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cost-effective, particularly for patients at high risk of
fracture and low adherence to oral treatments.
Introduction Denosumab is a novel biologic agent developed for the treatment of osteoporosis and osteoporotic
fractures that has been shown to reduce the risk of fractures
in a phase III trial. The objective of this study was to
estimate the cost-effectiveness of denosumab from a
societal perspective compared with generic alendronate,
branded risedronate, strontium ranelate, and no treatment in
a Swedish setting.
Methods A Markov cohort model was used to estimate the
cost-effectiveness of denosumab given for up to 5 years to a
typical Swedish patient population (women aged 71 years,
T-score≤ −2.5 SD and a prevalence of morphometric
vertebral fractures of 34%). The model included treatment
persistence and residual effect after discontinuation assumed to be equal to the time on treatment. Persistence with
the comparator treatments and with denosumab was derived
from prescription data and a persistence study, respectively.
Results The base-case incremental cost-effectiveness ratios
were estimated at €27,000, €12,000, €5,000, and €14,000, for
denosumab compared with generic alendronate, risedronate,
strontium ranelate, and no treatment, respectively. Suboptimal persistence had the greatest impact in the comparison
with generic alendronate, where the difference in drug cost
was large.
Conclusion Improving persistence with osteoporosis treatment impacts positively on cost-effectiveness with a larger
number of fractures avoided in the population targeted for
treatment. Denosumab is a cost-effective alternative to oral
osteoporosis treatments, particularly for patients at high risk
of fracture and low expected adherence to oral treatments.
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Abstract
Summary Denosumab is an injectable drug that reduces the
risk of fractures. The objective was to estimate the costeffectiveness of denosumab in a Swedish setting, also
accounting for poor adherence to treatment. Denosumab is
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Introduction

Methods

The clinical consequences of osteoporosis are mainly the
increased incidence of fractures and their associated
morbidity and premature mortality. Beside the negative
impact on the quality of life of the individual, osteoporosis
is a costly disease for society. The societal costs associated
with the disease are also expected to increase in the future,
partly due to changes in demography and improved life
expectancy, and in many countries due to an increase in
age-specific incidence of fractures. In 1990, the number of
osteoporotic fractures in Europe was estimated to be 2.7
million, with a direct cost of €36 billion, of which €24.3
billion were accounted for by hip fractures. Costs are
expected to rise to €76.8 billion by the year 2050 [1]
because of the increasing proportion of elderly in the
population.
The importance of developing treatments that reduce the
risk of fracture is evident, both from an individual and a
societal perspective and a number of agents are available
that have been shown in randomized controlled trials
(RCTs) to decrease the risk of vertebral and, in some
instances, non-vertebral fracture [2]. Denosumab is a novel
biologic agent for the treatment of osteoporosis in postmenopausal women at increased risk of fractures. It is a
fully human monoclonal antibody that specifically, and
with high affinity, binds and neutralizes RANKL, a key
mediator of the resorption phase of bone remodeling [3]. In
a 3-year randomized phase III trial that included postmenopausal women with osteoporosis, denosumab (60 mg
subcutaneously every 6 months) significantly reduced the
risk of osteoporotic fractures, including fractures of the
vertebra, non-vertebral, and hip [4].
Adherence to medication is low in osteoporosis and as
problematic, if not worse, than in other chronic diseases [5,
6]. An attractive feature of the 6-monthly regimen with
denosumab is that adherence may be improved compared to
alternative treatments, thereby improving effectiveness in
clinical practice, resulting in more fractures avoided. In
addition, improving adherence can improve costeffectiveness, although the effect size is context specific
and modulated by factors such as the comparative efficacy
of treatment, drug price, and fracture risk [7].
Where resources within the health-care sector are scarce,
it is important to conduct health economic evaluations of
new treatment opportunities in order to determine priorities
and thereby optimize health benefits for society. The
objectives of this study were to undertake a health
economic analysis of denosumab that incorporated adherence, and to estimate the cost-effectiveness of denosumab
from a societal perspective compared with generic alendronate, branded risedronate, strontium ranelate, and to no
treatment in a Swedish setting.

Health economic model
A Markov cohort model was used to estimate the costeffectiveness of osteoporosis interventions (Fig. 1). The
available transitions were similar to those previously
published [8–10], with the addition of “other fractures”,
which was a composite health state consisting of pelvis,
rib, humerus, tibia, fibula, clavicle, scapula, sternum, and
other femoral fractures. The model used a 6-month-cycle
length and the cohort was followed from the age of
treatment initiation until death, or an age of 100 years.
The model consists of eight health states. All patients
begin in the well health state. In each cycle, a patient has a
probability of sustaining a fracture, remaining healthy or
dying. After 6 months in any fracture state, the patient has
a risk of sustaining a new fracture or dying. After
12 months, the patient moves to the corresponding postfracture state if no additional event occurs. The patient
will automatically remain in the post-fracture state (shown
as a circular arrow) if she does not die or sustain a new
fracture. The cohort framework allows no memory of an
individual's disease history and transitions from post-hip
to fractures other than a new hip fracture are therefore
prohibited. For example, a wrist fracture after a hip
fracture could otherwise appear to improve a patient's
long-term health. Patients in post-vertebral can only
transit to hip or vertebral states. Costs, utilities, and
mortality in each cycle were allocated according to the
distribution over the health states.
The model was validated by successfully reproducing
general population fracture risk data. The persistence

Fig. 1 Structure of the denosumab Markov cohort model. Note: The
health state “dead” is always accessible and arrows were excluded for
simplification
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framework also yielded very similar effect modifications,
absolute fracture rates, and quality-adjusted life year
(QALY) gains as reported in a previously published
adherence model [7] when, as far as possible, the same
settings and data were used.
Patient population
The base-case population was selected to be similar to the
average postmenopausal woman that would start treatment
for osteoporosis in Sweden. A recent Swedish prescription
study reported that the mean age of patients starting
osteoporosis treatment was 71 years [11]. The WHO
definition of osteoporosis, with a T-score at the femoral
neck at or below -2.5 SD [12], was used to describe the
average patient which approximates the risk where treatment is recommended under the Swedish guidelines [13].
The approach to define the average treated patient to have a
T-score at or below -2.5 SD was chosen because the
average patient is unlikely to have a bone mass density
(BMD) exactly at −2.5 SD, but rather the average T-score
within the range below the threshold.
The proportion of the female population with osteoporosis that has a prevalent morphometric vertebral fracture is
not known and was therefore simulated from its incidence
in the European Prospective Osteoporosis Study which
examined a normal population [14] adjusted to reflect the
northern European setting, post-fracture mortality (relative
risk (RR)=2.3) [15], and the lower BMD in an osteoporotic
population. The prevalence of morphometric vertebral
fracture in the base-case population was estimated at 34%.
The estimated annual hip and clinical vertebral fracture
incidences at model entry in this population were 11.7 and
18.9 fractures per 1,000 patients. Sensitivity analyses were
also performed for other combinations of age, T-score, and
prevalence of morphometric fracture.
Treatment and efficacy
The study evaluated treatments that were intended to last
for 5 years. Antifracture efficacies for alendronate, risedr-

onate, and strontium ranelate (Table 1) were taken from a
recent meta-analysis [16]. Efficacy for non-vertebral fractures was used for “other fractures” and also for wrist
fracture, where specific estimates for wrist were not
available. Point estimates that were not statistically significant were included. The efficacy of denosumab was taken
from the Fracture Reduction Evaluation of Denosumab in
Osteoporosis Every 6 Months (FREEDOM) study [4],
which was a double-blind trial with 7,808 patients
randomized to either denosumab or placebo (all patients
received calcium and vitamin D supplementation). The
mean age and femoral neck T-score of the trial population
was 72.3 years and −2.16 SD, respectively. Inclusion of
gastrointestinal adverse events associated with alendronate
and risedronate treatment [17] was tested in sensitivity
analysis using assumptions previously described [18].
Women who experienced bisphosphonate-related side
effects were assumed to have 91% of the utility of women
who do not have such side effects. This was applied to
2.35% of women in the first treatment month and 0.35% of
women thereafter. Strontium ranelate has been shown to be
safe and well tolerated during an 8-year follow-up [19], and
no side effects were therefore assumed in the analysis. The
FREEDOM study indicated that skin infections, including
cellulitis, were reported more frequently with denosumab
(0.3% over 3 years). This was estimated to have a
negligible effect on the results and was therefore omitted
from the analysis.
Adherence
A previously published adherence modeling framework
was used to model adherence [7]. Adherence encompassed
persistence (time on treatment) and compliance, defined as
medication possession ratio (MPR) while still persistent.
MPR was the number of days with available medication
supply divided by all days during the treatment period.
Persistence inputs for the comparator treatments were
based on a recent Swedish study of all filled prescriptions
for alendronate, risedronate, raloxifene, and strontium
ranelate in 53,336 treatment-naïve patients (excluding

Table 1 Comparator efficacy data (relative risk of fracture)
Drug

Alendronate
Risedronate
Strontium ranelate
Denosumab
a

Hip
fracture
0.62
0.74
0.85
0.60

CI95%

0.40–0.98
0.59–0.93
0.61–1.19
0.37–0.97

Vertebral
fracture
0.56
0.64
0.62
0.32

CI95%

0.46–0.67
0.52–0.78
0.55–0.71
0.26–0.41

Wrist fracture

0.85
0.68
1.00
0.80a

Denosumab efficacy for non-vertebral fractures was used for wrist fractures in the model

CI95%

0.67–1.09
0.43–1.07
0.74–1.36
0.67–0.95

Other
fracture
0.82
0.80
0.86
0.80

CI95%

0.73–0.93
0.72–0.90
0.74–0.99
0.67–0.95

Reference

[16]
[16]
[16]
[4]
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secondary osteoporosis) [11]. Of the prescriptions filled,
77% and 20% were for alendronate and risedronate,
respectively. Switching between treatments (6% of patients)
was allowed to avoid underestimating true persistence.
Proportions of women still on any treatment at 6, 12, 18,
24, 30, and 36 months were 63%, 47%, 39%, 30%, 24%,
and 17%, respectively. Patients were assumed to be at risk
of dropping out during the first 3 years and thereafter
remain persistent for the intended treatment duration. Even
though there may be observable differences between the
individual treatments, they were combined into one group
since non-persistence otherwise may be caused by a
deliberate switch to another alternative.
In the same study [11], MPR was estimated at 95%,
which is higher than reported in other studies [20]. Refill
compliance was therefore disregarded in the present health
economic analysis. For patients receiving treatment, we
thus assumed the same compliance as reported in the
clinical trials, from which the data on efficacy were taken.
No prescription data were available for denosumab and
persistence was estimated from the Denosumab Adherence
Preference Satisfaction study (DAPS), which is an ongoing
2-year multi-center, randomized, cross-over, and open-label
study in 250 patients to evaluate the adherence, preference,
and satisfaction of 6-monthly denosumab and weekly
alendronate in postmenopausal women with low bone
mineral density [21]. In the interim analysis at 1 year,
discontinuation rates were 10.3% and 20.2% for denosumab and alendronate, respectively (relative risk 0.54; p=
0.0492). The predicted, time-specific non-persistence with
denosumab in the base case was estimated by multiplying
the time-specific dropout incidence obtained from Swedish
prescriptions [11] by 0.54 during the treatment duration
(i.e., improved persistence was assumed for 36 months).
Estimated proportions of patients on treatment with
denosumab at 6, 12, 18, 24, 30, and 36 months were
80%, 69%, 60%, 54%, 48%, and 40%, respectively. In a
sensitivity analysis, we varied the persistence with
denosumab while keeping the adherence rates for the
other agents constant (i.e., as described above).

this reason, offset time was assumed to equal the time on
treatment [7] and was consequently shorter for patients who
discontinued before the end of the intended treatment
duration. The intended exposure to treatment was set to
5 years and the maximum offset time was set at 5 years for
all treatments. A patient injected with denosumab is
automatically persistent for 6 months whilst a patient on
oral bisphosphonates will discontinue sometime during the
6-month period. Treatment effect was therefore reduced by
half in the dropout cycle for orally administered medications (i.e., 3 months of treatment effect was removed).

Persistence and offset time

Data

Osteoporosis models commonly assume a 5-year treatment
duration followed by a period of 5 years (offset time) where
the fracture risk linearly returns to the risk of an untreated
population [8, 9, 22]. This offset assumption is reasonable
if patients stay on treatment over long periods, as in phase
III studies (i.e., 3 years or more), but may not be
appropriate in a model that explicitly incorporates discontinuation of treatment. For example, a 5-year offset in a
patient that discontinued treatment after 1 year would be
given 5 years of “free” effect during the offset period. For

All data in the model were derived from Swedish sources
with the exception of efficacy data and some of the data
used to estimate relative risks of fractures and relative risks
of mortality from “other fractures”. A summary of data
inputs and references is shown in Tables 2 and 3.

Assessing fracture risk
The RR of fracture of patient groups compared to the
general population risk was calculated from age, BMD, and
the prevalence of vertebral fractures by methods previously
described [8, 23, 24]. The risk contribution from prior
vertebral fracture was re-estimated for each cycle to account
for age-dependent changes in the prevalence of vertebral
fracture in the general population. RR of hip fractures was
also adjusted over time to accommodate the decreasing
gradient of fracture risk per standard deviation of BMD
with age [25]. RRs at or below a certain femoral neck Tscore were calculated by dividing the distribution below a
given T-score into 0.1 SD wide slices, and summarizing the
RR. This method was applied because RR increases
exponentially with decreasing BMD. The RRs at model
entry of hip, vertebral, wrist, and other fractures were
estimated at 2.33, 2.66, 1.46, and 1.71 for the base-case
population. Thus these RRs do not perfectly correspond to
the average T-score of the population below −2.5 SD (−2.74
SD) because a population with the average T-score does not
have the average fracture risk. Note that the model estimates
consequences of vertebral fractures that come to clinical
attention whilst the baseline risk of the patient population
also is based on the prevalence of morphometric fractures.
This method was conservatively used because morphometric
vertebral fractures contribute to fracture risk [26] but has
unclear consequences for costs and quality of life.

Costs and discounting
Fracture and unit costs were in 2008 values whereas the
most recent drug costs were used. All costs were collected

h

g

f

e

d

c

b

a

9
9
9
17
17
30
30
33
33

0.3
1.6
3.5
6.5
10.2
14.5
20.8
28.6
36.9

Derived from [36]

Derived from [29, 31]

Derived from [29]

Derived from [42]

Estimated from Swedish inpatient and cause of death register [39]

Simulated from [14]

Estimated from [32, 39]

Not adjusted for co-morbidity

50–54
55–59
60–64
65–69
70–74
75–79
80–84
85–89
90+

9.79
8.64
7.69
6.39
5.54
4.16
2.92
2.15
1.63

12.07
10.15
9.04
7.43
5.98
4.39
2.75
1.98
1.36

3.62
3.34
3.11
2.7
2.44
1.91
1.39
1.06
1.0

7.94
6.67
5.94
4.88
3.93
2.88
1.81
1.3
1.0

12,391
12,391
12,391
12,769
12,769
14,253
14,253
18,935
18,935

1,972
1,972
1,972
13,136
13,136
13,598
13,598
13,690
13,690

2,312
2,312
2,312
2,312
2,312
2,312
2,312
2,312
2,312

3,986
4,296
5,114
8,512
8,724
8,236
7,758
8,412
8,412

0.82
0.82
0.78
0.78
0.78
0.78
0.74
0.74
0.74

Fracture-related costs
QoL
Age(years) Proportion of clinical prevalence of morphometric Standardized mortality ratiosa
vertebral fractures (normal
vertebral fractures
population)c (%)
hospitalizedb (%)
Hip 1st yeard Clinical Hip 2+ yearsd Clinical
Hip fracturef Clinical vertebral Wrist
Other
Utility normal
vertebral
vertebral
fracturef
fracturef fracturesg popualtionh
1st yeare
2+ yearse

Table 2 Summary of epidemiological data and normal population QoL
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Table 3 Summary of unit costs, drug costs, and QoL multipliers
Unit costs (€)
Daily cost of nursing home [29]
Cost of a BMD measurement [29]
Cost of a physician visit [29]
Cost of a nurse visitd
Price of a course of PPIs for GI eventsc

a

Drug costs (€/year)
151
133
114
51
4

Denosumaba
Generic Alendronatec
Risedronatec
Strontium ranelatec

QoL multipliers
425
20
338
415

Hip fracture 1st yearb
Clinical vertebral fracture 1st yearb
Wrist fracture 1st yearb
Other fractures 1st yeare
Hip fracture 2+ yearsb
Clinical vertebral fracture 2+ yearsf

0.80
0.65
0.956
0.902
0.90
0.929

Communication Amgen

b

Derived from [29, 30]

c

Dental and Pharmaceutical Benefits Agency (www.tlv.se)

d

Average price from three Swedish county councils

e

Derived from [9]

f

Derived from [76]

from a societal perspective and are stated in Euro (€) and
translated from Swedish kronor (SEK) when needed with
the SEK/€ average exchange rate of 10.59 for the last
12 months (October 2008 to September 2009) [27]. When
needed, the costs were inflated using OECD Consumer
Price Index statistics. In accordance with Swedish recommendations a yearly discount rate of 3% was used for both
costs and effects [28].
Cost and incidence of fractures
Costs for vertebral fractures were based on a non
representative sample (predominantly those coming to
hospital attention [29, 30]) and were therefore adjusted
with the hospitalized share of fractures in Sweden to
estimate the average cost of a clinical vertebral fracture.
To calculate the cost of “other fractures” it was assumed
that femoral and pelvic fractures were equivalent to hip
fractures; humerus fractures were assumed to be equivalent
to vertebral fractures; and fractures to the rib, clavicle,
scapula, and sternum were assumed to be equivalent to
wrist fractures. The costs were then age-weighted to
represent the age distribution of these fractures [31].
Fracture incidences were based on a population-based
study from southern Sweden [31, 32]. Costs for the second
and following years after hip fracture were based on the
probability of a first admission to a nursing home 1 year
after a hip fracture. Patients residing in a nursing home
were assumed to remain there for the rest of their lives [33].
Wrist, vertebral, and other fractures were assumed not to be
associated with any costs beyond the first year.
Cost of intervention
The monitoring of orally administered osteoporosis therapies was assumed to comprise a yearly visit to a physician

visit and a bone mineral density measurement every second
year [9, 33]. Since denosumab is administered by subcutaneous injection 6-monthly, the cost for two nurse visits
yearly was added. Intervention and monitoring costs were
continued for as long as the patient took treatment.
Cost in added life years
The difference between consumption and production [34],
commonly referred to as cost in added life years (CIALY),
was included, as recommended by academic researchers
[35] and in Swedish guideline development [28]. Given that
a population's production is lower than its consumption
above the age of 65 years, the inclusion of this cost will
generate a non-medical cost of increased longevity in the
elderly. Cost-effectiveness without inclusion of cost in
added years of life was also examined.
Quality of life
Fracture-related quality of life (QoL) loss was primarily
based on a Swedish study that collected QoL at different
times during 18 months after hip, vertebral, and wrist
fractures, and calculated as a multiple of age-specific QoL
score for the general Swedish population [29, 30]. Normal
population QoL tariffs [36] and fracture-related utility
multipliers were both based on EQ-5D. All EQ-5D
estimates were linked to health state utilities using the
algorithm suggested by Dolan [37].
Mortality
Age-specific mortality rates for the general population in
Sweden were based on the year 2008 [38]. The mortality in
patients with hip fractures was estimated from 36,551
Swedish women with an s72 (ICD-10) main diagnosis
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between 1997 and 2001 [39]. Mortality during the first year
after hip fracture was, due to the initial steep hazard
decline, estimated with a Poisson model and mortality
during second and following years was estimated with a
parametric Weibull model. Mortality for the second and
following years was calculated as an average for years 2–5.
Standardized mortality ratios (SMRs; Table 2) were
calculated by dividing the estimated mortalities by the
Swedish age-matched female normal population mortality
for 2000 [38].
Even when the mortality is adjusted for BMD and comorbid conditions, patients with osteoporotic vertebral
fractures have been shown to have a significantly higher
mortality compared to osteoporotic patients without fracture
[40, 41]. Age-differentiated mortality after clinical vertebral
fractures was derived from Johnell et al. [42]. The Poisson
model that was used (personal communication Olof Johnell
2006-04-20) is shown below.
yt ¼ e4:8150:631þage0:04548years from fracture0:176
SMRs were created in the same way as for hip fractures,
but with the general population mortality for 1994 [38].
Mortality in the first year after “other fractures” [43] was
combined with the Swedish distribution of “other fractures”
[31]. The age variation in fracture distribution was small

and a SMR of 1.22 was estimated for all age groups. Wrist
fracture was assumed to not be associated with increased
mortality. Persons with osteoporosis have a higher degree of
frailty compared to the general population, and excess
mortality after an osteoporotic fracture is not entirely
attributed to the fracture event [44–46]. Thus, in agreement
with previous health economic studies [8–10], it was
assumed that 30% of the excess mortality after hip, vertebral,
and other fractures was associated with the event. The
duration of increased mortality was assumed to be 8 years,
which was the duration of follow-up in the two studies by
Kanis et al. [44, 46], but was varied in sensitivity analysis.

Results
Base case
Table 4 shows the cost-effectiveness estimates for denosumab compared with “no treatment”, generic alendronate,
risedronate, and strontium ranelate for the base-case
scenario. The cost-effectiveness ratio is determined by the
differences in costs and outcome (QALY) for the alternatives compared. Denosumab was the most costly treatment alternative, but also had the best effectiveness
resulting in larger morbidity cost savings and higher

Table 4 Base-case analysis for incremental cost-effectiveness (cost per life year and QALY gained)

Costs/patient (€)
Morbidity cost difference
Treatment cost differencea
Cost in added life years
Total cost difference
Avoided fractures during 10 years/1,000 patients
Hip fractures
Vertebral fractures
NNT to avoid one hip fracture
NNT to avoid one vertebral fracture
QALYs and life years per patient
Life years gained (undiscounted)
Life years gained (discounted)
QALYs gained
Cost/life year gained
Cost per QALY gained (excluding CIALY)
Cost per QALY gained

Denosumab vs.
no treatment

Denosumab vs.
generic alendronate

Denosumab vs.
risedronate

Denosumab vs.
strontium ranelate

−1,762
1,868
936
1,042

−937
1,530
562
1,155

−1,132
1,055
643
565

−1,339
939
658
258

−28
−54
36
18

−14
−36
71
28

−19
−39
54
26

−23
−37
44
27

0.0582
0.0401
0.0721
25,980
1,476

0.0349
0.0240
0.0426
48,226
13,907

0.0400
0.0274
0.0490
20,592
Cost saving

0.0409
0.0281
0.0514
9,161
Cost saving

14,458

27,090

11,545

5,015

Women aged 71 years with a T-score at or below −2.5 SD and 34% prevalence of prior vertebral fracture
NNT number needed to treat
a

Including monitoring costs
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number of QALYs gained. The low cost-effectiveness ratio
of denosumab compared with risedronate or strontium
ranelate is a result of a rather small difference in price
compared to the difference in effectiveness. The higher
cost-effectiveness ratio compared to generic alendronate is
mainly explained by a large difference in price, which is
only partly offset by improved effectiveness. The costeffectiveness ratio in the comparison of denosumab with
“no treatment” is directly estimated from the clinical trials.
Further, “no treatment” is the relevant comparator for
patients that do not adhere to available low cost treatments.
Cost-effectiveness of denosumab improved when CIALY
was excluded from the analysis because avoided fractures
then included survival benefits in the QALYs gained, but
no consumption costs due to increased longevity.
The estimated differences in treatment cost (Table 4)
between denosumab and the active comparators were larger
than the differences in drug price (Table 3) because of the
additional nurse visits associated with denosumab and
because patients remained longer on treatment. The same
pattern was seen for health outcomes and avoided morbidity costs because more fractures were avoided, compared
with the oral treatments, than would be inferred from the
efficacy data alone (Table 1).
Because generic alendronate is both lower priced and
more efficacious it was estimated to be cost saving when
compared with risedronate and strontium ranelate. Furthermore, risedronate was cost saving compared with strontium
ranelate, if those were to be the only two treatment options.
Persistence
The improved persistence that was assumed for denosumab
compared with other agents had a markedly different
impact on incremental cost-effectiveness depending on the
comparator (Fig. 2). The comparison with the low-priced

Fracture risk
The incremental cost-effectiveness of denosumab was
explored in relation to fracture risk as defined by T-score

60,000
50,000
Base-case

Cost/QALY ( )

Fig. 2 Effect of variations in
persistence of denosumab on
incremental cost-effectiveness of
denosumab versus comparators
for the base-case population

generic alendronate showed a marked effect with reduction
in discontinuation rates. If patients on denosumab were
equally persistent as patients on alendronate (RR=1.0), the
incremental cost-effectiveness ratio (ICER) was close to
€60,000 per QALY gained, but fell to below €50,000 if the
risk of discontinuation was reduced by only 10%. The
impact was considerably smaller when denosumab was
compared with a more similarly priced treatment, such as
risedronate. The reason is that poor persistence with
risedronate saves more treatment costs, and improved
persistence with denosumab had thus a smaller relative
impact. In the comparison with strontium ranelate, which
has nearly the same price as denosumab, but has a smaller
risk reduction, the cost-effectiveness ratio worsened when
fewer patients discontinued Dmab treatment. This is
because the relative cost increase from improved persistence with denosumab is larger than the relative QALY
increase. And since the cost/QALY is a ratio of two
differences (CostB-CostA/QALYB-QALYA) the ratio increased in the comparison with strontium ranelate. In
general, when the discontinuation rate for denosumab was
decreased, all comparisons moved towards the cost per
QALY for denosumab compared with no treatment.
When denosumab users were assumed to have the same
persistence as alendronate users, it was estimated that
denosumab would avoid 1.7 hip fractures and 13.6 clinical
vertebral fractures per 1,000 patients followed for 10 years
compared with alendronate. In the corresponding base-case
scenario where denosumab users were 46% (RR 0.54) less
likely to discontinue treatment, 14.2 hip fractures and 35.7
clinical vertebral fractures were avoided (Fig. 3).
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and prevalence of vertebral morphometric fracture (Fig. 4).
Data are shown for populations at a specific T-score, rather
than at or below, as given for the base case. All
comparisons showed, as expected, that cost-effectiveness
improved with decreasing T-score, i.e., an increasing
baseline risk. For patients with prior fracture, the cost per
QALY was lower, and denosumab was cost saving

compared with no treatment in patients with a prior fracture
and a T-score of about −3.7 SD or lower.
Age at starting treatment
In addition to decreasing T-score and prior vertebral
fracture, the age of the treated population was an important
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determinant of fracture risk (Fig. 5). Cost-effectiveness of
denosumab compared with no treatment or other comparators improved with increasing age.
Other sensitivity analyses
A range of sensitivity analyses around the base-case scenario
is shown in Table 5. Results comparing denosumab with
generic alendronate were more sensitive to changing
assumptions than other comparisons due to the lower price
of generic alendronate and the smaller QALY gains
compared with denosumab. Changing the assumptions about

the superior persistence for denosumab, for example applying the persistence improvement found in the DAPS study
for only the first 12 months, the ICER for denosumab vs.
generic alendronate worsened markedly whilst the impact was
less for other comparators. The ICER for denosumab vs.
generic alendronate and denosumab vs. risedronate improved
somewhat when gastrointestinal adverse events were included.
Assumptions about offset time after treatment was stopped had
a significant impact on the ICER because it provided some
“free” effect for no cost but did not change the
relationship between alternative treatments. But assuming
a treatment-differentiated offset, where denosumab treat-

Table 5 Other sensitivity analyses (€/QALY)
Scenario

Denosumab vs.
no treatment

Base casea
Discount rates (5%)
Discount rates (0%)
1 year DAPS persistence
Perfect persistence for all treatments
Denosumab maximum offset time 2 years
All treatments maximum offset time 2 years
10-year modeling horizon
GIAEsb for alendronate/risedronate
Disutility from fractures decreased by 10%
20% of excess mortality attributable to fractures
10 year treatment duration
Mortality after hip and vertebral fractures 3 years
Mortality after hip and vertebral fractures 5 years
a

Denosumab vs.
generic alendronate

Denosumab vs.
risedronate

Denosumab vs.
strontium ranelate

14,458
15,453
13,638
15,937
11,936
19,937
19,937
13,833
–
16,362
10,951

27,090
29,617
24,135
35,114
66,604
40,531
34,920
32,993
26,595
30,633
25,340

11,545
11,979
11,501
12,983
10,750
19,547
16,953
8,752
11236
13,057
7,587

5,015
4,923
5,707
4,313
Cost saving
11,237
9,896
10
–
5,685
228

14,375
11,675
13,459

28,145
25,504
26,485

11,532
8,347
10,387

4,569
1,276
3,675

The base case assumed discount rates of 3%, improved persistence for 3-years, maximum offset time of 5 years for all treatments, life-time horizon, no
adverse events for any treatment, 5-year maximum treatment duration, 8 years of increased post-fracture mortality after hip and vertebral fractures
b

Gastrointestinal adverse events
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This study estimated the cost-effectiveness of denosumab
compared with “no treatment”, generic alendronate, risedronate, and strontium ranelate. The base-case population was
chosen to represent the average patient treated for postmenopausal osteoporosis in Sweden. The basic model structure is
well validated and similar to previously published models [8–
10]. The main difference was the incorporation of adherence,
which is seldom explicitly included in cost-effectiveness
models. The principal findings of the present study is that
treatment with denosumab added to the expected costs of
treatment compared to all four alternatives, but the incremental cost-effectiveness ratio in all cases was below commonly
used threshold values of €50–60,000 per QALY gained.

the elderly. CIALY was also the reason why decreasing the
fraction of attributable post-fracture mortality in sensitivity
analysis was associated with improved cost-effectiveness of
denosumab. CIALY is rarely included in cost-effectiveness
analyses, and this is likely due to limited demand from
regulators and payers.
The comparison between treatments is fraught with
difficulties. A major problem is that there are no comparator
studies that evaluate fractures as the primary outcome. Hence
the efficacy of each agent is taken from meta-analyses of
RCTs versus placebo. The baseline characteristics, including
fracture risk vary widely between studies and there is reason
to suppose that responsiveness to an intervention differs
according to the type of patient enrolled. Examples are
provided in the Fracture Intervention Trials (FIT) with
alendronate [47, 48] and the hip fracture studies with
risedronate [49] where the relative risk reductions in active
treatment arms varied between studies of the same agent.
More recently, greater efficacy of clodronate and bazedoxifene
has been observed in patients with higher pre-treatment
fracture probabilities as assessed by FRAX [50, 51]. These
considerations suggest that in the context of costeffectiveness, there is much greater uncertainty over incremental efficacy than incremental costs or even comparative
persistence. With these limitations, it is reasonable that
alendronate can be considered as a first line treatment, but
that denosumab may be a cost-effective alternative in patients
that are at higher risk of fracture or likely to discontinue
treatment.

Denosumab compared with other treatments

Denosumab compared with no treatment

In the present study, treatment with denosumab resulted in
generally higher expected treatment costs compared with
other treatments. This was particularly marked in the
comparison of denosumab with generic alendronate. The
higher ICER when denosumab was compared to alendronate than when compared to other treatments, is a result of
the significant reduction in price of alendronate after its
patent expiration. This price reduction markedly improved
the cost-effectiveness of a drug that, based on clinical trial
data, had been already shown to be cost-effective in
relevant patient populations [8]. The ICER for denosumab
vs generic alendronate noted in the present study (€27,000)
is of a magnitude that could justify the choice of
denosumab for the typical patient on the grounds of costeffectiveness. Moreover, the majority of patients will
discontinue treatment with alendronate and, as discussed
below, the higher the risk of non-adherence, the better the
cost-effectiveness for denosumab.
When including cost in added life years in the base-case
denosumab was penalized because avoided fracture-related
deaths were associated with increased consumption costs in

An important finding of the present study is that denosumab compared with no treatment has a cost-effectiveness
ratio that is less than half of that which is generally
accepted as “cost-effective” [8, 52].
Denosumab compared with no treatment is the relevant
comparison for patients that will not adhere to oral therapy
or may be expected to stop treatment after a rather short
time. As noted above, the majority of women given
bisphosphonates stop treatment within 1 or 2 years. An
optimal management approach from a cost-effectiveness
perspective would thus be to prescribe generic alendronate
for those patients with a high likelihood of good adherence,
and denosumab for patients likely to have a low adherence
or to prescribe generic alendronate first, and switch if
patients do not adhere.
The present study also showed that cost-effectiveness of
denosumab improved markedly with advancing age and
worsening T-score. This is to be expected since both
contribute to fracture risk and the benefits of intervention
are correspondingly increased. Treatment with denosumab
became cost saving compared with no treatment in patients

ment had a maximum offset of 2 years (and 5 years for
the comparators), resulted in ICERs of approximately
€20,000, €41,000, €20,000, and €11,000 compared with
no treatment, generic alendronate, risedronate, and
strontium, respectively. Extending the duration of treatment
had little net effect on incremental cost-effectiveness. Costeffectiveness of denosumab improved slightly when less
mortality was attributed to fractures or when mortality was
applied for a shorter time after fractures. This unintuitive
effect was caused by that the reduced “cost in added life
years” had a larger relative impact than the corresponding
reduction in gained QALYs.

Discussion
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aged 71 years with a T-score for BMD of −3.7 SD in
women with a prior fracture. In the case of increasing age,
denosumab became cost saving compared with no treatment
in women from the age of 80 years with or without a prior
vertebral fracture. Thus, denosumab may be considered as a
first line treatment for patients at high risk where the risk of
non-adherence is high.
Persistence
Lack of adherence to therapy is a major problem in the
management of osteoporosis. Cost-effectiveness studies based
on clinical trial information have shown that treatment of
osteoporosis is a cost-effective intervention for the patients
with a risk of fracture defined in clinical trials and guidelines
for intervention [8, 53]. However, the adherence to therapy in
clinical practice, both patient-reported and register-based, is
much lower than in clinical trials [20, 54]. This does not
invariably change the cost-effectiveness of the intervention
when compared with no treatment, since patients who drop
out of treatment lose both costs and effects. However this
outcome leaves large groups of patients untreated, such that
the public health objectives of fracture reduction are not met.
Improving persistence had a considerable impact on the
number of avoided fractures. The reduced dropout rate used
in the base case (RR=0.54) resulted in 28 and 54 avoided
hip and vertebral fractures per 1,000 treated patients
(compared with no treatment). Fifteen hip fractures and 32
vertebral fractures were avoided in the corresponding
scenario where denosumab users would not be more
persistent than has been estimated for oral therapies.
In previous economic studies accounting for persistence [55, 56], including one commissioned by the UK
National Institute for Health and Clinical Excellence [56],
it was assumed that 20–80% of patients completed the full
5-year course, with the remaining patients receiving
3 months of drug costs but no health gain. A problem
with such an approach is that those who discontinue
treatment are likely to do so at time points throughout the
5-year period and should thus receive some health benefit,
as well as additional drug costs. A novel feature of the
present study is that it incorporated adherence in a more
realistic manner than hitherto and gave patients a longer
offset time if they remained on treatment longer. This will
naturally benefit treatments with a favorable persistence
profile.
In the base-case comparing denosumab with “no
treatment”, the ICER was approximately €14,500 and
sensitivity analysis showed that this result was modestly
affected by persistence. The ICER fell to €11,900 with
perfect persistence for denosumab (i.e. 5 years) and rose to
€15,900 when a persistence advantage was limited to
1 year. The relatively small impact on cost-effectiveness
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arises because the extra QALYs from longer treatment were
largely offset by higher treatment costs.
The comparisons with the other marketed treatments
were more complex and some results were very sensitive to
improved persistence. The effect was most marked in the
comparison of denosumab with generic alendronate. As
persistence of denosumab increased (keeping the persistence of alendronate constant), the ICER decreased progressively (see Fig. 2). For example, where persistence of
denosumab was modeled at the same persistence as that
estimated for alendronate from prescription data, the ICER
was €57,000. At the base case, the ICER was €27,000 and
fell still further with further improvement in the persistence
of denosumab compared to that of alendronate. The impact
of persistence was considerably smaller, or even negative,
when denosumab was compared with the more expensively
priced treatments. The reason is that poor persistence saved
more treatment costs, and improved persistence with
denosumab had, therefore, a smaller relative impact.
Thus differences in drug price had a major impact on
ICER, though differences in efficacy and offset time will
also govern the impact of improved persistence [7]. It is of
interest that treatment with denosumab increased the total
cost when compared to other treatments. However, in the
base case, the incremental cost-effectiveness ratio in all
cases was below commonly used thresholds of €50–60,000
per QALY gained. The robustness of this observation
depends on the assumption that 6-monthly treatment with
denosumab reduced discontinuation rates by 46%, as
observed in the DAPS study. It is notable that the absolute
discontinuation rate observed for alendronate in the DAPS
study (20.2% after 12 months) was lower than estimates
from prescription and claims data (53% after 12 months)
[11] which may reflect the impact of the trial setting. It is
also not known if the reduced discontinuation rates
observed during the first 12 months of treatment can be
maintained for longer periods. It is not yet possible to
derive persistence patterns with denosumab in clinical
practice thus the results from the DAPS study represent
the best available information to date.
Prescription refill gaps were not included in this study
because such gaps were uncommon in the Swedish
prescription data underlying this analysis and because no
clear association between MPR and fracture risk was
established [57]. This may be due to cultural differences
and logistic factors in the Swedish pharmacy system and
that MPR in the Swedish study [11] was estimated only in
persistent patients. It is also difficult to establish whether
the association between MPR and fracture risk [5] is causal
since non-compliant patients have higher co-morbidity
rates, are more frail, and have higher health-care expenditures than compliant patients [58, 59] and rates are rarely
adjusted for confounders. Moreover, fracture rates are higher
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in non-compliant patients taking placebo [59]. A further
limitation with MPR is that it only covers treatment gaps and
compliance should ideally also include other aspects that
impact outcomes, such as how and when doses are taken.
The persistence data used in this analysis (with the
exception of denosumab) were taken from the Swedish
prescription register. It is likely that drug persistence is
dependent on a number of factors, such as drug costs,
insurance status, and cultural setting, and may thus vary
between countries. If persistence rates vary between
settings, so will the cost-effectiveness of improving it.
Thus, when evaluating the cost-effectiveness of drugs that
improve persistence and/or compliance, country-specific
data should be used where possible, not only for fracture
risks and costs, but also for adherence.
Offset time
A “reference standard” in osteoporosis modeling in the
bisphosphonate era has been that the offset time is assumed
to be equal to the period of treatment. Since 5-year
treatments are common a 5-year treatment offset is usually
modeled [60, 61]. The rationale for this arises from the
notion that the effects of a short-term treatment on fracture
risk are unlikely to persist indefinitely and equally
unlikely to disappear as soon as treatment is stopped. As
noted in this study and by others [8, 62], relatively small
variations in offset time can have a marked effect on costeffectiveness. A reduction in offset time from the base
case to a maximum of 2 years decreased the costeffectiveness of denosumab, with an increase in the ICER
from €14,500 to €19,900. Empirical data are scanty and
indeed the study of offset has been identified as an
important component of drug development [63], though
not a requirement for registration of new agents.
A variety of studies has attempted to address offset
time from randomized controlled studies or observational
studies. The most complete study available is for
teriparatide where sustained effects on fracture outcomes
were observed for up to 30 months after discontinuing
treatment with follow-up of the placebo and treatment
arms of the study [64]. A sustained effect of hormone
replacement treatment for up to 15 years has been reported
from a follow-up of three RCTs [65–67]. It is notable
however, that shorter offset times are inconsistently
reported in some observational studies with hormone
replacement therapy (HRT) [68, 69]. In the case of the
bisphosphonates, the FLEX study [70] compared alendronate to placebo for 5 years following a 5-year treatment
with alendronate in the FIT trial. A prolonged offset time
for non-vertebral fracture risk was reported, but the
certainty of the conclusion is questionable. As is the case
of HRT, observational studies have reported more rapid
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reversal of effect on stopping treatment [71, 72] No direct
information is available for strontium ranelate or denosumab.
In the absence of information on fracture outcomes,
inferences have been made from surrogates such as posttreatment changes in the biochemical markers of bone
turnover or BMD [69, 72–75]. At present, there is no robust
evidence to define an offset time with greater accuracy than
the “reference” assumption and no direct evidence to
support differential offsets between treatments and we
therefore assumed 5 years of maximum offset for all
treatments in the base case.
Limitations
In addition to data gaps that need to be filled to more
accurately estimate cost-effectiveness of therapies with
different persistence profiles, information is also lacking
on the relation between treatment duration and offset time.
Other aspects of adherence such as switching, primary nonadherence, and onset time have been shown to be of lesser
importance due to cost offsets and scenarios where patients
with both poor and satisfactory treatment adherence are
affected similarly [7]. For this reason, these uncertainties
were not addressed in the present analysis.
This model construct has some limitations. The cohort
methodology utilizes a hierarchical structure that gives rise
to a small underestimate of the number of less-severe
fractures in the cohort. Cohort models also lack the
possibility to track multiple fractures in individual patients
and instead distribute them as an average number of fractures
over the cohort. Most microsimulation models (i.e. with
memory of disease history) can accommodate these multiple
fractures but, due to the paucity of data, only consider the
worst consequences at any given time [73–75]. Thus, the
consequences of the “missed” fractures or multiple fractures
in one individual would anyway have been largely
disregarded in a microsimulation framework. Further,
cohort models have the advantage of simulation speed and
are not burdened with 1st order uncertainty (random noise
that depends on the number of simulations) that can distort
result interpretation in scenarios where small QALY gains
and cost differences are estimated.

Conclusion
Incomplete adherence to therapy is a major problem in the
treatment of osteoporosis and means that patients at high
risk of fracture indicated for therapy are not treated.
Improving persistence with osteoporosis treatment would
lend significant contribution to a further reduction of
osteoporosis-related fractures. Denosumab offers a cost-
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effective alternative and complement to existing oral
osteoporosis treatments, and may be considered a first
line option in Swedish patients at high risk of fracture and
non-adherence.
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