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steoporosis has been defined as a skeletal disorder character-

ized by compromised bone strength predisposing a person to

an increased risk of fracture.! The National Health and Nutri-
tion Examination Survey (NHANES) III estimated that 13% to 18% of
women in the United States have-osteoporosis:2 The prevalence of post-
menopausal osteoporosis (PMO) increases with age from approximately
6% at age 50 years to mcyé"than 50% above age 80 yearkks*Z The high osteo-
porosis prevalence coupled with its significant health consequences makes
effective preventidr and treatment leading public health concerns.?

Current treatment options include bisphosphonates (eg, alendronate,
risedronate, 1bandronate) calcitonins, parathyroid hormone (PTH), and
selective estrogen receptor modulators. ]

Cost-effectiveness analysis provides impgrtant 1nformat10n‘ about
the value of alternative therapies that may assist decision makers who
seek to ‘equitably allocate constrained-resofirces to achieve maximum
healthcare benefits on a population level. Although several arti¢les have
addressed-the economic value of specific agents,”” the cost-efféctiveness
of all currently available bone-specific agents approved for treatment of
PMO in the United States has not been reported. Another point of dif-
ferentiation is-that our.study includes.a population-based budget impact
analysis to évaluate a policy to extend treatment to all eligible patients
within definéd risk groups. Budget impact analysis estimates the cost of
treatment on an annual basisfor budgéting purposes.

The objective of this study was to evaluate (from the healthcare sys-
tem perspective) the cost-effectiveness of risedronate therapy compared
with alendronate, ibandronate, and PTH for the treatment of women
with PMO'at high fracture risk-"A’ secondary objective was to estimate
the population-level impact of a decision to provide bisphosphonate

treatment to all eligible US women not currently treated.

STUDY DESIGN

Model Overview
A validated fracture incidence—based Markov model of osteoporosis
was used to compare the economic value of the alternative strategies.
A modeling approach was chosen pri-

marily because of the lack of head-to-
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head clinical trials comparing current
bone-specific therapies across multiple

populations. The model was devel-

Obijective: To evaluate the cost-effectiveness of os-
teoporosis treatments for women at high fracture
risk and estimate the population-level impact of
providing bisphosphonate therapy to all eligible
high-risk US women.

Study Design: Fractures, healthcare costs, and
quality-adjusted life-years (QALYs) were esti-
mated over 10 years using a Markov model.

Methods: No therapy, risedronate, alendronate,
ibandronate, and teriperatide (PTH) were com-
pared among 4 risk groups. Sensitivity analyses
examined the robustness of model results for
65-year-old women with low bone density and
previous vertebral fracture.

Results: Women treated with a bisphosphonate
experienced fewer fractures and more QALYs
compared with no therapy or PTH. Total costs
were lowest for the untreated cohort, followed by
risedronate, alendronate, ibandronate, and PTH
in all risk groups except women aged 75 years
with previous fracture. The incremental cost-
effectiveness of risedronate compared with no
therapy ranged from cost saving for the base case
to $66,722 per QALY for women aged 65 years
with no previous fracture. Ibandronate and PTH
were dominated in all risk groups. (A dominated
treatment has a higher cost and poorer outcome.)
Treating all eligible women with a bisphospho-
nate would cost an estimated additional $5563
million (21% total increase) and would result in
390,049 fewer fractures (35% decrease). In the
highest risk group, the additional cost of therapy
was offset by other healthcare cost savings.
Conclusions: Osteoporosis treatment of high-risk
women is cost-effective, with bisphosphonates
providing the most benefit at lowest cost. For
highest risk women, costs are offset by savings
from fracture prevention.

(Am J Manag Care. 2008;14(9):605-615)
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oped in consultation with a committee of academic advisors
who retained control over design and methodologic decisions.
In accordance with US Panel on Cost Effectiveness in Health
and Medicine guidelines,® the model underwent extensive
validation to ensure it accurately predicted long-term fracture
and mortality rates. Details of the model design, structure, as-
sumptions, and validation have been presented previously.”?
In brief, the model is a Markov state-transition model in
which a hypothetical cohort of patients moves between sev-
eral short-term and long-term health states over time. The
model uses annual, state-dependent transition probabilities to
estimate the expected number of fractures, healthcare costs,
and quality-adjusted life-years (QALYs) for each strategy. The
model included 1 entry state (Healthy), 3 long-term postfrac-
ture states (Healthy Post-Vertebral Fracture, Healthy Post-
Hip Fracture, and Healthy Post-2nd Hip Fracture), and death.
Short-term states (Hip Fracture, 2nd Hip Fracture, Vertebral
Fracture), where patients enter and leave within a year, also
were included to capture the acute care costs and decrements

in quality of life that are associated with fracture.

METHODS

Patient Population

Among women with low bone mineral density (BMD)
(=2.5 standard deviations below the young adult mean), 4 risk
groups were evaluated based on age and history of vertebral
fracture as follows: women aged 65 years with and without a
prevalent vertebral fracture, and women aged 75 years with
and without a previous vertebral fracture. The main subgroup
of interest, used as the base case, was women aged 65 years

with low BMD and a prior vertebral fracture.

Data and Assumptions

For all model parameters, published data sources were used
wherever possible and consisted primarily of clinical trials,
economic studies, observational studies, and epidemiologic
databases. Details are provided below and summarized in
Table 1. With respect to treatment, the base-case estimates
for therapy duration, offset, and discontinuation were derived

from advice from clinical experts.

Fracture Incidence

Our analysis focuses on treatment of postmenopausal
women at high risk for fractures; therefore, fracture rates in
the age-matched general population were adjusted to reflect
the increased risk of new fractures in patients with low BMD
and a previous vertebral fracture using the relative risk values
noted in Table 1.'7 This adjustment has been described fully
elsewhere.’

Age-specific hip fracture incidence rates for the total US
female population aged 65 to 100 years (all races) were ob-
tained from a retrospective study on the Nationwide Inpa-
tient Sample 2001 hospital discharge database. The analysis
included only closed fractures that did not result from severe
trauma, and were defined as inpatient hospital cases with 1 of
the following International Classification of Diseases, Ninth Re-
vision codes as the primary diagnosis: 820.0x (transcervical),
820.2x (pertrochanteric), 820.8x (neck of femur).!°

Age-specific incidence rates for clinically ascertained ver-
tebral fracture were taken from an analysis of the Rochester
Epidemiological Project database, which captured patients
treated on both an inpatient and outpatient basis (only 24%
of fracture patients are hospitalized).

Mortality in the year after hip fracture was modeled based
on analysis of Medicare claims data from 1999 to 2000 with
age-specific mortality rates per 10,000 estimated at 130.29 for
age 65 to 69 years, 138.07 for age 70 to 74 years, 166.80 for age
75 to 79 years, 203.38 for age 80 to 84 years, 298.74 for age 85
to 89 years, and 298.74 for age 90 years and older. No excess

mortality was modeled following vertebral fracture.

Treatment Efficacy

The bone-specific osteoporosis treatments evaluated in
the model include risedronate, alendronate, ibandronate,
and PTH. These reflect current practice patterns, capturing
those treatments that are used most frequently. The model
did not consider possible concomitant calcium or vitamin
D treatment with these therapies, as the efficacy estimates
for the comparator therapies were derived from comparisons
with placebo patients who received clinically appropriate
calcium and/or vitamin D supplementation. To estimate
fracture rates in the treated cohort, therapy-specific effi-
cacy rates were multiplied by adjusted age-specific fracture
incidence. Therapy-specific efficacy values (percent risk
reduction for hip and vertebral fracture) were obtained
from randomized controlled trials with a patient popula-
tion similar to the base-case risk group.'*'® For PTH and
ibandronate, where there was no evidence (statistically sig-
nificant data from a randomized controlled trial) to support
the effect of a treatment on the incidence of hip fracture,
only the effect on the incidence of vertebral fracture was
modeled. Although we modeled clinical vertebral fracture
incidence, treatment effectiveness was estimated based on
clinical trial data, which relies on radiographically evident
vertebral fracture.

Direct Medical Costs
All costs are given in 2005 US dollars. Annual therapy
costs were based on First Data Bank February 2005 values of
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Treatment of Osteoporosis in US Women

H Table 1. Data and Assumptions Pertaining to Hip and Vertebral Fracture

Epidemiologic Data

General population fracture rates per 10,000 by age group
65-69 y
7074y
75-79y
80-84y
85-89y
90-94y
95-100 y
Treatment efficacy (reduction in fracture risk), mean (Cl)
Risedronate
Alendronate
PTH
Ibandronate
Relative risk in target population'”
65 vy, previous fracture
65y, no previous fracture
75y, previous fracture
75y, no previous fracture
Fracture costs
First year (65-74 y)
First year (75-84 y)
Subsequent years
Fracture disutility®
First year (65-74 y)
First year (75-84 y)
Subsequent years (65-74 y)
Subsequent years (75-84 y)

Cl indicates confidence interval; PTH, parathyroid hormone.

Value
Clinical
Hip Fracture™ Vertebral Fracture"
18.1 68.2
371 116.7
79.0 156.6
157.7 2579
263.4 313.2
345.8 313.2
306.2 313.2
60 (20, 80)' 41 (18, 57)*
51 (1, 77)* 47 (32, 59)"
0 65 (45,78)"°
0 49 (14, 69)'°
6.41 5.65
4.18 2.05
3.91 3.73
2.73 1.65

$39,555.241822
$40,600.10'%22

$3237.88182123.24.
$3090.741821.2324,2

$4706.23%02 $218%'2
0.18% 0.16"7/0.55%¢
0.122¢ 0.11"7/0.47%¢
0.09% 0.08%/0.275%*
0.06% 0.055%7/0.235%¢

2Unit cost was adjusted downward to reflect the proportion of patients seeking medical care and the proportion of clinical cases admitted to acute

care hospitals.
bValues shown are decrements on a quality-adjusted life-year scale.
®Values represent no prior hip fracture/prior hip fracture.

$799.76 for risedronate, $771.36 for ibandronate, $835.64
for alendronate, and $6291.72 for PTH. Age-specific costs
in the year after a hip or vertebral fracture included hos-
pitalization (acute inpatient, rehabilitation/short-stay, and

1718 physician visits,?® emergency department

readmission),
visits, home healthcare, disability/dependence, nonmedical
home care, and outpatient, nursing home, and other long-

term care costs (Table 1).1%* All unit costs were updated

to year 2005 using the medical care component of the con-

sumer price index.?’

Utility

To calculate the QALYs, utility weights were applied to
each health state. Ultilities reflect how quality of life in a
health state is valued on a scale from O (death) to 1 (perfect
health). This analysis assumed an age-specific utility weight
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of 0.833 for women aged 65 to 69 years and 0.792 for women
aged 75 to 79 years in the general population.?® Age-specific
utilities were reduced following fracture based on published
evidence (Table 1).2%%

Cost-effectiveness Analysis

The cost-effectiveness of alternative therapies for PMO
was assessed as the incremental cost per hip fracture averted
and the incremental cost per QALY gained. The incremental
cost-effectiveness ratios (ICERs) were calculated by dividing
the difference in total expected discounted costs between the
treatment groups by the difference in expected health effects
(either fractures or QALYs) when treatments were ranked by
increasing cost.

Base-case estimates for therapy duration, offset, and dis-
continuation were derived from advice from clinical experts.
In the base-case analysis, women who received a bisphos-
phonate were assumed to be treated for 3 years and women
who received PTH were assumed to be treated for 18 months.
Once treatment was terminated, it was assumed to have no
residual efficacy (ie, immediate therapy offset). Cost and
health outcomes were tracked over a 10-year time horizon,
with both costs and outcomes discounted at a rate of 3% per
year. Costs included therapy cost over the treatment period
and all fracture-related costs both in the year of fracture and

all subsequent years.

Sensitivity Analysis

To test the robustness of model results, model parameters
were varied in multiple 1-way sensitivity analyses for women
aged 65 years with low BMD and a previous vertebral frac-
ture. To characterize the impact of uncertainty on treatment
efficacy in the cost-effectiveness analyses, analyses that uti-
lized either upper or lower bounds of the 95% confidence in-
tervals for treatment efficacy for each agent were undertaken.
Analyses that varied the analytic time horizon from 3 years
to lifetime (base case = 10 years) and modified the therapy
offset to 5 years (base case = immediate offset) also were un-
dertaken. Therapy offset, or percentage of maximum effect
after cessation of therapy, was assumed to decline linearly
over time at 90%, 70%, 50%, 30%, and 10% for years 1, 2,
3,4, and 5, respectively.’ For alendronate, however, based on
data from the Fracture Intervention Trial Long-term Exten-
sion (FLEX) study,'”® a 50% slower rate of efficacy decline
was used (ie, 90%, 80%, 70%, 60%, 50%). The impact of
health utilities on the base-case estimates was evaluated first
by varying the utilities by +25%, and then by limiting utility
decrements due to fracture only to the year of the fracture.”
Additional analyses that addressed therapy discontinuation

and fracture costs also were completed based on results from

the Persistence Study of Ibandronate versus Alendronate
(PERSIST) trial.*® We used a cumulative therapy discontinu-
ation rate of 76%,’ except for ibandronate, for which persis-
tence was assumed to be 50% better than it was for weekly
bisphosphonate dosing.*

Given that treatment efficacy is a key factor driving the
results of the cost-effectiveness analysis, we explored a broad
range of comparisons for this parameter value. The trials
were not able to show any statistically significant difference
in effects because they may have been underpowered for hip
fractures; therefore, we explored a 1-way sensitivity analysis
scenario where a 90% hip fracture efficacy rate was applied to
PTH. We also undertook a probabilistic sensitivity analysis,
applying triangular distributions to the efficacy variables and
using upper and lower 95% confidence intervals as minimum

and maximum values.

Budget Impact Analysis

The budget impact of bisphosphonate treatment for all
eligible high-risk women not currently receiving active ther-
apy was assessed for 3- and 10-year time horizons and com-
pared with current treatment practice. Therapy assignment
for women on a bisphosphonate was based on current market
shares.’’*? The relevant population size for each risk group
was based on US population statistics.”> Unpublished esti-
mates were used to estimate the proportion of women with

low BMD? and a previous vertebral fracture.!!

RESULTS

Over the 10-year period, women aged 65 years with a pre-
vious vertebral fracture who were treated with a bisphospho-
nate (risedronate, alendronate, or ibandronate) experienced
fewer hip and vertebral fractures (a total of 441-464 fractures)
compared with those receiving no therapy (550 fractures) or
treatment with PTH (501 fractures) (Table 2). Likewise, those
treated with a bisphosphonate (risedronate, alendronate,
or ibandronate) had more QALYs (6.646, 6.647, and 6.624
QALYs, respectively) compared with those receiving no ther-
apy (6.580 QALYs) or treatment with PTH (6.608 QALYs).
The most hip fractures (n = 137) and vertebral fractures (n
= 413) were experienced by those who received no therapy.
Women treated with risedronate experienced the fewest hip
fractures (n = 105), whereas patients treated with ibandronate
experienced the fewest vertebral fractures (n = 327). Except
for those who received no therapy, women treated with PTH
experienced the most vertebral fractures (n = 364), whereas
those treated with ibandronate or PTH experienced the most
hip fractures (n = 137). A similar pattern was observed among

treatments across each risk group.
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M Table 2. Costs, Outcomes, and Incremental Cost-effectiveness Estimates by Risk Group?

Cost per
Risk Group and Therapy Patient, $
Base case (age 65 y, low BMD, previous fracture)
No therapy 8696
Risedronate 10,136
Alendronate 10,548
Ibandronate 11,879
PTH 20,800
Age 65 y, low BMD, no previous fracture
No therapy 5311
Risedronate 7569
Alendronate 7912
Ibandronate 8713
PTH 17548
Age 75 y, low BMD, previous fracture
Risedronate 16,564
Alendronate 17,348
No therapy 17903
Ibandronate 20,849
PTH 29,815
Age 75 y, low BMD, no previous fracture
No therapy 12,390
Risedronate 12,442
Alendronate 13,072
|[bandronate 15,572
PTH 24,456

No. of
Fractures per

Incremental Cost
1000 Patients

QALYs per Per QALY  Per Hip Fracture
Patient  Vertebral Hip Gained Averted
6.580 413 137 — —
6.646 341 105 $22,068 $45,865
6.647 331 110 $362,845 Dominated
6.624 327 137  Dominated Dominated
6.608 364 137 Dominated Dominated
6.708 150 89 — —
6.741 124 69 $66,722 $109,576
6.741 120 72 Dominated Dominated
6.725 119 89  Dominated Dominated
6.719 132 89  Dominated Dominated
5.662 436 234 — —
5.659 420 246 Dominated Dominated
5.578 539 31 Dominated Dominated
5.615 413 31 Dominated Dominated
5.602 466 311 Dominated Dominated
5.694 239 220 — —
5.747 193 165 $991 $946
5.743 186 173  Dominated Dominated
5.713 184 220 Dominated Dominated
5.706 207 220  Dominated Dominated

BMD indicates bone mineral density; PTH, parathyroid hormone; QALYs, quality-adjusted life-years.
2bandronate and PTH were assumed to have no clinical benefit for the reduction of hip fractures. Because these treatments are more expensive than
no therapy and there was no reduction in hip fractures, these treatments were dominated. (A dominated treatment is one with a higher cost and poorer

outcome. Alendronate is also dominated for many risk groups.)

Total cost was lowest for the untreated cohort, followed
by risedronate, alendronate, ibandronate, and PTH in all risk
groups except patients aged 75 years with previous fracture.
In that group the total costs were lowest for the risedronate
cohort, followed by alendronate, no therapy, ibandronate,

and PTH.

Cost-effectiveness Analysis

The incremental cost-effectiveness of risedronate in the
women aged 65 years who had no previous fracture was
$22,068 per QALY gained and $45,865 per hip fracture avert-
ed compared to no therapy (Table 2). Compared with rise-

dronate, the cost-effectiveness of alendronate was $362,845
per QALY gained. Other therapies resulted in higher costs
and poorer health outcomes, and therefore were dominated.
(A dominated treatment is one with a higher cost and a poor-
er outcome.)

The cost-effectiveness of risedronate was the most favor-
able compared with all other therapeutic alternatives for all
patient risk groups, ranging from cost saving compared with
no therapy for patients aged 75 years with a previous fracture
to $66,722 per QALY gained compared with no therapy for
patients aged 65 years with no previous fracture. Both iban-
dronate and PTH were dominated in all patient risk groups.
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H Table 3. Sensitivity Analyses?

Incremental Cost

Analysis Per QALY Gained Per Hip Fracture Averted
Base case (age 65 years, low BMD, previous
fractures)

Risedronate $22,068 $45,865

Alendronate $362,845 Dominated
Lower treatment efficacy®

Risedronate $114,694 $277208

Alendronate $196,140 Dominated
Higher treatment efficacy®

Risedronate $7474 $16,030

Alendronate $621,513 Dominated
Lifetime time horizon

Risedronate $14,031 $49,664

Alendronate Dominated Dominated
Three-year time horizon

Risedronate $85,391 $74,326

Alendronate $258,803 Dominated
Five-year therapy offset®

Risedronate $1773 $2974

Alendronate $9437 $67,027
Utility decrements reduced 25%

Risedronate $28,169 $45,865

Alendronate $786,181 Dominated
Utility decrements increased 25%

Risedronate $18,137 $45,865¢

Alendronate $236,008 Dominated
No ongoing fracture utility decrement

Risedronate $48,543 $45,8654

Alendronate Dominated Dominated
Three-year therapy duration

Risedronate $21,704 $52,120

Alendronate $269,312 Dominated
Therapy discontinuation®

Risedronate $38,062 $86,405

Alendronate $289,919 Dominated

|Ibandronate $458,313 Dominated
Fracture costs reduced 25%

Risedronate $30,606 $63,606

Alendronate $308,317 Dominated
Fracture costs increased 25%

Risedronate $13,531 $28,121

Alendronate $417.373 Dominated

BMD indicates bone mineral density; QALY, quality-adjusted life-year.

aFor each scenario, no therapy was the least expensive option and so was the choice against which active
therapies were compared. In each scenario, risedronate was the next more costly option and was compared
with no therapy, and alendronate was compared with risedronate. Ibandronate and parathyroid hormone
were dominated in all scenarios, except for the therapy discontinuation scenario where ibandronate was
not dominated for incremental cost per QALY gained. (A dominated treatment is one with a higher cost and
poorer outcome.) Except where noted, only the risedronate and alendronate comparison is shown in the
table for simplification.

bBased on bounds of 95% confidence intervals for treatment efficacy reported in clinical trials.
“Therapy offset (percentage of maximum efficacy) was assumed at 90%, 70%, 50%, 30%, and 10%

for years 1, 2, 3, 4, and 5, respectively. Based on FLEX study data'”?° alendronate’s efficacy decline was
assumed to be 50% slower versus other therapies, or 90%, 80%, 70%, 60%, and 50% for years 1-5.
9Changes in utility values affect only the QALY measures and do not have any impact on the cost per hip
fracture avoided.

eDiscontinuation rates were 25% within 3 months, 23% for remainder of year 1; 18% within year 2;
10% within year 3; 0% over years 4 and 5.° For ibandronate, discontinuation rates were reduced by 50%
based on data from the PERSIST trial.*°

Sensitivity Analysis

The cost-effectiveness re-
sults changed qualitatively
with changes in the assump-
tions about treatment efficacy
and analytical time horizon
(Table 3). That is, from the
decision makers’ point of view,
when $50,000 per QALY was
considered to be a decision
threshold, the decision to
adopt a treatment strategy
changed. When the low esti-
mates for efficacy were mod-
eled, the cost-effectiveness for
risedronate compared with no
therapy changed from $22,068
per QALY gained to $114,694
per QALY gained. When a
3-year time horizon was as-
sumed, the cost-effectiveness
estimates for risedronate com-
pared with no therapy changed
from $22,068 per QALY
gained to $85,391 per QALY
gained, and the cost-effective-
ness estimates for alendronate
compared with risedronate
changed from $362,845 to
$258,803 per QALY gained.
Although the cost-effective-
ness estimates for alendronate
compared with risedronate
changed substantially in the
sensitivity analyses, all the
values were much greater than
$50,000 (ie, dominated), with
the only exception being the
5-year therapy offset scenario,
where alendronate’s cost per
QALY gained was similar to
risedronate’s, so this would
not likely impact the adoption
decision. A comparable pat-
tern emerged for the results re-
ported as cost per hip fracture
averted. Both ibandronate
and PTH were dominated in
all of the sensitivity analy-
ses measured as both cost per
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QALY gained and cost per hip
fracture averted, except for the
therapy discontinuation analy- Quadrant |
sis, where ibandronate was on
the cost-effectiveness frontier
for cost per QALY gained.
Results from a probabilis-

tic sensitivity analysis of the

Incremental QALYs

impact of efficacy variability
on the base-case results are

shown in the Figure. Almost I I I

44% of 10,000 simulations
showed risedronate dominat-
ing alendronate for cost per
QALY estimates (Figure A),
whereas nearly 25% of the

trials showed the converse

result. Incremental costs per Quadrant Il
hip fracture averted (Figure
B) indicated dominance for
risedronate in 56.4% of the
simulations, whereas the re-

verse held in 13.4% of the

simulations. (Similar cost per

Quadrant |

QALY analyses for risedronate
vs ibandronate and PTH re-
vealed dominance for rise-
dronate in 93.1% and 99.8%
of the simulations, respective-
ly; there was 0% shown for
dominance over risedronate.)

-$3,000 -$2,500 -%$2,000 -§ 1 5002-517000

In the simulations for incre-

Incremental Hip Fractures Averted

mental cost per hip fracture
averted, risedronate domi-
nated ibandronate and PTH
in 100% of the simulations
(results not shown).
Budget Impact Analysis Quadrant Il
Aggregating the 4 risk
groups yielded an estimated

-$3,000 -$2,500 -$2,0007:$ 1,500 <$1,000

B Figure. Incremental Cost: Risedronate vs Alendronate
A Incremental cost per QALY gained.

0.060 +

B Incremental cost per hip fracture averted.

Quadrant Il
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0.020 4
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]
1
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Incremental Costs ($)
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Incremental Costs ($)

8.23 million women in the

United States aged 65 to 84

years with low BMD. Currently,
27% of these women receive bisphosphonates and a further
2.9% receive PTH or calcitonin. The rest remain untreated.
Based on our estimates of cost-effectiveness of the individual
therapies over a 3-year time horizon, a decision to treat the ap-
proximately 5.7 million women not receiving active therapy
with bisphosphonates would cost an additional $5563 million

QALY indicates quality-adjusted life-year.

(21% increase in total cost) and would result in an additional
83,159 QALYs (0.45% increase) and 390,049 fewer fractures
(35% decrease) (Table 4).

In the highest risk group (women aged 75 years with pre-
vious fracture), the additional cost of therapy was offset by

the savings in inpatient, outpatient, and long-term care for
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M Table 4. Budget Impact Over 3-yearTime Horizon?

Characteristic Bisphosphonates®
Aggregate age 65-84 y, with low BMD
Number of QALYs 5,082,432
Total societal cost 9165
Inpatient care 2131
Outpatient care 261
Long-term care 1580
Therapy 5193
Total number of fractures 234,560
Age 75 y, with previous fracture
Number of QALYs 1,798,540
Total societal cost 3978
Inpatient care 1111
Outpatient care 135
Long-term care 850
Therapy 1881
Total number of fractures 118,694

BMD indicates bone mineral density; QALYs, quality-adjusted life-years.

Current Practice

Other Osteoporosis

Treatments® Untreated Total
527272 12,862,998 18,472,703
793 15,999 25,957
427 8577 11,134
52 1005 1318
315 6417 8312
— — 5193
45,752 838,359 1,118,670
185,556 1,673,646 3,657,742
417 3,760 8154
222 2,001 3334
27 241 403
168 1,618 2537
— — 1881
23,110 208,441 350,245

2Costs are displayed in millions of dollars. The totals for the risk group composed of women age 75 years with previous fracture are subsets of

the aggregate totals.

For this analysis, bisphosphonates included risedronate, alendronate, and ibandronate.
°For this analysis, other osteoporosis treatments include parathyroid hormone, selective estrogen-receptor modulators, and calcitonin. In the
scenario where those who were untreated in current practice were treated with bisphosphonates, the group being treated with parathyroid
hormone, selective estrogen-receptor modulators, and calcitonin was assumed to remain the same.

a net savings of $18 million (0.2% decrease in total cost), ac-
companied by an additional 18,232 QALYs (0.5% increase)
and 96,786 fewer fractures (28% decrease).

Currently 48.5% of women with previous fracture (aged
65-84 years with low BMD) are treated with bisphosphonates
and an additional 5.1% receive PTH or calcitonin. A policy
decision to treat with bisphosphonates the approximately 1.5
million untreated women in this group would result over a
3-year period in 32,558 QALYs gained (0.46% increase) and
155,038 fractures avoided (28% decrease), at an additional so-
cietal cost of $783 million (6.2% increase) (data not shown).

DISCUSSION

This analysis focused on bone-specific osteoporosis treat-
ments that are available in the United States and are used
most frequently in current practice. Our evaluation of the cost-
effectiveness of these osteoporosis treatments over a 10-year
time horizon in 4 cohorts of postmenopausal women high-
lights where intervention is most economical. As anticipated,
ICERs were smallest in those at highest risk. Indeed, among

women aged 75 years with prior fracture, treatment with rise-
dronate was estimated to be cost saving compared with no
intervention. Although osteoporosis treatment was not cost
saving for other risk groups, the ICERs for risedronate were
within commonly acceptable ranges and smaller than those
for the other treatment alternatives considered in this analy-
sis (ratios ranging from $991 to $67,000 per QALY gained).
Although alendronate provided a small additional increment
in QALYs compared with risedronate, this came at a cost of
$362,845 per QALY gained. Ibandronate and PTH were both
more costly and less effective than alternative treatments.
Because of differences in study design, patient risk profiles,
and model structures, direct comparisons with other US stud-
ies are difficult to make.®**3" However, our cost-effectiveness
findings are comparable to those reported for the United
Kingdom’ and for Sweden, Finland, Spain, and Belgium?®:
risedronate appeared to be reasonably cost-effective compared
with commonly discussed policy thresholds for intervention.
In spite of differences in base-case assumptions, both our US-
focused analysis and the UK analysis suggest that risedronate

treatment may be cost saving relative to no intervention for
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All Those Untreated Receive Bisphosphonates

Other Osteoporosis

Bisphosphonates® Treatments®
18,028,590 527272
30,727 793
6609 427
790 52
4945 315
18,383 —
682,869 45,752
3,490,417 185,556
7719 417
2157 222
262 27
1650 168
3650 —
230,349 23,110

women aged 275 years old who have sustained a prior frac-
ture. Furthermore, because our analysis focused on vertebral
and hip fractures, the cost-effectiveness estimates are conser-
vative; the inclusion of other fractures would improve (lower)
estimates of cost-effectiveness. Thus, our analysis provides
further evidence that selectively targeting high-risk popu-
lations is economically attractive, which is consistent with
summary conclusions from a recent, comprehensive review
of the cost-effectiveness literature in which bisphosphonates
were found to be the most cost-effective therapies, especially
in women aged 70 years and older with previous fractures.*
An important distinction between earlier reports on the
cost-effectiveness of risedronate and ours is the inclusion of
alternative bisphosphonates (alendronate and ibandronate)
and PTH as comparators. Although some argue that only
head-to-head comparisons of pharmaceutical agents in clini-
cal trials provide a valid basis for economic evaluation, an
important role for model-based analyses is integration and
comparison of data from multiple sources.” To that end,
we included alendronate, ibandronate, and PTH as com-

parators. Because of differences in acquisition costs between

Difference

Total (Impact) Percent Change
18,555,862 83,159 0.45
31,520 5563 21
7035 (4099) =37
842 (476) -36
525 (3052) -37
18,383 13,190 254
728,621 (390,049) -35
3,675,974 18,232 0.5
8136 (18) -0.2
2379 (955) -28.6
289 (114) -28.3
1818 (718) -28.3
3650 1769 94.1
253,459 (96,786) -28

these agents and differing efficacy profiles, neither iban-
dronate nor PTH was identified as a cost-effective alterna-
tive to risedronate or alendronate.

Another way in which this study differs from previous cost-
effectiveness studies on osteoporosis is our population-based
budget impact analysis, which we used to evaluate a policy to
extend treatment to all eligible patients within defined risk
groups. After conducting a cost-effectiveness analysis on 4
risk populations to estimate the marginal cost effects from
therapy alternatives, we conducted a budget impact analysis
to predict the overall total cost impact to payers from such a
policy if it were to be implemented in the United States. Al-
though the cost-effectiveness analyses compared equivalent-
sized cohorts, the budget impact analysis compared unequal
numbers of patients in defined populations before and after
the policy change. The budget impact analysis used estimates
of current treatment patterns (no treatment, distribution by
treatment type) to project the costs and benefits over a 3-year
period. These results further support treatment of high-risk
PMO populations because of the gain in QALYs and, in the
case of the subgroup of women aged 75 years with previ-
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METHODS

Take-away Points

This study evaluated the population-level impact of providing osteoporosis therapy to all
eligible high-risk US women not currently treated and estimated the cost-effectiveness of

alternative osteoporosis treatments.

B Bisphosphonate treatment would increase costs by 21%, but fractures would decrease

35%.

B If only the highest risk group were treated, the additional cost of therapy would be offset
by other cost savings. Treatment also would be cost-effective when targeted to appropriate

at-risk populations.

B These findings have important implications for the management of women at high risk for

osteoporosis, who are largely undertreated in current practice.

ous fracture, overall cost savings because of the reduction in
healthcare services.

One challenge in integrating clinical trial data in an
economic-modeling framework is translating trial-reported
treatment efficacy measures into clinically meaningful events.
To do this, we assumed that treatment efficacy in reducing
vertebral fracture risk did not depend on whether fractures
were clinically ascertained, which is supported by a study of
Chesnut et al,*® who reported similar relative risk reductions
for radiographic and clinical vertebral fractures.

A limitation of the modeling framework we utilized was
its focus on fracture incidence and mortality from frac-
ture and other causes. Thus, we were not able to assess the
economic value of any of the bone-targeted agents studied
compared with raloxifene, which has favorable extraskeletal
effects on breast cancer incidence.#* We also did not con-
sider the impact of drug side effects on the cost-effectiveness
of treatment. Although concerns have been raised regarding
bisphosphonate treatment and osteonecrosis of the jaw, the
vast majority of such cases were found among cancer patients
receiving frequent intravenous bisphosphonates, and the risk
among osteoporosis patients using oral bisphosphonates is
very low.#

In addition, we did not model treatment strategies, where
switching between treatments would be expected. Nonethe-
less, our budget impact analysis highlights the potential for
bone-targeted agents to improve health at a reasonable cost.

Several of the sensitivity analyses deserve comment. First,
the analysis using a lifetime time horizon, which is important
because it is consistent both with cost-effectiveness evalua-

31 re-

tion guidelines® and previous analyses of osteoporosis,
sulted in an ICER that was nearly 50% lower than that of
the base case. Second, although uniformly lowering or rais-
ing the utility decrements associated with fractures by 25%
changed the ICER only by approximately $10,000, eliminat-
ing the ongoing decrement in utility associated with fracture
more than doubled the ICER for risedronate. To the extent

that vertebral fractures are highly prevalent in the population

aged 265 years, any age-specific pop-
ulation-based estimates of utility are
likely to already include the effect of
fractures. Thus, a more conservative
estimate would only include fracture
disutility for a limited period follow-
ing fracture.

In summary, treatment of osteo-
porosis among women in the United
States can be cost-effective when
targeted to appropriate at-risk popu-
lations. Recent US analyses indicate
that it is cost-effective to treat individuals with 10-year hip
fracture risk of 3% or more.** Among available osteoporosis
therapy alternatives, risedronate appears to have the most
favorable cost-effectiveness profile. From a health policy per-
spective, scarce resources are best allocated to therapies with
evidence of cost-effectiveness.
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