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ABSTRACT

Objective: Randomised controlled trials (RCTs) have
given contradictory results about the efficacy and
safety of ibandronate in treating metastatic bone
disease (MBD) or multiple myeloma. This review meta-
analysed the literature to gain a more comprehensive
picture.

Design: Systematic review and meta-analysis of
ibandronate compared with placebo or zoledronate.
Data sources: PubMed, EMBASE and the Cochrane
Library databases were systematically searched

to identify RCTs published up to March 2015
evaluating ibandronate to treat MBD or multiple
myeloma.

Review method: 10 RCTs involving 3474 patients
were included. Six RCTs were placebo-controlled and
four compared ibandronate with zoledronate. The
studies included in this review were mainly from
European countries.

Results: Intravenous ibandronate (6 mg) or oral
drug (50 mg) decreased the risk of skeletal-related
events compared to placebo (risk ratio (RR) 0.80,
95% Cl 0.71 to 0.90, p=0.002). It also reduced the
bone pain score below baseline significantly more than
did placebo at 96 weeks (weighted mean difference
—-0.41, 95% CI —0.56 to —0.27, p<0.001). The
incidence of diarrhoea, nausea and adverse renal
events was similar between the ibandronate and
placebo groups, but ibandronate was associated with
greater risk of abdominal pain. Ibandronate was
associated with similar risk of skeletal-related events as
another bisphosphonate drug, zoledronate (RR 1.02,
95% Cl 0.82 to 1.26, p=0.87). The incidence of
nausea, jaw osteonecrosis and fatigue was similar for
the two drugs, but the incidence of adverse renal
events was significantly lower in the ibandronate
group.

Conclusions: Ibandronate significantly reduces the
incidence of skeletal-related events and bone pain in
patients with MBD or multiple myeloma relative to
placebo. It is associated with a similar incidence of
skeletal-related events as zoledronate.

Strengths and limitations of this study

= First meta-analysis on ibandronate for metastatic
cancer or multiple myeloma.

= Compared the efficacy and adverse events of
ibandronate and zoledronate directly.

= Limited by lacking subgroup analysis based on
drug delivery route or treatment duration.

INTRODUCTION

Breast cancer, prostate cancer and particu-
larly multiple myeloma frequently metastasise
to the skeleton. Patients with bone metastases
often suffer fractures and severe pain, which
reduces their quality of life. Metastatic bone
disease (MBD) often develops into skeletal-
related events, defined as hypercalcemia,
pathological  fracture, radiotherapy or
surgery involving bone and spinal cord com-
pression.’ * Treatment options for SREs and
bone pain include chemotherapy, hormone
therapy, radiotherapy, radiopharmaceuticals,
surgery, analgesics and bisphosphonates.
Even though patients may achieve effective
improvement with these treatments, some
will continue to experience severe and refrac-
tory bone pain.” *

Selection of the treatment method should
be based on tumour size, location of metasta-
ses, patient’s general health, symptoms and
life expectancy; method selection should also
take into account the possible side effects.
Older patients often suffer from reduced
renal function and other complicating
medical conditions, which requires even
more careful treatment selection.”

Bone metastases are classified as osteolytic,
osteosclerotic or mixed lesions.® 7 Osteolytic
metastases are believed to be caused by
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osteoclast-activating factors, the most important of
which may be parathyroid hormone-related peptide.
Osteoblastic metastases, in contrast, are believed to arise
when cancer cells produce factors that stimulate osteo-
blast proliferation, differentiation and bone formation.
The relative activity of osteoclasts and osteoblasts main-
tains a balance that ensures bone strength and integrity.
A balance between levels of osteoprotegerin and of the
receptor activator of the nuclear factorxf ligand
(RANKL) is important in bone pathophysiology and it is
a drug target in the treatment of bone metastases and
osteoarthritis. Bisphosphonates or RANKL inhibitors
such as denosumab are the current standard of care for
treating SREs or bone pain in primary and metastatic
bone cancers.® These drugs strengthen the skeleton and
may also make the bones less receptive to activation by
neoplastic osteoclasts. Four bisphosphonates have been
approved for clinical use: pamidronate, ibandronate,
zoledronate and clodronate. These drugs are chemically
and structurally different, which helps to explain their
different clinical efficacies.” '

Ibandronate, approved in 2003 by the European Union
for treating patients with metastatic breast cancer, inhibits
osteoclast activity and osteoclast-mediated bone resorp-
tion, leading to osteoclast apoptosis. Pharmacokinetic
data demonstrate that a 30-min fasting period results in a
bioavailability of 0.44% for a 50 mg daily oral dose, and it
provides comparable bone-surface exposure to intraven-
ous ibandronate (6 mg) infused every 3 to 4 weeks ie, the
two formulations are dose-equivalent."' However, clinical
trials on ibandronate to treat patients with bone metasta-
ses arising from breast cancer, colorectal cancer and mul-
tiple myeloma have given conflicting results about
efficacy and safety.'*™'*

Zoledronate is also widely used to treat MBD. Our pre-
vious study indicated that intravenous zoledronate
(4 mg) offers good clinical benefit to patients with
MBD." Ibandronate and zoledronate are generally well
tolerated, triggering primarily transient side effects such
as mild flu-like symptoms. However, all bisphosphonates
have a potential for side effects such as jaw osteonecrosis
and renal toxicity. Bisphosphonate-induced jaw osteo-
necrosis can cause mutilation, impairment of function
and esthetics in the orofacial system. It is supposed that
awareness and good knowledge of this disease among
physicians are important factors for its early detection
and management. As to renal adverse events, several
trials have reported that zoledronate can cause life-
threatening renal toxicity.'*'®

Ibandronate is associated with lower nephrotoxicity
than zoledronate'” and can be administered orally,
which can be more cost-effective than an intravenous
approach and which makes the therapy well suited to
patients who have a phobia of needles. Self-administered
oral ibandronate therapy is also convenient for patients
who would otherwise require administration in hospital
or during a home nursing visit. Whether one drug or
the other is superior in the clinic, however, is poorly

understood, since few studies have compared them for
their safety and efficacy in treating SREs and bone pain.

To address these questions, we conducted a systematic
review and meta-analysis evaluating the efficacy and
safety of ibandronate relative to placebo or zoledronate
for treating SREs and bone pain in MBD and multiple
myeloma.

PATIENTS AND METHODS

Study identification

Literature searches were carried out to identify all relevant
randomised controlled trials (RCTs) comparing ibandro-
nate with placebo or zoledronate for treating patients with
MBD or multiple myeloma. The searches were performed
by two authors (CJG and J-HZ). PubMed, EMBASE and
the Cochrane Library databases were systematically
searched for relevant articles published up to March 2015.
The following search terms were used: (ibandronate OR zole-
dronate) AND (bone metastasis OR metastatic bone disease OR
bone pain). Detailed database search strategies are shown
in table 1. We also manually searched reference lists in
each article to identify additional studies. Moreover,
abstracts of official conferences and other previously
unpublished data were searched.

Study selection

Studies were included if they (1) involved patients at
least 18 years of age with any type of MBD or multiple
myeloma who had bone metastasis in at least one site;
(2) assessed the clinical effects of ibandronate and
reported at least one type of SRE, bone pain or adverse
event and (3) included a placebo-control arm or a zole-
dronate as an ‘active control’ arm. Studies were included
regardless of the dosage, delivery route (intravenous or
oral) or duration of ibandronate or zoledronate therapy.

Quality assessment

The Jadad scale was used to assess the quality of the
RCTs we selected. It is a five-point scale, with trials
scoring 1 or 2 points considered low quality and 3-5
points considered high quality.” We assessed whether (1)
the trial was randomised, (2) the authors provided a suf-
ficiently detailed description of the randomisation
method, (3) the trial was double blind, (4) the blinding
method was described in sufficient detail and (5) with-
drawals were reported.

Outcome measures

Primary outcomes were the incidence of SREs and mean
change in bone pain scores from baseline. Secondary
outcomes were the incidence of adverse events such as
abdominal pain, diarrhoea, nausea, fever or influenza-
like symptoms, renal toxicity and jaw osteonecrosis.

Data extraction
We used a standardised form to extract and combine
data from all eligible studies that reported the number
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Table 1 Database search strategies
Time span of
Database search Search strategy
EMBASE (Ovid SP) 1990 to March 1. exp IBANDRONATE/
2015 2. (ibandronate* or ibandronate acid or sodium ibandronate or Boniva*).mp.

1980 to March
2015

MEDLINE (Ovid SP)

Cochrane Central Inception to
Register of Controlled 2015

Trials (CENTRAL) in

The Cochrane Library

[mp=title, abstract, subject headings, heading word, drug trade name, original title,

device manufacturer, drug manufacturer]

3.10r2

4. metastatic bone disease

5. multiple myeloma

6. ((metastatic or metastases) and cancer* or carcinoma* or malign*)).mp.
[mp=title, abstract, subject headings, heading word, original title, device
manufacturer]

7.4o0r50r6

8.3and 7

9. (random* or placebo* or zoledronate* or meta-analysis*).mp. [mp=abstract,
subject headings, heading word, drug trade name, original title, device
manufacturer, drug manufacturer]

10. 8 and 9

1. exp Ibandronate/

2. (ibandronate* or ibandronate acid or sodium ibandronate or Boniva*).mp.
[mp=title, original title, abstract, name of substance word, subject heading word,
unique identifier]

3.1o0r2

4. metastatic bone disease

5. multiple myeloma

6. ((metastatic or metastases) and cancer* or carcinoma* or malign*)).mp.
[mp=title, original title, abstract, name of substance word, subject heading word,
unique identifier]

7.4o0r50r6

8.3and 7

#1 MeSH descriptor ibandronate explode all trees

#2 (ibandronate* or ibandronate acid or sodium ibandronate or Boniva*)

#3 #1 OR #2

#4 MeSH descriptor metastatic bone disease, multiple myloma explode all trees
#5 MeSH descriptor metastatic cancer, bone metastasis, bone pain explode all

trees

#6 ((metastatic or metas tases) and cancer* or carcinoma* or malign®))

#7 #4 OR #5 OR #6

#8 #3 AND #7

of patients with any type of SRE, the mean change in
bone pain score from baseline and adverse events. Data
were extracted independently by two authors (CJG and
QL) and discrepancies were resolved by discussion with
a third reviewer (F-YM).

Intention-to-treat (ITT) analysis was used wherever
possible. The ITT population was defined as participants
who underwent randomisation, took the assigned study
medication and provided at least one post-baseline
assessment. When the ITT population was not available,
we planned to use a safety set population instead. The
safety set population referred to participants who
received at least one study medication. When data could
not be pooled directly for meta-analysis, we transformed
them using formulas recommended by the Cochrane
Handbook for Systematic Reviews of Interventions.*’

Statistical analysis

RevMan 5.1 (Cochrane Collaboration) was used to
meta-analyse the data. For dichotomous data, such as
the incidence of SREs and adverse events, risk ratios
(RRs) with 95% CIs were calculated. For continuous
data, such as mean change in bone pain score from
baseline, the weighted mean difference (WMD) was cal-
culated as long as outcomes were measured in the same
way between trials. The x* test was used to analyse the
heterogeneity of trial results and the I? test to assess
inconsistency among trials. Heterogeneity was defined as
significant if p<0.1 for the x? test. Pooled estimates were
calculated using a fixed effects model if substantial het-
erogeneity was not observed; otherwise, the estimate was
calculated using a random-effects model. Unless other-
wise noted, p<0.05 served as the threshold for statistical
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significance. Outcomes that could not be meta-analysed
were presented descriptively.

Sensitivity analysis

We checked the reliability of our meta-analyses by com-
paring the outcomes obtained from a random-effects
model and from a fixed effects model. Robust pooled
estimates should not depend on the choice of model.

RESULTS

Identification and characteristics of studies

Ten RCTs'# ' 21-27 containing 3474 patients met the
inclusion criteria and were included in this meta-analysis
(figure 1). Six studies'*'* *'"** were placebo-controlled,
and the remaining four compared ibandronate with
zoledronate.**” Most studies were carried out in
Greece, Russia, Kuwait, South Africa, Germany, the UK
and the USA, and most patients were Caucasian. One
study25 was carried out in India with Asian participants.
Three studies'® *' * involved only female patients, six
studies'® 2% 27 involved both sexes and one study' did
not report the sex of the participants. Seven
studies' 1% 2! 22 26 27 eyaluated breast cancer involving
bone metastases, two articles® * studied several types of
carcinoma including multiple myeloma, one study24
evaluated non-small cell lung cancer, and one study'*
evaluated multiple myeloma. Four studies'? #* 2% %7
involved a therapy regimen of oral ibandronate (50 mg)

once daily; one study,23 different doses of an oral formu-
lation (5, 10, 20, 50 mg); three studies,'® % 2° jbandro-
nate (6 mg) delivered intravenously every 3—4 weeks; one
study,'* ibandronate (2mg) delivered intravenously
every 4 weeks; and one study,21 ibandronate (2 or 6 mg)

delivered intravenously every 4 weeks. Other details of

included studies are shown in table 2.

Quality assessment of the studies

The mean Jadad score was 3.5 for the six placebo-
controlled studies in the meta-analysis, and 2.5 for the
four studies comparing ibandronate and zoledronate
(table 2). The lower score for the two-drug studies was
because all were open label. All ten studies mentioned
randomisation, but only four described the randomisa-
tion method.'? '* 2% #” Five of six placebo-controlled
trials'? '* 2172 gtated that they were double blind, but
only two reported the blinding method in detail.'? 2! All
ten studies reported the number of withdrawals.

Therapy outcomes

We did not perform subgroup analyses based on the
drug delivery route, treatment duration, ethnicity or sex,
because of the lack of studies reporting such compari-
sons. In the end, we performed subgroup analysis only
for drug dose: intravenous ibandronate (2 mg) versus
intravenous ibandronate (6 mg) or oral ibandronate
(50 mg). This subgroup analysis was performed for the

Figure 1 Selection of trials
included in this meta-analysis.

419 potentially eligible trials
identified in EMBASE (328),
MEDLINE (42), and
CENTRAL (49)

No additional records identified
in other sources

Reviews (63)

(123)

Trials excluded based on title, abstract,
and keywords (391):

Not placebo- or zoledronate-controlled

Refer to other drugs (48)
Refer to other diseases (157)

N

Trials screened based on full text
(28)

Trails excluded because
duplicate/overlapping (18)

v y

Trials included in

Trials included in
meta-analysis meta-analysis
comparing ibandronate comparing ibandronate

and placebo (6)

and zoledronate (4)
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Table 2 Characteristics of included studies comparing ibandronate with placebo or zoledronate for treating patients with metastatic bone disease or multiple myeloma

Change in bone pain

Study Arm N Dose and route Treatment duration score from baseline Gender (M/F) Jadad score ITT

Body et al'? Ibandronate 287  Oral 50 mg daily 96 weeks —-0.1+1.89 0/564 5 Yes
Placebo 277 +0.2+1.10

Diel et aP! Ibandronate 154  Intravenously 6 mg every 3—4 weeks 60-96 weeks +0.21+0.09 0/466 4 Yes
Ibandronate 154  Intravenously 2 mg every 3—4 weeks -0.28+ 1.11
Placebo 158 +0.19+ 0.11

Heras et af'® Ibandronate 37 Intravenously 6 mg every 4 weeks 9 months - - 2 Yes
Placebo 36

Menssen et al'* Ibandronate 99 Intravenously 2 mg every 4 weeks 12—24 months = 104/94 4 Yes
Placebo 99

Heras et aF? Ibandronate 75 Intravenously 6 mg every 4 weeks 24 months - 2/148 3 Yes
Placebo 75

Coleman et aP® Ibandronate 21  Oral 5 mg daily 4 weeks - 26/84 3 Yes

Ibandronate 23 Oral 10 mg daily
Ibandronate 22  Oral 20 mg daily
Ibandronate 22  Oral 50 mg daily
Placebo 20
Francini et aP* Ibandronate 27  Oral 50 mg daily 6 months = 41/14 2 =
Zoledronate 26 Intravenously 4 mg every 4 weeks

Choudhury et aP®  Ibandronate 65 Intravenously 6 mg every 3—4 weeks - —3.9+0.41 154/33 2 Yes
Zoledronate 60 Intravenously 4 mg every 3—4 weeks —4.4+0.36
Pamidronate 62 Intravenously 90 mg every 3—4 weeks =

Body et aF® Ibandronate 137  Oral 50 mg daily 12 weeks —0.24+0.77 0/274 3 Yes
Zoledronate 137 Intravenously 4 mg every 4 weeks -0.18+ 0.78

Barrett-Lee et af” Ibandronate 704  Oral 50 mg daily 96 weeks - 18/1382* 3 Yes

Zoledronate 697 Intravenously 4 mg every 4 weeks

*The sex of one participant was not reported.
—, not reported; F, female; ITT, intention-to-treat analysis; M, male.
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Ibandronate Placeho

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI

1.1.1 intravenous 2mg vs placeho

Diel 2004 96 154 98 158 21.1%
Menssen2002 54 99 52 99 11.4%
Subtotal (95% Cl) 253 257 32.5%
Total events 150 150

Heterogeneity: Chi*= 0.04, df=1 (P =0.84); F=0%

Test for overall effect: Z=0.22 (P=0.82)

1.1.2 intravenous 6mg or oral 50mg vs placeho

Body2004 130 287 145 277 32.3%
Diel 2004 78 154 98 158 21.1%
Hears2007* 14 37 28 36 6.2%
Hears2009* 27 75 36 75 7.9%
Subtotal (95% CI) 553 546 67.5%
Total events 249 307

Heterogeneity: Chi*=5.70, df=3 (P=0.13); F=47%

Test for overall effect: Z= 3.67 (P = 0.0002)

Total (95% Cl) 806 803 100.0%

Total events 399 457
Heterogeneity: Chi*= 11.86, df= 5 (P = 0.04); "= 58%
Test for overall effect: Z= 2.94 (P = 0.003)

Risk Ratio Risk Ratio

M.H, Fixed, 95% CI

1.01[0.85,1.19)
1.04 [0.80, 1.35)
1.02[0.88, 1.18]

0.87(0.73,1.03) -
0.82(0.67,1.00) =
0.49(0.31,0.76) ———
0.75[0.51,1.10) —t—t
0.80 [0.71, 0.90] ¢
0.87 [0.80, 0.96] ¢
0102 05 2 5 10

Favours ibandronate Favours placebo

Figure 2 Comparison of the effects of ibandronate and placebo for reducing all skeletal-related events.

primary outcomes of incidence of SREs and mean
change in bone pain score from baseline.

Incidence of SREs

Five of six placebo-controlled trials reported
data on the incidence of SREs. Both effect models indi-
cated a significantly lower incidence with ibandronate
than with placebo (RR 0.87, 95% CI 0.80 to 0.96,
p=0.003, fixed effects; I1°=58%). Subgroup analysis
showed no significant differences between intravenous
ibandronate (2 mg) and placebo (RR 1.02, p=0.82),
while intravenous ibandronate (6 mg) every 3-4 weeks
or daily oral ibandronate (50 mg) was associated with
significantly lower incidence than was placebo (RR 0.80,
p=0.002; figure 2). We made a funnel plot of ibandro-
nate and placebo for reducing all SRE (figure 3).

12-14 21 22

Two of four trials** %7 comparing ibandronate with

zoledronate reported data on the incidence of SREs.
The two drugs were associated with similar incidence
(RR 1.02, 95% CI 0.82 to 1.26, p=0.87), and this
meta-analysis did not show significant heterogeneity
(I’=87%; figure 4).

Mean change in bone pain score from baseline

Two placebo-controlled studies'? 2! reported data on the
mean change in bone pain score from baseline (table 2).
Bone pain used the patient-rated scoring system. Patients
were asked to rate how severe their bone pain had been,
on average, over the previous week using a scale of 0
(none), 1 (mild), 2 (moderate), 3 (severe) or 4 (intoler-
able). Initial meta-analysis indicated that placebo was
associated with a significantly greater reduction in bone
pain score from baseline than was ibandronate at

Figure 3 Funnel plot of o7 SE(IogIOR]) -
ibandronate and placebo for R
reducing all skeletal-related <>
events. 02T Lo o
P u I
;O %
04T i | &
& 7 !
06T .
/ | \
08T .
. L LA OoR
0.01 0.1 1 10 100
Subgroups

intravenous 2 mg vs placebo
<> intravenous 6 mg or oral 50 mg vs placebo
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Ibandronate Zoledronate Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M.H, Fixed, 95% Cl M.H, Fixed, 95% ClI
Barrett-Lee 2014 293 704 284 697 97.2% 1.04 [0.84, 1.28)
Francini2011 2 27 5 26 2.8% 0.34 [0.06, 1.91]
Total (95% Cl) 731 723 100.0% 1.02[0.82, 1.26]
Total events 295 289

Heterogeneity: Chi*=1.59, df=1 (P=0.21); F=37%
Test for overall effect: Z=0.16 (P =0.87)

0.02 01 1 10 50
Favours ibandronate Favours zoledronate

Figure 4 Comparison of the effects of ibandronate and zoledronate for reducing all skeletal-related events.

96 weeks (WMD=0.05, 95% CI 0.03 to 0.07, p<0.001,
fixed effects), but the pooled estimate showed significant
heterogeneity (I?=87%). Therefore, we performed a sub-
group meta-analysis in which we eliminated data for
patients who received intravenous ibandronate (2 mg).
The resulting meta-analysis showed that intravenous iban-
dronate (6 mg) every 3—4 weeks or daily oral ibandronate
(50 mg) was associated with a significantly greater reduc-
tion in bone pain score from baseline than was placebo at
96 weeks (WMD=—0.41, 95% CI —0.56 to —0.27, p<0.001,
fixed effects model; heterogeneity: ’=14%; figure 5).

One placebo-controlled study'* described that iban-
dronate significantly decreased bone pain scores com-
pared with placebo (Wilcoxon rank sum test; p<0.047),
but without data in detail. Another three studies'” ** **
did not report data on bone pain.

Two studies® *® comparing ibandronate and zoledro-
nate reported data on the mean change in bone pain
score from baseline. We were unable to pool the data on
this outcome because bone pain was not measured in
comparable ways. Two trials** ®” reporting the effect of
ibandronate and zoledronate on pain relief were pre-
sented descriptively. These four studies compared bone
pain relief using different pain scoring systems: the
McGill pain questionnaire,?* the brief pain inventory® %’
and the patientrating scoring system.”® Three RCTs
242627 showed no significant difference between the two
drugs in reducing bone pain. One RCT * involving 65
patients in the ibandronate group and 60 in the zoledro-
nate group found that zoledronate was superior to iban-
dronate at 6 months with a p value of 0.024. However,
the two drugs showed no significant difference at
3 months or at the end of the study.

Adverse events

Adverse events were analysed in placebo-controlled trials
without adjusting for median duration of therapy (table 3).
Incidence of abdominal pain was significantly higher in

the ibandronate group (7.0%) than in the placebo group
(1.5%) based on fixed effects meta-analysis (RR 2.26, 95%
CI 1.09 to 4.70, p=0.03; 1’<7%), although random-effects
analysis indicated no significant difference (p=0.11).
Meta-analysis using fixed effects or random-effects models
showed similar incidence between the two groups for the
following adverse events (only fixed effects meta-analysis
shown): diarrhoea, 6% in the drug group versus 0.8% in
the placebo group, RR 3.72, 95% CI 0.96 to 14.38, p=0.06;
nausea, 6.4% versus 2.0%, RR 2.05, 95% CI 0.85 to 4.95,
p=0.11; and renal toxicity, 3.4% versus 3.4%, RR 1.14, 95%
CI 0.59 to 2.21, p=0.69. No significant heterogeneity was
detected among the trials (I*<50%).

Adverse events were also analysed in trials comparing
ibandronate and zoledronate without adjusting for
median duration of therapy (table 4). Incidence of renal
toxicity was lower in the ibandronate group (23.7%)
than the zoledronate group (31.8%) based on fixed
effects meta-analysis (RR 0.74, 95% CI 0.63 to 0.88,
p=0.006; 1°=9%), although random-effects meta-analysis
indicated no significant difference (p=0.18). Similar
results were obtained for the incidence of fever or
influenza-like symptoms (19.6% vs 36.3%), which was
significantly lower for ibandronate based on fixed effects
meta-analysis (RR 0.54, 95% CI 0.46 to 0.63, p<0.001;
heterogeneity: 1°=80%) and slightly lower for ibandro-
nate based on random-effects meta-analysis (p=0.05).
Meta-analysis using fixed effects or random-effects
models showed a similar incidence between the two
groups for the following adverse events (only fixed
effects meta-analysis shown): anorexia, 35.6% in the
ibandronate group versus 36.3% in the zoledronate
group, RR 0.98, 95% CI 0.86 to 1.12, p=0.77; nausea,
57.3% versus 58.1%, RR 0.99, 95% CI 091 to 1.08,
p=0.78; fatigue, 74.5% versus 76%, RR 0.98, 95% CI 0.93
to 1.04, p=0.56; and jaw osteonecrosis, 0.7% versus 1.4%,
RR 0.52, 95% CI 0.19 to 1.44, p=0.21. No significant het-
erogeneity was detected among the trials (1°<50%).

Ibandronate Placebo Mean Difference Mean Difference
Study or Subgroup _Mean _SD_Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Body2004 -01 189 287 02 11 277 324% -0.30[-0.55,-0.05) —
Diel 2004 -0.28 111 154 018 011 158 67.6% -0.47[-0.65,-0.29] ——
Total (95% Cly 441 435 100.0% -0.41[-0.56,-0.27] >

Heterogeneity: Chi*=1.16, df=1 (P=0.28); F=14%
Test for overall effect: Z= 5.62 (P < 0.00001)

05-025 0 025 05
Favours ihandronate Favours placebo

Figure 5 Comparison of the mean change in bone pain score from baseline at 96 weeks of treatment with ibandronate or

placebo (iv, intravenous).
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Table 3 Comparison of adverse events in patients on ibandronate or placebo therapy

Patients reporting/total

Studies number p For
Adverse event reporting, n Ibandronate Placebo RR (95% CI) p Value heterogeneity
Abdominal pain 4 34/487 6/408 2.26 (1.09 to 4.70) 0.03 0.36
Diarrhoea 3 12/200 1/131 3.72 (0.96 to 14.38) 0.06 0.40
Nausea 2 24/375 6/297 2.05 (0.85 to 4.95) 0.11 0.65
Renal toxicity 2 20/595 15/435 1.14 (0.59 to 2.21) 0.69 0.88
[Bold] means p value served as the threshold for statistical significance.
RR, risk ratio.
DISCUSSION ibandronate and zoledronate groups. In two cases, the

This meta-analysis suggests that intravenous ibandronate
(6 mg) every 3-4 weeks or daily oral medication (50 mg)
is more effective than placebo for patients with MBD or
multiple myeloma. In addition, ibandronate is well toler-
ated for at least 96 weeks, with a similar risk of diar-
rhoea, nausea and renal toxicity for drug and placebo.
However, ibandronate is associated with a significantly
higher risk of abdominal pain compared with placebo.
Our meta-analysis also suggests that ibandronate and
zoledronate reduce the incidence of SREs to a similar
extent and are associated with similar risk of anorexia,
nausea, fatigue and jaw osteonecrosis. Ibandronate was
associated with a significantly lower incidence of renal
toxicity than zoledronate and with a slightly lower inci-
dence of fever or influenza-like symptoms than
zoledronate.

The quality of the six placebo-controlled studies in
our review was high (Jadad score >3), with only one
study'” earning two points because it failed to report the
randomisation method in detail and it did not clearly
indicate whether it was double blinded or not. The
quality of the four trials comparing ibandronate and
zoledronate was lower because the studies were open
label. All ten studies used a parallel design for the iban-
dronate and placebo or zoledronate arms.

Sensitivity analysis, which we performed by comparing
the RRs using fixed effects or random-effects models,
showed that most pooled risk estimates were robust
except for the meta-analysis of the incidence of abdom-
inal pain between the ibandronate and placebo groups,
as well as the incidence of renal toxicity between the

random-effects model showed no significant difference
between the two groups, while the fixed effects model
showed a significantly lower incidence of abdominal
pain in the placebo group, and a significantly lower inci-
dence of renal toxicity in the ibandronate group.

We identified five meta-analyses evaluating bispho-
sphonates in patients with breast cancer,” prostate
cancer,” lung cancer,” multiple myeloma® or various
cancers.” These analyses all focused on SREs and few
examined the therapeutic effects on bone pain. They
also pooled data for different bisphosphonates, even
though different members of this synthetic drug family
vary in clinical activity and potency; thus, findings from
those meta-analyses should be treated with caution. Our
meta-analysis focused specifically on ibandronate, com-
monly used to prevent SREs in patients with cancer with
MBD or multiple myeloma. Our meta-analysis shows that
ibandronate is more effective than placebo at preventing
SREs in the long term, suggesting that prolonged clin-
ical use of this drug is justified. Our meta-analysis also
suggests that ibandronate and zoledronate show equiva-
lent ability to prevent SREs. This gives clinicians another
option if either drug is deemed unsuitable for a patient.

Our meta-analysis of adverse events suggests that iban-
dronate is well tolerated for at least 96 weeks of treat-
ment, and that the incidence of nausea and renal
toxicity with this drug is similar to that with placebo.
Ibandronate and zoledronate are associated with similar
rates of fatigue, nausea and jaw osteonecrosis. In add-
ition, ibandronate is associated with a significantly lower
risk of adverse renal events than zoledronate and with a

Table 4 Comparison of adverse events in patients on ibandronate or zoledronate therapy

Patients reporting/total

Studies number p For
Adverse event reporting, n lbandronate Zoledronate RR (95% Cl) p Value heterogeneity
Anorexia 2 274/769 275/757 0.98 (0.86t0 1.12) 0.77 0.29
Fatigue 2 573/769 575/757 0.98 (0.9310 1.04) 0.56 0.41
Fever or influenza-like symptoms 4 183/933 334/920 0.47 (0.221t0 1.01) 0.05 0.002
Jaw osteonecrosis 2 5/731 10/723 0.52 (0.191t0 1.44) 0.21 0.75
Renal toxicity 2 173/731 230/723 0.74 (0.63 t0 0.88) <0.001 0.29

[Bold] means p value served as the threshold for statistical significance.

RR, risk ratio.
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slightly lower risk of fever or influenza-like symptoms
than zoledronate. In fact, one study examined a 4-year
oral ibandronate therapy and reported no adverse renal
effects, with serum creatinine levels remaining stable.®®
Similar results were reported for intravenous ibandro-
nate therapy lasting 4 years,' suggesting that this class
of bisphosphonates does not cause significant renal tox-
icity. However, a recent prospective, randomised, mono-
centric trial®* showed no significant difference in renal
toxicity between intravenous ibandronate (6 mg) and
zoledronate (4 mg). The observation period in that
study was only 6 months, so it may have failed to detect
toxicity differences in the longer term. In addition, the
authors of that study excluded patients with risk factors
for pre-existing kidney damage. Taken together, the
available evidence suggests that when renal function is a
concern, ibandronate may be safer than zoledronate.
Nevertheless, serum creatinine levels should be moni-
tored in patients on ibandronate therapy. The risk of jaw
osteonecrosis with either drug suggests the need for
caution, though no serious cases were reported for
patients in our meta-analysis on either ibandronate or
zoledronate therapy.

We did not perform subgroup analysis based on the
ibandronate delivery route (oral vs intravenous) because
of the lack of studies reporting this comparison.
Nevertheless, we did prepare a table comparing the effi-
cacy and side effects for the two delivery routes (table 5).
This comparison suggests that there is a lower risk of
SREs with an oral drug (50 mg) than with an intraven-
ous drug (6 mg). Unfortunately, the use of different
bone pain scoring systems prevented us from directly
comparing the ability to reduce bone pain. Since oral
50 mg dosing seems to increase the risk of abdominal
pain, anorexia and fatigue, the selection of the delivery
route should take into account efficacy and side effects.

One strength of our study is that it analyses a relatively
large randomised cohort of patients treated with

Table 5 Comparison of efficacy and adverse events in
patients on ibandronate therapy delivered orally (50 mg) or
intravenously (6 mg)

Patients reporting/total no

Intravenous
Oral 50 mg 6 mg
Efficacy
SREs 430/1018 (42%) 119/266 (45%)

Adverse event

Abdominal pain 192/1013 (19%)  7/112 (6%)

Anorexia 254/704 (36%)  28/65 (43%)
Diarrhoea 210/726 (30%)  7/112 (6%)
Fatigue 551/704 (78%)  30/65 (46%)
Fever or influenza-like  279/704 (36%) 10/154 (14%)
symptoms

Nausea 428/1013 (42%)  32/65 (49%)
Renal toxicity 245/1018 (24%)  5/154 (3%)

SREs, skeletal-related events.

ibandronate for metastatic cancer or multiple myeloma.
To the best of our knowledge, it is also the first review
that directly compares ibandronate and zoledronate in
treating patients with metastatic cancer.

Despite these strengths, our meta-analysis does have
limitations. First, three of the included studies'® 24 %
have low Jadad scores. Second, two studies'® 22 did not
report the final number of patients allocated to the
treatment and placebo groups, so we had to assume that
the patients were evenly distributed. Third, the small
number of included studies meant that we were unable
to perform subgroup analysis based on patient demo-
graphics, drug delivery route, treatment duration,
disease characteristics or ethnicity. Finally, publication
bias may exist.

Our review suggests that ibandronate can significantly
prevent SREs and reduce bone pain with good tolerabil-
ity in patients with MBD or multiple myeloma. Further
studies on ibandronate should examine its efficacy and
safety in patients of different ethnicities and different
types of cancer. The efficacy and safety of the drug admi-
nistered orally or intravenously for different treatment
durations should also be rigorously examined.
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