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a b s t r a c t

Eldecalcitol [ED-71, 2�-(3-hydroxypropyloxy)-1,25-dihydroxyvitamin D3] increases lumbar and hip
bone mineral density (BMD) in a dose-dependent manner in osteoporotic patients with vitamin D sup-
plementation. However, there has been no head-to-head comparison of the effects of eldecalcitol with
alfacalcidol on bone and calcium metabolism in human subjects. Therefore, a randomized open-label
clinical trial was conducted to compare the effect of eldecalcitol on bone turnover markers and calcium
metabolism in 59 Japanese postmenopausal women. Subjects were randomly assigned to receive 1.0 �g
alfacalcidol, 0.5 or 1.0 �g eldecalcitol once a day for 12 weeks. There was almost no increase in serum cal-
cium (Ca) throughout the study period. Eldecalcitol from 0.5 to 1.0 �g increased daily urinary Ca excretion
in a dose-dependent manner, and 1.0 �g eldecalcitol increased urinary Ca to a similar extent to 1.0 �g
alcium metabolism alfacalcidol. Both 0.5 and 1.0 �g eldecalcitol suppressed urinary NTX stronger than 1.0 �g alfacalcidol
(−6, −30 and −35% in 1.0 �g alfacalcidol, 0.5 and 1.0 �g eldecalcitol-treated groups, respectively, at 12
weeks). In contrast, changes in serum BALP were similar among the three groups (−22, −22 and −29% in
1.0 �g alfacalcidol, 0.5 and 1.0 �g eldecalcitol-treated groups, respectively, at 12 weeks). These results
demonstrate that 0.5–1.0 �g eldecalcitol can effectively inhibit bone resorption stronger than alfacalcidol
with a similar effect on bone formation and a comparable effect on urinary Ca excretion, and suggest that

etter
eldecalcitol may have a b

. Introduction

In an effort to find out an analog of 1,25-dihydroxyvitamin
3 [1,25(OH)2D3] with potent effects on bone, we have
eveloped eldecalcitol [ED-71, 2�-(3-hydroxypropyloxy)-1,25-
ihydroxyvitamin D3]. Eldecalcitol binds to the nuclear vitamin
receptor with less affinity but to serum vitamin D-binding pro-

ein with higher affinity than 1,25(OH)2D, showing a long half life
n plasma [1]. Eldecalcitol has been shown to increase bone mass
2], and to have superior effects to alfacalcidol on bone strength
n rodents [3]. An earlier open-labeled clinical trial in osteoporotic
atients demonstrated that treatment with 0.25–1.0 �g/day elde-
alcitol for 6 months increased lumbar bone mineral density (BMD)

n a dose-dependent manner without causing sustained hypercal-
emia or hypercalciuria [4]. Furthermore, the effect of eldecalcitol
n BMD was not due to a nutritional supplementary effect of vita-
in D, because our randomized, double-blind, placebo-controlled

� Special issue selected article from the 14th Vitamin D Workshop held at Brugge,
elgium on October 4–8, 2009.
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osteoprotective effect than alfacalcidol.
© 2010 Elsevier Ltd. All rights reserved.

clinical trial revealed that eldecalcitol treatment for 12 months
increased both lumbar and hip BMD in osteoporotic patients with
vitamin D supplementation [5]. In addition, eldecalcitol increased
lumbar BMD regardless of serum 25(OH)D levels in the study sub-
jects, further supporting the notion that its effect on BMD is not
a nutritional supplementary effect [6]. However, there has been
no direct head-to-head comparison of the effects of eldecalcitol
with alfacalcidol on bone and calcium (Ca) metabolism in post-
menopausal women. Therefore, the present study was undertaken
to compare the effect of eldecalcitol on bone turnover markers and
Ca metabolism in postmenopausal women.

2. Subjects and methods

The present study is a randomized, open-label clinical trial to
compare the effect of eldecalcitol with that of alfacalcidol on bone
and calcium metabolism, involving 59 Japanese postmenopausal
women who were at least 3 years after menopause. Subjects were

randomly assigned to receive 1.0 �g alfacalcidol, 0.5 or 1.0 �g elde-
calcitol once a day for 12 weeks. Subjects were excluded if they
had disorders such as hyperthyroidism, hyperparathyroidism, dia-
betes mellitus, or a history or suspicion of active urolithiasis at any
time. Subjects were also excluded if they had taken bisphospho-

http://www.sciencedirect.com/science/journal/09600760
http://www.elsevier.com/locate/jsbmb
mailto:toshimat@clin.med.tokushima-u.ac.jp
dx.doi.org/10.1016/j.jsbmb.2010.03.035
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Table 1
Demographics and baseline characteristics of subjects. Data are means ± SD for the indicated number of subjects in each group.

Reference range Alfacalcidol Eldecalcitol

1.0 �g (n = 20) 0.5 �g (n =19) 1.0 �g (n = 20)

Age (years) – 64.6 ± 2.5 64.6 ± 2.5 64.9 ± 2.8
Height (cm) – 150.6 ± 6.2 151.4 ± 3.8 153.2 ± 5.3
Body mass index (kg/m2) 18.5–25.0 22.3 ± 1.6 22.0 ± 2.0 22.5 ± 2.1
Serum Ca (mg/dL) 8.4–10.4 9.51 ± 0.38 9.45 ± 0.29 9.51 ± 0.36
Daily urinary Ca (mg/day) <200 137.5 ± 48.2 165.8 ± 51.4 158.5 ± 72.2
Serum BALP (U/L) 7.9–29.0a 33.62 ± 6.92 32.36 ± 9.02 34.26 ± 10.64
Urinary NTX (nmol BCE/mmol Cr) 9.3–54.3a 73.24 ± 32.47 78.95 ± 27.03 80.70 ± 29.11
Intact PTH (pg/mL) 14–66 38.2 ± 8.9 33.9 ± 8.4 37.2 ± 10.4
1,25(OH)2D (pg/mL) 16–61 49.4 ± 13.6 49.6 ± 7.7 49.9 ± 10.0
25(OH)D (ng/mL) – 29.2 ± 9.7 28.7 ± 8.8 27.6 ± 6.4

a 30–44 years, women.
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Fig. 1. Change in serum Ca (A) and daily urinary Ca excretion (B) in postmeno

ates until less than 12 months before entry, taken other drugs
nown to have an influence on bone metabolism within the pre-
ious 2 months, had serum Ca levels above 10.4 mg/dL or urinary
a excretion over 0.20 mg/dL glomerular filtrate, had serum crea-
inine levels above 1.1 mg/dL, or had clinically significant hepatic
r cardiac disorders. The protocol was approved by the internal
uman studies review board, and informed consent was obtained

rom each subject.
Subjects were admitted into clinical research center 3 days

efore the examination to be maintained under a standard caloric

nd Ca intake of 600 mg/day. Serum Ca, daily urinary Ca excre-
ion, bone-specific alkaline phosphatase (BALP) as a bone formation

arker, urinary type I collagen N-terminal telopeptide (NTX) as
bone resorption marker, serum 1,25(OH)2D and serum intact

arathyroid hormone (PTH) levels were measured at baseline, 2,

ig. 2. Change in urinary NTX (A) and BALP (B) in postmenoposal women given eldecalcit
ata are means ± SEM.
women given eldecalcitol or alfacalcidol for 12 weeks. Data are means ± SEM.

4, 8 and 12 weeks of treatment. The efficacy end points were bone
turnover markers, serum and urinary Ca.

3. Results and discussion

There was no significant difference in baseline demographics of
enrolled subjects among the three groups (Table 1). Mean values
of bone turnover markers were elevated in all three groups, and
the proportion of subjects who exceeded the upper limit of the
respective reference range was similar among the three groups.

Serum BALP levels exceeded the upper reference limit of 29 U/L in
16 (80%), 12 (63%) and 13 (65%) subjects in 1.0 �g alfacalcidol, 0.5
and 1.0 �g eldecalcitol-treated groups, respectively. Urinary NTX
levels exceeded the upper reference value of 54.3 nmol BCE/mmol
in 15 (75%), 15 (79%) and 15 (75%) subjects in 1.0 �g alfacalcidol, 0.5

ol or alfacalcidol for 12 weeks. Data represent mean percent changes from baseline.
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ig. 3. Relationship between the change in daily urinary Ca and urinary NTX (A) or
eeks. Data are means ± SEM.

nd 1.0 �g eldecalcitol-treated groups, respectively. Thus, most of
he enrolled postmenopausal women were at high bone turnover
tate.

There was almost no increase in serum Ca levels in all the
reatment groups throughout the study period (Fig. 1A). Daily uri-
ary Ca excretion increased in all the groups, reached the peak at
weeks, and remained elevated in 1.0 �g alfacalcidol and elde-

alcitol groups. In 0.5 �g eldecalcitol-treated group, daily urinary
a level at 4 weeks was significantly lower than the other two
roups, and gradually decreased thereafter to reach an almost sim-
lar level to that at baseline (Fig. 1B). These results demonstrate
hat eldecalcitol from 0.5 to 1.0 �g increases urinary Ca excretion
n a dose-dependent manner, and suggest that 1.0 �g alfacalci-
ol and eldecalcitol enhance intestinal Ca absorption to a similar
xtent. There is also a possibility that the lower increase in uri-
ary Ca excretion in eldecalcitol group may be due in part to
he lack of the effect of eldecalcitol in the suppression of serum
ntact PTH level (Fig. 4A). The present results also demonstrate that
aily administration of eldecalcitol within this dose range does not
ause sustained hypercalcemia in postmenopausal women with
igh bone turnover.
Suppression of urinary NTX was much stronger in both 0.5 and
.0 �g eldecalcitol-treated than in 1.0 �g alfacalcidol-treated sub-

ects, and urinary NTX decreased by −6, −30 and −35% in 1.0 �g
lfacalcidol, 0.5 and 1.0 �g eldecalcitol-treated groups, respec-

Fig. 4. Change in serum intact PTH (A) and 1,25(OH)2D (B) in postmenoposal wo
BALP (B) in postmenoposal women treated with eldecalcitol or alfacalcidol for 12

tively, at 12 weeks (Fig. 2A). In contrast, changes in serum BALP
were similar among the three groups at 12 weeks (−22, −22
and −29% in 1.0 �g alfacalcidol, 0.5 and 1.0 �g eldecalcitol-treated
groups, respectively) (Fig. 2B). Thus, there is a stronger suppression
of bone resorption with a similar suppression of bone formation by
eldecalcitol compared with alfacalcidol.

When bone turnover markers are plotted against daily urinary
Ca excretion, there was a much stronger suppression of urinary
NTX by 0.5 and 1.0 �g eldecalcitol than by 1.0 �g alfacalcidol, with
a similar increase in urinary Ca excretion by 1.0 �g eldecalcitol and
alfacalcidol (Fig. 3A). In contrast, the suppression of serum BALP
was similar among the three groups (Fig. 3B). These results demon-
strate that eldecalcitol suppresses bone resorption stronger than
alfacalcidol with similar effects on bone formation, and that these
effects of eldecalcitol on bone can be observed with a similar or less
increase in urinary Ca excretion compared to alfacalcidol.

Finally, the effects of alfacalcidol and eldecalcitol on serum
intact PTH and 1,25(OH)2D levels were examined. As reported
previously [5,7], while 1.0 �g alfacalcidol suppressed intact PTH
by approximately 20%, 0.5 or 1.0 �g eldecalcitol showed almost
no suppressive effect on serum intact PTH level, despite the fact

that these doses of eldecalcitol exhibited potent effects on bone
turnover markers (Fig. 4A). Because alfacalcidol can be converted
to 1,25(OH)2D, serum 1,25(OH)2D increased slightly and peaked at
4 weeks after alfacalcidol treatment, with 3% increase at 12 weeks.

men given eldecalcitol or alfacalcidol for 12 weeks. Data are means ± SEM.
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min D3, increases bone mineral density regardless of serum 25(OH)D levels in
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n contrast, endogenous serum 1,25(OH)2D was robustly sup-
ressed by 37% in 0.5 �g eldecalcitol-treated and by 57% in 1.0 �g
ldecalcitol-treated groups at 12 weeks (Fig. 4B). Because elde-
alcitol suppresses CYP27B1 gene expression and enhances CYP24
ene expression, The marked suppression of serum 1,25(OH)2D
y eldecalcitol treatment can be due to either or both of these
ffects of eldecalcitol. These results suggest that eldecalcitol has
ittle suppressive effect on PTH secretion, and that the suppres-
ion of endogenous 1,25(OH)2D production by eldecalcitol is not
ependent upon a suppression of PTH secretion.

The results presented herein are consistent with the notion
hat the doses of eldecalcitol between 0.5 and 1.0 �g can effec-
ively inhibit bone resorption stronger than alfacalcidol with a
omparable effect on urinary Ca excretion, and may have a bet-
er osteoprotective effect than alfacalcidol. We have previously
erformed a randomized, double-blind, placebo-controlled dose-
nding study in osteoporotic patients, and found that 0.75 �g
ldecalcitol can effectively and safely increase lumbar and hip BMD
n osteoporotic patients with vitamin D supplementation with-
ut causing sustained hypercalcemia [5]. Based upon those and
he present studies, a randomized, active comparator, double-blind
tudy was performed to compare the anti-fracture efficacy of elde-
alcitol with that of alfacalcidol. In this study, osteoporotic patients
nder vitamin D supplementation were randomly assigned to
eceive either 1.0 �g alfacalcidol or 0.75 �g eldecalcitol once a day

or 36 months. After 36 months of treatment, eldecalcitol-treated
roup exhibited a lower incidence of new vertebral fractures com-
ared with the alfacalcidol group, especially in subjects with BMD
-score below −2.5 and those with multiple vertebral fractures
unpublished). Taken together, the accumulated evidence so far

[

y & Molecular Biology 121 (2010) 261–264

indicates that eldecalcitol has osteoprotective effects better than
alfacalcidol, and suggests that eldecalcitol may serve as a new
generation of active vitamin D with anti-fracture efficacy in osteo-
porotic subjects.

References

1] T. Okano, N. Tsugawa, S. Masuda, A. Takeuchi, T. Kobayashi, Y. Nishii, A novel
synthetic vitamin D3 analogue, 2-beta-(3-hydroxypropoxy)-calcitriol (ED-71):
its biological activities and pharmacological effects on calcium metabolism, Con-
trib. Nephrol. 91 (1991) 116–122.

2] H. Tsurukami, T. Nakamura, K. Suzuki, K. Sato, Y. Higuchi, Y. Nishii, A
novel synthetic vitamin D analogue, 2 beta-(3-hydroxypropoxy)-1alpha, 25-
dihydroxyvitamin D3 (ED-71), increases bone mass by stimulating the bone
formation in normal and ovariectomized rats, Calcified Tissue Int. 54 (1994)
142–149.

3] Y. Uchiyama, Y. Higuchi, S. Takeda, T. Masaki, A. Shiraishi, K. Sato, ED-71, a vita-
min D analog, is a more potent inhibitor of bone resorption than alfacalcidol in
an estrogen-deficient rat model of osteoporosis, Bone 30 (2002) 582–588.

4] T. Matsumoto, N. Kubodera, The ED-71 Study Group, 1,25-Dihydroxy-2�-(3-
hydroxypropoxy) vitamin D3 (ED-71): a promising candidate for the treatment
of osteoporosis, in: A. Norman, R. Bouillon, M. Thomasset (Eds.), Vitamin D
Endocrine System: Structural, Biological, Genetic and Clinical Aspects, Vitamin
D Workshop, Inc., University of California, Riverside, 2000, pp. 985–992.

5] T. Matsumoto, T. Miki, H. Hagino, T. Sugimoto, S. Okamoto, T. Hirota, Y. Tani-
gawara, Y. Hayashi, M. Fukunaga, M. Shiraki, T. Nakamura, A new active vitamin
D, ED-71, increases bone mass in osteoporotic patients under vitamin D supple-
mentation: a randomized, double-blind, placebo-controlled clinical trial, J. Clin.
Endocrinol. Metab. 90 (9) (2005) 5031–5036.

6] T. Matsumoto, N. Kubodera, ED-71 Study Group (ED-71), A new active vita-
osteoporotic subjects, J. Steroid Biochem. Mol. Biol. 103 (2007) 584–586.
7] S. Hatakeyama, S. Nagashima, N. Imai, K. Takahashi, J. Ishihara, A. Sugita, T. Nihei,

H. Saito, F. Takahashi, N. Kubodera, Synthesis and biological evaluation of a 3-
positon epimer of 1,25-dihydroxy-2�-(3-hydroxypropoxy) vitamin D3 (ED-71),
J. Steroid Biochem. Mol. Biol. 103 (2007) 222–226.


	Comparison of the effects of eldecalcitol and alfacalcidol on bone and calcium metabolism
	Introduction
	Subjects and methods
	Results and discussion
	References


