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Abstract
Summary Ibandronate reduces the risk of vertebral and non-
vertebral fractures versus placebo in postmenopausal women
with osteoporosis. This analysis, in which fractures were
reported as safety events, showed that long-term use of
ibandronate was associated with low fracture rates over 5
years of treatment.

Introduction A previous post-hoc meta-analysis of 2–3 year
studies found that ibandronate regimens with annual cumula-
tive exposure (ACE) of ≥10.8 mg reduced the risk of vertebral
and nonvertebral fractures (NVFs) versus placebo in postmen-
opausal women. This post-hoc analysis used individual pa-
tient data from the 2-year monthly oral ibandronate in ladies
(MOBILE) and dosing intravenous administration (DIVA)
studies, including the 3-year long-term extensions (LTEs), to
assess fracture risk in patients treated with ibandronate for
5 years.
Methods Patients treated for 2 years in MOBILE with month-
ly oral ibandronate 150 mg (n =176) and in DIVA with IV
ibandronate every 2 months 2 mg (n =253) or quarterly 3 mg
(n =263) who continued on the same regimens for 3 additional
years in the LTEs were included. Three-year placebo data
(n =1,924) were obtained from the ibandronate osteoporosis
vertebral fracture trial in North America and Europe (BONE)
and IV Fracture Prevention trials. The primary endpoint was
clinical fracture rate; clinical fracture data were collected as
adverse events. Time to fracture was analyzed using Kaplan–
Meier and statistical analysis was conducted using the log-
rank test. All clinical fractures included all NVFs and symp-
tomatic vertebral fractures.
Results For ibandronate regimens with ACE ≥10.8 mg, time to
fracture was significantly longer for all clinical fractures, NVFs,
and clinical vertebral fractures versus placebo (P=0.005). For
all fracture types, the rate of fracture appeared stable during the
5-year treatment period.
Conclusion In women with postmenopausal osteoporosis,
continuous treatment with ibandronate over 5 years results in
low sustained clinical fracture rate.
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Introduction

Osteoporosis is a chronic bone disease which leads to
reduced bone mineral density (BMD), deterioration of bone
microarchitecture, and increased susceptibility to fracture [1].
Vertebral and nonvertebral fractures (NVFs), as well as frac-
tures of the hip, are associated with increased morbidity and
mortality among postmenopausal women [2–4].

Bisphosphonates are the pharmacologic treatment of choice
for osteoporosis, and were originally registered on the basis of
requirements from licensing agencies, including the US Food
and Drug Administration, to demonstrate that fracture data
after 3 years of treatment show at least a trend (P <0.2) toward
decreased fracture incidence and no deterioration in the third
year [5]. Daily treatment and, more recently, less-frequent
dosing regimens (weekly, monthly, and quarterly) of those
agents registered for daily treatment have been approved on
the basis of “bridging” trials demonstrating improvements in
BMD comparable to the approved daily regimens with proven
anti-fracture efficacy [6–9]. The exception is annual intrave-
nous zoledronic acid, which was approved on the basis of the
same requirement as the daily formulations (3-year fracture
risk reduction compared with placebo). Since the anti-fracture
efficacy of zoledronic acid had not previously been tested, it
was necessary to apply the same standards for registration as
for the registration of the daily oral bisphosphonates.

Bridging registration trials are not fracture-endpoint trials
but, rather, utilize surrogate markers of efficacy such as BMD
and bone turnover markers, with the expectation that a non-
inferior or equivalent increase in lumbar spine (LS) BMD seen
between the fracture-proven daily formulations and the inter-
mittent dosing formulations will translate into equal improve-
ments in bone strength [8, 10–16]. Registration agencies
accepted specific surrogate markers (non-inferior increases
in BMD (primary endpoint) and non-inferior decreases in
bone turnover markers (secondary endpoint) for approval of
the intermittent bisphosphonate formulations if the daily for-
mulation first had fracture endpoints.

Daily oral ibandronate 2.5 mg demonstrated reduced risk
of vertebral fracture compared with placebo in the oral
ibandronate osteoporosis vertebral fracture trial in North
America and Europe (BONE) trial [17, 18]; however, the
difference between daily ibandronate 2.5 mg and placebo in
NVFs was not statistically significant. The marketed monthly
oral ibandronate 150 mg and quarterly IV ibandronate 3 mg
regimens provide an annual cumulative exposure (ACE; de-
fined as annual dose×bioavailability (100 % for IV, 0.6 % for
oral dosing) of approximately twice the daily oral 2.5-mg
regimen. These regimens were approved on the basis of the
2-year monthly oral ibandronate in ladies (MOBILE) [19] and
dosing intravenous administration (DIVA) [20] bridging trials.
The DIVA andMOBILE trials were of similar study design and
enrolled osteoporotic postmenopausal women with similar

baseline characteristics [21]. In theMOBILE trial, monthly oral
ibandronate 150 mg resulted in lumbar spine, total hip, femoral
neck, and trochanter BMD increases that were superior to daily
oral ibandronate 2.5 mg [19, 22]. The 2-year results from the
DIVA study demonstrated that IV ibandronate 3 mg adminis-
tered every 3 months (q3mo) significantly increased the BMD
at the lumbar spine and total hip compared with daily oral
ibandronate 2.5 mg [20, 23].

The antifracture efficacy of monthly oral and quarterly IV
ibandronate have been examined in previous pooled meta-
analyses using the 2-year data [21, 24]. These analyses found
that high-ACE ibandronate regimens (ACE ≥10.8 mg), in-
cluding monthly oral 150 mg and quarterly IV 3 mg, signif-
icantly reduced NVF, including hip fracture, compared with
placebo and low-ACE ibandronate. Additionally, a retrospec-
tive database analysis found that monthly oral and quarterly
IV ibandronate treatment was associated with a similar frac-
ture rate to weekly oral bisphosphonate treatment (alendronate
and risedronate) [25, 26].

Long-term extension (LTE) trials of bothMOBILE [27, 28]
and DIVAwere conducted to examine the efficacy and safety
of ibandronate treatment for an additional 3 years beyond the
original 2-year trials. In theMOBILE LTE, patients previously
treated with monthly oral ibandronate 100 or 150 mg during
MOBILE continued to receive the same regimens. Patients
who had received daily oral ibandronate 2.5 mg or monthly
50+50 mg (two doses of 50 mg over 2 consecutive days)
during MOBILE were reallocated to either the 100 mg or the
150 mg study regimen [28]. After 5 years, monthly oral
ibandronate 100 and 150 mg resulted in continued increases
in lumbar spine BMD [27]. In the DIVA LTE, patients who
previously received IV ibandronate 2 mg every 2 months
(q2mo) or 3 mg quarterly were maintained on these same
regimens for an additional 3 years. Patients who had received
daily oral ibandronate 2.5 mg were reallocated to either the
q2mo IV 2-mg or the quarterly IV 3-mg study regimen.

This post-hoc analysis evaluated fracture data from patients
who received monthly oral ibandronate 150 mg, q2mo IV
ibandronate 2 mg, and quarterly IV ibandronate 3 mg contin-
uously throughout the 5 years of the DIVA and MOBILE core
and LTE studies, using the similar methodology to the previ-
ous meta-analysis of Harris et al. [21]. The placebo group for
comparison of fracture rates was derived from different ran-
domized trials: BONE [29] and the IV Fracture Prevention
Trial [17].

Methods

Study design

This was a post-hoc pooled analysis of fracture rates seen with
5 years of treatment with ibandronate using individual patient
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data from randomized clinical trials of ibandronate. Ibandronate
data from MOBILE, DIVA, and their respective LTE trials
(MOBILE LTE and DIVA LTE) were included. These are the
only randomized controlled trials providing up to 5 years of
ibandronate treatment follow-up.

Active treatment data were included in this analysis from
patients in the safety populations of MOBILE (and the MO-
BILE LTE) and DIVA (and the DIVA LTE) who received
continuous treatment with ibandronate regimens providing
ACE ≥10.8 mg (monthly oral 150 mg, q2mo IV 2 mg, or
quarterly IV 3 mg) for 5 years. Patients were included in the
analysis if they received ≥1 dose in both the core 2-year trial
and the corresponding LTE study and had ≥1 post-baseline
safety evaluation. Patients from the following groups in the
MOBILE and DIVA trials were not included in this analysis:
patients who received daily oral ibandronate 2.5 mg, since
they were switched to monthly oral ibandronate 100 or
150 mg, or q2mo IV ibandronate 2 mg, or quarterly IV
ibandronate 3 mg in the MOBILE and DIVA LTEs and
therefore did not receive a single regimen for 5 years of
follow-up; and patients who received monthly oral 100 mg,
since this regimen provides a lower dose (ACE 7.2 mg) than
the marketed regimens (ACE 10.8–12 mg), and did not pro-
vide statistically significant fracture protection compared with
placebo in the analysis of Harris et al. [21]. No spine radio-
graphs were obtained routinely in the MOBILE and DIVA
extension studies; therefore, morphometric VFA was not
assessed.

MOBILE and DIVA were active-controlled trials. The 3-
year placebo data (n =1,924) from the BONE [17] and IV
Fracture Prevention [29] randomized controlled trials were
used for comparison. This method is consistent with the
method previously described by Harris et al. [25].

Patients

All four studies (MOBILE LTE, DIVA LTE, BONE, IV
Fracture Prevention study) used similar inclusion and ex-
clusion criteria, including postmenopausal women aged
55–80 years. Women included in MOBILE and DIVA
had LS BMD T-score of −2.5 to −5.0; these studies did
not require participants to have a prevalent vertebral frac-
ture. Women included in BONE and the IV Fracture Pre-
vention study had 1–4 prevalent vertebral fractures, and LS
BMD T-score −2.0 to −5.0. Participants in all four studies
received daily supplementation with 400 IU vitamin D and
500 mg calcium.

Fracture data were collected as adverse events, with man-
datory X-ray confirmation. NVF confirmation was carried out
locally in all four studies. Vertebral fracture confirmation was
carried out locally in MOBILE and DIVA, and centrally in
BONE and the IV fracture prevention trial.

Statistical analyses

The primary outcome measure in this analysis was fracture
rate, which was analyzed according to treatment received
throughout the 5 years. All clinical fractures were radiologi-
cally confirmed and included all NVFs (excluding fractures of
the skull, fingers, and toes since these are not generally con-
sidered osteoporotic) and symptomatic vertebral fractures.
Fracture rates were calculated as the proportion of patients
with ≥1 fracture over 5 years’ treatment and analyzed by
fracture type (all clinical fractures, clinical vertebral fractures,
osteoporotic NVFs, and key osteoporotic NVFs) and treat-
ment group. Key osteoporotic NVFs were defined as those of
the clavicle, humerus, wrist, hip, pelvis, and leg.

Time to fracture (number of days from day 1 to the date of
onset of the first fracture event) was analyzed using Kaplan–
Meier analysis. Data from the monthly oral 150 mg, q2mo IV
2mg, and quarterly IV 3mg arms were combined for Kaplan–
Meier analysis and analyzed as a single high-ACE group
(ACE ≥10.8 mg) (Table 1). Time to first all clinical fracture
was also analyzed separately for the monthly oral ibandronate
150 mg and IV ibandronate (q2mo 2 mg and quarterly 3 mg;
ACE 12 mg) groups. The log-rank test was used to evaluate
statistical differences between the active treatment group and
placebo. Fracture rate per 100 patient-years was calculated as
100 x (total number of fracture events/total patient-years of
treatment). All statistical analyses were conducted using the
SAS® software package version 8.2 (SAS Institute, Cary, NC,
USA).

Results

A total of 692 patients who received continuous treatment for
5 years with either oral (monthly 150 mg) or IV (q2mo 2 mg
or quarterly 3 mg) ibandronate were included in this analysis.

Table 1 Treatment regimens and ibandronate ACE in DIVA and
MOBILE core and LTE studies

Dose Level ACE Group Ibandronate regimen ACE, mg

ACE ≥10.8 mg Quarterly IV 3 mg a 12.0

q2mo IV 2 mg a 12.0

Monthly oral 150 mg b 10.8

Placebo (0 mg) Placebo c 0

ACE was calculated as drug dose (in mg) multiplied by the number of
doses per year and an absorption factor (0.6 % for oral regimens, 100 %
for IV)

ACE annual cumulative exposure, IV intravenous
a DIVA
b MOBILE
c BONE, IV Fracture Prevention
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Baseline patient characteristics were similar across all treat-
ment arms and placebo (Table 2). Average age was slightly
higher in the placebo group.

The rate of all clinical fractures was comparable with all
ibandronate treatments in MOBILE LTE and DIVA LTE and
for the pooled high-dose ACE group (Table 3). Similar results
were also obtained for NVFs, key NVFs, and all clinical
fractures per 100 patient-years. A lower rate of vertebral
fractures was observed in the monthly oral 150 mg group than
the IV treatment groups (1.70 % compared with 5.53 % and
5.32 % for the IV q2mo 2 mg and quarterly 3 mg groups,
respectively; Table 3). The Kaplan–Meier analysis found that
time to fracture for all clinical fractures (Fig. 1), NVFs
(Fig. 2), and clinical vertebral fractures (Fig. 3) were all
significantly longer with ibandronate treatments with ACE≥
10.8 mg compared with placebo (P=0.001, P=0.036, and
P=0.003, respectively). Time to fracture for key NVFs was
longer with ibandronate than placebo treatment, but the dif-
ference was not statistically significant (P=0.073, Fig. 4). For
all clinical fractures, the time to first fracture was significantly
longer compared with placebo for monthly oral ibandronate
150 mg (P=0.0174) and IV ibandronate (q2mo 2 mg and

quarterly 3 mg, ACE 12 mg, P=0.002). For all fracture types,
the rate of fractures appeared stable throughout the 5-year
follow-up.

Discussion

This post-hoc pooled analysis of 5-year fracture data found
that time to fracture for clinical fractures, NVFs, and clinical
vertebral fractures was significantly longer for women with
postmenopausal osteoporosis treated with monthly oral or IV
ibandronate with ACE ≥10.8 mg compared with those receiv-
ing placebo, though the placebo rates were derived from two
different ibandronate trials. The doses of ibandronate regi-
mens that showed this outcome include the marketed monthly
oral 150 mg and quarterly IV 3 mg regimens. These data
suggest that ibandronate provides long-term anti-fracture ben-
efit to women with postmenopausal osteoporosis, with a sim-
ilar rate of fractures sustained throughout up to 5 years of
treatment.

Our results are consistent with those previously reported in
two recent meta-analyses of individual patient data, which

Table 2 Baseline patient characteristics

Ibandronate regimen

Monthly oral 150 mg
(n =176)

q2mo IV 2 mg
(n=253)

Quarterly IV 3 mg
(n =263)

ACE ≥10.8 mg
(n =692)

Placebo
(n =1,924)

Age, year 65.9 (6.64) 66.1 (6.08) 65.9 (6.12) 66.0 (6.24) 68.0 (5.63)

Time since menopause, year 17.2 (8.08) 18.8 (8.00) 18.0 (7.54) 18.1 (7.86) 20.1 (7.50)

Weight, kg 64.27 (9.70) 64.45 (11.05) 64.25 (9.79) 64.33 (10.23) 65.61 (10.32)

BMI, kg/m2 25.70 (3.71) 25.61 (4.12) 25.62 (4.13) 25.64 (4.02) 25.68 (3.79)

Current smoker, % (n) 13.6 (24) 14.6 (37) 16.3 (43) 15.0 (104) 17.7 (341)

Prior fractures, % (n) 40.9 (72) 43.9 (111) 41.1 (108) 42.1 (291) 55.4 (1065)

LS BMD T-score −3.29 (0.57) −3.25 (0.58) −3.32 (0.61) −3.29 (0.59) −2.80 (0.86)
Total hip BMD T-score −1.73 (0.91) −1.89 (0.89) −1.93 (0.84) −1.86 (0.87) −1.78 (0.85)

ACE ≥10.8 mg group includes pooled data frommonthly oral 150mg, q2mo IV 2mg, and quarterly IV 3mg ibandronate treatment arms; data shown are
mean (SD) values unless otherwise noted

ACE annual cumulative exposure, BMD bone mineral density, BMI body mass index, LS lumbar spine

Table 3 Rate of clinical fractures at 5 years

Ibandronate regimen All clinical fractures,
% (n)

First NVF,
% (n)

First key NVF, % (n) First clinical vertebral
fracture, % (n)

All clinical fractures
per 100 patient-years, %

Monthly oral 150 mg N=176 14.77 (26) 11.36 (20) 8.52 (15) 1.70 (3) 3.20

q2mo IV 2 mg N=253 15.42 (39) 10.28 (26) 9.88 (25) 5.53 (14) 3.37

Quarterly IV 3 mg N =263 14.07 (37) 9.51 (25) 8.37 (22) 5.32 (14) 3.01

ACE ≥10.8 mg N=692 14.74 (102) 10.26 (71) 8.96 (62) 4.48 (31) 3.19

Key NVFs were fractures of the clavicle, humerus, wrist, hip, pelvis, and leg; ACE ≥10.8 mg group includes pooled data from monthly oral 150 mg,
q2mo IV 2 mg, and quarterly IV 3 mg ibandronate treatment arms

ACE annual cumulative exposure, IV intravenous, NVF nonvertebral fracture
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assessed fracture risk reduction with ibandronate using pooled
individual patient data from ibandronate clinical trials, and
showed that higher ACE regimens are associated with greater
NVF risk reduction [21, 30]. The analysis by Cranney et al.
pooled data from the DIVA andMOBILE studies and reported
that ibandronate ACE ≥10.8 mg significantly reduced the risk
of NVF compared with ACE=5.5 mg (HR 0.62 (95 % CI
0.396-0.974), P=0.038) [31]. Harris et al. [21] pooled data
from the BONE, IV fracture prevention study, DIVA, and
MOBILE studies to assess fracture risk over 2–3 years and
found that ibandronate ACE ≥10.8 mg was associated with
significantly reduced relative risk of NVFs (29.9 %, P=0.04),
clinical fractures (28.8 %, P=0.010) and key NVFs (34.4 %,
P=0.032) compared with placebo. Additionally, time to frac-
ture was significantly longer for all clinical fractures, NVFs,
and key NVFs. Differences between the mid-ACE group
(ACE 5.5–7.2 mg) and placebo were not statistically
significant.

At this time, the optimal duration of bisphosphonate treat-
ment is not known [32]. The long-term safety and effects on

BMD of daily bisphosphonates have been examined and three
recent review articles have detailed the benefit/risk ratio of
bisphosphonate use and agree with the recent Food and Drug
Administration (FDA) suggestion that lower risk patients
could be given a “drug-holiday” after 3–5 years of use, but
that high-risk patients have a benefit that outweighs any risks
with longer duration of therapy [33–38]. The majority of
clinical trials examining the vertebral fracture and NVF effi-
cacy of the approved bisphosphonates (alendronate,
risedronate, ibandronate, and zoledronic acid) where a place-
bo arm has been retained have been 3 to 4 years in duration
[17, 39–43], and few studies have examined the long-term
benefits of bisphosphonate therapy with respect to fracture
risk reduction [44]. The FDA stated that scientific evidence
for the long-term (beyond 5 years) efficacy data for
bisphosphonates does not exist [38].While the FDA statement
is accurate, the reality is that true scientific evidence that
requires the maintenance of a placebo group will never be
achieved in bisphosphonate clinical trials due to the unethical
nature of maintaining a placebo arm in higher risk patients.
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Hence, longer term efficacy data compares either incident
rates of fracture to the original 3-year placebo arm, or incident
rates in the treatment arms (annualized) to the original treat-
ment arm incident rates for the registration trials.

Long-term studies of daily alendronate and daily risedronate
have provided data ranging in duration from 5–10 years. An
extension trial of the 3-year Vertebral Efficacy with Risedronate
Therapy (VERT) multinational study found that daily
risedronate (5 mg) significantly reduced the risk of new verte-
bral fractures (59%,P <0.01) over 2 additional years compared
with placebo [44]. However, NVF risk was not significantly
reduced compared with placebo, possibly reflecting the small
number of NVFs in this study. A study by Bone et al. found that
10 years of oral daily alendronate therapy resulted in improved
or sustained BMD at all skeletal sites and long-term stabiliza-
tion of BTMs, but this study did not evaluate fracture risk
reduction [33]. The Fracture Intervention Trial Long-term Ex-
tension (FLEX) examined the impact of discontinuing
alendronate therapy after 5 years of continuous therapy versus
remaining on therapy for an additional 5 years [45]. Women

who discontinued alendronate therapy for 5 years after 5 years
of continuous therapy experienced gradual decreases in the LS
and total hip BMD and increases in BTMs. While women off
alendronate had a significant increase in clinical vertebral frac-
tures if their BMD T-score at the femoral neck was −2.5 or
lower; the remaining lower risk women had no differences in
fracture rates to the women who continued on alendronate for
10 years. [45, 46]. In a separate post-hoc analysis of the FLEX
trial, only those women who had a FN T-score ≤2.5 and no
prevalent vertebral compression fracture appeared to have an
increased risk of NVF while remaining off alendronate [46].
Thus, consistent with the FDA position, high-risk patients
benefit from long-term therapy.

A number of case series has reported atypical subtrochanteric
femur fractures in patients receiving long-term alendronate treat-
ment [47–51]; these associations have been reported with longer
duration of bisphosphonate use [52, 53], and have contributed to
concerns about the potential for long-term bisphosphonate treat-
ment. The American Society for Bone and Mineral Research
(ASBMR) has published their working group analysis of the
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data regarding these atypical subtrochanteric femur fractures
[54] and concluded that, while there appears to be an association
between long-term bisphosphonate use and these rare events, no
causality has been established. No atypical fractures were re-
ported, though assessment of these fractures was not pre-
planned in the bisphosphonates trials, but it is reassuring to note
that no apparent increase in fracture rate was observed in the
later years of ibandronate treatment in our analysis, which used
placebo groups from different randomized trials for comparison
of fracture rates. Furthermore, no significant differences between
groups were observed in the MOBILE and DIVA LTEs in
treatment-related AEs, serious AEs, or life-threatening AEs
[27, 28].

Limitations

The findings of our analysis need to be considered in the light
of several limitations. This was a post-hoc pooled meta-
analysis, not a randomized prospective clinical trial. However,
the analysis does use individual patient data, which may be
preferable to the use of summary data [55, 56]. The studies
pooled in this analysis had generally similar study designs and
patient populations, and the analysis was adjusted for differ-
ences in baseline characteristics; however, it is possible that
unmeasured or uncontrolled differences between groups or
residual confounding could have resulted in bias in our find-
ings. P values were not adjusted for multiple comparisons,
and since MOBILE and DIVA were not placebo-controlled
clinical trials, the placebo data used in this analysis were
derived from the 3-year BONE and IV fracture trials.

Fractures were not an endpoint in MOBILE and DIVA;
however, clinical fractures and NVFs were collected as AEs
across all the trials, and X-ray confirmation was required.
Findings in the populations included in randomized clinical
trials may not be generalizable to the general population with
osteoporosis.

Conclusions

This pooled analysis of data from the MOBILE and DIVA
trials showed that continued treatment with oral or IV
ibandronate, in women previously treated for 2 years, provid-
ed long-term clinical benefit as demonstrated by significantly
longer time to fracture for all clinical fractures, NVFs, and
clinical vertebral fractures comparedwith placebo over 5 years
of treatment. Ibandronate formulations that provide higher
ACE (the 150 mg/month oral or the 3 mg every 3 months
IV) appear to provide a long-term benefit on both vertebral as
well as nonvertebral fractures. These results appear to support
those of previous studies that showed improvements in BMD
and bone turnover with the same ibandronate regimens used
here.
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