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Abstract
Objective: Fracture risk increases with age, but few studies focus on persons �80 years. In the ACTIVE trial,

treatment with abaloparatide for 18 months reduced osteoporotic fracture risk and increased bone mineral density.
These effects were maintained with 24 months alendronate treatment in ACTIVExtend. We postulated that similar
improvements in bone mineral density and safety would be demonstrated in women �80 years.

Methods: Post hoc analyses of bone mineral density and fracture incidence in women with osteoporosis at high
risk of fracture �80 years from ACTIVExtend.

Results: In total, 56 women aged �80 years at ACTIVE baseline entered the ACTIVExtend study; 46 of these
completed the study. Mean age was 83.3 years; other baseline characteristics were similar. At the end of ACTIVE,
bone mineral density increased at all sites for abaloparatide versus placebo. Bone mineral density increased in
parallel in both groups during alendronate therapy (19 to 43 months) in ACTIVExtend. At month 43, mean percent
change in bone mineral density from baseline was 17.2% abaloparatide/alendronate versus 8.6% placebo/
alendronate (P< 0.0001) at the lumbar spine, 5.3% abaloparatide/alendronate versus 3.0% placebo/alendronate
(P¼ 0.024) at the total hip, and 4.6% abaloparatide/alendronate versus 3.1% placebo/alendronate (P¼ 0.044) at the
femoral neck. Fracture incidence was low and did not differ significantly between groups. Sequential treatment with
abaloparatide followed by alendronate was well tolerated; the proportion of participants reporting adverse events
was similar between groups.

Conclusions: Sequential treatment with abaloparatide followed by alendronate (43 months follow-up) in this
small subgroup of ACTIVExtend participants suggests abaloparatide is well tolerated and effective in women
aged �80 years.
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PAN ET AL
T
he prevalence of osteoporosis and the risk of fracture
increase with age. The clinical consequences of
fracture, including mortality, are also greater in older

women with osteoporosis.1,2 For example, hip fractures rep-
resent one of the most serious types of osteoporotic fracture
(including a high risk of mortality), and more than 50% of
women hospitalized with a hip fracture are >80 years of
age.3,4 As such, effective strategies to prevent fracture in older
populations are essential. Management of osteoporosis in
older women involves a multifaceted approach including
adequate nutrition (ie, calcium and vitamin D), fall prevention
strategies, and pharmacologic therapies.4 However, efficacy
and safety information on pharmacologic treatments for
osteoporosis in this population remain limited.4

Abaloparatide (ABL) is a selective activator of the para-
thyroid hormone 1 receptor signaling pathway that favors the
stimulation of bone formation.5 The ABL Comparator Trial In
Vertebral Endpoints (ACTIVE) study showed that 18 months
of ABL treatment significantly increased bone mineral den-
sity (BMD) and reduced the risk of new vertebral, nonverte-
bral, clinical, and major osteoporotic fractures compared with
placebo (PBO).6 A post hoc analysis of 94 participants (ABL,
n¼ 51; PBO, n¼ 43) aged �80 years old in ACTIVE found
similar effectiveness on BMD accrual in spine and hip and
safety in this older subpopulation as in the parent study.7

Women treated with anabolic agents require antiresorptive
treatment to preserve therapeutic benefits following cessation
of anabolic therapy. Sequential anabolic therapy followed by
antiresorptive treatment may help achieve the therapeutic goal
of increasing and maintaining BMD, thus decreasing the risk of
future fractures in women with osteoporosis at high risk for
fracture.8-10 Women receiving either ABL or PBO in the
ACTIVE study were offered enrollment in the ACTIVExtend
study—a 24-month extension of ACTIVE in which both groups
received open-label alendronate (ALN).8,11 In ACTIVExtend,
participants treated with ABL in ACTIVE who switched to
open-label ALN for 24 months (ABL/ALN) had sustained
fracture risk reduction and greater BMD compared with
PBO followed by ALN (PBO/ALN), demonstrating that treat-
ment with ABL followed by ALN is an effective long-term
treatment option for postmenopausal women at high risk for
osteoporosis-related fractures. We postulated that similar
improvements in BMD and safety would be demonstrated in
women aged �80 years in the ACTIVExtend trial. Here, we
describe the results of a post hoc analysis of the subgroup of
women aged �80 years who participated in ACTIVExtend.

METHODS

Study design
Women aged �80 years from the open-label extension of

the ACTIVE study (ACTIVExtend) were included in this post
hoc analysis. The study design for ACTIVE (NCT01343004)
and ACTIVExtend (NCT01657162) have been described in
detail previously.6,8,11

Briefly, ACTIVE enrolled 2,463 postmenopausal women
with osteoporosis aged 49 to 86 years at high risk of fracture.
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Eligible participants included women �65 years of age who
had a BMD T-score of ��2.5 at the lumbar spine or femoral
neck and radiologic evidence of prior vertebral fractures or a
nonvertebral fracture within the past 5 years. Women> 65
years who met fracture criteria but had a T-score of ��2.0
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 ��3.0. All participants
were required to have T-scores above �5.0 at both the spine
and femoral neck (since this was a PBO-controlled trial).

In ACTIVE, participants were randomized 1:1:1 to
18 months of blinded treatment with ABL 80 mg subcutane-
ously once daily or matching PBO, or open-label teriparatide
20 mg subcutaneously 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 and did not experience any treatment-related
serious adverse events (SAEs). All who participated in the
extension study received open-label ALN monotherapy 70 mg
orally once per week for up to 24 months.

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

Endpoints
The prespecified endpoints for this post hoc analysis,

assessed over 43 months, included BMD (lumbar spine, total
hip, and femoral neck) assessed at baseline for ACTIVExtend
(cumulative month 19), and months 25, 31, 37, and 43.
Vertebral fractures were also assessed on spine radiographs
taken at ACTIVExtend baseline, and months 25 and 43;
nonvertebral fractures were determined clinically and con-
firmed with source documents.6,11 Safety evaluations were
summarized by treatment group based on their original ran-
domization in the ACTIVE study, and included assessment of
adverse events (AEs) and serious adverse events from
ACTIVExtend. Safety data for women �80 years in
ACTIVExtend are reported here. Previously published results
for the overall population in ACTIVExtend are included in the
text for comparison.8

Statistical analyses
The intent-to-treat population (primary population for all

efficacy analyses except vertebral fractures) included all
participants �80 years from ACTIVE who enrolled in
ACTIVExtend. The percentage change from ACTIVE base-
line in BMD for lumbar spine, total hip, and femoral neck was
analyzed at months 25, 31, 37, and 43 using an analysis of
covariance model, with missing data imputation by last
� 2020 The Author(s)



TABLE 1. Characteristics of ACTIVExtend participants aged �80
years at ACTIVExtend baseline (ITT population)

Abaloparatide/
Alendronatea

Placebo/
Alendronateb

Characteristics �80 y (n¼ 29) �80 y (n¼ 27)

Age in years, mean (SD) 83.3 (1.7) 83.3 (1.5)
BMI, mean (SD) 24.8 (2.7) 25.3 (3.3)
Years since menopause, mean (SD) 34.8 (4.7) 33.0 (4.4)
Race n (%)

White 18 (62.1) 16 (59.3)
Asian 9 (31.0) 9 (33.3)
Black or African-American 2 (6.9) 2 (7.4)
Other 0 0
Hispanic or Latino 11 (37.9) 10 (37.0)

BMD T-score, mean (SD)
Lumbar spine �1.77 (1.42) �2.96 (0.91)
Total hip �1.88 (0.73) �2.37 (0.70)
Femoral neck �2.23 (0.62) �2.54 (0.63)

Prevalent vertebral fracture at
baseline, n (%)c

11 (39.3) 5 (18.5)

At least one prior nonvertebral
fracture, n (%)d

15 (51.7) 10 (37)

Participant characteristics taken at baseline from ACTIVE.
BMD, bone mineral density; BMI, body mass index; ITT, intent-to-treat;
SD, standard deviation.
aBaseline characteristics at ACTIVE baseline of participants from the
abaloparatide group in ACTIVE who were subsequently treated with
alendronate in ACTIVExtend.
bBaseline characteristics at ACTIVE baseline of participants from the
placebo group in ACTIVE who were subsequently treated with
alendronate in ACTIVExtend.
cEvaluated by Bioclinica-Synarc.
dExcluded fractures of the spine, sternum, patella, toes, fingers, skull, and
facial bones.

ABL FOLLOWED BY ALN IN WOMEN �80 YEARS
observation carried forward. Fracture rates were low and are
described descriptively.

The safety population included all participants from the
ACTIVE intent-to-treat population who were enrolled in the
ACTIVExtend study and received at least one dose of ALN.
AEs were assessed for 24 months after ALN treatment.

RESULTS

Participant demographic and clinical characteristics
There were 94 women (�80 y) who enrolled in the

ACTIVE study (ABL, n¼ 51; PBO, n¼ 43).6 Of these, 34
(67%) from the ABL group and 31 (72%) from the PBO group
completed the ACTIVE trial (Fig. 1). Of the 65 completers
from ACTIVE who were aged �80 years, 9 did not enter the
extension study for reasons including more than 33 days from
last study drug administration (two ABL; two PBO); partici-
pant not willing to continue study (two ABL; one PBO); and
other (one ABL; one PBO).

The current analysis included 56 women (ABL/ALN,
n¼ 29; PBO/ALN, n¼ 27) who were aged �80 year at
baseline in the ACTIVE trial and who entered the extension
study. In total, 10 older women of more than 80 years (five in
each arm) did not complete the ACTIVExtend study. The
reasons for noncompletion of the study included: AE
(three PBO/ALN; one ABL/ALN), withdrawn consent
(one PBO/ALN; three ABL/ALN), inability to complete pro-
cedure (one PBO/ALN), and participant’s death from pancre-
atic cancer (one ABL/ALN).

In general, baseline characteristics at ACTIVExtend base-
line were well balanced between treatment groups (Table 1).
Women ≥80 years En

ABL (N = 51)

ABL/ALN
(N = 29)

• Reasons for not entering 
extension study

• More than 30 days from last 
study drug administration: 2

• Participant not willing to 
continue: 2

• Other: 1

Completed ACTIVE 
(N = 34, 67%)

Women ≥80 years Enrol

Completed ACTIVExtend
(N = 24, 83%)

• Reasons for withdrawal

• Adverse event: 1
• Withdrawn consent: 3
• Other: 1
• Death (pancreatic cancer): 1

FIG. 1. Participan
The mean age of both treatment groups was 83.3 years, which is
approximately 13 years older than the mean age of the overall
ACTIVExtend population.8 Among the older women (� 80 y)
included in the ACTIVExtend study, average baseline lumbar
rolled in ACTIVE

PBO (N = 43)

PBO/ALN
(N = 27)

• Reasons for not entering 
extension study

• More than 30 days from last 
study drug administration: 2

• Participant not willing to 
continue: 1

• Other: 1

Completed ACTIVE
(N = 31, 72%)

led in ACTIVExtend

Completed ACTIVExtend
(N = 22, 82%)

• Reasons for withdrawal

• Adverse event: 3
• Withdrawn consent: 1
• Inability to complete 

procedure: 1

t disposition.
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FIG. 2. Percent change in bone mineral density from ACTIVE baseline to 43 months of ACTIVExtend in participants �80 years (intent-to-treat
population). (A) Lumbar spine, (B) Total hip, and (C) Femoral neck. The ANCOVA model with missing data imputation by last observation carried
forward was used for bone mineral density at each anatomical site. �P< 0.0001; yP< 0.01; zP< 0.05. ABL, abaloparatide; ALN, alendronate; PBO,
placebo; SE, standard error.
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TABLE 2. Summary of treatment-emergent adverse events in
participants aged�80 years from ACTIVExtend (safety population)a

Abaloparatide/
Alendronate

Placebo/
Alendronate

n (%) �80 y (n¼ 28) �80 y (n¼ 27)

�1 TEAE 22 (78.6) 22 (81.5)
�1 Severe TEAE 2 (7.1) 3 (11.1)
�1 Serious TEAE 4 (14.3) 3 (11.1)
�1 TEAE leading to death 0 0
�1 TEAE leading to discontinuation 1 (3.6) 2 (7.4)

TEAE, treatment-emergent adverse events.
aSafety was evaluated in all intent-to-treat participants who received at
least one dose of alendronate.

TABLE 3. Treatment-emergent adverse events occurring in >5%
of participants �80 years

Abaloparatide/
Alendronate

Placebo/
Alendronate

n (%) �80 y (n¼ 28) �80 y (n¼ 27)

Sciatica 4 (14.3) 0
Back pain 3 (10.7) 2 (7.4)
Dyspepsia 3 (10.7) 1 (3.7)
Musculoskeletal pain 3 (10.7) 0
Arthralgia 2 (7.1) 3 (11.1)
Upper respiratory tract infection 2 (7.1) 2 (7.4)
Osteoarthritis 2 (7.1) 1 (3.7)
Muscular weakness 2 (7.1) 0
Vertigo 2 (7.1) 0
Dizziness 1 (3.6) 3 (11.1)
Hypertension 1 (3.6) 3 (11.1)
Constipation 1 (3.6) 2 (7.4)
Abdominal pain 0 2 (7.4)
Gastroenteritis 0 2 (7.4)
Hyperlipidemia 0 2 (7.4)

ABL FOLLOWED BY ALN IN WOMEN �80 YEARS
spine T-scores were �1.8 for the ABL/ALN group and �3.0
for the PBO/ALN group versus �2.1 (ABL/ALN) and
�2.9 (PBO/ALN) for the overall ACTIVExtend population.
Mean BMD T-scores in our older subgroup were �1.9 (ABL/
ALN) and�2.4 (PBO/ALN) at total hip and�2.2 (ABL/ALN)
and�2.5 (PBO/ALN) at femoral neck compared with total hip
�1.6 (ABL/ALN) and �1.9 (PBO/ALN) and femoral neck
�2.0 (ABL/ALN) and �2.2 (PBO/ALN) in the overall
ACTIVExtend population.

In the cohort of older participants, 15 (51.7%) in the ABL/
ALN group and 10 (37%) in the PBO/ALN group had at least
one prior nonvertebral fracture at ACTIVE baseline. The prior
nonvertebral fracture prevalence in the overall ACTIVExtend
population was 50% in both treatment groups. Among par-
ticipants aged �80 years, 11 (39.3%) in the ABL/ALN group
and 5 (18.5%) in the PBO/ALN group had a prevalent
vertebral fracture at ACTIVExtend baseline compared with
22.3% in the ABL/ALN group and 24.1% in the PBO/ALN
groups in the overall ACTIVExtend population. Baseline
characteristics at ACTIVE baseline are shown in Supplemen-
tal Table 1, http://links.lww.com/MENO/A619.

BMD and fracture rates
In our cohort of women aged �80 years, mean (� standard

deviation, SD) percent changes in BMD from ACTIVE
baseline during the ACTIVE trial in the ABL group at lumbar
spine, total hip, and femoral neck were 11.9% (�7.9), 3.4%
(�3.5), and 3.3% (�4.0), respectively, at 18 months com-
pared with 1.1% (�3.6), 0.8% (�3.3), and 1.3% (�5.3) in the
PBO group. During the ALN treatment period in women aged
�80 years, BMD increased at all three skeletal sites in both
groups to a similar degree (Fig. 2). Mean (� SD) percent
changes from ACTIVE baseline in lumbar spine, total hip, and
femoral neck BMD were 14.9% (�9.6), 5.1% (�4.4), and
4.1% (�5.0), respectively, in the ABL/ALN group compared
with 5.6% (�4.3), 2.3% (�3.3), and 2.4% (�4.9) in the PBO/
ALN group at 31 months; and 15.8% (�10.3), 5.5% (�4.5),
and 4.7% (�5.0) (ABL/ALN) compared with 6.2% (�5.5),
2.2% (�3.8) and 1.6% (�5.1) (PBO/ALN) at 37 months;
(P< 0.05 at both time points for all three skeletal sites). At
month 43, BMD mean (� SD) percent change from ACTIVE
baseline was 17.2% (�10.2) for ABL/ALN versus 8.6%
(�6.2) for PBO/ALN at the lumbar spine, 5.3% (�4.1) for
ABL/ALN versus 3.0% (�3.5) for PBO/ALN at the total hip,
and 4.6% (�4.2) for ABL/ALN versus 3.1% (�5.1) for PBO/
ALN at the femoral neck. The difference in least square mean
percent change from ACTIVE baseline in BMD in the ABL/
ALN arm versus the PBO/ALN arm was 10.5% (95% CI,
6.1% to 14.8%, P< 0.0001) at the lumbar spine; 2.5% (95%
CI, 0.3% to 4.6%, P¼ 0.024) at the total hip; and 2.4% (95%
CI, 0.1-4.7%, P¼ 0.044) at the femoral neck. The increases in
BMD in women aged �80 years were similar to those
observed in the overall ACTIVExtend population.8

There were very few fractures in either treatment group in
this cohort of women �80 years. Overall, during the full 43
months, there were no new vertebral fractures in the ABL/
ALN group and one in the PBO/ALN group. There was one
nonvertebral fracture in the ABL/ALN group and two in the
PBO/ALN group.

Safety analyses
AE rates in the ACTIVExtend study, during which both

groups received open-label ALN, were similar between treat-
ment arms in the older subgroup described here and were
consistent with the overall ACTIVExtend population and the
recognized AE profile for ALN.8 (Table 2).

Treatment-emergent adverse events occurring in >5% of
participants in either treatment group in women aged�80 years
are listed in Table 3 and were similar to those observed in the
overall ACTIVExtend population.8 Dizziness, hypertension,
and arthralgia occurred more frequently in the PBO/ALN
group, whereas dyspepsia, musculoskeletal pain, back pain,
and sciatica occurred more frequently in the ABL/ALN group.

DISCUSSION
The ACTIVE and ACTIVExtend studies demonstrated that

treatment with ABL for 18 months in ACTIVE followed by
continuation of treatment with ALN for up to two additional
years in ACTIVExtend is effective and well tolerated in
postmenopausal women with osteoporosis at high risk for
fracture.6,8 In the full ACTIVExtend population, participants
Menopause, Vol. 27, No. 10, 2020 1141
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treated with ABL followed by ALN had sustained fracture risk
reduction and larger BMD increments compared with PBO
followed by ALN.8 A recent post hoc analysis of ACTIVE that
included women aged �80 years demonstrated similar results
in this clinically important subgroup as in the parent study.6

Here, we show the increases in BMD during the ACTIVExtend
trial, in which ABL treatment was followed by ALN treatment,
were similar in the subset of women�80 years compared to the
overall study population.

Older women are at increased risk of having low BMD,
which is an independent risk factor for fractures.12 Thus,
effective measures to increase BMD in this population are
paramount. Our results highlight sequential therapy of ABL
followed by ALN as an effective therapy to prevent bone loss in
older women, a population that is at increased risk for osteo-
porosis and the clinical consequences associated with osteopo-
rosis. Furthermore, studies have demonstrated that sequential
ABL/ALN is cost-effective versus generic ALN monotherapy
in women �60 years with a BMD T-score � �3.5 and in
women with BMD T-score between�2.5 and�3.5 and history
of osteoporotic fracture.13 Long-term cost-effectiveness mod-
els have also illustrated that sequential therapy with ABL/ALN
is more cost-effective versus sequential treatment with teri-
paratide/ALN and, in high risk patients, sequential treatment
with ABL/ALN is cost saving compared to no treatment.14

Given the small number of participants in this subgroup
analysis, the number of AEs reported during the extension study
was too low for any meaningful comparison between treatment
groups; however, AE types and rates were comparable to those
observed in the overall population and no new or unexpected
safety signals were observed in either group.

Limitations of this post hoc subgroup analysis are those
common to subgroup analyses, including a small number of
participants and lack of adjustments for multiple comparisons.
The small number of fractures observed precludes making any
definitive conclusions regarding fracture incidence in this
population. Additionally, of the 94 women aged �80 years
from ACTIVE, only 65 completed the ACTIVE study (31%
attrition) compared with a 23% attrition rate for all partic-
ipants in the ACTIVE trial. Of these 65 participants, 56 (86%)
entered ACTIVExtend and 46 completed the study (18%
attrition) compared with 12% attrition for the full cohort of
participants who enrolled in ACTIVExtend. Finally, degen-
erative changes in the spine, which are common with
advanced age, could potentially have contributed to increased
lumbar spine BMD in the older cohort compared with the full
ACTIVExtend population. However, this would be expected
to affect both the ABL/ALN and PBO/ALN groups equally.
Furthermore, differences in BMD between treatment groups
were also seen at total hip and femoral neck, sites less affected
by degenerative change.

The strength of this study includes the focus on an older
cohort of women, often excluded from clinical trials, but who
are at the highest risk of fracture. In addition, this analysis
provides a reasonable strategy to prevent bone loss after
completion of ABL therapy.
1142 Menopause, Vol. 27, No. 10, 2020
CONCLUSION
The efficacy and safety demonstrated in ACTIVE and

ACTIVExtend support the use of sequential therapy with
18 months of ABL followed by ALN. This approach repre-
sents a real-world therapeutic strategy for reducing fracture
risk in older postmenopausal women with osteoporosis and a
high risk of fracture. The results of this post hoc analysis
provide important preliminary long-term safety and efficacy
data in a small group of women �80 years and provides
information that can help guide future studies in this important
subgroup of women
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