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Abstract
Background and Objectives  Abaloparatide (ABL) significantly increases bone mineral density in men with osteoporosis 
similar to what was reported in postmenopausal women with osteoporosis. The cost effectiveness of sequential treatment 
with ABL followed by alendronate (ALN) in men at high fracture risk was compared to relevant alternative treatments.
Methods  A Markov-based microsimulation model based on a lifetime US healthcare decision maker perspective was devel-
oped to evaluate the cost (expressed in US$2021) per quality-adjusted life-years (QALYs) gained of sequential ABL/ALN. 
Comparators were sequential treatment unbranded teriparatide (TPTD)/ALN, generic ALN monotherapy, and no treatment. 
Discount rates of 3% were used. Consistent with practice guidelines, patients received 18 months of ABL or TPTD fol-
lowed by ALN for 5 years, or 5 years of ALN monotherapy. Analyses were conducted in high-risk men aged over 50 years 
defined as having a bone mineral density T-score ≤−2.5 and a recent fracture. Time-specific risk of subsequent fracture 
after a recent fracture, incremental costs up to 5 years following fractures, real-world medication adherence, and mostly US 
men-specific data were included in the model. One-way and probabilistic sensitivity analyses were conducted to assess the 
robustness of results.
Results  Over the full age range, sequential ABL/ALN led to more QALYs for lower costs than sequential unbranded TPTD/
ALN, while no treatment was dominated (more QALYs, lower costs) by ALN monotherapy. The costs per QALY gained of 
sequential ABL/ALN were lower than the US threshold of US$150,000 versus generic ALN monotherapy. The probabilities 
that sequential ABL/ALN was cost effective compared to ALN monotherapy were estimated at 51% in men aged 50 years 
and between 88 and 90% in those aged ≥ 60 years.
Conclusions  Sequential therapy using ABL/ALN may be cost effective compared with generic ALN monotherapy in US 
men aged ≥ 50 years at high fracture risk, especially in those aged ≥ 60 years. Unbranded TPTD/ALN and no treatment 
were dominated interventions (less QALY, more costs) compared with ABL/ALN or ALN monotherapy.

Key Points for Decision Makers 

Sequential treatment abaloparatide/alendronate improves 
quality-adjusted life-years for less costs compared with a 
similar sequence using unbranded teriparatide first.

Sequential treatment abaloparatide/alendronate may be 
cost effective compared with oral alendronate monother-
apy in men at high risk of fractures aged ≥ 50 years in 
real-world settings, especially in those aged ≥ 60 years.

This study shows the comparability of the cost effective-
ness of abaloparatide in men to published data on cost 
effectiveness in women.
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1  Introduction

Osteoporosis is perceived as a disease largely in women; 
however, it also affects men substantially. In the USA, men 
aged ≥ 50 years sustain approximately 600,000 incident 
osteoporosis-related fractures annually, accounting for about 
30% of all fractures and costing more than US$4 billion 
[1]. In the 27 countries of the European Union plus the UK 
and Switzerland, the number of new fragility fractures in 
2019 was estimated at 1,400,000 in men aged ≥ 50 years 
[2]. Recently, the ATOM clinical trial showed that treatment 
with abaloparatide (ABL) resulted in a significant increase 
in bone mineral density (BMD) in men with osteoporosis, 
suggesting similar clinical effects in men and women [3]. 
Based on these data, ABL was granted US Food and Drug 
Administration approval on 19 December, 2022 for men with 
osteoporosis and numerous payers have therefore extended 
the ABL label to men with osteoporosis with a pre-author-
ization as is commonly done for this class of medications.

Previous health economic analyses suggested that 
sequential treatment beginning with ABL followed by oral 
alendronate (ALN) led to more quality-adjusted life-years 
(QALYs) for lower costs than a similar sequence using 
teriparatide (TPTD) first in postmenopausal women with 
osteoporosis [4, 5], and was further cost effective versus 
monotherapy with ALN in those women aged ≥ 60 years [6]. 
A recent systematic review has revealed a limited number 
of cost-effectiveness analyses in men with osteoporosis of 
which only two studies were published in the last 5 years [7]. 
This review further suggested that anti-osteoporosis medica-
tion, nutrition supplements, screening, and post-fracture care 
programs have the potential to be cost effective in men with 
osteoporosis. However, as compared to studies in women, 
no study has yet been conducted to estimate the cost effec-
tiveness of sequential treatment and/or of ABL in men with 
osteoporosis. To elucidate the impact of any potential dif-
ferences in the cost effectiveness between men and women, 
including differences in fracture risk and consequences 
thereof (e.g., fracture costs, excess mortality), this study 
aims to estimate the cost effectiveness of sequential ABL/
ALN in US men at high fracture risk from the healthcare 
decision-maker perspective.

2 � Methods

2.1 � Study Context

The study followed the ESCEO-IOF guideline for eco-
nomic evaluations in the field of osteoporosis [8], the Con-
solidated Health Economic Evaluation Reporting Stand-
ards (CHEERS) 2022 statement [9], the US PHS Panel 

recommendations [10], and the 2020 Academy of Managed 
Care Pharmacy format for economic information submis-
sion [11]. A health economic analysis plan including data, 
assumptions, and analyses was developed and approved by 
the research team including US clinicians and experts in 
economic modeling in osteoporosis. US men-specific data 
were used to populate the economic model when available.

A description of the model, population, fracture costs and 
utilities, treatment data, analyses, and sensitivity analyses is 
provided below. Table 1 includes the key model data. Addi-
tional details regarding the model could be found in Sect. 1 
of the Electronic Supplementary Material (ESM) and in pre-
vious publications [4, 12]. Section 2 of the EMS includes 
the completed CHEERS 2022 checklist, the osteoporosis-
specific checklist for reporting cost-effectiveness studies, 
and the ESCEO-IOF checklist for designing and conducting 
cost-effectiveness studies in osteoporosis.

2.2 � Economic Model

A lifetime Markov-based microsimulation model based on 
a previously published model [4, 6, 12] evaluated the cost 
effectiveness of sequential ABL/ALN in US men from the 
healthcare decision-maker perspective. A microsimulation 
technique was employed to track fracture events and patient 
characteristics, to avoid unnecessary restrictions between 
health states [8, 13]. The model also incorporated a new fea-
ture reflecting the imminent risk of fractures [14], to mitigate 
the risk of a subsequent fracture according to the time since 
the fracture event. In addition, the model included, for the 
first time ever, time-dependent incremental costs of fractures 
(per type) over a 5-year post-fracture follow-up period [15].

The five model health states included ‘no fracture,’ ‘hip 
fracture,’ ‘vertebral fracture,’ ‘nonhip nonvertebral fractures 
(NHNV),’ and death (see Fig. 1). As data (including frac-
ture costs, excess mortality, and increased risk of subsequent 
fractures) were available per 6-month period, and as ABL 
and TPTD were given for an 18-month period, a 6-month 
cycle length was selected in line with previous studies and 
recommendations [8], and the model included a lifetime 
horizon to capture the long-term consequences of fractures. 
Multiple fractures may be experienced by patients at either 
the same site or several different sites. We followed the US 
PHS Panel recommendations and used discount rates of 3% 
for both costs and QALYs [10]. TreeAge Pro 2022 R1.2 
(TreeAge Pro Inc., Williamston, MA, USA) software was 
used to build up the model.

2.3 � Population and Fracture Risk

The target population were US men aged ≥ 50 years at high 
(and imminent) risk of fracture defined as having a recent 
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fracture and a BMD T-score ≤−2.5. The fracture risk in the 
model was based on four elements: fracture risk of the gen-
eral male population, increased fracture risk associated with 

densitometric osteoporosis (BMD T-score ≤−2.5), increased 
fracture risk due to a previous fracture, and the possible frac-
ture risk reduction from treatment. Fracture risk was updated 
after each fracture and any time the patient age changed.

Hip and vertebral fractures incidence in the US male 
general population were extracted from Ettinger et al. [16], 
similarly to what was done to derive the current version 
of the US FRAX® Tool and in line with recent cost-effec-
tiveness analyses with US women with osteoporosis [17, 
18]. Ettinger et al. used 2006 hospital discharge data from 
38 states from the Healthcare Cost and Utilization Project 
Nationwide Inpatient Sample. Although previous studies 
reported a decline in hip fracture rates in the USA, more 
recent trends have suggested that hip fracture rates are no 
longer declining and even increasing [19], leading to no time 
adjustment in fracture incidence rates in our model. As the 
study of Ettinger et al. [16] did not include the incidence of 

Table 1   Model data

ABL abaloparatide, ALN alendronate, mo months, NHNV non-hip nonvertebral, RR relative reduction, subs. subsequent, TPTD teriparatide, y 
years

Parameter Data

Fracture incidence (rate per 100) [16]
Hip 0.028 (50–54 y), 0.038 (55–59 y), 0.066 (60–64 y), 0.120 (65–69 y), 0.210 (70–74 y), 0.402 (75–79 y), 0.813 (80–84 y), 1.630 (85+ y)
Vertebral 0.043 (50–54 y), 0.046 (55–59 y), 0.178 (60–64 y), 0.114 (65–69 y), 0.214 (70–74 y), 0.350 (75–79 y), 0.358 (80–84 y), 1.239 (85+ y)
NHNV 0.722 (50–54 y), 0.607 (55–59 y), 0.806 (60–64 y), 0.901 (65–69 y), 0.959 (70–74 y), 0.826 (75–79 y), 1.195 (80–84 y), 1.858 (85+ y)
Mortality excess [8, 66]
Hip (0–6 mo/7–12 mo/subs. y) 5.75 (4.38–7.55)/2.31 (1.86–2.89)/1.69 (1.28–2.01)
Vertebral (0–6 mo/7–12 mo/subs. y) 5.75 (4.38–7.55)/2.31 (1.86–2.89)/1.69 (1.28–2.01)
% attributable to fracture 25%
First-year cost of a subsequent fracture (estimated in US$2021) (adjusted from [15])
Hip 127,601 (50–64 y), 80,711 (65+)
Vertebral 64,496 (50–64 y), 37,344 (65+)
NHNV 30,950 (50–64 y), 33,885 (65+)
Fracture costs (estimated in US$2021) for year 2 up to year 5 (adjusted from [15])
Hip Commercial: 11,525 (year 2), 8054 (year 3), 6344 (year 4), 3793 (year 5+)

Medicare: 8165 (year 2), 6068 (year 3), 4322 (year 4), 3092 (year 5+)
Vertebral Commercial: 8743 (year 2), 4830 (year 3), 2737 (year 4), 1862 (year 5)

Medicare: 6145 (year 2), 4367 (year 3), 3128 (year 4), 2315 (year 5)
NHNV Commercial: 1874 (year 2), 1170 (year 3), 684 (year 4), 420 (year 5)

Medicare: 2496 (year 2), 2161 (year 3), 1424 (year 4), 1348 (year 5)
Health state utility values [31–33]
Baseline 0.750 (50–59 y), 0.731 (60–69 y), 0.698 (70–79 y), 0.681 (80+ y)
RR after hip (1st y/subs. y) 0.55 (0.53–0.57)/0.86 (0.84–0.89)
RR after vertebral (1st y/subs. y) 0.68 (0.65–0.70)/0.85 (0.82–0.87)
RR after NHNV (1st y/subs. y) 0.79 (0.65–0.93)/0.95 (0.81–1.09)
Effects on fracture of medications (expressed as relative risk compared to placebo) [39, 40]

ABL Unbranded TPTD Generic ALN
Hip 0.63 (0.41–0.98) 0.72 (0.42–1.22) 0.67 (0.48–0.96)
Vertebral 0.16 (0.06–0.42) 0.20 (0.08–0.47) 0.45 (0.31–0.65)
NHNV 0.42 (0.25–0.70) 0.67 (0.39–1.14) 0.81 (0.68–0.97)
Drug cost (US$2021 per year)

24,600 32,340 182
Persistence rate [46]

59.1% 59.1% 35.1% (17.5% from year 3)

Fig. 1   Model structure. Fx fracture, NHNV non-hip nonvertebral
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NHNV, combined incidence data for wrist, pelvis, and other 
fractures (including clavicle, humerus, legs, and hands/fin-
gers) were derived using 2001 Healthcare Cost and Utiliza-
tion Project Nationwide Inpatient Sample [1]. The increased 
risk due to osteoporosis (BMD T-score ≤−2.5) was based 
on a previously validated method [20]. In line with clinical 
practice and recommendations of the International Society 
for Bone Densitometry [21], the US Caucasian female BMD 
reference database was applied to derive T-scores in men 
[22]. The increased risk of fractures due to a previous frac-
ture was based on a recent large database of Swedish women 
that reported the risk of a subsequent fracture according to 
the time since the fractures and the number of fractures [14]. 
As men have a greater subsequent fracture risk after frac-
tures than women [23], an adjustment was made according 
to the study of Center et al. [23].

Mortality rates per age for US men (in 2019) were derived 
from the US National Vital Statistics System. Mortality rates 
after hip and vertebral fractures were incorporated in the 
model, consistent with prior economic studies [6, 24]. In 
line with the study of Tran et al. [25], no mortality excess 
was incorporated after NHNV fractures. Comorbidities may 
also contribute to excess mortality; therefore, only 25% of 
the fracture excess death was considered to be attributable 
to a fracture event and therefore included in the model, in 
line with clinical studies [26, 27] and recommendations of 
the ESCEO-IOF guideline [8].

2.4 � Fracture Costs

All healthcare costs were expressed in US$2021 and 
adjusted by the US consumer price index for medical care 
if appropriate. Yearly incremental costs of hip, vertebral, 
and NHNV fractures were extracted from the recent US 
study of Tran et al. estimating Medicare and commercial 
costs of fracture patients compared to controls in a sample 
of 91,925 women aged 50–64 years and 134,265 women 
aged ≥ 65 years from 2008 to 2017 [15]. Components of 
costs included inpatient admissions, emergency room vis-
its, outpatient services and visits (such as outpatient office 
visits, skilled nursing facility services, and other outpatient 
services), and outpatient pharmacy claims. These fracture 
costs were adjusted by a proportion factor of 1.11 derived 
from Williams et al. [28] to consider higher fracture costs 
in men than women, and higher fracture costs were used for 
subsequent fractures (compared with the initial fracture, + 
107% and + 68% for commercial and Medicare patients, 
respectively) [29].

In contrast with most previous economic evaluations that 
estimated the long-term costs of hip fracture based on admis-
sion rates to nursing homes following the fracture, this study 
used yearly incremental costs of hip, vertebral, and NHNV 
during a 5-year post-fracture follow-up period, according 

to the same study of Tran et al. [15]. As hip fractures are 
associated with long-term admission to nursing home and 
costs [30], the incremental cost of hip fractures in year 5 
from Tran et al. was maintained for a lifetime. No cost after 
the 5-year period was conservatively assumed for vertebral 
and NHNV fractures (except in a sensitivity analysis). In the 
case of multiple fractures, only one (the highest) fracture 
cost was considered.

2.5 � Utilities

Utilities data from the report of nationally representative 
values for the noninstitutionalized US adult population for 
seven health-related quality-of-life scores (data from 2006 
using EQ-5D) [31] were adjusted by the study of Gold et al. 
[32] (which revealed that patients with a previous fracture 
have a 13% lower utility than the general population) to 
derive baseline men utilities according to age. The Interna-
tional Costs and Utilities Related to Osteoporotic Fractures 
Study (ICUROS) [33] evaluating the quality of life of 3021 
patients (86% of women) across the world with fractures 
using the EQ-5D questionnaire was used to derive the conse-
quences of hip and vertebral fracture on baseline utilities. As 
ICUROS only included hip, vertebral, and wrist fractures, 
the study of Kanis et al. [34] was used for the impact of 
NHNV on utility. In the absence of ICUROS men-specific 
utility data, combined data for men and women were used, 
in line with a recent study suggesting that men and women 
had a similar quality of life 1 year following fragility frac-
ture [35].

2.6 � Treatments

Sequential ABL/ALN was compared to sequential 
unbranded TPTD/ALN, generic ALN monotherapy, and 
no treatment. As most US patients with a hip fracture do 
not start an anti-osteoporosis medication in the year follow-
ing the fracture [36], no treatment is a relevant comparator 
treatment. Based on recommendations from the 2016 clini-
cal practice guidelines for osteoporosis from the American 
Association of Clinical Endocrinologists and American Col-
lege of Endocrinology [37], patients received 18 months of 
ABL or TPTD followed by ALN for up to 5 years.

Because of similar BMD gains in men and women [3, 
38] and the lack of antifracture efficacy data for ABL in 
men (as with other anabolic agents), the efficacy on fracture 
risk was extrapolated from clinical studies in women with 
postmenopausal osteoporosis (PMO), as done in most previ-
ous cost-effectiveness analyses in men with osteoporosis [7]. 
Similar treatment effects as in previous studies in women 
with PMO were used [4, 6].

The effects of ABL on the fracture risk reduction 
was taken from the 43-month ACTIVE/ACTIVExtend 
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intention-to-treat population and were maintained during 
ALN intake. Abaloparatide was shown to decrease the risk 
of vertebral fractures by 84% and the risk of NHNV frac-
tures by 58%, assuming a fracture risk reduction for major 
osteoporotic fractures [39]. As the ACTIVE/ACTIVExtend 
trials were not statistically designed to reveal a significant 
risk reduction for hip fracture, the effects of ABL on nonver-
tebral fractures were conservatively used as a surrogate for 
hip fracture as recommended by the ESCEO-IOF guideline 
[8]. Therefore, we assumed that ABL reduced the risk of 
hip fracture by 37% [39]. Upon initiation of treatment with 
ALN, it was assumed that the fracture risk would decrease 
at a similar proportion to estimates from the National Insti-
tute for Health and Care Excellence appraisal (TA464) 
[40]. Alendronate therefore further reduced the risks of 
hip, vertebral, and NHNV fractures by 33%, 55%, and 19%, 
respectively.

In line with the ACTIVExtend study suggesting that a 
bone-forming treatment (i.e., ABL) maintains its effects on 
fracture risk reduction after switching to ALN, treatment 
effects of TPTD from the ACTIVE trial was used for the 
sequence TPTD/ALN. It was further assumed that the effects 
of ABL or TPTD conservatively linearly decrease in the 
year following ALN discontinuation, while ALN efficacy 
declined to zero for a similar period to the treatment period 
in line with previous economic and clinical studies [41].

The wholesale acquisition cost price from the Online Red 
Book [42] was used for drug prices, being currently the most 
commonly used measure of drug costs in US-based cost-
effectiveness analyses [43]. Annualized yearly cost of ABL, 
unbranded TPTD, and generic ALN were thus US$24,600, 
US$32,340, and US$182, respectively. Total costs of the 
drugs were adjusted by the number of drugs taken during the 
ACTIVE trial (estimated to be 81.5% for ABL and 86.7% for 
TPTD) to allow for the fact that not all drugs were received 
by patients. Monitoring costs included one physician visit 
of (US$118) at 6-month intervals during treatment and one 
BMD measurement at a cost of US$47.5 every 2 years in 
line with Medicare insurance reimbursement.

Adverse events with medications were included in the 
analysis. For ABL and TPTD, the effects on hypercalce-
mia were included. Incidences of 0.37%, 3.41%, and 6.37% 
were used for no treatment, ABL, and TPTD in line with 
the ACTIVE trial, respectively. The cost of hypercalcemia 
in the USA was derived from Liu et al. [44] (US$130 in 
2003). Gastrointestinal adverse effects with ALN were also 
included, using a similar methodology to the National Insti-
tute for Health and Care Excellence in the UK [40, 45], sug-
gesting that patients taking ALN used 0.041 extra general 
practitioner consultations in the first 6 months of treatment, 
followed by 0.021 general practitioner consultations during 
each 6-month interval of treatment, as well as a proton-pump 
inhibitor for each consultation.

Treatment effects and treatment costs were reduced by 
medication adherence based on the method developed by Liu 
et al. [44] (see Sect. 1 of the ESM), in line with economic 
evaluations of ABL in women with PMO [4–6]. Persistence 
levels from the study of Cheng et al. [46] were selected as 
this study assessed persistence to anabolic (i.e., TPTD) and 
oral bisphosphonates (including ALN) in the same popula-
tion comprising 10,863 US women (with a mean age of 66 
years) newly initiating medications in 2012. The persistence 
level to TPTD at 12 months (that was also used for ABL in 
the model) was estimated at 59.1%, similarly to the findings 
of a systematic review of studies assessing persistence to 
TPTD [47] evaluating the median persistence to TPTD at 
1 year at 52%. In the model, persistence data at 12 months 
were used for the full 18-month treatment period of TPTD/
ABL to counterbalance the somewhat higher and lower per-
sistence at 6 and 18 months, respectively [47]. Persistence 
to ALN from Cheng et al. was estimated at 12 months at 
35.1%, similarly to another US study from Singer et al. [48] 
in the USA (39%). In contrast with previous economic evalu-
ations in women with PMO [4–6] that assumed a similar 
persistence rate for the maximum duration of treatment (5 
years), a lower persistence to ALN (17.5%) was assumed 
from year 3 onwards in line with the review of Fatoye et al. 
[49] and the US study of Singer et al. [48].

2.7 � Model Validation

The model was based on a previously published and exten-
sively validated model [12]. The validation of the model was 
performed on face validity, internal validity, and external 
validity. For face validity, we consulted with clinical experts 
in the field of osteoporosis that reviewed and approved all 
data and model assumptions. For internal validity, various 
tests on model parameters and modeling assumptions were 
performed and compared with expected directions. For 
external validity, we compared the predicted lifetime risk of 
fractures and expected life expectancy with those reported 
in epidemiological studies.

2.8 � Analyses and Sensitivity Analyses

For each analysis and alternative treatment, based on 
1,000,000 first-order simulations, healthcare costs, fracture 
events, and QALYs were estimated. Incremental cost-effec-
tiveness ratios (ICERs), defined as the difference between 
healthcare costs divided by the difference in QALYs, were 
estimated for all interventions compared with the next non-
dominated intervention. An intervention is dominated if 
it provides less QALYs for more costs than another inter-
vention. The Institute for Clinical and Economic Review 
suggests that interventions with ICERs below US$100,000 
per QALY gained are considered a high care value, as well 
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as interventions with ICERs between US$100,000 and 
US$150,000 that offer considerable other benefits [50].

Multiple analyses were conducted to characterize parame-
ter uncertainty including various ages (from 50 to 90 years). 
Several one-way sensitivity analyses were directed on model 
parameters and structure varying fracture incidence (± 
25%), fracture costs (± 25%), fracture effects on utilities 
(± 25%), discount rates (0%, 5%), fracture excess mortality 
(assuming no excess mortality), shorter time horizon (10 
years), and population (assuming men with only T-score 
≤−2.5 and no previous fracture). Other sensitivity analyses 
were conducted assuming that long-term hip fracture costs 
are based on admission rates to nursing homes that were 
estimated at 15% in US men aged ≥ 65 years and 12.6% in 
US men aged < 65 years [51, 52], and if incremental costs 
of vertebral and NHNV fractures in year 5 were maintained 
for a lifetime as done for hip fractures. Sensitivity analyses 
were also conducted on ABL drug price (± 20% and 50%), 
on hip fracture risk reduction for ABL and TPTD assuming 
a treatment effect on major osteoporotic fractures and using 
efficacy data from a recent network meta-analysis [53]. Sub-
sequently, two sensitivity analyses were conducted on the 
effects of ABL and TPTD after discontinuation assuming 
(1) a linear decrease up to 3 years following discontinua-
tion and (2) a maintenance of the effects 2 years following 
discontinuation and a linear decline in the next following 
3 years. Finally, complete medication adherence and no 
adverse events were also assessed.

Probabilistic sensitivity analyses were conducted follow-
ing guidelines by varying most parameters according to dis-
tributions, [54]. Table 4 of the ESM provides the list of dis-
tributions. Two hundred second-order simulations of 50,000 
patients per alternative treatment were conducted for the 
probabilistic sensitivity analyses. Cost-effectiveness accept-
ability curves were estimated to indicate the probability of 
each alternative treatment being cost effective according to 
the decision maker’s willingness to pay per QALY gained.

3 � Results

3.1 � Model Validation

The model performed well during validation, producing 
fracture incidence and mortality rates that were similar to 
the data. Expected life expectancies were also very similar 
to empirical data. The lifetime risks of hip and clinical ver-
tebral fracture were estimated at 10.2% and 8.2% for men 
aged 50 years, respectively. Furthermore, tests on model 
parameters and modeling assumptions were coherent with 
expected results.

3.2 � Base‑Case Analysis

Lifetime healthcare costs, fractures, QALYs, and the ICER 
(US$2021 per QALY gained) are presented in Table 2 for 
US men aged 70 years with a recent fracture and a BMD 
T-score ≤−2.5. Sequential ABL/ALN therapy was associ-
ated with more QALYs for lower costs compared with a sim-
ilar sequence starting with unbranded TPTD, being therefore 
dominant compared to TPTD/ALN. The ICERs compared to 
ALN monotherapy were estimated at US$66,467.

The ICERs of sequential ABL/ALN compared to ABL/
ALN for other ages are presented in Table 3 and fell below 
the US cost-effectiveness threshold of US$150,000 per 
QALY gained in men aged ≥ 50 years. The ICERs gen-
erally decreased with increasing age, except at the age of 
90 years. In all age scenarios, unbranded TPTD/ALN and 
no treatment were dominated (less QALY, more costs) by 
ABL/ALN and ALN monotherapy, respectively. Table 1 of 
the ESM provides the lifetime healthcare costs, fractures, 
QALYs, and ICERs of ABL/ALN compared to each treat-
ment for each age scenario.

Table 2   Lifetime costs (US$), 
QALYs, fractures, and health 
economic results in men aged 
70 years with a recent fracture 
and a BMD T-score ≤−2.5

ABL abaloparatide, ALN alendronate, BMD bone mineral density, ICER incremental cost-effectiveness 
ratio, QALY quality-adjusted life-year, TPTD teriparatide
a Dominant = more QALYs for less costs

ALN monotherapy No treatment ABL/ALN Unbranded TPTD/ALN

Total costs 76,844 79,456 84,311 88,560
Healthcare costs 76,368 79,456 66,316 69,449
Treatment costs 476 0 17,995 19,111
QALYs 7.217 7.182 7.329 7.304
Number of fractures 1.640 1.689 1.438 1.504
ICER Dominateda (by 

ALN mono-
therapy)

66,467 Dominateda (by ABL/ALN)
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3.3 � One‑Way Sensitivity Analysis

Sequential ABL/ALN was dominant (more QALYs for less 
costs) compared to sequential unbranded TPTD/ALN (see 
Table 4 of the ESM) in all sensitivity analyses, except when 
assuming a 50% higher drug cost of ABL. In that simula-
tion, ABL/ALN led to more costs and QALYs, resulting in 
an ICER of US$175,441 per QALY gained. No treatment 
was dominated (less QALYs, more costs) compared to ALN 
monotherapy in all sensitivity analyses.

The ICER of ABL/ALN compared to ALN mono-
therapy was most sensitive to ABL drug price, fracture 
incidence, and fracture costs (Fig. 2a, b). The ICERs of 
sequential ABL/ALN were below the cost-effectiveness 
threshold of US$150,000 per QALY gained in most sensi-
tivity analyses, except in men with a BMD T-score ≤−2.5 
and no prior fracture where the ICER compared to ALN 
monotherapy increased to US$189,492. Assuming complete 
medication adherence led to a higher cost per QALY gained 
(US$115,391 vs US$66,467).

3.4 � Probabilistic Sensitivity Analyses

The cost-effectiveness acceptability curves (reported in 
Fig. 3 for men aged 70 years and in Fig. 1 of the ESM for 
the ages of 50, 60, 80, and 90 years) suggests that ABL/
ALN was the most cost-effective intervention from a deci-
sion maker’s willingness to pay US$75,000 per QALY 
gained in men aged ≥ 60 years, and from a willingness to 
pay US$150,000 in men aged 50 years. Figure 4 reports the 
cost-effectiveness acceptability curves of ABL/ALN com-
pared to ALN monotherapy, ABL/ALN was cost effective at 

a threshold of US$150,000 per QALY gained in 51%, 89%, 
88%, 90%, and 88% of the simulations of men in their 50s, 
60s, 70s, 80s, and 90s, respectively. Figure 2 of the ESM 
reports the cost effectiveness of ABLN/ALN compared to 
other individual treatments.

4 � Discussion

Sequential therapy with ABL followed by ALN was shown 
to be cost effective for US men at high (and imminent) risk 
of fracture. Sequential ABL/ALN leads to improved QALYs 
for less total healthcare costs compared with sequential 
unbranded TPTD/ALN. Noting the wholesale acquisition 
cost for US unbranded TPTD for 2022 is approximately 
35% lower than branded TPTD, cost savings from ABL/
ALN are thus even more favorable compared to branded 
TPTD/ALN. Furthermore, sequential ABL/ALN was cost 
effective compared with ALN monotherapy (threshold of 
US$150,000 per QALY) in US men aged ≥ 50 years at 
high risk of fractures. The probabilistic sensitivity analyses 
revealed that there is uncertainty in the cost effectiveness 
of ABL/ALN compared to ALN monotherapy in men aged 
50 years with probabilities to be cost effective near to 50% 
for both treatments, while the probabilities of ABL/ALN to 
be cost effective exceed 85% in men aged ≥ 60 years. It is 
further interesting to observe that, even though no treatment 
is dominated (less QALY, more costs) in all analyses, only 
a minority of patients with recent fracture receive an anti-
osteoporosis medication in the year following the fracture 
[36]. ALN monotherapy remains the most prescribed first-
line treatment for osteoporosis because of its low cost. How-
ever, improved QALYs in a cost-effective approach could be 
obtained with sequential treatment with an anabolic agent 
such as ABL first followed by ALN, particularly in men at 
high risk of fractures.

To our knowledge, this study is the first cost-effectiveness 
study of ABL in men with osteoporosis as well as the first 
economic study of sequential treatment in this population. 
There is increasing evidence supporting the health value 
of sequential therapy with anabolic therapy (such as ABL) 
first followed by an antiresorptive agent (ALN) [55, 56], as 
well as on the cost effectiveness of this strategy compared to 
antiresorptive monotherapy in women with PMO [4, 6, 56, 
57]. The current study therefore extends the economic value 
of this strategy to men at high risk of fractures.

Although direct comparison between this study and pre-
vious studies in women with PMO should be made with 
caution, as several model parameters and assumptions 
may differ (e.g., various populations, differences in frac-
ture and incidence data, and evolution of drug prices), our 
results are in line with these previous studies. Two stud-
ies [4, 5] reported that sequential ABL/ALN was dominant 

Table 3   Health economic results in US men with a recent fracture 
and a BMD T-score ≤−2.5

ABL abaloparatide, ALN alendronate, BMD bone mineral density, 
QALY quality-adjusted life-years, TPTD teriparatide
Unbranded TPTD/ALN was dominated (less QALYs for higher costs) 
compared to ABL/ALN. No treatment was dominated (less QALYs 
for higher costs) compared to no treatment

Age (years) No treatment Unbranded 
TPTD/ALN

ABL/ALN vs 
ALN mono-
therapy

50 Dominated Dominated 120,856
55 Dominated Dominated 112,242
60 Dominated Dominated 79,366
65 Dominated Dominated 88,022
70 Dominated Dominated 66,467
75 Dominated Dominated 53,695
80 Dominated Dominated 54,012
85 Dominated Dominated 30,184
90 Dominated Dominated 56,065
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Fig. 2   One-way sensitiv-
ity analyses on a model data 
and structure and b treatment 
characteristics on the cost 
per quality-adjusted life-year 
(QALY) gained of abalopara-
tide/alendronate (ABL/ALN) 
compared to ALN monotherapy 
in men with a recent fracture 
and a bone mineral density 
T-score ≤−2.5 aged 70 years. 
TPTD teriparatide

Fig. 3   Cost-effectiveness acceptability curves in men aged 70 years 
with a recent fracture and bone mineral density T-score ≤−2.5. ABL 
abaloparatide, ALN alendronate, mono monotherapy, QALY quality-
adjusted life-years, TPTD teriparatide

Fig. 4   Cost-effectiveness acceptability curves of abaloparatide/alen-
dronate (ABL/ALN) compared to ALN monotherapy in men with a 
recent fracture and a bone mineral density T-score ≤−2.5 aged ≥ 50 
years. QALY quality-adjusted life-years
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compared with sequential TPTD/ALN in women at high risk 
of fractures. Another study [6] demonstrated that sequen-
tial ABL/ALN therapy was cost effective (at a threshold of 
US$150,000 per QALY) compared to ALN monotherapy 
for women with a BMD T-score ≤−3.5 and aged ≥ 60 
years under full adherence, and in women aged ≥ 50 years 
under real-world adherence. Interestingly, from studies in 
both women and men, the cost effectiveness of sequential 
ABL/ALN compared to ALN monotherapy improved when 
incorporating real-world adherence, resulting from better 
adherence to anabolic treatments compared with ALN [46]. 
Medication adherence has been shown to be an important 
driver of the cost effectiveness between osteoporosis medi-
cations [58].

A sensitivity analysis confirmed the importance of base-
line fracture risk on the cost effectiveness of sequential 
treatment. In men with no previous fracture and a BMD 
T-score ≤−2.5, sequential ABL/ALN was not cost effective 
compared to ALN monotherapy, suggesting that a high risk 
of fractures is needed for sequential treatment to be cost 
effective. This is consistent with a recent study highlighting 
that the cost effectiveness of sequential treatment in women 
is driven by the treatment acquisition costs and is limited 
to those at very high fracture risk [56]. Other sensitivity 
analyses showed that the results were robust when varying 
diverse model parameters and were also sensitive to drug 
cost, time horizon, and effects on hip fractures.

There are potential limitations of this study. For example, 
the ACTIVE and ACTIVExtend trials were not statistically 
designed to reveal a significant risk reduction for hip fracture 
[4, 6]. Therefore, we conservatively used the risk reduction 
of nonvertebral fracture (37%) as a surrogate for hip fracture, 
in line with the ESCEO-IOF guideline. Assuming the risk 
reduction of major osteoporotic fracture (58%) improved the 
cost effectiveness of ABL/ALN as shown in a sensitivity 
analysis. Although ACTIVExtend suggests the maintenance 
of the effects of ABL after transitioning to ALN for a period 
of 2 years, further investigation would be of interest to assess 
this extrapolation to a 5-year ALN period. In addition, more 
data are needed on real-world adherence to ABL and on the 
effect of adherence on ABL fracture efficacy. Observational 
studies could also provide relevant information on the real-
world effectiveness of ABL. Recently, Cosman et al. [59] 
confirmed the real-world effectiveness of ABL versus TPTD 
on the nonvertebral fracture incidence using data from the 
US administrative claims database study. Another study 
[60] reported that most women were satisfied with ABL and 
found it convenient/easy to prepare and store. Further studies 
assessing preference and satisfaction to ABL in men with 
osteoporosis, as well as data on real-world effectiveness in 
this population would be of interest.

Another potential limitation is that data for fracture risk 
reduction in men for osteoporosis medications are not avail-
able. However, for any drug approved for the treatment of 
osteoporosis that has shown a reduced fracture incidence 
in women with PMO, regulators require a bridging study 
with a placebo comparator for approval in men [61]. This 
approach is also accepted by payers, and most previous 
economic evaluations in men with osteoporosis have there-
fore assumed similar treatment efficacy between men and 
women [7]. Furthermore, awareness of osteoporosis in men 
and its consequences is improving, albeit fracture data for 
men remain limited [62]. Certain relevant detailed data were 
available only for women (e.g., fracture costs, relative risk of 
subsequent fracture risk after a recent fracture) and adjust-
ments were done to consider differences between men and 
women. Future epidemiological and economic studies on the 
burden and consequences of fractures should systematically 
include both women and men, and report data separately. 
Another potential limitation is that assumptions on adher-
ence used in this study were derived from a study in women, 
while a systematic review reported that worse adherence to 
oral bisphosphonates was associated with men [63]. Adher-
ence to ALN was conservatively assumed to be similar in 
patients with and without previous use of anabolic treat-
ment, while one may expect that previous use of anabolic 
agents may potentially influence adherence to an antiresorp-
tive agent. In the future, as real-world persistence data with 
sequential ABL/ALN become available, an update of the 
cost-effectiveness analysis may be of interest. We did not 
model the cost effectiveness in men by the specific fracture 
location. It has been shown that some fracture sites such as 
the hip or vertebrae are associated with a greater relative 
risk for subsequent fractures [23], leading to improved cost 
effectiveness of sequential ABL/ALN in men with previ-
ous hip or vertebral fractures. However, a study strength 
was the incorporation of the time-dependent fracture risk 
[64] and fracture costs in patients with recent fracture. To 
our knowledge, time-dependent fracture costs have not been 
used in previous economic models in osteoporosis. In previ-
ous models, the long-term costs of hip fractures were based 
on institutionalization rates, which may modestly contribute 
to an overestimation of the cost effectiveness of medica-
tions. The recent availability of detailed data regarding the 
time-dependent fracture risks and costs makes it possible 
to develop better microsimulation models incorporating the 
time since fractures. Finally, our study used fracture inci-
dence data from white US men. Because of differences in 
fracture risk according to ethnicity [65], our findings could 
not be generalizable to the whole US male population, and 
to non-white US men.
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5 � Conclusions

This study suggests that sequential ABL/ALN leads to more 
QALYs for lower costs than to unbranded TPTD/ALN in 
US men aged ≥ 50 years at high fracture risk and may also 
be cost effective compared to generic ALN monotherapy in 
men aged ≥ 50 years when assuming real-world adherence, 
especially in those aged ≥ 60 years.
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