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Abstract The objective of this study was to determine

the safety and efficacy of long-term minodronate treatment

in women with postmenopausal osteoporosis based on re-

analysis of a phase III 2-year clinical trial with a 1-year

extension. Women aged 55–80 years old with fragility

fractures were enrolled and randomized to take 1 mg mi-

nodronate or placebo once a day in the original 2-year

study. The subjects who completed the 2-year study were

invited to participate in an additional 1-year extension in

which all subjects were to receive minodronate. Finally, a

total 380 subjects completed the extension study (186 from

the placebo group and 194 from the minodronate group).

Fracture results observed in the extension study were

consistent with those observed in the first 2 years in mi-

nodronate group. In contrast, the placebo/minodronate

group showed a decreased incidence of new vertebral

fractures during year 3 compared to that in year 2. In the

patients who received minodronate in the original 2-year

study, lumbar bone mineral density (BMD) increased

consistently during year 3 and bone turnover markers

decreased within the first 6 months and remained constant

thereafter over 3 years. Similar positive effects of mi-

nodronate on BMD and bone turnover markers occurred

when therapy was initiated in the placebo/minodronate

group. No new safety concerns observed during the

extension period compared to the safety observations made

during the 2-year study. It was concluded that daily

administration of 1 mg oral minodronate is safe and well

tolerated, and that the efficacy of this dose in reducing

vertebral fracture risk in postmenopausal women over

2 years is sustained with continuing treatment.

Keywords Osteoporosis � Bisphosphonate �
Minodronate � Fracture prevention

Introduction

Osteoporosis and osteoporosis-related fractures are major

concerns in many countries due to the rapid increase in the

elderly population. This has led to development of drugs

for prevention of fragility fractures. Among anti-osteopo-

rosis agents, nitrogen-containing bisphosphonates are the

most commonly prescribed for prevention and treatment of
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postmenopausal osteoporosis. This class of drugs includes

minodronate (ONO-5920/YM529), which is currently

marketed in Japan for treatment of osteoporosis [1, 2].

Preclinical studies have shown that minodronate is at least

10 times more potent than alendronate in inhibiting bone

resorption in vivo and in vitro [3] with intermediate min-

eral-binding affinity [4]. A double-blind head-to-head trial

of minodronate and alendronate in women with postmen-

opausal osteoporosis showed that treatment with each drug

for 12 months increased bone mineral density (BMD) at

the lumbar spine and the hip in a similar manner [1]. A

phase III trial conducted to examine the effect of daily oral

1 mg minodronate for 2 years showed a significant

reduction of 59% in the risk of vertebral fracture [2].

Since bisphosphonates are likely to be prescribed for

more than 3 years, it is important to determine if the anti-

fracture effect is sustained in long-term treatment. There-

fore, the objective of this study was to determine the safety

and efficacy of long-term minodronate treatment in women

with postmenopausal osteoporosis, based on re-analysis of

a phase III 2-year clinical trial with a 1-year extension.

Materials and methods

Study design

A 3-year prospective multicenter intervention study,

including a 2-year randomized, double-blind, placebo-

controlled study and a 1-year extension study were per-

formed. A full description of the original 2-year study has

been published elsewhere [2]. Data for the patients who

participated in the extension study were re-analyzed in the

current work.

Patients

The subjects in the original 2-year study [2] were women

aged 55–80 years old with 1–5 fragility fractures between

the T4 and L4 vertebrae, and a lumbar BMD\80% (T score

-1.7 at the lumbar spine) of the young adult mean (YAM)

[5]. In the 2-year study, subjects who met all the entry

criteria were sequentially assigned an allocation number

independent of the study site. Subjects were randomized to

take 1 mg minodronate (Astellas Pharma, Tokyo, Japan) or

placebo once a day and were treated for 24 months. The

subjects were instructed to take their tablet on rising and

30 min before breakfast with water. All subjects received

daily calcium (600 mg) and vitamin D (200 IU) supple-

mentation once a day after the evening meal.

The subjects who completed the 2-year study were

invited to participate in an additional 1-year extension, in

which all subjects were to receive minodronate (1 mg

daily). As in the original 2-year study, all subjects also

received 600 mg daily of supplemental calcium and vita-

min D3 (200 IU). Adherence with the study treatment was

assessed using medication diaries and counts of residual

drug supplies.

This study was conducted with protection of patient

rights, as outlined in the Declaration of Helsinki, and was

approved by the appropriate institutional review boards.

All subjects gave written informed consent before under-

going any examination or procedure, and all study proto-

cols were conducted in compliance with Good Clinical

Practice.

Assessment of fractures

Vertebral fractures were determined based on lateral

radiographs of the thoracic and lumbar spine, as described

in the report of the original 2-year study [2]. Briefly, pre-

valent fractures were judged to be present based on a ratio

of anterior or middle vertebral body height to posterior

vertebral body height \0.8 [6]. Quantitative and semi-

quantitative techniques [7, 8] were used to identify incident

vertebral fractures for the purpose of efficacy determina-

tion. Lateral and anterior-posterior radiographs of the

thoracic and lumbar spine were taken at 6, 12, 18, 24, 30,

and 36 months for assessment of incident fractures. An

incidence of new vertebral fracture was diagnosed if the

anterior, posterior, or middle vertebral height decreased by

at least 15% and by 4 mm in a vertebra that was normal at

baseline, or semiquantitatively as a progression in grades

[6]. The assessment was performed in a blinded fashion.

All non-vertebral fractures were identified symptomati-

cally as clinical fractures, and only non-traumatic fractures

assessed by investigators were recorded. Suspected clinical

fractures at six non-vertebral sites (humerus, radius/ulna,

clavicle, pelvis, femur, and tibia/fibula) were only listed if

confirmed radiographically.

Assessment of bone mineral density

Bone mineral density of the lumbar spine (L2-4) in pos-

teroanterior projections was measured by dual-energy

X-ray absorptiometry (DXA) at baseline and 6, 12, 18, 24,

30, and 36 months. BMD measurements were performed in

centers in which DXA for the lumbar region and hip was

available. Of the centers involved in the study, 19 were

equipped with QDR series machines (Hologic, Waltham,

MA, USA), 6 with DPX series (General Electric Company,

Fairfield, CT, USA), 2 with XR series (CooperSurgical,

Inc., Trumbull, CT, USA), and 1 with a BMD 1X series

(Hitachi Medical Corporation, Tokyo, Japan) machine for

BMD measurements. A central facility (Department of

Nuclear Medicine, Kawasaki Medical School, Okayama,

440 J Bone Miner Metab (2012) 30:439–446

123



Japan) performed quality assurance. The DXA machines

were calibrated with standardized phantoms.

Assessment of bone turnover

Serum and urine samples were collected at baseline and 6,

12, 18, 24, and 36 months for measurement of bone turnover

markers, including urinary total deoxypyridinoline (DPD)

measured by high-performance liquid chromatography

(SRL, Tokyo, Japan) after acid hydrolysis, urinary type I

collagen N-telopeptide (NTX) (Osteomark; Ostex Interna-

tional, Seattle, WA, USA), serum bone-specific alkaline

phosphatase (BALP) (Osteolinks BAP; Quidel, San Diego,

CA, USA), serum osteocalcin (BGP-IRMA kit; Mitsubishi

Kagaku Iatron, Tokyo, Japan), and serum 25-hydroxyvita-

min D [25(OH)D] (125I RIA kit; DiaSorin Inc., Saluggia,

Italy). For these tests, subjects were asked to visit study sites

in the morning, but were not required to visit in a fasted state.

Assessment of adverse events

All subjects were questioned about adverse events at each

visit, and all reported adverse events were analyzed,

regardless of the assessment of causality by investigators.

The Medical Dictionary for Regulatory Activities (Med-

DRA, Version 8.1J) was used to categorize reported

adverse events.

Statistical analysis

All data analyses were performed by statisticians from

Ono Pharmaceuticals under the supervision of one of the

authors (Y.O.), who also confirmed the validity of these

analyses. The safety analysis population comprised all

patients who received at least one dose in either treatment

group. A full analysis set (FAS) was used for primary

analysis of bone turnover markers because these data can

change rapidly due to protocol violations, interruption of

therapy, or concurrent illness. Statistical analyses were

performed using SAS (SAS Institute, Cary, NC, USA).

We evaluated the cumulative incidence of vertebral

fractures for 3 years using an actuarial method (the life-

table method). Lumbar spine BMD was expressed as a

percentage relative to 100% at baseline. Differences in

BMD between baseline and each measurement point were

tested by paired t test. Those between the minodronate and

placebo/minodronate groups were tested by unpaired t test.

Data for bone turnover markers were expressed as a per-

centage relative to 100% at baseline, and differences

between the minodronate and placebo/minodronate groups

were tested by unpaired t test. Differences were considered

to be significant if the p value was \0.05.

Results

Patient characteristics and disposition

Of the 492 subjects who completed 2 years of treatment,

444 agreed to participate in the 1-year extension study (218

from the placebo group and 226 from the minodronate

group). A total of 380 (186 from the placebo group and 194

from the minodronate group) completed the extension

study (Fig. 1). The characteristics of the extension study

population at the time of enrollment into the original study

(Table 1) were similar to those of the original cohort [2].

Minodronate

Registered for continuous 
examination

n= 226

Placebo / Minodronate

Registered for continuous 
examination

n= 218

Safety analysis

n= 219

Safety analysis

n= 209

Treatment failure

n= 7

Treatment failure

n= 9

FAS

n= 215

FAS

n= 205

Protocol violation

n= 4

Protocol violation

n= 4

PPS

n= 194

PPS

n= 186

Protocol violation
Data incomplete

21

Treatment failure
Protocol violation
Data incomplete

19

Fig. 1 Enrollment and outcomes. Of the 492 patients who completed

2 years of treatment, 444 agreed to participate in the extension study

(218 from the placebo group and 226 from the minodronate group). A

total of 380 patients (186 from the placebo group and 194 from the

minodronate group) completed the extension study. FAS full analysis

set, PPS per-protocol set
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Fractures

Four subjects in the placebo/minodronate group and 6 in

the minodronate group had at least one new morphometric

vertebral fracture during the extension study. The Kaplan–

Meier estimates of the incidence of new vertebral fractures

after 36 months of treatment were 13.6% in the minodro-

nate group and 23.5% in the placebo/minodronate group in

the FAS population (Fig. 2). The incidence of new verte-

bral fractures during year 3 was 2.0%/year for the placebo/

minodronate group and 2.9%/year for the minodronate

group. In the minodronate group, the incidence of new

vertebral fractures during year 3 was similar to that during

year 2 (4.2%/year). In contrast, the placebo/minodronate

group showed a decreased incidence of new vertebral

fractures during year 3 compared to that in year 2

(10.3%/year).

Non-vertebral fractures that occurred during the 1-year

extension study were determined from reports of clinical

fractures and confirmed by radiographs. The rate of non-

vertebral fractures of 3.9% (8 subjects) in the placebo/

minodronate did not differ significantly from that of 3.3%

(7 subjects) in the minodronate group.

Bone mineral density

Lumbar spine BMD was measured in 125 patients (64 in

the minodronate group and 61 in the placebo/minodronate

group). Over 3 years, minodronate treatment produced a

significant increase in lumbar spine BMD of 10.4% from

baseline, with a steady increase from 6 to 36 months

(Fig. 3). The changes in the minodronate group were sig-

nificant compared with baseline and with placebo at

24 months. Lumbar spine BMD increased steadily in a

linear manner from 24 months until the end of the exten-

sion study. In the placebo/minodronate group, lumbar spine

BMD did not increase in the first 2 years, but was signif-

icantly increased by 6.1% by minodronate administration

during year 3.

Table 1 Demographics and baseline characteristics of subjects

Characteristic Minodronate

(n = 215)

Placebo/

minodronate

(n = 205)

Age (years) 71.1 (0.4) 71.1 (0.4)

Height (cm) 147.66 (0.41) 147.39 (0.40)

Body mass index (kg/m2) 23.26 (0.21) 23.54 (0.23)

Time since menopause (years) 21.3 (0.5) 21.4 (0.5)

Number of prevalent vertebral

fractures

1.9 (0.1) 1.9 (0.1)

With one fracture [n (%)] 106 (49.3) 103 (50.2)

With two fractures [n (%)] 52 (24.2) 47 (22.9)

With three or more fractures

[n (%)]

57 (26.5) 55 (26.8)

Lumbar BMD (% of YAM) 64.77 (0.65) 64.74 (0.65)

Serum 25(OH)D (ng/mL) 24.96 (0.42) 26.17 (0.42)

Serum BALP (U/L) 32.62 (0.66) 33.23 (0.90)

Serum osteocalcin (ng/mL) 9.21 (0.19) 9.12 (0.20)

Urine total DPD (pmol/lmol Cr) 8.66 (0.25) 8.89 (0.23)

Urine NTX (nmol BCE/mmol Cr) 49.49 (1.47) 51.76 (1.60)

Data are means [SE] for the indicated number of subjects in each

group
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Bone turnover markers

Bone resorption markers

In the minodronate group, urine DPD and NTX were rap-

idly reduced by 42.87% and 49.83% within 6 months,

respectively, and remained relatively constant thereafter

(Fig. 4a, b). In the placebo/minodronate group, these

markers were reduced by 4.37 and 9.65%, respectively,

within 6 months, and there were significant differences

between the two groups until 2 years. After initiation of

minodronate treatment in year 3, the markers in the pla-

cebo/minodronate group showed substantial reductions. At

the end of the 3-year study period, there was no significant

difference between the two groups in urine DPD and urine

NTX in the placebo/minodronate group was lower than that

in the minodronate group.

Bone formation markers

In the minodronate group, serum bone-specific alkaline

phosphatase (BALP) and osteocalcin (OC) showed

reductions of 46.44% and 45.73% from baseline, respec-

tively, within the first 6 months and remained constant

thereafter (Fig. 4c, d). In the placebo/minodronate group,

small reductions of these respective markers by 13.66%

and 15.20% from baseline were observed within the first

6 months, but there were significant differences in both

markers between the two groups after 2 years. After initi-

ation of minodronate treatment in year 3, substantial

reductions in both markers were observed in the placebo/

minodronate group, and the differences with the minodr-

onate group had disappeared at the end of the 3-year study

period.

Serum calcium and 25(OH)D

No significant change was observed in serum calcium and

25(OH)D during the 3-year study period.

Safety

The proportion of subjects reporting serious adverse events

or withdrawing due to an adverse event during the
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extension study was similar in the minodronate and mi-

nodronate/placebo groups (Table 2). The incidence of

gastrointestinal tract adverse events also was similar in the

two groups (Table 2). Neither osteonecrosis of the jaw nor

atypical subtrochanteric or diaphyseal femoral fracture [9]

was observed in either group. Overall, minodronate was

well tolerated during the extension study, with no new

safety concerns observed during the extension period

compared to the safety observations made during the

2-year study.

Discussion

This study was designed to determine the long-term effi-

cacy and safety of minodronate in women with postmen-

opausal osteoporosis, based on re-analysis of a 2-year

prospective double-blinded randomized study with a 1-year

extension. Although the extension study did not have a

placebo arm, the data showed no indication of any loss of

anti-fracture efficacy after 2 years of minodronate treat-

ment. In addition, those patients who had been on calcium

and vitamin D supplementation for 2 years and then

received treatment with minodronate showed a substantial

reduction in the incidence of vertebral fracture after

6 months of minodronate administration. In the patients

who received minodronate in the original 2-year study,

lumbar BMD changes were consistent and bone turnover

markers decreased within the first 6 months and remained

constant thereafter over 3 years. Similar positive effects of

minodronate on BMD and bone turnover markers occurred

when therapy was initiated in the placebo/minodronate

group, which is consistent with previous extension studies

of bisphosphonates [10].

In the original 2-year study [2], a large number of

vertebral fractures occurred during the first 6 months in

both the minodronate and placebo groups. We speculated

that some of these vertebral fractures might actually have

occurred before drug administration was started, since the

assessment of vertebral fractures at baseline was performed

within 2 months of the start of minodronate administration

[2]. On the contrary, in the extension study, minodronate

treatment reduced the incidence of vertebral fracture to

1.5% in the placebo/minodronate group during the first

6 months, compared to 6.4% during the last 6 months of

placebo treatment. This preventive effect might reflect the

fundamental potential of minodronate under conditions in

which calcium and vitamin D levels are sufficient. In the

original 2-year study, when fractures during the first

6 months were eliminated, the risk of vertebral fractures

from 6 to 24 months was reduced by 74% in the minodr-

onate group, which is very similar to the reduction

observed during the first 6 months in the extension study in

the placebo/minodronate group. In previous fracture pre-

vention studies of bisphosphonates and selective estrogen

receptor modulators, relative risk reductions for 3 years of

47% [11], 41% [6], and 30% [12] were found with

alendronate, risedronate, and raloxifene, respectively.

Therefore, the relative risk reduction due to minodronate in

the current study is comparable to or greater than those

produced by other drugs, although we note that this com-

parison is not based on a head-to-head trial.

The changes in lumbar spine BMD and bone turnover

markers were consistent with continuing efficacy over

3 years, and over-suppression of bone turnover markers

was not observed. These results are reassuring regarding

both the long-term efficacy and safety of minodronate

treatment. The findings of continuing benefits with long-

term minodronate treatment are important, given the

chronic nature of osteoporosis. The increase in BMD

changes in the current study is similar to those in previous

studies with alendronate [13, 14] and risedronate [6], which

demonstrated sustained increases in BMD for up to

3 years. The increases in lumbar spine BMD were largely

due to an increased degree of secondary mineralization

[15]. It is also possible that part of the increase in lumbar

spine BMD was artifactual due to progressive osteoarthritic

changes with aging.

With regard to the safety profile of minodronate, the

drug appeared to be well tolerated during this 3-year study.

Safety assessment is difficult due to the lack of a placebo

arm, but the overall incidence of adverse events in year 3

was similar to that in the first 2 years of the study [2],

especially with regard to gastrointestinal adverse events.

Osteonecrosis of the jaw and atypical subtrochanteric or

diaphyseal femoral fracture are major concerns in patients

with longer term administration of bisphosphonates. We

did not observe these adverse events in either group, but

the risks for these events are low in patients receiving

Table 2 Summary of adverse events

Minodronate Placebo/minodronate

Drug-related adverse events

No. of patients 219 209

Total 26 (11.9) –

First year 14 (6.4) 11 (5.3)

Second year 8 (3.7) 10 (4.8)

Third year 9 (4.1) 12 (5.7)

Drug-related gastrointestinal adverse events

No. of patients 219 209

Total 17 (7.8) –

First year 12 (5.5) 5 (2.4)

Second year 2 (0.9) 1 (0.5)

Third year 4 (1.8) 1 (0.5)
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bisphosphonates for less than 3 years [16, 17]. Therefore,

observation of patients treated with minodronate for a

longer period is needed to clarify the longer term risk of

these adverse events.

The present study has several limitations. The number of

patients was relatively small and the extension study did

not have a placebo arm. It is also possible that patients who

elected to enter the extension study were not representative

of the original cohort and may differ from patients who

elected not to participate in this part of the study. There-

fore, we did not perform a statistical comparison of the two

groups or periods in the fracture risk incidence. However,

the baseline characteristics of the extension cohort were

similar to the original study cohort, which indicates that the

results of the study are likely to be reflective of the entire

cohort. A strength of the study is that spinal radiographs

were obtained for all patients at entry and at the conclusion

of the study, which allowed an accurate assessment of the

incidence of radiographic vertebral fractures.

In conclusion, a 1-year extension study in postmeno-

pausal osteoporotic women showed that daily administra-

tion of 1 mg oral minodronate is safe and well tolerated,

and that the efficacy of this dose in reducing vertebral

fracture risk in postmenopausal women over 2 years is

sustained with continuing treatment. The study also dem-

onstrated that initiating minodronate therapy after 2 years

of calcium and vitamin D treatment had the expected

positive effects on fractures, bone turnover markers, and

BMD.
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