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Introduction: HP-3070, a once-daily asenapine transdermal system, is the first antipsychotic “patch” formulation FDA approved for
adults with schizophrenia. Positive and Negative Syndrome Scale (PANSS) score items can be grouped into a five-factor structure to
describe specific schizophrenia symptom domains. This post hoc analysis of data from a pivotal study evaluated HP-3070’s efficacy by
examining these factors.

Methods: In a phase 3 study, adults with an acute exacerbation of schizophrenia were randomized to six weeks of treatment with HP-
3070 3.8mg/24h, 7.6mg/24h, or placebo. An analysis was performed using the five PANSS factor domains (negative symptoms,
positive symptoms, disorganized thought, uncontrolled hostility/excitement, anxiety/depression). Mixed-model repeated-measures
(MMRM) analysis included change from baseline (CFB) in PANSS factor score as the repeated dependent variable, with country,
treatment, visit, treatment by visit interaction, and baseline PANSS score as covariates.

Results: The analysis included 607 patients. Treatment with HP-3070 3.8mg/24h resulted in a statistically significant LS mean CFB
(improvement) vs placebo at Weeks 4—6 for all domains except for anxiety/depression, where a numerical difference was observed in
favor of active treatments. Among the domains, the positive symptom factor demonstrated the numerically greatest LS mean (SE)
difference from placebo in CFB, which for HP-3070 7.6mg/24h was —2.0 [0.57] and for HP-3070 3.8mg/24h was —2.3 [0.57]; P<0.001
for both. Treatment effect size for the positive symptom factor using Cohen’s d (95% confidence intervals) was 0.39 (0.17, 0.61) for
HP-3070 7.6mg/24h and 0.45 (0.20, 0.64) for HP-3070 3.8mg/24h.

Discussion: Post hoc analysis using a PANSS five-factor model suggests that HP-3070 may address a broad range of symptoms in
people with schizophrenia.
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Introduction

Schizophrenia is a major cause of disability globally." The condition is associated with a number of treatment challenges,
and the search for therapies that are effective, tolerable, and aligned with patient preferences can lead to multiple
medication changes in individuals with schizophrenia.*”

Asenapine, a second-generation antipsychotic, has been commercially available since 2009 as a sublingual tablet
administered twice daily (BID).*®> There are, however, known treatment challenges associated with administration of
sublingual asenapine (SLA), such as frequency of administration (BID), food and drink restrictions, oral hypoesthesia,
and dysgeusia;®’ thus, alternative formulations would be welcome. HP-3070, a once-daily asenapine transdermal system,
is the first antipsychotic “patch” approved by the US Food and Drug Administration (FDA) for adults with
schizophrenia,®? providing a different means of delivering asenapine. Moreover, the option of transdermal administration
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provides another method to accommodate patient preferences and autonomy in medication selection for those who would
prefer something other than a sublingual or oral tablet.”'° Finally, in general, transdermal formulations allow caregivers
to visually check for treatment adherence.”"'°

In a phase 3 randomized controlled trial, once-daily applications of HP-3070 7.6 mg/24h or 3.8 mg/24h demonstrated
significant improvement compared with placebo in Positive and Negative Syndrome Scale (PANSS) total scores.''
Differences in the least-squares mean (LSM) (95% confidence intervals [Cls]; adjusted P) change from baseline in
PANSS total scores were —4.8 (—8.06, —1.64; adjusted P=0.003) and —6.6 (—9.81, —3.40; adjusted P<0.001) for 7.6 mg/
24h and 3.8 mg/24h, respectively. Improvements were observed starting after 2-3 weeks of treatment and continued
through Week 6 of treatment. HP-3070 was also generally well tolerated in patients, with a systemic safety profile
consistent with what has been observed for SLA, although there were differences regarding potential effects at the site of
administration inherent to the formulation (ie, dysgeusia with SLA and potential skin reactions with HP-3070)."!
Discontinuations of HP-3070 in the pivotal trial due to application site reactions or skin disorders occurred in <0.5%
of patients across all treatment groups.''

The PANSS includes 30 items divided across three subscales: Positive, Negative, and General Psychopathology.'?
Further factor analytic studies suggest that there are five independent factors that can describe distinct symptom domains
in schizophrenia: Positive, Negative, Cognitive/Disorganization, Depression/Anxiety, and Excitability/Hostility.'* This is
an improvement over the original subdivision of the PANSS, as it lends further granularity for exploration of treatment
effects on the symptoms of cognitive/disorganization, excitability/hostility, and depression/anxiety that often accompany
psychosis. The objective of this post hoc analysis of the pivotal phase 3 study on HP-3070 was to evaluate its efficacy by
examining effects on five different domains of the PANSS (negative symptoms, positive symptoms, disorganized

thought, uncontrolled hostility, and anxiety/depression) using the factor structure originally published by Marder et al.'*

Materials and Methods

This study is a post hoc analysis of data from the pivotal randomized, double-blind, placebo-controlled phase 3 trial of
HP-3070 (ClinicalTrials.gov identifier: NCT02876900, registered August 3, 2016).

Patients and Study Design

Detailed methods for the pivotal phase 3 study have been reported.'"'® Briefly, the study, which was conducted between
August 2016 and November 2017, enrolled adults experiencing acute exacerbations of schizophrenia (Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition [DSM-5] criteria) at the time of screening.

Eligible patients had a Clinical Global Impression-Severity of Illness (CGI-S) scale score of >4 and PANSS total
score of >80, with scores of >4 in >2 predefined PANSS positive subscale items (conceptual disorganization, delusions,
hallucinatory behavior, unusual thought content) at screening and baseline, and were able to wear a patch for 24 hours.
Patients were excluded if they were diagnosed with schizophrenia <6 months prior to enrollment, had a current DSM-5
diagnosis other than schizophrenia, were known non-responders to asenapine, or were resistant/refractory to antipsycho-
tic treatment. Treatment resistance was defined as having little or no symptomatic response to >2 courses of antipsychotic
treatment at a therapeutic dose for >6 weeks (as dosed according to the drug’s package insert).

No other antipsychotics, antidepressants, mood stabilizers, stimulants, or non-psychopharmacologic medications with
psychotropic properties were permitted, except for selected psychotropic medications for specific conditions as described
below. Lorazepam was allowed for insomnia, agitation, or anxiety only; if lorazepam was not available, another available
benzodiazepine was permitted after Medical Advisor approval. Benztropine was allowed for treatment-emergent extra-
pyramidal symptoms such as drug-induced parkinsonism or dystonia, zolpidem was allowed for insomnia, and propra-
nolol was allowed for akathisia. Medications for chronic non-psychiatric medical conditions were permitted, provided
that the condition and treatment regimen were stable before screening.

After a 3—14-day screening/run-in period, eligible patients were randomized (1:1:1) to HP-3070 7.6 mg/24 h, HP-
3070 3.8 mg/24 h, or placebo in the form of patches applied daily for 6 weeks. Study personnel applied patches, rotating
daily across application sites (abdomen, hip, upper arm, upper back, upper chest).
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Study Endpoints and Statistical Methods
All randomized and dosed patients with baseline and at least one post-baseline PANSS total score assessment (full
analysis set) were evaluated weekly for change from baseline in PANSS score. Analysis of PANSS scores was performed
according to the five factors as described by Marder et al.'* The analysis included the following five domains: 1)
Negative symptoms (blunted affect [N1], emotional withdrawal [N2], poor rapport [N3], passive/apathetic social with-
drawal [N4], lack of spontaneity and flow of conversation [N6], motor retardation [G7], active social avoidance [G16]);
2) Positive symptoms (delusions [P1], hallucinatory behavior [P3], grandiosity [P5], suspiciousness/persecution [P6],
stereotyped thinking [N7], somatic concerns [G1], unusual thought content [G9], lack of judgment and insight [G12]); 3)
Disorganized thought (conceptual disorganization [P2], difficulty in abstract thinking [N5], mannerisms and posturing
[GS5], poor attention [G11], disturbance of volition [G13], preoccupation [G15], disorientation [G10]); 4) Uncontrolled
hostility/excitement (excitement [P4], hostility [P7], uncooperativeness [G8], poor impulse control [G14]); and 5)
Anxiety/depression (anxiety [G2], guilt feelings [G3], tension [G4], depression [G6]).

Mixed-model repeated-measures (MMRM) analyses included change from baseline in PANSS factor score as the
repeated dependent variable and country, treatment, visit, treatment by visit interaction, and baseline PANSS score as

covariates. Effect size is described using Cohen’s d together with the respective 95% CI.

Results

Patient Disposition and Characteristics

In total, 616 eligible patients provided informed consent and were randomized into HP-3070 7.6 mg/24h, HP-3070 3.8

mg/24h, and placebo treatment groups, forming the intent-to-treat (ITT) analysis set.'’ Of these patients, 614 received at

least one dose of study medication and were included in the safety analysis set (SAS). The full analysis set (FAS), which

included 607 patients who had at least one post-baseline PANSS assessment, was used for this post hoc analysis.
Baseline demographics and patient characteristics were balanced between the HP-3070 and placebo treatment groups,

as previously reported (Table 1)."!

Table | Baseline Demographics and Clinical Characteristics®

Characteristic HP-3070 HP-3070 Placebo
7.6mg/24h | 3.8mg/24h | (n=206)
(n=206) (n=204)

Age, mean (SD), years 423 (11.9) | 415 (11.6) | 42.1 (11.6)
Sex, n (%) Male 111 (53.9) 131 (64.2) 131 (63.6)

Race, n (%) American Indian or Alaska Native 1 (0.5) 0 0
Black or African American 45 (21.8) 47 (23.0) 54 (26.2)
White 159 (77.2) 157 (77.0) 152 (73.8)
Time since first diagnosis, mean (SD), years 16.1 (10.9) 15.5 (10.4) 15.4 (10.5)
Age at first diagnosis, mean (SD), years 26.7 (8.4) 26.4 (7.7) 27.1 (8.3)
Baseline PANSS total score, mean (SD) 95.6 (8.7) 97.0 (9.7) 97.3 (10.1)
Baseline PANSS score, n (%) | <90 53 (25.7) 45 (22.1) 54 (26.2)
290 151 (73.3) 159 (77.9) 152 (73.8)

Note: *Intent-to-treat analysis set, including all consented and randomized patients.
Abbreviations: PANSS, Positive and Negative Syndrome Scale; SD, standard deviation.
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Efficacy of HP-3070

Compared with patients receiving placebo, patients treated with either dose of HP-3070 showed treatment effects on all
five PANSS Marder factor scores. The least-squares (LS) mean estimates of the difference from placebo in change from
baseline for Weeks 1-6 are shown in Figure 1 (numerical data shown in Table 2).

For HP-3070 3.8 mg/24h, compared with placebo, significant improvements were observed during Weeks 2—6 for
positive symptoms and uncontrolled hostility/excitement, during Weeks 3—6 for disorganized thought, and during Weeks
4-6 for negative symptoms. The anxiety/depression factor demonstrated numerical differences in favor of HP-3070 3.8
mg/24h compared with placebo, but these differences were not statistically significant.

For HP-3070 7.6 mg/24h, compared with placebo, numerical improvements were observed in all domains, with
statistically significant improvements observed for positive symptoms (Weeks 3-6), disorganized thought (Week 6), and

uncontrolled hostility/excitement (Weeks 2, 3, 5, and 6).

Factor 1: Negative Symptoms

Factor 2: Positive Symptoms
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Figure | LS Mean Changes from Baseline to Week 6 in a 5-Factor PANSS Model.

Notes: *P<0.05; **P<0.01; ***P<0.001 vs placebo.
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Table 2 LS Mean Changes from Baseline Vs Placebo in a 5-Factor PANSS Model for Weeks 1-6

Week | LS Mean (SE)

Week 2 LS Mean (SE)

Week 3 LS Mean (SE)

Week 4 LS Mean (SE)

Week 5 LS Mean (SE)

Week 6 LS Mean (SE)

Negative symptoms

7.6 mg/24h — Placebo —0.2 (0.23) —0.4 (0.29) —0.2 (0.33) —0.3 (0.36) —0.4 (0.40) —0.4 (0.43)
3.8 mg/24h — Placebo —0.1 (0.23) —0.4 (0.29) —0.5 (0.33) —0.8 (0.36)* —1.0 (0.40)* —0.9 (0.43)*
Positive symptoms

7.6 mg/24h — Placebo —0.2 (0.26) —0.6 (0.36) —1.2 (0.44)** —1.1 (0.48)* —1.7 (0.53)** —2.0 (0.57)%*
3.8 mg/24h — Placebo —0.4 (0.26) —1.0 (0.36)** —1.2 (0.44)** —1.5 (0.48)** —2.2 (0.53)%#* —2.3 (0.57)%*
Disorganized thought

7.6 mg/24h — Placebo —-0.2 (0.22) -0.3 (0.26) -0.5 (0.29) —-0.5 (0.33) —0.6 (0.37) —0.9 (0.38)*
3.8 mg/24h — Placebo 0.0 (0.22) —0.4 (0.26) —0.6 (0.29)* —1.1 (0.33)** —1.2 (0.37)** —1.5 (0.38)*#*
Uncontrolled hostility/excitement

7.6 mg/24h — Placebo —0.3 (0.21) —0.6 (0.24)* —0.7 (0.25)** —0.5 (0.28) —0.8 (0.30%) —0.9 (0.30)**
3.8 mg/24h - Placebo —0.2 (0.21) —0.5 (0.24)* —0.6 (0.25)* —0.9 (0.28)** —1.1 (0.30)%** —1.1 (0.30)%**
Anxiety/depression

7.6 mg/24h - Placebo —0.2 (0.20) —0.2 (0.25) —0.1 (0.27) —0.4 (0.28) —0.3 (0.30) —0.6 (0.31)
3.8 mg/24h - Placebo —0.1 (0.21) —0.2 (0.25) 0.1 (0.27) —0.4 (0.28) —0.3 (0.30) —0.5 (0.31)

Notes: *P<0.05; **P<0.01; **P<0.001 vs placebo. Results with P<0.05 are shown in bold.
Abbreviations: PANSS, Positive and Negative Syndrome Scale; SE, standard error.
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Table 3 LS Mean Changes from Baseline to Week 6 in a 5-Factor PANSS Model

Parameter HP-3070 7.6mg/24h | HP-3070 3.8mg/24h Placebo HP-3070 7.6mg/ HP-3070 3.8mg/
(n=203) (n=201) (n=203) 24h-Placebo 24h-Placebo

Negative symptoms

LS mean (SE) —3.8 (0.30) —4.3 (0.30) —3.4 (0.30) —0.4 (0.43) —0.9 (0.43)

P-value 0.407 0.045

Cohen’s d (95% ClI) 0.09 (-0.13, 0.31) 0.21 (>0.00, 0.43)
Positive symptoms

LS mean (SE) 7.5 (0.41) —7.8 (0.41) —5.5 (0.41) —2.0 (0.57) —2.3 (0.57)

P-value <0.001 <0.001

Cohen’s d (95% Cl) 0.39 (0.17, 0.61) 0.45 (0.23, 0.67)
Disorganized thought

LS mean (SE) —-3.9 (0.27) —4.5 (0.27) —-3.1 (0.28) —0.9 (0.38) —1.5 (0.38)

P-value 0.026 <0.001

Cohen’s d (95% ClI) 0.25 (0.03, 0.47) 0.42 (0.20, 0.64)
Uncontrolled hostility/excitement

LS mean (SE) -2.1 (0.22) —2.3 (0.22) —1.2 (0.22) —0.9 (0.30) —1.1 (0.30)

P-value 0.002 <0.001

Cohen’s d (95% ClI) 0.30 (0.08, 0.52) 0.37 (0.15, 0.59)
Anxiety/depression

LS mean (SE) -3.5 (0.22) —3.4 (0.22) —2.9 (0.22) —0.6 (0.31) —0.5 (0.31)

P-value 0.068 0.141

Cohen’s d (95% Cl) 0.19 (-0.03, 0.41) 0.15 (-0.07, 0.37)

Note: Results with P<0.05 are shown in bold.
Abbreviations: LS, least-squares; SE, standard error.

The LSM estimates of the difference from placebo in change from baseline to Week 6 for each factor are shown in
Table 3. At Week 6, both doses demonstrated statistically significant improvement in positive symptoms, disorganized
thought, and uncontrolled hostility/excitement, with the greatest LS mean (SE) differences from placebo in change from
baseline seen for positive symptoms (2.0 [0.57] for HP-3070 7.6 mg/24h vs placebo; —2.3 [0.57] for HP-3070 3.8 mg/
24h vs placebo). Effect size differences at Week 6 ranged from 0.09 to 0.39 for HP-3070 7.6 mg/24h and 0.15 to 0.45 for
HP-3070 3.8 mg/24h, with the largest numerical effect sizes seen for positive symptoms (Table 3).

Discussion

HP-3070 has previously been shown to be both effective and well tolerated in the treatment of adults with schizophrenia.
Significant improvements from baseline in PANSS total score were observed 2-3 weeks after initiating HP-3070
treatment compared with placebo and were generally maintained through Week 6 of the study.'' The observed efficacy
and safety of HP-3070 were consistent with the known profile of SLA, other than tolerability characteristics of the
formulation itself, with minimal dermal reactions.®'""'®!” A prior post hoc analysis examining HP-3070’s specific effect
on the PANSS hostility item demonstrated that HP-3070 was superior to placebo.'’
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This post hoc analysis of the phase 3 clinical study used a five-factor PANSS model as originally published by Marder
et al'* to further investigate the efficacy of HP-3070 in adults with schizophrenia. Treatment effects on the above-
mentioned PANSS domains were observed, indicating an overall effect of HP-3070 on negative symptoms, positive
symptoms, disorganized thought, uncontrolled hostility/excitement, and anxiety/depression. Among the five domains,
positive symptoms exhibited the greatest Week 6 reductions from baseline in Marder five-factor PANSS analysis scores
and the largest effect sizes vs placebo.

The PANSS five-factor model has previously been used to analyze the results of phase 3 studies comparing the efficacy
of SLA 5 mg and 10 mg BID vs placebo in patients with acute schizophrenia.'®'® Dose equivalencies for SLA 5 mg and 10
mg BID are HP-3070 3.8mg/24h and 7.6mg/24h, respectively.'” Kane et al'® reported that after 6 weeks of treatment, both
studied doses of SLA were superior to placebo on the PANSS positive symptoms domain and SLA 5 mg was superior to
placebo on the anxiety/depression and disorganized thought factors, but SLA was not superior to placebo on negative
symptom and hostility/excitement factors. In contrast, the present study found that treatment with HP-3070 3.8 mg/24h was
superior to placebo at Week 6 on all factors except anxiety/depression and that HP-3070 7.6 mg/24h treatment was superior
to placebo at Week 6 on all factors except anxiety/depression and negative symptoms. This PANSS factor analysis of SLA is
limited by the inclusion of only one of the four original pivotal trials conducted on SLA.?%%!

Takekita et al'® used a different approach toward analyzing SLA efficacy based on the five-factor model. Patients
were separated into three groups according to severity based on PANSS factor scores (high positive symptoms [higher
scores on positive symptoms, disorganized thoughts, and hostility/excitement]; high negative symptoms [higher scores on
negative symptoms]; and overall lower PANSS scores at study baseline).'®** The patient groups experiencing negative
symptoms and overall lower PANSS scores showed significant improvement in total PANSS scores with both SLA doses
vs placebo, while among patients experiencing positive symptoms, significant PANSS score improvement was observed
only with the higher SLA dose (10 mg BID) vs placebo. The study was limited by the source of the data (a single study
carried out in Japan, Republic of Korea, and Taiwan that was not one of the four pivotal trials that led to FDA approval in
the US) and the exclusion of the PANSS anxiety/depression factor from consideration.

The PANSS five-factor model has also been utilized to compare the long-term efficacy of SLA to olanzapine using
data from two 26-week studies conducted in patients with persistent negative symptoms of schizophrenia and their
respective 26-week extensions.”>* In the analysis by Buchanan et al*® in one of the core studies, changes favored
olanzapine over asenapine for the PANSS hostility/excitement factor at weeks 20 and 26. In the other core study, changes
favored olanzapine over asenapine for the PANSS positive symptom factor at week 26, disorganized thought factor at
week 26, hostility/excitement factor at weeks 20 and 26, and anxiety/depression factor at weeks 20 and 26. In the report
by Potkin et al,** although SLA 5 and 10 mg BID did not show statistical superiority to olanzapine 5-20 mg once daily
after 26 weeks of treatment, SLA was superior to olanzapine after 52 weeks of treatment on the negative symptom factor.

In general, a transdermal formulation may be preferred over oral formulations for some patients. A transdermal
asenapine patch specifically addresses some of the challenges associated with SLA, such as frequency of administration
(BID), food and drink restrictions, oral hypoesthesia, and dysgeusia.®’

Limitations

A limitation of this study is that it was conducted post hoc rather than as a pre-specified analysis, which limits the
strength of the conclusions. Because the data included in this analysis were taken from only one phase 3 study, the
sample sizes were relatively small compared to other similar five-factor analyses of other agents that pool data from
several studies.”® Although a treatment effect was observed for both doses of HP-3070 on all domains, for one factor,
anxiety/depression, statistical significance between HP-3070 and placebo was not observed despite the numerical
difference, potentially due to the relatively small sample size. Additionally, study participants were selected based on
a requirement for high scores in certain PANSS positive subscale items, thereby increasing the likelihood of observing a
larger effect size on positive symptoms. This may represent a limitation on translation of our findings to patients with a
different symptom profile.
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Conclusions
In this post hoc analysis exploring treatment effects across the five PANSS factors, HP-3070 demonstrated statistically
significant treatment effects across multiple pathological dimensions that are typically associated with schizophrenia:
negative symptoms, positive symptoms, disorganized thought, and uncontrolled hostility/excitement, with a numerical
effect observed for anxiety/depression. These findings suggest that HP-3070 may address a broad range of symptoms in
people with schizophrenia. Further studies investigating which symptoms within each of these dimensions respond best
to HP-3070 treatment, and under which conditions these symptoms respond, are warranted.

As the first transdermal antipsychotic formulation approved in the United States for adults with schizophrenia, HP-
3070 provides an additional and novel treatment option.
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