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Abstract

Objective:

This study was conducted to assess the cost effectiveness of zoledronic acid 5 mg as a first-line treatment

for the secondary prevention of fragility fractures in women with postmenopausal osteoporosis in Finland,

Norway and the Netherlands.

Methods:

A discrete-event, individual-patient computer-simulation model was used to compare the cost effectiveness

of zoledronic acid with that of basic treatment (calcium and vitamin D) and commonly prescribed

bisphosphonates in postmenopausal women aged 50–80 years who have experienced one previous

fracture and have a bone mineral density T-score of �2.5.

Results:

The cost per quality-adjusted life-year (QALY) gained with zoledronic acid compared with basic treatment

ranged from being cost saving in all age groups in Norway, to costing approximately E19,000 in Finland and

E22,300 in the Netherlands. Compared with the other branded bisphosphonates, zoledronic acid was cost

saving in many scenarios, including all age groups in Finland. In Norway, zoledronic acid dominated branded

risedronate and ibandronate in all age groups and dominated or had incremental cost-effectiveness ratios

(ICERs) of up to NOK83,954 per QALY gained compared with branded alendronate. In the Netherlands,

zoledronic acid dominated branded intravenous ibandronate in all age groups; compared with branded

risedronate and oral ibandronate, zoledronic acid dominated or had ICERs of up to E4832 per QALY gained;

compared with branded alendronate, it had ICERs of up to E48,383 per QALY gained. In all three countries,

zoledronic acid may be cost effective compared with generic alendronate when patient compliance with drug

therapy is taken into account. Sensitivity analyses showed that the model was robust to changes in key

values. The main model limitations were the lack of real-life compliance and persistence data, and lack of

country-specific data for some parameters.

Conclusions:

Using local or commonly used thresholds, this analysis suggests that zoledronic acid would be a cost-

effective first-line option compared with other branded bisphosphonates and, in some scenarios, compared

with generic alendronate, for the secondary prevention of fractures in women with postmenopausal

osteoporosis in Finland, Norway and the Netherlands.
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Introduction

Postmenopausal osteoporosis is a major public health con-
cern, incurring substantial healthcare costs. Osteoporosis
is associated with significant morbidity and all-cause mor-
tality following fragility fractures, particularly in the spine
and hip. Such fractures lead to considerable disability,
pain, hospitalisation, long-term care requirement, dimin-
ished quality of life, and an increase in all-cause mortality
(particularly associated with hip fractures)1–3. Patients
who have experienced a fragility fracture are at increased
risk for subsequent fractures4,5 and require effective, well-
tolerated treatment. In Europe it has been estimated that
2.7 million osteoporotic fractures occurred in women aged
�50 years in 2000; of these, over 711,000 were hip frac-
tures6. Within Europe, Norway has one of the highest risks
of hip fracture, while the Netherlands and Finland are
described as ‘high-risk’ countries for osteoporotic frac-
tures7. The direct costs incurred by osteoporotic fractures
in Europe were estimated to be E27.5 billion in 20006. The
risk of osteoporotic fractures increases with age8 and the
humanistic and economic burden will continue to escalate
as the mean age of the population increases. Costs associ-
ated with osteoporotic fractures in European countries are
estimated to rise to E36 billion by 2020 and to E54 billion
by 20506.

While currently available oral bisphosphonates and
other antiresorptive agents are effective in treating osteo-
porosis, their effectiveness is compromised by poor com-
pliance and persistence; for example, about 50% of
patients fail to adhere to osteoporosis treatments by the
end of the first year9. This has far-reaching consequences
for patients’ health and healthcare resource use. Several
studies have demonstrated an association between poor
compliance or persistence and an increased probability of
fracture10,11, with one study demonstrating that 50% com-
pliance with oral bisphosphonate therapy gives only neg-
ligible fracture protection11. Compliance and persistence
with osteoporosis therapy thus also influence the costs
associated with osteoporosis; poor compliance can result
in wasted expense on drugs and increased costs due to
fractures that could have been avoided10,12,13.

Zoledronic acid 5 mg is highly effective in preventing
fractures in women with postmenopausal osteoporosis14.
Zoledronic acid 5 mg is unique among currently available
osteoporosis treatments because it is administered as a
once-yearly 15-minute intravenous infusion. This offers
guaranteed 1-year treatment compliance and could poten-
tially improve convenience to the patient through avoid-
ance of the administration hurdles associated with oral
bisphosphonate treatment, such as remaining in an upright
position and food and drink restrictions. In addition,
because administration of zoledronic acid 5 mg circum-
vents the gastrointestinal tract, it avoids the upper

gastrointestinal side-effects that are typical of oral bispho-
sphonates and which can lead to decreased treatment
adherence15. Long-term patient persistence with zoledro-
nic acid 5 mg treatment is therefore likely to be improved
compared with the oral bisphosphonates.

The current study aimed to compare the cost effective-
ness of once-yearly zoledronic acid 5 mg for first-line use in
the secondary prevention of fragility fractures in women
with postmenopausal osteoporosis against that of the most
widely used osteoporosis drugs approved for this indication
in Finland, Norway and the Netherlands at the time when
zoledronic acid was introduced and/or reimbursement
sought in these countries. Cost effectiveness was assessed
to assist decision-makers in reimbursement and pricing
decisions relative to other available treatments. The
cost-effectiveness model used in the present study is
based on the health technology assessments performed
for the UK’s National Institute for Health and Clinical
Excellence (NICE) regarding the prevention and treat-
ment of postmenopausal osteoporosis in the UK and pub-
lished by Stevenson and colleagues8,16. The model has
been locally adapted for each country included in this
analysis.

Methods

Study type

This cost-effectiveness analysis was conducted from the
healthcare perspective of the countries studied, where
healthcare comprises both community and institutional-
ised care. As in the approach taken by NICE and local
guidelines, the analysis included those costs directly attrib-
utable to postmenopausal osteoporosis, but not indirect or
intangible costs. Benefits were measured as quality-
adjusted life-years (QALYs).

The cost-effectiveness model

Model structure
The analysis required the development of a discrete-event
individual-patient computer simulation based on the
model inputs used in the health technology assessments
performed for NICE in the UK8,16. However, while the
time horizon of the model used for those assessments was
limited to 10 years, the present model can accommodate
the lifetime of each patient by using the SIMUL8� inter-
face (SIMUL8� version 13.0; SIMUL8� Corporation,
Boston, MA, USA). Each patient’s path was tracked
through the various transition states of the model, record-
ing associated costs, all-cause mortality rates and
health state utility values incurred as a result of fracture
events (Figure 1). Each run of the model comprised
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100,000–250,000 patients, depending on the age group. A
mean estimate was taken for the costs and QALYs of each
modelled cohort.

As in the NICE model and other previous cost-
effectiveness analyses of bisphosphonate therapy8,17,18,
it was assumed that patients were treated for 5 years,
that the effect of treatment was instantaneous, and that
the relative risk of fracture returned to 1 in a linear
manner over a 5-year period following cessation of treat-
ment. Thus, the treatment effect for each intervention
was modelled for a total of 10 years. The model ran for
the lifetime of each patient to fully capture the costs and
consequences of fractures experienced during the treat-
ment period.

Seven different events could occur in the model: hip,
vertebral, humerus or wrist fractures, nursing home place-
ment due to hip fracture, death due to hip fracture and
death from any cause. On entry into the model, the
patient’s time of death was sampled from survival
curves. With the exception of hip fracture, it was
assumed that osteoporotic fractures do not affect all-
cause mortality and so time of death was not re-sampled
after a fracture event. The time to occurrence of the
patient’s first fracture event was sampled next. If the
sampled fracture event occurred before the time of
death, costs incurred and QALYs gained in the period
up to the event and the cost and utility losses caused by
the event were calculated. If the patient was still alive
after the event, then the time to his or her next event
was sampled, with the risk of the event modified by fac-
tors from the previous event, where appropriate. The pro-
cess was continued until all patients in the model had
their treatment history generated until their death.

The probability of incurring a fracture is dependent on
the patient’s absolute risk of a fracture given their age and
their bone mineral density (BMD) T-score, their experi-
ence of previous fractures, and the effect of intervention.
The time to fracture for each site was sampled by

calculating the annual probability of fracture. The
annual risk of a fracture was calculated for each site as a
hazard where:

Fracture hazard

¼ Age=T-score-related fracture risk for untreated women

� Intervention relative risk

� Previous-fracture multiplier

The probability of fracture was then calculated as
1� exp(– fracture hazard)

The efficacy outcome measure used was QALYs. The
effect of baseline comorbidities was not included in the
model. It was assumed that when a patient experienced a
fracture at the same site for a second or subsequent time,
only the initial year’s reduction in quality of life would
be taken into consideration; any long-term effects from
previous fractures would be superseded.

Patient demographics
The analyses were run for a secondary prevention cohort,
i.e. patients entering the model were assumed to have had
one previous fracture. Patients were also assumed to have a
BMD T-score of �2.5 and to be naı̈ve to active osteopor-
osis treatment. Using sufficiently large numbers of patients
to ensure stable results, the analyses were conducted for
cohorts of postmenopausal women aged 50, 60, 70 and 80
years at the start of treatment.

Base-case analyses
The base-case scenario was run for branded zoledronic acid
5 mg once-yearly infusion [Aclasta�] and each comparator
treatment (branded alendronate 70 mg oral once weekly
[Fosamax�]; generic alendronate 70 mg oral once weekly;
branded risedronate 35 mg oral once weekly [Actonel�/
Optinate�]; branded ibandronate 150 mg oral once
monthly and 3 mg injection once quarterly [Bonviva�])

Treatment 
initiation

Event

Hip fracture

Vertebral fracture

Wrist fracture

Humerus fracture

Mortality

Nursing home entry

Next event

Mortality

Next event

Figure 1. Structural diagram of the cost-effectiveness model.
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against ‘basic’ treatment (placebo, calcium plus vitamin
D). The base-case scenario was also applied for zoledronic
acid 5 mg against each comparator treatment. For all ana-
lyses, costs incurred and the QALYs gained for each treat-
ment were used to calculate the incremental costs per
QALY gained. The incremental cost-effectiveness ratio
(ICER) was defined as:

ðC1 � C2Þ

ðQ1 �Q2Þ

where C1 and C2 are the costs incurred when patients are
treated with the specified bisphosphonate and basic treat-
ment, respectively, and Q1 and Q2 are the QALYs gained
through these treatments, respectively; or where C1 and C2

are the costs incurred when patients are treated with zoled-
ronic acid 5 mg and one of the other specified bisphos-
phonates, respectively, and Q1 and Q2 are the QALYs
gained through these treatments, respectively.

Sensitivity analyses

Sensitivity analyses were performed comparing zoledronic
acid against branded alendronate. These included varying
the drug costs; reducing the period during which nursing
home costs are assumed to relate to the fracture causing
nursing home entry; assessing patients with a lower
T-score; and applying a 50% reduction in the cost of
alendronate. A probabilistic sensitivity analysis was car-
ried out using the Monte Carlo method to perform 1,000
runs of the model sampling from the distributions for all
variables around which there was uncertainty. Sensitivity
analyses were presented for the cohort of patients aged 70
years. A scenario analysis was performed to assess the
impact on cost effectiveness of different levels of compli-
ance with generic alendronate (the key comparator across
all three countries), based on real-life data. Reduced com-
pliance was applied in the model as diminished treatment
effectiveness, which was extrapolated from the relation-
ship described by Siris and colleagues for bisphosphonate
efficacy in preventing fragility fractures11. Hence 90%
compliance resulted in an estimated 70% efficacy and
80% compliance resulted in an estimated 50% efficacy.

Parameter estimates and sources

Baseline risk of fracture
The current model incorporated estimates of patients’
absolute risk of fracture, based on their age and T-score,
and estimates of the distribution of previous fractures by
age. For Finland and the Netherlands, epidemiological
data on hip, wrist and proximal humerus fractures in
women were derived from a large-scale Scottish study19

and data on vertebral fracture were taken from a study
in Sweden20, as used by Stevenson and colleagues8.

For Norway, local data were obtained for hip and wrist
fractures21,22, while data for humerus and vertebral frac-
tures were taken from the Swedish study20. General pop-
ulation fracture risks were adjusted to age and T-score
specific risk as described in the analysis conducted for
NICE8.

Events
Having an initial osteoporotic fracture greatly increases
the risk for any subsequent osteoporotic fractures4,5 and
this was taken into account in the model by applying
previous-fracture multipliers to the risk values for the
different fracture types. Previous-fracture multipliers
obtained from Klotzbuecher and co-workers5 were adjusted
downwards by 10% to adjust for BMD, as previously dis-
cussed4,8. For individuals who had fractures at two or more
different sites, only the greatest risk adjustment was
applied when calculating the risk of subsequent fractures.

Estimates of the probability of nursing home entry due
to hip fracture for the Norwegian population were: 6.0%,
8.5%, 25.6% and 33.1% for ages 50–69, 70–79, 80–90 and
490 years, respectively23. For the Dutch population, the
corresponding probabilities were 0%, 4%, 12% and 17%,
respectively16. A probability of 12.5% was used for all age
groups in the Finnish population24.

All-cause mortality data for the different age groups
were taken from local statistics25–27. Weibull curves were
fitted to the all-cause mortality data, which were then used
to sample patients’ time to death. As recently reviewed by
Abrahamsen and colleagues3, excess all-cause mortality
after hip fracture is well documented, hence after a patient
experienced a hip fracture in the model they were prob-
abilistically tested for mortality. Data for 1-year excess
mortality subsequent to a hip fracture in patients in the
community and in nursing homes were as used in the NICE
analysis8.

Effectiveness
The reductions in the risk of fracture at each fracture site
achieved with once-yearly zoledronic acid 5 mg treatment
versus basic treatment were obtained from the results of
the Health Outcomes and Reduced Incidence with
Zoledronic Acid Once Yearly Pivotal Fracture Trial
(HORIZON-PFT) (Table 1)14,28. This 3-year double-
blind, randomised study assessed the efficacy and safety
of zoledronic acid 5 mg compared with that of placebo in
preventing fractures in 7736 women aged 65–89 years who
had osteoporosis. All women also received calcium and
vitamin D and the study was stratified to allow participants
to take, in addition to study treatment, certain other
approved treatments for osteoporosis, managed by their
own physician.

No data were available from direct comparisons of
bisphosphonates in women with postmenopausal
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osteoporosis. Data on the relative risk reductions (versus
placebo) achieved with risedronate and alendronate
(Table 1) were taken from the report by Stevenson and
colleagues8 and the NICE Final Appraisal Determination
on the secondary prevention of postmenopausal osteopo-
rosis29. Data for ibandronate were obtained from the pack-
age insert and published data (Table 1). It was assumed
that oral and intravenous ibandronate have equivalent
efficacy30–32. Ibandronate does not have proven antifrac-
ture efficacy at non-vertebral sites, so the relative fracture-
risk reduction for these sites was 1.0.

It was assumed that the treatment effect observed in
clinical trials was independent of patients’ baseline risk
factors, i.e. age and T-score.

Costs
Only costs directly attributable to a fracture event and its
direct treatment and follow-up were included in the analy-
ses (Table 2), with local costs being used where available.

Where local costs were not available, source costs were
adjusted for inflation and exchange rates applied. Costs
for BMD scans were not included in the analyses as it
was assumed that scans would be performed before the
point in the patients’ management at which the model
starts. It was assumed that all patients received adequate
calcium and vitamin D; costs for supplements were not
included in the model. All costs are presented in the
local currency and were annually discounted (to convert
future costs to present values) at the locally acceptable
rates: 5.0% for Finland44*; 4.0% for Norway (Norwegian
Medicines Agency, personal communication); and 4.0%
for the Netherlands46.

It was assumed that patients entering a nursing home
because of hip fracture would remain there for the rest of
their lives. Costs comprised the initial impact cost and
then an annual cost associated with the nursing home stay.

Table 1. Efficacy values for the prevention of fragility fractures in postmenopausal women.

Intervention Mean relative risk of fracture event (95% CI)

Hip Vertebra Wrist Proximal humerus

Zoledronic acid 5 mg14,28 0.59 (0.42–0.83) 0.30 (0.24–0.38) 0.81 (0.62–1.06) 0.58 (0.39–0.85)
Alendronate8,29 0.62 (0.40–0.98) 0.56 (0.46–0.68) 0.67 (0.34–1.31) 0.81 (0.68–0.97)
Risedronate8,29 0.74 (0.59–0.93) 0.61 (0.50–0.75) 0.68 (0.43–1.08) 0.76 (0.64–0.91)
Ibandronate30–32 1.00 (N/A) 0.38 (0.25–0.59) 1.00 (N/A) 1.00 (N/A)

CI, confidence interval; N/A, not applicable.

Table 2. Annual direct costs for patients with osteoporosis.

Costs Finland (E) Norway (NOK) The Netherlands (E)

Fracture-associated costsa

Hip fracture 843933 119,792b34 15,91235

Nursing home entry 43,971 impact cost; 41,172 annual cost33 577,706c36,37 48,209 impact cost; 32,297 annual cost35,38

Death 843933 95,833d 15,91235

Vertebra 1070 impact cost33; 353 annual cost39 20,672b40 772235

Proximal humerus 1010 (aged 50–80 years) 16,958e 315935

1757 (aged480 years)33

Wrist 918 (aged 50–80 years) 16,95834 106535

2012 (aged480 years)33

Drug costsf,g

Zoledronic acid 5 mgh 529.7339 3632.8041 428.92i42

Generic alendronate 367.3039 663.5241 18.5042

Branded alendronate 546.7739 2765.7041 214.2442

Risedronate 458.6839 3115.4041 361.2742

Ibandronate (oral) 546.0039 3266.9041 353.2842

Ibandronate (IV)h 1106.8639 4686.4041 891.8042

Other costsa

Clinic visits –g 26043 – j

aThe same costs were assumed for all ages unless otherwise stated; costs were for 2006 for Finland and the Netherlands and 2007 for Norway (relevant exchange
rate: NOK1¼E0.125). bAdjusted from source for inflation and exchange rates. cYearly nursing home cost (NOK634,370) corrected for normal living costs for the
elderly (NOK56,664). dAssuming 80% of cost of hip fracture. eAssumed to be the same as wrist fracture. f2008 costs (relevant exchange rate: NOK1¼E0.122).
gFor Finland, drug costs include one clinic visit per year for oral bisphosphonates, one visit (including infusion) for zoledronic acid 5 mg and four visits (including the
costs of injection) for IV ibandronate; costs of clinic visits taken from Hujanen33. hIncludes cost for infusion, with the exception of IV ibandronate in the Netherlands.
iInfusion costs from the Institute for Medical Technology Assessment, the Netherlands; personal communication. jCosts of visits not included.
IV, intravenous.

*This was the rate applicable at the time of the analysis. The most recent

guidance (2009) recommends a rate of 3.0%45.
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Annual costs of osteoporosis interventions included the
costs of infusion for zoledronic acid 5 mg in all countries
and for intravenous ibandronate in Finland and Norway
(Table 2). Costs for visits were also included. It was
assumed that after the treatment period, no further costs
were incurred for interventions.

For the sensitivity analysis of the impact of reduced
compliance on cost effectiveness, annual drug acquisition
costs were decreased in proportion to the amount of drug
not obtained by the patient.

Quality of life
On entering the model the patient with osteoporosis was
considered to be healthy, i.e. not experiencing any adverse
effects due to hip, vertebral or wrist fracture. This baseline
health state was assigned an age-specific utility value based
on those for the UK general population: 0.850, 0.829,
0.747 and 0.699 at ages 50, 60, 70 and 80 years, respec-
tively8. On experiencing a fracture, the patient was
assigned a utility value for the first year of the event, as
described by Stevenson and colleagues16. This was calcu-
lated by applying a fracture-specific utility multiplier,
which proportionally reduces the patient’s utility for the
year47,48. The multipliers for hip, proximal humerus, ver-
tebral and wrist fracture, and for hip fracture leading to
nursing home entry were 0.792, 0.794, 0.626, 0.977 and
0.400, respectively47,48. It was also assumed that for some
fractures the patient could not recover in subsequent years
to the level of health experienced before the event. Each
fracture type was thus assigned a utility ‘ceiling’ multiplier
to represent the maximum level of health to which
patients could recover (0.813, 0.973, 0.909, 0.999 and
0.400, respectively)16,47,48. The multipliers were applied
to the baseline utility value to give the ongoing propor-
tional disutility caused by the fracture. QALYs were annu-
ally discounted according to local guidance at the
following rates: 5.0% for Finland44*; 4.0% for Norway
(Norwegian Medicines Agency, personal communica-
tion); 1.5% for the Netherlands46.

Results

The internal validity of the model was demonstrated as the
number of fractures predicted by the model was consistent
with that observed in the epidemiology data. The results
are presented from the healthcare perspective of each of
the three countries, where healthcare includes residential
care following a fracture.

Base-case analyses

The results of the base-case analyses are shown in Figures 2
and 3. For all three countries, compared with basic

treatment (calcium and vitamin D), the cost per QALY
gained (ICER) in any age group was highest for ibandro-
nate and lowest for generic alendronate (Figure 2). In
Finland, zoledronic acid 5 mg had a lower ICER than all
other branded bisphosphonates, with the cost per QALY
gained decreasing from approximately E19,000 for a
woman aged 50 years to E8300 for a woman aged 80
years (Figure 2a). In Norway, zoledronic acid 5 mg, rise-
dronate and alendronate (branded and generic) dominated
over basic treatment, with the ICER dropping substan-
tially between the ages of 70 and 80 years (Figure 2b).
Compared with basic treatment, zoledronic acid 5 mg
had lower ICERs than branded risedronate and ibandro-
nate. In the Netherlands, compared with basic treatment,
zoledronic acid 5 mg had lower ICERs than branded rise-
dronate and ibandronate and ranged from being cost-
saving in women aged 80 years to having a cost per
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Figure 2. Cost effectiveness by age group for selected bisphosphonates
compared with basic treatment in (a) Finland, (b) Norway and (c) the
Netherlands. Negative values indicate dominance, i.e. better efficacy and
lower cost. ICER, incremental cost-effectiveness ratio; IV, intravenous;
QALY, quality-adjusted life-year.
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QALY gained of E22,330 (Figure 2c). Generic alendro-
nate dominated over basic treatment at all ages.

Zoledronic acid 5 mg was also a favourable option when
ICERs were calculated directly in comparison with other
bisphosphonates. In Finland, zoledronic acid 5 mg

dominated over all the branded options for all age groups
(Figure 3a). Compared with generic alendronate, the
ICERs ranged from E21,419 to E39,614 per QALY
gained (patients aged 70 and 80 years, respectively).
Similarly, in Norway, zoledronic acid 5 mg dominated
over branded ibandronate (oral and intravenous) and
branded risedronate (Figure 3b). Zoledronic acid 5 mg
dominated branded alendronate in patients aged 70 and
80 years; in patients aged 50 and 60 years, the ICER for
zoledronic acid 5 mg compared with branded alendronate
was NOK76,188 and NOK83,954 per QALY gained,
respectively. Compared with generic alendronate, the
ICERs for zoledronic acid 5 mg ranged from
NOK130,794 to NOK396,574 per QALY gained (patients
aged 80 and 50 years, respectively). In the Netherlands,
zoledronic acid 5 mg dominated branded intravenous iban-
dronate at all ages and dominated branded oral ibandro-
nate and risedronate in patients aged 70 and 80 years
(Figure 3c). In patients aged 50 and 60 years, the ICERs
for zoledronic acid 5 mg compared with branded oral iban-
dronate were E3124 and E923 per QALY gained, respec-
tively; compared with branded risedronate the ICERs were
E4832 and E2394, respectively. Compared with branded
alendronate, the ICERs for zoledronic acid 5 mg ranged
from E36,927 per QALY gained in patients aged
60 years to E48,383 per QALY gained in those aged
80 years. The ICER profiles were notably different between
the countries, with ICERs remaining fairly similar across
the age groups for Finland and the Netherlands, but
decreasing after age 60 years and again after age 70 years
in Norway.

Sensitivity analyses
Results of sensitivity analyses show that the model was
robust to changes in key values and assumptions
(Table 3). Application of lower values for compliance
with generic alendronate – and hence decreased drug
effectiveness – caused a substantial lowering in the
ICERs for zoledronic acid 5 mg versus generic alendronate
across all age groups in all countries (Table 4).
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Figure 3. Cost effectiveness by age group for zoledronic acid 5 mg
compared with selected bisphosphonates in (a) Finland, (b) Norway and
(c) the Netherlands. Negative values indicate dominance, i.e. better efficacy
and lower cost. ICER, incremental cost-effectiveness ratio; IV, intravenous;
QALY, quality-adjusted life-year.

Table 3. Sensitivity analyses: Incremental cost-effectiveness ratios for zoledronic acid 5 mg versus branded alendronate.

Scenario Finland (E) Norway (NOK) The Netherlands (E)

Base case 25,287 Dominant 873
Reducing cost of alendronate by 50% 52,746 15,789 20,157
Restricting nursing home costs to 3 years 26,997 Dominant 1887
Patients with a lower T-score (�3.5) 22,734 Dominant Dominant
50% reduction in long-term utility decrement for hip and vertebral fractures 28,063 Dominant 1477
PSA results* 57% 87% 79%

*Probability that cost effective at a threshold of E30,000 or NOK200,000.
PSA, probabilistic sensitivity analysis.
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Discussion

The present study assessed the cost effectiveness of zole-
dronic acid 5 mg and key comparator drugs as first-line
therapy for secondary prevention of fractures in postmen-
opausal women with one previous fracture and a T-score of
–2.5 in Finland, Norway and the Netherlands at the time
when zoledronic acid was introduced and/or reimburse-
ment sought in these countries. A particular strength of
this study was the model used; the discrete-event indivi-
dual-patient model using SIMUL8� software has a distinct
advantage over the cohort models used in some previous
analyses in that it avoids the need for a large number of
health states in order to correctly apply combinations of
factors such as prior fractures and residential status. Such
factors are more accurately employed in the individual-
patient model where a full patient history is created. In
addition, the current model has advantages over the model
used in the assessments conducted for NICE8,16. Although
the NICE model also considered individual patient data, it
was not based on discrete-event simulation; furthermore it
was developed using Microsoft Excel software, which has
restrictive processing and therefore required a Gaussian
approximation to improve processing speed. It was thus
limited in its time horizon and adaptability, compromising
the accuracy of the results and the ability to vary assump-
tions. In contrast, by employing SIMUL8�, the model used
in the present study allows simulation of events throughout
the individual patient’s lifetime.

The comparator drugs chosen for analysis are those
most commonly prescribed for osteoporosis in the

countries studied. Generic alendronate has generally
become the most frequently prescribed bisphosphonate.
The analyses were conducted from what is termed a
‘healthcare perspective’, however, the authors recognise
that in reality the cost of care for institutionalised patients
might be funded from a different source to the other costs.

At present, no formally recognised thresholds for cost
effectiveness (cost per QALY gained) are available in the
countries studied. For the Netherlands, an often quoted
willingness-to-pay threshold stems from the guideline on
cholesterol-lowering drugs issued in 1998, which mentions
a value of E18,000 per QALY gained49. However, in 2006,
the Dutch Council for Public Health and Health Care
stated that it might be acceptable to pay E80,000 per
QALY gained for indications with a very high disease
burden and unmet need50. For Finland and Norway, it
was assumed that the threshold applied by NICE in the
UK would be applicable for the purposes of the current
study, i.e. approximately £20,000–£30,000 per QALY
gained. Using these thresholds (E80,000 for the
Netherlands, E30,000 for Finland and Norway), zoledro-
nic acid 5 mg was either dominant or cost effective com-
pared with basic treatment in women with postmenopausal
osteoporosis (T-score �2.5, one previous fracture) aged
50–80 years in all three countries. Zoledronic acid 5 mg
was also dominant or cost effective compared with the
other branded bisphosphonates most commonly prescribed
for postmenopausal osteoporosis in the three countries
examined, at all ages tested. Compared with generic alen-
dronate, at the lower levels of compliance assessed, zole-
dronic acid 5 mg would probably be cost effective or even
dominant in all age groups tested for all three countries.
Even assuming full patient compliance with the oral
bisphosphonate, zoledronic acid 5 mg was a cost-effective
alternative for patients aged 70 years in Finland and for
patients aged 70–80 years in Norway.

The differences in results observed between the coun-
tries included in the analysis are primarily driven by the
differences in baseline risk of fracture and its incidence,
annual cost of treating fractures and drug acquisition costs.
In particular there is a much higher risk of hip fracture in
the Norwegian epidemiology data compared with Finland
and the Netherlands; due to the high cost of treatment,
this is a key driver of the cost effectiveness. Other country-
specific variations in the modelled data are likely to have
contributed to these differences; for example, in the
Finnish analysis, increased costs were applied to patients
aged480 years in association with some types of fractures.
It is also noticeable that the ICERs change more dramat-
ically with age in some scenarios than in others. For exam-
ple, in Norway the ICERs for all bisphosphonates versus
basic treatment decrease substantially at age 80 years com-
pared with other age groups, and in Finland the ICERs for
zoledronic acid 5 mg versus generic alendronate are much
lower in patients aged 70 years than for other age groups.

Table 4. Sensitivity analyses: Incremental cost-effectiveness ratios for
zoledronic acid 5 mg versus generic alendronate at different compliance
rates for generic alendronate.

Age (years) Compliance with generic alendronate

100% 90%* 80%*

Finland (E)
50 30,258 11,216 4450
60 33,527 12,523 6756
70 21,419 6774 669
80 39,614 9709 2529

Norway (NOK)
50 396,574 126,744 10,179
60 363,009 50,511 12,286
70 166,726 �8370 �69,670
80 130,794 �281,242 �354,558

The Netherlands (E)
50 88,102 50,698 36,098
60 87,092 42,966 30,414
70 82,327 36,919 25,248
80 118,800 39,035 16,519

*A 90% level of patient compliance was calculated to give 70% of maximal
drug efficacy in preventing fracture and 80% compliance to give 50%
efficacy, as described by Siris et al.11.
Negative values indicate that zoledronic acid 5 mg was dominant, i.e. more
effective, at a lower cost.
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In addition to differences in local costs, such changes may
in part be due to an increased proportion of fractures in
these age groups being hip fractures – the most costly type
of fragility fracture to manage. For example, in Norway
the risk of hip fracture and the probability of subsequent
nursing-home entry was higher in older age groups
(475 years) compared with the other countries.

The costs included in the study are those applicable in
2008 when zoledronic acid 5 mg entered the market. Since
these analyses were conducted, drug prices have changed
and a greater number of generic alendronate formulations
as well as generic risedronates have become available in
some countries. In the specified scenarios – and when com-
pliance is taken into account – the principal outcomes of
the present analyses are likely to prevail: that zoledronic
acid 5 mg is likely to be a cost-effective option compared
with other branded bisphosphonates and may be cost
effective compared with generic formulations. However,
given the recent rapid changes in drug costs and availabil-
ity in this therapeutic area, any future assessments of
the relative cost effectiveness of these drugs should
incorporate current local costs and formularies.

The model was used as originally populated for reim-
bursement applications. The data incorporated in the
model were obtained from local sources and from data pre-
viously used in the analyses conducted for NICE in
the UK8. For Finland and the Netherlands some of the
epidemiological data (hip, wrist and proximal humerus
fracture rates) were taken from a Scottish study used in
the NICE analysis, rather than from local sources.
Fracture incidence in Finland and the Netherlands is
very similar to that in the UK51, however, the authors
acknowledge that local differences in fracture incidence
rates, particularly for hip fracture, may affect the cost-
effectiveness outcomes. The authors are also aware that
studies that could provide data have been conducted
since the present model was constructed52. Assumptions
were also made regarding some of the efficacy data for
comparator agents. To date, ibandronate has not been
shown in randomised clinical trials to have antifracture
efficacy at non-vertebral sites32, so for the purposes of
the model, a relative risk reduction of 1.0 was assigned at
these sites. Recent analyses of pooled data have suggested
that higher doses of ibandronate may reduce non-vertebral
fracture risk in postmenopausal women53,54, but this
remains to be proven in a clinical trial.

The current analysis modelled a particular set of scena-
rios in which a number of factors were included, however,
it was not possible to encompass all possible influences
on cost and efficacy. Some of the factors that may alter
cost effectiveness in clinical practice are discussed below
and demonstrate that the data presented – and hence the
cost-effectiveness results – are likely to be conservative
estimates, in particular for zoledronic acid 5 mg.

The present study considered patients with a T-score of
–2.5, the minimum threshold for osteoporosis. Although a
low T-score is not the only indicator of risk, and several
other factors should be taken into account in clinical prac-
tice, patients with lower T-scores are at greater risk of
fracture. Treatment with a bisphosphonate would thus be
expected to avoid more fractures and be even more cost-
effective than basic treatment in such patients compared
with those at the minimum threshold of osteoporosis.

When applying fracture-associated reductions in qual-
ity of life, it was assumed that the impact of the fracture
with the most severe utility detriment superseded any
effect of previous or current fracture(s), thus in the
model it is possible to have a fracture that has no utility
impact (for example a wrist fracture following a hip frac-
ture). Such conservative assumptions contribute to an
underestimation of the cost effectiveness of treatments
with better fracture prevention.

One of the most important aspects of osteoporosis treat-
ment is adherence to therapy. As for many drugs used to
treat predominantly asymptomatic conditions, compli-
ance and persistence with osteoporosis medications are
poor. Studies of real-world patient activity have revealed
that up to 50% of patients have discontinued oral bisphos-
phonates by the end of the first year of treatment9,55.
Persistence and compliance diminish even further over
longer periods; for example, van den Boogaard and col-
leagues showed that 2-year persistence with weekly
bisphosphonates was as low as 26%56. Several studies
have demonstrated that poor compliance and/or persis-
tence with bisphosphonates have a significant negative
impact on treatment outcomes10,11. Meijer and colleagues
have also shown that continued compliant use of bisphos-
phonates is required to maintain efficacy in preventing
fracture57. Given that a minimum of 50% compliance is
required in order to attain anything above negligible clin-
ical efficacy11, it is likely that many patients prescribed
oral antiresorptives are not achieving optimal fracture pro-
tection. Not surprisingly, modelled analyses of bisphospho-
nate treatment for postmenopausal osteopenia or
osteoporosis have shown that compliance and persistence
have an effect on cost effectiveness58,59. Although the
genericisation of alendronate may reduce drug acquisition
costs, recent data suggest that persistence with generic
alendronate is even poorer than with branded
alendronate60.

The sensitivity analyses conducted in the present study
investigated the potential impact on cost effectiveness of
suboptimal compliance. Annual compliance rates of 90%
and 80% for generic alendronate would result in zoledronic
acid 5 mg being a cost effective or dominant option in
many age groups. The compliance rates assumed in the
sensitivity analyses are still very conservative compared
with what might be expected in clinical practice, and it
was also assumed that the level of compliance would be the
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same for each of the 5 years of treatment. In reality, com-
pliance and persistence with the comparators included in
the present study are likely to be lower than assumed in the
model and hence their cost-effectiveness values are likely
to be lower than calculated. Persistence and compliance
with zoledronic acid 5 mg was assumed to be 100% in both
the base-case and sensitivity analyses. This can be confi-
dently assumed for the first year of treatment, as a single
infusion guarantees 1 year of exposure. Surveys of patient
preference in clinical trials of zoledronic acid 5 mg versus
weekly alternatives (while still blinded to treatment) show
that patients predominantly prefer yearly administration
and thus suggest that patients will be more likely to persist
with such therapy61,62. In the HORIZON-PFT approxi-
mately 80% of patients received all three scheduled infu-
sions of zoledronic acid 5 mg14. However, persistence
levels for zoledronic acid 5 mg in clinical practice are as
yet unexplored, due to a lack of real-life usage data at
the time this cost-effectiveness study was conducted;
thus the sensitivity analyses could not incorporate the
levels of compliance and persistence that might occur in
real clinical practice. Despite this, the study has demon-
strated the effect of the differences in compliance that
might be reasonably expected between zoledronic acid
5 mg and generic alendronate. Further real-life analyses
of compliance and persistence beyond the first infusion
are planned once sufficient data have been collected for
zoledronic acid 5 mg in women with postmenopausal
osteoporosis.

Treatment-associated adverse events were not included
in the model. In clinical practice, the oral bisphosphonates
are likely to be associated with upper gastrointestinal
adverse events that may require additional visits to a pri-
mary care physician and additional treatment. Such events
may also lead to reduced quality of life and to discontinu-
ation. With regard to zoledronic acid 5 mg, a low number
of patients may experience post-dose flu-like symptoms.
Clinical trials have shown these events to be generally
mild to moderate and transient, usually resolving within
3 days and diminishing with each subsequent annual infu-
sion14. The symptoms can be reduced by administering
paracetamol (acetaminophen) or ibuprofen before the
intravenous infusion63 with a minimal impact on costs.
Thus, given that the most common adverse events occur-
ring with zoledronic acid 5 mg would have little impact on
cost-effectiveness, while the costs and effects of gastro-
intestinal adverse events associated with oral bisphospho-
nates would diminish their cost effectiveness, the estimates
reported in this study of zoledronic acid’s cost effectiveness
relative to the oral bisphosphonates are likely to be
conservative.

The model assumed that all the drugs involved would
affect all-cause mortality only to the degree that they pre-
vent hip fracture. The HORIZON-Recurrent Fracture
Trial (HORIZON-RFT) demonstrated that zoledronic

acid 5 mg was associated with a significant 28% reduction
in the risk of all-cause mortality in patients who had
experienced a hip fracture64. To what extent this was
due to the reduction in hip fracture in the study population
is unknown, but there may be other factors involved that
were not taken into account in the current model. As
the HORIZON-RFT population was different to that
modelled in the present study – the former comprised
male and female patients, all with hip fracture and many
with a T-score below –2.5 – the all-cause mortality benefit
observed in this study was not applied in the model. There
is also evidence that vertebral fractures are associated with
an increased risk of all-cause mortality65–67, although the
risk has not been well characterised. However, given that
the drugs included here – in particular zoledronic acid 5 mg
– are effective in preventing vertebral fracture, they are
likely to be more cost effective compared with basic treat-
ment in clinical practice than estimated by the present
analysis if all-cause mortality following vertebral fracture
is considered. In addition, the current model used esti-
mates of excess mortality occurring within 12 months
after a hip fracture8. In reality, the impact of hip fracture
on mortality is likely to be longer lasting, possibly up to
several years3. Thus, the benefit derived from prevention
of hip fracture may be more extensive than considered in
the model, again suggesting that the present estimates of
zoledronic acid’s cost effectiveness may be conservative.

Conclusions

Zoledronic acid 5 mg represents an effective new treat-
ment for osteoporosis in postmenopausal women.
Compared with oral antiresorptive therapies, it has the
potential advantage of extended effectiveness because
the once-yearly infusion is sufficient to provide year-long
exposure without the problems of poor compliance that
are associated with oral agents.

Based on clinical trial efficacy data, the current study
has shown that in postmenopausal women with osteopor-
osis requiring secondary prevention of fragility fractures
(i.e. women with a previous fracture and a T-score of
�2.5) in Finland, Norway and the Netherlands, the use
of zoledronic acid 5 mg is likely to translate into a cost-
effective first-line approach compared with basic treat-
ment and with the most commonly prescribed branded
bisphosphonates. In addition, in some scenarios, zoledro-
nic acid 5 mg may be a cost-effective alternative to generic
alendronate.

Transparency
Declaration of funding
This work was supported by an unrestricted educational grant
from Novartis Pharmaceutical Corporation.

Journal of Medical Economics Volume 14, Number 1 February 2011

62 Cost effectiveness of zoledronic acid in PMO Akehurst et al. www.informahealthcare.com/JME ! 2011 Informa UK Ltd



Declaration of financial/other relationships
R. Akehurst received payment from Novartis for the original
model development to support reimbursement submissions relat-
ing to zoledronic acid but did not receive fees or funding in rela-
tion to the development of the current manuscript; he is also
a paid adviser to Novartis on other products.

R. Ariely is an employee of Novartis Pharmaceuticals
Corporation.

S.B. has received consultancy fees and research funding from
Novartis but did not receive fees or funding in relation to the
development of the current manuscript.

N.B. has received consultancy fees from Novartis but did not
receive fees or funding in relation to the development of the
current manuscript.

P.F. is an employee of Novartis Norge AS.
M.G. is an employee of Novartis Pharma BV.
T.L. is an employee of Novartis Finland Oy.

Acknowledgements
Editorial support was provided by J. Ponting at Anthemis
Consulting Ltd, funded by Novartis Pharmaceutical Corporation.

References
1. Cooper C. The crippling consequences of fractures and their impact on quality

of life. Am J Med 1997;103(2 Suppl 1):12-17

2. Lips P, Cooper C, Agnusdei D, et al. Quality of life in patients with vertebral

fractures: validation of the Quality of Life Questionnaire of the European

Foundation for Osteoporosis (QUALEFFO). Working Party for Quality of

Life of the European Foundation for Osteoporosis. Osteoporos Int 1999;

10:150-160

3. Abrahamsen B, van Staa T, Ariely R, et al. Excess mortality following hip

fracture: a systematic, epidemiological review. Osteoporos Int 2009;20:

1633-1650

4. Kanis JA, Johnell O, De Laet C, et al. A meta-analysis of previous fracture and

subsequent fracture risk. Bone 2004;35:375-382

5. Klotzbuecher CM, Ross PD, Landsman PB, et al. Patients with prior fractures

have an increased risk of future fractures: a summary of the literature and

statistical synthesis. J Bone Miner Res 2000;15:721-739

6. Kanis JA, Johnell O. Requirements for DXA for the management of osteopor-

osis in Europe. Osteoporos Int 2005;16:229-238

7. Kanis JA, Johnell O, De Laet C, et al. International variations in hip fracture

probabilities: implications for risk assessment. J Bone Miner Res 2002;

17:1237-1244

8. Stevenson M, Lloyd Jones M, De Nigris E, et al. A systematic review and

economic evaluation of alendronate, etidronate, risedronate, raloxifene and

teriparatide for the prevention and treatment of postmenopausal osteoporosis.

Health Technol Assess 2005;9:1-160

9. Seeman E, Compston J, Adachi J, et al. Non-compliance: the Achilles’ heel

of anti-fracture efficacy. Osteoporos Int 2007;18:711-719

10. Huybrechts KF, Ishak KJ, Caro JJ. Assessment of compliance with osteopor-

osis treatment and its consequences in a managed care population. Bone

2006;38:922-928

11. Siris ES, Harris ST, Rosen CJ, et al. Adherence to bisphosphonate therapy

and fracture rates in osteoporotic women: relationship to vertebral and non-

vertebral fractures from 2 US claims databases. Mayo Clin Proc 2006;81:

1013-1022

12. Briesacher BA, Andrade SE, Yood RA, et al. Consequences of poor compliance

with bisphosphonates. Bone 2007;41:882-887

13. Sheehy O, Kindundu CM, Barbeau M, et al. Adherence to weekly oral bisphos-

phonate therapy: cost of wasted drugs and fractures. Osteoporos Int 2009;

20:1583-1594

14. Black DM, Delmas PD, Eastell R, et al. Once-yearly zoledronic acid for

treatment of postmenopausal osteoporosis. N Engl J Med 2007;356:1809-

1822

15. Penning-van Beest FJA, Erkens JA, Olson M, et al. Determinants of noncom-

pliance with bisphosphonates in women with postmenopausal osteoporosis.

Curr Med Res Opin 2008;24:1337-1344

16. Stevenson M, Davis S, Lloyd-Jones M, et al. The clinical effectiveness and

cost-effectiveness of strontium ranelate for the prevention of osteoporotic

fragility fractures in postmenopausal women. Health Technol Assess 2007;

11:1-134

17. Johnell O, Jönsson B, Jönsson L, et al. Cost-effectiveness of alendronate

(fosamax) for the treatment of osteoporosis and the prevention of fractures.

Pharmacoeconomics 2003;21:305-314

18. Borgström F, Carlsson A, Sintonen H, et al. The cost-effectiveness of rised-

ronate in the treatment of osteoporosis: an international perspective.

Osteoporos Int 2006;17:996-1007

19. Singer BR, McLauchlan GJ, Robinson CM, et al. Epidemiology of fractures in

15,000 adults: the influence of age and gender. J Bone Joint Surg Br 1998;

80:243-248

20. Kanis JA, Johnell O, Oden A, et al. Long-term risk of osteoporotic fracture
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