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Rapid Onset of Intranasal Esketamine in Patients with Treatment
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A Meta-Analysis
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Objective: We performed a meta-analysis of randomized double-blinded placebo controlled trials (DB-RCTs) to inves-
tigate efficacy and safety of intranasal esketamine in treating major depressive disorder (MDD) including treatment re-
sistant depression (TRD) and major depression with suicide ideation (MDSI).

Methods: Mean change in total scores on Montgomery-Asberg Depression Rating Scale (MADRS) from baseline to differ-
ent time-points were our primary outcome measure. Secondary efficacy measures included rate of remission of depres-
sion and resolution of suicidality.

Results: Eight DB-RCTs (seven published and one un-published) covering 1,488 patients with MDD were included.
Esketamine more significantly improved MADRS total scores than placebo starting from 2—4 hours after the first admin-
istration (standardized mean difference, —0.41 [95% ClI, —0.58 to —0.25], p < 0.00001), and this superiority main-
tained until end of double-blinded period (28 days). Sub-group analysis showed that superior antidepressant effects
of esketamine over placebo in TRD and MDSI was observed from 2—4 hours, which was maintained until 28 days.
Resolution of suicide in MDSI was also greater for esketamine than for placebo at 2—4 hours (OR of 2.04, 95% Cls,
1.37 to 3.05, p = 0.0005), but two groups did not statistically differ at 24 hours and day 28. Total adverse events
(AEs), and other common AEs including dissociation, blood pressure increment, nausea, vertigo, dysgeusia, dizziness,
and somnolence were more frequent in esketamine than in placebo group.

Conclusion: Esketamine showed rapid antidepressant effects in patients with MDD, including TRD and MDSI. The study
also suggested that esketamine might be associated with rapid anti-suicidal effects for patients with MDSI.
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INTRODUCTION

Major depressive disorder (MDD) is a common debili-
tating disease with a lifetime prevalence of 15—20%, and
it is known to cause severe functional impairment [1,2].
Multiple antidepressants are available, but approximately
one-third of patients with MDD fail to achieve adequate
response or remission and become treatment-resistant de-
pression (TRD) [3]. Besides low remission and response
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rate, delayed onset of efficacy is another important limi-
tation of conventional antidepressants [4,5]. Moreover,
around 10—20% of patients with MDD attempt suicide
over their lifetimee, and 3.4% of patients with MDD ac-
tually commit or complete suicide [6,7]. However, due to
therapeutic lag between administration of antidepressant
and onset of clinical improvement, patients having major
depression with suicide ideation (MDSI) remain sympto-
matic and at risk of suicidal behavior and self-harm for
more than two weeks [8]. The monoamine hypothesis of
depression received criticisms for more than a decade,
and studies suggested that patients with TRD may need
novel antidepressants with different mechanisms of action
[9,10]. Thus, additional antidepressant having novel
mechanism of action, higher potency, faster onset of ac-
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tion, and anti-suicidal effect are urgently needed [11].

Esketamine is a nonselective, noncompetitive antagonist
at the N-methyl-D-aspartate (NMDA) receptor which modu-
lates glutamatergic transmission [12]. It is an S-enantiomer
of ketamine, which is known to have a higher affinity for
the NMDA receptor than the R-enantiomer [13]. The US
Food and Drug Administration (FDA) approved intranasal
esketamine in conjunction (augmentation) with an oral
antidepressant first for the treatment of TRD in 2019 [14].
Three double-blinded randomized placebo controlled tri-
als (DB-RCTs) have shown its anti-suicidal effect [15-17],
so the US FDA further approved intranasal esketamine
augmentation to treatment depressive symptoms in adults
with MDD having suicidal ideation or behavior [18].

An earlier study of intranasal esketamine showed its
rapid onset of action in TRD [19]. However, findings from
subsequent DB-RCTs of intranasal esketamine have been
mixed in terms of its rapid antidepressant effect [20,21].
Although studies confirmed its anti-suicidal effects in pa-
tients with MDSI, but whether or not the anti-suicidal ef-
fects are rapid is still obscure. In terms of understanding
efficacy and safety of a new drug, meta-analysis is im-
portant because it can overcome limitation of small sam-
ple sizes, increase statistical power of group comparisons,
enhance generalizability of DB-RCTs, and quantify incon-
sistencies of DB-RCTs [22,23]. An initial meta-analysis for
intranasal esketamine showed that significant superiority
of intranasal esketamine over placebo with regard to re-
sponse and remission in patients with MDD were noted as
early as two hours [24]. However, the study included only
four DB-RCTs which precluded more detailed elucidation
of publication bias for outcome measures. In addition,
due to small sample size, the study was unable to confirm
its effects in MDSI. A more recent study by Papakostas et
al. [25] also showed that adjunctive intranasal esketamine
was significantly more effective than placebo for
Montgomery-Asberg Depression Rating Scale (MADRS)
score change, response, and remission. However, besides
having small study numbers (5 DB-RCTs), the timing of
primary outcome or end-point measurements differed de-
pending on the studies, but the meta-analysis did not
specify their efficacies according to different time after es-
ketamine administration. The study also failed to address
whether or not esketamine have rapid antidepressant effect.

We performed a meta-analysis and studied efficacy and
safety of intranasal esketamine in treatment of patients

with MDD. We also aimed to investigate its rapid anti-
depressive actions in patients with TRD and MDSI.

METHODS

Sources of Data

Three investigators (SMW, NKK, and YSW) independently
searched from December 1st, 2020 to January 10th, 2021
using following terms: “esketamine,” and “depression” (Mesh)
at PubMed, Embase, PubMed, PsycINFO, Cumulative
Index to Nursing and Allied Health Literature (CINAHL),
and Web of Science for published articles. No restrictions
were utilized for publication date. In terms of clinical tri-
als, Cochrane Central Register of Controlled Trials Library
and ClinicalTrials.gov (www.clinicaltrials.gov) was ex-
plored. We also manually searched reference lists from
identified articles and reviews to find additional studies.
Two other authors (HRN and HKL) re-evaluated poten-
tially eligible papers to determine whether they truly met
the selection criteria. The last two authors (CUP and
WMB) discussed and reached a consensus for disagree-
ments.

Study Criteria and Data Extraction

Primary inclusion criteria were all DB-RCTs comparing
adjunctive treatment of intranasal esketamine with stand-
ard antidepressants for MDD. To be included in our
meta-analysis, studies were required to: 1) have placebo
as a comparator, regardless of having an active com-
parator, 2) exclusively focused on patients with MDD 3)
have clearly described all inclusion and exclusion
criteria. No restrictions were utilized for severity of MDD,
gender, treatment basis (i.e., inpatient or outpatient), dose
range, or study location. Three investigators (SMW, NKK,
and YSW) who conducted initial data search also ex-
tracted the data. In addition, if a DB-RCT contained multi-
ple double-blinded phases (i.e., Daly et al. [19]), only da-
ta from the first period were extracted and analyzed. We
also assessed quality of DB-RCTs based on recom-
mendations of Cochrane Review [26].

Study Outcomes

The primary outcome measures were change of MADRS
total score from baseline to different time points until the
end of double blinded phase. The secondary efficacy
measures were rate of study-defined remission and reso-
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lution of suicidality at different time points during the
double blinded phase. In terms of safety and tolerability,
total number of adverse events (AEs) and common AEs in-
cluding dissociation, blood pressure increment, nausea,
vertigo, dysgeusia, dizziness, somnolence, and headache
were included in the meta-analysis.

Statistical Analysis

Review Manager version 5.4 software (Cochrane
Collaboration, Oxford, UK) was used to undertake stat-
istical analysis. Standardized mean difference (SMD) us-
ing method developed by Hedges (Hedges g) with 95%
confidence intervals (95% Cls) and odds ratio (OR) with
95% Cls using Mantel —Haenszel method were used for
continuous and dichotomous outcome measures respec-

tively. Cohen’s classification can be used to assess effect
size: small = SMD < 0.2, medium = SMD of 0.5, and
large = SMD > 0.8 [27]. In terms of heterogeneity, we
used I statistic and evaluated what degree of variance be-
tween studies can be attributed to actual differences be-
tween the studies rather than to chance [28]. Studies sug-
gested that I” of 75 —100% indicate considerable hetero-
geneity, and the heterogeneity threshold was defined as
50% or more in I* value and p < 0.10.

RESULTS

Study Characteristics
Initially 804 abstracts were identified with use of
Embase, PubMed, Psychinfo, and Web of Science. After a

Embase: 474
Pubmed: 50
Psychinfo: 81

Web of science: 199

Total 804 articles were identified

378 Articles were duplicates,
376 Articles were irrelevant, abstract papers, and letters

and thus excluded

50 Full-text articles were reviewed

- 10 Articles: open-label trials, case report, no placebo
- 10 Articles: not double blinded or does not assess depressive
symptoms

Therefore, 43 articles were excluded
--- 7 articles were finally selected since they were DB-RCTs

- 23 Articles: review, meta-analysis, pooled study, or post-hoc research

Total 8 DB-RCTs were selected

Clinicaltrialgov.com: 35

- 25 Clinical trials: results not available

- 1 Clinical trial: relapse prevention study

- 1 Clinical trial: open label study

- 7 Clinical trials: duplications with published studies
- 1 Unpublished DB-RCT was selected

The Cochrane Central Register of Controlled Trials: 132

- 99 Clinical trials: duplications with Pubmed (28) and Embase (71)
- 32 Clinical trials: duplications with Clinicaltrialgov.com

- 25 Clinical trials: found in ICTRP

-- 9 Clinical trials: irrelevant to treatment of depression

-- 7 Clinical trials: duplications with published trials

-- 9 Clinical trials: no results

--- 1 Unpublished was selected for the meta-analysis

Fig. 1. Schematic presentation of
studies selected in the present meta-
analysis.

DB-RCT, double-blinded, random-
ized, placebo-controlled clinical trial;
ICTRP, international clinical trials
registry platform.
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preliminary review, 754 papers were excluded because
they were either duplicates, irrelevant, or non-full articles.
The remaining 50 full-text articles were retrieved for a
more detailed evaluation. Among them seven published
DB-RCTs were included in the meta-analysis. Of the 35
records obtained from ClinicalTrials.gov and 132 studies
from Cochrane Central Register of Controlled Trials, we
found one DB-RCT having full reports which were not
published. Thus, a total of eight DB-RCTs (seven pub-
lished and one un-published) were finally selected for our
meta-analysis (Fig. 1).

Table 1 presents main characteristics of these eight
DB-RCTs. All studies were multi-centered, and six studies
[15,16,19-21,29] were multi-national while two were
conducted either in Japan [30] or US [17] only. Five trials
[19-21,29,30] involved TRD while other three [15-17] in-
volved patients with MDSI. A total of 1,488 participants
were included, and number of patients included in place-
bo and intranasal esketamine groups were 661 and 827
respectively. Four [15,16,20,21] studies used flexible doses
while other four [17,19,29,30] used fixed doses of intra-
nasal esketamine. Risk of bias assessment showed that all
studies included were good in quality in terms of their
methodologies (Supplementary Fig. 1; available online).
Publication bias could not be tested because only one tri-
al was un-published.

Efficacy

Primary endpoint: mean change of MADRS

Mean change of MADRS total score from baseline to 2 —
4 hours, 24 hours, week 1, and week 3 —4 are presented
as forest plots (Fig. 2). Intranasal esketamine more sig-
nificantly improved MADRS total scores than placebo for
treating MDD starting from 2—4 hours after the first in-
jection (SMD, —0.41 [95% CI, —0.58 to —0.25], p <
0.00001), and the significant superiority maintained at 24
hours (SMD, —0.36 [95% CI, —0.47 to —0.24], p <
0.00001), week 1 (SMD, —0.25 [95% Cl, —0.36 to —
0.13], p < 0.0001), and end of double-blinded period
(week 3—4) (SMD, —0.25 [95% Cl, —0.35t0 —0.14], p <
0.00001). Significant heterogeneities were not reported
for 2—4 hours (I = 0%, p=0.40), 24 hours (I* = 42%, p=
0.13), week 1 (I = 13%, p = 0.33), and week 3—4 (I° =
0%, p = 0.68), so we used fixed effect model for all
analyses.

We conducted sub-group analysis for patients with
TRD and MDSL. In terms of patients with TRD, MADRS
improvement was significantly more superior in intra-
nasal esketamine group than in placebo group from 2 —4
hours (SMD, —0.67 [95% CI, —1.16 to —0.17], p =
0.008) to 24 hours (SMD, —0.48 [95%Cl, —0.82to —0.13],
p=0.007), week 1 (SMD, —0.27 [95%Cl, —0.42to —0.12],
p=0.0003), and week 3—4 (SMD, —0.23 [95% Cl, —0.37
to —0.10], p=0.0007). However, only one study assessed
MADRS at 2—4 hours after the first injection (Fig. 3).
Significant heterogeneity was noted for 24 hours (I° =
73%, p=0.02), so random effect model was used. For 2 —
4 hours, week 1, and week 3 —4 fixed effect model was
utilized because no significant heterogeneity was observed.
Similar trends of rapid antidepressive effects were noted
for subgroup analysis involving patients with MDSI at 2 —
4 hours (SMD, —0.38 [95% Cl, —0.56 to —0.21], p <
0.0001), 24 hours (SMD, —0.34 [95%Cl, —0.52to —0.17],
p=0.0001), week 1 (SMD, —0.21 [95%Cl, —0.39 to —0.02],
p=0.03), and week 3—4 (SMD, —0.27 [95% Cl, —0.44
to —0.10], p=0.002) (for all heterogeneity = 0), which is
illustrated in Figure 4.

Resolution of suicide

Esketamine showed superior efficacy over placebo in
resolution of suicide at 2—4 hours after initial nasal in-
fusion with OR of 2.04 (95% Cls, 1.37 to 3.05, p =
0.0005; heterogeneity = 0%), but the two groups did not
statistically differ at 24 hours (OR = 1.15, 95% Cls, 0.80 to
1.65, p=0.46; heterogeneity = 0%) and week 3 —4 (OR =
1.32, 95% Cls, 0.91 to 1.90, p = 0.44; heterogeneity =
0%) (Supplementary Fig. 2; available online).

Rate of remission

A total of seven studies were included for comparing
rate of remission between intranasal esketamine and pla-
cebo groups at week 3 —4. Intranasal esketamine group
showed superior remission rate than placebo with OR of
1.64(95% Cls, 1.30t0 2.07, p < 0.0001; heterogeneity =
0%) at week 3 —4. In addition, superior efficacy was not-
ed at 2—4 hours (OR = 2.43, 95% Cls, 1.27 to 4.67, p=
0.007; heterogeneity = 41%, p=0.18) and 24 hours (OR =
2.47,95%Cls, 1.58t0 3.85, p < 0.0001; heterogeneity =
0%) after initial nasal esketamine infusion, but the two
groups did not differ at day 8 (OR = 1.46, 95% Cls, 0.96 to
2.23, p = 0.08; heterogeneity = 0%) (Supplementary Fig.
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A MADRS change at 2-4 hours

Std. Mean difference

Std. Mean difference

Study or subgroup Weight IV, fixed, 95% CI Year 1V, fixed, 95% CI
Canuso et al. [17] Esketamine 84 mg 1.1% -0.58[-1.07,-0.08] 2018 ————
Daly et al. [19] Esketamine 28-84 mg 1.1% -0.67[-1.16,-0.17] 2018 ———
ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 39.0% -0.25[-0.51,0.01] 2020 —a—
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 38.8% -0.45[-0.72,-0.19] 2020 _—
Total (95% Cl) 100.0% -0.41[-0.58, -0.25] 2
Heterogeneity: Chi” = 2.97, df = 3 (p = 0.40); I’ = 0% = = =
Test for overall effect: Z = 4.91 (p < 0.00001) -t 05 0 05 1
Favours Favours
[esketamine] [placebo]
B MADRS change at 24 hours Std. Mean difference Std. Mean difference
Study or subgroup Weight IV, fixed, 95% CI Year 1V, fixed, 95% CI
Canuso et al. [17] Esketamine 84 mg 58% -0.58[-1.08, -0.09] 2018 _—
Daly et al. [19] Esketamine 28-84 mg 54% -1.02[-1.54,-0.51] 2018 ——
TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 27.6% -0.25[-0.47,-0.02] 2019 ——
TRANSFORM-2 Popova et al. [20] Esketamine 56-84 mg 20.2% -0.36[-0.62, -0.09] 2019 —
ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 20.3% -0.32[-0.58, -0.05] 2020 —_—
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 20.6% -0.30[-0.56, -0.04] 2020 —
Total (95% Cl) 100.0% -0.36 [-0.47, -0.24] ‘
Heterogeneity: Chi’ = 8.55, df = 5 (p = 0.13); I’ = 42% f f f f
Test for overall effect: Z =5.86 (p < 0.00001) -1 -05 0 05 1
Favours Favours
[esketamine] [placebo]
C MADRS change at week 1 Std. Mean difference Std. Mean difference
Study or subgroup Weight 1V, fixed, 95% CI Year 1V, fixed, 95% CI
Daly et al. [19] Esketamine 28-84 mg 5.3% -0.80[-1.30,-0.30] 2018 ———
TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 25.9% -0.22[-0.45,0.00] 2019 ——
TRANSFORM-3 Ochs-Ross et al. [21] Esketamine 28-84 mg 11.7%  -0.11[-0.44,0.23] 2019 e
TRANSFORM-2 Popova et al. [20] Esketamine 56-84 mg 18.5% -0.28[-0.55, -0.02] 2019 ——
ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 19.2% -0.18[-0.44,0.08] 2020 —
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 19.4% -0.24[-0.50, 0.02] 2020 —
Total (95% ClI) 100.0% -0.25[-0.36, -0.13] ‘
Heterogeneity: Chi® = 5.78, df =5 (p = 0.33); I’ = 13% f f f f
Test for overall effect: Z = 4.19 (p < 0.0001) -1 -05 0 05
Favours Favours
[esketamine] [placebo]
D MADRS change at week 3-4 Std. Mean difference Std. Mean difference
Study or subgroup Weight IV, fixed, 95% CI 1V, fixed, 95% CI
ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 16.2% -0.34 [-0.60, -0.07] —_—
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 16.6% -0.21[-0.47, 0.05] —
Canuso et al. [17] Esketamine 84 mg 4.8% -0.26 [-0.75, 0.23] —_—
NCT02918318° 14.2% -0.01[-0.29, 0.27] —_—
TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 22.1% -0.26 [-0.48, -0.03] —
TRANSFORM-2 Popova et al. [20] Esketamine 56-84 mg 16.2% -0.33[-0.60, -0.07] —_—
TRANSFORM-3 Ochs-Ross et al. [21] Esketamine 28-84 mg 9.9% -0.33[-0.67, 0.01] e —
100.0%  -0.25[-0.35, —0.14] X 3
1 1 1 1
Total (95% ClI i J i J
Hota( A)'t)'Ch'z-397 df =6 (p = 0.68); I = 0% b 05 0 05
eterogenetly: LAl e (p=068)1=0% Favours Favours
Test for overall effect: Z = 4.55 (p < 0.00001) [esketamine] [placebo]

Fig. 2. Mean change of Montgomery-Asberg depression rating scale (MADRS) at (A) 2—4 hours, (B) 24 hours, (C) week 1, and (D) week 3 —4

between intranasal esketamine and placebo.

Std., standard deviation; Cl, confidence interval; 1V, inverse variance.

“Unpublished study.
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A MADRS change at 2-4 hours Std. Mean difference Std. Mean difference
Study or subgroup Weight IV, fixed, 95% CI Year IV, fixed, 95% CI
Daly et al. [19] Esketamine 28-84 mg 100.0% -0.67[-1.16, -0.17] 2018 —i—
Total (95% Cl) 100.0% -0.67 [-1.16, —0.17] e
Heterogeneity: Not applicable | | | |
Test for overall effect: Z = 2.65 (p = 0.008) -1-05 0 05 1
Favours Favours
[esketamine] [placebo]
B MADRS change at 24 hours Std. Mean difference Std. Mean difference
Study or subgroup Weight IV, random, 95% Cl IV, random, 95% Cl
Daly et al. [19] Esketamine 28-84 mg 23.3% -1.02 [-1.54, -0.51] —_—
TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 39.5% -0.25[-0.47, -0.02] ——
TRNASFORM-2 Popova et al. [20] Esketamine 56-84 mg 37.1% -0.38 [-0.64, -0.11] —.—
Total (95% ClI) 100.0%  -0.48[-0.82, -0.13] ‘
Heterogeneity: Tau’ = 0.07, Chi’ = 7.44, df = 2 (p = 0.02); I’ = 73% | i : |
Test for overall effect: Z=2.70 (p = 0.007) -2 -1 0 1 2
Favours Favours
[esketamine] [placebo]

C MADRS change at week 1

Std. Mean difference

Std. Mean difference

Study or subgroup Weight IV, fixed, 95% CI Year 1V, fixed, 95% CI
Daly et al. [19] Esketamine 28-84 mg 8.6% -0.80[-1.30,-0.30] 2018 ————
TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 41.8% -0.22[-0.45,0.00] 2019 ——
TRNASFORM-2 Popova et al. [20] Esketamine 56-84 mg 30.7% -0.28[-0.55, -0.02] 2019 —
TRNASFORM-3 Ochs-Ross et al. [21] Esketamine 28-84 mg  19.0% -0.11[-0.44,0.23] 2019 —
Total (95% ClI) 100.0% -0.27 [-0.42, -0.12] <&
Heterogeneity: Chi’ = 5.43, df = 3 (p = 0.14); I = 45% : : : :
Test for overall effect: Z = 3.61 (p = 0.0003) -1 -05 0 05 1
Favours Favours
[esketamine] [placebo]
D MADRS change at week 3-4 Std. Mean difference Std. Mean difference
Study or subgroup Weight IV, fixed, 95% Cl  Year IV, fixed, 95% ClI
NCT02918318° 22.8% -0.01[-0.29, 0.27] 2019 —1
TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 354% -0.26[-0.48, -0.03] 2019 —
TRNASFORM-2 Popova et al. [20] Esketamine 56-84 mg 25.9% -0.33[-0.60, -0.07] 2019 —_—
TRNASFORM-3 Ochs-Ross et al. [21] Esketamine 28-84 mg  15.9% -0.33[-0.67,0.01] 2019 e —
Total (95% Cl) 100.0% -0.23[-0.37, -0.10] ‘
Heterogeneity: Chi” = 3.38, df = 3 (p = 0.34); I’ = 11% P— —t
Test for overall effect: Z = 3.38 (p = 0.0007) -05-0250 025 0.5
Favours Favours
[esketamine] [placebo]

Fig. 3. Mean change of Montgomery-Asberg depression rating scale (MADRS) at (A) 2—4 hours, (B) 24 hours, (C) week 1, and (D) week 3 —4

between intranasal esketamine and placebo in patients with treatment resistant depression (TRD).

Std., standard deviation; Cl, confidence interval; 1V, inverse variance.

“Unpublished study.

3; available online).

Safety and Tolerability

In terms of commonly observed side effects, esket-

amine showed higher incidence of total AEs (OR = 4.23,
95% Cls, 2.85 to 6.27, p < 0.00001; heterogeneity =

55%, p=0.04), dissociation (OR =7.93, 95% Cls, 5.36 to
11.72, p < 0.00001; heterogeneity = 0%), blood pressure
increment (OR = 7.18, 95% Cls, 4.82 to 10.69, p <
0.00001; heterogeneity = 0%), nausea (OR = 3.28, 95%
Cls, 2.40t0 4.48, p < 0.00001; heterogeneity = 30%, p=
0.20), vertigo (OR = 6.22, 95% Cls, 3.97 10 9.73, p <
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A MADRS change at 2-4 hours Std. Mean difference Std. Mean difference
Study or subgroup Weight IV, fixed, 95% CI Year IV, fixed, 95% CI
Canuso et al. [17] Esketamine 84 mg 13.1% -0.59[-1.06, -0.11] 2018
ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 43.5%  -0.25[-0.51,0.01] 2020 ]
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 43.5% -0.45[-0.72, -0.19] 2020 —
Total (95% ClI) 100.0% -0.38[-0.56, -0.21] ‘
Heterogeneity: Chi* = 1.91, df = 2 (p = 0.38); I’ = 0% ; ; ; ;
Test for overall effect: Z = 4.32 (p < 0.0001) -1 -0.5 0 0.5 1
Favours Favours
[placebo] [esketamine]
B MADRS change at 24 hours Std. Mean difference Std. Mean difference
Study or subgroup Weight IV, fixed, 95% CI Year IV, fixed, 95% CI
Canuso et al. [17] Esketamine 84 mg 124% -0.58[-1.08, -0.09] 2018 —————
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 441% -0.30[-0.56, -0.04] 2020 —
ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 43.5% -0.32[-0.58, -0.05] 2020 —a—
Total (95% ClI) 100.0% -0.34[-0.52, -0.17] ‘
Heterogeneity: Chi’ = 1.05, df = 2 (p = 0.59); ¥ = 0% } } } }
Test for overall effect: Z = 3.85 (p = 0.0001) -1 -0.5 0 0.5 1
Favours Favours
[esketamine] [placebo]
C MADRS change at week 1 Std. Mean difference Std. Mean difference
Study or subgroup Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
ASPIRE-1 Fu et al. [15] Esketamine 28-84 mg 49.7% -0.18 [-0.44, 0.08] ——
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 50.3% -0.24 [-0.50, 0.02] —
Total (95% Cl) 100.0%  -0.21[-0.39, -0.02] <9
Heterogeneity: Chi” = 0.09, df = 1 (p = 0.76); I = 0% | ; ; ;
Test for overall effect: Z = 2.21 (p = 0.03) -1 -0.5 0 0.5 1
Favours Favours
[esketamine] [placebo]
D MADRS change at week 3-4 Std. Mean difference Std. Mean difference
Study or subgroup Weight 1V, fixed, 95% CI 1V, fixed, 95% CI
Canuso et al. [17] Esketamine 84 mg 12.7% -0.26 [-0.75, 0.23] —_—
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 43.1% -0.34 [-0.60, -0.07] —a
ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 44.1% -0.21[-0.47, 0.05] —
Total (95% Cl) 100.0%  -0.27 [-0.44, -0.10] ‘
Heterogeneity: Chi” = 0.47, df = 2 (p = 0.79); I’ = 0% = | = =
Test for overall effect: Z = 3.06 (p = 0.002) -t -05 0 05 1
Favours Favours
[esketamine] [placebo]

Fig. 4. Mean change of Montgomery-Asberg depression rating scale (MADRS) at (A) 2—4 hours, (B) 24 hours, (C) week 1, and (D) week 3 —4
between intranasal esketamine and placebo in major depression with suicide ideation (MDSI).
Std., standard deviation; Cl, confidence interval; IV, inverse variance.

0.00001; heterogeneity = 43%, p=0.10), dysgeusia (OR = was numerically more common in esketamine group than
1.67, 95% Cls, 1.21 to 2.31, p = 0.002; heterogeneity = in placebo group, the two groups did not differ statistically
0%), dizziness (OR = 4.47, 95% Cls, 3.27 to 6.11, p < (OR = 1.33, 95% Cls, 1.00 to 1.77, p = 0.05; hetero-
0.00001; heterogeneity = 0%), and somnolence (OR = geneity = 5%, p=0.39).

2.08,95%Cls, 1.4910 2.89, p < 0.0001; heterogeneity =
0%) compared with placebo (Fig. 5). Although headache
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A Total Odds ratio (non-event) Odds ratio (non-event)
Study or subgroup Weight M-H, random, 95% CI Year M-H, random, 95% CI
Canuso et al. [17] Esketamine 84 mg 4.6% 3.96 [0.74, 21.30] 2018 —
NCT02918318" 13.5% 13.65[6.37,29.24] 2019 —_—
TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 19.0% 3.22[1.96, 5.29] 2019 ——
TRANSFORM-2 Popova et al. [20] Esketamine 56-84 mg 16.3% 5.45[2.94,10.10] 2019 —_—
TRANSFORM-3 Ochs-Ross et al. [21] Esketamine 28-84 mg  14.6% 3.07[1.53,6.18] 2019 —_—
ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 16.5% 3.02[1.65, 5.53] 2020 —_—
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 15.5% 3.23[1.68,6.22] 2020 —_—
Total (95% Cl) 100.0% 4.23[2.85, 6.27] <&
Total events } } } }
Heterogeneity: Tau” = 0.15; Chi” = 13.46, df = 6 (p = 0.04); I’ = 55% 005 02 1 5 2
.7 = Favours Favours
Test for overall effect: Z=7.18 (p < 0.00001) [esketamine] [placebo]
B Dissociation Odds ratio (non-event) Odds ratio (non-event)
Study or subgroup Weight M-H, fixed, 95% ClI M-H, fixed, 95% CI
ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 11.7% 11.28 [3.84, 33.13]
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 22.9% 7.26 [3.33, 15.82] —_—
Canuso et al. [17] Esketamine 84 mg 12.0% 3.09[0.87, 11.01]  E—
NCT02918318° 21.8% 6.31[2.68, 14.88] —_—
TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 16.1% 10.12 [3.58, 28.61] —_—
TRANSFORM-2 Popova et al. [20] Esketamine 56-84 mg 11.7% 10.44 [3.54, 30.83]
TRANSFORM-3 Ochs-Ross et al. [21] Esketamine 28-84 mg 3.8% 9.14 [1.13, 74.29]
Total (95% ClI) 100.0% 7.93[5.36, 11.72] <
Total events } } } {
Heterogeneity: Chi’ = 3.32, df = 6 (p = 0.77); I’ = 0% 0.01 041 1 10 100
.7 = Favours Favours
Test for overall effect: Z =10.39 (p < 0.00001) [esketamine] [placebo]
C Blood pressure increment Odds ratio (non-event) Odds ratio (non-event)
Study or subgroup Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 20.8% 3.61[1.38, 9.42]
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 23.2% 7.26 [3.33, 15.82] —_——
NCT02918318° 23.9% 6.25[2.77, 14.12] —
TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 16.3% 10.12 [3.58, 28.61] —_—
TRANSFORM-2 Popova et al. [20] Esketamine 56-84 mg 11.9% 10.44 [3.54, 30.83] —_—
TRANSFORM-3 Ochs-Ross et al. [21] Esketamine 28-84 mg 3.8% 9.14 [1.13,74.29]
Total (95% Cl) 100.0% 7.18 [4.82,10.69] 2 2
Total events } } } {
Heterogeneity: Chi’ = 3.02, df = 5 (p = 0.70); I’ = 0% 0.01 0.1 1 10 100
Test for overall effect: Z = 9.69 (p < 0.00001) Favours Favours
[esketamine] [placebo]

Fig. 5. Safety and tolerability: Rate of (A) total, (B) dissociation, (C) blood pressure increment, (D) nausea, (E) vertigo, (F) dysgeusia, (G) dizziness,
(H) somnolence, and (1) headache during the double-blind phase.

Cl, confidence interval.

“Unpublished study.

DISCUSSION in patients with MDD. Our study confirmed previous re-

search by showing that augmentation of antidepressants

To the best of our knowledge, this is the largest meta- with intranasal esketamine was significantly more effec-
analysis (eight DB-RCTs with 1,488 subjects) comparing tive than with placebo for MADRS score change and de-

efficacy and safety of intranasal esketamine and placebo pression remission [24,25]. In addition, the superior treat-
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D Nausea Odds ratio (non-event) Odds ratio (non-event)

Study or subgroup Weight M-H, fixed, 95% Cl M-H, fixed, 95% ClI

ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 24.3% 1.67 [0.82, 3.40] e

ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 21.8% 3.03 [1.57, 5.85] ——

Canuso et al. [17] Esketamine 84 mg 1.4% 17.73 [2.16, 145.79]

NCT02918318° 14.1% 2.29[0.93, 5.66] —

TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 23.0% 3.55[1.83, 6.89] ——

TRANSFORM-2 Popova et al. [20] Esketamine 56-84 mg 10.1% 5.80[2.43, 13.89] —_—

TRANSFORM-3 Ochs-Ross et al. [21] Esketamine 28-84 mg 5.3% 4.55[1.23, 16.79] E—

Total (95% CI) 100.0% 3.28 [2.40, 4.48] ¢

Total events } } } }

Heterogeneity: Chi’ = 8.52, df = 6 (p = 0.20); I’ = 30% 0005 01 1 10 200

Test for overall effect: Z = 7.47 (p < 0.00001) Favours Favours
[esketamine] [placebo]

E Vertigo Odds ratio (non-event) 0dds ratio (non-event)

Study or subgroup Weight M-H, fixed, 95% ClI M-H, fixed, 95% CI

ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 4.6% 7.40[0.90, 61.17]

ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 58.2% 2.74 [1.45,5.18] —-

Canuso et al. [17] Esketamine 84 mg 2.3% 9.00 [0.46, 174.24] —

NCT02918318° 5.0% 14.57 [1.91, 111.20]

TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 10.4% 14.72 [3.51, 61.75]

TRANSFORM-2 Popova et al. [20] Esketamine 56-84 mg 10.4% 14.05 [4.14, 47.66] E—

TRANSFORM-3 Ochs-Ross et al. [21] Esketamine 28-84 mg 9.1% 3.94 [0.80, 19.27] b

Total (95% CI) 100.0% 6.22[3.97, 9.73] <&

Total events } } } }

Heterogeneity: Chi’ = 10.54, df = 6 (p = 0.10); I* = 43% 0.005 01 1 10 200

Test for overall effect: Z = 8.00 (p < 0.00001) [eslzl(e;\{(a);r}sr\e] [Elaa‘g:gg]

F Dysgeusia Odds ratio (non-event) Odds ratio (non-event)

Study or subgroup Weight M-H, fixed, 95% CI M-H, fixed, 95% CI

ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 16.2% 1.53 [0.68, 3.46] —t

ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 23.2% 1.80 [0.93, 3.47] -

Canuso et al. [17] Esketamine 84 mg 6.3% 2.38[0.72, 7.86] —

TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 32.9% 1.09 [0.58, 2.03] —n

TRANSFORM-2 Popova et al. [20] Esketamine 56-84 mg 16.3% 2.69[1.31, 5.52] —_—

TRANSFORM-3 Ochs-Ross et al. [21] Esketamine 28-84 mg 5.1% 1.22[0.26, 5.65] —_— Tt

Total (95% CI) 100.0% 1.67 [1.21, 2.31] <&

Total events } } } i

Heterogeneity: Chi” = 4.08, df = 5 (p = 0.54); I = 0% 0.02 0.1 1 10 50

Test for overall effect: Z = 3.1 (p = 0.002) Favours Favours
[esketamine] [placebo]

Fig. 5. Continued 1.

ment response and remission of intranasal esketamine
were noticeable as early as 2 —4 hours after the first intra-
nasal esketamine, and this superior efficacy lasted until
end of double blinded phase, which is week 3 —4.

By conducting subgroup analysis, we are the first one to
show that the rapid improvement of depressive symptoms
was evident in patients with TRD and MDSI. Our results
also extended previous studies and showed rapid anti-sui-

cidal effect of intranasal esketamine (resolution of suici-
dality 2—4 hours after the 1st injection) in MDSI. However,
although intranasal esketamine showed trend of superior
efficacy over placebo, the statistical significance was not
maintained at 24 hours and week 3—4. Only three stud-
ies were conducted in MDSI, so small number of clinical
trials might have been the main cause. More DB-RCTS are
needed to define rapid anti-suicidal effects of intra-nasal
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G Dizziness Odds ratio (non-event) Odds ratio (non-event)
Study or subgroup Weight M-H, fixed, 95% Cl M-H, fixed, 95% ClI
ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 14.9% 5.67 [2.66, 12.07]
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 28.5% 3.12[1.71,5.71] —
Canuso et al. [17] Esketamine 84 mg 6.5% 3.52[1.00, 12.43]
NCT02918318" 8.4% 10.07 [3.80, 26.69]
TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 23.2% 3.49[1.71,7.14] —_—
TRANSFORM-2 Popova et al. [20] Esketamine 56-84 mg 8.9% 6.16 [2.25, 16.81]
TRANSFORM-3 Ochs-Ross et al. [21] Esketamine 28-84 mg 9.7% 3.16 [1.08, 9.25]
Total (95% Cl) 100.0% 4.47 [3.27,6.11] X 3
Total events } } } {
Heterogeneity: Chi” = 5.79, df = 6 (p = 0.45); I" = 0% 0.02 01 ! 1050
- Favours Favours
Test for overall effect: Z =9.36 (p < 0.00001) [esketamine] [placebo]
H Somnolence Placebo Esketamine Odds ratio (non-event) Odds ratio (non-event)
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% ClI M-H, fixed, 95% ClI
ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 1 12 21 12 17.1% 2.12[0.97, 4.63] ——
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 12 113 26 114 17.8% 2.49[1.18, 5.22] —_—
Canuso et al. [17] Esketamine 84 mg 2 31 4 35 3.6% 1.87 [0.32, 11.00] —
NCT02918318" 14 80 34 122 23.4% 1.82[0.90, 3.67] -
TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 13 13 45 229 26.8% 1.88 [0.97, 3.65] ——
TRANSFORM-2 Popova et al. [20] Esketamine 56-84 mg 7 14 15 109 11.3% 2.44[0.95, 6.24] | E—
Total (95% Cl) 563 721 100.0% 2.08 [1.49, 2.89] ¢
Total events 59 145
Heterogeneity: Chi” = 0.58, df = 5 (p = 0.99); I = 0% } ' ' i
Test for overall effect: Z = 4.35 (p < 0.0001) 0.01 0.1 1 10 100
Favours Favours
[esketamine] [placebo]
| Headache QOdds ratio (non-event) Odds ratio (non-event)
Study or subgroup Weight M-H, fixed, 95% ClI M-H, fixed, 95% CI
ASPIRE-1 Fu et al. [15] Esketamine 56-84 mg 19.7% 1.06 [0.54, 2.09] —T—
ASPIRE-2 lonescu et al. [16] Esketamine 56-84 mg 24.8% 0.94 [0.50, 1.75] —
Canuso et al. [17] Esketamine 84 mg 71% 1.32[0.45, 3.86] e
NCT02918318° 3.9% 3.60 [1.01, 12.86]
TRANSFORM-1 Fedgchin et al. [29] Esketamine 56-84 mg 24.6% 1.28 [0.71, 2.30] T
TRANSFORM-2 Popova et al. [20] Esketamine 56-84 mg 17.8% 1.34[0.68, 2.62] o
TRANSFORM-3 Ochs-Ross et al. [21] Esketamine 28-84 mg 2.2% 4.50[0.93, 21.66]
Total (95% Cl) 100.0% 1.33[1.00, 1.77] |‘
Total events } } t } {
Heterogeneity: Chi’ = 6.28, df = 6 (p = 0.39); I = 5% 0.01 0.1 1 10 100
L7 = - Favours Favours
Test for overall effect: Z =1.93 (p = 0.05) [esketamine] [placebo]

Fig. 5. Continued 2.

esketamine.

The SMD in MADRS across different time ranged from
0.25—0.41, which equal to small~medium effect size ac-
cording to Cohen’s classification [31]. More importantly,
all efficacies including MADRS score change, remission
of depression, and resolution of suicidality were greatest
either at 2—4 hours or 24 hours after the 1st admin-
istration of intranasal esketamine. All patients in the eight

DB-RCTS were taking oral antidepressants in addition to
intranasal esketamine or placebo, so the efficacy differ-
ence between the two groups might have decreased or at-
tenuated as the onset of actions for oral antidepressants
started to show effects. In line with our hypothesis, the
mean change of MADRS from baseline to week 3 —4 was
less than four points difference in all eight DB-RCTs. Thus,
as Canuso et al. has suggested, intranasal esketamine
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could be used to overcome the efficacy gap observed be-
tween drug administration and onset of action for the con-
ventional antidepressants [17]. This therapeutic role
could be particularly important in patients having MDSI.

In terms of safety and tolerability, intranasal esketamine
showed higher total AEs than the placebo group. Since es-
ketamine was initially introduced medically as an anes-
thetic in Germany in 1997 [32], its higher risk of causing
somnolence, dizziness, and vertigo are not surprising.
The intranasal esketamine also had significantly higher
rate of nausea and dysgeusia.

The risk of intranasal esketamine causing dissociation
[33] and blood pressure increment [34] have been well
documented. Likewise, the rate of dissociation and blood
pressure increment was higher in intranasal esketamine
than in placebo with particularly higher odd ratios (7.18 —
7.93) compared with AEs. Previous studies showed that
dissociation and perceptual change symptoms peaked
shortly after esketamine administration, which generally
resolved by 2 hours after dosing [21,29]. Evidence also
showed that rate and intensity of dissociation lowered
with repeated administrations of intranasal esketamine.
Similarly, studies consistently illustrated that blood pres-
sure increment following intranasal esketamine were
transient, asymptomatic, and not associated with serious
cardiovascular complications [34]. However, number of
studies investing long-term safety and tolerability of intra-
nasal esketamine are scarce [35]. Therefore, whether or
not intranasal esketamine result in long-terms adverse
events needs further varication.

Our study contained several limitations. First, we com-
bined all doses of intranasal esketamine (28 —84 mg/day)
so were not able to conduct meta-regression and inves-
tigate its dose related efficacy, tolerability, and safety.
Second, we found one unpublished DB-RCT whish showed
negative results. There could have been more unpublished
negative trials and possibility of publication bias. Third,
we did not investigate rate and severity of diverse side ef-
fects across different time. As a result, we were not able to
confirm that important side effects such as dissociation
and blood pressure increment resolved shortly after and
attenuated as the administration of intranasal esketamine
repeated.

In conclusion, the present meta-analysis confirmed that
intranasal esketamine was effective in patients with MDD
including TRD and MDSI. Our meta-analysis further

showed that intranasal esketamine was associated with
rapid antidepressant effect for patients with TRD and
MDSI. The study also suggested that esketamine might
have rapid anti-suicidal effects for patients with MDSI.
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