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Abstract This study evaluated the clinical efficacy of

treatment with oral risedronate (17.5 mg once daily) for

8 weeks in 11 Japanese patients with Paget’s disease of

bone (PDB). Risedronate suppressed the excessive bone

turnover associated with PDB and improved several bio-

chemical markers, including serum alkaline phosphatase

(ALP), serum bone-specific ALP (BALP), urinary deoxy-

pyridinoline (DPD), and urinary cross-linked N-telopeptide

of type 1 collagen (NTX). These markers began to decrease

within about 2 weeks after the initiation of treatment in

most patients, and the response persisted for up to

40 weeks after the cessation of treatment. Risedronate

reduced pain by week 24 in most patients. According to

quantitative bone scintigraphy, the lesion with the highest

radioisotope (RI) uptake showed a decrease of uptake from

12.7 ± 6.8 to 6.0 ± 2.3 (mean ± SD) in week 24,

although each lesion of patients with polyostotic disease

had a different scintigraphic response. Overall, risedronate

at a dose of 17.5 mg once daily was well tolerated by

patients with PDB, even though the dosage was seven

times higher than that approved for the treatment of oste-

oporosis in Japan (2.5 mg once daily). In conclusion,

treatment with high-dose risedronate for 8 weeks resulted

in clinically significant and sustained improvement of

biochemical markers of bone turnover for 48 weeks in

patients with PDB, and this improvement was associated

with a decrease of RI uptake by Paget’s bone lesions and

with reduced pain.

Keywords Risedronate � Paget’s disease of bone �
Alkaline phosphatase � Pain relief � Bone scintigraphy

Introduction

Paget’s disease of bone (PDB) is a chronic disorder char-

acterized by focal areas of excessive bone turnover [1–3].

PDB is the second most common metabolic bone disease

after osteoporosis in both Europe and North America [1, 2],

where it has been estimated to affect approximately 1–5% of

individuals aged over 55 years [1–6]. Marked geographic

variations in the prevalence of PDB have been reported.

This disease has a high prevalence in Western Europe, New

Zealand, Australia and the United States, whereas a rela-

tively low prevalence has been reported in Northern Europe,

and PDB is extremely rare in Asia and Africa [1–7]. Indeed,

the overall prevalence of PDB in Japan was reported to be

only 2.8 per million, which means that the total number of

patients would range between 200 and 300 [7].

There are essentially no differences of the underlying

pathophysiology, clinical signs and symptoms, and diag-

nostic criteria between PDB in Japan and this disease in the

high-prevalence countries [2, 3]. However, management of

PDB in Japan differs from that in the high-prevalence
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countries, partly because of the marked difference in

prevalence. Recent clinical studies performed in Europe

and the United States have shown that the second- and

third-generation bisphosphonates are preferable to first-

generation products because these are more effective at

suppressing bone turnover, so these potent bisphosphonates

are commonly used as first-line therapy in these countries

[8–10]. In Japan, however, calcitonin and etidronate were

the only pharmaceutical treatments approved for PDB until

very recently, and there were no data about the efficacy of

second- and third-generation bisphosphonates for Japanese

patients.

Accordingly, the aim of this phase III clinical study was

to evaluate the efficacy, tolerability, and safety of risedr-

onate in Japanese patients with PDB by examining several

biochemical markers of bone turnover and by bone

scintigraphy.

Materials and methods

Patients

Eight male and 4 female patients aged 20–85 years with

PDB diagnosed according to the standard clinical criteria

of the Japanese Osteoporosis Society [11] were enrolled in

this study. Enrolment criteria included a serum alkaline

phosphatase (ALP) level more than twice the upper limit of

the normal range and a period of at least 2 years since

menopause in the female patients. Patients had not been

treated or had failed to respond to bisphosphonate or to

calcitonin.

Exclusion criteria were as follows: treatment with bis-

phosphonates within 8 weeks before the beginning of the

study; treatment with other drugs that could affect bone

metabolism (calcitonin and vitamin D preparations) within

4 weeks or for 4 weeks or more within 24 weeks before the

beginning of the study; esophagitis and/or peptic ulcer

(esophageal, gastric, or duodenal ulcer); disorders that

could delay esophageal transit (e.g., dysphagia, esophageal

stenosis, and achalasia); inability to maintain a standing or

upright sitting posture for 30 min or more; hyperparathy-

roidism, hyperthyroidism, and/or osteomalacia within

1 year before the start of the study; serious renal, hepatic,

or cardiac disease; and malignancy being treated with

chemotherapy.

Study design

This was a phase III, multicenter, noncomparative, open-

label study of oral risedronate (17.5 mg once daily for

8 weeks), with a 40-week posttreatment follow-up period,

which was conducted between April 2006 and October

2007. The study protocol was approved by the Institutional

Review Board of each participating institution, and all

patients provided written informed consent. This study was

conducted in compliance with Good Clinical Practice

guidelines, and conformed to the ethical principles set out

in the Declaration of Helsinki. The investigators who

participated in this study are listed in the Appendix.

After a washout period for previous PDB treatments

(8 weeks for bisphosphonates or 4 weeks for other agents

such as calcitonin), each patient was given 17.5 mg

risedronate orally once daily for 8 weeks. The dosage was

based on the results of a phase III study from North America

[12] and previous studies of risedronate performed in Jap-

anese osteoporosis patients [13–16]. Risedronate was sup-

plied by Ajinomoto and by Takeda Pharmaceutical

Company. Throughout the 48-week study period, concom-

itant use of drugs known to influence PDB, such as other

bisphosphonates or calcitonin, was prohibited.

Assessment of efficacy

Serum and urinary biochemical markers of bone metabo-

lism were investigated to determine the percent changes of

serum ALP, serum bone-specific ALP (BALP), urinary

deoxypyridinoline (DPD), and urinary cross-linked N-tel-

opeptide of type 1 collagen (NTX) from baseline to week

48. All urinary parameters were corrected for creatinine

(CRN) excretion. Other outcome measures included the

evaluation of pain and scintigraphic assessment of bone

lesions.

Serum and urine samples were collected at baseline

and in weeks 2, 4, 8, 12, 16, 24, 32, 40, and 48 for the

measurement of bone metabolism markers. All markers

were measured at a central laboratory (SRL, Tokyo,

Japan) by standard methods. Serum ALP was determined

by the Japan Society of Clinical Chemistry (JSCC)

method using Cica Liquid ALP (Kanto Chemical, Tokyo,

Japan), and serum BALP was determined by an enzyme

immunoassay (Osteolinks ‘‘BAP’’; Quidel, San Diego,

CA, USA). Urinary NTX was measured by an enzyme-

linked immunosorbent assay (Osteomark; Inverness

Medical Japan, Tokyo, Japan), and urinary DPD was

determined by high-performance liquid chromatography

(SRL, Tokyo, Japan).

Pain at rest was assessed by each patient with a visual

analogue scale (VAS) on which 0 mm corresponded to no

pain and 100 mm represented maximum pain. Pain was

assessed at baseline, in week 8, and in week 24.

Paget’s bone lesions were assessed and staging of the

disease was done by plain radiography and bone scintig-

raphy at baseline and in week 24. Scintigraphy was done

by performing a bone scan at 3 h after the injection of
99mTc-labeled methyl diphosphonate (MDP). Images were
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input into digital analyzers, and the area and intensity of

lesions were quantified through digital image processing.

For scintigraphic assessment, the region of interest (ROI)

was drawn around each bone lesion, and the radioisotope

(RI) uptake ratio was calculated as the uptake in the ROI

relative to that at a non-Paget’s reference site, which was

either the contralateral bone (if normal) or an unaffected

humerus. The mean radioactivity per pixel of each lesional

ROI was divided by that of the reference ROI to calculate

the RI uptake ratio as described previously [17–20]. To

perform staging of PDB, a Central Assessment Committee

with four members was organized. To minimize variation

in the assessment of imaging data, one committee member

confirmed the eligibility of each patient and the ROIs on

bone scintigraphy images at baseline. During the study, the

four committee members independently viewed bone

images to assess disease progression and then reached a

consensus regarding the disease status by discussion.

Assessment of safety

Adverse events were recorded throughout the study. Vital

signs and results of laboratory tests (i.e., hematology tests,

biochemistry tests, and urinalysis) were also monitored.

Each adverse event was assessed with regard to its fre-

quency, severity (mild, moderate, or severe), timing of

onset, and relationship to risedronate therapy.

Statistical analysis

A previous survey estimated that the total number of PDB

patients in Japan was only a few hundred [7], so the sample

size was set at ten, considering the feasibility of patient

recruitment. The statistical power was calculated to be

100% with a group of ten patients when a one-sample t test

was applied with significance accepted at P \ 0.05 based

on the percent changes of biomarkers during a phase III

study performed in North America [12].

For efficacy variables, the changes from baseline to each

time point were assessed with a one-sample t test, and

P \ 0.05 was considered as statistically significant. Results

are presented as the mean ± standard deviation (SD).

Results

Twelve patients (8 men and 4 women, aged 68.6 ±

7.7 years) were enrolled in the study, and they were all

treated with 17.5 mg risedronate orally once a day for

8 weeks. The demographic characteristics of the patients

are described in Table 1.

One patient suffered from recurrence of bile duct cancer

during this study. Because the recurrent cancer led to the

elevation of serum ALP and BALP, we concluded that it

was not appropriate to assess efficacy in this patient.

Accordingly, the efficacy assessment was done in the

remaining 11 patients who completed the 40-week follow-

up period. With respect to the baseline bone metabolism

markers of these 11 patients, the mean serum ALP and

BALP levels were 1090.3 ± 616.6 and 189.7 ± 153.0 U/l,

respectively; mean urinary DPD and NTX were

28.9 ± 14.3 pmol/lmol�CRN and 390.9 ± 164.1 nmol

bone collagen equivalents (BCE)/mmol�CRN, respectively.

These values were similar to the mean baseline values for

the original 12 patients.

Biochemical markers of bone metabolism

The mean percent changes of bone formation markers

(serum ALP and BALP) from baseline to week 48 are

shown in Fig. 1. Both markers decreased significantly from

week 8 to week 48 compared with baseline (P \ 0.001).

After 8 weeks of treatment, mean serum ALP and BALP

levels were decreased by 45.8% and 49.1%, respectively,

and the markers continued to decline during the subsequent

16-week period. The maximum mean reduction from

baseline was seen in week 24, with a reductions of 63.2%

for serum ALP and 71.6% for serum BALP. Similar levels

were then sustained until week 48.

With respect to the serum ALP excess*, which is a

parameter used in previous overseas studies to combine

data from different laboratories where the normal range

varied [21, 22], there was a reduction of 85.3% in week 24

and 82.1% in week 48.

� Serum ALP excess ¼ serum ALP

� upper limit of normal rangeð
þ lower limit of normal rangeÞ=2

The mean percent changes of the bone resorption

markers (urinary DPD and NTX) from baseline to week

48 are shown in Fig. 2. Both markers decreased

significantly from week 2 to week 48 compared with

baseline (P \ 0.001). After 8 weeks of treatment, the mean

urinary DPD and NTX levels were decreased by 56.4% and

78.3%, respectively, with similar levels being maintained

until week 48.

Individual serum ALP levels were decreased by 47.7–

82.7%, with the mean maximum reduction being 66.4%.

During the period from week 8 after the initiation of

treatment to week 40, 9 of 11 patients showed reduction to

within the normal range, and the level was within the

normal range until the final observation in week 48 for 7

patients. The 2 patients who did not show reduction to the

reference level both had polyostotic disease. For these

patients, the baseline value and the lowest value after
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starting treatment were 2770 and 717 U/l versus 1429

(48.4% reduction) and 375 U/l (47.7% reduction),

respectively.

Assessment of pain (VAS)

Table 2 shows the profile of VAS pain scores over time.

The mean baseline VAS score was 12.0 ± 15.0 mm; it

decreased to 10.0 ± 13.4 mm in week 8 and to

6.2 ± 11.8 mm in week 24. With respect to individual

patient responses, there were 9 symptomatic patients with

pain at baseline. The VAS score was decreased by week 8

in 7 patients and 5 patients had no pain (0 mm) in week 24;

1 patient was unchanged and 1 showed minimal

deterioration.

Radiologic assessment

Plain radiography and bone scintigraphy revealed that Pa-

get’s disease was of the mixed type (lytic-sclerotic) in all

lesions of all patients, with polyostotic disease in 6 patients

and monostotic disease in the others. Abnormal RI uptake

was detected at a total of 36 sites in 11 patients at baseline.

The most common sites were the pelvis (n = 8), lumbar

vertebrae (n = 5), femur (n = 4), and thoracic vertebrae

(n = 4). The mean value of the highest RI uptake ratio for

the bone lesions identified at baseline in each patient

decreased from 12.7 ± 6.8 to 6.0 ± 2.3 by week 24. The

mean change from baseline was –6.7 ± 6.1, and the

reduction was significant (P = 0.004). Ten of the 11

patients (90.9%) showed a decrease of the RI uptake ratio,

Table 1 Demographic and

baseline characteristics of 12

Japanese patients with Paget’s

disease of bone

ALP alkaline phosphatase, BMI
body mass index, BALP bone

alkaline phosphatase, BCE bone

collagen equivalent, CRN
creatinine, DPD
deoxypyridinoline, NTX cross-

linked N-telopeptide of type 1

collagen, RI radioisotope, SD
standard deviation

Normal range: serum ALP,

115–359 U/l; serum BALP, 13–

33.9 U/l (male) and 9.6–35.4 U/

l (female); urinary DPD, 2.9–

9.7 pmol/lmol�CRN; urinary

NTX, 13–66.2 nmol BCE/

mmol�CRN (male) and 14.3–89

nmol BCE/mmol�CRN

(postmenopausal female)

Variable No. of subjects, n (%):

mean ± SD

Min.–max.

Sex

Male 8 (66.7) –

Female 4 (33.3) –

Age (years) 68.6 ± 7.7 57–81

Height (cm) 159.8 ± 8.4 150–177

Body weight (kg) 59.2 ± 9.8 43.5–75.5

BMI (kg/m2) 23.2 ± 3.7 18.1–31.3

Years after menopause

Only the four women 17.0 ± 2.9 14–20

Biochemical bone metabolism markers

Serum ALP (U/l) 1093.9 ± 588.0 717–2770

Serum BALP (U/l) 188.7 ± 146.0 109–610

Urinary DPD (pmol/lmol�CRN) 28.0 ± 14.0 12.1–51.6

Urinary NTX (nmol BCE/mmol�CRN) 380.3 ± 160.6 201.5–680.5

Imaging findings

Type of disease

Monostotic 6 (50) –

Polyostotic 6 (50) –

Highest RI uptake ratio 12.4 ± 6.6 3.8–23.7

Visual analogue scale pain score (mm) 11.7 ± 14.4 0–50

History of treatment for PDB

Yes/no 9/3 (75/25) –

Etidronate

Yes/no 4/8 (33.3/66.7) –

Etidronate ? calcitonin

Yes/no 2/10 (16.7/83.3) –

Other bisphoshonates

Yes/no 3/9 (25/75) –

Past medical history

Yes/no 10/2 (83.3/16.7) –

Current complications

Yes/no 11/1 (91.7/8.3) –
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although 1 patient had an increased uptake ratio for six of

seven lesions.

Adverse events

The incidence of adverse events is summarized in Table 3.

Except for one case of bile duct cancer recurrence, the

adverse events were mild to moderate. Five events that

were potentially related to risedronate occurred in 3 of the

12 patients (25.0%), and these events included three epi-

sodes of diarrhea and one each of stomach discomfort and

peripheral edema. All these events were mild, and all

resolved. With regard to upper gastrointestinal disorders,

which are a well-known concern with bisphosphonate

therapy, stomach discomfort occurred in 3 of the 12

patients (25.0%), but only one event was potentially related

to risedronate therapy, as already noted. All these events

were mild and all resolved.

With regard to the biochemical parameters, serum cal-

cium decreased slightly during risedronate treatment

because of the inhibitory effect on bone resorption, and
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Fig. 1 Percent changes (mean ± SD) of serum alkaline phosphatase

(ALP) and serum bone-specific ALP (BALP) in 11 Japanese patients

with Paget’s disease of bone treated for 8 weeks with risedronate

(17.5 mg orally once daily) and observed for the following 40 weeks

(to week 48)
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Fig. 2 Percent changes (mean ± SD) of urinary deoxypyridinoline

(DPD)/creatinine and urinary cross-linked N-telopeptide of type 1

collagen (NTX)/creatinine in 11 Japanese patients with Paget’s

disease of bone treated for 8 weeks with risedronate (17.5 mg orally

once daily) and observed for the following 40 weeks (to week 48)

Table 2 Pain assessment by visual analogue scale (VAS) in 11

Japanese patients with Paget’s disease of bone treated for 8 weeks

with risedronate (17.5 mg orally once daily) and then observed for

16 weeks (to week 24)

Patient VAS length (mm)

Baseline Week 8 Week 24

1 8 8 8

2 50 44 38

3 0 0 0

4 0 0 0

5 24 15 0

6 1 0 0

7 8 7 5

8 4 1 0

9 16 20 17

10 19 15 0

11 2 0 0

Mean ± SD

(mm)

12.0 ± 15.0 10.0 ± 13.4 6.2 ± 11.8

Mean change from

baseline (mm) (P value)

–2.0 ± 3.5

(P = 0.085)

–5.8 ± 8.6

(P = 0.049)

Scores of 0 and 100 mm indicate no pain and maximum pain,

respectively

Table 3 Summary of adverse events in 12 Japanese patients with

Paget’s disease of bone treated for 8 weeks with risedronate (17.5 mg

orally once daily) and observed for the following 40 weeks (to week

48)

Item No. of

patients (%)

Evaluated for safety 12 (100)

Adverse events 11 (91.7)

Adverse events potentially related to risedronate 3 (25.0)

Serious adverse events 1 (8.3)

Serious adverse events potentially related to risedronate 0

Upper gastrointestinal adverse events 3 (25.0)
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serum intact parathyroid hormone (PTH) increased as a

compensatory mechanism to restore the serum calcium

level. Serum calcium and intact PTH levels returned to

baseline after the completion of treatment. None of the

patients developed symptomatic hypocalcemia.

Discussion

This Japanese phase III study demonstrated that oral

risedronate at a dose of 17.5 mg once daily for 8 weeks

could significantly decrease the abnormal levels of
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Fig. 3 Bone scintigraphy radioisotope (RI) uptake ratios for the

individual lesions of 6 Japanese patients with polyostotic Paget’s

disease (A) and 5 Japanese patients with monostotic Paget’s disease

(B) treated for 8 weeks with risedronate (17.5 mg orally once daily)

and observed for the following 16 weeks (to week 24): a-1, patients

with a similar reduction; a-2, a patient with no response; a-3, patients

with a different response
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biochemical markers that had been increased by activation

of bone metabolism associated with PDB, and the

improvement was maintained for up to 40 weeks after the

cessation of drug treatment. Risedronate normalized the

serum ALP level in 9 of 11 patients (81.8%) during the 48-

week study period and reduced the pain scores of most

patients in week 24.

Bone lesions were assessed by quantitative bone scin-

tigraphy in the present study. Risedronate reduced the RI

uptake ratio of bone lesions in the majority of patients

over 24 weeks, with a reduction to approximately half of

baseline for the mean RI uptake ratio. Figure 3 shows the

time course of the RI uptake ratio for the individual

lesions of 6 patients with polyostotic disease (Fig. 3A) and

5 patients with monostotic disease (Fig. 3B). The RI

uptake ratios of polyostotic lesions showed the following

three distinct patterns (Fig. 3A): 2 patients had a similar

reduction of the ratio in all bone lesions (a-1), 1 patient

exhibited no response (a-2), and 3 patients had differing

responses of different lesions (a-3). In the patients with a

different response of each lesion (Fig. 3A, a-3), the

greatest reduction was seen for the lesion with highest

uptake at baseline. Possible factors explaining this finding

include the preferential uptake of bisphosphonate (risedr-

onate) by the most severely affected lesion [20, 23, 24], as

is seen with diagnostic 99mTc-labeled MDP for bone

scintigraphy, and/or a difference in the lytic, blastic, and

mixed components of each bone lesion. Despite the sup-

pression of biochemical markers, 1 patient exhibited no

response to treatment based upon bone scintigraphic

assessment (Fig. 3A, a-2). Avramidis et al. [20] reported

one similar case in a study of zoledronic acid treatment.

The overall findings of bone scintigraphy suggested that
99mTc-labeled MDP uptake is not necessarily decreased

selectively in Paget’s bone compared with healthy bone

and that the reduction of bone uptake after bisphosphonate

treatment could depend on the severity and/or the stage of

each lesion. Therefore, biochemical markers of bone

metabolism may be more sensitive and useful for moni-

toring the response to treatment.

Serum ALP, serum BALP, urinary DPD, and urinary

NTX were simultaneously measured in this phase III study

to evaluate the impact of drug therapy on biochemical

markers of bone turnover. It was demonstrated that urinary

NTX, a bone resorption marker, showed a significant

decrease of 53.0% in week 2 (P \ 0.001). Its response to

risedronate was faster and more prominent than that of the

other markers (see Figs. 1, 2), reflecting the antiresorptive

mechanism of action of bisphosphonates. This finding

suggests that urinary NTX might be a useful marker for

monitoring the response of PDB to treatment.

Our results for the biochemical markers showed that the

effects of risedronate at 17.5 mg daily in Japanese PDB

patients were almost equivalent to those obtained with

30 mg daily in Europe and the United States [12, 25, 26], at

which dosage the drug exhibited a stronger and more

prolonged effect than etidronate [12]. Our results for bio-

chemical markers were similar to the findings obtained

with other second- and third-generation bisphosphonates,

including alendronate [27], ibandronate [28], pamidronate

[25, 27, 29], and zoledronic acid [20, 30]. Moreover,

risedronate at 17.5 mg daily had a scintigraphic effect in

Japanese PDB patients that was similar to other second-

and third-generation bisphosphonates [18–20], and greater

improvement was observed than had been seen in a pre-

vious Japanese study of etidronate [31]. With regard to the

optimal dose of risedronate, previous pharmacokinetic

studies demonstrated that the maximum plasma concen-

tration (Cmax) and the area under the plasma concentration–

time curve (AUC) of risedronate were two to three times

higher in Japanese subjects compared with Caucasians

because of bioavailability differences [32, 33]. This finding

has been confirmed clinically: dosages of 2.5 mg once

daily and 17.5 mg once weekly produce results in Japanese

osteoporosis patients equivalent to 5 mg once daily and

35 mg once weekly in Caucasian patients [13–16]. Because

risedronate acts on PDB via the same mechanism as for

osteoporosis, mainly by suppressing excessive bone turn-

over through the inhibition of bone resorption, approxi-

mately half the clinical dose of risedronate used in Europe

and the Unites States for PDB should exhibit sufficient

efficacy in Japanese PDB patients.

In this Japanese phase III study, risedronate was well

tolerated despite the fact that the dosage of 17.5 mg once

daily is seven times higher than the approved dosage for

osteoporosis in Japan. No clinically significant adverse

drug reactions were observed. These results are consistent

with overseas clinical trials, in which the tolerability of

risedronate was the same as that of etidronate [12].

This study demonstrated the efficacy and safety of

risedronate for Japanese PDB patients by assessing bio-

chemical markers, quantitative scintigraphy of bone

lesions, and symptoms over 48 weeks, although the sample

size was relatively small because of the low prevalence of

PDB in Japan. Our findings will contribute to improved

understanding of the risk/benefit ratio for risedronate in

PDB patients and will also help to identify the long-term

clinical outcome.
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