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Abstract In this multicenter, randomized, double-blind
controlled trial, the efficacy and safety of once-weekly dos-
ing with 17.5mg risedronate was compared with once-daily
dosing with 2.5mg risedronate in Japanese patients with
involutional osteoporosis. A total of 496 patients were ran-
domized to receive either once-weekly (n = 249) or once-
daily (n = 247) treatment. All patients were supplemented
with 200 mg/day calcium. Following 48 weeks of treatment,
the mean (xSD) percent changes, from baseline, in the bone
mineral density of the lumbar spine (L2-L4 BMD) in the
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once-weekly and once-daily treatment groups were 5.36 *
4.27% and 5.87 + 4.47%, respectively. The difference be-
tween the groups was —0.5% (95% confidence interval:
-1.35% to 0.35%), demonstrating that the effect on BMD
of once-weekly treatment was not inferior to that of once-
daily treatment. The time-course reductions in biochemical
markers of bone resorption (urinary N- and C-telopeptide
of type I collagen) and bone formation (bone-specific alka-
line phosphatase) were similar for the two dosing regimens.
There were no differences in the incidence of new vertebral
fractures or the worsening of existing fractures between the
once-weekly (2.2%) and once-daily (2.7%) dosing regi-
mens. No significant differences were observed between the
two dosing regimens in the incidence or the type of adverse
events. However, 10.1% of the patients in the once-daily
group withdrew due to adverse events as compared t0 5.2%
in the once-weekly group. Moreover, drug-related adverse
events, including upper gastrointestinal disorders and ab-
normal changes in laboratory parameters, tended to be less
in the once-weekly dosing regimen than in the once-daily
dosing regimen. In conclusion, once-weekly oral dosing
with 17.5mg risedronate was well tolerated in Japanese os-
teoporotic patients, and showed equivalent efficacy to once-
daily oral dosing with 2.5 mg risedronate. This once-weekly
regimen is expected to provide a more convenient therapeu-
tic option as an alternative to daily dosing and to enhance
patient compliance in long-term therapy for osteoporosis.

Key words bisphosphonate - bone mineral density - once-
weekly regimen - osteoporosis - risedronate

Introduction

Risedronate, a pyridinyl bisphosphonate with potent
antiresorptive activity, has been shown to reduce vertebral
fracture risk and increase bone mineral density (BMD) in
both Caucasian [1-6] and Japanese osteoporotic patients
[7,8]. The recommended once-daily dosage regimen of
risedronate in Europe and North America is 5mg, whereas,
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in Japan, a 2.5-mg once-daily regimen is recommended due
to an ethnic difference in pharmacokinetics. It has been
demonstrated in the Japanese population that the maxi-
mum plasma concentration (Cmax) and area under the
plasma concentration-time curve (AUC) of risedronate af-
ter dosing with 2.5mg and 5mg were two to three times
higher compared with these values in Caucasians [9,10], and
the efficacy of a 2.5-mg once-daily regimen in Japanese
osteoporotic patients was similar to that of a 5-mg once-
daily regimen in Caucasian patients [7,8,11].

Because gastrointestinal absorption of risedronate is de-
creased in the presence of food, probably by its forming of
a complex with divalent cations (e.g., Ca**) contained in
food [9,12], patients are instructed to take risedronate im-
mediately after rising in the morning, and to avoid taking
food and drink other than water for at least 30min post-
dosing. In addition, patients are instructed to avoid lying
down for at least 30min post-dosing, because prolonged
retention of the drug in the upper gastrointestinal tract may
lead to mucosal irritation.

Osteoporosis is a chronic disease requiring long-term
therapy, and many osteoporotic patients are elderly. Some
patients, especially when they are taking multiple medica-
tions, may have difficulty maintaining compliance with a
once-daily dosage regimen, which can complicate patient
compliance. Although many patients are able to adapt to a
once-daily dosage regimen, some patients may prefer a less
frequent dosage regimen, e.g., once weekly. A less frequent
dosage regimen may be more convenient and may enhance
patient compliance. Having a choice of a once-daily and a
less frequent dosage regimen will also provide physicians
with more flexibility in addressing the needs of individual
patients, and may enhance patients’ willingness to accept
long-term therapy for osteoporosis.

In a nonclinical study using animal osteoporotic models
[13,14], it has been shown that intermittent dosing,
including a once-weekly regimen of risedronate and other
bisphosphonate agents, prevented bone loss to an extent
comparable with that of a once-daily regimen; the study
suggested that the efficacy depended on the total dosage in
a unit period of time. irrespective of the dosing frequency.

Clinical trials investigating the efficacy and safety of
once-weekly dosage regimens of risedronate in patients
with postmenopausal osteoporosis have been conducted
outside Japan. The results demonstrated that 35mg
risedronate given once weekly was therapeutically equiva-
lent to a 5-mg daily dose in increasing lumbar spine BMD,
and the vertebral fracture incidences, as well as safety pro-
files, were also similar in both treatment groups [15,16].
Similar results have been reported for an alendronate
70-mg once-weekly dosage regimen [17,18]. A risedronate
35-mg once-weekly regimen, and an alendronate 70-mg
once-weekly regimen have been approved for the treatment
of osteoporosis and are widely used in Europe and North
America.

In the present study, we investigated the effects of once-
weekly treatment with 17.5mg risedronate (seven times the
approved daily dose of 2.5mg in Japan) on lumbar spine
BMD and tolerability in Japanese patients with involutional

osteoporosis, to examine equivalence in efficacy and safety
between once-weekly and once-daily treatments.

Patients and methods
Study design

This randomized, double-blind, parallel group, controlled
trial was conducted at 47 medical institutions throughout
Japan between November 2002 and July 2004. The study
protocol was approved by the Institutional Review
Board of each institution before initiation of the study,
and all patients enrolled gave written informed consent
before entering the study. The study was conducted in com-
pliance with the Japanese Good Clinical Practice and in
accordance with the ethical principles of the Declaration of
Helsinki.

Eligible patients were randomly assigned to receive
either a 17.5-mg once-weekly dose or a 2.5-mg once-daily
dose of risedronate for 48 weeks (1 week being defined as
one cycle). Blinding to the study drug was maintained by a
double-dummy technique using risedronate 17.5-mg tab-
lets, risedronate 2.5-mg tablets, and corresponding placebo
tablets. The active drug and placebo were made indistin-
guishable from each other. As the mode of administration
of the study drug in 1 week, patients in the 17.5-mg once-
weekly group took one each of the 17.5-mg risendronate
tablet and a 2.5-mg placebo tablet (two tablets in total) on
rising in the morning of day 1, and one 2.5-mg placebo
tablet once daily on rising every morning on days 2 to 7.
Patients in the 2.5-mg once-daily group took one each of a
17.5-mg placebo tablet and a 2.5-mg risendronate tablet
(two tablets in total) on rising in the morning of day 1, and
one 2.5-mg risendronate tablet once daily on rising every
morning on days 2 to 7. Each patient was requested to avoid
taking any food or beverage other than water, as well as to
avoid lying down for at least 30min post-dosing. All pa-
tients were supplemented with 1.54 ¢ calcium lactate daily
(equivalent to 200mg elemental calcium) throughout the
study period, to compensate for any dietary shortage of
calcium. The daily dose of calcium was based on the result
of the National Nutrition Survey conducted by the Ministry
of Health, Labor, and Welfare (recommended daily allow-
ance of calcium for Japanese, 600 mg; actual intake, 585mg
on average in 1995) and on determination of the necessary
amount in the elderly, estimated in a calcium balance study
(700-800mg) [19]. The calcium lactate was administered
after the evening meal. Risedronate and the placebo tablets
were supplied by Takeda Pharmaceutical (Osaka, Japan).
Throughout the study period, concomitant use of any drug
known to affect bone metabolism was prohibited.

Patient selection and number of patients

Ambulatory patients of either sex, older than 50 years of
age, with documented involutional osteoporosis, according
to the diagnostic criteria for primary osteoporosis [20,21],



were eligible. The lumbar spine (L.2-L4) BMD of eligible
patients was less than 70% of the young adult mean (YAM)
in patients without fragility fracture, or less than 80% of the
YAM in those with fragility fracture. The actual cutoff val-
ues of L2-L4 BMD for instruments used for the determina-
tion of BMD by dual-energy X-ray absorptiometry (DXA)

were set as follows: the BMD values corresponding to 70%-

of the YAM for Hologic QDR (Hologic, Waltham, MA,
USA), Norland XR (Norland, Fort Atkinson, WI, USA),
and Lunar DPX (Lunar, Madison, WI, USA) instruments
were 0.708, 0.728, and 0.834 g/cm’, respectively, and those
corresponding to 80% of the YAM were 0.809, 0.832 and
0.954 g/cm?, respectively.

Exclusion criteria were any secondary osteoporosis or
other diseases with reduced bone mass; recent use of drugs
known to affect bone metabolism (e.g., treatment with
bisphosphonates within 48 weeks before starting the study
medicine); serious renal, hepatic, or cardiac diseases; drug
hypersensitivity; gastrointestinal diseases; history of radio-
therapy to the lumbar spine or pelvis; and malignant tumor
for which chemotherapy was being received. Those with
morphologic problems that grossly interfered with accurate
L2-L4 BMD determination, such as severe spinal scoliosis,
fracture, deformity, or osteosclerotic changes in 12-L4,
were excluded from the study.

The number of patients required to demonstrate signifi-
cant noninferiority of the once-weekly treatment with
17.5mg risedronate compared with the once-daily treat-
ment with 2.5mg was estimated to be 190 in each group,
based on several assumptions. The difference between the
once-daily and once-weekly treatments in mean percent
changes in L2-14 BMD at week 48 was estimated to be
0.2%, based on the data obtained in a North American
study [15], provided that the efficacy of a 5-mg daily dose in
Caucasians was equivalent to that of a 2.5-mg daily dose in
Japanese. The SD common to both treatment groups was
estimated to be 4.5%, based on the data obtained at the end
of week 48 in a preceding Japanese phase III comparative
study [7], in which the effect on lumbar spine BMD of a
2.5-mg daily dose of risedronate was compared with that
of etidronate. Using these assumptions, we calculated the
number of patients required to attain a power of 80% to
demonstrate noninferiority by showing a two-sided 95%
confidence interval (CI) with the noninferiority margin, A =
1.5% [11]. The actual number of patients included in the
study was 496 (once-weekly, n = 249; once-daily, n =247) in
consideration of the potential number of early patient
discontinuations.

Measurement of efficacy

The primary efficacy endpoint was the percent change in
mean L2-1.4 BMD from baseline to week 48. The antero-
posterior L2-L4 BMD was determined at baseline and after
12, 24, 36, and 48 weeks of treatment, or at the time of
withdrawal from the study. DXA was carried out with a
QDR type, an XR type, or a DPX type of DXA instrument.
The validity of each DXA measurement was assessed by the
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Central Assessment Committee of DXA, without any infor-
mation being provided on the patients.

Lateral and anteroposterior thoracic and lumbar spine
radiographs were obtained at baseline and after 48 weeks of
treatment, and vertebral fractures were evaluated by the
Central Assessment Committee according to the diagnostic
criteria for primary osteoporosis [20,21]. A vertebra was
considered to be fractured if the ratio of the central verte-
bral height to the anterior (C/A) or posterior vertebral body
height (C/P) was less than 0.8, or the ratio of the anterior to
posterior vertebral body height (A/P) was less than 0.75, or
if the anterior, central, and posterior vertebral heights were
decreased by more than 20% compared with those of the
adjacent vertebral body. If any one of the three vertebral
height ratios, C/A, C/P, or A/P, had decreased by 20% or
more from the baseline, or if any one of the three vertebral
heights (normalized using T4 height), A, C, or P, had de-
creased by 20% or more from the baseline, a new or wors-
ening vertebral fracture was judged to be present [22].

Biochemical markers of bone turnover were assessed at
baseline and after 4, 12, 24, 36, and 48 weeks of treatment.
Bone resorption was evaluated by several markers. Urinary
total deoxypyridinoline was determined using high-
performance liquid chromatography [23], and urinary
N-telopeptide of type I collagen (NTX) was measured
by enzyme-linked immunosorbent assay (ELISA), using
Osteomark (Ostex International, Seattle, WA, USA), and
urinary C-telopeptide of type I collagen (CTX) was
measured by ELISA, using Frelisa 8 CrossLaps (Nordic
Bioscience Diagnostics, Herley, Denmark). All urinary
parameters were corrected for creatinine excretion. Serum
bone-specific alkaline phosphatase (BAP), a bone-
formation marker, was determined by enzyme immuno-
assay, using Osteolinks “BAP” (QUIDEL, San Diego, CA,
USA).

Safety assessment

Subjective symptoms and objective signs related to adverse
effects were monitored by noting patients’ complaints at
each visit. Standard laboratory tests, including hematology,
blood biochemistry, and urinalysis, were conducted at regu-
lar intervals during the study.

Statistical analysis

Noninferiority of the 17.5-mg once-weekly treatment com-
pared with the 2.5-mg once-daily treatment was examined by
two-sided 95% CI for the difference between groups show-
ing mean percent change in 1L.2-1.4 BMD from baseline to
week 48 with the noninferiority margin, A = 1.5%. If the
lower limit of two-sided 95% CI of the between-group differ-
ence in mean percent change in L2-L4 BMD was not less
than ~1.5%, then the once-weekly treatment was considered
to be noninferior to the once-daily treatment. The value, A=
1.5% was chosen based on the results of a placebo-controlled
dose-ranging study of risedronate in Japanese patients with
osteoporosis {11], in which the difference from placebo, in
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mean percent change from baseline in 1.2-1.4 BMD, after
daily treatment with 2.5mg risedronate for 36 weeks, was
4.5%, and the lower limit of the two-sided 95% Cl was 2.3%.
For the present study, A = 1.5% represents approximately
one-third of the point estimate of the mean difference from
placebo, and less than the lower limit of two-sided 95% C¥ of
the mean difference from placebo. The difference from pla-
cebo may become greater after 48 weeks’ treatment. The
primary efficacy analysis (showing a two-sided 95% CI) was
performed on data from the primary efficacy population
(PEP) who had evaluable data for 1.2-L4 BMD at both
baseline and week 48. In addition, two-sided 95% CI was
also shown on data from the per-protocol set (PPS) of pa-
tients, to confirm the robustness of the result.

For the secondary efficacy variable ~ vertebral fracture
rate — two-sided 95% CI for the between-group difference
was constructed using the full analysis set (FAS). For the
percent changes from baseline in bone turnover markers,
descriptive statistics were computed at each measurement
point, using the FAS; the one-sample Wilcoxon test was
applied for the within-group difference from baseline, and
the two-sample Wilcoxon test was applied for the between-
group difference. The incidence of adverse events was
compared using the x* test for 2 x 2 cross-table. For the
between-group differences in the incidences of adverse
events, two-sided 95% CI was constructed.

Results
Patient allocation and baseline characteristics

A total of 496 eligible patients were randomized to receive
either once-weekly treatment with 17.5mg risedronate (n =
249) or once-daily treatment with 2.5mg risedronate (n =
247). In the once-weekly treatment group, 23 (9.2%) pa-
tients were prematurely withdrawn, and 226 patients
completed the study. In the once-daily treatment group, 2
(0.8%) patients received no study drug; 40 (16.2%) patients
were prematurely withdrawn, and 205 patients completed
the study (Fig. 1). The most common reason for premature
withdrawal was “occurrence of an adverse event”, account-
ing for 13 (5.2%) patients in the once-weekly group and 25
(10.1%) patients in the once-daily group. In the PEP: the
numbers of patients in the once-weekly and once-daily
treatment groups were 214 and 195, respectively; in the PPS,
211 and 193, respectively; and in the FAS, 245 and 243,
respectively. The démographic and baseline characteristics
of patients in the PEP are shown in Table 1. As is common
practice in Japanese studies, the regulatory guidelines
for the evaluation of new therapeutics for the treatment
of osteoporosis require the inclusion of involutional
osteoporosis. Therefore, male patients were enrolled in the
trial; however, they were few in number (2.9%). The two
treatment groups were well matched with regard to demo-
graphic and other baseline characteristics, although a slight
imbalance between the groups was found in age and in
years since menopause in the females. These results were
similar for the FAS and PPS populations.

Randomized
496

&

Withdrew before
receiving study drug

Received 17.5mg once-weekly 249 Received 2.5mg once-daily 245
Full analysis set 245 Full analysis set 243
Completed 226 Completed 205
Total withdrawal 23 Total withdrawal 40

Adverse events 13 Adverse events 25
Voluntary withdrawal 7 Voluntary withdrawal 10
Lost to follow-up 0 Lost to follow-up 1
Others 3 Others 4
Primary efficacy population 214 Primary efficacy population 195
|| Patents excluded 38 || Patients excluded 52
from PPS from PPS

193—1

Fig. 1. Study profile and subject disposition. The primary efficacy
population (PEP) was used for the analysis of the primary efficacy
endpoint (percent changes from baseline in L2-L4 bone mineral den-
sity [BMD]). The per protocol set (PPS) was used for the analysis of
the primary endpoint to confirm the robustness of the result obtained
in the primary analysis. The full analysis set (FAS) was used for the
analyses of other efficacy endpoints. FAS comprised all the subjects
who received at least one dose of the investigational product and
underwent observation of any kind after administration. Of the sub-
jects in the FAS, the population of those who were evaluable for the
main assessment parameter (i.e., L2-L4 BMD at both baseline and
week 48) was defined as the PEP. Of the subjects in the FAS, the
population of those who had no serious protocol deviation and were
evaluable for the main assessment parameter was defined as the PPS

| Per protocol set 2 I I Per protocol set

Bone mineral density

The mean percent increases in L2-14 BMD from baseline
to week 48 in the once-weekly and once-daily treatment
groups were 5.36 + 4.27% (mean * SD) and 5.87 + 4.47%,
respectively, and the between-group difference (once-
weekly minus once-daily) was —0.5% (two-sided 95% CI;
-1.35%, 0.35%). The 95% CI fell entirely on the positive
side of the range of the predefined noninferiority margin
(>-1.5% A), demonstrating the noninferiority of once-
weekly treatment with 17.5mg risedronate compared with
once-daily treatment with 2.5mg risedronate (Table 2).
Similarly, no between-group difference was observed in the
subgroups of female subjects alone, (L2-L4 BMD, 5.38 +
4.30% in the once-weekly group [n =211} vs 5.86 £ 4.46% in
the once-daily group [n = 186]; between-group difference,
~0.48% [two-sided 95% CI, ~1.35%, 0.38%]). Time-course
profiles of the increase in BMD were similar for the once-
weekly and once-daily treatments (Fig. 2).

Vertebral fracture incidence

The incidence of new vertebral fractures, including the
worsening of prevalent fractures, was 5 in 227 evaluable
patients (2.2%; 95% CI, 0.7%, 5.1%) in the once-weekly
treatment group, and 6 in 222 evaluable patients (2.7%;
95% CI, 1.0%, 5.8%) in the once-daily treatment group.



Table 1. Demographic and baseline characteristics of patients®
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Characteristics

Treatment group

Once-weekly (n = 214) Once-daily (n = 195)

Age (years)

Height (cm)

Weight (kg)

Body mass index (kg/(height in m))

Time since menopause (years)®

Lumbar spine bone mineral density (g/cm”)
Hologic (QDR type)
Lunar (DPX type)
Norland (XR type)

T-score of lumbar spine bone mineral density

Bone turnover markers
Serum bone-specific alkaline phosphatase (U/1)
Serum 1ea,25-dihydroxyvitamin D (ng/ml)
Urinary deoxypyridinoline (pmol/mmol CRN)
Urinary NTX (nmol BCE/mmol CRN)
Urinary CTX (pig/mmol CRN)

Patients with prevalent vertebral fractures®

663 +7.8 68.5+7.9
149.7 £ 6.4 149.0 £ 6.4
49.1£6.9 489+7.0
21.9+28 220+29

172493 (n = 199) 19.1%9.0 (n=171)
0.64 +0.06 (n = 138)
0.73 + 0.08 (1 = 56)
0.64 + 0.06 (1 = 20)

0.63 +0.07 (n = 130)
0.75 £ 0.09 (n = 49)
0.67 £0.06 (n = 16)

—3.08 £ 0.51 -3.11£0.58
30.6+99 30.7 £ 10.6
21066 208£5.7
8.95 £3.27 9.07 £ 3.31
5414242 520221

259.8 £ 137.9 260.7 £ 120.7

50 (23.4%) 56 (28.7%)

Data values are shown as means + SD unless otherwise specified

NTX, N-terminal telopeptide of type I collagen; CTX, C-terminal telopeptide of type I collagen; BCE, bone collagen equivalent; CRN, creatinine

*Primary efficacy population

®Male patients (three in the once-weekly group and nine in the once-daily group) and women for whom the time since menopause was unknown

were excluded
“Number (percentage) of patients

Table 2. Mean changes in lumbar spine BMD from baseline to week 48

Once weekly Once daily
Groups (17.5mg) (2.5mg)
Number of patients® 214 195
Rate of change (mean * SD; %)° 536 +4.27 5.87 £ 4.47

Median (minimum, maximum)
Noninferiority analysis (delta limit, 1.5%); PEP

Difference in mean percent change (weekly — daily)
Two-sided 95% confidence interval of difference

5.00 (—4.5,22.2) 5.90 (4.7, 19.2)
t=2.304; P=0.0109
-0.50
Lower, ~1.35; upper, 0.35

*Primary efficacy population

®Mean percent changes in L2-L4 BMD from baseline to week 48

The between-group difference in the fracture incidence was
-0.5% (95% CI,-3.4%,2.4%), and it was not significant. A
single fracture occurred in 4 patients in the once-weekly
group and in 4 patients in the once-daily group, and two
fractures occurred in 1 patient in the once-weekly group
and in 2 patients in the once-daily group. None of the
patients in either group had three or more fractures.

Biochemical markers of bone turnover

Urinary NTX and CTX decreased significantly after 4
weeks of treatment in both the once-weekly and once-daily
dosing groups, and low levels were maintained over the 48-
week treatment period (Fig. 3a,b). The percent decreases in
NTX at week 48 in the once-weekly and once-daily dosing
groups were 36.4 £ 29.2% (mean £ SD) and 39.0 + 27.8%,
respectively, and those in CTX were 51.4 £ 37.5% and 55.1
+33.7%, respectively. Urinary deoxypyridinoline showed a
pattern similar to that of NTX (data not shown). Significant,
but small, between-group differences were found in CTX;

5
20 r

80— Once-weekly
= - O - Onr-duily

& o o 3
< [=] f=3 [=3

Mean Change in L2-L4 BMD

g
o

[:214/195
1

214193
|

214]/193 2]2]/193 '.’141/1‘15 (weckly/daily)

0 12 2 3% 38

Time(Weck)

Fig. 2. Time course of mean (£SD) percent changes from baseline in
L2-14 bone mineral density (BM D) as measured by dual-energy X-ray
absorptiometry during 48-week treatment with a once-weekly dose
of 17.5mg risedronate (solid line), and once-daily dose of 2.5mg
risedronate (broken line)
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Fig. 3. Time course of mean (+SD) percent changes from baseline in
bone resorption markers (a Urinary N-terminal telopeptide of type 1
collagen (NTX) creatinine; b urinary C-terminal telopeptide of type 1
collagen [CTX] creatinine) and a bone formation marker (e serum
bone-specific alkaline phosphatase) during 48-week treatment with a
once-weekly dose of 17.5mg risedronate (solid lines) and a once-daily
dose of 2.5mg risedronate (broken lines). * P < 0.05: Two-sample
Wilcoxon test for between-group differences

however, no significant differences in NTX decreases were
observed between the once-weekly and once-daily dosing
groups. BAP also decreased after 12 weeks of treatment,
and low levels were maintained over the 48-week treatment

period (Fig. 3c). The percent decreases in BAP at week 48
in the once-weekly and once-daily dosing groups were 33.3
+19.9% and 34.0 £ 21.5%, respectively, and no significant
difference was found between the groups.

Safety assessment

The overall safety profiles of the once-weekly and once-
daily treatments showed no distinct differences. The inci-
dence of any adverse event was similar in both treatment
groups, but the incidence of adverse events assessed by the
investigator to be drug-related tended to be lower with the
once-weekly treatment compared with the once-daily treat-
ment (24.9% vs 32.2%; Table 3). Most of the drug-related
gastrointestinal adverse events were mild; 8 of moderate
severity were reported out of 245 (3.3%) patients in the
once-daily treatment group, whereas, in the once-weekly
treatment group, only 1 patient (0.4%) experienced an
event of severity moderate (P = 0.0173). No severe gas-
trointestinal adverse events were reported. The incidence of
abnormal changes in laboratory parameters assessed by the
investigator to be drug-related was significantly lower in
the once-weekly regimen than in the once-daily regimen.
Laboratory parameters that contributed to this imbalance
included alanine aminotransferase, aspartate aminotrans-
ferase, y-glutamyltransferase, and urinary occult blood.

Discussion

The clinical noninferiority of once-weekly treatment with
35mg risedronate compared with once-daily treatment with
5mg risedronate has been well established [15,16], and a
once-weekly 35-mg dosage regimen is being used widely in
many countries outside Japan, as an alternative to a daily
dosage regimen, to treat postmenopausal osteoporosis.
However, this once-weekly dosage regimen could not be
directly applied to Japanese patients, due to a difference in
basal daily dose. In previous studies [7,8], we have demon-
strated that treatment with a daily dose of 2.5mg
risedronate increased lumbar spine BMD and decreased
the risk of vertebral fractures in Japanese osteoporotic pa-
tients. These results were comparable to results in Cauca-
sian patients treated with a daily dose of 5mg. A 2.5-mg
once-daily dosage regimen has been approved for the treat-
ment of involutional osteoporosis in Japan. Accordingly,
in this study, we compared the effect of once-weekly
treatment with 17.5mg risedronate on lumbar spine BMD,
with that of once-daily treatment with 2.5mg, in Japanese
patients with involutional osteoporosis, to prove the
noninferiority of the once-weekly regimen compared with
the once-daily regimen.

The mean increase in L2-1.4 BMD from baseline to week
48 was 5.36% with the once-weekly regimen, and 5.87%
with the once-daily regimen, and the between-group differ-
ence (once-daily vs once-weekly) was -0.5% (95% CI,
-1.35%, 0.35%). The result showed that the 95% CI of the



Table 3. Summary of adverse events
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Once-weekly Once-daily X -test
Number of patients 249 245
Any adverse events® 212 (85.1%) 215 (87.8%) P =0.396
Drug-related adverse events® 62 (24.9%) 79 (32.2%) P=0071
Gastrointestinal adverse events® 30 (12.0%) 43 (17.6%) P =0.085
Abdominal distension 1(0.4%) 4 (1.6%) NT
Upper abdominal pain 4 (1.6%) 5(2.0%) NT
Constipation 6 (24%) 9 (3.7%) NT
Dyspepsia 1(0.4%) 3(1.2%) NT
Gastritis 2 (0.8%) 3(12%) NT
Stomach discomfort 15 (6.0%) 13 (53%) NT
Abnormal laboratory parameters 22 (8.8%) 37 (15.1%) P =0.032
Alanine aminotransferase increased 3(1.2%) 5(2.0%) NT
Aspartate aminotransferase increased 4 (1.6%) 6 (2.5%) NT
v-Glutamyltransferase increased 6(2.4%) 15 (6.1%) NT
Urinary occult blood positive 4 (1.6%) 5(2.1%) NT

NT, not tested
ax? test for 2 ~ 2 cross-table

®Patients who experienced one or more adverse events were counted only once
“Patients who experienced one or more gastrointestinal adverse events were counted once for

each event

between-group difference fell entirely on the positive side
of the range of the predefined noninferiority margin
(>~1.5% A), indicating the noninferiority of the once-
weekly regimen compared with the once-daily regimen. The
primary analysis to demonstrate noninferiority was per-
formed using the PEP (n = 409), and the additional analysis
using the PPS (n = 404) showed consistent results. The once-
weekly dosage regimen was as effective in Japanese patients
as in Caucasians; the magnitude of the increase in L2-14
BMD in the present study was comparable to or even
greater than those obtained in Caucasian patients treated
once weekly with 35mg risedronate (3.94%) or once daily
with 5mg risedronate (4.00%) [15]. The increase in L.2-14
BMD in present once-daily 2.5-mg group was entirely con-
sistent with data obtained in a previous study in Japanese
patients (4.93%) [7]. Complying with the Japanese Guide-
line, we included male patients with involutional osteoporo-
sis in our study: 3 in the once-weekly group and 9 in the
once-daily group. Although the male patients in both
groups showed a considerable increase in L2-1L.4 BMD (4.43
+2.14% in the once-weekly group, and 6.01 +4.91% in the
once-daily group), the sample size was too small to show
statistical noninferiority of the once-weekly treatment.
The biochemical bone: resorption markers — urinary
NTX and CTX - which are considered to be a sensitive
endpoint to predict the reduction of risk of vertebral frac-
tures [24], as well as long-term changes in vertebral BMD
[25], decreased significantly after 4 weeks in both our
dosage regimens, suggesting an early onset of action of
risedronate. Decreases in NTX and deoxpyridinoline were
similar and showed no significant difference between the
once-weekly and once-daily dosing groups, whereas CTX
decreased a little more with the once-daily treatment com-
pared with the once-weekly treatment. The bone formation
marker BAP also decreased after 12 weeks. This delay in
the response of BAP suggests that inhibition of bone forma-
tion may occur secondarily in association with the inhibition

of bone resorption induced by bisphosphonates [26]. The
time-course profiles of these markers were similar for the
once-weekly and once daily dosage regimens.

Both the 17.5-mg once-weekly and the 2.5-mg once-daily
dosage regimens were well tolerated by Japanese patients
and no delayed adverse events were shown. With the once-
weekly treatment, the incidence of drug-related adverse
events tended to be lower than that with the once-daily
treatment. The incidence of drug-related abnormal changes
in laboratory parameters with the once-weekly regimen was
significantly lower than that with the once-daily regimen.
Upper gastrointestinal disorders have been a well-known
adverse effect of bisphosphonates and are considered to be
dependent on the frequency of contact with the gastrointes-
tinal mucosa, rather than the dose of bisphosphonate [27].
The incidence of drug-related gastrointestinal disorders, all
of which were mild to moderate in severity, was lower in our
patients with the once-weekly regimen than in those with
the once-daily regimen; the numbers of patients who expe-
rienced moderate gastrointestinal disorders were signifi-
cantly lower with the once-weekly compared with the
once-daily regimen. Also, the numbers of patients who were
withdrawn from the study due to the occurrence of adverse
events were smaller with the once-weekly regimen. These
results suggest that reducing the dosing frequency may re-
duce the risk of gastrointestinal adverse events, by reducing
the occasions on which the upper gastrointestinal tract is
exposed to the drug, even though a dose sevenfold larger
than the daily dose is given at a time.

The efficacy and safety of long-term therapy with a once-
daily dosage regimen of risedronate have been confirmed
{5,6], but a longer observation period for therapy with
a once-weekly dosage regimen of risedronate may be
also important.

In conclusion, in Japanese patients with involutional os-
teoporosis, once-weekly treatment with 17.5mg risedronate
produced increases in lumbar spine BMD and decreases in
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bone turnover markers similar to those seen with once-daily
treatment with 2.5 mg risedronate. The once-weekly dosage
regimen of risedronate was well tolerated, with favorable
safety profiles compared with the once-daily dosage regi-

Appendix. Other members of the Risedronate Phase 11l Research Group

men. The once-weekly dosage regimen is expected to pro-
vide a more convenient therapeutic option as an alternative
to the once-daily dosage regimen, and to enhance patient
compliance in long-term therapy for osteoporosis.
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2T, BMPICE o TIRREVPLZVEMIICTHL B
TR HETE D (BMPOESHELEI L 2B
BRR). BMPERMKR, MBI Y VRERIC
BT A2HMELEATED, FERRETOSLE
SFLILTED,
BMPDDNAZ HWB ToREFERDY
REbNTWB?, LA L, vector DELM,
BRSNZBOBOHEHNEORE S 7+ L2k
INTwRvldis, RAGICRERE - Twvkn,
MBEIMLDRE L 0 2 B OMERZEAT
VE, Thbd, TOMEEECRADEROE
SRR OHRE T LA 88 2B (B iBLiE
XETHME)LLT, P2, F088, 7
WIitrETIvsR, IV TRII v IR,
NAFRFTREL L, B-TCPY YWY T
KEROBCELILTVE (K1), BIZSILE

(pore size 100~400 um) BN B IHF T
HbbLEInhL,

COLHCEOBEZKOBED DD
FHoTHD, EREIZOVTE, WAKRE
&, #EE, MERCT Chtbold 2000
BLhoTwa,

- BMPIC &SR BEERW

LD &5 ICBEEEROEM L LTk 8 FHRSA
MR Dex vivo TOER & B, BMPEERFHEA
LA FEEEEREBISNLHENfTbRATER
A, EEE et FAEELRZCHENDY,
HFEICEEsTwiw, ThonfEst Zke
ELHHEE LTBMPOBREFEY (L FEIY oY
¥+~ FBMP I thBMP) 2 BV CHREER2T)
DHERATHELETHAI LEIONS,

BELEITTCLIRBCERINTD
rthBMP-2%H%h4o, LhRU-HELTER
EEBRTARMORBBEZIREI T TE
o, DZTREOBBELER, 5108 E M
BEriconTaRs,



4 THERBEERSavtoclavellBRICLD
BERR 4 BORER

AL AutoclavelLE B D A DControldd, EERD

BWHEEEDH R, B thBMP-2 5ug/ §-TCP

15mg/polymer 15mg?» A >~ 79 > b %autoclave

NBEEABICE)AALE, LEFRBCESY:

FREEHD, ABRELEKOBRMN2SNTVE.

1. BMPOA%{L2HM

BMP&, EREFMBAMBIIL - TEES
BENDRE2EBOETORELFTLERR
BHA PALV)TCHE, TORZREROTFIE
EORMEL LTiE, 2EBBOSFEIZI0kDam%Z
TRKEOBVIREHEFTTHL. L2, 73
J BEFICHCREPSATITEOV AT A VIR
#O @ Hrransforming growth factor- 8 (TGF-
B)EE—THB., Lkdo>T, BMPIFTGF-§
superfamily BT A —8 Ofamily 22 L Tw
AV, 7R/ BEFIOBEREERES, 22AE
't FBMP4TIE= 7 ABMP-4 O 7 3 /EEECS &
8 U TNEKEBEL 2 2 AT OERNAEND D
HTHLH, FROLE PBMPI, TR, Fv
b, THF, LR, REERET S EHEEEH
RN,

BB CIEBMP-2~BMP-150 14T O 4-F »*
AEshTwd BMP-1ROLITHS a4 VL
LTkhbrlayoas—4>1 -0 - Mich
TE5ISHFF—L L LCHERETE2HBMP
family» S BA SN 2) A5, 05 L ERRREE
FE2E L Tin vivolo B TEREIZERELS
X4 BHBEARR S NLT»BDIIBMP-2, BMP
-4, BMP-6, BMP-7(0OP-1), BMP-9T#® %*".
ThENOBMPO B4 EBWENREDE NI

WIE BHREBELT 775

B & Tl a0 as, SEREY L EFREER" Y
T bNBFHEIZIEBMPE X U BMPEEMHD
BUPEERRH2BoTnb s TV A,
BMP® Z kT4 FHERE T idcystine knot & F5F
PEEBENDHY, ELHTRELEETD
B, LIAoT, BHELIZE L, EBITT30S
REOHNETLEPBERIR-NZY. Tib
t, EYMHL LTORE - BeRicRT A RER
BEAERVEEIGRS,

2. BMPICX3RESELED/HD
BHEER (DDS)

rhBMP? EARBIEIC & 5 BETREHRIMEE
BREINTTEDERTCRIM TS,

Hev e+ 2 BICBMPR{EH s € TEYU 2,
KESOFHBEFFUT HADICX, BMPER
FICELBRBIRKT 2%, T4HEBMPIZ
5 L 7zdrug delivery system (DDS) (F 7013484
BHRETHS. BMPOEEKIZKRO LN AT L
LT, SR LTEESR L, RERE
AELRVWZE, AARIETHE L, £EH
BECRERETHLI L, REVPEHTHEIL
REPBROLNLE, ThLOBHEERETINEL
LTHRP ORYEREIS - v BAVLRTE
7=, BRARTCIEEFENFER P EREANEIERD
THOBMPOEAL LTS ¥V EHLR
Tw5",

LL, 29—4#iBMPHDDSE LTEE
gkl T W2y, 2ER5, BRIEED
PodliE, ENWMBEMABRLETREELR
VW OPDOMEFREN T ERLTH S, T
Zhb, 33— IIRROR/EREENCE
AL hTwi00REERELTHEI &S
b, REZ-IRBEVELMEATAILICIARR
RED) A2 AfEiRasnhszd, 26, AFH
Wy o TWAEERE EOBRED ) AL 15
ELTwAIERYTHA. LA L, BRKTIE,
FHRNFESHIZALTY Y EF Y FBMPE
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ZOMBEOFHRD T DICER S IEBMPOBEK
ELTTAMET 5 £EBTHEAREF ) ~—D5H
BefFoTE L. RETHRMEEERIUESTRH
Ne—Thh FEBELEIZIODL)LEBREZFTA
Bk L THEBEOSR XY v —2ARELE
(polylactic acid-polyethylenglycol block co-
polymer : PLA-PEG)*™. I DpolymeriZZE D
BMPZEM L TAKICEMTZ EEBFEICLE
PRrECLBEHREIRID, B L 2polymer: &
Z#®b 5. TOpolymerDHEMITT CIBELT
NEZHUBRFEBR L TWAFE 221,

BERTIE, OBMP/polymer HEHH %
Bos b8 BRETHHEETETD
5., RERIE, 9y PHERE Ccritical 2B KR
EHEEL, 5ug®DrhBM-2%2 48 L Zzpolymer
pelletZ BHER S AWM CER L EHEB LUER
BN OBRPTRTHS (H2)®, T/~ 7
HEEHBOILNICBMP/polymer s #AT A =
ETUBHBELZR >4 79 AR LE
REBEBEDTIRTH L. 7HXKEEIC15cmD
critical defect B LABOBFHS&TEFA LR 3
KR, 2oL HIcSILE S-TCPD L S
2 EBBIER B 2 BB SR 2R &3
BBEEFTRTHE. EPCbIDL VTSIV b
EHORE, 1 208emild BEAWEREBDE
SR ERBTITETH 5,

Ly L, ZOpolymerdRmée LT, BETIR
AR 201, T KRB ERR S
Phb IOREURTELHIT, ZDOBMP/
polymer e & D &R f —tricalcium
phosphate ( f ~TCP) 1K % polymer & S FiBF+
HIETHEIRICL, BT st®mBLL.
IR X STA V79 v MEEOBRANZITHI
L, #ERIhZEHLIZIZEMT 2720, BERE
UTBMPIR B BHRYBE LITA T L2 A
MTHB. FMEEERT D LCEZORE
CEBTRTHhMEE G LT 2. o0
BMP/polymer/ f—-TCP powder AAH 4% v
KHE, VHX¥TCORRBAFERICE L

BMPOEIX, 7 CICHREESNTWEMO T V-
THhODRBHERCBITLILERIROH/6L
AH15 ug/sideThH H, KIELX2BMPOEBHE
WL T HZ &AL, T/, W
rhBMP-2/ ~TCP/ polymeriE& K% BEREPHE
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WL THE L DRABRIEZ ATRERHLEZ LT
wa,
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HEOHER

1. BMPOEE : BiialH =

BMP H W/ R RARTHARHERR T BR
BAL, OB EE2 DI RRT<&2ME
B 2PFEELTwE. B 1ICBMPICH TS
BERCEEX DD, & HBLLASWE TS
BEFENZ EBMSNTWE, Lo T, ¥
FTEBMPIIH T 5 GEEMEL, vTAD
1/15~1/30L EE SN T w5, Thbb—EERD
BHMTAETLOICETLZBMPEST ALK
HLTIS~30BOBHEFSLBLW)I I LILE
5. TORRE, REVIHFTIEBLEMEICES
EDHBEEIRES L.

fr& ZIEHE, 25— R4 LS,
EMTRImOFEELHRT H-0I101H
lmgDBMPHULETCH S, TOMEDEHRICE
TR & S ZBMPODDSOEMENHR,
BMPIZX T B IS ER Y BHLRHAOR 7 ) —=
7, BMPOABHERYEORREIH 2 £
FAONZAD, MIIBMPOAWIEHETHIET 2
FEe LT, MBEACAMP (eyclic adenosine
monophosphate) D AERESE T & 5 phosphodies:
terase inhibitorsABMPDIEH: %1k 22 L%



gﬁ%bfl”"m,
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b TRARS® CX o THBMPOERER =
WIET BRENH B L EELMCLTHE, T
LhB, polymerliBMPIEMATI G DWER
£ 5T 52 LT, BMPIZ L 5 BHMEREENS
PR 2EREERBEINDIIEERVELTWA,
o DBMPRE 2 WE S EAPEIX, wih
bR MCAMPRE* LR SR EFBEL DI
RoTWAh,

g5, MBRNCAMPREERIZE T,
BMPY ¥ FVoMlR Y S rmgifEgsn
52&, ERBMPY /T VZEBERETFTH S
Smad6 D BERTFHBEASIBENBZ LC LD,
HEENICBMPERSABRSHIERSI L TWE D
EHBOSNICLTWAEY. 35BN ZBMPERE
OWMEDELPERTENT B —EBMPAER %
BROTEBTERENDS.

2. BREOY®R

B 3E DR R & T3 sulfated polysaccha-
rides®™, AIWICERINARTF FTH A
B2A2" 2 TGF § ZEMABERAEEH" ™ & Lo9s
BMPO#iR &AM I 25 XS L OHTIFHBA
THED, in vivo TOBMPEROMBEFTHF S
5, ThooBRAEZBMPIC X 2 BHEEEACIH
B¥aZ&izXy, X DZHRE - RS0y &HEE
DEENTRIC2Y, FEASEEETAAIILE
MheieA*H 5. BMPOABIALMETIZL2E
FlROUBLBETHE. 2BEBMPOERK
L REBE T2k < ShWHRAE (chinese hamster
ovary : CHOMER) B w o b, LAaL, BE
DWE T, CHOMMB Lo TEBE SN2 O
v¥3 v bBMPL IZIZRBOEWEREE L
BMP* KIRETCHERTEHLOILTHY,
TAMOBREAGELIRAGH|ESINDODOH
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ERBRONAICORNEROE 2D ) TS
PEEY, BURRIERTRBZENERLZE
TR TE 5.

BIE WEREEHELT 117
FOORBLEEREE

BMPUSADH £ F# 4 » S HEETFC, BE
ERELXRIFELEADDOD D,

Kawaguchibid, BERBEFHRERRF
(basic fibroblast growth factor : bFGF, FGF-2)
#DDSIENA FuZ v BT, non-human
primatesD B EBOEELHAL L LHBELT
WaA®, %, bFGFZERIZAVWAFHERRE
#h L UHEEXEELIR, BERKGRRERZ
ETERTVWHERMIIA-T YA,

WELHIFETREFEICHEITABMPODDSE L
T, HARFEIER ) —BIUFF-TCPEAHAWT
B2 EERBETERERL LTHATVENR,
FDEPICLBESOBBORELDDSELT
DEPEMBEEN TG, HE2IFa-TCPEE
B L) YBANY Y AEEA Y P PEiE
BIGAERE LN FOF T35 4 b2 g
FaFo 7Ry 4 bR ABEEESILEY, £
HENAFPeF TR 254 VBB
= 2 TChDL FROLOEMRCOCTIE, &
RELER - |ELTVLH, SFT ML
PHEEL, BHESELICELEYLEETRST
BLLLSGHBOEERMERTHA.
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R X D Bone and Joint Decade& B L
2001~2010 ¥ COEMOPHIICH LY, H
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»21Y2VYVF 2 'BMPR BV BBAER,
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