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Background: Clodronic acid, a first-generation bisphosphonate, has been suc-Abstract
cessfully used in the treatment of high bone turnover states, Paget’s disease and
osteolytic bone metastases. However, controversies remain over its optimal
dosage and method of administration in the treatment of postmenopausal osteo-
porosis. In this study we aimed to evaluate the effect of clodronic acid treatment
for 3 years on bone mineral density (BMD) in women with postmenopausal
osteoporosis.
Methods: This was a prospective, open-label, randomised, controlled study that
was conducted in an outpatient clinic at the Bone Metabolism Unit of a tertiary
referral centre university hospital. Thirty postmenopausal women (age range
48–73 years) with osteoporosis and a control group of 49 osteoporotic women
(age range 47–74 years) received randomised therapy. The clodronic acid group
of participants received oral doses of clodronic acid 800mg plus elemental
calcium 500mg and 400IU of vitamin D daily, while the control group was treated
with calcium and vitamin D only. BMD was measured by dual energy x-ray
absorptiometry at yearly intervals. Biochemical markers of bone turnover were
also measured.
Results: In this clinical study of postmenopausal women with osteoporosis, 36
months of clodronic acid treatment significantly increased average femoral neck
BMD by 3.2 ± 2.9%, trochanter BMD by 2.2 ± 2.9% and lumbar spine BMD by
3.1 ± 3%. In the control group, femoral neck, trochanter and lumbar spine BMD
decreased by –6 ± 2.7%, –7.3 ± 2.5% and –5.4 ± 2%, respectively (p < 0.01, p <
0.05 and p < 0.05 for clodronic acid vs control, respectively). There was a
significant decrease in urinary hydroxyproline (–38.3%) over 3 years in the
clodronic acid group compared with baseline (p < 0.05), while no significant
change occurred in the control group. Clodronic acid was well tolerated and
compliance was good. There were no clinically meaningful differences in the
incidence of individual adverse events between the groups.
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Conclusion: These results indicate that daily oral administration of clodronic acid
800mg provides benefits to skeletal bone density in osteoporotic postmenopausal
women. Calcium and vitamin D supplementation alone did not prevent further
bone loss.

Introduction While clodronic acid has been shown to prevent

postmenopausal bone loss and can be administered

Postmenopausal osteoporosis is a chronic, both orally and parenterally in either cyclical or
debilitating disorder characterised by low bone mass continuous regimens, it has not been clearly estab-
and micro-architectural deterioration of bone tissue, lished what the optimal dosage and regimen for
leading to a decrease in bone strength and suscepti-

clodronic acid administration should be.[12-14] A dai-
bility to fractures.[1] It is estimated that a 50-year-old

ly oral dose of clodronic acid 400mg given intermit-White woman has a 40% risk of developing an
tently or continuously has been used in several stud-osteoporotic fracture during her remaining lifetime,
ies.[15-17] However, clodronic acid given at a dose ofresulting in increased disability and mortality.[2]

This high prevalence of osteoporosis occurs because 1500mg intravenously every 3 months failed to in-
of low postmenopausal estrogen, which results in crease spinal bone mineral density (BMD) at 12
progressive bone loss secondary to a combination of months in patients receiving home parenteral nutri-
increased bone turnover and excessive bone resorp-

tion.[18] In another study, a daily oral dose of
tion relative to bone formation.[3]

clodronic acid 800mg failed to prevent corticoste-Bisphosphonates, which are selective inhibitors
roid-induced bone loss among asthmatic patients.[19]

of osteoclast-mediated bone resorption, have been
In that study, spinal BMD could be increased onlyshown to have positive effects on bone mass and
with oral clodronic acid doses of 1600mg or morebone strength. Clodronic acid (dichloromethylene

bisphosphonate) is a first-generation bisphospho- administered daily. In another study, beneficial ef-
nate that has been used in the treatment of high- fects of weekly or biweekly intramuscular injections
turnover bone diseases such as Paget’s disease, oste- of clodronic acid 100mg on BMD were reported
olytic bone metastases and hypercalcaemia of ma-

after only 18–24 months of treatment.[20] However,
lignancy.[4-6] Clodronic acid also decreases the num-

only 50% of the patients were compliant with theber and rate of vertebral and non-vertebral fractures
treatment because of pain at the site of injection.in patients with breast cancer and myeloma.[7,8]

Clodronic acid induces rapid apoptosis in osteo- In the present 3-year prospective study, we inves-
clasts by preventing translocation of ADP into mito- tigated the efficacy, safety and tolerability of a daily
chondria after being internalised via resorption.[9]

oral dose of clodronic acid 800mg in patients with
Consequently, ATP production is inhibited, leading

postmenopausal osteoporosis. Changes in BMD of
to induction of apoptosis by means of release of

the lumbar spine and hip were the principal outcomecytochrome C into the cytoplasm.[10] Clodronic acid
measurements. The effects of clodronic acid therapyalso has some anti-inflammatory properties and
on biochemical indices of bone turnover and mineralcauses apoptosis of the macrophages of the liver and

spleen in rats.[11] homeostasis were also assessed.

© 2007 Adis Data Information BV. All rights reserved. Clin Drug Invest 2007; 27 (6)
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Eligible patients
(n = 134)

Excluded patients (n = 27)
Reasons
Not meeting inclusion criteria (n = 20)
Refused to participate (n = 5)
Other reasons (n = 2)

Randomised
(n = 107)

Allocated to clodronic acid (n = 50)
30 received clodronic acid
20 Did not receive clodronic acid
Reasons
Secondary causes of
osteoporosis (n = 10)
Withdrawal of consent (n = 6)
Moving to another city (n = 4)

Allocated to control group (n = 57)
49 received only calcium and vitamin D
8 did not receive calcium and vitamin D
Reasons
Secondary causes of osteoporosis (n = 5)
Refused to participate (n = 3) 

Lost to follow-up (n = 4)
Voluntary withdrawal (n = 2)
Discontinued intervention (n = 1)
Reason
Gastrointestinal  bleeding

Lost to follow-up (n = 10)
Voluntary withdrawal (n = 6)
Discontinued intervention (n = 1)
Reason
Gastrointestinal  bleeding

23 included in per-protocol analyses 32 included in per-protocol analyses

Fig. 1. Patient enrolment and outcomes. 

Subjects and Methods the trial were aged between 47 and 74 years at
baseline.

Women were excluded if they had disorders of
Subjects calcium metabolism, renal, thyroid or hepatic dys-

function, or other major systemic diseases, or if they
After an initial screening visit involving 134 am- had received any drugs known to cause or amelio-

rate osteoporosis. We did not exclude women with abulatory women who were at least 2 years postme-
history of peptic ulcer disease or upper gastrointesti-nopausal, 107 patients were randomly assigned to
nal bleeding.treatment groups if the BMD of their lumbar spine

All subjects gave informed written consentor hip was at least 2.5 SDs below the mean for
before enrolment into the study, and the study proto-premenopausal women or if they had one or more
col was approved by the institutional review board.non-traumatic and radiographically confirmed ver-

tebral compression fractures. However, 20 patients
Methods

from the clodronic acid group and eight from the
control group did not receive the allocated interven- The 30 women in the clodronic acid-therapy
tions for reasons shown in figure 1. All women in group were instructed to take two tablets of clodron-

© 2007 Adis Data Information BV. All rights reserved. Clin Drug Invest 2007; 27 (6)
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ic acid 400mg (Bonefos®, Er-Kim/Astra, Finland)1 analysis, involved the following determinations: in-
with a glass of water at least 30 minutes before tact parathyroid hormone (PTH), estradiol and
breakfast after an overnight fast and a daily supple- dehydroepiandrosterone sulphate (DHEA-S), which
ment providing 500mg of elemental calcium and were determined by electrochemiluminescence
400IU of vitamin D. The women were told not to lie (Roche Diagnostics, ECLIA, Modular Analytics,
down for at least 30 minutes after taking the drug. Elecys 170 module, Tokyo, Japan). Serum osteo-
The 49 women in the control group received 500mg calcin, free testosterone, 25-hydroxyvitamin D and
calcium and 400IU of vitamin D daily. Women in androstenedione were determined by radioimmu-
both treatment groups were given no advice about noassay using commercial kits. Insulin-like growth
their ordinary physical activity nor any specific in- factor-1 (IGF-1) and sex hormone binding globulin
structions regarding dietary calcium intake. (SHBG) were measured by a two-site immunoradi-

Both spinal and hip BMD and fracture rates were ometric assay (DSL-5600 and DSL-7400, Diagnos-
evaluated. Each participant underwent a physical tic System Lab, Inc., Webster, TX, USA).
examination at baseline and at 6-month intervals. After voiding the bladder, samples of urine pro-
Vital signs were recorded at regular study visits, and duced in the next 24 hours were collected using a
standard haematology and clinical chemistry tests container with 1mL of 6 mol/L of hydrochloric acid
were conducted at 0, 6, 12, 18, 24, 30 and 36 to prevent precipitation of calcium phosphate. The
months. Patients were questioned about any adverse urine samples were tested for calcium using the
events and compliance at these visits. Compliance Kramer-Tisdall method.[21] Hydroxyproline was
was also assessed by counting the tablets returned.

measured using the spectrophotometric method and
Serum and urinary chemistry profiles of all the adjusted for urine creatinine concentrations.[22,23]

patients were collected after a 3-day collagen-free Homocysteine was measured by HPLC.
diet. After an overnight fast, blood samples were

BMD (expressed as g/cm2) was measured at the
obtained by forearm venipuncture without stasis and

hip and posterior-anterior spine by dual x-ray ab-
then separated after clotting at room temperature.

sorptiometry at baseline and then annually using a
Liver function tests, measurements of serum calci-

Hologic densitometer (Hologic, Inc., Waltham, MA,
um (adjusted for serum albumin concentration),

USA). Subjects were required to have at least two
phosphate and creatinine concentrations (Roche Di-

evaluable lumbar vertebrae at baseline. Response toagnostics, Modular Analytics, DPP module, Japan),
therapy was calculated as the percentage changecomplete blood counts (Beckman Coulter, LH 750,
from baseline.Miami, FL, USA), erythrocyte sedimentation rate

Lateral thoracic and lumbar spine radiographsdeterminations (Becton Dickinson, Sedisystem,
were obtained according to published guidelines atMeylan, France), and microscopic examinations of
baseline and annually throughout the study. Thesediment from midstream urine specimens (Iris Di-
assessment of radiographic vertebral fractures atagnostics, IQ 200, Chatsworth, CA, USA) were
baseline has been described previously.[24,25] A newperformed before treatment and at each visit by
radiographic vertebral fracture was defined as aautomated methods. Biochemical determinations
reduction of ≥20% and at least 4mm in the height ofwere performed immediately. The tests carried out
any vertebral body.on the samples, which were frozen at –20ºC for later

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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Table I.  Baseline characteristics of patients included in the study

Characteristic Control group Clodronic acid group p-Value
(n = 49) (n = 30)

Age (y)

mean ± SD 55.4 ± 9 59.3 ± 5.9 NS
range 47–74 48–73

Months postmenopausal (mean ± SD) 109 ± 93 154 ± 91 0.041

Weight (kg) [mean ± SD] 66 ± 11 61 ± 14 NS

Height (m) [mean ± SD] 1.57 ± 0.06 1.55 ± 0.08 NS

BMI (kg/m2 ) [mean ± SD] 26.9 ± 5 25.1 ± 4.7 NS

Bone mineral density (g/cm2) [mean ± SD]

lumbar spine 0.923 ± 0.15 0.756 ± 0.119 0.0001

femoral neck 0.796 ± 0.13 0.617 ± 0.07 0.0001

trochanter 0.659 ± 0.11 0.554 ± 0.09 0.003

Ward’s triangle 0.648 ± 0.13 0.455 ± 0.07 0.0001

Fractures at baseline

subjects with prevalent vertebral fractures (%) 15 (18.9) 6 (7.5) NS

subjects with peripheral fractures (%) 3 (3.7) 6 (7.5) NS

total no. of fractures 29 20 NS
BMI = body mass index; NS = non-significant.

Statistical Analyses treatment was assessed by repeated ANOVA mea-
sures. Results are presented as the percentage of
women with fractures and the relative hazards,Baseline between-group comparisons were per-
presented as relative risk (RR) and confidence inter-formed by Student’s t-test and the chi-square (χ2)
vals (CIs), and calculated by survival analysis tech-test. BMD values were expressed as a percentage of

the baseline value in each subject, and the effect of niques using the log-rank test for clinical fractures.

Table II.  Summary of baseline biochemical variables of patients included in the study

Variable (serum concentration unless Control group Clodronic acid group p-Value
otherwise stated) (n = 49) (n = 30)

Calcium (mg/dL) 9.6 ± 0.5 9.6 ± 0.5 NS

Phosphate (mg/dL) 3.8 ± 0.4 3.7 ± 0.6 NS

Alkaline phosphatase (IU/L) 98 ± 55 83 ± 37 NS

Hydroxyproline 14.1 ± 6 20.3 ± 12.7 0.03
(mmol/mol creatinine)

Urinary calcium (mg/24h) 179 ± 79 144 ± 71 NS

PTH (pg/mL) 34.9 ± 17.7 34.7 ± 18.8 NS

Osteocalcin (ng/mL) 3.8 ± 3.4 6.8 ± 12.7 NS

25-hydroxyvitamin D (ng/mL) 20.4 ± 11.3 21.5 ± 12.9 NS

Estradiol (pg/mL) 19.6 ± 29.7 9.5 ± 15 NS

Free testosterone (pg/mL) 1.7 ± 1.6 1.4 ± 1.1 NS

DHEA-S (μg/dL) 117 ± 84 128 ± 73 NS

Androstenedione (ng/mL) 1.2 ± 0.7 1.3 ± 0.5 NS

IGF-1 (ng/mL) 169.5 ± 135 106 ± 69 NS

Homocysteine (μmol/L) 14.2 ± 5 8.2 ± 3.8 0.03

SHBG (nmol/L) 85.8 ± 59.8 95 ± 63 NS
DHEA-S = dehydroepiandrosterone sulphate; IGF-1 = insulin-like growth factor-1; PTH = parathyroid hormone; SHBG = sex hormone
binding globulin.

© 2007 Adis Data Information BV. All rights reserved. Clin Drug Invest 2007; 27 (6)
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Table III.  Mean percentage change from baseline in bone mineral density as measured by dual energy x-ray absorptiometry after 12, 24
and 36 months of treatment with clodronic acid

Location 12 months 24 months 36 months

Femoral neck

Clodronic acid –1.8 ± 4.1 3.5 ± 1.9a 3.2 ± 2.9a

Control 0.44 ± 2.1b –8.2 ± 2.4c –6 ± 2.7

Trochanter

Clodronic acid –0.06 ± 2.4 –0.58 ± 2.4 2.2 ± 2.9d

Control 0.24 ± 2.7 –2.1 ± 2.2 –7.3 ± 2.5c

Ward’s triangle

Clodronic acid  3.4 ± 4.1 4 ± 3.4d 4.9 ± 4.2a

Control –1.5 ± 4.4 –7.8 ± 2.6c –10.9 ± 3.3c

Lumbar spine

Clodronic acid 3.7 ± 2.6 3.8 ± 2.5d 3.1 ± 3d

Control 1.2 ± 1.8 –3.9 ± 2.1 –5.4 ± 2c

a p < 0.01 between groups.

b p < 0.01 vs baseline.

c p < 0.05 vs baseline.

d p < 0.05 between groups.

Bone turnover markers were analysed by ANOVA. women in this study. The two groups had similar
The incidences of adverse events, fractures and dis- demographic characteristics with regard to: body
continuation rates were analysed using Pearson’s χ2 mass index (BMI); number of baseline fractures;
test. Nonparametric methods were used if model serum calcium, phosphate and alkaline phosphatase
assumptions were not met. We also conducted an levels; urinary calcium excretion; and serum PTH,
intent-to-treat analysis. Results for all women with osteocalcin, IGF-1, SHBG, androgens, estradiol and
at least one follow-up visit were included in the 25-hydroxyvitamin D levels. However, there were
intent-to-treat analysis, and the last post-baseline significant differences between treatment groups at
measurement was carried forward to obtain the baseline for BMD values and months since meno-
endpoint measurement. All statistical tests were pause, since we defined osteoporosis as either hav-
two-sided with an α level of 0.05. The SPSS statisti- ing existing vertebral fracture and/or having a femo-
cal program (version 10.0; SPSS Inc., Chicago, IL, ral or vertebral T-score of –2.5 or less (table I).
USA) was used for all analyses. Table II shows the summary of baseline values for

biochemical markers in the two treatment groups.
Results There were significant differences between the

groups in terms of hydroxyproline and homocys-Of the 134 women screened, 79 were recruited
teine concentrations at baseline.into the study: 30 to the clodronic acid group and 49

to the control group. The average follow-up time Of the 79 women enrolled, BMD and biochemi-
was 22.5 months in both groups (clodronic acid cal test results were available for 45 and 51 partici-
12–36, mean 27 ± 11; control 12–36, mean 19 ± 11). pants in the first and second years of treatment,
The major clinical and biochemical baseline charac- respectively. Fifty-five participants completed 3
teristics of the 79 women enrolled in the study are years. A total of 24 participants were excluded from
shown in table I and table II. Vertebral fractures per-protocol analyses. The drop-out rates were not
were present in 21 (26.5%) of the postmenopausal different between the treatment groups (p > 0.05).

© 2007 Adis Data Information BV. All rights reserved. Clin Drug Invest 2007; 27 (6)
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The study was also conducted over a 3-year period Clinical Features
to analyse the safety and efficacy of treatment in an

Two patients in the clodronic acid group and one
intent-to-treat analysis, which yielded the same re-

in the control group developed new vertebral frac-
sults.

tures during the 3-year study period (Fisher’s Exact
test, p = 0.19; log rank test, p = 0.62; Breslow test,

Bone Mineral Density p = 0.35; RR 0.93; CI 0.82, 1.07). One patient from
the clodronic acid group and one from the control

Percentage changes in BMD from baseline group sustained a radial fracture during the study.
through to 3 years are presented in table III. Over 3 One patient from the control group had a rib frac-
years, subjects in the clodronic acid group exper- ture.
ienced significant increases in BMD from baseline
at the lumbar spine, femoral neck, femoral trochan-
ter and Ward’s triangle compared with the control
group (figure 2).
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Fig. 2. Effects of 3 years of clodronic acid treatment on bone mineral density (BMD): (a) femoral neck; (b) trochanter; (c) Ward’s triangle;
and (d) lumbar spine. * p < 0.05 between groups; ** p < 0.05 compared with baseline.
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Table IV.  Biochemical parameters at baseline and after 12, 24 and 36 months

Parameter Baseline 12 months 24 months 36 months

Serum calcium (mg/dL)

Clodronic acid 9.6 ± 0.5 9.9 ± 0.4a 9.7 ± 0.5 9.6 ± 0.5

Control 9.6 ± 0.5 9.4 ± 0.7 9.7 ± 0.4 9.5 ± 0.5

Serum phosphate (mg/dL)

Clodronic acid 3.7 ± 0.6 3.5 ± 0.5 3.5 ± 0.6a 3.7 ± 0.6

Control 3.8 ± 0.5 3.6 ± 0.5 3.9 ± 0.4 3.6 ± 0.3b

Urinary hydroxyproline (mmol/mol creatinine)

Clodronic acid 18 ± 10 14.5 ± 9.2a 12.9 ± 10.3a 11.1 ± 7.6b

Control 14.1 ± 6 16.9 ± 10.6 12.5 ± 7.8 12.4 ± 5.5

Serum osteocalcin (ng/mL)

Clodronic acid 3.3 ± 2.5 3.3 ± 2.4 3.1 ± 1.9 4.5 ± 3.5a

Control 3.3 ± 2.5 3.1 ± 2.7 5.1 ± 4.1 10.8 ± 12.5

Serum PTH (pg/mL)

Clodronic acid 32 ± 13 37 ± 22 38 ± 21 25.5 ± 15a

Control 34 ± 17 24 ± 17 30 ± 13 41 ± 14

Serum alkaline phosphatase (IU/L)

Clodronic acid 77.1 ± 30.4 73.6 ± 23.7 84.1 ± 37 85.2 ± 30a

Control 98 ± 55 81.4 ± 42 110 ± 75 135 ± 77

Urinary calcium (mg/24h)

Clodronic acid 144 ± 71 124 ± 69 98 ± 43c 164 ± 82

Control 179 ± 79 169 ± 71 195 ± 89 173 ± 75

a p < 0.05 between groups.

b p < 0.05 vs baseline.

c p < 0.001 between groups.

PTH = parathyroid hormone.

Biochemical Markers of Bone Turnover compared with baseline). The mean changes in se-
rum alkaline phosphatase and osteocalcin from
baseline did not significantly differ during 3 years ofBiochemical markers were evaluated by intent-

to-treat analysis. Compared with baseline, there was treatment with clodronic acid. However, alkaline
a significant decrease in urinary hydroxyproline phosphatase and osteocalcin concentrations were
over 3 years in the clodronic acid group but not in significantly lower in the clodronic acid group than
the control group (table IV). Compared with base- in the control group at the end of 3 years (table IV).
line, urinary hydroxyproline levels declined with In the control group, there was no significant de-
clodronic acid treatment by –19.4% in the first year crease from baseline in mean osteocalcin or in alka-
and by –28.3% after the second year of treatment line phosphatase levels during the study.
compared with an increase of +19.8% and a de-
crease of –11.3% in the control group at the end of

Indices of Calcium Homeostasis andthe first and second years, respectively (p < 0.05
Mineral Metabolismbetween groups, respectively). The reductions com-

pared with baseline at 3 years were –38.3% in the
The principal biochemical indexes of calciumclodronic acid group (p < 0.05 compared with base-

line) and –12% in the control group (p > 0.05 metabolism are shown in table IV. As noted in

© 2007 Adis Data Information BV. All rights reserved. Clin Drug Invest 2007; 27 (6)
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section 3, all values were comparable in the two clinical adverse experiences that occurred during the
groups at baseline (table II). study. The overall incidence of adverse events was

During the 3-year period of treatment, mean similar with no statistically significant differences
changes in serum calcium, serum PTH and 24-hour between treatment groups, as was the incidence of
urine calcium were not significantly different from serious adverse events. Common adverse events re-
baseline in either the clodronic acid or the control lated to the gastrointestinal system were reported by
group. Serum phosphate decreased significantly in eight (10.1%) subjects in the clodronic acid group
the control group compared with baseline in the and six (7.5%) in the control group. There were no
third year. clinically meaningful differences in the incidence of

individual adverse events between the groups
Associations between Measured Parameters (χ2 test, p = 0.11; Fisher’s test, p = 0.19), and most

of these events were mild to moderate in severity.We observed a positive correlation between BMI
The most common upper gastrointestinal tract ad-and femoral neck BMD (r = 0.44, p < 0.001) as well
verse events were dyspepsia and abdominal pain.as lumbar spine BMD (r = 0.31, p < 0.05). Negative
The serious adverse events were gastrointestinalcorrelations between femoral neck and lumbar spine
bleeding in two patients who had had no previousBMD and time since menopause were evident (r =
history of gastrointestinal haemorrhage, one in the–0.28, p < 0.05; r = –0.32, p < 0.01, respectively).
clodronic acid treatment group and the other in theThere was a significant negative correlation be-
control group. These subjects did not complete thetween lumbar spine BMD and urinary hydrox-

yproline levels (r = –0.4, p < 0.01). Lumbar spine study. No significant biochemical changes in renal,
BMD showed a significant positive correlation with hepatic or haematological parameters were observed
serum estradiol levels (r = 0.3, p < 0.05) and serum in either treatment group.
free testosterone concentrations correlated positive- There were no obvious differences between the
ly with BMD at the trochanteric region (r = 0.449, groups with respect to reasons for patient withdraw-
p = 0.019). However, no correlation was found

al, with the most common reasons for withdrawal in
between BMD and SHBG or IGF-I.

both groups being patient non-compliance and lack
of desire to continue the study. The number of

Adverse Events
subjects who withdrew from the study because of a
serious adverse event was similar across treatmentThe incidences of drug-related and/or unrelated
groups (χ2 test, p = 0.27; RR 0.93; CI 0.84, 1.02).adverse events were comparable between the treat-
Consistent with the efficacy findings, bone fracturesment groups. Table V summarises the categories of

Table V.  Number (%) of adverse events

Adverse event  Control group Clodronic acid group p-Value

Dyspepsia 5 (6.3) 6 (7.5) NS

Gastrointestinal haemorrhage 1 (1.2) 1 (2.5) NS

Radius fracture 1 (1.2) 1 (1.2 NS

Vertebral fracture 1 (1.2) 2 (2.5) NS

Rib fracture 1 (1.2) 0 NS

Nephrolithiasis 0 1 (1.2) NS

Thrombophlebitis 1 (1.2) 0 NS
NS = non-significant.

© 2007 Adis Data Information BV. All rights reserved. Clin Drug Invest 2007; 27 (6)
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In our control patients treated with only calcium
and vitamin D, a progressive decline in BMD at all
sites was observed. The difference in mean percent-
age changes in spine, femoral neck and Ward’s
triangle became statistically significant after 2 years
of treatment with clodronic acid, which is similar to
results reported in another study.[20] In our study, hip
and lumbar spine BMD did not increase further in
the third year of clodronic acid treatment and
reached a plateau, whereas there were statistically
significant additional decreases in the control group.
Clodronic acid also induced a significant decrease in
urinary hydroxyproline levels in the third year of the
study. On the other hand, markers of bone forma-
tion, i.e. alkaline phosphatase and osteocalcin, were
not suppressed compared with baseline during the
study, indicating that the antiosteoclastic effect of
clodronic acid did not impair osteoblastic function.
Clodronic acid produced a decrease in bone resorp-
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Fig. 3. Mean percentage change from baseline in bone mineral
density (BMD) over 3 years for clodronic acid and control
groups.* p < 0.05, ** p < 0.01.

tion but not in bone formation, thus causing uncou-
reported as adverse events did not differ between the pling, which in turn caused an increase in BMD.
groups. This may be due to its less potent activity compared

with amino-bisphosphonates such as alendronic ac-
Discussion id, which strongly suppresses both formation and

resorption of bone.[29]

In this clinical study of postmenopausal women
A marked increase in serum osteocalcin afterwith osteoporosis, 3 years of clodronic acid treat-

treatment with clodronic acid has in fact been previ-ment significantly increased average BMD com-
ously reported.[18] Furthermore, in another study inpared with the control group at the femoral neck, the
which raloxifene treatment was compared with thetrochanter, the lumbar spine and at Ward’s triangle
combination of raloxifene and clodronic acid, the(figure 3). Although there are several risk factors for
increase in osteocalcin in the combined therapyfractures, reduced BMD is the strongest predictor.
group was significantly higher, implying thatAn inverse relationship between BMD and the risk
clodronic acid could have stimulatory effects onof spinal and hip fracture has been reported.[26,27] In
osteoblasts.[30] Osteoblastogenesis and osteocalcinour study, the observed increase in BMD seemed
production were stimulated by bisphosphonates inmodest when compared with that reported for more
mice as well as in in vitro osteoblast cultures via thepotent bisphosphonates. However, it has been re-
production of basic fibroblast growth factor.[31] Al-ported in a meta-analysis of placebo-controlled tri-
though statistically insignificant, we also found in-als of antiresorptive agents conducted in postme-
creases in serum osteocalcin and alkaline phospha-nopausal women that each 1% increase in spine
tase levels of 36.9% and 10.5%, respectively, in theBMD at 1 year is associated with an 8% reduction in
clodronic acid treatment groupnon-vertebral fracture risk.[28]
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The differences in reduction of bone turnover apy at a dose of 400 mg/day.[13] However, this
may be related to variations in the binding capacity intermittent intramuscular regimen should be con-
and binding affinity of various bisphosphonates. sidered continuous therapy because of the short in-
Some concern has been expressed over the long- terval between injections. Similarly, in 3-year study
term use of more powerful bisphosphonates such as of weekly and biweekly injections of clodronic acid
zoledronic acid and alendronic acid, which suppress 100mg, spinal BMD was increased by 3.8% and
bone turnover beyond premenopausal levels, thus only over the first year.[20] No significant increase in
increasing micro-crack and micro-damage accumu- BMD at the femoral neck was observed. A major
lation.[32] Long-term retention is less likely to be a drawback with weekly intramuscular clodronic acid
problem with lower affinity drugs such as etidronic injection is unacceptable pain at the site of injection,
acid and clodronic acid because the effects of these resulting in almost 50% noncompliance with the
drugs may be reversed more rapidly when treatment treatment.[20]

is stopped. The authors of this study[20] and a previous
Clodronic acid may prevent postmenopausal study[35] raised the question of whether only amino-

bone loss when administered orally or parenterally bisphosphonates, such as alendronic acid, could in-
in either cyclical or continuous regimens. Cyclic crease cortical bone mass. Moreover, in the study
oral treatment with clodronic acid has been studied conducted by Rossini et al.,[20] clodronic acid was
in >700 patients. Significant increases in BMD of not able to induce significant continuous increases
the hip and spine (3.9% and 3.3% vs baseline, in BMD during the second and third year of treat-
respectively) were reported in women treated with ment. However, our study shows that this is only a
cyclic clodronic acid 400 mg/day for 30 days fol- matter of the dose of clodronic acid used, and that
lowed by 60 days of no treatment.[33] Other studies higher femoral neck BMD increases can be achieved
failed to show any significant changes in BMD in with a dosage of 800 mg/day over a 3-year period
patients receiving cyclic treatment with clodronic compared with the increases reported in lower dose
acid 800mg twice daily for 2 weeks every 3 months studies.[15,34,35] Moreover, our results were obtained
or 400 mg/day for 15 days followed by a 75-day from a much smaller population of patients and from
drug-free period.[34,35] The 800mg regimen de- a much more realistic clinical setting, making these
creased markers of bone resorption by 15–35%; results more applicable to a real-life situation.
however, with the 400mg regimen, no significant The results of another recent 3-year study
decreases in these markers were noted. Intravenous showed that clodronic acid at a dose of 800 mg/day
infusion of clodronic acid 200mg administered decreased the risk of vertebral fractures in patients
monthly increased vertebral BMD by only 0.6%.[36]

with prevalent vertebral fractures and osteo-
Administration of clodronic acid 300mg intrave- porosis.[37] In other studies, clodronic acid, which
nously once a week over a 3-week period with no caused a 46% reduction in vertebral fracture inci-
further treatment had bone-sparing effects at the dence, was found to be as efficacious in this respect
lumbar spine and femoral neck for 12 and 24 as alendronic acid or risedronic acid.[38,39] The study
months, respectively.[12]

conducted by Mccloskey et al.[37] and our study
Administration of intramuscular clodronic acid indicate that daily oral clodronic acid treatment at a

100mg every 10 days increased BMD at the lumbar dose of 800mg appears to be much more efficacious
spine significantly (3.1%) and was comparable in in increasing BMD and reducing fractures than a
this respect with continuous oral clodronic acid ther- 400mg continuous oral dose. It remains to be estab-
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lished whether higher doses of oral clodronic acid Clodronic acid is well tolerated and its adminis-
tration is not associated with the acute phase reac-might result in more sustained increases in BMD
tions that are detected with amino-containingover a longer period of time.
bisphosphonates or the mineralisation defects ob-

In our study, clodronic acid at a daily oral dose of
served with high doses of etidronic acid.[12,48,49] No

800mg was well tolerated in the population studied.
evidence for impairment of mineralisation was

There was no significant difference between the
found in our study since indices of calcium and

groups for any subcategory of upper gastrointestinal
mineral metabolism did not indicate any deteriora-

events. Furthermore, women with a history of gas-
tion of bone metabolism.

trointestinal bleeding were not excluded from the
The present study is not without limitations. Itstudy, and the two patients in our study with a

was relatively small and was not blinded. Patientsprevious history of upper gastrointestinal haemor-
who were elected to enter the control group did notrhage were able to tolerate subsequent administra-
have the same baseline mean BMD as the clodroniction of clodronic acid. The incidence of gastrointes-
acid group, probably because of random error,tinal disturbances in patients taking clodronic acid
which could have resulted from small sample size.

therapy has been reported as 2–10%,[4] which is
However, patients in both groups had osteoporosis

similar to the rate observed in our study (10.1%). In
by definition, which consisted of having either an

previous studies of bisphosphonates, exclusion cri-
existing vertebral fracture and/or a femoral or verte-

teria included major gastrointestinal disease such as
bral T-score of –2.5 or less. To adjust for the unbal-

uncontrolled or recurrent peptic ulcer within the anced baseline BMD measurements between
year before enrolment or use of a drug to inhibit groups, BMD changes were calculated as a percent-
gastric acid secretion for >2 weeks within 3 months age of the baseline value, a methodology that was
of study entry;[40,41] however, we did not exclude also used in the Fracture Intervention Trial.[50] The
such patients. Adverse oesophageal and gastrointes- bone markers measured in this study are not as
tinal events, such as oesophagitis and gastric ulcers, sensitive as the newer bone turnover markers such
can occur after oral administration of some as pyridinoline cross-links and bone-specific alka-
bisphosphonates containing a nitrogen side line phosphatase. The study was not powered to
chain.[42-44] However, gastrointestinal intolerance examine the effect of clodronic acid on vertebral or
and severe adverse effects are rare with non-nitro- non-vertebral fracture risk reduction. Since in one
gen-containing bisphosphonates such as clodronic study[14] the decrease in fracture risk incidence with

clodronic acid became apparent only after 4 years, aacid.[4,5,45] Unlike nitrogen-containing bisphospho-
longer follow-up period in this study might havenates, clodronic acid has a less pronounced effect on
detected any reduction in fracture risk.apoptosis of the Caco-2 cell-line, which represents

an in vitro model of gastrointestinal epithelial Clodronic acid is unique in many aspects among
cells.[46] Lack of effect on proliferation of Caco-2 the bisphosphonates. Clodronic acid increases mac-
cells by non-nitrogen-containing bisphosphonates, rophage apoptosis and possesses anti-inflammatory
namely etidronic acid and clodronic acid, may be properties, properties that are not shared by amino-
due to their different mode of action on protein bisphosphonates.[11] The initial skeletal uptake and
prenylation, i.e. unlike amino-containing retention of clodronic acid is lower than that of other
bisphosphonates, these drugs do not inhibit bisphosphonates such as zoledronic acid, alendronic
farnesyldiphosphate synthase.[47] acid and risedronic acid.[51] Although this may cause
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482-8 35. Välimäki MJ, Laitinen K, Patronen A, et al. for the Probone

19. Herrala J, Puolijoki H, Liippo K, et al. Clodronate is effective in Study Group. Prevention of bone loss by clodronate in early
preventing corticosteroid-induced bone loss among asthmatic postmenopausal women with vertebral osteopenia: a dose find-
patients. Bone 1998 May; 22 (5): 577-82 ing study. Osteoporos Int 2002 Dec; 13 (12): 937-47

20. Rossini M, Braga V, Gatti D, et al. Intramuscular clodronate 36. Filipponi P, Pedetti M, Fedeli L, et al. Cyclical clodronate is
therapy in postmenopausal osteoporosis. Bone 1999 Feb; 24 effective in preventing postmenopausal bone loss: a compara-
(2): 125-9 tive study with transcutaneous hormone replacement therapy. J

Bone Miner Res 1995 May; 10 (5): 697-70321. Yenson M. Ildrarda kalsiyum tayini. Klinik Biyokimya
Laboratuar Kitabi. 6th ed. Istanbul: Beta Basim Yayin Dagi- 37. Mccloskey E, Selby P, Davies M, et al. Clodronate reduces
timA. S, 1986: 415-8 vertebral fracture risk in women with postmenopausal or sec-

ondary osteoporosis: results of a double-blind, placebo-con-22. Switzer BR. Determination of hydroxyproline in tissue. J Nutr
trolled 3-year study. J Bone Miner Res 2004 May; 19 (5):Biochem, 1991; 2: 229-31
728-3623. Yamada S, Aoto Y, Suou T, et al. Urinary hydroxyproline and

38. Cummings SR, Black DM, Thompson DE, et al. Effect ofhydroxylysine excretions in relation to hepatic hydroxyproline
alendronate on risk of fracture in women with low bone densi-content in chronic liver disease. Clin Biochem 1989 Oct; 22
ty but without vertebral fractures: results from the Fracture(5): 389-93
Intervention Trial. JAMA 1998 Dec 23; 280 (24): 2077-8224. Black DM, Cummings SR, Karpf DB, et al. Randomised trial of

39. Reginster J, Minne HW, Sorensen OH, et al. Randomized trialeffect of alendronate on risk of fracture in women with existing
of the effects of risedronate on vertebral fractures in womenvertebral fractures. Lancet 1996 Dec 7; 348 (9041): 1535-41
with established postmenopausal osteoporosis. Osteoporos Int25. Genant HK, Wu CY, Van Kuijk C, et al. Vertebral fracture
2000; 11 (1): 83-91assessment using a semi quantitative technique. J Bone Miner

40. Pols HA, Felsenberg D, Hanley DA, et al. Multinational, place-Res 1993 Sep; 8 (9): 1137-48
bo-controlled, randomized trial of the effects of alendronate on26. Ross PD, Davis JW, Vogel JM, et al. A critical review of bone
bone density and fracture risk in postmenopausal womenmass and the risk of fractures in osteoporosis. Calcif Tissue Int
with low bone mass: results of the FOSIT study. Fosamax1990 Mar; 46 (3): 149-61
International Trial Study Group. Osteoporos Int 1999; 9 (5):27. Cummings SR, Black DM, Nevitt MC, et al. Bone density at
461-8various sites for prediction of hip fractures. The Study of

41. Miller PD, McClung MR, Macovei L, et al. Monthly oralOsteoporotic Fractures Research Group. Lancet 1993 Jan 9;
ibandronate therapy in postmenopausal osteoporosis: 1-year341 (8837): 72-5
results from the mobile study. J Bone Miner Res 2005 Aug; 2028. Hochberg MC, Greenspan S, Wasnich RD, et al. Changes in
(8): 1315-22bone density and turnover explain the reduction in incidence of

42. De Groen PC, Lubbe DF, Hirsch LJ, et al. Esophagitis associat-nonvertebral fractures that occur during treatment with an-
ed with the use of alendronate. N Eng J Med 1996 Oct 3; 335tiresorptive agents. J Clin Endocrinol Metab 2002 Apr; 87 (4):
(14): 1016-211586-92

43. Lufkin EG, Argueta R, Whitaker MD, et al. Pamidronate: an29. Bone HG, Downs RW, Tucci JR, et al. Dose-response relation-
unrecognized problem in gastrointestinal tolerability. Osteo-ships for alendronate treatment in osteoporotic elderly women.
poros Int 1994 Nov; 4 (6): 320-2Alendronate Elderly Osteoporosis Study Centers. J Clin En-

docrinol Metab 1997 Jan; 82 (1): 265-74 44. Graham DY, Malaty HM. Alendronate gastric ulcers. Aliment
Pharmacol Ther 1999 Apr; 13 (4): 515-930. D’Amelio P, Muratore M, Tinelli F, et al. Effect of raloxifene

and clodronate on bone density in postmenopausal osteoporot- 45. Powles TJ, McCloskey E, Paterson AH, et al. Oral clodronate
ic women. Int J Tissue React 2003; 25 (2): 73-8 and reduction in loss of bone mineral density in women with

operable primary breast cancer. J Natl Cancer Inst 1998 May 6;31. Giuliani N, Pedrazzoni M, Negri G, et al. Bisphosphonates
90 (9): 704-8stimulate formation of osteoblast precursors and mineralized

nodules in murine and human bone marrow cultures in vitro 46. Suri S, Mönkkönen J, Taskinen M, et al. Nitrogen-containing
and promote early osteoblastogenesis in young and aged mice bisphosphonates induce apoptosis of Caco-2 cells in vitro
in vivo. Bone 1998 May; 22 (5): 455-61 by inhibiting the mevalonate pathway: a model of

bisphosphonate-induced gastrointestinal toxicity. Bone 200132. Mashiba T, Hirano T, Turner CH, et al. Suppressed bone turno-
Oct; 29 (4): 336-43ver by bisphosphonates increases microdamage accumulation

and reduces some biomechanical properties in dog rib. J Bone 47. Dunford JE, Thompson K, Coxon FP, et al. Structure-activity
Miner Res 2000 Apr; 15 (4): 613-20 relationships for inhibition of farnesyl diphosphate synthase in

33. Giannini S, D’Angelo A, Sartori L, et al. Continuous and vitro and inhibition of bone resorption in vivo by nitrogen-
cyclical clodronate therapies and bone density in postme- containing bisphosphonates. J Pharmacol Exp Ther 2001 Feb;
nopausal bone loss. Obstet Gynecol 1996 Sep; 88 (3): 431-6 296 (2): 235-42

© 2007 Adis Data Information BV. All rights reserved. Clin Drug Invest 2007; 27 (6)



Clodronic Acid in Postmenopausal Osteoporosis 433

48. Delmas PD, Chapuy MC, Vignon E, et al. Long term effects of 52. Ettinger B, San Martin J, Crans G, et al. Differential effects of
dichloromethylene diphosphonate in Paget’s disease of bone. J teriparatide on BMD after treatment with raloxifene or alen-
Clin Endocrinol Metab 1982 Apr; 54 (4): 837-44 dronate. J Bone Miner Res 2004 May; 19 (5): 745-51

49. Kanis JA, McCloskey EV, Sirtori P, et al. Rationale for the use
of clodronate in osteoporosis. Osteoporos Int 1993; 3 (2 Sup-

Correspondence: Dr Refik Tanakol, Faculty of Medicine,pl.): S23-8
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