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Abstract The economic burden associated with osteoporosis is considerable. As

such, cost-effectiveness analyses are important contributors to the diagnostic
and therapeutic decision-making process. The aim of this study was to review
the cost effectiveness of treating post-menopausal osteoporosis with
bisphosphonates and identify the key factors that influence the cost effective-
ness of such treatment in the Swiss setting.

A systematic search of databases (MEDLINE, EMBASE and the Co-
chrane Library) was conducted to identify published literature on the cost
effectiveness of bisphosphonates in post-menopausal osteoporosis in the
Swiss setting. Outcomes were compared with similar studies in Western
European countries.

Three cost-effectiveness studies of bisphosphonates in this patient popula-
tion were identified; all were from a healthcare payer perspective. Outcomes
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showed that, relative to no treatment, treatment with oral bisphosphonates was
predicted to be cost saving for most women aged >70 years with osteoporosis
or at least one risk factor for fracture, and cost effective for women aged >75
years without prior fracture when used as a component of a population-based
screen-and-treat programme. Results were most sensitive to changes in frac-
ture risk, cost of fractures, cost of treatment, nursing home admissions and
adherence with treatment. Swiss results were generally comparable to those in
other European settings. Assuming similar clinical efficacy, lowering treat-
ment cost (through the use of price-reduced brand-name or generic drugs)
and/or improving adherence should both contribute to further improving the
cost effectiveness of bisphosphonates in women with post-menopausal

0Steoporosis.

Published evidence indicates that bisphosphonates are estimated to be simi-
larly cost effective or cost saving in most treatment scenarios of post-menopausal
osteoporosis in Switzerland and in neighbouring European countries.

Key points for decision makers

e The economic burden associated with post-menopausal osteoporosis is substantial and will

continue to grow as the population ages

e Cost-effectiveness studies in Switzerland and neighbouring European countries have shown
that oral bisphosphonates are, in general, cost effective and can even be cost saving relative
to no treatment for fracture prevention in high-risk populations

e The main drivers of cost effectiveness in the available published studies of bisphosphonates
include overall fracture risk, cost of fractures, cost of treatments, nursing home admissions

and adherence to treatment

e Assuming similar clinical efficacy, lowering treatment cost (through the use of price-reduced
brand-name or generic drugs) and/or improving adherence with new agents (such as in-
travenous bisphosphonates) would further improve cost effectiveness in women with post-

menopausal osteoporosis

Osteoporosis is characterized by low bone
mass and deterioration of bone tissue resulting
in an increase in bone fragility and susceptibility
to fracture. This progression is accelerated in
women as they pass through menopause and
levels of endogenous estrogen decline. Bone frac-
tures are a costly clinical consequence of osteo-
porosis, with fractures of the hip, spine and the
distal forearm being the most frequent type of
osteoporotic fracture.!! The clinical and econom-
ic burden imposed by osteoporosis is substantial
and, due to ageing of the population, it is expec-
ted to increase rapidly in the developed world.
Switzerland ranks as one of the countries with the
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greatest number of elderly in the resident pop-
ulation, and hence is faced with an increasing
burden of age-related diseases.l”! The direct medi-
cal cost attributed to the hospitalization of pa-
tients with osteoporosis and/or related fractures
was Swiss franc (CHF)357 million in 2000.0!
Based on a modelling study for the Swiss pop-
ulation, it has been projected that the proportion
of residents aged >50 years will rise from 33.3% in
2000 to 41.3% in 2020.[* The accompanying rise
in number of osteoporotic fractures is expected to
increase annual osteoporosis-related first-year
fracture costs to approximately CHF518 million
and population-level osteoporosis-related direct
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medical costs to CHF946 million by 2020.[* De-
spite publication of these projections and increased
awareness of the burden imposed by osteopor-
osis, a nationwide survey of 3667 patients be-
tween 2004 and 2006 reported that only 24% of
women and 14% of men aged =50 years present-
ing with a fragility fracture were adequately
treated with a bone active intervention after the
event.’] The evidence indicates that osteoporosis
remains widely under-diagnosed and under-
treated in Switzerland.

Bisphosphonates act by reducing bone turn-
over. Treatment of osteoporosis patients with
bisphosphonates has the potential to reduce the
incidence of vertebral and hip fractures by ap-
proximately 50%.1°81 Recent surveys suggest that
bisphosphonates are the most commonly pre-
scribed osteoporosis treatment in Switzerland,
with alendronate, ibandronate, risedronate and
zoledronic acid currently available to prescribers.!!
Although published reviews suggest that efficacy
is consistent across the bisphosphonate class
(when taken according to recommendations), no
head-to-head trials have been performed and
agents vary in terms of tolerability and route of
administration, and with respect to pharmacy
cost.B19 Orally administered bisphosphonate
treatments tend to be poorly absorbed, and re-
cent reviews of fracture endpoint trials have
highlighted the association between poor patient
adherence and the complex dietary and postural
requirements when taking oral bisphosphonate
medications.[®) The adverse effect profile of
individual bisphosphonates may also play an
important role in adherence. Intravenously ad-
ministered bisphosphonates, either administered
as 3-monthly injections or annual infusions, have
the potential to improve efficacy via improved
adherence to treatment.l''l With this in mind,
adherence is likely to play an important part of
any future cost-effectiveness evaluation of oral
versus intravenous bisphosphonates (as it influ-
ences both costs and effectiveness).['?l With calls
for improved patient management in Switzerland
and an increasing number of patients eligible
for osteoporotic therapy, there is an urgent need
to assess the cost effectiveness of osteoporosis
treatment options.
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Published evidence has shown that the relative
cost effectiveness of osteoporosis treatments
varies between countries, as a number of country-
specific factors (such as the underlying risk of
fracture in a given population, the costs of pre-
ventive therapy and the costs of fracture treat-
ment) play an important role.l'*! In a previously
published structured review of economic evalua-
tions relating to osteoporosis published prior to
2005, 42 articles were identified, of which 71% con-
cerned either the Swedish, UK or US settings.['®]
A more recent review of evaluations published
between 2002 and 2005 identified 22 studies, 86%
of which were set in European centres and 86%
of these assessed pharmacological agents (60%
bisphosphonates).!'” In the present analysis, we
performed a structured review of published lit-
erature relating to the cost effectiveness of bisphos-
phonates in the treatment of post-menopausal
osteoporosis in the Swiss setting. The aim was to
summarize the published evidence in the Swiss set-
ting and identify the key factors that influence cost
effectiveness by comparison with analyses from
other European countries.

1. Methods

A literature search strategy was designed to
identify published data on the cost effectiveness
of osteoporosis treatment with bisphosphonates
in post-menopausal women. The following data-
bases were searched: MEDLINE, EMBASE,
The Cochrane Library of Databases (including
the Cochrane Database of Systematic Reviews,
the Database of Abstracts of Reviews of Effects,
Cochrane Central Register of Controlled Trials,
Cochrane Methodology Register, the Health
Technology Assessment Database and the NHS
Economic Evaluation Database) and EconLit.
Database searches were performed on 16 December
2009 and were defined using the medical subject
headings (MeSH) terms ‘bone density’ OR ‘frac-
tures, bone” OR ‘osteoporosis’ OR ‘bone demi-
neralization, pathologic’ OR ‘densitometry’ AND
‘costs and cost analysis” AND ‘humans’. Searches
were limited to the last 10 years and publications
in the German or English language. Editorials,
letters and comment articles were excluded.

Appl Health Econ Health Policy 2011; 9 (6)
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Published records identified by the literature
search were screened for relevance according to
the procedure outlined below, and data extrac-
tion was performed by one investigator (W. Va-
lentine). A total of 1162 and 1663 abstracts were
identified in MEDLINE and EMBASE respect-
ively, 457 in the Cochrane library and nine in
EconLit. After removal of duplicates, all articles
were screened by title and abstract to identify
Switzerland-specific publications on the cost
effectiveness of bisphosphonate treatment of post-
menopausal osteoporosis. Hand searches of rel-
evant journals and references contained within
review articles were performed to complement
the findings of the database literature search.

To investigate how key parameters identified
in the published studies might influence cost effec-
tiveness in the future, European cost-effectiveness
analyses captured in the systematic search of lit-
erature databases were reviewed. Studies were
included if they were (i) published in 2005 or
later; (i1) reported cost effectiveness of bisphos-
phonate versus no treatment (i.e. were analogous
to the Swiss studies); and (iii) were in a compar-
able European setting (Austria, Belgium, Denmark,
Finland, France, Germany, Italy, the Netherlands,
Norway, Spain, Sweden or the UK). Although
the systematic literature search also identified
cost-effectiveness studies relating to the use of
bisphosphonates in other patient groups (e.g.
including those with cancer or inflammatory bo-
wel disease), as well as studies relating to the use
of non-bisphosphonate treatments in osteopor-
osis, or those based on indirect comparisons
of bisphosphonates, they were excluded for the
purposes of the present analysis. Reported costs
were converted to CHF based on country-specific
purchasing power parities for GDPI!®] for the
reported cost year. Where costs were reported in
€, but this did not correspond to national cur-
rency, purchasing power parity GDP rates for the
€ zone were assumed to apply. An exception to
this was the costs for Switzerland reported in € by
Wasserfallen et al.,['”! which were converted back
into CHF by applying the exchange rate cited in
the publication of €1 =CHF1.6.

To ensure consistent use of terminology, for
the purposes of the review we adopted the fol-
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lowing recommended definitions from the Inter-
national Society for Pharmacoeconomics and
Outcomes Research (ISPOR): persistence was
defined as the length of time from initiation to
discontinuation of therapy, and compliance was
defined as the extent to which a patient acts in
accordance with the prescribed interval and dose
of a regimen. Adherence implies both persistence
and compliance.[?]

2. Results
2.1 Literature Review Results

The systematic literature search identified six
articles that evaluated the costs and/or cost ef-
fectiveness of the treatment of post-menopausal
osteoporosis with bisphosphonates in Switzerland,
of which only twol!*-?!l considered cost effective-
ness (table I). One reported the cost utility of treat-
ment for osteoporosis with oral risedronate,!']
and the second described a cost-utility analysis on
a screen-and-treat approach with oral alen-
dronate.?!'l A third article,?? identified during
the hand search, described an update of the pre-
viously published screen-and-treat analysisi?!]
with new treatment costs (table I). All of these
analyses were from a healthcare payer perspec-
tive. The small number of cost-effectiveness pub-
lications specific for the Swiss setting precluded
any extensive within-country comparisons be-
tween cost-effectiveness studies. We, therefore, com-
pared outcomes with similar analyses conducted in
Germany, the UK and other Western European
settings based on the assumption that patient char-
acteristics and patient management were likely to be
closer to the Swiss setting than those in other parts
of Europe or the rest of the world.[8-21-32]

2.2 Cost Effectiveness of Bisphosphonate vs
No Treatment in Switzerland

Two analyses estimated the cost utility of a
population-based screen-and-treat approach (i.c.
combined dual-energy x-ray densitometry [DXA]
screening of bone mineral density [BMD] and
treatment with an oral bisphosphonate [alen-
dronate]) versus a non-intervention strategy in
Switzerland (table I).121:22 A Markov model was

Appl Health Econ Health Policy 2011; 9 (6)
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Table I. Comparison of estimated costs (Swiss francs [CHF]) and outcomes in cost-utility analyses in Switzerland for oral bisphosphonate
use vs no treatment in elderly post-menopausal women with osteoporosis (T-score of —2.5 or less) and/or prior fracture history. Studies were

conducted from a healthcare payer perspective

Study (y of value) Treatment Key assumptions IC per QALY
acute cost per annual cost per pt assumed gained
fracture persistence
hip vertebral  bisphosphonate ~ BMD physician ~ rate (% of pts)
fracture fracture testing  visits

Screen and treat®

Schwenkglenks Screening plus 17557 18162 736 300° b 45 65y: 70995

and Lippunert?'] alendronate vs 75y: 35412

(2000) no treatment 85y: 28170

100 65y: 55729
75y: 24170
85y: 19433
Lippuner et al.[22] Screening plus 17557 18162 485 300° b 45 65y: 51997
(2008) alendronate vs 75y: 20165
no treatment 85y: 6401
100 65y: 37017
75y: 9071
85y: cost
saving
Treatment only®
Wasserfallen Risedronatevs 24566 21574 761 97 82 50 Cost saving

et al.l'®! (2005) no treatment

a Based on screening women at age 65, 75 or 85y, then treating those with osteoporosis or osteopenia in the presence of fracture.

b The BMD testing cost included medical consultation costs.
¢ Based on a woman aged 70y with osteoporosis and prior fracture.
BMD =bone mineral density; IC=incremental cost; pt=patient.

used to project outcomes over patient life-
times.[>-??! In the original report by Schwenk-
glenks and Lippuner!! (and in the subsequent
update??), women and men entered the model
aged 50 years, with screening performed at a pre-
defined age (65, 75 or 85 years) or prior to the
main screening age if a fracture occurred earlier.
Those patients who were identified as having
osteoporosis (T-score of —2.5 or less) or osteopenia
in the presence of fracture received treatment
with the oral bisphosphonate. Patients with a
history of fracture were at an increased risk for
subsequent fractures, and the impact of alen-
dronate was modelled using a relative risk (RR)
reduction of 0.5 based on consideration of ran-
domized controlled trials (RCTs) and a published
meta-analysis.[® It was assumed that each screen-
ing episode cost CHF300 (DXA scan plus medi-
cal consultation), and treatment costs (table I)
were taken from published sources. Persistence

© 2011 Adis Data Information BV. All rights reserved.

with alendronate was assumed to either remain at
100% throughout, or to decline linearly from 100%
to 65% in year 1 and from 65% to 45% between
the end of year 1 and the end of the intended
duration of use (realistic persistence). After dis-
continuation of alendronate, no further drug costs
were accrued, and a linear decline in the effect of
alendronate to zero was assumed over a period
equivalent to the treatment period (maximum
S years). In this way, the authors aimed to model
realistic persistence with alendronate in the target
population. The analysis did not account for
compliance.

The screen-and-treat strategy was described by
the authors as being cost effective relative to no
treatment in women aged >75 years, as the in-
cremental cost per QALY gained was below the
assumed cost-effectiveness threshold of CHF50 000
(table I).2"1 However, the screen-and-treat strategy
was not considered to be cost effective in women

Appl Health Econ Health Policy 2011; 9 (6)
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at the screening age of 65 years or in men at any of
the screening ages. Assuming realistic persistence
with treatment, the corresponding incremental
costs per QALY gained for the screen-and-treat
strategy in women aged 65, 75 and 85 years were
CHF70995, CHF35412 and CHF28 170, respec-
tively.2l If perfect persistence (no discontinuation
of treatment) was assumed, then cost effective-
ness was considerably better than with the rea-
listic scenario where persistence was modelled to
decline to 45% after 5 years (table I).>!1 In sensi-
tivity analysis for the scenario assuming ‘realistic
persistence’, outcomes were shown to be most
sensitive to the cost of alendronate, duration of
the alendronate effect after the end of drug ad-
ministration (offset period), and the RR reduc-
tion with treatment. In contrast, the probability
of a new nursing home admission after hip frac-
ture and the cost of outpatient fracture treatment
were less influential on outcomes.

In the base case, the price of alendronate was
CHF61.36 per month (CHF736 per year), and
decreasing the price by 30% (to CHF 515 per year)
resulted in an incremental cost per QALY gained
of CHF22002 in women aged 75 years, an out-
come that the authors propose as being poten-
tially relevant to the use of less costly generic
alendronate in Switzerland.?!! Subsequent to the
publication of this study, a price reduction by 36%
for original alendronate preparations in Switzerland
was announced, and the authors published revised
outcomes based on the new price of CHF40.43
per month (CHF485 per year) [table 1].22 As a
result of the reduction in pharmacy cost, the in-
cremental cost per QALY gained decreased
by 34% and 64% when patients were screened at
the ages of 65 and 75 years, respectively, whilst
the screen-and-treat strategy was cost saving at
85 years. Current (2011) prices for generic versions
of alendronate are as much as 40% lower than the
revised cost of original preparation alendronate
(e.g. annual per-patient costs for generic Alen-
dronat Helvepharm 70 mg are CHF287 based on
listed prices obtained from the Swiss drug com-
pendium).[331 Assuming equivalent efficacy, this
would be expected to further improve the cost
effectiveness of a screen-and-treat approach for
osteoporosis in Switzerland.

© 2011 Adis Data Information BV. All rights reserved.

In a third Swiss study (table I), Wasserfallen
et al.l' reported the cost utility of treatment with
oral risedronate relative to no treatment over pa-
tient lifetimes, based on the use of a Markov model
populated with Swiss mortality, fracture incidence
and cost data from 2005. In the base-case anal-
ysis, outcomes were projected for women aged
70 years with a previous vertebral fracture and a
BMD T-score of 2.5 or less. The effect of treat-
ment with risedronate was captured in the model
using RR multipliers, such that risedronate re-
duced the risk of hip fracture by 43%, vertebral
fracture by 37% and wrist fracture by 22%. Treat-
ment effects were based on a previously published
meta-analysis of randomized trials of risedronate
administered over a period of 5 years.[3 The re-
sidual effect of treatment (after 5 years of full
effect) was set to 2 years in the base case, and de-
clined linearly from 100% to 0% during this offset
time.['] Persistence was accounted for (50% over
3 years), and those patients discontinuing treat-
ment in the first 3 months received no clinical
benefit, but accrued costs. Non-compliance with
treatment was not mentioned by the authors and,
therefore, it is likely that, in this analysis, all
patients were considered to be 100% compliant if
receiving treatment and gaining the full benefit of
therapy.

Over the lifetime of a 70-year-old patient in the
base case, treatment with the oral bisphosphonate
was dominant to no treatment (table I), as rise-
dronate treatment was less costly (decrease of
CHF1155 per patient) and more effective (in-
crease of 0.038 QALYs).l'"! Analyses conducted
for different age groups demonstrated that cost
effectiveness improved with increasing age. Out-
comes were also investigated for multivariate
scenarios defined according to age group, fracture
risk factors (previous vertebral fracture, maternal
history of hip fracture or history of any fracture
since the age of 50 years), and residual effect after
stopping therapy (either no residual effect or 2- or
S-year residual effect). Of the risk factors con-
sidered, presence of a previous vertebral fracture
had the greatest impact on the incremental cost
per QALY gained. In women with a prior frac-
ture of the vertebrae alone or with a history of ad-
ditional fractures, incremental costs per QALY

Appl Health Econ Health Policy 2011; 9 (6)
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gained with risedronate versus no treatment were
less than CHF32000 and, in some cases, rise-
dronate was cost saving. Sensitivity analysis
showed that cost of fracture treatment, pharmacy
costs and persistence assumptions were key dri-
vers of cost effectiveness.!”]

These cost-effectiveness analyses!!*21-2% sug-
gest that treatment of osteoporosis with a
bisphosphonate is likely to be cost effective or
even cost saving relative to no treatment in the
Swiss setting in individuals at greatest risk of
fracture. In post-menopausal women with prior
fragility fracture and a T-score of —2.5 or less,
bisphosphonate treatment was estimated to be
cost saving and remained cost effective after chan-
ges of 50% in the cost of treatment or the cost of
fractures (see section 2.4.2).1'1 Outcomes were
most sensitive to changes in the cost of fractures,
cost of treatment, incidence and risk of fractures,
and persistence with treatment.

2.3 Comparison with Other European
Cost-Effectiveness Studies

Direct comparison of cost-effectiveness analyses
between countries is challenging. Many aspects of
country-specific analyses (e.g. study populations,
competing mortality risk, assessment of fracture
risk, comparators, treatment modalities and frac-
ture costs, and quality-of-life data, to name but a
few) mean that the heterogeneity between different
cost-effectiveness analyses makes any meaningful
comparison of results across borders difficult. In
addition, costs were converted to CHF from other
published currencies using purchasing power
parities for GDP, which may not, due to time-
and healthcare-specific fluctuations, accurately re-
flect current purchasing power for healthcare
payers. Although the published results summar-
ized in table II indicate that bisphosphonates
are likely to be cost effective (or even cost saving)
from a healthcare payer perspective in most of
the scenarios investigated, the purpose of identi-
fying these analyses was to identify the key
drivers (in terms of both clinical and cost para-
meters) that directly influence outcomes in the
published analyses. In so doing, it was hoped that
the key factors likely to influence cost effective-
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ness in Switzerland could be identified, and the
factors that should influence healthcare decision
making in this area could be better understood.
These factors are summarized in the following
sections.

2.4 Approaches to Enhancing Cost
Effectiveness in the Swiss Setting

The published studies described in this article
indicate that the cost effectiveness of bisphos-
phonate treatment can be influenced by changes
in a number of different parameters. In the context
of published European cost-effectiveness anal-
yses from the last 5 years, the following sections
summarize the influence of key parameters on
cost effectiveness, with particular emphasis on
those that may be readily modified to improve
cost effectiveness in the Swiss setting.

2.4.1 Fracture Risk and Incidence

Reduced effectiveness of bisphosphonate treat-
ment (in terms of fracture risk) would negatively
influence cost effectiveness, and it follows that
the development of newer treatments with im-
proved efficacy would improve cost effectiveness
in the Swiss setting. For currently available
bisphosphonates, the lack of head-to-head RCTs
and between-trial heterogeneity has made efficacy
comparisons difficult. However, oral bisphos-
phonates have been shown to significantly reduce
the risk of vertebral fracture by 41-62%, and they
are generally considered to be of equivalent effi-
cacy.l" If similar efficacy is assumed, then the
choice of bisphosphonate would not influence
fracture risk and, therefore, between-treatment
differences in cost effectiveness would solely re-
flect differences in other drivers. Differences in
persistence with treatment alternatives could in-
fluence overall effectiveness in terms of fracture
risk, resulting in changes in the relative cost ef-
fectiveness of the agents.[!

The cost-effectiveness analyses of Schwenkglenks
and Lippuner?land Wasserfallen et al.['°! both
demonstrated a strong influence of fracture in-
cidence on cost-effectiveness outcomes. An ex-
tensive investigation of international variation
in population-level hip fracture probabilities

Appl Health Econ Health Policy 2011; 9 (6)
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¢ Corresponds to a woman aged 75.

d Corresponds to a woman aged 70-80y.

e Assuming same costs for hip and vertebral fracture as published in Hiligsmann et al.[26]

f

Corresponds to a woman aged 75y without prior fracture.

not recorded.

incremental cost; NR=

bone mineral density; CRF =clinical risk factors; DXA =dual-energy x-ray densitometry; IC

BMD=

previously categorized countries as either very
high risk, high risk, medium risk or low risk.[!4l
Switzerland was ranked as a high-risk country.
As many factors influence the incidence of frac-
ture in a population, it is difficult to modify this
parameter. However, a recent study®! suggested
that the incidence of osteoporosis-related hip and
vertebral fractures within the Swiss population
might be even greater than estimated in that
report, and also greater than assumed in the
cost-effectiveness studies of Schwenkglenks and
Lippuner,?!1 Lippuner et al.[??! and Wasserfallen
et al.l'! Incorporation of this higher incidence
value in future cost-effectiveness studies may
provide a more realistic assessment of the Swiss
population, and is likely to further improve pro-
jected cost effectiveness of bisphosphonate treat-
ment in the Swiss setting.

2.4.2 Cost of Fractures

Although substantial decreases in the length of
stay for hospitalized events between 1992 and 2000
resulted in a 40% decrease in direct medical costs
related to acute hospitalization for osteoporosis
in Switzerland, the mean cost per event was still
CHF14616 per female patient in 2000.51 In a
sensitivity analysis, Wasserfallen et al.l'’l dem-
onstrated that decreasing the cost of fracture by
50% in the Swiss setting resulted in an incre-
mental cost per QALY gained of CHF26 350 for
risedronate versus no treatment. Therefore, if
further decreases in the cost of hip and vertebral
fractures were to be achieved, this would have the
effect of rendering treatment cost effective as
opposed to cost saving.

In the studies of Schwenkglenks and Lippuner,?!
Lippuner et al.??! and Wasserfallen et al.,l'! the
direct costs of vertebral fracture and hip fracture
(table I) were substantial. These direct cost esti-
mates for fracture events are supported by sim-
ilarly high costs previously published by other
groups for Switzerland. The cost of hip, but not
vertebral, fracture in the Swiss setting is com-
parable to the average direct cost of fractures
reported in 2001 for the EU (CHF8227 for ver-
tebral, CHF17 175 for hip).”) More recent cost-
related data from European cost-effectiveness
analyses published since 2005 and selected for
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inclusion in the current review based on their
comparability with the Swiss studies (i.e.
bisphosphonate treatment vs no treatment in el-
derly post-menopausal women with osteoporosis
and/or prior fracture) are shown in table II. Al-
though the cost for hip fracture varies depending
on country setting, costs in Switzerland were in
line with the upper end of these estimates. Of
particular note was the relatively high cost of
vertebral fracture in Switzerland (table I), as this
was approximately 2- to 10-fold greater than
the cost of vertebral fracture in other European
settings (table II). This disparity may be ex-
plained by the fact that, in the Swiss studies,
vertebral fracture costs referred to only those
fractures resulting in hospitalization. This was
not the case in the analyses from other European
countries (where costs of non-hospitalized ver-
tebral fractures may have been captured in the
estimation).

2.4.3 Treatment Costs

As demonstrated by Wasserfallen et al.,l'”]
reducing the cost of bisphosphonate therapy in-
creased treatment-associated cost savings as ex-
pected, but this had a lesser impact on outcomes
than variation in the cost of fractures, even though
more patients would accrue treatment costs than
would experience a fracture.

In contrast to the direct cost of hospitalized
fracture, the annual costs of pharmacotherapy,
physician visits and BMD measurements ap-
plied for Switzerland (table I), appear to be com-
parable to costs in other country settings (table II).
The annual per-person cost of selected bisphos-
phonate preparations available in Switzerland
varies from a low of CHF284 for generic alen-
dronate to CHF731 for daily risedronate
(Actonel®).[331 Whilst most bisphosphonates are
believed to achieve similar efficacy when taken
according to recommendations, recent reports
suggest that generic alendronate preparations
may not be associated with the same effectiveness
as branded versions in clinical practice, a find-
ing that appears to be due to reduced compliance
but may also reflect reduced efficacy or increased
adverse effects, although this needs further
investigation.[38-40]

© 2011 Adis Data Information BV. All rights reserved.

2.4.4 Persistence and Compliance

In the Swiss analyses, patient persistence with
bisphosphonate treatment influenced treatment-
associated cost savings (table I). Although it is
important to note here that osteoporosis treat-
ment remained cost saving even after accounting
for discontinuation of treatment by half of all
patients initiating bisphosphonate treatment in
the Swiss setting,['] this is clearly suboptimal in
both clinical and economic terms, and improved
persistence and compliance may improve cost
savings or cost effectiveness.

Based on our search of published literature,
many of the European cost-effectiveness analyses
of bisphosphonate versus no treatment failed to
account for either patient persistence or compliance
(table II). However, the few that did provided
evidence that both compliance and persistence
were important drivers of cost effectiveness.?>27-30
Additional evidence on the importance of com-
pliance can be found in a recent modelling study
designed to assess the cost effectiveness of annual
infusions of the bisphosphonate zoledronic acid
relative to currently available treatments (74%
receiving weekly or monthly oral bisphosphonate,
16% raloxifene and 9% strontium ranelate) in the
French setting.*!1 Effectiveness was taken directly
from clinical trials and persistence was accounted
for by assuming that non-persistent patients
(40-60% for oral drugs; 20-50% for zoledronic
acid) had efficacy levels similar to placebo. When
it was assumed that all treatments were equally
effective, but differed in terms of persistence, the
cost per hip, non-vertebral and vertebral fracture
avoided was CHF191, CHF120 and CHF336 less
with zoledronic acid infusion than with current
treatment strategies over 3 years.

Orally administered bisphosphonates that can
be taken once weekly (risedronate, alendronate)
or monthly (ibandronate) are associated with
improved persistence and compliance with ther-
apy relative to those that are taken daily.#>%3]
Unfortunately, whilst some patients benefit from
the less frequent administration, overall persistence
remains low, with more than 50% of patients dis-
continuing treatment after 12 months.*3 For
patients with post-menopausal osteoporosis and
who are unable to comply with oral treatment,
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formulations that can be intravenously adminis-
tered have the potential to improve compliance.!'!]
Two intravenous bisphosphonates are currently
available in Switzerland for treatment of post-
menopausal osteoporosis: ibandronate, which
can be intravenously injected at 3-monthly inter-
vals; and zoledronic acid, administered annually
via a minimum 15-minute intravenous infusion.
Nevertheless, clinical trials with the intravenously
administered bisphosphonate treatments have
reported efficacy equivalent to that of oral treat-
ments with respect to BMD gains and fracture
incidence as summarized in several review arti-
cles,['1:44-48] a]though no head-to-head trials have
been conducted.

3. Discussion

Despite the significant clinical and economic
burden imposed by osteoporosis in Switzerland, a
systematic search of published literature revealed
that very few cost-effectiveness analyses of bisphos-
phonate treatment in post-menopausal women
have been published. Three studies were identi-
fied in the current review and, based on modelling
of outcomes from RCTs, they predicted that treat-
ment with oral bisphosphonates was cost saving
for most women aged >70 years with osteoporosis
or at least one risk factor for fracture, and cost
effective for women aged >65 years at current
prices when used as a component of a screen-and-
treat programme in the Swiss setting.

The incremental cost-effectiveness estimates
summarized in table I for bisphosphonates in
Switzerland are comparable, and in some cases
favourable, to incremental cost-effectiveness es-
timates for drugs used to treat other chronic dis-
eases in Switzerland, such as pioglitazone versus
placebo after macrovascular events in diabetes
(CHF60 596 per QALY gained [2005 values])i#’]
or raltegravir versus placebo for patients with
HIV-1 (CHF42 751 per QALY gained [2007 val-
ues]).P%  Although limited in number, these
studies of bisphosphonate treatment were based
on realistic assessments that accounted for poor
persistence with oral bisphosphonates and loss
of treatment effect after discontinuation of the
drug.

© 2011 Adis Data Information BV. All rights reserved.

The relative importance of individual drivers
of cost effectiveness from the Schwenkglenks and
Lippuner?!l and Wasserfallen et al.l'” studies
was assessed using variable dependent elasticity
methodology and ranked in order of importance
(i.e. the highest rank reflects the input parameter
where the smallest [relative] change in input
parameter drives the largest [relative] change in
output and, for the lowest rank, the opposite is
true) [table III]. It showed that fracture cost and
fracture risk (including the effect of treatment on
fracture risk) are among the key drivers of the
cost effectiveness of bisphosphonate treatment in
the Swiss setting. In the long term, it may be
possible to reduce the overall economic burden of
osteoporosis by reducing these costs or develop-
ing new treatments with greater efficacy. Of the
remaining influential parameters, improving pa-
tient adherence to currently available treatment is
likely to be amenable to improvement. This sug-
gested feature of intravenous bisphosphonates
was deemed to improve cost effectiveness. Based
on the published evidence, there is no reason to
believe that intravenous bisphosphonates would
not be cost effective in Switzerland. This hypo-
thesis is supported by recent data on the cost ef-
fectiveness of an intravenous bisphosphonate
versus oral treatments in the French setting.[*!! For
the Swiss population aged >65 years, the average
number of physician consultations per year was
4.6 for women and 4.0 for men in 2007.52! There-
fore, the required quarterly and yearly injections
of the intravenous bisphosphonates ibandronate
and zoledronic acid, respectively, seem well sui-
ted for mapping routine care.

Recent publications have provided insights
into the issue of persistence and compliance with
bisphosphonate treatment. Review articles, sev-
eral real-world surveys of oral bisphosphonate
use in routine clinical practice and retrospective
database analyses have emphasized the clinical
and economic burden imposed by poor com-
pliance and persistence with osteoporosis treat-
ment.[33-33-561 Of potential relevance to the Swiss
setting, a survey of oral bisphosphonate use in
Germany found that 31.3% of patients discon-
tinued once-weekly treatment after just 3 months
and, by 12 months, the proportion was 53.5%.1>7]
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Table Ill. Ranking of key drivers of cost effectiveness in published Swiss cost-effectiveness analyses based on variable dependent elasticity

(VDE)?
Variable VDE ranking (from 1=most influential to 8=least Schwenkglenks and Wasserfallen et al.[%
influential) Lippunert2']
overall Schwenkglenks Wasserfallen changein changein changein changein changein
ranking and Lippuner?'l et al.[9 variable (%) ICER VDE variable (%) cost VDE QALY VDE
(combined)
Effect of treatment 1 1 1 +30 -1.6 +30 -4.0 +1.1
(fracture risk) ~30 16 _30 3.9 11
Fracture incidence 2 3 2 +30 -1.2 +30 -2.6 +0.6
-30 -1.0 -30 -3.1 +0.7
Persistence 3 4 3 +25 -0.6 80 -2.0 0.6
-25 -1.2 20 1.3 1.1
Treatment cost 4 2 6 +30 -1.3 +30 +2.9 No effect
Fracture cost +30 -0.7 +30 -3.7 No effect
QOL utility decrements 6 7 +30 -0.6 +30 No effect +1.0
(with fracture) -30 -0.9 -30 No effect +1.0
Discount rate 7 5 8 +50 -0.8 +50 +0.5 -0.2
-50 -0.7 -50 +0.4 -0.2
Residual effect of 8 8 7 5y 0.7 5y -0.7 +0.1
treatment (after None -0.5 None -1.0 +0.2
cessation)

a VDE is a measure of responsiveness of outcomes to changes in the value of input parameters, and equals the relative percentage change
in the input parameter divided by the relative percentage change in the outcome parameter compared with corresponding values in the
base case. Percentage changes in input and outcome variables were calculated from the available published data to approximate the VDE.
The approach taken here was a simplified application of that previously described by Strém et al.l5'! Details of the VDE analysis are

available from the author on request.
ICER =incremental cost effectiveness ratio; QOL = quality of life.

Studies in other countries have found similarly
poor adherence, and comprehensive reviews of
persistence and compliance in the real-life setting
have documented the relationship of this to in-
creased rates of fragility fractures.[33-33-5¢1 More-
over, Fardellone et al.[*!l recently published evidence
supporting the cost-effectiveness benefits of im-
proved compliance associated with annual zole-
dronic acid injection over oral bisphosphonate
treatment (see section 2.4.4).

Reducing pharmacy costs by using generic
bisphosphonates also has the potential to improve
cost effectiveness in the Swiss setting, assuming
that clinical equivalence between generic and
branded agents can be demonstrated. However,
in 186 post-menopausal women receiving either
generic alendronate, branded alendronate or
branded risedronate in Germany, adherence was
poorer and BMD improvements were smaller
with the generic agents than with the branded
agents.[*) In this retrospective chart review, 68%
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of patients remained on generic bisphosphonate
after 12 months versus 84% and 94% in the branded
bisphosphonate treatment groups. A greater num-
ber of gastrointestinal adverse events were reported
with generic therapy than with branded agents,
and significantly smaller increases of lumbar spine
and total hip BMD were reported with generic
alendronate than with the two branded bisphos-
phonate originals. The observation of poorer
persistence on generic agents is supported by re-
cent data from a l-year observational study in
>32 000 patients in Canada.l® These studies sug-
gest that the assumption of clinical equivalence
for generic bisphosphonates compared with their
branded counterparts is questionable. While such
questions remain open with regard to generics,
there is no doubt that price reduction of original
brands (e.g. in response to the commercial pres-
sure after the introduction of generics and as re-
portedly done with the original brand of alendronate
in Switzerland®) does improve cost effectiveness.
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Whether cheaper original brands with possibly
lower compliance/persistence are more cost effec-
tive than more expensive brands with possibly
better compliance/persistence will only be answered
definitively once appropriate head-to-head direct
comparative endpoint trials are performed.

The burden of osteoporosis is considerable in
Switzerland, and the age-independent incidence
of hospitalization for osteoporosis among women
is two to three times higher than for breast cancer
or heart failure, and six times higher than for
diabetes.’l As the Swiss population ages, the de-
mand for osteoporosis treatment is expected to
increase substantially and efforts to further im-
prove the cost effectiveness of treatment should
be viewed as a healthcare priority. It is hoped
that, in the future, RCTs and observational studies
comparing treatments with different administra-
tion routes and reporting hard endpoints, in-
cluding hip and vertebral fracture in patients at
increased risk, will confirm the impact of persis-
tence and compliance on effectiveness and direct
medical costs in the real world. Such trials should
capture the clinical benefits of different adminis-
tration routes and the associated persistence and
compliance profile in terms of reduced fracture
risk.

However, as fracture risk (and the resultant
costs associated with fractures) represents an
important driver of outcomes, the methods used
to estimate fracture risk are key factors in any
cost-effectiveness analysis. A number of modifi-
able and non-modifiable risk factors (e.g. age,
history of previous fracture, BMD, history of
maternal fractures, etc.) are known to influence
fracture risk to varying degrees, and a number of
different methods are available to modellers es-
timating fracture risk, including FRAX® (WHO
fracture risk assessment tool) scores, and more
simple models based on BMD and age alone. The
methods used to estimate fracture risk in future
cost-effectiveness analyses in the Swiss setting,
therefore, warrant careful consideration. Similarly,
future computer simulation modelling studies are
required to estimate the likely cost effectiveness
of intravenous bisphosphonates in comparison
with oral formulations in Switzerland. In an ideal
situation, such analyses could incorporate real-

© 2011 Adis Data Information BV. All rights reserved.

life persistence and compliance data if available
from clinical studies. Additional modelling stud-
ies to evaluate long-term cost effectiveness of
generic bisphosphonates in Switzerland would be
useful to decision makers, with the caveat that
data on the clinical effectiveness and persistence/
compliance profile of these agents were available
(as the assumption of clinical equivalence is
questionable).

4. Conclusions

In view of the high cost of hospitalized frac-
tures, and the demonstrated robustness of cost-
effectiveness outcomes to changes in treatment
cost, patient preference, resulting in enhanced per-
sistence and compliance, may represent an addi-
tional opportunity to improve cost effectiveness.
For healthcare payers, the results of the analyses
presented here suggest that oral bisphosphonates
represent a cost effective (or even cost saving)
treatment in the management of osteoporosis.
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