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Summary

Data deriving from randomized clinical trials, observational stud-
ies and meta-analyses, including treatment regimens unlicensed
for use in clinical practice, clearly support that 150 mg once-
monthly oral and 3 mg quarterly i.v. doses of ibandronate are as-
sociated with efficacy, safety and tolerability; notably both these
marketed regimens, which largely correspond to ACE ≥10.8 mg,
may in addition provide a significant efficacy on non-vertebral
and clinical fracture (Fx) efficacy. The MOBILE and the DIVA LTE
studies confirmed a sustained efficacy of monthly oral and quar-
terly i.v. regimens respectively, over 5 years. Furthermore, im-
proved adherence rates with monthly ibandronate, deriving from
studies evaluating large prescription databases, promise to en-
hance fracture protection and decrease the social and economic
burden of postmenopausal osteoporosis. 
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Nitrogen-containing bisphosphonates (BPs) are standard first-line
pharmacotheraphy for osteoporosis (OP), along with calcium and
vitamin D supplementation, physical training and fall prevention
(1-4). 
BPs such as alendronate (ALN), ibandronate (IBN), risedronate
(RIS) and zoledronate (ZOL), have demonstrated antifracture ef-
ficacy and represent the most widely used agents, all approved
in Europe and in the USA for treatment of postmenopausal os-
teoporosis (PMO); however, in clinical practice <20% of patients
receive appropriate treatments. Even when BPs are prescribed,
their therapeutic benefit, also including their antifracture efficacy,
may be compromised in the real world by suboptimal treatment
compliance and/or failure to persist with the treatment pre-
scribed (5-11). It is anticipated that reducing dosing frequency may
improve therapeutic adherence, so that new drugs or treatment
regimens that reduce the risk for osteoporotic fractures (Fx) and
make the treatment of OP more convenient and suitable for pa-
tients are needed (5, 11, 12).
IBN is a nitrogen-containing BP, more potent than ALN and RIS,
with enhanced affinity for bone, which is greater than that of clo-
dronate or RIS (13, 14); its increased antiresorptive potency, to-

gether with an extended persistence in skeletal tissue, allows oral
and also intravenously administration, with variable dosing inter-
vals, even longer than  2 months (13).
The antifracture efficacy of daily oral IBN (2.5 mg) and intermit-
tent oral IBN (20 mg every other day for 12 doses every 3 months)
was assessed in a 3-year randomized, double blind, placebo con-
trolled trial (RCT), evaluating 2946 women with PMO and at least
1 prevalent Fx in the pivotal BONE study (iBandronate Osteoporosis
trial in North America and Europe) (15). The two IBN regimens were
associated with significant reductions in the risk of vertebral Fx vs
placebo (62%, p= 0.0001, and 50%, p= 0.0006, respectively); a
significant reduction in non-vertebral Fx was not seen in the over-
all population (mean total hip BMD T-score = -1.7). However, sub-
group analyses including women at higher risk for Fx showed sig-
nificant reductions in non-vertebral Fx risk (femoral neck BMD T-
score < -3.0: 69%, p= 0.012; lumbar spine BMD T-score < -2.5
and a history of clinical Fx in the past 5 years: 62%: p = 0.025)
(15). A post hoc analysis of the BONE trial indicated that oral IBN
2.5 mg daily significantly reduces the risk of vertebral Fx of greater
severity, reporting at 1 year a reduction of 59% in the RR of com-
bined new moderate and severe vertebral Fx (p= 0.0164) (16). 
The efficacy of daily and intermittent IBN in reducing the incidence
of new morphometric vertebral Fx was also evaluated in a pre-
defined subgroup of women aged ≥ 70  and <70 years of the BONE
study (Figure 1) (17). The result showed no statistically significant
differences in Fx rates between the two age-groups, confirming
that the efficacy of IBN was not influenced by age.
The BONE trial was the first to have reported comparable verte-
bral antifracture efficacy of daily and intermittent administration (with
a dose-free interval of >2 months) of a BP, suggesting that IBN
could be administered at intervals longer than daily or weekly.
Therefore, following the demonstration of antifracture efficacy with
daily IBN, the focus became that of extending the dose-free in-
terval to develop a more convenient regimen. As identified in an
extensive modelling and simulation project, 50 + 50 mg (single dos-
es on consecutive days), 100 and 150 mg doses of monthly IBN
and daily 2.5 mg were evaluated in the Monthly Oral iBandronate
In LadiEs (MOBILE) study, a 2-year, randomized, double blind,
phase III, non inferiority trial (18, 19).  The 150 mg dose produced
the greatest gains in BMD vs daily IBN (2.5 mg) at 2 years (lum-
bar spine BMD: 6.6 vs 5.0%, respectively, p< 0.001) (19). All reg-
imens reduced serum CTX (a marker of bone resorption) to with-
in the premenopausal range by 3 months and maintained the low-
er levels throughout the 2-year study; the incidence of clinical Fx,
reported as adverse events, was similarly low across the treatment
groups. Long-term efficacy of both monthly regimens (100 and 150
mg) has been evaluated in the 3-year (5 years of treatment) ex-
tension study (MOBILE LTE) (20). The results showed that in pa-
tients receiving 5 years of continuous monthly IBN (100 or 150 mg),
lumbar spine BMD increased by 8.2% and 8.4%, respectively, com-
pared with baseline (Figure 2); a continuous BMD increase was
also documented at all hip sites, although at a lesser extent (20).
The reduced levels of serum CTX reported during the 2-year MO-
BILE study, have been maintained throughout the 3 years of the
LTE (Figure 3) (20).
Because IBN can also be administered by i.v. injections (given over
15-30 seconds), with extended dose-free intervals, the Dosing In-
travenous Administration (DIVA) study (21) was planned to
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identify the optimal i.v. dosing regimen with the antifracture effi-
cacy and safety profile  similar to that of 2.5 mg orally daily. The
DIVA study compared the efficacy of two regimens of intermittent
i.v. injections of IBN (2 mg every 2 months and 3 mg quarterly)
with a regimen of daily oral IBN (2.5 mg), the latter of which has
proven antifracture efficacy. The design of DIVA was the same as
MOBILE, with the exception of the different route of IBN admin-
istration. At 2 years, the 2- and 3-monthly i.v. regimens produced
improvements in spinal BMD (6.4% and 6.3%, respectively) that
were superior to oral IBN (4.8%; p<0.001) (22). BMD gains at all
hip sites were also greater in the i.v. groups than in the oral group;
serum CTX levels were markedly reduced in all treatment
groups. The incidence of clinical Fx after 2 years, reported as ad-
verse events, was similar in  groups receiving i.v. and slightly, but
not significantly, lower than in the daily oral group (22). As with
the oral IBN MOBILE study, a 3-year (5 years of treatment) LTE
of DIVA was conducted (23). In the DIVA LTE, patients received
IBN i.v. injections 2 mg every 2 months and 3 mg quarterly only.
Therefore, patients previously receiving 2 mg 2-monthly or 3 mg
quarterly i.v. IBN injections in the 2-year DIVA study, continued
to receive the same treatment in the LTE for additional 3 years;
patients receiving oral IBN in DIVA were switched to i.v. IBN, ac-
cording to the i.v. placebo regimen received during 2-year DIVA.
In patients receiving 5 years of continuous 2 mg 2-monthly or 3
mg quarterly i.v. IBN injections, lumbar spine BMD increased by

8.4% and 8.1%, respectively, compared with DIVA baseline (pooled
analysis) (Figure 4). A continuous BMD increase was also doc-
umented at all hip sites, although at a lesser extent. Both the MO-
BILE and the DIVA LTE studies clearly confirmed dose-related in-
creases of BMD in all measured sites.
Two meta-analyses to assess the antifracture efficacy of differ-
ent doses of IBN have recently been completed using slightly dif-
ferent methodologies. The first meta-analysis used individual pa-
tient data from MOBILE and DIVA trials of similar design, to as-
sess the effect of different doses of IBN on non-vertebral Fx (24).
The varying doses used in the two studies were grouped on the
basis of annual cumulative exposure (ACE = dose x dose fre-
quency/year x absorption factor e.g., 150 mg x 12 x 0.006 = 10.8
mg). This analysis showed a relative risk reduction in non-verte-
bral Fx rate of 38% when comparing combined doses (including
monthly oral IBN 150 mg, quarterly i.v. IBN 3 mg and i.v. IBN 2
mg every 2 months) equivalent to ACE ≥10.8 mg with ACE of 5.5
mg (2.5 mg daily). Notably, a dose-response effect was noted with
increasing ACE (7.2-12 mg) compared with ACE of 5.5 mg.
The second meta-analysis (25) used individual patient data from
four pivotal Phase III clinical trials [i.v. Fx prevention study (26),
BONE, MOBILE, and DIVA]. BONE and the i.v. Fx prevention study
were 3-year placebo-controlled Fx trials; MOBILE and DIVA were
2-year BMD active-comparator studies, which collected Fx data
as safety measurements. Similar to the Canadian analysis (24),
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Figure 1 - The BONE Study. Rates of new morphometric vertebral Fx in
age groups ≥ 70 and < 70 according to different IBN regimens (17). 

Figure 2 - The MOBILE LTE Study. Lumbar spine BMD changes over 5
years (18-20). ITT population. Pooled data; subgroup of patients treated
continuously with the same dose of IBN for 5 years.

Figure 3 - The MOBILE LTE Study. Serum CTX changes over 5 years
(18-20). ITT population. Pooled data; subgroup of patients treated con-
tinuously with the same dose of IBN for 5 years.

Figure 4 - The DIVA LTE Study. Lumbar spine BMD changes over 5
years in patients treated with IBN 3 mg quarterly i.v. (21-23). ITT analy-
sis; *p<0.001 vs IBN daily 2.5 mg; **95% CI; †At 2 years.
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annual doses were grouped by ACE: high (≥10.8 mg includes 150
mg oral monthly, 3 mg i.v. quarterly and 2 mg i.v. every 2 months),
mid (5.5 - 7.2 mg) and low (≤ 4.0 mg). However, rather than com-
paring with the low IBN dose group, this analysis compared re-
ductions in Fx risk with placebo, using a combined placebo group
from BONE and the i.v. Fx prevention study. It was observed that
the risk of clinical (vertebral and non-vertebral) and non-vertebral
Fx was significantly reduced for doses of IBN with ACE ≥10.8 mg
compared with placebo. A significant reduction in risk associat-
ed with IBN was also demonstrated for a subgroup of six major
non-vertebral Fx (clavicle, humerus, wrist, pelvis, hip and leg). 
A further meta-analysis (27) pooled data from the four Phase III
clinical trials of IBN to assess the relationship between IBN dose,
changes in BMD, and rates of both clinical and non-vertebral Fx.
Individual patient data from four phase III clinical trials of IBN (i.v.
Fx prevention study, BONE, MOBILE, and DIVA) were pooled and
analyzed. Oral doses included 2.5 mg daily, 20 mg intermittent,
100 mg monthly, 2×50 mg monthly, and 150 mg monthly dose.
IV doses included 0.5 mg quarterly, 1 mg quarterly, 2 mg every
2 months, and 3 mg quarterly dose. A total of 8710 patients were
included in this analysis. Both lumbar spine and total hip BMD were
observed to increase with increasing IBN dose; the incidence of
all clinical Fx was observed to decrease as lumbar spine BMD in-
creased. A statistically significant inverse linear relationship was
observed between percent change in lumbar spine BMD and the
rate of clinical Fx (p=0.005). A non-significant curvilinear relationship
was observed between percent change in total hip BMD and non-
vertebral Fx rate.
The findings of these meta-analyses all support that treatment with
higher IBN doses was associated with larger gains in BMD, and
larger gains in lumbar spine BMD were correlated with lower risk
of all clinical Fx (24, 25, 27). 
No prospective head-to-head trials comparing the antifracture ef-
ficacy of BPs have been conducted, and direct efficacy compar-
isons between BPs in randomized trials have only used surrogate
efficacy markers such as BMD and markers of bone turnover, ow-
ing to the large sample size such studies would require in order
to detect differences in Fx risk. 
MOTION (Monthly Oral Therapy with Ibandronate for Osteoporosis
iNtervention) is the first head-to-head study (28) comparing clin-
ical outcomes of once-monthly IBN 150 mg and once-weekly ALN
70 mg. After 12 months, increases in BMD from baseline were sim-
ilar in both treatment groups, as were vertebral Fx incidences (0.6%
in both groups). The incidences of non-vertebral Fx with ALN and
IBN were 1.4% and 1.6%, respectively. 
Although RCTs are considered the gold standard in clinical re-
search, the clinical relevance of the data is limited by the strict se-
lection of study participants and by the tightly controlled design,
which is difficult to apply in the real world. Even the high level of
treatment adherence seen in RCTs is often not reproduced in ac-
tual patients setting and could negatively influence the efficacy out-
comes. Therefore, a better understanding of the benefits of a treat-
ment can be provided by complementary observational database
analyses on large cohorts of unselected patients, thus allowing
direct insights into day-to-day clinical practice (29, 30). 
The eValuation of IBandronate Efficacy (VIBE) study compared
Fx rates between patients newly treated with monthly IBN and
weekly oral ALN or RIS (31). The primary analysis population in-
cluded 7.345 monthly-IBN and 56,837 weekly-ALN or –RIS pa-
tients, who were adherent to treatment during the first 90 days af-
ter the index date. After the 12-month observational period, Fx risk
was similar between patients receiving monthly IBN or weekly BPs
for hip, non-vertebral or any clinical Fx. IBN patients had a 64%
lower risk of vertebral Fx than weekly-BPs patients (p= 0.006). In
the intent-to-treat analysis, which included all patients who received
at least one BP prescription, RRs for Fx were not significantly dif-
ferent between treatment groups for all Fx types.
The new treatment regimens of IBN, characterized by extended

between-dose intervals, may enhance  treatment adherence (com-
pliance and/or persistence), which still remains suboptimal with
once-weekly regimens (5, 8, 9, 11). Data deriving from longitudinal
and retrospective analyses of pharmacy claims data comparing
monthly IBN with weekly BPs (32-35) support evidence that  pa-
tients prefer a further reduced dosing frequency of once-month-
ly IBN to  a weekly regimen. This enhanced adherence to BP ther-
apy, even in patients who previously discontinued daily or week-
ly treatment due to GI intolerability (36). 
In terms of bone quality and strength, two recent studies have as-
sessed these aspects in patients treated with once-monthly oral
IBN (37) and in patients who had received the drug i.v. (38).
The first was a RCT that evaluated in women with PMO the ef-
fects of once-monthly oral IBN (150 mg) on the hip and lumbar
spine BMD by DXA and QCT and by two novel analytical meth-
ods: FEA (finite element analysis) of QCT data and HSA (hip struc-
tural analysis) of DXA. FEA, which calculates bone strength from
QCT data, strongly predicts in vitro femoral and vertebral break-
ing strength and can reveal when treatment increases strength be-
yond its BMD effect (39). HAS reconstructs femoral bone strength
from DXA data and can reveal geometrical contributions to Fx risk
not captured by DXA (40). The results of this study showed that
once-monthly oral IBN for 12 months improved hip and spine BMD
measured by QCT and DXA and strength estimated by FEA of QCT
scans.
In the second study (38) single transiliac bone biopsy was per-
formed in a subgroup (N=109) of patients from DIVA study, treat-
ed with i.v. IBN 2 mg every 2 months, 3 mg every 3 months or oral
IBN 2.5 mg daily, plus oral or i.v. placebo. Following 2 years of
oral or i.v. IBN treatment, histomorphometric analysis of transili-
ac bone biopsies demonstrated normal micro-structure of newly
formed bone with normal mineralization and reduced remodeling.
In conclusion, in reviewing data deriving from RCTs, observational
studies and meta-analyses, including treatment regimens unli-
censed for use in clinical practice, the evidence clearly supports
that 150 mg once-monthly oral and 3 mg quarterly i.v. doses of
IBN are associated with efficacy, safety and tolerability; notably,
both these marketed regimens, which largely correspond to ACE
≥10.8 mg, may in addition provide a significant efficacy on non-
vertebral and clinical Fx. Data deriving from the MOBILE and the
DIVA LTE studies confirmed a sustained efficacy of monthly oral
and quarterly i.v. regimens respectively, over 5 years. Furthermore,
improved adherence rates with monthly IBN, deriving from stud-
ies evaluating large prescription databases, promise to enhance
Fx protection and decrease the social and economic burden of
PMO.
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