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Abstract: Bisphosphonates have a long history in the treatment of osteoporosis and bone-related
disease. This review focuses on the use of a specific nonaminobisphosphonate, clodronate,
which appears to be much better tolerated than other bisphosphonates and free of high-risk
contraindications. Specifically, this paper reviews its use in the prevention of osteoporosis in
postmenopausal women, taking into account its tolerability profile and recent safety issues
arising regarding the use of bisphosphonates.

Keywords: clodronate, bisphosphonates, osteoporosis, bone turnover, menopause,
tolerability

Epidemiology and societal cost of osteoporosis
Osteoporosis is the most common bone disease in humans, characterized by low bone
mass, deterioration of bone tissue, disruption of bone architecture, compromised bone
strength, and increased bone fracture risk over time. Indeed, in recent years, osteopo-
rosis has become one of the major concerns for health care policies in industrialized
countries, where improved life expectancy has greatly increased the average age of
the population.

A study from the Italian National Institute of Health has shown that only 50%
of the people who report being affected by osteoporosis are actually affected by the
condition, while only 50% of people truly affected by osteoporosis are shown to have
the disorder.! Specifically, data from the Epidemiologic Study on the Prevalence of
Osteoporosis (ESOPO) calculated that 23% of the female population over 40 years
and 14% of the male population over 60 years are affected by osteoporosis. A recent
technical report on osteoporosis from the World Health Organization estimates osteo-
porosis to affect 200 million women worldwide, comprising approximately 10% of
women aged 60 years, 20% of women aged 70 years, 40% of women aged 80 years,
and two-thirds of women aged 90 years,? accounting for more cases than cancer, heart
disease, or stroke combined among the female population.?

The most common problems linked to osteoporosis are fractures of the proximal
femur, vertebrae, and the distal forearm, with hip fractures being potentially life-
threatening in 10%—-20% of cases, and leading to ambulatory disability in 30%—40%
of cases within one year of the fracture."?

Given the relevance of the obvious societal and economical burden of the dis-
ease, the European Union has set prevention of osteoporosis among its main health
care objectives and prevention policies since the late 1990s. Alongside prevention
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campaigns, international scientific societies have developed
a number of guidelines on prevention, treatment, and bone
threshold values to address the problem.’ The vast bulk of the
societal and health care costs incurred by osteoporosis and its
complications, ie, fractures, are not imputable to pharmaco-
logical costs (about 20% of total expenditure) but rather to
the consequences of undetected osteoporosis (transient and/
or permanent disability, early death that could otherwise be
prevented or cured, and rehabilitation costs).!

Use of bisphosphonates

in osteoporosis

To date, the most well established class of drugs in the
treatment of osteoporosis is the bisphosphonates, which are
widely used in the treatment of diseases such as hypercalce-
mia, cancer-associated bone disease, and Paget’s disease, that
involve excessive bone resorption and high turnover rates.
Bisphosphonates are characterized by a high affinity for bone
but not for other tissues, their main cellular targets being
mesenchymal cells, osteocytes, osteoblasts, and osteoclast
precursors.*® These agents have the ability to increase bone
mineral density, reduce bone turnover markers, and thus
decrease the risk of osteoporotic fractures.®

Chemistry and pharmacokinetics

of bisphosphonates
Bisphosphonates are synthetic analogs of pyrophosphate, an
endogenous regulator of bone mineralization, which contains
a nonhydrolyzable P-C-P backbone with two side chains (R1
and R2). The two phosphonate groups are required for binding
to bone mineral and for antiresorptive potency. Modification
of one or both phosphonate groups significantly reduces
the binding affinity as well as antiresorptive potency of the
bisphosphonates. The R1 and R2 side chains have a wide range
of activities. Acting together with the two phosphonate groups,
the presence of a hydroxyl group (-OH) or an amino group
(-NH,), rather than an H group in the R1 chain, enhances bind-
ing to calcium minerals. The presence of a nitrogen or amino
group in the R2 side chain significantly increases the antire-
sorptive potency of bisphosphonates and also affects binding to
hydroxyapatite. Figure 1 shows the bisphosphonate pathway,
and the genes involved in the effects of bisphosphonates on
osteoclasts.® Thus, the strength of action of a bisphosphonate,
defined as adequate suppression of bone resorption in vivo,
results from its ability to inhibit the mevalonate cycle and thus
block osteoclastic activity and its affinity for hydroxyapatite.
On this basis, bisphosphonates can be broadly classified
into two major classes with distinct mechanisms of action,

ie, the non-nitrogen-containing class and the nitrogen-
containing class. The earlier non-nitrogen-containing bis-
phosphonates (eg, clodronate, tiludronate, and etidronate)
act by incorporation into adenosine triphosphate, whereas
the newer, more potent nitrogen-containing bisphosphonates
(eg, pamidronate, alendronate, ibandronate, risedronate,
and zoledronate) act by inhibiting farnesyl pyrophosphate
synthase in the mevalonate pathway.®

Bisphosphonates used in the

clinical setting

In the clinical setting, the most commonly used bisphosphonates
are zoledronate, alendronate, pamidronate, risedronate, and
clodronate. These agents are available for intravenous, intra-
muscular (only in Italy), and oral administration. Intravenous
and intramuscular administration guarantees 100% bioavail-
ability (allowing high doses to be reached quickly at the skeletal
level), whereas oral administration has the drawback of much
lower bioavailability, with considerable intrasubject variability,
and in all cases has an absorption of only 0.5%—-2.0% of the
dose taken. For this reason, oral administration is used only
for treatment that requires minimal amounts to control bone
turnover, such as in postmenopausal women.”#

Bisphosphonates are generally well tolerated, with
few side effects, which include gastrointestinal symptoms
(nausea, vomiting, diarrhea) and occur more frequently
among patients prescribed oral bisphosphonates. However,
recent findings that bisphosphonates induce osteonecrosis
of the jaw, atrial fibrillation, acute phase response, and
renal insufficiency have raised safety and ethical concerns
around the use of bisphosphonates. In reality, several
clinical investigations addressing the topic have ascribed
these effects to aminobisphosphonates, thus excluding the
nonaminobisphosphonates.

This review focuses on the use of a specific nonamino-
bisphosphonate, clodronate, which appears to be much better
tolerated than other bisphosphonates and free of high-risk
contraindications. Specifically, we will approach the tolerabil-
ity and safety issues mentioned earlier, compare clodronate
with other bisphosphonates, and discuss some of the literature
regarding indications for its use in the prevention of osteo-
porosis, particularly in postmenopausal women.

Therapeutic indications

for clodronate

Clodronate is a well established medication in the treatment
of patients with breast cancer to prevent bone metastases
and improve survival rates.” Considering that cancers
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metastasized to bone are usually incurable, bisphosphonate
therapy is generally used in the palliative setting, and there-
fore should be well tolerated with minimal side effects.'
Although mainly used against cancer-induced bone
disease, the undoubted efficacy and relatively low toxic-
ity of clodronate also makes it an attractive candidate
for the management of osteoporosis. In addition, while

bisphosphonates are usually administered according to
a continuous oral schedule for osteoporosis, clodronate
is available in several formulations and can be used in a
number of different schedules for prevention and treat-
ment of the condition.* Moreover, it appears that the
efficacy of clodronate does not depend on the route of
administration, but rather on its mode of administration
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(continuous or intermittent).*!' The doses and formulations
available are summarized in Table 1.

Oral formulations consist of 400 mg and 800 mg tablets
and 400 mg capsules. The intravenous formulation is a
60 mg/mL concentrate designed for infusion after dilution
with normal saline or 5% glucose solution. For the manage-
ment of osteoporosis, the usual dosage is 400 or 800 mg/day
orally or 100 mg intramuscularly every 7—14 days. The
intravenous formulation may be used on a short-term basis
at a dosage of 200 mg every 3—4 weeks.*

Of the clodronate that is resorbed from oral preparations or
infused intravenously, about 50% is excreted unchanged by the
kidney. The remainder has a very high affinity for bone tissue,
and is rapidly absorbed onto the bone surface. Indeed, its efficacy
in the prevention of osteoporosis in postmenopausal women has
been documented in several studies that have shown the efficacy
of the drug, not only in increasing bone mineral density, but also
in reducing fragility-related fractures.'?

Mechanism of action

Numerous studies have been conducted in recent years
in order to assess the precise mechanisms by which each
bisphosphonate inhibits bone resorption,*'*!* and it seems
that the specific action of each bisphosphonate depends on
its ability to bind rapidly and with high affinity to the bone
surface. As for clodronate, in vitro studies have demonstrated
its ability to inhibit reversibly the growth and glycolysis of
fibroblasts and osteoclasts. Inhibition of osteoclastic activity
reduces the firing rate of new bone remodeling units, with
an altered balance between bone formation and resorption
in favor of the latter, accounting for why use of clodronate
is encouraged in the prevention and treatment of postmeno-
pausal osteoporosis.’

Historical background
The first study data date back to 1993'5!® when a group of
patients with osteoporosis treated with oral clodronate at a

Table | Available formulations and doses of clodronate.

Administration Formulation Dose

route

Oral Tablets 400 mg

800 mg

Capsules 400 mg

v Injectable solution 30 mg/mL

M Injectable solution 100 mg/3,3 mL
(6—12 vials)

Abbreviations: |V, intravenous; IM, intramuscular.

dose of 200600 mg/day for three months at six-monthly
intervals showed an increase in total body calcium after one
year of treatment compared with placebo. Clodronate had a
positive effect on bone mineral density that persisted for eight
months after stopping administration of the drug. The positive
action of oral clodronate was confirmed by another study'>'” in
which postmenopausal women with osteoporosis were treated
every two months with 400 mg of clodronate, taken for a total
of 12 months. In this study, bone mineral density increased
significantly at the lumbar spine compared with untreated
patients in whom bone mineral density decreased by about
2%, and these positive effects were already significant after
the first six months of therapy. In 1995, a randomized trial
by Filipponi et al'>!® involving postmenopausal women with
osteoporosis showed that six months of cyclical treatment with
clodronate for up to four years, intravenously administered at
a dose 0f 200 mg per month, resulted in a significant reduction
in markers of bone remodeling, indicating a protective action
against loss of bone mass, and these results were significant
after 12 months and maintained even at 24 months. Another
study conducted in the same year'>!” seemed to confirm the
effectiveness of intramuscular administration of the drug in
preventing bone loss in postmenopausal women with osteopo-
rosis. In particular, Rossini et al showed that after two years of
treatment with clodronate, administered at a dose of 100 mg
intramuscularly every two weeks (with oral calcium supple-
mentation), the treated group showed significant differences
in lumbar and femoral bone mineral density compared with
the control group (treated only with calcium supplementation)
and a significant reduction in circulating levels of alkaline
phosphatase. In 1996, Filipponi et al published an open-
label study'® that evaluated changes in bone mineral density
in 235 postmenopausal women with osteoporosis treated
every three weeks with 200 mg of clodronate intravenously
and followed annually for six years, compared with a control
group of 183 women observed retrospectively. The results
showed a significant increase in bone mineral density in the
first year of treatment, an effect maintained over six years and
showed the positive effect of the drug in preventing lumbar
fractures, particularly in patients with a history of fracture
at the beginning of treatment.?’ Based on these results, a
subsequent study evaluated the administration of clodronic
acid injected continuously or intermittently, with significant
results in the two schedules at both the lumbar spine and the
femoral neck.*!20

However, studies show that the two formulations of
clodronate now used in osteoporosis (intramuscular and
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oral) show similar increases in bone mineral density, with
slightly higher values for the intramuscular formulation.* In a
double-blind, placebo-controlled trial,'**' 593 women with
postmenopausal or secondary osteoporosis were evaluated for
three years. It was demonstrated that the oral administration
of clodronate at a dose of 800 mg per day induced a signifi-
cant increase in bone mineral density at the lumbar spine and
total hip, associated with a 46% reduction in the incidence
of vertebral fractures compared with placebo. This reduction
reached statistical significance after one year of therapy. In
another randomized controlled trial, the 20% reduction in
fracture risk was detected with 800 mg daily of oral clodronate
in a group of elderly patients aged =75 years.**'-?

These studies also assessed the effectiveness of intramus-
cular clodronate at a dose of 100 mg every week or every two
weeks.*?!?2 In particular, in a study of 250 women who were
12 months postmenopausal, Domeninguez et al compared
weekly intramuscular administration of clodronate 100 mg
with administration of the same dose every two weeks, and
have found that both regimens achieved a statistically sig-
nificant improvement in bone mineral density compared with
the control group treated only with calcium and vitamin D
supplementation. Nevertheless, it seemed that the largest
increases in bone mineral density at the lumbar spine and
femoral neck was recorded in the patient group treated
with clodronate 100 mg per week.?> The improvement in
bone mineral density and ability of clodronate to reduce
the incidence of fractures were confirmed by Frediani et al,
who conducted a study in 163 patients with arthritis and
corticosteroid-induced osteoporosis.?* Therefore, it would
appear that bisphosphonates, and clodronate in particular,
are characterized by a direct correlation between dose and
effect on densitometry.?

Anti-inflammatory effects

In addition to preventing and reducing bone loss, clodronate
has extraskeletal biological effects, ie, anti-inflammatory and
antiarthritic activity in both animal and human models. In par-
ticular, clodronate has demonstrated the anti-inflammatory
in vitro effect of nonaminobisphosphonates and the proin-
flammatory effect of aminobisphosphonates.** Itoh et al*
have shown the anti-inflammatory effect of clodronate in
vivo, in contrast with alendronate, and this effect seems to
be supported by in vivo studies conducted in animals from
which have emerged the effects of aminobisphosphonates
on interleukin-1, histidine decarboxylase activity, and tumor
necrosis factor alpha (TNF-a),2%?" as well as the ability of

clodronic acid to prevent bone damage to arthritic joints.
Beneficial effects have also been observed in rats.?®

Effects on fracture risk

The efficacy of oral clodronate in reducing the risk of skeletal
fractures was demonstrated in a study by McCloskey et al'? in
593 patients with postmenopausal or secondary osteoporosis
and then in a larger sample of approximately 5592 older
women with osteoporosis.'>?! Other studies have assessed and
confirmed the efficacy of clodronate administered intramus-
cularly to reduce fracture risk, such as the study conducted
by Frediani et al in 163 women with rheumatoid arthritis or
psoriatic arthritis.'>** Other studies have demonstrated the
antifracture efficacy of intramuscular clodronate compared
with other bisphosphonates, including alendronic acid.?

Pharmacokinetics

The bioavailability of the oral clodronate formulation is
only about 1%—2%, which accounts for its low lipophilicity,
that prevents transcellular transport, and the highly negative
charge, which in turn prevents paracellular transport. When
administered intravenously at a dose of 30 mg/day, the con-
centration in the circulation reaches a peak at the end of a
three-hour infusion.'® Six percent of the circulating drug is
ultrafiltrated, and its elimination is mainly urinary (60%—-80%
of the administered dose), with limited elimination through
feces (5%). Twenty percent of the product remains in the body
and most likely where the bone is removed over the years,
depending on bone turnover. The rate of deposition on the
bone surface is rather fast, similar to calcium and phosphate.
Rapid infusion of clodronate may impair kidney function,
so it is advisable to administer the drug at a rate lower than
200 mg/hour.” The dose should be adjusted in patients with
impaired renal function and creatinine clearance.

Compliance with therapy

Patient compliance and adherence to therapy is an extremely
relevant issue in osteoporosis, as with many other clinical
conditions that are perceived by the patient as “silent”. Adher-
ence to therapy for osteoporosis is often very poor, with values
plunging to 50%.%°3? In particular, the evidence shows that
the majority of patients treated with drugs for osteoporosis
abandon therapy within the first 67 months.**** Generally,
better compliance is obtained by patients with previous frac-
tures or severe osteopenia who apparently would be better
motivated by tangible clinical experience and conditions.**3*
Another reason for poor patient compliance with osteoporosis
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therapy is the array of gastroesophageal side effects of oral
therapy along with the strict recommendations required by
oral therapy, such as fasting, keeping of an upright position,
large uptake of water with the medication, and lengthy therapy,
which can become quite bothersome for the patient, especially
for the elderly patient, and polypharmacy, which is generally
the case for patients with multiple diseases.’**’

However, patient adherence with osteoporosis therapy, and
thus improvement of therapeutic results, can be achieved by
reducing the frequency of drug administration or increasing
the interval between doses.?>**#° On this basis, Frediani et al
conducted a study which lasted about two years in patients
with postmenopausal osteoporosis treated with clodronate
100 mg intramuscularly once a week or clodronate 100 mg
intramuscularly for two consecutive days every two weeks. The
results suggest similar effects on bone mineral density with the
two administration schedules, but with important implications
in clinical practice. In fact, reducing the frequency of admin-
istration appeared to improve patient adherence to therapy
with a good tolerability profile. Moreover, the inconvenience
of pain at the injection site has been overcome through the
development of a new formulation of clodronate (higher pH
and addition of lidocaine)*' although the intensity of pain
symptoms in situ is certainly related to the amount of drug
administered (200 mg of clodronate equal to a 6.6 mL vial).
Hence, everything considered, formulation and dosing interval
can create the conditions for better patient adherence with
treatment protocols and better long-term therapeutic results.

Tolerability and safety profile

As mentioned, clodronate is generally well tolerated. In 2%—10%
of cases, gastrointestinal symptoms such as nausea and dyspep-
sia develop, and have been usually observed in people taking
the drug orally and at high doses.*'> Moreover, it is preferable
not to administer the drug at a high rate of infusion in order to
minimize the risk of renal function and then kidney damage.
However, unlike other bisphosphonates, it does not appear to be
contraindicated in patients with renal failure, although its dose
should be modified according to renal function.* In addition to
these aspects, in recent years the use of bisphosphonates has
raised concerns about the risk of osteonecrosis of the jaw, atrial
fibrillation, and of esophageal cancer, as stated in a recent safety
report released by the US Food and Drug Administration.*

Osteonecrosis of the jaw
In 2004, Ruggiero et al performed a retrospective chart review
of patients with a diagnosis of refractory osteomyelitis and a

history of chronic bisphosphonate therapy. Of a total of 63
patients, 56 had received intravenous bisphosphonates for at
least one year, and seven patients were on chronic oral bis-
phosphonate therapy. The authors concluded that the risk of
osteonecrosis of the jaw should alert practitioners to monitor
for this previously unrecognized potential complication. An
early diagnosis might prevent or reduce the morbidity result-
ing from advanced destructive lesions of the jaw bone.* The
increasing recognition that use of bisphosphonates may be
associated with osteonecrosis of the jaw led the American
Society for Bone and Mineral Research to appoint a task
force to address a number of key questions related to this
disorder. The task force defined osteonecrosis of the jaw as
the presence of exposed bone in the maxillofacial region that
did not heal within eight weeks of identification by a health
care provider.

Based on review of both published and unpublished
data, the risk of osteonecrosis of the jaw associated with
oral bisphosphonate therapy for osteoporosis seems to be
low, and estimated to be between one in 10,000 and less
than one in 100,000 patient-treatment years. However, the
task force recognized that information on the incidence of
osteonecrosis of the jaw is rapidly evolving and that the
true incidence may be higher. The risk of osteonecrosis
of the jaw in patients with cancer treated with high doses
of intravenous bisphosphonates is clearly higher, in the
range of 1-10 per 100 patients (depending on duration of
therapy).*

Complete prevention of this complication is not cur-
rently possible. However, dental care before embarking on
bisphosphonate therapy reduces this incidence, and non-
surgical dental procedures can prevent new cases. For those
who present with painful exposed bone, effective control
in a pain-free state without resolution of the exposed bone
is 90.1% effective using a regimen of antibiotics along
with 0.12% chlorhexidine antiseptic mouthwash.* Fortu-
nately, unlike the aminobisphosphonates, clodronate rarely
causes osteonecrosis of the jaw and this problem would
seem to occur mainly in patients previously treated with
aminobisphosphonates.**®

Proinflammatory activity

and atrial fibrillation

Bisphosphonates, as well as preventing and reduc-
ing bone loss, have extraskeletal biological effects, ie,
anti-inflammatory and antiarthritic activity, in both animal
and human models. In particular, it has demonstrated
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the in vitro anti-inflammatory effects of the nonamino-
bisphosphonates and the proinflammatory effects of the
aminobisphosphonates.**

Several clinical studies have recently shown a potential
risk of atrial fibrillation in women with postmenopausal
osteoporosis treated with aminobisphosphonates and it
seems that this is attributable to a proinflammatory action.*’
The first alert of the association between bisphosphonates
and atrial fibrillation came from the HORIZON study*®
which evaluated the antifracture efficacy of a single yearly
infusion of zoledronate in 3889 women with postmenopausal
osteoporosis. Following this study, several meta-analyses
of clinical trials have been published, but they covered
only a small number of the hundreds of comparative trials
evaluating bisphosphonates, few of which mentioned atrial
fibrillation. In 2010, a meta-analysis of placebo-controlled
trials of bisphosphonates in a total of 26,126 patients with
osteoporosis showed an increased risk of atrial fibrillation.*
Conversely, a meta-analysis of seven placebo-controlled
observational studies of bisphosphonates in patients with
osteoporosis in 2010 showed no statistically significant
increase in the overall risk of atrial fibrillation.>® Our lit-
erature search up to mid 2010 found no studies concerning
the risk of atrial fibrillation in cancer patients treated with
bisphosphonates. Pending publication of more data, the
potential risk of atrial fibrillation in some patients treated
with bisphosphonates should be taken into account. There
is no evidence of an increased risk with a specific bisphos-
phonate, route of administration, patient subpopulation, or
treatment duration.”!

Other therapeutic effects
Some experts have even proposed a combination therapy
with clodronic acid and alendronic acid to counteract the
proinflammatory effects of the latter.* Indeed, it appears that
the aminobisphosphonates, by inhibiting the mevalonate
pathway, induce rapid and abundant production of proin-
flammatory cytokines, such as interleukin-6 and TNF-c..5
In murine pain models, clodronate showed central and
peripheral antinociceptive effects.’ This analgesic effect,
associated with the anti-inflammatory action, has led to the
use of clodronate in many bone and joint diseases, such as
rheumatoid arthritis,” osteoarthritis®**” Paget’s disease,™ and
osteoporosis and osteoporotic fractures.*® In particular, clo-
dronate showed a significant improvement in the perception of
pain in patients with osteoporotic vertebral fractures, as well as
a beneficial effect on bone mass and mechanical strength.*

Cost-effectiveness of drugs

for osteoporosis

The main objective today in the treatment of osteoporosis
is not only treating osteoporosis and osteoporotic fractures,
but also reducing the risk of fractures® with a cost-effective
therapy. Numerous studies have demonstrated the efficacy of
bisphosphonates in lowering the risk of fracture significantly
by reducing bone turnover and maintaining or increasing
bone mineral density.'%¢¢

However, an epidemiological study, known as NORA,
conducted in 149,524 postmenopausal women aged
50-104 years (average age approximately 64.5 years) showed
that 50% of fractures were detected in 40% of the popula-
tion studied who had a t score consistent with osteopenia
(-1 to —2.5) and that only 20% of fractures were found
in 7% of the population with osteoporosis (t score < —2.5
to < —3.5).%¢

Most of the fractures would therefore appear to occur in
large sections of the population with bone mineral density
values above the threshold that defines osteoporosis and
in particular in osteopenia (t score < —1.0 to < -2.5).9
Therefore, the density values alone and in particular the
bone mineral density are no longer considered to date the
only predictors of fractures. Other important factors appear
to be relevant in determining the risk of fracture including
clinical risk factors independent of bone mineral density®
ie, a history of a previous fracture, family history of hip
fracture, glucocorticoid therapy, osteoporosis, and secondary
underlying conditions such as rheumatoid arthritis, smoking,
and alcohol.

On this basis, the World Health Organization has
developed an algorithm known as FRAX® (Fracture Risk
Assessment Tool) in order to identify a population with an
absolute risk of fracture at 10 years, integrating the weights
of'independent clinical risk factors and bone mineral density
t score values at the femoral neck.®®

Using algorithms to estimate the absolute 10-year risk,
clinicians can define a threshold pharmacological intervention
that should be calculated more accurately based on a careful
evaluation of the drug economy, ie, the cost-effectiveness of
drugs for osteoporosis.®

On the other hand, the cost-benefit ratio of therapy
could be improved by improving the drug in terms of
greater antifracture efficacy and impact in the population
and at a lower cost, reducing direct and indirect health
care costs and selecting the populations at highest risk of
fracture (fracture risk at 10 years of 10%, 20%, and 30%).
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In particular, an analysis conducted by McCloskey et al'
found that subjects identified as at high risk of fracture with
the FRAX algorithm respond to treatment with clodronate
taken orally.

Conclusion

There are many factors to consider when choosing a drug for
the treatment of osteoporosis, ie, tolerability, safety, patient
compliance with treatment, the drug’s ability to improve bone
mineral density and significantly reduce the risk of fracture
with fewer societal and health costs related to fractures, and
also the cost-effectiveness of the drug.

Among the drugs available to date, as stated previously,
clodronate seems to have good tolerability and safety.
It appears that, unlike other bisphosphonate, this drug reduces
the risk of developing osteonecrosis of the jaw. Nevertheless,
specialists should fully understand the mechanisms of action
of different classes of bisphosphonates, including minimizing
unwanted side effects.

In addition, the minor gastrointestinal complications and
easy mode of administration, and not least its anti-inflammatory
and analgesic effects, would seem to improve compliance and
patient adherence to treatment with clodronate.™

Given the efficacy of the oral and intramuscular formula-
tions of clodronate in improving bone mineral density and
reducing fracture risk, the cost-effectiveness ratio for this
drug can be maximized by improving the therapeutic compli-
ance of patients through the employment of several possible
regimens weekly, biweekly and last but not least, using the
“TWINCARE a month” scheme.
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