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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 (L1–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

(±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 reflects 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-
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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 5mg 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 5mg daily.
However, the effects of 35mg ALN once weekly have not
been compared with those of 5mg 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 5mg 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 5mg 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).

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 (L2–L4) 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 baseline 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-I 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), g-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 ANOVA 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

5 mg 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) 150.3 (5.5)
Body weight, kg 48.6 (6.3) 49.5 (6.9)
BMI, kg/m2 21.7 (2.6) 21.9 (2.9)
Spine BMD (L1–L4), g/cm2 0.62 (0.06) 0.62 (0.06)
Total Hip BMD, g/cm2 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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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).

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 5mg 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.

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

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

Fig. 3. Mean percent change from baseline in deoxypyridinoline
(DPD) (a), Type-I collagen N-telopeptides (NTx) (b), and bone-
specific alkaline phosphatase (BAP) (c) (geometric mean ± SE)

Table 3. Summary of clinical adverse events (AEs)

Total Dosing regimen of ALN
n (%)

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 (5.4)
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

c

a b
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to premenopausal levels, increasing bone density, and
reducing the risk of all types of fractures including 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

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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