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Context: ED-71 has been shown to increase lumbar bone mineral
density (BMD) in osteoporotic subjects. However, vitamin D insuffi-
ciency might have influenced the effect of ED-71 on BMD.

Objective: Our objective was to examine whether ED-71 can increase
BMD in osteoporotic patients under vitamin D supplementation.

Design, Setting, and Patients: We conducted a randomized,
double-blind, placebo-controlled clinical trial of 219 osteoporotic pa-
tients (4987 yr of age).

Interventions: Subjects were randomly assigned to receive placebo
or 0.5, 0.75, or 1.0 pg/d ED-71 for 12 months. All the subjects received
200 or 400 IU/d vitamin Dj.

Main outcome measures: We assessed changes in lumbar and hip
BMD and bone turnover markers from baseline.

Results: Lumbar BMD increased with ED-71 treatment for 12
months (2.2, 2.6, and 3.1% from baseline and 2.9, 3.4, and 3.8% vs.
placebo group in subjects receiving 0.5, 0.75, and 1.0 ug ED-71, re-
spectively). Total hip BMD also increased with 0.75 and 1.0 ug ED-71
(~0.8, 0.6, and 0.9% from baseline and 0.1, 1.5, and 1.8% vs. placebo
group in the 0.5, 0.75, and 1.0 ug ED-71 groups, respectively). Bone
formation and resorption markers were suppressed by approximately
20% after 12 months of 0.75 and 1.0 pg ED-71 treatment. Transient
hypercalcemia over 2.6 mmol/liter occurred in 7, 5, and 23% of sub-
jects in the 0.5, 0.75, and 1.0 ug ED-71 groups, respectively, but none
of them developed sustained hypercalcemia.

Conclusions: These results demonstrate that ED-71 treatment at
around 0.75 ug/d can effectively and safely increase lumbar and hip
BMD in osteoporotic patients with vitamin D supplementation.
(J Clin Endocrinol Metab 90: 5031-5036, 2005)

D-71 [1¢,25-DIHYDROXY-2-(3-hydroxypropoxy)vita-
min Ds] is an analog of la,25-dihydroxyvitamin Dj
[1,25(0H),D,], bearing a hydroxypropoxy residue at the 23
position. ED-71 has been demonstrated to show a pro-
nounced effect in increasing bone mass and was able to
enhance bone strength in rodents (1, 2). ED-71 binds to the
vitamin D receptor (VDR) with less affinity but binds to
vitamin D-binding protein with higher affinity than
1,25(0H),D, showing a long half-life in plasma (3).
An earlier open-labeled clinical trial in osteoporotic pa-
tients demonstrated that treatment with 0.25-1.0 ug/d ED-71
for 6 months increased lumbar bone mineral density (BMD)
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merular filtrate; NTX, type I collagen N-telopeptide; 1,25(0H),Dj3, 12,25~
dihydroxy-2B-(3-hydroxypropoxy)vitamin D,; 25(OH)D, 25-hydroxyvi-
tamin D; VDR, vitamin D receptor.
JCEM is published monthly by The Endocrine Society (http://www.
endo-society.org), the foremost professional society serving the en-
docrine community.

in a dose-dependent manner without causing sustained hy-
percalcemia or hypercalciuria (4, 5). However, because many
patients had serum 25-hydroxyvitamin D [25(OH)D] levels
less than 50 nmol/liter, there was a possibility that the effect
of ED-71 on bone mass might have been influenced by nu-
tritional vitamin D insufficiency of these patients and might
merely reflect a correction of the vitamin D insufficiency.

The present study was undertaken to clarify whether
ED-71 could increase bone mass in osteoporotic patients
taking sufficient vitamin D supplementation to normalize
serum 25(OH)D. The results demonstrate that ED-71 admin-
istration can effectively increase not only lumbar spine but
also total hip bone mass in a dose-dependent manner under
vitamin D supplementation and suggest that ED-71
can become a promising candidate for the treatment of
osteoporosis.

Subjects and Methods
Subjects

We studied 219 subjects (215 females and four males, all Japanese)
aged from 49-87 yr (mean, 67.3 yr) who had osteoporosis defined as low
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BMD (<70% of the young adult mean, 0.708 g/cm?® by a Hologic QDR)
or osteopenia (<80% of the young adult mean, 0.809 g/cm? by a Hologic
QDR) with at least one vertebral fracture, according to the criteria of the
Japanese Society for Bone and Mineral Research (6, 7). Vertebral frac-
tures were assessed by x-ray examination of the vertebrae, and were
diagnosed according to the criteria of the Japanese Society for Bone and
Mineral Research (6). Female subjects were at least 3 yr after menopause
or more than 60 yr of age. Subjects were excluded if they had fractures
in any of lumbar spines L2-L4 or if they had disorders such as primary
hyperparathyroidism, Cushing’s syndrome, gonadal insufficiency,
poorly controlled diabetes mellitus (glycosylated hemoglobin over 9%),
or other causes of secondary osteoporosis or a history or suspicion of
active urolithiasis at any time. Subjects were also excluded if they had
taken bisphosphonates until less than 12 months before entry, taken
glucocorticoids, calcitonin, vitamin K, active vitamin D compounds, or
hormone replacement therapy within the previous 2 months, had serum
calcium levels above 10.4 mg/d1 (2.6 mmol/liter) or urinary Ca excretion
over 0.1 mmol/liter glomerular filtrate (GF), had serum creatinine levels
above 115 umol/liter, or had clinically significant hepatic or cardiac
disorders. The subjects were enrolled at 13 centers in Japan. The protocol
was approved by the internal human studies review board at each
center, and informed consent was obtained from each subject.

Treatment

Subjects were randomly assigned to receive either placebo or 0.5, 0.75,
or 1.0 pg ED-71 once a day for 12 months. Randomization was per-
formed by a computerized system. The subjects were stratified into
groups on the basis of serum 25(0OH)D levels (<50 nmol/liter or =50
nmol/liter) and prevalent vertebral fractures. Upon entry, subjects were
supplemented with 400 IU/d vitamin D; when serum 25(OH)D was less
than 50 nmol/liter or with 200 IU/d vitamin D; when serum 25(OH)D
was 50 nmol/liter or higher.

If hypercalcemia over 2.6 mmol/liter in two consecutive measure-
ments or over 2.75 mmol/liter developed, or if hypercalciuria over 0.1
mmol/liter GF developed in two consecutive measurements, ED-71
therapy was discontinued. Compliance with the study treatment was
assessed with the use of medication diaries and counts of residual
medication supplies.

Assessment of BMD

The BMD of the lumbar spine in the posteroanterior projections and
the total hip was measured by dual-energy x-ray absorptiometry (DXA).
The 13 study centers involved in this trial were all equipped with either
Hologic QDR 4500 or 2000 for BMD measurements. A central facility
(Department of Nuclear Medicine, Kawasaki Medical School) per-
formed quality assurance of the longitudinal adjustment. Adjustment
for DXA machine differences was made to calibrate each machine with
standardized phantoms. All the DXA measurements were analyzed at
a central site by a radiologist blinded to treatment group assignment.

Assessment of chemical parameters and bone turnover

Serum and postprandial urine samples were collected at baseline and
at1,2,3,4,5 6,8, 10, and 12 months for routine chemical analyses,
including serum and urinary Ca corrected by dLGF, hematological,
hepatic, and renal functions. At baseline and at 3, 6, and 12 months,
markers of bone turnover, including serum bone-specific alkaline phos-
phatase (BALP) (Metra-BAP; Quidel Co., San Diego, CA), osteocalcin
(Bone Gla protein-radioimmunoassay Mitsubishi, Mitsubishi Kagaku
Bio-Chemical, Tokyo, Japan), and urinary type I collagen N-telopeptide
(NTX) (Osteomark; Ostex International, Seattle, WA), along with serum
calcium-regulating hormones including intact PTH (Allegro PTH; Ni-
chols Institute, San Juan, CA), 25(OH)D (RIA, Immunodiagnostics Sys-
tems Ltd., Tyne and Wear, UK), 1,25(0OH)2D (HPLC-radioreceptor as-
say) and 24,25(OH),D (HPLC-competitive protein binding assay) were
determined. Serum steady-state levels of ED-71 were also measured
(liquid chromatography-tandem mass spectrometry, Hitachi Science
Systems Ltd., Ibaraki, Japan) at 3, 6, and 12 months in all ED-71-treated
patients.
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Assessment of adverse events

All subjects were questioned about adverse events of treatment at
each visit, and all adverse events reported during one month of
follow-up were analyzed regardless of the investigators’ assessments of
causality. The Medical Dictionary for Regulatory Activities (MedDRA,
version 6) was used to categorize reported adverse events. We report all
categories of adverse events for which the frequency was at least 2% in
placebo or combined ED-71-treated groups and showed a higher inci-
dence in the combined ED-71-treated group with an odds ratio higher
than 3.

Statistical analysis

The predetermined primary end point was change in the posteroan-
terior lumbar BMD. Our prespecified analysis was to use data on the
BMD measured from baseline to month 12. Analyses were performed
according to the intention-to-treat principle, in which all randomized
patients were included who had taken at least one dose of study drug
and had both a baseline and at least one postrandomization measure-
ment of BMD, bone markers, or other parameters.

Group means and 95% confidence intervals are given for the percent
changes from baseline in lumbar and total hip BMD and are used to
assess the significance of changes within each group. Medians and
interquartile ranges are reported for changes in the levels of bone turn-
over markers. William’s tests were used to determine which ED-71-
treated groups in a series are significantly different from the placebo
group. The comparability among the treatment groups for demographic
and background information and the incidence rates of adverse events
was assessed with the use of one-way ANOVA for continuous variables
and ) tests for dichotomous variables. The power calculation was based
on the predictive percent change from baseline in lumbar BMD. A
sample size of 50 patients per group was to provide more than 90%
power for determining which ED-71-treated groups in a series are sig-
nificantly different from the placebo group at a significance level of a =
0.025 (one-sided), assuming a mean percent change of 0.5 in the placebo
group, 1.5 in the 0.5-ug ED-71 group, 3.0 in the 0.75-ug ED-71 group, 3.0
in the 1.0-pg ED-71 group, and a pooled sp of 4.0.

Results
Baseline characteristics of the subjects

There were no statistically significant differences in base-
line characteristics. As shown in Table 1, there was no sig-
nificant difference in daily Ca intake among placebo and any
treatment groups, and mean Ca intakes ranged from 761-840
mg/d. Mean serum 25(OH)D levels at the baseline were less
than 50 nmol/liter, and 74% of the subjects showed serum
25(OH)D less than 50 nmol/liter (39 in placebo and 42, 41,
and 41 nmol/liter in the 0.5-, 0.75-, and 1.0-ug ED-71-treated
group, respectively). The subjects with serum 25(OH)D less
than 50 nmol/liter were given 400 IU/d vitamin D;, and
those with serum 25(OH)D over 50 nmol/liter were supple-
mented with 200 IU/d vitamin D; throughout the study
period. Vitamin D supplementation brought serum 25(0OH)D
to over 50 nmol/liter in 197 of 213 subjects (92%) at 3 months

(Fig. 1).

Adherence to study treatment

Of the 25 subjects who discontinued treatment, four sub-
jects (1.8%) were assigned to the placebo group, seven (3.2%)
to the 0.5-pg ED-71 group, five (2.3%) to the 0.75-ug ED-71
group, and nine (4.1%) to the 1.0-ug ED-71 group. Among
them, one in the 0.5-ug ED-71 group and two in the 1.0-ug
ED-71 group withdrew from the study because of repeated
hypercalcemia over 2.6 mmol/liter or moderate hypercalce-
mia over 2.75 mmol/liter, and one in the 1.0-ug ED-71 group
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TABLE 1. Baseline characteristics of 219 enrolled subjects
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ED-71 (ug/d)

Characteristic (ila;e;);) 0.5 0.75 1.0
(n = 55) (n = 55) (n = 56)
Age (yr) 68.0 £ 7.7 67.9 + 7.7 66.3 + 6.6 66.8 + 7.6
Body mass index (kg/m?) 22.7 = 2.9 21834 21.6 = 3.0 22.1 3.0
Lumbar BMD (g/cm?) 0.648 * 0.059 0.634 * 0.052 0.653 = 0.050 0.658 = 0.046
Total hip BMD (g/cm?) 0.652 + 0.088 0.654 + 0.091 0.652 = 0.097 0.670 = 0.095
BALP (Ulliter) 33.3 = 11.2 31.0 £ 9.9 32.1 + 10.5 31.3 = 88
Osteocalcin (pg/liter) 9.60 = 3.04 8.88 + 3.04 8.21 = 3.03 8.67 = 4.38
NTX (nmol BCE/mmol Cr) 66.3 * 23.5 56.2 = 23.9 58.0 + 28.3 60.5 + 25.2
Ca intake (mg/d) 761 = 269 800 = 310 840 * 352 832 + 292
25(0H)D (nmol/liter) 43.1 + 14.2 43.0 = 15.3 40.7 £ 12.8 44.7 + 14.8
No. of subjects
25(0H) < 50 nmol/liter 39 42 41 41
Existing vertebral fractures 17 17 17 17

Data are means * sb for the indicated number of subjects in each group. BCE, Bone collagen equivalents; Cr, creatinine.

withdrew because of repeated hypercalciuria over 0.1
mmol/liter GF in two consecutive measurements. The inci-
dence of hypercalcemia or hypercalciuria was significantly
higher in the 1.0-ug ED-71 group (P < 0.01). Most of the other
subjects who discontinued treatment did so because of rea-
sons unrelated to adverse events.

We found no difference in adherence to treatment among
the groups, and 97% of the subjects took more than 75% of
the study medication.

Lumbar spine and total hip BMD

Lumbar spine BMD increased rapidly within 6 months of
ED-71 treatment and gradually increased thereafter in a
dose-dependent manner (Fig. 2). After 12 months of ED-71
treatment, lumbar spine BMD increased from baseline by 2.2,
2.6, and 3.1% in the 0.5-, 0.75-, and 1.0-ug ED-71 group,
respectively, whereas lumbar spine BMD decreased by 0.7%
in the placebo group. The change in lumbar spine BMD by
the ED-71 treatment was significantly different from that in
the placebo group (P < 0.01 in all comparisons).

Total hip BMD slightly decreased from baseline in the
placebo and 0.5-ug ED-71-treated groups (—0.9 and —0.8%,
respectively) but increased after 0.75 and 1.0 ug ED-71 treat-
ment for 12 months (0.6 and 0.9%, respectively) (Fig. 2). The
change in total hip BMD in the 0.75- and 1.0-ug ED-71-treated
groups was significantly different from that in the placebo
group (P < 0.05).

There was a tendency that subjects with lower serum
25(0OH)D levels at the baseline (<50 nmol/liter) showed a

120 ¢
100
80
60
40
20
0

nmol/l

Baseline 3 months Baseline 3 months

400 [U/day vitamin D3 200 IU/day vitamin D3

Fig. 1. Serum 25(0OH)D levels at the baseline and 3 months after
vitamin D, supplementation. Each line indicates data in each study
subject. Closed squares and I bars indicate means * SD.

greater increase in lumbar BMD after 12 months of 0.75 ug
ED-71 treatment (2.9 and 1.6% in low and normal 25(OH)D
groups, respectively). In contrast, the effect of the same
amount of ED-71 on hip BMD was opposite (0.5 and 0.9% in
low and normal 25(OH)D groups, respectively). The patients
were also stratified at the baseline by the presence or absence
of prevalent fractures, and patients with prevalent fractures
tended to show a greater increase in lumbar BMD but smaller
increase in hip BMD compared with those without fractures
after 0.75 ug ED-71 treatment (3.6 vs. 2.2% in lumbar and 0.0
vs. 0.9% in hip BMD in patients with prevalent fracture and
without fracture, respectively). However, because the num-
ber of subjects in each group was small, it was difficult to
draw any conclusions from these results.

Bone turnover markers

As shown in Fig. 3, median urinary NTX as a bone re-
sorption marker decreased by 8, 20, and 24% within 3 months
of treatment by 0.5, 0.75, and 1.0 pg ED-71, respectively, and
remained suppressed throughout the study period. Serum
BALP and osteocalcin as bone formation markers also de-
creased but with more gradual time courses to reach a nadir
at around 6 months of ED-71 treatment.

woneQees Placeho =~ A=~ 05pg e~ 0.75pg —&— 1.0 pg
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Fi1g. 2. Changesin BMD of lumbar spine and total hip in osteoporotic
subjects given ED-71 or placebo for 12 months. Data represent mean
percent changes from baseline. The I bars indicate SEM. *, P < 0.01
for the comparison with baseline; T, P < 0.01 for the comparison with
placebo; f, P < 0.05 for the comparison with placebo.
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Fic. 3. Changes in wurinary NTX, serum
BALP, and osteocalcin in osteoporotic subjects
given ED-71 or placebo for 12 months. Data
represent median percent changes from the
baseline. The I bars indicate the interquartile
ranges. ¥, P < 0.01 for the comparison with
baseline; ¥, P < 0.01 for the comparison with
placebo.
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Serum calcium-regulating hormones and ED-71 levels

Figure 4 shows changes in the levels of calcium-regulating
hormones at the baseline and during ED-71 treatment. In-
terestingly, serum intact PTH did not change significantly
despite the increase in serum Ca levels in any of the ED-71-
treated groups (Fig. 5). Serum 1,25(OH),D levels were sig-
nificantly suppressed by the treatment with ED-71 in a dose-
dependent manner. In contrast, serum 24,25(OH),D
increased not only in ED-71-treated groups but also in the
placebo group. In addition, 24,25(OH),D levels were higher
in ED-71-treated groups compared with those in the placebo
group and increased in a dose-dependent manner
with ED-71 treatment. The steady-state serum ED-71 con-
centration increased linearly with increasing doses of the
compound.

Adverse events

Serum Ca increased by ED-71 treatment in a dose-depen-
dent manner, and mean serum Ca levels at 12 months of
treatment were 2.38, 2.38, 2.4, and 2.43 mmol/liter in the
placebo and the 0.5-, 0.75-, and 1.0-ug ED-71 groups, respec-
tively. As shown in Fig. 5, there was a rapid increase in serum
Ca during the initial 1 month of ED-71 treatment, followed
by a sustained slight elevation in serum Ca levels throughout
the treatment period. Postprandial urinary Ca excretion also
increased with ED-71 treatment in a dose-dependent man-
ner, and mean urinary Ca levels at 12 months were 0.045,
0.048, 0.058, and 0.06 mmol/liter GF in placebo 0.5-, 0.75-,
and 1.0-pg ED-71 groups, respectively. The incidence of at
least one episode of hypercalcemia over 2.6 mmol/liter was
7,5, and 23% and that of hypercalciuria over 0.1 mmol/liter
GF was 7,9, and 25% in 0.5-, 0.75-, and 1.0-ug ED-71 groups,
respectively. The incidence of serum and urinary Ca-related
adverse events was significantly higher in the 1.0-ug ED-
71-treated group (P < 0.01). Serum and urinary Ca returned
to baseline levels in most of the subjects within 1 month after
the end of the study period (Fig. 5).

Other adverse events that showed at least 2% in frequency
in placebo or combined ED-71-treated groups with an odds
ratio higher than 3 in the combined ED-71-treated group are
listed in Table 2. None of them was considered by the in-
vestigators to be related to treatment. There was no differ-

Months

ence in the incidence of serious adverse events between the
placebo and combined ED-71-treated groups (7.5 and 9.6%,
respectively). There was no increase in the development of
hematological, hepatic, or renal abnormalities in ED-71-
treated groups. Clinical fractures were captured as adverse
events, and there was no significant difference in the inci-
dence of vertebral (two in the placebo and one each in the
0.5-,0.75-, and 1.0-ug ED-71-treated groups) or nonvertebral
fractures (one in the placebo and 0.5- and 1.0-ug ED-71-
treated groups and two in the 0.75-ug ED-71-treated group).

Discussion

The present study demonstrated that treatment with 0.5,
0.75, and 1.0 ug/d of a new active vitamin D, ED-71, for 12
months increased lumbar BMD in a dose-dependent manner
and that 0.75 and 1.0 ug/d ED-71 significantly increased total
hip BMD as well. To our knowledge, this is the first report
to demonstrate the effect of a vitamin D compound in in-
creasing BMD at the hip in osteoporotic subjects in a pro-
spective randomized trial. Although none of the above doses
of ED-71 caused sustained hypercalcemia or hypercalciuria,
the incidence of Ca-related adverse events was significantly
higher in the 1.0-ug ED-71-treated group. Because the lowest
dose of ED-71 was unable to increase hip BMD, the thera-
peutic window of ED-71 in increasing lumbar and hip BMD
is relatively narrow, and ED-71 at around 0.75 ug/d appears
to be a safe and effective dose for the treatment of osteopo-
rotic subjects with sufficient vitamin D supplementation.

In the present study, vitamin D; was supplemented to
maintain serum 25(OH)D over 50 nmol/liter in 92% of the
enrolled subjects, and the results demonstrated that ED-71
can increase BMD in osteoporotic subjects even with suffi-
cient vitamin D supplementation. These results suggest that
ED-71 can exert its effect on bone independently of the nu-
tritional supplementation with native vitamin D. Supple-
mentation with a large amount of vitamin D; (800 IU daily)
and calcium (1200 mg daily) is associated with a reduction
in the risk of nonvertebral fractures in elderly women (8).
However, controversy remains whether the actions of vita-
min D on the density and strength of bone is merely a result
of nutritional supplementation of vitamin D. A large meta-
analysis of the effects of native and hydroxylated active
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vitamin D compounds revealed that hydroxylated vitamin D
exhibited a consistently larger impact on bone density than
native vitamin D in postmenopausal women (9). Thus, there
is a possibility that vitamin D has specific effects on bone and
that some vitamin D analogs can exert stronger effects on
bone. In fact, in a rat ovariectomy model of osteoporosis,
ED-71 increased bone mass at the lumbar vertebra to a
greater extent than alfacalcidol, while enhancing calcium
absorption and suppressing serum PTH to a similar extent to
alfacalcidol (2). In those animals, ED-71 lowered the bio-
chemical and histological parameters of bone resorption
more potently than alfacalcidol, with maintenance of bone
formation. In addition to ED-71, some vitamin D analogs
have been reported to have preferential effects on bone both
in vitro and in vivo. Ro-26-9228 showed preferential gene
regulation in osteoblasts over duodenum and had a bone-
protective effect via induction of growth factors in osteopenic
rats (10). A highly potent analog of 1,25(0H),D;, 2-methyl-
ene-19-nor-(20S)-1,25(0H),D;, was shown to have selective
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TABLE 2. Incidence of adverse events

ED-71 (ug/d)

Variable Placebo
(n = 53) 0.5 0.75 1.0
(n=055) (n=55) (n = 56)
Headache 0(0.0) 1(1.8) 3(5.5) 3(5.4)
Conjunctivitis 0(0.0) 2(3.6) 3(5.5) 0(0.0)
Stomachache NOS 0(0.0) 4(7.3) 0(0.0) 1(1.8)
Cystitis NOS 1(1.9) 4(7.3) 6(10.9) 1(1.8)
Blood calcium increased 0(0.0) 4(7.3) 3(5.5) 13 (23.2)
Urine calcium increased 1(1.9) 4(7.3) 5(9.1) 14 (25.0)
Any serious 4(75) 6(10.9 7127 364

Data were compiled using ICH Medical Terminology Medical Dic-
tionary for Regulatory Activities (MedDRA version 6.0). All data are
reported as number (percentage). NOS, Not otherwise specified.

effects on osteoblasts and to induce bone formation in ovari-
ectomized rats (11). A later in vitro study suggested that
2-methylene-19-nor-(20S)-1,25(0H),D promoted VDR bind-
ing to specific DNA elements via a formation of unique VDR
conformation (12).

In our earlier clinical studies, ED-71 substantially sup-
pressed bone resorption markers but reduced bone forma-
tion markers to a lesser extent (4, 5). In the present study, both
bone formation and bone resorption markers decreased to
almost a similar extent. These results are similar to those
obtained by antiresorptive agents. For example, 60 mg/d
raloxifene reduced osteocalcin and NTX by 27.0 and 20.9%,
respectively, with a 1.5% increase in lumbar BMD after 6
months of treatment in postmenopausal Asian women (13).
Nevertheless, the dose-dependent increase in BMD by ED-71
in the present study at 6 months is comparable to that ob-
served in our earlier study in which a 2.5% increase in lumbar
BMD was observed after 6 months of 0.75 ug ED-71 treat-
ment (4). The only difference between the present study and
our previous study is the supplementation of native vitamin
D, to normalize serum 25(0OH)D levels. It is not known
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whether the difference in vitamin D status can influence
responsiveness in bone turnover markers, and the reasons

for the differences in the responsiveness of bone turnover

markers remains unclear.

The incidence of hypercalcemia or hypercalciuria was
much higher in the 1.0-ug ED-71 group compared with the
0.5- and 0.75-ug ED-71 groups. In contrast, the increase in
both lumbar and total hip BMD was almost the same in the
0.75- and 1.0-pg ED-71-treated groups. When the effects of
ED-71 on lumbar BMD vs. serum and urinary Ca were com-
pared with those of alfacalcidol, 0.75 wg/d ED-71 increased
lumbar BMD by 2.6%, serum Ca by 0.03 mmol/liter and
urinary Ca by 0.023 mmol/liter GF, whereas 1.0 ug/d alfa-
calcidol increased BMD by 0.65%, serum Ca by 0.03 mmol/
liter, and urinary Ca by 0.028 mmol/liter GF after 12 months
of treatment (14). Thus, 0.75 ug ED-71 appears to be a safe,
well tolerated, and effective dose in increasing both lumbar
and femoral BMD and is superior to alfacalcidol in increasing
BMD compared with its effects on serum and urinary Ca.

Finally, the present study has limitations. First, the effect
of ED-71 was examined for only 12 months in about 50
patients in each group, which is too short a period and too
small a number of patients to evaluate its effect on osteopo-
rotic fractures. A prospective, randomized, double-blind,
3-yr study to compare the effect of ED-71 with that of alfa-
calcidol on fracture incidence in osteoporotic patients is cur-
rently under way. Second, the effect of ED-71 on the micro-
structure, mineralization, and other histological parameters
is not examined. Because these parameters may influence the
quality and strength of bone, additional studies are needed
to clarify this issue.

In conclusion, the present observations demonstrate that
ED-71 can effectively increase both lumbar and hip BMD in
patients with vitamin D supplementation and suggest that
ED-71 can become a promising candidate for the treatment
of osteoporosis.
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Abstract The efficacy and safety of treatment with oral
alendronate (ALN) 35mg once weekly for 52 weeks were
compared with those of ALN 5mg once daily in a double-
blind, randomized, multicenter study of Japanese patients
with involutional osteoporosis. The primary efficacy end
point was the percent change from baseline in the lumbar
spine (L.1-L4) bone mineral density (BMD) after 52 weeks
of treatment. In this study, 328 patients were randomized to
ALN 5mg once daily (160 patients) or ALN 35mg once
weekly (168 patients). The adjusted mean percent change
from baseline in lumbar spine (L1-L4) BMD after 52 weeks
of treatment was 5.8% and 6.4% in the once-daily group
and the once-weekly group, respectively (both P < 0.001).
The 95% confidence interval for the difference in spine
BMD change between the two treatment groups was
~0.31% to 1.48%, indicating that the two regimens were
therapeutically equivalent, since the confidence interval
fell entirely within the predefined equivalence criterion
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(+£1.5%). The time course of the spine BMD increase
was also similar for both regimens. Regarding total hip
BMD, mean changes from baseline at 52 weeks were 2.8%
and 3.0% in the once-daily group and the once-weekly
group, respectively. In addition, the bone markers (urinary
deoxypyridinoline, urinary type-I collagen N-telopeptides,
and serum bone-specific alkaline phosphatase) were re-
duced to a similar level by either treatment throughout the
treatment period. The tolerability and safety profiles were
also similar between the treatment groups. Taken together,
we conclude that the efficacy and safety of the ALN 35-mg
once-weekly regimen are therapeutically equivalent to
those of the ALN 5-mg once-daily regimen.

Key words Alendronate - Involutional osteoporosis - Bone
markers - BMD

Introduction

Osteoporosis is a skeletal disorder characterized by com-
promised bone strength predisposing a person to increased
risk of fracture; bone strength refiects the integrated contri-
butions of properties that include bone density, turnover,
and microarchitecture [1,2]. The number of patients af-
flicted with osteoporosis is very large and increases each
year in developed nations with aging populations. For
example, there were approximately 11 million patients
with osteoporosis in Japan in 2002 [3]. The incidence of
osteoporosis-associated vertebral fracture increases with
age; the estimated incidence in Japanese women is 40 per
1000 person-years for ages 70-79 and 84 per 1000 person-
years for ages 80-89 [4].

Alendronate (ALN) is a nitrogen-containing bis-
phosphonate that is used in many countries to treat osteo-
porosis, and it has been extensively evaluated in clinical
trials of up to 10 years duration. These trials have demon-
strated that ALN has consistent efficacy in restoring bone
turnover to normal levels, increasing bone mass, and reduc-
ing fracture risk [5-23]. Although daily treatment is gener-



ally well tolerated, most patients would prefer a weekly
regimen, partly because oral bisphosphonates must be
taken in a fasting state at least 30min before consuming
food or beverages (other than water). In the previous study
(~96% Caucasian), the therapeutic equivalence of 70mg
ALN once weekly and 10mg ALN daily was demonstrated
in postmenopausal patients with osteoporosis, based on
percent change in lumbar spine bone mineral density
(BMD). The safety profile was comparable in the weekly
and daily treatment groups in these studies [24,25].

Previous studies demonstrated that Smg ALN daily pro-
duced effects on bone in Japanese that were similar to those
obtained using the 10-mg dose in Caucasians [19]. Conse-
quently, the standard dose of ALN in Japan is Smg daily.
However, the effects of 35mg ALN once weekly have not
been compared with those of Smg daily in Japanese. The
present study was carried out in a double-blind manner in a
Japanese patient population with involutional osteoporosis
to compare the efficacy and safety of oral ALN 35mg once
weekly to 5Smg once daily over a 52-week period.

Patients and methods
Study design

This study was a 52-week, randomized, double-blind,
multicenter, comparative trial in Japanese patients with in-
volutional osteoporosis to compare the efficacy and safety
of ALN 35mg once weekly with those of ALN 5mg once
daily. All study staff and patients were blinded to allocation
and treatment. All study medications were provided by
Merck, Whitehouse Station, NJ, USA, and Banyu Pharma-
ceutical, Tokyo, Japan. Patients were randomized to receive
either one tablet of ALN 35mg once a week and one tablet
of ALN 5mg placebo every day (ALN 35-mg once-weekly
group) or one tablet of ALN Smg daily and one tablet of
ALN 35mg placebo once a week (ALN 5-mg once-daily
group). The study drug was allocated in a 1:1 ratio accord-
ing to a randomized allocation table made by an indepen-
dent organization. The patients received the study drug in
the order of their enrollment at each site. All study drugs
were taken orally with approximately 180ml of water upon
waking in the morning. Patients were instructed to keep
their upper body upright and refrain from any food, bever-
age, or other drug intake for at least 30min after dosing.
One tablet of Calcichew D3 (containing 500mg elemental
calcium and 200IU vitamin D3, Fujisawa Pharmaceutical,
Osaka, Japan) was taken after the evening meal throughout
the treatment period.

The study was conducted from March 2002 through
October 2003, and was approved by the individual institu-
tional review boards of the 35 participating sites (36 depart-
ments). Written informed consent was obtained from all
patients enrolled, in accordance with the spirit of the Decla-
ration of Helsinki and the Guideline for Good Clinical
Practice (Ordinance of Ministry of Health, Labour and
Welfare of Japan, March 27, 1997).
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Subject population

At the start of the observation period, subjects were re-
quired to be ambulatory men or women aged 43 to 90 years;
women were at least 2 years postmenopause. The patients
were also required to have no evidence of vertebral frac-
tures in at least three vertebrae in the L1 to L4 region on
lumbar spine radiographs, and to be less than 70% of young
adult mean (YAM) in lumbar spine (1.2-1L4) BMD, or to
be less than 80% of YAM with a history of or current
fragility fracture related to osteoporosis. Patients who had
been treated in the past 6 months with etidronate at a
dose >200mg/day, or with other bisphosphonates (ALN,
etidronate <200mg/day, etc.) for =2 weeks were excluded.

Measurement of vertebral BMD and femoral BMD

BMD of lumbar spine (mean of L1-L4) and total hip were
measured by dual-energy X-ray absorptiometry (DXA;
Hologic, Bedford, MA, USA) at the start of the pretreat-
ment observation period (2-12 weeks, depending on prior
medication use), and at the start (baseline) and at weeks 12,
24, and 52 of the treatment period, or at discontinuation.
The percent changes in spine and hip BMD from the start of
the study drug were calculated at weeks 12, 24, and 52.
After measurement, the BMD data and precision control
data were forwarded, together with the thoracolumbar
radiographs at bascline and lumbar radiographs at weeks
24 and 52, to the Bone Density Evaluation Committee (spe-
cifically formed for the present study, led by Prof. M.
Fukunaga, Kawasaki Medical School, Okayama) to verify
data quality. An auxiliary positioning instrument was used
for measuring femoral BMD.

Measurement of bone markers

Biochemical markers of bone turnover, urinary
deoxypyridinoline (DPD), urinary type-1 collagen N-
telopeptides (NTx), and serum bone-specific alkaline phos-
phatase (BAP), were measured by SRL Medisearch
(Tokyo, Japan) at the start of the observation period and at
the start and at weeks 4, 12, 24, and 52 of the treatment
period, or at discontinuation. Urinary parameters were ad-
justed by creatinine excretion.

Safety evaluation

Safety of the study drugs was assessed using reported
adverse events (AEs) and abnormal laboratory test values.
The following laboratory tests were performed: hematology
(red blood cell count, white blood cell count, differential
white blood cells, hemoglobin, hematocrit, and platelet
count), blood chemistry [albumin, total bilirubin, AST
(GOT), ALT (GPT), y-GTP, alkaline phosphatase (AL-P),
LDH, CPK, BUN, serum creatinine, total cholesterol, Na,
K, Ca and P], and urinalysis (protein and glucose). Frac-
tures in the upper or lower extremities reported by investi-
gators at each site were also included.
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Statistical analyses

The primary analysis comparing the efficacy of the two
regimens (ALN 35mg once weekly and 5mg once daily)
used a per protocol set (PPS). In the PPS analysis, patients
with important protocol deviations were excluded from
the analyses. (A list of protocol violators was issued before
unblinding the database). No missing data were imputed.
Safety was evaluated in patients who received at least one
dose of study drug in the treatment period. The level of
statistical significance was two-sided 5% in every analysis.

The primary efficacy end point was percent change from
baseline (i.e., the initiation of the treatment period) in lum-
bar spine (L1-L4) BMD at week 52, calculated as the least-
squares (LS) mean difference between treatment groups
and its 95% confidence interval (CI) from an analysis of
variance (ANOVA) model that included treatment group
and center as factors. The two treatments were considered
therapeutically equivalent if the 95% CI of the between-
group difference in spine BMD change fell entirely within
the prespecified bounds of £1.5%. Similar ANOV A models
were used to calculate the least-squares mean difference
of percent changes from baseline in lumbar spine BMD at
weeks 12 and 24, as well as mean percent changes from
baseline in total hip BMD at weeks 12, 24, and 52 and
geometric mean percent changes in bone markers at weeks
4,12, 24, and 52.

Safety and tolerability were assessed by clinical and/or
statistical assessment of all relevant safety parameters,
including adverse experiences, laboratory values, and vital
signs. The incidence of clinical and laboratory AEs and
drug-related AEs was calculated for each treatment regi-
men, and comparisons between the once-daily group and
once-weekly group were performed using Fisher’s exact
test. The discontinuation rate due to drug-related adverse
experiences was also calculated and compared between the
two treatment groups using Fisher’s exact test.

Results
Patient allocation

A total of 328 patients were randomized. After excluding
four patients because they did not take the study drug or no
efficacy/safety data were available, 324 patients were in-
cluded in the safety analysis; 156 in the once-daily group
and 168 in the once-weekly group. Of the 328 patients
randomized, 277 (84.5%) completed the study, while 51

patients (15.5%) were discontinued; 24 in the once-daily
group and 27 in the once-weekly group. Major reasons for
discontinuation were manifestation of adverse experiences
(18 in the once-daily group and 19 in the once-weekly
group) or failure to meet the inclusion/exclusion criteria
(two in the once-daily group and two in the once-weekly
group). For the primary efficacy assessment, the PPS analy-
sis included 297 patients; 150 in the once-daily group and
147 in the once-weekly group. Table 1 shows the baseline
characteristics of the 324 patients who were included in the
safety analysis, with no significant difference between the
two treatment groups.

Lumbar spine and total hip BMD

After 52 weeks of treatment, the LS means of percent
change from baseline in spine BMD in the ALN 5-mg
once-daily and the 35-mg once-weekly treatment groups
were 5.76% and 6.35%, respectively (Table 2). These
represent statistically significant increases compared with
baseline (P < 0.001 for both groups). The LS mean differ-
ence (95% CI) of the percent change from baseline in the
lumbar spine BMD between the two groups was 0.58%
(95% CI; -0.31, 1.48), thereby meeting the prespecified cri-
terion for equivalence, since the 95% CI fell entirely within
the bounds of +1.5% (Table 2). Moreover, the two dose
regimens were not significantly different, since the 95% CI
of the mean difference between groups included zero. The
LS means of the percent change from baseline in the total
hip BMD after 52 weeks in the once-daily and once-weekly
groups were 2.81% and 2.96%, respectively (Table 2), rep-
resenting statistically significant increases compared with

Table 1. Baseline characteristics of the patients (n = 324)

Characteristics Dosing regimen of ALN

5mg once daily  35mg once weekly

(n =156) (n=168)
Sex, no. (%)

Female 149 (96) 163 (97)
Male 7 4 5 (3)
Age, years 67.4 (6.9) 66.0 (6.9)
Height, cm 149.6 (6.8) 1503 (5.5)
Body weight, kg 48.6 (6.3) 49.5 (6.9)
BMI, kg/m’ 21.7 (2.6) 21.9 (2.9)
Spine BMD (L1-L4), glem®  0.62 (0.06) 0.62 (0.06)
Total Hip BMD, g/cm’ 0.65 (0.08) 0.66 (0.09)

All values are presented as mean (SD), except sex
BMI, body mass index; BMD, bone mineral density; ALN, alendronate

Table 2. Percent change from baseline in lumbar spine and total hip BMD at week 52

Site Dosing regimen of ALN Intergroup difference
5mg once daily 35mg once weekly

Spine 5.76 (4.98, 6.55) 6.35 (5.58, 7.11) 0.58 (-0.31, 1.48)

Total hip 2.81 (2.10, 3.51) 2.96 (2.27, 3.65) 0.15 (-0.65, 0.95)

Values are presented as mean (95% confidence intervals). Analyses based on the per protocol set
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Fig. 1. Mean percent change from baseline in the lumbar spine
(L1-L4) bone mineral density (BMD) (mean = SE). OW, once weekly;
OD, once daily

Mean Percent Change
N

@ = 35 mg Once Weekly
A =5 mg Once Daily
0 . . .
OW N =147 143 142 130
0D N =150 144 140 133

Fig. 2. Mean percent change from baseline in total hip BMD (mean +
SE)

baseline (P < 0.001 for both groups). Figures 1 and 2 show
the time course of percent BMD change in the lumbar spine
and total hip for the two ALN treatment groups. BMD
increased significantly (P < 0.001) at each time point of
measurement in both the spine and total hip, with a similar
profile of BMD changes over time for both treatments.

Bone markers (DPD, NTx, and BAP)

The time course of geometric mean percent change from
baseline in bone markers (urinary DPD, urinary NTx, and
serum BAP) is shown in Fig. 3. In both ALN treatment
groups, all three markers were decreased significantly dur-
ing the period from 4 weeks to 52 weeks (P < 0.001 at each
measurement point for DPD and NTx; P <0.017 for BAP).
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The geometric mean percent change at week 52 in the once-
daily and once-weekly groups, respectively, were —42.0%
and -44.9% for DPD (Fig. 3a),-49.2% and —51.5% for NTx
(Fig. 3b), and ~50.3% and —52.1% for BAP (Fig. 3c). The
bone markers (DPD, NTx, and BAP) were thus reduced to
a similar level by either treatment throughout the treatment
period.

Safety

The incidence of clinical AEs was 89.7% (140/156 patients)
in the once-daily group and 85.1% (143/168 patients) in the
once-weekly group, with no significant difference between
the treatment groups (Table 3). The incidence of drug-
related clinical AEs was 17.9% (28/156 patients) in the
once-daily group and 13.1% (22/168 patients) in the once-
weekly group. Regarding upper gastrointestinal AEs, which
have been the major issue with respect to the safety of ALN
(and other related drugs), the incidence of drug-related
upper gastrointestinal AEs was 9.0% (14/156 patients) and
10.7% (18/168 patients), respectively, in the once-daily and
once-weekly groups, with no statistical difference between
the treatment groups. The discontinuation rates due to
clinical drug-related AEs in the once-daily and once-weekly
groups were 8.3% (13/156 patients) and 5.4% (9/168 pa-
tients), respectively, with no statistical difference between
the treatment groups. Serious AEs were reported in 7 pa-
tients in the once-daily group and 11 patients in the once-
weekly group. Among those, two patients in the once-daily
group had serious AEs that were judged to be drug-related
(one case was reflux esophagitis, and the other was aggrava-
tion of allergic bowel syndrome). No drug-related labora-
tory AE occurred at an incidence of more than 3%. None of
the laboratory AEs were serious or resulted in discontinua-
tion. The number of patients with new fractures in the up-
per and lower extremities was two in the once-daily group
and three in the once-weekly group.

No remarkable differences were observed between the
two groups with regard to any of the safety parameters.

Discussion

This study demonstrated that the effects of daily Smg and
weekly 35mg ALN were similar with regard to changes in
BMD of the lumbar spine and hip and biochemical markers
of bone turnover during 1 year of followup; safety and
tolerability were also similar for both dosing regimens.
Based upon the prespecified statistical criterion, the 5-mg-
daily and 35-mg-weekly dosing regimens were declared
therapeutically equivalent. Supporting evidence comes
from a recent pharmacokinetic study in Japanese, which
reported that the urinary excretion rate of oral ALN 35mg
was similar to that of ALN 5mg, as was the safety and
tolerability profile [26]. The similar urinary excretion rate of
ALN 35mg and 5mg indicates that overall the same amount
of ALN is obtained from each regimen.
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Table 3. Summary of clinical adverse events (AEs)

Total Dosing regimen of ALN
1 (%)
5mg once daily 35mg once weekly
n (%) n (%)
No. of patients 324 156 168
Any AE 283 (87.3) 140 (89.7) 143 (85.1)
Drug-related AE 50 (15.4) 28 (17.9) 22 (13.1)
Serious AE 18 (5.6) 7 (4.5) 11 (6.5)
Serious drug-related AE 2 (0.6) 2(1.3) 0 (0.0)
Discontinued due to AE 37 (11.4) 18 (11.5) 19 (11.3)
Discontinued due to drug-related AE 22 (6.8) 13 (8.3) 9(54)
Discontinued due to serious AE 7(2.2) 4 (2.6) 3(1.8)
Discontinued due to serious drug- 2 (0.6) 2(1.3) 0 (0.0)

related AE

Less frequent dosing with any medication may improve
compliance and thereby improve efficacy [24,27]. The
mechanism of action, together with animal studies, predicts
that weekly dosing with ALN should provide efficacy that is
equivalent to comparable cumulative daily dosing, without
compromising safety and tolerability. This result is because
bisphosphonates bind to active bone remodeling sites and

remain there for extended periods; at sufficient concen-
trations, this effectively inhibits osteoclastic bone resorp-
tion throughout the typical 2-3 week resorption phase of
bone remodeling [24,28]. Less frequent (such as weekly)
bisphosphonate dosing might also reduce the risk of upper
gastrointestinal irritation [24,28]. ALN has demonstrated
unsurpassed efficacy with regard to restoring bone turnover



to premenopausal levels, increasing bone density, and
reducing the risk of all types of fractures inciuding hip
fractures. Furthermore, extensive experience with ALN in
clinical trials of up to 10 years’ duration has demonstrated
continued efficacy and a good safety and tolerability profile
[16].

A single criterion for evaluating the therapeutic equiva-
lence of treatment groups based on changes in BMD
has not been well established. In a previous study of
Caucasians, equivalence was declared when the 90% CI of
the difference in spine BMD change between the two
groups (daily 10mg and weekly 70mg ALN) fell within the
range of £1.5% [24]. In the current study, we used a some-
what stricter criterion, requiring the 95% CI of the differ-
ence between the two groups in spine BMD change to fall
entirely within a range of £1.5% to establish equivalence.
When the results of this study were compared with the
results from the Caucasian study [24], the percent changes
from baseline in the lumbar spine (L1-L4) BMD were
similar.

Regarding the safety of ALN in the present study, the
incidence of AEs overall and gastrointestinal AEs (includ-
ing upper gastrointestinal AEs and drug-related AEs) did
not differ significantly between the treatment groups. These
findings are consistent with those observed in Caucasian
patients with osteoporosis [24]. Furthermore, a placebo-
controlled clinical trial and an endoscopy study both re-
ported that oral administration of ALN 70mg once weekly
had a safety and tolerability profile similar to that of a
placebo [29,30]. The lack of differences in upper gastro-
intestinal AEs between daily 5mg and weekly 35mg in our
study suggests that the weekly 35mg dose may not increase
the risk of upper gastrointestinal events in Japanese
patients with osteoporosis, if administered appropriately
{31}.

A trial in the United States that surveyed patients
who had received treatment with both once-daily and once-
weekly ALN in a cross-over design showed that the large
majority of patients preferred the 70-mg once-weekly
regimen compared with the 10-mg once-daily regimen [32].
Similarly, in a separate, multinational study, which included
406 postmenopausal women with osteoporosis from 19
countries, 84% of patients preferred the once-weekly over
the once-daily regimen [33]. In actual medical practice, the
once-weekly formulation is now in extensive use, account-
ing for about 90% of new prescriptions for ALN. Although
some patients may wish to take the once-daily formulation
for various reasons, the existence of the once-weekly for-
mulation will provide patients with a broader range of treat-
ment options. As noted earlier, oral drug compliance is
increased if the frequency of drug administration is reduced
[27]. Accordingly, it can be surmised that increasing the
convenience of ALN by reducing the frequency of adminis-
tration to once weekly will increase patient acceptance of
treatment of osteoporosis, compliance, and continuation of
therapy, leading to better long-term benefits.

In conclusion, our data confirmed that the effects of a
weekly 35-mg dose of ALN were similar to those of a daily
5-mg dose in Japanese patients with osteoporosis. The
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safety and tolerability profiles of both regimens were also
similar to each other. These data, together with previous
findings, suggest that weekly dosing with ALN provides an
alternative that is more convenient and preferred by many
patients, which may result in better patient acceptance and
continuation of therapy.
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Abstract We conducted a prospective, randomized,
multicenter, open-label 2-year trial with 76 postmenopausal
women aged >60 years with low (T-score less than —1) lum-
bar bone mineral density (BMD). The hormone replace-
ment therapy (HRT) group received a low dose of
conjugated estrogen (CEE) at a dose of 0.31mg/day +
medroxyprogesterone acetate (MPA) 2.5mg/day. Group
HRT/D received the same dose of HRT together with
alfacalcidol in a daily dose of 1.0pg/day. Changes in lumbar
BMD measured by dual energy X-ray absorptiometry
(DXA) were followed every 6 months for 2 years. The
lumbar BMD of group HRT increased 3.37% [95%
confidence interval (CI) 1.6%-52%], 4.00% (95%CI
1.6%—6.4%), and 2.32% (95%CI -0.7% to 53%) at 12, 18,
and 24 months, respectively, when the baseline value was
taken as 0%. Lumbar BMD of group HRT/D showed a
significant increase beyond 6 months. The percent increases

for this group at 6, 12, 18, and 24 months were 6.18 (95%CI
1.3%—6.6%), 6.18% (95%CI 3.9%-8.5%), 7.17% (95%Cl
4.3%-10.0%), and 8.75% (95%CI 6.0%-11.5%), respec-
tively. In addition, there was a significant difference in the
changes of the lumbar BMD between the two groups at 24
months, suggesting that the combination of HRT and
alfacalcidol is more effective than HRT alone in terms of
the BMD effect. This study is the first prospective trial
demonstrating an additive effect of alfacalcidol on lumbar
BMD in postmenopausal women receiving low-dose HRT.
It suggests that the combination therapy can be considered
to be a promising mode of treatment for bone loss after
menopause.
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introduction

The use of lower doses of estrogens for hormone replace-
ment therapy (HRT) has been proposed as an effective
modality for preventing and treating menopause-related
disorders [1-3], including postmenopausal bone loss [4-7].
Lindsay et al. [7] demonstrated that 0.31 mg of conjugated
equine estrogen (CEE) with or without progesterone
significantly increased BMD at both spine and femur. The
advantages of using lower doses of estrogens are primarily
to reduce side effects [1,8] such as unexpected genital bleed-
ing, breast tenderness, and most importantly to reduce the
incidence of breast cancer, stroke, and deep vein thrombo-
sis which are now shown to be associated with long-term use
of HRT [9,10]. Disadvantages of lower doses of estrogen
therapy, on the other hand, are less efficacy of the estrogen
action than the regular dose because of its dose-
dependence. Currently, a daily dose of 0.625mg is
recommended as a standard dose of CEE particularly for
preventing postmenopausal bone loss, but continuous use
of this dose of CEE with 2.5mg of medroxyprogesterone
acetate (MPA) has been extremely restricted after the
Women’s Health Initiative (WHI) [9] and the Million
Women Study [10]. Therefore, it is a matter of urgent con-
cern to establish a new modality of HRT with efficacy but
without reducing the optimal effects.

Osteoporosis is a disease caused by multiple factors.
Decreased calcium absorption in aged women is also con-
sidered an important cause for bone loss. Therefore, there is
a rationale for testing combination therapy with HRT and
alfacalcidol. Gorai et al. [11] showed a synergistic effect of
alfacalcidol and HRT on early postmenopausal bone loss.
Gallagher et al. [12] could not find significant differences in
BMD between HRT alone and HRT plus calcitriol therapy,
but they found that the decrease in BMD after discontinu-
ing the therapy was significantly low in subjects treated with
HRT plus calcitriol [13]. Both studies clarified the protec-
tive effect of CEE at a dose of 0.625 mg but failed to confirm
whether the addition of vitamin D, to HRT is promising.
Ettinger et al. [14] and MacLenann et al. [15], on the other
hand, have shown that a daily dose of 0.31mg of CEE
administered with calcium was effective in preventing post-
menopausal bone loss as much as that obtained by HRT at
a standard dose, suggesting that the efficacy of combination
therapy of HRT and alfacalcidol is augmented if the cal-
cium balance is improper. Based on this hypothesis, the
present study was conducted to determine the effect of
combination therapy of HRT using a lower dose of estrogen
with alfacalcidol on spinal BMD of postmenopausal
Japanese women.

Materials and methods
Subjects

Postmenopausal women aged 260 years old were recruited
for this study. The principal entry criterion was a spinal

BMD of —1.0 SD and below the young adult mean (YAM)
by dual energy X-ray absorptiometry (DXA). Exclusion
criteria were treatment with estrogen during the past 6
months and any treatment with bisphosphonates or other
drugs intended to treat osteoporosis. Women who had any
of following were also excluded from this study: a history
of breast cancer, uterine bleeding with unknown origin,
hypercalcemia and a history of vertebral fractures, which
may affect BMD measurement by DXA. Endometrial
screening, breast examination, and biochemical analysis
were performed before the study, and all women were
confirmed to be free of endometrial cancer, or hyperplasia,
breast cancer, and hepatic, renal, or other diseases with a
known influence on bone metabolism. During the study,
breast and endometrial screening was performed depending
on each institutional method and criteria. All subjects
were placed on a general diet without calcium supplementa-
tion. The protocol was reviewed by the board of each insti-
tution, and written informed consent was obtained by each
subject.

Study protocol

Subjects were randomly assigned to one of two groups. One
group received a daily dose of 0.31mg CEE and 2.5mg of
MPA (HRT group), and the other received an identical
regimen of HRT plus alfacalcidol 1pg/day (HRT/D group).

Measurements

The primary endpoint of the present study was the percent-
age changes in BMD of the L2-4 vertebral bodies from
baseline to the time of the final evaluation. The lumbar
(L)2-4 BMD was measured by DXA before initiation of the
study and at 6, 12, 18, and 24 months thereafter. Because the
BMD measurement was done at each institution using dif-
ferent types of DXA (DPX series from Lunar, QDR series
from Hologic, and XR-26 from Norland), the values ob-
tained from different machines were calibrated relative to
the QDR-1000 equivalent values according to the equations
previously described [15]. The BMD of each subject was
measured by the identical machine throughout the study
period. Changes in BMD were expressed in terms of per-
centage change from the baseline value.

Blood and urine samples were collected for biochemical
assessment every 6 months and transferred to the center for
measurement of biochemical markers. In serum we mea-
sured calcium (Ca), phosphorus, alkaline phosphatase (Al-
p). parathyroid hormone (PTH-intact, immunoradiometric
assay; Allegro intact PTH, Sumitomo Seiyaku Biomedical,
Osaka, Japan), and N-terminal osteocalcin (radiommu-
noassay; CIS International, Tokyo, Japan). In urine we
measured deoxypyridinoline (DPD, high-performance lig-
uid chromatography) and pyridinoline (Pry). All measure-
ments were carried out by SRL (Tokyo). Urinary
parameters were normalized by the urinary concentration
of creatinine.



Statistical analysis

Results were expressed as the mean + SD. Statistical differ-
ences between baseline and treatment values were analyzed
by the two-sided paired r-test and the difference between
groups by the Wilcoxon rank-sum analysis. P < 0.05 was
considered significant.

Results

A total of 83 subjects were registered for this study: 42
for CEE with or without MPA (group HRT) and 41 for
the combination HRT and alfacalcidol (group HRT/D).
Among them, a total of seven subjects were excluded be-
cause of violation of inclusion criteria. As a result, 76 were
enrolled for the full analysis set (FAS). The baseline data of
the two groups are shown in Table 1. There were no signifi-
cant differences in any mean between the two groups except
age.
The effects of each regimen on the lumbar BMD are
shown in Fig. 1. Lumbar BMD of the HRT group showed a
significant increase at 12 months and 18 months, with in-
creases of 3.37% (95% confidence interval (CI) 1.6%-—
52%) and 4.00% (95%CI 1.6%-6.4%), respectively. The
mean percent increase at 24 months for this group was
2.32%, but it was not statistically significant when compared
with the baseline level. The lumbar BMD of the HRT/D
group showed a significant increase after 6 months. The
increases of this group at 6, 12, 18, and 24 months were
3.96% (95%CI 1.3%-6.6%), 6.18% (95%CI 3.9%-8.5%),
717% (95%CI 4.3%-10.0%), and 8.75% (95%CI 6.0%~-
11.5%), respectively. In addition, there was a significant
difference in the change in lumbar BMD between the two
groups at 24 months, suggesting that HRT/D is more effec-
tive than HRT alone.

Changes in serum OC, PTH, and Ca levels and urinary
D-Pry and Pry levels are shown in Table 2. Serum OC
showed a significant decrease in both groups, but the mag-
nitude of the decrease was larger and it was more rapid in
the HRT/D group than in the HRT group. Serum PTH in
the HRT/D group at 12 months decreased significantly com-
pared to the baseline value, and it was significantly lower

Table 1. Baseline characteristics
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than the corresponding value of the HRT group. Serum Ca
levels at 6 months in the HRT group decreased significantly
from the baseline level, and the value was significantly
lower than the corresponding value of the HRT/D group.
Urinary D-Pry and Pry both showed a significant decrease
from baseline in both groups without any significant differ-
ence between the two groups.

Dropping out of the study because of an adverse event,
such as uterine bleeding or breast pain, occurred in 12
(15.9%) of the subjects. Seven subjects discontinued be-
cause of uterine bleeding and three because of breast pain.
The symptoms disappeared after discontinuing the medica-
tion. Breast and endometrial examinations were performed
according to each institutional method and criteria, and no
abnormal findings were reported.
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Fig. 1. Changes in lumbar spine bone mineral density (BMD). Values
are the mean = SD. *P < 0.05 and **P < 0.01 versus the baseline value,
respectively; 'P < 0.05 versus CEE alone. CEE, conjugated estrogen

Characteristic

Age (years)

Lumbar spine BMD (g/cm?)

Serum osteocalcin (ng/ml)

Urinary deoxypyridinoline (pM/uM Cr)
Urinary pyridinoline (pM/uM Cr)
Serum PTH (pg/ml)

Serum Ca (mg/dl)

Ca/Cr (mg/mg)

CEE alone CEE-vitamin D, P
(n=139) (n=37)
643 +5.8 67.3£5.7 0.0234
0.7608 * 0.0892 0.7432 £ 0.0887 0.3933
11.29 £4.63 12.72 £ 4.02 0.1657
7.06 +3.10 7.24£3.10 0.9267
30.19+£9.72 33.55 £ 14.68 0.6413
345+ 149 41.1 £ 44.1 0.7250
9.27 £ 0.38 9.36 £ 0.37 0.3487
0.2249 + 0.1079 0.1917 £ 0.0974 0.1977

Values are unadjusted means + SD

BMD, bone mineral density; PTH, parathyroid hormone
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Table 2. Percent changes in serum OC, PTH, urinary D-Pry, and Pry

Measurement Baseline 6 Months 12 Months 18 Months 24 Months
CEE alone
ocC 0 -87+£51.2 ~7.5+£32.8 -36.7 + 12.5%* —32.6 £ 20.4%*
PTH 0 29+349 10.3 £38.8 2.6 £ 339 2.9+ 383
Ca (mg/dl) 93+04 9.0 £ 0.4 92103 93+04 92+0.5
D-Pry 0 -17.4 £ 455 -8.9 £ 80.0 —31.9 + 28.4* -27.6+51.1
Pry 0 -2.5+383 143 £ 108.8 -162 £27.7 ~16.2+ 445
CEE-vitamin
oC 0 —24.4 £ 29.7+* ~33.2 + 249+ —43.6 + 17.8%* -55.1 4 16.4%
PTH 0 ~15.0+44.6 -17.3 +32.2+ -8.8 +064.8 —4.8£53.2
Ca (mg/di) 94+04 9.3+0.5 92+04 92+03 92+03
D-Pry 0 —28.3 £ 31.7%* —29.6 + 35.4%* ~34.2 £ 14.2%* ~45.1 £ 18.2%*
Pry 0 —15.9 £ 27.4% -14.7 £ 30.7 —15.3 + 12.4%* —30.2 + 23,0%*

* P < 0.05 vs. baseline value; ** P < 0.01 vs. baseline value; ' P < 0.05 vs. that of CEE alone; " P < 0.01 vs. that of CEE alone

Values are unadjusted means + SD )
OC, osteocalcin; D-Pry, deoxypyridinoline (DPD); Pry, pyridinoline

Discussion

Although the daily dose of 0.625mg of CEE has been rec-
ommended as standard for preventing postmenopausal
bone loss, recent studies [4-7], including this one, have
shown that CEE at a dose of 0.31 mg/day is still effective in
protecting bones. Because the effect of estrogen is dose-
dependent and the estrogen requirement may differ among
individuals, the efficacy of HRT using a low dose of estro-
gens should be evaluated on an individual basis. Ettinger et
al. [14] demonstrated first that combining 0.3 mg CEE with
1500mg calcium was as effective as 0.6mg CEE alone. In
addition, Recker et al. [17] showed that continuous therapy
with a Jow dose of HRT significantly increased BMD either
by supplementation of calcium (maintaining calcium intake
above 1000mg/day) or by oral 25-hydroxyvitamin D (main-
taining the serum 25-hydroxyvitamin D level at a minimum
of 75nmol/l), respectively. Those studies indicated that the
improved calcium metabolism using calcium or vitamin D
supplementation are expected to have additional benefit
when the patients are being treated with a low dose of
estrogen. The results of the present study demonstrated
that low-dose HRT was effective in increasing BMD of
postmenopausal women, and that the addition of
alfacalcidol significantly enhanced the effect of low dose
HRT.

Gorai et al. [11], on the other hand, could find only a
marginal effect of alfacalcidol on postmenopaual bone loss
in patients treated with a daily estrogen dose of 0.625mg
in combination with alfacalcidol. In addition, neither
Gallagher et al. [12] nor Komulainen et al. [18] could find
any further benefit in the combined treatment with CEE
plus vitamin D cholecalciferol compared to the effect of
CEE alone. The discrepancies between these and the
present study may be accounted for by differences in the
estrogen dose. The antiresorption activity of daily adminis-
tration of CEE at a dose of 0.625mg is potent in terms of
reducing bone turnover, and it is similar to that seen after
administration of alendronate, one of the most potent
antiresorption drugs [19]. Recent studies of alendronate

and PTH combined treatment indicated that the PTH
effect on bone was abolished by the concurrent use of
alendronate, possibly through the reduction of bone turn-
over by alendronate [20]. Therefore, it is likely that the
effect of concomitant administration of vitamin D, may be
masked in the conditions when bone resorption is maxi-
mally suppressed. On the other hand, it is suggested that the
effect of vitamin D is manifested in subjects receiving a low
dose of estrogen and probably in patients who are under
low calcium intake.

Because serum 25-hydroxyvitamin D, levels decline with
the advancement of age, mainly owing to decreased cutane-
ous production, it is postulated that vitamin D, deficiency is
common in the elderly and that deficiency in vitamin D,
causes secondary hyperparathroidism, high bone turnover,
bone loss, mineralization defects, and fractures [21]. Fur-
thermore, calcium nutrition is known to be deficient in eld-
erly people because of low intake of calcium from food and
impaired intestinal calcium absorption. Therefore, adminis-
trating any active vitamin D is beneficial for correcting any
calcium imbalance in elderly subjects [21]. Alfacalcidol has
been reported to increase lumbar BMD in osteoporotic
women and can prevent fractures in those with senile os-
teoporosis [22]. It is shown that long-term administration of
antiresorption drugs such as estrogen reduces serum cal-
cium levels as a result of inhibiting bone resorption; it also
causes secondary hyperparathyroidism, which in turn is pos-
tulated to lessen the effect of estrogen. Therefore, correc-
tion and maintenance of proper calcium balance is a
rational measure to take to decrease PTH during HRT and
to enhance the effect of HRT. Indeed, it is shown that
calcium administration increased BMD of subjects whose
BMD remained stable during long-term HRT [23]. As
shown in Table 2, administration of alfacalcidol significantly
increased the serum calcium level at 6 months and de-
creased PTH, supporting the hypothesis.

Among several management modalities for osteoporo-
sis, HRT can reduce menopausal symptoms and prevent
bone loss simultaneously. In fact, despite of the Women’s
Health Initiatives’ report [9], which emphasized the disad-
vantages of HRT and proposed restricted use of HRT for



postmenopausal health care, HRT still plays a large part of
the management of postmenopausal health care. It has been
shown that HRT doses that are lower than the current
standard doses can decrease the incidence of side effects
without sacrificing efficacy and safety [1-3,24,25]. There-
fore, it will not take long for low-dose HRT to replace
standard HRT for management of menopausal symptoms.
Although it has been shown that the effect of estrogen on
bone is dose-dependent, the increase in BMD observed in
the HRT/D group of this study was compatible with that
previously reported elsewhere in Japanese women by using
the standard dose of HRT [5,11], indicating that the combi-
nation of low-dose HRT and alfacalcidol is potent and can
be a therapeutic option for preventing osteoporosis in eld-
erly postmenopausal women. The limitations of the present
study were that the population of the study was small and
our study did not have an arm receiving HRT with 0.625mg
of CEE. Whether this therapy can prevent osteoporotic
fracture is another matter of concern. Further investigations
are required on this matter.
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