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Abstract
Summary Abaloparatide increased ultradistal radius bone mineral density (BMD) in the Abaloparatide Comparator Trial in
Vertebral Endpoints (ACTIVE) trial. Over the subsequent 24 months in ACTIVExtend, ultradistal radius BMD gains were
maintained with alendronate. Conversely, 1/3 radius BMD remained stable during ALN treatment in ACTIVExtend after
decreasing during ACTIVE.
Introduction Abaloparatide (ABL) increased femoral neck, total hip, and lumbar spine bone mineral density (BMD) in post-
menopausal women with osteoporosis and decreased the risk of vertebral and nonvertebral fractures in ACTIVE. Effects on
fracture risk and BMDwere maintained subsequently with alendronate (ALN) in ACTIVExtend. In a prespecified subanalysis of
ACTIVE, ABL also increased BMD at the ultradistal radius. Our objective was to determine the efficacy of ABL followed by
ALN vs placebo (PBO) followed by ALN on forearm BMD and fracture risk over 43 months in ACTIVExtend.
Methods Ultradistal and 1/3 radius BMD (ACTIVE baseline to month 43) were measured (ABL/ALN, n = 213; PBO/ALN, n =
233). Wrist fracture rates were estimated for the ACTIVExtend intent-to-treat population (ABL/ALN, n = 558; PBO/ALN, n =
581) by Kaplan-Meier (KM) method.
Results At cumulative month 25, mean increase from ACTIVE baseline in ultradistal radius BMD was 1.1% (standard error,
0.49%) with ABL/ALN vs − 0.8% (0.43%) with PBO/ALN (P < 0.01). BMD increases with ABL were maintained with ALN
through month 43 in ACTIVExtend. BMD decreases at the 1/3 radius in ACTIVE (similar with ABL and PBO) were maintained
through 24 months of ALN treatment in ACTIVExtend. Wrist fractures over 43 months occurred in 15 women with ABL/ALN
(KM estimate, 2.8%) and 20 with PBO/ALN (KM estimate, 3.6%) (HR = 0.77, 95% CI 0.39, 1.50; P = not significant).
Conclusion Ultradistal radius BMD gains following treatment with ABL in ACTIVE were maintained over 24 months of ALN
treatment in ACTIVExtend. Conversely, 1/3 radius BMD remained stable during ALN treatment in ACTIVExtend after de-
creasing during ACTIVE.
Trial registration ClinicalTrials.gov: NCT01657162 submitted July 31, 2012
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Introduction

Wrist fractures are the most common fracture of the upper
extremity, and fractures of the distal radius account for ap-
proximately 18% of fractures in adults over 65 years of age
[1, 2]. Women with postmenopausal osteoporosis who have
experienced a wrist fracture are ~ 50% more likely to experi-
ence functional decline and are at increased risk of subsequent
nonwrist fractures [3, 4].

Most fractures of the wrist occur at the ultradistal (UD) ra-
dius, which contains a high proportion of trabecular bone, so
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measurement of bone mineral density (BMD) at the UD radius
may improve prediction of fracture compared with BMD mea-
surement at the femoral neck alone [5–8]. However, the 1/3
radius, a region that is composed predominantly of denser cor-
tical bone, is the forearm site most commonly reported by dual-
energy x-ray absorptiometry (DXA) [5, 7, 8].

Abaloparatide (ABL) is a selective activator of the para-
thyroid hormone receptor type 1 (PTHR1) signaling path-
way, which results in direct stimulation of bone formation,
improvement in bone microarchitecture, and enhanced mea-
sures of bone s trength [9–11] . In the 18-month
Abaloparatide Comparator Trial in Vertebral Endpoints
(ACTIVE) phase 3 study, ABL significantly reduced the risk
of vertebral, nonvertebral, and clinical fractures and in-
creased BMD at the lumbar spine, total hip, and femoral neck
compared with placebo (PBO) in postmenopausal women
aged 49 to 86 years with osteoporosis [12]. ABL also signif-
icantly reduced the risk of major osteoporotic site fractures
(collectively defined as clinical spine, hip, upper arm, and
wrist) compared with patients treated with teriparatide
(TPTD) and PBO [12]. In a prespecified subanalysis of
ACTIVE, ABL significantly increased BMD at the UD ra-
dius vs PBO and TPTD, whereas BMD at the 1/3 radius
declined in all three treatment groups [13]. BMD effects
were associated with a trend for numerically lower wrist
fracture incidence for ABL (n = 7/824 (Kaplan-Meier
(KM) estimate, 1.0%)) compared with TPTD (n = 17/818
(KM estimate, 2.3%), P = 0.052) and PBO (n = 15/821
(KM estimate, 2.2%), P = 0.11) [13].

Women receiving ABL or PBO in ACTIVE were offered
enrollment in the ACTIVExtend extension study in which
both groups received 24 months of open-label alendronate
(ALN) 70 mg/week for a total of 43 months [14]. In
ACTIVExtend, patients treated with ABL in ACTIVE who
switched to ALN for 24 months had greater sustained reduc-
tion in fracture risk and increased BMD compared with PBO
followed by ALN [14].

The objectives of this study, a prespecified subanalysis of
ACTIVExtend, were to determine the efficacy of 18 months
of ABL followed by 24 months of ALN (ABL/ALN) vs PBO
followed by ALN (PBO/ALN) on BMD at the UD radius and
1/3 radius and to assess the incidence of wrist fractures.

Methods

Study design

The study designs of ACTIVE and ACTIVExtend have been
described in detail previously [12, 14]. Briefly, ACTIVE en-
rolled 2463 postmenopausal women aged 49 to 86 years with
osteoporosis. Postmenopausal women ≤ 65 years of age were
eligible if they had radiographic evidence of vertebral fracture

at any time or a nonvertebral fracture within 5 years and had
a BMD T-score of less than or equal to − 2.5 but greater
than − 5.0 at the lumbar spine or femoral neck. Women older
than 65 years whomet fracture criteria but had a T-score of less
than or equal to − 2.0 and greater than − 5.0 were also eligible.
Women > 65 years who did not meet the fracture criteria could
enroll if their lumbar spine or femoral neck BMD T-score was
less than or equal to − 3.0 but greater than − 5.0.

ACTIVE participants were randomized 1:1:1 to 18 months
of blinded treatment with ABL (Tymlos, Radius Health,
Waltham, MA, USA) 80 μg subcutaneously once daily or
matching PBO or open-label treatment with TPTD 20μg once
daily. Following completion of the ACTIVE study, there was
an interval of approximately 1 month during which eligible
participants were recruited and provided written consent to
participate in ACTIVExtend. Participants eligible for
ACTIVExtend included those who completed 18 months of
blinded treatment with ABL or PBO in ACTIVE. Participants
in the TPTD arm were not eligible to participate in
ACTIVExtend. Study personnel reviewed patient diaries,
and adherence to treatment was monitored at each clinic visit.
Participants who were withdrawn from ACTIVE for any rea-
son or who experienced a treatment-related serious adverse
event during ACTIVE were also excluded.

All patients who participated in the extension study re-
ceived open-label ALN monotherapy 70 mg once per week
for up to 24 months. Patients and investigators who participat-
ed in ACTIVE remained blinded to prior treatment assign-
ment until all patients completed the first 6 months of
ACTIVExtend.

ACTIVE and ACTIVExtend were approved by the ethics
committee at all participating institutions and were conducted
according to the recommendations of Good Clinical Practice
and all other applicable local regulatory and ethical require-
ments and the Declaration of Helsinki (revised edition, Tokyo
2004). Written informed consent was obtained from all pa-
tients before any study-related procedures were performed.

Study endpoints

Changes from ACTIVE baseline BMD at the UD and 1/3
radius were assessed at 6 months (cumulative month 25) and
24 months (cumulative month 43). The forearm DXA
subcohort included all ACTIVExtend patients who had radius
(1/3 radius and UD radius) BMD measurements at both
ACTIVE baseline and at month 6 (cumulative month 25) in
ACTIVExtend. In the ACTIVExtend intent-to-treat (ITT)
study, clinical wrist fracture events (initially self-reported
and subsequently verified from medical documents) included
any wrist fractures for which the patient sought medical care,
regardless of the level of trauma. Fractures were categorized
as forearm, wrist, hand, and finger, with those categorized as
wrist included in the analysis.
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Statistical analysis

BMD at the UD and 1/3 radius were measured by DXA
(Lunar or Hologic) and were centrally analyzed (Bioclinica-
Synarc, Newark, CA, USA). Analyses of mean BMD differ-
ences between groups and change from baseline within
groups should be interpreted in the context of limitations of
DXA scanner precision for individual patients. Prior analyses
of intra-individual variability have shown approximately 1%
DXA scanner precision [15, 16]. Percent changes in BMD

from baseline were evaluated at each study visit, with missing
data imputed based on last observation carried forward.
Comparisons within treatment groups were performed using
t test. Comparisons among treatment groups were performed
using analysis of covariance (ANCOVA) models. DXA scan-
ner type and baseline BMD were included as covariates in
ANCOVA models.

In the ACTIVExtend ITT analysis (558 ABL/ALN; 581
PBO/ALN), incident wrist fracture event rates were esti-
mated by the Kaplan-Meier (K-M) method. The Cox

Table 1 Baseline characteristics of the study participants in ACTIVExtend and forearm DXA subcohorts at ACTIVE baseline

ABL/ALN PBO/ALN

Characteristic Overall
(N = 558)

Forearm DXA subcohort
(N = 213)

Overall
(N = 581)

Forearm DXA subcohort
(N = 233)

Age in years, mean (SD) 68.6 (6.5) 68.7 (6.1) 68.5 (6.3) 68.0 (6.4)

Age group, n (%)

< 65 years 106 (19.0) 39 (18.3) 114 (19.6) 55 (23.6)

65 to < 75 years 351 (62.9) 139 (65.3) 370 (63.7) 141 (60.5)

≥ 75 years 101 (18.1) 35 (16.4) 97 (16.7) 37 (15.9)

BMD T-score, mean (SD)

Lumbar spine − 2.9 (0.9) − 2.8 (0.8) − 2.9 (0.8) − 2.8 (0.9)

Total hip − 1.9 (0.7) − 2.0 (0.7) − 1.9 (0.8) − 2.0 (0.8)

Femoral neck − 2.1 (0.6) − 2.3 (0.6) − 2.2 (0.7) − 2.2 (0.7)

1/3 radius − 2.8 (1.1)a − 2.8 (1.1) − 2.8 (1.2)a − 2.8 (1.2)

Ultradistal radius − 3.3 (1.3)a − 3.3 (1.3) − 3.4 (1.3)a − 3.4 (1.3)

Baseline prevalent vertebral fracture, n/N (%)b 123/558 (22.0) 51/213 (23.9) 132/580 (22.8) 49/232 (21.0)

At least 1 prior nonvertebral fracture, n/N (%)c 272/558 (48.7) 96/213 (45.1) 282/581 (48.5) 111/233 (47.6)

ABL, abaloparatide; ALN, alendronate; BMD, bone mineral density; PBO, placebo; SD, standard deviation
a ABL/ALN (N = 230); PBO/ALN (N = 251)
b Evaluated by Bioclinica-Synarc
c Excluded fractures of the spine, breastbone, kneecap, toes, fingers, skull, and facial bones

2.4

Study Month

Baseline

M
ea

n 
± 

SE
 P

er
ce

nt
 C

ha
ng

e

2.0

1.2

0

-0.8

-1.2

-2.0

-2.4
6 12 18 19 3452

-0.4

0.8

1.6

0.4

-1.6

204233 231 230 233 233
213 212 210 213 213 194

No of Patients with Measurement

ALN Monotherapy
Begins at Month 19

*

*

*
†

PBO
ABL

PBO/ALN, N = 233
ABL/ALN, N = 213

Fig. 1 Mean (± SE) percent
change in UD radius BMD from
baseline through month 43
*P < 0.001 vs PBO; †P < 0.01 vs
PBO/ALN. ABL, abaloparatide;
ALN, alendronate; BMD, bone
mineral density; PBO, placebo;
SE, standard error. P value was
based on the analysis of
covariance model. Missing BMD
data imputed using the method of
last observation carried forward

57Osteoporos Int (2021) 32:55–61



proportional hazard model was used to calculate the hazard
ratio with PBO/ALN as reference. P values were from the
log-rank test.

Results

Characteristics of the study participants

Demographic characteristics of study participants in ACTIVE
and ACTIVExtend have been previously described [12, 14].
A total of 446 postmenopausal women (ABL/ALN, n = 213;
PBO/ALN, n = 233) were included in the forearm DXA study
subcohort . Basel ine character is t ics (a t ACTIVE
baseline) were generally balanced between treatment groups
for the overall ACTIVExtend population and in the forearm
DXA ACTIVExtend study subcohort (Table 1). Mean (SD)
baseline 1/3 radius BMD T-score was − 2.8 (1.1) and − 2.8
(1.2) in the ABL/ALN and PBO/ALN groups, respectively.
Mean (SD) baseline UD radius BMD T-score in the forearm
DXA study was − 3.3 (1.3) and − 3.4 (1.3) in the ABL/ALN
and PBO/ALN groups, respectively.

Bone mineral density

Mean percent change from baseline in UD radius BMD in-
creased with 18 months ABL treatment during ACTIVE [13].
BMD was maintained during 24 months treatment with ALN
in the ABL/ALN group in ACTIVExtend through cumulative
month 43 (Fig. 1). Conversely, UD radius BMD in the PBO
group during ACTIVE decreased to below ACTIVE baseline
[13]. BMD subsequently increased during 24 months treat-
ment with ALN treatment in the PBO/ALN group in
ACTIVExtend through cumulative month 43 (Fig. 1). Mean
(standard error (SE)) percent change in UD radius BMD from
ACTIVE baseline was 1.1 (0.49) in the ABL/ALN group and
− 0.8 (0.43) in the PBO/ALN group after 6 months of ALN
treatment (cumulative month 25 treatment difference, 2.1%;
95% CI 0.83%, 3.32%; P < 0.01) and 1.3 (0.49) in the ABL/
ALN group and 0.5 (0.50) in the PBO/ALN group at
24 months (cumulative month 43 treatment difference,
0.89%; 95% CI − 0.46%, 2.24%; P = 0.20). Mean percent
change in UD radius BMD from ACTIVE baseline in the
ABL/ALN group was significantly different versus the PBO/
ALN group at all time points except month 43.
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Table 2 Time to event for clinical wrist fracture

ABL/ALN
(N = 558)

PBO/ALN
(N = 581)

Number of patients with event, n (%) 15 (2.7) 20 (3.4)

Kaplan-Meier estimated event rate at month 43, % 2.8 3.6

Hazard ratio (95% CI) vs PBO/ALNa 0.77 (0.39, 1.50)

P value vs PBO/ALNb 0.44

ABL, abaloparatide; ALN, alendronate; CI, confidence interval; PBO, placebo
a Cox proportional hazard model was used to calculate the hazard ratio with placebo/alendronate as reference
bP values were from the log-rank test
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The values of 1/3 radius BMD decreased through
month 18 in both the ABL and PBO groups in ACTIVE
[13]. Upon initiation of ALN treatment, the mean percent
changes in 1/3 radius BMD from ACTIVExtend baseline
were stable through month 24 (cumulative month 43) in
the ABL/ALN and PBO/ALN groups (Fig. 2). At month
24 (cumulative month 43), mean (SE) percent change in
1/3 radius BMD from ACTIVE baseline was − 1.5 (0.35)
for the ABL/ALN group and − 0.9 (0.29) for the PBO/
ALN group (P = 0.18). BMD values remained below
ACTIVE baseline values at all time points through month
24 (cumulative month 43) in both treatment groups with
no statistically significant differences between groups, ex-
cept at month 12 (Fig. 2).

Wrist fracture incidence

The number of wrist fractures was low in both treatment
groups (Table 2). In the ACTIVExtend population, the
K-M-estimated event rate from ACTIVE baseline for
clinical wrist fracture after the subsequent 24 months of
ALN treatment (cumulative month 43) was lower in the
ABL/ALN group compared with the PBO/ALN group
(2.8% vs 3.6%, respectively). The difference was not sta-
tistically significant (hazard ratio (HR) = 0.77; 95% CI
0.39, 1.50; P = 0.44) (Fig. 3). In the ACTIVE population,
by month 18, there was a separation between the ABL
and PBO groups in time to wrist fracture that was main-
tained through 43 months with subsequent ALN treatment
(2.7% vs 3.9%, respectively; HR = 0.69; 95% CI 0.36,
1.29; P = 0.24); however, differences were not statistically
significant.

Discussion

In the 18-month ACTIVE trial, BMD at the predominant-
ly trabecular UD radius increased in women treated with
ABL [13]. In this subanalysis of ACTIVExtend, results
show that the increase in BMD at the UD radius is main-
tained in women in whom 18 months of ABL treatment
was followed by treatment with ALN for 24 months. In
contrast, BMD at the more cortical 1/3 radius site de-
creased in both the ABL and PBO groups during
ACTIVE [13], and BMD remained below baseline
through 43 months in both groups in ACTIVExtend.
Although the mean percent decrease in BMD at the 1/3
radius site in the ABL/ALN group was numerically great-
er than that observed in the PBO/ALN group, this differ-
ence was not s igni f i can t a t any t ime poin t in
ACTIVExtend.

In ACTIVE, the increase in BMD at the UD radius in
women treated with ABL compared with women receiving
PBO was accompanied by numerically lower incidence of
wrist fracture in the ABL group compared with the PBO
group [13]. Our results are consistent with those reported in
ACTIVE; although the number of wrist fractures was low in
both groups, it was numerically higher in women treated with
PBO followed by ALN compared with women treated with
ABL followed by ALN. The K-M curve of time to first wrist
fracture event showed a trend towards early separation be-
tween the ABL and PBO groups; this separation increased
through the remainder of ACTIVE and was maintained with
subsequent ALN treatment throughout ACTIVExtend, al-
though there was no statistically significant difference be-
tween treatment groups.
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There is no consensus regarding the clinically significant
threshold for percent change in BMD at the radius, and, over-
all, weaker associations have been reported between BMD
changes and fracture risk at nonvertebral sites than the hip
and vertebral sites [17]. Although BMD at the 1/3 radial site
is used more for clinical care, UD radius BMD has been
shown to improve prediction of hip fractures when considered
together with femoral neck BMD, likely owing to its com-
bined trabecular and cortical bone structure [6]. The results
of this study, together with the data reported in our earlier
analysis of ACTIVE, [13] provide support for a potential role
for assessment of BMD at the UD radius in helping to predict
future fracture risk in postmenopausal women with
osteoporosis.

A limitation of these analyses was the low number of pa-
tients who experienced a wrist fracture in both treatment arms
of this study, limiting the statistical power to detect differences
in wrist fracture incidence. In addition, DXA scanner preci-
sion at the 1/3 and UD radius sites was not quantified. To
better evaluate the clinical significance of BMD changes ob-
served, a separate precision study is recommended for each
skeletal site that is used to follow patients [15].

Conclusions

The BMD gains at the UD radius following treatment with
ABL in ACTIVE were maintained over the subsequent
24 months of treatment with ALN in ACTIVExtend.
Conversely, 1/3 radius BMD remained stable during ALN
treatment in ACTIVExtend after decreasing during
ACTIVE. Although not significant, the risk of wrist fractures
was numerically lower with ABL/ALN compared with PBO/
ALN. These results, together with previous ACTIVE analy-
ses, suggest a potential correlation between UD wrist BMD
and wrist fracture risk that warrants further evaluation in stud-
ies designed specifically to address this relationship.
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