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Abstract

Objective: Derive and confirm factor structure of the Montgomery-Asberg
Depression Rating Scale (MADRS) in patients with treatment-resistant depression
(TRD) and evaluate how the factors evident at baseline change over 4 weeks of
esketamine treatment.

Methods: Two similarly-designed, short-term TRANSFORM trials randomized
adults to esketamine or matching placebo nasal spray, each with a newly-initiated
oral antidepressant, for 4 weeks (TRANSFORM-1: N = 342 patients; TRANS-
FORM-2: N = 223 patients). The factor structure of MADRS item scores at baseline
was determined by exploratory factor analysis in TRANSFORM-2 and corroborated
by confirmatory factor analysis in TRANSFORM-1. Change in MADRS factor scores
from baseline (day 1) to the end of the 28-day double-blind treatment phase of
TRANSFORM-2 was analyzed using a mixed-effects model for repeated measures
(MMRM).

Results: Three factors were identified based on analysis of MADRS items: Factor 1
labeled affective and anhedonic symptoms (apparent sadness, reported sadness,
lassitude, inability to feel), Factor 2 labeled anxiety and vegetative symptoms (inner
tension, reduced sleep, reduced appetite, concentration difficulties), and Factor 3
labeled hopelessness (pessimistic thoughts, suicidal thoughts). The three-factor
structure observed in TRANSFORM-2 was verified in TRANSFORM-1. Treatment
benefit at 24 h with esketamine versus placebo was observed on all 3 factors and

continued throughout the 4-week double-blind treatment period.
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Conclusions: A three-factor structure for MADRS appears to generalize to TRD. All

three factors improved over 4 weeks of treatment with esketamine nasal spray.
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1 | INTRODUCTION

Major depressive disorder (MDD) can present in a variety of ways,
with hundreds to thousands of possible combinations of symptoms
meeting the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5) criteria (American Psychiatric Associa-
tion, 2013), depending on method. (Fried & Nesse, 2015; Zimmerman
et al, 2015) Nonetheless, a relatively small number of the most
frequent possible combinations account for the majority of patients
with MDD. (Zimmerman et al., 2015) Understanding how best to
quantify these relatively more consistent combinations of symptoms,
and determining if these are affected differentially by different forms
of treatment, may inform clinicians and researchers alike.

The Montgomery-Asberg Depression Rating Scale (MADRS)
(Montgomery & Asberg, 1979) is a validated, widely-used, 10-item,
clinician-rated measure of depression severity. Individual items of the
MADRS may contribute differently to the same overall depression
severity across patients. Moreover, treatment effect may vary across
symptoms. Several studies have identified possible MADRS subscales
and symptom clusters in patients with MDD by applying factor analytic
strategies to the set of 10 items. (Galinowski & Lehert, 1995; Quilty
et al., 2013; Suzuki et al., 2005; Williamson et al., 2006) The number of
factors identified has varied, depending on the characteristics of the
sample (e.g., severity, chronicity, treatment resistance, inclusion of
patients in the depressed phase of bipolar | or bipolar Il), time of
assessment relative to treatment course (e.g., at baseline or after
treatment has been initiated), and method chosen to identify the
number of relevant factors (e.g., Kaiser criterion, parallel analysis).
(Carmody, Rush, Bernstein, Brannan, et al., 2006; Carmody, Rush,
Bernstein, Warden, et al., 2006) For instance, whereas the MADRS is
often found to be multifactorial at baseline (generally three
(Benazzi, 2001; Galinowski & Lehert, 1995; Suzuki et al., 2005) or four
(Quilty et al., 2013; Williamson et al., 2006) factors), single-factor
solutions are often found at the conclusion of treatment, (Borentain
et al,, 2019; Carmody, Rush, Bernstein, Warden, et al., 2006) although
this finding is not universal. (Quilty et al., 2013; Uher et al., 2008)

The extent to which symptom pattern may vary as a function of
treatment resistance has received relatively little attention. (Akil
etal,, 2018) In asample of 233 patients with highly treatment-resistant
depressive episodes, 208 of whom were diagnosed with MDD, Car-
mody and colleagues (Carmody, Rush, Bernstein, Brannan, et al., 2006)
noted a unifactorial structure to MADRS responses after completion of
12 months of treatment. Dimensionality of the MADRS at baseline was
not characterized. To improve clinical decision-making and symptom
characterization, it may be useful to establish if multiple factors are

evident at baseline in treatment-resistant samples. Identifying rele-
vant symptom clusters in patients with TRD and evaluating their
response to a novel glutamatergic antidepressant with a unique
mechanism of action, such as esketamine, may inform treatment se-
lection and offers the potential for a targeted therapeutic intervention.

Esketamine, the S-enantiomer of racemic ketamine, is approved
in conjunction with an oral antidepressant for the treatment of adults
with TRD by the United States Food and Drug Administration,
(Spravato™, 2020) the European Medicines Agency (2021) and other
regulatory authorities. These approvals were based, in part, on the
results of the pivotal, short-term flexible-dose TRANSFORM-2 study,
in which improvement in depressive symptoms was observed
beginning as early as at 24 h post-initial dose and consistently
thereafter throughout the 28-day double-blind treatment phase of
the study. (Popova et al, 2019) These findings were further sup-
ported by results from a second short-term fixed-dose study,
TRANSFORM-1. (Fedgchin et al., 2019)

1.1 | Aims of the post hoc investigation

A post hoc analysis of data from the TRANSFORM-2 study was
conducted to (1) identify statistically valid and clinically meaningful
clusters of depressive symptoms at the onset of esketamine treat-
ment from among the MADRS items using factor analysis and confirm
the MADRS factor structure using data from TRANSFORM-1 study,
and (2) measure the effect of esketamine compared to placebo nasal
spray, each in conjunction with an oral antidepressant, on trajectories

of the clinical clusters identified by factor analysis.

2 | METHODS

2.1 | Study design
TRANSFORM-2 (Popova et al., 2019) and TRANSFORM-1 (Fedgchin
et al, 2019) were phase 3 short-term, randomized, double-blind,
active-controlled, multicenter studies of esketamine nasal spray.
These TRANSFORM studies were designed to compare the efficacy
and safety of esketamine nasal spray combined with a newly initiated
oral antidepressant to that of a newly initiated oral antidepressant
plus placebo nasal spray in adult patients with TRD.

The studies were approved by independent review boards/ethics
committees, and written informed consent was obtained from all pa-
tients (clinical trials.gov identifier: NCT024 18585 and NCT02417064).
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2.2 | Patients

Both TRANSFORM studies enrolled outpatients, aged 18-64 years,
inclusive, with MDD (per Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) criteria (American Psychiatric As-
sociation, 2013)), without psychotic features, and who met criteria
for TRD, defined as non-response to an adequate trial (dose, dura-
tion, adherence) of at least 2 antidepressants in the current episode
of depression. MDD diagnosis was established using clinical assess-
ment and confirmed by the Mini-International Neuropsychiatric
Interview (MINI) (Sheehan et al., 1998); a total score of >34 on the
clinician-rated Inventory of Depressive Symptomatology (Rush
et al., 1996, 2000) was required, defining moderate-to-severe
depression. Patients with current or recent (past 6 months) homi-
cidal ideation/intent or suicidal ideation with intent to act or suicidal
behavior within the past year were excluded from study
participation.

At screening, eligible participants had documented non-response
to >1 but <5 oral antidepressants, based on the Massachusetts
General Hospital Antidepressant Treatment Response Question-
naire. Patients must have been adherent to an ongoing different oral
antidepressant for at least the prior 2 weeks, which was continued
prospectively for 4 additional weeks during a screening/prospective
observational phase. Those with non-response to their ongoing oral
antidepressant and who met criteria for TRD following the screening
phase, discontinued all current antidepressant treatment(s) and were
randomized to receive double-blind treatment with esketamine nasal
spray or placebo nasal spray, administered twice weekly, each com-
bined with a newly initiated, open-label oral antidepressant (dulox-
etine, escitalopram, sertraline, or extended-release venlafaxine)
administered daily for 4 weeks. Patients received either esketamine
or placebo nasal spray 1:1 - flexible dose in TRANSFORM-2 (i.e.,
56 mg on day 1, then either 56 mg or 84 mg on days 4, 8, 11, or 15
based on efficacy and tolerability, after which the dose remained
stable) and fixed dose in TRANSFORM-1 (i.e., esketamine 56 mg,
esketamine 84 mg, or placebo 1:1:1).

2.3 | MADRS assessments

The MADRS (Montgomery & Asberg, 1979) comprises the following
10 items: apparent sadness; reported sadness; inner tension; reduced
sleep; reduced appetite; concentration difficulties; lassitude; inability
to feel; pessimistic thoughts; and suicidal thoughts. Clinicians rate
each item on a 7-point Likert scale; the sum of the item scores
produces a MADRS total score that ranges from 0 to 60, with higher
scores reflecting greater depression severity.

As treatment with esketamine may produce transient dissocia-
tive effects that are difficult to blind, possibly biasing the site staff
supervising the dosing, all MADRS assessments were performed
remotely (via telephone) by site-independent, remote raters who
were blinded to the protocol details, including study visit, the pa-

tient's clinical status, and side effects during the trial. (Fedgchin

et al., 2019; Popova et al, 2019) MADRS assessments were per-
formed prior to dosing at baseline (pre-treatment) and on days 8, 15,
and 22. In addition a MADRS assessment was performed on day 2
(24 h following the first dose) and on day 28.

2.4 | Statistical analyses

Exploratory factor analysis (EFA) and confirmatory factor analysis
(CFA) were conducted using data from the TRANSFORM-2 (Popova
et al, 2019) and TRANSFORM-1 (Fedgchin et al., 2019) studies,
respectively. TRANSFORM-2, which served as one of the two pivotal
trials supporting the drug's approval by FDA, was used as the primary
dataset for assessing change in factor scores over time because it
employed flexible dosing of esketamine (vs. fixed dosing in TRANS-
FORM-1), thus better reflecting real-world use of esketamine in
clinical practice as well as the intended use of esketamine per pre-

scribing information. (Spravato™, 2020)

24.1 | Factor analyses

Exploratory factor analysis with principal components analysis (PCA)
as the extraction method and promax (oblique) rotation (using SAS
version 9.4; SAS Institute, Cary, NC, USA) was performed on MADRS
items from TRANSFORM-2 at baseline. The oblique promax rotation,
appropriate for correlated factors, was used due to the inherent
correlation often observed between psychiatric symptoms. (Fabrigar
et al.,, 1999; Peralta & Cuesta, 2001; Russell, 2002) The number of
factors chosen was based on (a) the Kaiser criterion (number of
factors with eigenvalues >1), (b) good model fit, (c) clear loadings of
items on a specific factor, and (d) clinical meaningfulness. Items were
selected onto factors where the loading was greater than 0.50; with
this criterion, an individual item could not load onto more than one
factor. CFA was then used to confirm the factor structure derived
from the baseline MADRS item scores of TRANSFORM-2 in the in-
dependent TRANSFORM-1 sample. Models were tested (SAS 9.4 TS
Level 1M4, SAS Institute Inc, Cary, NC, USA) using maximum-
likelihood estimation. Following the recommendations of (Kline,
2016), model fit was evaluated in CFA using a mix of global and local
fit indices: chi square (x?), residual-based measures (root mean
square of approximation [RMSEA]), standardized root mean square
residual (SRMR), and an index assessing incremental goodness-of-fit
(Comparative Fix Index [CFI]). Given our sample size (n > 200), x? is
viewed as problematic for evaluating model fit, because the statistic
is more likely to signal a significant difference between distributions
as samples grow larger. (Hu & Bentler, 1999) However, the relative
x%, calculated as the chi-square statistic divided by degrees of
freedom, has been found to mitigate this issue to some extent, with
the target value being between 2 and 5. (Fabrigar et al, 1999;
Wheaton et al., 1977) RMSEA is an absolute fit index that examines
the discrepancy between the hypothesized model and an optimal

model. Values closer to zero indicate better fit, (Xia & Yang, 2019)
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with “acceptable” values being <0.08. (Fabrigar et al., 1999) In
contrast, CFl examines the discrepancy between the data and a
baseline model (i.e., a model with the worst fit), while adjusting for
sample size. Values range from O to 1, with higher values indicating a
better fit. Values for acceptable models will generally be 0.90 or

above.
2.4.2 | Change in baseline factors over the course of
treatment

For each MADRS factor, the factor score was derived by summing
the scores for the individual items comprising the factor. Change in
MADRS factor scores from baseline (day 1) over time during the
double-blind treatment phase of TRANSFORM-2 was analyzed for
each factor using a mixed-effects model for repeated measures
(MMRM). The model included treatment group, baseline value, time
(visit), and treatment group by time interaction as covariates. An
unstructured covariance matrix was used to model the correlation
among repeated measures within patients. Visit (study day) is
considered a categorical variable. The repeated measures correspond
to MADRS items-based factor total scores at each visit (study day) by
patient, and all visits were included simultaneously in the model.
Least squares means (adjusted means) are based on the estimates
corresponding to the treatment by time (visit) interaction term. The
magnitude of change of each factor in the esketamine plus antide-
pressant group relative to the antidepressant plus placebo group was

also examined in terms of effect sizes (Cohen's d).

3 | RESULTS

The analysis sets for the TRANSFORM-2 and TRANSFORM-1 studies
included 223 and 342 patients, respectively. In TRANSFORM-2, the
majority (61.9%) of the patients were female and the mean (SD) age
was 45.7 (11.89) years old. At baseline, mean (SD) duration of the
current episode exceeded 2 years (114.6 (157.96) weeks) and mean
(SD) MADRS total score was 37.1 (5.7). The treatment groups of
TRANSFORM-2 were similar with respect to demographics, baseline
clinical characteristics, and the type/rate of oral antidepressant study
drug selected. (Popova et al., 2019) Demographic and other baseline
characteristics of the patients in TRANSFORM-1 were similar to
those of patients in TRANSFORM-2 (Table 1). Individual MADRS
item scores are summarized in Table S1.

3.1 | Exploratory factor analysis of TRANSFORM-2
The correlation between individual MADRS items at baseline is
presented in Table S2. Three factors (eigenvalue >1.0) were identi-
fied at baseline; those three factors accounted for 54.3% of the
variance (Table S3), with each item of the scale clearly loading (>0.5)

onto a specific factor.

The three factors from PCA with promax (oblique) rotation
included the following items (Table 2): The first factor, labeled “af-
fective and anhedonic symptoms” includes apparent sadness, re-
ported sadness, lassitude, and inability to feel, and represents the
highest proportion of the scale variance (22.4%). The second factor,
labeled “anxiety and vegetative symptoms”, includes inner tension,
reduced sleep, reduced appetite, and concentration difficulties, and
represents a meaningful proportion of the variance (18%). The third
factor, labeled “hopelessness”, includes items of pessimistic thoughts
and suicidal thoughts. Inter-factor correlations were 0.36729 be-
tween Factors 1 and 2, 0.23675 between Factors 1 and 3, and
0.06959 between Factors 2 and 3.

3.2 | Confirmatory factor analysis of
TRANSFORM-1

Results of the CFA suggest that the three-factor structure identified
in EFA was an acceptable model fit. Values of the relative x? (2.92),
RMSEA (0.075, 95% Cl: 0.058-0.093), and SRMR (0.0617) were all
consistent with an acceptable fit, while CFI just missed the conven-
tional cutoff (0.865). Monte Carlo simulations have suggested that
when mild disagreement is noted between an acceptable RMSEA and
a less acceptable CFl, the issue may more likely be a function of

sampling variability than model specification. (Lai & Green, 2016)

3.3 | Change over time in factors identified at
baseline

Change in total MADRS score from baseline (Figure 1) has been re-
ported. (Popova et al., 2019) In TRANSFORM-2, improvement in
scores for all three MADRS factors was observed at all post-baseline
timepoints with treatment, more so for esketamine plus antidepres-
sant than for antidepressant plus placebo, with a significant treat-
ment effect (p < 0.05) at all timepoints for Factor 2 (anxiety and
vegetative symptoms), at days 2, 22, and 28 for Factor 1 (affective
and anhedonic symptoms), and at day 2 only for Factor 3 (hope-
lessness) (Table 3; Figure 1). At day 28, the beneficial effects of
esketamine plus antidepressant relative to antidepressant plus pla-
cebo on each factor, in terms of effect sizes, were 0.29, 0.35, and 0.25
for Factors 1, 2, and 3, respectively (Table 3).

4 | DISCUSSION

Factor analysis, a data-driven approach, can be used to identify
meaningful dimensions within a heterogeneous construct. Change in
subscales may occur over different timeframes and to different de-
grees in response to treatment and may therefore provide a more
focused assessment of treatment effect compared to the overall scale
score. In this regard, the MADRS has been evaluated in prior factor

analyses, with the aim of identifying symptom profiles and assessing
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TABLE 1 Demographic and baseline characteristics

Age, years
Mean (SD)
Range

Sex, n (%)
Male
Female

Race, n (%)
Asian
Black or African American
White
Multiple
Not reported

Baseline body mass index, kg/m?
Mean (SD)
Range

Age when diagnosed with MDD, years
Mean (SD)
Range

Duration of current episode, weeks
Mean (SD)
Range

No. of previous antidepressant medications? n (%)
lor2
>3

Class of oral antidepressant, n (%)
SNRI
SSRI

Oral antidepressant, n (%)
Duloxetine
Escitalopram
Sertraline

Venlafaxine extended release

TRANSFORM-2 study cohort
N = 223

45.7 (11.89)
19 - 64

85 (38.1)
138 (61.9)

2 (0.9)

11 (4.9)
208 (93.3)
2 (0.9)

0

28.1 (6.05)
16 - 56

33.7 (12.86)
5-64

114.6 (157.96)
8 - 1196

150 (67.3)
73 (32.7)

152 (68.2)
71 (31.8)

121 (54.3)
38 (17.0)
32 (14.3)
32 (14.3)

TRANSFORM-1 study cohort
N = 342

46.3 (11.19)
18 - 64

101 (29.5)
241 (70.5)

5(1.5)

19 (5.6)
262 (76.6)
1(0.3)

25 (7.3)

28.8 (6.42)
17 - 56

31.4 (12.54)
9 -63

202.9 (290.24)
6 - 2288

205 (60.3)
135 (39.7)

196 (57.3)
146 (42.7)

136 (39.8)
73 (21.3)
73 (21.3)
60 (17.5)

Abbreviations: MADRS, Montgomery-,&sberg Depression Rating Scale; SD, standard deviation; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI,

selective serotonin reuptake inhibitor.

Number of antidepressant medications at screening with non-response (defined as <25% improvement) taken for at least 6 weeks during the current
episode as obtained from Massachusetts General Hospital Antidepressant Treatment Response Questionnaire, in addition to one prospective

antidepressant.

if some of those profiles are associated with better treatment out-
comes. Previous investigations of MADRS structure, in various pa-
tient populations, have not converged upon a consistent model, and
data are particularly lacking in the structure of the MADRS at the

onset (rather than conclusion) of a course of treatment for patients
with TRD. In our strictly-defined TRD cohort, factor analysis of the
MADRS at baseline identified three interpretable and clinically
meaningful clusters of MADRS items - affective and anhedonic
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symptoms (Factor 1), anxiety and vegetative symptoms (Factor 2),
hopelessness (Factor 3) - that may have a different timeframe and
degree of response to esketamine treatment than to conventional
monoaminergic antidepressants. These three factors accounted for
54.3% of variance of the items, in line with other studies that
explored the factor structure of the MADRS. (Cassano et al., 2009;
Vrieze et al., 2014)

While the number of factors often varies among prior studies,
without any convergent model emerging, some symptom aggrega-
tions have been consistently observed. The symptom aggregation
results from patients with TRD in both TRANSFORM studies are
generally consistent with those from previous studies of patients
with MDD and TRD. (Galinowski & Lehert, 1995; Johnson
et al., 2016; Suzuki et al., 2005; Williamson et al., 2006)

TABLE 2 TRANSFORM-2: Items comprising each factor® at
baseline from promax oblique rotation

Item Factor 1 Factor 2 Factor 3
Apparent sadness 0.78387 -0.04101 0.08674
Reported sadness 0.73677 0.13369 -0.00841
Inner tension —-0.08232 0.66736 0.28730
Reduced sleep —0.05306 0.68732  -0.08777
Reduced appetite 0.03163 0.64685 0.03974
Concentration difficulties 0.20470 0.55798  -0.19033
Lassitude 0.64831 0.09548  -0.03712
Inability to feel 0.75628 -0.11097 0.03444
Pessimistic thoughts 0.02630 0.19922 0.74539
Suicidal thoughts 0.03727 -0.18780 0.81997
Variance explained by Factor 26.1% 21.4% 15.3%

®factor loading score >0.5.

The observation that the first factor, including anhedonia-related
symptoms (inability to feel, lassitude) and sadness, accounted for
most of the explained variance is not unexpected given that these
symptoms are related to depression severity. (Burke et al., 2005;
Fawcett et al., 1983) Anhedonia and depressed mood constitute core
features of major depression: according to the DSM-V, at least five
symptoms must occur for a diagnosis of MDD, one of which must be
either depressed mood or anhedonia. The second factor includes
anxiety and vegetative symptoms, which have been associated with
increased duration of depressive episodes, decreased likelihood of
response, and higher risk of chronic course and recurrences, which
are key attributes of patients with TRD. (Cassano et al., 1997)
Interestingly, in the current study, concentration difficulties loaded
with inner tension and neurovegetative symptoms. This result differs
from previous studies in which an anhedonia factor was defined
including concentration difficulties as well as the four items (i.e.,
apparent sadness, reported sadness, lassitude, inability to feel)
included in our affective and anhedonic factor. (Cao et al., 2019)
Impaired concentration is frequently reported in MDD and has been
found to be relatively unstable, likely related to several potential
underlying mechanisms, (Oquendo et al., 2004) potentially explaining
the variability in this item loading across various studies and popu-
lation. The third factor identified in our current analysis, hopeless-
ness (including items of pessimistic thoughts and suicidal thoughts) is
consistent with most of the previous study results which loaded
pessimistic thoughts and suicidal ideation on the same factor. (Suzuki
et al, 2005) Pessimistic thoughts are related with hopelessness,
which has been strongly correlated with suicidal thoughts and
behavior. (Hawton et al,, 2013)

A statistically significant treatment benefit with esketamine was
observed on the magnitudes of all three factors (clinical dimensions)
at the first post-dose evaluation timepoint, 24 h after the first dose of
study drug (day 2) compared to the oral antidepressant plus placebo.

0.0
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FIGURE 1 Mean Change (£SD) in MADRS
Items Factor Scores and Total Score with
Esketamine Plus Antidepressant (Observed
Cases in TRANSFORM-2). MADRS,
Montgomery-Asberg Depression Rating Scale;
SD, standard deviation. Factor 1: affective
symptoms (apparent sadness, reported
sadness, lassitude, inability to feel); Factor 2:
- anxiety and vegetative symptoms (inner

1 é 8 15 22 28 tension, reduced sleep, reduced appetite, and

Day concentration difficulties); Factor 3:
hopelessness (pessimistic thoughts and suicidal
thoughts)

—6—— Factor 1 total score - - -4 -- Factor 2 total score
---#--- Factor 3 total score ——-©—- MADRS total score
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TABLE 3 Least squares mean (SE) change in MADRS by factor and treatment group

Difference between groups®

Factor Esketamine plus antidepressant Antidepressant plus placebo LS mean (SE) 95% CI p value Cohen's d°
Factor 1
Day 2 —4.39 (0-0.46) —2.76 (0.47) —1.63 (0.66) -2.93,-0.33 0.014 -0.30
Day 8 —4.49 (0.43) —3.40 (0.43) -1.09 (0.61) -2.29,0.11 0.076 -0.17
Day 15 —-5.66 (0.50) -4.91 (0.51) -0.75 (0.71) —2.16, 0.65 0.293 -0.10
Day 22 —7.97 (0.55) —6.25 (0.56) -1.72 (0.79) -3.27,-0.17 0.030 -0.31
Day 28 —10.18 (0.58) —8.33 (0.59) —1.85 (0.83) -3.48, -0.23 0.026 -0.29
Factor 2
Day 2 —3.05 (0.34) —1.91 (0.35) —1.14 (0.49) -2.11, -0.16 0.022 -0.31
Day 8 —2.94 (0.31) —-1.38 (0.31) —1.56 (0.44) —-2.43, -0.70 0.001 -0.43
Day 15 —4.32 (0.40) —-3.18 (0.41) —-1.15 (0.57) —-2.27, -0.03 0.045 -0.26
Day 22 —6.23 (0.44) —4.41 (0.44) -1.81 (0.62) -3.03, -0.60 0.004 -0.43
Day 28 -7.74 (0.47) —6.01 (0.48) -1.73 (0.67) -3.05, -041 0.011 -0.35
Factor 3
Day 2 —-1.83(0.19) —1.24 (0.20) -0.59 (0.27) -1.13, -0.05 0.031 -0.32
Day 8 —-1.51 (0.20) —-1.28 (0.20) —0.23 (0.28) -0.79,0.33 0.415 -0.13
Day 15 —1.90 (0.20) —1.76 (0.20) —-0.14 (0.28) —-0.70, 0.42 0.613 -0.10
Day 22 -2.48 (0.22) —-2.13 (0.22) —-0.35 (0.31) -0.96, 0.26 0.265 -0.21
Day 28 —3.04 (0.23) —2.54 (0.23) —0.50 (0.32) -1.13,0.14 0.1261 -0.25

Note: The sum of the item scores produces a MADRS factor score that ranges from O to 24 for factor 1 and for factor 2, and from O to 12 for factor 3,
with a negative change in score indicating improvement. MADRS items factor 1: affective and anhedonic symptoms (apparent sadness, reported
sadness, lassitude, inability to feel); MADRS items factor 2: anxiety and vegetative symptoms (inner tension, reduced sleep, reduced appetite, and
concentration difficulties); MADRS items factor 3: hopelessness (pessimistic thoughts and suicidal thoughts).

Abbreviations: Cl, confidence interval; LS, least squares; SE, standard error.

2Analyzed by a repeated measure model for change from baseline value that included treatment group, baseline value, time (visit), and treatment group
by time interaction as covariates. An unstructured covariance matrix was used to model the correlation among repeated measures within patients.

bDifference between treatment groups [esketamine/antidepressant minus antidepressant/placebo] in factor total score divided by the pooled standard

deviation.

Additionally, improvement in scores for all three MADRS item factors
was observed at all subsequent timepoints throughout the 28-day
double-blind treatment phase, more so for esketamine plus antide-
pressant than for antidepressant plus placebo, with a statistically
significant treatment effect at all timepoints for Factor 2 (anxiety and
vegetative symptoms), at days 2, 22, and 28 for Factor 1 (affective
and anhedonic symptoms), and day 2 only for Factor 3 (hopeless-
ness), with the latter result limited by the fact that patients with
recent significant suicidal ideation (past year) or behavior (6 months)
were excluded from enrollment in the TRANSFORM studies. Effect
sizes clustered around 0.30, an effect size consistent with that re-
ported for newer antidepressants relative to placebo (Hengartner
et al., 2020); however, it is important to keep in mind that the
demonstrated benefits in this trial are in comparison to placebo in
addition to newly-initiated antidepressant medication, not placebo
alone. Overall, these findings reflect the early onset, robust, and

sustained effect of esketamine across depressive symptoms in

patients with TRD, as compared to placebo nasal spray combined
with a newly-initiated oral antidepressant.

Our results are limited by the relatively small size of the
TRANSFORM-2 population in the context of PCA. Other limitations
include the exclusion of patients with significant psychiatric or
medical co-morbidities, including moderate to severe substance use
disorder, patients with current or recent suicidal ideation or behavior
(studied in a separate program), prior non-response to (es)ketamine
in the current episode, and by the lower proportion of non-white
patients. An inherent limitation is related to the number of symp-
toms explored through the 10 items of the MADRS, which does not
assess some clinically relevant symptoms in this population (e.g., ir-
ritability, impulsivity). And, given that our analyses were conducted
on a post hoc exploratory basis, we did not correct for multiple
comparisons. Despite these limitations, our findings support a
dimensional model of TRD that may help to define relevant patient

sub-types.
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In conclusion, factor analyses identified three groups of MADRS
items, each representing distinct, clinically meaningful dimensions of
MDD symptoms. Specifically, MADRS factors 1 and 2 improved over
4 weeks of treatment with esketamine nasal spray. These factors
identify meaningful clinical dimensions that may define TRD sub-
types. The findings merit further investigation in prospective studies.
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