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Abstract

Mini abstract Real-world evidence on the comparative effectiveness and safety of abaloparatide versus teriparatide in women
with osteoporosis may help inform treatment decisions. Following 18 months of treatment, abaloparatide was comparable
to teriparatide for prevention of nonvertebral fractures, resulted in a 22% risk reduction for hip fractures, and demonstrated
similar cardiovascular safety.

Summary Osteoporotic fracture risk can be reduced with anabolic or antiresorptive medications. In addition to efficacy
and safety data from controlled clinical trials, real-world evidence on comparative effectiveness and safety may help inform
treatment decisions.

Introduction The real-world effectiveness of abaloparatide versus teriparatide on nonvertebral fracture (NVF) incidence and
cardiovascular safety during the 19-month period after treatment initiation were evaluated (NCT04974723).

Methods Anonymized US patient claims data from Symphony Health, Integrated Dataverse (IDV)®, May 1, 2017 to July 31,
2019, included women aged > 50 years with > 1 prescription of abaloparatide or teriparatide and no prior anabolic therapy.
Most were enrolled in commercial and Medicare health plans. Index was the date of the initial prescription dispensed during
the identification period. In 1:1 propensity score matched cohorts, time to first NVF following index date, major adverse
cardiovascular events (MACE), and MACE + heart failure (HF) were compared between cohorts using a Cox proportional
hazards model.

Results Propensity score matching yielded 11,616 patients per cohort. Overall median age (interquartile range) was 67 (61,
75) years, and 25.6% had a fracture history. Over 19 months, 335 patients on abaloparatide and 375 on teriparatide had a
NVF (hazard ratio [95% confidence interval]: 0.89 [0.77, 1.03]), and 121 and 154 patients, respectively, had a hip fracture
[HR (95% CI): 0.78 (0.62, 1.00)]. The MACE and MACE + HF rates were similar between cohorts.

Conclusions Following 18 months of treatment, abaloparatide was comparable to teriparatide for prevention of NVF and
similar cardiovascular safety was demonstrated between cohorts.
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Introduction
Background and objectives

Osteoporosis is a skeletal disease characterized by low
bone mass, deterioration of bone tissue, and disruption of
bone microarchitecture, associated with increased risk of
fractures [1]. Approximately 10 million adults in the US
have osteoporosis [2]. Two million fractures occur in the
USA annually with the estimated lifetime fracture risk of
50% for women 50 years and older [3, 4]. Osteoporotic
fractures are associated with functional decline, loss of
independence, and reduced health-related quality of life
[5, 6]. Furthermore, the economic burden of fractures,
including incremental cost of secondary fractures, is sig-
nificant and on the rise, with hip fractures accounting for
the majority of the cost of care [7, 8].

Anabolic drugs, which stimulate new bone formation,
and can potentially improve bone microarchitecture, are
available as treatment options for individuals with osteo-
porosis at high risk for fracture [9]. These include patients
with a history of osteoporotic fracture, multiple risk fac-
tors for fracture, or those with treatment failure on other
available therapies. These anabolic drugs include teripara-
tide [10], a first-in-class anabolic agent that received US
Food and Drug Administration (FDA) approval in 2002
and abaloparatide [11], approved by the FDA in 2017.
Both drugs are self-administered by daily subcutaneous
(SC) injection. Abaloparatide is a novel synthetic analogue
of human parathyroid hormone-related peptide [hPTHrP
(1-34)], selective for the parathyroid hormone type 1
(PTH1) receptor. Abaloparatide has higher affinity for the
RG versus R conformation of the PTHI receptor com-
pared with teriparatide, resulting in more transient recep-
tor signaling consistent with a net anabolic effect [12].

In a large, randomized, phase 3, multicenter, multina-
tional clinical trial (Abaloparatide Comparator Trial in
Vertebral Endpoints [ACTIVE]), postmenopausal women
with osteoporosis were randomized to 18 months of treat-
ment with abaloparatide 80 pg SC daily, open-label teri-
paratide 20 pg SC daily, or placebo. Treatment reduced
the risk of vertebral (VF), nonvertebral (NVF), clinical,
and major osteoporotic fractures versus placebo, inde-
pendent of baseline risk [13]. The benefits observed with
18 months of abaloparatide during ACTIVE on fracture
risk reduction were extended for an additional 2 years with
subsequent alendronate treatment in the ACTIVExtend
trial, supporting the concept of sequential therapy with an
anabolic followed by an antiresorptive agent [14].

The relative efficacy of abaloparatide compared with
other treatment options for fracture risk reduction in
women with postmenopausal osteoporosis (PMO) was
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previously assessed using a network meta-analysis [15].
For VF, abaloparatide had the greatest effect relative to
placebo (relative ratio [RR] 0.13; 95% credible interval
[CrI]: 0.04, 0.34) compared to teriparatide relative to pla-
cebo (RR 0.27; 95% Crl: 0.20, 0.37). For NVF, abalopara-
tide produced a greater risk reduction versus placebo (RR
0.50; 95% Crl: 0.28, 0.85) compared to teriparatide rela-
tive to placebo (RR 0.62; 95% Crl: 0.47, 0.82). Consistent
findings have been reported in more recent publications
[16, 17].

In addition to clinical outcomes reported from
randomized controlled trials (RCT), real-world evidence
is important in guiding treatment decisions [18]. An
evaluation of real-world effectiveness provides data on a
broader population of patients than those who typically
meet inclusion/exclusion criteria in randomized controlled
trials.

Several approved osteoporosis treatments have been
implicated in increasing the risk of cardiovascular (CV)
and cerebrovascular events or the composite endpoint of
major adverse cardiac events (MACEs) (including myo-
cardial infarction [MI], stroke, and CV death). Hormone
therapy and selective estrogen receptor modulators are
associated with increased risk of venous thrombosis, and,
in some cases, CV disease and stroke [19, 20]. In the piv-
otal trial investigating the efficacy and safety of odana-
catib, the MACE rate was higher with odanacatib versus
placebo, with significant differences for risk of stroke [21].
Romosozumab was associated with an increased risk of
MACE compared to alendronate, though no difference
was seen between romosozumab and placebo [22]. In the
ACTIVE trial, the rates of serious cardiac adverse events
were similar among the three groups (abaloparatide, pla-
cebo, teriparatide), and time to first MACE or MACE plus
heart failure event were longer with both abaloparatide and
teriparatide compared to placebo [23]. The use of abalo-
paratide has been associated with transient and reversible
increases in heart rate after injection. No published epide-
miological studies have examined the CV risk associated
with transitory, intermittent increases in heart rate due to
an external intervention, as is the case with abaloparatide
and teriparatide administration, in the general population
and in the target population of postmenopausal women.
Because of the postmenopausal population and the poten-
tial common etiology or shared risk factors (e.g., age,
smoking) between PMO and CV [24], the current study
also included an evaluation of new CV events.

The objective of the current study was to evaluate
the real-world comparative effectiveness on NVF and
comparative CV safety of abaloparatide versus teriparatide
during the 19-month period after treatment initiation in
propensity score-matched cohorts (NCT04974723).
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Methods
Study design

This was a retrospective observational study using
anonymized patient claims data from Symphony Health,
Integrated Dataverse (IDV)®, May 1, 2017 to July 31, 2019.
The database included enhanced hospital data, which are
claims and remittance from inpatient hospital setting and
proprietary Patient Transactional Dataset claims, prescrip-
tion data, and mortality data from hospital discharge records.
Prescription, medical, and hospital claims, including diag-
nosis and procedure details, are enhanced with data from
electronic medical records, lab centers, patient registries,
and pharmacies across the USA and its territories. Data are
payer agnostic and provide access to individual-level health-
care claims for more than 317 million US-based commercial
and Medicare patients[25].

The index date was defined as the date of initial prescrip-
tion dispensed for either abaloparatide or teriparatide during
the identification period (May 1, 2017 and July 31, 2019)
corresponding with the FDA approval of abaloparatide.
Patients were assigned to a cohort based on their index ana-
bolic therapy. Data were used as far back as available (May
01, 2012) prior to the index date and included the use of
most recent data following treatment initiation (January 31,
2021) (Fig. 1).

The pre-index period consists of the 5 years before the
index date during which medical and treatment history were
available for the patient. The post-index treatment period
consists of the 18 months after the index date with the maxi-
mum evaluation period of 18 months plus 30-day follow-
up (19 months). The evaluation of treatment effectiveness
started immediately after treatment initiation and continued
for 18 months plus 30-day follow-up after the index date.
The evaluation of CV safety outcomes started immediately

Women =50 years of age
with 21 prescription fill for

abaloparatide or teriparatide \

after treatment initiation and continued while on therapy
(until end of treatment) for up to 18 months plus 30-day
follow-up.

Study population

The study included women > 50 years of age with> 1 new
prescription fill of abaloparatide or teriparatide during the
identification period, > 1 claim for a medical or hospital
visit, and a pharmacy claim in the 12 months before index
date. Patients with a diagnostic claim for Paget’s disease
of the bone or malignancy (except for non-melanoma skin
cancers, carcinoma in situ of the cervix, ductal carcinoma
in situ of breast) at baseline, those with Charlson Comorbid-
ity Index > 10, prior index anabolic therapy, or who switched
to a different anabolic treatment after index were excluded.

Propensity score matching

In the absence of randomization, logistic regression-based
propensity score matching was used to create the analytic
cohorts from all patients meeting the study inclusion/
exclusion criteria. A greedy matching algorithm with
no replacement was adopted with a caliper width equal
to 0.20 times the standard deviation of the logit of the
propensity. Cohorts were prospectively specified to match
on 73 variables including age, prior fracture history,
chronic comorbidities, and prior osteoporosis medications
(Appendix A) [26]. The R software Matchlt package
[27] was used to find matched pairs. Both prematch and
postmatch balance between 2 treatment cohorts were
evaluated using standardized difference for each covariate
category to ensure that propensity score matching was
accepted (i.e., the standardized difference on each covariate
between abaloparatide and teriparatide of < 0.10) [28].

Identification period

A

May 1, 2017
|

5-year pre-index period T

€ e oEm Em Em Em Em Em Em Em Em Em Em

July 31, 2019
1

Index date

Fig.1 Study design and timeline

18-month post-index treatment period

@ Springer



1706

Osteoporosis International (2022) 33:1703-1714

Effectiveness and safety endpoints

The primary endpoint was time to first NVF event (hip, pel-
vis, shoulder [including clavicle and humerus], radius/ulna
[including radius and/or ulna and forearm], wrist [includ-
ing unspecified wrist, wrist/hand, carpal, triquetrum, lunate,
capitate, hamate, pisiform, etc.], femur, tibia/fibula, and
ankle) within 18 months plus 30-day follow-up after treat-
ment initiation. The secondary endpoints included time to
the first composite endpoint of MACE (nonfatal MI, nonfatal
stroke, or CV death) with and without heart failure following
hospitalization within the 18 months after treatment initia-
tion while on therapy plus 30-day follow-up. The exploratory
effectiveness endpoint was time to first hip fracture within
18 months plus 30-day follow-up after treatment initiation.
Exploratory safety endpoints included time to first event for
ML, stroke, CV death following hospitalization since ana-
bolic treatment initiation, and heart failure while on therapy.

A claim-based validated algorithm with high specificity,
which was shown to have over 90% accuracy in previous
studies, was used to identify osteoporosis-related fractures
[29]. For evaluation of mortality, hospital discharge status
was used. Hospital claims do not specify the cause of death
nor causal association with a specific medication. We there-
fore used a previously validated claims-based algorithm to
derive hospital CV death (indirect approach 2 described by
Xie et al.) [30]. Compared to a previously published fatal
MI and stroke method [31], the algorithm we adopted has
higher sensitivity while maintaining high specificity improv-
ing the net reclassification index. Cardiovascular event was
derived from the International Classification of Diseases,
10" Revision, Clinical Modification (ICD-10-CM) codes
for MI (I21.x, 122.x), stroke (I61.x-163.x), and heart failure
(I50.x, excluding I50. x 2, 150.8x) consistent with the FDA
Mini-Sentinel coding for these events [32].

Statistical analysis

The analysis population consisted of all the patients who
met the study inclusion/exclusion criteria who were selected
after propensity score matching. The same matched popu-
lation was used for both effectiveness and safety analyses.
The primary analysis of effectiveness based on the time to
first NVF event was of the noninferiority of abaloparatide
to teriparatide, as measured by the hazard ratio (HR). Non-
inferiority of abaloparatide to teriparatide was concluded
if the upper bound of the 2-sided 95% confidence interval
(CI) of the HR between abaloparatide versus teriparatide
was < 1.3. Assuming the NVF rate for teriparatide was 3.5%
at the end of 18 months [13, 33], a sample size of 8000
matched samples in each treatment cohort was thought to
achieve at least 95% power at a 0.05 significance level to
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estimate the equivalence HR of 1.3 when the actual HR is
an equivalence HR of 1.0.

Effectiveness evaluation was conducted using intent-to-
treat (ITT) analysis reporting the first fracture event during
the 18 months plus 30 days of follow-up from index treat-
ment initiation regardless of when the treatment was discon-
tinued. Comparisons of the time to first fracture between the
propensity score matched treatment cohorts were based on
a Cox proportional hazards model. P values were obtained
from the log-rank test. The HR and 95% CI between the
two treatment cohorts were calculated. Duration, in days,
from the index date to the last follow-up date was calcu-
lated. Comparative effectiveness of therapy was evaluated
in a subgroup of patients considered to be at high risk for
fracture, including those > 75 years of age, those with prior
fracture within 1 year of index date, and those with prior
bisphosphonate use within 5 years prior to index date.

The as-treated (AT) analysis was conducted for the safety
evaluation, regardless of the anabolic drug gap between
two prescription fills. Observation period was for up to
18 months while on treatment plus 30-day follow-up, or
until their first CV event or hospital death, whichever came
first. Time to first CV event after the index date and within
30 days after the end of treatment was analyzed.

Sensitivity analyses

To evaluate the stability of the propensity score—matched
cohorts, the sensitivity analyses on effectiveness and safety
endpoints were performed on two additional matching popu-
lations using two different calipers (0.15 and 0.3). For effec-
tiveness evaluation, additional sensitivity analyses included
anabolic treatment duration (cumulative and consecutive)
and treatment response in patients without prior use of deno-
sumab or zoledronic acid. Cumulative and consecutive treat-
ment duration were determined from index date to the last
drug supply date regardless of treatment gap (cumulative)
and without any gap exceeding 60 days (consecutive). For
safety evaluation, sensitivity analysis included an evaluation
of outcomes for patients by baseline CV risk factors. To
evaluate possible overestimation of new CV events, addi-
tional sensitivity analyses excluded diagnosis of CV events
in the 183 days preceding the index date according to the
sentinel initiative [32].

Results
Matching
Among women > 50 years of age with > 1 new prescription

fills of abaloparatide or teriparatide during the identification
period (abaloparatide, N=17,958; teriparatide N=61,914),
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24% in each treatment cohort were ineligible due to not
having a medical, hospital visit, or pharmacy claim in the
12 months before index date. Eight percent more in the aba-
loparatide cohort and 48% of the remaining patients in the
teriparatide cohort were excluded because they had a history
of anabolic treatment before the index date. A total of 11,617
patients in the abaloparatide cohort and 22,809 patients for
teriparatide met all eligibility criteria. Propensity score
matching yielded 11,616 patients in each treatment cohort
(Table 1). After matching, there was a similar distribution
of the propensity score between the two treatment groups,
indicating successful matching (Fig. 2). All prespecified
variables were well balanced with a standardized mean dif-
ference < 0.10 (Table 2).

Overall median and interquartile range of age was 67 (61,
75) years old, 25.6% had a history of fracture, and 16.2% had
a fracture in the year preceding anabolic treatment initiation

Table 1 Attrition table

(Table 2). On average, abaloparatide and teriparatide patients
were diagnosed with osteoporosis 2.8 (+2.2) years prior to
treatment initiation and 45.6% of patients had prior antire-
sorptive use. The most common comorbid conditions for
both cohorts were CV disease (76.7%), arthritis (46.7%),
respiratory disease (42.3%), and gastrointestinal disorders
(38.4%). The majority (72.4%) had a history of falls, or one
or more conditions associated with increased risk for falls.

Exposure

The overall mean duration of abaloparatide and teripara-
tide exposure was 301.2 and 313.4 days, respectively,
with>45% of patients in both treatment cohorts exposed to
treatment > 12 months (Table 3). The mean cumulative dura-
tion of abaloparatide and teriparatide exposure was 257.8
and 269.2 days, respectively, with>33% of patients in both

Parameter Abaloparatide, Teriparatide,
N N
Women aged > 50 years with > 1 prescription claims between May 1, 2017 to July 31, 2019 17,958 61,914
Of above, patients without Paget's disease 17,954 61,910
Of above, patients without malignancies? 17,226 60,536
Of above, patients with> 12 months pre-index® 13,172 45,737
Of above, patients had no anabolic® treatment before index date 12,062 23,565
Of above, patients who were not treated with anabolics®, other than cohort medication, during 11,618 22,820
18 months plus 30-day follow-up after index date
Of above, patients with Charles Comorbidity Index <10 11,617 22,809
Of above, patients with propensity score matching 11,616 11,616

#Except for nonmelanoma skin cancers, carcinoma in situ of the cervix, ductal carcinoma in situ of breast

®> 1 medical or hospital claim, and a pharmacy claim any time within 12 months prior to index date

¢ Anabolic includes abaloparatide, teriparatide, and romosozumab

Fig. 2 Distribution of the pro-
pensity score before and after
propensity score matching

Before matching
Abaloparatide N=11,617
Teriparatide N=22,809

Density function
it

0

After matching
Abaloparatide N=11,616
Teriparatide N=11,616

Abaloparatide
2- Teriparatide

Density function

T 0 T

T T
0.0 0.2 0.4

T T T T
0.6 0.8 0.0 0.2 0.4 0.6 0.8
Propensity score

Propensity score
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Table 2 Demographics and

2 P Parameters Abaloparatide Teriparatide Standardized
basehnt? characterls.tlcs (All (N=11,616) (N=11,616) difference
Population Propensity Score-

Matched) Age (years)®
N 11,616 11,616 0.023
Mean (SD) 67.3 (8.36) 67.5 (8.35)
Median 67.0 67.0
Interquartile range 61.0, 74.0 61.0,75.0
Min, max 50, 80 50, 80
Age group (years), n (%)*
50-64 4779 (41.1) 4599 (39.6) 0.032
65-74 3961 (34.1) 4053 (34.9) 0.017
>75 2876 (24.8) 2964 (25.5) 0.017
Race/ethnicity, n (%)°
African American 152 (1.3) 151 (1.3) 0.001
Asian 104 (0.9) 98 (0.8) 0.006
White 4368 (37.6) 4505 (38.8) 0.024
Hispanic 682 (5.9) 551 (4.7) 0.050
Other 140 (1.2) 122 (1.1) 0.015
Unknown 6170 (53.1) 6189 (53.3) 0.003
Osteoporosis disease history
Diagnosed osteoporosis prior index date, n (%) 7508 (64.6) 7451 (64.1) 0.010
Years since 1st diagnosis in 5 years pre-index date
N 7508 7451 0.002
Mean (SD) 2.8(2.2) 2.8(2.2)
Median 2.6 2.6
Interquartile range 05,49 0.5,4.9
Min, max 0.0,7.1 0.0,7.1
Fracture at any time pre-index, n (%) 2968 (25.6) 2973 (25.6) 0.001
Fracture in the year prior to index date, n (%) 1876 (16.2) 1863 (16.0) 0.003
GI disorders, n (%) 4465 (38.4) 4467 (38.5) 0.000
Fall risk conditions, n (%)* 8413 (72.4) 8561 (73.7) 0.029
Any cardiovascular risk factor, n (%)d 8910 (76.7) 8948 (77.0) 0.008
Prior osteoporosis medication, n (%)
Alendronate 3131 (27.0) 3212 (27.7) 0.016
Ibandronate 859 (7.4) 840 (7.2) 0.006
Risedronate 723 (6.2) 725 (6.2) 0.001
Zoledronic acid 418 (3.6) 402 (3.5) 0.007
Denosumab 1269 (10.9) 1215 (10.5) 0.015
Hormone replacement therapy, n (%) 2837 (24.4) 2797 (24.1) 0.008
Oral glucocorticoids, n (%)
Any prior or current exposure 7328 (63.1) 7352 (63.3) 0.004
Current use® 754 (6.5) 777 (6.7) 0.008

GI, gastrointestinal; HIPAA, Health Insurance Portability and Accountability Act; max, maximum; min,
minimum; SD, standard deviation

“Due to HIPAA, age over 80 is recorded as 80. Age is matched at the group level (50-64, 65-74, 75+)
®Variables are not included in the propensity score matching covariates

“Includes stroke, history of falls, mobility issues, visual impairment, hearing impairment, Parkinson’s Dis-
ease, Alzheimer’s Disease, muscle weakness, atrophy, obesity, rehabilitation, dementia, depression, anxi-
ety, and sleep disorders

Includes diagnosis of cardiovascular disease identified by the following terms: cardiac, coronary, pulmo-
nary, cerebrovascular, peripheral arterial, vasculitis, venous, and hypertension; and cardiovascular risk fac-
tors: hyperlipidemia, hypercholesterolemia, hypertriglyceridemia, type II diabetes, obesity

®Current use is 30 days before or after index date

@ Springer
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Table3 Treatment exposure (All Population Propensity Score-
Matched)

Parameter Abaloparatide  Teriparatide
N=11,616 N=11,616
Overall treatment duration (days)*
N 11,616 11,616

Mean (SD)
Median (Interquartile range)

301.2 (213.47) 313.4(214.95)
304 (83, 539) 331 (84, 546)
Overall treatment duration

(months)?

N 11,616 11,616

Mean (SD) 10.0 (7.12) 10.4 (7.16)

Median (Interquartile range) 10 (3, 18) 11 (3, 18)
Overall treatment duration, n (%)

<1 Month 2101 (18.1) 2042 (17.6)

> 1 to <3 Months 1343 (11.6) 1173 (10.1)

>3 to <6 Months 1187 (10.2) 1098 (9.5)

> 6 to <9 Months 885 (7.6) 922 (7.9)

>9 to <12 Months 834 (7.2) 899 (7.7)

> 12 Months 5266 (45.3) 5482 (47.2)
Cumulative treatment duration

(days)®

N 11,616 11,616

Mean (SD) 257.8 (192.61) 269.2 (196.65)

Median (Interquartile range) 224 (60, 450) 252 (84, 476)

Cumulative treatment duration, n

(%)

<1 Month 2110 (18.2) 2041 (17.6)

> 1 to <3 Months 1925 (16.6) 1610 (13.9)
>3 to <6 Months 1397 (12.0) 1371 (11.8)

> 6 to <9 Months 1095 (9.4) 1095 (9.4)

>9 to <12 Months 1197 (10.3) 1069 (9.2)

> 12 Months 3892 (33.5) 4430 (38.1)

Consecutive treatment duration, n

(%)

<1 Month 2536 (21.8) 2533 (21.8)

> 1 to <3 Months 1646 (14.2) 1486 (12.8)

>3 to <6 Months 1497 (12.9) 1407 (12.1)

> 6 to <9 Months 1056 (9.1) 1037 (8.9)

>9 to <12 Months 890 (7.7) 941 (8.1)

> 12 Months 3991 (34.4) 4212 (36.3)

SD, standard deviation

*Duration of exposure (days)=date of last anabolic drug pre-
scription fill plus supply days — index date. Duration of Exposure
(months) =duration of exposure (days)/30. The maximum treatment
duration is set as 570 days (or 19 months, 18 months plus 30-day fol-
low-up) if a patient was treated longer than 570 days

According to product label, one abaloparatide pen has a 30-day
supply; one teriparatide pen has a 28-day supply. Count as 2 pens if
day’s supply is between 56 and 60; count as 3 pens if day’s supply is
between 84 and 90

“Cumulative treatment duration is the sum of all days from index date
to the last drug supply date regardless of treatment gap

dConsecutive treatment duration is sum of all days from index date to
the last study drug supply without any gap exceeding 60 days

treatment cohorts exposed to treatment > 12 months. The
percentage of patients in both treatment cohorts who were
exposed to > 12 months of consecutive treatment was > 34%.

Analysis of time to first fracture event

The estimated new NVF rate was comparable for abalopara-
tide versus teriparatide (2.9% vs 3.2%; HR [95% CI]: 0.89
[0.77, 1.03], P=0.13), and the risk for hip fractures was
reduced 22% (0, 33%) for abaloparatide (new event rate,
1.0% vs 1.3%; HR [95% CI]: 0.78 [0.62, 1.00], P=0.04)
(Table 4 and Fig. 3). Noninferiority for abaloparatide ver-
sus teriparatide on time to the first NVF was established
since the upper bound of 2-sided 95% CI of the HR between
abaloparatide and teriparatide was 1.03 and less than the
prespecified 1.3. Outcomes were consistent among all sub-
populations in the sensitivity analyses. There was no differ-
ence in effectiveness between the two treatment cohorts with
variation in matching caliper, for the various durations of
treatment, or when excluding patients with prior use of den-
osumab or zoledronic acid for NVF or hip fractures with one
exception (Supplemental Figs. 1a and 1b). For hip fracture
sensitivity analyses, when limiting the analyses to patients
with > 12 months of consecutive exposure to treatment, the
HR (95% CI) was in favor of abaloparatide 0.57 (0.35, 0.94).

Effectiveness subgroup analyses

Both NVF and hip fractures were higher in the pre-specified
subgroups considered to be at high risk for fracture with
comparable effectiveness for both treatment cohorts. For
patients > 75 years of age (N =2865), the estimated new
NVF event rates were 3.4% for abaloparatide and 4.8% for
teriparatide patients (HR [95% CI]: 0.70 [0.54, 0.90]) and
hip fracture rates were in favor of abaloparatide versus teri-
paratide (1.4% vs 2.0%) (HR [95% CI]: 0.69 [0.46, 1.05]).
For patients with prior fracture within 1 year of index date
(N=1876), the estimated new events were 6.6% vs 6.1% for
NVF (HR [95% CI]: 1.08 [0.84, 1.39]) and 2.2% versus 3.0%
for hip fractures (HR [95% CI]: 0.75 [0.50, 1.11]), for abalo-
paratide versus teriparatide, respectively. Finally, for patients
with prior antiresorptive use (N =5313), the estimated new
event rates were 3.2% versus 3.3% for NVF fractures (HR
[95% CI]: 0.96 [0.78, 1.18]) and 1.2% versus 1.3% for hip
fractures (HR [95% CI]: 0.90 [0.64, 1.26]) for abaloparatide
versus teriparatide patients.

Analysis of time to first CV event
The K-M estimated event rates of the composite endpoints
of MACE were similar for the abaloparatide (3.0%) versus

teriparatide (3.1%) cohorts with comparable risk of new
events (HR [95% CIJ: 1.00 [0.84, 1.20], P=0.97). Consistent
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Table 4 Time to first fracture
event during 18 months after
treatment initiation

Time-to-event Parameter Abaloparatide Teriparatide
variable (N=11,616) (N=11,616)
Nonvertebral fracture Number of patients with event®, n (%) 335(2.9) 375 (3.2)
Hazard ratio (95% CI) vs teriparatideb 0.89 (0.77, 1.03)
P value vs teriparatide® 0.13
Hip fracture Number of patients with event®, n (%) 121 (1.0) 154 (1.3)

Hazard ratio (95% CI) vs teriparatideb

0.78 (0.62, 1.00)

P value vs teriparatide® 0.04

CI, confidence interval; K-M, Kaplan—-Meier

#Percent reported is K-M estimate at 19 months (observation period of 18 months (540 days) plus 30-day

follow-up after the index date)

®Cox proportional hazard model was used to calculate the hazard ratio with teriparatide as reference

P values were from the log-rank test

results were also observed for MACE including heart failure
with abaloparatide (6.6%) versus teriparatide (6.4%) with
comparable risk of new events (HR [95% CI]: 1.05 [0.93,
1.19], P=0.41). Results persisted in the sensitivity analyses
(Supplemental Figs. 2a, 2b, and 2c).

Discussion

This was the first real-world comparative study of abalo-
paratide versus teriparatide with the objectives of comparing
effectiveness against NVF and CV safety. Propensity match-
ing identified very similar cohorts totaling 23,000 women.
Over 19 months of follow-up after the index prescription
date, the NVF event rate was numerically lower with abalo-
paratide versus teriparatide (2.9% vs 3.2%, P =not signifi-
cant) and the hip fracture event rate was also lower (1.0%
with abaloparatide vs 1.3% with teriparatide; P <0.05).
The risks for MACE and MACE + HF were comparable for
abaloparatide versus teriparatide cohorts. The efficacy find-
ings were similar in predefined subgroups at particularly
high risk for fracture (including women above age 75). The
findings suggest a benefit to risk balance for abaloparatide
similar to or better than that of teriparatide.

The risk reduction for NVF in this clinical practice set-
ting with abaloparatide versus teriparatide (HR [95% CI]:
0.89 [0.77, 1.03]) was comparable to that reported in the
ACTIVE trial (HR [95% CI]: 0.79 [0.43, 1.45]) [13]. Addi-
tionally, although ACTIVE and the pivotal teriparatide frac-
ture prevention study were not powered to assess the effects
of treatment on hip fracture, the pattern in hip fracture rates
in the current study is similar to that reported in previous
real-world studies with teriparatide [13, 33, 34].

Although information on bone mineral density (BMD)
changes was not available from the claims database in this
real-world study, abaloparatide treatment in ACTIVE and
two subsequent studies in a subset of participants from

@ Springer

ACTIVE increased BMD significantly more at the total hip
and femoral neck compared to teriparatide [13, 35, 36]. In
both preclinical and clinical studies, teriparatide is associ-
ated with increased cortical porosity [37-40]. Abalopara-
tide does not increase cortical porosity in preclinical ani-
mal models [41, 42]. Consistent with the preclinical data,
a post hoc analysis of hip DXA data from ACTIVE using
3D modeling suggests that previously reported differences
in areal BMD between abaloparatide and teriparatide may
be due to a greater improvement in cortical volumetric
BMD of the total hip [36]. Abaloparatide produced greater
increases, compared with teriparatide, in cortical volumetric
BMD and corresponding biomechanical parameters of the
femoral neck, shaft, and trochanter subregions of the hip
which might explain, in part, the lower hip fracture risk for
abaloparatide versus teriparatide in the current study [35].

The risks for MACE and MACE + HF were comparable
for abaloparatide and teriparatide cohorts and results were
consistent in the exploratory analyses of individual end-
points of MI, stroke, CV death following hospitalization,
and HF. CV event rates reported here in the real-world set-
ting were higher than those reported in the ACTIVE study
(MACE: abaloparatide [0.5%] vs teriparatide [0.6%] and
MACE + HF: abaloparatide [0.5%] vs teriparatide [0.6%])
[23]. This was expected since a broader population of
patients were in the current study with more comorbidities.
Furthermore, we may have overestimated the acute event
rate since both office visits and all (primary and secondary)
hospital diagnosis codes were used to identify CV events,
leading to potential redundancy in counting events. A review
of the literature, the FDA Adverse Event Reporting System
(FAERS) database, and the results from the ACTIVE trial
did not identify a signal for serious CV events for either
abaloparatide or teriparatide. In fact, in the ACTIVE trial,
both abaloparatide and teriparatide groups were associated
with a longer time to MACE and MACE + HF than the pla-
cebo group.
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Lastly, evidence suggests an increased risk for CV events
in women with PMO [24]. The inverse relationship between
bone density and coronary heart disease risk is supported by
reports that postmenopausal women with low BMD values
have a greater prevalence and severity of aortic calcification,
a predictor of CV disease and mortality [43].

The study results have to be considered within the context
of several limitations. First, the data source was administra-
tive claims data, which was not collected for research pur-
poses. Administrative claims data have inherent limitations
including coding errors, inconsistencies, outcome misclas-
sifications, or incomplete diagnoses data. Compliance (treat-
ment exposure) cannot be assessed. Cardiovascular events
were not adjudicated. In addition, due to data limitations,
only mortality recorded on a hospital discharge form was
included in the analyses. The current study, however, used
a claims-based algorithm with high specificity to identify
case-qualifying fractures associated with osteoporosis [29].
The algorithm included the majority of osteoporosis-related
fractures but did not include rib fractures, since they are
generally difficult to confirm and often do not result in a
healthcare encounter. Any misclassification of fractures is
likely to be nondifferential between the treatment cohorts
compared and should not impact the results. Another limita-
tion of claims-based studies includes potential inaccuracies
related to the use of prescription medications. The prescrip-
tion claim is for the date of fill and not the date of use of the
medications, so the assumption was made that these were
the same. Detailed clinical data such as BMD values were
not available, and unknown confounding factors (e.g., family
history, smoking status, alcohol intake) were not adjusted for
in propensity score matching. Lastly, in the absence of full
medical and treatment history, baseline comorbidity burden
in the current population may be underreported. Real-world
patient cohorts are likely to include patients with a broader
range of comorbidities who would not be eligible to partici-
pate in randomized controlled trials [18]. Therefore, caution
must be exercised when comparing these results with previ-
ous randomized controlled trials.

The current study was observational, and treatments were not
assigned. As such, randomization was not possible. Although
this was not a randomized study, propensity score matching was
used to define the study cohorts and provided confidence that
the two treatment groups were comparable in their probability to
receive and benefit from treatment. We matched patients on all
indicators of disease severity and fracture risk, including prior
disease and treatment history for which data were available.
Furthermore, we also matched on history of falls, comorbid
conditions, and prior osteoporosis medications, or with poor
bone quality and strength, and baseline CV risk factors for
safety evaluation. This method allowed us to control for known
but not unknown confounders. Lastly, there could be residual
confounding despite matching.

@ Springer

This observational cohort study examined the comparative
effectiveness and CV safety for abaloparatide versus
teriparatide. The study design adheres to the guidelines for
conduct of comparative effectiveness and safety evaluation
with a prespecified protocol and analysis plan, which included
consideration of potential biases related to measurement of
exposure, outcomes, and confounders [44-46]. To address
data limitations, the study included new anabolic users, highly
specific endpoints, and several sensitivity analyses to test the
robustness of findings. Furthermore, comparison of two similar
drugs has the advantage to reduce the bias associated with
unknown confounders as well as those known confounders not
available in claims data (i.e., BMD), given similar market access
requirement and place in therapy according to clinical practice
guidelines.

In this retrospective real-world database study of patients
initiating treatment with abaloparatide or teriparatide,
abaloparatide was comparable to teriparatide in the
prevention of NVF, resulted in fewer hip fractures and
demonstrated similar CV safety. Results of the study are
generalizable to the population of managed care enrollees,
including commercial and Medicare members. The data
are representative of a broad population of patients from
multiple payers and are geographically diverse. The study
provides additional information on real-world use and
outcomes in patients new to abaloparatide outside of the
clinical study setting.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00198-022-06413-y.
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