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Abstract

Background: The US Food and Drug Administration has recently approved abaloparatide (ABL) for treatment of
women with postmenopausal osteoporosis (PMO) at high risk of fracture. With increasing health care spending and drug
prices, it is important to quantify the value of newly available treatment options for PMO. Objective: To determine
cost-effectiveness of ABL compared with teriparatide (TPTD) for treatment of women with PMO in the United States.
Methods: A discrete-event simulation (DES) model was developed to assess cost-effectiveness of ABL from the US health
care perspective. The model included three 18-month treatment strategies with either placebo (PBO), TPTD, or ABL, all
followed by additional 5-year treatment with alendronate (ALN). High-risk patients were defined as women with PMO
=65 years old with a prior vertebral fracture. Baseline clinical event rates, risk reductions, and patient characteristics were
based on the Abaloparatide Comparator Trial in Vertebral Endpoints (ACTIVE) trial. Results: Over a 10-year period, the
DES model yielded average total discounted per-patient costs of $10 212, $46 783, and $26 837 and quality-adjusted life-
years (QALYs) of 6.742, 6.781, and 6.792 for PBO/ALN, TPTD/ALN, and ABL/ALN, respectively. Compared with TPTD/
ALN, ABL/ALN accrued higher QALYs at lower cost and produced an incremental cost-effectiveness ratio (ICER) of $333
266/QALY relative to PBO/ALN. In high-risk women, ABL/ALN also had more QALYs and less cost over TPTD/ALN and
yielded an ICER of $188 891/QALY relative to PBO/ALN. Conclusion and Relevance: ABL is a dominant treatment
strategy over TPTD. In women with PMO at high risk of fracture, ABL is an alternative cost-effective treatment.
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Introduction can lead to a substantial loss of healthy life-years in elderly
people.” By 2025, annual fractures and costs are projected
to rise by almost 50%, with an increase of more than 87% in
the age group between 65 and 74 years old.’

The treatment goal is to reduce the risk of the fragility
fractures associated with osteoporosis. There are several
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therapeutic options to treat osteoporosis mostly comprising
antiresorptive drugs, such as bisphosphonates and, more
recently, denosumab.® However, there are limitations with
existing therapeutic options because they lead to a low turn-
over state where bone formation decreases in relation to the
decrease in bone-remodeling activity.® The anabolic drug
stimulates processes and mechanisms associated with bone
formation, which is ultimately improved, leading to an
increase in bone mass.® Most recently, the US Food and
Drug Administration has approved the parathyroid hor-
mone-related protein analog, abaloparatide (ABL), for daily
subcutaneous injection for treatment of postmenopausal
women with osteoporosis at high risk for fractures. It should
be noted that because of the unknown relevance of the
rodent osteosarcoma findings to humans, cumulative use of
parathyroid hormone analogs, including ABL and teripara-
tide (TPTD), for more than 2 years during a patient’s life-
time is not recommended.

In the pivotal 18-month phase 3, double-blind, random-
ized controlled trial (Abaloparatide Comparator Trial In
Vertebral Endpoints [ACTIVE]) of postmenopausal women
with osteoporosis, ABL and TPTD significantly reduced the
relative risk of vertebral fractures (86% and 80%, respec-
tively). ABL further reduced the risk of nonvertebral frac-
tures (43%) compared with placebo (PBO) and the risk of
major osteoporotic fractures compared with TPTD (55%).
Treatment-emergent adverse events were similar across
treatment groups.” In addition, the ACTIVExtend trial
showed that the fracture risk reduction achieved with
ABL-SC over the 18-month treatment in ACTIVE was sus-
tained during the 24 months of alendronate (ALN) treat-
ment after 18 months of active treatment.™’

The objective of the current study was to determine the
cost-effectiveness of the newly approved anabolic drug,
ABL, relative to TPTD in the treatment of women with
PMO from the US health care payer’s perspective.

Methods

Discrete-Event Simulation (DES) Approach in
Economic Evaluation

An alternative to the Markov model approach, a health-state
transition model in discrete time, discrete-event simulation
(DES), is an event-driven model in continuous time at the
patient level in which a series of clinically related events are
sampled in discrete time for individual patients rather than
moving patients through health states in the Markov model
in predetermined time cycles in a deterministic (expected
value of realized outcomes) context.'"!" The basic principle
of DES models within health economic evaluation is that
time-to-event (TTE) of all clinically related events are
probabilistically sampled for each individual patient. All
related costs—that is, treatment cost, potential costs of

adverse events, inpatient and outpatient costs, and so on as
well as patients’ quality-adjusted life-years (QALYs)—are
recorded for each simulated patient. Then, a sample of 50
000 to 100 000 stochastically simulated patients is gener-
ated to estimate the average cost and QALY's per patient for
each treatment group.'™!" Flexibility, the ability to reflect
patient heterogeneity, increased precision, and better char-
acterization of modeling uncertainty are advantages of the
DES model and may be the reason why it is preferred to the
Markov model."

The development of the current DES model for cost-
effectiveness analysis (CEA) of osteoporosis treatment was
grounded in the Technical Support Document described by
the UK NICE Decision Support Unit.'”'*!* Seven different
clinical events are included in the model: hip; vertebral,
wrist; other major osteoporotic fractures (MOFs), defined
as any other MOF that is not wrist or vertebrae; death result-
ing from hip fracture; entering nursing home after hip frac-
ture; and death resulting from causes other than hip fracture.
In the DES model, a patient can experience a vertebral frac-
ture, 1 wrist fracture, 1 other MOF, and multiple hip frac-
tures. There is an increased risk of hip fracture following an
initial fracture of the hip, vertebral or wrist fracture, or
MOF (Table 1).'* In addition, for patients who experience
hip fracture, there is a possibility that they would die from
hip fracture or enter a nursing home (Figure 1).

First, on entry into the model, TTEs for hip, vertebral, and
wrist fractures and other MOFs as well as time to hip fracture
from an initial fracture of the hip, vertebral or wrist fracture,
or other MOFs and death from causes other than hip fracture
were sampled based on the annual fracture rates and average
age of the PBO group in the ACTIVE trial’ for each individ-
ual patient. The random seed was set in such a way as to
ensure that patients being simulated are identical for each
treatment strategy, so the differences in outcomes are attrib-
uted to treatments and not to the differences in baseline risk
for fracture. Second, to determine which clinical event would
happen next, all TTEs were sorted from first to last occur-
rence. Third, for each fracture event, associated fracture cost
and QALY (based on its fracture-specific disutility multi-
plier) were added and recorded. The process continued until
the patient died or reached the model time horizon, and all
costs incurred (costs of treatment, potential adverse events,
fracture events, nursing home) and QALYs gained were
recorded for each patient over their stochastic time path.

TTEs for all the fractures were generated as follows'":

TTE for fracture event = ! X
Annual fracture rate

—Ln (U )
Fracture hazard ratio )’
where U is a uniformly distributed random number between
0 and 1 and the fracture hazard ratios (HRs) or fracture risk
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Table 1. DES Model Input Parameters for Natural History and Treatment Effects: Base-Case, Lower, and Upper Values and
Distributions for Probabilistic Sensitivity Analysis.””*'*2¢

DES Model Input Parameters Base-Case Value Lower Value Upper Value Distribution References

Natural history
Fracture rates

Annual rate of hip fracture 0.47% N/A N/A Exponential ~ ACTIVE trial® [7]
Annual rate of vertebral fracture 2.9% N/A N/A Exponential ACTIVE trial [7]
Annual rate of wrist fracture 1.4% N/A N/A Exponential ACTIVE trial [7]
Annual rate of other major osteoporotic 0.90% N/A N/A Exponential ACTIVE trial [7]
fractures (MOFs)
Average life expectancy 18 years 12.5 years 23.5 years Normal [23]
Annual probability of nursing home after hip 12.2% N/A N/A No change [19, 24, 25]
fracture
Annual probability of death caused by hip 21.9% N/A N/A No change [26]
fracture
Hazard ratios of hip fracture following an initial fracture}
Hip fracture 2.30 1.50 3.70 Log-normal [14]
Vertebral fracture 2.30 2.20 2.80 Log-normal [14]
Wrist fracture 1.90 1.60 2.20 Log-normal [14]
Other MOFs 2.00 1.70 2.30 Log-normal [14]

Treatment effects
Fracture hazard ratios of abaloparatide®

Hip fracture 0.63 041 0.98 Log-normal  ACTIVExtend® [9]
Vertebral fracture 0.16 0.06 0.42 Log-normal  ACTIVExtend [9]
Wrist fracture 0.63 041 0.98 Log-normal  ACTIVExtend [9]
Other MOFs 0.42 0.25 0.70 Log-normal  ACTIVExtend [9]
Duration of sustained treatment effects after 2.00 N/A N/A Nochange  ACTIVExtend [8]
active treatment (years)

Offset time after period of sustained treatment 3.00 N/A N/A  No change [16-20]

effects (years)®
Fracture hazard ratios of teriparatide”

Hip fracture 0.72 0.42 1.22 Log-normal  ACTIVE trial [7]
Vertebral fracture 0.20 0.09 0.43 Log-normal ACTIVE trial [7]
Wrist fracture 1.13 0.56 2.25 Log-normal ACTIVE trial [7]
Other MOFs 0.67 0.39 .14 Log-normal ACTIVE trial [7]
Duration of sustained treatment effects after 2.00 N/A N/A  No change Assumed
active treatment (years)

Offset time after period of sustained 3.00 N/A N/A  No change [16-20]

treatment effects (years)®
Fracture hazard ratios of alendronate (bisphosphonate)®

Hip fracture 0.62 0.40 0.98 Log-normal [18]
Vertebral fracture 0.56 0.46 0.68 Log-normal [18]
Wrist fracture 0.64 0.30 1.35 Log-normal [18]
Other MOFs 0.80 0.67 0.97 Log-normal [18]
Offset time after period of sustained 5.00 N/A N/A No change [15, 18-22]

treatment effects (years)

Abbreviation: DES, discrete-event simulation.

*Based on the baseline FRAX score for hip fracture.

®Lower and upper values were based on the 95% Cl reported from relevant clinical trials/studies.

“Risk reduction was assumed to be similar to the risk reduction for nonvertebral fractures.

9Offset time after 43-month period of sustained treatment effects (18 months of treatment with abaloparatide-SC/teriparatide in ACTIVE trial, |
month of reconsent, 24 months follow-up in ACTIVExtend trial.

reduction for the intervention were from the clinical trial was developed using Microsoft Excel with the Visual Basic
and equal to 1 for the PBO group. The current DES model for Applications (VBA) programming language.
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Treatment Initiation ~ Events

Vertebral Fracture
Other MOF Fractures

— I

End Current Patient and Start Next Patient

Figure 1. Structure of the discrete-event simulation model for osteoporosis treatment.

Abbreviation: MOF, major osteoporotic fracture.

Treatment Efficacy and Real-World Adherence
Rate

The current DES model for CEA compared 3 osteoporosis
treatment strategies: (1) 18 months of PBO treatment fol-
lowed by 5 years of bisphosphonate treatment with ALN
(PBO/ALN), (2) 18 months of daily subcutaneous injection
with TPTD followed by 5 years of treatment with ALN
(TPTD/ALN), and (3) 18 months of daily subcutaneous
injection with ABL followed by 5 years of treatment with
ALN (ABL/ALN). In the DES model, real-world adherence
rates for TPTD and ABL were assumed to be similar at
59.1%.”" The real-world adherence rates for TPTD and
ALN were 59.1% and 35.1%, respectively. Treatment
effects, in terms of HRs, and treatment costs were assumed
to be reduced because of real-world nonadherence to the
treatment strategies and adjusted based on Liu et al."”

The reductions in the risk of fracture at each fracture site
in terms of HRs for TPTD and ABL were taken from the
ACTIVE and ACTIVExtend clinical trials (Table 1). In
addition, the ACTIVExtend trial showed that the fracture
risk reduction achieved with ABL over the 18-month treat-
ment in ACTIVE was sustained during the 24 months of
ALN treatment after 18-month active treatment.” The model
assumed that a linear, gradual offset of fracture reduction
benefits would last over the subsequent 3 years after the
24-month period of sustained fracture risk reduction for
ABL (and TPTD)'**" and over the subsequent 5 years after
5-year active treatment for ALN.">'%%*

Costs

The monthly cost of ABL was $1721 based on the whole-
sale acquisition cost (WAC) of one 3120-pg/1.56-mL

pen-injector.”® The monthly cost of TPTD was $3569 taken
from the 2018 WAC price from Redbook (using full dose as
FDA-approved indication resulting in 13 pen-injectors per
year at the cost of $3294.70 per one 600-p1g/2.4-mL solution
pen).” The WAC price of ALN was $10/month.”® Estimated
annual cost after a hip, vertebral, or wrist fracture or other
MOF were derived from the literature®" (Table 2).
Furthermore, patients who experienced subsequent hip
fracture following an initial hip, vertebral, or wrist fracture
or other MOF were assumed to incur an average incremen-
tal cost of $18 820.%" All costs were adjusted to 2017 US
dollars based on the Consumer Price Index Medical Care
Component.

Health Utilities

The initial health utility of 0.806 was based on patient’s
average age in the ACTIVE clinical trial with osteoporo-
sis.*? In addition, Table 2 reports the specific health-disutil-
ity decrements (multipliers) during first and subsequent
years for each fracture site derived from the studies of
Brazier et al*” and Kanis et al.** For example, the hip frac-
ture health-disutility multiplier is 0.797 during the first
year of the fracture; thus, if a patient’s current health utility
is 0.800, then during the first year after hip fracture, her
health utility would be 0.797 X 0.800 = 0.638.

Base-Case Analysis

The base-case time horizon was set at 10 years but the
model can accommodate other time periods, including the
lifetime of each individual patient. The baseline patient in
the model was a 68.8-year-old woman with PMO based on
the average patient who participated in the ACTIVE clinical
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Table 2. DES Model Input Parameters for Costs and Health Utilities: Base-Case, Lower, and Upper Values, and Distributions for
Probabilistic Sensitivity Analysis.*'>25%*
DES Model Input Parameters Base-Case Value Lower Value Upper Value Distribution  References
Costs®
Monthly cost of abaloparatide $1721 $1377 $2065 Log-normal [28]
Monthly cost of teriparatide $3569 $2855 $4283 Log-normal [28]
Monthly cost of alendronate (oral bisphosphonate) $10 $8 $12 Log-normal [28]
Average cost per hypercalcemia event $208 $166 $249 Log-normal [15]
Average cost per nausea event $100 $80 $120 Log-normal Assumed
Average annual cost of hip fracture $32 687 $26 150 $39 224 Log-normal [29]
Average annual cost of vertebral fracture $14717 $11774 $17 660 Log-normal [29]
Average annual cost of wrist fracture $6169 $4935 $7403 Log-normal [30]
Average annual cost of other MOFs $13 463 $10770 $16 156 Log-normal [29]
Incremental cost of subsequent hip fracture $18 820 $15 056 $22 584 Log-normal [31]
Annual cost of nursing-home care $87 252 $69 801 $104 702 Log-normal [34]
Health utilities®
Initial health utility 0.806 0.725 0.887 Beta [32]
Post—hip fracture: first year (health utility 0.797 0.717 0.877 Beta [32, 33]
decrement)
Post-hip fracture: subsequent years (health utility 0.900 0810 0.990 Beta [32, 33]
decrement)
Post—hip fracture: nursing home stay 0.400 0.360 0.440 Beta [32, 33]
Post—vertebral fracture: first year (health utility 0.820 0.738 0.902 Beta [32, 33]
decrement)
Post—vertebral fracture: subsequent years (health 0.931 0.838 1.00 Beta [32, 33]
utility decrement)
Post—wrist fracture: first year (health utility 0.981 0.883 1.00 Beta [32, 33]
decrement)
Post—wrist fracture: subsequent years (health utility 0.995 0.990 1.00 Beta [32, 33]
decrement)
Post—other MOFs: first year (health utility 0.753 0.678 0.828 Beta [32, 33]
decrement)
Post—wrist fracture: subsequent years (health utility 0.813 0.732 0.894 Beta [32, 33]

Abbreviation: DES, discrete-event simulation; MOF, major osteoporotic fracture.
3All drug costs were based on 2018 wholesale acquisition cost from the Online Redbook.”® All other costs were adjusted to 2017 US dollars based on

the Consumer Price Index.

®Lower and upper costs were assumed to be 20% of the mean (base-case) values.
“Lower and upper health utilities were assumed to be 10% of the mean (base-case) values.

trial.” The model baseline fracture risk was taken directly
from the ACTIVE clinical trial, where 23.8% and 31.0% of
patients experienced vertebral and nonvertebral fractures
within the past 5 years, respectively, and the baseline FRAX
scores (ie, 10-year probability of fracture) were 4.84% for
hip fracture and 13.15% for a MOF.”*> The model applied a
discount rate of 3% for both costs and QALYs.*® The DES
model simulated 100 000 individual patients for each treat-
ment strategy to estimate the average 10-year per-patient
cost and QALYs.

Institutional review board (IRB) was not required as the
current cost-effectiveness study was modeled using pub-
licly available data.

Sensitivity Analysis

Probabilistic sensitivity analysis (PSA) was performed by
generating 10 000 samples of model probabilistic parame-
ters, and within each sample, 10 000 patients were simu-
lated (ie, the model ran 100 000 000 simulations for each
treatment strategy). The probabilistic parameters were cre-
ated by varying (1) the fracture risk reduction in terms of
HRs within their 95% ClIs reported from the clinical trial in
the assumed log-normal distribution, (2) treatment and frac-
ture costs within +20% of their mean (base-case) values in
the log-normal distribution, and (3) fracture-specific health-
utility decrements within *10% of their base-case values in
the B-distribution (Tables 1 and 2).
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Table 3. Base-Case and High-Risk Subgroup Cost-effectiveness Results.

Treatment Strategy Total Discounted Cost Total Discounted QALYs ICER (vs PBO/ALN) ICER (vs TPTD/ALN)

Base-case
Placebo (PBO/ALN) $10212 6.742 Reference
Teriparatide (TPTD/ALN) $46 783 6.781 $951 016/QALY  Reference
Abaloparatide (ABL/ALN) $26 837 6.792 $333 266/QALY  Dominant treatment strategy”

High-risk subgroup (=65 years, with prior vertebral fracture, 10-year time horizon)®

Placebo (PBO/ALN) $23 923 6.615 Reference
Teriparatide (TPTD/ALN) $58 993 6.674 $593 925/QALY  Reference
Abaloparatide (ABL/ALN) $38 507 6.692 $188 891/QALY  Dominant treatment strategy”

High-risk subgroup (=65 years, with prior vertebral fracture, lifetime horizon)®

Placebo (PBO/ALN) $37 482 8.102 Reference
Teriparatide (TPTD/ALN) $72 639 8.167 $537 998/QALY  Reference
Abaloparatide (ABL/ALN) $52 194 8.188 $171 242/QALY  Dominant treatment strategy”

Abbreviations: ABL, abaloparatide; ALN, alendronate; ICER, incremental cost-effectiveness ratio; PBO, placebo; QALY, quality-adjusted life-year;

TPTD, teriparatide.

*Dominant treatment strategy means the treatment is more effective (more QALYs) and less costly.
®Literature data were used for the age different fracture rate,”® female age composition,’? and increased risk with prior fracture. "

The incremental net monetary benefit, defined as (A X
AQALY) — AC, and its 95% CI were estimated and graphed
at different willingness-to-pay thresholds (\) based on the
PSA simulation results. Treatment A is said to be cost-effec-
tive relative to treatment B when its net monetary benefit is
positive.

One-way sensitivity analysis was specifically examined
in women with high risk of fracture and defined as women
with PMO who were 65 years or older with a prior verte-
bral fracture. In addition, we examined the annual cost of
TPTD using 12 pen-injectors per year (instead of using
full-dose 13 pen-injectors per year). We further performed
1-way sensitivity analysis by increasing the monthly cost of
ABL by 110% and 130% of its base-case cost (noted that
the current monthly treatment cost of ABL/ALN is 50% less
than the TPTD/ALN), using a discount rate of 6%, using
only ACTIVE trial without incorporating ACTIVExtend
trial for sustained fracture risk reduction, and stratifying the
patient population into different age categories: 50 to 54, 55
to 59, 60 to 64, <65, =65, 65 to 69, 70 to 74, 75 to 79, 80
to 84, and =85 years®">* and with or without baseline prior
fracture.

Results
Base-Case CEA Results

Over a 10-year time horizon and 100 000 simulated patients
for each treatment strategy, the DES model yielded average
total discounted per-patient costs of $10 212, $46 783, and
$26 837 and QALY per patient of 6.742, 6.781, and 6.792
for PBO/ALN, TPTD/ALN, and ABL/ALN, respectively
(Table 3). Compared with TPTD/ALN, ABL/ALN was a
dominant treatment strategy—that is, gained more QALY's

and was less costly—and produced an incremental cost-
effectiveness ratio (ICER) of $333 266/QALY relative to
PBO/ALN.

Sensitivity Analysis Results

PSA showed that regardless of willingness-to-pay thresh-
olds, ABL/ALN always resulted in a cost-effective treat-
ment strategy, compared with TPTD/ALN (Figure 2).

In 1-way sensitivity analyses, ABL/ALN was a domi-
nant treatment strategy relative to TPTD/ALN in a high-
risk subgroup of women with PMO age =65 years and
prior vertebral fracture as well as using 12 pen-injectors
for the annual cost of TPTD. The ICERs of ABL/ALN
versus PBO/ALN for the high-risk women with PMO
were $188 891/QALY and $171 242/QALY at 10-year
and lifetime time horizons, respectively (Table 3). ABL/
ALN also remained a dominant treatment strategy even
when assuming the same fracture risk reductions or same
treatment cost (noted that the current monthly treatment
cost of ABL is 50% less than the TPTD) for TPTD/ALN.
In the assumed scenarios that the monthly cost of ABL
would increase by 110% (ie, $3614) and 130% (ie, $3958),
the resulting ICERs of ABL/ALN relative to TPTD/ALN
were changed from dominant to $7936/QALY and $326
653/QALY, respectively. Using a discount rate of 6%
instead of 3%, while ABL/ALN relative to TPTD/ALN
remained a dominant treatment strategy, the ICER of
ABL/ALN versus PBO/ALN was $387 769/QALY.
Without incorporating data from the ACTIVExtend trial
for sustained treatment effects, ABL/ALN remained domi-
nant over TPTD/ALN and yielded an ICER of $523 006/
QALY compared with PBO/ALN. Furthermore, ABL/
ALN remained the dominant treatment strategy relative to
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Figure 2. Incremental net monetary benefit of abaloparatide versus teriparatide.

Abbreviation: QALY, quality-adjusted life-year.

TPTD/ALN across all age categories and with or without
baseline prior fracture.

Discussion

The current CEA of ABL/ALN compared with TPTD/ALN
using a DES model demonstrated that ABL/ALN is a domi-
nant treatment strategy as compared with TPTD/ALN—
that is, it produced more QALY's and cost less, regardless of
any willingness-to-pay threshold. ABL is a new treatment
option for women with PMO that may provide better health
outcomes at a lower cost relative to TPTD. Even though our
study reported the ICER of $333 266/QALY for ABL/ALN
versus PBO/ALN, the comparison of an anabolic agent and
no treatment was less relevant because health care payers
would be more interested in clinical and economic evidence
of a new treatment strategy relative to current treatment of
the same anabolic therapeutic drug class—that is, TPTD.
Currently, there is only 1 recent report published online by
the Institute for Clinical and Economic Review using a cohort
Markov model that compared the cost-effectiveness of ana-
bolic therapies (ABL and TPTD) with the antiresorptive
bisphosphonate zoledronic acid.* In their base-case analysis,
the ICERs of ABL and TPTD relative to zoledronic acid were
$333 892/QALY and $941 537/QALY, respectively.”’
Nevertheless, there are several differences and limitations of
this analysis. First, it is important to point out that anabolics
should be compared with anabolics, not with antiresorptives
for the following reasons: (1) they may be used for different

fracture-risk profile—that is, patients who received bone-
forming treatment were likely at higher fracture risk than
those who were treated with bone-loss slowing agent™’; (2)
they are used for different treatment contexts over different
timeframes—that is, bone-forming agents can improve com-
promised bone mass and structure in high fracture—risk
patients allowing more rapid offset of fracture risk, whereas
subsequent sequencing to slowing bone-loss agents may help
maintain or augment gains in new bone and continue reduc-
ing fracture risk over the long-term®'; and (3) there are no
direct head-to-head clinical trials between the anabolic agents
and antiresorptive agent zoledronic acid. Second, the report
assumed perfect adherence rate and additional 10-year offset
treatment effect for zoledronic acid, which may overestimate
the actual benefit of zoledronic acid. Third, the Institute for
Clinical and Economic Review has overlooked the onset of
action; as a result, there is an overestimation of the clinical
benefit associated with slow onset of action. This is particu-
larly important because high-risk patients experience a 5
times elevation in fracture risk during the first year after an
incident fracture and as high as a 17 times elevation in risk of
a hip fracture during the first month after a wrist fracture and
may not benefit from treatments with slower onset of action.
Finally, rather than directly comparing an anabolic agent with
an antiresorptive agent, it would be more appropriate to con-
sider them as sequential therapies where patients at high frac-
ture risk initially start bone-forming agents, followed by
agents slowing bone loss as demonstrated in the ACTIVE
and ACTIVExtend clinical trials.
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The patient-level DES model used in the current study
provided several advantages over the traditional cohort
Markov model. The “memoryless” requirement in the
Markov model structure means that it is difficult to keep
track of past events/health conditions that may influence
future events/health conditions; thus, it may underestimate
health outcomes and costs.*” It is particularly important in
osteoporosis treatment where prior fracture significantly
increases risk of further fractures. In addition, it is challeng-
ing to model competing risks simultaneously in a Markov
model—for example, multiple clinical events (fractures,
adverse events, etc) could not be observed in 1 cycle time.*
The DES model can address these issues because its event-
driven basis is much more flexible and natural than using
transition health states.'? Furthermore, in 1-way sensitivity
analyses, ABL remained a cost-effective treatment strategy
across variation in all key parameters.

Limitations

As with any modeling approach, the current DES model for
CEA of ABL/ALN has several limitations that are subject to
availability and use of data and assumptions. First, the
ACTIVE clinical trial for ABL was not powered to detect
site-specific risk reduction for hip fracture between treat-
ment arms. Thus, we assumed that the risk reduction for hip
fracture would be similar to the risk reduction for nonverte-
bral fractures in the base-case. This assumption was reason-
able and often implemented in CEA studies of osteoporosis
treatments."*** In addition, our 1-way sensitivity analyses
still indicated that ABL was a dominant treatment strategy
relative to TPTD when assuming that risk reductions for all
fracture types were similar. Second, in base-case analysis,
the current DES model sampled TTEs based on the annual
fracture rates and average age of the PBO group in the
ACTIVE trial. Thus, the fracture rates might be different
from real-world data, resulting in different cost-effective-
ness results. In addition, because the model was based on
average patient characteristics reported from the ACTIVE
clinical trial, our cost-effectiveness results were not strati-
fied by fracture risk factors such as weight, height, bone
mineral density, tobacco and alcohol use, or prior fracture.
Nevertheless, the DES model for CEA is flexible and able
to accommodate alternative assumptions on patient popula-
tion fracture risk. Furthermore, the DES model allowed for
consideration of age and history of fractures, which are key
predictors of future fracture risk. Third, the DES model
assumed that time to fracture events followed an exponen-
tial distribution—that is, constant fracture hazard rates over
time. As a result, the model may underestimate the actual
fracture rates because they have been shown to increase
with age over time; thus, the fracture risk reduction for ABL
might also be underestimated. Moreover, the current model
was limited to 1 non-hip fracture; as a result, it might

underestimate the clinical and economic benefits of ana-
bolic agents on non—hip fractures. The ABL cost-effective-
ness findings would, therefore, likely be conservative
estimates. Finally, in the current study, we assumed that
poor medication adherence had direct negative conse-
quences on treatment effects. However, healthy user bias as
unmeasurable factor might also be a contributing factor to
worse outcomes in those patients with poor medication
adherence.?” Because of the model limitations, our cost-
effectiveness results should be generalizable to populations
of women similar to women with PMO in the ACTIVE trial
and those who are at high risk of fracture, defined as 65
years or older with prior vertebral fracture.

Conclusion and Relevance

In conclusion, using direct head-to-head evidence from the
ACTIVE and ACTIVExtend clinical trials, the current DES
model demonstrated that ABL is a dominant treatment strat-
egy because it produces more QALYs and costs less com-
pared with TPTD regardless of the assumed QALY
willingness-to-pay threshold.
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