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Non-improvement predicts subsequent non-response to
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analysis of a 2-week open-label study in patients with unipolar
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There is insufficient evidence to guide dose and frequency optimization with repeated-dose ketamine for depression. This study
assessed the value of symptomatic non-improvement after the first few ketamine infusions as a predictor of overall non-response in
depression for early decision-making to discontinue treatment. A total of 135 individuals with major depressive disorder or bipolar
disorder experiencing a current major depressive episode were administered six repeated doses of intravenous ketamine.

Depressive symptoms were assessed using the Montgomery-Asberg Depression Rating Scale (MADRS) at baseline, 4 h after the first
infusion, and 24 h after each infusion. Improvement, partial response, and response were defined as a reduction rate of > 20%, 30%,
and 50% in MADRS scores, respectively. This study examined the relationship between improvement (as opposed to non-

improvement after each infusion or consecutive non-improvements after the first few infusions) and partial response and response

after the sixth infusion. This analysis was summarized using sensitivity, specificity, and other diagnostic test parameters. The
sensitivities of improvement at 24 h post-infusion 4 and improvement at 24 h post-infusion 3, vs. three consecutive non-
improvements, as predictors for overall partial response and response exceeded 90%. No significant reduction in depressive
symptoms was seen in non-improvers following the remaining infusions after the above-identified point. Our study suggests that
non-improvement after four infusions, or more conservatively three consecutive non-improvements after three infusions, could
serve as a signal of overall non-response to repeated-dose intravenous ketamine for depression and that subsequent treatments

would not be warranted.

Translational Psychiatry (2024)14:324; https://doi.org/10.1038/s41398-024-03027-2

INTRODUCTION

Ketamine has demonstrated rapid and robust antidepressant
effects in patients with treatment-resistant depression (TRD) [1] or
suicidality [2]. The antidepressant effect of a single dose of
ketamine is relatively short-lived, usually ranging from 3 to 7 days
post-infusion [3]. To prolong the efficacy of ketamine, various
strategies (e.g., use of riluzole, lithium, or rapamycin) have been
attempted, but none have been proven effective in randomized
controlled studies [4-6]. Repeated-dose ketamine has been shown
to maintain and even amplify the antidepressant effects of a single
dose of ketamine for up to 2-3 weeks [7, 8]. The regimen
recommended and typically used for repeated-dose intravenous
ketamine is 0.5 mg/kg over 40 min twice or thrice weekly for
4-6 sessions. However, there remains a lack of sufficient evidence
to guide dose [9, 10] and frequency [11] optimization with
repeated-dose intravenous ketamine.

We have previously reported the overall safety and effective-
ness of six repeated doses of intravenous ketamine for TRD or
depression with suicidality (n=97; 77 with major depressive
disorder [MDD] and 20 with bipolar disorder [BD]) in a single-arm,
open-label study in the Chinese population [12]. The patients
showed higher response and remission rates after six infusions
(68% and 51%, respectively) than after the first infusion (14% and
9%, respectively) [12]. This pattern was also seen in other
randomized controlled studies, open-label studies, and case series
of repeated infusions [11, 13-15]. We also confirmed a previous
finding that the rapid antidepressant response of ketamine after
the first infusion was associated with the subsequent antidepres-
sant response [7]. These findings suggest that there may be
different trajectory patterns in response to ketamine, with some
patients responding or even remitting early, some patients
gradually achieving a response after multiple infusions, and some
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patients not responding throughout the treatment. Given the
relatively serious condition and suicidal risk of the patients
receiving ketamine, early identification of those in whom
repeated-dose ketamine is ineffective is of great importance.
Early identification of this subgroup of patients is beneficial to
optimize and accelerate treatment decision-making such as by
increasing the dose of ketamine, combining therapies, or switch-
ing to alternative treatments (e.g. electroconvulsive therapy).
Terminating ineffective treatment in advance can also save costs
and reduce the side effects or adverse reactions caused by
ketamine, which are transient and well tolerated but more
common and severe than those caused by conventional
antidepressants [16].

As mentioned above, our and others’ previous studies have
shown that early response after the first infusion may be a useful
predictor to gauge the subsequent antidepressant response to
repeated-dose intravenous ketamine [7, 12]. However, no valid
practical index has been established to predict the subsequent
ineffectiveness of repeated-dose intravenous ketamine. Patients
receiving conventional antidepressants who show early symptom
improvement (i.e,, within 1-4 weeks in antidepressant trials) have
been identified as the subgroup most likely to respond and remit in
subsequent treatment [17-19]. Some studies have also found that a
lack of early symptom improvement predicts failure to achieve
response/remission at treatment endpoint [20-22]. Inspired by
observations in conventional antidepressant trials, Lipsitz et al. used
early improvement (=20% reduction in the 16-item Quick
Inventory for Depressive Symptomatology-Self Report [QIDS-SR16]
scores) post-infusion 1 and 2 as indexes to predict a reduction in
depressive symptoms following four repeated doses of ketamine
treatment and found that both were significantly associated with
lower QIDS-SR16 scores post-infusion 4 compared to non-early
improvers. However, individuals without early improvement still
had a high likelihood (>58%) of achieving clinically significant
symptom reduction (=>20% reduction in QIDS-SR16 scores) after
the fourth infusion [23]. This finding is similar to our and others’
previous studies, which used a less conservative index as a
predictor, i.e, early response (=50% reduction in rating scale
scores of depressive symptoms) [11, 12, 15].

Given that early non-improvement or non-response after the
first or second infusion is not a good predictor of the overall
ineffectiveness of repeated-dose intravenous ketamine, we sought
to describe a complete picture of the overall ineffectiveness (i.e.,
non-response or non-partial response [<30% reduction in rating
scale scores of depressive symptoms] after the full set of six
infusions) predicted by non-improvement after each of the first
five infusions and more conservative combined indicators (i.e.,
consecutive non-improvements after the first few infusions) to
determine an appropriate point for the non-improvers to
discontinue the treatment. We also further evaluated whether a
significant reduction in depressive symptoms followed the
remaining infusions in repeated-dose ketamine treatment after
the above-identified point.

MATERIALS AND METHODS

Study design

This was a post-hoc analysis of data from a single-arm, open-label clinical
study conducted at the Affiliated Brain Hospital of Guangzhou Medical
University in China between September 2016 and December 2018. The
study protocol was approved by the local ethics committee. All patients
provided written informed consent before participation. The trial was
registered in the Chinese Clinical Trials Registry (http://www.chictr.org.cn,
ChiCTR-O0C-17012239).

The design and procedure of the study have been previously described
[12]. The present study included data from three phases: a screening and
pretreatment assessment phase, a 2-week repeated-dose ketamine
treatment phase, and an assessment phase 4 h after the first infusion
and 24 h after each infusion.
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Ketamine (0.5 mg/kg) was diluted in 0.9% sodium chloride (40 mL) and
administered intravenously over 40 min with a thrice-weekly regimen for
six infusions. The dose of 0.5 mg/kg was chosen based on previous clinical
trials [1], which is the most commonly used dose. This dose has been
confirmed to be superior in subsequent clinical trials [9, 24] and has also
been included in later expert opinion [25] and task force recommendations
[26]. Patients remained on any pre-study antidepressant and other
psychiatric medication at stable dosages throughout the study. Benzodia-
zepines were allowed, and no patients received heavy sedatives such as
phenobarbital. Physical therapies (e.g. electroconvulsive therapy and
transcranial magnetic stimulation) were not allowed during the study or
within 4 weeks prior to the ketamine treatment.

Patients

This study included male or female patients aged 18-65 years experien-
cing a current major depressive episode of MDD or BD without psychotic
symptoms, as confirmed by the Structured Clinical Interview for DSM-5
(SCID-5). Additional inclusion criteria were TRD, defined as a current and/or
history of insufficient response to at least two antidepressants of adequate
dosage and duration [27], or suicidality (a score of the Beck Scale for
Suicidal Ideation [SSI]-part 1>2 [28]); moderate-to-severe depression at
screening (a total score of the 17-item Hamilton Depression Rating Scale
[HAMD-17] = 17 [29]). We enrolled patients with current suicidality or TRD
because these patients might experience the most severe levels of
depression and therefore might be most in need of rapid-acting
antidepressant ketamine treatment. Key exclusion criteria were meeting
any Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) diagnostic criteria of other serious mental disorder (e.g.,
schizophrenia, neurodevelopmental disorders, and substance-related and
addictive disorders). Comorbidity of anxiety disorder or obsessive-
compulsive disorder was permitted if this was not the primary cause of
depression within the prior 1-year period. Other exclusion criteria were any
unstable medical illness or lifetime history of neurological diseases; current
pregnancy, breastfeeding, or planned future pregnancy during the study
period; current presence of an urgent risk of suicidal or harmful/homicidal
behavior; a positive urine toxicology at screening; inability to commu-
nicate, provide written consent, or cooperate with the study procedures.

Outcome measures

Depressive symptom severity was rated using the 10-item Montgomery-
Asberg Depression Rating Scale (MADRS) [30] to identify participants who
experienced a clinically significant improvement in their symptoms with
ketamine and who clinically partially or fully responded to an acute
course of treatment. We chose MADRS as the symptom monitoring tool
instead of HAMD-17 in the present study because MADRS does not
include many items that are less sensitive to short-term changes in
depression, such as appetite, weight, and sleep, as does HAMD-17. Most
individual items on the MADRS are sensitive to antidepressant response
[31], and evidence supports the suitability of the MADRS used every 24 h
to assess the rapid onset of antidepressant efficacy in patients [32].
Symptom improvement was defined as a decrease > 20% from baseline
in MADRS score, according to Lipsitz et al. [23], based on the criteria
commonly applied in related studies with conventional antidepressants
[19]. Participants were grouped as either “improvers” or “non-improvers”
following infusions 1-5. Partial response and response were defined as a
reduction of >30% and =>50% from baseline in MADRS score,
respectively. Participants were grouped as either “partial responders” or
“non-partial responders” and as either “responders” or “non-responders”
24 h after the whole treatment.

A 7-day recall period was used for baseline measurements, whereas a
4-h recall period was used for measurements taken 4 h after the first
infusion. Additionally, a 24-h recall period was used for assessments
conducted 24 h after each of the six doses. Research psychiatrists were
trained to complete the ratings. Excellent-to-good interrater reliability was
established for both scales in patients with affective symptoms before this
study (HAMD-17 and MADRS, with intraclass correlation coefficient > 0.90).

Statistical analysis

According to the type and distribution of the data, the Chi-squared test or
Fisher's exact test for categorical variables, as well as the Student’s t-test or
Wilcoxon (Mann-Whitney) rank-sum test for continuous variables, was
used to compare the demographic and clinical characteristics at baseline
between partial responders and non-partial responders, as appropriate.

Translational Psychiatry (2024)14:324
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Assessed for eligibility (=257 )

Excluded (n=122)

-Not meeting inclusion criteria (n=118)
-Declined to participate (n=4)

v

Received ketamine treatment (n=135)

Discontinued due to any reason (n=18)
-Completed one infusion (n=7)

Discontinued due to any reason (n=18)
-Withdrew consent without providing specific
5| reasons (n=12)

A

-Completed two infusions (n=6)
-Completed four infusions (n=4)
-Completed five infusions (n=1)

A,

v

-Suicidal behavior (n=3)
-Perceived the treatment as being ineffective
(n=3)

‘ Completed six ketam

ine infusions (n=117) ‘

A

y

Analysed (n=117)

Fig. 1

Participant flow in the study of repeated-dose intravenous ketamine for depression. A total of 257 patients were assessed for

eligibility. One hundred and thirty-five patients met inclusion criteria and received ketamine treatment, with 117 patients completing the six
infusions. Ultimately, data from these 117 patients were included in the analysis.

The relationship between improvement (as opposed to non-
improvement after each infusion or consecutive non-improvements after
the first few infusions) and partial response and response after the sixth
infusion was summarized with sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), Youden index, and area under
curve (AUCQ) to find an appropriate point at which non-improvers should
discontinue treatment. In clinical practice with repeated-dose ketamine for
TRD or depression with suicidality, due to the severity and particularity of
the patient’s condition, the harm of false negative (i.e., 1-sensitivity) and
false positive (i.e., 1-specificity) results in predicting the treatment outcome
is not equal. Misdiagnosis of false negatives can lead to premature
termination of treatment before adequate relief of depressive symptoms,
and the treatment will most likely fail. Therefore, sensitivity was the
primary indicator used in this study for prediction. We considered a
sensitivity > 90% (i.e., a false negative < 10%) to be acceptable.

A mixed linear model for repeated measurements using compound
symmetry covariance structure with restricced maximum likelihood
estimation was used to estimate the trajectories of symptom change in
the non-improvers, based on MADRS scores. We chose a compound
symmetry covariance structure based on the characteristics of our data,
which comprised repeated measurements of depressive symptom change
of non-improvers within a short period. We assumed that the correlations
between any two observations at different time points were equal.
Additionally, we calculated the correlation coefficients between any two
measurements using the residual covariance matrix based on the
unstructured covariance structure model; the numerical distribution and
time trend characteristics of the correlation coefficients supported a
symmetric covariance structure over other covariance structures. Post-hoc
pairwise comparisons were performed to examine whether there was an
additional improvement in depressive symptoms after the identified point
for non-improvers to discontinue treatment. Multiple comparisons were
corrected with Sidak's correction. Further, we performed item-to-item
analyses of MADRS in non-improvers to determine which symptoms
changed most from baseline to the identified early discontinuation point
using paired t-tests, and the effect sizes were calculated. All data were
analyzed using IBM SPSS Statistics 24.0 (IBM Corp., Armonk, NY, USA).
Statistical significance was set at two-tailed P < 0.05.

RESULTS
Patients
The flow of participants is presented in Fig. 1. A total of 135
patients received ketamine treatment, and 117 (86.7%) patients
completed the six infusions. The 18 patients who discontinued

Translational Psychiatry (2024)14:324

treatment tended to have higher MADRS scores (t=—2455,
P =0.015), a higher proportion of antidepressant-free participants
(Fisher's exact test, P=0.019), and lower doses of antidepressants
than completers (Mann-Whitney U-test, P = 0.008) (Table S1). This
implies that a portion of patients with potentially poorer baseline
medication compliance and/or more severe depression symptoms
withdrew from the study. Our analysis of the reasons for treatment
withdrawal also confirms this speculation, with three cases owing
to suicidal behavior and three cases due to perceiving the
treatment as being ineffective, although an additional 12 cases
withdrew informed consent without reporting specific reasons. Of
the 117 completers, 90 (76.9%) were MDD, and 27 (23.1%) were
BD. Baseline demographics and clinical characteristics grouped by
the partial response and non-partial response after the sixth
infusion are presented in Table 1, which were generally
comparable between the two groups, except that the non-
partial responders had a higher proportion of comorbidity of
anxiety disorder or obsessive-compulsive disorder (x*=7.2414,
P =0.007). For the whole sample, the mean age was 34.9 years
(standard deviation [SD] =11.9), 51.3% (N=60) of the patients
were women, and 82.9% (N = 97) of the patients had TRD (with or
without suicidality). The mean MADRS score at baseline was 32.2
(SD = 7.8). The antidepressants most commonly used at baseline
were escitalopram, duloxetine, and venlafaxine. The mean
fluoxetine equivalent dose was 37.5 (SD=22.3) mg/day (Table
1). There was no significant difference in antidepressant use
between non-partial responders and partial responders. The
specific information regarding patients’ antidepressant use is
presented in the supplementary materials (Tables S2 and S3).

Non-improvement and non-response

Early non-improvement in predicting overall non-partial response.
Ninety-one (77.8%) participants achieved a partial response at
24 h post-infusion 6, whereas only 34 (29.3%) participants
achieved a partial response at 4 h and 24 h post-infusion 1 (see
Table S4 for detailed partial response rates at each point). Of
the 91 partial responders, 54.4% reported improvements at 4 h
post-infusion 1 (i.e., sensitivity was 54.4%), as did 23.1% of the
non-partial responders (i.e., specificity was 76.9%), with PPV,
NPV, Youden index, and AUC of 0.891, 0.328, 0.314, and 0.657,

SPRINGER NATURE
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Table 1. Baseline demographic and clinical characteristics of the non-partial responder group vs. partial responder group at 24 h after the sixth

ketamine infusion.

Characteristic
Age (years)
Female
Ethnicity®
Han Chinese
Minority
Education (years)?
Body mass index (kg/m?)P
Current smoking
Current drinking
Family history
Affective disorders
Mental disorders
Unipolar depression
Age at first major depressive episode (years)
Outpatients
Prior or current psychiatric hospitalization
TRD
With suicidality (SSl-part | > 2)
Psychiatric comorbidity®
Baseline MADRS score
Current pharmacotherapies
Dose of antidepressants (mg/day)
Antidepressant-free
1 antidepressant
2 antidepressants
Mood stabilizers
Benzodiazepine receptor agonists
Antipsychotics

Non-partial responder (N = 26)

33.4+12.3/31 (21)
15 (57.7%)

26

0

11.2+3.2/12 (5)
220+34

3 (11.5%)

0

9 (34.6%)

10 (38.5%)

21 (80.8%)
24.9+11.0/22 (15)
25 (96.2%)

11 (42.3%)

21 (80.8%)

14 (53.8%)

9 (34.6%)
31.6+83

41.2£22.1/40 (40)
1 (3.8%)

22 (84.6%)

3 (11.5%)

6 (23.1%)

13 (50.0%)

14 (53.8%)

Partial responder (N=91)

35.4+11.8/33 (21)
45 (49.5%)

88 (97.8%)

2 (2.2%)
12.6+3.0/13 (3)
229+36

18 (19.8%)

4 (4.4%)

23 (25.3%)

35 (38.5%)

69 (75.8%)
26.6+11.5/23 (17)
78 (86.7%)

22 (24.2%)

76 (83.5%)

61 (67.0%)

11 (12.1%)
323+7.7

33.8 +£23.5/20 (40)
4 (4.4%)

69 (75.8%)

18 (19.8%)

28 (30.8%)

43 (47.3%)

50 (54.9%)

Total (N=117)
349+ 11.9/33 (20)
60 (51.3%)

114 (98.3%)

2 (1.7%)
12.3£3.1/12 (6)
22.7+3.5

19 (17.9%)

4 (3.4%)

32 (27.4%)

45 (38.5%)

90 (76.9%)
26.2+11.3/23 (16)
103 (88.8%)

33 (28.2%)

97 (82.9%)

75 (64.1%)

20 (17.1%)
322+78

35.5 +23.3/30 (40)
5 (4.3%)

91 (77.8%)
21 (17.9%)
34 (29.1%)
56 (47.9%)
64 (54.7%)

Data are n (%), mean (standard deviation [SD]), or mean (SD)/median (quartile range).
TRD treatment-resistant depression, SS/ the Beck Scale for Suicidal Ideation, MADRS Montgomery-Asberg Depression Rating Scale.

®Data missing for one participant in the partial responder group.
PData missing for one participant in the non-partial responder group.

All P-values > 0.05 except that listed below; “The two groups show a significant difference at the 0.05 significance level for psychiatric comorbidity (x> = 7.2414,

P =0.007).

respectively. The sensitivity, specificity, PPV, NPV, Youden index,
and AUC of improvement at 24 h post-infusion 1 in predicting
overall partial response were 0.6, 0.885, 0.947, 0.390, 0.485, and
0.742, respectively, and were 0.989, 0.50, 0.874, 0.929, 0.489,
and 0.745, respectively, at 24 h post-infusion 5. See Table 2 for
details of diagnostic test statistics of infusions 2—-4. As shown in
Table 2, when using improvement after each of the first five
infusions to predict the overall partial response at 24 h post-
infusion 6, the sensitivities of improvement at 24 h post-
infusion 4 and 5 both exceeded 90%. Analyses of the subsets of
MDD, TRD, and suicidality yielded similar results (Tables S5, S6,
and S7).

When using two consecutive non-improvement as an indicator,
the sensitivities of improvement at 24 h post-infusion 4 (as
opposed to two consecutive non-improvements after infusions 3
and 4) and 24 h post-infusion 5 (as opposed to two consecutive
non-improvements after infusions 4 and 5) in predicting the
overall partial response both exceeded 90%. Similarly, when using
three consecutive non-improvements as an indicator, the
sensitivities of the improvement at 24 h post-infusion 3 (as

SPRINGER NATURE

opposed to three consecutive non-improvements after infusions
1, 2, and 3), 24 h post-infusion 4 (as opposed to three consecutive
non-improvements after infusions 2, 3, and 4), and 24 h post-
infusion 5 (as opposed to three consecutive non-improvements
after infusions 3, 4, and 5) in predicting the overall partial
response exceeded 90%. See Table 3 for detailed diagnostic test
statistics.

Early non-improvement in predicting overall non-response. ~ Seventy-
one (60.7%) participants achieved a response at 24 h post-infusion
6, whereas only 10 (8.6%) and 16 (13.8%) participants achieved a
response at 4 h and 24 h post-infusion 1, respectively (see Table S4
for detailed response rates at each point). Of the 71 responders,
55.7% reported improvements at 4 h post-infusion 1 (i.e., sensitivity
was 55.7%), as did 34.8% of the non-responders (i.e., specificity was
65.2%), with PPV, NPV, Youden index, and AUC of 0.709, 0.492,
0.209, and 0.605, respectively. The sensitivity, specificity, PPV, NPV,
Youden index, and AUC of the improvement at 24 h post-infusion 1
in predicting the overall response were 0.657, 0.761, 0.807, 0.593,
0.418, and 0.709, respectively, and were 1.000, 0.304, 0.689, 1.000,

Translational Psychiatry (2024)14:324
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0.304, and 0.652, respectively, at 24 h post-infusion 5. See Table S8
for detailed diagnostic test statistics of infusions 2-4. As shown in
Table S8, when using improvement after each of the first five
infusions to predict the overall response at 24 h post-infusion 6, the
sensitivities of the improvement at 24 h post-infusion 4 and 5 both
exceeded 90%.

When using either two or three consecutive non-improvement as
an indicator, we found that the sensitivities of improvement at 24 h
post-infusion 3, 4, and 5 in predicting the overall response
exceeded 90%. See Table S9 for detailed diagnostic test statistics.

Symptom reduction in non-improvers

Non-improvement at 24 h post-infusion 4. The linear mixed model
demonstrated statistically significant reductions (F=2.442,
degrees of freedom [df] = 126, P = 0.022) in depressive symptoms,
as assessed by MADRS scores, from baseline to the end of
treatment in patients with no improvement observed at 24 h post-
infusion 4. However, post-hoc tests revealed no reduction in
depressive symptoms from 24 h post-infusion 4 to the end, after
Sidak’s correction (P> 0.3 for all comparisons) (Fig. 2a). Item-to-
item analyses using paired t-tests showed that the most-reduced
items from baseline to 24 h post-infusion 4 were item 10 (suicide,
Cohen'’s d =0.302), item 2 (apparent sadness, Cohen’s d = 0.244),
and item 1 (reported sadness, Cohen’'s d=0.239) in non-
improvers, but none showed a statistical significance (P> 0.1 for
all comparisons, not corrected; Table S10).

Two consecutive non-improvement at 24 h post-infusion 3. The
linear mixed model demonstrated statistically significant reduc-
tions (F=8.311, df =168, P<0.001) in depressive symptoms, as
assessed by MADRS scores, from baseline to the end of treatment
in patients who exhibited two consecutive non-improvements at
24h post-infusion 3. Post-hoc tests revealed reductions in
depressive symptoms from 24 h post-infusion 3 to the end, after
Sidak’s correction (post-infusion 3 vs. 5, estimated marginal mean
difference  [EMMD] =4.800, P =0.033; post-infusion 3 vs. 6,
EMMD = 5.480, P = 0.006) (Fig. 2b).

Three consecutive non-improvement at 24 h Post-Infusion 3. The
linear mixed model demonstrated statistically significant reduc-
tions (F=5.540, df =147, P<0.001) in depressive symptoms, as
assessed by MADRS scores, from baseline to the end of treatment
for that subset of patients who had three consecutive non-
improvements at 24 h post-infusion 3. However, post-hoc tests
revealed no reductions in depressive symptoms from 24 h post-
infusion 3 to the end, after Sidak’s correction (P>0.2 for all
comparisons) (Fig. 2c). ltem-to-item analyses using paired t-tests
showed that the most-reduced items from baseline to 24 h post-
infusion 3 were item 2 (apparent sadness, Cohen’s d=0.492,
P =0.006, not corrected), item 10 (suicide, Cohen’s d=0.466,
P =0.009, not corrected), and item 1 (reported sadness, Cohen'’s
d=0.366, P=0.057, not corrected) in three consecutive non-
improvers (Table S11).

DISCUSSION

To our knowledge, this is the first study to present a complete
picture of overall antidepressant ineffectiveness predicted by non-
improvement after sequential ketamine infusions to determine an
optimal point for non-improvers to discontinue repeated-dose
ketamine treatment. We found that the sensitivity of improvement
at 24 h post-infusion 4, and that of improvement at 24 h post-
infusion 3 vs. three consecutive non-improvements, as predictors
for the overall partial response and response, exceeded 90%.
These results suggested that if a patient exhibits non-
improvement after four infusions, or more conservatively, three
consecutive non-improvements after three infusions, then the
patient can be deemed nonresponsive and subsequent treatment
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would not be warranted. We also further confirmed that non-
improvers presented no significant reduction in depressive
symptoms following the remaining infusions of repeated-dose
ketamine treatment after the above-identified early discontinua-
tion point.

In the present study, patients showed a higher partial response
rate and response rate 24 h after six infusions (77.8% and 60.7%,
respectively) than after the first infusion (29.3% and 13.8%,
respectively). This pattern was also seen in other trials of repeated-
dose ketamine [13, 14, 33]. Unlike studies that permitted a dose
increase in patients who did not respond [14, 33], our study used a
fixed dose of 0.5mg/kg intravenous ketamine. Therefore, the
overall response in these early non-responders cannot be
explained by a function of dose increase, suggesting that some
patients require several infusions to achieve a response. However,
our study also found that a subset of patients who did not exhibit
early improvement with ketamine remained unresponsive to
ketamine throughout the entire treatment period. These findings
confirmed the hypothesis that there may be different trajectory
patterns in response to ketamine, with some patients responding
early, some gradually achieving response after infusions, and
some not responding throughout the treatment. The differential
response trajectories to ketamine are consistent with those found
in previous studies with conventional antidepressants [34, 35]. The
early distinction of those patients who do not respond at all from
those who exhibit a more delayed response is difficult. Lipsitz et al.
[23] found that most (58%) individuals who did not improve post-
infusion 1 or 2 with ketamine still experienced an antidepressant
response or partial response (= 20% reduction in QIDS-SR16) post-
infusion 4. Although terminating unnecessary, ineffective treat-
ment in advance is beneficial, it is also important to avoid a false
premature termination of treatment before adequate relief of
symptoms. This is of particular concern because patients receiving
repeated-dose ketamine experience TRD or depression with
suicidality, and premature termination of treatment usually means
treatment failure.

Our data suggested that non-improvement after four infusions,
or more conservatively, three consecutive non-improvements,
may be an appropriate point to discontinue treatment, with < 10%
false negatives. These findings are in line with the latest
international expert opinion on ketamine and esketamine use in
TRD [25], which recommends that if an individual exhibits minimal
response (i.e, <20% improvement from baseline in total
depression symptom severity) after 4-6 ketamine treatments,
then that individual can be deemed nonresponsive and sub-
sequent treatments would not be warranted. To the best of our
knowledge, no similar research has been reported that offers a
complete picture of the overall antidepressant ineffectiveness of
ketamine predicted according to non-improvement after sequen-
tial infusions. Our study was designed and executed as close to
the real clinical environment as possible. Our findings therefore
provide a convincing reference for the appropriate timing of early
termination of repeated-dose ketamine in clinical practice. Within
this naturalistic design, we further explored the reduction of
depressive symptoms in the non-improvers after the above-
identified points and found no statistical significance. Additional
item-to-item analyses showed that even the most-reduced
symptoms did not reach a medium effect size (Cohen’s d < 0.50)
in non-improvers from baseline to the identified time of early
ketamine treatment discontinuation. All these results suggest that
most non-improvers by the above-identified points have no
significant improvement and would have no subsequent improve-
ment either qualitatively or quantitatively.

Major depression is a heterogeneous condition. The intrinsic
non-specificity implies a wide range of etiologies, risk factors, and
symptom profiles [36, 37], which likely account for the highly
variable response to treatments, including ketamine [1, 38-42].
Patients with TRD are a more heterogeneous and complex group
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Fig. 2 Changes in depressive symptoms in non-improvers following six ketamine infusions. Linear mixed models showed significant
reductions in depressive symptoms from baseline to the end of treatment in patients with no improvement at 24 h post-infusion 4 (a), two
consecutive non-improvements at 24 h post-infusion 3 (b), and three consecutive non-improvements at 24 h post-infusion 3 (c). Post hoc tests,
after Sidak’s correction, revealed no significant changes from 24 h post-infusion 4 to the end in non-improvers at 24 h post-infusion 4 (a) and from
24 h post-infusion 3 to the end in those with three consecutive non-improvements at 24 h post-infusion 3 (c). However, depressive symptoms
significantly decreased from 24 h post-infusion 3 to the end in patients with two consecutive non-improvements at 24 h post-infusion 3 (b; post-
infusion 3 vs. 5: estimated marginal mean difference [EMMD], P = 0.033; post-infusion 3 vs. 6: EMMD = 5480, P = 0.006). MADRS
Montgomery-Asberg Depression Rating Scale. *Significant difference at the given time point was found when compared to 24 h post-infusion 3
(paired t test, p < 0.05). **Significant difference at the given time point was found when compared to 24 h post-infusion 3 (paired t test, p < 0.01).
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in terms of phenomenology, patterns of comorbidity, and prior
history. The mechanism of action underlying the antidepressant
effects of ketamine remains unclear. The initially proposed
hypothesis of N-methyl-D-aspartate (NMDA)-mediated disinhibi-
tion of GABAergic interneurons is being increasingly challenged
by a growing body of contrary evidence, which has found that
other non-ketamine NMDA receptor antagonists do not exhibit
antidepressant effects similar to those of ketamine [43, 44].
Current evidence suggests that the enhanced and sustained
activity of a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) receptors is responsible for ketamine's antidepressant
effects [45], possibly by influencing the synthesis and release of
brain-derived neurotrophic factor (BDNF) through the mTOR
pathway [46, 47]. It could be speculated that the key mechanistic
steps mediating symptom relief may differ at the cellular and
behavioral levels across different subgroups of responders to
ketamine, resulting in different response trajectories. However,
specific mechanisms and response trajectories require further
research to deepen our understanding of ketamine’s antidepres-
sant effects. Similar to conventional antidepressants, multiple
baseline demographic, clinical, and biological predictors of the
response to ketamine have been investigated, but few validated
[48-50]. The reported potential pretreatment predictors include
clinical characteristics (i.e., higher body mass index, no history of
suicide attempts, positive family history of alcohol use disorder),
neurocognitive function (i.e., lower processing speed), peripheral
biochemistry (i.e., lower plasma adiponectin levels, higher levels of
circulating vitamin B12), sleep electrophysiology (i.e., low delta
sleep ratio), neurobiochemistry (i.e., low GlIx/glutamate ratio),
neuroimaging (i.e., increased pretreatment anterior cingulate
cortex activity), and genetic variations (i.e., val66met BDNF allele)
[48]. Our previous research also identified pretreatment predictors
that may be related to the response to repeated-dose intravenous
ketamine treatment, such as lower personal income [12], no
psychiatric hospitalization history [12], better visual learning [51],
and larger pretreatment volumes of the right thalamus and left
subiculum head of the hippocampus [52]. Although these
predictors, as well as moderator/mediator biomarkers, provide
promising insights into ketamine’s mechanism of action and the
differential response trajectories to ketamine, they remain largely
exploratory in nature and none are ready for clinical use at present
[48, 49]. As Andrade argued [53], it is nice to hope that research
will identify patients who might be ketamine responders, but
given the poor progress in the identification of response
predictors to other treatments in psychiatry, there is no reason
to expect that similar studies with ketamine would fare any better.
Therefore, predicting the overall antidepressant effect of ketamine
based on response to the first few infusions (as the most reliable
posttreatment clinical predictor) is currently a more reasonable,
practical, and operational approach, which is in line with the idea
that treatment with ketamine should be considered an explicit
individual therapeutic trial [25]. Our study also suggests that this is
feasible, although observation through three ketamine infusions,
at minimum, is necessary.

Limitations

The relatively large sample size, inclusive eligibility criteria of
participants, and real-world design and execution add value to the
present study, which strengthens the external validity of the
results to patients in a real clinical environment. However, the
results should be interpreted with several limitations in mind. First,
this study was a post-hoc examination of data from a single-arm
open-label clinical trial not designed to address our study
question. Second, this study was performed in the Chinese
population, and all included patients were treatment-resistant or
had suicidality; also, a portion of patients with potentially poorer
baseline medication compliance and/or more severe depression
symptoms withdrew from the study, which limits the
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generalizability of these results. Third, we included patients with
comorbidity of anxiety disorder or obsessive-compulsive disorder,
if this was not the primary cause of depression within the prior
1-year period, which was found to be a significant pretreatment
factor correlated to the treatment response. This might be a
confounder when interpreting our results. Fourth, although
patients maintained pre-study antidepressants and other psychia-
tric medications at stable dosages throughout the study, the
influence of these medications on depressive symptoms cannot
be ruled out. Fifth, data from patients with MDD/BD and TRD/
suicidality were analyzed as a whole. Although in our sensitivity
analyses, the results with MDD, TRD, and suicidality data analyzed
separately were generally consistent with the results when MDD,
BD, TRD, and suicidality data were analyzed as a whole, this
approach may increase heterogeneity. Sixth, multiple comparisons
of the MADRS scores at each point were corrected and could
potentially make some of the results somewhat conserved. Finally,
symptom improvement was defined a priori based on the criteria
commonly used in studies of conventional antidepressants; its
rationality requires further empirical investigation and demonstra-
tion. Furthermore, we also considered a priori an acceptable
sensitivity >90% (i.e, <10% false negative) in predicting the
antidepressant outcome of ketamine. Which threshold to use to
balance the harm of false negatives and false positives requires
careful study in future research. It should be noted that the
findings of this study are limited to the situation in which
ketamine is used as an antidepressant treatment; it is unclear
whether the findings apply when ketamine is used in anti-suicidal
treatment.

CONCLUSION

Our study findings suggest that non-improvement after four
ketamine infusions, or even a more conservative three consecutive
non-improvements after three ketamine infusions, could serve as
a signal of non-response in depression, and subsequent treatment
would not be warranted. The results of this study may have
implications from both research and clinical standpoints, such as
informing patients who are not improving whether and when to
optimize the dose, discontinue treatment, or switch to alternative
treatments. In light of these findings, future hypothesis-driven
studies with refined designs are needed to replicate our results
and better understand the mechanisms underlying the different
response trajectories with ketamine. Further, for patients with TRD
who do not respond to ketamine, how to optimize treatment is an
understudied topic of great importance.

DATA AVAILABILITY
The data that support the findings of this study are available on request from the
corresponding author upon reasonable request.
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