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Abstract

Summary This analysis was conducted to assess the effect
of high versus lower doses of ibandronate on nonvertebral
fractures. The results were adjusted for clinical fracture,
age, and bone density. The treatment effect was dose-
dependent. Higher doses of ibandronate significantly
reduced the risk of nonvertebral fractures more effectively
compared with lower doses.

Introduction The objective of this study was to assess the
efficacy of different doses of ibandronate on nonvertebral
fractures in a pooled analysis.
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Methods Eight randomized trials of ibandronate were
reviewed for inclusion. Alternative definitions of high
versus low doses based on annual cumulative exposure
(ACE) were explored. A time-to-event analysis was con-
ducted using Kaplan—Meier methodology. Hazard ratios
(HR) were derived using Cox regression and adjusted for
covariates.

Results Combining higher ACE doses of > 10.8 mg
(150 mg once monthly, 3 mg i.v. quarterly, and 2 mg i.v.
every 2 months) versus ACE doses of 5.5 mg, from two
trials, resulted in an HR 0.62 (95% CI 0.396-0.974, p=
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0.038). There was a dose-response trend with increasing
ACE doses (7.2-12 mg) versus ACE of 5.5 mg.
Conclusions A dose—response effect on nonvertebral frac-
tures was observed when comparing high with low ACE
doses. A significant reduction in nonvertebral fractures was
noted when pooling data from trials using ACE doses of >
10.8 mg versus ACE < 7.2 mg; and with ACE > 10.8 mg
versus ACE of 5.5 mg (38% reduction). Higher ibandronate
dose levels (150 mg monthly or 3 mg i.v. quarterly)
significantly reduced nonvertebral fracture risk in postmen-
opausal women.

Keywords Ibandronate - Nonvertebral fractures -
Postmenopausal osteoporosis

Introduction

Ibandronate is a potent nitrogen-containing bisphosphonate
that has been approved for the treatment of postmenopausal
osteoporosis in a number of countries. The higher potency
of ibandronate relative to other bisphosphonates allows for
less frequent dosing intervals such as once monthly and
quarterly intravenous administration, with continued clini-
cal efficacy in postmenopausal osteoporosis. Eight random-
ized treatment trials of ibandronate in women with
postmenopausal osteoporosis were reviewed [1-8]. Of
these, two large placebo-controlled randomized trials
evaluated the effect of either daily or intermittent oral and
intravenous ibandronate on vertebral fractures [1, 2]. A 3-
year double-blind multicenter trial in 2,946 postmenopausal
women (aged 55-80 years with prevalent fractures)
evaluated the efficacy of 2.5 mg of ibandronate given daily
(annual cumulative exposure, ACE, 5.5 mg), and intermit-
tently (20 mg given q 2 days for 12 doses every 3 months =
ACE 5.8 mg) compared with placebo on new morphometric
vertebral fractures [1, 9]. The mean age of participants was
69 years, the mean lumbar spine BMD T-score was —2.8
and the mean total hip BMD T-score was —1.7. Compared
with placebo, ibandronate 2.5 mg daily resulted in a
significant reduction in both radiographic vertebral frac-
tures and clinical vertebral fractures. The primary outcome
was vertebral fractures and this trial was not designed to
assess the efficacy of ibandronate on nonvertebral fractures.
There was no reduction in nonvertebral fractures observed
with 2.5 mg of ibandronate daily, except in a post hoc
analysis of women at higher risk of fracture, based on a
femoral neck BMD T-score of —3.0. In an earlier, similarly
designed, 3-year trial of 2,962 postmenopausal women,
Recker et al. evaluated the fracture efficacy of two
intravenous doses of ibandronate 0.5 mg (= ACE 2 mg)
and 1.0 mg (= ACE 4 mg) given quarterly compared with
placebo. In this trial there was no significant difference in
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incident vertebral fractures in the ibandronate arms (8.7%,
9.2%) compared with the controls (10.7%), and there was
no effect on nonvertebral fractures, although there was a
significant difference in incident vertebral fractures with
ibandronate in the per protocol analysis [2]. Only a modest
suppression of bone resorption was seen with these doses,
suggesting that perhaps a higher dose of intravenous
ibandronate relative to a longer dose-free interval of
3 months was required for fracture reduction. The effects
of higher doses of ibandronate were investigated in two
non-inferiority trials with similar eligibility criteria that
used higher ACE doses for extended dose-free intervals [3,
4, 10]. The first trial compared 2 mg intravenously (i.v.)
every 2 months (ACE 12 mg) or 3 mg i.v. given quarterly
(ACE 12 mg) with an active control (oral daily 2.5 mg
ibandronate, ACE 5.5 mg) [4]. The second non-inferiority
trial compared monthly ibandronate 100 mg orally (ACE
7.2 mg) or 150 mg orally (ACE 10.8 mg) with 2.5 mg daily
[3, 10]. All intravenous and oral monthly regimens proved
to be non-inferior to 2.5 mg daily in terms of BMD and
markers of bone turnover. In addition, the two intravenous
and 150-mg oral dose regimens were superior to the 2.5-mg
daily dose based on lumbar spine BMD [3, 4]. Clinical
fracture data, including nonvertebral fractures were collect-
ed in both of these trials. The eligibility criteria of
participants in the placebo-controlled fracture trials were
similar to eligibility criteria of participants enrolled in the
two non-inferiority trials, with two notable exceptions. In
the fracture trials, at least one prevalent vertebral fracture
was required and in the BMD non-inferiority trials, a more
stringent lumbar spine BMD entry requirement of a T-score
less than —2.5 was required.

The objective of the current analysis was to estimate the
treatment effect of ibandronate at different annual cumulative
exposure levels on nonvertebral fractures relative to low ACE
doses in postmenopausal women with osteoporosis.

Materials and methods
Study selection

We evaluated all randomized clinical treatment trials of
ibandronate of at least 1 year in duration that were
identified from our systematic literature search of MED-
LINE, EMBASE, and Cochrane Central Register of
Controlled Trials (1999 to December 2006). Search terms
included osteoporosis, postmenopausal women, fractures,
bone density, and ibandronate. Treatment trials were
defined as those trials in which the baseline lumbar spine
(LS) T-score was < —2.5, or the baseline prevalent vertebral
fracture rate was >20%, or the mean age of participants was
over 60 years. Baseline demographic characteristics were
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extracted for these trials. These studies were all conducted
by the industry sponsor and as a result, all the individual
patient data were available. All relevant data were trans-
ferred to the University of Ottawa where the statistical
analyses were performed independently and without influ-
ence or input from the sponsor. The outcome was
osteoporosis-related non-vertebral fractures defined as
fractures of one of six key sites: humerus, clavicle, wrist,
pelvis, hip, and leg. Nonvertebral fractures were ascertained
in an identical fashion in the four main trials [1-4] and
required radiographic confirmation.

Statistical analyses

An intention-to-treat (ITT) approach was used in the
analysis of nonvertebral fractures. Doses of ibandronate
that were included in the analyses were: 2.5 mg daily, 50/
50 mg monthly, 100 mg monthly, 2 mg q 2 months i.v.,
2 mg q 3 months i.v., and 20 mg orally q 2 days for
12 weeks every 3 months. This is in addition to the doses
that are used in clinical practice: 150 mg oral once monthly
and 3 mg i.v. q 3 months. Homogeneity of treatment effect
was assessed and we conducted an exploratory approach of
combining higher with lower doses of ibandronate. The
varying definitions of high versus low ibandronate doses
were developed a priori using the annual cumulative
exposure (ACE) as a basis to group the different doses.
Recognizing the different pharmacokinetics of the oral and
intravenous forms of ibandronate, ACE was defined as the
total annual dose of bisphosphonate absorbed and therefore
available to the bone tissue taking into account the fact that
100% of an intravenous bisphosphonate and 0.6% of an
oral dose are absorbed [11, 12]. For example, 2 mg i.v.
every 2 months or 3 mg iv. administered quarterly is
equivalent to an ACE of 12 mg. Similarly, 150 mg orally
given monthly is equivalent to an ACE of 10.8 mg.
Treatment arms and doses were grouped for comparison
so that trial randomization was maintained. Only studies
that contributed data to both dose categories (e.g., low ACE
versus high ACE or low ACE versus placebo) were
included in each comparison, thus maintaining the original
randomization. A time-to-event analysis was conducted
using the Kaplan—Meier method to account for the
differential time exposure across patients. The log-rank test
and Cox proportional hazards regression models were used
to assess for statistical differences and to calculate hazard
ratios and their 95% CI. Fracture data were expressed as
results after the 2-year time interval, although we also
assessed the effect after 1 year of treatment (Table 1).
Hazard ratios were adjusted to control for the effect of
covariates (full model and stepwise fashion). Patient-level
covariates adjusted for in the analysis included a previous
history of clinical fracture, age, and baseline lumbar spine

BMD. Age and lumbar spine BMD were treated as
continuous variables instead of defining specific cut-off
points. Study level characteristics were not available so we
did not perform multi-level modeling. We did include an
indicator for study as a covariate in the adjusted analysis.
Prevalent vertebral fracture was not included as a covariate
since this information was only available for two studies [1,
2]. We also assessed for potential interactions between
patient level variables and study, by adding an interaction
term to the model. All statistical analyses were conducted
with SAS version 9.0 (SAS Institute, Cary, NC, USA).

Results

Eight trials were considered for inclusion in the pooled
analysis and all were treatment trials. The baseline
demographic characteristics, including baseline BMD T-
scores and baseline clinical fractures are summarized in
Table 1. Only two trials provided data on prevalent
vertebral fractures [1, 2]. Of the eight trials, two contributed
data to both higher and lower ACE dose categories [3, 4].
Although both trials used different doses and routes of
administration, their study design and inclusion criteria
were similar (Table 1).

High ACE versus low ACE doses

We pooled doses equivalent to an ACE of > 10.8 mg
(150 mg oral monthly, 2 mg i.v. 2-monthly, and 3 mg i.v. 3-
monthly) compared with doses with an ACE of < 7.2 mg
(100 mg oral monthly, 50/50 mg monthly, and 2.5 mg
daily). This comparison resulted in the pooling of non-
vertebral fracture data from the two non-inferiority trials
(n=2,924) [3, 4] and resulted in an unadjusted HR of 0.635
(95% CI 0.43-0.94), p=0.024 (Table 2). Similar treatment
effects were seen when comparing higher doses, ACE>
10.8 mg compared with an ACE of 5.5 mg (»n=2,137), and
resulted in a HR of 0.621 (95% CI 0.396-0.974), p=0.038
(Fig. 1). There was also a dose-response effect seen with
increasing ACE doses (7.2—-12 mg) compared with ACE of
5.5 mg, with hazard ratios ranging from 0.746 to 0.573
(Table 2). Using the 1l-year data for the comparison of
doses > 12 versus 5.5 mg from two trials resulted in an
adjusted (all covariates) HR (95% CI) of 0.550 (0.242—-
1.247). For ACE dose levels of > 10.8 versus < 7.2 mg, the
adjusted HR (95% CI) was 0.601 (0.353—1.025).

Table 2 presents the hazard ratios (95% CI), both
unadjusted and after adjustment, for all covariates. Adjust-
ment of covariates had a minimal effect on the results,
although combined ACE doses of 12 mg compared with
5.5 mg from one non-inferiority trial [4] resulted in a small
change in the HR to 0.569 with upper limit of the 95% CI
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Table 1 Demographic characteristics of the trials and data on nonvertebral fractures included in the study

Reference, Sample size (ITT) Mean age (SD) Intervention/comparator No. of women with NV
duration (intervention/ Baseline mean BMD fractures in Tx arm (no. of
comparator) (SD) LS (g/cm?) NV fractures)/no. of women
Mean (SD) L spine in Tx arm vs no. of women
T-score with NV fractures in
Baseline clinical fracture comparator (no. of
NV fractures)/no. of women
in comparator arm
[7], 2 years, 225 (149/76) 66.68 (4.88) 20 mg 12 doses q 3 months or 3(9)/149 vs 4(6)/76
(placebo 0.731 (0.07) 2.5 mg/day vs placebo
crossed -
over at | year) 44.9%
[8], 1 year 125 (99/26) 64.04 (6.29) 0.25-2 mg IV q 3 months vs placebo 0(0)/99 vs 0(0)/26
0.71 (0.11)
24%
[5], 1 year 180 (150/30) 64.53 (5.85) 0.25-5.0 mg vs placebo 1(1)/150 vs 1(1)/30
0.87 (0.13)
28.3%
[6], 1 year 503 (378/125) 65.68 (4.47) 1 mg, 2 mg i.v. q 3 months vs 9(14)/378 vs 2(2)/125
0.769 (0.09) placebo
—2.75 (0.7)
44.7%
[2], 3 years 2,860 (1,911/949) 66.97 (5.08) 0.5 mg, 1 mg i.v. q 3 months vs 114 (122)/1,911 vs 64(73)/
0.80 (0.11) placebo 949°
-2.81 (0.88)
54.3%, 98%*
[1], 3 years 2,929 (1,954/975) 68.72 (6.15) 2.5 mg/day or 20 mgx12 doses q 126(134)/1,954 vs 54(56)/
0.832 (0.10) 3 months vs placebo 975°
—2.74 (0.86)
56.9%, 94%*
[3, 10], 2 years 1,572 (1,179/393) 66.02 (6.59) 100 mg/months, 150 mg/months vs 48(52)/1,179 vs 17(18)°/
0.756 (0.08) 2.5 mg daily 393
—3.28 (0.59)
47%
[4], 2 years 1,359 (902/457) 65.96 (6.17) 2 mg q 2 months or 3 mg q 3 months 28(29)/902 vs 23 (25)°/457
0.747 (0.07) i.v. vs 2.5 mg daily
—3.26 (0.57)
43%

NV = non-vertebral, Tx = treatment, ITT = intention-to-treat
#Only two trials with prevalent vertebral fracture

®Nonvertebral fracture data from [1, 2] are based on 2-year results
€2.5-mg dose

changing from 1.004 to 0.997. There were no significant
interactions between patient-level characteristics with the
study indicator variable.

We compared three trials that used doses equivalent to
an ACE of 5.5 mg versus placebo (n=3,212), and the
unadjusted HR was 1.073 (95% CI 0.79-1.46). The results of
these analyses remained nonsignificant, even when the size of
the placebo group was increased by either including ineffec-
tive doses in the placebo group or by expanding the doses in
the low ACE group, HR 0.99 (0.798-1.228; n=6,465).
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Discussion

Ibandronate has an extensive portfolio of randomized trials
of treatment regimens examining different doses, routes of
administration, and dosing intervals. From these trials we
have learned which treatment regimens are ineffective and
which are effective in preventing vertebral fractures. In a
randomized placebo controlled trial, ibandronate (2.5 mg
daily) was shown to reduce the risk of vertebral fractures by
62% after 3 years [1]. In a post hoc analysis of a high-risk
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Fig. 1 Kaplan—Meier plot of time to nonvertebral fracture for higher
versus lower ibandronate doses

----- Low Dose (2.5mg

subgroup of women in this trial, with femoral neck T-scores
less than —3.0, a significant reduction in nonvertebral
fractures (relevant risk reduction =69%, p=0.012) was also
shown. More recently, trials that examined higher ACE
have been conducted [3, 4, 10]. These non-inferiority trials
compared intermittent doses, using higher doses adminis-
tered intermittently, with daily oral ibandronate (2.5 mg
daily). Both trials demonstrated greater reductions in bone
turnover and larger increases in bone mineral density
(BMD) in the treatment arms with higher ACE doses of
ibandronate than 2.5 mg daily. For example, after 2 years,
150 mg monthly increased the lumbar spine BMD by 6.6%
compared with 5% with 2.5 mg (p<0.001). Significantly
larger increases were also noted at hip BMD sites with
higher ACE doses of 150 mg orally monthly and 3 mg i.v.
quarterly [3, 4, 10]. Given these results, we hypothesized
that the nonvertebral fracture efficacy of ibandronate may
be dependent on using higher ACE associated with longer
drug-free intervals. The results of our analyses suggest that
ibandronate with an ACE>10.8 mg is significantly more
effective at reducing nonvertebral fractures than lower ACE
ibandronate. These analyses of higher ACE doses included
doses used in clinical practice: 150 mg monthly and 3 mg

i.v. every 3 months. The results also are consistent with
nonvertebral fracture efficacy with an ibandronate ACE of
12 mg, resulting in a 43% reduction in nonvertebral
fractures, and an ACE>10.8 mg resulting in a 38%
reduction in nonvertebral fracture risk, while an ACE>
7.2 mg produced a nonsignificant reduction of 25%. The
significant effect on nonvertebral fractures with intermittent
doses of >10.8 mg is consistent with larger effects on bone
resorption and BMD demonstrated with these doses [13].

These results suggest that doses of ibandronate currently
used in clinical practice confer nonvertebral fracture
protection and that this effect was observed after 2 years
of treatment. In addition, these results suggest that
ibandronate at higher ACE would be another form of
bisphosphonate that could be used to decrease the risk of
nonvertebral fractures, in addition to other bisphosphonates
that have been shown to be effective in reducing non-
vertebral and hip fractures [14, 15].

Our analyses are not without limitations. This is not a
direct placebo-controlled fracture trial demonstrating non-
vertebral fracture efficacy, rather we conducted a pooled
analysis of commonly used doses in the treatment trials
using a time-to-event analysis. To minimize bias, we did
not simply combine placebo groups and compare them with
the combined doses of ibandronate from the different trials,
but ensured that we maintained the randomization of
participants and compared groups through common doses
of ibandronate. This methodology has an effect of widening
the confidence intervals, which results in a more conserva-
tive estimate of treatment effect. Another limitation was
that we were unable to include prevalent vertebral fractures
as a covariate in our analysis, since baseline vertebral
fractures were not captured in all the comparator studies.
Instead, we used history of clinical fracture as a covariate,
since this was available in all trials. We adjusted for age,
study, clinical fracture, and BMD, although this adjustment
had little impact on the results. We did not have access to
data on change in lumbar spine BMD so were unable to
analyze the relationship between change in BMD and
nonvertebral fracture risk, but BMD at baseline was not
significantly related to nonvertebral fractures risk reduction,

Table 2 Hazard ratios (95% CI) adjusted for covariates after 2 years of treatment

Reference  Number of participants ~ High ACE (mg) Low ACE (mg) Unadjusted HR (95% CI)  Adjusted HR (95% CI) (full model)
[4] 1,356 12 5.5 0.573 (0.327-1.004) 0.569 (0.324-0.997)
[3, 4] 2,139 >10.8 5.5 0.621 (0.396-0.974) 0.620 (0.395-0.973)
[3, 4] 2,924 >10.8 5.5-7.2 0.635 (0.428-0.943) 0.634 (0.427-0.943)
[3, 4] 2,924 >7.2 5.5 0.746 (0.505-1.103) 0.745 (0.504-1.102)

ACE=12 mg, (2 mg q 2 months, 3 mg q 3 months)
ACE>10.8 mg, (2 mg q 2 months, 3 mg q 3 months, 150 mg/months)

ACE>7.2 mg, (2 mg q 2 months, 3 mg q 3 months, 150 mg/months, 100 mg/months, 50/50 mg/months)

ACE=5.5 mg, (2.5 mg/day)
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after adjusting for treatment and other covariates. It should
also be noted that there was no statistical adjustment for the
multiple comparisons performed. Finally, we were not able
to comment on whether ibandronate decreased the risk of
hip fractures, since the number of hip fractures was too
small in both the treatment and placebo groups. The
analysis for ACE>10.8 mg involved pooling two i.v. doses
(2 mg every 2 months and 3 mg every 3 months) with the
150-mg oral dose. Thus, these results provided direct
evidence of the high ACE dose level of ibandronate rather
than individual oral and i.v. doses separately. The pooled
results support a reduction in nonvertebral fractures with
higher annual cumulative exposure to ibandronate, based
on the significant reductions shown and the dose-response
trend that was noted. Our results, while not providing the
same level of evidence that is available from randomized
trials, are consistent with a significant reduction in non-
vertebral fractures with higher doses of ibandronate and are
similar to risk reductions seen with other bisphosphonates
[14, 15].

Conclusions

Higher monthly and quarterly intravenous doses of ibandr-
onate have been shown to have significantly greater effects
on surrogates of fracture risk, such as lumbar spine and hip
BMD and markers of bone turnover, compared with lower
daily doses [3, 4]. The results of this analysis using
individual patient level data suggest that higher ibandronate
doses given for 2 years, including the marketed doses of
150 mg monthly and 3 mg i.v. quarterly, significantly
reduce the risk of nonvertebral fractures by 38—43%, in
comparison to the 2.5-mg daily dose.
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