ARTICLES

Efficacy and Safety of Intranasal Esketamine for the
Rapid Reduction of Symptoms of Depression and
Suicidality in Patients at Imminent Risk for Suicide:
Results of a Double-Blind, Randomized,

Placebo-Controlled Study

Carla M. Canuso, M.D., Jaskaran B. Singh, M.D., Maggie Fedgchin, Pharm.D., Larry Alphs, M.D., Ph.D., Rosanne Lane, M.AS,,
Pilar Lim, Ph.D., Christine Pinter, M.S., David Hough, M.D., Gerard Sanacora, M.D., Ph.D., Husseini Manji, M.D.,

Wayne C. Drevets, M.D.

Objective: The authors compared the efficacy of standard-
of-care treatment plus intranasal esketamine or placebo for
rapid reduction of symptoms of major depression, including
suicidality, among individuals at imminent suicide risk.

Method: In a double-blind, multicenter, proof-of-concept
study, 68 participants were randomly assigned to receive
esketamine (84 mg) or placebo twice weekly for 4 weeks, in
addition to comprehensive standard-of-care treatment. The
primary efficacy endpoint was change in score from baseline
to 4 hours after initial dose on the Montgomery-Asberg De-
pression Rating Scale (MADRS). Clinician global judgment of
suicide risk (from the Suicide Ideation and Behavior Assessment
Tool) was also assessed. Secondary endpoints included these
measures at 24 hours and double-blind endpoint at day 25.

Results: A significantly greater improvementin MADRS score
was observed in the esketamine group compared with the
placebo group at 4 hours (least-square mean difference=
—5.3,SE=2.10; effect size=0.61) and at ~24 hours (least-square

Major depressive disorder is the most prevalent mental health
condition (1), affecting 1 in 15 adults in the United States (2),
and it is the psychiatric diagnosis most commonly associated
with suicide (1, 3). The incidence of attempted suicide is about
20-fold higher in patients with major depression compared
with the general population (4). The Centers for Disease
Control and Prevention estimated that over 44,000 individ-
uals in the United States died by suicide in 2015; over 1 million
persons reported having made a suicide attempt in the pre-
vious 12 months, and over 2 million adults reported having
considered suicide in the previous 12 months (5, 6).
Suicidal ideation is a major risk factor for suicide in pa-
tients with major depression (7, 8). The interval between the
onset of suicidal ideation and suicide attempt is often very
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mean difference=—7.2, SE=2.85; effect size=0.65), but not at
day 25 (least-square mean difference=—4.5, SE=3.14; effect
size=0.35). Significantly greater improvement was also ob-
served in the esketamine group on the MADRS suicidal
thoughts item score at 4 hours (effect size=0.67), but not at
24 hours (effect size=0.35) or at day 25 (effect size=0.29).
Between-group reductions in clinician global judgment of
suicide risk scores were not statistically different at any time
point. The most common adverse events among participantsin
the esketamine group were nausea, dizziness, dissociation,
unpleasant taste, and headache.

Conclusions: These preliminary findings indicate that in-
tranasal esketamine compared with placebo, given in addition
to comprehensive standard-of-care treatment, may result in
significantly rapid improvement in depressive symptoms, in-
cluding some measures of suicidalideation, among depressed
patients at imminent risk for suicide.

AJP in Advance (doi: 10.1176/appi.ajp.2018.17060720)

short (9), highlighting the need for urgent intervention and
development of novel antidepressant therapies with a rapid
onset. While standard antidepressant medications have
demonstrated efficacy in the treatment of mood symptoms,
including suicidal ideation (10), they require 4-6 weeks
for optimal effect. No medication has been approved for the
emergency treatment of patients with major depression
assessed to be at imminent risk for suicide (11, 12).
Research on mood disorder pathophysiology has impli-
cated abnormalities in glutamatergic transmission, along
with histopathological changes in neural circuits that mod-
ulate emotional behavior (13). This work contributed to the
investigation of glutamatergic agents in treating major de-
pression. Several small studies reported that the NMDA
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FIGURE 1. Participant Flowchart for a Study of Intranasal Esketamine for Rapid Reduction of Symptoms in Patients at Imminent Risk for

Suicide Who Received Standard-of-Care Treatment
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@Standard-of-care antidepressant treatment was initiated or optimized on day 1.

receptor antagonist ketamine improved depressive symp-
toms (14-19) and reduced suicidal ideation within hours of
intravenous administration (20-22). Likewise, pooled anal-
yses of placebo-controlled single-dose studies of ketamine
(23-25) suggested a substantial reduction in suicidal ideation
in patients with treatment-resistant or bipolar depression.
While most of the participants in these studies were not
specifically selected for the presence or severity of suicidal
ideation, a recent study of 80 depressed patients with clin-
ically significant suicidal ideation found that ketamine pro-
duced a greater reduction in suicidal ideation within 24 hours
compared with midazolam (26).

Esketamine, an NMDA receptor antagonist that modu-
lates glutamatergic transmission (27), is being developed as
an intranasal formulation for treatment-resistant depression
and for rapid reduction of symptoms of major depressive
disorder, including suicidal ideation, in patients at imminent
risk for suicide. Rapid onset of antidepressant effects has been
observed in patients with treatment-resistant depression as
early as 2 hours (28) and 24 hours after single-dose intranasal
esketamine administration (29).

Here, we report findings from a proof-of-concept study
conducted in the context of comprehensive standard-of-care
treatment. To explore the hypothesis that esketamine is more
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efficacious than placebo, we compared standard-of-care
treatment plus either intranasal esketamine or placebo
for rapidly reducing depressive symptoms, including suicidality,
among individuals with major depression who were assessed
to be at imminent risk for suicide.

METHOD

Ethical Practices

Independent review boards approved the study protocol and
itsamendments. The study was conducted in accordance with
the ethical principles that have their origin in the Declaration of
Helsinki, consistent with Good Clinical Practice guidelines and
applicable regulatory requirements. All participants provided
written informed consent before participation. Given the
vulnerability of participants, the study was implemented in
the context of comprehensive standard-of-care treatment

(described below).

Study Population

The study enrolled adults (19-64 years of age) who had
a diagnosis of major depressive disorder without psychotic
features according to DSM-IV-TR criteria (30) and con-
firmed by the Mini International Neuropsychiatric Interview
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TABLE 1. Demographic and Baseline Clinical Characteristics of Patients at Imminent Risk for Suicide Who Received Standard-of-Care
Treatment Plus Either Intranasal Esketamine or Placebo (Intent-to-Treat Analysis)

Measure Placebo Group (N=31) Esketamine Group (N=35) Total (N=66)
Mean SD Mean SD Mean SD
Age (years) 36.0 12.82 357 13.40 35.8 13.03
Montgomery-Asberg Depression 38.8 7.02 38.5 6.17 38.6 6.53
Rating Scale
Beck Scale for Suicide Ideation 21.4 8.28 24.0 5.45 22.8 7.01
N % N % N %
Female 21 67.7 22 62.9 43 65.2
Race
White 15 48.4 20 571 35 53.0
Black or African American 13 419 12 34.3 25 37.9
Other or not reported 3 9.7 3 8.6 6 9.1
Clinician global judgment of suicide risk
score?
4 1 3.2 0 0.0 1 15
5 16 51.6 15 429 31 47.0
6 14 452 20 571 34 51.5
Standard-of-care antidepressant
treatment as randomized
Antidepressant monotherapy 25 80.6 25 71.4 50 75.8
Antidepressant plus augmentation 6 19.4 10 28.6 16 24.2

therapy

2@ From the Suicide Ideation and Behavior Assessment Tool, module 8. Scoring is as follows: 0, not suicidal; 1, occasional suicidal ideas present, but no special inter-
ventionrequired; 2, some clear suicidalideas present; patient is encouraged to schedule professional contacts as needed; 3, suicidalrisk requires a scheduled
outpatient follow-up, but no other immediate intervention; 4, suicidal risk requires immediate intervention, but not hospitalization (e.g., medication, urgent
outpatient follow-up); 5, suicidal risk requires immediate hospitalization, but without suicide precautions; 6, suicidal risk requires hospitalization with suicide

precautions.

(MINTI). Candidates were screened shortly after presenting to
an emergency department or an inpatient psychiatric unit.
Eligibility criteria required that participants respond affir-
matively to MINT questions B5 (“Think about suicide [killing
yourself]?”) in the present and B9 (“Intend to act on thoughts
of killing yourself?”) in the past 24 hours, that they be in
clinical need of acute psychiatric hospitalization due to im-
minent risk for suicide, and that they have a score =22 on the
Montgomery-Asberg Depression Rating Scale (MADRS) (31)
on day 1 before dosing. Participants had to agree voluntarily
to standard-of-care treatment, including hospitalization (for
5 days after randomization, unless a longer or shorter period
was clinically warranted) and initiation or optimization of
one or more noninvestigational antidepressants.

Several psychiatric comorbidities were exclusionary, in-
cluding a current diagnosis of bipolar disorder, moderate to
severe substance use disorder, intellectual disability, anti-
social personality disorder, borderline personality disorder,
or a current or past diagnosis of a psychotic disorder.

Study Design

This double-blind, randomized, placebo-controlled, multi-
center study was conducted from June 2014 to February
2016 at 11 study sites in the United States.

The study consisted of a 24- to 48-hour screening, fol-
lowed by 4 weeks of double-blind treatment (days 1 to 25) and
then 8 weeks of posttreatment follow-up (days 26 to 81). In
addition to standard-of-care treatment, eligible participants
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were randomly assigned (1:1) to receive either intranasal
esketamine (84 mg) or matching placebo, administered twice
weekly. Randomization was balanced using randomly per-
muted blocks and stratified by study center and type of
standard-of-care antidepressant (i.e., monotherapy or an-
tidepressant plus augmentation therapy). A computerized
system was used for randomization; investigators were not
provided with the randomization codes.

After discharge from the inpatient psychiatric unit, visits were
conducted on an outpatient basis twice weekly through day
25 during double-blind treatment, then weekly through day 52,
and biweekly through day 81 during posttreatment follow-up.

Study Drug and Concomitant Antidepressant Therapy
Study drug was provided in a nasal spray device containing
200 pL of solution (i.e., two sprays). Each device delivered
either 14 mg of esketamine per 100 pL spray or placebo.
Three devices were used for each participant, for a total of 84
mg of esketamine. To help mask treatment assignment, a bit-
tering agent was added to the placebo formulation to simulate
the taste of esketamine.

On each double-blind dosing day, participants self-
administered, under the supervision of a health care provider, one
spray of study drug into each nostril three times, each 5 minutes
apart. The dose of esketamine (or placebo) could be reduced from
84 mg to 56 mg for participants experiencing any intolerance.

Standard-of-care antidepressant medication was initiated
or optimized for all participants on day 1. Dosage titration or
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FIGURE 2. Change From Baseline in Montgomery-Asberg Depression Rating Scale (MADRS) Score in a Study of Intranasal Esketamine for
Rapid Reduction of Symptoms in Patients at Imminent Risk for Suicide Who Received Standard-of-Care Treatment (Last Observation
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adjustments of standard-of-care antidepressant treatment
occurred during the first 2 weeks of double-blind treatment,
with dosages maintained thereafter. Participants taking a re-
cently initiated antidepressant at screening could continue the
antidepressant at the same dosage during treatment with study
drug. During the follow-up phase, participants were treated
with standard-of-care antidepressant treatment, managed per
clinical judgment. Participants were not permitted to receive
ketamine or ECT during the posttreatment follow-up period.

Efficacy Assessments

Trained and certified site raters assessed depressive symp-
tom severity with the MADRS, including suicidal thoughts
(item 10), on day 1 (before dosing and 4 hours after dosing,
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according to the approach of Zarate et al. [19, 32, 33]), on day
2 (~24 hours after the initial dose), on all subsequent visits
(before dosing), and at 4 hours after dosing on day 25 during
the double-blind phase, and at all visits during the post-
treatment follow-up phase.

The severity of suicide risk was assessed using the clinician
global judgment of suicide risk rating from the Suicide Ide-
ation and Behavior Assessment Tool (34). The Suicide Ideation
and Behavior Assessment Tool is a novel instrument, currently
undergoing validation, that includes patient-reported and
clinician-rated sections (see the data supplement that ac-
companies the online edition of this article). The tool was
developed to measure rapid changes in suicidality and to
address the potential limitations of existing scales, including
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FIGURE 3. Suicidal Thoughts During the Double-Blind Phase in a Study of Intranasal Esketamine for
Rapid Reduction of Symptoms in Patients at Imminent Risk for Suicide Who Received Standard-of-Care
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their limited sensitivity in discriminating treatment differ-
ences associated with rapid change. Information about the
severity of suicidal ideation and behaviors, and risk and
protective factors collected in patient-reported modules,
along with a semistructured interview performed by the
clinician, informed the clinician global judgment of suicide
risk rating. The instrument was completed at all visits dur-
ing the double-blind and follow-up phases. Suicide risk was
scored from 0 (“not suicidal”) to 6 (“suicidal risk requires
hospitalization with suicide precautions”).

Participants also rated their severity of suicidal ideation
using the 21-item Beck Scale for Suicide Ideation at all visits
during the double-blind and follow-up phases, and their
sense of hopelessness using the Beck Hopelessness Scale
before dosing and 4 hours after dosing on day 1, before dosing
on day 25, and at the end of follow-up.

Safety Assessments

Adverse events were monitored throughout the study. Vital
signs were measured and the Clinician-Administered Dis-
sociative States Scale (CADSS) (35) was administered before
dosing and at 40 minutes, 2 hours, and 4 hours after dosing
on each dosing day. With preapproval from the U.S. Food
and Drug Administration, the Suicide Ideation and Behavior
Assessment Tool was utilized as an alternative to the Columbia-
Suicide Severity Rating Scale.
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Explicit plans for suicide when there is an opportunity.

CANUSO ET AL.

Statistical Analysis

All randomized participants
who received at least one
dose of study medication in
the double-blind phase were
included in the safety analy-
sis set. Efficacy data were an-
alyzed in an intent-to-treat
analysis set, which included
all participants in the safety
analysis set who had MADRS
scores at baseline and at 4
hours postbaseline on day 1.

Sample size determination.
For this proof-of-concept study,
a sample size of 32 partici-
pants per treatment group
wasrequired to demonstrate
a treatment difference of =6
points in mean change in
MADRS score from baseline
(day 1, predose) to 4 hours
postdose between the esketa-
mine and placebo groups,
based on 91% power, a two-
sided significance level of
0.20, and a standard devia-
tion of 9. Assuming that 8%
of randomized participants
discontinued before providing postbaseline efficacy mea-
surements, the total number required for each treatment
group was 35.

Placebo Esketamine
Endpoint (Day 25)

Efficacy endpoints and analyses. The primary efficacy endpoint—
change in MADRS score from baseline to 4 hours postdose on
day 1—was analyzed on last-observation-carried-forward data
using the analysis of covariance (ANCOVA) model with treat-
ment group (esketamine or placebo), antidepressant treatment
(monotherapy or antidepressant plus augmentation ther-
apy), and pooled sites as factors and baseline MADRS score
as a continuous covariate.

The changes from baseline over time in MADRS score
were analyzed using the ANCOVA model described for the
primary efficacy endpoint. To assess the sensitivity of results
from the ANCOVA analysis, a mixed-effects model using
repeated-measures analysis was also performed using ob-
served case data. The model included time, treatment, an-
tidepressant treatment, pooled sites, and time-by-treatment
interaction as factors and baseline MADRS total score as a
continuous covariate. An unstructured variance-covariance
matrix was used.

The MADRS suicide item and the clinician global judg-
ment of suicide risk rating were analyzed based on ranks of
change using the ANCOVA model described for the primary
efficacy analysis. Change from baseline in Beck Scale for
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FIGURE 4. Frequency Distribution of Clinician Global Judgment of Suicide Risk Ratings During
the Double-Blind Phase of a Study of Intranasal Esketamine for Rapid Reduction of Symptoms in
Patients at Imminent Risk for Suicide Who Received Standard-of-Care Treatment (Last Observation
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@The clinician global judgment of suicide risk rating is part of the Suicide Ideation and Behavior Assessment Tool.
N=31 for the placebo group at all time points; N=35 for the esketamine group at baseline, day 2, and day 25;

and N=33 at day 1, 4 hours postdose.

Suicide Ideation score and Beck Hopelessness Scale score
was also analyzed usingthe ANCOVA model described for the
primary efficacy endpoint. No adjustments were made for
multiplicity.

Post hoc summaries of the proportion of participants
achieving remission of depressive symptoms (MADRS score
=12) and the proportion of participants with resolution of
suicide risk (clinician global judgment of suicide risk score
of 0 or 1) were provided.

RESULTS

A total of 68 participants underwent randomized assignment.
Of these, 66 received at least one dose of study drug (31 and
35 in the placebo and esketamine groups, respectively)
(Figure 1). These 66 participants met the criteria for inclusion
in both the intent-to-treat and safety analysis sets. Most
randomized participants (49/68, 72%) completed the double-
blind treatment phase and entered the posttreatment follow-
up phase, with 44 completing the day-81 follow-up visit.
The treatment groups were similar with respect to
demographic and baseline clinical characteristics (Table 1).
The participants were severely depressed at enrollment, as
evidenced by a high baseline MADRS score. All 66 partici-
pants were assessed as having current suicidal ideation with
intent (“yes” responses to MINI questions B5 and B9);
44 (66.7%) reported having “thoughts about suicide (killing
yourself)” that were “severe,” and 36 (54.5%) reported having
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both the esketamine group
(mean=—13.4, SD=9.03) and
the placebo group (mean=
—9.1, SD=8.38), with signifi-
cantly greater improvement
in the esketamine group (least-square mean difference=—5.3,
SE=2.10, p=0.015; effect size=0.61). The improvement in
depressive symptoms was numerically greater in the esketa-
mine group compared with the placebo group at all time
points over the 4-week double-blind phase (Figure 2), with
significant between-group differences observed ~24 hours
after the first dose (least-square mean difference=—7.2,
SE=2.85, p=0.015; effect size=0.65), at day 3 (least-square
mean difference=—7.4, SE=2.92, p=0.015; effect size=0.65),
and at day 11 (least-square mean difference=—7.5, SE=3.29,
p=0.029; effect size=0.65), but not at the double-blind end-
point (day 25) (least-square mean difference=—4.5, SE=3.14,
p=0.159; effect size=0.35). At the posttreatment follow-up
endpoint (day 81), improvement in MADRS score was not
statistically greater in the esketamine group compared with
the placebo group (least-square mean difference, —26.3
[SE=12.74] compared with —22.4 [SE=9.44]; p=0.211). Results
of the mixed-effects model using repeated-measures anal-
ysis of the MADRS score were consistent with those of the
ANCOVA last-observation-carried-forward analysis.
Participants in the esketamine group had significantly
greater improvement in score on the MADRS suicidal thoughts
item compared with those in the placebo group 4 hours
after first dose (p=0.002; effect size=0.67) (Figure 3), but not
24 hours after the first dose (p=0.129; effect size=0.35) or at
double-blind endpoint (day 25) (p=0.143; effect size=0.29).
Analysis of the clinician global judgment of suicide risk
rating using a ranked analysis of change from baseline
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TABLE 2. Other Efficacy Endpoints in a Study of Intranasal Esketamine for Rapid Reduction of

Symptoms in Patients at Imminent Risk for Suicide Who Received Standard-of-Care Treatment (Last

Observation Carried Forward)

Placebo Group

Esketamine Group

Measure, Study Phase, and Visit (N=31/22%) (N=35/27%)
Beck Scale for Suicide Ideation
Double-blind phase
N with available data 31 34
Baseline® (mean, SD) 21.4 8.28 24.0 5.45
Day 1
Change from baseline to 4 hours after -8.3 7.12 -10.2 9.74
initial dose® (mean, SD)
Difference of least-square means (SE) -2.3 2.29
pd 0.326
Day 2
Change from baseline® (mean, SD) -10.7 773 -12.9 9.63
Difference of least-square means (SE) -19 2.30
pd 0.415
Day 25
Change from baseline® (mean, SD) -16.0 10.54 -19.3 9.61
Difference of least-square means (SE) -17 2.15
pd 0.431
Follow-up phase
N with available data 22 26
Baseline® (mean, SD) 20.2 8.76 23.4 5.68
Day 81
Change from baseline® (mean, SD) -18.0 9.92 -20.3 8.02
Difference of least-square means (SE) 0.3 1.65
pd 0.843
Beck Hopelessness Scale
Double-blind phase
N with available data 30 35
Baseline® (mean, SD) 155 4.59 16.5 291
Day 1
Change from baseline to 4 hours after =31 571 -4.1 5.63
initial dose® (mean, SD)
Difference of least-square means (SE) -15 1.47
0.297
Day 25
Change from baseline® (mean, SD) -7.7 7.81 -10.3 551
Difference of least-square means (SE) -2.3 1.66
pd 0.165
Follow-up phase
N with available data 18 24
Baseline® (mean, SD) 157 454 16.8 2.58
Day 81
Change from baseline® (mean, SD) -10.5 6.81 -10.3 6.58
Difference of least-square means (SE) 19 2.00
pd 0.351
Remission® rate N/N % N/N %
Double-blind phase
Day 2, 24 hours after initial dose 5/31 16.1 12/35 34.3
Day 25 13/31 419 21/35 60.0
Follow-up phase
Day 81 11/22 50.0 16/27 59.3

@ Ns indicate the numbers of participants who entered the double-blind and follow-up phases, respectively.

b Baseline is the predosing value on day 1.
€ Last observation carried forward.

9 Based on an analysis of covariance model with treatment (placebo, esketamine), antidepressant therapy (anti-
depressant monotherapy, antidepressant plus augmentation therapy), and pooled sites as factors and baseline

value as a covariate.

€ Remission is defined as a score <12 on the Montgomery-Asberg Depression Rating Scale.
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showed numerically greater,
but not statistically signifi-
cant, decreases in ratings in
the esketamine group com-
pared with the placebo group
at 4 hours (p=0.112; effect
size=0.31) and 24 hours after
the first dose (p=0.150; effect
size=0.56). There were no dif-
ferences between treatment
groups at the end of double-
blind treatment (p=0.922) or
of posttreatment follow-up
(p=0.271).

In a post hoc analysis, a
greater number of partici-
pants in the esketamine group
compared with the placebo
group achieved resolution of
suicide risk (clinician global
judgment of suicide risk scores
of 0-1) at 4 hours (21.2% and
9.7%, respectively) and 24 hours
after the first dose (40.0% and
6.5%, respectively) (Figure 4).

Findings from analyses of
other efficacy endpoints are
summarized in Table 2.

Safety Results

Intranasal esketamine was
generally well tolerated. The
most frequently reported ad-
verse events are listed in Table 3.
Adverse events leading to early
termination in the double-
blind phase occurred in five
participants in the esketamine
group (agitation, aggression,
unpleasant taste, and ventric-
ular extrasystoles in one par-
ticipant each, and dizziness,
dyspnea, and nausea in one
participant) and one partici-
pant in the placebo group
(dissociative disorder and
panic attack). Three partici-
pants in the esketamine group
had a dose reduction due to
intolerance.

During the double-blind
phase, none of the partici-
pants in the placebo group
and four participants in the
esketamine group experi-
enced a serious adverse event
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TABLE 3. Summary of Most Frequently Reported Treatment-Emergent Adverse Events During the Double-Blind and Posttreatment
Follow-Up Phases in a Study of Patients at Imminent Risk for Suicide Who Received Standard-of-Care Treatment Plus Either Intranasal

Esketamine or Placebo?

Double-Blind Phase

Posttreatment Follow-Up Phase

Placebo Group (N=31)

Esketamine Group (N=35)

Placebo Group (N=22) Esketamine Group (N=27)

Adverse Event N % N % N % N %
Participants with events 25 80.6 33 943 17 77.3 13 48.1
Nausea 1 3.2 13 371 1 45 0 0.0
Dizziness 4 129 12 343 0 0.0 1 37
Dysgeusia 5 16.1 11 314 0 0.0 1 37
Dissociation 4 12.9 11 314 0 0.0 0 0.0
Headache 8 25.8 11 314 2 9.1 2 7.4
Vomiting 0 0.0 7 20.0 0 0.0 1 37
Anxiety 1 3.2 6 171 0 0.0 0 0.0
Paresthesia 1 3.2 6 17.1 0 0.0 0 0.0
Sedation 2 6.5 6 171 0 0.0 1 3.7
Somnolence 2 6.5 4 11.4 1 4.5 0 0.0
Euphoric mood 2 6.5 4 114 0 0.0 0 0.0
Vertigo 0 0.0 4 114 0 0.0 0 0.0

2 "Most frequently reported” is defined as =10% of participants in either treatment group during the 4-week double-blind phase. Events are presented in descending

order in the esketamine group for the double-blind phase.

(two had suicidal ideation, considered by investigators as
doubtfully related or unrelated to study drug; one had agita-
tion, considered unrelated to study drug; one had exacerbation
of depressive symptoms, considered possibly related to study
drug). During follow-up, serious events were reported for one
participant in the esketamine group (suicidal ideation) and five
participantsin the placebo group (three made suicide attempts,
one had suicidal ideation, and one had cellulitis).

Transient elevations in blood pressure were observed in
the esketamine group across all dosing days (maximum mean
increase from predose measurement: systolic, 16.7 mmHg
[SD=10.46] compared with 8.7 mmHg [SD=7.48] for the
placebo group; diastolic, 11.9 mmHg [SD=8.88] compared
with 7.6 mmHg [SD=9.35] for the placebo group). Transient
elevations from predose measurement in blood pressure
on each dosing day peaked at 40 minutes after dosing, and
typically returned to pretreatment levels within 2 hours after
dosing.

Dissociative symptoms, as measured by the CADSS, began
shortly after the start of dosing, peaked at 40 minutes after
dosing, resolved by 2 hours, and attenuated with repeated
dosing (Figure 5).

DISCUSSION

The results of this proof-of-concept study support the hypoth-
esis thatintranasal esketamine may be an efficacious treatment
for rapid reduction of depressive symptoms, including sui-
cidal ideation, in patients assessed to be at imminent risk for
suicide. These findings may reflect a promising breakthrough
in the clinical management of a potentially lethal condition
for which there are no approved pharmacotherapies.

The participants in this study, unlike those typically included in
standard antidepressant trials, were severely depressed and
suicidal. All enrolled individuals received comprehensive
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treatment, which included clinically warranted initial hos-
pitalization and optimized standard-of-care antidepressant
medication. Despite the relatively high level of clinically
meaningful, nonspecific improvement observed among pla-
cebo recipients, additional beneficial effects of esketamine
plus standard-of-care treatment on depressive symptoms, as
measured by MADRS total score and MADRS suicide item
score, were distinguished at 4 hours after the first dose. The
continued numerical advantage of esketamine on these end-
points suggests that esketamine may be an important treat-
ment to bridge the efficacy gap created by the delayed onset of
action of standard antidepressants.

The clinician global judgment of suicide risk rating, a
component of the Suicide Ideation and Behavior Assessment
Tool, was developed to measure rapid change in suicidality,
based on concerns that existing scales, such as the patient-
rated Beck Scale for Suicide Ideation (or the clinician-rated
version, the Scale for Suicidal Ideation), were not designed
to do so. Moreover, the Suicide Ideation and Behavior As-
sessment Tool takes into consideration both the patient’s
and the clinician’s perspectives. Similar to the Beck Scale for
Suicide Ideation results observed in our study, previous
trials of ketamine in depressed and/or suicidal patients
found that the Beck Scale for Suicide Ideation or the Scale
for Suicidal Ideation did not consistently distinguish active
treatment from the comparator agent (24, 25, 36). Specifi-
cally, a study investigating the effect of single-dose ketamine
versus midazolam (as psychoactive placebo) on suicidal
ideation in 24 suicidal patients with mood and anxiety
spectrum disorders (36) failed to meet its primary outcome
measure, change from baseline in the self-rated Beck Scale
for Suicide Ideation at 24 hours posttreatment. However, a
more recent study in depressed patients with clinically
meaningful suicidal ideation found a significantly greater
reduction in the clinician-rated Scale for Suicidal Ideation
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FIGURE 5. Mean Clinician-Administered Dissociative States Scale (CADSS) Scores Over Time During the Double-Blind Phase in a
Study of Intranasal Esketamine for Rapid Reduction of Symptoms in Patients at Imminent Risk for Suicide Who Received

Standard-of-Care Treatment?®
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score at 4 and 24 hours in participants receiving intravenous
ketamine compared with those receiving midazolam (26). The
inconsistency of treatment effect on suicidal ideation observed
across these studies may indeed be related to whether the in-
strument was patient or clinician rated.

Of particular interest in our study was the nearly 35%
between-group difference, favoring esketamine, in the pro-
portion of participants achieving resolution of suicide risk
(i.e., a clinician global judgment of suicide risk score of 0-1)
24 hours after the first dose. This finding is consistent with
results of a recently published meta-analysis of intravenous
ketamine, which reported similar differences in ketamine
compared with control agent in the proportion of patients
without suicidal ideation 1 day after dosing (25).

During double-blind treatment, two serious adverse events
of suicidal ideation occurred in esketamine participants,
and none in the placebo group. However, neither suicidal
ideation event was considered by the investigator to be re-
lated to study drug, and both individuals completed the
double-blind and follow-up phases with improvement in
measures of depression and suicidality. Although the abuse
liability of esketamine was not specifically probed for within
this short-term trial, there were no reports of esketamine
dependence, misuse, diversion, or withdrawal symptoms in
this trial (or any of the completed or ongoing clinical trials of
esketamine). However, given compelling animal data indicat-
ing the abuse liability of ketamine and esketamine (37, 38) and
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the known human abuse potential of ketamine (39), further
evidence from an ongoing human abuse liability study is needed
to evaluate esketamine’s abuse potential.

Within this trial, intranasal administration of 84 mg of
esketamine appeared safe, with no new or unexpected safety
concerns noted as compared with previously conducted
treatment trials of patients with treatment-resistant depres-
sion (28, 29). Transient elevations in blood pressure were
expected based on these earlier reports. The onset of dis-
sociative symptoms occurred shortly after the initiation of
esketamine dosing, resolved by 2 hours after administration,
and attenuated with repeated administration.

The study was designed as a phase 2 proof-of-concept
study and thus is limited by the relatively small sample size
and in its ability to truly inform clinical practice. Additionally,
while the clinician global judgment of suicide risk rating from
the Suicide Ideation and Behavior Assessment Tool is not yet
a fully validated endpoint, a comprehensive psychometric
validation program is under way. Further study limitations
include enrollment of participants only in the United States
and the exclusion of individuals with a history of psychotic
symptoms or a current diagnosis of bipolar disorder.

Some recent studies of intravenous ketamine (18, 26, 36)
in depressed or suicidal patients have attempted to blind
treatment assignment by using a psychoactive placebo.
This study did not, as this approach is not entirely effective.
The characteristic dissociative side effects of esketamine are
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difficult to mask even when a sedating benzodiazepine is
used as a psychoactive placebo. As a result, some degree
of functional unblinding may have biased study outcomes.
Notwithstanding these limitations, this proof-of-concept
study met its primary endpoint and reveals important new
information regarding rapid reduction of depressive symp-
toms and potential improvement in suicidality with in-
tranasal esketamine in patients at imminent risk for suicide.
However, the study results should not be considered evi-
dence of clinical effectiveness in the general population.
Further investigation is needed to determine the rapid
effect of esketamine on measures of suicidal ideation as well
as the benefit of repeated esketamine dosing on symptoms
of depression in this acutely ill patient population. Fully
powered, global pivotal studies are under way of intranasal
esketamine for rapid reduction of depressive symptoms,
including suicidal ideation, in patients assessed to be at im-
minent risk for suicide.
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