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Efficacy and safety of intravenous ketamine treatment
in Japanese patients with treatment-resistant depression:
A double-blind, randomized, placebo-controlled trial
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Aim: Although the antidepressant effect of ketamine on
treatment-resistant depression (TRD) has been frequently
reported in North American and European countries,
evidence is scarce among the Asian population. We aimed
to evaluate the efficacy and safety of intravenous ketamine
in Japanese patients with TRD.

Methods: In this double-blind randomized placebo-controlled
trial, 34 Japanese patients with TRD were randomized to
receive either intravenous ketamine (0.5 mg/kg) or placebo,
administered over 40 min, twice a week, for 2 weeks. The
primary outcome was the change in the Montgomery Asberg
Depression Rating Scale (MADRS) total score from baseline to
post-treatment. Secondary outcomes included changes in
other depressive symptomatology scores and remission,

the groups (—8.1 + 10.0 vs —2.5 £+ 5.2, {{32] = 2.02, P = 0.052),
whereas per-protocol analysis showed a significant reduction
in the ketamine group compared to the placebo group
(=9.1 £10.2 vs —2.7 £ 5.3, t[29] = 2.22, P = 0.034). No sig-
nificant group differences were observed in other outcomes.
Adverse events were more frequent in the ketamine group
than in the placebo group, and no serious adverse events
were reported. A higher baseline MADRS total score and
body mass index were associated with a greater reduction in
the MADRS total score.

Conclusion: Intravenous ketamine outperformed placebo in
Japanese patients with TRD who completed the study,
suggesting that ketamine could alleviate depressive symp-
toms of TRD across diverse ethnic populations.

response, and partial response rates. We also examined the
association between baseline clinical demographic characteris-
tics and changes in the MADRS total score. Keywords: ethnicity, ketamine, major depressive disorder, repeated

. N . doses, treatment-resistant depression.
Results: Intention-to-treat analysis indicated no significant .

difference in the decrease in MADRS total score between  htto.//oniinelibrary.wiley.com/doi/10.1111/pcn. 13734/full

Major depressive disorder (MDD) is highly prevalent and often
associated with significant morbidity, mortality, and substantial
societal costs.'™ Despite recent advances in the pharmacological and
nonpharmacological treatment of MDD, approximately 30% of
patients still fail to respond to drug therapy,® which is referred to as
treatment-resistant depression (TRD).

Ketamine, an N-methyl-p-aspartate glutamate receptor antagonist
initially approved as an anesthetic, has shown rapid and strong
antidepressant effects in numerous clinical trials and meta-analyses
since the first clinical trial of ketamine for TRD in 2000.>” Previous

open-label studies have suggested that some patients require repeated
infusions beyond a single ketamine infusion to achieve a complete
response.*'® A double-blind randomized placebo-controlled trial
(DBRCT) by Singh er al,"' showed that repeated intravenous
administration of ketamine two or three times a week for 15 days
outperformed placebo in 67 outpatients with TRD. However, recent
data from RCTs evaluating repeated ketamine infusions have shown
inconsistent antidepressant effects.''™* A DBRCT by Ionescu
et al.,'* found that repeated ketamine infusions twice a week for
3 weeks as adjunctive treatment to ongoing antidepressants were not
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superior to adjunctive placebo in 26 outpatients with TRD. Another
DBRCT demonstrated no significant difference in the antidepressant
efficacy of ketamine between the group receiving six ketamine infu-
sions and the group receiving five midazolam infusions as active pla-
cebo followed by a single ketamine infusion, administered over
12 days in 54 outpatients with TRD."?

Most studies that evaluated ketamine’s antidepressant effect have
been reported in North America and Europe, with limited evidence
among the Asian population.'*'> An individual participant data meta-
analysis assessing RCTs of intravenous ketamine reported that 579 of
645 patients (89.8%) were non-Asian.'® Although open-label studies
from China and Taiwan suggest that repeated ketamine infusions
potentially exhibit a higher response rate than a single infusion in
patients with TRD,"'>'” no RCTs have been conducted in the Asian
population. In particular, because ketamine is strictly regulated as a
narcotic in Japan, no clinical trials on ketamine administration among
Japanese patients with TRD have been reported, except for one nasal
esketamine study that showed negative results.'®

Ethnic differences could affect the presentation of depressive symp-
toms and response to ketamine. According to a cross-sectional study
among a community sample in Hawaii, Japanese Americans reported
lower positive affect on the Center for Epidemiologic Studies Depression
Scale (CES-D) than European Americans, although the CES-D total
score and the subdomain scores, including depressed affect, somatic
symptoms, and interpersonal problems, did not significantly differ across
populations.'® Thus, Japanese Americans may present lower positive
affect even when the severity of depressive symptoms is similar. More-
over, different ethnic populations demonstrated different expressions of
polymorphic cytochrome P450 liver enzymes that metabolize ketamine,
such as CYP3A4 and CYP2B6.2%*' Although the total P450 content
was higher in Caucasians than in Japanese people, the principal individ-
ual forms of P450, including CYP3A and CYP2C, showed no significant
differences between the groups.?! However, clinical data on whether
the different polymorphic expressions of cytochrome enzymes
influence response to ketamine are limited.

To fill the gap in evidence on RCTs of repeated ketamine infu-
sions in Asian populations, we conducted a DBRCT that examined
the antidepressant effect of ketamine infusions twice a week for
2 weeks compared to placebo, in Japanese patients with TRD.
Furthermore, we evaluated the characteristics of patients with TRD
who responded to ketamine infusion. Considering the favorable out-
comes of repeated ketamine infusions in Asian patients from China
and Taiwan observed in open-label studies, as well as in Caucasian
patients from North America as observed in the DBRCT by Singh
et al., we hypothesized that intravenous ketamine would show supe-
rior efficacy to placebo in Japanese patients with TRD.

Methods

A list of abbreviations is provided in the Supporting Information
(Table S1). This manuscript was reported in accordance with the
CONSORT checklist (Table S2).

Study design and settings

This DBRCT, followed by an extension open-label single-arm trial, was
conducted at the Keio University Hospital and Yokohama City Univer-
sity Hospital in Japan between August 2021 and October 2023. This trial
was approved by the Certified Review Board of Keio in accordance with
the Clinical Trials Act of Japan and was registered in the Japan Registry
of Clinical Trials in May 2021 (jRCTs031210124). Written informed
consent was obtained from all participants after a full explanation of the
study was provided. This study was conducted in accordance with the
ethical principles of the Declaration of Helsinki and was consistent with
Good Clinical Practices and applicable regulatory requirements.

Participants
Inclusion criteria were as follows: (i) inpatients or outpatients
20-59 years of age who met the Diagnostic and Statistical Manual of
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Mental Disorders Fifth Edition (DSM-5)** criteria for MDD using
the structured clinical interview for DSM-5, the Research Version
(SCID-5-RV),? (ii) inadequate response defined as <50% subjective
improvement to approved doses of at least two antidepressants in the
current episode based on a visual analogue scale ranging from
0 (no improvement) to 100 (complete improvement),'*?*2¢ (iii) a
total score of =22 on the Montgomery Asberg Depression Rating
Scale (MADRS)*” at screening, and (iv) sufficient decision-making
capacity as confirmed by the MacArthur Competence Tool for
Clinical Research.”® Patients were excluded if they were pregnant,
were nursing or wished to get pregnant, had a history of epilepsy, met
the criteria for substance abuse according to DSM-5 within 6 months
before the study, had a positive urine drug screen for illicit drugs,
had contraindications for magnetic resonance imaging scan, had
previously received either esketamine or ketamine, had a history of
hypersensitivity to ketamine, had depression with psychotic features
based on DSM-5, had received electroconvulsive therapy within
3 months before enrollment, had a significant neurological or general
medical condition, or showed abnormal laboratory test values of
serum creatinine >1.5 mg/dL, AST > 150 IU/L, or ALT > 150 IU/L.

Sample size

According to the DBRCT by Singh et al.,'' evaluating the effects
of repeated ketamine infusions (i.e. four times in 2 weeks) in
US patients with TRD, the MADRS total score changes
(mean =+ standard deviation [SD]) in the ketamine and placebo groups
were —18.4 & 12.0 and —5.7 & 10.2, respectively, with the estimated
effect size of 1.14. Assuming the same effect size in this study involv-
ing Japanese patients with TRD, 14 patients per group were required
for obtaining 80% power using a two-sided #-test at a significance level
of 0.05. Considering the dropout rate of approximately 14.7% (5 of
34), the target sample size was 17 per group (34 patients in total).

Procedures

Enrolled participants were randomly allocated to one of the two treat-
ment groups in a 1:1 ratio using a computer-generated randomization
scheme, balanced by two or four randomly permuted blocks with no
stratification. The principal investigator (HU) and the investigator desig-
nated by the principal investigator (HT) conveyed the assignment by
e-mail only to the investigator responsible for the preparation of the
study drug (T. Yatomi), an anesthesiologist (T. Yamada) responsible for
supervision during study drug administration, and pharmacists in charge
of dispensing. During the double-blind period, neither clinical assessors
nor participants were notified of the assignment. Anyone who knew
about the assignment was not involved in data entry for the case report
form until final data fixation. During the double-blind period, baseline
assessments were performed before the first administration of the study
drug. In the ketamine group, intravenous ketamine (0.5 mg/kg) was
administered over 40 min twice a week for 2 weeks, whereas in the pla-
cebo group, intravenous placebo (0.9% NaCl) was administered over
40 min twice a week for 2 weeks; both ketamine and placebo groups
received study drug infusion four times in total. The number and fre-
quency of doses were based on previous studies: an open-label study
indicated that repeated ketamine infusions had cumulative antidepressant
effects and achieved approximately 70% response rate after four doses, '’
while a DBRCT demonstrated no significant difference in the antidepres-
sant effects between the groups receiving ketamine twice a week and
three times a week.!! Clinical assessments were performed at two time
points: baseline and post-treatment. Repeated assessments were avoided
to minimize the risks of type I error from multiple testing, participant
burden, and practice effects. Post-treatment assessments were performed
within 14 days of the fourth administration of the study drug, and the
participants were then notified of their treatment group. While partici-
pants assigned to the ketamine group completed the study, those allo-
cated to the placebo group were offered the opportunity to receive open-
label intravenous ketamine treatment. During this open-label treatment
period, the participants received intravenous ketamine (0.5 mg/kg) for
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40 min twice a week for 2 weeks (i.e. four times in total), and received
clinical assessments before and after this course of treatment. Participants
continued any antidepressant medications they had been receiving at the
time of screening, at the same dosages, throughout the study. When clin-
ically indicated, lorazepam and zolpidem were prescribed for anxiety
and insomnia, respectively.

Assessment measures
In the double-blind period, the following assessments were performed
by assessors blinded to the allocation at baseline and post-treatment:

Enroliment

MADRS, the 17-item Hamilton Depression Rating Scale (HDRS-17),%
and Quick Inventory of Depressive Symptoms Self-Rated (QIDS-SR).*°
Autism-spectrum Quotient-Japanese version (AQ-J),*'? Japanese Adult
Reading Test (JART),*® and Posttraumatic Diagnostic Scale (PDS)**
were assessed solely at baseline, to evaluate the degree of autism
spectrum disorder traits, intelligence, or psychological trauma for
characterization of the participants. These scales were assessed only
at baseline because these background characteristics were not
expected to change after treatment. During the open-label period, the
following assessments were performed before and after treatment:

140 Patients were assessed
for eligibility

89 Were ineligible
17 Did not undergo

randomization
8 Withdrew the intent

to participate
5 Were lost to follow-up
4 Had other reason

Double-blind phase
34 Were enrolled and
underwent randomization

v
v v

[ Allocation ]

17 Were assigned to and received
ketamine

17 Were assigned to and received
placebo

7

[ Follow up ]

[Allocation ] [ Analysis ]

[ Follow up ]

Fig. 1 CONSORT flow diagram. #Analysis
sets in the double-blind phase. PAnalysis
sets in the open-label phase. FAS, full
analysis set; PPS, per protocol set; SAS,
safety analysis set.

[ Analysis ]
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15 Completed the trial
2 Discontinued the trial
due to the intent to withdraw

16 Completed the trial
1 Discontinued the trial
due to the intent to withdraw

17 Were included in the FAS? and SAS?
15 Were included in the PPS?

17 Were included in the FAS? and SAS?
16 Were included in the PPS?

Open-label phase
16 Were assigned to and received
ketamine

15 Completed the trial
1 Discontinued the trial
due to an adverse event

16 Were included in the FAS® and SAS®
15 Were included in the PPS®
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MADRS, HDRS-17, and QIDS-SR. Safety was assessed based on
treatment-emergent adverse events and vital signs, including pulse
oximetry monitoring and physical examination. The following infor-
mation was also collected: age, sex, ethnicity, height, weight, age at
onset, duration of illness, duration of treatment, number of failed anti-
depressant trials, history of suicide attempts and ideation, treatment
history, and concomitant medications.

Statistical analysis

All statistical analyses were conducted using spss version 29.0, for
Windows (IBM Corporation, Armonk, NY, USA). The Shapiro-Wilk
test was used to ensure the normality of the data distribution. Baseline
demographic and clinical characteristics were compared between the
ketamine and placebo groups using Pearson’s chi-squared test or
Fisher’s exact test for categorical variables and Student’s r-test or
Mann—Whitney U-test for continuous variables.

The primary outcome measure was the change in MADRS total
score from baseline to post-treatment assessment in the double-blind
phase. The secondary outcome measures were changes from baseline
to post-treatment assessment in the HDRS-17 total score and QIDS-
SR total score, and rates of remission, response, and partial response,
defined as a MADRS total score of <10 at the post-treatment assess-
ment, a >50%, and >25% reduction in the MADRS total score from
baseline to post-treatment assessment, respectively. We also assessed
the three MADRS subdomains: dysphoria, retardation, and vegetative
symptoms based on factor analysis in Japanese patients with MDD,
The dysphoric domain includes pessimistic thoughts, suicidal
thoughts, and reported sadness; the retardation domain includes lassi-
tude, inability to feel, apparent sadness, and concentration difficulties;
and the vegetative domain includes reduced sleep, reduced appetite,
and inner tension. Outcome values were compared between the two
groups using Pearson’s chi-square test or Fisher’s exact test for cate-
gorical variables and Student’s r-test or Mann—Whitney U-test for
continuous variables on intention-to-treat (ITT) or per-protocol
(PP) basis. Baseline values were used as endpoints for dropouts in

ITT analysis, whereas only completers were included in PP analysis.
By merging data from patients who underwent ketamine treatment in
both double-blind and open-label phases, the outcome values were
compared between the combined ketamine and placebo groups. A
sensitivity analysis was performed to test the primary outcome by
adjusting for the baseline MADRS total score.

Moreover, multiple regression analysis was performed to exam-
ine factors associated with changes from baseline to post-treatment in
the MADRS total score in patients who received intravenous keta-
mine infusions either in the double-blind or open-label phase. The
following explanatory variables were included: age, sex, body mass
index (BMI), and baseline MADRS total score. Logistic regression
analyses were conducted to examine factors associated with remis-
sion, response, or partial response to ketamine using the same explan-
atory variables. Furthermore, the associations between the three
baseline MADRS subdomain scores and the MADRS total score
changes were tested using a linear regression model with age and
sex as covariates. Each model with covariates was analyzed in PP
analysis. A two-tailed P-value of <0.05 was considered statistically
significant for all tests. The Bonferroni correction was applied to
adjust for multiple comparisons when analyzing the three MADRS
subdomains, with a P-value <0.016 (i.e. 0.05/3).

Results

Participants

Of the 140 patients screened for eligibility, 34 were enrolled in the
study, all Japanese outpatients. The participants were randomized into
ketamine or placebo treatment groups (17 each) in the double-blind
phase (Fig. 1). A total of 31 (91.2%) underwent all four administra-
tions of the study drug and both baseline and post-treatment assess-
ments in the double-blind phase. Post-treatment assessments were
performed 3.2 + 1.5 days (range: 2—7 days) after the fourth infusion.
Three participants discontinued participation during the double-blind
phase because of their intention to withdraw (n = 2 in the ketamine
group) or fatigue (n =1 in the placebo group). All 16 participants

Table 1. Demographic and clinical characteristics of the study sample

Total (n = 34) Ketamine (n = 17) Placebo (n = 17)
Characteristics Mean + SD Mean + SD Mean + SD P-value
Age, years 414 +94 399+95 429 £9.1 0.38
Body mass index 250+338 24.1 £33 258 +£42 0.20
Age of onset, years 299 + 104 29.1 £ 10.6 30.8 £ 10.1 0.66
Duration of illness, years 11.5 £ 8.1 10.8 £ 8.2 121 £7.9 0.65
Duration of treatment, years 11.1 £8.1 104 £ 8.3 11.7+ 7.8 0.64
Failed antidepressant trials 38+1.7 38+ 1.7 39+1.6 0.84
Baseline MADRS total score 28.1 £7.6 292+ 179 269 + 7.1 0.38
Baseline AQ-J score 254+ 7.6 23.1 £8.0 277+ 6.4 0.09
Baseline JART score 111.5 £ 8.6 109.8 £ 7.5 113.2£93 0.26
Baseline PDS total score 42 +85 6.7 £10.2 1.8 £54 0.10

n (%) n (%) n (%)

Female 11 (32.4) 6 (35.2) 5(29.4) 0.71
Past history of self-harm 7 (20.6) 4 (23.5) 3(17.7) 1.00%
Past history of suicidal attempts 11 (32.4) 5(29.4) 6(35.3) 0.71
Past history of ECT 7 (20.6) 3(17.7) 4 (23.5) 1.00°
Concomitant use of benzodiazepines 23 (67.7) 11 (64.7) 12 (70.6) 0.71
Values are shown as mean £ SD or n (%).
SFisher’s exact test.
AQ-J, Autism-spectrum Quotient-Japanese version; ECT, electroconvulsive therapy; JART, Japanese Adult Reading Test; MADRS, Montgomery
Asberg Depression Rating Scale; PDS, Posttraumatic Diagnostic Scale.
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Table 2. Changes in outcome measures in the double-blind phase

Outcomes N Change P-value

MADRS
Ketamine 17 (ITT) —8.1 £10.0 (ITT) 0.052 (ITT)
Placebo 17 (ITT) —2.5+52JTT)
Ketamine 15 (PP) —9.1 £10.2 (PP) 0.034* (PP)
Placebo 16 (PP) —2.7+ 5.3 (PP)

HDRS-17
Ketamine 17 (ITT) —4.4 4+ 6.3 (ITT) 0.12 ITT)
Placebo 17 (ITT) —1.4 £ 42 (TT)
Ketamine 15 (PP) —4.9 £ 6.5 (PP) 0.09 (PP)
Placebo 16 (PP) —1.5 £ 4.3 (PP)

QIDS-SR
Ketamine 17 ATT) —5.3 £4.9 (ITT) 0.10 (ITT)
Placebo 17 (ITT) —2.4+£32JTT)
Ketamine 15 (PP) —5.1 £ 4.0 (PP) 0.06 (PP)
Placebo 16 (PP) —2.9 £ 3.0 (PP)

MADRS dysphoric domain
Ketamine 17 (ITT) —2.8 442 (ITT) 0.16 (ITT)
Placebo 17 (ITT) —1.1 +£2.1 (ITT)
Ketamine 15 (PP) —3.1+4.4(PP) 0.12 (PP)
Placebo 16 (PP) —1.2 £ 2.1 (PP)

MADRS retardation domain
Ketamine 17 (ITT) —4.3 £ 4.5 ATT) 0.013" (ITT)
Placebo 17 (ITT) —0.8 £3.2 (ITT)
Ketamine 15 (PP) —4.9 4+ 4.5 (PP) 0.007" (PP)
Placebo 16 (PP) —0.8 £3.3 (PP)

MADRS vegetative domain
Ketamine 17 (ITT) —1.0 £2.5 ATT) 0.66 (ITT)
Placebo 17 (ITT) —0.6 £ 2.1 ITT)
Ketamine 15 (PP) —1.1 +£2.6 (PP) 0.61 (PP)
Placebo 16 (PP) —0.7 £ 2.2 (PP)

Outcomes N n (%) P-value

Remission
Ketamine 17 (ITT) 3 (17.6) ATT) 0.60% (ITT)
Placebo 17 ATT) 1 (5.9) (ITT)
Ketamine 15 (PP) 3 (20.0) (PP) 0.33% (PP)
Placebo 16 (PP) 1 (6.3) (PP)

Response
Ketamine 17 (ITT) 3 (17.6) ATT) 0.23% (ITT)
Placebo 17 (ITT) 0 (0) (ITT)
Ketamine 15 (PP) 3 (20.0) (PP) 0.10° (PP)
Placebo 16 (PP) 0 (0) (PP)

Partial response
Ketamine 17 (ITT) 7 (41.2) (ATT) 0.47 (ITT)
Placebo 17 (ITT) 5(29.4) ATT)
Ketamine 15 (PP) 7 (46.7) (PP) 0.38 (PP)
Placebo 16 (PP) 5(31.3) (PP)

Values are shown as mean £ SD or n (%).

*P <0.05;

TP < 0.016 (multiple comparison correction).

SFisher’s exact test.

HDRS-17, 17-item Hamilton Depression Rating Scale; ITT, intention-to-treat; MADRS, Montgomery Asberg Depression Rating Scale; PP, per-
protocol; QIDS-SR, Quick Inventory of Depressive Symptoms Self-Rated; SD, standard deviation.
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who completed the placebo administration in the double-blind phase
entered the optional 2-week open-label phase. One participant discon-
tinued study participation during the open-label phase because of a
treatment-emergent adverse event (i.e. allergic skin rash).

Baseline demographic and clinical characteristics did not differ
significantly between the two groups (Table 1). In the entire sample,
the mean £ SD age was 41.4 + 9.4 years, and 11 participants
(32.4%) were females. The mean = SD MADRS total score at base-
line was 28.1 £ 7.6. The most frequently used antidepressants were
venlafaxine (n =9), escitalopram (n = 7), clomipramine (n = 6),
vortioxetine (n = 4), and mirtazapine (n = 4). The baseline AQ-J,
JART, and PDS scores were 25.4 + 7.6, 111.5 4+ 8.6, and 4.2 £+ 8.5,
respectively, indicating that autistic traits, intellectual decline, or
psychological trauma were not prominent.

Primary outcomes

Intention-to-treat analysis showed no significant difference in
MADRS total score reduction between the ketamine (n = 17) and
placebo (n=17) groups (—8.1 £10.0 vs —2.545.2, #32]
= —2.02, P =0.052, d = 0.69) (Table 2 and Fig. 2a); however, PP
analysis indicated a significantly greater reduction in the ketamine
group (n = 15) than that in the placebo group (n = 16) (—9.1 + 10.2
vs —2.7 £53, #29] = —2.22, P =0.034, d = 0.80) (Table 2 and
Fig. 2b). Sensitivity analysis adjusting for the baseline MADRS total
score showed similar results (Table S3).

Secondary outcomes
There were no significant differences in total score changes from
baseline to post-treatment assessment in HDRS-17 or QIDS-SR
between the two groups in either ITT or PP analyses (Table 2). There
was a significantly greater reduction in the MADRS retardation
domain score from baseline to post-treatment in the ketamine group
compared to the placebo group both in ITT and PP analyses
(—43 +£45vs —0.8 £3.2,32] = —2.63, P =0.013, d = 0.90 and
—494+45 vs —08+3.3, 729]=-2.88, P=0.007, d=1.03,
respectively). In contrast, ITT or PP analyses showed no significant
differences in the changes in MADRS dysphoric or vegetative domain
scores between the two groups and found no significant group differ-
ences in the remission, response, or partial response rates at the post-
treatment assessment (Table 2).

Intention-to-treat analysis showed that when the data regarding
ketamine treatment were combined, regardless of whether it was
administered in a double-blind or open-label fashion, the combined

(a) (b)

Placebo (n =17) Placebo (n = 16)

b Ketamine (n = 17) Ketamine (n = 15)
35 35
o ] o ]
5 30 5 30]
[4] g %) ]
A -
T(g 25 T(g 25
<] : <] . 1%
= ] = ]
(2] ] (2] 3
o 20 x 207
[a] 1 (=] 1
g 15 ] g 15 ]
] P =0.052 ] P =0.034
101 10
Baseline Post- Baseline Post-
treatment treatment

Fig. 2 Comparison of the MADRS total score changes between the ketamine
and placebo groups in ITT and PP analyses. The MADRS total score changes
from baseline to post-treatment assessment in the ketamine and placebo groups
during the double-blind phase are demonstrated. Results of ITT and PP analyses
are shown in panel (@) and panel (b), respectively. Error bars indicate +1
SE. *P < 0.05. ITT, intention-to-treat; MADRS, Montgomery Asberg Depression
Rating Scale; PP, per-protocol; SE, standard error.
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ketamine group (n = 33) was superior to the placebo group (n = 17)
in terms of MADRS total score reduction, MADRS retardation
domain score reduction, and response rates. PP analysis indicated that
the combined ketamine group (n = 30) was superior to the placebo
group (n =16) in MADRS and HDRS-17 total score reductions,
MADRS retardation domain score reductions, response rates, and
partial response rates (Table 3).

Safety

During the double-blind phase, treatment-emergent adverse events
were more frequently observed in the ketamine group than in the
placebo group (ketamine, 100.0%; placebo, 17.6%) (Table 4). No
serious adverse events were observed in either group. The most
common treatment-emergent adverse event in the ketamine group was
dissociation (88.2%), followed by increased blood pressure (52.9%),
dizziness (41.2%), somnolence (23.5%), and headache (23.5%).
During the open-label phase, the observed adverse events were simi-
lar in frequency (i.e. 93.8%) and pattern (i.e. dissociation, increased
blood pressure, dizziness, and somnolence) to those observed during
the double-blind phase (Table 4). These adverse events typically
occurred on the day of dosing and generally dissipated within 2 h
from the start of dosing. One participant withdrew during the open-
label phase because of an allergic rash relevant to ketamine, which
resolved completely within 2 days.

Factors associated with ketamine’s treatment effect

All the following models with covariates were analyzed in PP analysis.
Baseline MADRS total score and BMI were negatively associated
with the MADRS total score change (= —0.51, P =0.003;
p = —0.38, P =0.038) (Table 5). The multiple regression model was
statistically significant (F[4, 25] =5.37, P = 0.003), explaining
37.6% of the variance in MADRS total score changes. However,
logistic regression analyses failed to reveal any factors associated with
remission, response, or partial response (Table 5). Moreover, the
baseline MADRS retardation domain score was negatively associated
with the change in MADRS total score in the linear regression model
with age and sex as covariates (f = —0.48, P = 0.012) (Table 6).
This model was statistically significant (F[3, 26] = 2.73, P = 0.044),
accounting for 16.2% of the explained variability in MADRS total
score changes. However, the baseline MADRS dysphoric and vegeta-
tive domain scores were not associated with MADRS total score
changes.

Discussion

To the best of our knowledge, this is the first DBRCT followed by an
extended single-arm open-label study, to evaluate the efficacy and
safety of repeated intravenous ketamine infusions in Asian patients
with TRD. In the double-blind phase, significant superiority was
observed in reductions in MADRS total score in the ketamine group
compared to the placebo group in PP analysis, but not in ITT analy-
sis. The sensitivity analysis adjusting for the baseline MADRS total
score showed similar results. The effect size (Cohen’s d) of ketamine
treatment was 0.69 and 0.80 in ITT and PP analysis, respectively.
Moreover, both ITT and PP analyses showed that ketamine out-
performed placebo in changes in MADRS retardation domain score
in the double-blind phase. Treatment-emergent adverse events were
more frequent in the ketamine group than in the placebo group,
whereas no serious adverse events were observed. Multiple regression
analysis revealed that a higher MADRS total score and BMI at base-
line were associated with a greater reduction in the MADRS total
score after ketamine infusion.

This study showed a significant improvement in depressive
symptoms in the ketamine group compared to the placebo group, in
PP analysis but not in ITT analysis, suggesting that intravenous
ketamine treatment outperformed placebo in alleviating depressive
symptoms in patients who completed the study. This DBRCT demon-
strated the benefit of repeated ketamine infusions in the Asian
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Table 3. Changes in outcome measures when the data of treatment with ketamine was combined regardless it was administered in the double-
blind or open-label phase

Outcomes N Change P-value

MADRS
Ketamine' 33 (ITT) —9.2 4+ 9.5 (ITT) 0.010% (ITT)
Placebo 17 (ITT) —2.54 52 (ITT)
Ketamine 30 (PP) —10.1 &+ 9.5 (PP) 0.006** (PP)
Placebo 16 (PP) —2.74 5.3 (PP)

HDRS-17
Ketamine'l 33 (ITT) —4.54 5.7 (ITT) 0.057 (ITT)
Placebo 17 (ITT) —1.4 £ 42 (TT)
Ketamine' 30 (PP) —4.9 4+ 5.8 (PP) 0.045% (PP)
Placebo 16 (PP) —1.5+43 (PP)

QIDS-SR
Ketamine'l 32 (ITT) —4.4 4 4.8 (ITT) 0.10 (ITT)
Placebo 17 (ITT) —2.2+32(TT)
Ketamine'l 29 (PP) —4.9 + 4.8 (PP) 0.07 (PP)
Placebo 16 (PP) —24+3.2(PP)

MADRS dysphoric domain
Ketamine™ 33 (ITT) —3.14 3.7 (ITT) 0.052 (ITT)
Placebo 17 ATT) —1.1 £ 2.1 (ITT)
Ketamine'l 30 (PP) —3.4 4 3.8 (PP) 0.039 (PP)
Placebo 16 (PP) —1.2+£2.1(PP)

MADRS retardation domain
Ketamine 33 (ITT) —4.8 +49 (ITT) 0.004" (ITT)
Placebo 17 ATT) —0.8 £ 3.2 (ITT)
Ketamine 30 (PP) —53+49 (PP) 0.002" (PP)
Placebo 16 (PP) —0.8 + 3.3 (PP)

MADRS vegetative domain
Ketamine™ 33 (ITT) —1.3 4+ 2.8 (ITT) 0.38 (ITT)
Placebo 17 (ITT) —0.6 £ 2.1 (ITT)
Ketamine 30 (PP) —-1.5+29 (PP) 0.35 (PP)
Placebo 16 (PP) —0.7 £ 2.2 (PP)

Outcomes N n (%) P-value

Remission
Ketamine'l 33 (ITT) 7 (21.2) (ITT) 0.24% (ITT)
Placebo 17 (ITT) 1 (5.9) (ITT)
Ketamine'l 30 (PP) 7 (23.3) (PP) 0.23% (PP)
Placebo 16 (PP) 1 (6.3) (PP)

Response
Ketamine 33 (ITT) 8 (24.2) (ITT) 0.039+,% (ITT)
Placebo 17 ATT) 0 (0) (ITT)
Ketamine'l 30 (PP) 8 (26.7) (PP) 0.037+% (PP)
Placebo 16 (PP) 0 (0) (PP)

Partial response
Ketamine 33 (ITT) 19 (57.6) (ITT) 0.059 (ITT)
Placebo 17 (ITT) 5(29.4) (ITT)
Ketamine™ 30 (PP) 19 (63.3) (PP) 0.038* (PP)
Placebo 16 (PP) 5(31.3) (PP)

Values are shown as mean + SD or n (%).

#P < 0.05.

##P < 0.01.

P <0.016.

P < 0.0033 (multiple comparison correction).

1K etamine group was combined either administered in the double-blind or open-label phase.

SFisher’s exact test.

HDRS-17, 17-item Hamilton Depression Rating Scale; ITT, intention-to-treat; MADRS, Montgomery Asberg Depression Rating Scale; PP,
per-protocol; QIDS-SR, Quick Inventory of Depressive Symptoms Self-Rated; SD, standard deviation.
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Table 4. Treatment-emergent adverse events in safety analysis set

Double-blind phase

Adverse events Ketamine (n = 17)

Open-label phase

Placebo (n = 17) Ketamine (n = 16)

Patients with >1 any events 17 (100)
Dissociation 15 (88.2)
Increased blood pressure® 9 (52.9)
Dizziness 7 (41.2)
Somnolence 4(23.5)
Headache 4 (23.5)
Nausea 3(17.6)
Anxiety 3 (17.6)
Dysesthesia 3 (17.6)
Euphoria 3 (17.6)
Blurred vision 2 (11.8)
Feeling of drunkenness 1 (5.9
Malaise 1(5.9)
Increased heart rate! 0(0)
Agitation 0(0)
Skin rash 0 (0)
Vomiting 0(0)
Subcutaneous hemorrhage 0(0)

3 (17.6) 15 (93.8)
0 (0) 14 (87.5)
0 (0) 9 (56.3)
1(5.9) 5(31.3)
0 (0) 4(25.0)
0 (0) 3 (18.8)
0 (0) 4 (25.0)
0 (0) 2(12.5)
0 (0) 1(6.3)
0 (0) 1(6.3)
0 (0) 0 (0)
1(5.9) 1(6.3)
1(5.9) 0 (0)

0 (0) 3 (18.8)
0 (0) 1(6.3)
0 (0) 1(6.3)
0 (0) 1(6.3)
1(5.9) 0 (0)

Values are shown as n (%).

>160/110 mmHg during the study drug administration.

drug administration.

Safety analysis set consisted of all the participants to whom study drugs were administered at least once.
SIncreased blood pressure was counted if systolic blood pressure increased by >30/15 mmHg, or if the peak systolic/diastolic blood pressure

IIncreased heart rate was counted if heart rate increased by >20 beats per minute, or if the peak heart rate >110 beats per minute during the study

population, as observed in the previous case-series study in China.'
Contrarily, this DBRCT could not detect the superiority of ketamine over
placebo in ITT analysis. Given the low dropout rate (3 of 34, 8.8%)
compared to previous RCTs (9.3%-30.8%),"7'2 it is possibly because
the effect size in this study was not large enough. It was estimated to be
0.69-0.80, which was lower than 1.14 reported in the study by Singh
et al.'' Post-hoc analysis indicated that an effect size of at least 0.71 was
needed for statistical significance in ITT analysis; however, that of 0.69
in our study missed this threshold. There are several possible reasons to
explain this difference. First, the number of ketamine infusions in this
study may have been too small for patients to fully benefit from the treat-
ment. Some previous studies showed a cumulative and sustained antide-
pressant effect following six or more infusions.*'* Phillips et al.,'
conducted an open-label study, and reported that the third of six infu-
sions showed the highest response (41.4%), while the sixth infusion
showed the second highest response (19.0%). A higher number of infu-
sions may have increased the number of responders in this study.
Second, low subjective expectations of Japanese participants regarding
ketamine may have negatively impacted treatment response. Some stud-
ies have shown that patient expectancy is a predictor of response®®>” and
can lead to overestimating effect sizes in RCTs of psychedelics, includ-
ing ketamine.*®*° Lii et al.,* conducted a triple-blind RCT of intrave-
nous ketamine during surgical anesthesia in 40 patients with MDD.
They found that a single ketamine infusion did not show significant effi-
cacy compared to a placebo in reducing the severity of depressive symp-
toms when differential subject-expectancy bias was minimized with
successful masking. Given the social background that ketamine is strictly
regulated as a narcotic in Japan, it is possible that the participants’ fear
and defensive stance toward ketamine administration reduced their sub-
jective expectations and negatively affected the therapeutic effects of this
study. However, this study had a relatively high completion rate. High
participation rates have been reported to be associated with frequent
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site visits*® and a patient-centered approach, where investigators demon-
strate care and empathy,*' which may have had psychotherapeutic effects
on the patients in our placebo group. This may have reduced the ability
to detect efficacy signals, although the subjective expectations were not
assessed. Third, we used the last observation carried forward method to
impute missing data in the ITT analysis. Although commonly used, this
conservative method has a disadvantage regarding statistical power. In
particular, clinical evaluations were conducted at only two time points
(i.e. baseline and post-treatment). Therefore, even in cases where partici-
pants dropped out after several doses, the imputation used the baseline
data rather than the final point during the repeated infusions. This might
have further underestimated the treatment effect.

The ketamine group demonstrated a significantly greater reduc-
tion in the MADRS-retardation domain score than the placebo group,
whereas no significant difference was observed in the score changes
of MADRS dysphoric or vegetative domains between the two groups.
This suggests that ketamine improved mood and interest-activity
symp'[oms.42 Moreover, patients with more retardation symptoms at
baseline had greater improvement in MADRS total scores following
ketamine treatment (Table 6). In contrast, Uher et al.,** found that
patients with MDD with high interest-activity symptoms at baseline
were less likely to respond to citalopram or nortriptyline. Therefore,
ketamine may be especially effective in alleviating the behavioral and
emotional symptoms of TRD that are not responsive to conventional
antidepressants.

The safety and tolerability of ketamine in this study were favor-
able and consistent with previous studies on patients with TRD.*%4
There were no serious adverse events during this study. More than
90% of patients receiving ketamine treatment had at least one adverse
event (e.g. dissociation, increased blood pressure, dizziness, and som-
nolence). These acute transient sym4pt0ms resolved within 2 h, which
is consistent with earlier reports.®*** Only one participant withdrew
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who received ketamine

Table 5. Factors associated with the change in the MADRS total score and the presence of remission, response, or partial response in patients

Factors associated with the change in the MADRS total score (n = 30)

Variables B p 95% CI P-value
Age, years 0.058 0.058 —0.33t0 0.42 0.82
Sex, female 6.32 0.29 —0.62t0 13.3 0.068
Body mass index —0.94 —0.38 —1.80 to —0.07 0.038*
Baseline MADRS total score —0.66 —0.51 —1.09 to —0.24 0.003**
Factors associated with the presence of remission (n = 30)

Variables B OR 95% CI P-value
Age, years 0.04 1.04 0.92-1.17 0.57
Sex, female —1.08 0.34 0.03-4.15 0.40
Body mass index 0.20 1.22 0.92-1.63 0.17
Baseline MADRS total score 0.03 1.03 0.90-1.19 0.64
Factors associated with the presence of response (n = 30)

Variables B OR 95% CI P-value
Age, years 0.03 1.03 0.91-1.15 0.67
Sex, female —1.58 0.21 0.02-2.58 0.22
Body mass index 0.21 1.23 0.91-1.68 0.18
Baseline MADRS total score 0.08 1.09 0.94-1.25 0.25
Factors associated with the presence of partial response (n = 30)

Variables B OR 95% CI P-value
Age, years 0.002 1.00 0.90-1.12 0.98
Sex, female —1.38 0.27 0.02-3.32 0.31
Body mass index 0.15 1.16 0.85-1.59 0.36
Baseline MADRS total score 0.09 1.09 0.93-1.28 0.28
*P < 0.05.

##P < (.01.

CI, confidence interval; MADRS, Montgomery Asberg Depression Rating Scale; OR, odds ratio.

Table 6. The association between the baseline MADRS domain scores and the MADRS total score change in patients who received ketamine

Variables B p 95% CI P-value
Baseline MADRS dysphoric domain score —1.51 —0.46 —2.81to —0.22 0.024
Baseline MADRS retardation domain score —1.29 —0.48 —2.26 to —0.31 0.012F
Baseline MADRS vegetative domain score —1.43 —0.44 —2.58 to —0.28 0.017

TP <0.016 (multiple comparison correction).

Age and sex were controlled as covariates in the linear regression model.
CI, confidence interval; MADRS, Montgomery Asberg Depression Rating Scale.

from the study because of an adverse event (allergic rash), which
completely resolved in 2 days.

Multiple regression analysis indicated that a higher baseline
MADRS total score and BMI predicted a greater reduction in depres-
sive symptoms. These findings align with previous studies. Some
meta-analyses assessing the efficacy of antidepressants for MDD
found that the effect size of antidepressants compared to placebo
increased with the baseline severity of depressive symptoms.*>*®
Moreover, previous clinical studies’’*® and a meta-analysis'® of
RCTs on ketamine’s antidepressant effects reported that BMI
predicted response to ketamine. Thus, severely depressed patients

Psychiatry and Clinical Neurosciences 78: 765-775, 2024

with a higher BMI at baseline might be suitable candidates for keta-
mine treatment. These features may be useful in decision-making
when ketamine is considered a treatment option.

This study achieved statistically significant results in the PP
analysis of the MADRS for the primary outcome but did not show
significant results for HDRS-17 or QIDS-SR as secondary outcomes.
One possible reason is that the sample size of this study was calcu-
lated based on the primary outcome (i.e. the MADRS) and may not
have been sufficient to provide reliable estimates for the secondary
outcomes. Another possible reason included the different sensitivities
to capture symptoms among the scales. MADRS mainly detects
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changes in core depressive symptoms, whereas HDRS-17 relatively
covers a broader range of symptoms, including anxiety, sleep distur-
bances, and somatic symptoms. QIDS-SR is a self-report scale assessing
patient’s subjective experiences. Thus, the sample size in this study may
have lacked the statistical power necessary to detect significant changes
in the secondary outcomes, potentially due to type II errors.

We combined ketamine treatment data from the double-blind and
open-label periods. As shown in Table S4, the MADRS total score in the
placebo group in ITT analysis decreased from 26.9 £+ 7.3 to 24.4 £ 7.2
but returned to 26.9 + 8.7 at the entry of the open-label extension period.
Similar score changes were observed in the MADRS total score in the
PP analysis and the HDRS-17 total score in both ITT and PP analyses.
Given these score trajectories, we considered that placebo -effects
observed in the double-blind phase were unlikely to carry over and had a
minimum risk of affecting treatment data in the open-label phase.

This study had several limitations. First, the small sample size
may have resulted in type II errors in the ITT analysis, although a for-
mal sample size calculation was performed. Post-hoc analysis indicated
that a sample size of 35 was required to achieve statistical significance.
Second, no restrictions were placed on the use of other psychotropic
medications (i.e. antipsychotics, anticonvulsants, and benzodiazepines),
which could have influenced the treatment effect. Third, because this
study was conducted at two sites in Japan, the generalizability of the
results may be limited. Fourth, the inclusion criteria of inadequate
response were based on subjective perception rather than longitudinal
assessments using rating scales such as MADRS and HDRS-17. Fifth,
post-treatment assessment was conducted only once in this study,
preventing us from obtaining information on longitudinal changes in
clinical severity during repeated infusions. Finally, an active placebo
was not used in this study. The adverse events associated with ketamine
may have unblinded actual drug administration to the participants. In
contrast, while midazolam has been used as an active control in previ-
ous ketamine trials,***’ benzodiazepines may exert antidepressant
effects by modulating GABAergic neural transmission.>%>"

Conclusion

The present study demonstrated that repeated administration of intra-
venous ketamine outperformed the placebo in alleviating depressive
symptoms in Japanese patients with TRD who completed the study,
particularly in severely depressed patients with a higher BMI at base-
line. This study suggests that intravenous ketamine infusion may
relieve symptoms in individuals with TRD across diverse ethnic
populations, including Asian populations. Since ethnic differences
could affect clinical response, further investigations with larger sam-
ple sizes, including diverse ethnic populations, are warranted.
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