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ABSTRACT

Background Patients with anxious major depressive
disorder (MDD) are more likely to have poorer outcomes
than those with non-anxious MDD. However, the effect

of esketamine on adolescents with anxious versus non-
anxious MDD has remained unknown.

Aims We compared the efficacy of esketamine in
adolescents with MDD and suicidal ideation, both anxious
and non-anxious.

Methods Fifty-four adolescents with anxious (n=33)

and non-anxious (n=21) MDD received three infusions

of esketamine 0.25 mg/kg or active-placebo (midazolam
0.045 mg/kg) over 5 days, with routine inpatient care and
treatment. Suicidal ideation and depressive symptoms
were assessed using the Columbia Suicide Severity Rating
Scale and the Montgomery-Asberg Depression Rating
Scale. Multiple-sample proportional tests were used to
compare the differences between groups on treatment
outcomes 24 hours after the final infusion (day 6, primacy
efficacy endpoint) and throughout the 4-week post-
treatment (days 12, 19 and 33).

Results In subjects who received esketamine, a greater
number of patients in the non-anxious group than the
anxious group achieved antisuicidal remission on day

6 (72.7% vs 18.8%, p=0.015) and day 12 (90.9% vs
43.8%, p=0.013), and the non-anxious group had a
higher antidepressant remission rate compared with the
anxious group on day 33 (72.7% vs 26.7%, p=0.045).

No significant differences in treatment outcomes were
observed between the anxious and non-anxious groups at
other time points.

Conclusions Three infusions of esketamine as an
adjunct to routine inpatient care and treatment had a
greater immediate post-treatment antisuicidal effect in
adolescents with non-anxious MDD than in those with
anxious MDD; however, this benefit was temporary and
was not maintained over time.

Trial registration number ChiCTR2000041232.

INTRODUCTION

Patients with major depressive disorder
(MDD) report that co-occurring anxiety
symptoms or anxiety disorders are common,
with approximately 50% reporting at least
one-lifetime anxiety disorder.’ In children
and adolescents, the co-occurrence of anxiety
with depression seems equally common.”

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Patients with anxious depression are more likely
to experience poorer responses to antidepressant
treatment; however, it is unclear whether anxious
depression is associated with the treatment re-
sponse to esketamine for adolescents with major
depressive disorder (MDD).

WHAT THIS STUDY ADDS

= Three low-dose esketamine infusions as an adjunct
to routine inpatient care and treatment affected a
greater antisuicidal remission rate in adolescents
with MDD without anxiety compared with those with
anxiety.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The study results may inform potential strategies for
the treatment of adolescents with MDD and suicidal
ideation.

= Clinicians should be aware of these populations
because anxious depression is associated with the
treatment response to esketamine.

Patients with anxious depression are more
likely to experience recurrent depressive
episodes and have higher levels of suicidal
ideation, greater depression severity, more
severe insomnia, poorer response to medica-
tion, lower remission rates and higher read-
mission rates than those with MDD alone.”*
Low-dose ketamine has been proven repeat-
edly to exhibit rapid antidepressant and
antisuicidal effects for treatmentresistant
depression (TRD).5_7 Intranasal esketamine
was approved by the Food and Drug Admin-
istration in the USA for adults with TRD and
adult MDD with acute suicidal ideation/
behaviour.®? Several studies have examined
the difference in the antidepressant effects
of ketamine in patients with TRD with and
without anxiety but have shown mixed find-
ings.""" Our previous study administered
six infusions of ketamine to patients with
TRD or suicidal ideation who were classified
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into four subtypes: melancholic, anxious, melancholic-
anxious and non-melancholic-anxious, and showed
that patients with melancholic or melancholic-anxious
features had less response or remission and took longer
to achieve response/remission than those with anxious or
non-melancholic-anxious features.'* In addition, we also
found cognitive improvement in patients with anxious
depression after ketamine treatment but not in patients
with non-anxious depression.'”

Given the safety and success of ketamine and its enan-
tiomers in treating depression in adults, clinical trials to
explore their efficacy and safety in adolescents are also
ongoing. Recently, a randomised controlled trial (RCT)
of a single ketamine infusion in 17 adolescents with TRD
suggested that ketamine might be well tolerated and
effective in reducing depressive symptoms.'® Other data
from two small open-label trials and three case reports
also suggested that low-dose ketamine had a rapidly
acting antidepressant effect and was well tolerated in
adolescents."”™? However, the potential role of anxious
depression in the treatment response to ketamine or its
enantiomer (esketamine) has remained unknown for this
adolescent population.

Recently, we conducted a double-blind RCT of three
low-dose intravenous esketamine infusions in adolescents
with MDD and suicidal ideation, where the esketamine
treatment yielded a superior response compared with
midazolam. We then conducted a secondary analysis to
compare the efficacy of repeated intravenous esketamine
for resolving suicidal ideation and depressive symptoms
in adolescents with anxious MDD with those with non-
anxious MDD. Based on our previous data from adults,
we hypothesised that adolescents with anxious MDD
would have a higher likelihood of achieving a rapid and
robust treatment effect to esketamine than those with
non-anxious MDD.

METHODS

In this secondary analysis, data were from the trial exam-
ining three low-dose infusions of esketamine for the treat-
ment of depression with suicidal ideation.”” This trial was

registered in the Chinese Clinical Trials Registry (registra-
tion number: ChiCTR2000041232).

Participants

Adolescents with MDD and suicidal ideation were
recruited from the inpatient ward of the Affiliated Brain
Hospital of Guangzhou Medical University between
December 2020 and April 2022. Eligible patients were
males and females aged 13-18 years with a diagnosis of
MDD without psychotic features according to the Diag-
nostic and Statistical Manual of Mental Disorders-b
criteria.”! The inclusion criteria also included moderate-
to-severe depressive symptoms with a total score of >17
as measured by the 17-item Hamilton Depression Rating
Scale (HAMD-17),%% suicidal ideation for >3 months with
an Ideation score of 21 as measured by a clinician-rated

Columbia Suicide Severity Rating Scale (C-SSRS)** and
a score of 22 for items 4 or 5 of the selfreport Beck
Scale for Suicide Ideation.”” The exclusion criteria were
as follows: current or previous alcohol or substance use
disorder; primary psychotic, bipolar disorder, pervasive
developmental, post-traumatic, obsessive-compulsive
or non-psychiatric neurological disorders; a significant
medical illness or an active suicidal attempt on presenta-
tion or in the preceding 6 months.

Study design

The original trial was a randomised, double-blind, active
placebo-controlled study, which consisted of a 24-hour
to 48-hour screening phase (day 0), followed by a 6-day
double-blind infusion phase (days 1-6) and then a 4-week
post-treatment follow-up phase (days 7-33). The poten-
tial participants were admitted to the hospital due to
suicide risk and/or severe depressive symptoms. Routine
antidepressant medication was initiated or optimised
immediately, as determined by their clinicians. Thus,
there was no washout period before infusion. Given the
vulnerability of the participants, who had current suicidal
ideation, they were provided routine inpatient nursing
care and treatment with antidepressant monotherapy or
combination therapy by their clinicians, and the types and
doses of medications were maintained during the double-
blind infusion phase. During the naturalistic follow-up
phase, the participants were treated with necessary medi-
cations (monotherapy or antidepressant plus augmenta-
tion therapy) that their clinicians managed. Structured
psychotherapy, electroconvulsive therapy and repetitive
transcranial magnetic stimulation were not permitted
throughout the study.

The participants were randomised to receive three infu-
sions of either esketamine (0.25 mg/kg) or midazolam
(0.045 mg/kg) via a computer-generated randomisation
scheme. The study drugs were administered on days 1,
3 and 5. The raters and participants were blinded to
the assigned treatment at randomisation. In the present
study, midazolam was used as an active control, in keeping
with its similar pharmacokinetic profile and precedent as
a reasonable comparator for esketamine’s non-specific
behavioural effects.

Anxious depression definition

We defined anxious depression with a factor of the
HAMD-17 anxiety-somatisation (AS) score, which includes
psychic anxiety, somatic anxiety, somatic symptoms-
gastrointestinal, somatic symptoms-general, hypochon-
driasis and insight.*® Categorical anxious depression was
defined as an AS score 27, and non-anxious depression
was defined as an AS score <7. This definition and clas-
sification have been used widely and proven useful in
assessing anxious depression in clinical studies of antide-
pressant treatment.* '* %1%

Outcomes and evaluations

The primary outcome was rates of suicidal remission,
defined as C-SSRS Ideation score=0 at 24 hours after the
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final infusion (day 6, as the primacy efficacy endpoint).*'
Secondary outcomes included rates of antisuicidal
response (defined as an improvement 250% from base-
line in the C-SSRS Ideation score), rates of antidepressant
response (defined as an improvement 250% in the Mont-
gomery-Asberg Depression Rating Scale (MADRS) total
score from baseline) and remission (defined as MADRS
total score <12) on day 6. Other secondary outcomes
included changes in suicidal ideation, depressive symp-
toms, psychotomimetic and dissociative symptoms and
cognitive function from baseline to 4 weeks post-treatment
(day 33, as the secondary endpoint).

Suicidal ideation was assessed using the Chinese version
of the C-SSRS Ideation and Intensity scale,”” which can
reflect the severity of suicidal ideation and the intensity
of suicidal ideation. The first five items of the scale refer
to the severity of suicide ideation and have binary yes/
no responses (yes=1, no=0): wish to be dead, non-specific
active suicidal thoughts, suicidal thoughts with methods,
suicidal intent and suicidal intent with a plan—with a
total range from 0 to 5. The following five items refer to
the intensity of suicidal ideation: frequency, duration,
controllability and deterrents of ideation, and reasons
for ideation, and each item scales 0 (suicidal ideation
denied) to 5 (suicidal ideation with a plan, ie, severe
suicidal ideation) for a total range from 0 to 25. The
C-SSRS was administered at baseline (day 0, with past-
week recall), then at 24 hours after each infusion (days 2,
4 and 6, modified for past 24-hour recall), and again at 1,
2 and 4 weeks after the final infusion (days 12, 19 and 33,
with past-week recall).

The severity of depressive symptoms was assessed via the
MADRS* # at the same time points and with the same
recall period as the C-SSRS.

The psychotomimetic effects were measured with
five items (hallucinations, grandiosity, suspiciousness,
unusual thought content, conceptual disorganisation)
from the Brief Psychiatric Rating Scale (BPRS-5)™ at
baseline, then at 30 min and 24 hours after each infusion
(days 1, 2, 3, 4, 5, 6) and again on days 12, 19 and 33.
At the same time, dissociative symptoms were assessed by
the Clinician-Administered Dissociative Symptoms Scale
(CADSS).*!

Cognitive function was assessed using the Measure-
ment and Treatment Research to Improve Cognition in
Schizophrenia (MATRICS) consensus cognitive battery
(MCCB)*** at baseline and on days 6 and 12. Four cogni-
tive domains were selected in the present study, including
processing speed, working memory, visual learning and
verbal learning; learning and memory impairment are
often associated with depression and have been measured
by multiple ketamine clinical studies."”

The raters were psychiatrists trained by the National
Drug Clinical Trial Institution of the Affiliated Brain
Hospital of Guangzhou Medical University. The assess-
ment of interrater reliability for raters was in the
excellent-to-good range for all the scales used, with intra-
class correlations >0.90.

Statistical analyses

All analyses were conducted in IBM SPSS Statistics V.27,
with a significance level set at 0.05. Statistical analysis,
including participants who lacked follow-up assessment,
was performed in accordance with the intention-to-treat
principle.

Baseline data were compared between anxious and non-
anxious groups using x” tests and t-tests for nominal and
continuous variables. Post hoc summaries were provided
for the proportions of the participants achieving clinical
response and remission, and the differences between
groups were compared using multiple-sample propor-
tional tests. Factorial linear mixed models were performed
to examine the roles of the study drug and depression
type in the treatment outcome over time. These models
used a compound symmetry covariance structure with
restricted maximum likelihood estimation. The evalua-
tion time point (from baseline to day 33 for clinical scales,
and from baseline to day 12 for the MCCB), study drug
(esketamine or midazolam) and group (anxious or non-
anxious) were factors, and duration of illness, antidepres-
sant class (selective serotonin reuptake inhibitor (SSRI)
or non-SSRI) and augmentation therapy (yes or no) were
included as the covariates. The baseline score was used as
a covariate if it had statistical differences between groups.
To examine differences between the anxious and non-
anxious groups within subjects who received esketamine
or midazolam at each time point, Bonferroni-corrected
simple effects tests were used for post hoc analysis.

RESULTS

Participants

Of all 54 randomised subjects, 33 (61.1%) met the
predefined criteria for anxious depression at baseline.
In the anxious group, 16 participants received esket-
amine and 17 received midazolam treatment. In the
non-anxious group, 11 participants received esketamine
and 10 received midazolam treatment. During the infu-
sion phase, five participants (all with anxious depression)
failed to complete all three infusions; three completed
one infusion of midazolam and two completed two infu-
sions of esketamine. During the follow-up phase, five
participants failed to complete the full follow-up assess-
ment, two of them lost on day 6, one of them lost on day
12 and two of them lost on day 19. The sample sizes of
each group at each follow-up time point are presented in
figure 1 and online supplemental tables 1-6).

Relative to the non-anxious group, the anxious group
had more severe depressive symptoms at baseline
according to the MADRS total score (t=—3.684, p=0.001)
and received a higher proportion of benzodiazepines
(x=5.129, p=0.024). Other measurements, including the
C-SSRS Ideation and Intensity, BPRS-5, CADSS scores
and cognitive domains, showed no significant differences
between the anxious and non-anxious groups at baseline

(table 1).
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155 adolescent patients were recruited from the inpatient ward of the Affiliated Brain
Hospital of Guangzhou Medical University between December 2020 and April 2022.

101 patients were excluded:
- 64 did not meet eligibility criteria

- 37 declined to participate

54 patients were randomised to drug study groups

'

27 patients assigned to esketamine
- 16 with anxious depression
- 11 with non-anxious depression

- 25 completed three infusions
- 2 with anxious depression
completed two infusions

27 completed post-treatment

assessment (day 6, primary

endpoint)

+ 17 with anxious depression

* 10 with non-anxious
depression

27 patients assigned to midazolam
- 17 with anxious depression
- 10 with non-anxious depression

- 24 completed three infusions
- 3 with anxious depression
completed one infusion

v

- 2 with anxious depression lost in
day 6 follow-up

- 25 completed post-treatment
assessment (day 6, primary
endpoint)
* 15 with anxious depression
* 10 with non-anxious

depression

Figure 1 Flowchart of participants’ recruitment.

Clinical outcomes at the acute treatment phase

Table 2 presented the rates of C-SSRS suicidal remission
and response in the anxious/midazolam, non-anxious/
midazolam, anxious/esketamine and non-anxious/
esketamine groups. On day 6, in subjects who received
esketamine, a greater number of participants in the
non-anxious group than in the anxious group achieved
antisuicidal remission (72.7% vs 18.8%, p=0.015). No
significant differences in antisuicidal response rates were
observed in the anxious and non-anxious groups, regard-
less of whether they received midazolam or esketamine
(all p>0.05).

The MADRS remission and response rates in the four
groups were presented in table 2. No significant differ-
ences in antidepressant remission or response rates on
day 6 were observed between the anxious and non-anxious
groups, regardless of whether they received midazolam or
esketamine (all p>0.05).

Clinical outcomes at the follow-up phase

Results of antisuicidal and antidepressant outcomes
during the follow-up phase were shown in table 2. In
subjects who received esketamine, a greater number
of participants in the non-anxious group than in the
anxious group achieved antisuicidal remission on day 12
(90.9% vs 43.8%, p=0.013), and the non-anxious group
had higher antidepressant remission rates compared with
the anxious group on day 33 (72.7% vs 26.7%, p=0.045).

No significant differences in treatment outcomes were
observed between the two groups at other time points.

Results of factorial linear mixed models

For changes in the C-SSRS Ideation score, a significant
time main effect (F=18.855, p<0.001) and a drug main
effect (F=9.063, p=0.004) were found, but there was no
significant group main effect or drug-by-group interac-
tion effect (table 3). In subjects who received esketamine,
post hoc analysis showed a reduction of C-SSRS Ideation
scores was greater in the non-anxious group than in the
anxious group on day 6 (t=-2.220, p=0.028) and day 12
(t=—2.518, p=0.013), but the difference faded on days
19 and 33 (figure 2, online supplemental table 1). No
significant differences were found between non-anxious
and anxious groups in subjects who received midazolam
according to post hoc analysis.

Similar results were found in changes in the C-SSRS
Intensity score, with a significant time main effect
(F=20.809, p<0.001) and drug main effect (F=8.087,
p=0.007), but there was no significant group main effect
or drug-by-group interaction effect (table 3). Reduction of
the C-SSRS Intensity score was greater in the non-anxious
group than in the anxious group on day 6 (t=-2.182,
p=0.031), but the difference faded on days 12, 19 and
33 (figure 2 and online supplemental table 2). There
was no significant difference between the non-anxious
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Table 1 Demographic and baseline characteristics
Non-anxious depression (n=21) Anxious depression (n=33) Statistics
P
Mean (SD) Mean (SD) t-test df value
Age (years) 15.5 (1.0) 14.6 (1.5) 1.724 52 0.097
Duration of illness (months) 26.5 (14.3) 21.0 (12.1) 1.070 52 0.295
Body mass index (kg/m?) 21.1 (3.2 20.9 (3.5) 0.139 52 0.891
Baseline MADRS total score 31.8 (5.7) 38.2 (6.6) -3.684 52 0.001*
Baseline C-SSRS Ideation score 4.1(1.2) 4.5(0.9) -1.626 52 0.110
Baseline C-SSRS Intensity score 17.3 (3.4) 18.9 (3.6) -1.580 52 0.120
Baseline BPRS-5 score 5.0 (0.2) 5.3 (0.7) -1.559 52 0.125
Baseline CADSS score 0.4 (1.2) 0.2 (0.5) 0.950 52 0.347
Baseline processing speed 43.3 (9.3) 39.7 (10.8) 1.256 52 0.215
Baseline working memory 44.8 (9.0) 42.1 (12.7) 0.863 52 0.392
Baseline verbal learning 48.2 (11.0) 42.8 (9.8) 1.892 52 0.064
Baseline visual learning 45.1 (8.8) 42.6 (8.8) 1.063 52 0.293
N (%) N (%) e df P
value
Gender (female) 19 (90.5) 9 (87.9) 0.088 1 0.767
Mood disorder in first-degree relatives 7 (33.3) 0(30.3) 0.055 1 0.815
Met TRD criteria 12 (57.1) 9 (57.6) 0.001 1 0.975
First depressive episode 15 (71.4) 5(75.8) 0125 1 0.723
Current antidepressant 21 (100.0) 3 (100.0) -- - -
SSRls 16 (76.2) 0 (90.9) 2203 1 0.138
Escitalopram 8 (38.1) 1(33.3) - - -
Sertraline 2 (9.5) 8 (24.2) -- - -
Fluoxetine 5 (23.8) 9 (27.3) - - -
Fluvoxamine 1(4.8) 1(3.0) - - -
Duloxetine 3(14.3) 1(3.0) -- - -
Venlafaxine 2 (9.5) 1(3.0) -- - -
Agomelatine 14.8) 0(0.0) -- - -
Vortioxetine 0 (0.0) 2 (6.1) -- - -
Current antipsychotic 13 (61.9) 20 (60.6) 0.009 1 0.924
Current mood stabiliser 8 (38.1) 6(18.2) 2650 1 0.104
Current benzodiazepine 12 (57.1) 28 (84.8) 5129 1 0.024*
Study drug (esketamine) 11 (52.4) 16 (48.5) 0.078 1 0.780

*p<0.05

BPRS, Brief Psychiatric Rating Scale; CADSS, Clinician-Administered Dissociative Symptoms Scale; C-SSRS, Columbia Suicide Severity
Rating Scale; MADRS, Montgomery—Asberg Depression Rating Scale; SD, standard deviation; SSRIs, selective serotonin reuptake inhibitors;

TRD, treatment-resistant depression.

and anxious groups in subjects who received midazolam,
according to post hoc analysis.

For changes in the MADRS total score, a significant
time main effect (F=30.596, p<0.001) and a drug main
effect (F=4.903, p=0.031) were found, but there was no
significant group main effect or drug-by-group interac-
tion effect (table 3). Results of post hoc analysis at each
time point were shown in figure 2 and online supple-
mental table 3.

No significant time main effect, group main effect,
drug main effect or their interation effect was found in
the BPRS-5 score (p>0.05). A significant main effect for
time (F=7.342, p<0.001) and a drug main effect (F=5.132,
p=0.028) were shown in the CADSS score (table 3). Post
hoc analysis showed that anxious patients had higher
CADSS scores on day 1 (t=-2.527, p=0.012) and BPRS-5
scores on day 6 (t=—2.000, p=0.046) than non-anxious
patients (figure 2 and online supplemental tables 5 and 6).
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Table 2 Group difference of treatment outcome rate

Esketamine Midazolam
Non-anxious Anxious v P value Non-anxious Anxious x P value

C-SSRS suicidal remission rate

Day 6 8/11 (72.7%) 3/16 (18.8%) —t 0.015*  2/10 (20.0%) 2/15(13.3%) -t 1.000

Day 12 10/11 (90.9%) 7/16 (43.8%) 6.217 0.013*  4/10 (40.0%) 4/14 (28.6%) -t 0.673

Day 19 8/11 (72.7%) 9/15 (60.0%) 0.454 0.500 3/9 (33.3%) 6/14 (42.9%) -t 1.000

Day 33 7/11 (63.6%) 9/15 (60.0%) 0.035 0.851 4/9 (44.4%) 6/14 (42.9%) -t 1.000
C-SSRS suicidal response rate

Day 6 10/11 (90.9%) 10/16 (62.5%) 2.739 0.098 7/10 (70.0%) 5/15(33.3%) 3.232 0.072

Day 12 10/11 (90.9%) 10/16 (62.5%) 2.739 0.098 6/10 (60.0%) 8/14 (57.1%) 0.020 0.889

Day 19 9/11 (81.8%) 10/15 (66.7%) 0.740 0.390 5/9 (565.6%) 6/14 (42.9%) 0.354 0.552

Day 33 7/11 (63.6%) 11/15(73.3%) 0.280 0.597 5/9 (565.6%) 7/14 (50.0%) 0.068 0.795
MADRS remission rate

Day 6 4/11 (36.4%) 4/16 (25.0%) -t 0.675 1/10 (10.0%) 1/15 (6.7%) —t 1.000

Day 12 7/11 (63.6%) 5/16 (31.3%) 2.769 0.096 3/10 (30.0%) 1/14 (7.1%) -t 0.272

Day 19 6/11 (54.5%) 6/15 (40.0%) 0.540 0.462 1/9 (11.1%) 2/14 (14.3%) -t 1.000

Day 33 8/11 (72.7%) 4/15 (26.7%) —t 0.045*  1/9 (11.1%) 3/14 21.4%) -t 1.000
MADRS response rate

Day 6 5/11 (45.5%) 6/16 (37.5%) 0.171 0.679 2/10 (20.0%) 3/15(20.0%) -t 1.000

Day 12 8/11 (72.7%) 8/16 (50.0%) 1.395 0.238 5/10 (50.0%) 2/14 (14.3%) -t 0.085

Day 19 7/11 (63.6%) 8/15 (563.3%) 0.276 0.599 1/9 (11.1%) 4/14 (28.6%) -t 0.611

Day 33 8/11 (72.7%) 8/15 (563.3%) 1.008 0.315 1/9 (11.1%) 7/14 (50.0%) -t 0.086
*p<0.05

tFisher’s exact test.

C-SSRS, Columbia Suicide Severity Rating Scale; MADRS, Montgomery-Asberg Depression Rating Scale.

For changes in the MCCB, no significant group main
effect or drug-by-group interaction effect was found
in any of the domains, but there were significant main
time effects in the change in processing speed (F=13.223,
p<0.001), working memory (F=7.154, p=0.001) and
verbal learning (F=5.831, p=0.004), and a significant drug
main effect in the change in processing speed (F=7.433,
p=0.009; table 3). Post hoc analysis showed that improve-
ment of verbal learning was greater in the anxious group
than in the non-anxious group on day 12 (t=-2.362,
p=0.020; online supplemental table 6).

DISCUSSION

Main findings

In this post hoc study of adolescents with MDD and
suicidal ideation, we found that three low-dose esket-
amine infusions as an adjunct to oral antidepressant
therapy had a greater antisuicidal effectimmediately post-
treatment in non-anxious patients compared with anxious
patients. However, this benefit was temporary and faded
rapidly over time. Anxious patients experienced similar
antidepressant effects and side effects to esketamine as
non-anxious patients, except that the non-anxious group
showed a greater antidepressant remission rate at 4 weeks

post-treatment. The current results did not support our
hypothesis.

Three infusions of esketamine were significantly asso-
ciated with greater antidepressant and antisuicidal effi-
cacy according to greater reductions in MADRS and
C-SSRS scores; our study team has reported these find-
ings in detail elsewhere and they will be published soon.”
Previous studies suggest that anxious depression in
adolescents may have a lower response to conventional
antidepressant medication than non-anxious depression
in this group.3 For the new drug esketamine, we found
a relatively greater antisuicidal effect in adolescents
with non-anxious depression than in those with anxious
depression, according to the C-SSRS Ideation remission
rate 24 hours immediately after treatment (72.7% vs
18.8%), and the effect persisted at 1 week after treatment
(90.9% vs 43.8%). Although no statistically significant
difference was found between anxious and non-anxious
status on the C-SSRS Ideation response rate, it was
numerically higher in the non-anxious group than in the
anxious group (90.9% vs 62.5%). In addition, the post
hoc analysis also showed that non-anxious patients had
a greater reduction in suicidal ideation at 24 hours post-
treatment. However, no significant group main effect or
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Figure 2 Effect of esketamine and midazolam in anxious
versus non-anxious depressed patients at baseline through
day 33. Panels A-C show the change from baseline for
suicidal ideation and depressive symptoms during the study
period (days 0-33). Panels D-E show psychotomimetic

and dissociative symptoms in anxious versus non-anxious
depressed patients at baseline through day 33. Values co-
varied for baseline score, duration of iliness, antidepressant
class and augmentation therapy. *p<0.05. Using post hoc test
between non-anxious/esketamine and anxious/esketamine
groups. BPRS, Brief Psychiatric Rating Scale; CADSS,
Clinician-Administered Dissociative Symptoms Scale; C-
SSRS, Columbia Suicide Severity Rating Scale; MADRS,
Montgomery-Asberg Depression Rating Scale.
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drug-by-group interaction was found. The sample size for
each group was small, so the results are insufficient, but
they can reflect potential acute treatment differences.
However, this benefit was temporary and could not be
maintained over time, given that there were no signifi-
cant differences between the anxious and non-anxious
groups at 2 and 4 weeks post-treatment.

Adult studies have shown inconsistent results of
ketamine’s antidepressant effect on anxious and non-
anxious depression. In a placebo-controlled RCT,
ketamine was administered at different doses—0.1, 0.2,
0.5 and 1.0 mg/kg—and the results showed that the
antidepressant effect of ketamine did not differ between
patients with TRD with anxious and non-anxious depres-
sion.'? In addition, a randomised, midazolam-controlled
study involving 36 patients with treatmentresistant
bipolar depression who received a single infusion of
ketamine showed an equally rapid and robust reduction
in depressive symptoms.11 However, an open-label study
of 26 patients with TRD who received a single dose of
ketamine showed that patients with anxiety responded
better to ketamine than those without anxiety, with a
significantly longer time—to-relapse.10 Our previous study
of adults with TRD who received repeated-dose ketamine
showed that, compared with patients with pure melan-
cholic or melancholic-anxious features, those with pure
anxiety took less time to achieve response/remission
and showed more improvement in depression, anxiety
and suicidal ideation.'* The current study is the first to
examine whether the anxious subtype is associated with
better treatment outcomes following repeated-dose esket-
amine treatment in adolescents. However, we failed to
replicate our previous results from adult data.

Psychotomimetic and dissociative symptoms were
common acute adverse effects during short-term treat-
ment with low-dose ketamine, but these adverse effects
were mild and transient and generally resolved within
1-2hours following ketamine administration.” Although
the mixed model revealed no significant drug-by-group
interaction in the CADSS score, the post hoc analysis
showed that anxious patients suffered dissociative symp-
toms with greater severity than non-anxious patients
at 30min postinitial esketamine infusion. Participants
treated with midazolam did not show this difference
between the groups. Dissociative symptoms are present
in various mental disorders, including post-traumatic
stress disorder, borderline personality disorder, conver-
sion disorder, anxiety and depressive disorder.”” *° Tt
was reported that high anxiety levels were important
in the development of dissociation.”” Individuals with
high anxiety sensitivity may experience higher peritrau-
matic dissociation levels, and these individuals could
have a higher predisposition for post-traumatic stress
disorder in the future.® In addition, patients suffering
dissociative symptoms for the first time may have diffi-
culty understanding and accepting these symptoms and
may even feel fearful, especially individuals with anxiety
features.” 1 For example, according to the Canadian

Network for Mood and Anxiety Treatments Task Force
guidelines, 50%-80% of ketamine-treated patients experi-
ence mild-to-moderate dissociative symptoms.*' However,
ketamine in adult TRD revealed no difference in CADSS
and BPRS scores between the anxious and non-anxious
groups.'’ " Future studies should be conducted to deter-
mine the psychological characteristics of adolescents so
that ketamine and esketamine can be used safely to help
them cope with affective disorders.

No cognitive deterioration following three infusions
of esketamine treatment was observed in the studied
adolescents. Conversely, improvement in processing
speed was observed postinfusion. Esketamine had
equally short-term cognitive effects for adolescents with
or without anxious depression, which was inconsistent
with the observation of ketamine and traditional anti-
depressants in adult studies. For example, our previous
study of six infusions of ketamine involving adult TRD
suggested improvement in cognitive function, including
processing speed and verbal learning. This was observed
in the anxious group but not in the non-anxious group.'’
Also, better verbal learning was reported in patients with
anxious depression at baseline and the end of week 8
after conventional antidepressant treatment.”’

Limitations

Several limitations should be acknowledged. First, the
post hoc analysis of this study made unequal sample sizes
and baseline characteristics of anxious and non-anxious
groups, which may be susceptible to type I error. Second,
in our study, 84.8% of patients with anxious depres-
sion were concomitantly treated with benzodiazepines,
significantly more than those with non-anxious MDD.
Previous studies suggested concomitant benzodiazepine
use may attenuate ketamine’s antidepressant outcome.*
Possible interference of benzodiazepines with esket-
amine’s effects, especially in the anxious group, cannot
be ruled out. Third, other oral antidepressant medica-
tions were provided concomitantly with the study drug.
Thus, a synergistic (not independent) benefit of esket-
amine combined with oral antidepressant medication
cannot be completely ruled out as the reason for mood
improvement.

Implications

The present results suggest the possibility that, in adoles-
cents with MDD and suicidal ideation, three infusions of
low-dose esketamine as an adjunct to oral antidepressant
therapy had a greater acute antisuicidal effect in individ-
uals without anxiety than those with anxiety. However,
this benefit was temporary and could not be maintained
over time. Moreover, esketamine seemed to be equally
antidepressant-effective and safe for treating adolescent
MDD with or without anxiety.
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