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Abstract
Background and Objective Abaloparatide, an anabolic osteoporosis treatment administered by subcutaneous (SC) injec-
tion, increases bone mineral density (BMD) and reduces fracture risk in postmenopausal women with osteoporosis. The 
abaloparatide-solid Microstructured Transdermal System [abaloparatide-sMTS (Kindeva, St Paul, MN, USA)], which delivers 
abaloparatide intradermally, is in development to provide an alternative method for abaloparatide delivery. The objective 
of this study was to evaluate the ability of subjects to self-administer abaloparatide-sMTS, based on pharmacokinetic and 
pharmacodynamic markers.
Methods In this single-arm, open-label, Phase 1b study, 22 healthy postmenopausal women aged 50–85 years with low 
BMD were trained to self-administer abaloparatide-sMTS 300 μg once daily to the thigh for 5 min for 29 days. The primary 
endpoint was systemic exposure to abaloparatide. Secondary endpoints included percent change from baseline in serum 
procollagen type I N-terminal propeptide (s-PINP), patient experience, and safety.
Results All 22 subjects completed the study. At baseline, mean age was 65.2 years, mean total hip T-score was − 1.32, and 
mean lumbar spine T-score was − 1.98. On Day 1, the median time to reach maximum concentration (Tmax) for abaloparatide-
sMTS was 0.33 h and geometric mean (CV %) maximum concentration (Cmax) and area under the concentration-time curve 
from time 0 to the time of the last quantifiable concentration (AUC 0–t) were 447 (38.0) pg/mL and 678 (45.3) pg·h/mL, 
respectively; the pharmacokinetic profile was similar on Days 15 and 29. Median percentage change in s-PINP was 45.4% 
and 64.4% at Days 15 and 29, respectively. The most common adverse events (AEs) were application site erythema, pain, 
and swelling, which were mostly of mild or moderate severity. No AEs led to study drug withdrawal and no serious AEs 
were reported. The success rate for self-administration at first application was 99.7%, and subject acceptability was high 
(~ 4.5 on a 5-point Likert Scale).
Conclusions Subjects successfully self-administered abaloparatide-sMTS, which provided a consistent pharmacokinetic pro-
file over 29 days and produced s-PINP increases from baseline similar to that observed in the pivotal trial with abaloparatide-
SC. Observed patient experience along with the clinical data support continued clinical development of abaloparatide-sMTS.
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Plain Language Summary
Osteoporosis is a serious health condition that causes more than 2 million fractures in the USA annually. Treatment options 
for osteoporosis include drugs that prevent bone resorption and anabolic agents that build new bone. Bone anabolic agents, 
such as abaloparatide, have been shown to increase bone mineral density and reduce the risk of fracture in postmenopausal 
women with osteoporosis. Currently, all bone anabolic agents are delivered by subcutaneous injection. However, some 
patients do not like injectable treatments, which can negatively impact patients’ adherence to prescribed medication. In 
this study, we describe a novel mode of administration, the abaloparatide-solid Microstructured Transdermal System (aba-
loparatide-sMTS), which is applied to the thigh for 5 min and delivers abaloparatide intradermally. The study showed that 
this new method delivered abaloparatide into the blood as effectively as subcutaneous injections and demonstrated signs of 
activity in the body. Study participants were satisfied with abaloparatide-sMTS and found it easy to use. The most common 
side effects were skin related, including redness, pain, and swelling, which resolved shortly after dosing.

Key Points 

Anabolic drugs that help to build bone are currently all 
delivered by subcutaneous injection, which may limit 
their use by both patient and physician.

This study was the first evaluation of a novel delivery 
method for the anabolic agent abaloparatide using an 
intradermal delivery system self-administered to the 
thigh over 29 days in postmenopausal women with low 
bone mineral density.

The study found that abaloparatide-sMTS administration 
was effective, easy to use, and not associated with any 
serious safety concerns.

1 Introduction

Osteoporosis is a serious health condition that causes more 
than 2 million fractures in the USA annually, with that num-
ber expected to substantially increase with the aging popula-
tion [1, 2]. Current treatment options include antiresorptive 
drugs, which inhibit osteoclast-mediated bone resorption 
[3], and anabolic agents [administered by subcutaneous (SC) 
injection], which stimulate osteoblast production and func-
tion to improve bone microstructure and increase bone for-
mation [4]. Despite the availability of multiple therapeutic 
options, rates of pharmacologic treatment for osteoporosis 
after a fracture remain low [5, 6]. For patients who do initi-
ate treatment, long-term adherence to osteoporosis therapies 
is suboptimal and high rates of discontinuation are common, 
regardless of the mode of intake [7, 8].

A National Osteoporosis Foundation survey found that 
daily injection was most frequently ranked as the least 

preferred mode of administration for osteoporosis treatments 
[9], and, in another recent survey, having to inject medica-
tion was considered to be the worst attribute of the ana-
bolic agent abaloparatide-SC in women initiating treatment 
with this drug [10]. Studies have suggested that intrader-
mal delivery systems have a greater acceptability compared 
with traditional SC injections [11] and may improve patient 
adherence, as they do not stimulate nerves that are associ-
ated with pain [12]. Thus, availability of a non-injectable 
anabolic treatment has the potential to improve adherence 
and provide an additional treatment option for patients with 
needle aversion.

Abaloparatide, a synthetic analog of the parathyroid 
hormone-related peptide (PTHrP) and a selective activa-
tor of the parathyroid hormone (PTH) type 1 receptor, is 
approved by the US Food and Drug Administration (FDA) 
for the treatment of postmenopausal women with osteo-
porosis at high risk for fracture [13, 14]. In the pivotal 
phase III ACTIVE study (ClinicalTrials.gov identifier: 
NCT01343004), abaloparatide-SC significantly increased 
bone mineral density (BMD) and decreased the risk of 
fractures in postmenopausal women with osteoporosis 
[15]. These effects were sustained in patients subsequently 
treated with alendronate monotherapy for an additional 2 
years in the phase III ACTIVExtend trial (ClinicalTrials.gov 
identifier: NCT01657162) [16, 17]. Radius Health, Inc., in 
collaboration with Kindeva Drug Delivery, is developing a 
drug-device combination product for an intradermal method 
of abaloparatide administration, the abaloparatide-solid 
Microstructured Transdermal System (abaloparatide-sMTS), 
which consists of a small polymeric disk of microneedle 
arrays coated with abaloparatide.

The objective of this study was to evaluate the ability 
of subjects to self-administer abaloparatide-sMTS (300 μg) 
each day for 29 days, based on pharmacokinetic and pharma-
codynamic markers. The usability of abaloparatide-sMTS as 
well as safety and tolerability were also assessed.
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2  Methods

This open-label, single-arm, single-center, Phase 1b study 
evaluated the usability of abaloparatide-sMTS in postmeno-
pausal women with low BMD (Fig. 1). Subjects were trained 
to self-administer abaloparatide-sMTS 300 µg once daily to 
their anterior thigh for 5 min (and then remove), alternating 
on either side, for a period of 29 days. Self-administration 
occurred under observation at the study site on Days 1, 15, 
and 29.

The study was conducted according to the recommen-
dations of Good Clinical Practice and the Declaration of 
Helsinki revised edition (Seoul 2008) and was approved by 
the ethics committee at the study site. All subjects provided 
written informed consent.

2.1  Study Subjects

Healthy postmenopausal women, aged 50–85 years inclusive 
with a body mass index (BMI) up to 33 kg/m2 and a BMD 
T-score < − 1.0 and > − 5.0 at the lumbar spine or hip were 
eligible for the study. Preference was given to subjects with 
a T-score of  −2.0 or lower during enrollment.

Subjects were excluded if they had a history of bone 
disorders other than postmenopausal osteoporosis; cancer 
within the past 5 years (other than basal cell or squamous 
cancer of the skin); osteosarcoma at any time; or prior exter-
nal beam or implant radiation therapy involving the skel-
eton, other than radioiodine. Subjects previously treated with 
PTH- or PTHrP-derived drugs or bone anabolic drugs at 
any time, intravenous (IV) bisphosphonate at any time, oral 
bisphosphonate within the prior year, or denosumab within 
the prior 18 months were not eligible for the study. Subjects 
with application sites on the thigh compromised by scars, 
inflammation, or skin conditions that affected uniformity of 
abaloparatide-sMTS application or drug delivery were also 
excluded.

2.2  Study Drug Administration

Subjects were trained by study personnel to self-administer a 
single daily dose of 300 μg abaloparatide-sMTS to alternat-
ing thighs for 5 min. Subjects were encouraged to drink 8 
ounces of water 1–2 h before applying abaloparatide-sMTS 
and to remove it from refrigeration 1 h before application. 
Subjects were instructed to clean the application site with 
an alcohol wipe and to administer abaloparatide-sMTS 
while in a sitting or lying position. After 5 min, subjects 
removed abaloparatide-sMTS but remained in the sitting or 
lying position for approximately 5 min after administration 
was completed. Self-administration of abaloparatide-sMTS 
occurred under observation by study staff on Days 1, 15, 
and 29, and the subject remained under observation for a 
minimum of 60 min after administration.

2.3  Study Endpoints

Blood samples for pharmacokinetic analysis were drawn 
from each subject pre-dose and at 10 min, 20 min, 30 min, 1 
h, 1.5 h, 2 h, 3 h, and 4 h after abaloparatide-sMTS applica-
tion on Days 1, 15, and 29. Blood samples were collected 
into 5.0 mL K3EDTA  vacutainer® tubes with aprotinin as a 
protease inhibitor to stabilize abaloparatide in the samples, 
and the separated plasma was frozen and stored at – 80 °C 
until assay.

Serum procollagen type I N-terminal propeptide (s-PINP) 
was measured within 1 h before abaloparatide-sMTS admin-
istration and serum calcium (albumin-corrected) and inor-
ganic phosphorus were measured pre-dose and at 4 h after 
abaloparatide-sMTS administration on Days 1, 15, and 29. 
Serum cyclic adenosine monophosphate (cAMP) levels were 
measured pre-dose and at 30 min after abaloparatide-sMTS 
administration on Days 1, 15, and 29.

Investigators assessed the application site for the presence 
of erythema, edema, vesiculation, glazed appearance, ero-
sions, crusting, hyperpigmentation, hypopigmentation, scar-
ring, atrophy, bruising, and bleeding using a 4-point scale (0 
= none, 1 = mild, 2 = moderate, 3 = severe) before applica-
tion, 5 min after application (immediately upon removal of 
abaloparatide-sMTS), and 1 h after application on Days 1, 
15, and 29. Subjects were instructed to record symptoms 
of local skin reaction (pain, itching, burning, tenderness, 
and swelling) using the 4-point scale described above before 
application, 5 min after application, and 1 h after application 
from Day 1 through Day 29 in their subject diary.

Abaloparatide-sMTS adhesion was assessed daily by sub-
jects immediately before removal. Adhesion was scored as 
follows: 0 = ≥ 90% adhered (essentially no lift off the skin); 
1 = ≥ 75% to < 90% adhered (some edges only lifting off 
the skin); 2 = ≥ 50% to < 75% adhered (less than half lifting 
off the skin); 3 = > 0% to < 50% adhered, but not detached 

Screening Phase

Up to 2 Months 1 Week 29 Days 7 Days

Study Visits

D1 D15 D29

ABL-sMTS 300 μg on the 
thigh for 5 minutes 

(N = 22)

Treatment Period Follow-up
Period

Pre-treatment 
Period

Fig. 1  Study design. ABL-sMTS abaloparatide-solid Microstructured 
Transdermal System, D day
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(more than half lifting off skin without falling off); 4 = 0% 
adhered and detached (completely off the skin). Subjects 
were also instructed to record any user errors in their diary.

Safety assessments included adverse events (AEs), seri-
ous adverse events, serious and unanticipated device effects, 
vital signs, physical examination, electrocardiogram (ECG), 
and laboratory values.

Subject global satisfaction and satisfaction with conveni-
ence of treatment were assessed at Days 15 and 29 using the 
abbreviated 9-item Treatment Satisfaction Questionnaire for 
Medication (TSQM-9). Scores for each domain were com-
puted by adding the TSQM-9 items in each domain and then 
transforming the composite score into a value ranging from 
0 to 100, using the algorithm provided in the TSQM User 
Manual (Version 1.1, October 2018), with higher scores rep-
resenting higher satisfaction. Subject acceptability of treat-
ment was measured using a 5-point Likert scale (1 being 
the least acceptable/negative experience to 5 being the most 
acceptable/positive experience) at Days 1, 15, and 29. Sub-
ject preference for treatment attributes at Days 1, 15, and 29 
was assessed by posing the following two questions directly 
to subjects: “Which attributes of the treatment do you find 
most favorable for you?” and “Which attributes of the treat-
ment do you find least favorable?” No specific response 
options were provided for the participants to choose from. 
Instead, verbatim subject comments were categorized by 
treatment attribute.

2.4  Bioanalytical Assay

Abaloparatide plasma concentrations were determined at 
Nexelis (formerly Pacific Biomarkers, Seattle, WA, USA) 
using a validated radioimmunoassay (RIA) method (using 
125I-abaloparatide as a radiotracer, Perkin Elmer, Boston, 
MA, USA). The assay employed a rabbit polyclonal anti-
body raised against abaloparatide, which shows no signifi-
cant cross-reactivity to native PTH or PTHrP. The abalo-
paratide assay calibration standards ranged from 0 to 800 
pg/mL, with quality control (QC) sample concentrations of 
60, 180, and 600 pg/mL. The assay has a lower limit of 
quantitation of 20 pg/mL. Approximately 10% of the sam-
ples were randomly selected for evaluation of Incurred Sam-
ple Reanalysis (ISR), and these assays were performed on 
the backup sample aliquots, which had not previously been 
thawed/analyzed.

2.5  Statistical Methods

Pharmacokinetic parameters were calculated with standard 
noncompartmental methods using  Phoenix®  WinNonlin® 
v.7.0. and the linear-up/log-down trapezoidal method for 
AUC calculations. The apparent terminal phase half-life 
(t1/2) was calculated as ln(2)/λz, where λz is the first-order 

terminal elimination rate constant calculated from a regres-
sion analysis of the plasma concentration versus time data 
judged to be in the terminal phase of a semi-log plot of the 
plasma concentration-time curve. Abaloparatide plasma 
concentration values that were reported as below the limit 
of quantitation (BLQ) were set to zero for pharmacokinetic 
parameter calculation and concentration summary statistics.

Pharmacokinetic parameters were summarized using 
descriptive statistics. In order to estimate the relative expo-
sure [and 90% confidence intervals (CIs)] between Days 1, 
15, and 29, the natural log (ln)-transformed area under the 
plasma concentration-time curve (AUC) from time 0 to the 
time of the last quantifiable concentration (AUC 0−t), AUC 
from time 0 to infinity (AUC 0–inf), and maximum concen-
tration (Cmax) were compared among visits following the 
methodology for longitudinal data analysis using a repeated-
measures model. This analysis is based upon within-subject 
pharmacokinetic variability because the pharmacokinetic 
parameters are derived from the same subjects on multiple 
occasions.

Actual values, change from baseline, and percentage 
change from baseline were summarized using descriptive 
statistics for pharmacodynamic markers—s-PINP, serum 
calcium (albumin-corrected), phosphorous, and cAMP. 
Descriptive analyses were used to summarize TSQM-9 sat-
isfaction and convenience domain scores, subject accept-
ability, subject and investigator assessment of local skin 
reactions, adhesion, and user error. No formal statistical 
hypothesis testing was performed for safety endpoints, and 
the presentations were based on descriptive summaries. All 
descriptive and statistical analyses were performed using 

Table 1  Patient demographics and baseline characteristics (safety 
population, N = 22)

BMD bone mineral density, BMI body mass index, SD standard devi-
ation, sMTS solid Microstructured Transdermal System

Characteristic Value

Age, years
 Mean (SD) 65.2 (6.4)
 Median (min, max) 68 (51, 72)

Age group, n (%)
 < 65 years 7 (31.8)
 65 ‒ < 75 years 15 (68.2)
 ≥ 75 years 0

Race – White, n (%) 22 (100)
Ethnicity—not Hispanic or Latino, n (%) 21 (95.5)
Weight, mean, kg (SD) 63.3 (10.0)
BMI, mean, kg/m2 (SD) 24.7 (3.4)
BMD T-score, mean (SD)
 Total hip − 1.32 (0.76)
 Lumbar spine − 1.98 (0.76)
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 SAS® (SAS institute, Cary, NC, USA) statistical software, 
version 9.4.

3  Results

3.1  Subject Disposition and Baseline Characteristics

Overall, 22 subjects enrolled in the Phase 1b study. All 22 
subjects completed the study and completed all doses of 
abaloparatide-sMTS. At baseline, mean age was 65.2 years 
(range 51–72 years) and mean BMD T-score was − 1.32 at 
the total hip and − 1.98 at the lumbar spine (Table 1).

3.2  Pharmacokinetic Parameters

Abaloparatide pre-dose concentrations were all below the 
level of quantification even after multiple doses on Day 

15 and Day 29. After self-administration of abaloparatide-
sMTS, median  Tmax (time to reach maximum concentration) 
for abaloparatide was at 0.33 h on Day 1 and 0.50 h on Days 
15 and 29 (Fig. 2, Table 2). Geometric mean (CV%) values 
for Cmax and AUC 0−t were 447 (38.0) pg/mL and 678 (45.3) 
pg·h/mL, respectively on Day 1. Exposure to abaloparatide 
was similar on Day 15 when compared with Day 1, with geo-
metric mean values on Day 15 of 428 (41.5) pg/mL and 703 
(54.0) pg·h/mL for Cmax and AUC 0-t, respectively. However, 
a slight decrease was observed on Day 29 compared with 
Day 1, with geometric mean values of 400 (41.8) pg/mL 
and 605 (51.1) pg·h/mL for Cmax and AUC 0−t, respectively. 
Geometric mean terminal phase  t1/2 was similar on Days 1, 
15, and 29, ranging from 1.3 to 1.4 h.

Although this study was not statistically powered a pri-
ori to show bioequivalence in the pharmacokinetic profiles 
between Days 1, 15, and 29, comparisons of abaloparatide 
Cmax, AUC 0-t, and AUC 0–inf between Day 15 and Day 1 and 
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Fig. 2  Mean (±SD) plasma concentrations of 300 μg abaloparatide-sMTS over time (N = 22) on a linear scale (a) and logarithmic scale (b). h 
hour, LLOQ lower limit of quantitation, SD standard deviation, sMTS solid Microstructured Transdermal System

Table 2  Plasma abaloparatide pharmacokinetic  parametersa,b

AUC 0–t area under the concentration-time curve (AUC) from time 0 to the time of the last quantifiable concentration, AUC 0–inf AUC from time 0 
to infinity, Cmax maximum concentration, CV coefficient of variation, h hour, sMTS solid Microstructured Transdermal System, t1/2 half-life, Tmax 
time to reach maximum concentration
a Values are expressed as geometric mean (CV %), except for  tmax, which are median (range)
b Self-administered abaloparatide-sMTS (N = 22)

Pharmacokinetic parameter Day 1 Day 15 Day 29

AUC 0–t (pg·h/mL) 678 (45.3) 703 (54.0) 605 (51.1)
AUC 0–inf (pg·h/mL) 785 (41.1) 830 (49.9) 686 (53.1)
Cmax (pg/mL) 447 (38.0) 428 (41.5) 400 (41.8)
t1/2 (h) 1.4 (21.0) 1.4 (12.9) 1.3 (26.3)
tmax (h) 0.33 (0.17–0.50) 0.50 (0.17–0.55) 0.50 (0.17–1.00)
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comparisons of AUC 0-t and AUC 0–inf between Day 29 and 
Day 1 met the strict bioequivalence criteria requiring the 
90% CIs to lie entirely between 80% and 125% (data not 
shown). However, the geometric mean abaloparatide Cmax 
was slightly lower on Day 29 and narrowly missed meeting 
the bioequivalence criteria. The estimate intrasubject CV 
for these comparisons was approximately 19–20%, with 
the exception of the Cmax comparison between Day 29 and 
Day 1 that exhibited an intrasubject CV of approximately 
27% (data not shown).

3.3  Pharmacodynamic Markers

Median (interquartile range) s-PINP was 50.5 (42.0–69.3) 
ng/mL at baseline and increased to 77.5 (70.0–109.8) ng/mL 
at Day 15 and 100.1 (72.9–125.4) ng/mL at Day 29 (Fig. 3), 
a median percentage change from baseline of 45.4% and 
64.4% at Days 15 and 29, respectively. No clinically signifi-
cant changes from baseline for cAMP and no clinically rel-
evant hypercalcemia or hypophosphatemia were seen (data 
not shown).

3.4  Safety and Adverse Events

All subjects reported at least one AE and at least one skin-
related AE (Table 3). The most common AEs were appli-
cation site erythema, application site pain, application site 
swelling, and application site edema. Most AEs were mild 
or moderate in severity.

Two subjects reported severe local skin reactions that 
were recorded as AEs. One subject reported severe pain and 
itching at the application site prior to dosing on Day 4 that 
resolved within 10 min and was not seen after application 
that day or subsequently. One subject reported severe swell-
ing at application site on Day 7 that resolved by the next day. 
The investigator did not observe application site swelling 

at any study visits. No deaths, AEs leading to study drug 
withdrawal, or serious AEs were reported. No clinically sig-
nificant changes in any hematology, chemistry, or urinalysis 
or ECG parameters were seen.

3.5  Local Skin Reactions

Investigators assessed local skin reactions prior to abalo-
paratide-sMTS application and at 5 min and 1 h after appli-
cation. Mild erythema was seen at 5 min (72.7%, 77.3%, 
and 50.0% on Days 1, 15, and 29, respectively) and 1 h after 
abaloparatide-sMTS application (90.9% on Day 1 and Day 
15 and 77.3% on Day 29), whereas mild edema was predom-
inantly seen at 1 h after abaloparatide-sMTS removal (45.5% 
on Day 1 and Day 15 and 18.2% on Day 29). Mild (pinpoint) 
skin bleeding (4.5%, 13.6%, and 18.2% at 5 min post-dose on 
Days 1, 15, and 29, respectively) and mild crusting [one sub-
ject (4.5%) at 1 h post-dose on Day 1 only] were also seen.

Swelling, pain, and burning were the most common local 
skin reactions reported by subjects on Days 1, 15, and 29 
[Online Supplementary Material (OSM), Table 1]. Local 
skin reactions reported by subjects were predominantly mild 
to moderate in severity, with no increase in the severity of 
the reactions with repeat abaloparatide-sMTS administra-
tion. The percentage of subjects reporting swelling increased 
from Day 1 (50.0%) to Day 15 and Day 29 (59.1% each), 
whereas the percentages of subjects reporting pain and burn-
ing were decreased on Day 15 (13.6% and 22.7%, respec-
tively) and Day 29 (9.1% and 22.7%, respectively) compared 
with Day 1 (45.4% and 40.9%, respectively). The mean 
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Table 3  Most common (≥ 5%) adverse events (AEs)a

Each subject was counted once for the same system organ class and 
the same preferred term
sMTS solid Microstructured Transdermal System
a Self-administered abaloparatide-sMTS 300 μg (N = 22)
b Burning sensation was reported on the thigh for both subjects before 
administration of abaloparatide-sMTS

System organ class n (%)
Preferred term

Subjects with any AEs 22 (100)
General disorders and administration site conditions 22 (100)
 Application site erythema 22 (100)
 Application site pain 20 (90.9)
 Application site swelling 17 (77.3)
 Application site edema 14 (63.6)
 Application site hemorrhage 6 (27.3)
 Application site pruritus 6 (27.3)

Nervous system disorders 2 (9.1)
 Burning  sensationb 2 (9.1)
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percentage of applications where a clear mark was identi-
fied 24 h after abaloparatide-sMTS application was 73.3%.

3.6  Self‑administration and Adhesion

Mean (SD) first application success rate during the study 
was 99.7% (1.0) [range, 97 (28 of 29 administrations) 
– 100% (29 of 29 administrations)]. Two women reported 
difficulty with administration for one of their 29 abalopara-
tide-sMTS applications but did not specify the reason. For 
all women, on Days 1, 15, and 29, abaloparatide-sMTS 
was ≥ 90% adhered (adhesion score of 0). Abaloparatide-
sMTS did not detach prior to completion of the 5-min wear 
time for any subjects. During the treatment period, four 
subjects (one event each) reported abaloparatide-sMTS as 
being ≥ 75% to < 90% adhered.

3.7  Patient Experience

The abaloparatide-sMTS had high subject acceptability, 
with mean (SD) acceptability scores (5 = most acceptable/
positive experience) of 4.5 (0.7) on Day 1, 4.6 (0.9) on Day 
15, and 4.5 (0.7) on Day 29. Subjects were satisfied with 
the use and convenience of abaloparatide-sMTS based on 
responses to the TSQM-9 questionnaire (Table 4). Mean 
(SD) global satisfaction scores on Day 15 and Day 29 were 
64.3 (18.0) and 56.8 (21.7), respectively, ranging from 
21.4 to 92.9 on Day 15 and from 14.3 to 100.0 on Day 
29. Mean (SD) convenience scores on Day 15 and Day 
29 were 74.5 (15.4) and 69.4 (16.9), respectively, rang-
ing from 38.9 to 100.0 on both days. Verbatim comments 
regarding “treatment attributes” (OSM, Table 2) indicated 
that most subjects found abaloparatide-sMTS easy to use 
including the first treatment application on Day 1 of the 

study. When verbatim comments were categorized by 
attribute, 64% of subjects (n = 14) commented on “ease 
of use” (Table 5). Fewer than 10% of the subjects reported 
issues with the device or the application at any time during 
the study [device issues: two (9.1%); daily application: one 
(4.5%)]. Topics related to study site characteristics (i.e., 
getting up early, frequent blood draws, food) rather than 
the study drug itself were mentioned by 56% of subjects on 
Days 1 and 29 and 64% of subjects on Day 15 when asked 
about treatment attributes they found to be least favorable 
(OSM, Table 3).

4  Discussion

This study was the first evaluation of a self-administered 
multidose regimen of abaloparatide-sMTS 300 µg over 29 
days in postmenopausal women with low BMD. Subjects 
achieved target pharmacokinetics, indicating that they were 
appropriately trained and successfully able to self-admin-
ister abaloparatide-sMTS with few errors and high subject 
acceptability for 29 days. Pharmacokinetic exposure was 
similar on Day 1 (when subjects were first trained to self-
administer abaloparatide-sMTS), Day 15, and declined only 
slightly on Day 29, suggesting subjects were able to consist-
ently self-administer abaloparatide-sMTS.

Importantly, the increase in median s-PINP, a marker of 
bone formation, over 29 days from 50.5 ng/mL at baseline 
to 100.1 ng/mL is consistent with the increase in s-PINP 
observed with abaloparatide-SC in the pivotal ACTIVE 
study (from 50.6 ng/mL at baseline to 100.5 ng/mL at month 
1) [18]. The increase in s-PINP after 1 month of anabolic 
treatment has been shown to predict the overall increase in 
BMD at 18 months [18]. The increase in s-PINP after 29 

Table 4  Summary of TSQM-9 global satisfaction and convenience 
domains by  visita

TSQM scores range from 0 to 100, with higher scores indicating 
higher satisfaction
SD standard deviation, sMTS solid Microstructured Transdermal Sys-
tem, TSQM-9 9-item Treatment Satisfaction Questionnaire for Medi-
cation
a Self-administered abaloparatide-sMTS 300 μg (N = 22)

Domain Day 15 Day 29

Convenience
 Mean (SD) 74.5 (15.4) 69.4 (16.9)
 Median (min, max) 77.8 (38.9, 100.0) 66.7 (38.9, 100.0)

Global satisfaction
 Mean (SD) 64.3 (18.0) 56.8 (21.7)
 Median (min, max) 64.3 (21.4, 92.9) 57.1 (14.3, 100.0)

Table 5  Summary of treatment attributes mentioned by  subjectsa,b

sMTS solid Microstructured Transdermal System
a Data represent verbatim subject comments on Days 1, 15, and 29 
categorized by treatment attribute
b Self-administered abaloparatide-sMTS 300 μg (N = 22)

Treatment attributes n (%)

Ease of use 14 (64)
General like of abaloparatide-sMTS 5 (23)
Convenience 4 (18)
Perceived efficacy 3 (14)
Refrigeration/timing requirement 9 (41)
Adverse reactions 4 (18)
Application site 3 (14)
Device issues 2 (9)
Daily application 1 (5)
General dislike of abaloparatide-sMTS 1 (5)
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days of self-administered abaloparatide-sMTS 300 μg sug-
gests that self-administration for a longer treatment dura-
tion will likely increase BMD, supporting continued clinical 
development of abaloparatide-sMTS. No clinically signifi-
cant hypercalcemic or hyperphosphatemic responses were 
seen.

Subjects were able to successfully self-administer abalo-
paratide-sMTS daily, as evidenced by a mean first applica-
tion success rate of 99.7%, along with ≥ 90% adherence 
at Days 15 and 29. No subjects had abaloparatide-sMTS 
detached after self-administration, and adhesion scores 
indicated that abaloparatide-sMTS was firmly attached with 
essentially no lift off the skin.

Local skin reactions were predominantly mild to mod-
erate in severity, with no increase in severity with repeat 
abaloparatide-sMTS administration. The only skin condition 
among the exclusion criteria was a compromised applica-
tion site, suggesting these findings could be applicable to 
a broad range of patients. Despite the occurrence of mild 
to moderate skin reactions, the overall acceptability and 
satisfaction with use and convenience of self-administered 
abaloparatide-sMTS were high. Consideration of less favora-
ble attributes, which related to site visits including, but not 
limited to, frequent blood withdrawals as required by the 
study, is reflected in a small decrement in overall satisfaction 
score over the course of the study.

This study is the first of an osteoporosis treatment admin-
istered using an intradermal delivery system, which could 
have the potential to improve compliance. Given the increas-
ing burden of osteoporosis and poor patient adherence to 
the current medications [5, 6], the development of an alter-
nate, more patient-friendly application procedure would be 
a significant advance in anabolic osteoporosis therapy. The 
current findings align with the FDA’s Center for Drug Eval-
uation and Research Patient-Focused Drug Development 
initiative [19]. Furthermore, as per the 2020–2023 Value 
Assessment Framework from the Institute for Clinical and 
Economic Review, documentation of patient perspective of 
a new delivery mechanism that could improve real-world 
adherence provides contextual consideration relative to 
existing therapies [20].

4.1  Limitations

This open-label study was conducted without a concurrent 
control group or comparator (i.e., abaloparatide-SC), which 
would have provided a more direct comparison for the inter-
pretation of the observed change in s-PINP. Moreover, the 
duration of treatment was not sufficiently long to assess the 
effects of abaloparatide-sMTS on BMD in these subjects. 
However, the results of this study support further evaluation 
of abaloparatide-sMTS in the ongoing Phase 3 wearABLe 

study (NCT04064411) comparing treatment with abalopara-
tide-sMTS or abaloparatide-SC over 12 months.

4.2  Conclusions

Subjects were able to successfully self-administer abalopara-
tide-sMTS to provide a consistent pharmacokinetic profile 
over 29 days and to produce s-PINP increases from baseline 
at 29 days similar to that observed after 1 month of admin-
istration in the pivotal trial with abaloparatide-SC. Subject-
rated satisfaction, convenience, and acceptability were high. 
Taken together, these results support the continued clinical 
development of abaloparatide-sMTS, and a Phase 3 study is 
ongoing (NCT04064411).

Supplementary Information The online version contains supplemen-
tary material available at https ://doi.org/10.1007/s4026 1-021-01008 -7.

Acknowledgements Medical writing support (Sarah Hummasti, PhD) 
and graphic services were provided by AOIC, LLC, and were funded 
by Radius Health, Inc.

Declarations 

Funding Funding for this study was provided by Radius Health, Inc.

Conflicts of interest PDM has received research support from and is 
a member of an advisory board for Radius Health, Inc. JS is a paid 
consultant for Radius Health, Inc. and he has also received reimburse-
ment for travel related to this study. ST, RJW, MA, SAW, and BM are 
employees of and own company stock in Radius Health, Inc.

Availability of data and material Data that underlie the results reported 
in a published article may be requested for further research 6 months 
after completion of FDA or EMA regulatory review of a marketing 
application (if applicable) or 18 months after trial completion (which-
ever is latest). Radius will review requests individually to determine 
whether (i) the requests are legitimate and relevant and meet sound 
scientific research principles, and (ii) are within the scope of the par-
ticipants’ informed consent. Prior to making data available, requestors 
will be required to agree in writing to certain obligations, including 
without limitation, compliance with applicable privacy and other laws 
and regulations. Proposals should be directed to info@radiuspharm.
com.

Code availability Not applicable.

Ethical approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the institu-
tional review board and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. Approval was granted by 
the Midlands Independent Review Board (Lenexa, KS, USA).

Informed consent Informed consent was obtained from all individual 
study participants included in the study.

Authors’ contributions All listed authors meet the criteria for author-
ship set forth by the International Committee for Medical Journal Edi-
tors. ST, MA, JS, SAW, and BM contributed to the conception and 
design of the study; ST and MA acquired the data; the analysis was 
conducted by ST, MA, and BM; PDM, ST, RJW, MA, JS, SAW, and 

https://doi.org/10.1007/s40261-021-01008-7


285Abaloparatide Solid Microstructured Transdermal System

BM contributed to the data interpretation. BM wrote the first draft and 
all authors provided critical review throughout the development and 
approved the final draft of the manuscript for publication. All authors 
agree to be responsible for the content of this work.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article’s Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http://creat iveco mmons .org/licen ses/by-nc/4.0/.

References

 1. Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A, 
Tosteson A. Incidence and economic burden of osteoporosis-
related fractures in the United States, 2005–2025. J Bone Miner 
Res. 2007;22(3):465–75.

 2. Leader D, Williams S, Curtis J, Gut R. Osteoporosis-related frac-
ture events in the US [AMCP Nexus Abstract M19]. J Manag Care 
Spec Pharm. 2017;23(Suppl 10a):S78.

 3. Pavone V, Testa G, Giardina SMC, Vescio A, Restivo DA, Sessa 
G. Pharmacological Therapy of osteoporosis: A systematic current 
review of literature. Front Pharmacol. 2017;8:803.

 4. Canalis E, Giustina A, Bilezikian JP. Mechanisms of anabolic 
therapies for osteoporosis. N Engl J Med. 2007;357(9):905–16.

 5. Solomon DH, Johnston SS, Boytsov NN, McMorrow D, Lane 
JM, Krohn KD. Osteoporosis medication use after hip fracture 
in U.S. patients between 2002 and 2011. J Bone Miner Res. 
2014;29(9):1929–37.

 6. Yusuf AA, Matlon TJ, Grauer A, Barron R, Chandler D, Peng 
Y. Utilization of osteoporosis medication after a fragility frac-
ture among elderly Medicare beneficiaries. Arch Osteoporos. 
2016;11(1):31.

 7. Durden E, Pinto L, Lopez-Gonzalez L, Juneau P, Barron R. Two-
year persistence and compliance with osteoporosis therapies 
among postmenopausal women in a commercially insured popu-
lation in the United States. Arch Osteoporos. 2017;12(1):22.

 8. Modi A, Sajjan S, Insinga R, Weaver J, Lewiecki EM, Harris ST. 
Frequency of discontinuation of injectable osteoporosis therapies 
in US patients over 2 years. Osteoporos Int. 2017;28(4):1355–63.

 9. Patient Perception of Value in Healthcare: Osteoporosis and Bone 
Fragility. A patient-oriented value (POV™) report prepared by 
Connect 4 Strategies, LLC on behalf of National Osteoporosis 
Foundation. https ://stati c1.squar espac e.com/stati c/5c086 0aff7 
93924 efe22 30f3/t/5d3ee 6edf9 125d0 00190 f46e/15644 03439 
922/POV+in+Bone+Healt h+Repor t+NOF+7.29.pdf. Accessed 
11 Jan 2021.

 10. Gold DT, Weiss R, Beckett T, et al. Abaloparatide Real-World 
Patient Experience Study. JBMR Plus. 2021. https ://doi.
org/10.1002/jbm4.10457 .

 11. Norman JJ, Arya JM, McClain MA, Frew PM, Meltzer MI, Praus-
nitz MR. Microneedle patches: usability and acceptability for self-
vaccination against influenza. Vaccine. 2014;32(16):1856–62.

 12. Ita K. Transdermal delivery of drugs with microneedles-potential 
and challenges. Pharmaceutics. 2015;7(3):90–105.

 13. Hattersley G, Dean T, Corbin BA, Bahar H, Gardella TJ. Bind-
ing selectivity of abaloparatide for PTH-type-1-receptor confor-
mations and effects on downstream signaling. Endocrinology. 
2016;157(1):141–9.

 14. TYMLOS® (abaloparatide) injection, for subcutaneous use [pack-
age insert]. Waltham, MA: Radius Health, Inc.; 2017.

 15. Miller PD, Hattersley G, Riis BJ, et  al. Effect of abalopara-
tide vs placebo on new vertebral fractures in postmenopausal 
women with osteoporosis: a randomized clinical trial. JAMA. 
2016;316(7):722–33.

 16. Bone HG, Cosman F, Miller PD, et  al. ACTIVExtend: 24 
months of alendronate after 18 months of abaloparatide or pla-
cebo for postmenopausal osteoporosis. J Clin Endocrinol Metab. 
2018;103(8):2949–57.

 17. Cosman F, Miller PD, Williams GC, et al. Eighteen months of 
treatment with subcutaneous abaloparatide followed by 6 months 
of treatment with alendronate in postmenopausal women with 
osteoporosis: results of the ACTIVExtend trial. Mayo Clin Proc. 
2017;92(2):200–10.

 18. Eastell R, Mitlak BH, Wang Y, Hu M, Fitzpatrick LA, Black DM. 
Bone turnover markers to explain changes in lumbar spine BMD 
with abaloparatide and teriparatide: results from ACTIVE. Osteo-
poros Int. 2019;30(3):667–73.

 19. CDER. Patient-focused drug development. Updated April 21, 
2020. https ://www.fda.gov/drugs /devel opmen t-appro val-proce 
ss-drugs /cder-patie nt-focus ed-drug-devel opmen t. Accessed 11 
Jan 2021.

 20. ICER. Value assessment framework: Institute for Clinical and Eco-
nomic Review. Updated January 31, 2020. http://icero rg.wpeng 
ine.com/wp-conte nt/uploa ds/2020/10/ICER_2020_2023_
VAF_01312 0-4-2.pdf. Accessed 11 Jan 2021.

Authors and Affiliations

Paul D. Miller1  · Steven Troy2  · Richard J. Weiss3  · Miriam Annett4  · Jason Schense5  · Setareh A. Williams6  · 
Bruce Mitlak7 

1 Colorado Center for Bone Health, (Director), Lakewood, 
CO, USA

2 Radius Health, Inc., (Clinical Pharmacology), Boston, MA, 
USA

3 Radius Health, Inc., (Global Medical Affairs), Boston, MA, 
USA

4 Radius Health, Inc., (Biometrics), Boston, MA, USA

5 Astra Healthcare Advisers (Clinical Development), Milan, 
Lombardy, Italy

6 Radius Health, Inc., (Health Economics and Outcomes 
Research), Boston, MA, USA

7 Radius Health, Inc., (Clinical Development), 22 Boston 
Wharf Road, Boston, MA 02210, USA

http://creativecommons.org/licenses/by-nc/4.0/
https://static1.squarespace.com/static/5c0860aff793924efe2230f3/t/5d3ee6edf9125d000190f46e/1564403439922/POV+in+Bone+Health+Report+NOF+7.29.pdf
https://static1.squarespace.com/static/5c0860aff793924efe2230f3/t/5d3ee6edf9125d000190f46e/1564403439922/POV+in+Bone+Health+Report+NOF+7.29.pdf
https://static1.squarespace.com/static/5c0860aff793924efe2230f3/t/5d3ee6edf9125d000190f46e/1564403439922/POV+in+Bone+Health+Report+NOF+7.29.pdf
https://doi.org/10.1002/jbm4.10457
https://doi.org/10.1002/jbm4.10457
https://www.fda.gov/drugs/development-approval-process-drugs/cder-patient-focused-drug-development
https://www.fda.gov/drugs/development-approval-process-drugs/cder-patient-focused-drug-development
http://icerorg.wpengine.com/wp-content/uploads/2020/10/ICER_2020_2023_VAF_013120-4-2.pdf
http://icerorg.wpengine.com/wp-content/uploads/2020/10/ICER_2020_2023_VAF_013120-4-2.pdf
http://icerorg.wpengine.com/wp-content/uploads/2020/10/ICER_2020_2023_VAF_013120-4-2.pdf
http://orcid.org/0000-0002-5347-7457
http://orcid.org/0000-0002-9535-7293
http://orcid.org/0000-0002-0095-2410
http://orcid.org/0000-0002-4520-6841
http://orcid.org/0000-0001-5691-6817
http://orcid.org/0000-0002-6795-2677
http://orcid.org/0000-0001-7050-0703

	Phase 1b Evaluation of Abaloparatide Solid Microstructured Transdermal System (Abaloparatide-sMTS) in Postmenopausal Women with Low Bone Mineral Density
	Abstract
	Background and Objective 
	Methods 
	Results 
	Conclusions 
	Trial Registration Number 

	Plain Language Summary
	1 Introduction
	2 Methods
	2.1 Study Subjects
	2.2 Study Drug Administration
	2.3 Study Endpoints
	2.4 Bioanalytical Assay
	2.5 Statistical Methods

	3 Results
	3.1 Subject Disposition and Baseline Characteristics
	3.2 Pharmacokinetic Parameters
	3.3 Pharmacodynamic Markers
	3.4 Safety and Adverse Events
	3.5 Local Skin Reactions
	3.6 Self-administration and Adhesion
	3.7 Patient Experience

	4 Discussion
	4.1 Limitations
	4.2 Conclusions

	Acknowledgements 
	References




