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Abstract

Background: In this post-hoc analysis, data from 2 positive, pivotal, phase 3 trials of esketamine nasal spray (ESK) in treatment-
resistant depression (TRD)—short-term study (TRANSFORM-2) and maintenance study (SUSTAIN-1)—were analyzed to 
evaluate the relationship between dissociation and antidepressant effects of ESK.
Methods: Analysis by responder status, correlation analysis, and mediation analysis were performed to assess the relationships 
between peak Clinician Administered Dissociative States Scale (CADSS) scores after first (day 1) and last (day 25) ESK dose and 
change in Montgomery-Åsberg Depression Rating Scale (MADRS) total scores at the first (day 2) and last assessments (day 
28) in TRANSFORM-2 and peak CADSS after first maintenance ESK dose and time to relapse in SUSTAIN-1 (only for mediation 
analysis).
Results: In TRANSFORM-2, the percentage of responders (>50% reduction in MADRS) at day 2 and day 28 did not significantly 
differ between patients who did vs did not manifest significant dissociation (peak CADSS scores >4 or ≤4, respectively) following 
the first ESK dose. Spearman correlation coefficients between dissociation and depression improvement were nonsignificant 
and close to zero. CADSS scores did not significantly mediate the reduction in MADRS at day 2 or 28 in TRANSFORM-2 or the 
time to depression relapse in SUSTAIN-1. The mean difference in MADRS between ESK and active-control arms persisted 
beyond day 2 without significant change across time, although the mean peak CADSS scores significantly decreased across 
consecutive doses and fewer patients experienced significant dissociation after the last ESK dose compared with the first.
Conclusion: Within the dose range tested, the dissociative and antidepressant effects of ESK were not significantly correlated.
Trial registration: NCT02417064 (TRANSFORM-1); NCT02418585(TRANSFORM-2); NCT02493868 (SUSTAIN-1)
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Introduction
Intravenous (i.v.) infusions of ketamine and esketamine at 
subanesthetic doses have demonstrated rapid (within hours) 
and robust antidepressant effects in patients with treatment-
resistant depression (TRD) (Zarate et  al., 2006; Ionescu et  al., 
2019). The clinical improvement in patients with TRD has been 
observed to persist for several days after a single infusion of 
ketamine (Zarate et al., 2006; Ionescu et al., 2019).

Among the clinical trials evaluating efficacy and safety of 
esketamine, Singh et al. demonstrated that the antidepressant 
effect size of esketamine administered at 0.2  mg/kg i.v. was 
similar to that of ketamine racemate administered at 0.5 mg/kg 
i.v. in patients with TRD, consistent with the 2- to 2.5-fold greater 
potency of esketamine compared with ketamine for N-methyl-
D-aspartate receptor (NMDAR) binding (Singh et  al., 2016a). 
Daly et al. demonstrated significant improvement in depressive 
symptoms following 1 week of treatment with esketamine nasal 
spray (ESK) administered adjunctively to an oral antidepressant 
(AD) in patients with TRD (Daly et al., 2018). Subsequently, mul-
tiple phase 3 studies have shown meaningful antidepressant 
effects of ESK following short-term treatment (4 weeks) or main-
tenance treatment in patients with TRD (Daly et al., 2019; Popova 
et al., 2019) and in severely ill patients with major depressive 
disorder (MDD) and active suicidal ideation with intent (Fu et al., 
2020; Ionescu et al., 2021). The efficacy of ESK in delaying relapse 
and its long-term safety and tolerability in TRD have also been 
demonstrated in 2 phase 3 studies (Daly et al., 2019; Wajs et al., 
2020). The US Food and Drug Administration approved ESK nasal 
spray (SPRAVATO), in conjunction with an oral AD for the treat-
ment of TRD in 2019 (SPRAVATO Prescribing Information 2020), 
with European Union approval following in 2020. In July 2020, 
the US Food and Drug Administration also approved SPRAVATO 
in conjunction with an oral AD for the treatment of depressive 
symptoms in adults with MDD with acute suicidal ideation or 
behavior (Johnson & Johnson, Press Release 2020) with European 
Union approval for rapid reductions in depressive symptoms in 
a psychiatric emergency for patients with moderate to severe 
MDD following in February 2021.

Both antidepressant and dissociative effects have been ob-
served in the clinical dose range of ketamine and esketamine 
used in previous studies of TRD (Berman et al., 2000; Zarate 
et  al., 2006; Price et al., 2009; Diazgranados et al., 2010a, b; 
Ballard et al., 2014, 2015; Hu et al., 2016; Ionescu et  al., 2019). 
In studies using racemic ketamine (0.5  mg/kg i.v.) in patients 
with TRD, findings have been inconsistent regarding whether 
changes in depression severity correlate with changes in dis-
sociation severity and if the dissociation is causally required for 
the subsequent antidepressant effects (Ballard and Zarate 2020). 
Whereas 2 studies found no relationship between these clinical 
variables (Valentine et al., 2011; Murrough et al., 2013), 2 others 

reported a significant correlation between the increases in the 
depersonalization subdomain and overall dissociation meas-
ures of the Clinician-Administered Dissociative States Scale 
(CADSS) (Bremner et al., 1998) and the improvement in depres-
sive symptoms after a single ketamine infusion (Luckenbaugh 
et al., 2014; Niciu et al., 2018).

Given the inconsistency in the findings reported in the litera-
ture (Ballard and Zarate, 2020) and the lack of similar published 
data for esketamine, the current study examined whether the 
antidepressant response to ESK treatment is correlated with 
and/or mediated by dissociative effects. We evaluated the rela-
tionship between the antidepressant and dissociative effects of 
ESK in a post-hoc analysis of 2 phase 3 trials conducted to as-
sess the short-term efficacy of ESK (Fedgchin et al., 2019; Popova 
et al., 2019) as well as in a post-hoc analysis of a long-term main-
tenance study that evaluated the efficacy of ESK in sustaining 
the antidepressant effects in patients with TRD using a random-
ized withdrawal design (Daly et al., 2019). The relationships be-
tween changes in CADSS total score and changes in depression 
severity based on the Montgomery-Åsberg Depression Rating 
Scale (MADRS) total score (Montgomery and Asberg 1979) were 
assessed using correlation analysis, mediation analysis, and 
analysis by responder status. In addition, the temporal relation-
ships between changes from baseline in the CADSS and MADRS 
total scores across time were characterized. Notably, compared 
with the studies that have examined this relationship to date, 
the sample studied herein was substantially larger in size than 
the samples assessed in previous studies.

METHODS

Datasets

This post-hoc analysis used data from 3 randomized, double-blind 
(DB), active-controlled, multicenter, phase 3 studies of ESK: 
TRANSFORM-1 (short-term, fixed-dose study; NCT02417064), 
TRANSFORM-2 (short-term, flexible-dose study; NCT02418585), 
and SUSTAIN-1 (long-term, maintenance study; NCT02493868). 
Details of the study design and eligibility criteria of these 3 
studies were reported elsewhere (Daly et al., 2019; Fedgchin et al., 
2019; Popova et al., 2019). Briefly, eligible patients (n = 346) in the 
TRANSFORM-1 study were randomized to a fixed-dose regimen 
of either 56 mg ESK, 84 mg ESK, or placebo nasal spray adminis-
tered with a newly initiated, open-label oral AD (abbreviated ESK 
[84 mg] + AD, ESK [56 mg] + AD, AD + placebo) (Fedgchin et al., 
2019). In the TRANSFORM-2 study, patients (n = 227) were random-
ized to either a flexible-dose regimen of ESK (56 or 84 mg) + AD or 
AD + placebo (Popova et al., 2019). In both studies, ESK or placebo 
nasal spray was administered twice a week during the 4-week 

Significance Statement
There is disagreement in the literature regarding whether a significant association exists between antidepressant and dissocia-
tive effects produced by intravenous ketamine in patients with treatment-resistant depression (TRD). Some studies reported 
that dissociative effects are linked to the antidepressant efficacy, while others found no evidence for such an association. Using 
data from phase 3 studies of esketamine nasal spray (ESK) in TRD, we assessed the relationship between antidepressant and 
dissociative effects. Our findings indicate no significant correlation between the antidepressant efficacy of ESK and either the 
presence or severity of clinically significant dissociation in short-term (4-week) trials. In a long-term maintenance study followed 
by randomized withdrawal, the time to depressive relapse was not mediated by dissociation. Furthermore, the peak increase in 
dissociation diminished over time without any corresponding attenuation of antidepressant response. In conclusion, we did not 
find any significant correlation between the antidepressant effects and dissociative adverse effects induced by ESK.
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DB induction phase (Fedgchin et al., 2019; Popova et al., 2019). In 
SUSTAIN-1, direct entry patients received flexible dose ESK (56 or 
84 mg) twice weekly + AD during the 4-week open-label induction 
phase. Subsequently, in the 12-week optimization phase, the fre-
quency of ESK dosing was reduced to once weekly for 4 weeks and 
individualized to weekly or every 2 weeks based on the severity 
of depressive symptoms. Patients on ESK who achieved stable re-
mission (MADRS total score ≤12 for at least 3 of the last 4 weeks 
prior to randomization) or stable response (≥50% reduction in the 
MADRS total score from baseline in each of the last 2 weeks prior 
to randomization but without achieving remission) at the end of 
the optimization phase (n = 297) were randomly assigned 1:1 to 
either continue ESK + AD or switch to placebo nasal spray while 
continuing the same AD + placebo nasal spray during the variable 
duration (randomized relapse event-based) maintenance phase 
(Daly et al., 2019). Dosing of the nasal spray medication during the 
maintenance phase was individualized to weekly or every other 
week using a MADRS-based algorithm.

Changes in depression severity were assessed by the change 
in MADRS total score from baseline over time during the DB treat-
ment induction phase of the TRANSFORM-1 and TRANSFORM-2 
studies and throughout the SUSTAIN-1 study (Daly et al., 2019; 
Fedgchin et al., 2019; Popova et al., 2019). The presence and se-
verity of dissociative symptoms were assessed using the CADSS. 
The total and component scores were recorded on each ESK 
treatment day at pre-dose, 40 minutes post-dose, and 1.5 hours 
post-dose during the DB treatment phase of the TRANSFORM-1 
and TRANSFORM-2 studies and during all treatment administra-
tion visits of SUSTAIN-1. A CADSS total score >4 was used as the 
threshold for indicating the presence of clinically meaningful 
dissociative symptoms based on a previous reported range of 
CADSS scores in heathy participants (Bremner et al., 1998).

In TRANSFORM-1, the difference between the ESK (84 mg) + 
AD and AD + placebo treatment groups was not statistically sig-
nificant for the change from baseline in MADRS total score at 
day 28 (Fedgchin et al., 2019). Therefore, in accordance with the 
predefined testing sequence, the ESK (56  mg) + AD treatment 
group could not be formally evaluated. Notably, the median un-
biased estimate (95% confidence interval [CI]) of the treatment 
difference between the ESK (56 mg) + AD group and the AD + 
placebo group (−4.1 [−7.67, −0.49]) was comparable with the 
estimated treatment differences in the other phase 3 studies 
(Popova et  al., 2019; Ochs-Ross et  al., 2020). In TRANSFORM-2, 
treatment with ESK (flexibly dosed between 56 and 84 mg) + AD 
significantly improved depressive symptoms in patients with 
TRD (Popova et  al., 2019). Since the primary efficacy analysis 
was significant for both the TRANSFORM-2 study (least squares 
[LS] mean difference [95% CI]: −4.0 [−7.31, −0.64]; P = .020) and 
SUSTAIN-1 study (significant delay in relapse among patients 
achieving stable remission with ESK: hazard ratio [HR]  =  0.49; 
95% CI  =  0.29, 0.84; P = .003 and stable response: HR  =  0.30; 
95% CI = 0.16, 0.55; P < .001), the post-hoc results from assess-
ments between clinical improvement in depression symptoms 
and dissociation for these 2 studies are presented in the main 
body of this manuscript, and the corresponding results for the 
TRANSFORM-1 study are presented in the online supplement.

The protocols and their respective amendments for all 3 
studies were reviewed by an independent ethics committee or 
institutional review board at each site. The studies were con-
ducted in accordance with the Declaration of Helsinki, Good 
Clinical Practices, and applicable regulatory requirements. 
Written informed consent was obtained from all patients before 
participating in the study.

Statistical Analyses

The analyses presented herein are considered post-hoc. The cor-
relation analysis for TRANSFORM-1 and TRANSFORM-2 studies 
was based on the post-dose peak changes in CADSS total and 
component scores, whereas the mediation analysis used post-
dose changes in CADSS total scores on the first (day 1) and last 
(day 25) day of nasal spray treatment and changes from baseline 
in MADRS total scores at day 2 (the day after the first nasal spray 
treatment) and day 28 (the day of last MADRS assessment of the 
induction phase).

Data from SUSTAIN-1 was used only for the mediation ana-
lysis based on post-dose changes in CADSS total score on the 
first day of the DB maintenance phase and time to relapse in 
those patients who were stable remitters after an initial 16 
weeks of treatment with ESK + AD and had proceeded to the 
randomized withdrawal/maintenance phase.

Mediation Analysis

Causal mediation analysis using a simulation-based approach 
was performed to examine the mediating role of dissociative 
side effects on antidepressant effects (Imai et  al., 2010) in the 
TRANSFORM-1 and TRANSFORM-2 studies. An analysis of covari-
ance (ANCOVA) model was used to assess changes from pre-dose in 
CADSS total scores at 40 minutes post-dose (mediator), with treat-
ment, region (for TRANSFORM-1) or country (for TRANSFORM-2), 
class of oral antidepressant (serotonin and norepinephrine re-
uptake inhibitors or selective serotonin reuptake inhibitors) as 
factors and the baseline MADRS total score as a covariate. The 
ANCOVA model for changes in MADRS total score from baseline 
(outcome) included the same factors and covariates in addition to 
the mediator. In the mediation analysis framework, a direct effect 
is considered as an independent treatment effect on the outcome 
that is above and beyond its effect on the mediator, whereas an 
indirect effect is considered as a treatment effect on the outcome 
that is accounted for by its effect on the mediator. The direct and 
indirect effects were estimated by parametric bootstrapping via 
R-package “mediation.” The proportion of mediated effects is cal-
culated as the ratio of the indirect effect to the sum of the direct  
and indirect effects. Causal mediation analysis based on the ap-
proach of Lange and Hansen (2011) was also performed for the 
SUSTAIN-1 data. The mediator was change from pre-dose in CADSS 
total score at 40 minutes post-dose on day 1 of maintenance treat-
ment, and the outcome was the time to relapse. The direct and  
indirect effects were estimated via R-package “timereg.”

Correlation Analysis

Spearman coefficients along with 95% CIs were computed to 
assess the relationships between reductions in MADRS total 
scores and post-dose peak values in the CADSS total and com-
ponent scores following the first and last nasal spray treatment. 
Scatter plots were used for graphical representation.

Temporal Analysis

Changes from baseline in MADRS total scores over time ex-
pressed using the LS means (±SE) based on the mixed model for 
repeated measures were graphed (details of the mixed model for 
repeated measures have been described previously) (Fedgchin 
et al., 2019; Popova et al., 2019). The peak CADSS scores across 
time were analyzed in a similar model, and the arithmetic mean 
(±SE) CADSS score over time was plotted.

http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyab084#supplementary-data
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RESULTS

Patients and Primary Outcomes of the Trials

Demographic and baseline characteristics and clinical outcomes 
of the TRANSFORM-1, TRANSFORM-2, and SUSTAIN-1 studies 
were previously described (Daly et al., 2019; Fedgchin et al., 2019; 
Popova et al., 2019). In general, the demographic or baseline clin-
ical characteristics were balanced between the ESK + AD and 
AD + placebo groups in the 2 short-term studies (supplemen-
tary Table 1). In SUSTAIN-1, a total of 297 patients with a mean 
(SD) age of 46.3 (11.13) years, the majority of whom were women 
(197 [66.3%]), were randomized in the maintenance phase (Daly 
et al., 2019). The demographics and baseline characteristics were 
generally comparable between patients who achieved stable re-
sponse vs stable remission following 16 weeks of treatment with 
ESK +AD and entered the maintenance phase (supplementary 
Table 2).

CADSS Scores

Supplementary Table 3 shows mean baseline and peak CADSS 
total scores in ESK + AD and AD + placebo groups in the 
TRANSFORM-2 study. In both treatment groups, increases in 

CADSS score peaked at the 40-minute timepoint (supplemen-
tary Table 3 and review of patients’ data at individual level). In 
the AD + placebo group, the CADSS scores on average were <4 
(supplementary Table 3). Moreover, the percentage of patients 
with a CADSS score >4 was 3.8% (4/104) at day 1 and 4.2% (4/95) 
at day 25.

Results of Responder Analysis

In TRANSFORM-2, after receiving the first ESK dose, 12% of pa-
tients manifested an antidepressant response 24 hours after 
dosing (day 2) without having experienced dissociation (CADSS 
total score ≤4) acutely after dosing, and 21% of patients showed 
antidepressant response at day 2 with dissociation observed 
acutely after dosing (CADSS total score >4) (P = .182) (Figure 
1A,D). At day 28 (end of the DB period), 70% of patients had 
achieved antidepressant response without dissociation having 
been observed after the initial ESK dose, and 69% showed 
antidepressant response along with dissociation following 
the initial ESK dose (P = .854) (Figure 1B,D). Similarly, after the 
last ESK dose administration (day 25), 68% of patients showed 
antidepressant response at day 28 without dissociation ob-
served after the final ESK dose (which occurred at day 25), and 
71% of patients showed antidepressant response at day 28 
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Figure 1. Distribution of participants by dissociative response (assessed by Clinician-Administered Dissociative States Scale [CADSS] score obtained 40 minutes post 

esketamine administration) and the corresponding antidepressant effect (assessed by change from baseline in Montgomery-Åsberg Depression Rating Scale [MADRS] 

scores) in TRANSFORM-2. (A–C) Changes in CADSS total scores 40 minutes post esketamine nasal spray (ESK) and corresponding reductions in MADRS total score for 

each participant (depicted by “O” symbol) for the following correlations: (A) CADSS after first ESK (day 1) and MADRS at day 2: CADSS increase after first ESK treatment 

session and MADRS change assessed 24 hours later (day 2), n = 109; (B) CADSS after first ESK (day 1) and MADRS at day 28: CADSS after first ESK session and MADRS 

change at the end of the double blind treatment period (day 28), n = 101; (C) CADSS after last ESK (day 25) and MADRS at day 28: CADSS assessed after last ESK session 

(day 25) and MADRS change at day 28, n = 101; (D) CADSS scores ≤4 or >4 and antidepressant responders and non-responders: percentage of treatment responders (de-

fined by ≥50% improvement in MADRS total score) and non-responders among patients with CADSS total scores ≤4 vs patients with CADSS total scores >4 for study 

days indicated on each graph. Shaded areas in graphs A–C correspond to patients who had a response (MADRS) without significant dissociation (CADSS). * Nominal P 

values (chi-squared test) for proportion of responder patients with and without dissociation. CI, confidence interval; r, Spearman correlation coefficient.
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with dissociation occurring after the final ESK dose at day 25 
(P = .721) at the end of the DB period (day 28) (Figure 1C,D). Thus, 
the responder rates in the CADSS score ≤4 and >4 groups did 
not differ significantly at any of the time-points tested. Similar 
results were observed for the TRANSFORM-1 study (supple-
mentary Figure 1).

Results of Correlation Analysis

In TRANSFORM-2, the correlation analysis of the relation-
ship between dissociation (increases in CADSS total scores) 
after first ESK dose at day 1 and the antidepressant response 
(i.e., reductions in MADRS total scores) at day 2 (r = −0.05 
[95% CI  =  −0.23, 0.14]) and day 28 (r = −0.08 [95% CI  =  −0.27, 
0.12]) showed nonsignificant Spearman correlation coeffi-
cients (based on 95% CIs containing 0) close to zero (Table 1). 
Similarly, no significant correlation was identified between the 
CADSS total scores following the last ESK dose at day 25 and 
the depression response at day 28 (r = −0.16 [95% CI  =  −0.36, 
0.04]). A  lack of significant correlation was also observed for 
the corresponding analyses in the TRANSFORM-1 data (sup-
plementary Table 4). Finally, no significant correlation was 
observed between the improvement in depression severity 
and the individual subcomponent scores of the CADSS con-
sidered separately in the TRANSFORM-2 data (Table 1) and the 
TRANSFORM-1 data (supplementary Table 4).

Outcomes of Mediation Analysis

In TRANSFORM-2, the mediation analysis showed insufficient 
evidence of a mediation effect of dissociation on the antidepres-
sant efficacy after either the first (day 1) or the last (day 25) ESK 
treatment (based on 95% CIs containing 0) (Table 2). In contrast, 
the direct effect of ESK on the antidepressant effect was signifi-
cant: the LS mean difference (95% CI) between treatment groups 
for the change in MADRS total score that was independent of 
dissociation effect was −3.62 (−6.62, −0.74) and −4.83 (−8.37, 
−1.28) after initiation of the first and last ESK dose, respectively.

Similar results were observed in the TRANSFORM-1 study at 
day 2 (supplementary Table 5). The mediation analysis was not 
performed at the day 28 timepoint for the TRANSFORM-1 study, 
however, due to lack of significant difference of antidepressant 
responses between ESK (84 mg) + AD and AD + placebo groups, 
as described above (Fedgchin et al., 2019).

Likewise, the mediation analysis of SUSTAIN-1 results also 
showed a lack of a mediation effect of dissociation on the time 
to relapse after the first ESK dosing in the maintenance phase 
(LS mean difference [95% CI]  =  0.12 [−3.22, 3.45]), whereas the 
direct effect of ESK was significant (LS mean difference [95% 
CI] = −2.44 [−4.04, −0.84]) (Table 2).

Temporal Profiles of Dissociation and 
Antidepressant Responses Over Repeated Dosing

In TRANSFORM-2, the peak mean CADSS total score in patients 
treated with ESK decreased over time with consecutive doses; 
the main effect of study day and the interaction of day × treat-
ment type were significant (P < .0001; Figure 2A). The results for 
changes in MADRS total scores (LS mean [95% CI] treatment 
difference) from baseline favored ESK + AD over AD + placebo 
at day 2 (−3.3 [−5.75, −0.85]), day 8 (−2.9 [−5.17, −0.59]), day 15 
(−2.0 [−4.78, 0.82]), day 22 (−3.8 [−6.87, −0.65]), and day 28 (−4.0 
[−7.31, −0.64]); the 95% CI did not contain 0 at any time point ex-
cept for day 15. For both treatment groups, over one-third of the 
improvement from baseline occurred at day 2 (24 hours), and 
both groups continued to improve to the end of the DB induc-
tion phase (day 28)  (Figure 2B). However, the mean difference 
between groups did not significantly differ across assessments 
between day 2 and 28 (P = .5341 for the interaction of day × treat-
ment type) (Figure 2B). Observations from TRANSFORM-1 were 
similar, favoring the ESK + AD group (supplementary Figure 2).

DISCUSSION

The data presented herein do not support a correlation be-
tween dissociative symptoms and antidepressant effects when 

Table 1. Results of Correlation Analysis on the Relationship Between Dissociative Response and the Corresponding Antidepressant Effect in 
the Transform-2 Cohort

Correlations with CADSS scores at 40 minutes after first nasal spray (day 1)

Change from baseline 
in MADRS total score n

Total Depersonalization Derealization Amnesia

r (95% CI)

Day 2 AD + placebo 99 −0.05   
(−0.25, 0.14)

0.05   
(−0.15, 0.25)

−0.06   
(−0.26, 0.14)

−0.07   
(−0.27, 0.13)

ESK + AD 109 −0.05   
(−0.23, 0.14)

−0.02   
(−0.21, 0.17)

−0.06   
(−0.24, 0.13)

−0.12   
(−0.30, 0.07)

Day 28 AD + placebo 96 0.01   
(−0.19; 0.21)

−0.05   
(−0.25, 0.15)

−0.01   
(−0.21, 0.19)

−0.00   
(−0.20, 0.20)

ESK + AD 101 −0.08   
(−0.27, 0.12)

−0.01   
(−0.21, 0.18)

−0.15   
(−0.33, 0.05)

−0.04   
(−0.23, 0.16)

Correlations with CADSS scores at 40 minutes after last nasal spray (day 25)
Day 28 AD + placebo 95 0.02   

(−0.18, 0.22)
0.04   

(−0.16, 0.24)
−0.13   

(−0.32, 0.07)
0.19   

(−0.01, 0.38)
ESK + AD 93 −0.16

(−0.36, 0.04)
0.00   

(−0.20, 0.20)
−0.19   

(−0.38, 0.02)
−0.20   

(−0.39, 0.01)

Abbreviations: AD, antidepressant; CADSS, Clinician-Administered Dissociative States Scale; ESK, esketamine nasal spray; MADRS, Montgomery-Åsberg Depression 

Rating Scale; r, Spearman correlation coefficient.

Negative r values indicate higher responses on CADSS total scores and more improvements in depression symptoms.

http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyab084#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyab084#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyab084#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyab084#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyab084#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyab084#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyab084#supplementary-data
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using ESK (56 or 84 mg) in conjunction with a newly initiated 
oral AD in patients with TRD. The 4 lines of evidence for lack of 
association are as follows: (1) many patients with robust anti-
depressant response did not experience dissociation (CADSS 
total score >4) and the proportion of treatment responders did 
not differ significantly between patients who did vs those who 
did not manifest dissociation (based on total CADSS scores 
above vs below 4, respectively) at day 1 (first ESK dose) or day 
25 (last dose); (2) there was no significant correlation between 
the peak increases in dissociative symptom severity (either as 
rated using the CADSS total score or the CADSS component 
scores at 40 minutes post-dose) and the improvement in de-
pressive symptoms rated using the MADRS score at either day 
2 or day 28; (3) there was no significant mediating effect of 
dissociation on the antidepressant effects of ESK; and (4) dis-
sociative symptoms attenuated over repeated dosing while the 
improvement in depressive symptoms measured by the differ-
ential change in MADRS score between the ESK + AD group and 
the AD + placebo group persisted over time without evidence 
of decreasing.

Of the previous studies that evaluated the relationship be-
tween antidepressant effects and dissociative symptoms fol-
lowing administration of ketamine (0.5  mg/kg i.v.) in patients 
with TRD, 2 (from the same research group) reported a signifi-
cant correlation between the ketamine-induced dissociative 
symptoms and the antidepressant effect size (Luckenbaugh 
et al., 2014; Niciu et al., 2018), whereas 2 others found no asso-
ciation between these ratings (Valentine et al., 2011; Murrough 
et al., 2013). Following a single ketamine infusion, Luckenbaugh 
et al. observed correlations between improvements in Hamilton 
Depression Rating Scale scores (at 230 minutes and 7 days post-
dose) and dissociative symptom ratings at 40 minutes on CADSS 
total and depersonalization scores (Luckenbaugh et  al., 2014). 
A second study from the same research group [patient sample 
overlapping with the Luckenbaugh et  al. study (Luckenbaugh 
et  al., 2014)] also reported that the changes in CADSS scores 
obtained at 40 minutes after a single dose of ketamine infu-
sion significantly correlated with improvements in Hamilton 
Depression Rating Scale scores assessed at both 230 minutes 
post-dose (P = .007) and at day 7 (P = .01) in 126 patients with 

treatment-resistant MDD or bipolar disorder (Niciu et al., 2018). 
Contradicting these findings, however, 2 earlier reports [n = 24 
(Murrough et al., 2013); n = 10 (Valentine et al., 2011)] detected no 
significant association between ketamine-induced dissociative 
symptoms and antidepressant effects.

The current findings in 3 large cohorts of patients with TRD 
treated with ESK + AD in a short-term (TRANSFORM-2) (Popova 
et  al., 2019) and a long-term maintenance (SUSTAIN-1) (Daly 
et al., 2019) study did not show a significant association between 
dissociation and antidepressant response; these findings were 
further corroborated by observations from another short-term 
study in patients with TRD (TRANSFORM-1) (Fedgchin et  al., 
2019). The lack of association between ESK-induced dissociation 
and antidepressant response from the correlation analyses was 
supported by outcomes from the responder distribution, me-
diation, and temporal profile analyses. These convergent data 
showed no association between dissociative and antidepressant 
effects that manifested while using ESK in patients with TRD, 
which is in contrast to some, but not other, reports that con-
ducted correlation analyses of similar data obtained following 
the ketamine i.v. treatment (Luckenbaugh et  al., 2014; Niciu 
et al., 2018) discussed above.

Notably, the dissociation induced by the first ESK administra-
tion appeared lower in magnitude (based on CADSS scores) than 
that reported following the single i.v. infusion of ketamine, with 
the highest CADSS scores on average ranging from 6 to 8 for 
initial ESK administrations (Figure 2; supplementary Figure 2) 
compared with approximately 25 after initial administration of 
ketamine 0.5 mg/kg i.v. infused over 40 minutes (Luckenbaugh 
et al., 2014). Furthermore, only a small number of patients had 
a CADSS score >25 in the TRANSFORM-2 and TRANSFORM-1 
cohorts (Figure 1; supplementary Figure 1). These findings ap-
pear consistent with findings from a study comparing puta-
tively equipotent (for NMDAR antagonism) doses of esketamine 
(0.25 mg/kg i.v.) and ketamine (0.5 mg/kg i.v.), in which patients 
with TRD in the esketamine group had numerically lower me-
dian CADSS scores compared with those in the ketamine group 
(Mello et al., 2021). Differences in the pharmacokinetic profiles 
obtained using differing formulation types or routes of admin-
istration (i.v. vs nasal spray) may contribute to the differential 

Table 2. Mediation Analysis of Changes in CADSS Total Scores on Changes in MADRS Total Scores in TRANSFORM-2 and SUSTAIN-1 Study Co-
horts

Mediator Outcome

Direct effect  
LS mean  
(95% Cl)

Indirect effect
Proportion 

being  
mediated

LS mean 
(95% Cl) CI contains 0

TRANSFORM-2
Change in CADSS total score at 

40 minutes post-dose (day 1)
Reduction from baseline in  

MADRS total score (day 2)
−3.62   

(−6.62, −0.74)
−0.45a  

(−1.85, 0.85)
Yes 11%

Change in CADSS total score at 
40 minutes post-dose (day 25)

Reduction from baseline in 
MADRS total score (day 28)

−4.83   
(−8.37, −1.28)

−0.42a 
(−1.95, 0.94)

Yes 8%

SUSTAN-1
Change in CADSS total score 

at 40 minutes post first 
maintenance dose

Time to relapse −2.44   
(−4.04, −0.84)

0.12b  
(−3.22, 3.45)

Yes ~0%

Abbreviations: CADSS, Clinician-Administered Dissociative States Scale; CI, confidence interval; LS, least squares; MADRS, Montgomery-Åsberg Depression Rating 

Scale.

Note: The results show no significant effect of dissociation symptoms on mediating the antidepressant effect, but a significant direct effect of esketamine on the anti-

depressant effect (based on the inclusion and exclusion, respectively, of 0 by the 95% CI).
aThe estimated LS mean difference (95% CI) of change in MADRS total score mediated by difference of change in CADSS total score are shown.
bThe estimated LS mean difference (95% CI) of change in number of relapses per day per 1000 people mediated by difference of change in CADSS total score are 

shown.

http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyab084#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyab084#supplementary-data


Copyedited by:  

Chen et al. | 275

CADSS scores observed. Moreover, differences in the magnitude 
and variance of the CADSS conceivably may influence the statis-
tical sensitivity for detecting a relationship between antidepres-
sant and dissociative effects in studies using esketamine nasal 
spray vs ketamine i.v.

Cumulatively, the findings regarding the association be-
tween dissociation and antidepressant effects should be inter-
preted within the context of several differences that are noted 
between the studies of ketamine i.v.  and esketamine nasal 
spray, including the stereochemistry of the compounds, route of 
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Figure 2. Temporal profiles of dissociation symptoms and antidepressant effects in the TRANSFORM-2 study cohort. (A) Dissociation symptoms assessed using the 

Clinician-Administered Dissociative States Scale (CADSS) total score over repeated dosing. Data are mean ± SE. Significant effects of day (P < .0001), treatment type 

(P < .0001), and day × treatment type (P < .0001) were detected. (B) Mean changes in depression severity from baseline assessed by the Montgomery-Åsberg Depression 

Rating Scale (MADRS) over repeated dosing. Significant effects of day (P < .0001) and treatment type (P = .0049), but not day × treatment type (P = .5341) were detected. 

Data are least squares (LS) mean ± SE. MADRS. AD, antidepressant; ESK, esketamine nasal spray; H, hour; M, minute; SE, standard error.
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administration, dosing frequency, presence of adjunctive anti-
depressant treatments, and rating scales used to assess change 
in depression severity. Furthermore, differences existed in the 
timing of the clinical assessments between the present ana-
lysis and those reported in the Luckenbaugh and Niciu studies 
(Luckenbaugh et al., 2014; Niciu et al., 2018). Of note, in the single 
administration ketamine i.v. study (Luckenbaugh et  al., 2014), 
dissociation observed immediately after the ketamine adminis-
tration was found to be significantly associated with antidepres-
sant response at day 7 after the infusion. In the TRANSFORM-1 
and TRANSFORM-2 studies, patients received ESK dosing twice 
a week for 4 weeks, with MADRS ratings conducted at day 2 and 
thereafter on a weekly basis post baseline. Given this design dif-
ference, it was not possible to assess the association between 
dissociation response immediately after the first ESK dosing only 
and the antidepressant response 6-7 days later in the absence of 
intervening esketamine doses. In our analysis, we instead sought 
to evaluate the association between post-dose changes in CADSS 
total and component scores immediately after first and last 
dosing and MADRS total scores at day 2 (the day after the first 
nasal spray treatment) and day 28 (the day of last MADRS as-
sessment of the induction phase). We selected these timepoints 
based on the distinct temporal courses of dissociative and anti-
depressant responses over repeated dosing. As shown in Figure 
2, the magnitude of the CADSS ratings was highest at Tmax for ESK 
(approximately 40 minutes), but the peak CADSS score declined 
across sessions. CADSS scores after first dosing thus generally 
captured the initial and on average most robust dissociation re-
sponses, whereas CADSS score after last dosing reflected an at-
tenuation of the dissociation responses. In contrast, the MADRS 
score reductions at day 2 (24 hours after the initial ESK adminis-
tration) and day 28 measured the initial and on average greatest 
antidepressant responses, respectively, although the mean dif-
ference between the ESK and active control groups did not sig-
nificantly change between the day 2 and day 28 assessments.

Neither the current post-hoc analysis nor the primary phase 
3 clinical trials were designed to address mechanistic questions, 
and therefore the present findings have limited interpretation 
regarding target engagement. However, the extant evidence 
suggests both the antidepressant and dissociative effects of 
ESK are mediated via NMDAR antagonism (Saad et  al., 2020), 
as supported by direct (Stone et al., 2008) and indirect (Esterlis 
et al., 2018) brain imaging measures reflecting NMDAR engage-
ment. Also consistent with the conclusion that NMDAR antag-
onism mediates the antidepressant effects of ketamine and 
esketamine, the antidepressant dose ratio of esketamine vs 
ketamine approximates their equipotent ratio for NMDAR an-
tagonism based on Ki values (approximately 1:2) (Mello et  al., 
2021). For example, the magnitude of the antidepressant effect 
of 0.2 mg/kg esketamine i.v. (Singh et al., 2016a) is comparable 
with that of 0.5 mg/kg ketamine i.v. (Singh et al., 2016b), and a 
randomized trial that directly compared the antidepressant ef-
ficacy of 0.25 mg/kg esketamine i.v. vs 0.5 mg/kg ketamine i.v. 
showed non-inferiority as well as comparable antidepressant 
and adverse effects between study arms (Correia-Melo et  al., 
2020). Finally, the involvement of NMDARs in producing anti-
depressant and dissociative effects was corroborated by evi-
dence that traxoprodil (CP-101606), a NR2B selective NMDAR 
antagonist, produced antidepressant and (dose-dependent; 
see below) dissociative effects in patients with TRD that ap-
peared similar to those reported in studies using ketamine or 
esketamine (Preskorn et  al., 2008). Therefore, the extant data 
support the hypothesis that NMDAR antagonism mediates the 
antidepressant effects of esketamine.

Nevertheless, a recent preclinical study hypothesized that 
the hyperpolarization-activated cyclic-nucleotide-gated potas-
sium channel 1 (HCN1) mediates the dissociative effects of keta-
mine (Vesuna et al., 2020). The reported affinity of ketamine and 
esketamine for HCN1 is several folds lower than their affinities 
for NMDAR (Vesuna et al., 2020), and it remains unclear whether 
ketamine and esketamine directly interact with HCN1 at their 
antidepressant doses in humans. The mechanism of dissoci-
ation proposed for ketamine and esketamine is different from 
the mechanism of action proposed for psychedelics such as 
psilocybin and 3,4-ethylenedioxymethamphetamine, which are 
under evaluation for possible efficacy in psychiatric disorders, 
including depression (Reiff et al., 2020). For esketamine, the re-
sults from the current study showed that the dissociative effects 
are neither necessary for achieving nor correlated with the anti-
depressant effects.

A crucial clinical implication of our data is that dose selec-
tion and titration during esketamine treatment should focus on 
the antidepressant response and the balance between efficacy 
and tolerability. In contrast, dose selection should not focus on 
producing dissociative symptoms to ensure that an adequate 
therapeutic has been administered. As illustrated in Figure 
1 and supplementary Figure 1, some patients developed dis-
sociation without adequate antidepressant response, whereas 
others achieved robust antidepressant responses without evi-
dence of dissociation. Moreover, the association between dis-
sociative and antidepressant effects changed during repeated 
dosing, as the severity and frequency of dissociation diminished 
while the antidepressant effect persisted across the 4-week DB 
period. In addition, studies assessing the relationships between 
antidepressant and dissociative effects at different esketamine 
doses (0.2 and 0.4 mg/kg i.v.) showed comparable antidepressant 
effects at both doses while the severity of dissociation increased 
at the higher dose (Singh et al., 2016a). Similarly, traxoprodil also 
showed at least partial separation between the antidepressant 
and dissociative effects at distinct dose levels (Preskorn et al., 
2008). Of the 2 doses tested (0.75 mg/kg per hour for 1.5 hours 
followed by 0.15 mg/kg per hour for 6.4 hours vs 0.5 mg/kg per 
hour for 1.5 hour), the higher dose produced prominent dis-
sociative effects, prompting the switch to the lower dose, which 
produced antidepressant effects but minimal dissociative effect 
(Preskorn et al., 2008). Taken together, these data imply that the 
presence of dissociative effects is not needed to ensure the ad-
equacy of antidepressant dosing in individual patients receiving 
ESK for TRD.

The transient increases in CADSS scores following the ad-
ministration of AD + placebo in the control arm of TRANSFORM-2 
merit contextualization, with literature from other areas of 
medicine indicating that the adverse events listed in informed 
consent documents influenced the types of adverse events re-
ported by study participants randomized to the placebo arm of 
DB clinical trials. In the AD + placebo group of TRANSFORM-2, 
approximately 4% of patients were rated as having CADSS 
scores >4. Transient dissociative side effects also were reported 
by some participants who received placebo in a ketamine i.v. 
study in patients with TRD (Acevedo-Diaz et al., 2020). The dis-
sociative effects reported in some participants who received AD 
+ placebo in esketamine studies may reflect the “nocebo” effect 
(i.e., in which a patient who receives placebo develops side ef-
fects or symptoms that can occur with the active study drug 
just because the patient expects them to occur). The nocebo 
phenomenon had been well characterized in studies performed 
across many areas of medicine (Myers et  al., 1987; Chavarria 
et al., 2017; Dodd et al., 2019).

http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyab084#supplementary-data
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Some limitations of the current post-hoc analysis merit 
comment. The CADSS was developed for psychiatric disorders 
such as posttraumatic stress disorder and may not be sen-
sitive to detect change in dissociative symptoms induced by 
ketamine or other NMDAR antagonists (Bremner et al., 1998). 
Currently, the optimal CADSS score threshold has not been 
established for detecting the presence or absence of dis-
sociation in a population of patients with TRD receiving ESK 
(Williamson et al., 2019). Therefore, to investigate the impact 
of using different CADSS thresholds, additional analyses 
were performed using CADSS cutoffs of ≤2 and ≤8 (supple-
mentary Figure 3). Both cutoffs showed similar results as with 
the ≤4 threshold, supporting the absence of an association 
between the antidepressant response and dissociation, irre-
spective of the threshold applied for identifying dissociation. 
Furthermore, other analyses (e.g., correlation, mediation, 
and temporal analyses) that were independent of the CADSS 
cutoff also demonstrated no significant association between 
antidepressant and dissociative effects. Notably, these nega-
tive results also extended to the subcomponent score of the 
CADSS (depersonalization; Table 1) reported to be predictive 
of antidepressant response in a previous study of ketamine 
(Zarate et al., 2006).

Another significant limitation of the methods is the noise 
introduced by both the placebo effect (which impacts both the 
active treatment and control arms) and the small treatment ef-
fect (which is driven by biological heterogeneity inherent within 
the clinical population as well as the limited sensitivity and spe-
cificity of the clinical outcome measure) (Preskorn 2008, 2014). 
Thus, the sensitivity for detecting inter-relationships between 2 
pharmacodynamic effects assessed using clinical rating scales 
in antidepressant trials is limited (Preskorn 2008, 2014). In add-
ition, the relatively small sample sizes of the ESK + AD group 
in the individual studies limited sensitivity for detecting weak 
correlations. To mitigate this latter limitation, we performed a 
correlational analysis of the combined data from TRANSFORM-1 
and TRANSFORM-2 (supplementary Table 6). These results cor-
roborated the findings from the individual studies in supporting 
the absence of correlation.

In summary, post-hoc analyses from the TRANSFORM-1 and 
TRANSFORM-2 short-term studies of ESK + AD (Fedgchin et al., 
2019; Popova et al., 2019) in patients with TRD did not support 
a correlation between the severity or presence of dissociative 
symptoms and the antidepressant treatment response to ESK. 
In addition, there was no evidence of a mediation effect of dis-
sociation on time to depression relapse based on the analysis of 
data from the SUSTAIN-1 relapse prevention maintenance study 
(Daly et al., 2019). Additional research is needed to elucidate the 
presumably distinct modes of action through which the NMDAR 
antagonist mechanism mediates the antidepressant response 
relative to the dissociative effects of esketamine.

Supplementary Materials

Supplementary data are available at International Journal of 
Neuropsychopharmacology (IJNPPY) online.
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