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Abstract:
Purpose/Background: The asenapine transdermal system (HP-3070)
is the first antipsychotic patch approved in the United States for treatment
of adults with schizophrenia.
Methods/Procedures: Three phase 1, open-label, randomized studies
characterized the pharmacokinetic (PK) profile of HP-3070 by assessing
its relative bioavailability compared with sublingual asenapine, its
single-/multiple-dose PK and dose proportionality, and the effects of appli-
cation site, ethnicity, and external heat on bioavailability. Two studies were
conducted in healthy subjects, and 1 was conducted in adults with schizophrenia.
Findings/Results: During single HP-3070 administration, asenapine
concentrations increased gradually over approximately 12 hours and
remained steady until the patch was removed 24 hours after application.
Asenapine area under the curve values at HP-3070 3.8 and 7.6mg/24 hours
doses were similar to those for sublingual asenapine 5 and 10 mg twice-
daily doses, respectively, whereas peak exposure (maximum observed plasma
concentration) was significantly lower. During daily application of HP-3070,
steady-state PK was reached within approximately 72 hours after initiating
daily dosing and was characterized by peak-to-trough asenapine plasma
concentration ratio of approximately 1.5. HP-3070 PKwas dose proportional
in the dose range studied, not affected by administration site, and similar
across the studied ethnic groups. Application of external heat increased
the rate of asenapine absorption (time to reach maximum observed plasma
concentration) but did not significantly affect peak and total exposure.
Implications/Conclusions: HP-3070 exhibited a dose-dependent PK
profile unaffected by site of administration or ethnicity. HP-3070 showed
a predictable absorption profile with limited variability, with an area under
the curve similar to that of sublingual asenapine. Based on these PK met-
rics, HP-3070 steadily delivers asenapine with lower peaks and troughs
than sublingual administration of asenapine.
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injectable medications. Although the need for multiple types of
formulations has been acknowledged in the literature1,2 and a
range of formulation options have been explored,2 a transdermal
delivery option for antipsychotic medications had not been avail-
able until recently.3

Asenapine, a second-generation antipsychotic, was originally
commercially available only as a sublingual tablet administered
twice daily with instructions that the tablet be placed under the
tongue and allowed to dissolve.4 Adverse effects related to the
sublingual administration of asenapine can include oral ulcers,
hypoesthesia, or dysgeusia.3,5 These adverse effects, combined
with restrictions on eating or drinking for 10 minutes after admin-
istration, can create a barrier to adherence or patient cooperation,
making sublingual formulations unsuitable for some patients.6,7

Transdermal antipsychotics are a relatively recent innovation
in the treatment of schizophrenia. Available transdermal options
for treatment of schizophrenia include Lonasen Tape, a transder-
mal formulation of blonanserin available in Japan, and HP-3070,
a transdermal formulation of asenapine available in the United
States.8–10 HP-3070 has demonstrated efficacy and safety in a
phase 3 trial in adults with schizophrenia.11

Here, we describe 2 single-dose studies (study 1, study 2)
and a multiple ascending-dose study (study 3) that were conducted
to address the following objectives: characterize the pharmacoki-
netic (PK) profile of the asenapine transdermal system HP-3070
and evaluate the safety and tolerability of HP-3070 in both healthy
adults and adults with schizophrenia. The efficacy and clinical impli-
cations of treatment with HP-3070 have been addressed elsewhere.11
MATERIALS AND METHODS
The 3 single-center, phase 1, open-label studies were con-

ducted in the United States (study 1) and in the United Kingdom
(studies 2 and 3), in compliancewith the International Conference
on Harmonization E6 Guideline for Good Clinical Practice. The
study protocols, amendments, and informed consent forms for
all 3 studies were approved by an independent ethics committee/
institutional review board for each site (study 1, PPD Institu-
tional Review Board, Austin, Texas; study 2, National Research
Ethics Service Committee London and the Medicines and Health-
care Products Regulatory Agency, London, United Kingdom;
study 3, Research Ethics Committee London, London, United
Kingdom). All subjects provided written informed consent before
any study-related procedures were initiated.

Trial Design, Participants, and Study Treatments

Study 1
Study 1 was a randomized, single-dose, 3-way crossover study

enrolling 18 healthy subjects aged 18 to 45 years. Primary objec-
tives were to compare the PK profiles of asenapine after HP-3070
and sublingual asenapine administration and assess the effect of
locally applied external heat on the rate and extent of asenapine
absorption after HP-3070 application. Each subject received 3
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treatments in random order: a single 24-hour application of
HP-3070 1.9 mg/24 hours (10 cm2) to the upper arm in the pres-
ence of a 40°C heating pad constantly applied for 8 hours; a single
24-hour application of HP-3070 1.9 mg/24 hours (10 cm2) to the
upper arm without external heat application; and a single dose of
sublingual asenapine 5 mg. During each treatment period, sub-
jects were admitted to the testing site (PPD Phase 1 Clinic, Austin,
Texas) and, depending on treatment assignment, discharged
on either day 4 (after receiving sublingual asenapine) or day 6
(after receiving HP-3070).
Study 2
Study 2 (EudraCT 2013-003567-63) was a single-dose, 5-period

crossover studywhose primary objectivewas to evaluate the effect
of different patch application sites on the relative bioavailability of
HP-3070 3.8 mg/24 hours. A secondary objective was to evaluate
potential ethnic differences in asenapine PK in Japanese and
White populations after application of HP-3070 3.8 mg/24 hours.
Forty healthy adult male and female subjects aged 20 to 40 years
(20 Japanese, 20 White) were enrolled, admitted to the testing site
(Richmond Pharmacology Ltd, London, United Kingdom), and
received a single 24-hour HP-3070 patch administration of 3.8 mg/
24 hours (20 cm2) at each of the following sites in random sequence:
abdomen, hip, upper arm, upper back, and upper chest (Supplemen-
tary Fig. 1. Supplemental Digital Content, http://links.lww.com/JCP/
A735). Subjects remained at the testing site until after completion of
all assessments on day 6.
Study 3
Study 3 (EudraCT 2014-000806-36) was a multiple ascending-

dose study with a primary objective of evaluating the PK profile of
HP-3070 1.9, 3.8, 5.7, and 7.6 mg/24 hours after multiple 24-hour
applications. Eligible subjects (N = 24) were 18- to 65-year-old
male or female patients meeting the diagnostic criteria for schizo-
phrenia or schizoaffective disorder according to the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition, Text
Revision (no other active axis I diagnoses were permitted) with a
Positive and Negative Syndrome Scale (PANSS) total score of
70 or less. Subjects were ineligible if they lacked the capacity to
provide consent for research or were judged by the investigator
to exhibit a significant risk of suicidal or violent ideation or behavior.

At the time of inclusion, all patients were being treated for
schizophrenia with a stable dose of oral medication (except for 1
patient who had received an injectable antipsychotic), which
was stopped 7 to 21 days before initial application of the HP-3070
patch. All subjects were given the option to undergo the initial
7-day washout period as inpatients or as outpatients under the care
of their psychiatrists. Subjects were admitted to the testing site
(Richmond Pharmacology Ltd, Croydon, United Kingdom) for
the entire treatment period. Each patient received once-daily,
24-hour, single-patch administration of the following 4 ascending
doses of study treatment applied in rotation to the upper arm, up-
per chest, upper back, and hip areas (Supplementary Fig. 1. Sup-
plemental Digital Content, http://links.lww.com/JCP/A735): 1.9 mg/
24 hours (patch size 10 cm2), days 1 to 7; 3.8 mg/24 hours (20 cm2),
days 8 to 14; 5.7 mg/24 hours (30 cm2), days 15 to 21; and 7.6 mg/
24 hours (40 cm2), days 22 to 28. All patch doses were composi-
tionally identical, with dosage determined by patch size.

For all 3 studies, anatomical sites containing tattoos, scar tis-
sue, infections, or other skin abnormalities were avoided. Study
subjects were not permitted to shave patch application sites.
© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
Assessments

Pharmacokinetics
For study 1, blood samples for PK assessments of HP-3070

treatment were collected before patch application and at 2, 4, 6,
8, 10, 12, 14, 16, 20, 24, 26, 28, 32, 36, 48, 60, 72, 96, and
120 hours after application, and blood samples for PK assess-
ments of sublingual asenapine treatment were collected before
dose and at 0, 10, and 20 minutes and 0.5, 0.75, 1, 1.25, 1.5, 2,
4, 6, 8, 10, 12, 14, 24, 36, 48, 60, and 72 hours after dose. For
study 2, blood samples for PK assessments were collected before
dose and at 2, 4, 8, 12, 16, 20, 24, 26, 28, 32, 36, 48, 60, 72, 96,
and 120 hours after dose. For study 3, blood samples for PK as-
sessments were collected before dose on day 1 to day 28; 2, 4,
6, 12, 16, and 20 hours after dose on day 7, 14, 21, and 28; and
24 hours after the last dose (day 29 or early termination). Analytic
methods for assessment of asenapine in plasma samples are de-
tailed in Supplementary Document 1 (Supplemental Digital Con-
tent, http://links.lww.com/JCP/A735).

All plasma concentrations for asenapine and the actual blood
sampling times were subjected to noncompartmental PK analysis.
Pharmacokinetic parameter calculations were performed primar-
ily using Phoenix WinNonlin Version 6.3 or higher (Pharsight,
Inc). Pharmacokinetic parameters analyzed included maximum
observed plasma concentration (Cmax); Cmax at steady state
(Cmax,ss); minimum concentration at steady state (Cmin,ss); time
to reach maximum observed plasma concentration (tmax); tmax at
steady state (tmax,ss); area under the plasma concentration-time
curve calculated from time zero to t hours by the log-linear trape-
zoidal rule, where t is the last time point with a concentration
above the lower limit of quantification (AUC0–t); AUC from time
zero to time τ (ie, 24 hours) at steady state (AUC0–24,ss); AUC
from time 0 to 8 hours (AUC0–8); AUC from 0 to infinity, calcu-
lated as AUC0–t + Ct/λz (AUC0–inf); percentage of estimated part
of the calculation of AUC0–inf (%AUC); terminal elimination rate
constant, determined by regression analysis of the log-linear seg-
ment of the plasma concentration-time curve (λz); and elimination
half-life, calculated as ln2/λz (t1/2). For each study, the used
patches were also collected and analyzed to determine the amount
of residual drug remaining. Details of the analysis of residual drug
in the used patches are supplied in Supplementary Document 1
(Supplemental Digital Content, http://links.lww.com/JCP/A735).
Dermal Assessments
Dermal evaluations included assessments for the presence

and severity of skin irritation and discomfort, patch adhesion,
and adhesive residue. Skin irritation at the patch site was judged
by visual inspection and graded according to the dermal response
scale (grades 0–7)12 and Other Effects Observation scale (numer-
ical equivalent grades 0–3; Supplementary Table 1A. Supplemen-
tal Digital Content, http://links.lww.com/JCP/A735), which were
combined to calculate a skin irritation score. Discomfort was
reported by subjects and rated according to the experience of
discomfort scale (grades 0–4; Supplementary Table 1B. Sup-
plemental Digital Content, http://links.lww.com/JCP/A735).
In this study, patch adhesion was rated according to an estimate
of the percentage of patch surface in contact with skin and
scored using a 5-point scale (0–4; Supplementary Table 1C.
Supplemental Digital Content, http://links.lww.com/JCP/
A735). The amount of adhesive residue remaining at the patch
application site was graded according to an adhesive residue
scale (grades 0–3; Supplementary Table 1D. Supplemental
Digital Content, http://links.lww.com/JCP/A735).
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In study 1, skin irritation was assessed immediately before
patch application, upon removal, and 30minutes, 1, 12, and 24 hours
after removal. Patch adhesion and discomfort were assessed 2, 4,
8, 12, and 24 (immediately before removal) hours after patch ap-
plication. In study 2, skin irritation was assessed each period im-
mediately before patch application, upon removal, and 30 minutes,
24, 48, 72, and 96 hours after removal. Adhesion and discomfort
were evaluated each period at 2, 4, and 12 hours after patch appli-
cation and before patch removal. In study 3, skin irritation was
assessed immediately before patch application and 30 minutes,
1 hour, and 24 hours after removal, and adhesion and discomfort
were evaluated at 2, 4, 12, and 24 (immediately before patch re-
moval) hours after application.

For each study, adhesive residue at the application site was
assessed immediately after patch removal.
Safety
Systemic safety was assessed for each study using treatment-

emergent adverse event (TEAE) monitoring, clinical laboratory
test results, vital sign measurements, physical examination find-
ings, cardiac Holter monitoring, electrocardiogram (ECG), and
the Columbia-Suicide Severity Rating Scale.13
FIGURE 1. Study 1: Mean plasma asenapine concentration-time
profiles after a single application of HP-3070 1.9mg/24 hours and
a single dose of sublingual asenapine 5 mg.
Statistical Analysis/Data Analyses

For all studies, mean plasma asenapine concentration-time
profiles were presented graphically and compared, and asenapine
PK parameters were summarized using descriptive statistics.

In study 1, no formal sample size calculation was performed;
however, a sample of 18 subjects was determined to be adequate
based on previously completed phase 1 studies for HP-3070.

In study 2, assuming that the relative to reference application
site ratios for all asenapine PK parameters werewithin 0.9 and 1.1,
the required number of subjects for bioequivalence assessment
(bioequivalence limit 80%–125%) was estimated to be 32 at a
power of 80% and type I error α value of 5%. Assuming a dropout
rate of approximately 20%, the total number of enrolled subjects
was approximately 40. Bioequivalence across 5 application sites
with respect to asenapine AUC0–t, AUC0–inf, andCmax was assessed
by analysis of variance using SAS PROC MIXED, fitting a linear
mixed-effect model to the natural log (ln)-transformed parameters
with sequence, application site, and period as fixed effects and
subject nested within sequence as a random effect.

For study 3, sample size was determined using type I error
(α = 0.05) and type II error (power = 80%). Because the r value
was 4 (where r = highest dose/lowest dose) in this study, dose pro-
portionality would be confirmed if the 90% confidence intervals
(CIs) for β (slope) fell entirely within the critical region (0.839,
1.161). The intrasubject coefficient of variation was assumed to
be 25% or less (based on previous phase 1 studies), and the pro-
posed sample size needed to be 18 subjects to demonstrate dose
proportionality based on criteria for β. Assuming a dropout rate
of approximately 25%, the sample size needed was 24. Dose
proportionality was assessed by comparing Cmax,ss, Cmin,ss, and
AUC0–24,ss across each dose level using a power model with
mixed effects.14 The estimated slope (β1) was reported along with
the 90% CIs. In a post hoc analysis of study 3 data, observed
plasma concentrations were compared with the predicted plasma
concentrations via a model-independent superposition method.

Statistical analyses and reporting for studies 1, 2, and 3 were
performed using SAS software Version 9.1.3 or higher (SAS Insti-
tute, Inc, Cary, NC).
288 www.psychopharmacology.com
RESULTS

Subject Characteristics and Disposition
Demographic data for all 3 studies are available in Supplemen-

tary Table 2 (Supplemental Digital Content, http://links.lww.com/
JCP/A735).

Study 1
Eighteenmale and female subjects with amean age of 26.3 years

(range, 20–41 years) were enrolled. All subjects were included in
the safety and PK sets. Three subjects discontinued the study: 1
subject withdrew consent, 1 was discontinued because of a proto-
col violation (subject failed to disclose a history of migraines, an
exclusionary criterion for the study), and 1 discontinued because
of physician's decision (subject presented with an unrelated fever
at the second period check-in).

Study 2
Twenty White and 20 Japanese male and female subjects

were enrolled. The mean age was 29.5 years (range, 20–38 years).
All 40 subjects completed all study periods.

Study 3
Twenty-four male and female subjects with a mean age of

38.5 years (range, 19–63 years) were enrolled. Twenty-two sub-
jects were included in the PK set (2 withdrew consent without
complete PK data for at least 1 dose level). All 24 subjects were
included in the safety analysis set.
General PK Characteristics

Single-Dose PK (Study 1)
After a single 24-hour application of HP-3070 1.9 mg/

24 hours, mean plasma asenapine concentration increased gradu-
ally over time, reaching a maximum between 12 and 24 hours that
was sustained throughout the duration of the 24-hour patch wear
time (Fig. 1). After a single sublingual administration of asenapine
5 mg, the plasma asenapine concentration-time profile demon-
strated a rapid absorption phase, with a median tmax of 1.25 hours,
compared with the median tmax of 16.1 hours observed after
HP-3070 1.9 mg/24 hours application. Terminal half-life (t1/2) of
asenapine after HP-3070 1.9mg/24 hours removalwas 33.9 hours,
and asenapine t1/2 after sublingual administration of asenapine
5 mg was 17.7 hours. The AUC values after a single application
© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 1. Study 3: Mean (%CV) Steady-State Asenapine PK Parameters After Multiple Applications at Each Dose in Patients With
Schizophrenia

Treatment, mg/24 h n AUC0–24, ng•h/mL Cmax,ss, ng/mL tmax,ss,* h Cmin,ss, ng/mL

HP-3070 1.9 mg/24 h 22 22.3 (28.2) 1.14 (30.3) 16.0 (2.0–23.8) 0.745 (32.4)
3.8 mg/24 h 21 45.8 (24.7) 2.26 (23.9) 16.0 (2.0–24.0) 1.57 (25.8)
5.7 mg/24 h 20 69.3 (20.0) 3.40 (18.6) 14.0 (2.0–23.8) 2.33 (20.6)
7.6 mg/24 h 20 96.2 (18.7) 4.68 (17.3) 12.0 (4.0–24.0) 3.25 (22.5)

Sublingual asenapine 5 mg BID 28 53.2 (38)† 4.23 (45) 1.75 (51) N/A
10 mg BID 25 86.8 (53)† 6.56 (51) 1.96 (48) N/A

*Median (range) for HP-3070 and mean (%CV) for sublingual asenapine.

†Mean AUC0–24 for sublingual asenapine was calculated as double the reported mean AUC0–12 and presented in this manner to facilitate comparisons.15
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of HP-3070 1.9 mg/24 hours and a single dose of sublingual
asenapine 5 mg were similar, whereas peak exposure (Cmax) for
HP-3070 1.9 mg/24 hours was significantly lower than that seen
with sublingual asenapine 5 mg.

Multiple-Dose PK (Study 3)
With daily dosing of HP-3070 1.9 mg/24 hours, plasma

asenapine concentrations reached steady state approximately 72hours
after first application of HP-3070. Plasma asenapine concentrations
increased with ascending HP-3070 dose (every 7 days) and reached
steady state approximately 48 hours after each dose escalation.
The maximum observed plasma concentration at steady state
(mean Cmax,ss) was approximately 1.5 times higher than the min-
imum observed concentration at steady state (mean Cmin,ss). For
all dose levels, the median times to maximum observed plasma
concentration at steady state (tmax,ss) were similar (range, 12–
16 hours). Summary statistics of steady-state PK parameters for
asenapine in plasma are shown in Table 1.

In a post hoc analysis of study 3, observed plasma asenapine
concentrations were compared with simulated plasma asenapine
concentrations by superposition method using single-dose PK
data. Observed plasma asenapine concentrations after multiple
dosing were consistent with simulated concentrations, suggesting
linear PK behavior with no marked changes in PK and/or unex-
pected accumulation after multiple HP-3070 dosing (Fig. 2).
FIGURE 2. Study 2 and study 3: Comparison of observed and predicted
mean ± SD. aObtained by superpositionmethodusingmean asenapine co
White subject data).

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
Relative Bioavailability (Study 1, Study 3)
In study 1, bioavailability of the HP-3070 1.9 mg/24 hours

patch relative to sublingual asenapine 5mgwas determined. Com-
parison of asenapine relative exposure after HP 3070 1.9 mg/
24 hours patch (without heat) treatment and sublingual asenapine
5 mg treatment showed that the 90% CIs of the treatment ratios
(geometric mean ratios [GMRs]) of AUC0–t and AUC0–inf fell
within the 0.8 to 1.25 limit, demonstrating statistically equivalent
total asenapine exposure between the 2 treatments.

In study 3, AUC0–24 values observed after multiple dosing of
HP-3070 (1.9, 3.8, 5.7, and 7.6 mg/24 hours) were compared with
the reported mean AUC0–12 (doubled to correspond to AUC0–24)
observed after twice daily (BID) dosing of sublingual asenapine
5 mg (10 days) and 10 mg (5 days).15 Similar AUC0–24 values
were confirmed between HP-3070 3.8 mg/24 hours and sublin-
gual asenapine 5 mg BID and between HP-3070 7.6 mg/24 hours
and sublingual asenapine 10 mg BID, whereas Cmax for HP-3070
was lower than theCmax values for sublingual asenapine at the cor-
responding doses (Table 1; Supplementary Fig. 2. Supplemental
Digital Content, http://links.lww.com/JCP/A735). In addition,
plasma concentration-time profiles for HP-3070 were compared
with those reported for sublingual asenapine.15 The PK of sublingual
asenapine displayed higher peak-to-trough fluctuations at steady
state in comparison with those observed after HP-3070 doses of
3.8, 5.7, and 7.6 mg/24 hours (Fig. 3).15
concentration after multiple dosing of HP-3070. Data shown as
ncentration andmean t1/2 for HP-30703.8mg/24 hours (study 2,
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FIGURE 3. Study 3: Mean plasma asenapine concentration-time profiles for HP-3070 3.8, 5.7, and 7.6 mg/24 hours at steady state and for
sublingual asenapine 5 and 10mgBID in patientswith schizophrenia. aPlasma concentrations for sublingual asenapine were depicted based
on the reported time-concentration profiles for sublingual asenapine, which represent a 12-hour time course and are repeated for comparison
purposes.15
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Dose Proportionality (Study 3)
Asenapine AUC0–24,ss, Cmax,ss, and Cmin,ss after application

of HP-3070 1.9, 3.8, 5.7, and 7.6 mg/24 hours are shown in
Table 1. Estimated β1 and 90% CIs across doses for AUC0–24,ss

(Supplementary Fig. 2A. Supplemental Digital Content, http://
links.lww.com/JCP/A735), Cmax,ss (Supplementary Fig. 2B. Sup-
plemental Digital Content, http://links.lww.com/JCP/A735), and
Cmin,ss (β = 1.09, 90% CI = 1.03–1.14) fell within the predefined
criteria of 0.839 to 1.161, confirming dose proportionality for
asenapine across the range of HP-3070 doses.

Influence of Intrinsic and Extrinsic Factors on HP-3070
PK (Study 1, Study 2)

Plasma concentrations were similar after single applications
of HP-3070 3.8 mg/24 hours to 5 different application sites (ab-
domen, hip, upper arm, upper back, and upper chest; Fig. 4A,
Table 2). The 90% CIs of the GMRs for asenapine by patch ap-
plication site were within the 80% to 125% bioequivalence
limit for Cmax, AUC0–t, and AUC0–inf, indicating bioequivalence
FIGURE 4. Study 2: Mean plasma asenapine concentration-time profiles
HP-3070 3.8 mg/24 hours.

290 www.psychopharmacology.com
of asenapine exposure among the different application sites. The
only observed exception was Cmax for the abdomen compared
with the upper arm, for which the lower boundary was slightly
outside the criterion (Table 2).

After a single application of HP 3070 3.8 mg/24 hours in
White and Japanese subjects, asenapine plasma concentrations
were similar for the 2 ethnic groups (Fig. 4B, Table 2). The me-
dian asenapine tmax was 16.0 hours for both White and Japanese
subjects, and the mean asenapine t1/2 was 31.0 hours for White
subjects and 29.9 hours for Japanese subjects (Fig. 4B, Table 2).
The percent coefficient of variations (%CVs) for Cmax, AUC0–t,
and AUC0–inf ranged from 22.3% to 24.5% for Cmax, from 19.2%
to 21.3% for AUC0–t, and from 19.6% to 21.0% for AUC0–inf, con-
firming that the variability of asenapine exposure was similar
among the 2 populations (Table 2).

When a heating pad was applied for 8 consecutive hours on
the HP-3070 1.9 mg/24 hours patch (upper arm), a faster asenapine
absorption rate was observed (Fig. 5). The median tmax without an
external heat source was approximately 16 hours; the median tmax
with an external heat source was approximately 8 hours (Table 3).
by (A) site of application and (B) ethnic group after a single dose of

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 5. Study 1: Mean plasma asenapine concentration-time
profiles after a single dose of HP-3070 1.9 mg/24 hours with and
without heat source.
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The mean asenapine partial AUC as measured by AUC0–8 was also
significantly greater in the presence of 8 hours of external heat
(5.37 ng•h/mL) versus without (1.46 ng•h/mL; Table 3).
However, peak and overall asenapine exposure, measured as Cmax

and AUC0–inf, respectively, were not significantly affected by
external heat application (Table 3).

Apparent Dose
The percent of drug released and apparent dose of asenapine

maleate delivered from the patch were determined after patch re-
moval for each study. Across studies, an average of approximately
60% of the drug was released from the patch over 24 hours. Re-
sults are shown in Supplementary Table 3 (Supplemental Digital
Content, http://links.lww.com/JCP/A735).

Dermal Assessments and Patch Adhesion
Across all 3 studies, 81 subjects received at least 1 HP-3070

patch. With respect to skin irritation and discomfort, HP-3070
transdermal patches were generally well tolerated across all stud-
ies (Supplementary Table 4. Supplemental Digital Content,
http://links.lww.com/JCP/A735). In addition, no patient with-
drew from the studies because of skin irritation or discomfort.
More than 90% of patches remained adhered throughout the
24-hour wear time, and in only 2 instances did the patch completely
detach. In most cases, adhesive residue was not observed on the
skin after patch removal, with only light adhesive residue noted
occasionally.

Skin Irritation and Discomfort
For this study, a clinically meaningful degree of irritation is

defined as a combined irritation score (dermal response + other
effects) of 3 or greater (erythema and papules). No subject in
study 1 reported a meaningful degree of skin irritation or patch
discomfort at any point in the study, regardless of whether heat
was applied (Supplementary Table 4. Supplemental Digital Con-
tent, http://links.lww.com/JCP/A735).

One subject in study 2 reported a combined skin irritation
score of 3 or greater when the HP-3070 3.8 mg/24 hours patch
was applied to the upper back (Supplementary Table 4. Supple-
mental Digital Content, http://links.lww.com/JCP/A735). In study
2, a discomfort score of 0 (no discomfort) was reported for the up-
per back and upper arm application sites at all evaluation time
points. A score of 1 (mild discomfort) was reported when
HP-3070 was applied to the upper chest (1 instance), hip area (3
instances), and abdomen (4 instances). Most White and Japanese
subjects enrolled reported no discomfort at most evaluation time
www.psychopharmacology.com 291
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TABLE 3. Study 1: Mean (%CV) Asenapine PK Parameters in Healthy Subjects

HP-3070 1.9 mg/24 h
No Heat Application

(n = 17)

HP-3070 1.9 mg/24 h
8-h Heating Pad

Application (n = 16)

Sublingual
Asenapine 5 mg

(n = 16)

AUC0–8, ng•h/mL 1.46 (54.8) 5.37 (49.8) N/A
AUC0–t, ng•h/mL 29.7 (23.5) 33.0 (28.3) 26.0 (20.6)
AUC0–inf, ng•h/mL 32.8 (25.7)* 35.7 (29.2) 27.8 (18.9)
Cmax, ng/mL 1.27 (67.3) 1.34 (33.0) 3.96 (27.8)
tmax, h

† 16.1 (12.0–24.0) 8.00 (4.00–24.0) 1.25 (0.500–2.00)
t1/2, h 33.9 (59.0) 27.1 (45.8) 17.7 (53.0)

*n = 16.
†Median (range).
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points. Among White subjects, 6 instances of mild discomfort
were reported after patch application, and among Japanese sub-
jects, 3 instances of mild discomfort were reported (Supple-
mentary Table 4. Supplemental Digital Content, http://links.
lww.com/JCP/A735).

In study 3, no meaningful degree of irritation was reported
for the 1.9 or 3.8 mg/24 hours doses (Supplementary Table 4.
Supplemental Digital Content, http://links.lww.com/JCP/A735).
A combined skin irritation score of 3 was observed for 1 subject
(4.8%) at the 5.7 mg/24 hours dose level only, and a score of 4
(definite edema) was observed for 1 subject at both the 5.7 mg/
24 hours (4.8%) and 7.6 mg/24 hours (5.0%) doses (Supplemen-
tary Table 4. Supplemental Digital Content, http://links.lww.com/
JCP/A735). Among each study 3 treatment group, 75% or more
of the subjects reported a discomfort score of 0 (no discomfort)
and mild discomfort was reported by 16 subjects (18.4%). Moder-
ate but tolerable discomfort was reported in 2 subjects (10%) who
received HP-3070 7.6 mg/24 hours.
Patch Adhesion
For most subjects, patch adherence was greater than 90%

(Supplementary Table 4. Supplemental Digital Content, http://
links.lww.com/JCP/A735). No premature patch detachments oc-
curred during study 1. All patches in the HP-3070 without heat
treatment group had a flawless adhesion score at all time points,
whereas 2 subjects (12.5%) who received an HP-3070 patch with
heat applied for 8 hours experienced 75% or greater to less than
90% adhesion (adhesion score = 1), with some edges lifting off
the skin (Supplementary Table 4. Supplemental Digital Content,
http://links.lww.com/JCP/A735). No subjects experienced a par-
tial detachment, defined as an adhesion score of 2 or 3.

In study 2, patch adhesion was rated as 90% or greater ad-
hered (essentially no lift off the skin) for most patches at most time
points (Supplementary Table 4. Supplemental Digital Content,
http://links.lww.com/JCP/A735). Only 1 subject experienced a
meaningful degree of detachment at the abdomen site (≥50% to
<75% adhered). No difference in patch adhesion was seen
between White and Japanese subjects and among the upper back,
abdomen, upper chest, hip, and upper arm application sites. In
study 3, a multiple-dose study, adhesion scores of 0 (≥90% ad-
hered) were reported by 95.9%, 91.4%, 87.4%, and 79.8% of
the subjects for patch formulations of 1.9, 3.8, 5.7, and 7.6 mg/
24 hours, respectively (Supplementary Table 4. Supplemental Dig-
ital Content, http://links.lww.com/JCP/A735). Partial detachments
(<75% adhered but not detached) occurred during less than 5%
of individual patch applications. Complete detachment from the
292 www.psychopharmacology.com
skin was observed for one 1.9 mg/24 hours patch and one
5.7 mg/24 hours patch.

Adhesive Residue
In study 1, the most severe recorded adhesive residue score

was 1 (light residue), occurring in 1 subject (5.9%) after removal
of HP-3070 1.9 mg/24 hours without heat (Supplementary Table
4. Supplemental Digital Content, http://links.lww.com/JCP/
A735). No adhesive residue was observed in the subjects receiv-
ing HP-3070 with heat. In study 2, the most severe adhesive resi-
due score observed was 1 (light residue), seen in 5 subjects (3.1%)
after removal of the HP-3070 3.8 mg/24 hours patch from any site
(Supplementary Table 4. Supplemental Digital Content, http://
links.lww.com/JCP/A735). In study 3, for the 1.9 mg/24 hours
dose group, the most severe adhesive residue score observed
was 2 (medium residue), occurring in 2 subjects (8.3%). No adhe-
sive residue scores greater than 1 were reported for any other study
3 dosing group.

Safety and Tolerability
Across all studies, most TEAEs determined by investigators

to be related to the study drug among subjects receiving HP-3070
were rated mild in severity (93.8% [60/64], 82.7% [62/75], and
75.8% [25/33] of TEAEs were mild in studies 1, 2, and 3, respec-
tively). No deaths or serious TEAEs were reported during any of
the studies, and no subjects discontinued any study because of
TEAEs. Across all treatment groups in all 3 studies, the most fre-
quently reported TEAEs determined by investigators to be related
to study treatment were somnolence (11.9%), application site ery-
thema (reported as application site irritation in study 2 and appli-
cation site discoloration and reaction in study 3, 7.4%), dizziness
(4.7%), headache (3.3%), insomnia (3.3%), and fatigue (2.7%;
Supplementary Table 4. Supplemental Digital Content, http://
links.lww.com/JCP/A735). Three of the reported instances of
somnolence and 4 of the instances of dizziness deemed related
to study medication were moderate in severity, and the rest were
mild. All reported instances of application site TEAEs related to
study treatment were mild.

No clinically significant findings were observed with respect
to vital signs, cardiac monitoring, or ECG results in any of the
studies. In studies 2 and 3, there were no findings of relevance
with respect to Columbia-Suicide Severity Rating Scale assess-
ments. In study 3, there were no clinically significant findings
for PANSS assessments. For 3 study 3 subjects, an increase in
pulse rate was observed during the study, and tachycardia was ob-
served for 3 subjects during 24-hour cardiac Holter evaluation.
© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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For 1 subject, tachycardia was reported as a TEAE considered
related to the study medication. Except for an unrelated, mild
TEAE of pyrexia that 1 study 2 subject presented with at check-in
to the second period, none of the subjects experienced a TEAE
associated with abnormal vital signs, physical examinations, or
12-lead ECGs.
DISCUSSION
HP-3070 is the first transdermal patch approved for use in

patients with schizophrenia in the United States. In healthy volun-
teers, single-dose administration of HP-3070 1.9 mg/24 hours re-
sulted in a lower peak asenapine concentration compared with a
single dose of sublingual asenapine 5 mg, with a similar overall
systemic exposure, as measured by AUC. After initiating daily
dosing of HP-3070, steady-state plasma concentrations were achieved
in approximately 72 hours, and stable plasma asenapine concentrations
with minimal peak-to-trough fluctuations (~1.5 fold) were ob-
served. In contrast, peak-to-trough ratios during steady-state dos-
ing with sublingual asenapine have been reported to be approximately
2.6 to 3.15,16

Dose proportionality in asenapine exposure at steady state
was established in the range of HP-3070 doses from 1.9 to
7.6 mg/24 hours. In PK studies of sublingual asenapine, increas-
ing the dose from 5 to 10 mg BID resulted in sublinear (1.7�) in-
creases in both exposure and maximum concentration.15

The AUC for daily dosing of HP-3070 3.8 mg/24 hours was
comparable with the AUC reported for sublingual asenapine 5 mg
BID, and the AUC after daily HP-3070 7.6 mg/24 hours was sim-
ilar to that observed after sublingual asenapine 10 mg BID.15

These comparisons with sublingual asenapine exposure informed
the design of the phase 3 clinical efficacy trial of HP-3070, in
which doses of 3.8 and 7.6 mg/24 hours established the efficacy
and safety profile of HP-3070 in patients with schizophrenia.11

In that randomized, placebo-controlled clinical trial of HP-3070
in adult patients with schizophrenia, both HP-3070 doses demon-
strated significant improvement in PANSS total scores and Clini-
cal Global Impression–severity of illness scores after 6 weeks of
treatment compared with placebo.

Because it has been well established that drug absorption
after transdermal administration can be affected by both site
of application and external heating on transdermal products, those
external factorswere assessed forHP-3070.17,18 Consistent asenapine
exposure, as measured by AUC, among 5 different application sites
(upper arm [reference site], upper chest, upper back, abdomen, and
hip area)was demonstrated, indicating thatHP-3070 can provide sim-
ilar drug exposure across multiple application sites. This equivalence
offers patients and caregivers application options to account for pa-
tient comfort and preference and minimizes skin safety issues, such
as skin irritation or discomfort. Application of external heat on the
HP-3070 patch caused an increase in the rate of asenapine absorption
(tmax) but did not significantly affect the Cmax, AUC0–t, or AUC0–inf

of asenapine. The clinical relevance of this is reflected in the instruc-
tions contained in product labeling, in which patients are advised to
avoid exposing patches that they are wearing to direct external heat
sources, such as hair dryers, heating pads, electric blankets, and heated
water beds. It was also observed that asenapine PK after HP-3070
3.8mg/24 hours treatment was similar betweenWhite and Japanese
subjects, indicating no PK differences across these ethnic groups.

HP-3070 treatment resulted in no unexpected dermal safety
concerns, with an application site reaction profile similar to what
has already been observed with transdermal patches for other psy-
chiatric conditions.11,19–22 In the present studies, most subjects did
not report any skin irritation or discomfort. Skin irritation and dis-
comfort seemed to worsen at the higher dose levels in study 3,
© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.
which were the last doses applied as part of the ascending-dose
study design. The observed increase in irritation and discomfort
was consistent with repeated use of application sites, as any linger-
ing irritation from a previous patch may have been present when
the next patch was applied. To minimize this issue during clinical
use, patients should be encouraged to rotate application sites
regularly.3 Minimal variability in irritation or discomfort was
observed between patch application sites, with no irritation or
discomfort reported in the presence or absence of external heat
in study 1. Patch adhesion was consistently good, with more
than 90% adhesion for most of the subjects and a low rate of
partial detachments in each study. Among the subjects receiving
study treatment in all studies, complete patch detachment oc-
curred in only 2 instances. Adhesive residue was also infrequently
observed overall.

The most frequently reported nondermal TEAEs were som-
nolence, dizziness, headache, insomnia, and fatigue. Somnolence
and dizziness are among the adverse reactions most commonly
observed with sublingual asenapine.10,23,24 In the present PK
study, the incidence rates of somnolence and dizziness observed
in subjects receiving HP-3070 were similar to or lower than those
occurring in subjects receiving sublingual asenapine (study 1).
Approximately 50% of the subjects who received sublingual
asenapine experienced somnolence, whereas no subjects reported
somnolence after receiving HP-3070, although somnolence was
reported at rates of 5% to 18% among subjects receiving
HP-3070 in the other 2 studies. Similarly, dizziness was experi-
enced by approximately 35% of the subjects receiving sublingual
asenapine compared with 9% of the subjects receiving HP-3070.
In this study, equivalent total asenapine exposure between the
HP 3070 1.9 mg/24 hours patch and sublingual asenapine 5 mg
BID was confirmed, although peak exposure for HP-3070 was
substantially lower than that for sublingual asenapine. Steadier
plasma concentration evidenced by lower peak-to-trough variabil-
ity has been associated in the literature with better tolerability,25

but no head-to-head study of HP-3070 and sublingual asenapine
in patients with schizophrenia has been conducted, and further
data would be needed to confirm such an assertion.

In conclusion, a single application of HP-3070 results in
asenapine exposure similar to those observed with approved
BID doses of sublingual asenapine but with lower Cmax and with
consistent plasma levels over the dosing interval. Repeated daily
doses of HP-3070 result in dose-proportional steady-state plasma
levels of asenapine with minimal peak-to-trough fluctuations.
These findings, taken together with results from the pivotal phase
3 study of HP-3070, which established efficacy and safety,11 sug-
gest that HP-3070 is an additional treatment option for patients
with schizophrenia.
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