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Abstract
Summary Adherence and persistence to oral bisphosphonates
in women with postmenopausal osteoporosis is suboptimal. In
this study, patients were treated with either oral or intravenous
bisphosphonates. The increased adherence and persistence
observed in patients receiving intravenous medication com-
pared with those receiving oral medicationmay improve health
outcomes.

Introduction Poor adherence and persistence to oral medica-
tion are often observed in women with postmenopausal oste-
oporosis (PMO). The purpose of the non-interventional
BonViva Intravenous Versus Alendronate (VIVA) study was
to determine whether, in a real-world setting, (1) increased
adherence and persistence to medication would be observed in
women with PMO receiving intravenous (i.v.) ibandronate
versus oral alendronate, (2) a correlation exists between
adherence and persistence to medication and drug efficacy,
and (3) any unexpected adverse events/serious adverse events
(AEs/SAEs) may occur.
Methods The study was conducted in 632 centers in Germany.
A total of 6,064 females with PMOwere enrolled and recruited
into one of two treatment arms: quarterly i.v. administration of
3 mg ibandronate or weekly oral medication of 70 mg
alendronate, for 12 months. At the end of the study, adherence
and persistence to medication, new osteoporotic fractures,
mobility, use of analgesics, and AEs/SAEs were determined.
Results Greater adherence and persistence to medication were
observed in the ibandronate treatment arm compared with the
alendronate treatment arm. Although there was no significant
difference in the number of patients with new vertebral, hip, or
forearm fractures between treatment arms, a significantly
greater increase in mobility and decrease in the use of analge-
sics were reported in the ibandronate treatment arm. No unex-
pected AEs/SAEs occurred in either arm.
Conclusions Adherence and persistence to medication were
greater in women with PMO receiving i.v. ibandronate com-
pared with those receiving oral alendronate. This may have led
to an increase inmobility and a decrease in pain in these patients.
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Introduction

Osteoporosis is a disease characterized by defined risk factors
which increase fracture probability. These include age, low
bone density, and history of fragility fracture in a first-degree
relative [1]. Osteoporosis-related fractures are associated with
an increase in morbidity and mortality [2].

A recent study using German statutory health insurance
claims data from 2006 to 2009 showed that the prevalence of
osteoporosis in females aged 50 years or older was 24 % [3].
In German women in this age group, the lifetime probability
of a major osteoporotic fracture is 31.4 % [4]. Furthermore,
recent data obtained from the Global Longitudinal Study of
Osteoporosis in Women (GLOW) [5] showed that women
with postmenopausal osteoporosis (PMO) and osteoarthritis
have an even higher risk of fracture [6].

Bisphosphonates are established as first-line therapy for
osteoporosis, with nitrogen-containing bisphosphonates
currently considered the first-line treatment for PMO [7].
The most important goal of PMO treatment is to reduce
the risk of fracture [7].

Several clinical trials have shown that oral bisphosphonates
can reduce the incidence of both vertebral and non-vertebral
fractures [8, 9], but in order for bisphosphonate treatment to be
clinically effective, patients must demonstrate adequate
adherence and persistence to medication. Adherence to
medication is one of several terms currently used in the
literature to define deviations from a prescribed treatment.
As described by Vrijens et al. [10], the first of these terms
to be introduced was “patient compliance” and, together
with “medication adherence,” has been the most widely used
term to describe such deviations. However, these descriptors
are often used inconsistently, and in order to enable the accu-
rate interpretation of studies on medication-taking behavior,
Vrijens et al. [10] have proposed new terminology, “adherence
to medication,” described as the process whereby patients take
their medication as prescribed. The term comprises three
components: (1) initiation (when a patient takes the first dose
of a prescribed medication), (2) implementation (the extent to
which the prescribed dosing regimen is followed), and (3)
discontinuation (indicates the end of therapy, when the patient
stops taking the prescribed medication for whatever reason).
Based on this description, the following can be classed as
instances of nonadherence to medication: noninitiation of
prescribed treatment, suboptimal implementation of the
dosing regimen, and premature discontinuation of treat-
ment. Persistence is interrelated to adherence and has been
described as the length of time between initiation and the
point in time when the patient took the last dose of
medication in question [10].

Despite the proven efficacy of oral bisphosphonates in
reducing the risk of fracture and the association between
increased medication adherence/persistence and reduced risk

of fracture [11–13], approximately 50% of patients discontinue
medication within the first year [14]. Therefore, there is a need
to increase patient awareness with regard to the potential neg-
ative impact of drug discontinuation.

There are many possible reasons why patients may be
nonadherent or nonpersistent to oral bisphosphonates [15].
These include strict dosing requirements associated with oral
bisphosphonates [16], drug-related adverse events (AEs)
occurring in the gastrointestinal tract [17], and inconvenient
short dosing intervals [18].

Intravenous (i.v.) administration of bisphosphonates was
introduced to address the unmet clinical need for a treatment
that could be administered less frequently, was associated with
fewer AEs, and involved a less rigorous mode of administra-
tion. After an initial study to assess the dose–response rela-
tionship with intermittent i.v. injections of ibandronate in
women with PMO [19], the Intermittent Regimen intravenous
Ibandronate Study (IRIS) [20] and the Dosing IntraVenous
Administration (DIVA) study [21, 22] were conducted in
order to determine the efficacy and tolerability of the injec-
tions. Based on the results of the DIVA study, quarterly i.v.
injections of 3 mg ibandronate were approved for the treat-
ment of PMO in the USA and Europe. Furthermore, 5-year
data from the DIVA study long-term extension showed that
the long-term i.v. administration of quarterly ibandronate is
effective and well tolerated in women with PMO [23].

Although the efficacy and safety of i.v. ibandronate have
been assessed in several clinical trials, to date, there have
been no studies assessing the adherence and persistence
of patients receiving the drug, specifically for PMO in a
real-world setting. A study conducted by Feldstein and
colleagues [24] highlighted the importance of assessing
adherence and persistence to medication in such a setting. The
authors reported a similar time to first fracture in patients
treated with oral bisphosphonates and patients not on
osteoporotic medication. Therefore, data obtained from
randomized clinical trials are not necessarily mirrored in
the real-world setting, because patients may not fill their
prescription, may not take their medication as prescribed,
and may show a lack of persistence.

The BonViva Intravenous Versus Alendronate (VIVA)
study was a non-interventional, multicenter study conducted
over 12 months. The primary aim of this study was to assess
and compare the adherence and persistence of patients with
PMO to either i.v. ibandronate 3 mg administered quarterly
or oral alendronate 70 mg taken weekly, in a real-world
setting. Weekly alendronate served as the reference because
it currently represents the first-line treatment in Germany,
due to reimbursement issues. The secondary aims of the
VIVA study were to determine whether a correlation exists
between adherence and persistence to medication and drug
efficacy and to assess and compare the safety of the two
drugs in a real-world setting.
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Methods

Study design and participants

VIVA was a non-interventional German, multicenter study.
The study was conducted in 632 centers consisting mainly of
private practices representative of current German clinical
practice. A number of institutions with specialized outpatient
clinics for osteoporosis were also involved.

Over a period of 8 months, 6,064 females with PMO were
enrolled in the study. Participants were recruited from the
overall population of patients with PMO requiring medical
treatment.

Patients were recruited into one of two treatment arms: i.v.
injections of 3 mg ibandronate (BonViva, Roche Pharma AG,
Grenzach-Wyhlen, Germany) administered quarterly for
12 months or oral 70 mg alendronate (Fosamax, MSD Sharp
&DohmeGmbH, Lindenplatz 1, 85540Haar, Germany) taken
weekly for 12 months. Participating physicians decided
which patient to assign to which treatment arm independently
from and prior to the start of the study. Because patient
characteristics in the two arms were expected to be different
(e.g., patients with gastrointestinal problems, those who have
difficulty swallowing, those with fractures, and those with
more severe osteoporosis are all more likely to be represent-
ed in the i.v. ibandronate treatment arm), patients were en-
rolled in a ratio of 3:1 in favor of ibandronate in order to
facilitate a comparative evaluation using a matched pair
analysis. The criteria used to create the matched pair popu-
lation were as follows: age, body mass index, history of
fracture at the start of therapy, number of vertebral fractures
prior to the study, pretreatment with bisphosphonates, number
of comorbidities, and current therapy started ±31 days before/
after the baseline visit.

All patients provided written informed consent prior to
their inclusion in the study. Ethical approval was obtained
from the ethics committee of the principle investigator
following the recommendations for non-interventional study
conduct of the competent German authority, the Federal Institute
for Drugs and Medical Devices.

Assessments

The observation period was 12 months for each patient.
Each participating center had online access to the docu-
mentation portal containing case report forms for up to 12
patients.

Documentation consisted of one inclusion/baseline visit
as well as one final visit after 12 months of treatment.
Additionally, the documentation of data on a maximum of
three optional interim visits was permitted.

Data documented at intake examination included patient
characteristics andmobility. Data documented at three optional

interim visits included the use of analgesics for osteoporosis-
related pain. Data documented at the end of the 12-month
observation period included nonadherence to medication,
persistence to medication, new osteoporotic fractures,
mobility, use of analgesics for osteoporosis-related pain,
and AEs/serious AEs (SAEs). Based on the description
proposed by Vrijens et al. [10], nonadherence to medi-
cation was calculated by taking into account the number
of patients who discontinued treatment, for whatever
reason, before the end of the study. Persistence was
calculated as the time between the initiation of medication
and the point at which the patient took the last dose of
medication. Mobility was evaluated by the physician, using
a questionnaire. Patients were assigned to the following
categories: full mobility, mild physical limitations, moderate
physical limitations, severe physical limitations (partly
dependent on outside help), and very severe physical
limitations (always dependent on outside help). For each
treatment arm, a comparison was made between the
number of patients with full mobility at the start and
end of the study. Reduction in analgesic use was also
evaluated by the physician, again using a questionnaire.
Patients were asked to respond “yes” or “no” when asked
whether their analgesic intake was reduced at the end of the
study as compared to baseline.

Statistical analyses

Sample size calculation

The sample size calculation was based on persistence.
Assuming a 5 % difference in persistence between the two
treatment arms and a power of 80 %, 360 patients would be
required per group (alpha=0.05, beta=0.2, Program N of IDV
Gauting, Munich).

The distribution of 3:1 (i.v. ibandronate/oral alendronate)
should ensure that for 90 % of the alendronate patients, a
suitable partner for the matched pair analysis would be found
in the ibandronate group. Based on this consideration, and
assuming a dropout rate of 20–25 %, 1,200 patients treated
with alendronate and 4,500 treated with ibandronate were
included in the study, for a total of 6,000 patients.

Analysis of study endpoints

Except for the AEs/SAEs, all primary and secondary endpoints
of the study were assessed in the matched pair population.

Statistical differences in nonadherence to medication
between the two treatment arms were evaluated using
Fisher’s exact test. Statistical differences in persistence
between the two treatment arms were evaluated using
chi-squared tests.
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With regard to the secondary endpoints, statistical differ-
ences in mobility between treatment arms were evaluated
using Wilcoxon–Mann–Whitney U test. Differences between
treatment arms with respect to the number of new osteoporosis-
related fractures, use of analgesics for treatment of osteoporosis-
related pain, and AEs/SAEs were all evaluated using Fisher’s
exact test.

Results

Patient disposition and baseline characteristics

A total of 6,064 females with PMO were enrolled in the VIVA
study. Figure 1 shows the patient disposition. Baseline demo-
graphic and clinical characteristics of the total patient population

Fig. 1 Patient disposition.
i.v. intravenous

Table 1 Baseline characteristics
of the total patient population and
the matched pair population

Data are arithmetic mean ± stan-
dard deviation; median is in
parentheses

BMI body mass index, ns not sig-
nificant, SERM selective estrogen
receptor modulator
a Refers to patients who were bis-
phosphonate naïve before the start
of the observation period
bPretreatment refers to pretreatment
at >6 months before the start of the
study observation and includes an-
algesics, calcium, vitamin D, hor-
mone therapy, SERMs, strontium
ranelate, bisphosphonates, and
parathyroid hormone and derivates

Ibandronate Alendronate p value

All patients n =4,477 n =1,491

Age, years 72.8±9.3 (73.0) 72.3±9.0 (73.0) ns

Height, cm 161.4±7.2 (162.0) 162.0±7.1 (162.0) <0.05

Weight, kg 66.7±11.3 (66.0) 69.0±11.9 (68.0) <0.01

BMI, kg/m2 25.6±4.1 (25.0) 26.3±4.4 (26.0) <0.01

Postmenopausal since, years 21.3±10.9 (22.0) 21.4±10.4 (22.0) ns

Comorbidities, n 2.0±1.3 (2.0) 1.7±1.26 (1.0) <0.01

Start of current osteoporosis therapy
relative to baseline visit, days

−87.8±250.2 (0.0) −203.2±487.3 (0.0) <0.01

Bisphosphonate naïve with vertebral
fractures, %

27.5 25.2 ns

Bisphosphonate naïvea, % 48.1 65.1 <0.001

Pretreatmentb, % 83.8 76.8 <0.001

Matched pairs n =901 n =901

Age, years 71.8±9.3 (72.0) 71.7±9.3 (72.0) ns

Height, cm 161.8±7.1 (162.0) 162.2±7.1 (162.0) ns

Weight, kg 67.1±11.4 (66.0) 68.9±10.8 (68.0) <0.05

BMI, kg/m2 25.6±4.1 (25.0) 26.2±4.0 (26.0) <0.05

Postmenopausal since, years 20.1±10.7 (20.0) 20.9±10.4 (21.0) ns

Comorbidities, n 1.9±1.2 (2.0) 1.7±1.2 (1.0) <0.05

Start of current osteoporosis therapy
relative to baseline visit, days

0.40±4.2 (0.0) 0.40±4.2 (0.0) ns

Bisphosphonate naïve with vertebral
fractures, %

22.6 22.6 ns

Bisphosphonate naïvea, % 82.5 82.5 ns

Pretreatmentb, % 74.7 71.7 ns except for SERMs
(p <0.01)
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and the matched pairs are shown in Table 1. The statistical
analyses accounted for any differences in variables between
the two treatment arms.

Primary endpoints

Adherence to medication

In the overall matched pair population, 130 patients (14.4 %)
in the ibandronate group and 229 patients (25.4 %) in the
alendronate group ended treatment due to nonadherence to
medication (p <0.001).

Persistence to medication

In the overall matched pair population, patients in the
ibandronate group persisted on medication for a signifi-
cantly greater number of days compared with patients in
the alendronate group (Fig. 2a, mean number of days on
ibandronate, 343; mean number of days on alendronate, 327,
p <0.001).

A similar pattern was observed when analyzing subpopu-
lations of patients with and without prevalent osteoporosis-
related fractures. In both subpopulations, patients in the
ibandronate group persisted on medication for a significantly
greater number of days compared with patients in the
alendronate group (Fig. 2b, subpopulation of patients with
prevalent osteoporosis-related fractures; mean number of
days on ibandronate, 341; mean number of days on
alendronate, 323, p =0.002; Fig. 2c, subpopulation of patients
without prevalent osteoporosis-related fractures; mean num-
ber of days on ibandronate, 345; mean number of days on
alendronate, 329, p <0.001).

Secondary endpoints

New osteoporosis-related fractures

In the bisphosphonate-naïve patients of the matched pair
populations, there was no significant difference in the percent-
age of patients with new osteoporosis-related fractures of the
vertebrae, hip, or forearm, between treatment arms at the end
of the study period. However, there were a significantly

greater number of patients with any fracture in the alendronate
treatment arm (p <0.05).

�Fig. 2 a Kaplan–Meier analysis showing persistence in patients
receiving either ibandronate or alendronate over the 12-month study
period in the overall matched pair population. b Kaplan–Meier
analysis showing persistence in patients receiving either ibandronate
or alendronate over the 12-month study period in the subpopulation
of patients with prevalent osteoporosis-related fractures. c Kaplan–
Meier analysis showing persistence in patients receiving either
ibandronate or alendronate over the 12-month study period in the
subpopulation of patients without prevalent osteoporosis-related
fractures. i.v. intravenous
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Mobility

At the end of the study, a significantly greater increase in
mobility was observed in patients in the ibandronate treatment
arm compared with those in the alendronate treatment arm, in
both the subpopulation of patients with (Fig. 3a, p =0.0042)
and those without prevalent osteoporosis-related fractures
(Fig. 3b, p <0.0001).

Analgesic use

With regard to analgesic use at the end of observation,
patients in the ibandronate treatment arm reported a sig-
nificant decrease in the use of analgesics compared to
patients in the alendronate treatment arm, both in the
subpopulation of patients with and without prevalent
osteoporosis-related fractures (Table 2, p <0.001).

Adverse events/serious adverse events

Events from four different AE categories and one SAE cate-
gory were reported in ≥1 % of the overall population, in either
treatment arm, Table 3. There were significantly more gastro-
intestinal disorders in the alendronate treatment arm compared
with the ibandronate treatment arm (p <0.001), while a sig-
nificantly greater number of general disorders and administra-
tion site conditions were reported in the ibandronate treatment
arm (p =0.002).

Discussion

The results of the VIVA study show that, in a real-world
setting, patients treated with 3 mg i.v. quarterly ibandronate
are significantly more adherent and persistent to medication
than patients receiving 70 mg oral alendronate. This may lead
to an improvement in pain relief and mobility in women with

PMO, in the absence of any unexpected AEs or SAEs. In the
large safety population, which included 4,476 patients treated
with ibandronate, only 5.3 and 1.4 % of patients reported AEs
or SAEs, respectively. Furthermore, no new safety signals
were identified.

Poor adherence and persistence to medication are often
observed in women with PMO [25]. There can be multiple
reasons for this, including patient preference [26], intentional
choice, and patient attitudes [27]. Data recently published in
the Prospective Observational Scientific Study Investigating
Bone Loss Experience (POSSIBLE US) [25] show that a
lower treatment satisfaction is associated with an increased
risk of discontinuation/switching of anti-osteoporosis medica-
tion in women with PMO.

Several studies have shown that persistence with oral
bisphosphonates is particularly poor [13, 28], and the situation
in Germany is no different. Recent data published from the
German retrospective cohort analysis (GRAND) [29] showed

Fig. 3 Graph illustrating the
percentage of patients with full
mobility at baseline and at the end
of observation. a Subpopulation
of patients with prevalent
osteoporosis-related fractures.
b Subpopulation of patients
without prevalent osteoporosis-
related fractures

Table 2 Decrease in the use of analgesics over the 12-month study
period in the subpopulation of patients with and without prevalent
osteoporosis-related fractures

Ibandronate Alendronate p value

n % n %

Patients with prevalent osteoporosis-related fractures

Interim visit 1 125 40.6 111 38.0 ns

Interim visit 2 147 50.0 116 43.3 ns

Interim visit 3 155 55.6 120 50.0 ns

End of observation 186 56.4 137 42.6 <0.001

Patients without prevalent osteoporosis-related fractures

Interim visit 1 242 45.0 187 35.2 <0.01

Interim visit 2 272 52.7 203 42.1 <0.01

Interim visit 3 272 55.1 192 42.2 <0.01

End of observation 303 53.1 231 40.0 <0.001

ns not significant
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inadequate adherence and persistence to oral bisphosphonates
in women with osteoporosis. Although the results of the
present study show that persistence with ibandronate was
significantly greater than with alendronate, persistence was,
nonetheless, high in the alendronate treatment arm com-
pared with other studies reported in the literature [13, 28].
We have no explanation to account for this finding. The
results of the present study are, however, in line with
those published in a recent study which used a large-scale
representative German database to analyze adherence and
persistence to medication with regard to anti-osteoporotic
medication. A greater degree of persistence was observedwith
i.v. bisphosphonate treatment compared with oral bisphospho-
nate treatment [30].

This is the first study specifically in patients with PMO
to prospectively compare adherence and persistence to i.v.
3 mg ibandronate administered quarterly and oral 70 mg
alendronate taken weekly. In addition, this study was
conducted in a real-world setting, in the sense that patients
were not specifically required to attend follow-up visits
over the study period. This is important, because clinical
studies sometimes involve patient support programs and
physician–patient communication, which may act as con-
tributing factors for increased persistence [31, 32].

With regard to the secondary study endpoints, there was a
significant improvement in mobility and pain relief (as indi-
cated by the reduction in analgesic use at the end of the study)
in patients in the ibandronate treatment arm compared with
patients in the alendronate treatment arm. In the large safety
population, only 5.3 and 1.4 % of the 4,476 patients in the
ibandronate treatment arm reported AEs or SAEs, respectively,
while only 6.6 and 1.1% of the 1,493 patients in the alendronate
treatment arm reportedAEs or SAEs, respectively. Furthermore,
no new or unexpected safety signals were identified compared

with the DIVA study [22] and with the Fracture Intervention
Trial and other studies [33–35], with regard to ibandronate and
alendronate, respectively.

This study has a number of potential limitations. With regard
to the primary endpoints, not all aspects of adherence to med-
ication were assessed, because there was no reliable record of
whether the alendronate tablets were taken in accordance with
the correct method of administration. Furthermore, in contrast to
oral medication, i.v. administration ensures that a full dosage is
administered, which may have a positive impact on adherence
to medication. It is possible that there may have been a selection
bias with respect to the significantly greater number of
comorbidities in the ibandronate i.v. treatment arm. It has been
reported that some comorbidities increase the severity of oste-
oporosis [36] and can also adversely affect the management of
osteoporosis, because a greater burden of comorbidity has been
associated with reduced adherence [37]. It is possible that
participants in the ibandronate group may have been more
motivated to continue therapy, due to the required interaction
with the physician for drug administration. However, the fact
that the number of interim visits was similar between both
treatment arms reduces the likelihood of this. This study did
not have a placebo treatment arm, which does not allow the
effective evaluation of the secondary endpoints in terms of
efficacy and safety of the two drugs. The non-interventional
nature of this study did not allow for measurements of vitamin
D levels, which would have revealed important information as
to the response to antiresorptives. Finally, the results on pain and
mobility may be confounded due to inter- and intraindividual
perception of mobility and pain or uncertainty surrounding the
type and amount of pain medication.

To date, the VIVA study is the largest non-interventional
study performed in women with PMO. The results showed
greater adherence and persistence to medication in patients on
3 mg i.v. quarterly ibandronate compared to those on 70 mg
oral alendronate taken weekly. Future studies may seek to
develop and integrate specific questionnaires, such as the
self-reported ADherence Evaluation of OSteoporosis treat-
ment (ADEOS) questionnaire [38] for osteoporotic postmen-
opausal women, as a tool to further evaluate persistence.

Increased adherence and persistence to medication may
lead to a significant improvement in mobility and pain relief,
as indicated by the results of this study. Furthermore, the
burden [39] currently placed on the German healthcare system
by osteoporosis may be lessened, because nonadherence has
been associated with an increase in the number of hospitali-
zations [40] and in medical costs [41].
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