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Purpose: The impact of benzodiazepines on the efficacy and safety of esketamine as
a rapid-acting antidepressant remains unclear.

Materials and Methods: Data from two identically designed, randomized double-blind
studies were pooled and analyzed on a post-hoc basis. In both studies, adults with major
depressive disorder with acute suicidal ideation or behavior were randomized to placebo or
esketamine 84 mg nasal spray twice-weekly for 4 weeks, each with comprehensive standard-of-
care (initial hospitalization and newly initiated or optimized oral antidepressant([s]). Efficacy and
safety were analyzed in two groups based on whether patients used concomitant benzodiaze-
pines, which were prohibited within 8 hours before and 4 hours after the first dose of esketamine
and within 8 hours of the primary efficacy assessment at 24 hours. The primary efficacy
endpoint — change from baseline to 24 hours post-first dose in Montgomery-Asberg
Depression Rating Scale (MADRS) total score — was analyzed using ANCOVA.

Results: Most patients (309/451, 68.5%) used concomitant benzodiazepines. Greater decrease
in MADRS total score was observed with esketamine (mean [SD]: —16.1 [11.73]) versus placebo
(—12.6 [10.56]) at 24 hours (least-squares mean difference: —3.7, 95% CI: —5.76, —1.59). The
differences between the esketamine and placebo groups were clinically meaningful, irrespective
of benzodiazepine use (benzodiazepine: —4.3 [-6.63, —1.89]; no benzodiazepine: —3.1 [-6.62,
0.45]). Among patients taking esketamine, change in MADRS total score was not significantly
different between patients taking benzodiazepines (—15.8 [11.27]) versus those not taking
benzodiazepines (—16.8 [12.82]) (least-squares mean difference: 1.1, [-2.24, 4.45]). Among
esketamine-treated patients, the incidence of sedation was higher with benzodiazepine use,
whereas dissociation was similar.

Conclusion: Benzodiazepines do not meaningfully affect the rapid-acting antidepressant
effect of esketamine at 24 hours post-first dose among patients with MDD and acute suicidal
ideation or behavior.
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Introduction

More than 1 in every 5 adults experience major depressive disorder (MDD)
episodes over their lifetime.'* Almost a third of patients with MDD attempt suicide
(lifetime prevalence 31% [95% confidence interval {CI} 27-34%]),> most
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experiencing suicidal ideation beforehand.* Despite the
need for prompt intervention, oral antidepressants can
take a month or more for optimal effect.” Until recently,
there was no approved pharmacotherapy for the rapid
reduction of depressive symptoms in patients with MDD
and acute suicidal ideation or behavior.®’
Benzodiazepines are often prescribed by clinicians, in
addition to antidepressant, for relieving acute agitation,
anxiety, or insomnia in patients with depression,® notably
during an acute suicidal crisis’ and are advocated by
treatment guidelines in some countries, primarily for
acute treatment of these patients.'® However, the role of
benzodiazepines in the setting of psychiatric emergency is
a matter of debate,'' and concerns around abuse, addic-
tion, and tolerance/rebound are well known.'?
Esketamine (the S-enantiomer of ketamine racemate),
a first-in-class glutamatergic N-methyl-D-aspartate recep-
tor antagonist, was approved in 2019 for treatment-resis-
tant depression (TRD). More recently, esketamine was
approved in the United States for the treatment of depres-
sive symptoms in adults with MDD with acute suicidal
ideation or behavior,13 and in the European Union, co-
administered with oral antidepressant therapy, in adults
with a moderate-to-severe episode of MDD, as acute
short-term treatment, for the rapid reduction of depressive
symptoms, which according to clinical judgement consti-
tute a psychiatric emergency.'® These most recent
approvals for esketamine nasal spray were primarily
based on efficacy and safety findings from two identically
designed, Phase 3 global studies (ASPIRE I and ASPIRE
ID).">!® In these studies, the esketamine plus standard-of-
care group demonstrated rapid improvement of depressive
symptoms over the placebo plus standard-of-care group as
early as 4 hours and 24 hours after the first dose.
Benzodiazepines have been reported to attenuate keta-
mine’s antidepressant response in a case report'’ and small,
single-center clinical studies of patients with TRD.'®'
Although consensus on the mechanism for the interaction is
lacking, Albott et al'® suggested that benzodiazepine agonism
of the y-aminobutyric acid (GABA) A receptor decreases
ketamine’s excitatory glutaminergic signal transduction,
thereby attenuating its therapeutic effect. We conducted
a post hoc analysis of pooled data from the ASPIRE I and
ASPIRE II studies in patients with MDD and acute suicidal

. . . 151
ideation or behavior'>'¢

to examine the potential effects of
benzodiazepines on the safety and rapid efficacy of esketa-
mine nasal spray following first-dose treatment in these

patients who were experiencing a psychiatric emergency and

in urgent need of symptom control. Specifically, the aims of
the analyses were to: compare the efficacy of esketamine to
that of placebo in patients with or without concomitant ben-
zodiazepines; evaluate the impact of benzodiazepines on the
rapid antidepressant effect of esketamine; and, determine the
effects of benzodiazepines on the safety profile of esketamine.

Materials and Methods

Institutional review boards/ethics committees (names pro-
vided in Table S1) approved the ASPIRE I and ASPIRE II
protocols and their amendments, written consent was
obtained from all patients before they participated in the
studies, both studies were conducted in accordance with
the ethical principles that have their origin in the
Declaration of Helsinki, and both studies are registered at
clinicaltrials.gov (identifiers: NCT03039192 [registered
31 January 2017] and NCT03097133 [registered
27 March 2017]). The study methods pertaining to the
work reported here are summarized below.

ASPIRE I and ASPIRE II were identically designed,
double-blind, randomized, placebo-controlled phase 3 stu-
dies conducted between June 2017 and April 2019 in North
America, Europe (both studies), Asia (ASPIRE I only), and
South America (ASPIRE II only). The ASPIRE studies
enrolled adults (1864 years) with a diagnosis of MDD
without psychotic features, according to Diagnostic and
Statistical Manual of Mental Disorders 5th edition®
(DSM-5)
Neuropsychiatric Interview (MINI).>' Potential study parti-

and confirmed by the Mini-International
cipants were screened soon after arriving at an emergency
department or being admitted to an inpatient psychiatric
ward, where they were to stay for 5 days (14 days in several
European Union countries) after entering the studies. To be
eligible, patients must have had a current suicidal ideation
with intent, confirmed by affirmative responses to MINI
questions B3 (Think about suicide [killing yourself]?) and
B10 (Intend to act on thoughts of killing yourself in the past
24 hours?) within 24 hours of randomization, been in clin-
ical need of acute psychiatric hospitalization due to immi-
nent suicide risk, and had a Montgomery-Asberg Depression
Rating Scale* (MADRS) total score >28 prior to the first
dose of the study drug on day 1. Patients must have volun-
tarily agreed to comprehensive standard-of-care treatment,
including the initial hospitalization. Key exclusion criteria
were current or prior DSM-5 diagnosis of a psychotic dis-
order or MDD with psychotic features, current DSM-5 diag-
nosis of bipolar disorder, obsessive-compulsive disorder,
antisocial personality disorder, or borderline personality
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disorder, and DSM-5 diagnosis of moderate-to-severe sub-
stance or alcohol use disorder in the recent 6—12 months
prior to screening. Full lists of the inclusion and exclusion
criteria for each study are published.'>'

Patients meeting eligibility criteria were randomized to
84 mg esketamine nasal spray or matching placebo nasal
spray. Patients self-administered the study drug twice-
weekly for 4 weeks, beginning on day 1, with dosing super-
vised by medical staff at the study centers. In addition,
patients received standard-of-care oral antidepressant(s) —
either monotherapy or antidepressant plus augmenting
agents (ie, second antidepressant, an atypical antipsychotic,
or a mood stabilizer) — determined by the investigator and
initiated or optimized at the time they were randomized.

Benzodiazepines (dosage equivalent to lorazepam
<6 mg/day) were allowed during the study, as long as
they were not taken during the 8 hours preceding each
intranasal study drug administration, the 4 hours following
the first intranasal study drug dosing, and within 8 hours
of day 2 assessments (Figure 1). Prohibition of benzodia-
zepines during these hours before and after dosing and
before day 2 assessments was driven by potential con-
founding due to benzodiazepine-related sedation on effi-
cacy and safety assessments of esketamine.

Investigators assessed depressive symptom severity using
MADRS, before and 4 and 24 hours after the first dose of
intranasal esketamine or intranasal placebo (days 1-2), pre-
dose at all successive visits during double-blind treatment,
and 4 hours post-dose on day 25. A difference between
treatment groups of 2 points or greater for change in total

MADRS score was considered clinically meaningful >*~*

1¥Dose of Esketamine

Adverse events were monitored throughout the study.
Dissociative symptoms were assessed pre-dose and 40
minutes and 1.5 hours post-dose on dosing days using
the Clinician Administered Dissociative States Scale
(CADSS).” Sedation/alertness was assessed every 15
minutes from predose to 1.5 hours postdose on dosing
days using Modified Observer’s Assessment of Alertness/
Sedation scale (MOAA/S).?

Statistical Analyses

Efficacy and safety were each analyzed by treatment arm
and by benzodiazepine use (yes/no) in pooled data from the
ASPIRE I and ASPIRE II studies. Point estimates of the
treatment differences (either difference in means or propor-
tions) and 95% Cls are reported. Of note, 95% Cls that do
not include zero for differences in means and proportions
correspond to a two-sided P-value that is less than 0.05 (ie,
statistical significance). Cls were presented rather than
P-values as they provide information on the direction and
magnitude of the effect. As this was a post-hoc analysis, no
adjustments for multiple comparisons were made.

For efficacy assessments, which were performed
on day 2 (24 hours post-first dose), benzodiazepine
users included patients who took a benzodiazepine(s)
(standing or as-needed dosing) between day —2 and day
2. For safety assessments, including MOAA/S and
CADSS that were assessed up to 1.5 hours post-dose,
took
a benzodiazepine(s) on day —2 and/or day —1 (before

benzodiazepine wusers included patients who

dosing of the study drug began).

24 H post
dose MADRS
Assessment

Benzodiazepine Use

8H No
Benzodiazepine

8H No

4H No : f
Gl i Benzodiazepine,

Benzodiazepine, Use

Screening Phase

Double Blind Phase

Day -2

Day -1

Figure | Benzodiazepine dosing relative to study drug dosing.

Day 1 Day 2

Notes: Study Day | is the overall reference start date for the study, which is defined as the day a patient was randomized and received the first dose of study drug. The day
prior to Day | is denoted as study Day —I, whereas the day after Day | is denoted as Day 2, and so on. Depressive symptom severity was assessed before and 4 and 24
hours after the first dose of intranasal study drug (Days 1-2) using MADRS. On Day |, dissociative symptoms were assessed pre-dose and 40 minutes and |.5 hours post-
dose using the Clinician Administered Dissociative States Scale (CADSS), and sedation/alertness was assessed every |5 minutes from predose to 1.5 hours postdose on
dosing days using Modified Observer’s Assessment of Alertness/Sedation scale (MOAA/S).

Abbreviations: H, hour; MADRS, Montgomery-Asberg Depression Rating Scale.
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Demographic and baseline characteristics were sum-
marized by benzodiazepine use.

The primary efficacy endpoint — change in MADRS
total score from baseline (day 1, predose) to 24 hours post-
first dose (day 2) — was analyzed on last observation
carried forward (LOCF) data using analysis of covariance
(ANCOVA) with study number, treatment, analysis center
within study number, standard-of-care antidepressant (as
randomized), benzodiazepine group, and treatment-by-
benzodiazepine group as factors, and baseline MADRS
total score as a continuous covariate. A sensitivity analysis
on the primary efficacy endpoint, based on the timing of
benzodiazepine use (ie, between day —2 and day —1 and
between day 1 and day 2) was conducted using ANCOVA.

In other analyses, frequency distributions were pro-
vided by the treatment and benzodiazepine (yes/no)
group for responders to treatment (defined as >50%
decrease from the baseline MADRS total score) and
patients in remission of depressive symptoms (defined as
MADRS <12) at day 2, for adverse events with onset
within 24 hours of treatment, and for CADSS total score
and MOAA/S total score at day 1.

Results
In the ASPIRE studies, 456 patients were randomized to
study drug, 229 to esketamine plus standard-of-care and
227 to placebo plus standard-of-care. Four patients (2 in
each treatment group) were excluded from analyses of
efficacy and safety because they did not receive a dose
of intranasal study drug. One additional patient (in the
esketamine group) was excluded from analyses of efficacy
due to the absence of post-baseline MADRS assessments.

Benzodiazepine use was common during the period
evaluated (ie, day —2 to day 2) (309/451, 68.5% of
patients). Patients who did and those who did not receive
benzodiazepines were generally similar with respect to
demographic and baseline clinical characteristics, includ-
ing depression severity (MADRS score) (Table 1).

Mean MADRS total score decreased from baseline to
24 hours post-first dose, with greater improvement in
depressive symptoms among those treated with esketamine
plus standard-of-care as compared to placebo plus stan-
dard-of-care in the overall population (mean [SD]: esketa-
mine —16.1 [11.73]) versus placebo —12.6 [10.56]) at 24
hours; least-squares [LS] mean difference: —3.7, 95% CI:
—=5.76, —1.59). Clinically meaningful improvement in
depressive symptoms was observed with esketamine ver-
sus placebo in the subgroups of patients with or without

benzodiazepine use (Figure 2). The difference of LS
means (95% CI) was —4.3 (—6.63, —1.89) for the patients
taking benzodiazepines and —3.1 (—6.62, 0.45) for the
patients who did not take benzodiazepines. Among eske-
tamine-treated patients, no statistically significant differ-
ence was observed in the reduction of MADRS total score
between patients taking benzodiazepines (mean [SD]:
—15.8 [11.27]) versus those not taking benzodiazepines
(—16.8 [12.82]) (difference of LS means [95% CI], 1.1
[-2.24, 4.45]). Sensitivity analyses on change in
MADRS score from baseline to 24 hours post-first dose
revealed similar results when timing of benzodiazepine
use was defined by the period only before esketamine
dose, and also by the period only after esketamine dose
(Table S2).

On day 2, the proportion of patients who were respon-
ders and the proportion of patients in remission were
numerically higher among those treated with esketamine
plus standard-of-care as compared to placebo plus stan-
dard-of-care, with little influence by concomitant benzo-
diazepine use (Figure 3).

In terms of safety, dissociation was reported as
a treatment-emergent (ie, within 24 hours of study drug
administration) adverse event for 29.5% (67/227) of eske-
tamine-treated patients and 3.6% (8/225) of placebo-trea-
ted patients, with incidence similar between those who did
and did not take concomitant benzodiazepines within each
treatment group (Table 2). In line with these findings,
mean total CADSS score at 40 minutes following the
first dose was increased from predose, substantially more
so among the esketamine- versus the placebo-treated
patients, but, within the esketamine group, similarly
among those taking a benzodiazepine compared to those
not taking a concomitant benzodiazepine. Mean total
CADSS total score returned toward the predose level by
1.5 hours post-dose in all analysis groups.

More patients in the esketamine plus standard-of-care
group (17/227 [7.5%]) had a MOAA/S score <3 (indicat-
ing moderate or greater sedation) on day 1, versus patients
in the placebo plus standard-of-care group (2/225 [0.9%]).
None of these patients required medical intervention. The
incidence of sedation, based on adverse event reporting,
was higher among esketamine-treated patients who had
taken concomitant benzodiazepines compared to those
who had not, and compared to placebo-treated patients,
regardless of concomitant benzodiazepine usage (Table 2).

Most adverse events of dissociation were mild or mod-
erate (esketamine 92.0%, placebo 100%) and had onset
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All Patients Benzodiazepine No Benzodiazepine

Number of
Patients: 224 225 158 150 66 75

B Esketamine 84 mg + Standard-of-Care’
B Placebo + Standard-of-Care’

Mean Change MADRS Total Score

,20_
Difference LS means (SE) -3.7 (1.06) -4.3(1.21)°¢ -3.1(1.80)°<
95% Cl on difference -5.76, -1.59 -6.63, -1.89 -6.62, 0.45

Figure 2 MADRS total score: change from baseline to 24 hours post-first dose by benzodiazepine use in ASPIRE studies (LOCF).

Notes: MADRS total score ranges from 0 to 60; a higher score indicates a more severe condition. Negative change in score indicates improvement. Negative difference
favors esketamine. The benzodiazepine group contains patients who took benzodiazepines between day —2 and day 2. The difference of LS means (95% ClI) in reduction of
MADRS total score between benzodiazepine and non-benzodiazepine users was |.1 (—2.24, 4.45) for patients in the esketamine plus standard-of-care group and 2.3 (-0.96,
5.53) for patients in the placebo plus standard-of-care group.?Of 229 patients randomized to esketamine + standard-of-care and 227 patients randomized to placebo +
standard-of-care, 2 patients in each treatment group were excluded from analyses of efficacy because they did not receive a dose of intranasal study drug. In addition, 3
patients in the esketamine group did not have the necessary data to calculate change in MADRS at day 2. ®Based on ANCOVA with study number, treatment, analysis center
within study number, standard-of-care antidepressant as randomized, benzodiazepine group, and treatment-by-benzodiazepine group as factors, and baseline MADRS total
score as a continuous covariate. “Esketamine + standard-of-care minus placebo + standard-of-care in each benzodiazepine group.

Abbreviations: ANCOVA, analysis of covariance; Cl, confidence interval; LOCF, last observation carried forward; LS, least-squares; MADRS, Montgomery-Asberg
Depression Rating Scale; SE, standard error.

within one hour of study drug administration (94.3% and  relief of acute agitation, anxiety, or insomnia, which

6,10,27,28 We

90.9% of events in the respective treatment groups). All  accompanies depression in many patients.

events of sedation were mild or moderate and had onset  observed high usage of benzodiazepines (69% of study
patients) at the onset of the ASPIRE studies (day —2

to day 2), within the constraints of the protocol-specified

within one hour of study drug administration.

Discussion

Patients with MDD having acute suicidal ideation or beha-
vior are in a psychiatric emergency. During this psychiatric
emergency, clinicians prescribe benzodiazepines for rapid
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time frame.
Among esketamine-treated patients, improvement in
depressive symptoms was similar, regardless of benzodia-

zepine use. Concomitant treatment with benzodiazepines
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Figure 3 MADRS response and remission rates 24 hours post-first dose by benzodiazepine use in ASPIRE studies. (A) Response. (B) Remission.

Notes: Response is defined as 250% decrease from baseline MADRS total score. Remission is defined as MADRS total score < |2. The benzodiazepine group contains
patients who took benzodiazepines between day —2 and day 2. *Of 229 patients randomized to esketamine + standard-of-care and 227 patients randomized to placebo +
standard-of-care, 2 patients in each treatment group were excluded from analyses of efficacy because they did not receive a dose of intranasal study drug and | additional
patient in the esketamine group was excluded due to absence of post-baseline MADRS assessments.

Abbreviation: MADRS, Montgomery-Asberg Depression Rating Scale.
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Table 2 Treatment-Emergent Dissociation and Sedation by Benzodiazepine Use in ASPIRE Studies (Safety Analysis Set)
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The most severe post-dose score for MOAA/S on day | were considered for each patient. Only dissociation and sedation

Notes: The benzodiazepine group contains patients who took benzodiazepines between day —2 and day —I.

adverse events with onset within 24 hours of start of first treatment were considered. *Of 229 patients randomized to esketamine + standard-of-care and 227 patients randomized to placebo + standard-of-care, 2 patients in each

treatment group were excluded from analyses of safety because they did not receive a dose of intranasal study drug.

Abbreviations: CADSS, Clinician Administered Dissociative States Scale; MOAA/S, Modified Observer’s Assessment of Alertness/Sedation.

(ie, taken between day —2 and day 2) did not augment or
diminish the rapid, robust antidepressant effect observed
after the first dose of esketamine in these patients (primary
efficacy endpoint), which is specifically relevant in the
setting of psychiatric emergencies.

The findings from the ASPIRE studies do not support prior
studies in which benzodiazepines were shown to attenuate the
acute antidepressant effect of ketamine (Ford et al'” [case
study, n=1]; Frye et al'® [post-hoc analysis, n=10]; Albott
et al'® [post-hoc analysis, n=14]; Andrashko et al*® [n=47,
excluded patients with suicidal risk assessed by clinical exam-
ination]). The disparity may be explained, at least in part, by
the small sample size and uncontrolled methods of the keta-
mine studies and, perhaps, that the ketamine studies included
patients who had TRD but were not in acute crisis. In a post-
hoc analysis of 10 patients with TRD given ketamine infusions
twice weekly for up to 2 weeks, Frye et al'® reported that non-
responders received significantly higher mean daily doses of
benzodiazepines than responders (>50% decrease from base-
line MADRS total score). Likewise, in a study of 47 patients
with MDD and without suicidal risk who received a single
ketamine infusion as an add-on to ongoing antidepressant
treatment, Andrashko et al*’ reported a significantly lower
response rate among those taking high-dose benzodiazepines
(defined as >8 mg diazepam equivalent, n=13). And, in a post
hoc analysis of 13 patients with TRD who received a ketamine
infusion 3 times weekly for 2 weeks, Albott et al'® reported no
significant differences between benzodiazepine and non-ben-
zodiazepine users in response or remission rates, or depression
relapse rate over 4-week follow-up, but those taking benzo-
diazepine took significantly longer time to reach these out-
comes and experienced significantly shorter therapeutic
effect.'®

The incidences of esketamine-associated dissociation
and sedation are consistent with expectations from TRD
studies.'*'* Most events of dissociation and sedation were
mild or moderate and began within one hour of study drug
administration. Dissociation, based on adverse event
reporting and post-dose mean total CADSS score, was
more common with esketamine compared to placebo, and
was not influenced by benzodiazepine use prior to esketa-
mine dosing. Sedation, based on adverse event reporting
and MOAA/S score <3, was also more common with
esketamine compared to placebo, especially so among
those who had taken benzodiazepines prior to esketamine
dosing. This result was expected given the well-known

sedative effects of benzodiazepines.
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The most important observation of the study is that the
rapid antidepressant effect of esketamine nasal spray is not
attenuated or augmented by the concomitant administration of
benzodiazepines in patients with MDD and acute suicidal
ideation or behavior. While clinicians often prescribe benzo-
diazepines in combination with conventional antidepressants
for the initial treatment of anxiety, due to latency of efficacy of
these antidepressants, this may not be necessary even in the
initial phase of treatment with esketamine because of its rapid
effect. In addition, the use of benzodiazepines during treatment
with esketamine may lead to an increase in adverse events,
particularly sedation, and may not reduce the incidence of
dissociative effects at the beginning of esketamine treatment.

Limitations

Our results are limited by analyses being conducted on
a post hoc basis. Furthermore, the ASPIRE studies did not
allow concomitant benzodiazepine use within 8 hours of
esketamine dosing and within 8 hours of primary efficacy
(day 2) assessment; thus, we could not examine the potential
effect of benzodiazepines on the efficacy or tolerability of
esketamine if they were used together. And, the analyses
reported herein are confined to effects following the first
dose of esketamine, informing on the effects of benzodiaze-
pine treatment in the context of the need for urgent control of
symptoms; the impact of chronic benzodiazepine use on the
long-term efficacy/safety of esketamine was not explored.

Conclusions

The findings from this analysis support the efficacy and
safety of esketamine nasal spray for MDD patients with
acute suicidal ideation or behavior, irrespective of benzodia-
zepine use. Specifically, benzodiazepines had minimal
impact on the rapid antidepressant efficacy of esketamine,
but increased the occurrence of sedation. Therefore, the use
of benzodiazepines for patients being treated with esketamine
for psychiatric crisis may not be warranted. Further investi-
gation is needed to confirm and expand upon these findings.

Abbreviations

ANCOVA, analysis of covariance; CADSS, Clinician
States CGI-SS-r,
Clinical Global Impression—Severity revised version; CI,

Administered Dissociative Scale;
confidence interval; DSM-5, Diagnostic and Statistical
Manual of Mental Disorders 5th edition; LOCEF, last obser-
MADRS,
Montgomery Asberg Depression Rating Scale; MDD,
MINI,

vation carried forward; LS, least-squares;

major depressive disorder; Mini-International

Neuropsychiatric ~ Interview;  MOAA/S,  Modified
Observer’s Assessment of Alertness/Sedation scale; SD,
standard deviation; SE, standard error; TRD, treatment-

resistant depression.
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