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ABSTRACT

Introduction: The objective was to use the
evidence-based medicine metrics of number
needed to treat, number needed to harm, and
likelihood to be helped or harmed to appraise
the clinical efficacy and tolerability of sublin-
gual dexmedetomidine in adults with agitation
associated with schizophrenia or bipolar
disorder.

Methods: Sublingual dexmedetomidine data
for this post hoc analysis were obtained from
two similarly designed, double-blind, random-
ized, placebo-controlled studies of adults with
schizophrenia or bipolar disorder. Response to
treatment was defined as a C 40% reduction
from baseline in the Positive and Negative
Syndrome Scale-Excited Component (PEC).
Tolerability was assessed by evaluating rates of
adverse events.
Results: The number needed to treat (95%
confidence interval) estimate versus placebo for
PEC response at 2 h post-dose was 3 (2, 3) for
the sublingual dexmedetomidine 180-lg group
(n = 125) and 3 (3, 4) for the 120-lg group
(n = 129) in the study of patients with
schizophrenia and 3 (2, 3) for the sublingual
dexmedetomidine 180-lg group (n = 126) and 4
(3, 6) for the 120-lg group (n = 126) in the study
of patients with bipolar disorder. Number nee-
ded to harm values versus placebo were greater
than 10 for all adverse events except somno-
lence, where the number needed to harm (95%
confidence interval) was 7 (5, 10) for all doses
pooled from both studies. In all instances, like-
lihood to be helped or harmed values were
greater than 1 for efficacy versus applicable
tolerability outcomes.
Conclusions: The number needed to treat,
number needed to harm, and likelihood to be
helped or harmed of sublingual dexmedeto-
midine support a favorable benefit–risk profile
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in adults with acute agitation associated with
schizophrenia or bipolar disorder.
Trial Registration: ClinicalTrials.gov, https://
clinicaltrials.gov/ct2/show/NCT04268303,
NCT04268303. ClinicalTrials.gov, https://
clinicaltrials.gov/ct2/show/NCT04276883,
NCT04276883.

Keywords: Agitation; Bipolar disorder; Number
needed to treat; Schizophrenia; Sublingual
dexmedetomidine

Key Summary Points

Episodes of acute agitation associated with
schizophrenia or bipolar disorder are
common and challenging for patients,
caregivers, and healthcare providers.

Ideal treatments are needed that are
effective, noninvasive, and calming
without sedating.

This post hoc analysis calculated the
number needed to treat and harm for a
recently approved treatment based on two
similarly designed phase 3 clinical trials.

Number needed to treat values versus
placebo were consistent with a potent
beneficial effect for sublingual
dexmedetomidine, and number needed to
harm values indicated that sublingual
dexmedetomidine is reasonably tolerable.

The likelihood to be helped or harmed was
greater than 1 when contrasting clinical
response versus any tolerability challenge,
indicating a favorable benefit–risk profile
for sublingual dexmedetomidine in the
treatment of acute agitation in adults with
schizophrenia or bipolar disorder.

INTRODUCTION

Episodes of acute agitation that occur in indi-
viduals with schizophrenia and bipolar disorder
can present a substantial challenge for patients,

families, and healthcare professionals [1–3].
Nonpharmacological approaches are recom-
mended as initial management of agitation,
including verbal de-escalation and environ-
mental management; however, pharmacologi-
cal therapy may be needed if these techniques
are not sufficient to avoid escalation [1, 2, 4–6].
An ideal drug for treating acute agitation should
be noninvasive, easy to administer by health-
care professionals or the patient, provide a rapid
onset of action within 30 min, produce calm-
ness without excess sedation, and be safe and
well tolerated [4].

Selecting a medication for acute agitation
can be challenging, especially when treatment
decisions involve agents that may be unfamiliar
to clinicians and patients. Although findings
from randomized controlled clinical trials pro-
vide the most reliable information, the statisti-
cal significance of a drug relative to placebo
(i.e., P value) is insufficient as the sole basis for
clinical decision-making because it provides no
information about the size of treatment effects
[7]. To complement tests of significance and
refine the process of drug selection, clinically
intuitive measures of effect size can be used,
including number needed to treat (NNT), which
quantifies benefit (therapeutic response), and
number needed to harm (NNH), which quanti-
fies undesirable outcomes such as adverse
events (AEs) or discontinuation due to AEs
[8–10]. The ratio of NNH to NNT is called the
likelihood to be helped or harmed (LHH) [10].
These metrics have been used to evaluate other
agents used for the treatment of agitation
[11–13], as well as other new medications
[14–16], and help clinicians understand the
potential place in therapy of novel
interventions.

Dexmedetomidine is a potent and selective
agonist of the a2-adrenergic receptor, which is a
key regulator of sympathetic hyperarousal via
inhibition of norepinephrine release from
adrenergic neurons [17]. Sublingual
dexmedetomidine, (BioXcel Therapeutics, New
Haven, CT, USA) was recently approved by the
US Food and Drug Administration to treat acute
agitation in adults with schizophrenia and
bipolar disorder. Sublingual or buccal adminis-
tration of sublingual dexmedetomidine
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bypasses first-pass metabolism, results in
increased absorption compared to oral admin-
istration, and evidences a rapid onset of action
[18]. Sublingual dexmedetomidine represents a
novel mechanism of action and route of
administration for treating acute agitation
associated with schizophrenia or bipolar
disorder.

The efficacy and tolerability of 120-lg and
180-lg doses of sublingual dexmedetomidine
were evaluated in two similarly designed, ran-
domized, double-blind, placebo-controlled,
phase 3 trials in the treatment of acute agitation
associated with schizophrenia [19] and bipolar
disorder [20]. Efficacy in both studies was mea-
sured from 10 min through 24 h post-dose
using the 5-item Positive and Negative Syn-
drome Scale-Excited Component (PEC), a vali-
dated and commonly used research instrument
for evaluating acute agitation and aggression in
patients with different psychiatric pathologies
[21]. Participants with schizophrenia or bipolar
disorder who were treated with sublingual
dexmedetomidine, 120 lg or 180 lg, had
symptomatic improvements from baseline to
2 h post-dose compared to placebo, and treat-
ment effects began at 20 or 30 min post-dose
[19, 20, 22]. Sublingual dexmedetomidine was
well tolerated, with mild or moderate somno-
lence as the most common AE [16]. While these
statistically significant results are essential to
the evidence base for sublingual dexmedeto-
midine, they have limited value in appraising
its potential clinically relevant value in the
treatment of patients with agitation associated
with schizophrenia or bipolar disorder. A
description of effect sizes is required in order to
place this potential intervention into clinical
perspective. The objective of this post hoc
analysis of data from two randomized con-
trolled clinical trials was to use the evidence-
based medicine metrics of NNT, NNH, and LHH
to provide a clinically meaningful estimate of
the efficacy and tolerability of sublingual
dexmedetomidine in adults with agitation
associated with schizophrenia or bipolar
disorder.

METHODS

Data were taken from two similarly designed,
randomized, double-blind, placebo-controlled
studies that evaluated the effects of sublingual
dexmedetomidine on acute agitation in
patients with schizophrenia (NCT04268303) or
bipolar disorder (NCT04276883) [19, 20]. The
studies were conducted between January and
May 2020 at clinical sites in the United States.
Each study was conducted in accordance with
Good Clinical Practices and the Declaration of
Helsinki, and were approved by the institu-
tional review board or ethics committee at each
participating site. All patients provided written
informed consent before any study procedures
were undertaken.

Conduct

All study participation was voluntary, and par-
ticipants were free to withdraw from the study
at any time and for any reason. Acutely agitated
patients could be identified in outpatient clin-
ics, and by mental health, psychiatric, or med-
ical emergency services, including medical/
psychiatric observation units, as newly admit-
ted to hospital settings for acute agitation, or
already in hospital for underlying conditions.
Participants remained in hospital or were
domiciled in clinical research settings under
medical supervision during screening proce-
dures. The protocol allowed a maximum of
three overnights from the time of admission to
the clinical research unit to discharge. Each
study included a Screening Visit, Treatment
Visit (Day 1), Follow-Up Visit (Day 2), Discharge
(Day 3), and End of Study Visit (Day 7). To
obtain data through 2 days post-dose, partici-
pants remained in the clinical unit until the
morning of Day 3. Day 7 (? 2) was the final
study visit during which blood and urine were
collected for clinical laboratory tests, vital signs
were repeated, and concomitant medications
and AEs were recorded.

Eligible participants were randomly assigned
(1:1:1) to sublingual dexmedetomidine 180 lg,
sublingual dexmedetomidine 120 lg, or
matching placebo film; randomization was
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stratified by age (\ 65, C65 years). Participants
were instructed on sublingual administration of
the study drug, which was self-administered
under the supervision of a trained staff member.
In the event of persistent or recurrent agitation,
a repeat dose of 90 lg or 60 lg sublingual
dexmedetomidine (ie, one half of the originally
administered dose) could be given after the 2-h
time point. The maximum number of repeat
doses was 2 during the 12 h after the first dose.
Participants and study site personnel were
blinded to study assignment.

Participants

Eligible participants were aged 18–75 years and
had acute agitation associated with (1)
schizophrenia, schizoaffective, or
schizophreniform disorder [19] or (2) bipolar I
or II disorder [20] regardless of polarity (eg,
mania or depression). The diagnoses of
schizophrenia and bipolar disorder were based
on the criteria in the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition [23].
At screening and baseline, participants were
required to have a PEC total score of at least 14
and a score of 4 or more on at least 1 of the 5
PEC items (poor impulse control, tension, hos-
tility, uncooperativeness, and excitement, each
rated from 1 [absent] to 7 [extreme]), consistent
with the presence of actionable agitation. [21]

Assessments

In both studies, response to treatment was
defined as a reduction of at least 40% from
baseline on the PEC total score [21] and was
calculated using the following formula: ([PEC
postbaseline] - [PEC baseline])/(PEC base-
line - 5). The 40% threshold for response to
treatment was based on the validation study
finding that PEC improvement of 38% or
greater from baseline corresponded to a CGI-I
improvement of ‘‘much improved’’ [21], and has
been used as the definition of treatment
response in similar registrational studies of
intramuscular olanzapine, intramuscular arip-
iprazole, and inhaled loxapine for the treatment
of agitation [11, 12]. The PEC was administered

at screening, pre-dose (within 15 min before
dosing), and at 10, 20, 30, and 45 min, and 1,
1.5, 2, 4, 6, 8, and 24 h post-dose. Both studies
also used an alternate definition of response:
achieving a score of 1 (very much improved) or
2 (much improved) on the Clinical Global
Impressions-Improvement (CGI-I) Scale. [24]
Agitation and potential sedation were further
assessed using the Agitation-Calmness Evalua-
tion Scale (ACES) [25, 26], where 1 = marked
agitation, 2 = moderate agitation, 3 = mild agi-
tation, 4 = normal behavior, 5 = mild calmness.
6 = moderate calmness, 7 = marked calmness,
8 = deep sleep, and 9 = unarousable. The ACES
was administered at pre-dose, 2, 4, and 8 h post-
dose.

Statistical Analysis

The efficacy (intent-to-treat population) popu-
lation included all participants who received a
dose of the study drug and had baseline and
post-dose PEC total score assessments. The AE
population included all participants who
received a dose of the study drug; AEs of special
interest included bradycardias, cardiac/vascular
disorders, hypotension, and somnolence. The
pooled efficacy population included all partici-
pants in both studies who received a dose of the
study drug and had baseline and post-dose PEC
total score assessments.

The NNT values for response were calculated
using 1/Absolute Risk Reduction (ARR), where
ARR was the rate of response in the sublingual
dexmedetomidine treatment group minus the
rate in placebo group in the efficacy population.
Values for the NNH were calculated using the
incidence rates for AEs occurring in at least 2%
of participants in the safety population, as well
as AEs of special interest, regardless of the per-
centage of participants reporting them. The
NNH analysis examined AEs occurring within
2 h of initial study drug administration (acute)
versus those occurring more than 2 h after ini-
tial study drug administration (delayed). By
convention, NNT and NNH values were roun-
ded up to the closest integer [27]. The associa-
tion between mean ACES scores and the onset
of somnolence (as measured by the presence or
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absence of drowsiness, sleepiness, or somno-
lence) was also evaluated. Generally, a low NNT
(i.e., at least 10% better than placebo, resulting
in an NNT\10) with a higher associated NNH
(no more than a 10% disadvantage, resulting in
an NNH[10) is preferred. The likelihood to be
helped or harmed (LHH) was calculated as the
ratio of NNH to NNT; in general, LHH val-
ues[ 1 suggest an intervention is more likely to
help patients than to harm them. [10]

Values for NNT and NNH, with their
respective 95% confidence intervals (CIs), for
sublingual dexmedetomidine versus placebo
were computed for each outcome. When the
NNT or NNH estimate was not statistically sig-
nificant at the P\ 0.05 threshold (as noted

when the 95% CI would contain infinity), the
notation of not significant (ns) was provided.
The terms statistically significant and not statisti-
cally significant are used descriptively and not
inferentially, as PEC response was an explora-
tory endpoint that was not adjusted for multi-
plicity in the studies; all reported P values in
this analysis are nominal. Results from the two
studies are presented individually and as a
pooled population.

RESULTS

Participants in the two studies had a mean age
of 45.6 (SD 11.52; range 18–71); 46% identified

Table 1 Pooled demographics and baseline characteristics (safety population)

Sublingual dexmedetomidine Placebo
(n = 252)

All

180 lg
(n = 251)

120 lg
(n = 255)

(n = 758)

Age, years, mean (SD) 45.9 (11.60) 45.9 (11.41) 45.0 (11.57) 45.6 (11.52)

Age range, years 18, 71 19, 70 18, 68 18, 71

Female, n (%) 110 (44) 119 (47) 117 (46) 346 (46)

Race, n (%)

Black or African American 174 (69) 160 (63) 174 (69) 508 (67)

White 70 (28) 89 (35) 71 (28) 230 (30)

Othera 7 (3) 6 (2) 7 (3) 20 (3)

Hispanic or Latino, n (%) 28 (11) 29 (11) 18 (7) 75 (10)

Body mass index, kg/m2, mean (SD) 32.9 (8.26) 31.4 (7.78) 32.5 (7.40) 32.3 (7.84)

Current agitation episode, days, mean (SD) 24.1 (62.67) 23.6 (71.16) 17.0 (29.10) 21.6 (57.33)

Number of hospitalizations, mean (SD) 3.6 (7.65) 4.1 (5.08) 3.4 (4.51) 3.7 (5.90)

Hours of sleep/night this week, mean (SD) 5.3 (1.63) 5.6 (1.67) 5.4 (1.69) 5.4 (1.67)

Current smoker, n (%) 160 (64) 193 (76) 185 (73) 538 (71)

PEC, mean (SD) 17.8 (2.84) 17.7 (2.60) 17.8 (2.62) 17.8 (2.72)

SD standard deviation, PEC Positive and Negative Syndrome Scale-Excited Component, comprised of 5 items with a range
of 5 (absence of agitation) to 35 (extremely severe), CGI Clinical Global Impressions, rated on a 7-point scale, with the
severity of illness scale using a range of responses from 1 (normal) through to 7 (among the most severely ill patients)
aIncludes Native American, Alaska Native, Asian, Native Hawaiian or Pacific Islander, Multiple, and Other
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as female, 67% identified as black or African
American, and 30% identified as white
(Table 1).

PEC Response

Baseline PEC and item scores are provided in
Table 2. In participants with schizophrenia
(n = 380), PEC response rates at 2 h in the sub-
lingual dexmedetomidine 180-lg and 120-lg
dose groups were significantly higher than with
placebo [88.8% (111/125) and 79.1% (102/129),
respectively, vs. 40.5% (51/126), P\0.0001 vs.
placebo for both doses]. In participants with
bipolar disorder (n = 278), PEC response rates at
2 h in the sublingual dexmedetomidine 180-lg
and 120-lg groups were also significantly higher
than with placebo [90.5% (114/126) and 77.0%
(97/126) vs. 46.0% (58/126), P\0.0001 vs.
placebo for both doses].

Number Needed to Treat

In participants with schizophrenia, the NNT
(95% CI) versus placebo for response at 2 h post-
dose was 3 (2, 3) for the sublingual
dexmedetomidine 180-lg group and 3 (3, 4) for

the sublingual dexmedetomidine 120-lg group
(Table 3). The NNT (95% CI) was 5 (4, 10) for
the sublingual dexmedetomidine 180-lg group
at 20 min post-dose, and it remained between 3
and 6 at all subsequent time points from 30 min
post-dose through 24 h post-dose. In the sub-
lingual dexmedetomidine 120-lg group, the
NNT was below 10 starting at 45 min, and
remained between 3 and 6 at subsequent time
points through 24 h.

In participants with bipolar disorder, the
NNT (95% CI) relative to placebo for 2-h
response was 3 (2, 3) for the sublingual
dexmedetomidine 180-lg group and 4 (3, 6) for
the 120-lg group (Table 4). The NNT was below
10 starting at 30 min post-dose and remained
between 3 and 5 from 45 min post-dose through
24 h post-dose for the sublingual dexmedeto-
midine 180-lg group, and from 45 min post-
dose through 24 h post-dose for the sublingual
dexmedetomidine 120-lg group.

In the pooled population (n = 506), efficacy
data for both sublingual dexmedetomidine
doses in both studies resulted in an NNT (95%
CI) versus placebo of 3 (3, 3) at 2 h post-dose.
The time course of NNT, which shows benefits
in participants treated with sublingual
dexmedetomidine from baseline through 2 h
post-dose, is presented in Fig. 1. The range for
pooled NNT remained between 3 and 6 from
45 min post-dose through 24 h post-dose
(Table S1).

When response was defined using CGI-I,
effect sizes were similar to those observed when
PEC was used to define response (Table S5). The
NNTs for PEC and CGI-I response were consis-
tent with the magnitude of effect size, as mea-
sured by Cohen’s d for the PEC change score
versus placebo (Table S6).

Number Needed to Harm

In participants with schizophrenia, the NNH
versus placebo was greater than 10 for both
doses of sublingual dexmedetomidine for all
acute AEs, except for somnolence (Table 5). For
somnolence, the NNH (95% CI) was 8 (5, 23)
and 8 (5, 22) for the sublingual dexmedeto-
midine 180-lg and 120-lg groups, respectively.

Table 2 Baseline PEC Total and Item Scores

Baseline PEC
scores, Mean
(SD)

Sublingual
dexmedetomidine

Placebo
(n = 252)

180 lg
(n = 251)

120 lg
(n = 255)

PEC total 17.8 (2.84) 17.7 (2.60) 17.8 (2.62)

Poor impulse

control

3.3 (0.68) 3.3 (0.68) 3.3 (0.65)

Tension 4.1 (0.71) 4.0 (0.69) 4.0 (0.70)

Hostility 3.4 (0.80) 3.5 (0.79) 3.5 (0.73)

Uncooperative 3.2 (0.85) 3.2 (0.73) 3.1 (0.74)

Excitement 3.8 (0.87) 3.8 (0.81) 3.8 (0.80)

SD standard deviation, PEC Positive and Negative Syn-
drome Scale-Excited Component, comprised of 5 items
each scored from 1 (minimum) to 7 (maximum) for a total
score range of (absence of agitation) to 35 (extremely
severe)
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Headache was reported more frequently in the
placebo group than in the dexmedetomidine
groups, hence resulting in a ‘‘negative’’ estimate
for NNH. The LHH was 5.7 or greater when
contrasting response versus all AEs except
somnolence, where it was 2.7 for both sublin-
gual dexmedetomidine treatment groups. Most
[92.7% (51/55)] somnolence events occurred
within 2 h of dosing, and most [91.7% (44/48)]
were mild (Table S2). One somnolence event
occurred beyond 4 h post-dose. The mean (SD)
(range) ACES score associated with somnolence
was 2.5 (0.94) (2.0, 4.3), and there were no
observed ACES scores greater than 7.

For participants with bipolar disorder, the
NNH versus placebo was greater than 10 for all
acute AEs, except for somnolence (Table 6). For
somnolence, the NNH (95% CI) was 6 (5, 12)
and 7 (5, 13) for the sublingual dexmedeto-
midine 180-lg and 120-lg groups, respectively.
Nausea was reported more frequently in the
placebo group than in the dexmedetomidine
groups, and headache was reported more fre-
quently in the placebo group than in the
dexmedetomidine 180-lg group, resulting in
‘‘negative’’ estimates for NNH. The LHH was 4.5
or greater when contrasting response versus all
AEs except somnolence, where it was 2.0 and
1.8 for the sublingual dexmedetomidine 180-lg

Table 3 Response rate, absolute risk reduction, and number needed to treat from 10 min to 24 h after a dose of sublingual
dexmedetomidine in adults with schizophrenia

Time post-dose PEC responsea

n (%)
Absolute risk reductionb

(95% CI)
Number needed to
treat (95% CI)

Sublingual
dexmedetomidine

Sublingual dexmedetomidine Sublingual
dexmedetomidine

180 lg
n = 125

120 lg
n = 129

Placebo
n = 126

180 lg
n = 125

120 lg
n = 129

180 lg
n = 125

120 lg
n = 129

10 min 16 (12.8) 11 (8.5) 8 (6.3) 6.5 (- .8, 13.7) 2.2 (- 4.3, 8.6) 16 (ns)c 46 (ns)c

20 min 43 (34.4)* 27 (20.9) 17 (13.5) 20.9 (10.7, 31.2) 7.4 (- 1.8, 16.7) 5 (4, 10) 14 (ns)c

30 min 59 (47.2)* 46 (35.7) 36 (28.6) 18.6 (6.8, 30.4) 7.1 (- 4.3, 18.5) 6 (4, 15) 15 (ns)c

45 min 80 (64.0)* 63 (48.8) 47 (37.3) 26.7 (14.8, 38.6) 11.5 (- 0.5, 23.6) 4 (3, 7) 9 (ns)c

1 h* 94 (75.2) 85 (65.9) 48 (38.1) 37.1 (25.7, 48.5) 27.8 (16.0, 39.6) 3 (3, 4) 4 (3, 7)

1.5 h* 110 (88.0) 97 (75.2) 47 (37.3) 50.7 (40.5, 60.9) 37.9 (26.6, 49.2) 2 (2, 3) 3 (3, 4)

2 h* 111 (88.8) 102 (79.1) 51 (40.5) 48.3 (38.1, 58.5) 38.6 (27.5, 49.7) 3 (2, 3) 3 (3, 4)

4 h* 109 (87.2) 86 (66.7) 51 (40.5) 46.7 (36.3, 57.1) 26.2 (14.4, 38.0) 3 (2, 3) 4 (3, 7)

6 h* 110 (88.0) 91 (70.5) 56 (44.4) 43.6 (33.2, 53.9) 26.1 (14.4, 37.8) 3 (2, 4) 4 (3, 7)

8 h* 112 (89.6) 90 (69.8) 66 (52.4) 37.2 (27.0, 47.5) 17.4 (5.6, 29.2) 3 (3, 4) 6 (4, 18)

24 h* 75 (60.0) 68 (52.7) 45 (35.7) 24.3 (12.3, 36.3) 17.0 (5.0, 29.0) 5 (3, 9) 6 (4, 21)

PEC Positive and Negative Syndrome Scale-Excited Component, CI confidence interval
*Nominal P\ 0.05, indicating treatment response rates significantly different from placebo, based on Fisher’s exact test
aDefined as a C 40% reduction from baseline as measured by the 5-item Positive and Negative Syndrome Scale-Excited
Component
bSublingual dexmedetomidine vs. placebo
cNot statistically significant; the 95% CI contains ‘‘infinity’’
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and 120-lg groups, respectively. In the bipolar
disorder study, most (96.2% [51/53]) somno-
lence events occurred within 2 h of dosing, and
66.0% (35/53) were mild in severity (Table S2).
The mean (SD) (range) ACES score associated
with somnolence was 2.3 (0.85) (2.2, 4.5), and
there were no observed ACES scores greater than
7.

The NNH versus placebo for delayed AEs was
greater than 10 for all AEs of special interest for
participants in both studies (Tables S3 and S4).

DISCUSSION

This post hoc analysis was designed to use the
evidence-based medicine metrics of number
needed to treat, number needed to harm, and
likelihood to be helped or harmed to provide a
clinically meaningful estimate of the efficacy
and tolerability of sublingual dexmedetomidine
in adults with agitation associated with
schizophrenia or bipolar disorder. The results
using multiple measures of treatment response

Table 4 Response rate, absolute risk reduction, and number needed to treat from 10 min to 24 h after a dose of sublingual
dexmedetomidine in adults with bipolar disorder

Time post-dose PEC responsea

n (%)
Absolute risk reductionb

(95% CI)
Number needed to treat
(95% CI)

Sublingual
dexmedetomidine

Sublingual dexmedetomidine Sublingual
dexmedetomidine

180 lg
n = 126

120 lg
n = 126

Placebo
n = 126

180 lg
n = 126

120 lg
n = 126

180 lg
n = 126

120 lg
n = 126

10 min 14 (11.1) 11 (8.7) 6 (4.8) 6.3 (- .3, 13.0) 4.0 (- 2.2, 10.1) 16 (ns)c 26 (ns)c

20 min 29 (23.0)* 26 (20.6) 16 (12.7) 10.3 (.9, 19.7) 7.9 (- 1.2, 17.1) 10 (6, 106) 13 (ns)c

30 min* 47 (37.3) 48 (38.1) 28 (22.2) 15.1 (3.9, 26.2) 15.9 (4.7, 27.0) 7 (4, 26) 7 (4, 22)

45 min* 72 (57.1) 68 (54.0) 36 (28.6) 28.6 (16.9, 40.3) 25.4 (13.7, 37.1) 4 (3, 6) 4 (3, 8)

1 h* 92 (73.0) 85 (67.5) 47 (37.3) 35.7 (24.3, 47.2) 30.2 (18.4, 41.9) 3 (3, 5) 4 (3, 6)

1.5 h* 107 (84.9) 90 (71.4) 52 (41.3) 43.7 (33.0, 54.3) 30.2 (18.5, 41.8) 3 (2, 4) 4 (3, 6)

2 h* 114 (90.5) 97 (77.0) 58 (46.0) 44.4 (34.3, 54.5) 31.0 (19.6, 42.3) 3 (2, 3) 4 (3, 6)

4 h* 110 (87.3) 92 (73.0) 49 (38.9) 48.4 (38.1, 58.7) 34.1 (22.6, 45.6) 3 (2, 3) 3 (3, 5)

6 h* 111 (88.1) 96 (76.2) 56 (44.4) 43.7 (33.3, 54.0) 31.7 (20.3, 43.2) 3 (2, 4) 4 (3, 5)

8 h* 111 (88.1) 95 (75.4) 65 (51.6) 36.5 (26.1, 46.9) 23.8 (12.3, 35.3) 3 (3, 4) 5 (3, 9)

24 h* 72 (57.1) 67 (53.2) 41 (32.5) 24.6 (12.7, 36.5) 20.6 (8.7, 32.6) 5 (3, 8) 5 (4, 12)

PEC Positive and Negative Syndrome Scale-Excited Component, CI confidence interval
*Nominal P\ 0.05, indicating treatment response rates significantly different from placebo, based on Fisher’s exact test
aDefined as a C 40% reduction from baseline as measured by the 5-item Positive and Negative Syndrome Scale-Excited
Component
bSublingual dexmedetomidine vs. placebo
c Not statistically significant (ns); the 95% CI contains ‘‘infinity’’
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consistently demonstrated that the NNT, NNH,
and LHH of sublingual dexmedetomidine sup-
port a favorable benefit–risk profile in adults
with acute agitation associated with
schizophrenia or bipolar disorder. The magni-
tude of the effect size with sublingual
dexmedetomidine (1 standard deviation unit, as
measured by Cohen’s d for the PEC change
score vs. placebo) is considered large. [28]

Moreover, the pooled NNT estimate versus
placebo of three compares favorably with simi-
lar analyses done for agents approved by the US
Food and Drug Administration for agitation
associated with schizophrenia and/or bipolar
disorder, including intramuscular and inhaled
formulations (Fig. 2).

For NNH, values were greater than 10 for all
AEs except somnolence, which indicates a low
risk of harm from treatment with sublingual
dexmedetomidine. In particular, the NNH for
cardiac and vascular disorders, specifically
hypotension, bradycardia, and orthostatic
hypotension, were favorable for both doses of
sublingual dexmedetomidine. Although som-
nolence was the most common AE, most
occurrences were of mild severity, occurred

within 2 h of dosing, and were associated with
mean ACES scores of approximately 2.5; no
sublingual dexmedetomidine-treated partici-
pants experienced deep sleep or were
unarousable.

The metrics of NNT and NNH translate effect
size into clinically meaningful information by
quantifying how many patients need to be
treated with an intervention versus placebo to
encounter 1 additional outcome of interest. A
rule of thumb is that single-digit NNTs (\ 10)
for efficacy measures suggest the intervention
has potentially useful benefits, and that double-
digit or higher NNHs ([ 10) for AEs indicate
that the intervention is potentially well toler-
ated [10]. Among adults with agitation associ-
ated with schizophrenia or bipolar disorder,
where a delay in treatment can lead to escala-
tion and injury for patients and clinicians, it is
especially important that trial results be con-
sidered in terms of the clinical circumstances at
hand, including urgency to treat and overall
patient acceptability. By converting efficacy and
safety results from clinical trials into ’’patient
units’’, NNT and NNH also enable indirect,
cross-study comparisons of interventions for

Minutes postdose 10 20 30 45 60 90 120

Sublingual dexmedetomidine, % 10.3 24.7 39.5 55.9 70.4 79.8 83.8

Placebo, % 5.6 13.1 25.4 32.9 37.7 39.3 43.3
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Fig. 1 Time course of number needed to treat versus placebo for sublingual dexmedetomidine (all diagnoses and doses
pooled) based on Positive and Negative Syndrome Scale-Excited Component response
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agitation, as long as the studies are method-
ologically similar (i.e., similar populations and
outcome measures).

The analysis presented here has several
strengths. The estimates of NNT and NNH were
obtained from rigorously conducted placebo-
controlled trials that were conducted to support
regulatory approval of sublingual dexmedeto-
midine. The efficacy outcome itself (therapeutic
response as defined by a 40% or greater reduc-
tion from baseline on the PEC total score) has

been used in other studies examining agitation,
thus making indirect comparisons possible. A
focus on effect size allows for the appraisal of
the clinical significance of the study findings.
Benefit–risk is further quantified by the metric
of LHH.

This study has several limitations. First, the
NNT in this post hoc analysis was based on a
dichotomous outcome (PEC response) that was
an exploratory endpoint in the source studies,
with no adjustment for multiplicity. However,

Table 5 Incidence of acutea adverse events with sublingual dexmedetomidine or placebo, number needed to harm, and
likelihood to be helped or harmed in adults with schizophrenia

Incidence
n (%)

Number needed to harmb

(95% CI)
Likelihood to be
helped or harmed
(NNH/NNTc)

Sublingual
dexmedetomidine

Placebo
n = 126

Sublingual
dexmedetomidine

Sublingual
dexmedetomidine

180 lg
n = 126

120 lg
n = 129

180 lg
n = 126

120 lg
n = 129

180 lg
n = 126

120 lg
n = 129

Adverse event of special interest

Cardiac/vascular disorder 7 (5.6) 6 (4.7) 0 18 (11, 65) 22 (13, 99) 6.0 7.3

Hypotension/bradycardia(s) 5 (4.0) 6 (4.7) 0 26 (14, 179) 22 (13, 99) 8.7 7.3

Bradycardia(s) 0 2 (1.6) 0 (nd) 65 (ns)e NA 21.7

Hypotension 5 (4.0) 4 (3.1) 0 26 (14, 179) 33 (ns)e 8.7 11.0

Adverse eventd

Somnolence 25 (19.8) 26 (20.2) 9 (7.1) 8 (5, 23) 8 (5, 22) 2.7 2.7

Dry mouth 5 (4.0) 9 (7.0) 1 (0.8) 32 (ns)e 17 (10, 66) 10.7 5.7

Hypoesthesia oral 7 (5.6) 5 (3.9) 0 18 (11, 65) 26 (14, 184) 6.0 8.7

Dizziness 6 (4.8) 2 (1.6) 1 (0.8) 26 (ns)e 133 (ns)e 8.7 44.3

Paresthesia oral 3 (2.4) 5 (3.9) 1 (0.8) 63 (ns)e 33 (ns)e 21.0 11.0

Headache 1 (0.8) 1 (0.8) 3 (2.4) - 63 (ns)e - 62 (ns)e NA NA

Orthostatic hypotension 1 (0.8) 0 0 126 (ns)e (nd) 42.0 NA

CI confidence interval, NA not applicable, NNT number needed to treat, NNH number needed to harm, nd no difference
aOccurring within the first 2 h post-dose
bA negative NNH denotes an advantage for sublingual dexmedetomidine relative to placebo and is not interpretable as a
harm
cUsing NNT for response at 2 h post-dose (refer to Table 3)
dReported by at least 2% of participants in the safety population (all participants who received a dose of the study drug)
eNot statistically significant (ns); the 95% CI contains ‘‘infinity’’
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the effect size based on this outcome was con-
sistent using an alternate outcome measure
assessing clinical response (CGI-I) and other
analytical techniques (calculation of Cohen’s d
for the PEC change score). Second, while the
findings reported here are consistent with those
of other studies of pharmacological therapy for
treating acute agitation in adults with
schizophrenia and bipolar disorder [11, 12],

they may not be generalizable to nonresearch
patients who may differ from patients who
participate in clinical trials.

CONCLUSIONS

In this post hoc analysis of two Phase 3 studies
of sublingual dexmedetomidine in patients

Table 6 Incidence of acutea adverse events with sublingual dexmedetomidine or placebo, number needed to harm, and
likelihood to be helped or harmed in adults with bipolar disorder

Incidence
n (%)

Number needed to harmb

(95% CI)
Likelihood to be
helped or harmed
(NNH/NNTc)

Sublingual
dexmedetomidine

Placebo
n = 126

Sublingual dexmedetomidine Sublingual
dexmedetomidine

180 lg
n = 126

120 lg
n = 126

180 lg
n = 126

120 lg
n = 126

180 lg
n = 126

120 lg
n = 126

Adverse event of special interest

Cardiac/vascular disorder 6 (4.8) 4 (3.2) 3 (2.4) 42 (ns)e 126 (ns)e 14.0 31.5

Hypotension/bradycardia(s) 6 (4.8) 4 (3.2) 0 21 (12, 96) 32 (17, 883) 7.0 8.0

Bradycardia(s) 2 (1.6) 1 (0.8) 0 63 (ns)e 126 (ns)e 21.0 31.5

Hypotension 5 (4.0) 3 (2.4) 0 26 (14, 179) 42 (ns)e 8.7 10.5

Adverse eventd

Somnolence 26 (20.6) 25 (19.8) 5 (4.0) 6 (5, 12) 7 (5, 13) 2.0 1.8

Dry mouth 4 (3.2) 8 (6.3) 1 (0.8) 42 (ns)e 18 (10, 98) 14.0 4.5

Dizziness 4 (3.2) 4 (3.2) 1 (0.8) 42 (ns)e 42 (ns)e 14.0 10.5

Hypoesthesia oral 5 (4.0) 2 (1.6) 1 (0.8) 32 (ns)e 126 (ns)e 10.7 31.5

Headache 1 (0.8) 4 (3.2) 3 (2.4) - 63 (ns)e 126 (ns)e NA 31.5

Nausea 2 (1.6) 1 (0.8) 3 (2.4) - 126 (ns)e - 63 (ns)e NA NA

Orthostatic hypotension 1 (0.8) 1 (0.8) 0 126 (ns)e 126 (ns)e 42.0 31.5

CI confidence interval, NA not applicable, NNT number needed to treat, NNH number needed to harm
aOccurring within the first 2 h post-dose
bA negative NNH denotes an advantage for sublingual dexmedetomidine relative to placebo and is not interpretable as a
harm
cUsing NNT for response at 2 h post-dose (refer to Table 3)
dReported by at least 2% of participants in the safety population (all participants who received a dose of the study drug)
eNot statistically significant (ns); the 95% CI contains ‘‘infinity’’
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experiencing acute agitation episodes associated
with schizophrenia or bipolar disorder, NNT
values versus placebo were consistent with a
potent beneficial effect, and NNH values versus
placebo indicated that sublingual dexmedeto-
midine is reasonably tolerable. The LHH for
both studies contrasting efficacy with tolerabil-
ity was greater than 1, indicating a favorable
benefit–risk profile for sublingual dexmedeto-
midine in the treatment of acute agitation in
adults with schizophrenia or bipolar disorder.
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