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Purpose: This Phase 3, multicenter study (NCT03434041) was conducted in primarily Chinese patients with treatment-resistant 
depression (TRD) to support the registration of esketamine nasal spray in China.
Patients and Methods: This randomized, double-blind, active-controlled study was conducted in China and the United States (US) 
in patients with TRD (single or recurrent episode). Eligible patients were randomized 1:1 to receive intranasal esketamine or matching 
placebo, each in conjunction with a newly initiated oral antidepressant (AD; duloxetine, escitalopram, sertraline, and venlafaxine 
extended release) (ie, esketamine plus AD or AD plus placebo). The primary endpoint, change from baseline in Montgomery-Åsberg 
Depression Rating Scale (MADRS) total score at Day 28, was analyzed using a mixed-effects model for repeated measures. Secondary 
endpoints including safety were also evaluated.
Results: Of 252 randomized patients (China, 224; US, 28), 214 completed the double-blind treatment phase. The difference between 
treatment groups at Day 28 was not statistically significant (difference in least-square means [95% CI]: −2.0 [−4.64, 0.55]; 2-sided p = 
0.123). However, esketamine plus AD demonstrated a clinically meaningful treatment difference compared with AD plus placebo in 
MADRS total score at 24 hours after first dose for the study overall population and China sub-population (difference in least-square 
mean [95% CI]: −3.3 [−5.33, −1.33] and −2.6 [−4.64, −0.60], respectively). No new safety signals were observed.
Conclusion: Esketamine plus AD was not statistically superior to AD plus placebo in improving depressive symptoms in TRD 
patients at Day 28. Rapid reduction in depressive symptoms within 24 hours was observed for TRD patients treated with esketamine 
plus AD in the overall population and China sub-population. Safety was consistent with the established safety profile of esketamine.
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Introduction
Major depressive disorder (MDD) is a common psychiatric disorder worldwide and a key contributor to the global 
burden of disease.1,2 In China, the 12-month MDD prevalence is 2.1% (approximately 30 million persons), with an 
estimated lifetime MDD prevalence of 3.4% (approximately 50 million persons).3 A subset of MDD patients experience 
treatment-resistant depression (TRD), defined as lack of clinically meaningful improvement after treatment with at least 2 
different antidepressants (ADs) at adequate dosage and duration in the current depressive episode.4–7 Approximately 30% 
of MDD patients have TRD, and there are approximately 14.5 million TRD patients in China where there is no approved 
therapy for TRD.6,8–10 In patients who respond to ADs, the time to reach full effectiveness is typically 4–7 weeks. During 
this period, patients continue to experience symptoms and to be at risk of self-harm.7,11 Therefore, there is an unmet need 
for TRD intervention and novel treatments for the rapid relief of depressive symptoms.12,13

Esketamine nasal spray (SPRAVATO), the rapidly acting S-enantiomer of ketamine, is approved in conjunction with 
an oral AD for the treatment of adults with TRD in the United States (US) and the European Union.14,15 Marketing 
authorizations have also been granted in many other regions and countries. Esketamine nasal spray has also been 
approved for the treatment of depressive symptoms in adults with MDD with acute suicidal ideation or behavior, or in 
a psychiatric emergency.14,15

In a pivotal, phase 3, global, multicenter study (TRANSFORM-2, NCT02418585), esketamine nasal spray (either 56 
or 84 mg) plus a newly initiated oral AD showed a statistically significant and clinically relevant improvement in 
depressive symptoms based on change in Montgomery-Åsberg Depression Rating Scale (MADRS)16 total score after 28 
days in adult patients with TRD versus oral AD plus placebo, and clinically meaningful benefit 24 hours after the first 
dose.17 This phase 3, multicenter study (NCT03434041), with almost identical design features as TRANSFORM-2,17 

evaluated the efficacy and safety of flexibly dosed intranasal esketamine (56 or 84 mg) plus a newly initiated oral AD for 
a 4-week treatment period in mainly Chinese adult patients with TRD to support regulatory requirements for registration 
of intranasal esketamine in China.

Materials and Methods
This study was conducted in accordance with the ethical principles of the Declaration of Helsinki, Good Clinical 
Practices, and applicable regulatory requirements. The study protocol and amendments were reviewed by ethics 
committees at sites in China and institutional review boards in the US (Table S1). All patients provided written informed 
consent before enrolling in the study.

Study Design
This was a phase 3, randomized, double-blind, active-controlled study conducted between June 2018 and April 2021 at 
22 sites in China and 5 sites in the US to fulfil the China Health Authority regulatory requirement of an international 
multi-regional clinical trial. The study consisted of 3 phases: (1) a 4-week screening/prospective observational phase with 
an optional up to 3-week period to taper/discontinue the current AD medication; (2) a 4-week double-blind treatment 
phase during which study medication (esketamine or placebo) was administered at 2 treatment sessions per week on Days 
1, 4, 8, 11, 15, 18, 22, and 25, plus a newly initiated oral AD administered daily; and (3) an 8-week posttreatment follow- 
up phase (Figure 1). After completing the double-blind treatment phase, patients enrolled in the US were eligible to enter 
the open-label long-term safety extension study of esketamine (SUSTAIN-3/TRD3008; NCT02782104).

Study Population
The study population included adults aged 18–64 years, who met the Diagnostic and Statistical Manual of Mental 
Disorders, 5th Edition (DSM-5) criteria for single-episode MDD or recurrent MDD without psychotic features, based on 
clinical assessment and confirmed by the Mini International Neuropsychiatric Interview (MINI). TRD was defined as 
lack of clinically meaningful improvement after treatment with at least 2 different ADs at adequate dose and duration (≥6 
weeks) in the current depressive episode. At the start of the 4-week screening/prospective observational phase, patients 
were required to have had documented nonresponse (≤25% improvement) to treatment with 1–5 oral ADs at adequate 
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dose and duration based on the Massachusetts General Hospital – Antidepressant Treatment Response Questionnaire 
(MGH-ATRQ) for the current depressive episode and confirmed by documented records. In addition, patients were 
currently receiving a different oral AD (on the MGH-ATRQ), to which they had been adherent for at least the previous 2 
weeks at or above the minimum therapeutic dose. Patients who were non-responders to their current oral AD(s) were 
eligible for randomization if all other entry criteria were met. Nonresponse at the end of the screening/prospective 
observational phase was defined as ≤25% improvement in the MADRS total score from Week 1 to Week 4 and 
a MADRS total score of ≥28 on Week 2 and Week 4 during the screening/prospective observational phase.

Patients with previous nonresponse to esketamine or ketamine, nonresponse to all oral ADs for this study (described 
below), or nonresponse to electroconvulsive therapy were excluded. Patients who had received vagal nerve stimulation or 
deep brain stimulation in the current depressive episode were also excluded. Other key exclusion criteria were current or 
prior diagnosis of a psychotic disorder or MDD with psychotic features, bipolar or related disorders, current obsessive 
compulsive disorder, intellectual disability, autism spectrum disorder, borderline, antisocial, histrionic, or narcissistic 
personality disorder; current or recent (past 6 months) homicidal ideation/intent or suicidal ideation with intent to act or 
history of suicidal behavior within the past year; and a recent history (past 6 months) of moderate or severe substance or 
alcohol use disorder, including a lifetime history of ketamine, phencyclidine, lysergic acid diethylamide, or 3,4-methy
lenedioxy-methamphetamine hallucinogen-related use disorder.

Randomization and Blinding
Central randomization was implemented in this study. A computer-generated randomization schedule was used to randomly 
assign patients in a 1:1 ratio to receive double-blind treatment with either intranasal esketamine or matching placebo, each in 
combination with a newly initiated open-label oral AD. Randomization was balanced by using randomly permuted blocks and 
was stratified by country (China or US), class of oral AD (serotonin and norepinephrine reuptake inhibitor [SNRI] or selective 
serotonin reuptake inhibitor [SSRI]), and consent to biomarker evaluation (Yes or No). Investigators, patients, site personnel, 
clinical team, and those assessing outcomes or analyzing the data were blind to the treatment assignment.

Intranasal Study Drugs and Newly Initiated Oral ADs
Each device delivered 2 sprays of either esketamine (a total of 28 mg of esketamine base) or placebo. Intranasal esketamine or 
placebo devices had identical appearance and packaging. All patients received training and practiced spraying (into the air, not 

Screened,

n=481

10 withdrawn
•  7 withdrawal by patient
•  2 adverse events
•  1 investigator’s decision
   to discontinue follow-up
   and enter long-term
   safety extension study
   SUSTAIN-3/TRD3008

18 withdrawn
•  7 adverse events
•  4 other (2 related to COVID-19)
•  3 lack of efficacy
•  2 withdrawal by patient
•  1 lost to follow-up
•  1 death

20 withdrawn
•  14 lack of efficacy
•  2 adverse events
•  2 other (both related to COVID-19)
•  1 non-compliance with study drug
•  1 withdrawal by patient

Double-blind treatment phase (4 weeks)

AD + placebo, n=126

Screening/prospective observation phase
(4 weeks + optional taper of up to 3 weeks)

Follow-up phase (8 weeks)

ESK + AD, n=126

Follow-up, n=209

Eligible
patients with

aTRD, n=252

Screen failures,
n=229 

Long-term safety extension study
bSUSTAIN-3/TRD3008, n=25

Figure 1 Patient flow diagram. 
Notes: aOnly patients with non-response to at least 2 AD treatments prior to randomization were eligible to participate in the study. bTwenty-four patients entered 
SUSTAIN-3/TRD3008 from the double-blind treatment phase of TRD3006; 1 patient entered SUSTAIN-3/TRD3008 from the follow-up phase of TRD3006. 
Abbreviations: AD, antidepressant; ESK, esketamine; TRD, treatment-resistant depression.
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intranasally) using a demonstration intranasal device that was filled with placebo solution before the first administration. 
Patients self-administered intranasal esketamine or placebo at the clinical site under the direct supervision of the investigator/ 
designee. On Day 1, esketamine was started at 56 mg. On Days 4, 8, 11, 15, 18, 22, and 25, the investigator judged, based on 
efficacy and tolerability, whether to increase the dose of esketamine to 84 mg or to maintain the dose at 56 mg.

Open-label oral AD medication (duloxetine, escitalopram, sertraline, and venlafaxine extended release as active 
comparator) was assigned by the investigator based on review of MGH-ATRQ and relevant prior AD medication 
information and was one to which the patient had not previously been nonresponsive, in the current depressive episode, 
and to which the patient had not been previously intolerant (lifetime). Dosing of the oral AD began on Day 1 and 
followed a protocol-specific titration schedule.

Efficacy Assessments
Efficacy assessments included (1) MADRS, a clinician-rated measure of depression severity,16 and scored by indepen
dent, remote (by phone), blinded MADRS raters to ensure an unbiased efficacy evaluation; (2) Sheehan Disability Scale 
(SDS), a patient-reported measure of functional impairment and associated disability;18,19 (3) Clinical Global Impression 
of Severity (CGI-S), a clinician-rated measure of illness severity;20 (4) 7-Item Generalized Anxiety Disorder Scale 
(GAD-7), a patient-reported measure of anxiety symptoms;21 and (5) 5-level EQ-5D (EQ-5D-5L), a patient-reported 
measure of health outcome.22

The primary endpoint was change in MADRS total score (7-day recall) from baseline to Day 28 (end of double-blind 
treatment phase). Two key secondary endpoints were (1) change from baseline in MADRS total score (24-hour recall) at 
24 hours post first dose (Day 2)23 and (2) change from baseline in SDS total score at Day 28. Other secondary endpoints 
were change from baseline to Day 28 in CGI-S, GAD-7, and EQ-5D-5L, respectively.

Pharmacokinetic (PK) Assessments
PK was evaluated in the China population only. Venous blood samples (approximately 4 mL each) were collected for PK 
analysis at predose, 40 minutes, 2 hours, and 6 hours postdose on Day 25. Plasma esketamine concentrations were 
measured in each sample.

Safety Assessments
Safety evaluation was based on reported adverse events (AEs), clinical laboratory tests, vital sign measurements, physical 
examinations, body weight, height, electrocardiograms (ECGs), pulse oximetry, and nasal examinations. Other safety evaluations 
included the Columbia-Suicide Severity Rating Scale (C-SSRS) to assess potential suicidal ideation and behavior,24 the 
Clinician-Administered Dissociative States Scale (CADSS) to assess dissociative symptoms,25 and the 20-Item Physician 
Withdrawal Checklist (PWC-20) to assess potential withdrawal symptoms following cessation of intranasal study medication.26

Statistical Analysis
Sample Size Determination
Planned sample size was calculated assuming a treatment difference for the double-blind treatment phase of 6.5 points in 
MADRS total score between esketamine and the active comparator, a standard deviation (SD) of 12, a 1-sided significance 
level of 0.025, and a dropout rate of 25%. The treatment difference and SD used in this calculation were based on results 
from a Phase 2 study evaluating intranasal esketamine for TRD27 and on clinical judgement. Approximately 117 patients 
were to be randomized to each treatment group to achieve greater than 90% power, with a sample size of 105 Chinese 
patients per treatment arm (n = 210 total) plus 12 non-Chinese patients per treatment arm (n = 24 total).

Analysis Sets
Patients were classified into the following analysis sets: all randomized, efficacy, safety, follow-up, and pharmacokinetic. 
The all randomized analysis set included all randomized patients regardless of whether treatment was received. The 
efficacy analysis set (ie, full analysis set), included all randomized patients who received at least 1 dose of intranasal 
study medication and 1 dose of oral AD medication during the double-blind treatment phase. The safety analysis set 
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included all randomized patients who received at least 1 dose of intranasal study medication or 1 dose of oral AD 
medication during the double-blind treatment phase. The follow-up analysis set included all patients who entered the 
follow-up phase. The pharmacokinetic analysis set included all patients who received at least 1 dose of intranasal study 
medication and had at least 1 post-treatment sample collected during treatment.

Efficacy Analysis
Statistical analysis tests were conducted at a 2-sided 0.05 level of significance unless otherwise noted. A serial gate
keeping (fixed sequence) approach was applied to adjust for multiplicity and to strongly control type I error across the 
primary and the 2 key secondary efficacy endpoints. The 2 key secondary endpoints were analyzed sequentially and 
considered statistically significant at the 2-sided 0.05 level only if the endpoint individually and previous endpoints in the 
hierarchy, including the primary endpoint, were significant at the 2-sided 0.05 level.

For the primary efficacy analysis, change from baseline in MADRS total score at Day 28 in the double-blind 
phase was analyzed using a mixed-effects model for repeated measures (MMRM) based on observed case data. 
The model included the baseline MADRS total score as a covariate and treatment, country, class of AD (SNRI or 
SSRI), day, and day-by-treatment interaction as fixed effects. The key secondary endpoints and other secondary 
endpoint (ie, CGI-S) were analyzed using a model similar to the one described for the primary efficacy analysis. 
The change from baseline in GAD-7 total score at Day 28 was analyzed using an analysis of covariance 
(ANCOVA) model with treatment, country, and class of AD (SNRI or SSRI) as factors, and the baseline score 
as the covariate. Descriptive statistics of actual values and changes from baseline by treatment group were 
provided for EQ-5D-5L.

PK Analyses
Plasma esketamine concentrations were listed for all Chinese patients by esketamine dose and study day. Descriptive 
statistics were used to summarize esketamine concentrations at each sampling timepoint.

Safety Analysis
The number of patients with treatment-emergent AEs (TEAEs), serious AEs (SAEs), and TEAEs that led to discontinuation of 
study medication was summarized by system organ class and preferred term. Descriptive statistics were provided for clinical 
laboratory tests, vital signs, ECG values, and CADSS. For PWC-20, the proportion of patients with withdrawal symptoms at 
the end of the double-blind treatment phase or during follow-up was presented by treatment group, and symptoms at follow-up 
were compared to the last intranasal dosing visit and summarized. C-SSRS was used to assess the occurrence, severity, and 
frequency of suicide-related ideation and behaviors during the double-blind period and follow-up phase. Changes in nasal 
examination findings from baseline for each examination were listed for the double-blind phase by treatment group.

Results
Study Population
Of 481 patients screened, 252 (n = 224, China; n = 28, US) were randomized 1:1 to receive esketamine plus AD (n = 126) 
or AD plus placebo (n = 126); of these, 214 (84.9%) completed the double-blind treatment phase (Figure 1). All patients 
were treated with either 56 mg of esketamine nasal spray or matching placebo nasal spray on Day 1. On Day 4, 40.2% of 
patients in the esketamine group had their dose increased to 84 mg. On Day 25, the last dosing day, 85.2% of patients in the 
esketamine group were on 84 mg. In the esketamine plus AD group, the most common reason for withdrawal was AEs (n = 
7, 5.6%), followed by “other” reason for withdrawal (n = 4, 3.2%). In the AD plus placebo group, the most common reason 
for withdrawal was lack of efficacy (n = 14, 11.1%), followed by AEs and “other” reason for withdrawal, respectively, each 
with 2 (1.6%) patients. A total of 209 patients entered the follow-up phase, and 199 (95.2%) completed the entire 8-week 
follow-up phase. A total of 25 patients from the US continued into the long-term safety extension study of esketamine 
(SUSTAIN-3/TRD3008, NCT02782104).

Esketamine plus AD and AD plus placebo groups were comparable based on demographic and baseline clinical 
characteristics (Table 1, Table S2), with similar mean age (36.9 vs 37.8 years), gender mix (male: 53.2% vs 56.3%), 
disease severity (mean MADRS total scores: 36.5 vs 35.9), and mean duration of the current depressive episode (225.3 vs 
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218.6 weeks) (Table 1). Most patients (≥81%) in each treatment group received intranasal study medication on all 8 
dosing days during the double-blind phase. Most patients (≥85%) in each group were exposed to intranasal study 
medication for at least 22 days.

Table 1 Demographic and Baseline Clinical Characteristicsa

Characteristic Esketamine Plus AD 
(n=124)

AD Plus Placebo 
(n=126)

Total  
(n=250)

Age, years – mean (SD) 36.9 (12.04) 37.8 (12.36) 37.3 (12.19)

Sex – n (%)

Male 66 (53.2) 71 (56.3) 137 (54.8)

Female 58 (46.8) 55 (43.7) 113 (45.2)

Race – n (%)

Asian 110 (88.7) 112 (88.9) 222 (88.8)

White 12 (9.7) 9 (7.1) 21 (8.4)

Black or African American 1 (0.8) 4 (3.2) 5 (2.0)

Multiple 1 (0.8) 0 (0) 1 (0.4)

Not reported 0 (0) 1 (0.8) 1 (0.4)

Country – n (%)

China 110 (88.7) 112 (88.9) 222 (88.8)

United States 14 (11.3) 14 (11.1) 28 (11.2)

BMI, calculated as kg/m2– mean (SD) 24.8 (4.98) 24.2 (4.32) 24.5 (4.66)

Employment status – n (%)b

Any type of employment 86 (69.4) 79 (62.7) 165 (66.0)

Any type of unemployment 27 (21.8) 38 (30.2) 65 (26.0)

Other 11 (8.9) 9 (7.1) 20 (8.0)

Age when diagnosed with MDD, years – mean (SD) 27.2 (11.53) 28.2 (11.87) 27.7 (11.69)

Duration of current episode, weeks – mean (SD) 225.3 (317.75) 218.6 (274.20) 221.9 (296.02)

MADRS total score – mean (SD) 36.5 (5.21) 35.9 (4.50) 36.2 (4.87)

CGI-S – mean (SD) 5.1 (0.61) 5.2 (0.68) 5.1 (0.65)

CGI-S category – n (%)

Mildly ill 1 (0.8) 1 (0.8) 2 (0.8)

Moderately ill 15 (12.1) 16 (12.7) 31 (12.4)

Markedly ill 81 (65.3) 74 (58.7) 155 (62.0)

Severely ill 27 (21.8) 33 (26.2) 60 (24.0)

Most extremely ill 0 (0) 2 (1.6) 2 (0.8)

Class of oral AD – n (%)

SNRI 68 (54.8) 69 (54.8) 137 (54.8)

SSRI 56 (45.2) 57 (45.2) 113 (45.2)

Oral AD – n (%)

Duloxetine 36 (29.0) 40 (31.7) 76 (30.4)

Escitalopram 30 (24.2) 34 (27.0) 64 (25.6)

Venlafaxine extended release 31 (25.0) 29 (23.0) 60 (24.0)

Sertraline 27 (21.8) 23 (18.3) 50 (20.0)

Number of previous treatment failures in current  
episode – n (%)c

1 38 (30.6) 38 (30.2) 76 (30.4)

2 46 (37.1) 47 (37.3) 93 (37.2)

3 29 (23.4) 31 (24.6) 60 (24.0)

4 7 (5.6) 8 (6.3) 15 (6.0)

5 4 (3.2) 2 (1.6) 6 (2.4)

Notes: aData generated from the efficacy analysis set. bAny type of employment includes any category containing “employed”, sheltered work, housewife or 
dependent husband, and student; any type of unemployment includes any category containing “unemployed”; “other” includes retired or no information available. 
cNumber of AD medications with nonresponse (defined as ≤25% improvement) taken for at least 6 weeks during the current episode as obtained from MGH- 
ATRQ at screening. 
Abbreviations: AD, antidepressant; BMI, body mass index; CGI-S, Clinical Global Impression of Severity; MADRS, Montgomery-Åsberg Depression Rating Scale; 
MDD, major depressive disorder; MGH-ATRQ, Massachusetts General Hospital – Antidepressant Treatment Response Questionnaire; SD, standard deviation; 
SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.
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Efficacy
MADRS Primary Efficacy Analysis and Follow-Up Results
The mean (SD) MADRS total score at baseline was 36.5 (5.21) for the esketamine plus AD group and 35.9 (4.50) for the AD 
plus placebo group, and at Day 28 was 26.5 (10.33) and 27.9 (10.04), respectively (Table 2). The mean change (SD) in 
MADRS total score from baseline at Day 28 was -10.1 (10.80) for the esketamine plus AD group and −8.1 (10.26) for the AD 
plus placebo group. The least squares (LS) mean difference (95% confidence interval [CI]) at Day 28 between the two 
treatment groups analyzed by MMRM was −2.0 (−4.64, 0.55); this difference was not statistically significant (2-sided p = 
0.123). In the China population (n = 222), the LS mean difference (95% CI) was -0.7 (−3.35, 1.94). The MADRS change over 
time in the overall population and China population during the double-blind treatment phase is shown in Figure 2. China 
patients continued to the 8-week follow-up phase, during which the mean MADRS total score continuously improved. 
Patients who were previously on esketamine showed a larger reduction in MADRS total score compared with those who were 
previously on placebo, with a mean score at week 8 of 20.5 versus 24.6, respectively (Figure S1).

Key Secondary Efficacy Analyses
The 2 key secondary endpoints were designed to assess the effect of esketamine on the rapid reduction of depressive 
symptoms and on patient-reported functioning and associated disability. Based on the predefined testing sequence of the 
primary and key secondary endpoints, the change from baseline in MADRS total score at 24 hours (Day 2) and the 
change from baseline in SDS total score at Day 28 could not be formally tested. The change in MADRS total score at 24 
hours numerically favored esketamine plus AD over AD plus placebo. Using an MMRM model, the LS mean difference 
(95% CI) between the 2 treatment groups was −3.3 (−5.33, −1.33) (Table 3). In the China population, the LS mean 
difference (95% CI) between esketamine plus AD and AD plus placebo was −2.6 (−4.64, −0.60). The LS mean difference 

Table 2 Change in MADRS Total Scorea from Baseline to Day 28 in the Double- 
Blind Treatment Phase

Esketamine Plus AD AD Plus Placebo

Baseline
N 124 126

Mean (SD) 36.5 (5.21) 35.9 (4.50)

Median (range) 36.0 (25, 50) 36.0 (27, 48)
Day 28

N 109 106

Mean (SD) 26.5 (10.33) 27.9 (10.04)
Median (range) 28.0 (0, 43) 30.0 (0, 44)

Change from baseline to Day 28
N 109 106
Mean (SD) −10.1 (10.80) −8.1 (10.26)

Median (range) −7.0 (−42, 10) −6.0 (−38, 8)

MMRM analysisb

Difference of LS means (SE) −2.0 (1.32)

95% CI on difference −4.64, 0.55
2-sided p-value 0.123

Notes: aMADRS total score ranges from 0 to 60; a higher score indicates a more severe condition. 
Negative change in score indicates improvement. bTest for treatment effect is based on MMRM analysis 
with change from baseline as the response variable and the fixed effect model terms for treatment 
(esketamine plus AD, AD plus placebo), day, country, class of oral AD (SNRI or SSRI), and treatment-by- 
day, and baseline value as a covariate. A negative difference favors esketamine. 
Abbreviations: AD, antidepressant; LS, least squares; MADRS, Montgomery-Åsberg Depression Rating 
Scale; MMRM, mixed model for repeated measures; SD, standard deviation; SE, standard error; SNRI, 
serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.

Neuropsychiatric Disease and Treatment 2023:19                                                                              https://doi.org/10.2147/NDT.S391096                                                                                                                                                                                                                       

DovePress                                                                                                                         
699

Dovepress                                                                                                                                                            Chen et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=391096.docx
https://www.dovepress.com
https://www.dovepress.com


(95% CI) of change in SDS total score from baseline to Day 28 between the 2 treatment groups was −1.0 (−2.96, 0.97) 
based on MMRM analysis (Table 3). In the China population, the LS mean difference (95% CI) between the 2 treatment 
groups was −0.1 (−2.09, 1.93).
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Figure 2 LS mean change in MADRS total score over timea in the double-blind treatment phase in the overall population (A) and China population (B). 
Note: aLS mean and SE were based on MMRM analysis with change from baseline as the response variable and the fixed effect model terms for treatment (esketamine 
plus AD, AD plus placebo), day, country, class of oral AD (SNRI or SSRI), and treatment-by-day, and baseline value as a covariate. Negative change in score indicates 
improvement. 
Abbreviations: AD, antidepressant; ESK, esketamine; LS, least squares; MADRS, Montgomery-Åsberg Depression Rating Scale; MMRM, mixed model for repeated 
measures; SE, standard error; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.
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Other Secondary Efficacy Analyses: CGI-S, GAD-7, and EQ-5D-5L
At Day 28, the LS mean difference (95% CI) of change from baseline in CGI-S between esketamine plus AD and AD 
plus placebo was −0.2 (−0.46, 0.10). CGI-S frequency distribution at baseline and Day 28 is shown in Figure S2. Severity 
of depression decreased during the treatment phase in both treatment groups with 29.2–30.9% of patients in the normal/ 
borderline/mild category at Day 28.

Table 3 Key Secondary Efficacy Endpoints Assessed in the Double-Blind Treatment Phase

Esketamine 
Plus AD

AD Plus 
Placebo

Change in MADRS total scorea from baseline to Day 
2 (24 hours)
Baseline

N 124 126

Mean (SD) 36.5 (5.21) 35.9 (4.50)

Median (range) 36.0 (25, 50) 36.0 (27, 48)
Day 2 (24 hours)

N 123 125
Mean (SD) 28.5 (9.39) 31.5 (8.30)

Median (range) 30.0 (0, 47) 33.0 (1, 49)

Change from baseline to Day 2 (24 hours)
N 123 125

Mean (SD) −8.0 (9.01) −4.4 (7.66)

Median (range) −6.0 (−38, 13) −3.0 (−31, 12)

MMRM analysisb

Difference of LS means (SE) −3.3 (1.02)
95% CI on difference −5.33, −1.33

Change in SDS total scorec from baseline to Day 28
Baseline

N 119 122

Mean (SD) 22.9 (5.18) 22.5 (5.20)
Median (range) 24.0 (6, 30) 23.5 (8, 30)

Day 28

N 100 99
Mean (SD) 16.6 (8.34) 17.1 (8.31)

Median (range) 17.0 (0, 30) 18.0 (0, 30)

Change from baseline to Day 28
N 99 98

Mean (SD) −6.3 (7.54) −5.3 (7.03)

Median (range) −4.0 (−30, 6) −4.0 (−22, 10)

MMRM analysisb

Difference of LS means (SE) −1.0 (1.00)
95% CI on difference −2.96, 0.97

Notes: aMADRS total score ranges from 0 to 60; a higher score indicates a more severe condition. Negative change in 
score indicates improvement. bTest for treatment effect is based on MMRM analysis with change from baseline as the 
response variable and the fixed effect model terms for treatment (esketamine plus AD, AD plus placebo), day, country, 
class of oral AD (SNRI or SSRI), and treatment-by-day, and baseline value as a covariate. A negative difference favors 
esketamine. cSDS total score ranges from 0 to 30; a higher score indicates greater impairment. Negative change in 
score indicates improvement. 
Abbreviations: AD, antidepressant; CI, confidence interval; LS, least squares; MADRS, Montgomery-Åsberg 
Depression Rating Scale; MMRM, mixed model for repeated measures; SD, standard deviation; SDS, Sheehan 
Disability Scale; SE, standard error; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin 
reuptake inhibitor.
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Mean GAD-7 total scores improved from baseline to the endpoint of the double-blind phase in both treatment groups: 
mean (SD) changes from baseline were −4.3 (5.65) in the esketamine plus AD group and −2.9 (5.28) in the AD plus 
placebo group (Table S3). Using an ANCOVA model, the LS mean difference (95% CI) of change in GAD-7 total score 
from baseline to Day 28 between treatment groups was −1.6 (−2.78, −0.36), in favor of the esketamine plus AD group 
(Table S3).

The percentage of patients who reported problems in each of the 5 individual dimensions in the EQ-5D-5L 
assessment decreased from baseline to Day 28 of the double-blind phase in both treatment groups (Figure S3).

PK
Mean esketamine concentrations were highest in samples collected at 40 minutes postdose and declined over time (Table S4). 
Mean concentrations were slightly lower for the 56 mg (n = 13) dose group compared with the 84 mg (n = 75) dose group (101 
ng/mL versus 108 ng/mL, respectively) at the 40-minute sampling timepoint, whereas dose-related differences in mean 
concentrations were observed at 2 hours and 6 hours postdose.

Safety
TEAEs
Overall, 120 (95.2%) esketamine-treated patients and 89 (70.6%) placebo-treated patients experienced 1 or more TEAEs in 
the double-blind phase (Table 4). A total of 117 (92.9%) esketamine-treated patients and 55 (43.7%) placebo-treated patients 
experienced 1 or more TEAEs that were considered by the investigator at least possibly related to the intranasal drug.

During the double-blind treatment phase, the most common TEAEs (reported by ≥10% of patients) in the esketamine 
plus AD group were dizziness (77.0%), dissociation (59.5%), nausea (42.1%), increased blood pressure (30.2%), 
hypoesthesia (19.8%), vomiting (18.3%), vision blurred (18.3%), somnolence (15.9%), headache (12.7%), and dysgeusia 
(11.1%); the most common TEAEs in the AD plus placebo group were dizziness (19.8%), nausea (13.5%), headache 
(11.1%), and blood pressure increased (10.3%) (Table 4). Most TEAEs were mild or moderate in severity. Overall, most 
TEAEs of dissociation, dizziness, vertigo, and increased blood pressure occurred on the day of dosing, and most of these 
events resolved on the same day (Table S5).

There was 1 death (0.8%) in the esketamine plus AD group during the double-blind phase (Table 4). The patient 
completed suicide on Day 4 after the first intranasal dose. The investigator considered the event possibly related to 
esketamine treatment. However, there were several contributing factors (eg, underlying severe depressive condition with 
worsening symptoms since the start of a major depressive episode despite several pharmacological treatments, prior high 
suicidal risk, and changes of medications in the last month), and the sponsor assessed the event as not related to 
esketamine treatment. One patient in the esketamine plus AD group with history of suicidal ideation and self-injury had 
a suicide attempt (aborted suicidal attempt) one day after Day 1 dosing, which was deemed by the investigator as 
doubtfully related to intranasal treatment. During the double-blind phase, 4 patients (1 in the esketamine plus AD group 
and 3 in the AD plus placebo group) experienced a SAE related to the underlying depression (Table 4).

Seven (5.6%) patients in the esketamine plus AD group and 2 (1.6%) in the AD plus placebo group experienced 
TEAEs leading to discontinuation of intranasal study medication (Table 4). The most common TEAEs leading to 
intranasal study medication discontinuation in esketamine-treated patients were nausea, vomiting, dissociation, and 
dizziness, all reported for 2 (1.6%) patients each.

Vital Signs and Physical Findings
Across all intranasal dosing days, mean systolic blood pressure and diastolic blood pressure values in the esketamine 
plus AD group increased at 40-minute postdose and subsequently returned close to predose values at 1.5-hour postdose 
(Figure S4). The mean (SD) maximum increase in systolic blood pressure from the predose timepoint was 13.2 (11.14) 
mmHg in the esketamine plus AD group and 5.4 (9.29) mmHg in the AD plus placebo group; the mean (SD) maximum 
increase in diastolic blood pressure from the predose timepoint was 10.2 (8.35) mmHg in the esketamine plus AD group 
and 4.7 (6.62) mmHg in the AD plus placebo group.
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There were no clinically important findings in either treatment group for clinical laboratory evaluations, ECGs, nasal 
examinations, heart rate, pulse rate, pulse oximetry, respiratory rate, or ECG parameters from average predose over time 
during the double-blind phase.

C-SSRS
At baseline, 67.5% of patients in the esketamine plus AD group and 73.2% in the AD plus placebo group had no suicidal 
ideation or behavior based on C-SSRS. The percentage of patients reporting no suicidal ideation or behavior increased 
from baseline to the double-blind endpoint (Figure S5). At each post-baseline assessment, most patients in either 
treatment group reported a score of 0 indicating no events of suicidal ideation or behavior. During the double-blind 
treatment phase, 12 esketamine-treated patients and 14 placebo-treated patients had treatment-emergent post-baseline 
suicidal ideation versus baseline; 1 patient in the esketamine plus AD group had treatment-emergent post-baseline 
suicidal behavior versus baseline.

Table 4 Safety Summary During the Double-Blind Treatment Phase

Esketamine Plus AD (n=126) AD Plus Placebo (n=126)

TEAEs 120 (95.2) 89 (70.6)
Most common (≥10% of patients in either group)

Dizziness 97 (77.0) 25 (19.8)

Dissociation 75 (59.5) 8 (6.3)
Nausea 53 (42.1) 17 (13.5)

Blood pressure increased 38 (30.2) 13 (10.3)

Hypoesthesia 25 (19.8) 1 (0.8)
Vomiting 23 (18.3) 2 (1.6)

Vision blurred 23 (18.3) 1 (0.8)
Somnolence 20 (15.9) 11 (8.7)

Headache 16 (12.7) 14 (11.1)

Dysgeusia 14 (11.1) 6 (4.8)
TEAEs possibly related to intranasal druga 117 (92.9) 55 (43.7)

TEAEs leading to deathb 1 (0.8) 0 (0)

Treatment-emergent SAEs 3 (2.4) 3 (2.4)
Completed suicideb 1 (0.8) 0 (0)

Depression 1 (0.8) 3 (2.4)

Suicide attempt 1 (0.8) 0 (0)
TEAEs leading to discontinuation of intranasal study medicationc 7 (5.6) 2 (1.6)

Nausea 2 (1.6) 1 (0.8)

Vomiting 2 (1.6) 0 (0)
Dissociation 2 (1.6) 0 (0)

Dizziness 2 (1.6) 2 (1.6)

Depressional suicide 1 (0.8) 0 (0)
Headache 1 (0.8) 0 (0)

Asthenia 1 (0.8) 0 (0)

Blood pressure increased 1 (0.8) 0 (0)
Decreased appetite 1 (0.8) 0 (0)

Myalgia 1 (0.8) 0 (0)

Diarrhea 0 (0) 1 (0.8)
Parosmia 0 (0) 1 (0.8)

Insomnia 0 (0) 2 (1.6)

Notes: All data are n (%). Incidence is based on the number of patients experiencing at least one AE, not the number of events. aStudy drug relationships of possible, 
probable, and very likely are included in this category. bSame patient. cAn AE that started in the double-blind treatment phase and resulted in discontinuation in the follow-up 
phase is counted as treatment-emergent in the double-blind treatment phase. 
Abbreviations: AD, antidepressant; AE, adverse event; SAE, serious adverse event; TEAE, treatment-emergent adverse event.
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CADSS
In the esketamine plus AD group, the mean total and component CADSS scores peaked at 40-minute postdose and 
generally returned to predose values at 1.5-hour postdose (Figure S6). The peak mean CADSS total score at the 40- 
minute timepoint in esketamine-treated patients decreased over time with consecutive doses. More esketamine-treated 
patients (n = 91, 72.8%) had an increase greater than 4 in CADSS total score from predose at any time during the double- 
blind phase compared with placebo-treated patients (n = 6, 4.8%).

PWC-20
The changes in withdrawal symptoms as assessed by the PWC-20 after cessation of treatment with esketamine plus AD 
were consistent with observed changes in symptoms of depression and anxiety. No clear evidence of withdrawal was 
observed 2 weeks after cessation of treatment with esketamine plus AD.

Discussion
This active-controlled study investigating the efficacy and safety of esketamine versus placebo, each in combination with 
a newly initiated oral AD, in predominantly Chinese patients with TRD did not achieve statistical significance for the 
primary endpoint, change in MADRS total score from baseline to Day 28, although a 2-point difference was observed. 
The average 2-point difference from placebo at endpoint in short-term studies has been used to establish the clinical 
relevance of an AD against placebo.28,29 Although the first key secondary endpoint could not be formally evaluated due 
to the prespecified testing hierarchy, esketamine-treated patients experienced clinically important, rapid reduction in 
depressive symptoms within 24 hours after the first intranasal dose (LS mean difference [95% CI]: −3.3 [−5.33, −1.33]). 
A rapid reduction in depressive symptoms was also observed in the China population (LS mean difference [95% CI]: 
−2.6 [−4.64, −0.60]). These data are consistent with previous findings from esketamine studies for TRD and MDD with 
acute suicidal ideation or behavior,30,31 and reflect the characteristics of a rapid-acting antidepressant (ie, efficacy 
generally demonstrated within hours to 1 week).32 Efficacy data in this study are in contrast to the effects of standard 
oral ADs, which typically require several weeks before conferring clinical benefit.

In contrast to a previous report in a global population,17 this study conducted in a primarily Chinese population did 
not demonstrate a therapeutic effect after 4-week double-blind treatment with esketamine. The observed 2-point 
difference in MADRS total score was driven primarily by data from US patients. A smaller magnitude of change was 
observed in the China subgroup compared with the US subgroup and global phase 3 TRD studies.17,33

After completion of the study, a number of factors were explored, including demographic and clinical characteristics, 
treatment history, cultural and ethnic differences in a Western versus Chinese population, PK, and study execution, that 
may have contributed to the failure of this study. There were no obvious factors identified to explain the difference in the 
primary efficacy outcome between China and US subgroups, and global phase 3 TRD studies.17,33 With respect to PK, 
esketamine concentrations exhibited the expected dose-dependent differences between the 56 mg and 84 mg doses and 
were similar to those observed in the global phase 3 TRD studies.17,33

The use of remote blinded independent raters to administer the MADRS assessment by telephone was hypothesized 
as a potential contributing factor. Since independent remote raters did not know individual subjects and their baseline 
characteristics well and were unable to see the participants in order to judge affect or change in affect during the rating 
process, the use of independent remote raters may have reduced the sensitivity of detecting change in depressive 
symptoms. Remote independent rating had not been used in prior MDD registrational trials in China. According to an 
earlier pilot study in the China population,34 remote raters tended to rate patients slightly higher at the same visit than 
site-based raters, especially when patients demonstrated lower overall symptom severity. However, this finding was not 
observed in another similar pilot study in a US population, which demonstrated that remote blinded ratings were 
comparable to site-based ratings in this US population with TRD at all timepoints.35 This may be partly due to cultural 
and ethnic differences in a Western versus Chinese population in how patients express their depressive symptoms, 
especially to a stranger by telephone.

In addition, the hypothesis that remote rating may be less sensitive to change in depression may be supported by the 
observed outcomes in some PROs included in this study. In a post-hoc analysis of the percentage of patients with 
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clinically meaningful improvement in MADRS and patient-reported outcomes (PROs) (GAD-7, EQ-5D-5L, and EQ- 
VAS) in the China population at Day 28, the PROs results appeared to favor esketamine over placebo (Figure S7), 
whereas similar response rates were seen for the clinician-rated MADRS for both treatment groups. This suggests that 
patients may have experienced some improvement not captured by the remote clinical rating.

Another potential factor was the heterogeneity of site experiences. In a post-hoc analysis of MADRS change over 
time in the China population, higher enrolling sites (Figure S8) showed a numerically greater treatment difference 
(favoring esketamine) in MADRS total score compared with lower enrolling sites. Higher enrolling sites tended to have 
more experience with MDD clinical trials and/or the treatment and management of patients with TRD compared with 
lower enrolling sites.

Safety was consistent with the established safety profile of esketamine, and no new safety signal was identified. The 2 
cases of serious suicide-related events (completed suicide and suicide attempt) in the esketamine plus AD group were 
considered unrelated to esketamine treatment due to the underlying disease and prior high suicidal risk or history of self- 
injury. There were no clinically important findings observed during the double-blind phase or in the follow-up phase in 
either treatment group for clinical laboratory evaluations, nasal examinations, ECGs, or assessment by the C-SSRS, the 
CADSS, or the PWC-20.

Several limitations of the study merit comment. As esketamine has known transient dissociative effects that are 
difficult to blind (the dissociative effects are not possible to mimic adequately using an active placebo), these specific 
treatment-emergent events could have biased the staff who provided and observed the dosing. Therefore, to ensure an 
unbiased efficacy evaluation, independent, remote (by telephone), blinded MADRS raters were used to assess the 
treatment response. However, the use of remote raters may have reduced the sensitivity of detecting change in depressive 
symptoms as discussed above. In addition, as this was a flexible-dose study, dose–response relationships could not be 
evaluated because direct comparisons between dose groups could not be made.

Conclusions
Results from the primary efficacy analysis showed that treatment with esketamine plus a newly initiated oral AD did not 
demonstrate statistical superiority for improvement in depressive symptoms compared with treatment with a newly 
initiated oral AD plus placebo at Day 28 in patients with TRD. Although the key secondary endpoints could not be 
formally evaluated due to the testing hierarchy, rapid reduction in depressive symptoms within 24 hours was observed for 
the patients treated with esketamine plus a newly initiated oral AD in the overall population and China population. Safety 
findings, including types and incidences of TEAEs, SAEs, and TEAEs leading to treatment discontinuation, as well as 
laboratory assessments, vital sign measurements, and scale data (including CADSS, C-SSRS, and PWC-20), were 
consistent with the established safety profile of esketamine assessed in the completed global phase 3 studies and no 
new safety signal was identified.
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