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Abstract

Background 1In the US, 26 % of women aged >65 years,
and over 50 % of women aged >85 years are affected with
postmenopausal osteoporosis (PMO). Each year, the total
direct health care costs are estimated to be $US12-18
billion.

Objective The cost effectiveness of denosumab versus
oral bisphosphonates in postmenopausal osteoporotic
women from a US third-party payer perspective was
evaluated.

Methods A lifetime cohort Markov model was developed
with seven health states: ‘well’, hip fracture, vertebral
fracture, ‘other’ osteoporotic fracture, post-hip fracture,
post-vertebral fracture, and dead. During each cycle,
patients could have a fracture, remain healthy, remain in a
post-fracture state or die. Relative fracture risk reductions,
background fracture risks, mortality rates, treatment-spe-
cific persistence rate, utilities, and medical and drug costs
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were derived using published sources. Expected costs and
quality-adjusted life years (QALYs) were estimated for
generic alendronate, denosumab, branded risedronate, and
branded ibandronate in the overall PMO population and
high-risk subgroups: (a) >2 of the following risks:
>70 years of age, bone mineral density (BMD) T score
less than or equal to —3.0, and prevalent vertebral fracture;
and (b) >75 years of age. Costs and QALYs were dis-
counted at 3 % annually, and all costs were inflated to 2012
US dollars. Sensitivity analyses were conducted by varying
parameters e.g., efficacies of interventions, costs, utilities,
and the medication persistence ratio.

Results In the overall PMO population, total lifetime
costs for alendronate, denosumab, risedronate, and
ibandronate were $US64,400, $US67,400, $US67,600 and
$US69,200, respectively. Total QALYs were 8.2804,
8.3155, 8.2735 and 8.2691, respectively. The incremental
cost-effectiveness ratio (ICER) for denosumab versus
generic alendronate was $US85,100/QALY. Risedronate
and ibandronate were dominated by denosumab. In the
high-risk subgroup (a), total costs for alendronate, deno-
sumab, risedronate and ibandronate were $US70,400,
$US70,800, $US74,000 and $US76,900, respectively.
Total QALYs were 7.2006, 7.2497, 7.1969 and 7.1841,
respectively. Denosumab had an ICER of $US7,900/
QALY versus generic alendronate and dominated all other
strategies. Denosumab dominated all strategies in women
aged >75 years. Base-case results between denosumab and
generic alendronate were most sensitive to the relative risk
of hip fracture for both drugs and the cost of denosumab.
Conclusion In each PMO population examined, denosu-
mab represented good value for money compared with
branded bisphosphonates. Furthermore, denosumab was
either cost effective or dominant compared with generic
alendronate in the high-risk subgroups.
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Key Points for Decision Makers

e Although denosumab is slightly more expensive than
other branded oral osteoporotic treatments, it offers
more benefits and results in lower lifetime costs.

e In elderly patients (>75 years of age) and those who
are at higher risk of osteoporotic fracture, who have
higher costs and mortality associated with fracture,
denosumab offers good value for money.

e Denosumab is cost effective compared with the oral
bisphosphonates because of the differences in fracture
risk reduction and improved persistence due to the
twice-yearly injection instead of daily oral medica-
tion with other treatments.

1 Introduction

Osteoporosis is a systemic skeletal disorder characterized by
low bone mass and compromised bone strength, predisposing
individuals to an increased risk of fracture [1]. Osteoporosis
affects 200 million women worldwide: approximately 10 %
of women aged 60 years, and two-thirds of women aged
90 years [2]. In the US, 26 % of women aged >65 years and
over 50 % of women aged >85 years are affected with
postmenopausal osteoporosis (PMO) [3]. It is estimated that
the lifetime risk of osteoporotic fracture for Caucasian
women over 50 years of age is 50 % [4].

In the US, over 1.5 million fractures per year are attrib-
utable to osteoporosis; these fractures result in 500,000
hospitalizations, 800,000 emergency room visits, 2.6 million
physician visits, 180,000 nursing-home placements. The total
direct health care costs are estimated to be $US12~18 billion
each year [5]. In addition to cost, fractures also result in loss
of function and have a negative impact on a patient’s psy-
chological status [5]. There are many pharmacological
treatments of osteoporosis, ranging from bisphosphonates,
hormone replacement therapy, calcitonin, calcitriol, stron-
tium ranelate, selective estrogen receptor modulator
(SERM), and teriparatide. These treatments have been shown
to be effective in reducing the risk of vertebral fracture or in
reducing the risk of both vertebral and non-vertebral fractures
[6]. However, the effectiveness of some of these treatments
in clinical practice is limited because of poor compliance.
Poor compliance could be due to the asymptomatic nature of
the disease, adverse effects, frequent dosing schedules, and/
or complex administration instructions for several agents [7].
About 70 % of the women who initiate osteoporotic treat-
ment are non-adherent within 12 months and 47 % have
discontinued the therapy within 1 year [8]. The compliance
with weekly bisphosphonate was no better than that with
osteoporosis medications requiring daily dosing [8].

A\ Adis

Denosumab is a fully human monoclonal antibody that
binds with affinity and specificity to RANK ligand, a key
mediator of the formation, function, and survival of
osteoclasts, the cells that are responsible for bone resorp-
tion. In the US, denosumab is indicated for the treatment of
postmenopausal women with osteoporosis at high risk for
fracture, defined as a history of osteoporotic fracture, or
multiple risk factors for fracture; or patients who have
failed or are intolerant to other available osteoporosis
therapy. Denosumab is administered by a healthcare pro-
fessional once every 6 months as a subcutaneous injection.
In an international, multicenter, randomized, double-blind,
placebo-controlled study (Fracture REduction Evaluation
of Denosumab in Osteoporosis Every 6 Months (FREEDOM)
trial [9]) of postmenopausal women with osteoporosis,
denosumab significantly reduced the risks of new vertebral,
non-vertebral, and hip fractures by 68, 20, and 40 %,
respectively, versus placebo in 3 years. In a 2-year, ran-
domized, crossover study comparing denosumab with a
weekly bisphosphonate, it was shown that the 6-month
dosing regimen of denosumab improved adherence,
potentially leading to improved effectiveness [10].

With the introduction of generic bisphosphonates,
there is a substantial decrease in price which could
potentially impact prescribing patterns. Although there
are no published studies reporting the cost effectiveness
of denosumab versus other treatments in the US from a
third-party payer perspective, several studies have shown
denosumab to be cost effective compared with other
osteoporosis treatments across Europe [11-14]. In the
current study, a previously published economic model
[11] for denosumab in postmenopausal osteoporotic
women was used to assess the cost effectiveness of de-
nosumab in the US compared with oral bisphosphonates,
including generic alendronate, the most commonly used
bisphosphonate. Additional analyses evaluated the cost
effectiveness of denosumab in higher risk populations
including the elderly, i.e. aged 75 years and older, as
fracture is more common in this age group and these
individuals are most vulnerable to the debilitating effects
of fracture [15].

2 Methodology

A previously published Markov cohort model examined the
cost effectiveness of denosumab compared with generic
alendronate, risedronate and strontium ranelate in a
Swedish population from a societal perspective [11]. The
target population of the original model included postmen-
opausal osteoporotic women in Sweden, mean age
71 years, with a T score less than or equal to —2.5 and
prevalent vertebral fracture in 34 % of patients.
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Based on the previous model, the current study com-
pares the cost effectiveness of denosumab with generic
alendronate, branded risedronate, and branded ibandronate
in the US from a third-party payer perspective. The target
population of the current study in the base case was similar
to patients in the FREEDOM trial, i.e. women with a mean
age of 72 years and mean femoral neck T score of —2.16;
23 % of patients had a baseline vertebral fracture [16].

The Markov cycle length in the model was 6 months, and
all patients were followed from treatment initiation to death
or age 100 years. The model estimated total costs and qual-
ity-adjusted life years (QALYs) for each treatment strategy
over a lifetime horizon. The cost effectiveness of denosumab
versus the comparators was estimated as incremental cost-
per-QALY gained. The model was built in Microsoft Excel
(Microsoft Corporation, Redmond, WA, USA).

2.1 Model Structure

The structure of the cohort Markov state-transition model
is depicted in Fig. 1. The model consists of seven health
states: ‘well’, hip fracture, vertebral fracture, ‘other’ oste-
oporotic fracture, post-hip fracture, post-vertebral fracture,
and dead. All patients in the cohort enter the model in the
‘well” health state. During each Markov cycle (i.e. every
6 months) patients in the cohort have a probability of
sustaining a fracture, remaining healthy or dying. Patients
in the cohort who experience a fracture, depending on
fracture type, may transition to the hip fracture, vertebral
fracture or ‘other’ osteoporotic fracture health state. After
1 year in a given fracture state, the patients can (i) sustain a
new fracture’ (ii) move to the post-fracture state (either
post-hip or post-vertebral fracture, depending on the pre-
vious health state); (iii) move back to the ‘well’ state
(‘other’ fracture patients only); or (iv) die.

Fig. 1 Structure of a
denosumab Markov cohort
model. fx fracture

Patients in the post-vertebral fracture state can either
stay in this state, experience a new vertebral fracture,
experience a new hip fracture or die. From the post-hip
fracture state, it is only possible to remain in the post-hip
fracture state, sustain another hip fracture or die.

2.2 Model Estimation

Once patients experienced a fracture, a fracture-specific
cost and reduction in utility were allocated. Hip and ver-
tebral fractures were assumed to have a direct impact on
costs and quality of life during the first year after the
fracture, and an additional cost and utility reduction every
subsequent year following the event. Patients with ‘other’
osteoporotic fractures were assumed to only have an
impact on costs and quality of life during the first year after
the event. The model also takes into account the relative
risk (RR) of mortality due to fracture and the risk of dis-
continuing treatment [11]. The model parameters and the
base-case default values are described in more detail
below.

2.2.1 Treatment Efficacy

The efficacy data for denosumab was derived from the
FREEDOM trial [9]. The anti-fracture efficacies for
alendronate, ibandronate and risedronate were obtained
from the meta-analyses conducted by the National Institute
for Health and Care Excellence (NICE) (see Table 1) [17].
In the meta-analyses, the risk reported for non-vertebral
fractures, which may include hip and other fractures, was
used in the model for ‘other’ fractures. In the absence of
evidence for fracture reduction for a particular treatment at
a particular skeletal site, 0 % fracture risk reduction was
assumed.

Well

Other
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Note: Arrows to the health state “dead” were excluded for simplification
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Table 1 Relative risk (RR) of fractures

Hip (95 % CI) Vertebral (95 % CI)

Other (95 % CI) Source (distribution)

Base case
Denosumab 0.60 (0.37-0.97) 0.32 (0.26-0.41)
Alendronate 0.62 (0.40-0.96) 0.56 (0.46-0.67)
Risedronate 0.74 (0.59-0.93) 0.64 (0.52-0.78)
Ibandronate 1.00 (1.00-1.00) 0.51 (0.34-0.74)

Subgroup—high-risk population RR

Denosumab 0.52 0.35
Alendronate 0.62% 0.62
Risedronate 0.74* 0.56
Ibandronate 1.00% 0.51%
Subgroup—75 years + population RR
Denosumab 0.38 0.36
Alendronate 0.62% 0.62
Risedronate 0.85 0.56
Ibandronate 1.00% 0.51%

0.80 (0.67-0.95)
0.82 (0.73-0.93)
0.80 (0.72-0.90)
1.00 (1.00-1.00)

Cummings et al. [9] (normal)

NICE Evidence Review [17] (normal)
NICE Evidence Review [17] (normal)
NICE Evidence Review [17] (normal)

0.88 Boonen et al. [47]

0.82% NICE Evidence Review [17]
Inderjeeth et al. [48]

0.8* NICE Evidence Review [17]
Inderjeeth et al. [48]

1.00* NICE Evidence Review [17]
0.84 Boonen et al. [15]

McClung et al. [49]
0.82% NICE Evidence Review [17]

Inderjeeth et al. [48]
0.8* McClung et al. [50]
Inderjeeth et al. [48]
NICE Evidence Review [17]
1.00* NICE Evidence Review [17]

% Where data is unavailable in the subpopulations, the RRs are assumed to be similar to the base case

2.2.2 Persistence

The risk of dropping out within the first 3 years for the
comparators was estimated for the default case using per-
sistence data obtained from Weycker et al. [8]. The 3-year
cumulative incidence of patients dropping out, i.e. with a
prescription-fill gap of >90 days, was used to calculate the
6-month discontinuation rate using the following equation:

6-month discontinuation rate

=1— (1 — cumulative incidence) x exp(6/) (1)

where cumulative incidence is the discontinuation rate at
3 years and ¢ is the total time, i.e. 36 months. A weighted
average of the 6-month discontinuation rate was calculated
using daily and weekly dosage of bisphosphonates; the
weights were the numbers of patients taking weekly versus
daily bisphosphonates. The 6-month discontinuation rate
for bisphosphonates was 23.6 %. In deterministic sensi-
tivity analyses, this rate was varied by £25 % of its base-
case value (17.7-29.5 %), as a standard error or confidence
interval was not available.

The persistence rate for denosumab was based on the
Denosumab Adherence Preference Satisfaction (DAPS)
study [10], where patients on denosumab were found to be
50 % less likely to discontinue treatment at month 12 (p-
value 0.029) compared with patients on alendronate. The
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expected time-specific non-persistence with denosumab
was estimated by multiplying the discontinuation rate for
bisphosphonates by 0.50 (95 % CI 0.34-0.74, normal dis-
tribution) the ratio of non-persistence rate for denosumab
and alendronate, referred to as DAPS ratio. In the model,
the 6-month discontinuation rate for denosumab was
11.8 %.

2.2.3 Treatment Duration and Offset Time

Treatment duration for all comparators was assumed to be
5 years. Anti-fracture efficacy is likely to persist for a
period of time (offset time) after treatment is stopped. This
could affect the number of sustained fractures and mor-
tality, and, consequently, costs and quality of life. In the
absence of more conclusive evidence for differential offset
time, the model assumed that all treatments have an equal
offset time of 2 years [18]. The treatment effect declined
linearly over the specified offset time. It was assumed that
patients on denosumab were persistent for at least
6 months while patients on oral bisphosphonates discon-
tinue treatment earlier. In the model, patients on oral bis-
phosphonates who drop out lost half of the treatment effect
in the last cycle, whereas patients on denosumab received
the full effect. This adjustment was done to reflect that
patients who discontinue treatment on average will do so in
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Table 2 Incidence of fractures

Table 3 Relative risk of mortality compared with normal population

Age (years) Hip* Other*
70-74 0.0028 0.0121
75-79 0.0086 0.0199
80-84 0.0184 0.0284
85+ 0.0249 0.0425

Age (years) Morphometric vertebral®

70-74 0.2130
75-79 0.2900
80-84 0.4920
85-90 0.4690
90+ 0.7500

Age (years) Clinical vertebral®

65-74 0.0055
75-84 0.0107
85+ 0.0121

% Source: Melton et al. [19]
® Source: Melton et al. [20]
¢ Source: Cooper et al. [21]

the middle of the cycle (i.e. after 3 months). Patients who
dropped out in the first cycle did not receive any offset
time.

2.2.4 Incidence of Fractures

The incidence of hip and ‘other’ osteoporotic fractures
were derived from the Rochester Epidemiology Project
[19]. The incidences of fracture by age group reported by
Melton et al. are shown in Table 2. Melton et al. [20] also
estimated the prevalence of vertebral fractured identified
morphometrically. The clinically diagnosed vertebral
fracture was derived from another population-based study
using residents from Rochester County in Minnesota (see
Table 2). [21] For age-specific incidence, the data were
linearly extrapolated and interpolated.

In this model, the risk of sustaining a fracture in the
model depends on three elements: (i) risk of fracture in the
general population; (ii) increased fracture risk associated
with osteoporosis (the RR); and (iii) risk reduction, if any,
resulting from a treatment. Thus, the risk of experiencing a
fracture in the model was calculated as:

(general population risk) * (relative risk of fracture) x

(risk reduction from treatment) (2)

2.2.5 Mortality

The age-specific baseline mortality in the US normal
population for women was derived from http://www.

Age First year  First year after 24 years 2+ years after
(years) after hip clinical after hip  clinical
fracture vertebral fracture vertebral

fracture fracture

70-74 5.54 5.98 2.44 3.93

75-79 4.16 4.39 1.91 2.88

80-84 292 2.75 1.39 1.81

85-89 2.15 1.98 1.06 1.3

90-94 1.63 1.36 1.0 1.0

Not adjusted for comorbidities
Source: Jonsson et al. [11]

mortality.org [22]. Because there was a lack of US-spe-
cific data relating to mortality due to hip, clinical vertebral
and ‘other’ fractures, the default values were derived from
Swedish data used in a previously published cost-effec-
tiveness model for denosumab (Table 3) [11].

Some studies suggest that patients with osteoporosis
have a greater morbidity than the general population, and
that excess mortality after fracture is not solely due to the
fracture event [23-27]. Given this evidence, the model
assumed that 30 % of the excess mortality (compared with
normal mortality) after hip, vertebral and other fractures
was associated with the fracture event.

Although the literature is varied on the duration of this
increased mortality after fracture, it was assumed to be
8 years based on two studies by Kanis et al. [23, 27]. This
is likely a conservative assumption because, according to a
recent meta-analysis, excess mortality after fracture did not
return to normal age and sex-matched mortality rates even
10 years after the fracture [28].

2.2.6 Utility

Peasgood et al. [29] conducted a literature search for
health-state utility values in men and women with estab-
lished osteoporosis, vertebral fracture, hip fracture, wrist
fracture, or shoulder fracture, across all countries. The EQ-
5D data from multiple studies were pooled to estimate the
impact of hip fracture on quality of life, in the first and
subsequent years, as well as the impact of vertebral fracture
in the first year [29]. The utility multiplier during the
second and following years for a clinical vertebral fracture
was derived from Borgstrom et al. [30]. Borgstorm et al.
assumed a utility multiplier of 0.93 for clinical vertebral
fracture in the second and following years based on a case-
control study of patients enrolled in the Multiple Outcomes
of Raloxifene trial [31], as well as other studies indicating a
reduction in utility after the first year of vertebral fracture
[32-34]. The disutility associated with ‘other’ fractures in
the first year was derived from another study by Borgstrom
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Table 4 Utility multipliers by

fracture type and adverse event Fracture type/period Utility multiplier =~ Range Distribution ~ Source
First year after fracture
Hip fracture 0.700 0.64-0.77  Normal Peasgood et al. [29]
Clinical vertebral fracture  0.590 0.46-0.83 Normal Peasgood et al. [29]
Other fractures 0.902 0.68-1.00* Normal Borgstrom et al. [35]
Second and following years after fracture
NA not applicable Hip fracture 0.800 0.68-0.96  Normal Peasgood et al. [29]
2 Confidence intervals or Clinical vertebral fracture 0.930 0.70-1.00® Normal Borgstrom et al. [30]
standard errors were not Adverse event
provided in these studies, Cellulitis 0.820 0.79-0.85 NA Redekop et al. [43]
therefore a plausible range of Gastrointestinal event 0.910 0.89-0.96 NA Stevenson and Davis [40]

+25 % was assumed

et al. [35]. Due to lack of data in ‘other’ osteoporotic
fractures, the assumptions used by Borgstrom et al. (a
previously published cost-effectiveness model in strontium
ranelate for osteoporosis) to estimate the disutility from
other fractures was used in the model. The model assumed
that the ‘other’ fractures did not have an impact on
patients’ quality of life in the second and subsequent years.
The fracture-specific utility multipliers, as shown in
Table 4, were used, together with the baseline utility values
for healthy US women, using EQ-5D [36].

2.2.7 Resource Use and Costs

The model included costs associated with the drug inter-
vention, costs of treating fractures, drug administration and
monitoring costs and long-term care costs (see Table 5).
Treatment costs, including administration and monitoring,
were applied while patients received the medication, and
were zero if treatment was discontinued. Age-specific
fracture costs by fracture site were derived from an anal-
yses of commercial and Medicare members using Mar-
ketscan database [37]. When patients suffered specific
recurrent events (e.g., second hip or vertebral fracture), the
impact on costs were equal to that of the first event.
Costs associated with long-term care were considered in
the model because many people with a hip fracture are
discharged to a long-term care facility. Age-specific dis-
charge rates to long-term care institutions such as nursing
homes following hip fracture were obtained from the 2006
National Hospital Discharge Survey data based on the
proportion of women aged 50 years and older with a first-
listed diagnosis of hip fracture (International Classification
of Diseases, Ninth Revision (ICD-9)-808 and 820.0) who
were discharged to a long-term care institution [38]. A
study by Bentler et al. [39] showed that only 51 % of these
patients discharged to a nursing home remained there after
90 days. Therefore, long-term nursing-home costs were
applied only to 51 % of those who were discharged to a
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nursing home. The model did not apply the additional long-
term nursing-home costs to the remainder of women who
had a hip fracture (49 %); it was assumed that nursing-
home costs were accounted for in the direct medical costs
of fracture. It was assumed that women who went to long-
term care institutions remained there for the rest of their
lives. Age-specific discharge rates were included in the
probabilistic sensitivity analyses, assuming a standard error
equal to 5 % of the base-case value since a standard error
was not available. Patients with vertebral and ‘other’
fractures were assumed not to be associated with any long-
term costs. All costs were inflated to 2012 $US using
standard consumer price indices.

2.2.8 Side Effects

In the model, the risk of gastrointestinal effects with all
three bisphosphonates and cellulitis with denosumab was
considered. The assumptions relating to gastrointestinal
effects were chosen to be similar to those used by NICE
[40]. It was estimated that patients treated with alendronate
or risedronate required 0.041 extra general practitioner
(GP) consultations during the first cycle (6 months) and
0.021 GP consultations during the following cycles on
treatment, as well as a proton-pump inhibitor (PPI) for each
visit. The rate of skin infections, including cellulitis, was
reported more frequently with denosumab in the FREE-
DOM trial, i.e. 0.0031 annually [9], therefore it was
included in the analysis. The cost of treating cellulitis was
estimated using the length of inpatient stay reported in the
FREEDOM trial [9] (7.8 days) and the per day inpatient
cost of treating cellulitis from the Healthcare Costs and
Utilization Project (HCUP) Database [16, 41, 42].

In the absence of utility multipliers for cellulitis, the
mean utility value for an active foot ulcer reported by
Redekop et al. [43] was used in the model. Redekop et al.
interviewed the general public (17-70 years of age) from
The Netherlands using the time-trade-off method. For
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Table 5 Resource use and unit costs

Resource

Cost [$US] (Range)

Frequency Source

Hip fracture
Year 1
Year 2+
Vertebral fracture
Year 1
Year 2+
Other fracture
Year 1
Nursing home (per day)

BMD measurement

Physician visit

Cellulitis (denosumab only)

$US28,849 ($US27,815-$US29,886)
$US9,670* ($US7,253-$US12,088)

$US12,634 ($US11,365-$US13,904)
$US276" (§US207-$US345)

$US11,645 ($US10,984-$US12,307)
$US278" ($US208-$US347)
$US239 ($US213-$US265)

$US96 ($US85-$US106)
$US1,458 per day ($US1,449—

$US1,466)

Physician visit + $US2.41 for PPI*
($US1.81-$US3.01)

GI adverse event
(bisphosphonates only)

Nurse visit $US41 ($US36-$US46)

$US98? (SUS74-$US123)
$US1,416

$US1,434

$US1,650* (SUS1,238-$US2,063)

Generic alendronate (yearly)
Branded ibandronate (yearly)
Branded risedronate (yearly)
Denosumab (yearly)

- Marketscan Database [37]
- Meadows et al. [51]

- Marketscan Database [37]

- National Osteoporosis Foundation [52]

- Marketscan Database [37]
- Liu et al. [53]

Once every 2 years National Osteoporosis Foundation [52],

Physician’s Fee and Coding Guide [54]
Physician’s Fee and Coding Guide [54]
Healthcare Costs & Utilization Project

database [41], denosumab prescribing

information [16], denosumab clinical

study report [42]

Red Book [55], Stevenson and Davis

[40]

Once per year
Annual rate: 0.0013
Days in hospital: 7.8

First 6 months: 0.041

Subsequent cycles:
0.021

Twice per year
(denosumab only)

Physician’s Fee and Coding Guide [54]

- Analysource [56]
- Analysource [56]
- Analysource [56]
- Analysource [56]

BMD bone mineral density, GI gastrointestinal, PP/ proton-pump inhibitor

All costs have been inflated to 2012 $US where necessary

* Denotes that standard error or confidence interval was not available; therefore, base-case value was varied £10 % in the probabilistic

sensitivity analysis and 25 % in the deterministic sensitivity analysis

patients with gastrointestinal events, Stevenson and Davis
[40] assumed that women with bisphosphonate-related
adverse events had 91 % of the utility of women who did
not have such side effects. Therefore, in the model, utility
multiplier of 0.910 was applied to patients with gastroin-
testinal side effects.

2.3 Analyses
2.3.1 Base-Case Analysis

The model was used to estimate the number of QALYs
(calculated by summing the product of utility weights
associated with each health state with the time spent in the
health state) and life years (LYs) [calculated by summing
time spent in the non-death health states] over a lifetime
horizon. The model also estimated the 10-year incidence of
all fracture types. Total costs were estimated as the sum of
the costs for the treatment intervention (both drug costs and
osteoporosis management costs), direct costs of fracture
and the long-term care costs of a nursing home over the

lifetime horizon for each treatment strategy. Incremental
cost-effectiveness ratios (ICERs) were estimated as the
cost per QALY gained and cost per LY saved. Costs and
health outcomes were discounted at 3 % annually.

As is customary in cost-effectiveness analysis with three
or more comparators, strategies with higher cost and lower
effectiveness (QALYs or LYs) than another strategy were
excluded before calculating ICERs, as these strategies are
considered to be dominated. Remaining strategies were
then ranked in increasing order of cost and effectiveness,
and ICERs were calculated sequentially, comparing each
pair of successively more effective and expensive strate-
gies. Strategies with higher ICERs than a more effective
strategy were excluded, and ICERs for the remaining
(undominated) strategies were calculated.

2.3.2 Sensitivity Analyses
Deterministic sensitivity analyses were performed to assess

the robustness of the results to changes in key parameters,
including all costs (fracture costs in the first and subsequent
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years, drug costs, and unit costs for a nursing-home day,
bone mineral density (BMD) measurement, physician visit,
hospital day for cellulitis, PPI for gastrointestinal event and
nurse visit), all utility multipliers, RRs of fracture for de-
nosumab and the comparator drug, the DAPS ratio, and the
dropout rate for the comparator drug. Parameters were
varied using published confidence intervals or standard
errors, where available, and by 25 % above and below their
base-case values where not available. Published confidence
intervals or standard errors were not available for sub-
sequent-year fracture costs for hip and vertebral fractures,
drug costs, nursing-home day costs, PPI for gastrointestinal
event costs, utility multiplier for subsequent-year vertebral
fractures, utility multiplier for other fractures, and the
dropout rate for the comparator drug. While holding the
other parameters fixed, the model was re-run.

To assess uncertainty in the cost-effectiveness analysis,
a probabilistic sensitivity analysis (PSA) was performed.
The PSA was performed by simultaneously drawing from
appropriate distribution functions for each model parame-
ter according to their means and standard errors. This
process of drawing parameters and running the model was
repeated 1,000 times and the results are presented graphi-
cally. In the PSA, efficacy of denosumab and the com-
parators, costs of fractures (in the first and subsequent
years), utilities (for fractures only), the DAPS ratio, and
proportion of patients going to long-term care after hip
fracture were included. Parameters were varied using

Table 6 Patient characteristics for model

published confidence intervals or standard errors, where
available. Published confidence intervals or standard errors
were not available for subsequent-year fracture costs for
hip and vertebral fractures, so a range of 10 % of the base
case was used. Published confidence intervals or standard
errors were also unavailable for the utility multipliers for
subsequent-year vertebral fractures and other fractures
(£25 % was used), as well as the proportion of patients
going to long-term care (5 % of the mean was used as a
standard error).

In addition, because patients at high risk for fracture are
of particular clinical interest, two subgroup analyses were
conducted. The first subgroup was comprised of postmen-
opausal women with at least two of the following risk
factors: (i) >70 years of age; (ii)) BMD T score less than or
equal to —3.0; and (iii) prevalent vertebral fracture. The
second subgroup was comprised of postmenopausal
women over 75 years of age. The patient characteristics for
these two subgroups are listed in Table 6.

3 Results
3.1 Base-Case Results

Results of the multiway cost-effectiveness analysis suggest
that generic alendronate has the lowest costs, followed by
denosumab (Table 7). Compared with alendronate, the
lifetime costs associated with denosumab are approxi-
mately $US3,000 higher per patient. However, patients on

Base case® High-riskb Age 75+ denosumab have 0.04 additional QALY per patient. The
(overall PMO)  subgroup”  subgroup ICER for denosumab relative to alendronate is $US85,100
Average age (years) 72 75 78 per QALY gained. Denosumab dominates both branded
Femoral neck T score 216 —2.40 —2.40 risedronate and brande?,d ibgndronate by having lower costs
Prevalent vertebral fracture 23 % 45 % 28 % and better outcomes (ie. I.ngher QALYs). .
- Compared with oral bisphosphonates, patients on de-
PMO postmenopéusal osteporosis nosumab have lower 10-year risks of vertebral and hip
) Source: Cummings et al. [9] fractures (Table 8). Figure 2 displays the disaggregated
i Source: Boonen et al. [15] costs. Across all four treatment strategies, nursing-home
Source: Boonen et al. [47], McClung et al. [49] care constitutes the majority of disease costs.
Table 7 Cost-effectiveness results: base case
Totals Incremental ICERs
Cost ($US) LYs QALYs Cost ($US) LYs QALYs Cost per LY Cost per QALY
saved ($US) gained ($US)
Generic alendronate $US64,442 11.5073 8.2804 - - - Ref Ref
Denosumab $US67,426 11.5261 8.3155 $US2,984 0.0188 0.0351 $US158,760 $US85,060
Branded risedronate $US67,552 11.5041 8.2735 $US126 —0.0220 —0.0420 Dominated Dominated
Branded ibandronate $US69,245 11.5048 8.2691 $US1,818 —0.0213 —0.0464 Dominated Dominated

Numbers may not add up due to rounding

ICERs incremental cost-effectiveness ratios, LYs life years, QALYs quality-adjusted life years
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3.2 Sensitivity Analyses

3.2.1 Deterministic Sensitivity Analyses

Figure 3 illustrates only the top ten parameters that are
most sensitive to model results. The ICER for denosumab

versus generic alendronate is most sensitive to changes in
the RR of hip fracture with denosumab. When this risk is

Table 8 10-year risk of events: base case

Hip Vertebral Other

fractures fractures fractures
Generic alendronate 0.147 0.131 0.218
Denosumab 0.140 0.108 0.216
Branded risedronate 0.150 0.134 0.216
Branded ibandronate 0.157 0.129 0.226

$80,000 -

$70,000 -

$60,000 -
$50,000 -
$40,000 -
$30,000 1
$20,000 1
$10,000 -

$0 A

Total costs

Alendronate Risedronate Ibandronate Denosumab
(generic) (branded) (branded)
M Treatment management M Drug cost

M Hospitalization Cost M Nursing Home Cost

Fig. 2 Cost breakdown: base case

Fig. 3 Tornado graph: base
case. RR relative risk

RR hip fracture- Generic Alendronate (0.59 - 0.93)

Drug cost- Denosumab ($1,238 - $2,063)

Drop out rate- Generic Alendronate (0.17 - 0.29)

Utility multiplier, vertebral fracture year 2 (0.70 - 1.00)
RR vertebral fracture- Denosumab (0.26 - 0.41)

Utility multiplier, hip fracture year 2 (0.68 - 0.96)

RR vertebral fracture- Generic Alendronate (0.52 - 0.78)
Unit cost, nursing home day ($208 - $347)

Utility multiplier, vertebral fracture year 1 (0.46 - 0.83)

RR hip fracture- Denosumab (0.37 - 0.97)

varied from 0.37 to 0.97, the ICER for denosumab rela-
tive to alendronate ranges from $US10,000 per QALY
gained to as high as $US487,000 per QALY gained.
Other influential parameters include the RR of hip frac-
ture on generic alendronate and drug cost of denosumab
(Fig. 3). Parameters such as the drug cost of generic
alendronate, the RRs of other osteoporotic fractures, and
the DAPS ratio are not illustrated in Fig. 3 because the
cost-effectiveness results did not vary substantially from
the base case.

In a scenario analysis, instead of constant persistence
rate, the dropout rate reported by Weycker et al. [8] at
every 6 months over a 36-month follow-up period was
used for the bisphosphonates. Results were consistent with
the base case; denosumab had an ICER of $US84,200 per
QALY gained compared with alendronate.

3.2.2 Probabilistic Sensitivity Analyses

The probability of denosumab being cost effective com-
pared with the bisphosphonates, including generic alendr-
onate, at a threshold of $US100,000 per QALY is 49.4 %
(Fig. 4).

3.2.3 Subgroup Analyses

In the subgroup analysis, higher risk patients (as defined by
at least two out of three risk factors) on generic alendronate
once again have the lowest cost compared with others,
followed by denosumab. The ICER for denosumab versus
alendronate is $US7,900. Denosumab dominates both
branded risedronate and branded ibandronate (see Table 9).
In >75-year-old patients, denosumab has the lowest cost of
all comparators and dominates all other treatment strate-
gies—generic alendronate, branded risedronate and bran-
ded ibandronate (see Table 10).

$9,000 $109,000  $209,000  $309,000  $409,000  $509,000
Incremental cost per QALY for denosumab vs generic alendronate

Note: Only the ten most sensitive parameters are displayed in the figure
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Fig. 4 Base case cost- 1.00 {
effectiveness acceptability 0.90 -
curve. QALY quality-adjusted 0.80 1
life year 0.70 {
0.60 -
0.50 A
0.40 1
0.30 1
0.20 A
0.10
0.00 -

Probability that intervention is
cost-effective

Risedronate (branded) —— Denosumab

Table 9 Cost-effectiveness results: subgroup 1 (high-risk patients)

$0 $20,000

$40,000 $60,000 $80,000 $100,000

Willingness to pay per QALY

Ibandronate (branded) Alendronate (generic)

Totals Incremental ICERs
Cost ($US) LYs QALYs Cost ($US) LYs QALYs Cost per LY Cost per QALY
saved ($US) gained ($US)
Generic alendronate $US70,409 10.1930 7.2006 - - - Ref Ref
Denosumab $US70,796 10.2140 7.2497 $US387 0.0210 0.0491 $US18,402 $US7,871
Branded risedronate $US73,995 10.1929 7.1969 $US3,199 —0.0239 —0.0528 Dominated Dominated
Branded ibandronate $US76,886 10.1902 7.1841 $US6,090 —0.0212 —0.0656 Dominated Dominated
Numbers may not add up due to rounding
ICERs incremental cost-effectiveness ratios, LYs life years, QALYs quality-adjusted life years
Table 10 Cost-effectiveness results: subgroup 2 (75 years + patients)
Totals Incremental ICERs
Cost ($US) LYs QALYs Cost (3US) LYs QALYs Cost per LY saved Cost per QALY gained
Denosumab $US58,179 89423  6.2859 - - - Ref Ref
Generic alendronate  $US61,425 89258 6.2298 $US3,246 —0.0166 —0.0561 Dominated Dominated
Branded risedronate  $US66,584  8.9236  6.2183 $US8,405 —0.0188 —0.0677 Dominated Dominated
Branded ibandronate  $US68,574  8.9220  6.2098 $US10,395 —0.0204 —0.0761 Dominated Dominated

Numbers may not add up due to rounding

ICERs incremental cost-effectiveness ratios, LYs life years, QALYs quality-adjusted life years

4 Discussion

In this study, the cost effectiveness of denosumab com-
pared with oral bisphosphonates (generic alendronate,
branded ibandronate, and branded risedronate) was evalu-
ated. In women with a mean age of 72 years and a mean
T score of —2.16, the ICER for denosumab versus generic
alendronate was $US85,100 per QALY gained. Denosu-
mab dominated both risedronate and ibandronate. Com-
pared with all other treatments, the probability of
denosumab being cost effective at a threshold of
$US100,000 per QALY is 49.4 %. The results are most
sensitive to the RR of hip fracture with denosumab, the RR
of hip fracture with generic alendronate, and the cost of
denosumab. In women with a higher risk of fracture, the
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ICER for denosumab versus generic alendronate is
$US7,900, and denosumab dominates branded risedronate
and branded ibandronate. In women over 75 years of age,
denosumab dominates all oral bisphosphonates.

Jonsson et al. [11], using a similar Markov model in
their study, evaluated the cost effectiveness of denosumab
versus oral bisphosphonates in Sweden. Compared with
generic alendronate, patients on denosumab had 0.04 more
QALYs, similar to the current study (0.04); denosumab
was cost effective compared with alendronate.

Although several other European studies have reviewed
the cost effectiveness of denosumab, the results from these
studies cannot be compared with the present study because
of differences in treatment comparators, patient population,
and study perspective. Hiligsmann and Reginster [12]



Cost Effectiveness of Denosumab in the US

495

compared denosumab with no treatment using the base-
case population from the FREEDOM trial [9] from the
Belgian health care perspective. The authors found that
denosumab was cost effective and produced an additional
0.03 QALYs per patient compared with no treatment. In
another study, Hiligsmann and Reginster [13], using data
from the FREEDOM trial [9], compared alendronate (both
branded and generic) and risedronate with denosumab from
the Belgian health care perspective. Although, in the study,
the authors conducted scenario analyses with different age
groups, the study population was not comparable with the
present study—women from FREEDOM with a BMD
T score less than or equal to —2.5, and women from
FREEDOM with a prevalent vertebral fracture. Compared
with alendronate, patients on denosumab were found to
gain 0.02 and 0.03 QALYs per patient in these two sub-
groups, respectively. Scotland et al. [14] evaluated the cost
effectiveness of denosumab from the UK health and social
care perspective. The patient population in the study
included patients from FREEDOM [9] who were over
70 years of age and with a BMD T score less than or equal
to —2.5, both with and without a prior fracture. Denosumab
dominated ibandronate in both of these subgroups. Deno-
sumab was also compared with no treatment, strontium
ranelate, raloxifene, zoledronic acid, and teriparatide,
which were not included in our study of oral
bisphosphonates.

The results from the present study should be interpreted
in light of the numerous assumptions that were made in
terms of the model structure and model inputs. First, the
cohort Markov model assumes a hierarchical structure;
patients from the post-hip fracture state can either remain
in the post-hip fracture state or sustain another hip fracture
or die. They cannot experience a vertebral fracture or an
‘other’ osteoporotic fracture. Patients with vertebral frac-
tures can only incur new vertebral fractures, hip fractures,
or die. Therefore, the number of milder fractures in the
cohort is likely to be slightly underestimated. Also,
increased risk of subsequent fractures, after the initial
model fracture, was not included in the model. This may
underestimate the number of fractures, since it is likely that
patients with a history of fracture have a higher risk of
subsequent fracture.

Second, in the base case, the target population was
similar to women in the FREEDOM trial and might not be
applicable to all osteoporotic patients; However, this was
addressed by examining the cost effectiveness of denosu-
mab in other risk groups.

In the base case, all patients were assumed to be at risk
of dropping out during the first 3 years. After that, patients
remain on treatment until treatment is terminated at
5 years. This assumption was based on long-term studies
indicating that dropout rates are highest shortly after the

initiation of treatment, after which dropout rates plateau
and remain stable for 5 or more years [44, 45].

In the absence of conclusive evidence on differential
offset of bone remodelling, the model assumed that all
treatments have an equal offset time of 2 years, i.e. anti-
fracture effect continues for 2 years after treatment dis-
continuation. Therefore, in the base case, it was assumed
that persistent population have some treatment effect for
7 years (5 years of full effect while on the drug and 2 years
of a linearly declining effect after treatment discontinua-
tion). Patients who dropout in the first cycle did not receive
any offset time.

In the model, only persistence to treatment was con-
sidered, compliance was not evaluated. While compliance
to bisphosphonates is known to be lower, excluding it from
the analyses probably did not impact the results because
denosumab is known to have better compliance compared
with alendronate; therefore, results from this study are
more conservative [10].

The model analyzes fracture RR reductions at different
skeletal sites separately. In the NICE meta-analysis, hip
fracture RR reductions may be reported separately and may
be included in a composite non-vertebral fracture RR
reduction value (used as ‘other’ osteoporotic fractures in
our model). For products that have separate fracture RR
reduction at the hip site, there may be added benefit when
calculating costs offsets from reductions in fractures.

The current study assumed that the generic formulation
of alendronate would have comparable efficacy and safety
data as branded alendronate. However, in a recent study,
Kanis et al. [46] suggest that there is some evidence that
generic alendronate might be less well tolerated than the
branded alendronate and that this might lead to poorer
adherence resulting in poorer fracture outcomes which
could potentially impact the cost-effectiveness results.

Lastly, in the absence of US-specific data, the base-case
estimates are based on data from a Swedish study [11]. In
order to account for excess mortality in women, the model
assumes 30 % excess mortality after hip, vertebral and
‘other’ fractures, and the duration is assumed to be 8 years.

5 Conclusions

The results from this study suggest that denosumab is a
cost-effective option compared with the existing oral bis-
phosphonates, for the treatment of postmenopausal osteo-
porotic women in the US with characteristics similar to
those in the FREEDOM trial. With the generic bisphos-
phonates now available, patients might have a cheaper
alternative such as alendronate. Using a threshold of
$US100,000 per QALY, denosumab is a cost-effective
option compared with generic alendronate. Reasons for
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denosumab being cost effective compared with the oral
bisphosphonates include the differences in fracture risk
reduction and improved persistence with denosumab. Hip
and vertebral fractures are more common in elderly
patients and are associated with higher economic costs,
morbidity, and mortality [15]; therefore, the economic
benefits of denosumab were even more pronounced in the
high-risk groups, including those who were aged 75 years
and older. In the high-risk populations, denosumab either
dominates (lower costs and higher QALYs) or is cost
effective compared with oral bisphosphonates, including
generic alendronate. These data highlight the importance of
selecting the most appropriate treatment for postmeno-
pausal women at high risk for fracture.
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