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ABSTRACT

Objective: Determine if sublingual dexmedetomidine, a selective a,
adrenergic receptor agonist, reduces symptoms of acute agitation associated
with schizophrenia or schizoaffective disorder.

Methods: This phase 3, randomized, double-blind, placebo-controlled study
was conducted in adults diagnosed with schizophrenia or schizoaffective
disorder per the Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5) criteria. The study was conducted at 15 US sites between
January 23, 2020, and May 8, 2020. Participants were randomized to sublingual
dexmedetomidine 180 pg, 120 pg, or matching placebo. The primary efficacy
endpoint was mean change from baseline in the Positive and Negative
Syndrome Scale-Excited Component (PEC) total score at 2 hours postdose.

Results: Altogether, 380 participants (mean age 45.6 years, 63.4% identifying
as male, 77.9% identifying as Black or African American) were randomized;
380 (100%) self-administered study medication, and 372 (97.9%) completed
the study. The mean PEC total score at baseline (17.6) indicated mild to
moderate agitation. At 2 hours postdose, the least squares mean changes (SE)
from baseline were —10.3 (0.4) for sublingual dexmedetomidine 180 ug, —8.5
(0.4) for 120 pg, and —4.8 (0.4) for placebo. Least squares mean differences
(97.5% confidence intervals) in the sublingual dexmedetomidine groups
were —5.5 (—6.7 to —4.3) for 180 pug and —3.7 (—4.9 to —2.5) for 120 ug (both
P<.001 vs placebo). The most commonly encountered adverse events with
dexmedetomidine (incidence > 5% and > 2x rate observed with placebo)
were somnolence, dry mouth, and hypotension for the 120 pg dose, and
somnolence, dizziness, orthostatic hypotension, and oral hypoesthesia for the
180 ug dose.

Conclusions: Treatment with sublingual dexmedetomidine 180 ug or 120 ug
was more efficacious than placebo in reducing acute agitation associated with
schizophrenia as measured by PEC scores at 2 hours postdose.
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Agitation is a syndrome encompassing
symptoms of restlessness, irritability,

anxiety, and increased or excessive movement
or speech that lacks specific purpose and that
can escalate to aggressive or violent behavior.!
In many individuals, agitation emerges when
patients feel anxious, angry, or threatened, or
when their ability to resolve their distress is
compromised, as might occur in an unfamiliar
context or during a state of intoxication.?
Schizophrenia is among the most common mental
health conditions associated with agitation.
In one multicenter observational study in 27
European psychiatric emergency departments
and acute inpatient units, approximately 47% of
all episodes of agitation during the observation
period were associated with a diagnosis of
schizophrenia.* Evidence suggests that patients
with schizophrenia had difficulty self-managing
their symptoms of agitation,” which can lead
to violent behavior, disruption in health care
settings, and injury to patients and staff. As a
result, episodes of agitation in patients with
schizophrenia warrant immediate attention and
medical care.>¢-8

The recommended initial treatment of acute
agitation involves nonpharmacological methods,
such as verbal de-escalation and environment
management.” If response is inadequate and
medication is required, antipsychotics and
benzodiazepines are commonly administered.'’
In the event of an escalation, there is an increased
probability that physical restraint and seclusion
will be required with an associated need for
increased staffing resources and longer duration
of stay.>!! The importance of avoiding physical
restraint is highlighted in 2 recent reviews
describing evidence for psychological and
physical harm resulting from restraint.'>!* There
remains a need for a rapidly effective, noninvasive
treatment for acute agitation with a favorable
safety and tolerability profile. Until now, all US
Food and Drug Administration (FDA)-approved
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Clinical Points

B Acute agitation is common among individuals with
schizophrenia, and rapid management is needed to reduce
distress and avoid further escalation.

B To minimize the need for physical restraints, rapid,
noncoercive, noninvasive, and collaborative treatment
approaches are preferred.

B Self-administered sublingual dexmedetomidine reduced
symptoms of agitation and was generally well tolerated.

agents are administered intramuscularly'* or in the deep
lung through an inhalation device.!®

Approved by the FDA on April 5,2022, dexmedetomidine
sublingual film (IGALMI, manufactured and distributed
by BioXcel Therapeutics, Inc., New Haven, CT) is
indicated in adults for the acute treatment of agitation
associated with schizophrenia or bipolar I or IT disorder.!
Dexmedetomidine is a well-known efficacious a,-adrenergic
receptor agonist available since 1999 in an intravenous
formulation indicated for sedation of initially intubated
and mechanically ventilated patients in an intensive care
unit setting and sedation of non-intubated patients prior
to and/or during surgical and other procedures.!” The
reformulation of dexmedetomidine as a sublingual film
allows the broader use of this agent in psychiatric settings
when managing agitation, thus potentially avoiding the
use of intramuscular administration of antipsychotics
and/or benzodiazepines. Non-invasive formulations,
although requiring cooperation from patients, have the
potential to improve overall patient experience, thereby
improving future cooperation between patients and health
care providers.> The sublingual film formulation is orally
absorbed, thus avoiding first-pass hepatic metabolism
and providing higher dexmedetomidine bioavailability
than ingested formulations.'®!® In previous research, this
formulation demonstrated dose-dependent exposure and
a plasma half-life between 2 and 3 hours.!® The absolute
bioavailability was approximately 72% and 82% following
sublingual and buccal administration, respectively. The
objective of the present study was to determine if a single
dose of sublingual dexmedetomidine effectively reduces
symptoms of acute agitation associated with schizophrenia
or schizoaffective disorder. A similarly designed study
demonstrated efficacy in acute agitation associated with
bipolar disorder.?

METHODS

This study was conducted in accordance with the
principles of the Guidelines for Good Clinical Practice,
the Declaration of Helsinki, and all applicable local
regulations. The protocol was approved by independent
ethics committees and/or institutional review boards at
each study center and by a central institutional review board
(Advarra, Inc.). Participants provided written informed
consent before any study procedures were undertaken.

The study was prospectively registered at ClinicalTrials.gov
(identifier: NCT04268303).

Design

This phase 3, randomized, double-blind, placebo-
controlled study was conducted at 15 hospitals and research
units in the United States between January 23, 2020, and
May 8, 2020, to evaluate the safety and efficacy of sublingual
dexmedetomidine for the treatment of acute agitation
in adults with schizophrenia or schizoaffective disorder.
Although patients with schizophreniform disorder were
also eligible to participate, there were no subjects who
met diagnostic criteria for schizophreniform disorder.
Participants were assessed at screening, treatment (day 1),
follow-up (day 2), discharge (day 3), and end of study (day
7). Participants were housed in a clinical research setting
or hospitalized under medical supervision. They remained
in the clinical unit until at least the morning of day 3, the
earliest day of discharge.

Participants

Eligible participants were aged 18-75 years with a
diagnosis of schizophrenia or schizoaffective disorder,
according to the criteria of the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition,?! as assessed
by the Mini-International Neuropsychiatric Interview
(MINI).?? They had presented with acute agitation in
outpatient clinics or mental health, psychiatric, or medical
emergency services (including medical/psychiatric
observation units) or as inpatients newly admitted for acute
agitation or already hospitalized for underlying conditions.
Participants were required to have a total score of >14 on
the 5-item Positive and Negative Syndrome Scale-Excited
Component (PEC)?® scale at screening and baseline and a
score of >4 on at least 1 PEC item at baseline. Participants
provided informed consent prior to enrollment and had to
be capable and willing to self-administer study medication.

Treatments

Sublingual dexmedetomidine 180 pg, sublingual
dexmedetomidine 120 pg, and placebo were provided as
individual films in a heat-sealed white foil pouch. While
the film containing active drug appeared subtly different
than a placebo film, participants were unaware of any visual
difference, having never previously seen an active or placebo
film. Participants were instructed on the appropriate
method of self-administration, and study drug was self-
administered under the supervision of a staff member. At
investigator discretion in the event of persistent or recurrent
agitation, a second dose of sublingual dexmedetomidine 90
ug or 60 ug (half of the 180 ug or 120 pg initial dose) or
placebo could be given 2 hours after the first dose rather
than rescue medication, if the change from baseline on the
PEC scale was less than 40% and if there were no safety
concerns (eg, hypotension, sedation). Participants with
inadequate relief of agitation after a second sublingual
dexmedetomidine dose could be given, at investigator
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discretion and inieu of rescue medication, a third dose of
sublingual dexmedetomidine or placebo. The maximum
number of study medication doses permitted was 3. At the
discretion of the principal investigator, if the patient’s status
warranted, standard of care rescue treatment for agitation
with lorazepam 0.5 to 5 mg oral or intramuscular could be
initiated at any time.

Outcomes

The primary efficacy endpoint was the absolute change
from baseline in the PEC total score at 2 hours postdose.
The PEC scale includes 5 items—poor impulse control,
tension, hostility, uncooperativeness, and excitement—each
of which is rated from 1 (minimum) to 7 (maximum); the
sum of these 5 items, the PEC total score, ranges from 5
(absence of agitation) to 35 (extremely severe). The PEC
was administered at screening, predose (within 15 minutes
prior to dose), and at 10, 20, 30, 45, 60, 90 minutes and 2, 4,
6, 8, and 24 hours postdose. At all timepoints, the PEC was
administered before any other assessments.

Secondary endpoints included the absolute change from
baseline in the PEC total score at 10, 20, 30, 45, 60, and 90
minutes postdose.

Multiple exploratory endpoints were prespecified. The
Clinical Global Impression-Improvement (CGI-I) scale,?*
with possible scores ranging from 1 (very much improved)
to 7 (very much worse), was used to rate overall clinical
improvement at 30 minutes, 1, 2, and 4 hours postdose.
The Agitation-Calmness Evaluation Scale (ACES) is a
single-item measure (ranging from 1=marked agitation to
9=unarousable) that was used to assess overall agitation
predose (within 15 minutes of dosing) and 2, 4, and 8 hours
postdose. The PEC response rate (=40% reduction in total
score from baseline at or before 2 hours postdose)?® and
change from baseline in total PEC score from 10 minutes
through 24 hours postdose were assessed. The CGI-I
response rate, defined as a score of 1 or 2 (very much or
much improved) at 2 hours postdose was also assessed.
Agitation/calmness was further assessed by measuring
change from baseline for PEC total score at 4, 6, 8, and 24
hours postdose.

The safety and tolerability of sublingual dexmedetomidine
were evaluated based on adverse events (AEs); laboratory tests
(chemistry, hematology, urinalysis); electrocardiography;
pulse oximetry; and vital signs (systolic blood pressure,
diastolic blood pressure, and heart rate). Adverse events were
characterized by type, severity, seriousness, and relationship
to treatment and coded by preferred term and system organ
class using the Medical Dictionary for Regulatory Activities,
version 23.0. A buccal examination for local irritation was
performed at 30 minutes and 2, 4, and 24 hours postdose.
The Columbia-Suicide Severity Rating Scale (C-SSRS) was
performed at screening, baseline, 24 hours postdose, and
discharge.?

All reported AEs were recorded by the site investigators
and assessed for severity per protocol using the following
definitions:

Sublingual Dexmedetomidine for Agitation in Schizophrenia

Mild: Ts usually transient and mayrequire only minimal
treatment or therapeutic intervention. The event
does not generally interfere with usual activities of
daily living.

Moderate: Is usually alleviated with additional specific
therapeutic intervention. The event interferes with
usual activities of daily living, causing discomfort,
but poses no significant or permanent risk of harm
to the subject.

Severe: Interrupts usual activities of daily living,
significantly affects clinical status, or may require
intensive therapeutic intervention.

Sample Size Calculation

Sample size was calculated based on the results of a phase
2 study of sublingual dexmedetomidine. For the analysis
of the primary efficacy endpoint, it was estimated that
125 participants per treatment group would be needed to
detect at least a 2.1-unit change from baseline in the PEC
total score for the sublingual dexmedetomidine-placebo
pairwise comparison (1:1:1 randomization, 2-tailed a=.025,
power =90%).

Randomization

Participants were randomized (1:1:1) to sublingual
dexmedetomidine 180 pg, sublingual dexmedetomidine
120 pg, or matching placebo film and stratified by age (<65,
265 years). Randomization was computer generated by
permuted block design with a block size of 6. Participants,
investigators, and study staff were blinded to the identity of
the assigned treatment. The active treatment and the placebo
were similar in taste and lightly mint-flavored.

Statistical Analysis

Analyses were conducted using SAS/STAT software,
version 9.4 (SAS Institute Inc, Cary, NC).

The safety population included all participants who
received a dose of study drug. The efficacy (intent-to-treat)
population included all participants in the safety population
who had at least 1 PEC assessment postdose.

The null and alternate hypotheses for efficacy were
tested using a mixed model repeated measures (MMRM)
analysis. To control for type 1 error associated with multiple
comparisons of sublingual dexmedetomidine with placebo,
the 2-tailed a was set at 0.025, and Bonferroni correction was
applied. For the MMRM analysis, the change from baseline
in the PEC score at 10, 20, 30, 45, 60, and 90 minutes and 2
hours postdose was the outcome variable; covariates included
treatment group, baseline PEC, visit, baseline PEC-by-visit
interaction term, age stratum, study site, and treatment
group-by-visit interaction term. The difference in the mean
change from baseline in each sublingual dexmedetomidine
group relative to placebo, as well as the significance levels
associated with the null hypotheses, were obtained from
differences in least squares means at each time point.

To control for multiplicity on secondary endpoints, a
hierarchical testing procedure and a prespecified sequence of
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Figure 1. Disposition of Participants

Enrolled (n =3802)

Randomized (n =380)

!

v

l

Randomized to dexmedetomidine 180 ug (n = 125)
« Received dexmedetomidine 180 ug (n = 125P)
« Did not receive dexmedetomidine 180 ug (n = 0)

Randomized to dexmedetomidine 120 ug (n = 129)
« Received dexmedetomidine 120 pg (n = 129°)
« Did not receive dexmedetomidine 120 pg (n = 0)

Randomized to placebo (n = 126)
« Received placebo (n = 1264)
« Did not receive placebo (n = 0)

A4

v

A 4

Completed double-blind treatment (n = 123)
Did not complete double-blind treatment (n = 2)

Completed double-blind treatment (n = 126)
Did not complete double-blind treatment (n = 3)

Completed double-blind treatment (n = 123)
Did not complete double-blind treatment (n = 3)

« Withdrawal by subject (n= 1)
- Lost to follow-up (n=1)

« Adverse event (n =0) « Adverse event (n = 2°)

« Withdrawal by subject (n = 0)
« Lost to follow-up (n=1)

« Withdrawal by subject (n=1)
« Lost to follow-up (n=2)
« Adverse event (n =0)

Analyzed?
« Safety (n=126)
« Efficacy (n = 125)

Analyzed
« Safety (n=129)
« Efficacy (n =129)

Analyzed
« Safety (n=126)
« Efficacy (n = 126)

30ne participant enrolled and randomized to the 120 pg group was enrolled a second time at a different site and randomized to the 180 pg group. The data
from the first enrollment and treatment (120 pg) were included in the efficacy analyses. The data from both enrollments (120 pg and 180 pg) were included
in the safety analyses and counted separately in each treatment group; they were counted once when dose groups were combined.

b1 dose (96.0% [121/126)), 2 doses (4.0% [5/126]), 3 doses (0% [0/126]).
1 dose (78.3% [101/129)), 2 doses (12.4% [16/129]), 3 doses (9.3% [12/129]).
41 dose (57.9% [73/126]), 2 doses (23.0% [29/126]), 3 doses (19.0% [24/126]).

€Due to mild oropharyngeal pain on day 1 that was considered probably related to study drug (n=1) and moderate pain in extremity on day 2 that was

considered unrelated to study drug (n=1).

Table 1. Demographics and Baseline Characteristics (Safety

Population)

Sublingual
Dexmedetomidine
180 ug 120 pg Placebo
(n=126) (n=129) (n=126)
Age, y, mean (SD) 46.0(11.9) 457(11.3) 45.1(11.1)
Sex, n (%)
Female 44 (349 52(40.3)  44(34.9)
Male 82 (65.1) 77 (59.7) 82 (65.1)
Race, self-identified, n (%)
Black or African American 103 (81.7) 92(71.3) 102(81.0)
White 21(16.7) 33(25.6)  21(16.7)
Other? 2(1.6) 4(3.1) 3(2.3)
Ethnicity, Hispanic or Latino, n (%) 13(10.3) 17(13.2) 7 (5.6)
Body mass index, kg/m?, mean (SD) 32.5(7.9) 31.2(7.6) 32.6(7.4)
Diagnosis, n (%)
Schizophrenia 101(80.2) 113(87.6) 108 (85.7)
Schizoaffective disorder 25(19.8) 16 (12.4) 18(14.3)
No. of hospitalizations, mean (SD) 45 (9.8) 4.8 (5.4) 4.1(5.2)
Hours of sleep/night this week, 5.5(1.7) 5.9(1.6) 5.7(1.8)
mean (SD)
Current smoker, n (%) 83(65.9) 96 (74.4) 102(81.0)
PEC total score, mean (SD)P 176 (2.7) 17.5(2.5) 176 (2.3)
CGl-Severity, mean (SD)¢ 4.1(0.5) 4.2(0.6) 4.1(0.6)

?Includes individuals self-identifying as Native American, Alaska Native,
Asian, Native Hawaiian or other Pacific Islander, and Multiple.

IDComposed of 5 items with a range of 5 (absence of agitation) to 35
(extremely severe).

“Rated on a 7-point scale from 1 (normal) through to 7 (among the most
severely ill patients).

Abbreviations: CGl=Clinical Global Impressions-Severity, PEC = Positive and
Negative Syndrome Scale-Excited Component, SD =standard deviation.

comparisons were used; starting at 90 minutes postdose, each
earlier endpoint was tested in succession until a comparison
with placebo failed to achieve statistical significance at the
.025 level. Endpoints following a nonsignificant result in the
hierarchy were not formally tested.

As comparisons on exploratory endpoints were not
controlled for multiplicity, the results should be considered
hypothesis-generating.

There were no missing values in the primary or secondary
outcome data. For the efficacy analyses, all values collected
after the use of rescue treatment or withdrawal from the
study were censored, and these participants were considered
nonresponders.

RESULTS

Participants

Three hundred eighty participants were randomized to
sublingual dexmedetomidine 180 pg (n=125), sublingual
dexmedetomidine 120 pg (n=129), or placebo (n=126) and
analyzed for efficacy; of these, 372 (97.9%) completed the
study (Figure 1).

The treatment groups were generally comparable at
baseline (Table 1). The population had a mean (SD) age of
45.6 (11.4) years; 63.4% (241/380) of participants identified
as male, and 77.9% identified as Black or African American,
which reflects the demographics of the population served

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2022 Copyright Physicians Postgraduate Press, Inc.

e4 [E PSYCHIATRIST.COM

J Clin Psychiatry 83:6, November/December 2022



Sublingual Dexmedetomidine for Agitation in Schizophrenia

Figure 2. Primary and Secondary Efficacy Endpoints: Least Squares Mean (SE) Change From Baseline in

the PEC Total Score?
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2P values were calculated from a restricted maximum likelihood repeated measures mixed model on change from baseline values.
Covariates were baseline PEC score (composed of 5 items with a range of 5 [absence of agitation] to 35 [extremely severe]), age
stratum, study site, timepoint (including all 7 timepoints from 10 minutes to 2 hours postdose), treatment group, baseline PEC
score-by-timepoint interaction term, and treatment group-by-timepoint interaction term.

*P=.003 vs placebo.
1tP=.008 vs placebo.
§P<.001 vs placebo.

Abbreviations: PEC =Positive and Negative Syndrome Scale-Excited Component, SE =standard error.

by the study sites. The mean (SD) body mass index was 32.1
(7.6) kg/m?. Diagnoses at screening were schizophrenia
(84.5% [321/380]) and schizoaffective disorder (15.5%
[59/380]). Seven participants were aged 65 years or older
(2 in the sublingual dexmedetomidine 180 ug group, 3 in
the sublingual dexmedetomidine 120 pg group, and 2 in the
placebo group). Concomitant psychiatric medications are
listed in Supplementary Table 1.

One participant was enrolled and randomized twice,
once to sublingual dexmedetomidine 120 pg and once (at
a different site) to sublingual dexmedetomidine 180 pg.
Data from the first enrollment and treatment (120 ug)
were included in the efficacy analyses, and data from both
enrollments (120 pg and 180 pg) were included in the safety
analyses. In total, 2.1% (8/380) of participants discontinued;
0.5% (2/380) voluntarily withdrew (1 participant each in the
sublingual dexmedetomidine 180 pg and placebo groups),
0.5% (2/380) in the sublingual dexmedetomidine 120 pg
group discontinued due to AEs of mild oropharyngeal pain
on day 1 and moderate pain in extremity on day 7, and 1.1%
were lost to follow-up (1 participant in each active treatment
group and 2 in the placebo group).

Two doses of study medication were administered to 4.0%
(5/126) of participants in the sublingual dexmedetomidine
180 ug group, 12.4% (16/129) in the 120 pg group, and 23.0%
(29/126) in the placebo group. No participant in the 180 pg
group received 3 doses of study medication; however, 9.3%

(12/129) of participants in the 120 pg group and 19.0%
(24/126) in the placebo group received a total of 3 doses of
study medication (Supplementary Table 2). Rates of rescue
medication use for persistent agitation were 0.8% (1/125) in
the sublingual dexmedetomidine 180 pg group, 3.1% (4/129)
in the sublingual dexmedetomidine 120 pg and, 0.8% (1/126)
in the placebo group. No participant received both rescue
medication and more than 1 dose of study medication.

Efficacy

At 2 hours postdose (Figure 2), the least squares mean
(standard error [SE]) changes from baseline in PEC total
score were —10.3 (0.4) for sublingual dexmedetomidine
180 pg, —8.5 (0.4) for sublingual dexmedetomidine 120
g, and —4.8 (0.4) for placebo. Least squares mean (97.5%
confidence interval [CI]) differences from placebo at 2 hours
postdose were —5.5 (=6.7 to —4.3, P<.001) for sublingual
dexmedetomidine 180 pg and -3.7 (-4.9 to 2.5, P<.001)
for sublingual dexmedetomidine 120 pg.

Treatment effects were first observed at 20 minutes
postdose with sublingual dexmedetomidine 180 pg (least
squares mean difference, standard error [97.5% CI]: -1.2,
0.4 [-2.1 to —0.3], P=.003]) and at 30 minutes postdose with
sublingual dexmedetomidine 120 ug (least squares mean
difference, SE [97.5% CI]: —1.3, 0.5 [-2.4 to —0.2], P=.008).
Participants in both sublingual dexmedetomidine treatment
groups showed improvements compared with participants in
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Table 2. Adverse Events Occurring in at Least 2% of

Participants in Either Sublingual Dexmedetomidine Group
(Safety Population)?

Sublingual
Dexmedetomidine
180 ug 120 ug Placebo
(n=126) (n=129) (n=126)
Any treatment-emergent AE 47 (37.3) 51(39.5) 19 (15.1)
Any drug-related AE 44 (34.9) 46 (35.7) 15(11.9)
Serious AE 0 0 0
Discontinuation for AE 0 2(1.6) 0
Dizziness 8(6.3) 3(2.3) 1(0.8)
Dry mouth 5(4.0) 10(7.8) 2(1.6)
Headache 4(3.2) 6(4.7) 6(4.8)
Hypoesthesia oral 7 (5.6) 5(3.9) 0
Hypotension 5(4.0) 8(6.2) 0
Nausea 2(1.6) 3(2.3) 1(0.8)
Orthostatic hypotension 7 (5.6) 2(1.6) 0
Paresthesia oral 3(2.4) 5(3.9) 1(0.8)
Somnolence 29(23.0) 28(21.7) 10(7.9)

Values expressed as n (%). Each adverse event reported was assessed by
the investigator for severity (mild, moderate, severe) and relationship
to study drug (not related, unlikely/remotely related, possibly related,
probably related, definitely related).

Abbreviation: AE=adverse event.

the placebo group at all subsequent timepoints (45, 60, and
90 minutes postdose (P <.001; Figure 2).

Results on the exploratory endpoints—response on the
PEC total score, change from baseline and response on the
CGI-1, and change from baseline and resolution of agitation
on the ACES—are presented in Supplementary Box 1,
Supplementary Table 3, and Supplementary Figures 1-4.

Safety

The incidence of AEs was 37.3% (47/126) with sublingual
dexmedetomidine 180 pg, 39.5% (51/129) with sublingual
dexmedetomidine 120 pg, and 15.1% (19/126) with placebo
(Table 2). There were no reports of severe or serious AEs.
Two (1.7%) participants in the sublingual dexmedetomidine
120 pg group discontinued due to AEs; 1 experienced pain
in extremity (moderate severity and judged not related
to study drug by investigator) and the other experienced
oropharyngeal pain (mild severity and judged probably
related to study drug by investigator). The most common
AE in both sublingual dexmedetomidine treatment groups
was somnolence (180 pg: 23.0% [29/126], 120 pg: 21.7%
[28/129], placebo: 7.9% [10/126]), which was mild in 82.8%
of the 180 pg group, 89.3% of the 120 pg group, and 100.0%
of the placebo group. Other common AE:s in the sublingual
dexmedetomidine treatment groups included headache
(3.2%-4.7%), hypoesthesia (3.9%-5.6%), hypotension
and orthostatic hypotension (1.6%-6.2%), and dry mouth
(4.0%-7.8%).

No clinically meaningful changes in clinical laboratory
values or physical examination findings were observed.
There were no clinically meaningful changes from baseline at
2 hours or 24 hours postdose for PR interval, QRS duration,
or QTcE All AEs of hypotension, orthostatic hypotension,
and bradycardia were reviewed by an external board-
certified cardiologist. An AE of hypotension occurred in

544.0%) participants in the sublingual dexmedetomidine
180 pg group and 8 (6.2%) participants in the 120 pg group;
the events were judged by the investigator as mild in 9 and
moderate in 4 participants, and all resolved without medical
intervention. When assessed by an independent external
cardiologist, 2 of the 5 cases of hypotension in the 180
ug group and 3 of the 8 cases in the 120 pg group were
considered to be not clinically meaningful (ie, not associated
with abnormal vital sign measurements).

No participant in the placebo group experienced an AE
of hypotension. Seven (5.6%) participants in the sublingual
dexmedetomidine 180 ug group, 2 (1.6%) participants in
the sublingual dexmedetomidine 120 pg group, and no
(0%) participants in the placebo group experienced an AE
of orthostatic hypotension. Two (1.6%) participants in the
sublingual dexmedetomidine 120 pg group experienced an
AE of sinus bradycardia, and both cases resolved without
medical intervention.

At 2 hours postdose, participants treated with sublingual
dexmedetomidine had reductions in systolic blood pressure
(180 pg: —16.8 [14.8] mm Hg, 120 pg: —12.8, [13.7] mm
Hg); diastolic blood pressure (180 ug: —8.9, [10.2] mm Hg,
120 pg: —7.7, [8.5] mm Hg); and heart rate (180 pg: —8.2,
[10.3] bpm, 120 pg: —7.6, [9.4]). Similar reductions in blood
pressure were not observed in placebo-treated participants.
One (0.8%) participant in the sublingual dexmedetomidine
120 pg group experienced suicidal ideation as assessed by
the C-SSRS on day 2 but not on day 3; there was no suicidal
behavior, and the participant subsequently completed the
study. On buccal examination, 1 (0.8%) participant in the
sublingual dexmedetomidine 180 ug group experienced
local irritation at 4 hours postdose that was resolved by 24
hours postdose.

DISCUSSION

This phase 3, randomized, double-blind, placebo-
controlled study was conducted to determine if sublingual
dexmedetomidine, a selective a,-adrenergic receptor
agonist, reduces symptoms of acute agitation associated
with schizophrenia. Results showed that a single dose of
180 ug or 120 ug sublingual dexmedetomidine reduced
the severity of agitation in participants with schizophrenia
or schizoaffective disorder as assessed by absolute change
from baseline in PEC score. Sublingual dexmedetomidine
produced improvement compared with placebo at 2
hours postdose, and treatment effects were evident within
20 minutes postdose among participants who received
sublingual dexmedetomidine 180 pg and within 30
minutes postdose among those who received sublingual
dexmedetomidine 120 pg. Repeat dosing was more
frequent in the placebo group than in either sublingual
dexmedetomidine group. More participants in the
sublingual dexmedetomidine groups than in the placebo
group experienced AEs of somnolence, but most events
were mild or moderate, and no participant was unarousable
based on AE report or on ACES rating scale score.
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The observed” effect 'sizes on the primary outcome
measure in the sublingual dexmedetomidine groups in this
study were similar to those reported in registration trials
of intramuscularly administered agents indicated for the
treatment of agitation associated with schizophrenia, and
participants had baseline agitation of comparable severity.'*
Given the potential for benefit in this patient population,
the positive results with sublingual dexmedetomidine on
multiple prospectively defined exploratory endpoints,
together with its tolerability and safety profiles, merit further
evaluation. Moreover, unlike the antipsychotics commonly
used to manage agitation, dexmedetomidine does not impact
on dopamine receptors, and thus motoric adverse events
such as dystonia, tremor, and akathisia are avoided.

Despite its strengths, this study has some limitations.
First, efficacy and tolerability were assessed following a
single episode of agitation, providing no information on the
efficacy and safety of longer-term use of dexmedetomidine.
Second, the controlled nature of a clinical trial and capacity of
participants to undergo informed consent prior to enrollment
may limit the generalizability of these results to individuals
who present with acute agitation in emergency settings.
Third, participants were excluded for acute intoxication but
were not screened for possible alcohol withdrawal that may
have contributed to an agitated state. Fourth, participants
could have received antipsychotic medications prior to study
entry that may have contributed to akathisia or restlessness.

Sublingual Dexmedetomidine for Agitation in Schizophrenia

Fifth, 78% of the participants in the study self-identified as
Black or African American, which reflects the demographics
of the population served by the study sites. Finally, rates of
rescue medication use were likely reduced by the design of
the protocol that allowed investigators to use study drug
instead of per-protocol rescue medication (lorazepam) for
participants with inadequate relief of agitation at 2 hours
postdose and beyond.

Guidance for pharmacologic treatment of acute
agitation in psychiatric conditions includes administration
of antipsychotics and/or benzodiazepines.»!!?® These
consensus recommendations state that, ideally, a drug should
have an onset of action of <30 minutes, induce calmness,
provide ease of administration, and be noninvasive,
nontraumatic, safe, and well tolerated.>?” In light of these
recommendations, the results of the present study suggest
that sublingual dexmedetomidine may be a useful addition to
the armamentarium in the treatment of agitation associated
with schizophrenia or schizoaffective disorder.

CONCLUSION

Among participants with mild-to-moderate agitation
associated with schizophrenia or schizoaffective disorder,
treatment with sublingual dexmedetomidine 120 pg or 180
pg resulted in greater reduction in agitation, as measured by
the PEC score at 2 hours postdose, compared with placebo.
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Supplementary Box 1. Results — Exploratory Endpoints

At 2 hours postdose, mean Positive and Negative Syndrome Scale-Excited Component (PEC)
response (>40% reduction from baseline) rates were 88.8% and 79.1% with sublingual
dexmedetomidine 180 pg and 120 pug compared with 40.5% with placebo (Supplementary Figure

).

On the Clinical Global Impression-Improvement (CGI-I) scale, improvements in agitation (ie,
lower CGI-I scores) relative to baseline were observed at 30 minutes to 4 hours postdose
(Supplementary Table 3). The least squares mean (standard error [SE]) differences from placebo
at 30 minutes, 1, 2, and 4 hours were —0.5 (0.1), -1.1 (0.1), -1.3 (0.1), and -1.3 (0.1) with
sublingual dexmedetomidine 180 pg and —0.3 (0.1), -0.6 (0.1), -0.8 (0.1), and -0.8 (0.1) with
sublingual dexmedetomidine 120 pug. At 4 hours postdose, mean CGI-I response (score of 1
[very much improved] or 2 [much improved]) rates were 86.9% and 76.2% with sublingual
dexmedetomidine 180 pg and 120 ug compared with 50.0% with placebo (Supplementary Figure
2).

ACES change from baseline through 8 hours postdose are presented in Supplementary Table 3
and Supplementary Figure 4. At 2 hours postdose, Agitation-Calmness Evaluation Scale (ACES)
differences from placebo were observed in the sublingual dexmedetomidine 180 ug and 120 pg
groups (least squares mean [SE] difference: 2.6 [0.2] and 1.6 [0.2], respectively). At2, 4, and 8
hours postdose, the percentage of patients who had their agitation resolved (ACES score >4) was
greater in the sublingual dexmedetomidine 180 pug and 120 pg groups than in the placebo group
(Supplementary Figure 3).

The respective percentages of patients experiencing calmness (improvement in ACES of >1 vs
baseline) at 2, 4, and 8 hours postdose were 95%, 93%, and 91% in the 180 pg group, 81%,
87%. and 88% in the 120 pg group, and 49%, 70%, and 66% with placebo.

Patient-reported medication acceptability (as defined by “strongly agree” or “agree” on a 1-5
Likert Scale, administered 20 minutes after dosing) was 84.1% with sublingual
dexmedetomidine 180 pg, 84.4% with sublingual dexmedetomidine 120 pg, and 74.6% with
placebo. Overall, 67.5% of patients treated with sublingual dexmedetomidine 180 pg, 66.5% of
patients treated with sublingual dexmedetomidine 120 ug, and 64.3% of those treated with
placebo liked the flavor of the medication (as defined by “strongly agree” or “agree” on a 1-5
Likert Scale). About 99% of study patients judged sublingual dexmedetomidine to have no
unpleasant aroma, and the majority of participants judged the study medication to have no
unpleasant aftertaste (91.3%, 90.6%, 90.5%) and were satisfied with the time to dissolution
(90.1%, 84.9%, 88.4%) in the sublingual dexmedetomidine 180 pg, 120 ug, and placebo groups,
respectively, based on yes/no questions.



Supplementary Table 1. Antipsychotic, antidepressant, mood stabilizer, and
sedative/hypnotic/anxiolytic concomitant medications

Medication 180 mcg 120 mcg Placebo Overall
(n=126) (n=129) (n=126) (N=381)

First Generation Antipsychotics 8 10 6 24
Chlorpromazine 0 1 1
Fluphenazine 1 0 1 2
Haloperidol 6 8 3 17
Loxapine 1 0 0 1
Perphenazine 0 1 2 3
Second Generation Antipsychotics 99 105 83 287
Aripiprazole 9 9 9 27
Brexpiprozole 3 2 1 6
Cariprazine 1 1 2 4
Iloperidone 0 1 0 1
Lurasidone 7 6 2 15
Olanzapine 17 14 13 44
Paliperidone 6 4 2 12
Quetiapine 29 37 23 89
Risperidone 26 27 25 78
Ziprasidone 1 4 6 11
Antidepressants 57 42 50 149
Amitriptyline 2 0 1 3
Bupropion 5 4 5 14
Citalopram 3 4 5 12
Doxepin 3 2 4 9
Duloxetine 2 2 5 9
Escitalopram 2 1 1 4
Fluoxetine 5 3 7 15
Imipramine 0 1 0 1
Mirtazapine 5 3 1 9
Paroxetine 1 0 0 1
Sertraline 15 6 8 29
Trazodone 14 11 12 37
Venlafaxine 0 4 1 5
Vortioxetine 0 1 0 1




Medication 180 mcg 120 mcg Placebo Overall
(n=126) (n=129) (n=126) (N=381)
Lithium & Anticonvulsants 18 20 12 50
Gabapentin 4 1 0 5
Lamotrigine 1 2 0 3
Lithium 1 3 5 9
Oxcarbazepine 1 0 0 1
Topiramate 0 1 1 2
Valproate, Valproic Acid 10 13 6 29
Zonisamide 1 0 0 1
Sedatives, Hypnotics, Anxiolytics 28 41 22 91
Alprazolam 0 1 1 2
Buspirone 2 3 1 6
Clonazepam 1 2 2 5
Diazepam 1 0 0 1
Diphenhydramine 1 3 3 7
Hydroxyzine 8 5 5 18
Lorazepam 9 14 6 29
Temazepam 2 7 2 11
Zolpidem 4 6 2 12




Supplementary Table 2. Frequency of Repeat Dosing by Group

Doses 180 mcg 120 mcg Placebo
Received (n=126) (n=129) (n=126)
1 121 101 73

(96.0%) (78.3%) (57.9%)
, 5 16 29
(4.0%) (12.4%) (23.0%)
12 24
3 0
(9.3%) (19.0%)




Supplementary Table 3. Exploratory efficacy endpoints: CGI-I and ACES Scales

Sublingual Dexmedetomidine

Placebo
180 mcg 120 mcg

CGI-1 Mean Stal?da.rd Mean Staqda_rd Mean Stal.lda.rd

Deviation Deviation Deviation
30 minutes 2.7 1.2 3.0 1.2 34 0.9
1 hour 1.9 1.1 24 1.1 3.1 1.1
2 hours 1.5 0.9 2.0 1.2 2.9 1.2
4 hours 1.5 0.9 1.8 1.1 2.5 1.2
ACES
2 hours 6.0 1.6 49 2.0 3.3 1.5
4 hours 5.6 1.6 5.2 1.8 3.8 1.6
& hours 4.8 14 4.4 1.5 3.3 1.3

ACES, Agitation-Calmness Evaluation Scale, a single-item measure used to rate overall agitation and
calmness where 1=marked agitation, 2=moderate agitation, 3=mild agitation 4=normal behavior, S=mild
calmness, 6=moderate calmness, 7=marked calmness, 8=deep sleep, and 9=unarousable;

CGI-I, Clinical Global Impressions — Improvement with possible scores ranging from 1 (very much
improved) to 7 (very much worse).




Supplementary Figure 1. Percentage of patients with a response?® on the PEC total score

100 B 180 mcg (n=125) E 120 mcg (n=129) OPlacebo (n=126)

88.0 88.8

79.1
80 - 752

40 A

20 A

Percentage of Responders

60
Minutes Postdose

120

PEC, Positive and Negative Syndrome Scale-Excited Component
2Defined by >40% reduction from baseline
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Supplementary Figure 2. Percentage of patients with a response? on the Clinical Global
Impression-Improvement® scale

H 180 mcg B 120 mcg @ Placebo
100

86.4 86.9

Percentage of Responders

30 60 120 240
Minutes Postdose

Minutes 180 mcg 120 mcg Placebo

Postdose n N n N N N
30 49 125 39 129 20 126
60 86 125 66 129 34 126
120 108 125 84 128 45 126
240 106 122 80 105 41 82

aDefined by a score of 1 (very much improved) or 2 (much improved)

bClinical Global Impression-Improvement evaluated drugresponse on agitation. Scores range from 1 to 7: 1=very
much improved, 2=much improved, 3=minimally improved, 4=no change, 5=minimally worse, 6=much worse,
7=very much worse.
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Supplementary Figure 3. Percentage of patients with resolution of agitation® on the
Agitation-Calmness Evaluation ScaleP

B 180 mcg (n=125) E120 meg (n=129) @ Placebo (n = 125)

100

88 86

Percentage with resolution

2 4 8

Hours Postdose

aDefined by a score of >4 on the Agitation-Calmness Evaluation Scale

bThe Agitation-Calmness Evaluation Scale (ACES) is a single item measure used to rate overall agitation and
calmness, where 1=marked agitation,2=moderate agitation, 3=mild agitation,4=normal behavior, 5=mild calmness,
6=moderate calmness, 7=marked calmness, 8=deep sleep, and 9=unarousable.
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Supplementary Figure 4. Mean change from baseline on the Agitation-Calmness

Evaluation Scale?

6.0
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Time Postdose

aThe Agitation-Calmness Evaluation Scale (ACES) is a single item measure used to rate overall
agitation and calmness, where 1=marked agitation, 2=moderate agitation, 3=mild agitation,
4=normal behavior, 5=mild calmness, 6=moderate calmness, 7=marked calmness, 8=deep sleep,
and 9=unarousable.
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