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Zuranolone'in Major Depressive Disorder:
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ABSTRACT

Objective: To evaluate the efficacy and safety of zuranolone, an
investigational neuroactive steroid and GABA, receptor positive
allosteric modulator, in major depressive disorder (MDD).

Methods: The phase 3, double-blind, randomized, placebo-
controlled MOUNTAIN study enrolled adult outpatients with
DSM-5-diagnosed MDD, 17-item Hamilton Depression Rating
Scale total score (HDRS-17) > 22, and Montgomery-Asberg
Depression Rating Scale total score >32. Patients were randomized
to treatment with zuranolone 20 mg, zuranolone 30 mg, or
placebo for 14 days, followed by an observation period (days
15-42) and an extended follow-up (days 43-182). The primary
endpoint was change from baseline (CFB) in HDRS-17 at day 15.

Results: 581 patients were randomized to receive zuranolone

(20 mg, n=194; 30 mg, n=194) or placebo (n=193). Day 15
HDRS-17 least-squares mean (LSM) CFB was —12.5 (zuranolone
30 mg) vs —11.1 (placebo; P=.116). Improvement vs placebo was
significant at days 3, 8, and 12 (all P<.05). LSM CFB (zuranolone
20 mg vs placebo) was not significant at any measured time
point. Post hoc analyses of zuranolone 30 mg in patients with
measurable plasma zuranolone concentration and/or severe
disease (baseline HDRS-17 > 24) showed significant improvement
vs placebo at days 3, 8, 12, and 15 (all P<.05). Incidence of
treatment-emergent adverse events was similar between
zuranolone and placebo groups; the most common (= 5%) were
fatigue, somnolence, headache, dizziness, diarrhea, sedation, and
nausea.

Conclusions: MOUNTAIN did not meet its primary endpoint.
Significant rapid improvements in depressive symptoms were
observed with zuranolone 30 mg at days 3, 8, and 12. Zuranolone
was generally well tolerated in patients with MDD.
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In the United States, an estimated 19.4 million adults
experienced > 1 major depressive episode in 2019%;
of these, 60% had severe functional impairment.> Major
depressive disorder (MDD) is one of the largest contributors to
disability in the United States.>~® Multiple genetic, epigenetic,
and environmental risk factors contribute to the complex
pathophysiology of MDD.”?® Dysregulation of interconnected
brain networks controlling mood is thought to give rise to
depressive symptoms.’ In addition, disruptions in other key
biological mechanisms, including neurotransmission,”!°
inflammation,'?-! and the stress response,'®!%!3 may drive
dysregulation in MDD neuronal networks. The excitatory-
inhibitory balance in the brain is predominantly maintained
by a balance between glutamatergic and GABAergic
signaling, respectively.!*!*> Alterations in GABA levels'¢-?2
and GABA, receptor expression'*?%23-25 may contribute to
the development of depression by disrupting this excitatory-
inhibitory balance.!®?*28 GABAergic dysregulation in
depression has been linked to altered stress response,'21320-22
increased levels of inflammation,'"!? and changes in
neurotransmission.>!1:1319.29

The goals of MDD treatment include improving quality
of life by alleviating functional impairment, achieving
complete remission of symptoms, and preventing relapse and
recurrence.®*%3! Standard-of-care (SOC) antidepressants,
such as selective serotonin reuptake inhibitors, serotonin-
norepinephrine reuptake inhibitors, and tricyclic
antidepressants, are used to treat approximately 75% of
patients with MDD at diagnosis®**; however, treatment
response in many patients remains suboptimal. In the
STAR*D study, approximately 37% of patients with MDD
achieved remission after first-line treatment with citalopram;
subsequent remission rates decreased with each additional
trial of SOC antidepressant.>* Moreover, SOC therapies
often require weeks or months to produce effects and long-
term, chronic administration to be effective,>>** potentially
resulting in negative outcomes, including decreased
likelihood of remission*~37 and nonadherence.?*-*38-41
Furthermore, SOC antidepressants are often associated
with adverse effects, including insomnia, weight gain, and
sexual dysfunction, which can lead to dose reduction, dose
interruption, or nonadherence.*

Zuranolone is an investigational neuroactive steroid
in clinical development as an oral, once-daily, 14-day
treatment for MDD as part of the LANDSCAPE program
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Clinical Points

B Standard-of-care antidepressants are often associated with
treatment-limiting adverse effects and can require weeks or
months to produce effects, potentially resulting in negative
outcomes, including decreased likelihood of remission and
nonadherence.

B Ashort-term course of a monotherapy or adjunctive
treatment that leads to rapid response, is generally well
tolerated, and maintains effect over 6 months would be a
paradigm shift in treatment options.

and for the treatment of postpartum depression as part of
the NEST program. These two programs include multiple
studies examining use of zuranolone in several thousand
people with a variety of doses, clinical endpoints, and
treatment paradigms.!***> While its exact mechanism is
not fully elucidated, zuranolone is hypothesized to function
as a positive allosteric modulator of GABA 4 receptors.*4->0
Unlike benzodiazepines, a pharmacologic class thought
to act via modulation of the synaptic GABA, receptor
exclusively, zuranolone was shown in preclinical studies
to modulate both synaptic and extrasynaptic GABA,
receptors, potentiating both phasic and tonic postsynaptic
currents, respectively.*>#€ Zuranolone also has demonstrated
synergistic phasic GABA , receptor activity with diazepam
at different synaptic GABA, receptors, indicating a
binding site distinct from benzodiazepines.*® Furthermore,
while benzodiazepines decrease GABA, receptor surface
expression, zuranolone has been shown to enhance GABA ,
receptor activity in a manner consistent with a sustained
increase in cell surface expression of both synaptic and
extrasynaptic GABA , receptors. #6513

Results from the MOUNTAIN study, a phase 3, double-
blind, randomized, placebo-controlled clinical trial that
assessed the efficacy, safety, and tolerability of zuranolone
in adult outpatients with MDD, are reported here.

METHODS

Study Design

This study (MOUNTAIN; NCTO03672175) was a
randomized, double-blind, parallel-group, placebo-
controlled, phase 3 trial in patients with MDD conducted
at 55 sites across the United States (November 2018—-March
2020) (for full list of study sites, see Supplementary Appendix
1). The study design comprised a screening period of <28
days, a 14-day treatment period, a 4-week observation
period, and an extended follow-up period through day 182
(6 months) after the last dose of zuranolone (Supplementary
Figure 1). Antidepressant use during the trial was permitted,
provided participants were on a stable dose for at least 60
days prior to day 1 and agreed to continue on the stable
dose through day 42. Initiation of new antidepressants or
any other medications thought to have an impact on efficacy
or safety endpoints was not allowed between screening and
completion of the day 42 assessments. Eligible patients were

stratified by the baseline use of antidepressants and randomly
assigned in a 1:1:1 ratio to receive either zuranolone 20 mg,
zuranolone 30 mg, or matching placebo. Patients self-
administered a single oral dose daily in the evening with
food, preferably fat-containing meals to increase absorption
(Sage Therapeutics, data on file, 2019) for 14 days.

The study was performed in accordance with the
ethical principles from the Declaration of Helsinki and was
consistent with International Council for Harmonization of
Technical Requirements for Pharmaceuticals for Human Use
and Good Clinical Practice guidelines, with approval from
each site and written informed consent from each patient.

Dose Selection

Zuranolone 30 mg dose was selected based on a phase 2
study in patients with MDD.>* The lower, once-daily 20 mg
dose was included to assess for minimal effective dose. Dose
adjustments were not permitted.

Inclusion/Exclusion Criteria

Eligible patients were aged 18-65 years with a diagnosis
of MDD (Structured Clinical Interview for Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition, Clinical
Trials Version [SCID-5-CT]) with symptoms present for >4
weeks and a 17-item Hamilton Depression Rating Scale total
score®> (HDRS-17) >22. In a protocol amendment early in
the study, the HDRS-17 requirement was replaced with the
requirement of Montgomery-Asberg Depression Rating
Scale total score®® (MADRS) > 30 to reduce the potential for
overrepresentation of insomnia items. In both measures,
one can get up to 6 points for insomnia, but because
MADRS has a higher total score, 6 points on the MADRS
scale is less weighted than on the HDRS-17 scale. After this
amendment, a blinded data review found that many patients
had day 1 HDRS-17 <22 (some as low as 13); consequently,
the protocol was amended again to include patients with
MADRS 232 and HDRS-17 222 at screening and day 1
(prior to dosing) to better accrue patients with the intended
severity of depression (modified full analysis set [mFAS]).
Of the total 570 patients dosed, 271 had been enrolled at the
time of the latter amendment (March 25, 2019).

Reasons for exclusion included attempted suicide
associated with the current MDD episode; treatment-
resistant depression, defined as persistent depressive
symptoms despite treatment with adequate doses of 2
different classes of antidepressants within the current MDD
episode (excluding antipsychotics) for at least 4 weeks;
history of seizures, bipolar disorder, schizophrenia, and/or
schizoaffective disorder; active psychosis; pregnant or within
4 weeks postpartum; and substance use disorder diagnosed
within 12 months prior to screening. The full list of eligibility
criteria is available in Supplementary Appendix 2.

Outcomes

The primary endpoint was change from baseline (CFB)
in HDRS-17 at day 15. Secondary endpoints included CFB
in Clinical Global Impression-Severity’” (CGI-S) at day 15;
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CFB in HDRS-}7 and CFB in CGI-S at other measured
time points (days 3, 8, 12, 21, 28, 35, 42, 70, 126, and 182);
HDRS-17 response rate (>50% reduction from baseline in
HDRS-17; all measured time points); HDRS-17 remission
rate (HDRS-17 <7; all measured time points); CFBin MADRS
(all measured time points); Clinical Global Impression-
Improvement®” (CGI-I) response rate (“much improved”
or “very much improved”; all measured time points); and
CFB in Hamilton Anxiety Rating Scale total score (HARS)
at day 15 and all other measured time points. Prespecified
exploratory endpoints included patient-reported outcomes
(eg, Changes in Sexual Functioning Questionnaire short-
form total score [CSFQ-14]%%). Total CSFQ-14 scores <47
for females and <41 for males indicated sexual dysfunction.
Plasma samples for pharmacokinetic analysis were collected
at days 8 (1) and 15 (+1).

Safety and tolerability were evaluated throughout the
study by adverse event reporting, the Columbia-Suicide
Severity Rating Scale (C-SSRS),” the 20-item Physician
Withdrawal Checklist (PWC-20; used to evaluate tolerance
and dependence),®® and standard clinical assessments.

Statistical Analysis

A mixed-effects model for repeated measures was used
for the analysis, including CFB in HDRS-17 at each visit as
the dependent variable. Secondary and post hoc analyses
were not adjusted for multiplicity; all reported P values for
these analyses are nominal. The effect size—as measured
using Cohen d for change in HDRS-17 scores from baseline
at days 3, 8, 12, and 15, along with their corresponding 95%
confidence intervals—was estimated using sample means
and pooled standard deviations.

Logistic regression models for repeated measures using
the generalized estimating equation method were applied
for the analysis of HDRS-17 response, HDRS-17 remission,
and CGI-I response. The post hoc analysis included 3
groups: patients with a HDRS-17>24 at baseline, patients
with any postbaseline plasma zuranolone concentration
above quantification limit, and patients with an HDRS-
17224 at baseline and any postbaseline plasma zuranolone
concentration above quantification limit. Descriptive
summary statistics are provided for other endpoints and
for safety data (safety set; patients who received>1 dose of
study drug).

Additional information regarding the statistical analysis
plan is included in Supplementary Appendix 3.

RESULTS

Patient Disposition, Demographics,
and Baseline Clinical Characteristics

A total of 581 patients were randomized; 570 (98.1%)
received > 1 dose of study drug (zuranolone 20 mg [n=188],
zuranolone 30 mg [n=192], placebo [n=190]; Figure 1).
Less than 10% of patients discontinued during the 14-day
treatment period (4.8% in the zuranolone 20-mg group, 7.8%
in the zuranolone 30-mg group, and 7.9% in the placebo

Effect of Zuranolone vs Placebo in MDD

group). Overall, 157 patients (27.5%) discontinued the study,
with consent withdrawal being the most common reason
(15.4% [88/570]), followed by lost to follow-up (6.8%) and
adverse events (2.1%).

In the mFAS population, baseline demographic and
clinical characteristics were well balanced among the
treatment groups: most patients were female (70.3%) and
White (60.0%); mean age was 41.9 years, and 29.5% were
using antidepressants at baseline (Table 1). The median
(range) time on treatment was 14 (1-18) days. Overall, 93.2%
of patients received > 11 doses of study drug, including 71.4%
who received all 14 planned doses of study drug.

Primary Endpoint (mFAS)

This study did not meet its primary endpoint; neither
zuranolone 20 nor 30 mg vs placebo was associated with
a significant CFB in HDRS-17 at day 15 (Figure 2A).
Zuranolone 20 mg was associated with an LSM (SE) CFB
at day 15 of —11.5 (0.62, LSM [SE] difference: —0.4 [0.85];
P=.664). Zuranolone 30 mg was associated with an LSM
(SE) CFB at day 15 of —12.5 (0.68) vs —11.1 (0.59) for
placebo (LSM [SE] difference: —1.4 [0.89]; P=.116). The
Cohen d at day 15 was 0.03 for zuranolone 20 mg and 0.17
for zuranolone 30 mg (Supplementary Table 1).

Post Hoc Analyses

Among patients with more severe disease (HDRS-17>24),
post hoc analyses demonstrated a significant CFB in
HDRS-17 at day 15 for patients receiving zuranolone 30 mg
(n=124; LSM [SE] —13.6 [0.8]) vs placebo (n=115; —-11.4
[0.71]; LSM [SE] difference: —2.3 [1.05], P=.032) (Figure
3A). The Cohen d at day 15 was 0.33 for patients with more
severe disease receiving zuranolone 30 mg (Supplementary
Table 2). Similarly, when patients with no measurable
plasma zuranolone concentration (30/338; 8.9%) were
excluded from the mFAS, a significant difference in the
CFB in HDRS-17 at day 15 was observed for patients who
received zuranolone 30 mg (n=151; LSM [SE] —13.0 [0.72])
vs placebo (n=157; —11.1 [0.59]; LSM [SE] difference:
-1.8 [0.92], P=.049) (Figure 3B). The Cohen d at day 15
was 0.23 for patients with measurable plasma zuranolone
concentration receiving zuranolone 30 mg (Supplementary
Table 2). Among patients with both a baseline HDRS-17 > 24
and measurable zuranolone concentration, LSM CFB at
day 15 was significantly greater with zuranolone 30 mg
(n=115; LSM [SE] —13.9 [0.84]) vs placebo (n=115; -11.4
[0.71]; LSM [SE] difference: —2.6 [1.08], P=.018) (Figure
3C). The Cohen d at day 15 was 0.32 for patients with a
baseline HDRS-17 224 and measurable plasma zuranolone
concentration receiving zuranolone 30 mg (Supplementary
Table 2). Patients who received zuranolone 20 mg did
not show any significant differences from placebo at any
assessment time point in these exploratory post hoc analyses.

Secondary Endpoints (mFAS)
The LSM (SE) CFB in CGI-S at day 15 in the zuranolone
30 mg, zuranolone 20 mg, and placebo groups was —1.7
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Randomized
N =581

Zuranolone 30 mg

n =194

l

Zuranolone 30 mg
(Treated?)
n=192

v

Completed Study
n =141 (73.4%)

n =131 (69.7%)

v

Zuranolone 20 mg Placebo
(Treated?) (Treated?)
n=188 n =190
v
Completed Study Completed Study

n =141 (74.2%)

l

A4

Withdrawn Prematurely
n =51 (26.6%)

Withdrawn Prematurely
n =57 (30.3%)

Withdrawn Prematurely
n =49 (25.8%)

\4

Adverse Event 4(2.1%) Adverse Event 3(1.6%) Adverse Event 5(2.6%)
Lost to Follow-up 12 (6.3% Lost to Follow-up 16 (8.5%) Lost to Follow-up 1(5.8%)
Study Non-compliance 1(0.5%) Study Non-compliance 0 Study Non-compliance 1(0.5%)
Physician Decision 2 (1.0%) Physician Decision 0 Physician Decision 4(2.1%)
Withdrawal by Patient 29 (15.1%) Withdrawal by Patient 34 (18.1%) Withdrawal by Patient 5 (13.2%)
Other 3(1.6%) Other 4(2.1%) Other 3(1.6%)

2patients who could not tolerate study drug were discontinued from study drug and received other treatment as clinically indicated.

(0.11), -1.6 (0.11), and —1.5 (0.10), respectively. The LSM
(SE) differences between zuranolone 30 and 20 mg vs
placebo groups were —0.2 ([0.15]; P=.108) and —0.1 ([0.15];
P=.691), respectively.

A statistically significant between-group difference in
LSM (SE) CFB in the HDRS-17 was noted for zuranolone
30 mg vs placebo at day 3 (-8.3 [0.47] vs —6.7 [0.46];
P=.016), day 8 (9.9 [0.60] vs —7.8 [0.53]; P=.008), and
day 12 (-11.9 [0.65] vs =9.9 [0.57]; P=.018) (Figure 2A).
The Cohen d values for zuranolone 30 mg at days 3, 8, and
12 were 0.28, 0.26, and 0.26, respectively (Supplementary
Table 1). No significant differences were seen for zuranolone
30 mg vs placebo at any time points after day 15. In the
exploratory post hoc analyses, patients with more severe
disease (HDRS-17 >24) showed a significant CFB in HDRS-
17 at day 3 (P=.015), day 8 (P=.005), day 12 (P=.007),
day 15 (P=.032), and day 21 (P=.048) (Figure 3A);
patients with measurable plasma zuranolone concentration
showed a significant CFB in HDRS-17 at day 3 (P=.012),

Table 1. Baseline Demographic and Clinical Characteristics

(mFAS)?

Zuranolone Zuranolone

30 mg 20 mg Placebo Total

Variable (N=166) (N=159)  (N=157) (N=482)
Age, mean (SD), y 423(11.8) 41.9(122) 41.4(122) 41.9(12.0)
Female 121(72.9) 112(70.4) 106 (67.5) 339(70.3)
Race

White 94 (56.6) 99 (62.3) 96 (61.1) 289 (60.0)

African American 64 (38.6) 56 (35.2) 54(34.4) 174(36.1)

Multiple 4(24) 1(0.6) 3(1.9) 8(1.7)

Asian 2(1.2) 3(1.9) 3(1.9) 8(1.7)

Other 2(1.2) 0 1(0.6) 3(0.6)
Ethnicity

Hispanic/Latino 27 (16.3) 31(19.5) 26(16.6) 84(17.4)
Weight, mean (SD), kg 89.7 (22.4)  87.3(20.2) 89.5(22.9) 88.8(21.8)
HDRS-17 score, 25.9(2.9) 25.8(2.8) 25.8(3.1) 25.9(29)

mean (SD)
Use of antidepressants 47 (28.3) 46 (289) 49(31.2) 142(29.5)

@Values are shown as n (%) unless otherwise noted.
Abbreviations: HDRS-17 = 17-item Hamilton Depression Rating Scale total
score, mFAS =modified full analysis set.
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Effect of Zuranolone vs Placebo in MDD

Figure 2. Improvements in Depressive Symptoms (mFAS); (A) Change From Baseline in HDRS-17 Total Score Over Time and (B)

Change From Baseline in MADRS Total Score Over Time

A. CFB HDRS-17 Total Score Over Time?
o®

Placebo (n=157)
Zuranolone 20 mg (n = 159)
-®- Zuranolone 30 mg (n = 166)

LSM HDRS-17 Change From Baseline (+SE)

-15
03 81215 21 28 35 42 70 Time (days) 126 182
Placebo n=157157 152147 141 146 142 141 135 101 9% 88
Zuranolone20mg n=159158 155154 152 149 146 145 140 95 84 77
Zuranolone30mg n=166163 160 154 153 149 149 142 136 101 92 87

B. CFB MADRS Total Score Over Time®

0
Placebo (n=157)

% Zuranolone 20 mg (n = 159)

‘ucj -5+ -®- Zuranolone 30 mg (n = 166)

@
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= _15-
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1%

-

-20
0 3 8 12 15 21 28 35 42
Time (days)

Placebo n=157 157 152 147 141 146 142 141 135
Zuranolone 20mg n =159 158 155 153 152 149 146 144 140
Zuranolone 30 mg n =166 163 160 154153 149 149 142 137

@HDRS-17 score was calculated as the sum of the 17 individual item scores. A negative change indicates improvement. Model used was the mixed effects for
repeated measures with treatment (zuranolone 30 mg, zuranolone 20 mg, or placebo), baseline HDRS-17, SOC antidepressant use at baseline (Yes or No),
assessment time point, and time point-by-treatment interaction as fixed effects with unstructured covariance structure. Secondary and post hoc analyses
were not adjusted for multiplicity. Shaded area represents the 14-day treatment period.

bThe MADRS was calculated as the sum of the 10 individual item scores. A negative change indicates improvement. Model used was the mixed effects for
repeated measures with treatment (zuranolone 30 mg, zuranolone 20 mg, or placebo), baseline MADRS, SOC antidepressant use at baseline (Yes or No),
assessment time point, and time point-by-treatment interaction as fixed effects with unstructured covariance structure. Secondary and post hoc analyses
were not adjusted for multiplicity. Shaded area represents the 14-day treatment period.

*P<.05 vs placebo. tP<.01 vs placebo.

Abbreviations: CFB=change from baseline, HDRS-17 = 17-item Hamilton Depression Rating Scale total score, LSM = least-squares mean,

MADRS =Montgomery-Asberg Depression Rating Scale, mFAS =modified full analysis set, n=number of patients on that day, SOC=standard of care.
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Figure 3. Change From Baseline in HDRS-17 Total Score (Post Hoc Analysis) in Patients Receiving Zuranolone 30 mg/d With

(A) Baseline HDRS-17 Total Score > 24, (B) Measurable Drug Levels, and (C) Baseline HDRS-17 Total Score =24 Plus Measurable

Drug Levels

A. Patients With Baseline HDRS-17 Total Score > 24

14-Day Follow-up Period,
Treatment Days 15-42

Extended Follow-up, Days 70-182

-104

—-154

LSM HDRS-17 Change From Baseline (+SE)

Placebo (n=115)

-@- Zuranolone 30 mg (n=124)

-20
03 81215 21 28 35 42 70

Placebo n=115115 110 107104 108 104 102 9 75
Zuranolone30mg n=124 122 121 116115 111 111 105 100 76

B. Patients With Measurable Drug Levels®

14-Day Follow-up Period,
Treatment Days 15-42

Time (days) 126 182

n 65
70 66

Extended Follow-up, Days 70-182

-54

LSM HDRS-17 Change From Baseline (+SE)

-20

Placebo (n=157)

-®- Zuranolone 30 mg (n=151)

03 8 1215 21 28 35 42 70

Placebo n=157 157 152 147141 146 142 141 135 101
Zuranolone30mg n =151 148 145 140139 136 135 129 124 94

126 182

94 88
85 81

day 8 (P=.003), day 12 (P=.007), and day 15 (P=.049)
(Figure 3B); patients with both a baseline HDRS-17 > 24
and measurable zuranolone concentration showed a
significant CFB in HDRS-17 at day 3 (P=.016), day 8
(P=.003), day 12 (P=.005), day 15 (P=.018), and day 21
(P=.031) (Figure 3C).

HDRS-17 response rates with zuranolone 30 mg were
significantly higher with zuranolone 30 mg vs placebo at
day 8 (33.8% vs 23.0%; P=.024) and day 12 (43.5% vs 32.7%;
P=.034) (Supplementary Figure 2). At day 15, HDRS-17

(continued)

response rates were 50.3%, 42.8%, and 42.6% for zurano-
lone 30 mg, zuranolone 20 mg, and placebo, respectively (all
P vs placebo>.05); at day 182, the response rates were
58.6% (51/87), 50.6% (39/77), and 58.0% (51/88), respec-
tively (all P vs placebo>.05).

At day 15, HDRS-17 remission rates were 31.4%, 23.0%,
and 23.4% for zuranolone 30 mg, zuranolone 20 mg, and
placebo, respectively; the only statistically significant
between-group difference was for day 12 zuranolone
30 mg vs placebo (Supplementary Figure 3); at day 182,

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2023 Copyright Physicians Postgraduate Press, Inc.

6 [E PSYCHIATRIST.COM

J Clin Psychiatry 84:2, March/April 2023




Effect of Zuranolone vs Placebo in MDD

Figure 3 (continued).

C. Patients With Baseline HDRS-17 Total Score > 24 Plus Measurable Drug®

14-Day
4Treatment

Follow-up Period,
Days 15-42

Extended Follow-up, Days 70-182

-5

LSM HDRS-17 Change From Baseline (+SE)

Placebo (n=115)

-®- Zuranolone 30 mg (n=115)

03 81215 21 28 35 42 70
Placebo n=115115 110 107104 108 104 102 99 75
Zuranolone30mg n=115 113 112 108107 104 103 98 94 7

Time (days) 126 182
7 65
66 62

@Model used was the mixed effects for repeated measures with treatment (zuranolone 30 mg, zuranolone 20 mg, or placebo), baseline HDRS-17 total
score, SOC antidepressant use at baseline (Yes or No), assessment time point, and time point-by-treatment interaction as fixed effects with unstructured
covariance structure. Secondary and post hoc analyses were not adjusted for multiplicity. Shaded area indicates 14-day treatment period.

PModel used was the mixed effects for repeated measures with treatment (zuranolone 30 mg, zuranolone 20 mg, or placebo), baseline HDRS-17 total
score, SOC antidepressant use at baseline (Yes or No), assessment time point, and time point-by-treatment interaction as fixed effects with unstructured
covariance structure. Secondary and post hoc analyses were not adjusted for multiplicity.

“‘Model used was the mixed effects for repeated measures with treatment (zuranolone 30 mg, zuranolone 20 mg, or placebo), baseline HDRS-17 total
score, SOC antidepressant use at baseline (Yes or No), assessment time point, and time point-by-treatment interaction as fixed effects with unstructured
covariance structure. Secondary and post hoc analyses were not adjusted for multiplicity.

*P<.05 vs placebo. tP<.01 vs placebo. $#P<.0025 vs placebo.

Abbreviations: HDRS-17 = 17-item Hamilton Depression Rating Scale total score, LSM =least-squares mean, n=number of patients on that day,

SOC=standard of care.

the remission rates were 39.1% (34/87), 37.7% (29/77), and
36.4% (32/88), respectively.

The LSM (SE) CFB in MADRS at day 15 was —18.0 (1.0)
for zuranolone 30 mg (P=.144), —16.7 (1.0) for zuranolone
20 mg (P=.599), and -16.0 (0.9) for placebo (Figure 2B).
Zuranolone 30 mg was statistically significant from placebo
at days 8 (P=.048) and 12 (P=.038). CGI-I response rates
at day 15 were 55.3% for zuranolone 30 mg (P=.120 vs
placebo), 47.0% for zuranolone 20 mg (P=.830), and 46.1%
for placebo (Supplementary Figure 4). At day 12, CGI-I
response rates for zuranolone 30 mg were significantly
higher vs placebo (49% vs 37%; P=.026). There were no
other statistically significant between-group differences in
CGI-I responses at any other assessment time point. At day
15, the LSM CFB (SE) in HARS was —9.4 (0.5) for zuranolone
30 mg (P=.287 vs placebo), —9.1 (0.5) for zuranolone
20 mg (P=.502), and —-8.7 (0.5) for placebo (Supplementary
Figure 5).

Exploratory Efficacy Endpoints (mFAS)

Among female patients, the mean baseline CSFQ-14 was
31.7 and 33.7 for zuranolone 30 mg (n=121) and placebo
(n=105), respectively, indicating, on average, the presence
of sexual dysfunction (ie, CSFQ-14 scores <47); among
male patients, corresponding scores were 42.1 (n=45)

and 40.9 (n=>51), respectively, indicating, on average,
the absence (or near absence) of sexual dysfunction (ie,
CSFQ-14 scores <41). No worsening of sexual dysfunction
was observed during the study, and there were no significant
differences between zuranolone 30 mg and placebo in LSM
CFB CSFQ-14 in females or males at days 15, 28, and 42
(Supplementary Figure 6).

Safety/Tolerability

The percentage of patients with treatment-emergent
adverse events (TEAEs) during the double-blind period (14-
day treatment period and 4-week observation) was similar in
the zuranolone 30 mg (54.7%), 20 mg (50.5%), and placebo
(48.9%) groups (Table 2). The most common TEAEs (=5%
of patients in any group) for zuranolone 30 mg, zuranolone
20 mg, and placebo, respectively, were fatigue (6.8%, 1.6%,
2.6%), somnolence (6.8%, 5.9%, 4.2%), headache (6.3%,
11.2%, 7.4%), dizziness (5.7%, 7.4%, 3.7%), diarrhea (6.3%,
5.9%, 5.3%), sedation (4.7%, 5.9%, 3.2%), and nausea (3.6%,
5.3%, 4.7%). The incidence of weight increase or weight
gain was low, with related adverse events being reported in
1 patient in the zuranolone 30-mg group, 1 in the zuranolone
20-mg group, and 4 in the placebo group.

During the treatment period, 2 patients receiving
zuranolone 30 mg experienced serious adverse events
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Table 2. Treatment-Emergent Adverse Events

(Safety Population)

Zuranolone  Zuranolone
30 mg 20 mg Placebo
(N=192) (N=188) (N=190)
Any TEAE, n (%) 113 (58.9) 108 (57.4) 99 (52.1)
Double-blind period? 105 (54.7) 95 (50.5) 93 (48.9)
Treatment period® 93 (48.4) 78 (41.5)  77(40.5)
Observation period® 46 (24.0) 44 (23.4) 46 (24.2)
Extended follow-up period 28(21.4) 29(22.8)  27(20.9)
SAEs, n (%) 4(2.1) 3(1.6) 2(1.1)
Double-blind period? 3(1.6) 1(0.5) 1(0.5)
Treatment period® 2(1.0) 0(0.0) 0(0.0)
Observation period® 1(0.5) 1(0.5) 1(0.5)
Extended follow-up period 1(0.8) 3(2.4) 1(0.8)
TEAEs leading to drug 4(2.1) 3(1.6) 6(3.2)
discontinuation, n (%)
Double-blind period? 4(2.1) 1(0.5) 5(2.6)
Treatment period® 2(1.0) 1(0.5) 4(2.1)
Observation period® 2(1.0) 0(0.0) 1(0.5)
Deaths 0(0.0) 1(0.5) 0(0.0)
Most common TEAEs in any group®
(= 5% patients), n (%)
Fatigue 13 (6.8) 3(1.6) 5(2.6)
Somnolence 13 (6.8) 11(5.9) 8(4.2)
Headache 12 (6.3) 21(11.2) 14 (7.4)
Dizziness 11(5.7) 14 (7.4) 7(3.7)
Diarrhea 12 (6.3) 11 (5.9) 10(5.3)
Sedation 9(4.7) 11(5.9) 6(3.2)
Nausea 7 (3.6) 10 (5.3) 9(4.7)
aDouble-blind period AE defined as a 2-week treatment period AE and a

4-week observation period AE.
bTreatment period AE is defined as a TEAE with onset on or after the first
dose of study drug but on or before study drug last dose date + 1 day.
“Observation period AE is defined as a TEAE with onset after study drug last
dose date + 1 day but on or before study drug last dose date + 28 days.
dData are from the safety population and double-blind period for most
common TEAEs. AEs were coded using MedDRA version 21.0. ATEAE is
defined as an AE with onset on or after first dose of study drug.
Abbreviations: AE=adverse event, MedDRA = Medical Dictionary for
Regulatory Activities, SAE = serious adverse event, TEAE =treatment-
emergent adverse event.

(SAEs): 1 suicide attempt on day 5 in a patient with a
long-standing history of MDD and a past suicide attempt
(possibly drug-related) and 1 bile duct stone on day 2
(requiring removal) in a patient with prior bile duct repair
(not drug-related). During the follow-up observation
period, SAEs were reported in 3 patients: 1 patient in the
zuranolone 30-mg group, with syncope, ankle fracture,
cervical vertebral fracture, and tibia fracture (day 28; not
related); 1 patient in the zuranolone 20-mg group, with
toxic encephalopathy, agitation, delirium, drug abuse,
pneumonia, rhabdomyolysis, acute kidney injury, and
respiratory failure (day 39; not related, deemed related
to cocaine use); and 1 patient in the placebo group, with
suicidal ideation (day 22; not related). TEAEs leading to
treatment discontinuation were comparable across groups
(zuranolone 30 mg: 2.1%, zuranolone 20 mg: 1.6%, and
placebo: 3.2%). The most common reasons for withdrawal
were psychiatric and nervous system disorders. No TEAEs of
loss of consciousness were reported. No clinically significant
changes in vital signs, clinical laboratory parameters, or
electrocardiograms were observed. One patient in the
zuranolone 20-mg group died during the 6-month extended
follow-up period after treatment discontinuation (day 142;

assessed as not treatment-related by‘the investigator) (See
Supplementary Appendix 4 for details).

The percentages of patients experiencing suicidal
ideation/behavior (assessed using C-SSRS) considerably
decreased from baseline in all treatment groups. Fewer than
13% of patients in any group reported suicidal ideation/
behavior from day 3 through the last assessment while on
treatment. At day 182, there was no change in the percentage
of patients reporting suicidal ideation/behavior in the
zuranolone 30-mg (2.3% [3/131]), zuranolone 20-mg (4.7%
[6/127]), or placebo (7.0% [9/129]) groups. The mean (SD)
CFB PWC-20 total scores for zuranolone 30 mg, zuranolone
20 mg, and placebo were —5.7 (7.7), =5.4 (7.5), and 5.4
(7.0), respectively, at day 15, and —6.0 (7.0), 6.1 (7.3), and
—5.6 (7.3), respectively, at day 21 (negative change indicates
improvement).

DISCUSSION

The primary endpoint of the phase 3 MOUNTAIN study,
CFB in HDRS-17 at day 15, was not met in either the 20-mg
or 30-mg treatment group. However, results from this study
may indicate that zuranolone represents a novel approach to
treating patients with MDD. Patients receiving zuranolone
experienced a rapid onset of improvement in depressive
symptoms as early as day 3 after beginning a 14-day
treatment course. Although not significantly different from
the placebo group, the HDRS-17 response rates in patients
receiving zuranolone 30 mg were similar between day 15
(50.3%) and day 182 (58.6%).

Nonadherence with antidepressant therapy is a
considerable problem in patients with MDD. Some patients
discontinue treatment because of lack of effect, residual
symptoms, or adverse effects or from depression itself.5' %3
Common residual symptoms from antidepressants include
blunted affect, sleep disturbances, weight gain, sexual
dysfunction, cognitive impairments, and fatigue.?%64-57
Zuranolone was generally well tolerated, with a safety and
tolerability profile in patients with MDD consistent with an
earlier phase 2 study.>*

In the phase 2 study, significant improvements in
depressive symptoms were observed through day 28 with
zuranolone 30 mg vs placebo. Although greater numerical
improvements in depressive symptoms were observed with
zuranolone 30 mg vs placebo at all measured time points
in the current study, they only reached significance beyond
day 12 in patients with detectable plasma zuranolone
concentration and/or more severe disease (HDRS-17 total
score >24) at baseline. Undetectable plasma zuranolone
concentrations could indicate nonadherence. In this study,
patients were treated as outpatients during their clinic visits
on days 1, 3, 8, and 12. Patients were required to take a video
of drug ingestion at home. Study drug adherence was defined
as the number of doses taken, divided by the number of
doses planned to be taken (14), times 100; 93.2% of patients
received > 11 of the planned 14 doses, and 71.4% of patients
received all 14 doses of study drug. Overall, adherence to

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2023 Copyright Physicians Postgraduate Press, Inc.

8 [E PSYCHIATRIST.COM

J Clin Psychiatry 84:2, March/April 2023



study drug was 98.3%, and there was no notable difference
among the treatment groups. In contrast, patients in the
phase 2 trial received treatment as inpatients on days 1-7
and as inpatients or during outpatient residential or clinic
visits on days 8-14, increasing the likelihood that patients
received all planned doses of study drug.

It is recognized that the large placebo effects observed in
many studies of antidepressant therapies may contribute to
nonsignificant treatment differences in those studies. There
was also a robust placebo response in this phase 3 trial. This
may be attributable to the high number of patient visits in
this study (10 visits in 42 days) compared to the number
of visits in the real-world setting. It is hypothesized that
frequent supervision and assessment of patients in clinical
trials of depression contribute to the placebo effect.%% An
exploratory analysis of efficacy data from approximately
80 placebo-controlled MDD trials reported diminishing
treatment effect size between 1983 and 2008 in both US and
non-US trials.”’ The magnitude of the effect size depends
on the placebo response and may explain the relatively
low effect size observed for the primary endpoint in the
MOUNTAIN Study. However, for the post hoc analyses,
the Cohen d estimates were greater than 0.2, a threshold
considered clinically meaningful.”"> Nevertheless, the trend
toward improvement observed here warrants additional
research in studies exploring potentially higher doses of
zuranolone.

This study had some limitations. As with most placebo-
controlled clinical trials that use stringent inclusion and
exclusion criteria in an attempt to enroll a homogeneous
patient population, the results reported here may not be
generalizable to all patients with MDD. In addition, the need
to amend the eligibility criteria in the middle of the study
to ensure that the study enrolled patients with the intended
severity of depression and the fact that approximately 9% of
patients taking zuranolone 30 mg did not have detectable
plasma zuranolone concentration could potentially limit
the interpretation of the study outcomes reported here.

Effect of Zuranolone vs Placebo in MDD

While this study included an extended follow-up period of
6 months, patients did not have the option to receive repeat
treatment courses of zuranolone if a subsequent depressive
episode occurred, limiting our ability to use these data
to inform real-world, long-term clinical use. The results
from other completed and ongoing studies of zuranolone
in patients with MDD have demonstrated a significant
improvement in depressive symptoms with a 14-day
treatment course.”*”*> While patients taking antidepressants
at baseline were required to remain on the stable dose
through day 42, there was no requirement to remain on
the stable dose of antidepressants after day 42 (during the
6-month extended follow-up period). Subsequent studies
within the LANDSCAPE and NEST clinical development
programs have been designed to address some of these
limitations: using a higher dose of zuranolone (50 mg),
enrolling more diverse patient populations (eg, extending
the upper age limit to 75 years), and including the option of
repeat treatment courses as needed.

CONCLUSIONS

The phase 3 MOUNTAIN study did not meet its primary
endpoint: results did not show a significant improvement vs
placebo in depressive symptoms in adult patients with MDD
receiving zuranolone, as assessed by CFB in HDRS-17 total
score at day 15.

However, significant improvements in depressive
symptoms vs placebo were observed with zuranolone 30 mg
as early as day 3, and at days 8 and 12. In post hoc analyses
of patients with more severe disease and/or measurable
plasma concentration, zuranolone 30 mg again separated
from placebo at day 3, and significant improvements were
observed through day 15. Zuranolone was generally well
tolerated and demonstrated a safety profile similar to that
observed in earlier studies. Zuranolone continues to be
evaluated as an oral, rapid-onset, 14-day treatment course
for patients with MDD.
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