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ABSTRACT
Objective: Esketamine, the S-enantiomer of ketamine, was 
recently approved as a rapid-acting intranasal therapy for 
depression and is currently under development for suicidality. 
The authors sought to determine the efficacy of adjunctive 
intranasal esketamine in major depressive disorder (MDD).

Data Sources: A systematic search of PubMed/MEDLINE was 
conducted up to January 2019, in addition to abstracts of 
major psychiatric meetings held since 2010. Searches were 
conducted by cross-referencing the term intranasal with the 
term esketamine. Where necessary, authors and/or study 
sponsors were contacted in order to obtain a copy of the 
presentation as well as any pertinent study details.

Study Selection: 241 study abstracts were initially identified 
and reviewed. Selected studies were randomized, double-
blind clinical trials comparing adjunctive intranasal 
esketamine to adjunctive placebo for MDD.

Data Extraction: Data were extracted independently by two 
of the authors. A random effects model was used to calculate 
the standardized mean difference (SMD) between esketamine 
and placebo (intranasal saline) in the Montgomery-Asberg 
Depression Rating Scale (MADRS) score change from baseline 
to endpoint, serving as the primary outcome of the study.

Results: Five trials with 774 patients were pooled. Adjunctive 
esketamine was significantly more effective than placebo 
for MADRS score change, response, and remission (N = 774, 
SMD = 0.36, 95% CI = 0.24–0.49, P < .0001; response: risk ratio 
[RR] = 1.40, 95% CI = 1.22–1.61, P < .0001; remission: RR = 1.45, 
95% CI = 1.20–1.75, P < .0001). Results remained statistically 
significant regardless of differences in the study sample, fixed 
vs new/optimized baseline antidepressants.

Conclusions: Adjunctive intranasal esketamine for patients 
with MDD who are either treatment-resistant or acutely 
suicidal appears to be an effective treatment strategy.
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Major depressive disorder (MDD) is a common medical 
disorder with a lifetime prevalence of 16.2% for adults in 

the United States. The pathophysiology and drug development 
of MDD has mostly been dominated by the monoamine 
hypothesis.1 However, in the past two decades, there has been 
a considerable effort to uncover novel molecular targets and 
brain circuitry abnormalities underlying the neurobiology of 
depression.2–4

The glutamatergic neurotransmission has garnered the 
most attention, with ketamine, an N-methyl-d-aspartate 
(NMDA) receptor antagonist and glutamatergic modulator, 
showing considerable promise as a breakthrough rapid-acting 
antidepressant therapy in treatment-resistant depression 
(TRD).5,6 Randomized controlled trials have demonstrated 
intravenous ketamine’s robust and consistent antidepressant 
effects.7–9 With ketamine’s very poor oral bioavailability 
due to extensive first-pass metabolism,10,11 the intravenous 
(IV) route has been the preferred and most studied mode of 
administration, although not without its logistical pitfalls; the 
requirement of twice- or thrice-weekly infusion visits, along with 
the repeated insertion of IV lines, represent significant patient 
burden and inconvenience. This has led to the consideration 
of more convenient routes, such as the intranasal formulation. 
The latter was shown to have a bioavailability of approximately 
45%–50% across different racial and age groups, surpassing the 
bioavailability of oral, sublingual, and rectal formulations.10,11

Esketamine, the S-enantiomer of ketamine, was recently 
approved by the US Food and Drug Administration as an 
intranasal augmentation therapy to a newly started antidepressant 
for TRD (2 or more failed treatment trials).12 It has a high 
affinity for the NMDA receptor, resulting in a significantly 
higher potency than the R-enantiomer.13,14 Published studies 
investigating esketamine’s antidepressant efficacy have been 
encouraging.15,16 In a phase 2 randomized, placebo-controlled 
trial, repeated administration of intranasal esketamine 56 mg 
and 84 mg in patients with TRD demonstrated a rapid and robust 
antidepressant response.15 Since then, a number of clinical trials 
have examined the role of intranasal esketamine in MDD. The 
goal of this work is to review these trials and provide an overall 
estimate of the efficacy of intranasal esketamine in MDD. 

METHODS

Data Sources and Search Strategy
Studies were first identified using searches of PubMed/

MEDLINE up to January 2019. Searches were conducted by 
cross-referencing the term intranasal with the term esketamine. 



Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2020 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

e2     J Clin Psychiatry 81:4, July/August 2020

Papakostas et al	

Clinical Points
■■ Intranasal esketamine is a recently approved drug for the 

treatment of depression.
■■ Augmentation of antidepressants with intranasal 

esketamine is an efficacious treatment strategy in major 
depressive disorder.

No language or year of publication restrictions were used. 
We also obtained the program syllabi and searched the 
abstracts of major psychiatric meetings held since 2010 
(American Psychiatric Association, American Society 
of Clinical Psychopharmacology, European College of 
Neuropsychopharmacology, Collegium Internationale 
Neuropsychopharmacologicum, Society of Biological 
Psychiatry, World Federation of Societies of Biological 
Psychiatry, World Psychiatric Association, International 
Society for Affective Disorders). Authors or study sponsors 
were contacted in order to obtain a copy of the presentation 
as well as any pertinent study details.

Study Selection
We selected randomized, double-blind clinical trials 

comparing adjunctive treatment of standard antidepressants 
with intranasal esketamine for MDD. Further, we selected 
studies that used intranasal placebo augmentation as a 
comparator. We then selected studies that also met all of the 
following inclusion criteria:

1.	 Studies that used either the Hamilton Depression 
Rating Scale (HDRS)17 or the Montgomery-Asberg 
Depression Rating Scale (MADRS)18 as their 
primary outcome measure 

2.	 Studies that exclusively focused on patients with 
MDD.

Reports were excluded if they exclusively focused on 
the treatment of patients with bipolar disorder, dysthymic 
disorder, psychotic MDD, minor depressive disorder, or 
seasonal affective disorder or depressed patients with a 
specific medical condition or active alcohol or substance 
abuse disorders. Reports not describing original data (ie, 
containing data published elsewhere) and those that were not 
focused on the acute phase of treatment (ie, continuation, 
maintenance, relapse prevention) were excluded. For 
multiple poster presentations of a trial, the most recent 
presentation was used.

Data Extraction
Data were extracted with the use of a pre-coded form. The 

following data were extracted from studies included in the 
meta-analysis: the criteria used to establish the diagnosis of 
MDD, the number of patients randomized to each treatment 
arm, the design of the trial (ie, parallel, parallel-sequential, 
crossover), the duration of the trial, medication and dosing, 
the primary outcome measure used (HDRS or MADRS), 
response rates, remission rates, and mean change in scores 
from baseline and their corresponding standard deviations 

for the primary outcome measure. Data were extracted 
independently by two of the authors (G.I.P., N.C.S.), and 
any discrepancies were resolved in a joint meeting when 
compiling the final dataset. To evaluate the quality of clinical 
trials, a Jadad score19 was calculated for each trial (Table 1). 
Additionally, a funnel plot and Egger test were conducted 
for assessment of publication bias (Supplementary Figure 1).

Quantitative Data Synthesis
The primary outcome of the meta-analysis was to 

compare the standardized mean difference (SMD) in change 
in primary outcome scores between adjunctive esketamine 
and placebo. The secondary outcome was to compare the 
risk ratio (RR) for response and remission between these 
two groups. Time point of interest was study endpoint. To 
accomplish this, we pooled the estimates of SMD in change 
scores and response and remission rates among studies after 
examining for homogeneity using the test statistic proposed 
by DerSimonian and Laird.20 To calculate estimates, where 
response or remission rates were 0, 0.5 was added to rates in 
both treatment groups. We presented as our final estimate 
the findings of the random effects model; this model is more 
conservative than the fixed-effects model and incorporates 
both within-study and between-study variance. Exploratory 
analyses included evaluating TRD studies separately, 
evaluating trials in which the augmented antidepressant is 
newly introduced and/or optimized. All exploratory analyses 
were conducted in an identical fashion as the primary and 
secondary analyses. All analyses utilized the meta package 
of meta-analytic tools as implemented in Stata 15 (College 
Station, Texas; StataCorp LP). 

RESULTS

Initially, 241 abstracts were identified with the use of 
PubMed/MEDLINE. Of these, 233 involved trials in different 
medical conditions or healthy volunteers, reviews, opinions, 
surveys, chart reviews, case studies/series, or uncontrolled 
biomarker studies that did not meet the inclusion criteria. The 
remaining 8 abstracts described double-blind, randomized 
studies in depression. These 8 articles were obtained and 
reviewed thoroughly. Six of these articles were excluded, 
because 2 focused on the administration of esketamine to 
healthy volunteers21,22; 3 employed an intravenous,9,16,23 
intramuscular,23 or subcutaneous23 formulation of either 
esketamine16 or ketamine9,23; and 1 employed an intranasal 
formulation of ketamine.24 The remaining 2 articles15,25 were 
included in the meta-analysis.

Five additional clinical trials were identified as recently 
completed, unpublished poster presentations at scientific 
meetings.26–30 Two of these were excluded because they 
focused on continuation and maintenance therapy,26,30 while 
the remaining 327,28,30 were included in the meta-analysis, for 
a total of 5 included trials (Supplementary Figure 2). One of 
the trials employed a sequential-parallel comparison design 
(SPCD),15 resulting in separate meta-analytic entries for 
stages I and II.
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We were able to obtain efficacy data (standardized mean 
difference of change in scores and response and remission rates) 
on each clinical trial’s primary outcome measure for all 5 trials 
(Table 1 for trials information). Thus, the meta-analysis was 
all-inclusive, with all existing studies pooled involving a total 
of 774 MDD outpatients randomized to adjunctive treatment 
with either intranasal esketamine or placebo. Outcome measure 
uniformity across studies was optimal, since all trials involved 
the use of MADRS as the study primary outcome measure.

Analysis of Primary and Secondary Outcome Measures
Augmentation of standard antidepressants with intranasal 

esketamine resulted in greater MADRS score reduction than 
adjunctive intranasal placebo. Specifically, across the trials, the 
SMD was 0.36 (95% CI = 0.24–0.49, P < .0001) (Figure 1; Table 
2). Accordingly, RRs for response and remission were 1.40 (95% 

CI = 1.22–1.61, P < .0001) and 1.45 (95% CI = 1.20–1.75, 
P < .0001) (Figures 2 and 3; Table 2). Exploratory analyses 
were conducted involving (1) subdividing studies 
into those examining pure TRD populations (thus, 
excluding Canuso et al25) and (2) examining studies in 
which augmented antidepressants were initiated upon 
randomization and/or optimized during the double-
blind phase25,27,28,30—incidentally, these were of 4 weeks’ 
duration. Results of exploratory analyses are also outlined 
in Table 2.

DISCUSSION

In this systematic review and meta-analysis, 5 clinical 
trials involving intranasal esketamine were pooled, 
involving a total of 774 subjects. Due to the use of 
multiple doses in 2 trials, and the SPCD design in 1, these 
yielded a total of 11 esketamine-placebo comparator 
arms. Augmentation of antidepressants with intranasal 
esketamine was significantly more effective than placebo 
augmentation for MADRS score change and response as 
well as remission. Specifically, the SMD in MADRS scores 
across studies was 0.36, indicating a difference in change 
in MADRS scores between active treatment and placebo 
equal in magnitude, approximately, to one third of a pooled 
standard deviation (standard deviations across studies 
ranged from, approximately, 6 to 14 MADRS points). In 
addition, the pooled risk ratios for response and remission 
were 1.4 and 1.45, respectively, indicating a 40% and 45% 
higher chance of response and remission for intranasal 
esketamine than placebo. In terms of raw pooled response 
and remission rates at study endpoint, these figures were 
53.2% versus 36.4% and 38.5% versus 24.7% for intranasal 
esketamine versus placebo, yielding numbers needed to 
treat (NNTs) of, approximately, 6 and 7.

Figure 1. Forest Plot of Standardized Mean Difference (SMD) in Change in Primary Outcome Scores Between 
Adjunctive Esketamine (EK) and Placebo

Study SMD (95% CI) % Weight

Daly et al, 201815 Stage I 28 mg EK (N = 44) −0.50 (−1.19 to 0.19) 3.4

Daly et al, 201815 Stage I 56 mg EK (N = 44) −0.77 (−1.47 to −0.07) 3.3

Daly et al, 201815 Stage I 84 mg EK (N = 45) −1.07 (−1.77 to −0.37) 3.4

Daly et al, 201815 Stage II 28 mg EK (N = 14) −0.44 (−1.51 to 0.64) 1.4

Daly et al, 201815 56 mg EK (N = 15) −0.60 (−1.65 to 0.46) 1.5

Daly et al, 201815 84 mg EK (N = 11) −1.04 (−2.32 to 0.24) 1.0

Canuso et al, 201825 84 mg EK (N = 66) −0.26 (−0.75 to 0.22) 7.0

Fedgchin et al, 201930 56 mg EK (N = 219) −0.29 (−0.56 to −0.02) 23.1

Fedgchin et al, 201930 84 mg EK (N = 206) −0.27 (−0.55 to 0.00) 21.7

Popova et al, 201927 56–84 mg EK (N = 201) −0.34 (−0.61 to −0.06) 21.2

Ochs-Ross et al, 201928 28–84 mg EK (N = 123) −0.34 (−0.69 to 0.02) 12.9

Overall (95% CI) −0.36 (−0.49 to −0.24)

  0
SMD

 

Table 2. Primary and Exploratory Meta-Analyses
Intranasal

Esketamine
Augmentation

Intranasal
Placebo

Augmentation
Estimate

(SMD or RR) P Value
Total pooled sample
Sample size 442 332
SMD 0.36 < .0001
Response (%) 53.2 36.4 1.4 < .0001
Remission (%) 38.5 24.7 1.45 < .0001
TRD subjects only (without Canuso et al25)
Sample size 407 301
SMD 0.37 < .0001
Response (%) 50.2 31.3 1.41 < .0001
Remission (%) 35.8 22.2 1.45 < .0001
New/optimized antidepressant sample (without Daly et al15)
Sample size 408 299
SMD, day 28 0.30 < .0001
Response (%), day 28 55.1 39.8 1.38 < .0001
Remission (%), day 28 40 27 1.42 < .0001
Abbreviations: RR = risk ratio, SMD = standardized mean difference, 

TRD = treatment-resistant depression.
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Most importantly, these figures remained statistically 
significant and at least of comparable magnitude regardless 
of whether we focused on TRD subjects only, whether the 
underlying antidepressant was kept constant or optimized 
during the double-blind period (although the magnitude 
of the difference was much larger among studies where 
the augmented antidepressant was kept at a fixed dose 
[SMD = 0.6, risk ratio for response 2.94]).

In order to place these findings into clinical perspective, 
it is worth noting that our previously estimated NNT for 
response to antidepressant monotherapy in standard 
MDD clinical trial populations (not selected for treatment 
resistance or acute suicidality) among published trials was, 
approximately, 6.31,32 In fact, one could argue that the real 
NNT of antidepressant monotherapy for TRD patients and 
including unpublished studies (which are often negative) is 
much lower (the pooled response rates for antidepressant 
nonresponders in switch studies from a meta-analysis33 was 
39%, while the range of response rates in the Sequenced 
Treatment Alternatives to Relieve Depression study for 
antidepressant monotherapy after patients who failed 2 

treatments was only 13.4%–16.5%).34 Yet, in the present 
analysis, the NNT at 4 weeks for response and remission 
for intranasal esketamine versus placebo among trials 
focusing on resistant or suicidal patients, where either 
a new antidepressant was introduced or the existing 
antidepressant was optimized was, approximately, 6 and 7, 
respectively. This indicates that adjunctive treatment with 
these agents produces an effect that is at least equal to the 
overall effect of standard antidepressants, thereby doubling 
the efficacy of the overall intervention (antidepressant 
optimization plus augmentation). In yet another clinically 
relevant contrast, the NNT for response to augmentation 
with atypical antipsychotics versus placebo in patients with 
resistant depression has been noted as, approximately, 9 
(olanzapine, risperidone, quetiapine, and aripiprazole),35,36 
despite the underlying antidepressant being established 
well prior to randomization and continued at a fixed dose 
during the double-blind period in most of those trials. 
Taken together, these contrasts point to a treatment effect 
for intranasal esketamine that is larger than those of standard 
antidepressants or atypical antipsychotics in TRD.

Figure 2. Forest Plot of Risk Ratio (RR) of Response Rate Between Adjunctive Esketamine (EK) and Placebo

Daly et al, 201815 Stage I 28 mg EK (N = 44); RR response: 1.5
Daly et al, 201815 Stage I 56 mg EK (N = 44); RR response: 3

Daly et al, 201815 Stage I 84 mg EK (N = 45); RR response: 6.9
Daly et al, 201815 Stage II 28 mg EK (N = 14); RR response: 1.5

Daly et al, 201815 56 mg EK (N = 15); RR response: 0.7
Daly et al, 201815 84 mg EK (N = 11); RR response: 2.4

Canuso et al, 201825 84 mg EK (N = 66); RR response: 1.4
Fedgchin et al, 201930 56 mg EK (N = 219); RR response: 1.4
Fedgchin et al, 201930 84 mg EK (N = 206); RR response: 1.4

Popova et al, 201927 56–84 mg EK (N = 201); RR response: 1.3
Ochs-Ross et al, 201928 28–84 mg EK (N = 123); RR response: 2.0

Combined
Risk Ratio of Response

Random effects estimation (95% CI): 1.4 (1.2 to 1.6); P < .0001
 

Figure 3. Forest Plot of Risk Ratio (RR) of Remission Rate Between Adjunctive Esketamine (EK) and Placebo

Daly et al, 201815 Stage I 28 mg EK (N = 44); RR remission: 3
Daly et al, 201815 Stage I 56 mg EK (N = 44); RR remission: 3

Daly et al, 201815 Stage I 84 mg EK (N = 45); RR remission: 8.3
Daly et al, 201815 Stage II 28 mg EK (N = 14); RR remission: 1.5

Daly et al, 201815 56 mg EK (N = 15); RR remission: 0.7
Daly et al, 201815 84 mg EK (N = 11); RR remission: 2.4

Canuso et al, 201825 84 mg EK (N = 66); RR remission: 1.4
Fedgchin et al, 201930 56 mg EK (N = 219); RR remission: 1.2
Fedgchin et al, 201930 84 mg EK (N = 206); RR remission: 1.3

Popova et al, 201927 56–84 mg EK (N = 201); RR remission: 1.7
Ochs-Ross et al, 201928 28–84 mg EK (N = 123); RR remission: 2.6

Combined
Risk Ratio of Remission

Random effects estimation (95% CI): 1.4 (1.2 to 1.7) P < .0001
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At first glance, it appears that treatment effects seen with 
repeated infusions of intravenous ketamine in TRD are 
greater than with the intranasal preparation. Specifically, 
the results of a randomized, double-blind trial of repeated 
doses (either 2 or 3 times per week) of intravenous ketamine 
(0.5 mg/kg) in TRD9 showed a NNT for response at week 2 
for twice (similar to all trials in this meta-analysis) or thrice 
a week dosing of nearly 2. However, it should be pointed 
out that (1) repeated dose-administration studies involving 
intravenous esketamine, a more potent NMDA antagonist 
than ketamine, have not been studied and may have yielded 
different results, while (2) the aforementioned repeat-dose 
intravenous ketamine study did not involve concurrent 
antidepressant optimization, a study design element that 
serves to enhance effect sizes because of a smaller treatment 
effect in the control group, and (3) intravenous studies were 
dosed by weight whereas intranasal studies were not.37,38 
Thus, it would be worthwhile for future studies to shed light 
on the actual difference in efficacy between intravenous 
and intranasal esketamine. If, in turn, there is a substantial 
difference in favor of the intravenous route, it would be 
interesting to test the efficacy, safety, and tolerability of 
achieving remission with IV esketamine and maintaining 
remission with IV esketamine versus intranasal esketamine, 
the latter having established maintenance efficacy26,29 and 
being easier to administer.

There are several limitations to this analysis. First and 
foremost, there may be other studies with different results that 
were not published or presented and thus not included in this 
analysis. Definitions of treatment resistance are still evolving, 
and there is no single standard across all pooled studies.39 
Yet, the methods used to define treatment resistance in the 
atypical trials were relatively more rigorous than previous 
augmentation trials, often including state of the art measures 
of resistance such as the MGH Antidepressant Treatment 
History Questionnaire40 as well as remote assessment of 
subject eligibility such as SAFER.41 In addition, while the 
number of patients included in these trials is fairly large, 
the number of trials on which this trial level data analysis 
is based is relatively limited. Furthermore, the vast majority 
of the dataset involves adjunctive use along with approved 
antidepressant drugs. Thus, the role of this agent when 
used alone or in conjunction with other nonpharmacologic 
antidepressants (ie, psychotherapy, transcranial magnetic 
stimulation, or natural remedies) for patients who wish to 
avoid side effects associated with traditional antidepressant 
treatment remains unclear. Additionally, the studies reviewed 
had different durations, and the primary outcome was 
defined after a variable number of days and/or esketamine 
treatment doses. Finally, the present dataset exclusively 
addresses twice-weekly treatment. Whether more frequent 
treatment is efficacious for subjects who do not respond to 
twice-a-week therapy should be studied.

In conclusion, augmentation with intranasal esketamine 
for patients with MDD who are either treatment-resistant or 
acutely suicidal appeared to be more effective than adjunctive 
placebo in terms of symptom reduction and response and 

remission rates in this meta-analysis. Given that the majority 
of studies involved either introducing a new antidepressant 
or actively optimizing one during the double-blind phase of 
the study (as opposed to the more traditional augmentation 
study design involving pre-established antidepressant 
therapy that remains constant during the study),42 these 
results indicate a larger effect size with intranasal esketamine 
than traditional approved antidepressants or antipsychotics 
in MDD.
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Supplementary Figure 1 

Funnel Plot and Egger Test for Response Rate 

Egger test: bias = 0.6083153 (95% CI = -0.1082251 to 1.324856), P = 0.087 

It is illegal to post this copyrighted PDF on any website. ♦ © 2020 Copyright Physicians Postgraduate Press, Inc.



Funnel Plot and Egger Test for Remission Rate 

Egger test: bias = 0.5785872 (95% CI = -0.2115034 to 1.368678), P = 0.132 
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