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Abstract

Background: Seltorexant, a selective antagonist of human orexin-2 receptors, demonstrated antidepressant effects in a
previous exploratory study in patients with major depressive disorder (MDD).

Methods: To replicate and extend this observation, a double-blind, adaptive dose-finding study was performed in patients
with MDD who had an inadequate response to 1-3 selective serotonin/serotonin-norepinephrine reuptake inhibitors in
the current episode. Patients were randomized (2:1:1) to placebo or seltorexant (20 mg or 40 mg) once-daily, administered
adjunctively to the antidepressant the patient had been receiving at screening. After an interim analysis (6 weeks post-
randomization of 160th patient), newly recruited patients randomly received (3:3:1) placebo or seltorexant 10 mg or 20 mg; the
40-mg dose was no longer assigned. Patients were stratified by baseline Insomnia Severity Index (ISI) scores (ISI>15 vs <15).
The primary endpoint was change from baseline Montgomery-Asberg Depression Rating Scale (MADRS) total score at week 6.
Results: Mixed-Model for Repeated Measures analysis showed a greater improvement in MADRS total score in the seltorexant
20-mg group vs placebo at weeks 3 and 6; least-square means difference (90% CI): -4.5 (-6.96; —2.07), P=.003; and -3.1 (-6.13;
-0.16), P=.083, respectively. The improvement in MADRS score at week 6 for seltorexant 20 mg was greater in patients with
baseline ISI > 15 vs those with ISI < 15; least-square means difference (90% CI) vs placebo: -4.9 (-8.98; -0.80) and -0.7 (-5.16;
3.76), respectively. The most common (>5%) adverse events with seltorexant were somnolence, headache, and nausea.
Conclusions: A clinically meaningful reduction of depressive symptoms was observed for seltorexant 20 mg. In the subset of
patients with sleep disturbance (ISI > 15), a larger treatment difference between seltorexant 20 mg and placebo was observed,
warranting further investigation. No new safety signal was identified.
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Significance Statement

observed following seltorexant treatment.

Seltorexant, a selective human orexin-2 receptor (OX2R) antagonist, previously displayed antidepressant effects in patients with
major depressive disorder (MDD) regardless of sleep impairment and improved sleep efficiency in patients with insomnia. The
current study was a randomized, placebo-controlled, adaptive dose-finding trial that investigated the efficacy and safety of 3
doses of seltorexant (10, 20, and 40 mg) as adjunctive therapy in patients with MDD who had experienced an inadequate re-
sponse to current antidepressant therapy. Patients were stratified based on region and baseline sleep disturbance (Insomnia
Severity Index [ISI] score > 15 vs < 15). With seltorexant 20 mg, a statistically significant and clinically meaningful reduction of
depressive symptoms was observed. In the subpopulation of MDD patients with sleep disturbance (ISI > 15), a larger treatment
difference between seltorexant 20 mg and placebo was observed, warranting further investigation. No new safety concerns were

Introduction

Major depressive disorder (MDD) is a common, often recurring,
potentially chronic illness that is associated with significant
distress and socio-occupational impairment. Episodes of MDD
commonly prove difficult to treat, and those who suffer from
this illness have an increased risk of suicidal behaviors and
substantially reduced longevity (Cuijpers and Smit, 2002; Lopez
et al., 2006; Kupferberg et al., 2016). Antidepressant drugs of the
selective serotonin reuptake inhibitor (SSRIs) and serotonin
and norepinephrine reuptake inhibitor (SNRIs) classes are gen-
erally the first-line treatments of MDD (National Collaborating
Centre for Mental Health, 2010; Cleare et al., 2015; Kennedy
et al., 2016). Despite the availability of numerous treatment op-
tions, nearly 50% of patients do not respond to a first course of
therapy with a conventional antidepressant and up to one-third
do not remit despite multiple sequential courses of therapy
(Rush et al., 2006; Bauer et al., 2019). As such, identification of
alternate therapies for those who do not respond to conven-
tional antidepressants remains a significant clinical challenge.
Among the many strategies evaluated for antidepressant non-
responders, switching to antidepressants from a different class,
combining antidepressants, or adding atypical antipsychotics as
adjunctive treatments to the ineffective antidepressant are the
widely used strategies after nonresponse to 1 or 2 trials of con-
ventional antidepressant pharmacotherapy (Al-Harbi, 2012; de
Sousa et al., 2015). Among these strategies, adjunctive therapy
with atypical antipsychotics (e.g., aripiprazole, brexpiprazole, or
quetiapine XR) are approved by health authorities for this indi-
cation, although adverse effects and long-term side effects limit
or complicate their use (Fleurence et al., 2009; Wright et al., 2013;
Thase, 2016). Thus, there remains an unmet need for new treat-
ments with different mechanisms of action that are effective
and better tolerated to improve treatment strategies for MDD
(Thase, 2017). Combining the standard antidepressant therapy
with an augmentation treatment that targets both depressive
symptoms and insomnia symptoms of the MDD disorder may
offer the advantage of maintaining already achieved antidepres-
sant effects while also allowing for the potential of an additional
response to the newly added study treatment in a comprehen-
sive treatment approach. Moreover, while SSRIs may cause in-
somnia, sleep problems more commonly arise as symptoms of
MDD and have a substantial impact on the course and outcome
of depression (Gulec et al., 2011).

One promising area for novel therapeutics discovery in
mood disorders is illuminated by emerging data character-
izing the neurobiology of the orexinergic system. In addition to
their role in regulation of sleep/wake cycling, the orexins par-
ticipate in mediating behavior under conditions of high mo-
tivational relevance, such as responding to stress, threat, or

reward-related stimuli, possibly through altering arousal and
energy balance (P. L. Johnson et al., 2012; Nollet and Leman,
2013; Li et al., 2014; Mahler et al., 2014; Yeoh et al., 2014; Chen
et al.,, 2015). Some aspects of these roles are differentially me-
diated by orexin 1 vs orexin 2 receptor signaling. For example,
orexin 2 receptor signaling specifically plays a role in mediating
the arousal from sleep (i.e., wakefulness). Animal models of
stress and depression suggested orexin-2 receptor antagonists
might have antidepressant-like activity (Fitch et al., 2014). Dual
orexin receptor antagonists, suvorexant and lemborexant, have
been approved for the treatment of insomnia disorder in the
United States, characterized by difficulties with sleep onset and/
or sleep maintenance in adults based on the results of pivotal
phase 3 studies. However, these agents have not been shown to
be effective or approved for MDD (Herring et al., 2019; Rosenberg
et al,, 2019; Karppa et al., 2020). Filorexant, also a dual orexin an-
tagonist, was tested as augmentation therapy in patients with
MDD and showed no difference in efficacy from placebo (Connor
etal., 2017).

Seltorexant, a potent and highly selective antagonist of
orexin-2 receptor, is being developed as a treatment for MDD
due to its potential role in normalizing sleep (Bonaventure et al.,
2015). In exploratory clinical studies, seltorexant displayed anti-
depressant effects by improving core symptoms of depression
in patients with MDD regardless of sleep impairment and im-
proved sleep efficiency in patients with insomnia (Brooks et al.,
2019; Recourt et al., 2019). The present study investigated the
antidepressant effects, safety, and tolerability of various doses
of seltorexant as adjunctive therapy in patients with MDD who
had experienced inadequate response to the current antidepres-
sant therapy.

Methods

Patients

Adult men or women (aged 18-70 years [inclusive]) who met
Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5) diagnostic criteria for MDD (confirmed by
the Structured Clinical Interview for DSM-5 Axis I Disorders —
Clinical Trials Version) and who had inadequate response to >1
but <3 antidepressants (defined as showing <50% improvement
in depressive symptoms since starting the current antidepres-
sant), administered at an adequate dose and duration in the cur-
rent episode of depression (assessed by Massachusetts General
Hospital Antidepressant Treatment Response Questionnaire)
were eligible for study enrolment. Patients had to be receiving
monotherapy treatment for depressive symptoms with 1 of



the following SSRI/SNRI antidepressants, in any formula-
tion: citalopram, duloxetine, escitalopram, fluvoxamine, flu-
oxetine, milnacipran, levomilnacipran, paroxetine, sertraline,
venlafaxine, desvenlafaxine, vilazodone, or vortioxetine at a
stable dose (at or above the minimum therapeutic dose level) for
at least 4 weeks and for no greater than 12 months. Additionally,
patients were required to have Montgomery-Asberg Depression
Rating Scale (MADRS) total score >25 at screening and did not
demonstrate >20% improvement in MADRS total score from the
screening to baseline visit.

Patients were excluded if they had a history or current diag-
nosis of a psychotic disorder; bipolar disorder; autism spec-
trum disorder or borderline personality disorder; somatoform
disorders; chronic fatigue syndrome or fibromyalgia; signifi-
cant primary sleep disorder, including obstructive sleep apnea
or restless leg syndrome; or parasomnias. In addition, patients
who had a current or recent (within the prior 6 months) his-
tory of active suicidal ideation with some intent to act, without
plan or active suicidal ideation with specific plan and intent, or
a history of suicidal behavior within the past year (based on the
Columbia Suicide Severity Rating Scale [C-SSRS]) at screening or
day 1 were not eligible for enrolment. Patients having a history of
moderate or severe substance or alcohol use disorder according
to DSM-5 criteria within 6 months before screening or positive
test result(s) for alcohol and/or drugs of abuse at screening or
at baseline were also excluded. Use of monoamine oxidase in-
hibitors, antipsychotics, benzodiazepines, hypnotics drugs (eg,
zolpidem, zopiclone, zaleplon, eszopiclone, suvorexant, and
ramelteon), was prohibited during the study.

Study Design

This randomized, double-blind (DB), parallel-group, placebo-
controlled, 6-week adaptive dose finding, multi-center phase 2b
study (NCT03227224) was conducted across 81 sites in 7 coun-
tries (Bulgaria, Finland, Germany, Japan, the Russian Federation,
Ukraine, and the United States) between August 31, 2017 and
January 19, 2019. The study consisted of a screening phase (up to
4 weeks), a DB treatment phase (6 weeks), and a post-treatment
follow-up phase (2 weeks). Eligible patients were initially ran-
domized (2:1:1) to receive placebo, seltorexant 20 mg or 40 mg
once daily. All patients continued to receive their baseline SSRI/
SNRI antidepressant (at the same dose, without change, and at
approximately the same time as prior to entering the study). An
interactive web response system was used for treatment assign-
ment. The randomization was balanced by using randomly per-
muted blocks and stratified by region (the United States, Europe,
and Japan) and by insomnia status (the presence of moderate-
severe insomnia symptoms was defined using an Insomnia
Severity Index [ISI] clinician’s version score >15 at baseline, as
distinguished from having no or mild insomnia symptoms,
as defined by an ISI clinician’s version score <15 at baseline).
Blinded treatment was administered at the study site on day
1 of the DB treatment phase and was self-administered by the
patient from day 2 to day 41 at home once daily at bedtime, ap-
proximately 3 hours after the last meal. After completion of the
DB treatment phase or early withdrawal, patients completed
a follow-up visit of 7 to 14 days after the last dose of study
medication.

An interim analysis (IA) was pre-specified to occur with
a data cutoff at 6 weeks post-randomization of the 160th pa-
tient. Based on the Interim Analysis Committee decision, fol-
lowing the IA the newly recruited patients were randomized per
protocol to receive placebo or seltorexant 10 mg or seltorexant
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20 mg, with an allocation ratio 3:3:1, adapted according to the
dose response curve seen at the IA. No additional participants
were assigned to the seltorexant 40-mg dose.

This study was conducted in accordance with the ethical
principles of the Declaration of Helsinki and in accordance with
the International Conference on Harmonization’s Good Clinical
Practice guidelines and applicable regulatory requirements. The
independent ethics committee and institutional review board
reviewed and approved the study protocol and amendment.
All patients provided written informed consent prior to study
enrolment.

Study Endpoints

Efficacy assessments were performed during the DB treatment
phase (supplementary Appendix). The primary endpoint was the
change in MADRS total score from baseline to the end of week
6 (day 42). The secondary endpoints included (1) change from
baseline MADRS total score at week 6 in patients with baseline
ISI score =15 vs ISI < 15; (2) proportion of patients achieving re-
sponse (>50% improvement from baseline MADRS total score),
and remission (MADRS total score of <12) at week 6; and (3)
change from baseline in MADRS-6 (subscale that focuses on the
core symptoms of depression as assessed by 6 items: apparent
sadness, reported sadness, inner tension, lassitude, inability to
feel, pessimistic thoughts). Exploratory endpoints involved as-
sessment of change in Hamilton Anxiety Rating Scale (HAM-A)
total score, and Clinical Global Impression - Severity (CGI-S)
score at week 3 (day 22) and week 6; (4) change from baseline in
Patient Health Questionnaire 9-Item (PHQ-9), Patient Reported
Outcomes Measurement Information System-Sleep Disturbance
(PROMIS-SD) and Fatigue (PROMIS-F) Short Form, and Snaith-
Hamilton Pleasure Scale (SHAPS) overtime to week 6.

The MADRS and CGI-S were administered by independent,
centralized remote raters over the telephone; the HAM-A and ISI
were administered by the investigators or designee at the site;
and the PHQ-9, PROMIS-SD, PROMIS-F, and SHAPS were com-
pleted by the patients.

Safety was recorded until the follow-up visits and was as-
sessed based on treatment-emergent adverse events (TEAESs),
clinical laboratory tests, vital sign measurements, physical
examinations, and electrocardiogram findings. Suicidal idea-
tions and suicidal behavior were evaluated by means of C-SSRS
(Posner et al., 2007). TEAEs of special interest were cataplexy,
sleep paralysis, abnormal dreams, and complex sleep-related
behaviors.

Statistical Methods

Sample Size Determination—The sample size was determined
based on the primary efficacy endpoint of the study using the
Multiple Comparison Procedure-Modeling (MCP-Mod) approach
(Pinheiro et al.,, 2014). The sample size of 280 randomized
patients was required to provide an average weighted power
of approximately 85% depending on the underlying true dose-
response shape, assuming a 1-sided significance level of 0.05,
a treatment difference from placebo of 4.5 points in change in
MADRS total score, a SD of 10, and a 25% overall dropout rate.
The data cutoff for the unblinded IA was 6 weeks after ran-
domization of 160 patients, which corresponded to approxi-
mately 57% of the sample size. This number of patients provided
approximately 93% power to detect a dose-response relation-
ship depending on the underlying true dose-response shape, as-
suming a treatment difference of 4.5 and a SD of 10 when tested
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by means of the MCP-Mod approach at the 30% significance level
(1-sided).

Statistical Analyses—The primary efficacy endpoint was
evaluated at a 1-sided significance level of 0.05 using the
MCP-Mod approach to test for dose-response. The candidate
set included 4 standardized model profiles: “linear” (no
parameters), “E__” (ED,,=1.053), “exponential” (§=18.20), and
“sigk " (ED,,=14.14, h=8.496). The MCP-Mod approach was
applied towards the estimates obtained from the mixed model
for repeated measures (MMRM) analysis, which included region,
time, treatment, baseline insomnia status, and treatment-by-
time interaction as factors and baseline MADRS total score as
a covariate. In conjunction with the MCP-Mod analysis, the
pairwise comparison between seltorexant doses and placebo
was performed using the appropriate contrasts directly from
the MMRM analysis using estimates at the end of week 6. Other
than MCP-Mod (which included corrections for 4 model profiles
tested), no multiplicity adjustment was performed and the 90%
confidence interval (CI) for the difference in least squares (LS)
means and P value was calculated based on the contrast test
statistic for each seltorexant dose level. Secondary endpoints,
except change in baseline CGI-S and ISI total scores, response,
and remission, were analyzed using the same MMRM as for the
primary efficacy endpoint, with the corresponding baseline as
a covariate. Patients with missing MADRS at a given time point
were imputed as non-responders and non-remitters. Changes
in CGI-S and ISI total score were analyzed using an ANCOVA
model (for CGI-S, ANCOVA on ranks). Efficacy analyses were
based on the full analysis set (defined as all patients who were
randomized and received >1 dose of study drug), and safety
analyses were based on the full safety analysis set (which was
the same as the full analysis set).

Results

A total of 434 patients with MDD were screened, of which 287 pa-
tients were randomized toreceive seltorexant10mg (n=33), 20 mg
(n=63), 40 mg (n=53), or placebo (n=138) in the double-blind
treatment phase; 4 of 287 patients who were randomized did not
receive any study treatment. A total of 146 patients were screen
failures; 24.7% (36 of 146) were attributable to having a MADRS
total score <25 at screening and/or having an improvement of
>20% on their MADRS total score from the screening to baseline
visit. A total of 251 of the 283 (87.5%) patients who received study
treatment completed the 6-week DB treatment phase and 36
(12.5%) patients discontinued the study. Discontinuation rates at
the end of DB phase for placebo (11%) were similar to those of the
groups that received seltorexant (14%). The most common reason
for discontinuation waswithdrawalofconsent(n=10(3.5%]),fol-
lowedbyAE (n=8 [2.8%] patients) (Figure 1).

Of the 283 patients treated, a slight majority were women
(53.7%; 7.8% were women of child-bearing potential), and more
than three-quarters identified themselves as White (78.8%). The
mean (SD) age of patients was 49.1 (12.34) years (Table 1). The
mean (SD) baseline MADRS total score was 33.7 (5.40) and CGI-S
score was 4.8 (0.72), mean duration of the current episode of de-
pression was 20.4 (12.19) weeks, and mean baseline ISI score was
16.1 (5.67) (per interactive web response system ISI > 15, 57.6%,
and ISI < 15, 42.4%) (Table 1). Most patients had only 1 antidepres-
sant treatment of sufficient dose (based on MGH-ATRQ) and dur-
ation (>4 weeks) during this episode (84.5%), and the majority
(68.9%) were currently taking an SSRI. The majority of patients
had experienced >3 major depressive episodes (Table 1)

Efficacy

Primary Endpoint—Based on MCP-Mod analysis, after applying
corrections for multiple testing there was no significant dose-
response relationship associated with pre-specified models in
change from baseline MADRS total score at week 6. The sigmoid
E .. model showed the best fit of the 4 pre-specified models, with
multiplicity-adjusted, 1-sided P =.08 (pre-specified significance
threshold 1-sided o=.05) (Figure 2).

Based on MMRM analysis, the greatest improvement in
MADRS total score vs placebo was observed in the seltorexant
20-mg group at weeks 3 and 6 with LS mean difference (90%
Cl): -4.5 (-6.96; —2.07), P=.003; and —3.1 (-6.13; —0.16), P=.083, re-
spectively. This difference was greater in the 20-mg dose than in
the seltorexant 40 mg (LS mean difference [90% CI], -0.5 [-3.12;
2.09] and -1.5 [-4.70; 1.63], respectively). The seltorexant 10-mg
treatment group showed a change from baseline in MADRS
total score that did not differ significantly from placebo at any
timepoint (Figure 3).

Secondary Endpoints—In the seltorexant 20-mg group, the
improvement in MADRS score at week 6 was greater in patients
with baseline ISI > 15 than with baseline ISI < 15, with LS mean
difference (90% CI) vs placebo of -4.9 (-8.98, -0.80) and -0.7
(-5.16, 3.76), respectively. In the seltorexant 40-mg group, there
was a similar change in MADRS total score at week 6 vs with
placebo in both ISI subgroups (Figure 4).

At week 6, response rates (250% reduction from baseline in
MADRS total score) for the seltorexant 10-mg, 20-mg, and 40-mg
dose groups were 24.2%, 41.0%, and 38.5%, respectively, vs 28.5%
for the placebo group. Similarly, remission rates (based on
MADRS total score at study endpoint of <12) for the seltorexant
10-mg, 20-mg, and 40-mg groups were 15.2%, 29.5%, and 26.9%,
respectively, vs 19.0% for the placebo group.

Based on an MMRM analysis of the change in MADRS-6
total score from baseline, seltorexant 20 mg and 40 mg showed
greater improvement compared with placebo at weeks 3 and
6 (Table 2). In addition, improvement was also observed in the
subgroup of patients with an ISI > 15, with the seltorexant
20-mg group showing a greater change than the 40-mg
group at weeks 3 and 6. The LS mean difference [90% CI] for
seltorexant 20 mg vs placebo at weeks 3 and 6 was —4.0 (-6.19;
-1.75) and -3.7 (-6.57; -0.89), respectively, and for seltorexant
40 mg vs placebo was -0.6 (-2.80; 1.58) and -1.1 (-3.92; 1.68),
respectively.

A clinically meaningful improvement (decrease) in ISI score
was observed at week 6 in both the seltorexant 20-mg and
40-mg groups compared with placebo; the LS mean difference
(90% CI) in change in ISI vs placebo was -2.3 (-3.90; -0.67) for
seltorexant 20 mg and -1.9 (-3.64; —0.24) for 40 mg. There was
no apparent difference in improvement in anxiety symptoms
based on the HAM-A total score change from baseline to week
6 between any seltorexant treatment group compared with pla-
cebo by observed case MMRM analysis. A greater percentage of
patients had a CGI-S score corresponding to “normal” at week
6 with seltorexant 20 mg (18.3%) than with 40 mg (7.7%), 10 mg
(3.3%), or placebo (7.4%).

The PHQ-9 remission (defined by a score <5 at study endpoint)
rates for the seltorexant 20-mg and 40-mg groups were 26.2%
and 25.0%, respectively, vs 12.4% for the placebo group. The per-
centage of responders (based on a >50% improvement in PHQ-9
total score from baseline) in the seltorexant 20-mg and 40-mg
groups vs placebo was 49.2% and 42.3% vs 40.9%, respectively
(Table 2).



Screening

DB-treatment phase (6 weeks)

434 Patients screened
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Figure 1. Study design and patient disposition (A) and screen failures (B). aOne patient was screened but was neither randomized nor screen failed and was not in-
cluded in any of the analysis sets. bInitial randomization ratio was 2:1:1 (placebo, seltorexant 20 mg, and 40 mg). A pre-planned interim analysis was conducted with
the data cutoff at 6 weeks after randomizing 160 patients in the study; after the interim analysis, the seltorexant 10-mg dose was added to randomization and the
seltorexant 40-mg dose was dropped from randomization. The allocation ratio after the interim analysis was adjusted to 3:3:1 (placebo, seltorexant 10 mg, and 20 mg).

The difference in baseline disease severity in the stratum with
ISI< 15 vs that with ISI> 15 is shown in supplementary Table 1,
indicating a higher baseline MADRS score in the ISI> 15 in part from
the higher score on the sleep item. There was a numerically greater
improvement from baseline at week 6 in the MADRS total score
compared with placebo for patients treated with SNRIs than SSRIs
for all seltorexant dose groups (supplementary Table 2). This was,
however, in part due to a greater placebo response on the MADRS
total score for patients taking SSRIs than those taking SNRIs. Due to
the difference in response to placebo between patients with SSRIs
and SNRIs, the effect of seltorexant vs placebo as augmentation
with an SNRI vs SSRI should be interpreted with caution.

Based on MMRM analysis, improvement in sleep disturb-
ance as measured using the change in PROMIS-SD T-score from
baseline was greater for patients in the seltorexant 40-mg treat-
ment group vs placebo with an LS mean difference (90% CI)

of -5.3 (-7.68; —2.96) at week 3 and -5.3 (-7.83; -2.70) at week
6. Similar improvement in PROMIS-SD T-score from baseline
was noted with seltorexant 20 mg vs placebo at weeks 3 and 6
with LS mean difference (90% CI) of —-4.3 (-6.49; -2.08) and -4.4
(—6.82; —2.04), respectively (Table 2; supplementary Figure 1A).
The improvement in PROMIS-F T-score was numerically greater
for seltorexant 20 mg and 40 mg vs placebo at weeks 3 and 6
(Table 2; supplementary Figure 1B). No clinically meaningful im-
provement in SHAPS scores was observed, as the difference in
LS mean (90% CI) from placebo with seltorexant 20 mg was -1.2
(-2.14; 0.22) at week 3 and -0.7 (-1.84; 0.35) at week 6 (Table 2).

Safety

Overall, 55/146 (37.7%) patients in seltorexant groups (10 mg:
11/33 [33.3%], 20 mg: 25/61 [41.0%] and 40 mg: 19/52 [36.5%))
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http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyab050#supplementary-data
http://academic.oup.com/ijnp/article-lookup/doi/10.1093/ijnp/pyab050#supplementary-data
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Table 1. Demographics and Baseline Characteristics (Full Analysis Set)

Seltorexant
Placebo Total
Characteristics (n=137) 10 mg (n=33) 20mg(n=61) 40mg(n=52) (n=283)
Age,y 49.6 49.4 48.5 48.3 49.1
(11.71) (15.31) (13.56) (10.52) (12.34)
Sex, women 74 20 30 28 152
(54.0%) (60.6%) (49.2%) (53.8%) (53.7%)
Age when diagnosed with MDD, y 38.8 43.0 38.9 38.2 39.2
(13.12) (16.03) (14.21) (11.41) (13.43)
Duration of current depressive episode, wk 19.1 25.7 20.1 21.2 20.4
(12.27) (13.79) (11.02) (11.56) (12.19)
MADRS total score 33.7 31.7 34.0 34.7 33.7
(5.67) (4.31) (5.03) (5.51) (5.40)
CGI-S score 4.8 4.6 4.8 4.9 4.8
(0.77) (0.61) (0.67) (0.69) (0.72)
Current antidepressant type
SSRI 100 21 46 28 195
(73.0%) (63.6%) (75.4%) (53.8%) (68.9%)
SNRI 37 12 15 24 88
(27.0%) (36.4%) (24.6%) (46.2%) (31.1%)
Baseline ISI (per IWRS)
>15 81 5 38 39 163
(59.1%) (15.2%) (62.3%) (75.0%) (57.6%)
<15 56 28 23 13 120
(40.9%) (84.8%) (37.7%) (25.0%) (42.4%)
No. of major depressive episodes in lifetime, including 136 33 61 52 282
current episode
1 19 9 7 6 41
(14.0%) (27.3%) (11.5%) (11.5%) (14.5%)
2 17 8 18 12 55
(12.5%) (24.2%) (29.5%) (23.1%) (19.5%)
>3 100 16 36 34 186
(73.5%) (48.5%) (59.0%) (65.4%) (66.0%)

Abbreviations: CGI-S, Clinical Global Impression - Severity; ISI, Insomnia Severity Index; IWRS, interactive web response system; MADRS, Montgomery-Asberg De-
pression Rating Scale; MDD, major depressive disorder; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor. All values are

expressed as mean (SD) or n (%).

and 56/137 (40.9%) patients in the placebo group experienced
at least 1 TEAE (Table 3). The most common TEAEs (>5% of pa-
tients in the seltorexant groups vs placebo) were headache
(9 [6.2%] vs 9 [6.6%]), somnolence (9 [6.2%] vs 7 [5.1%]), and
nausea (8 [5.5%] vs 4 [2.9%]). Overall, somnolence-related ad-
verse events were reported in 7 (5.1%) patients in the placebo
group, 12 (8.2%) patients in seltorexant treatment arms, of
which 7 (11.5%) were patients from the seltorexant 20-mg treat-
ment arm. TEAEs leading to discontinuation in the seltorexant
groups were insomnia (2.1%), sleep paralysis (1.4%), irritability,
nausea, vomiting, and increased alanine aminotransferase and
aspartate aminotransferase (0.7% each). Most TEAEs were mild
or moderate in severity. No deaths or serious TEAEs were re-
ported in any of the seltorexant treatment groups. One patient
in the placebo group reported a serious TEAE of polycythemia
vera. The TEAEs of special interest reported in seltorexant
treatment groups vs placebo were abnormal dreams (2.7% vs
0.7%), sleep paralysis (1.4% vs 0.7%), and nightmare (1.4% vs 0).
However, there was no clear evidence of a dose effect on the
reporting of TEAEs of special interest between the seltorexant
10-mg, 20-mg, and 40-mg doses (Table 3). There was no clinic-
ally relevant increase in suicidal ideation across the treatment
groups, and no case of suicidal behavior was reported based on
either the report of such a serious adverse event or the change
in C-SSRS score.

Discussion

In this phase 2b, adaptive dose-finding study, a clinically mean-
ingful reduction of depressive symptoms based on MMRM
analysis across up to 6 weeks of double-blind treatment was ob-
served with the seltorexant 20-mg dose compared with placebo
(added adjunctively to the oral antidepressant that patients had
been receiving prior to randomization). In the subgroup of MDD
patients with significant insomnia symptoms (ISI> 15), a larger
treatment difference was observed between seltorexant 20 mg
and placebo. For response and remission rates, both seltorexant
20 mg and 40 mg showed similar improvements, which were
numerically greater than that of placebo.

The use of MCP-Mod for powering and analyses was selected
because it allows the dose-response evaluation to be con-
ducted in a smaller number of patients than with pairwise
comparisons between individual seltorexant doses and pla-
cebo, before taking into account the multiplicity adjustment.
The study did not achieve significance in its primary analysis
of MCP Mod because the pre-specified models did not fit the
actual observed dose-response relationship characterized by
better outcomes with the seltorexant 20-mg dose than the
40-mg dose. Nevertheless, it is noteworthy that the sigE_
model approached significance, indicating a potential plat-
eauing of effects at the seltorexant 20-mg and 40-mg doses; this
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Figure 2. Change in MADRS total score from baseline to week 6: MCP-Mod test results with model estimated treatment effects and MMRM treatment effects and 90%
CI (full analysis set). Note: solid points and dashed lines represent estimates and 90% CI from MMRM with change from baseline as the response variable and the
fixed effect model terms for treatment (placebo and seltorexant dose groups), time, region, baseline insomnia status, and time-by-treatment and baseline value as
a covariate. Negative change in score indicates improvement. *Caution is needed for interpreting the model fitted values and confidence curves for Exponential and
sigE, . models, for which some model parameters were fit on boundaries. Abbreviations: MADRS, Montgomery-Asberg Depression Rating Scale; MMRM, mixed model

for repeated measures; Selt, seltorexant.

prespecified model profile provided the closest fit to the actual
results, in which 20 mg showed clearly greater efficacy than
10 mg (which showed no benefit) and a trend toward greater
efficacy than 40 mg (which showed modest evidence of benefit)
on the mean change in MADRS scores.

Based on MMRM analysis, as determined by the change
in MADRS total score, antidepressant efficacy favored the
seltorexant 20-mg dose, but not the 10-mg and 40-mg doses,

even though the groups that received the 20- and 40-mg doses
both showed improvement in insomnia symptoms and on the
dichotomous categorical variables of response and remission.
The efficacy benefits observed in this study support the find-
ings of an earlier phase 1 study conducted in patients with
MDD (Recourt et al., 2019), where the group randomized to re-
ceive seltorexant 20 mg showed greater improvement than the
group randomized to receive placebo in the core symptoms of
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depression, as assessed by HDRS-6 and HDRS “adjusted” by re-
moval of the sleep-related items. Similarly, in the current study,
the improvement in depressive symptoms was demonstrated
using both the total MADRS (which includes only 1 sleep-related
item) and MADRS-6 subscale scores.

Sleep disturbance in patients with MDD is associated with
a larger number of depressive episodes, more persistent illness
course, and poorer clinical outcomes (Murphy and Peterson,
2015). In this study, randomization was stratified based on pa-
tients with (ISI > 15) vs without significant insomnia symptoms
(ISI < 15). The findings indicate that seltorexant 20 mg was more
effective in patients with insomnia symptoms. In addition, ana-
lyses of MADRS-6 suggest that the greater improvement ob-
served in the MDD subgroup with ISI > 15 signifies improvement
in core depression symptoms and not just improvement in in-
somnia symptoms.

Patients treated with the seltorexant 20-mg and 40-mg doses
were more likely to manifest a clinical response, defined as >50%
improvement in MADRS scores than patients who received pla-
cebo. Similarly, the remission rate was higher for the seltorexant
20-mg and 40-mg doses vs the placebo or seltorexant 10-mg
groups. Further, improvements in patient-reported outcomes
such as PHQ-9, PROMIS-SD, and PROMIS-F supported the efficacy
benefits of seltorexant 20 mg. Of note, based on the PROMIS-SD,
an early improvement in sleep symptoms was observed in the

seltorexant 40-mg dose arm, but this study arm also showed a
numerically lower improvement in depressive symptoms com-
pared with the 20-mg dose arm.

Overall, no effect on primary and secondary efficacy meas-
ures was observed for seltorexant 10 mg compared with pla-
cebo. Potential confounding factors were that the number of
patients receiving the seltorexant 10-mg dose was relatively low
(n=31) compared with the sample sizes in which other doses
were tested (seltorexant 20 mg, n=61; seltorexant 40 mg, n=52),
and the proportion of patients in the seltorexant 10-mg group
with baseline ISI <15 (85%) was higher than for the 20-mg (38%)
and 40-mg (25%) groups.

From a clinical and physiological perspective, it is possible
that the 20-mg dose may be the most effective dose for aug-
menting the antidepressant effects of SSRI/SNRI treatments in
MDD even though both the 20-mg and 40-mg doses improve
sleep. It is possible that a therapeutic window of seltorexant
is characterized by an inverted U-shaped or curvilinear dose-
response relationship, which previously has been observed in
the evaluation of other antidepressant drugs, such as keta-
mine, esketamine, and nortriptyline (Asberg et al., 1971; Kragh-
Sgrensen et al., 1973; Davis et al., 1978; Fava et al., 2020). In
considering the dose-response relationship for seltorexant, the
potential neurobiological basis for a curvilinear relationship re-
mains unclear but is under exploration. The differential effects
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Seltorexant
Placebo 10 mg 20 mg 40 mg
Secondary endpoints (n=137) (n=33) (n=61) (n=52)
Response® at wk 6, n (%) 39 (28.5%) 8 (24.2%) 25 (41.0%) 20 (38.5%)
Remission® at wk 6, n (%) 26 (19.0%) 5 (15.2%) 18 (29.5%) 14 (26.9%)

MADRS-6
LS mean difference (90% CI)
Wk 3
Wk 6
MADRS-6 (baseline ISI >15)
LS mean difference (90% CI)
Week 3¢
Week 64
ISI total score at wk 6
LS mean difference (90% CI)
HAM-A total score at wk 6
LS mean difference (90% CI)
Patient-reported outcomes
PHQ-9 at wk 6
LS mean difference (90% CI)
Remission® at wk 6

17 (12.4%)

0.4 (-1.91; 2.67)
0.7 (-2.04; 3.54)

0.6 (—4.50; 5.61)
-0.4 (-6.73; 5.98)
-0.5 (-2.63; 1.60)
-1.9 (-4.42; 0.60)

-0.5 (~2.56; 1.63)
4 (12.1%)

-3.1(-4.87; -1.41)
-1.8 (-3.93; 0.26)

-4.0 (-6.19; -1.75)
-3.7 (-6.57; —0.89)
-2.3 (-3.90; -0.67)
-1.3 (-3.22; 0.56)

-1.2 (-2.80; 0.36)
16 (26.2%)

-0.8 (-2.59; 1.09)
-1.0 (-3.18; 1.27)

-0.6 (~2.80; 1.58)
-1.1(-3.92; 1.68)
-1.9 (-3.64; -0.24)
-1.1(-3.10; 0.95)

-0.0 (-1.73; 1.67)
13 (25.0%)

Responsef at wk 6 56 (40.9%) 12 (36.4%) 30 (49.2%) 22 (42.3%)
SHAPS
LS mean difference (90% CI)
Wk 3 0.4 (-0.89; 1.65) ~1.2 (-2.14; -0.22) 0.3 (-0.70; 1.36)
Wk 6 0.7 (-0.80; 2.12) -0.7 (-1.84; 0.35) 0.1 (-1.05; 1.30)
PROMIS-SD T-score
LS mean difference (90% CI)
Wk 3 -1.1 (-4.00; 1.84) -4.3 (-6.49; -2.08) -5.3 (-7.68; —2.96)
Wk 6 -1.0 (-4.17; 2.21) -4.4 (-6.82; —2.04) -5.3 (-7.83; -2.70)
PROMIS-F T-score
LS mean difference (90% CI)
Wk 3 -0.6 (-3.32; 2.19) -2.9 (-4.98; -0.80) -0.3 (-2.56; 1.92)
Wk 6 -0.8 (~4.16; 2.65) -2.0 (-4.57; 0.58) -1.0 (-3.78; 1.74)

Abbreviations: HAM-A, Hamilton Anxiety Rating Scale; ISI, Insomnia Severity Index; LS, least squares; MADRS, Montgomery-Asberg Depression Rating Scale; PHQ,
Patient Health Questionnaire; PROMIS-F, Patient Reported Outcome Measurement Information System- Fatigue; PROMIS-SD, Patient Reported Outcome Measurement

Information System-Sleep Disturbance; SHAPS, Snaith-Hamilton Pleasure Scale.

aDefined as >50% improvement from baseline MADRS total score.
bDefined as MADRS total score <12.

cPlacebo, n = 77; seltorexant 10 mg, n = 5; 20 mg, n = 35; 40 mg, n = 36.
dPlacebo, n = 74; seltorexant 10 mg, n = 5; 20 mg, n = 32; 40 mg, n = 34.
eDefined as a PHQ-9 total score <5.

fDefined as >50% improvement in PHQ-9 total score from baseline.
Negative change in score indicates improvement.

of the 20- and 40-mg doses will be explored in other studies.
Also, the use of effects of seltorexant with SSRIs or SNRIs will be
explored in future studies.

Of note, seltorexant, a selective orexin 2 antagonist, dem-
onstrated efficacy as adjunctive treatment for MDD while the
non-selective orexin antagonist, filorexant, showed no differ-
ence in efficacy from placebo (Connor et al., 2017). This may
be due to differential effects of selective orexin antagonism on
stress response and REM sleep seen in animal models (Dugovic
et al., 2009; Yun et al., 2017)

There were no new safety concerns observed with the use
of seltorexant, and the findings were consistent with previous
seltorexant studies (De Boer et al., 2018; Brooks et al., 2019;
Recourt et al., 2019). Notably, the overall tolerability was fa-
vorable relative to that observed with atypical antipsychotics,
which comprise the only pharmacotherapeutic agents cur-
rently approved as adjunctive treatments for MDD (Nelson and

Papakostas, 2009; Wright et al., 2013). Daytime sleepiness, which
is common in MDD, was not specifically measured but only cap-
tured as part of the medical history if present at the beginning
of the study or as an adverse event. Although the seltorexant
20-mg group showed a slightly higher incidence of somnolence
(Table 3), the events were mostly mild or moderate in intensity.
One of the main limitations of this study is the relatively
small number of patients evaluated in the dose/stratification
groups. In addition, at the time of IA, the number of patients
with an ISI score >15 was nearing the sample limit as pre-
specified in the protocol. Therefore, when the seltorexant
10-mg dose was introduced and the seltorexant 40-mg dose
was dropped from randomization following the IA (as part of
the adaptive design), the dose groups were not balanced based
on ISI score. Based on ongoing preclinical evaluation in child-
bearing age, women of child-bearing potential were excluded
from further enrolment and hence <10% of patients in this



974 | International Journal of Neuropsychopharmacology, 2021

Table 3. Treatment-Emergent Adverse Events Experienced by at Least 5% of Patients in Any Treatment Group (Safety Analysis Set)

Seltorexant
Characteristics, n (%) Placebo (n=137) 10 mg (n=33) 20 mg (n=61) 40 mg (n=52) Total (n=146)
Patients with >1 TEAE 56 (40.9%) 11 (33.3%) 25 (41.0%) 19 (36.5%) 55 (37.7%)
Discontinuations due to TEAEs 2 (1.5%) 1(3.0%) 1(1.6%) 4 (7.7%) 6 (4.1%)
Most common TEAEs (>5% of patients in any group)
Headache 9 (6.6%) 2(6.1%) 1(1.6%) 6 (11.5%) 9 (6.2%)
Somnolence 7 (5.1%) 1(3.0%) 6 (9.8%) 2 (3.8%) 9 (6.2%)
Nausea 4(2.9%) 1(3.0%) 4 (6.6%) 3(5.8%) 8 (5.5%)
Diarrhea 7 (5.1%) 0 0 1(1.9%) 1(0.7%)
Insomnia 1(0.7%) 2 (6.1%) 1(1.6%) 2(3.8%) 5 (3.4%)
TEAESs of special interest 3(2.2%) 1(3.0%) 2 (3.3%) 3(5.8%) 6 (4.1%)
Abnormal dreams 1(0.7%) 0 2 (3.3%) 2 (3.8%) 4 (2.7%)
Nightmare 0 0 1(1.6%) 1(1.9%) 2 (1.4%)
Sleep paralysis 1(0.7%) 1(3.0%) 0 1(1.9%) 2 (1.4%)
Parasomnia 1(0.7%) 0 0 0 0

Abbreviations: TEAE, treatment-emergent adverse event.

study were women of child-bearing potential. Finally, the gen-
eralizability of data is limited by the applied eligibility criteria
(Zimmerman et al., 2019).

In conclusion, a clinically meaningful reduction of depres-
sive symptoms was observed in the seltorexant 20-mg-dose arm.
In the subpopulation of MDD with sleep disturbance (ISI >15),
a larger treatment difference between seltorexant 20 mg and
placebo was observed, which warrants investigation in future
studies. No new safety signal was observed following seltorexant
treatment over the dose range (10, 20, and 40 mg) and treatment
duration tested. Seltorexant with its novel mechanism of ac-
tion holds the potential to produce antidepressant effects with
a favorable safety profile, as an adjunctive therapy in patients
manifesting MDD with sleep disturbance and who have experi-
enced an inadequate response to the current antidepressant
therapy. Phase 3 studies are ongoing to assess the efficacy and
safety of seltorexant 20 mg as adjunctive therapy to antidepres-
sants in adult and elderly patients with MDD with insomnia
symptoms who have responded inadequately to antidepressant
therapy (NCT04532749, NCT04533529, and NCT04513912).

Supplementary Materials

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