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Purpose: This meta-analysis assessed whether atypical antipsychotics (AAPs) and esketamine nasal spray (ESK-NS), which are 
mechanistically distinct, differ in antidepressant outcomes.
Patients and Methods: Data were extracted from 12 trials of ESK-NS or AAPs in depressed patients (4276) with inadequate 
response or resistance to conventional antidepressants. Montgomery-Åsberg Depression Rating Scale (MADRS) score reductions from 
baseline and response rates (≥50% reduction) were analyzed.
Results: At endpoint, the estimated MADRS score reduction of pooled ESK-NS arms was greater than pooled AAP arms (+9.16 
points, p < 0.0001). The reduction also was greater in the pooled control arms of the ESK-NS trials than the pooled control arms of the 
AAP trials (+7.57 points, p < 0.0001). The mean difference in the reductions between pooled ESK-NS and control arms was 1.87 
points greater than that between pooled AAP and control arms, but this difference was not significant (95% CI: −4.49, 0.74, p = 0.16). 
Relative to their respective control arms, the mean difference in response rates was 25% for the pooled ESK-NS and 9% for the pooled 
AAP arms; the mean response rate was 16% greater in the pooled ESK-NS studies than the pooled AAP studies (p = 0.0004). 
Comparisons against specific AAPs showed mean differences in the MADRS score reductions at 1 week between the experimental and 
control arms that were numerically larger in the ESK-NS trials than in the aripiprazole trials (mean difference of 1.71 points, p = 0.06) 
and the brexpiprazole trials (mean difference of 2.05 points, p = 0.02).
Conclusion: The ESK-NS arms showed numerically larger MADRS score reductions at week-1 and endpoint, and a significantly 
larger response rate compared with AAP arms. Prospective studies involving direct comparisons are warranted to compare the relative 
efficacy between these treatment regimens.
Keywords: major depressive disorder, treatment resistant depression, adjunctive and conjunctive treatment, atypical antipsychotics, 
esketamine nasal spray, rapid-acting

Introduction
Major depressive disorder (MDD) is the leading cause of disability worldwide.1 In the US, the 12-month prevalence of 
MDD is 10.4%, and the lifetime prevalence is 20.6%.2 About 20–30% of individuals with MDD ultimately manifest 
treatment-resistant depression (TRD).3 Although no universal definition currently exists, health authorities generally 
define TRD as a failure to achieve response during the current major depressive episode following at least two different 
antidepressant treatments administered at an adequate dose and duration.4 Results from the Sequenced Treatment 
Alternatives to Relieve Depression (STAR*D) trial support the consensus that response and remission rates decrease 
significantly in patients who have not achieved response after two distinct treatment trials.5 TRD results in higher 
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mortality rates, especially from suicide, higher socio-occupational disability, increased direct and indirect costs, 
decreased quality of life, and additional burden on families and society as a whole.6–8 Therefore, unmet medical need 
exists for novel and mechanistically distinct treatments which have greater effectiveness, more rapid onset of action, and 
long-term relief of depressive symptoms for MDD patients who manifest treatment resistance.9

Current pharmacological treatment strategies for TRD consist of switching (from one antidepressant to another), 
augmentation (adding a non-antidepressant agent to an antidepressant), combination (of two or more antidepressants), 
and optimization (of dosage and duration) approaches.10,11 Among the augmentation therapies, the atypical antipsychotic 
(AAP) agents aripiprazole, brexpiprazole, and quetiapine have been approved by the US FDA as adjunctive treatments 
for patients who manifest MDD along with inadequate response to current oral antidepressant therapies.12 For the 
treatment of TRD, the AAP olanzapine in combination with the antidepressant fluoxetine has been approved by the 
FDA.12 Recently, esketamine (the S-enantiomer of ketamine racemate) nasal spray (ESK-NS) used in conjunction with 
an oral antidepressant was approved by the FDA for the treatment of TRD as well as for MDD with acute suicidal 
ideation or behavior.13 Physical therapies, such as electroconvulsive therapy and transcranial magnetic stimulation, are 
also treatment choices for TRD; however, physical therapies for TRD are not in the scope of the current study.14

ESK is the S-enantiomer of ketamine, an N-methyl-D-aspartate (NMDA) receptor antagonist. ESK is 2- to 2.5-fold 
more potent than ketamine racemate at inhibiting this receptor.15 The antidepressant effects of both ketamine and ESK 
putatively occur through direct NMDA receptor blockade on inhibitory interneurons, resulting in an increase in fast 
excitatory glutamate transmission and brain-derived neurotrophic factor release.16,17 Additionally, at exposures corre-
sponding to the antidepressant dose range, these drugs have been shown to stimulate synaptogenesis in preclinical models 
of depression-like behavior.18,19 The mechanisms of Ketamine/Esketamine have also been shown to go beyond NMDA 
antagonism and may act as multimodal agent in regulation of tonic membrane influx of Ca2+ and Na+, synaptic protein 
translation, neuroplasticity, and modulation of glycogen synthase kinase-3β.20 The mechanisms of action of ketamine and 
ESK-NS are distinct from those of conventional antidepressants, which predominantly rely on monoamine reuptake 
inhibition, as well as of AAPs, which putatively act through monoamine receptor antagonism.21,22 Given these 
differences, it has been hypothesized that the combination of these agents may produce additive, or synergistic 
antidepressant effects.23,24

Dold et al performed a meta-analysis of trial endpoint data comparing the efficacy of add-on treatment of anti-
depressants using ESK-NS versus AAPs.25 This analysis included trials in patients with MDD who had experienced an 
inadequate response to antidepressants. The authors reported a higher mean difference of MADRS total score reduction 
between active (ie, experimental agents), and their comparison control arms for the pooled ESK-NS trials compared to 
the pooled AAP trials. Notably, continued use of the antidepressant to which patients had shown inadequate response was 
implemented in both the experimental treatment and control arms in the AAP trials, while newly initiated antidepressants 
were used in the experimental treatment and control arms in the ESK-NS trials. This previous meta-analysis included 
data from AAP trials that did not result in or did not support the FDA approval for use as adjunctive therapies in MDD or 
TRD. However, including these data in the meta-analysis conceivably may have introduced bias against the AAPs in 
general. Herein, we report the results of a meta-analysis comparing data from ESK-NS and AAP studies that were limited 
to publicly available, Phase-3 pivotal trials which supported the FDA approval for each agent tested. Comprehensive 
analyses were performed at both study endpoints and earlier timepoints, and the response rates at the study endpoints also 
were examined.

Methods
Data Source
Studies were identified using the FDA new drug application (NDA) approval package on the FDA website (https://www. 
accessdata.fda.gov/scripts/cder/daf/index.cfm). We used both generic and brand names as search terms: “Abilify” for 
aripiprazole, “Rexulti” for brexpiprazole, “Symbyax” for olanzapine and fluoxetine, “Seroquel XR” for quetiapine, and 
“Spravato” for ESK-NS. Study-related datasets were extracted from the study publications in Medline/PubMed or 
directly from the FDA NDA approval package.
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Study Selection
Study selection was conducted independently by two authors (LW and GC). All included trials supported the FDA 
approval. The trials evaluated the efficacy of an AAP (aripiprazole, brexpiprazole, or quetiapine) approved in the US for 
the adjunctive treatment of MDD, an AAP (olanzapine) in combination with fluoxetine approved for use in TRD, or 
ESK-NS used conjunctively with an oral antidepressant for TRD. The full text of relevant studies was reviewed, and the 
following inclusion criteria were used: (1) Trial design: acute phase (4–12 weeks), phase-3, double-blind (DB), RCTs; (2) 
Study population: a) male or female adult patients ages 18–65 years, inclusive; b) diagnosis of a current episode of 
MDD; c) participants must have experienced inadequate response to at least one trial of conventional antidepressant 
treatment prior to enrollment; (3) Intervention: in the active (intervention) arms, participants received either AAPs 
administered adjunctively with oral antidepressants or ESK-NS in conjunction with oral antidepressants, and in the 
control arms, participants received placebo (IN or P.O.) with adjunctive or conjunctive oral antidepressants. Outcome 
measures were a) the mean change of depressive symptoms, evaluated using the mean change in Montgomery-Åsberg 
Depression Rating Scale (MADRS) total score from baseline to study endpoint as well as to the end of weeks 1, 2 and 4 
during the DB induction phase; b) response rates at endpoint, defined as the proportion of patients who achieved at least 
a 50% reduction in the MADRS score from baseline (Supplementary Table S1).

Data Extraction
Study datasets were extracted systemically by one author (LW) and reviewed by another author (GC). The weekly mean 
MADRS total score changes from baseline during the DB induction phase of ESK-NS were extracted directly from the 
publications, while those of AAPs were extracted from figures with available mean and standard error layout in the study 
publications using GetData Graph Digitizer software version 1.16.0.20 (http://getdata-graph-digitizer.com/index.php).

Quality Assessment
The methodological quality of the included studies was assessed by two reviewers (LW and XG) using Cochrane Risk of 
Bias 2 (RoB 2.0) tools26 in the following domains: randomization process, deviation from the intended interventions, 
missing outcome data, measurement of the outcome, and selection of the reported result, with discrepancies resolved by 
discussion and consensus recommendation.

Statistical Analysis
Meta-analysis was conducted using the R package “metafor” on summary-level data (ie, mean, standard deviation and 
group size) from each study.27 Least squares mean of MADRS total score change from baseline to endpoint with 95% CI 
was used as the outcome. The response rates were calculated as raw proportions. The mean difference (95% CI) of the 
MADRS total score reduction and the response rates between experimental and control arms were used to evaluate 
treatment effectiveness. When a study included multiple treatment arms, the effects from all arms were pooled using the 
recommended method in the Cochrane Handbook for Systematic Reviews of Interventions (section 16.5.4).26 Formulas are 
available at: https://handbook-5-1.cochrane.org/chapter_7/table_7_7_a_formulae_for_combining_groups.htm. Statistical 
significance was defined as two-sided p-value < 0.05.

A random effects meta-regression model allowing different amounts of residual heterogeneity between subgroups 
(defined by an individual drug or by pooled AAPs and ESK-NS) was applied with the restricted maximum likelihood 
method. The contributions of specific baseline characteristics [age, body mass index (BMI), weight, sex, race, duration of 
current episode, lead-in phase non-responder rate and baseline MADRS total score] to the net active treatment effect 
were assessed by including the individual baseline characteristic value (by study) as a variable in the regression model. 
The same analysis was performed for weekly estimation of the net active treatment effect. For the analysis of response 
rate, the treatment effect was calculated as raw proportions, and the same procedure of meta-regression was applied to 
obtain the estimated pooled rates. Sensitivity analysis was conducted on logit transformed rates to confirm the response 
rate results. The possible presence of publication bias was assessed using funnel-plot.
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All procedures performed in studies involving human participants were in accordance with the ethical standards of the 
institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or 
comparable ethical standards. Protocols were reviewed and approved by an institutional review board.

Results
Study Characteristics
A total of 12 trials were included: two aripiprazole studies,28,29 two brexpiprazole studies,30,31 four olanzapine plus 
fluoxetine studies,32–34 two quetiapine studies,35,36 and two ESK-NS studies.37,38 A total of 4276 randomized patients 
were included in the analysis. Of these, 2565 patients were allocated to AAPs or ESK-NS plus antidepressant treatment 
(aripiprazole, n = 373; brexpiprazole, n = 644; olanzapine, n = 589; quetiapine, n = 616; ESK-NS, n = 343) and the 
remaining 1711 patients were randomized to control plus antidepressant treatment (aripiprazole, n = 366; brexpiprazole, 
n = 412; olanzapine, n = 408; quetiapine, n = 303; ESK-NS, n = 222). Regarding the antidepressants assigned during the 
DB induction phase, most of the AAP trials continued the antidepressants to which the patient had experienced 
inadequate response during the lead-in or screening phases [except in 2 olanzapine trials32,33 which used newly initiated 
fluoxetine], while the ESK-NS trials adopted a newly initiated antidepressant which differed from the antidepressant used 
during the prospective observation phase and could not be one to which the patient already had nonresponse (in the 
current episode) or had not tolerated (lifetime) (Supplementary Table S1). No major differences were reported in patient 
demographics and baseline characteristics in ESK-NS compared to control arms in the Phase 3 trials in TRD.37,38

The baseline characteristics of the included studies are listed in Table 1 along with an indication of trials for which 
baseline data were not available. Compared with patients from AAP trials, those from the ESK-NS trials showed 
significantly higher baseline mean MADRS total scores (+9.4 points, 95% CI [7.0 to 11.8], p < 0.0001; indicating greater 
severity of symptoms), significantly longer duration of the current depressive episode (+97.2 weeks, 95% CI [56.4 to 
137.9], p < 0.0001), and significantly lower mean BMI (−1.5, 95% CI [−2.8 to −0.2], p = 0.02). Therefore, these 
parameters were used as covariates in modeling the mean difference between drug categories. In contrast, mean age, 
weight, sex and race distribution, and lead-in phase non-responder rate did not differ significantly between the AAP and 
ESK-NS trials. Details of the studies and baseline characteristics are listed in Supplementary Tables S1 and S2.

Quality Assessment
The risk of bias of the included studies was assessed in the following 5 domains (Supplementary Figure S1): D1 – 
randomization process; D2 – deviations from the intended interventions; D3 – missing outcome data; D4 – measurement 
of the outcome; D5 – selection of the reported result. All the studies were randomized, but only 4 of the 12 studies clearly 
described the procedures for both random allocation sequence generation and allocation sequence concealment. 
Regarding the D2 and D3 domains, only two ESK-NS studies clearly stated the blinding of participants, study site 
personnel, and outcome assessors (by applying remote raters), and 8 studies applied an appropriate statistical analysis to 
estimate the effect of assignment to interventions. All but two studies provided evidence that the result was not biased by 
missing outcome data, and all 12 studies were free from selective reporting bias. The overall methodological quality of 
the included studies did not show evidence of a publication bias (Supplementary Figure S2).

MADRS Total Score Reductions at Endpoint
Regarding study design features, the DB period duration and trial endpoints differed between ESK-NS trials (4 weeks) 
and AAP trials (6 to 12 weeks) (Supplementary Table 1). The MADRS total score reductions for the active (AAPs or 
ESK-NS) and control arms and for the mean differences between arms at trial endpoints are shown in Figure 1. The 
estimated MADRS total score reduction of the pooled ESK-NS groups was significantly greater than that of the pooled 
AAP groups (by 9.16 points, p < 0.0001, Figure 1A). Significantly greater estimated MADRS total score reduction was 
also observed in the pooled control arms from ESK-NS trials compared to that of the pooled control arms from AAP 
trials (by 7.57 points, p < 0.0001, Figure 1B). In addition, the meta-regression analysis with baseline MADRS total score 
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Figure 1 Effects and mean differences in pivotal AAPs and ESK-NS trials that resulted in FDA approvals at study endpoint. The reduction of least squares mean MADRS total 
score in (A) the active (ESK-NS and AAPs) arms and (B) the control arms, as well as (C) the MD between active and control arms from individual studies is shown in the 
forest plot, with 95% CI. The pooled effect sizes for individual drugs, AAPs and ESK-NS were estimated by random effects regression model, including the subgroup 
information as a factor variable. Pairwise comparison of MADRS total score reduction between pooled estimates of AAPs and ESK-NS was conducted significant greater 
reduction in ESK-NS trials: (A) Active arms: AAPs vs ESK-NS, p < 0.0001; (B) Control arms: AAPs vs ESK-NS, p < 0.0001. The net treatment effect is significant for all the 
drugs, as well as pooled AAPs and ESK-NS, as indicated by p-values. Pair-wise comparison of the estimated MD between ESK-NS and the individual AAP or pooled AAPs was 
conducted with no statistical significance observed: (C) ESK-NS vs aripiprazole, p = 0.45; ESK-NS vs brexpiprazole, p = 0.22; ESK-NS vs olanzapine, p = 0.19; ESK-NS vs 
quetiapine, p = 0.37; ESK-NS vs pooled AAPs, p = 0.16. All p-values are two sided. It is noteworthy that continuing antidepressants were used in both active and control arms 
of AAP trials, and that newly initiated antidepressants were on-board in both active and control arms of ESK-NS trials. 
Abbreviations: AAPs, atypical antipsychotics; ESK-NS, esketamine nasal spray; MADRS, Montgomery-Åsberg Depression Rating Scale; MD, mean difference.

Neuropsychiatric Disease and Treatment 2023:19                                                                              https://doi.org/10.2147/NDT.S417027                                                                                                                                                                                                                       

DovePress                                                                                                                       
2861

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


as a covariate indicated that in both cases, the differences between the AAP and ESK-NS trials were significantly 
influenced by the variation in baseline MADRS total score (p = 0.03 for active treatment; p = 0.02 for control).

The mean difference between active and control arms is illustrated in Figure 1C. The estimated mean difference of all 
individual AAP arms showed significantly larger MADRS total score reductions over their control arms (aripiprazole: 
−2.90, 95% CI [−4.83 to −0.97], p = 0.0032; brexpiprazole: −2.13, 95% CI [−3.91 to −0.34], p = 0.0195; olanzapine: 
−2.05, 95% CI [−3.69 to −0.40], p = 0.0146; quetiapine: −2.65, 95% CI [−4.57 to −0.74], p = 0.0066; Figure 1C). The 
estimated mean difference of pooled AAP arms demonstrated significantly larger reductions over control (−2.37, 95% CI 
[−3.16 to −1.58], p < 0.0001; Figure 1C). The estimated mean difference of the ESK-NS arms also showed significantly 
larger MADRS score reductions over their control arms (4.24, 95% CI [−7.2 to −1.3], p=0.0038; Figure 1C). The 
estimated mean difference in the reduction points differentiating ESK-NS trials and AAP trials, as indicated by model- 
based indirect comparison, was 1.87 points on the MADRS, but this difference was not significant (95% CI [−4.49 to 
0.74], p = 0.16) in the model. The overall residual heterogeneity of mean difference among the trials is moderate (I2 = 
36.9%). Separate meta-regression analysis was conducted to examine the potential contribution of the covariates 
including age, BMI, weight, race, sex, duration of current episode, lead-in phase non-responder rate, and baseline 
MADRS total score. None of the factors had a statistically significant contribution to the overall heterogeneity of the 
mean difference in total MADRS score reduction at endpoint, and thus these factors were not included in the final model 
(Supplementary Table S3).

Response Rates at Endpoint
The pooled ESK-NS arms and their pooled corresponding control arms revealed higher response rates (between active 
(ESK-NS or AAPs) treatment arms: +33%, p = 0.0006; between control arms: +18%, p = 0.0572; Figure 2) compared 
with those of the pooled AAPs and their control arms, respectively. The mean difference in response rates between ESK- 
NS and its control arms was 25% (p<0.0001). The mean difference in response rates between the pooled AAP versus 
their control arms was 9% (p<0.0001). The mean difference in response rates between ESK-NS and its control arms was 
significantly larger than that between AAPs and their control arms (+16%, 95% CI [0.07 to 0.25], p=0.0004; Figure 2). 
Meta-regression analysis was also conducted and revealed that none of the covariates tested had a statistically significant 
contribution to the overall heterogeneity of the mean difference in response rates (Supplementary Table S4). The result 
was further confirmed by additional sensitivity analysis with logit transformed rates, which yielded the same conclusion 
(Supplementary Table S5).

Figure 2 Response rates in pivotal AAPs and ESK-NS trials that resulted in FDA approvals. Study endpoint from individual studies, grouped by AAPs and ESK-NS, were 
shown as grey dots. The pooled rates with 95% CI for subgroups were estimated by random effects regression model with subgroup as a factor variable. Pairwise 
comparison between AAPs and ESK-NS was conducted for the control and active arms, as well as the mean difference of response rate between the active and control arms: 
Response rate: Control, p = 0.0572; Active, p = 0.0006; Mean difference, p = 0.0004. All the p-values are two sided. 
Abbreviations: AAPs, atypical antipsychotics; AD, antidepressant; ESK-NS, esketamine nasal spray.
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Time Course of MADRS Total Score Reductions
To explore the time course of antidepressant effects, the mean reductions in MADRS total score reported for time intervals 
earlier than the trial endpoints were extracted for each study. These data were obtained from figures showing the mean and 
standard error values in the publications reporting the pivotal trial data for aripiprazole and brexpiprazole, and from the 
clinical study reports of the pivotal ESK-NS trials. At the week one timepoint, the MADRS total score reductions of the AAP 
and ESK-NS arms and their corresponding control arms are shown in Figures 3A and 3B. The residual heterogeneity of the 
mean difference among all trials at week one was 0. Meta-regression analysis revealed two covariates, lead-in phase non- 
responder rate and baseline MADRS total score, which contributed significantly to the overall heterogeneity of the mean 
difference in the total MADRS score reduction at week one (Lead-in phase non-responder rate: p=0.017; Baseline MADRS 
total score: p=0.019, Supplementary Table S6). The covariate adjusted mean difference values are shown in Figure 3C and 
indicated significantly greater antidepressant responses in three of the pooled active arms (aripiprazole: −1.24, 95% CI [−2.09 
to-0.39], p = 0.0043; brexpiprazole: −0.89, 95% CI [−1.61 to −0.18], p = 0.0142; ESK-NS: −2.95, 95% CI [−4.50 to −1.40], 
p = 0.0002; Figure 3C). Moreover, the mean difference values comparing the ESK-NS arms relative to its control arms were 
higher than those for aripiprazole (mean difference = −1.71; 95% CI [−3.47 to 0.05], p = 0.057) and brexpiprazole (mean 
difference = −2.05; 95% CI [−3.79 to −0.32], p = 0.02). At the week two and week four timepoints, the ESK-NS arm showed 
numerically higher mean difference values than those of the aripiprazole and brexpiprazole arms, but these differences were 
not significant (p > 0.05, data not shown).

Discussion
This meta-analysis provided a model-based, indirect comparison of the antidepressant treatment outcomes obtained in 
trials of ESK-NS or AAPs in participants with MDD who had manifested either inadequate response or resistance to 
conventional antidepressant treatment. At the trial endpoint, the ESK-NS trials showed a numerically greater reduction in 
MADRS scores in the experimental treatment versus the control arms, compared to the corresponding experimental 
treatment versus control arms from the AAP trials, but this difference was not significant. The mean antidepressant 
response rate, defined by a reduction in MADRS score of at least 50%, was significantly larger in the ESK-NS trials than 
in the AAP trials. In addition, at the week one timepoint, the ESK-NS trials showed significantly and numerically larger 
treatment effects, respectively, than brexpiprazole and aripiprazole trials.

A 2-point difference on the MADRS between drug and comparator at study endpoint is generally considered to reflect 
a clinically meaningful difference in depression severity.39 The mean difference of the MADRS score reduction at the 
week one timepoint and study endpoint was 2.95 and 4.24 points in the ESK-NS trials, respectively, and approximately 1 
and 2.37 points in the AAP trials, respectively. Within each treatment class, the differences between the experimental 
treatment and control arms were statistically significant. Notably, the MADRS reductions observed in response to the 
control treatment in the ESK-NS trials (which consisted of a newly added oral antidepressant drug which the participant 
had not previously tried and failed), the mean difference in MADRS total score reductions in these trials was nearly twice 
as large as those observed in the AAP trials at endpoint, consistent with the results of a previous meta-analysis.25 The 
meta-analysis by Dold et al included all Phase-2 and −3 RCTs with both positive and negative outcomes reported for six 
AAPs. In contrast, the current study only included the pivotal Phase-3 RCTs used to support the efficacy of regulatory 
filings for the four AAPs which have received FDA approval.25 Thus, an additional 8 studies40–46 were included in the 
analysis by Dold et al. In the cohort that included these additional 8 studies along with those considered herein, the 
corresponding MADRS total score reductions and mean difference were also examined, and the results are shown in 
Supplementary Figure 3. Consistent with the results we report in Figure 1C, and the results reported by Dold et al, the 
pooled estimates obtained using the expanded number of AAP trials and the same ESK-NS trials demonstrated 
significantly larger reductions over control; specifically, the mean difference values were −2.06 (95% CI [−2.61 to 
−1.51], p < 0.0001) and −4.24 (95% CI [−6.94 to −1.54], p = 0.0021) for the pooled AAPs and ESK-NS, respectively. 
The estimated mean difference of ESK-NS had 2.18 more points of MADRS total score reduction than that of the pooled 
AAPs (95% CI [−4.73 to 0.37], p = 0.0933), as indicated by model-based indirect comparison. In addition, the size of 
difference in the mean response rate between the experimental treatment and control arms was 16% higher in the ESK- 
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Figure 3 Effects and mean differences in pivotal AAPs and ESK-NS trials that resulted in FDA approvals at end of week one. The available reduction of least squares mean 
MADRS total score in (A) active and (B) control arms, and (C) the MD between the active and control arms on least squares mean MADRS total score reduction at week 
one timepoint in aripiprazole, brexpiprazole and ESK-NS studies were shown in the forest plot, including 95% CI. The pooled effect of individual drugs at week one was 
estimated by random effects regression model by including the drug arm as a factor variable. The MD were significant for all drugs, as indicated by p-values in the figure. 
Pairwise comparison indicated the MD of ESK-NS exhibited 1.71 more points MADRS total score reduction than that of aripiprazole and 2.05 more points reduction than 
that of brexpiprazole: (C) ESK-NS vs aripiprazole, p = 0.057; ESK-NS vs brexpiprazole, p = 0.02. All the p-values are two sided. 
Abbreviations: AAPs, atypical antipsychotics; ESK-NS, esketamine nasal spray; MD, mean difference.
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NS trials than that in the AAP trials. These data further suggest that ESK-NS produces an antidepressant response that is 
larger and achieved earlier in the treatment course compared with AAPs (ie, by 4 weeks in the ESK-NS trials vs 6–12 
weeks in the AAP trials).

The current meta-analysis also suggests a larger mean difference in MADRS score reduction between ESK-NS and its 
control arm at the end of week one of the DB induction phase compared to that of aripiprazole and brexpiprazole 
(nominal p-values of 0.057 and 0.02, respectively), potentially suggesting an onset of efficacy advantage in favor of 
ESK-NS over AAPs. Our previous ESK-NS studies demonstrated superiority over control in producing significant 
MADRS score reductions as early as day 2 (ie, 24 hours after the first ESK-NS administration).37,38 However, since the 
AAP trials considered herein did not include such early time points, we were not able to compare treatment effectiveness 
between AAPs and ESK-NS treatment at day 2 in the current meta-analysis. Instead, the first timepoint at which data 
could be compared was at the end of the first treatment week.

The observed larger effect size in the ESK-NS trials compared to the AAP trials is noteworthy given that the ESK-NS 
trials had a shorter DB treatment phase duration (4 vs 6–12 weeks) and that there were higher antidepressant responses in 
the control arms of the ESK-NS trials than those in the control arms of the AAP trials. The latter observation may have 
been attributable to the design difference that in most of the studies involving AAPs, the AAP was added to an oral 
antidepressant to which the patient had already experienced inadequate response, whereas in the ESK-NS trials the oral 
antidepressant added to each study arm was selected to be one that the participant had not previously received with 
negative outcome. Therefore, the interpretation of these results requires consideration of the limitations in making 
comparisons across studies, especially given the design differences extant between trials.

In this regard, several design differences between the trials considered herein merit comment. First, the treatment 
resistance status of the included patients from the AAP and ESK-NS trials was different. The results indicated that most 
patients from the ESK-NS trials had 2 to 3 previously failed trials, defined by none to minimal response at screening, 
while most patients from the AAP trials had experienced 1 to 2 previously failed trials defined either as none to minimal 
response or as partial response at screening. In addition, the patients who entered the ESK-NS trials on average 
manifested a relatively longer duration in the current episode compared to those who entered the AAP trials (Table 1 
and Supplementary Table S2). Based on these differences, the patients in the ESK-NS trials putatively would have been 
expected to show a smaller antidepressant response to subsequent treatment trials.5

Second, the severity of depression in the study populations differed between the AAP and ESK-NS trials. Specifically, 
the patients in the ESK-NS trials had a higher baseline MADRS total score (ie, greater severity of depressive symptoms) 
compared to those in the AAP trials. Such a severity difference was partially due to the study design difference of the 
rating scale inclusion criteria during the screening phase and the non-response inclusion criteria during the lead-in phase 
between the AAP and ESK-NS trials. Although all of the studies included in the meta-analysis used the MADRS to 
assess the primary endpoint of change in depression severity, most of the AAP trials also required a minimum Hamilton 
Depression Rating Scale (HAMD)-17 score at screening of between 18 and 22, which approximately corresponds to 
a MADRS score of 23 to 28,47 compared to the inclusion criterion of MADRS score ≥28 in the ESK-NS trials. 
Additionally, most AAP trials required a HAMD-17 score of at least 14 to 18 (approximating a MADRS score of 18 

Table 1 Baseline Characteristics of Pivotal Trials on AAPs and ESK-NS Resulted in FDA Approvals

Group Age  
(Years)

Female 
(%)

Weight  
(kg)a

BMI  
(kg/m2)b

Race 
(White) 

(%)

Duration of 
Current  
Episode 

(Weeks)c

Lead in 
Phase Non 
Responder 
Rate (%)d

Baseline 
MADRS

Pooled AAPs 45 [44.4–45.6] 68 [66–70] 84.1 [82.3–85.9] 29.9 [29.3–30.5] 89 [86–93] 55.7 [37.0–74.4] 50 [47–53] 28 [27.0–28.9]

Pooled ESK-NS 46 [44.6–47.5] 67 [61–72] 81.3 [78.9–83.7] 28.4 [27.3–29.5] 85 [78–93] 152.8 [116.7–189.0] 50 [43–58] 37.4 [35.2–39.5]

p value 0.19 0.69 0.15 0.02 0.30 < 0.0001 0.89 < 0.0001

Notes: Data are presented as mean [95% confidence interval]. aExcluding Shelton et al, 2005, Bauer et al, 2009 and El-Khalili et al, 2010 for which data were not available. 
bExcluding Berman et al, 2007, Bauer et al, 2009 and El-Khalili et al, 2010 for which data were not available. cExcluding Shelton et al, 2005, Corya et al, 2006, Bauer et al, 2009 
and El-Khalili et al, 2010 for which data were not available. dExcluding Bauer et al, 2009 and El-Khalili et al, 2010 for which data were not applicable, as both trials did not 
introduce lead in phase and only required an inadequate response history during the current episode to one of the pre-specified ADs. 
Abbreviations: AAPs, atypical antipsychotics; AD, antidepressant; BMI, body mass index; ESK-NS, esketamine nasal spray; MADRS, Montgomery-Åsberg Depression Rating Scale.
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to 23) at the end of the lead-in phase, compared to the minimum MADRS total score ≥28 required in the ESK-NS trials. 
Although it may be hypothesized that the TRD patients in ESK-NS trials have more dynamic range in which to show 
depression improvement, this tendency would likely be offset by the limitation that the patients with TRD had already 
been through at least two rounds of adequate treatments with antidepressants and not only remained more severely 
depressed (See above), they also had shown less improvement during at least two prior treatment trials, and thus were 
presumably more difficult to treat. To address the possibility that differences in baseline severity influenced the absolute 
change in severity measured across the treatment trials, we used baseline severity as a covariate in modeling the mean 
difference between drug categories. Nevertheless, potential differences in baseline severity across trials are less likely to 
influence the differential response rates found between the ESK-NS and AAP trials, which provided the most significant 
difference across drug classes identified in our meta-analysis. By convention, an antidepressant “response” is defined as 
a change in depression rating scale score of ≥50%, and the response rate is the proportion of participants within each 
study arm who achieve this level of improvement. During the treatment period, a participant with greater baseline 
severity therefore needs to manifest a larger absolute reduction than a patient with a lesser baseline severity to qualify as 
an antidepressant “response”. Therefore, this proportionality putatively removes any advantage that may be conferred for 
patients with greater baseline severity in achieving a clinical response, and thus would not be expected to account for the 
greater response rate obtained in our meta-analysis between ESK-NS and AAPs.

Third, the profile of adverse effects was different between the AAP and ESK-NS trials. One of the adverse effects for 
the ESK-NS treatment that was distinct from the control treatment was dissociation. The possibility that treatment emergent 
adverse events may have produced functional unblinding in patients could not be completely excluded. To address this 
possibility, blinded remote raters were employed to perform the MADRS assessments via telephone in the ESK-NS pivotal 
trials, a design feature that limited the sensitivity for detecting treatment associated changes in affect. In contrast, none of 
the AAP trials reported using blinded remote raters (Supplementary Figure S1). Nevertheless, the adverse events associated 
with AAPs hold similar potential of TEAE induced functional unblinding effect in study participants. Most adverse effects 
for AAP treatment are distinct from those of their control treatment (an oral antidepressant drug), including activating 
TEAEs such as akathisia and restlessness, sedating TEAEs such as somnolence and sedation, and weight gain. While the 
impact of such limitations on the meta-analysis results is difficult to quantify or statistically control, it is noteworthy that 
a post-hoc analysis of the ESK-NS trial data showed that neither the presence nor the severity of dissociation was correlated 
with or served as a mediator of the antidepressant responses in these trials (Chen et al, 2022 (PMID: 35022754)). These data 
suggest that the relatively large antidepressant effect size produced during ESK-NS treatment was not attributable to 
functional unblinding caused by dissociation in patients. Moreover, research evaluating the comparability of MADRS 
ratings obtained by blinded remote raters versus face-to-face raters has shown no significant difference between mean 
scores and high intraclass correlations for ratings obtained on the same patient.48

Fourth, differences in treatment regimens and study procedures between the AAP and ESK-NS trials may have 
introduced nonspecific or exaggerated control effects that differed across trial types. ESK-NS was administered twice 
weekly with a single-dose titration period of only 4 days, whereas AAPs were administered daily with a dose titration 
period ranging from 2 to 4 weeks. The more frequent study visits and extra observation from research staff in the ESK- 
NS trials would have been expected to increase nonspecific placebo effects,49,50 putatively masking antidepressant effects 
by ESK-NS. This design difference thus would have putatively biased results in the direction opposite to that actually 
found by meta-analysis.

Fifth, in most of the AAP trials, the conventional antidepressant continued during the DB treatment phase was the same 
agent that had proven inadequate in producing an antidepressant response during the lead-in or screening phase, while the 
ESK-NS trials instead introduced a newly initiated oral antidepressant which patients had not previously tried unsuccess-
fully (Supplementary Table S1). This difference may have increased both the likelihood of responding to the control 
treatment and the magnitude of expectancy bias in the control arm of the ESK-NS studies. For example, the patients 
entering the ESK-NS trials knew they would receive a new treatment to which they had not previously failed to respond in 
both study arms. In contrast, the patients in most of the AAP trials knew that they would receive either a new drug (the 
AAP) or a placebo, which would be added to the drug to which they had already experienced an inadequate response. This 
design difference arguably biased against showing an efficacy signal in the ESK-NS trials. Consistent with these concerns, 
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our analysis revealed a significantly greater MADRS total score reduction at endpoint (Figure 1B) and higher response rate 
(Figure 2A) in the control arms (ie, control plus the newly initiated antidepressant) of the ESK-NS trials, compared to the 
control arms (ie, control plus the continuing antidepressants) of the AAP trials. The higher control responses in the ESK-NS 
trials and the expectation related control effect due to the switch to a new antidepressant and/or receipt of a new mechanistic 
treatment (ESK-NS vs AAPs) previously have been discussed elsewhere.51,52 These design issues conceivably increase the 
challenge for an active treatment to surpass the higher control effect encountered in a trial design like that used in the ESK- 
NS pivotal trials. Taken together, the combined effects of these differences on the responses of both active treatment and 
control arms limit the validity of comparisons across drug types using the extant studies.

Given the differences in study design and clinical severity between the AAP and ESK-NS trials, interpretation of the 
differential antidepressant effectiveness observed in indirect comparisons between ESK-NS and AAP treatment requires 
caution. Ultimately, direct comparisons in which patient samples are randomized to eliminate clinical and demographic 
differences between treatment arms are needed to corroborate the results from indirect comparisons. Thus, it is 
noteworthy that the results of the indirect comparisons reported here and in Dold et al appear directionally consistent 
with those from a recent direct comparison involving participants with TRD randomized to receive either ESK-NS or 
quetiapine XR in conjunction with an SRI/SNRI that had elicited non-response, and in which the adjunctive ESK-NS arm 
showed superiority over the adjunctive quetiapine XR arm in the proportions of participants achieving remission.53

Notably, one outcome measure that was not compared in our meta-analysis was the remission rate. This rate is defined 
generally as the proportion of patients whose MADRS total score at the end of the DB period had decreased below 
a prespecified threshold, although the threshold used to define remission varied across the included studies (Supplementary 
Table S1). In addition, reaching remission requires a smaller decrement in the depression rating scale scores for patients 
who are less severely depressed at study entry. Finally, antidepressant trials generally show main effects of time, such that 
the depression severity tends to decrease progressively as the DB period increases. Thus, the proportion of patients reaching 
the threshold for remission increases for longer duration trials. Considering the significant differences in baseline severity, 
duration of the DB period (to study endpoint), and remission rate criteria applied between the AAP and ESK-NS trials, the 
comparison of remission rate at endpoint between trial types was not included in our meta-analysis.

Finally, this analysis was conducted on very strictly selected RCT studies for a specific purpose, which allowed 
greater methodological rigor, however does not fully capture the reality of TRD clinical practice, where complex 
psychiatric and medical comorbidities occur, as well as longer disease histories and more frequent recurrences. With 
recent real-world studies of Esketamine become available, a systematic review with wider scope can help to better depict 
the landscape of TRD treatment.54–56 In conclusion, the results of this meta-analysis suggest that these mechanistically 
different adjunctive or conjunctive antidepressant agents differed in their antidepressant outcomes. However, the 
interpretation of these results is limited by differences in trial design, patient characteristics, trial duration, dosing 
regimen, and nature of the control condition (ie, presence of newly initiated antidepressant) in the ESK-NS trials versus 
the AAP trials. Prospective head-to-head studies are needed to corroborate these results and to elucidate the factors that 
contribute to the differential responses to ESK-NS and AAP when used together with conventional antidepressants in the 
management of MDD patients manifesting antidepressant treatment resistance.
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