as to whether
the Caucasian patients react like the Japanese, especially
in countries with high calcium intake. On the other
hand, it was reported that by administering similar doses
per os, the levels of D-hormone in bone were higher after
taking alfacalcidol than those levels observed after tak-
ing calcitriol [19].

The aim of the present study was to compare the
efficacy and adverse events of alfacalcidol with plain
vitamin D in combination with calcium in internation-
ally accepted dosages in patients with established PMO,
with or without vertebral fractures.

Material and methods

We recruited 170 osteoporotic postmenopausal women
in 11 clinical centers all over Italy for this double-blind,
double-dummy, randomized, multicenter parallel group
study. Women were eligible for the study if they were
between the ages of 55 and 75, had been postmenopausal
for at least 5 years, and had a history of at least one
prior vertebral fracture confirmed by spinal radiography
and/or had a lumbar or femoral BMD T-score < —2.5.

Patients with secondary osteoporosis, other bone dis-
eases, significant concomitant diseases, hypercalcemia,

hypercalcuria, treated with drugs that influence bone
metabolism (estrogens, progesterone), SERMS, calcito-
nins, vitamin D and calcium supplements taken for more
than 1 month in the previous 3 months; bisphospho-
nates, fluoride, ipriflavone, glucocorticoids, immuno-
suppressant agents, anticonvulsants, lithium taken for
more than 1 month in the previous 6 months, or with an
abnormal vitamin D status (25(OH)Dj5 in a serum less
than 30 nmol/l measured by HPLC) were excluded from
the study. All patients gave their written informed con-
sent to participate in the study before enrollment. The
protocol was approved by the Ethics Committees of all 11
participating centers.

At the screening visit the following evaluations and
measurements were taken: medical history, physical
examination, complete blood analysis and vital signs.
After confirmation of inclusion/exclusion criteria pa-
tients were allocated randomly to receive either alfa-
calcidol 1 pg (capsules, Diseon®/AlphaD$, Teva
Pharmaceutical Industries Ltd.) or Placebo of vitamin
D; 880 IU + calcium carbonate 2,500 mg or Placebo
of alfacalcidol 1 pg and vitamin D5 880 IU + calcium
carbonate 2,500 mg (1,000 mg calcium) (sachets, Cacit
D3®, Procter & Gamble) in a ratio 1:1. All the drugs
were administered once a day. Patients were instructed
to take a sachet after lunch and a capsule in the evening.

Patients were examined after 3, 6, 12 and 18 months
of treatment. At each visit treatment compliance was
checked by counting the number of capsules and sachets,
and all adverse events found by the investigator were
recorded. Serum calcium, phosphorus and creatinine
were measured at each visit.

At the time of screening, BMD was measured at
lumbar spine or femoral site by dual-energy X-ray
absorptiometry and again after 12 and 18 months of
treatment. All the scans were analyzed centrally at the
coordinator site.

A vertebral column X-ray was taken at screening (if
such an X-ray had not been taken during the 3 months
prior to the screening) and again at the end of the study.
A vertebral fracture was defined by a reduction of at
least 4 mm or 15% of the anterior height, as compared
to the posterior height (cuneus fracture), or a reduction
of at least 4 mm or 15% of the central height, as com-
pared to the posterior height (biconcave fracture), or by
a reduction of all the heights by at least 4 mm or 15%,
as compared to the average of the corresponding heights
of the upper and lower adjacent vertebrae (compression
fracture).

The main efficacy analysis was performed on an
intention-to-treat basis, and included all patients who
were randomized, who took double-blind study medi-
cation, and for whom any assessment of efficacy or
serum calcium value was available while taking double-
blind study medication.

All demographic and baseline variables were de-
scribed by statistical characteristics in the randomized
and intention-to-treat population. The two-sided
Student ¢ test was used to compare mean values of
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Fig. 1 Study populations
Randomised population 148
Alfacalcidol 76
vitamin D + calcium 72
5 Excluded: no treatment received
Safety population 143
Alfacalcidol 73
vitamin D + calcium 70
7 Excluded: no efficacy or serum calcium
assessment after baseline
Full analysed sample
(intention-to-treat population) 136
Alfacalcidol 69
vitamin D + calcium 67
Completed follow-up at 18
months 102
Alfacalcidol 52
vitamin D + calcium 50

continuous data in the two groups at baseline, while the
chi-square test was used for categorical data.

Statistical analysis on BMD values was performed
using a linear model on the difference at each visit to the
baseline, including baseline values as covariate (AN-
COVA model). Missing post-treatment values have been
replaced using the last observation after randomization
carried forward method (LOCF method).

For serum calcium phosphorus and creatinine, a
noninferiority analysis was performed. The values ob-
tained for LOCF were analyzed using a linear model on
log-transformed values, including treatment and center
as factors, and log-transformed baseline values as co-
variates.

The two-sided 95% confidence interval (CI) of the
difference between the log-transformed adjusted means
obtained from the two treatment groups was calculated,
and the values obtained for the point estimate and the
bounds were transformed back into the original unit,
leading to an estimation of the 95% CI of the ratio of
the geometric means. Noninferiority is assessed referring
to the commonly used 80-125% equivalence range.

A C.R.O., Phidea S.p.a. was in charge of monitoring,
data collection and statistical analysis. The Data, Safety
and Monitoring Board established by Phidea S.p.a. (Via
C. Colombo 1, 20094 Corsico, Milan, Italy) reviewed the

conduction of the Study, and also performed the sta-
tistical analysis.

Results

Out of 170 recruited women, 22 did not meet the required
criteria. One hundred and forty-eight Caucasian patients
entered the double-blind phase of the Study, 76 were
randomized to receive alfacalcidol and 72 vitamin
D + calcium; 136 of them (91.9%), 69 for the alfacalcidol
group and 67 for the vitamin D + calcium group, made
up the population for the intention-to-treat analysis
(Fig. 1). One patient in the alfacalcidol group and two
patients in the vitamin D + calcium group had 7-scores
of > —2.5, with at least one prior vertebral fracture.

The baseline characteristics of the two groups were
similar both in the intention-to-treat population
(Table 1), and in the randomized population. A signifi-
cant difference between the groups was found only in the
measurement of the mean lumbar BMD. A remarkable
difference was found between the number of patients
who did have previous vertebral fractures (N.S.,
P=0.208).

A total of 102 patients (75% of the intention-to-treat
population), 52 patients from the alfacalcidol group, and
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Table 1 Baseline characteristics (ITT population)

Treatment Alfacalcidol Vitamin
(n=169) D + Calcium
(n=67)
Age (years) 65.4+5.7 43+53
Years since menopause 16.2£8.1 16.8+7.3
Height 158.6+5.5 156.7+6.7
Weight 60.2+9.7 57.8+8.8
Body mass index® 23.9+3.7 23.5+34
Cigarette smoking (%) 10.6 10.5
Number of patients (n=064) 28.12 (n=61) 18.03
with previous
vertebral fractures (%)
Number of previous vetebral 1.67+0.91 1.27+0.47
fractures/No. of patients
with vertebral fractures
BMD at the lumbar (n=62) (n=60)
spine: Mean 0.731+0.080 0.701+0.079
(g/cm?) T-score —-3.0+0.8 —-3.2+0.7
BMD at the femoral (n=155) (n=153)
neck: mean 0.598 £0.079 0.593+0.075
(g/cm?) T-score —2.84+0.7 —2.8+0.9
25(0OH)D; nmol/l 60.14+23.07 57.80+17.32

Values are means + SDA significant difference between the groups
was found only in BMD mean lumbar (P =0.042)

% Body mass index is the weight in kilograms divided by the square
of the height in meters

50 patients from the vitamin D + calcium group com-
pleted the study at the end of 18 months of treatment.

A total of 97 patients, 50 in the alfacalcidol group
and 47 in the vitamin D + calcium group, were in-
cluded in the lumbar BMD analysis. No significant
difference was found between the groups at baseline
(Table 2). In the alfacalcidol group, mean BMD in-
creased by 0.017 g/cm® (2.33%) after 12 months treat-
ment versus baseline, and an increment of 0.021 g/cm?
(2.87%) after 18 months treatment versus baseline was
found. Both increases were found to be statistically
significant (P <0.001 at month 12 vs. baseline and at
month 18 vs. baseline).

In the vitamin D + calcium group an increase of
0.005 g/cm? (0.70%) was found versus baseline after
both 12 and 18 months’ treatment, respectively. These
increases were not statistically significant. The

differences between the mean BMD increase after 12 and
18 months achieved with alfacalcidol versus that
achieved with vitamin D + calcium were significant
both after 12 and 18 months treatment (P=0.018 at
month 12 vs. baseline; P=0.005 at month 18 vs. base-
line) (Fig. 2).

The femoral BMD analysis was performed on 92
patients: 44 in the alfacalcidol group and 48 in the
vitamin D + calcium group. No significant difference
was found between the groups at baseline. A small in-
crease (not statistically significant) of femoral BMD was
achieved in both groups (Table 2).

Vertebral fracture evaluations were performed only
on patients who had a basal and a final X-ray (42 pa-
tients for each treatment group). The number of patients
with vertebral fractures at the screening visit was higher
in the alfacalcidol group: 11 patients (26.2%) with a
total number of 18 fractures in the alfacalcidol group,
and 5 patients (11.9%) with a total number of 7 frac-
tures in the vitamin D + calcium group (P=0.208). At
the end of the double-blind treatment period the number
of patients with vertebral fractures in the alfacalcidol
group was 14, with a total of 24 vertebral fractures,
while in the vitamin D + calcium group there were 10
patients with vertebral fractures, with a total number of
14 vertebral fractures. Three patients (7.1%) in the al-
facalcidol group versus five patients (11.9%) in the
vitamin D + calcium group had no fractures at
screening, but had at least one vertebral fracture during
the Study. In the alfacalcidol group, one patient with a
vertebral fracture at baseline had a new fracture. There
was a total of 6 new fractures that occurred in the al-
facalcidol group versus 7 in the vitamin D + calcium
group (Table 3). The pattern of BMD changes in this
subgroup of patients was similar to the one reported in
all the population studies.

Mean values for serum calcium, phosphorus and
creatinine at baseline and at the end of the treatment
period are shown in Table 4. Serum calcium concen-
trations at baseline were similar in the two groups:
9.35+0.70 in the alfacalcidol group, and 9.39£0.48 in
the vitamin D + calcium group. At the end of the
Study, serum calcium concentration was slightly higher
in the alfacalcidol group, as compared to the vitamin

Table 2 BMD (g/cm?) at baseline, at 12 and 18 months absolute and differences versus baseline (ITT population)

Site Treatment n BMD mean (g/cm?) (+ SD)
Absolute values Difference versus baseline
Baseline 12 months 18 months 12 months 18 months
Lumbar Alfacalcidol 50 0.731 (0.077)  0.748* (0.080)  0.752** (0.080)  0.017*** (0.030)  0.021*** (0.034)
Vitamin D + calcium 47  0.710 (0.076)  0.716 (0.070) 0.715 (0.077) 0.005 (0.024) 0.005 (0.022)
P between treatments 0.190 0.039 0.024 0.018 0.005
Femoral  Alfacalcidol 44 0.607 (0.076)  0.615 (0.075) 0.610 (0.077) 0.008 (0.037) 0.002 (0.029)

Vitamin D + calcium 48
P between treatments

0.594 (0.074)

0.390 0.287

0.598 (0.074)

0.001 (0.028)
0.815

0.595 (0.085)
0.375

0.004 (0.026)
0.497

P values versus baseline: *P =0.0002; **P <0.0001; ***P<0.001
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D + calcium group (9.56+0.48 vs. 9.45+0.49). Serum
phosphate and creatinine levels did not change signifi-
cantly over the 18 month period. The statistical analysis
performed on serum calcium, phosphorus and creatinine
values demonstrated a noninferiority between the
groups at 2.5% level (95% CI ratio geometric means:
serum calcium 1.00-1.03; phosphorus 0.93-1.00; creati-
nine 0.96-1.05).

In the alfacalcidol group 22 (30.1%) of the patients
had one or more adverse events related to their treat-
ment. In the vitamin D + calcium group there were 19
(27.1%) patients who had one or more adverse events
related to their treatment. The most common side effect
was gastrointestinal (10 patients in the alfacalcidol-
treated group, and 9 patients in the vitamin D + cal-

Table 3 Proportion of patients (%) who had one or more vertebral
fractures at baseline after 18 months’ treatment (ITT population)

Treatment n Baseline 18 months Difference
Alfacalcidol 42 262 33.3 7.1
(1.6+1.03)* (1.7£0.99)*
Vitamin 42 119 23.8 11.9
D + calcium (1.4+0.55)* (1.4+0.52)*

Values are means + SD. There were no significant differences in
and among the groups

“Number of vertebral fractures/number of patients who have ver-
tebral fractures

cium-treated group). No case of renal calculus was
reported.

Discussion

The growing awareness concerning the role of vitamin D
in the pathogenesis of postmenopausal bone loss has
stimulated interest in the use of vitamin D and D-hor-
mone analogs in the management of PMO.

The crucial importance of postmenopausal estrogen
deficiency in the development of osteoporosis is sup-
ported by the increased number and activity of osteo-
clasts, and by the intestinal calcium malabsorption
related to impaired vitamin D metabolism that occur

Table 4 Mean (+ SD) of serum calcium, phosphorus and creati-
nine at baseline and after 18 months’ treatment (ITT population)

Measurement Baseline 18 months

treatment

Alfacalcidol Vitamin Alfacalcidol Vitamin

D + D +
Calcium Calcium
Serum calcium 9.35 9.39 9.56 9.45
(mg/dl) (0.70) (0.48) (0.48) (0.49)
Serum phosphorus 3.68 3.62 3.42 3.53
(mg/dl) (0.48) (0.39) (0.40) (0.40)
Serum creatinine  0.91 0.90 0.91 0.91
(mg/dl) (0.16) (0.14) (0.11) (0.12)
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after menopause [1, 20]. The osteoclastogenic effect of
ovariectomy was recently confirmed in vitro by a specific
dendritic cell activation in the bone marrow that leads to
increased activation of antigen-producing T cells and T
cell TNF-a production [21]. Moreover, in elderly oste-
oporotic patients a deficiency in VDRs related to lack of
estrogen may contribute to the PMO pathogenesis [22].

Our data demonstrate that treatment with 1 pg alfa-
calcidol daily without additional calcium supplementa-
tion induces a statistically significant increase in lumbar
BMD after 12 and 18 months, in comparison to 880 U
vitamin D plus 1 g calcium daily in osteoporotic women
characterized by normal vitamin D status (Fig. 2). The
small increase in femoral BMD may be accounted for by
the lower and slower effect that a bone active agent
usually has on cortical bone. In addition, alfacalcidol
treatment has shown a clinically relevant, though not
statistically significant reduction in the number of pa-
tients having new vertebral fractures (Table 3). Consid-
ering that previous fractures represent a remarkable risk
factor for future vertebral fractures [10], it is important
to mention that there were more patients with one or
more prevalent fractures in the alfacalcidol group than
in the vitamin D + calcium group (Table 1). The fact
that alfacalcidol is superior, despite this bias, is
remarkable.

It has been speculated that VDR gene polymor-
phisms could be responsible for the greater therapeuthic
response to vitamin D and its metabolites observed in
Asian populations with respect to Caucasians. However,
our study confirms that alfacalcidol is also effective in
Caucasian patients. Moreover, recent preliminary
investigations have not evidenced any differences in
calcitriol response to treatment according to different
VDR genotypes [23].

There are often controversial discussions as to whe-
ther D-hormone analogs are really more effective than
plain vitamin D in osteoporotic patients. The efficacy of
a vitamin D and calcium combination has been clearly
demonstrated in patients with vitamin D deficiency. In
vitamin D-repleted women with PMO, no significant
effects can be expected. Supplementation with plain
vitamin D is not a pharmacological therapy, but a die-
tary substitute. As a result of the negative feedback
regulating the final activation step of 25(OH)D into the
active 1.25-dihydroxyvitamin D hormone by the kid-
neys, the oral supplements of plain vitamin D will never
lead to an increase of the D-hormone levels [24, 25]. This
means that in vitamin D-repleted patients therapeutic
effects on bone, muscle, or other target organs can only
be achieved with the use of D-hormone analogs [26].
Similarly, D-hormone deficient patients due to impaired
1-alpha-hydroxylase activity in the kidney (e.g., patients
with PMO) seemed to be more or less resistant to plain
vitamin D. A condition of vitamin D resistance was also
reported in patients with reduced VDR affinity [22, 24,
25]. Alfacalcidol is activated in the liver and in other
target organs, like bones, and is a pro-drug of the D-
hormone. Thus, the D-hormone deficiency can be trea-

ted by bypassing the body’s natural regulation in the
kidneys [24-26]. Vitamin D resistance, based on VDR
deficits, can also be treated with D-hormone analogs
through their influence on the expression, activation and
reduction in the quality of VDRs [27].

Alfacalcidol prevents rapid postmenopausal bone
loss and improves bone quality by improving calcium
malabsorption in the gut [12] through normalization of
the increased bone remodeling that results from a direct
reduction of osteoclast precursors in vivo [28] and by a
subtle regulation of osteoblast differentiation and
metabolism [29]. It may be that the known, very specific,
T cell immunoregulating properties are, in part, also
responsible for the efficacy of alfacalcidol by producing
more tolerogenic antigen-presentating cells, decreasing
T-helper cells, increasing suppressor cells and inducing
cytokine homeostasis [30, 31].

In the ovariectomized rat model of osteoporosis,
there is histomorphometric and biochemical evidence
that oral administration of alfacalcidol causes dose-
dependent suppression of osteoclastic bone resorption,
as opposed to well-known in vitro “‘stimulation”. The
explanation for the direct inhibition of bone resorption
by D-hormone analogs is based on the new findings that
alfacalcidol inhibits osteoclastogenesis in vivo by
decreasing the pool of osteoclast precursors within the
bone marrow, which is one of the pathogenetic key
factors of postmenopausal bone loss [28]. Unlike typical
inhibitors of bone resorption such as estrogens and
bisphosphonates, alfacalcidol does not suppress, but
rather stimulates bone formation [32]. This results in a
significant improvement in the bone quality, as well as
the quantity of cortical and cancellous bone. Alfacalc-
idol increases BMD and bone strength more effectively
than plain vitamin D in osteoporotic patients [33]. These
potential advantages of alfacalcidol over plain vitamin
D on bone microstructure have been confirmed by mi-
cro-CT scanning [34]. It has also been proven that al-
facalcidol exerts a direct anabolic effect on bone mass
and strength, independent of calcium absorption and
PTH suppression [33] in parathyroidectomized rats un-
der constant PTH infusion.

There is clear evidence of the direct effect of D-hor-
mone analogs on osteoblast function (proliferation,
apoptosis, expression of specific bone proteins and
growth factors) and mineralization [20, 29, 35]. Re-
cently, bone anabolic effects of D-hormone have been
detected in OVX rats alone, and, especially, in combi-
nation with a powerful antiresorptive agent [36]. This
anabolic bone efficacy occurred despite significant de-
creases in osteoclast activity, suggesting an independent
effect of D-hormone on osteoblast function and activity.

Dendritic cells (DC) play a previously unrecognized
role in the mechanism of postmenopausal bone loss [21].
Several investigators have shown that DC are inhibited
by VDR in vitro and in vivo in their ability for antigen
presentation that stimulates T cell activation and pro-
liferation and bone resorbing cytokine production fol-
lowing exposure to D-hormone analogs [31, 37]. The



data demonstrate that DC may represent a novel D-
hormone target to reduce bone loss in PMO.

The clinical counterpart of OVX animals is induced
menopause in humans. Bone loss is known to be sig-
nificantly increased after surgery. A study by DEXA
involving women who had undergone bilateral ovariec-
tomy evaluated the effect of alfacalcidol treatment [38].
Premenopausally ovariectomised women (> 6 months
after surgery) with bone loss above the standard devia-
tion (—1 SD T-score) were divided into three groups
(control; 0.25 pg alfacalcidol daily; 0.5-0.75 pg alfa-
calcidol daily). All patients were on a diet containing
approximately 800 mg of calcium daily. After 1 year,
lumbar BMD had decreased by 3.6% in the placebo
group. While 0.25 pg alfacalcidol showed a small effect
(=3.2%), 0.5 to 0.75 pg alfacalcidol taken daily ap-
peared to be sufficient in order to achieve a statistically
significant decrease in bone loss (—0.8%) [38]. This study
demonstrated a clear dose—effect ratio for alfacalcidol.

A meta-analysis of clinical studies in PMO clearly
showed the advantageous efficacy of D-hormone ana-
logs (alfacalcidol, calcitriol) versus plain vitamin D [9].
D-hormone analogs had a consistently greater impact on
BMD than plain vitamin D. After 12 months the dif-
ference between the groups was statistically significant
for total body (P<0.03) and for both forearms
(P<0.01). Treatment with D-hormone analogs signifi-
cantly reduced the risk of vertebral fractures (Relative
Risk, RR=0.64; 95% CI 0.44-0.92), while plain vitamin
D therapy failed to achieve statistical significance [9].
The vertebral antifracture efficacy of D-hormone ana-
logs is in the range of that observed with bisphospho-
nates or raloxifene. The number needed to treat (NNT),
i.e., the number of patients who have to be treated for
2 years in order to prevent one vertebral fracture does
not differ when using D-hormone analogs (NNT =94) in
comparison to other antiosteoporotic agents, e.g.,
risedronate (NNT =96) or raloxifene (NNT =99), while
only for alendronate (NNT =72) it was slightly inferior
as shown in a summary of meta-analyses [39]. A second
meta-analysis confirmed the positive effects of D-hor-
mone analogs on bone mass, and, very importantly, on
vertebral fracture risk (RR=0.53; 95% CI 0.47-0.60)
[40]. In this meta-analysis a reduction of nonvertebral
fractures (RR=0.34; 95% CI 0.16-0.71) was proven.
The fact that two independent meta-analyses show cor-
responding results is a very strong proof of the efficacy
of D-hormone analogs in the reduction of vertebral
fractures. In a comparative meta-analysis, Richy et al.
[41] confirmed that D-hormone analogs exhibit better
efficacy in increasing vertebral bone loss and in pre-
venting vertebral and nonvertebral fractures, as com-
pared to plain vitamin D in PMO.

All the above data demonstrated the efficacy of D-
hormones on bone loss and fracture prevention in PMO.
In future, a clear differentiation must be made between
calcium and plain vitamin D supplementation in vitamin
D-deficient old women and men (> 75 years), and the
pharmacological treatment of patients with established
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osteoporosis using D-hormone analogs, independent of
the patients’ vitamin D status [26].

Adverse drug reactions in our study were similar in
both treatment groups. The high rate of gastrointesti-
nal side effects in the vitamin D plus calcium group is a
known phenomenon and is due to the presence of
calcium carbonate. In the alfacalcidol-treated group a
placebo containing various carbonate salts (calcium
free) was used, and, therefore, it was not surprising
that a similar number of gastrointestinal side effects
were recorded in both groups. No significant differ-
ences in serum calcium were noted between the groups
(Table 4). During the study there was no report on
hypercalcemia in the group treated with alfacalcidol.
Importantly, no cases of renal stone were recorded.
Our findings have been confirmed by a large Post-
Marketing Surveillance Study [18]. Patients (13,550)
with PMO, over 60 years of age, and receiving alfa-
calcidol therapy were followed for over a 6-year period.
The dosage was between 0.5 and 1 pg daily. Adverse
effects were found in 1.1% of the patients. Hypercal-
cemia (Ca serum> 11 mg/dl) was found in 0.22% of
the patients, but there was not a single renal stone
formation recorded [18]. The risk of getting affected by
hypercalcemia as a result of taking calcitriol may be
higher. Calcitriol, upon ingestion, acts immediately and
directly on the VDR in the intestinal mucosal cells to
promote intestinal calcium absorption, leading to a
rapid increase in serum calcium [25]. No significant
changes in serum creatinine occurred in either treat-
ment group during the study period.

Bisphosphonates and selective estrogen receptor
modulators (SERMs) are very effective in preserving
BMD and preventing fractures in PMO. However, oral
bisphosphonates may have gastrointestinal side effects
and may induce musculoskeletal pain with weekly
treatment [42]. SERMs may induce a postmenopausal
syndrome and may increase the risk of thrombosis. In
addition, these treatments are much more expensive
than treatment with alfacalcidol. Hormone replacement
therapy (HRT) was once regarded as the gold standard,
but, based on its potential cardiovascular and neoplastic
side effects, HRT is now not fully accepted for the
treatment of PMO [43].

On the other hand, it has been proven that switching
from HRT to alfacalcidol is possible [44]. D-hormone
analogs seem to be interesting candidates for combina-
tion with bisphosphonates in severe PMO. The inde-
pendent bone anabolic effects obviously occur more
intensively, and bone quality has been shown to be
significantly improved in animal studies [34, 36, 45].

This study had several limitations. The patients had
normal serum levels of vitamin D (25(OH)D > 12 ng/
ml), therefore, the effect of vitamin D in vitamin
D-deficient patients could not be determined. The study
had limited power to evaluate the efficacy on femoral
BMD due to its short duration, or to find differences in
fracture rates due to the relatively low number of
patients available for evaluation.
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Our study shows alfacalcidol to be an efficient agent

in the therapy of PMO. Alfacalcidol was significantly
superior to vitamin D in terms of bone mass gain, and,
possibly, in the reduction of vertebral fractures. The
results serve as a response to the controversy concerning
treatment with alfacalcidol (i.e., higher costs and in-
creased risk of side effects): plain vitamin D is insuffi-
cient for the management of PMO, while safety
characteristics were found to be similar in both treat-
ments. Due to the above-described efficacy and excellent
tolerability, the long-term safety and simple mode of
administration (which all promote long-term patient
compliance), together with its moderate daily cost, it can
be concluded that the alfacalcidol therapy is an impor-
tant treatment option for patients with PMO.
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