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ABSTRACT

Several disorders of increased bone
turnover and low bone mineral density
(BMD) are associated with severe pain
that is refractory to treatment with con-
ventional and even opioid analgesics.
Because of their ability to effectively
improve the underlying pathogenesis
of these disorders (i.e., reduce bone
resorption and increase BMD), bi-
sphosphonates are considered part of
the palliative care of malignant bone-
related pain and also appear to have
some analgesic efficacy in other, non-
malignant conditions. Ibandronate, a
potent, nitrogen-containing bisphos-
phonate that can be given orally and
intravenously, has demonstrated robust
effects in relieving the pain associated
with several malignant disorders. Un-
like other available intravenous (i.v.)
bisphosphonates, i.v. ibandronate is
not associated with renal side effects,
even at high doses such as 6 mg every
3 weeks. In addition, oral ibandronate
(50 mg daily) is currently the only oral
bisphosphonate proven to reduce and
maintain bone pain scores below base-
line for 2 years in patients with meta-
static bone disease.

Lower dose, less intense dosing regimens
of ibandronate relieve bone pain in non-
malignant conditions: i.v. ibandronate
(2 mg every 3 months with or without
an initial 4 mg injection) provides pain
relief for patients with corticosteroid-in-
duced osteoporosis, localised transient
osteoporosis (bone marrow oedema)
and sternocostoclavicular hyperostosis.
Both oral and i.v. ibandronate are well
tolerated. In conclusion, ibandronate of-
fers an effective and convenient choice
for the relief of bone pain in a wide vari-
ety of underlying bone conditions.

Introduction

Several disorders of pathologically in-
creased bone turnover and low bone
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mineral density (BMD) are associated
with severe bone pain. The mechanisms
of bone pain are not fully understood,
but may result from a number of caus-
es. For example, pain in patients with
metastatic bone disease (MBD) may
be the result of mass effects that cause
stretching of the periosteum, fracture or
tumour growth into adjacent nerves and
tissues (1). Bone pain may also be the
result of nerve ending stimulation by
factors such as prostaglandins, brady-
kinin, histamine or substance P.

The treatment of bone pain, whether
malignant or non-malignant in origin,
has been based on the World Health Or-
ganization’s three-step analgesic ladder
for cancer pain (2). Primary analgesics
such as paracetamol and non-steroidal
anti-inflammatory agents are used first
line with a concomitant adjuvant agent
(e.g. a tricyclic antidepressant or mem-
brane-stabilising agent), as needed. If
pain persists, the next step is to add a
weak opioid (e.g. codeine) with or with-
out adjuvant agents. For patients with
inadequate pain control, a strong opio-
id is added to replace the weaker one,
again with or without adjuvant medica-
tion. Nevertheless, intractable bone pain
may remain.

Refractory bone pain is often associated
with disorders such as MBD. Some 70%
of patients with MBD will have bone
pain (3), approximately 58% of patients
with multiple myeloma have bone pain
upon diagnosis (4) and it is estimated
that 25-40% of patients with breast car-
cinoma metastatic to bone will require
radiotherapy for bone pain (5). Bone
pain is also associated with other, non-
malignant conditions, including Paget’s
disease, corticosteroid-induced osteo-
porosis (CIO) and localised transient
0steoporosis.

Bisphosphonates may offer an addition-
al therapeutic option. Unlike analgesics,
bisphosphonates potently inhibit bone
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resorption (6), thereby addressing the
underlying pathogenesis of the condi-
tion, with the potential to provide more
than just symptomatic relief. Animal
studies have suggested that bisphos-
phonates such as alendronate and iban-
dronate can also relieve bone pain via
other mechanisms (7, 8). A study in a rat
model of MBD, showed that alendronate
reduced the number of activated osteo-
clasts and their bone resorbing activity,
which the authors suggest should reduce
nociceptive stimuli such as acidosis and
growth factors (7). Alendronate also at-
tenuated the up-regulation of activating
transcription factor 3 (ATF-3), a marker
of neuronal injury, which suggests that
bisphosphonate therapy can inhibit the
destruction of sensory nerve fibres. Fur-
thermore, bisphosphonates may also
cause apoptosis in macrophages and
myeloma cells, potentially contributing
to their pain-relieving properties (1). In
addition to analgesic efficacy, bisphos-
phonates have been proven to reverse
bone loss and prevent fractures in both
MBD and multiple myeloma (6), and in
a wide variety of other bone disorders,
including Paget’s disease (9) and osteo-
porosis (10).

Many published studies support the use
of bisphosphonates to relieve pain in
these conditions. However, the results
of the studies are mixed. In MBD, for
example, although there are numerous
trials supporting some analgesic ef-
fect of the bisphosphonates; etidronate,
clodronate, pamidronate and zoledro-
nate (Table I), there is a paucity of
evidence to definitively indicate which
one offers the best pain relief, and for
etidronate, clodronate and pamidronate
there is not enough evidence to recom-
mend them as either first-line therapy
for alleviating the pain of MBD or to
indicate which has the greatest effect on
pain relief (34).

Furthermore, some bisphosphonates may
be inappropriate and/or impractical in
some disorders, in certain patients or un-
der particular circumstances. In particular,
although rare, i.v. zoledronate has been
associated with renal toxicity (35, 36). As
such, monitoring of renal function is now
mandatory when prescribing zoledronate
(37, 38).

Moreover, for somei.v. bisphosphonates

(e.g. clodronate and pamidronate), the
doses used in clinical studies have been
similar whether the pain is due to ma-
lignant or non-malignant disease. These
doses are relatively high and, conse-
quently, with their various drawbacks
and risks (such as renal toxicity), may
be more difficult to justify in patients
with non-malignant conditions.

With respect to oral bisphosphonate
formulations, clodronate poses a partic-
ular problem due to the high doses and
the large tablets that patients must take
(39). Both oral alendronate and risedro-
nate require administration according to
the strict pre- and post-dose fasting and
posture instructions required for all oral
bisphosphonates, which are designed
to minimise the risk of post-dose up-
per gastrointestinal adverse events and
to maximise bioavailability (39). How-
ever, complying with these instructions
on a daily or weekly basis, as required
for alendronate and risedronate, may
be inconvenient, leading to suboptimal
adherence.

Ibandronate is a highly potent, well-tol-
erated, nitrogen-containing bisphospho-
nate that is effective and has a favour-
able pharmacological profile (40). In
contrast to other oral bisphosphonates,
ibandronate uniquely provides conven-
ient i.v. injection and oral schedules,
including a simple, once-monthly oral
dosing regimen that has been proven to
be effective and well tolerated in post-
menopausal osteoporosis, even in pa-
tients with a history of upper gastroin-
testinal disorders or taking non-steroidal
anti-inflammatory drugs (NSAIDs; 41).
Ibandronate therefore enables therapy
to be tailored to the individual patient’s
needs and circumstances.

The proven efficacy of ibandronate in
reducing bone resorption in preclinical
(40) and clinical (42-59) studies suggests
a potential for pain relief in disorders
where these symptoms are ultimately
most likely the result of increased bone
turnover.

In light of the lack of comparative data
favouring one bisphosphonate over an-
other to relieve the bone pain associ-
ated with increased bone turnover, the
present paper reviews the efficacy of
ibandronate in a wide variety of such
indications: MBD (42, 60-66]; multiple
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myeloma (67); CIO (58, 59); localised
transient osteoporosis (68); and sterno-
costoclavicular hyperostosis (69).

Bone pain associated with malignant
disorders

A number of studies have assessed the
efficacy of both oral and i.v. ibandronate
for treating bone pain associated with
malignant disease (including, breast
cancer, urological cancers and multiple
myeloma). The studies of oral ibandro-
nate used standard doses whereas the
i.v. studies included standard and non-
standard (both low-dose and high-dose)
ibandronate regimens. All of these stud-
ies consistently demonstrate the ability
of ibandronate to provide pain relief,
even when opioids are ineffective.

Lv. ibandronate for treating
malignancy-related bone pain
Low-dose and standard-dose ibandro-
nate for metastatic bone disease due to
breast cancer

One large (n = 466) well-designed, ran-
domised, double-blind clinical study
has evaluated the ability of i.v. iband-
ronate to relieve bone pain in patients
with confirmed breast cancer and MBD
(42, 63). In this study, patients were
allocated to receive either ibandronate
2 mg by i.v. bolus injection (n = 154),
ibandronate 6 mg by i.v. infusion over
1-2 hours (n = 154), or an appropriate
placebo injection or infusion (n = 158).
Patients received the first treatment on
day zero and subsequent treatments at 3-
or 4-weekly intervals for 60-96 weeks.
Bone pain (assessed on a 5-point scale
from O = none to 4 = intolerable), an-
algesic consumption and quality of life
(QoL) (assessed using a European Or-
ganisation for the Research and Treat-
ment of Cancer [EORTC] Quality of
Life Scale) were evaluated as second-
ary endpoints in the study. Patients in
the ibandronate 6 mg group showed a
significantly improved bone pain score
over time compared with the placebo
and ibandronate 2 mg groups (Fig. 1).
This 6 mg ibandronate dose rapidly and
significantly reduced and maintained
bone pain scores below baseline for the
entire study period of 2 years (-0.28 +
-1.11, p < 0.001). Analgesic use was
markedly lower with ibandronate than
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Table 1. Efficacy of various bisphosphonates in relieving pain due to metastatic bone disease.
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Drug Lv.  Oral Control no.  Dosage schedule Analgesic efficacy Reference
Etidronate x  None 30 400 mg/day for 2 weeks “Transient’ Iwamoto et al. 2002 (11)
Clodronate X x  None 85 300 mg i.v. for 8 days Significant decrease in pain scores in 75%; Heidenreich et al. 2001(12)
followed by oral maintenance 22% pain free without analgesics and 45%
1600 mg daily significantly decreased daily consumption.
Effect lasted for a mean of 9 weeks
x  Active 49 800 or 1600 mg daily for 3 Significant decrease in pain score in Arican et al. 1999 (13)
months treated vs. untreated groups but pain
scores increased in 29%, 19% and 18%
of 800 mg/day, 1600 mg/day and control
groups, respectively
x  None 55 1600 mg daily Modest improvement Robertson ez al. 1995 (14)
X x  Placebo 57 300 mg daily i.v. followed by Pain relief only 10% better in clodronate Kymala et al. 1997 (15)
oral 1.6 g/day for 12 months than placebo group
X None 27 300 mg daily for 10 days Relieved pain in 10 patients but benefit ~ Creswell et al. 1995 (16)
short lived
X x  Untreated 55 300 mg i.v. for 3 weeks No significant differences between Strang et al. 1997 (17)
followed by oral 3200 mg treatment arm and controls
for 4 weeks
X None 60 600 mg or 1500 mg daily Significant analgesic effect but optimal ~ Ernst et al. 1997 (18)
crossed over after 2 weeks to  dose and duration of effect need further
the other dose evaluation
Pamidronate X Placebo 382 90 mg every 3-4 weeks Pain scores decreased over time but Hortobagyi et al. 1998 (19)
significantly more in the placebo group
X Placebo 372 90 mg every 4 weeks for At final measurement, pain scores had Theriault et al. 1999 (20)
24 cycles increased significantly more in the
placebo group
X None 1 180 mg monthly ‘Excellent’ pain relief Pistevou-Gombaki et al.
2002 (21)
X None 200 60 mg for 6 infusions over Pain intensity decreased Groff et al. 2001 (22)
7 weeks + one infusion every
3 weeks for a total of 24
infusions
X x  Active 55 1600 mg orally daily vs. 1500 Significant improvement in pain scores  Jagdev et al. 2001 (23)
mg i.v. followed by 1600 mg with pamidronate vs. clodronate but no
orally vs 90 mg i.v. significant difference in pain scores between
pamidronate the two pamidronate-treated groups
X None 10 90 mg monthly for 12 cycles Significant decrease in bone pain Vitale et al. 2001 (24)
X Active 70 60 mg or 90 mg every 3 Significant reduction in pain Gessner et al. 2000 (25)
weeks for maximum six cycles
X Placebo 751 90 mg every 3-4 weeks Pain and analgesic scores significantly Lipton et al. 2000 (26)
worse in placebo group
X None 70 60 mg or 90 mg every 3 60% and 63%, respectively, of patients Koeberle et al. 1999 (27)
weeks for maximum six had sustained reduction in pain intensity;
cycles median response duration was 15 vs. 12
weeks, respectively
X None 86  Single 120 mg infusion Reduction in pain symptom score and Coleman et al. 1997 (28)
analgesic consumption
Zoledronate X Placebo 643 4 mgevery 4 weeks placebo  Less increase in pain scores than with Saad et al. 2002 (29)
X None 638 4 mgevery 3-4 weeks Pain scores decreased from baseline Vogel et al. 2004 (30)
X None 101 4 mgevery 3 weeks Significant reductions in worse pain Wardley et al. 2005 (31)
X Active 1648 4 mg or 8 mg every 3-4 Pain scores decreased in all treatment Rosen 2001 (32)
weeks vs. pamidronate 90 groups, i.e. zoledronate and pamidronate
mg every 3—4 weeks for 12 similarly effective.
months.
X Placebo 228 4 mgevery 4 weeks Fewer patients reported bone pain with ~ Kohno et al. 2005 (33)

Zoledronate vs. placebo, especially grade
3 or 4 bone pain
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Fig. 1. Impact of i.v.
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in the placebo group, indicating that
the better pain relief was not due to the
increased use of analgesics (63). The 6
mg ibandronate infusion also increased
mean QoL scores compared with placebo
over the course of the study; differences
were significant for global functioning
(p = 0.004) and global health status (p <
0.05) and with significantly better scores
on the domains of physical, emotional,
and social functioning (p < 0.05).

High-dose ibandronate for metastatic
bone disease due to urological cancers
A publication search revealed two

open-label, prospective studies that
have assessed the ability of high-dose
i.v. ibandronate to provide pain relief in
patients with MBD resulting from uro-
logical cancers (prostate cancer, renal
cancer or bladder cancer). In the first of
these studies, 45 men with prostate can-
cer and MBD received i.v. ibandronate
(6 mg) in a 1-hour infusion on 3 consec-
utive days (as a loading dose) followed
by a single infusion of i.v. ibandronate
6 mg every 4 weeks for a mean dura-
tion of 9 months (45, 65). Forty patients
(89%) experienced a rapid and signifi-
cant (p < 0.001) improvement in bone
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pain score (evaluated using a 10-point
visual analogue scale [VAS] from base-
line). Of these, 11 (25%) were com-
pletely pain free following ibandronate
treatment. As pain decreased, daily
analgesic use and patient mobility and
functioning (assessed by the Karnof-
sky index and the Eastern Cooperative
Oncology Group [ECOG] performance
status) improved.

In the second study, 53 patients with
prostate, renal or bladder cancer and
MBD received a loading dose of i.v.
ibandronate (6 mg in a 1-hour infusion
on 3 consecutive days), followed by 6
mg i.v. ibandronate every 4 weeks for
20 weeks (66). Consistent with the study
in men with prostate cancer, i.v. iband-
ronate rapidly and significantly relieved
pain (3-point reduction in VAS and 50%
reduction in analgesic use) in 44 patients
(83%) and completely relieved pain in
25% of participants. Mean bone pain
scores (10-point VAS) fell progressively
from 6.8 at baseline to 2.5 on day 3 (p <
0.001). The bone-pain scores remained
below baseline for 20 weeks, and were
accompanied by improved patient mo-
bility and functioning, as measured by
Karnofsky Index and ECOG perform-
ance status (Fig. 2). Indeed, some previ-
ously bedridden patients became mobile
and independent within a few days of
starting ibandronate treatment (66).

High-dose ibandronate for opioid-
resistant metastatic bone disease

One open-label, pilot study has as-
sessed the analgesic effect of high-dose
i.v. ibandronate in 18 patients with vari-
ous advanced cancers, MBD and opio-
id-resistant bone pain (64). At baseline,
participants had bone pain, despite re-
ceiving the equivalent of 400 mg/day
oral morphine. Patients received a
high-dose schedule of 4 mg ibandronate
by i.v. infusion over 2 hours for 4 con-
secutive days, and were then assessed
for 6 weeks or until death. L.v. iband-
ronate significantly reduced pain scores
within 7 days compared with baseline;
pain scores were then maintained at this
lower level throughout the study period
(p < 0.05). It is important to note that
this improved pain relief was not due
to increased analgesic use. Significant
and maintained improvements in QoL,
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patient functioning and performance
status (p < 0.05) were also observed
with i.v. ibandronate treatment.

Multiple myeloma

A randomised, double-blind, placebo-
controlled, parallel-group study has
evaluated a non-standard dose of iband-
ronate (2 mg administered as a monthly
i.v. injection) vs. placebo in 198 pa-
tients with stage II/III multiple my-
eloma (67). Secondary variables of this
study included bone pain score (scale:
0 = none, 1 = mild, 2 = moderate, 3 =
severe and 4 = intolerable) and analge-
sic score (scale: O = none, 1 = mild an-
algesic or non-steroidal anti-inflamma-
tory drug [NSAID], 2 = mild analgesic
+ NSAID, 3 = moderate analgesic, 4
= opiates morphine <40 mg daily, 5 =
opiates morphine 40-100 mg daily, 6 =
opiates morphine >100 mg daily). At fi-
nal evaluation, patients with confirmed
osteolytic lesions had significantly
decreased bone pain scores compared
with baseline (Wilcoxon rank sum test;
p <0.047). However, overall there were
no significant differences versus place-
bo in bone pain or analgesic drug use.
This lack of a significant analgesic ef-
fect in the overall patient population is
likely due to the use of an inadequate
ibandronate dose in this study, i.e. 2 mg.
There was an effect on the reduction of
skeletal-related events in patients with
an ‘adequate’ inhibition of bone resorp-
tion (evaluated by bone markers) con-
firming that the dose was too low for
most patients. This explanation is con-
sistent with the inadequate effect of this
2 mg i.v. dose in patients with MBD due
to breast cancer (70). Higher doses (i.e.
6 mg) in MBD associated with breast
cancer were, however, associated with
significant and sustained pain relief.
Summary: i.v. ibandronate for manag-
ing bone pain in patients with malignant
disease.

These studies demonstrate that, in pa-
tients with MBD due to solid tumours,
i.v. ibandronate is the only bisphospho-
nate that has proven to significantly re-
duce bone pain scores for up to 2 years.
These findings compare favourably
with studies of i.v. pamidronate and i.v.
zoledronate in which bone pain scores
either continued to worsen over time

Bone pain relief with ibandronate / J.D. Ringe & J.J. Body

(19, 20, 29) or in which the pain re-
lief lasted (or was only documented to
last), for a few months (30-32,71). One
study of zoledronate administered to
Japanese women with bone metastases
from breast cancer has shown a positive
effect on bone pain, especially severe
(grade 3/4) bone pain compared with
placebo (20% vs. 6%), where bone pain
was reported as an adverse event (33).
Importantly, in open-label studies, in-
tensive ibandronate dosing (loading-
dose of 6 mg by infusion over 1 hour
for 3 consecutive days or 4 mg over 2
hours for 4 consecutive days) rapidly
relieves moderate-to-severe metastatic
bone pain without compromising renal
safety (44, 45, 65). These findings con-
trast with the renal toxicity observed
with the i.v. administration of other bi-
sphosphonates (72), and particularly in
studies with zoledronate (35, 36). Clini-
cal trials are in progress to further ex-
amine the effects of loading-dose iban-
dronate followed by either i.v. or oral
maintenance dosing in patients with
metastatic bone pain.

Oral ibandronate for treating

malignancy-related bone pain

Two randomised, double-blind, placebo-
controlled, parallel-group, multicentre
studies have been conducted to thor-
oughly examine the effect of oral iband-
ronate on bone pain. These studies were
conducted with near-identical protocols,
allowing data to be pooled (61, 62). In to-
tal, 564 patients with histologically con-
firmed breast cancer and radiologically
confirmed MBD were randomised to re-
ceive oral ibandronate 50 mg (n = 287)
or placebo (n = 277) once daily for up
to 96 weeks. The primary endpoint was
skeletal morbidity period rate (SMPR),
defined as the number of 12-week peri-
ods with new skeletal complications di-
vided by the number of periods on the
study. Secondary endpoints included
bone-pain score (5-point scale, 0 = none
to 4 = intolerable), analgesic use (7-point
scale) and QoL (EORTC QLQ-C30).
Oral ibandronate (50 mg) significantly
reduced mean SMPR compared with
placebo (p = 0.004), mainly due to fewer
events needing radiotherapy (p < 0.001)
or surgery (p = 0.037) (61). Ibandronate
also rapidly reduced bone-pain scores
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to a level sustained for the rest of the
study (Fig. 3). Conversely, with placebo,
scores did not change for 36 weeks and
then steadily increased over the next 60
weeks. The difference between the two
groups at study end was statistically sig-
nificant (p =0.001) (62). Although mean
analgesic use increased from baseline in
both groups, this increase was signifi-
cantly less in the ibandronate group (p
= 0.019) (62). Ibandronate significantly
reduced the decline in global QoL (p =
0.032) and physical and role function-
ing scores were significantly higher with
ibandronate than with placebo (p <0.05)
(62).

Summary: oral ibandronate for manag-
ing bone pain in patients with malignant
disease.

As with i.v. ibandronate, oral ibandro-
nate therapy significantly reduces and
maintains bone pain scores for 2 years
and is associated with improvements
in QoL and patient functioning. No
other oral bisphosphonate has to date
demonstrated such efficacy in reliev-
ing MBD-associated pain. Notably, the
good tolerability of oral ibandronate is
maintained with a dose of 50 mg daily
for up to 96 weeks.

Bone pain associated with non-
malignant disorders

Various bisphosphonates have demon-
strated efficacy in providing pain relief
in several non-malignant disorders of in-
creased bone turnover, including Paget’s
disease (73-81) CIO (82) and localised
transient osteoporosis (bone marrow
oedema) (83-86). Other published re-
ports document the efficacy of bisphos-
phonates in a group of ill-defined and
poorly understood chronic inflammatory
bone metabolic disorders, collectively
known as sternocostoclavicular hyper-
ostosis (87-91). The pain of diffuse scle-
rosing osteomyelitis (92) and of fibrous
dysplasia (93-96) is also reported to re-
spond to bisphosphonate therapy.

The studies that have evaluated the ef-
ficacy of ibandronate for relieving the
bone pain associated with these non-
malignant disorders of increased bone
resorption are discussed below. The
majority of these studies have been
conducted with the i.v. formulation of
ibandronate.
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Table II. Corticosteroid-induced osteoporosis: change in the course of back pain from
baseline to study end in patients receiving ibandronate or alfacalcidol (58, 59).

Assigned treatment group

Ibandronate Alfacalcidol
No. of patients % No. of patients %

Pain at baseline

None - - 1 1.8

Mild 2 34 6 10.5

Moderate 19 32.8 25 43.9

Severe 37 63.8 25 43.9
Pain at last visit

None 36 62.1 17 29.8

Mild 20 34.5 27 47.4

Moderate 2 34 11 19.3

Severe - - 2 3.5
Change in pain from baseline tolast visit

Improved three degrees 22 37.9 7 12.3

Improved two degrees 26 44.8 18 31.6

Improved one degree 9 15.5 21 36.8

No change 1 1.7 9 15.8

Worsened - - 2 3.5

L.v. ibandronate for treating non-
malignancy-related bone pain

— Corticosteroid-induced osteoporosis
The efficacy of i.v. ibandronate for re-
lieving the pain associated with estab-
lished osteoporosis due to long-term,
high-dose corticosteroid treatment was
assessed in an open-label, randomised
study (58,59). Intotal, 115 patients were
randomised to receive daily calcium
supplements plus either 3-monthly i.v.
injections of 2 mg ibandronate or daily
oral alfacalcidol (1 ug) for 3 years. At
3 years ibandronate i.v. injections pro-
duced significantly superior increases
in mean lumbar spine and femoral neck

BMD (p < 0.001 for both analyses) vs
daily oral alfacalcidol (primary study
endpoint). In addition, patients who
received ibandronate injections expe-
rienced significantly fewer vertebral
fractures after 3 years (8.6%) compared
with alfacalcidol (22.8%; relative risk
reduction, 62.3%; p = 0.043). Change
in back pain intensity (measured on a
4-point Likert scale) was a secondary
endpoint of the study. Three-monthly
injections of ibandronate provided sig-
nificant back pain relief over the course
of the study. At 3 years, the proportion
of patients who achieved a pain score
reduction of two or three degrees from
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baseline was 86.2% for ibandronate
and 49.1% for daily alfacalcidol (p <
0.001). In addition, 62% vs. 30% of par-
ticipants, respectively, reported no pain
at the end of 3 years’ treatment (Table
I). Thus, i.v. ibandronate appears to
provide significant benefit for patients
with established CIO with bone pain.

— Localised transient osteoporosis

The findings from one published study
indicate the potential benefit of iband-
ronate in relieving the pain associated
with localised transient osteoporosis.
This 6-month, open-label, prospective,
observational study enrolled 12 patients
diagnosed with localised transient oste-
oporosis (by acute onset of pain at the
hip, knee or ankle without prior trauma,
increased radiolucency on x-ray with
increased *Tc uptake on bone scan,
typical bone marrow oedema on MRI
and normal routine laboratory values
and calcium metabolism) (68). Patients
received a single i.v. administration of
4 mg ibandronate with an optional 2
mg injection at 3 months. Local pain
on a 10-point VAS were assessed at
baseline and 1, 2, 3 and 6 months. Af-
ter 6 months i.v. ibandronate injections
provided rapid and substantial pain re-
lief (Fig. 4). Most patients experienced
noticeable pain relief by month 1 and
the majority were almost or completely
pain free by month 3. By month 6, the
mean VAS pain score had decreased
considerably from 9.3 at baseline to
0.5 and seven patients were completely
pain free. Pain relief was accompanied

10+

WAS pain st ere

r

FRLERERLERLE

Putiant

W Bazalivg
01 meonith
12 et —
O3 it
B 0 monts

Fig. 4. Impact of intermittent i.v. ibandronate injections in patients with localised transient osteoporosis: average pain before and after i.v. ibandronate (VAS
1-10) (68). Reprinted from Ringe JD et al.: Effective and rapid treatment of painful localized transient osteoporosis (bone marrow edema) with intravenous
ibandronate. Osteoporos Int 2005; 16: 2063-8 with kind permission of Springer Science and Business Media.
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by substantial improvements in mobil-
ity and QoL.

— Sternocostoclavicular hyperostosis
Detailed case studies of three patients
indicate the benefits of i.v. ibandronate
in sternocostoclavicular hyperostosis
(69). All three patients had failed to
respond to previous conventional anal-
gesics and physiotherapy. I.v. ibandro-
nate was administered as a single 4 mg
infusion, followed by 2 mg injections
every 3 months for 1 year. Pain scores
were assessed at baseline and at regular
intervals using a 10-point VAS. Rapid
and persistent pain relief with iband-
ronate injections was observed in all
patients. The average VAS pain score
of the three patients was 9.7 at base-
line, falling to 4.7 at 2 weeks, 1.7 at 3
months and 0.3 after 12 months.
Summary: i.v. ibandronate for man-
aging bone pain in patients with non-
malignant disease.

L.v. ibandronate demonstrates robust ef-
ficacy in relieving the pain associated
with non-malignant disorders character-
ised by increased bone turnover. Nota-
bly, this analgesic efficacy was achieved
using lower doses and less intensive
dosing regimens than used in malignant
disease, reflecting the less aggressive
underlying pathophysiology of these
conditions. This contrasts with find-
ings for other i.v. bisphosphonates in
which similar doses appear to be needed
for both malignant and non-malignant
bone-related pain.

Discussion

Although some of the studies included
within this review have low patient
numbers or are not placebo-controlled,
the body of evidence as a whole dem-
onstrates that ibandronate significantly
and persistently reduces bone pain
scores and consequently improves pa-
tient functioning and QoL in a wide va-
riety of malignant and non-malignant
disorders associated with increased
bone turnover.

In MBD, both i.v. and oral ibandronate
compare favourably with several other
bisphosphonates in terms of both ef-
ficacy and tolerability. This is in con-
trast with previous oral bisphosphonate
therapy (e.g. oral clodronate), which
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has often been seen as less effective
than i.v. bisphosphonates (pamidronate
and zoledronate), thereby proving no
real alternative. Therefore, ibandronate
uniquely offers patients and healthcare
professionals greater choice and flex-
ibility, with proven efficacy in both
formulations.

In several non-malignant disorders of
bone turnover, i.v. ibandronate dem-
onstrates promising analgesic efficacy
with lower doses and less intensive
dosing schedules than needed for pain
relief in MBD. These findings are in
marked contrast to those with other i.v.
bisphosphonates (e.g. clodronate and
pamidronate), in which similar high-
dose-intensity schedules appear to be
needed to relieve pain in both malig-
nant and non-malignant conditions.
Additionally, in generally benign dis-
orders with increased bone turnover,
safety, tolerability, simplicity and con-
venience are of high importance when
deciding on a therapy to ensure good
long-term therapeutic adherence. It is
therefore notable that both oral and i.v.
ibandronate have demonstrated good
safety and tolerability profiles, com-
parable to placebo (97). In addition,
oral ibandronate has been shown to be
well tolerated even in patients with a
history of upper gastrointestinal disor-
ders or taking NSAIDs, while no clini-
cal complications with renal function
have been detected with i.v. ibandro-
nate. Furthermore, ibandronate is the
only bisphosphonate to offer both i.v.
injection and oral regimens with ex-
tended (beyond weekly) between-dose
intervals in this therapeutic area. Once-
monthly (150mg) oral and 3-monthly
(3mg) i.v. injection regimens of iban-
dronate (both approved for the treat-
ment of postmenopausal osteoporosis)
provide prescribers the ability to offer
their patients simple and convenient
treatment options (97).

In conclusion, ibandronate uniquely of-
fers the flexibility to tailor treatment to
the individual patient’s needs and cir-
cumstances. Intensive, high-dose oral
and i.v. regimens are effective in alle-
viating malignant, bone-related pain,
while lower, less frequent doses are
suitable for pain due to non-malignant
disorders of bone turnover. Both i.v.
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and oral formulations are well tolerated
over the extended dose range examined
in the studies reviewed herein, high-
lighting the wide therapeutic window
of this bisphosphonate. Further ran-
domised, controlled trials are required
to fully assess the effects of ibandronate
on bone pain, however, ibandronate is
an appropriate choice for bone pain re-
lief in patients with a broad spectrum of
underlying conditions.

Acknowledgments

The authors would like to thank Cather-
ine Lee, Medical Writer, for her assist-
ance in drafting the manuscript.

References

1. JANJAN N: Bone metastases: approaches to
management. Semin Oncol 2001; 4 (Suppl.
11): 28-34.

2. WORLD HEALTH ORGANIZATION: Cancer pain
relief with a guide to opioid availability, 2™
ed., Geneva, World Health Organization:
1996.

3. VINHOLES J, COLEMAN R, EASTELL R: Ef-
fects of bone metastases on bone metabo-
lism: implications for diagnosis, imaging and
assessment of response to cancer treatment.
Cancer Treat Rev 1996; 22: 289-331.

4. KYLE RA, GERTZ MA, WITZIG TE et al.:
Review of 1027 patients with newly diag-
nosed multiple myeloma. Mayo Clin Proc
2003; 78: 21-33.

5. BODY WJ: Effectiveness and cost of bisphos-
phonate therapy in tumor bone disease.
Cancer 2003; 97 (Suppl. 3): 859-65.

6. ROGERS MJ, WATTS DJ, RUSSELL RG: Over-
view of bisphosphonates. Cancer 1997; 80
(Suppl. 1): 1652-60.

7. SEVCIK MA, LUGER NM, MACH DB et al.:
Bone cancer pain: the effects of the bisphos-
phonate alendronate on pain, skeletal remod-
eling, tumor growth and tumor necrosis. Pain
2004; 111: 169-80.

8. MANTYH P: Mechanisms of bone cancer pain
relief with bisphosphonates. Poster presented
at the Eighth and Valedictory Workshop on
Bisphosphonates — From the Laboratory to
the Patient, Davos, Switzerland, 2006.

9. LANGSTON AL, RALSTON SH: Management
of Paget’s disease of bone. Rheumatology
(Oxford) 2004; 43: 955-9.

10. MILLER PD: Efficacy and safety of long-term
bisphosphonates in postmenopausal osteo-
porosis. Expert Opin Pharmacother 2003; 4:
2253-8.

11. IWAMOTO J, TAKEDA T, ICHIMURA S: Tran-
sient relief of metastatic cancer bone pain
by oral administration of etidronate. J Bone
Miner Metab 2002; 20: 228-34.

12. HEIDENREICH A, HOFMANN R, ENGELMANN
UH: The use of bisphosphonate for the pallia-
tive treatment of painful bone metastasis due
to hormone refractory prostate cancer. J Urol
2001; 165: 136-40.

13. ARICAN A, ICLI F, CAKIR M et al.: The effect
of two different doses of oral clodronate on
pain in patients with bone metastases. Med



Bone pain relief with ibandronate / J.D. Ringe & J.J. Body

14.

15.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Oncol 1999; 16: 204-10.

ROBERTSON AG, REED NS, RALSTON SH:
Effect of oral clodronate on metastatic bone
pain: a double-blind, placebo-controlled
study. J Clin Oncol 1995; 13: 2427-30.
KYMALAT, TAUBE T, TAMMELA TL, RISTELI
L, RISTELI J, ELOMAA I: Concomitant i.v.
and oral clodronate in the relief of bone pain
— a double-blind placebo-controlled study in
patients with prostate cancer. Br J Cancer
1997; 76: 939-42.

. CRESSWELL SM, ENGLISH PJ, HALL RR,

ROBERTS JT, MARSH MM: Pain relief and
quality-of-life assessment following intra-
venous and oral clodronate in hormone-es-
caped metastatic prostate cancer. Br J Urol
1995; 76: 360-5.

STRANG P, NILSSON S, BRANDSTEDT S et
al.: The analgesic efficacy of clodronate
compared with placebo in patients with pain-
ful bone metastases from prostatic cancer.
Anticancer Res 1997; 17: 4717-21.

. ERNST DS, BRASHER P, HAGEN N, PATER-

SON AH, MACDONALD RN, BRUERA E: A
randomized, controlled trial of intravenous
clodronate in patients with metastatic bone
disease and pain. J Pain Symptom Manage
1997; 13: 319-26.

HORTOBAGYI GN, THERIAULT RL, LIPTON A
et al.: Long-term prevention of skeletal com-
plications of metastatic breast cancer with
pamidronate. J Clin Oncol 1998; 16: 2038-
44.

THERIAULT RL, LIPTON A, HORTOBAGYI
GN et al.: Pamidronate reduces skeletal mor-
bidity in women with advanced breast cancer
and lytic bone lesions: a randomized, pla-
cebo-controlled trial. J Clin Oncol 1999; 17:
846-54.

PISTEVOU-GOMBAKI K, ELEFTHERIADIS N,
SOFRONIADIS I, MAKRIS P, KOULOULIAS V:
Palliative treatment of painful bone metas-
tases from non-Hodgkin’s lymphoma with
disodium pamidronate. J Exp Clin Cancer
Res 2002; 21: 429-32.

GROFF L, ZECCA E, DE CONNO F et al.: The
role of disodium pamidronate in the manage-
ment of bone pain due to malignancy. Palliat
Med 2001; 15: 297-307.

JAGDEV SP, PUROHIT OP, HEATLEY S, HER-
LING C, COLEMAN RE: Comparison of the
effects of intravenous pamidronate and oral
clodronate on symptoms and bone resorption
in patients with metastatic bone disease. Ann
Oncol 2001; 12: 1433-8.

VITALE G, FONDERICO F, MARTIGNETTI A et
al.: Pamidronate improves the quality of life
and induces clinical remission of bone me-
tastases in patients with thyroid cancer. Br J
Cancer 2001; 84: 1586-90.

GESSNER U, KOEBERLE D, THUERLIMANN
B, BACCHUS L, HORISBERGER B: Economic
analysis of terminal care for patients with
malignant osteolytic bone disease and pain
treated with pamidronate. Support Care Can-
cer 2000; 8: 115-22.

LIPTON A, THERIAULT RL, HORTOBAGYI
GN et al.: Pamidronate prevents skeletal
complications and is effective palliative treat-
ment in women with breast carcinoma and
osteolytic bone metastases: long term follow-
up of two randomized, placebo-controlled tri-
als. Cancer 2000; 88: 1082-90.

KOEBERLE D, BACCHUS L, THUERLIMANN
B, SENN HIJ: Pamidronate treatment in pa-

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

tients with malignant osteolytic bone disease
and pain: a prospective randomized double-
blind trial. Support Care Cancer 1999; 7: 21-
7.

COLEMAN RE, PUROHIT OP, VINHOLES 1JJ,
ZEKRI J: High dose pamidronate: clinical
and biochemical effects in metastatic bone
disease. Cancer 1997; 80 (Suppl. 8): 1686-
90.

SAAD F: Zoledronic acid significantly re-
duces pathologic fractures in patients with
advanced-stage prostatic cancer metastatic to
bone. Clin Prostate Cancer 2002; 1: 145-52.
VOGEL CL, YANAGIHARA RH, WOOD AJ et
al.: Safety and pain palliation of zoledronic
acid in patients with breast cancer, prostate
cancer, or multiple myeloma who previously
received bisphosphonate therapy. Oncologist
2004; 9: 687-95.

WARDLEY A, DAVIDSON N, BARRETT-LEE P
et al.: Zoledronic acid significantly improves
pain scores and quality of life in breast cancer
patients with bone metastases: a randomised,
crossover study of community vs. hospital
bisphosphonate administration. Br J Cancer
2005; 92: 1869-76.

ROSEN LS, GORDON D, KAMINSKI M et al.:
Zoledronic acid versus pamidronate in the
treatment of skeletal metastases in patients
with breast cancer or osteolytic lesions of
multiple myeloma: a phase III, double-blind,
comparative trial. Cancer J 2001; 7: 377-87.
KOHNO N, AOGI K, MINAMI H et al.:
Zoledronic acid significantly reduces skel-
etal complications compared with placebo in
Japanese women with bone metastases from
breast cancer: a randomised, placebo-control-
led trial. J Clin Oncol 2005; 23; 3314-21.
WONG R, WIFFEN PJ: Bisphosphonates for
the relief of pain secondary to bone metas-
tases (Cochrane Review). In: The Cochrane
Library. Chichester, John Wiley & Sons Ltd
2004.

MARKOWITZ GS, FINE PL, STACK JI et al.:
Toxic acute tubular necrosis following treat-
ment with zoledronate (Zometa). Kidney Int
2003; 64: 281-9.

CHANG JT, GREEN L, BEITZ J: Renal failure
with the use of zoledronic acid. N Engl J Med
2003; 349: 1676-9.

ZOLEDRONATE US PRESCRIBING INFORMATION.
Novartis, 2005.

ZOLEDRONATE EU SUMMARY OF PRODUCT
CHARACTERISTICS. Novartis, 2001.

CONTE P, GUARNERI V: Safety of intrave-
nous and oral bisphosphonates and compli-
ance with dosing regimens. Oncologist 2004;
9 (Suppl. 4): 28-37.

BAUSS F, RUSSELL RGG: Ibandronate in os-
teoporosis: preclinical data and rationale for
intermittent dosing. Osteoporos Int 2004; 15:
423-33.

MILLER PD, MCCLUNG MR, MACOVEI L
et al.: Monthly oral ibandronate therapy in
postmenopausal osteoporosis: 1-year results
from the Monthly Oral IBandronate in La-
diEs (MOBILE) study. J Bone Miner Res
2005; 20: 1315-22.

BODY JJ, DIEL 1J, LICHINITSER MR ef al.: In-
travenous ibandronate reduces the incidence
of skeletal complications in patients with
breast cancer and bone metastases. Ann On-
col 2003; 14: 1399-405.

TRIPATHY D, BODY JJ, DIEL I et al.: Oral
daily ibandronate: efficacy in reducing skel-

773

REVIEW

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

etal complications in patients with metastatic
bone disease from breast cancer. Proc Am
Soc Clin Oncol 2003; 22: 46.

MANCINI I, DURMAN JC, TOTH C et al.:
Short-term treatment with the bisphospho-
nate ibandronate for opioid-resistant meta-
static bone pain. Bone 2002; 30 (Suppl. 3):
51.

OHLMANN C, HEIDENREICH A: Efficacy of
ibandronate in the management of painful os-
seous metastases due to hormone refractory
prostate cancer. Support Care Cancer 2003;
11: 396.

CHESNUT CH, SKAG A, CHRISTIANSEN C et
al.: Effects of oral ibandronate administered
daily or intermittently on fracture risk in
postmenopausal osteoporosis. J Bone Miner
Res 2004; 19: 1241-9.

RAVN P, CLEMMESEN B, RIIS BJ, CHRIS-
TIANSEN C: The effect on bone mass and
bone markers of different doses of iband-
ronate: a new bisphosphonate for prevention
and treatment of postmenpausal osteoporo-
sis: a 1-year, randomised, double-blind, pla-
cebo-controlled, dose-finding study. Bone
1996; 19: 527-33.

RIIS BJ, ISE J, VON STEIN T, BAGGER Y,
CHRISTIANSEN C: Ibandronate: a compari-
son of oral daily dosing versus intermittent
dosing in postmenopausal osteoporosis.

J Bone Miner Res 2001; 16: 1871-8.
COOPER C, EMKEY RD, MCDONALD RH et
al.: Efficacy and safety of oral weekly iban-
dronate in the treatment of postmenopausal
osteoporosis. J Clin Endocrinol Metab 2003;
88: 4609-15.

THIEBAUD D, BURCKHARDT P, KRIEGBAUM
H et al.: Three monthly intravenous injec-
tions of ibandronate in the treatment of post-
menopausal osteoporosis. Am J Med 1997,
103: 298-307.

ADAMI S, FELSENBERG D, CHRISTIANSEN
C et al.: Efficacy and safety of ibandronate
given by intravenous injection once every 3
months. Bone 2004; 34: 881-9.

RECKER R, STAKKESTAD JA, CHESNUT CH
et al.: Clinical assessment of intravenous
ibandronate injection once every 3 months
in postmenopausal osteoporosis. Bone 2004;
34: 890-9.

DELMAS PD, ADAMI S, STRUGALA C et al.:
Intravenous ibandronate injections in post-
menopausal women with osteoporosis: one-
year results from the dosing intravenous ad-
ministration study. Arthritis Rheum 2006; 54:
1838-46.

MCCLUNG MR, WASNICH RD, RECKER R et
al.: Oral daily ibandronate prevents bone loss
in early postmenopausal women without os-
teoporosis. J Bone Miner Res 2004; 19: 11-
18.

TANKO LB, FELSENBERG D, CZERWINSKI E
et al.: Oral weekly ibandronate prevents bone
loss in postmenopausal women. J Intern Med
2003; 254: 159-67.

STAKKESTAD JA, BENEVOLENSKAYA LI,
STEPAN JJ et al.: Intravenous ibandronate
injections given every three months: a new
treatment option to prevent bone loss in post-
menopausal women. Ann Rheum Dis 2003;
62: 969-75.

SCHIMMER RC, BAUSS F: Effect of daily and
intermittent use of ibandronate on bone mass
and bone turnover in postmenopausal osteo-
porosis: a review of three phase II studies.



REVIEW

58.

59.

60.

61

62.

63.

64.

65.

66.

67.

68.

69.

Clin Ther 2003; 25: 19-34.

RINGE JD, DORST A, FABER H, IBACH K,
PREUSS J: Three-monthly ibandronate bolus
injection offers favourable tolerability and
sustained efficacy advantage over two years
in established corticosteroid-induced osteo-
porosis. Rheumatology 2003; 42: 743-9.
RINGE JD, DORST A, FABER H, IBACH K,
SORENSON F: Intermittent intravenous iban-
dronate injections reduce vertebral fracture
risk in corticosteroid-induced osteoporosis:
results from a long-term comparative study.
Osteoporos Int 2003; 14: 801-7.

TRIPATHY D, LICHINITZER M, LAZAREV A
et al.: Oral ibandronate for the treatment of
metastatic bone disease in breast cancer: ef-
ficacy and safety results from a randomized,
double-blind, placebo-controlled trial. Ann
Oncol 2004; 15: 743-50.

. BODY JJ, DIEL 1J, LICHINITZER A et al.:

Oral ibandronate reduces the risk of skeletal
complications in breast cancer patients with
metastatic bone disease: results from two
randomised, placebo-controlled phase III
studies. Br J Cancer 2004; 90: 1133-7.
BODY JJ, DIEL 1J, BELLR et al.: Oral ibandro-
nate improves bone pain and preserves qual-
ity of life in patients with skeletal metastases
due to breast cancer. Pain 2004; 111: 306-
12.

DIEL LJ, BODY JJ, LICHINITSER MR et al.:
Improved quality of life after long-term treat-
ment with the bisphosphonate ibandronate in
patients with metastatic bone disease due to
breast cancer. Eur J Cancer 2004; 40: 1704-
12.

MANCINI I, DUMON JC, BODY JJ: Efficacy
and safety of ibandronate in the treatment
of opioid-resistant bone pain associated with
metastatic bone disease: a pilot study. J Clin
Oncol 2004; 22: 3587-92.

HEIDENREICH A, ELERT A, HOFMANN R:
Ibandronate in the treatment of prostate cancer
associated painful osseous metastases. Pros-
tate Cancer Prostatic Dis 2002; 5: 231-5.
HEIDENREICH A, OHLMANN C, OLBERT P,
HEGELE A: High-dose ibandronate is effec-
tive and well tolerated in the treatment of
pain and hypercalcaemia due to metastatic
urologic cancer. Eur J Cancer Suppl 2003; 1:
$270.

MENSSEN HD, SAKALOVA A, FONTANA A et
al.: Effects of long-term intravenous iban-
dronate therapy on skeletal-related events,
survival, and bone resorption markers in
patients with advanced multiple myeloma.
J Clin Oncol 2002; 20: 2353-9.

RINGE JD, DORST A, FABER H: Effective and
rapid treatment of painful localized transient
osteoporosis (bone marrow edema) with in-
travenous ibandronate. Osteoporos Int 2005;
16: 2063-8.

RINGE JD, FABER H, FARAHMAND P: Rapid
pain relief and remission of sternocostocla-
vicular hyperostosis after intravenous iban-
dronate therapy. J Bone Miner Metab 2006;
24: 87-93.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

Bone pain relief with ibandronate / J.D. Ringe & J.J. Body

BODY JJ, LICHINITSER MR, DIEHL I et al.:
Double-blind placebo-controlled trial of in-
travenous ibandronate in breast cancer meta-
static to bone. Proc Am Soc Clin Oncol 1999;
35:575.

ROSEN LS, GORDON D, KAMINSKI M et al.:
Long-term efficacy and safety of zoledronic
acid compared with pamidronate disodium
in the treatment of skeletal complications in
patients with advanced multiple myeloma
or breast carcinoma: a randomized, double-
blind, multicenter, comparative trial. Cancer
2003; 98: 1735-44.

ADAMI S, ZAMBERLAN N: Adverse effects
of bisphosphonates. A comparative review.
Drug Saf 1996; 14: 158-70.

ROUX C: the methodology of clinical trials
of oral tiludronate in Paget’s disease of bone.
Bone 1995; 16 (Suppl. 5): 497S-9S.

MILLER PD, BROWN JP, SIRIS ES, HOSEYNI
MS, AXELROD DW, BEKKER PJ: A rand-
omized, double-blind comparison of rise-
dronate and etidronate in the treatment of
Paget’s disease of bone. Paget’s Risedronate/
Etidronate Study Group. Am J Med 1999;
106: 513-20.

HOSKING DJ, EUSEBIO RA, CHINES AA:
Paget’s disease of bone: reduction of disease
activity with oral risedronate. Bone 1998; 22:
51-5.

MORALES-PIGA A: Tiludronate. A new treat-
ment for an old ailment: Paget’s disease of
bone. Expert Opin Pharmacother 1999; 1:
157-70.

REGINSTER JY, COLSON F, MORLOCK G,
COMBE B, ETHGEN D, GEUSENS P: Evalua-
tion of the efficacy and safety of oral tiludro-
nate in Paget’s disease of bone. A double-
blind, multiple-dosage, placebo-controlled
study. Arthritis Rheum 1992; 35: 967-74.
TROMBETTI A, ARLOT M, THEVENON 1,
UEBELHART B, MEUNIER PJ: Effect of mul-
tiple intravenous pamidronate courses in
Paget’s disease of bone. Rev Rhum 1999; 66:
467-76.

GUTTERIDGE DH, RETALLACK RW, WARD
LC et al.: Clinical, biochemical, hematologic,
and radiographic responses in Paget’s disease
following intravenous pamidronate sodium:
a 2-year study. Bone 1996; 19: 387-94.
FILIPPONI P, CRISTALLINI S, POLICANI G,
CASCIARI C, GREGORIO F: Paget’s disease
of bone: benefits of neridonate as a first treat-
ment and in cases of relapse after clodronate.
Bone 1998; 23: 543-8.

EEKHOFF ME, ZWINDERMAN AH, HAVERKO-
RT DM, CREMERS SC, HAMDY NA, PAPAPOU-
LOS SE: Determinants of induction and dura-
tion of remission of Paget’s disease of bone
after bisphosphonate (olpadronate) therapy.
Bone 2003; 33: 831-8.

LODDENKEMPER K, GRAUER A, BURM-
ESTER GR, BUTTGEREIT F: Calcium, vitamin
D and etidronate for the prevention and treat-
ment of corticosteroid-induced osteoporosis
in patients with rheumatic diseases. Clin Exp
Rheumatol 2003; 21: 19-26.

774

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

SCHAPIRA D, BRAUN MOSCOVICI Y, GUTI-
ERREZ G, NAHIR AM: Severe transient osteo-
porosis of the hip during pregnancy. Success-
ful treatment with intravenous bisphospho-
nates. Clin Exp Rheumatol 2003; 21: 107-10.
VARENNA M, ZUCCHI F, BINELLI L, FAILONI
S, GALLAZZI M, SINIGAGLIA L: Intravenous
pamidronate in the treatment of transient os-
teoporosis of the hip. Bone 2002; 31: 96-101.
SAMDANI A, LACHMANN E, NAGLER W:
Transient osteoporosis of the hip during
pregnancy. Am J Phys Med Rehabil 1998;
77: 153-6.

MILTNER O, NIEDHART C, PIROTH W, WE-
BER M, SIEBERT CH: Transient osteoporosis
of the navicular bone in a runner. Arch Orthop
Trauma Surg 2003; 123: 153-6.

AMITAL H, APPLBAUM YH, AAMAR S, DAN-
IEL N, RUBINOV A: SAPHO syndrome treat-
ed with pamidronate: an open-label study of
10 patients. Rheumatology (Oxford) 2004;
43: 658-61.

COURTNEY PA, HOSKING DJ, FAIRBAIRN
KJ, DEIGHTON CM: Treatment of SAPHO
with pamidronate. Rheumatology 2002; 41:
1196-8.

GUIGNARD S, JOB-DESLANDRE C, SAYAG-
BOUKRIS V, KAHAN A: Pamidronate treat-
ment in SAPHO syndrome. Joint Bone Spine
2002; 69: 392-6.

MARSHALL H, BROMILOW J, THOMAS AL,
ARDEN NK: Pamidronate: a novel treatment
for the SAPHO syndrome? Rheumatology
2002; 41: 231-3.

VAN DOORNUM S, BARRACLOUGH D, McC-
COLL G, WICKS I: SAPHO: rare or just not
recognised? Semin Arthritis Rheum 2000;
30: 70-7.

MONTONEN M, KALSO E, PYLKKAREN L,
LINDSTRORM BM, LINDQVIST C: Disodium
clodronate in the treatment of diffuse scle-
rosing osteomyelitis (DSO) of the mandible.
Int J Oral Maxillofac Surg 2001; 30: 313-7.
KOS M, LUCZAK K, GODZINSKI J, KLEMP-
OUS J: Treatment of monostotic fibrous dys-
plasia with pamidronate. J Craniomaxillofac
Surg 2004; 32: 10-5.

PLOTKIN H, RAUCH F, ZEITLIN L, MUNNS C,
TRAVERS R, GLORIEUX FH: Effect of pamid-
ronate treatment in children with polyostotic
fibrous dysplasia of bone. J Clin Endocrinol
Metab 2003; 88: 4569-75.

MATARAZZO P, LALAR, MASI G, ANDREO M,
ALTARE F, DE SANCTIS C: Pamidronate treat-
ment in bone fibrous dysplasia in children
and adolescents with McCune-Albright syn-
drome. J Pediatr Endocrinol Metab 2002; 15
(Suppl. 3): 929-37.

CHAPURLAT RD, DELMAS PD, LIENS D, ME-
UNIER PJ: Long-term effects of intravenous
pamidronate in fibrous dysplasia of bone.
J Bone Miner Res 1997; 12: 1746-52.
REGINSTER JY, BURLET N, LECART MP:
Ibandronate: a new perspective in the treat-
ment of osteoporosis. Therapy 2005; 2: 175-
85.



