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(57) ABSTRACT

The present invention provides methods of maintaining
stable remission or stable response achieved by a patient
with depression following administration of a therapeuti-
cally effective amount of esketamine during an initial
administration phase, comprising continuing administration
of a therapeutically effective amount of esketamine for at
least five months during a subsequent administration phase.
The present invention also provides methods for the long
term treatment of depression in a patient, comprising admin-
istering to the patient in need of the treatment a clinically
proven safe and clinically proven effective therapeutically
effective amount of esketamine for at least six months. In
some embodiments, the depression is major depressive
disorder or treatment resistant depression.
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ESKETAMINE FOR THE TREATMENT OF
DEPRESSION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 16/956,403, filed Jun. 19, 2020, which
is a U.S. national stage of International Patent Application
No. PCT/US2018/066143, filed Dec. 18, 2018, which claims
the benefit of U.S. Provisional Patent Application No.
62/755,905, filed Nov. 5, 2018; U.S. Provisional Patent
Application No. 62/675,846, filed May 24, 2018; U.S.
Provisional Patent Application No. 62/667,4006, filed May 4,
2018; U.S. Provisional Patent Application No. 62/663,206,
filed Apr. 26, 2018; U.S. Provisional Patent Application No.
62/663,219, filed Apr. 26, 2018; and U.S. Provisional Patent
Application No. 62/609,504, filed Dec. 22, 2017; all of
which are incorporated by reference herein in their entire-
ties.

FIELD OF THE INVENTION

[0002] The present invention is directed to pharmaceutical
products, and to methods for the treatment of depression
(e.g., major depressive disorder). In some embodiments, the
methods are useful for the treatment of treatment-refractory
or treatment-resistant depression. In other embodiments, the
methods are useful for the treatment of suicidal ideation. The
invention comprises administering to a patient in need
thereof a clinically proven safe and therapeutically effective
amount of esketamine as mono-therapy or as combination
therapy with at least one antidepressant.

BACKGROUND OF THE INVENTION

[0003] Major depressive disorder (MDD) affects about
7-15% of the general population. MDD is associated with
significant morbidity and mortality and the leading cause of
disability worldwide. About one third of patients fail to
achieve remission despite treatment with multiple antide-
pressant medications, and are considered to have treatment
resistant depression (TRD). Such patients who do benefit
with oral ADs have high rates of relapse even with continu-
ation of treatment.

[0004] The impact of TRD on patient’s lives is difficult to
adequately describe. Many patients have depressive epi-
sodes lasting years. Severely depressed patients lose the will
to carry on with their lives, there is a 7-fold increase in
suicide attempts. Life expectancy is lowered by 10 years. In
extreme cases they cannot even engage in basic self-care
activities such as bathing or eating, or taking care of
themselves, leave alone those in their care as a parent,
spouse etc. This impacts not only the patient themselves, but
also the family and those dependant on them. They also lose
the ability to experience pleasure in doing the things that
used to enjoy, which robs people of the essence of life and
what drives it. In effect their lives are taken away from them
by TRD. These effects are theorized to be related to dys-
regulation of the glutamate pathway.

[0005] Glutamate is the major excitatory neurotransmitter
in the mammalian brain and has a prominent role in synaptic
plasticity, learning and memory. At elevated levels, gluta-
mate is a potent neuronal excitotoxin that may provoke rapid
or delayed neurotoxicity. Over the years, there has been a
growing interest in the role of glutamate in the pathophysi-
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ology of depression since abnormal activity of the gluta-
matergic system probably contributes to the impairment of
synaptic plasticity observed in depressed patients. Ket-
amine, a classic anesthetic drug, showed activity not only in
animal models of depression but also in small scale clinical
studies in patients with major depressive disorder including
subjects with treatment-resistant depression. At low, sub-
anesthetic doses administered by intravenous infusion, ket-
amine showed a robust antidepressant effect in patients that
lasted for a few days after a single dose and could be
maintained for several weeks via repeated infusions.
[0006] Ketamine (a racemic mixture of the corresponding
S- and R-enantiomers) is a nonselective antagonist at the
phencyclidine binding site of the glutamate N-methyl-D-
aspartate (NMDA) receptor, although this may not primarily
mediate the antidepressant effect. The enantiomer S-ket-
amine (esketamine) displays approximately 3 to 4 fold
greater affinity for the glutamate NMDA receptor in vitro
than R-ketamine. A major concern associated with ketamine
and esketamine is the potential for neurotoxicity associated
with long-term use and whether repeated doses of ketamine/
esketamine in the longer term can maintain a significant
antidepressant effect (Molero, et al., “Antidepressant Effi-
cacy and Tolerability of Ketamine and Esketamine: A Criti-
cal Review,” CNS Drugs (2018) 32:411-420). In particular,
previous studies indicated that esketamine, in contrast to
R-ketamine, could not elicit a sustained antidepressant effect
in a rodent model (C. Yang et al., “R-Ketamine: a rapid onset
and sustained antidepressant without psychotomimetic side
effects,” Transl. Psychiatry (2015) 5:1-11). Moreover, esket-
amine showed greater undesirable psychotomimetic side
effects compared with R-ketamine, including a significant
reduction in PV-positive cells in the brain that is associated
with psychosis and cognitive impairment (id.). The literature
does not provide guidance concerning the cumulative effect
or tolerability of long term dosing of esketamine.

[0007] There remains a need to provide an effective,
long-term and safe treatment for depression, particularly in
patients diagnosed as having treatment-refractory or treat-
ment-resistant depression.

SUMMARY OF THE INVENTION

[0008] The present invention is directed to methods for the
treatment of depression (e.g., major depressive disorder),
comprising administering to a patient in need thereof, a
clinically proven safe and therapeutically effective amount
of esketamine.

[0009] The present invention is further directed to a
method for the treatment of depression (e.g., major depres-
sive disorder), comprising administering to a patient in need
thereof, combination therapy with a clinically proven safe
and therapeutically effective amount of esketamine and at
least one antidepressant, as herein defined.

[0010] The present invention also is directed to methods of
maintaining stable remission or stable response achieved by
a patient with depression following administration of a
therapeutically effective amount of esketamine during an
initial administration phase, comprising continuing admin-
istration of a therapeutically effective amount of esketamine
for at least five months during a subsequent administration
phase. In some embodiments, the depression is major
depressive disorder or treatment resistant depression.
[0011] The present invention further is directed to methods
for the long term treatment of depression in a patient,
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comprising administering to the patient in need of treatment
a clinically proven safe and/or clinically proven effective
therapeutically effective amount of esketamine for at least
six months. In some embodiments, the depression is major
depressive disorder or treatment resistant depression.
[0012] The method of treatment includes long term treat-
ment, including durations of at least about six months. In
some embodiments, the treatment may be a duration of at
least about one year, at least about 18 months, or at least
about two years. For example, long term treatment may
include a duration range of about six months to about two
years. The treatment may extend for much longer periods of
time to the extent that the patient is benefiting from the
therapy.

[0013] In some embodiments, the at least one antidepres-
sant is independently selected from the group consisting of
mono-amine oxidase inhibitors, tricyclics, serotonin
reuptake inhibitors, serotonin noradrenergic reuptake inhibi-
tors, noradrenergic and specific serotonergic agents, nora-
drenaline reuptake inhibitors, natural products, dietary
supplements, neuropeptides, compounds targeting neuro-
peptide receptors and hormones.

[0014] Inother embodiments, methods for the treatment of
depression (e.g., major depressive disorder) are provided
and comprise administering to a patient in need thereof a
clinically proven safe and therapeutically effective amount
of esketamine in combination with one or more compounds
selected from the group consisting of mono-amine oxidase
inhibitors (MAOI) such as irreversible MAOI (phenelzine,
tranylcypromine), reversible (MOAI) moclobemide, and the
like; tricyclics such as imipramine, amitriptyline, desipra-
mine, nortriptyline, doxepin, protriptyline, trimipramine,
clomipramine, amoxapine, and the like; tetracyclics such as
maprotiline, and the like; non-cyclics such as nomifensine,
and the like; triazolopyridines such as trazodone, and the
like; anticholinergics e.g. scopolamine; serotonin reuptake
inhibitors such as fluoxetine, sertraline, paroxetine, citalo-
pram, fluvoxamine, and the like; serotonin receptor antago-
nists such as nefazadone, tianeptine and the like; serotonin
noradrenergic reuptake inhibitors such as venlafaxine, des-
venlafaxine, milnacipran, levo-milnacipran, and the like;
noradrenergic and specific serotonergic agents such as mir-
tazapine, and the like; noradrenaline reuptake inhibitors
such as reboxetine, and the like; atypical antipsychotics such
as bupropion and the like, and the like; lithium, triple
reuptake inhibitors, natural products such as Kava-Kava, St.
John’s Wort, and the like; dietary supplements such as
s-adenosylmethionine, and the like; and neuropeptides such
as thyrotropin-releasing hormone and the like, and the like;
compounds targeting neuropeptide receptors such as neuro-
kinin receptor antagonists and the like; and hormones such
as triiodothyronine, and the like.

[0015] Inother embodiments, methods for the treatment of
depression (e.g., major depressive disorder) are provided
and comprise administering to a patient in need thereof a
clinically proven safe and therapeutically effective amount
of esketamine in combination with one or more compounds
selected from the group consisting of mono-amine oxidase
inhibitors; tricyclics; tetracyclics; non-cyclics; triazolopyri-
dines; serotonin reuptake inhibitors; serotonin receptor
antagonists; serotonin noradrenergic reuptake inhibitors;
serotonin noradrenergic reuptake inhibitors; noradrenergic
and specific serotonergic agents; noradrenaline reuptake
inhibitors; atypical antipsychotics; natural products; dietary
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supplements; neuropeptides; compounds targeting neuro-
peptide receptors; and hormones. Preferably, esketamine is
administered in combination with one or more compounds
selected from the group consisting of mono-amine oxidase
inhibitors, tricyclics, serotonin reuptake inhibitors, serotonin
noradrenergic reuptake inhibitors, noradrenergic and spe-
cific serotonergic agents, atypical antipsychotics, and/or
adjunctive therapy with antipsychotic medication (e.g. ris-
peridone, olanzapine, quetiapine, aripiprazole and ziprasi-
done). More preferably, esketamine is administered in com-
bination with one or more compounds selected from the
group consisting of mono-amino oxidase inhibitors, tricy-
clics, serotonin reuptake inhibitors, and serotonin norepi-
nephrine reuptake inhibitors. More preferably, esketamine is
administered in combination with one or more compounds
selected from the group consisting of serotonin reuptake
inhibitors and serotonin norepinephrine reuptake inhibitors.
[0016] In yet further embodiments, methods for the treat-
ment of depression (e.g., major depressive disorder) are
provided and comprise administering to a patient in need
thereof a clinically proven safe and therapeutically effective
amount of esketamine in combination with one or more
compounds selected from the group consisting of phenel-
zine, tranylcypromine, moclobemide, imipramine, amitrip-
tyline, desipramine, nortriptyline, doxepin, protriptyline,
trimipramine, clomipramine, amoxapine, fluoxetine, sertra-
line, paroxetine, citalopram, fluvoxamine, venlafaxine,
milnacipran, mirtazapine, bupropion, thyrotropin-releasing
hormone and triiodothyronine.

[0017] Preferably, esketamine is administered in combi-
nation with one or more compounds selected from the group
consisting of lithium, riluzole, phenelzine, tranylcypromine,
moclobemide, imipramine, amitriptyline, desipramine, nor-
triptyline, doxepin, protriptyline, trimipramine, clomip-
ramine, amoxapine, fluoxetine, sertraline, paroxetine, citalo-
pram, fluvoxamine, venlafaxine, milnacipran,
levomilnacipran, mirtazapine and bupropion. More prefer-
ably, esketamine is administered in combination with one or
more compounds selected from the group consisting of
phenelzine, tranylcypromine, moclobemide, imipramine,
amitriptyline, desipramine, nortriptyline, doxepin, protrip-
tyline, trimipramine, clomipramine, amoxapine, fluoxetine,
sertraline, paroxetine, citalopram and fluvoxamine. More
preferably, esketamine is administered in combination with
one or more compounds selected from the group consisting
of fluoxetine, sertraline, paroxetine, citalopram, escitalo-
pram and fluvoxamine.

[0018] In still further embodiments, methods for the treat-
ment of depression (e.g., major depressive disorder) are
provided and comprise administering to a patient in need
thereof a clinically proven safe and therapeutically effective
amount of esketamine in combination with one or more
compounds selected from the group consisting of neuropep-
tides such as thyrotropin-releasing hormone and the like;
compounds targeting neuropeptide receptors such as neuro-
kinin receptors antagonists and the like; and hormones such
as triiodothyronine and the like.

[0019] Inother embodiments, methods for the treatment of
depression (e.g., major depressive disorder) are provided
and comprise administering to a patient in need thereof,
combination therapy with a clinically proven safe and thera-
peutically effective amount of esketamine, at least one
antidepressant, and at least one atypical antipsychotic, as
herein defined.
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[0020] In further embodiments, methods for the treatment
of depression (e.g., major depressive disorder) are provided
and comprise administering to a patient in need thereof,
combination therapy with a clinically proven safe and thera-
peutically effective amount of esketamine, at least one
antidepressant, and at least one atypical antipsychotic
selected from the group consisting of quetiapine, aripipra-
zole, brexpiprazole, olanzapine, lurasidone, risperidone and
paliperidone.

[0021] Inother embodiments, the methods for treatment of
depression may be combined with adjunctive therapies such
as anti-psychotic therapy, electroconvulsive therapy (ECT),
transcranial magnetic stimulation (TMS), or combinations
thereof.

[0022] The present invention is further directed to uses of
esketamine in the preparation of a medicament for treating
depression (e.g., major depressive disorder) in a patient in
need thereof. In some embodiments, the medicament is for
treating treatment-refractory or treatment-resistant depres-
sion. In other embodiments, the medicament is for treating
suicidal ideation.

[0023] The present invention is further directed to esket-
amine for use in a method for the treatment of depression
(e.g., major depressive disorder), preferably treatment-re-
fractory or treatment-resistant depression, in a subject in
need thereof.

[0024] In another embodiment, compositions comprising
esketamine for the treatment of depression (e.g., major
depressive disorder) are provided. In some embodiments,
the compositions are for the treatment of treatment-refrac-
tory or treatment-resistant depression. In other embodi-
ments, the medicament is for treating suicidal behavior
and/or suicidal ideation.

BRIEF DESCRIPTION OF THE FIGURES

[0025] FIG. 1 illustrates a schematic of the study design of
the ESKETINTRD3002 Phase 3 clinical trial.

[0026] FIG. 2 illustrates the least squares mean changes
(#SE) in MADRS total score over time observed case
MMRM during the double-blind induction phase. L.S mean
and SE were based on MMRM with change from baseline as
the response variable and the fixed effect model terms for
treatment (intranasal esketamine+oral AD, oral AD+intra-
nasal placebo), day, country, class or oral antidepressant
(SNRI or SSRI), and treatment-by-day, and baseline value as
a covariate. Negative change in score indicated improve-
ment. *1-sided p<0.025.

[0027] FIG. 3 is a bar graph of the response rates on day
2; a response is a =50% improvement on MADRS from
baseline for patients taking esketamine and an oral antide-
pressant.

[0028] FIG. 4 is a bar graph of the response rates on day
28; a response is a =50% improvement on MADRS from
baseline for patients taking esketamine and an oral antide-
pressant.

[0029] FIG. 5 is a bar graph of the remission rates on day
28; remission is a MADRS total score of <12.

[0030] FIG. 6 is a bar graph showing the percent of
subjects reporting problems (levels 2 through 5) with mobil-
ity, self-care, activities, pain, and anxiety/depression.
[0031] FIG. 7 illustrates the arithmetic mean (+SE) for
systolic blood pressure over time during the double-blind
induction phase using the safety analysis set.
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[0032] FIG. 8 illustrates the arithmetic mean (+SE) for
diastolic blood pressure over time; double-blind induction
phase using the safety analysis set.

[0033] FIG. 9 illustrates the clinician-assessed dissocia-
tive symptom scale (CADSS), total score over time during
the double-blind phase using the safety analysis set.
[0034] FIG. 10 illustrates the arithmetic mean (xSE)
modified observer’s assessment of alertness/sedation
(MOAA/S) score over time; double-blind induction phase
using the safety analysis set.

[0035] FIG. 11 illustrates the Least Square mean change in
total MADRS score over time (observed cases) in US
patients with TRD.

[0036] FIG. 12 illustrates patient-rated severity of depres-
sive illness (observed cases) in US patients with TRD, as
assessed with the PHQ-9.

[0037] FIG. 13 illustrates functional impairment (ob-
served case) in US patients with TRD, as assessed with SDS.
[0038] FIG. 14 illustrates the percentage of US patients
with TRD achieving a response 4 weeks post initial dose
(observed case).

[0039] FIG. 15 illustrates the percentage of US patients
with TRD achieving clinician-rated remission 4-weeks post
initial dose.

[0040] FIG. 16 illustrates the frequency distribution of
PHQ-9 severity categories (observed case) in US patients
with TRD.

[0041] FIG. 17 illustrates the percentage of US patients
with TRD who had 1-point decrease in the CGI-S(observed
case) 4-weeks post initial dose.

[0042] FIG. 18 illustrates a schematic to the study design
of the ESKETINTRD3005 Phase 3 clinical trial.

[0043] FIG. 19 illustrates the least squares mean changes
(+SE) in MADRS total score over time observed case
MMRM;  double-blind  induction phase  (study
ESKETINTRD3005: full analysis set).

[0044] FIG. 20 illustrates that arithmetic mean (xSE)
systolic blood pressure over time during the double-blind
induction phase using the ESKETINTRD3005 safety analy-
sis set.

[0045] FIG. 21 illustrates that arithmetic mean (xSE)
diastolic blood pressure over time during the double-blind
induction phase using the ESKETINTRD3005 safety analy-
sis set.

[0046] FIG. 22 is a plot of CADSS total score over time
during the double-blind phase using the safety analysis set.
[0047] FIG. 23 illustrates the least squares mean changes
(+SE) in MADRS total score over time LOCF ANCOVA
during the double-blind induction phase using the full analy-
sis set. LS Mean and SE were based on analysis of covari-
ance (ANCOVA) model with change from baseline as the
response variable and factors for treatment (intranasal esk+
oral AD, oral AD+intranasal placebo), region, and class of
oral antidepressant (SNRI or SSRI), and baseline value as a
covariate. Results are not adjusted for sample size re-
estimation. Negative change in score indicates improve-
ment.

[0048] FIG. 24 illustrates the forest plot for MADRS total
score showing the least squares mean treatment difference of
change from baseline (95% Confidence Interval) to day 28
MMRM by Subgroup during the double-blind induction
phase using the full analysis set. Subgroups with fewer than
5 subjects not presented. Results are not adjusted for sample
size re-estimation.
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[0049] FIG. 25 illustrates the arithmetic mean changes
(£SE) in MADRS total score over time observed case for the
age 65-74 group during the double-blind induction phase
using the full analysis set.

[0050] FIG. 26 illustrates the arithmetic mean changes
(£SE) in MADRS total score over time observed case for the
age =75 group during the double-blind induction phase
using the full analysis set.

[0051] FIG. 27 illustrates the least squares mean changes
(£SE) in MADRS total score over time (observed cases)
MMRM for Stage 1 during the double-blind induction phase
using the full analysis set. LS Mean and SE were based on
mixed model for repeated measures (MMRM) with change
from baseline as the response variable and the fixed effect
model terms for treatment (intranasal esk+oral AD, oral
AD+intranasal placebo), day, region, class of oral antide-
pressant (SNRI or SSRI), and treatment-by-day, and base-
line value as a covariate. Results are not adjusted for sample
size re-estimation. Negative change in score indicates
improvement.

[0052] FIG. 28 illustrates the least squares mean changes
(£SE) in MADRS total score over time (observed cases)
MMRM for stage 2 during the double-blind induction phase
using the full analysis set. S Mean and SE were based on
mixed model for repeated measures (MMRM) with change
from baseline as the response variable and the fixed effect
model terms for treatment (intranasal esk+oral AD, oral
AD+intranasal placebo), day, region, class of oral antide-
pressant (SNRI or SSRI), and treatment-by-day, and base-
line value as a covariate. Results are not adjusted for sample
size re-estimation. Negative change in score indicates
improvement.

[0053] FIG. 29 illustrates that least squares mean change
in MADRS total score over time (observed cases) in US
patients aged =65 years with TRD. MADRS total score
ranges from O to 60; a higher score indicates a more severe
condition.

[0054] FIG. 30 illustrates that frequency distribution of
illness severity based on CGI-S scores at baseline and
double-blind phase endpoint (LOCF). CGI-S score ranges
from 1 (normal, not at all ill) to 7 (among the most extremely
ill patients). CGI-S score ranged from 1 (normal, not at all
ill) to 7 (among the most extremely ill patients).

[0055] FIG. 31 illustrates the percentage of US patients
aged =65 years with TRD achieving response (observed
case), as assessed by MADRS. Clinician-rated response a
was defined as a 50% decrease from baseline in MADRS
total score.

[0056] FIG. 32 illustrates the percentage of US patients
aged =65 years with TRD achieving remission (observed
case), as assessed by MADRS. Clinician-rated remission
was defined as a MADRS total score of =12.

[0057] FIG. 33 illustrates the percentage of US patients
aged =65 years with TRD achieving patient-rated remission
(observed case), as assessed by PHQ-9.

[0058] FIG. 34 illustrates the percentage of US patients
aged =65 years with TRD who had a clinically meaningful
response, as assessed by CGI-S.

[0059] FIG. 35 illustrates the percentage of US patients
aged =65 years with TRD who had a clinically significant
response, as assessed by CGI-S. Clinically meaningful and
clinically significant responses were defined as a =1-point or
a =2-point decrease in CGI-S from baseline, respectively.
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[0060] FIG. 36 illustrates the frequency distribution of
illness severity based on clinical global impression-severity
(CGI-S) scores at baseline and double-blind phase endpoint.
In this figure, AD=antidepressant, Bl =baseline,
EP=endpoint, ESK=esketamine. Median CGI-s scores
improved from baseline to the endpoint in the ESK+AD
group. The median (range) change from baseline was -1.0
(-4.1). The median (range) change from baseline to the
endpoint in the AD+PBO group was 0 (4.3). The odds ratio
for an improved CGI-5 score was 5.3, suggesting that
patients treated with ESK4AD were 5.3 times more likely
that those treated with AO+PBO to have an improved CGI-S
score at the double-blind induction phase.

[0061] FIG. 37 shows the study design for evaluate the
efficacy and safety of intranasal esketamine for the rapid
reduction of the symptoms of major depressive disorder,
including suicidal ideation, in subjects assessed to be at
imminent risk for suicide. In this figure, * Randomization
will be stratified by the physician’s assessment of the
subject’s need for standard of care antidepressant treatment
(antidepressant monotherapy or an antidepressant plus aug-
mentation therapy) prior to randomization on Day 1. °
Standard of care antidepressant treatment will be initiated or
optimized on Day 1. © Screening phase may be extended to
up to 48 hours prior to Day 1 intranasal dose upon consul-
tation with the sponsor’s medical monitor.

[0062] FIG. 38 shows least-square mean changes (+SE)
from baseline for the MADRS total score over time in the
double-blind phase using last observation carried forward
data. LS Mean and SE was based on analysis of covariance
(ANCOVA) model with treatment (placebo, esketamine 84
mg), antidepressant therapy (AD monotherapy, AD plus
augmentation therapy) and analysis center as factors, and
baseline value as a covariate.

[0063] FIG. 39 shows the mean changes (SE) in CGISR
from baseline to 4 and 24 hours. Mean change and SE were
based on ranks of change from baseline (LOCF) data and
analyzed using an ANCOVA model with treatment, analysis
center, and SoC as fixed effects and baseline value (unranked
as a covariate).

[0064] FIG. 40 correlates the percentage of patients with
the resolution of suicide risk at 4 and 24 hours.

[0065] FIG. 41 shows the frequency distribution of SIBAT
scores at double-blind baseline, Day 1:4-hours postdose,
double-blind endpoint, and follow-up endpoint. Clinical
global judgment of suicide risk scores range from 0 to 6. O:
Not suicidal; 1: Occasional suicidal ideas present, but no
special intervention required; 2: Some clear suicidal ideas
present; patient is encouraged to schedule professional con-
tacts as needed; 3: Suicidal risk requires a scheduled out-
patient follow-up; but no other immediate intervention; 4:
Suicidal risk requires immediate intervention, but not hos-
pitalization (e.g., medication, urgent outpatient follow-up);
5: Suicidal risk requires immediate hospitalization, but
without suicide precautions; 6: Suicidal risk requires hos-
pitalization with suicide precautions.

[0066] FIG. 42 shows the least-square mean changes (SE)
from baseline in MADRS score to 4 hours (primary end-
point) and about 24 hours.

[0067] FIG. 43 correlates the percentage of patients with
their respective MADRS response and remission at days 1,
2 and endpoint.

[0068] FIG. 44 correlates the percentage of patients hav-
ing remission at DB endpoint and during follow-up.
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[0069] FIG. 45 shows least-square mean changes (+SE)
from baseline for the BSS total score over time in the
double-blind phase using last observation carried forward
data.

[0070] FIGS. 46 and 47 present means for blood pressure
over time by treatment group in the double-blind phase.
[0071] FIG. 48 is a plot of CADSS total score over time
during the double-blind phase (Study ESKETINSUI2001:
Safety Analysis Set).

[0072] FIG. 49 is the trial design for Example 4.

[0073] FIG. 50 is a flowchart summarizing the subject and
treatment information of Example 4. In this figure, (a) 1
stable responder was incorrectly randomized as a stable
remitter. (b) 1 subject not meeting either stable remission or
stable response criteria at the end of the optimization phase
was incorrectly randomized as a stable responder.

[0074] FIG. 51 shows the cumulative proportion of sub-
jects who remained relapse free; maintenance phase
(Kaplan-Meier estimates) (full (stable remitters) analysis
set) for Example 4.

[0075] FIG. 52 shows the cumulative proportion of sub-
jects who remained relapse free; maintenance phase
(Kaplan-Meier estimates) (full (stable responders) analysis
set) for Example 4.

[0076] FIG. 53 shows the arithmetic mean (xSE) systolic
blood pressure over time; maintenance phase (safety (MA)
analysis set) for Example 4.

[0077] FIG. 54 shows the arithmetic mean (xSE) diastolic
blood pressure over time; maintenance phase (safety (MA)
analysis set) for Example 4.

[0078] FIG. 55 shows the arithmetic mean (+SE) CADSS
total score over time; maintenance phase (safety (MA)
analysis set) for Example 4.

[0079] FIG. 56 is a forest plot of hazard ratio by subgroup:
Cox Regression (full (stable remitters) analysis set) for
Example 4. Hazard ratio estimates for subgroups with no
event in either arm not displayed. Subgroups with fewer than
5 subjects not presented.

[0080] FIG. 57 is the trial design for Example 5. At entry
to the trial, transferred entry non-responder subjects contin-
ued to receive the same oral antidepressant initiated in the
ESKETINTRD3005 study. The new oral AD is for direct
entry subjects only.

[0081] FIG. 58 is shows the frequency distribution for the
CGI-S of Example 5.

[0082] FIG. 59 shows the arithmetic mean (+SE) of detec-
tion—attention (simple reaction time) (all enrolled analysis
set) for the age group 65 years in Example 5.

[0083] FIGS. 60-62 shows the level of impairment for the
EQ-5D-5L by measuring anxiety/depression, usual activi-
ties, and pain/discomfort, respectively.

[0084] FIG. 63 shows the arithmetic mean (xSE) systolic
blood pressure over time; induction and optimization/main-
tenance phases (all enrolled analysis set) for Example 5.
[0085] FIG. 64 shows the arithmetic mean (=SE) diastolic
blood pressure over time; induction and optimization/main-
tenance phases (all enrolled analysis set) for Example 5.
[0086] FIG. 65 is a plot of CADSS total score over time
during the induction and optimization/maintenance phase
(all enrolled analysis set) for Example 5.

[0087] FIG. 66 is a plot showing the mean (z) SE for the
of the brief psychiatric rating positive symptom subscale
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total score over time during the induction and optimization/
maintenance phases (all enrolled analysis set) for Example
5.

[0088] FIG. 67 shows means for the MADRS total score
over time in the IND and OP/MA phases based on observed
case data for Example 5.

[0089] FIG. 68 shows the response for patients having a
response with a 50% reduction from baseline and a remis-
sion with a MADRS of =12.

[0090] FIG. 69 shows means for the PHQ-9 total score
over time in the IND and OP/MA phases based on observed
case data for Example 5.

[0091] FIG. 70 is an illustration of decreased and
increased activity. MK-801-induced changes in activity are
described in Section 3.3 of Example 6. Gross pathology did
not reveal any tissue changes.

[0092] FIGS. 71A-71C show a repeated dose neurotoxic-
ity study. Haematoxylin-eosin (HE) stained retrosplenial
cortex shows the absence of neuronal necrosis in an esket-
amine HCl-treated rat (54 mg/day) and its presence in an
(+)MK-801 maleate-treated rat as described in Example 6.
FIG. 71A is an image of the retrosplenial cortex of an
esketamine HCl-treated rat (54 mg/day) showing the
absence of neuronal necrosis. FIG. 71B is an image of the
retrosplenial cortex from an (+)MK-801 maleate-treated
animal. Arrows show necrotic neurons (shrunken, eosino-
philic cytoplasm with condensed nuclei). FIG. 71C is an
image of a higher power view of the necrotic neurons
(arrows) in the retrosplenial cortex from an (+)MK-801
maleate treated animal.

[0093] FIGS. 72A-72B illustrate a repeated dose neuro-
toxicity study. Fluoro-Jade (FJ) stained retrosplenial cortex
shows the absence of neuronal necrosis in an esketamine
HCl-treated rat (54 mg/day) and its presence in an (+)MK-
801 treated rat as described in Example 6. FIG. 72A is an
image of the retrosplenial cortex of an esketamine HCI-
treated rat (54 mg/day) showing the absence of neuronal
necrosis. FIG. 72B is an image of the retrosplenial cortex
from an (+)MK-801 maleate-treated animal.

[0094] FIG. 73 is a flowchart showing the disposition of
patients of Example 7. Seven participants started the follow-
up phase earlier than day 74, having received 2 weeks of
study drug during the open-label phase of the study. In this
figure, *Participants entered the follow-up phase if they did
not withdraw themselves from the study. T Patients could
have multiple reasons for being a screen failure. “ Partici-
pants could have multiple reasons for being a screen failure.
% Participants entered the follow-up phase if they did not
choose to withdraw from the study.

[0095] FIGS. 74A and 74B are line graphs showing the
mean change (+SE) in MADRS total score over time in
double blind phase of Example 7. Changes are shown in
periods 1(A) and 2(B). Period 2 consisted only of partici-
pants who had received placebo in period 1 and had mod-
erate to severe symptoms (n=28). Period 1 (days 1-8) and
period 2 (days 8-15) are discussed in the Design section of
the Methods and shown in the vertical axis of FIG. 73. BL
indicates baseline; 2H, 2 hours post dose. Error bars indicate
SE. Period 2 consists only of those participants who had
been on placebo in Period 1 and had moderate-to-severe
symptoms (n=28).

[0096] FIG. 75 is a line graph showing the MADRS total
score mean change from baseline to follow-up endpoint for
participants who entered the open-label phase of Example 7.
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Period 1 (days 1-8), period 2 (days 8-15), open-label period
(days 15-74), and the follow-up period (days 74-130) are
discussed in the Design section of the Methods and shown
in the vertical axis of FIG. 73. BL indicates baseline; error
bars, SE.

[0097] FIGS. 76A and 76B are line graphs showing the
mean (+SE) MADRS total score over time in the double-
blind phase of Example 7. Period 2 consists only of those
participants who had been on placebo in Period 1 and had
moderate-to-severe symptoms (n=28). At the 2-hour time
point, modified MADRS was used, with baseline scores for
sleep and appetite items carried forward.

[0098] FIG. 77 is a plot of mean systolic blood pressure
over time by period for participants who received the same
treatment for both periods during the double-blind phase in
Example 7.

[0099] FIG. 78 is a plot of mean diastolic blood pressure
over time by period for participants who received the same
treatment for both periods during the double-blind phase in
Example 7.

[0100] FIG. 79 is a plot of mean CADSS total score over
time for participants who received the same treatment for
both periods in Example 7.

[0101] FIG. 80 is a plot of the mean plasma concentration-
time profile of esketamine.

[0102] FIG. 81 is a plot of the mean plasma concentration-
time profile of noresketamine.

[0103] FIGS. 82A and 82B are C,,,. vs. dose and AUC,,,
vs. dose, respectively, for the data of Example 10. Line of
regression shown for C___(r=0.53) and AUC,__, (r=0.70).

max last

DETAILED DESCRIPTION OF THE
INVENTION

[0104] The present invention is directed to methods for the
treatment of depression (e.g., major depressive disorder),
comprising administering to a patient in need thereof, a
clinically proven safe and therapeutically effective amount
of esketamine. In some embodiments, the methods are for
the treatment of treatment refractory depression or treatment
resistant depression. In other embodiments, the medicament
is for treating suicidal ideation.

[0105] These methods advantageously permit tailoring an
effective regimen to patients who have depression. Such
patients include those who have already been diagnosed
with MDD, TRD, are suicidal, or have otherwise been
untreated for depression.

[0106] Methods of maintaining stable remission or stable
response achieved by a patient with depression following
administration of a therapeutically effective amount of
esketamine during an initial administration phase also are
described. Such methods include continuing administration
of a therapeutically effective amount of esketamine for at
least five months during a subsequent administration phase.
[0107] Thus, methods for the long term treatment of
depression in a patient are also provided. These methods
comprise administering to the patient in need of the treat-
ment a clinically proven safe and clinically proven effective
therapeutically effective amount of esketamine for at least
six months. Desirably, cognitive performance of the patient
remains stable, based on a baseline measurement, following
six months of treatment. In some embodiments, the treat-
ment may be a duration of at least about one year, at least
about 18 months, or at least about two years. For example,
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long term treatment may include a duration range of about
six months to about two years.

[0108] Treatment may also be continued for longer peri-
ods of time including, without limitation, 4, 5, 6, 7, 8, 9, 10,
or longer years, as determined by the attending physician. In
some embodiments, the esketamine is initially dosed twice
a week for up to four weeks during an induction phase, and,
thereafter, dosed less frequently than twice a week.

[0109] In certain embodiments of the present invention,
esketamine may be administered in combination with one or
more antidepressants, as herein described, preferably in
combination with one to three antidepressants, more pref-
erably in combination with one to two antidepressants.
[0110] In certain embodiments of the present invention,
esketamine may be administered in combination with one or
more antidepressants, and further in combination with one
or more atypical antipsychotics, herein described.

[0111] In an embodiment, the present invention is directed
to combination therapy comprising esketamine and one or
more antidepressants; wherein the esketamine is adminis-
tered as acute treatment. In another embodiment, the present
invention is directed to combination therapy comprising
esketamine and one or more antidepressants wherein the
esketamine is administered as acute treatment and wherein
the one or more antidepressants are administered as chronic
treatment.

[0112] In other embodiments, such as during an induction
phase, the esketamine may be used as a mono-therapy and
not in combination with any other active compounds.
[0113] Some of the quantitative expressions given herein
are not qualified with the term “about™. It is understood that
whether the term “about” is used explicitly or not, every
quantity given herein is meant to refer to the actual given
value, and it is also meant to refer to the approximation to
such given value that would reasonably be inferred based on
the ordinary skill in the art, including approximations due to
the experimental and/or measurement conditions for such
given value.

[0114] As used herein, unless otherwise noted, the term
“esketamine” shall mean the (S)-enantiomer of ketamine,
i.e., a compound of formula (I):

@
/0

HN

Cl

also known as (S)-2-(2-chlorophenyl)-2-(methylamino)cy-
clohexanone. “Esketamine” shall also mean a salt, e.g., a
chloride salt such as the hydrochloride salt, of the (S)-
enantiomer of ketamine, i.e., a compound of formula (II):

an
/0

HN

Cl
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also known as (S)-2-(2-chlorophenyl)-2-(methylamino)cy-
clohexanone hydrochloride.

[0115] In some embodiments, the esketamine is substan-
tially free of the (R)-enantiomer of ketamine, i.e. a com-
pound of formula (III):

(1)

[0116] In other embodiments, the esketamine contains less
than about 10% by weight, based on the weight of the
esketamine sample, of the (R)-enantiomer of ketamine. In
further embodiments, the esketamine contains less than
about 10, 9, 8,7, 6, 5, 4,3, 2, 1, 0.5, 0.1, 0.005, or 0.001%
by weight, based on the weight of the esketamine sample, of
the (R)-enantiomer of ketamine. In yet other embodiments,
the esketamine contains about 0.001 to about 10% by
weight, based on the weight of the esketamine sample, of the
(R)-enantiomer of ketamine. In still further embodiments,
the esketamine contains about 0.001 to about 10%, about
0.001 to about 5%, about 0.001 to about 1, about 0.001 to
about 0.5, about 0.001 to about 0.1, about 0.1 to about 5,
about 0.1 to about 1, about 0.1 to about 5, or about 0.5 to
about 5% by weight, based on the weight of the esketamine
sample, of the (R)-enantiomer of ketamine.

[0117] The term “esketamine” may also include other
pharmaceutically acceptable salts thereof, which may read-
ily be selected by those skilled in the art. A “pharmaceuti-
cally acceptable salt” is intended to mean a salt of esket-
amine that is non-toxic, biologically tolerable, or otherwise
biologically suitable for administration to the subject. See,
generally, G. S. Paulekuhn, “Trends in Active Pharmaceu-
tical Ingredient Salt Selection based on Analysis of the
Orange Book Database”, J. Med. Chem., 2007, 50:6665-72,
S. M. Berge, “Pharmaceutical Salts”, J Pharm Sci., 1977,
66:1-19, and Handbook of Pharmaceutical Salts, Properties,
Selection, and Use, Stahl and Wermuth, Eds., Wiley-VCH
and VHCA, Zurich, 2002. Examples of pharmaceutically
acceptable salts are those that are pharmacologically effec-
tive and suitable for administration to patients without undue
toxicity, irritation, or allergic response.

[0118] Examples of other pharmaceutically acceptable
salts include sulfates, pyrosulfates, bisulfates, sulfites,
bisulfites, phosphates, monohydrogen-phosphates, dihydro-
genphosphates, metaphosphates, pyrophosphates, bromides
(such as hydrobromides), iodides (such as hydroiodides),
acetates, propionates, decanoates, caprylates, acrylates, for-
mates, isobutyrates, caproates, heptanoates, propiolates,
oxalates, malonates, succinates, suberates, sebacates,
fumarates, maleates, butyne-1,4-dioates, hexyne-1,6-dio-
ates, benzoates, chlorobenzoates, methylbenzoates, dini-
trobenzoates, hydroxybenzoates, methoxybenzoates, phtha-
lates, sulfonates, xylenesulfonates, phenylacetates,
phenylpropionates, phenylbutyrates, citrates, lactates, y-hy-
droxybutyrates, glycolates, tartrates, methane-sulfonates,
propanesulfonates, naphthalene-1-sulfonates, naphthalene-
2-sulfonates, and mandelates. In particular, the salt of esket-
amine is a hydrochloride salt.
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[0119] In certain embodiments of the present invention,
the esketamine is administered intranasally. In certain
embodiments of the present invention, the esketamine is
administered intranasally as its corresponding hydrochloride
salt. In certain embodiments of the present invention, the
esketamine is administered intranasally as its corresponding
hydrochloride salt in an 16.14% weight/volume solution
(equivalent to 14% weight/volume of esketamine base).
[0120] In certain embodiments of the present invention,
the esketamine is administered intranasally as a solution
comprising 161.4 mg/ml. of esketamine hydrochloride
(equivalent to 140 mg/mL of esketamine base), 0.12 mg/ml.
of ethylenediaminetetraacetic acid (EDTA) and 1.5 mg/mL
citric acid, at a pH of 4.5 in water. In certain embodiments
of the present invention, the esketamine is administered
intranasally, wherein the intranasal delivery administers 100
ul of a solution comprising 161.4 mg/ml. of esketamine
hydrochloride (equivalent to 140 mg/ml. of esketamine
base), 0.12 mg/ml. of ethylenediaminetetraacetic acid
(EDTA) and 1.5 mg/ml. citric acid, at a pH of 4.5 in water.
In certain embodiments, the esketamine is delivered intra-
nasally using a nasal spray pump, wherein the pump delivers
100 uL of a solution comprising 161.4 mg/mL of esketamine
hydrochloride (equivalent to 140 mg/ml. of esketamine
base), 0.12 mg/ml. of ethylenediaminetetraacetic acid
(EDTA) and 1.5 mg/ml. citric acid, at a pH of 4.5 in water.
[0121] In general, a single pump from a nasal spray device
may be configured to deliver about 50 pL to about 200 ul
of an esketamine solution to a nostril of the subject, includ-
ing about 60 ul., about 70 L., about 80 uL, about 90 ul,
about 100 pl, about 110 pL., about 120 pl,, about 130 ul,
about 140 pl, about 150 ul, about 160 pl., about 170 ul,
about 180 pL, and about 200 pL.. Accordingly, two pumps
deliver about 100 pL to about 400 uL to the subject.
[0122] In certain embodiments of the present invention, a
patient in need of treatment with a clinically proven safe and
therapeutically effective amount of esketamine, is a patient
suffering from an episode of depression (e.g., major depres-
sive disorder). In certain embodiments of the present inven-
tion, a patient in need thereof is suffering from an episode of
depression (e.g., major depressive disorder), wherein the
episode of depression (e.g., major depressive disorder) has
not responded to treatment with at least two oral antidepres-
sants (i.e. the patient has not responded to treatment with at
least two oral antidepressants). In other embodiments, a
geriatric patient in need thereof is suffering from an episode
of depression (e.g., major depressive disorder), wherein the
episode of depression (e.g., major depressive disorder) has
not responded to treatment with two oral antidepressants
(i.e. the geriatric patient has not responded to treatment with
two oral antidepressants).

[0123] In certain embodiments of the present invention, a
patient in need thereof is suffering from depression (e.g.,
major depressive disorder). For example, a patient as mea-
sured MADRS with a score of 18 or more or on the CGI
scale a score of 4 or more.

[0124] As used herein, the term “depression” includes
major depressive disorder, persistent depressive disorder,
seasonal affective disorder, postpartum depression, premen-
strual dysphoric disorder, situational depression, anhedonia,
melancholy, mid-life depression, late-life depression,
depression due to identifiable stressors, treatment resistant
depression, or combinations thereof. In certain embodi-
ments, the depression is major depressive disorder. In other
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embodiments, the major depressive disorder is with melan-
cholic features or anxious distress. In further embodiments,
the depression is treatment-resistant depression.

[0125] As used herein, the term “non-responder” means
patients that do not recover fully on an antidepressant
medication (e.g. 25% or less change from baseline in total
MADRS score).

[0126] As used herein, the term “episode of major depres-
sive disorder” means a continuous period (e.g., about 2
weeks or more) in which a patient has symptoms of a major
depressive disorder sufficient to meet criteria for major
depression as specified in the Diagnostic and statistical
Manual of Mental Disorders, 57 Edition: DSM 5.

[0127] As used herein, “suicide” is the “act of taking one’s
own life”. See, http://en.wikipedia.org/wiki/Suicide-cite_
note-7. Suicide includes attempted suicide or non-fatal sui-
cidal behavior, which is self-injury with the desire to end
one’s life that does not result in death. Suicide attempt is a
self-initiated sequence of behaviors by an individual who, at
the time of initiation, expected that the set of actions would
lead to his or her own death.

[0128] As used herein, “suicidal ideation” refers to
thoughts about or an unusual preoccupation with suicide, or
thoughts of ending one’s life or not wanting to live anymore
but not necessarily taking any active efforts to do so. The
range of suicidal ideation varies greatly from fleeting to
chronic and progresses to detailed planning, role playing,
and unsuccessful attempts, which may be deliberately con-
structed to fail or be discovered, or may be fully intended to
result in death. In some embodiments, a patient is classified
as being “suicidal” when the patient has a mean baseline
MADRS total score of about 38 or greater. In other embodi-
ments, a patient is classified as being suicidal when the
patient has a mean baseline BBSS score of 22 or greater. In
further embodiments, a patient is classified as being suicidal
when the patient has a score of 6 or greater in the SIBAT
clinical global judgement of suicide risk. In yet other
embodiments, the patient has one or more combinations of
these scores.

[0129] As used herein, the terms “co-therapy”, “combina-
tion therapy”, “adjunctive treatment”, “adjunctive therapy”,
“combined treatment”, and “co-administration” shall mean
treatment of a patient in need therecof by administering
esketamine in combination with one or more antidepressant
(s), wherein the esketamine and the antidepressant(s) are
administered by any suitable means. In some embodiments,
esketamine is administered in a regimen with one to five
antidepressants. In other embodiments, esketamine is
administered in a regimen with one, two, three, four, or five
antidepressants. In other embodiments, esketamine is
administered in a regimen with one or two antidepressants.
In further embodiments, the esketamine is administered in a
regimen with the antidepressant currently being adminis-
tered to the patient. In other embodiments, the esketamine is
administered in a regimen with a different antidepressant. In
yet further embodiments, the esketamine is administered in
a regimen with an antidepressant not previously adminis-
tered to the patient. In still other embodiments, the esket-
amine is administered in a regimen with an antidepressant
previously administered to the patient. Where the esket-
amine and the antidepressant(s) are administered in separate
dosage forms, the number of dosages administered per day
for each compound may be the same or different and more
typically different. The antidepressant may be dosed as
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prescribed by the attending physician and/or by its label and
the esketamine is dosed as described herein. Typically, a
patient is under concurrent treatment with both an antide-
pressant and esketamine, where both are administered by
their prescribed dosing regimens.

[0130] The esketamine and the antidepressant(s) may be
administered via the same or different routes of administra-
tion. Examples of suitable methods of administration
include, but are not limited to, oral, intravenous (iv), intra-
nasal (in) intramuscular (im), subcutaneous (sc), transder-
mal, buccal, or rectal. In some embodiments, esketamine is
administered intranasally. As used herein, unless otherwise
noted, the term “antidepressant” shall mean any pharmaceu-
tical agent which can be used to treat depression. Suitable
examples include, without limitation, a mono-amine oxidase
inhibitor, tricyclic, serotonin reuptake inhibitor, serotonin
noradrenergic reuptake inhibitor, noradrenergic and specific
serotonergic agent, or atypical antipsychotic. Other
examples include, but are not limited to mono-amine oxi-
dase inhibitors such as phenelzine, tranylcypromine, moclo-
bemide, and the like; tricyclics such as imipramine, ami-
triptyline, desipramine, nortriptyline, doxepin, protriptyline,
trimipramine, clomipramine, amoxapine, and the like; tet-
racyclics such as maprotiline, and the like; non-cyclics such
as nomifensine, and the like; triazolopyridines such as
trazodone, and the like; serotonin reuptake inhibitors such as
fluoxetine, sertraline, paroxetine, citalopram, citalopram,
escitalopram, fluvoxamine, and the like; serotonin receptor
antagonists such as nefazadone, and the like; serotonin
noradrenergic reuptake inhibitors such as venlafaxine,
milnacipran, desvenlafaxine, duloxetine, levomilnacipran
and the like; noradrenergic and specific serotonergic agents
such as mirtazapine, and the like; noradrenaline reuptake
inhibitors such as reboxetine, edivoxetine and the like;
atypical antipsychotics such as bupropion, and the like;
natural products such as Kava-Kava, St. John’s Wort, and
the like; dietary supplements such as s-adenosylmethionine,
and the like; and neuropeptides such as thyrotropin-releasing
hormone and the like; compounds targeting neuropeptide
receptors such as neurokinin receptor antagonists and the
like; and hormones such as triiodothyronine, and the like. In
some embodiments, the antidepressant is imipramine, ami-
triptyline, desipramine, nortriptyline, doxepin, protriptyline,
trimipramine, maprotiline, amoxapine, trazodone, bupro-
pion, clomipramine, fluoxetine, duloxetine, escitalopram,
citalopram, sertraline, paroxetine, fluvoxamine, nefazadone,
venlafaxine, milnacipran, reboxetine, mirtazapine, phenel-
zine, tranylcypromine, moclobemide, Kava-Kava, St. John’s
Wart, s-adenosylmethionine, thyrotropin releasing hormone,
a neurokinin receptor antagonist, or triiodothyronine. Pref-
erably, the antidepressant is selected from the group con-
sisting of fluoxetine, imipramine, bupropion, venlafaxine
and sertraline.

[0131] Therapeutically effective amounts/dosage levels
and dosage regimens for antidepressants (for example,
mono-amine oxidase inhibitors, tricyclics, serotonin
reuptake inhibitors, serotonin noradrenergic reuptake inhibi-
tors, noradrenergic and specific serotonergic agents, nora-
drenaline reuptake inhibitor, natural products, dietary
supplements, neuropeptides, compounds targeting neuro-
peptide receptors, hormones and other pharmaceutical
agents disclosed herein), may be readily determined by one
of ordinary skill in the art. For example, therapeutic dosage
amounts and regimens for pharmaceutical agents approved
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for sale are publicly available, for example as listed on
packaging labels, in standard dosage guidelines, in standard
dosage references such as the Physician’s Desk Reference
(Medical Economics Company or online at http:///www.
pdrel.com) or other sources.

[0132] As used herein the term “antipsychotic” includes,
but is not limited to:

[0133] (a) typical or traditional antipsychotics, such as
phenothiazines (e.g., chlorpromazine, thioridazine, flu-
phenazine, perphenazine, trifluoperazine, levomepromazin),
thioxanthenes (e.g., thiothixene, flupentixol), butyrophe-
nones (e.g., haloperidol), dibenzoxazepines (e.g., loxapine),
dihydroindolones (e.g., molindone), substituted benzamides
(e.g., sulpride, amisulpride), and the like; and (b) atypical
antipsychotics and mood stabilizers, such as paliperidone,
clozapine, risperidone, olanzapine, quetiapine, zotepine,
ziprasidone, iloperidone, perospirone, blonanserin, sertin-
dole, ORG-5222 (Organon), and the like; and others such as
sonepiprazole, aripiprazole, nemonapride, SR-31742
(Sanofi), CX-516 (Cortex), SC-111 (Scotia), NE-100
(Taisho), divalproate (mood stabilizer) and the like.

[0134] In an embodiment, the “atypical antipsychotic” is
selected from the group consisting of aripiprazole, quetiap-
ine, olanzapine, risperidone and paliperidone. In another
embodiment, the atypical antipsychotic is selected from the
group consisting of aripiprazole, quetiapine, olanzapine and
risperidone; preferably, the atypical antipsychotic is selected
from the group consisting of aripiprazole, quetiapine and
olanzapine.

[0135] As used herein, the term “treatment-refractory or
treatment-resistant depression” and the abbreviation “TRD”
shall be defined as major depressive disorder in a patient that
does not respond adequately to at least two different anti-
depressants, preferably between two and five antidepres-
sants, in the current depressive episode. In other embodi-
ments, TRD is defined as major depressive disorder in a
patient that has not responded to at least two oral antide-
pressants of adequate dose and duration in the current
depressive episode.

[0136] One skilled in the art will recognize that the failure
to respond to an adequate course of a given antidepressant
may be determined retrospectively or prospectively. In an
embodiment, at least one of the failures to respond to an
adequate course of antidepressant is determined prospec-
tively. In another embodiment, at least two of the failures to
respond to an adequate course of antidepressant are deter-
mined prospectively. In another embodiment, at least one of
the failures to respond to an adequate course of antidepres-
sant is determined retrospectively. In another embodiment,
at least two of the failures to respond to an adequate course
of antidepressant are determined retrospectively in a current
depressive episode.

[0137] The “at least two oral antidepressants™ or “at least
two different oral depressants™ has been administered to the
patient at an adequate dose which may be determined by the
attending physician. Similarly, the antidepressant has been
administered for a suitable duration, as determined by the
attending physician.

[0138] As used herein, unless otherwise noted, the terms
“treating”, “treatment” and the like, shall include the man-
agement and care of a subject or patient (preferably mam-
mal, more preferably human) for the purpose of combating
a disease, condition, or disorder and includes the adminis-
tration of a compound of the present invention to prevent the
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onset of the symptoms or complications, alleviate the symp-
toms or complications, or eliminate the disease, condition,
or disorder.

[0139] As used herein, unless otherwise noted, the term
“clinically proven” (used independently or to modify the
terms “safe” and/or “effective”) shall mean that proof has
been proven by a Phase I1I clinical trial that are sufficient to
meet approval standards of U.S. Food and Drug Adminis-
tration or similar study for market authorization by EMEA.
Preferably for esketamine studies an adequately sized, ran-
domized, double-blinded controlled study will be used to
clinically prove the effects of esketamine. Most preferably to
clinically prove the effects of esketamine to treat major
depressive disorder, e.g., treatment resistant depression, this
would be a randomized, double-blinded, active-controlled
study of flexibly dosed intranasal esketamine (28 mg, 56 mg
or 84 mg+20%) co-administered with a newly or currently
initiated oral antidepressant as compared to a newly or
currently initiated oral antidepressant (active comparator)
plus intranasal placebo with the patient’s condition assessed
by techniques described herein, such as the MADRS, Ham-
ilton, CGI, Beck’s Depression Scale, QIDS or PHQ-9,
including assessments from day 1 to day 28, as well as
assessments during subsequent administration periods as
described herein.

[0140] As used herein, unless otherwise noted, the term
“clinically proven effective” means the efficacy of treatment
has been proven by a Phase III clinical trial as statistically
significant i.e., the results of the clinical trial are not likely
to be due to chance with an alpha level less than 0.05 or the
clinical efficacy results are sufficient to meet approval stan-
dards of U.S. Food and Drug Administration or similar study
for market authorization by EMEA. For example, esket-
amine was clinically proven effective for the treatment for
patients with major depressive disorder, e.g., treatment resis-
tant depression, when flexibly dosed intranasally in a thera-
peutically effective dose of from 28 mg, 56 mg or 84 mg
(£25%) and co-administered with a newly or currently
initiated oral antidepressant in reducing patient MADRS
scores by at least about 50% relative to the patients mea-
sured baseline MADRS score as part of a dosing regimen
including induction and maintenance phases described
herein, and as specifically set forth in the examples.

[0141] As used herein, unless otherwise noted, the term
“safe” when referring to a pharmaceutical treatment
(therapy) or combination therapy shall mean without undue
adverse side effects (such as toxicity, irritation, or allergic
response), commensurate with a reasonable benefit/risk ratio
when used in the manner of this invention.

[0142] As used herein, unless otherwise noted, the term
“clinically proven safe” means the safety of treatment has
been proven by a Phase III clinical trial by analysis of the
trial data and results establishing that the treatment is
without undue adverse side effects and commensurate with
the statistically significant clinical benefit (e.g. efficacy)
sufficient to meet approval standards of U.S. Food and Drug
Administration or similar study for market authorization by
EMEA. For example, esketamine was clinically proven safe
for the treatment for patients with major depressive disorder,
e.g., treatment resistant depression, when flexibly dosed
intranasally in a therapeutically effective dose of from 28
mg, 56 mg or 84 mg (x25%) and co-administered with a
newly or currently initiated oral antidepressant as part of a
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dosing regimen including induction and maintenance phases
described herein, and as specifically set forth in the
examples.

[0143] The term “therapeutically effective amount” as
used herein, means that amount of active compound or
pharmaceutical agent that elicits the biological or medicinal
response in a tissue system, animal or human that is being
sought by a researcher, veterinarian, medical doctor or other
clinician, which includes alleviation of the symptoms of the
disease or disorder being treated. Desirably, the therapeuti-
cally effective amount is a clinically proven safe and clini-
cally proven effective amount. In some embodiments, the
antidepressant is utilized in a therapeutically effective
amount as determined by the attending physician. In other
embodiments, esketamine is utilized in a therapeutically
effective amount.

[0144] The therapeutically effective amount of esketamine
and/or antidepressant may be administered during the initial
phase(s) and/or subsequent phase(s) as described herein. In
some embodiments, the therapeutically effective amount of
esketamine is about 20 to about 100 mg. In other embodi-
ments, the therapeutically effective amount of esketamine is
about 30 to about 90 mg. In further embodiments, the
therapeutically effective amount of esketamine is about 40 to
about 80 mg. In yet other embodiments, the therapeutically
effective amount of esketamine is about 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, 70,71, 72, 73, 74,75, 76, 77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, or 100 mg. In further embodiments, the therapeutically
effective amount is about 28 mg, about 56 mg, or about 84
mg. In other embodiments, the therapeutically effective
amount is about 56 mg or about 84 mg. In yet further
embodiments, the therapeutically effective amount of esket-
amine is about 28 mg. In other embodiments, the therapeu-
tically effective amount of esketamine is about 56 mg. In
still further embodiments, the therapeutically effective
amount is of esketamine about 84 mg.

[0145] As used herein, unless otherwise noted, the terms
“subject” and “patient” refer to an animal, preferably a
mammal, most preferably a human, who has been the object
of treatment, observation or experiment. Preferably, the
subject or patient has experienced and/or exhibited at least
one symptom of the disease or disorder to be treated and/or
prevented.

[0146] In some embodiments, the subject or patient is an
adult. As used herein, the term “adult” as used herein refers
to a human that is about 18 years of age to about 65 years
of age.

[0147] In other embodiments, the subject or patient is
geriatric or elderly. As used herein, the terms “geriatric” and
“elderly” are used interchangeably to refer to a human
subject of about 65 years of age or older. Elderly patients
between the ages of =265 to <75 appear to be more responsive
to treatment than a patient of =75.

[0148] In further embodiments, the subject or patient is a
pediatric subject. As used herein, the term “pediatric” refers
to a human subject of younger than about 18 years of age.
[0149] As used herein, the term “composition” is intended
to encompass a product comprising the specified ingredients
in the specified amounts, as well as any product which
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results, directly or indirectly, from combinations of the
specified ingredients in the specified amounts.

[0150] As used herein, “stable remission” refers to a
patient having a MADRS total score of 12 or less for at least
3 of the last 4 weeks following the patient having achieved
a substantially complete response to the esketamine during
an induction phase. In certain exemplified embodiments
herein, patients in “stable remission” include those having
one excursion of a MADRS total score greater than 12 or
one missing a MADRS assessment at week 13 or 14
following an induction phase. In other embodiments,
patients in “stable remission” include those having a
MADRS total score at weeks 15 and 16 of 12 or less
following an induction phase.

[0151] As used herein, “stable response” refers to a patient
having a 50% or greater reduction in the MADRS total score
from baseline (Day 1 of induction phase; pre-randomization/
prior to the first intranasal dose) in each of the last 2 weeks
following the patient having achieved a substantially com-
plete response to the esketamine during the induction phase,
but does not meet criteria for stable remission.

[0152] As noted above, methods of treating depression in
a patient are described. The methods include administering
esketamine in one, two or optionally three phases, i.e., initial
and subsequent administration phases. In some embodi-
ments, the phases include an initial induction phase, an
extended induction phase, a maintenance phase, or any
combination thereof. Accordingly, an effective amount of
esketamine is administered in each phase. A physician can
assess the patient’s condition to determine the most benefi-
cial initiation/induction and maintenance doses for the
patient from the dosage range and administration frequen-
cies from those specified herein. The effective amount of
esketamine may be the same in each phase or may differ.
[0153] The methods described herein permit optimizing
dosages of esketamine for administration to a patient having
or being predisposed to depression in an “optimization
phase”. Optimization may be considered part of the main-
tenance phase that follows the induction phase. In some
embodiments, the methods described herein do not require
adjustment of the esketamine dosage. In fact, esketamine
may be administered during the phases discussed herein
(e.g., induction and maintenance) at the lowest dosing
frequency at which an esketamine response is observed and
maintained in a patient. An effective amount of esketamine
has been found to be from about 28 to about 84 mg.
[0154] As used herein, an “induction phase” or “acute
dosing phase” is a period of time that esketamine is initially
administered to the patient. In some embodiments, the
induction phase is sufficiently long as to achieve a robust,
stable reduction of depressive symptoms. The induction
phase may depend on factors including, without limitation,
the particular patient and/or the patient’s sex, age, weight,
time of administration, administration frequency and con-
comitant diseases. The induction phase may include an
initial induction phase and an extended induction phase. The
totality of the induction phase (the initial and extended
phases together) may be a period of about 4 to about 12
weeks, about 4 to about 11 weeks, about 4 to about 10
weeks, about 4 to about 9 weeks, about 4 to about 8 weeks,
about 4 to about 7 weeks, about 4 to about 6 weeks, about
5 to about 12 weeks, about 5 to about 11 weeks, about 5 to
about 10 weeks, about 5 to about 9 weeks, about 5 to about
8 weeks, about 5 to about 7 weeks, about 5 to about 6 weeks,
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about 6 to about 12 weeks, about 6 to about 11 weeks, about
6 to about 10 weeks, about 6 to about 9 weeks, about 6 to
about 8 weeks, about 7 to about 12 weeks, about 7 to about
11 weeks, about 7 to about 10 weeks, about 7 to about 9
weeks, about 8 to about 12 weeks, about 8 to about 11
weeks, or about 8 to about 10 weeks. In some embodiments,
the entire induction period is about 4 to about 8 weeks.

[0155] In the initial induction period, a patient is admin-
istered a therapeutically effective amount of esketamine at a
given frequency of at least twice a week. In some embodi-
ments, a patient is administered a therapeutically effective
amount of esketamine at a given frequency of 3 times a
week. To the extent that the dosing is 3 times a week, the
dosing is on days 1, 3, and 5 of the week+1 day. The initial
induction phase is typically a period of time in which the
patient is shown to be responsive to the treatment, but is not
ready to progress to the maintenance phase. At timepoints
therein, the patient’s response is assessed by one skilled in
the art. In some embodiments, the patient’s response is
assessed daily. In other embodiments, the patient’s response
is assessed twice weekly. In further embodiments, the
patient’s response is assessed every other day. In yet other
embodiments, the patient’s response is assessed at the end of
the initial induction phase. Typically, the patient’s response
may be assessed using techniques and tests known to those
skilled in the art. In some embodiments, the patient’s
MADRS score is determined and used as the determination
as to whether the initial induction phase has concluded. The
initial induction phase is desirably long as to achieve a
reduction of depressive symptoms. In some embodiments,
the initial induction phase is a period of about 1 to about 4
weeks. In other embodiments, the induction phase is a
period of up to about 1 week, up to about 2 weeks, up to
about 3 weeks, or up to about 4 weeks. In further embodi-
ments, the initial induction period is about 1 to about 3
weeks, about 1 to about 2 weeks, about 2 to about 4 weeks,
about 2 to about 3 weeks, about 3 to about 4 weeks, 1 week,
2 weeks, 3 weeks, 4 weeks, up to 1 week, up to 2 weeks, up
to 3 weeks, or up to 4 weeks. The effective amount of
esketamine administered during the initial induction phase
may be determined by the attending physician. In some
embodiments, the effective amount of esketamine adminis-
tered during the initial induction phase is about 28 mg. In
some embodiments, the effective amount of esketamine
administered during the initial induction phase is about 56
mg. In other embodiments, the effective amount of esket-
amine administered during the initial induction phase is
about 84 mg.

[0156] The term “twice weekly” as used herein refers to a
frequency that is two times in a weekly (7-day) period. For
example, “twice weekly” may refer herein to the adminis-
tration of esketamine. “Twice weekly” may also refer to a
frequency of monitoring a patient in one or more phases
discussed herein. In some embodiments, twice weekly refers
to a frequency that is day 1 and day 2 of a week. In other
embodiments, twice weekly refers to a frequency that is day
1 and day 3 of a week. In further embodiments, twice weekly
refers to a frequency that is day 1 and day 4 of a week. In
still other embodiments, twice weekly refers to a frequency
that is day 1 and day 5 of the week. The “day 1” may be any
day of the week, including, Sunday, Monday, Tuesday,
Wednesday, Thursday, Friday, or Saturday. Typically, with
respect to administration of esketamine, twice weekly refers
to a frequency that is day 1 and day 4 of a week. To the
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extent there is a mis-dose, the dose may be taken as soon as
possible thereafter and the prescribed regimen thereafter
continued.

[0157] In some patient populations (such as the elderly)
the reduction of depressive symptoms during the initial
induction phase is insufficient, and an extended induction
phase is necessary. In an extended initial induction phase,
continved administration of a therapeutically effective
amount of esketamine at a given frequency of at least twice
a week is performed. At timepoints therein, the patient’s
response is again assessed by one skilled in the art. In some
embodiments, the patient’s response is assessed daily. In
other embodiments, the patient’s response is assessed twice
weekly. In further embodiments, the patient’s response is
assessed every other day. Typically, the patient’s response
may be assessed using techniques and tests known to those
skilled in the art. In some embodiments, the patient’s
MADRS score is determined and used as the determination
as to whether the extended induction period has concluded.
The extended induction phase is desirably long as to achieve
a substantial reduction of depressive symptoms, thus achiev-
ing a substantially complete response to esketamine.

[0158] The term “substantially complete response to
esketamine” as used herein refers to a patient having a
reduction of the MADRS score from baseline to at least a
50% improvement from baseline. In some embodiments, a
substantially complete response to esketamine refers to a
patient having either a MADRS score of at least 50%
improvement from baseline or about -20 lower than the
patients baseline score. In other embodiments, a substan-
tially complete response includes a MADRS score of a
reduction of about —20 or less, —19, or less, —18 or less, =17
or less, =16 or less, =15 or less, —14 or less, =13 or less, —=12
or less, =11 or less, or =10 or less. In further embodiments,
a substantially complete response results in a patient having
a reduction from MADRS baseline score of about -15 to
about -20. A substantially complete response to esketamine
may also be obtained if the patient’s MADRS scores is
reduced by about 50% from the MADRS score at the start
of the treatment. Such a substantially complete response
may be observed at any point during esketamine treatment.
In some embodiments, the substantially complete response
is observed when the patient has a reduction of the MADRS
total score from the baseline 4 hours following treatment. In
other embodiments, the substantially complete response is
observed where the patient has a reduction of the MADRS
total score from the baseline 2 days following treatment.

[0159] The extended induction phase is a period of time
that results in the substantially complete response to esket-
amine. In some embodiments, extended induction phase is
about 1 to about 8 weeks. In other embodiments, the
extended induction phase is a period of up to about 1 week,
up to about 2 weeks, up to about 3 weeks, up to about 4
weeks, up to about 5 weeks, up to about 6 weeks, up to about
7 weeks, or up to about 8 weeks. In further embodiments, the
extended induction period is about 1 to about 8 weeks, about
1 to about 7 weeks, about 1 to about 6 weeks, about 1 to
about 5 weeks, about 1 to about 4 weeks, about 1 to about
3 weeks, about 2 to about 8 weeks, about 2 to about 7 weeks,
about 2 to about 7 weeks, about 2 to about 6 weeks, about
2 to about 5 weeks, about 2 to about 4 weeks, about 3 to
about 8 weeks, about 3 to about 7 weeks, about 3 to about
6 weeks, about 3 to about 5 weeks, about 4 to about 8 weeks,
about 4 to about 7 weeks, about 4 to about 6 weeks, about
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5 to about 8 weeks, about 5 to about 7 weeks, about 1 week,
about 2 weeks, about 3 weeks, about 4 weeks, about 5
weeks, about 6 weeks, about 7 weeks, or about 8 weeks. The
effective amount of esketamine administered during the
extended induction phase may be determined by the attend-
ing physician. In some embodiments, the effective amount
of esketamine administered during the extended induction
phase is about 56 mg. In other embodiments, the effective
amount of esketamine administered during the extended
induction phase is about 84 mg.

[0160] The administration may further comprise an opti-
mization/maintenance phase that follows the induction
phase and wherein after the patient achieves a substantially
complete response to the esketamine during the induction
phase, the esketamine is administered at a frequency of less
than twice a week during the optimization/maintenance
phase. In some embodiments, the frequency of administra-
tion during the optimization/maintenance phase is once
every week, once every two weeks, once a month, or a
combination thereof.

[0161] At any stage during one or more of an induction
phase, optimization phase, or maintenance phase, the
patient’s response to the treatment may be assessed using
techniques described herein. This assessment may be per-
formed until the patient is considered by one skilled in the
art to have achieved a suitable response to the treatment
regimen. In some embodiments, the induction period may be
said to have completed when a patient’s MADRS score is
reduced by 50% from baseline or from about 20 to about 13.
In other embodiments, the patient’s MADRS score may be
about 19, about 18, about 17, about 16, about 15, about 14,
or about 13. Patients with MADRS scores <12 are consid-
ered in remission and if stable for four weeks should be
moved to or maintained in the maintenance phase.

[0162] At the end of the induction phase or extended
induction phase, the treating physician should evaluate the
patient to optimize the dosing amount and frequency for any
subsequent administration phases such as the “maintenance
phase” or “long-term therapy phase”. It is anticipated that
the intranasal treatment frequency during the subsequent
administration such as the maintenance phase will be
reduced from that in the induction phase or extended induc-
tion phase (at least twice weekly) to once weekly dosing for
at least 4 weeks. In some embodiments, the subsequent
administration such as the maintenance phase is at least
about 4 weeks, about 5 weeks, about 6 weeks, about 7
weeks, about 8 weeks, about 9 week, about 10 weeks, about
11 weeks, about 12 weeks, about 13 weeks, about 17 weeks,
about 18 weeks, about 19 weeks, about 20 weeks, about 6
months, about 7 months, about 8 months, about 9 months,
about 10 months, about 11 months, 1 year, or about 2 years.
In some embodiments, the continuing administration of the
esketamine during the subsequent administration phase is
for at least six months. In other embodiments, the continuing
administration of the esketamine during the subsequent
administration phase is at least one year. In further embodi-
ments, the frequency of administration during the subse-
quent administration phase is once every week or once every
two weeks, or a combination thereof. In yet other embodi-
ments, the dosing frequency and effective amount of esket-
amine during the subsequent administration phase is the
minimum frequency and amount to maintain the stable
remission or stable response.
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[0163] The subsequent administration, such as in a main-
tenance period, may include longer periods of time depend-
ing on the patient’s condition. In some embodiments, those
longer periods may be at least about 3 years, about 4 years,
about 5 years, about 6 years, about 7 years, about 8 years,
about 9 years, about 10 years, or more than about 10 years,
including indefinitely. For example, for patients diagnosed
with TRD, treatment may be indefinite. In other embodi-
ments, the treatment frequency is reduced to biweekly. In
further embodiments, the treatment frequency is reduced to
every three weeks. In yet other embodiments, the treatment
frequency is reduced to monthly. The patients will be
maintained on schedule until the patient achieves remission,
maintains a response, or fails treatment. If the patient
achieves remission or maintains a response with the once a
week treatment for at least 4 weeks, the frequency of
intranasal treatment sessions may be decreased to a main-
tenance dose of once every other week based on the severity
of depressive symptoms and for some patient populations
the frequency of treatment may be reduced to about once
every three or four weeks as discussed above.

[0164] One skilled in the art will recognize that the
maintenance phase described herein may continue until
further treatment is not required and as indicated by, for
example, prolonged remission of the depression (including
for example, the remission of one or more symptoms asso-
ciated with depression), social and/or occupational func-
tional improvement to normal or premorbid levels, or other
known measures of depression.

[0165] An effective amount of esketamine is administered
to the patient during the maintenance phase. As noted above,
the amount of esketamine administered during the mainte-
nance phase is an amount that elicits the biological or
medicinal response in a tissue system discussed above for
the induction phase. In certain embodiments, the effective
amount of esketamine is the amount which maintains a
pharmacodynamic steady state of esketamine attained in the
induction phase. In other embodiments, if depressed symp-
toms begin to worsen with treatment every other week,
every three weeks or every four weeks, the dosing of
esketamine will be increased to stabilize the patient. For
example if the patient is being dosed every other week and
their symptoms begin to worsen, esketamine can be admin-
istered once per week to maintain response during the
maintenance phase. Again, at any time during the mainte-
nance phase the patient’s response maybe reassessed.
[0166] For elderly patients, the recommended dose of
esketamine is about 28 to about 84 mg. The initial dose (at
the first treatment session) is recommended to be about 28
mg of esketamine. Based on efficacy and tolerability of the
about 28 mg dose, the dose at the next treatment session may
remain at about 28 mg or be increased to about 56 mg.
Depending on efficacy and tolerability of the about 56 mg
dose, the dose at subsequent treatment session may remain
at about 56 mg or be increased to about 84 mg, or reduced
to about 28 mg. Depending on tolerability of the about 84
mg dose, the dose at subsequent treatment sessions may
remain at about 84 mg or be reduced to about 56 mg.
[0167] For hepatically impaired patients, the recom-
mended dose of esketamine is about 28 to about 56 mg. The
initial dose (at the first treatment session) is recommended to
be about 28 mg of esketamine. Based on efficacy and
tolerability of the about 28 mg dose, the dose at the next
treatment session may remain at about 28 mg or be increased
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to about 56 mg. Physicians should regularly monitor the
hepatically impaired patients for drug tolerability, because
esketamine is extensively metabolized in the liver.

[0168] For the treatment of patients with major depressive
disorder with suicidal ideation and at imminent risk for
suicide, dosing is more aggressive because of the severity of
the condition. The methods include administering esket-
amine in one or two phases, i.e., an initial induction phase,
and optionally in certain circumstances a maintenance
phase. Due to the imminent risk to the patient’s life the
initial dose of esketamine is dosed at the highest effective
amount of esketamine that the patient may tolerate twice a
week in the induction phase. In some embodiments, the
patient continues on therapy with the existing (i.e. currently
initiated) antidepressant agent simultaneously with the
beginning of therapy on esketamine during the induction
phase. In other embodiments, the patient is initiated on a
new antidepressant agent simultaneously with the beginning
of therapy on esketamine during the induction phase. In
further embodiments, the patient continues on therapy with
a previously administered antidepressant agent simultane-
ously with the beginning of therapy on esketamine during
the induction phase. The antidepressant should be dosed as
labeled for the treatment of MDD, in a manner appropriate
for the patient’s condition/health. The induction phase
should be about 4 to about 8 weeks, about 4 to about 7
weeks, about 4 to about 6 weeks, most preferably about 4
weeks. At the end of the induction phase the esketamine
dosing should cease, if the patient adequately responds to
treatment or is in remission. The patient should be monitored
to ensure that the patient remains stable/or in remission on
the antidepressant alone. Should the patient fail to stabilize
on the first combination of esketamine and antidepressant or
fail treatment on the antidepressant that was initiated with
esketamine after the dosing with esketamine ceases, a sec-
ond induction phase may be begun.

[0169] In the second induction phase, the patient would be
reinitiated on esketamine at the highest tolerable dose and
simultaneously with a second new antidepressant. Alterna-
tively, the patient would be reinitiated on esketamine at the
highest tolerable dose and simultaneously with the same
antidepressant that was used during the previous induction
phase. The esketamine being dosed twice a week. The
antidepressant would be dosed as labeled for the treatment
of MDD, in a manner appropriate for the patient’s condition/
health. The second induction phase should be about 4 to
about 8 weeks, about 4 to about 7 weeks, about 4 to about
6 weeks, most preferably about 4 weeks. At the end of the
second induction phase, if the patient adequately responds to
treatment or is in remission the esketamine dosing should
cease and the patient should be monitored to ensure that the
patient remains stable/or is in stable remission on the
antidepressant alone. Should the patient fail to stabilize or
fail treatment on the antidepressant that was initiated with
esketamine after the dosing with esketamine ceases, a third
induction phase may be begun.

[0170] In the third induction phase the patient would be
reinitiated on esketamine at the highest tolerable dose and
simultaneously with a third new antidepressant. Alterna-
tively, the patient would be reinitiated on esketamine at the
highest tolerable dose and simultaneously with the same
antidepressant that was used during the second induction
phase. The esketamine being dosed twice a week. The
antidepressant would be dosed as labeled for the treatment
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of MDD in a manner appropriate for the patient’s condition/
health. The third induction phase should be about 4 to about
8 weeks, about 4 to about 7 weeks, about 4 to about 6 weeks,
most preferably about 4 weeks. At the end of the third
induction phase the patient would proceed to the mainte-
nance phase specified for TRD, since the patient now
qualifies as a TRD patient. The methods described herein
permit optimizing dosages of esketamine for administration
to a patient having or being predisposed to depression. In
some embodiments, the methods described herein do not
require adjustment of the esketamine dosage.

[0171] In general, the patient may be reinitiated on esket-
amine at the highest tolerable dose and simultaneously with
the same antidepressant that was used during any previous
induction phase, including with an antidepressant in which
the patient failed to stabilize or otherwise failed treatment.
For example, in a method for treating treatment-resistant
depression in a patient wherein the patient has not responded
to at least two oral antidepressants in the current depressive
episode, the patient may be administered esketamine at least
twice weekly solely with esketamine or along with a first
oral antidepressant that is the same or different than the
previously ineffective oral antidepressant in a first induction
phase. To the extent the patient fails to achieve a substan-
tially complete response to the esketamine, the patient can
be reinitiated at the highest tolerable dose of esketamine
alone or simultaneously with a second oral depressant that is
the same or different than the first oral antidepressant in a
second induction phase. To the extent the patient achieves a
substantially complete response to the esketamine during the
second induction phase, the patient can then be administered
a therapeutically effective amount of esketamine less than
twice weekly during a subsequent maintenance phase.
[0172] In the event that one or more (e.g., two) doses of
esketamine in any of the phases described herein are missed,
the next dose is scheduled when possible based on the
dosing frequency regimen. If more than 2 doses are missed,
per clinical judgement, adjustment of the dose or frequency
of esketamine may be required.

[0173] The preferred pharmaceutical composition of the
present invention, S-ketamine hydrochloride as the active
ingredient is intimately admixed with a pharmaceutical
carrier, preferably water, according to conventional pharma-
ceutical compounding techniques, which carrier may take a
wide variety of forms depending of the form of preparation
desired for administration. Suitable pharmaceutically
acceptable carriers are well known in the art. Descriptions of
some of these pharmaceutically acceptable carriers may be
found in The Handbook of Pharmaceutical Excipients, pub-
lished by the American Pharmaceutical Association and the
Pharmaceutical Society of Great Britain.

[0174] Methods of formulating pharmaceutical composi-
tions have been described in numerous publications such as
Pharmaceutical Dosage Forms: Tablets, Second Edition,
Revised and Expanded, Volumes 1-3, edited by Lieberman
et al; Pharmaceutical Dosage Forms: Parenteral Medica-
tions, Volumes 1-2, edited by Avis et al; and Pharmaceutical
Dosage Forms: Disperse Systems, Volumes 1-2, edited by
Lieberman et al; published by Marcel Dekker, Inc.

[0175] One suitable aqueous formulation of S-ketamine,
comprises water and S-ketamine; wherein the S-ketamine is
present in an amount in the range of from about 25 mg/mL
to about 250 mg/ml, preferably about 55 mg/mL to about
250 mg/mL or about 100 mg/mL to about 250 mg/ml., or
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any amount or range therein, based on the total volume of
the pharmaceutical composition. Preferably, the S-ketamine
is present in an amount in the range of from about 150 mg/ml
to about 200 mg/ml., or any amount or range therein. More
preferably, the S-ketamine is present in an amount in the
range of from about 150 mg/ml. to about 175 mg/ml., or any
amount or range therein. More preferably, the S-Ketamine is
present in an amount in the range of from about 160 mg/ml.
to about 163 mg/mL, for example, in an amount of about
161.4 mg/mlL..

[0176] Another suitable aqueous formulation of S-ket-
amine comprises water and S-ketamine; wherein the S-ket-
amine is present in an amount in the range of from about eq.
100 mg/mlL to about eq. 250 mg/mL., or any amount or range
therein, based on the total volume of the pharmaceutical
composition. Preferably, the S-ketamine is present in an
amount in the range of from about eq. 125 mg/ml to about
eq. 180 mg/ml.,, or any amount or range therein. More
preferably, the S-ketamine is present in an amount in the
range of from about eq. 140 mg/ml. to about eq. 160 mg/mlL.,
or any amount or range therein, for example, in an amount
of about eq. 140 mg/mlL..

[0177] Suitable pharmaceutical compositions for use in
the present invention are preferably an aqueous formulation.
As used herein, unless otherwise noted, the term “aqueous”
shall mean that the primary liquid component of the formu-
lation is water. Preferably, water constitutes greater than
about 80 wt-% of the liquid component of the pharmaceu-
tical composition, more preferably greater than about 90
wt-%, more preferably greater than about 95 wt-%, more
preferably about 98 wt-%.

[0178] In suitable pharmaceutical compositions for use in
the present invention, the water content of the composition
is within the range of 85+14 wt.-%, more preferably 85+12
wt.-%, still more preferably 8510 wt.-%, most preferably
85+7.5 wt.-% and in particular 855 wt.-%, based on the
total weight of the composition.

[0179] In suitable pharmaceutical compositions for use in
the present invention, preferably the water content of the
composition is within the range of 90+14 wt.-%, more
preferably 90x12 wt.-%, still more preferably 90+10 wt.-%,
most preferably 80+7.5 wt.-% and in particular 90+5 wt.-%,
based on the total weight of the composition.

[0180] In another pharmaceutical composition for use in
the present invention, the water content of the composition
is within the range of 95+4.75 wt.-%, more preferably
95+4.5 wt.-%, still more preferably 95+4 wt.-%, yet more
preferably 95+3.5 wt.-%, most preferably 95+3 wt.-% and in
particular 95+2.5 wt.-%, based on the total weight of the
composition.

[0181] In another pharmaceutical composition for use in
the present invention, the water content of the composition
is within the range of from 75 to 99.99 wt.-%, more
preferably 80 to 99.98 wt.-%, still more preferably 85 to
99.95 wt.-%, yet more preferably 90 to 99.9 wt.-%, most
preferably 95 to 99.7 wt.-% and in particular 96.5 to 99.5
wt.-%, based on the total weight of the composition.
[0182] In another pharmaceutical composition for use in
the present invention, the composition further comprises one
or more buffers and/or buffer systems (i.e. conjugate acid-
base-pairs).

[0183] As used herein, the term “buffer” shall mean any
solid or liquid composition (preferably an aqueous, liquid
composition) which when added to an aqueous formulation
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adjusts the pH of said formulation. One skilled in the art will
recognize that a buffer may adjust the pH of the aqueous
formulation in any direction (toward more acidic, more
basic or more neutral pH). Preferably, the buffer is pharma-
ceutically acceptable.

[0184] Suitably examples of buffers which may be used in
the aqueous formulations of the present invention include,
but are not limited to citric acid, sodium dihydrogen phos-
phate, disodium hydrogen phosphate, acetic acid, boric acid,
sodium borate, succinic acid, tartaric acid, malic acid, lactic
acid, furmaric acid, and the like. Preferably, the buffer or
buffer system is selected from the group consisting of
NaOH, citric acid, sodium dihydrogen phosphate and diso-
dium hydrogen phosphate.

[0185] In an embodiment, the buffer is selected to adjust
the pH of the S-ketamine hydrochloride pharmaceutical
compositions of the present invention (e.g. the aqueous
formulations described herein) into a pH in the range of from
about pH 3.5 to about pH 6.5, or any amount or range
therein. Preferably, the buffer is selected to adjust the pH of
the S-ketamine hydrochloride compositions of the present
invention to about in the range of from about pH 4.0 to about
pH 5.5, or any amount or range therein, more preferably, in
the range of from about pH 4.5 to about pH 5.0, or any
amount or range therein.

[0186] Preferably, the concentration of the buffer and
buffer system, respectively, preferably NaOH, is adjusted to
provide a sufficient buffer capacity.

[0187] Inan embodiment, the present invention is directed
to a pharmaceutical composition comprising S-ketamine
hydrochloride, water, and a buffer or buffer system, prefer-
ably NaOH; wherein the buffer or buffer system is present in
an amount sufficient to yield a formulation with a pH in the
range of from about pH 4.0 to about pH 6.0, or any amount
or range therein.

[0188] Optionally the pharmaceutical compositions of the
present invention may contain a preservative.

[0189] As used herein, unless otherwise noted, the terms
“antimicrobial preservative” and “preservative” preferably
refer to any substance that is usually added to pharmaceu-
tical compositions in order to preserve them against micro-
bial degradation or microbial growth. In this regard, micro-
bial growth typically plays an essential role, i.e. the
preservative serves the main purpose of avoiding microbial
contamination. As a side aspect, it may also be desirable to
avoid any effect of the microbes on the active ingredients
and excipients, respectively, i.e. to avoid microbial degra-
dation.

[0190] Representative examples of preservatives include,
but are not limited to, benzalkonium chloride, benzethonium
chloride, benzoic acid, sodium benzoate, benzyl alcohol,
bronopol, cetrimide, cetylpyridinium chloride, chlorhexi-
dine, chlorbutanol, chlorocresol, chloroxylenol, cresol, ethyl
alcohol, glycerin, hexetidine, imidurea, phenol, phenoxy-
ethanol, phenylethyl alcohol, phenylmercuric nitrate, pro-
pylene glycol, sodium propionate, thimerosal, methyl para-
ben, ethyl paraben, propyl paraben, butyl paraben, isobutyl
paraben, benzyl paraben, sorbic acid, and potassium sorbate.
[0191] The complete absence of preservatives in the phar-
maceutical compositions used in the present invention is
preferred when the content of S-ketamine hydrochloride is
sufficiently high so that due to its preservative property the
desired shelf life or in use stability can be achieved by the
presence of the drug itself. Preferably, under these circum-
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stances the concentration of S-ketamine hydrochloride is at
least eq. 120 mg/mL,, preferably in the range of from about
eq. 120 mg/mL to about eq. 175 mg/ml, or any amount or
range therein, more preferably in an amount in the range of
from about eq. 125 mg/ml. to about eq. 150 mg/ml, or any
amount or range therein, for example at about eq. 126
mg/mL or at about eq. 140 mg/mlL..
[0192] As used herein, the terms “penetration agent”,
“penetration enhancer”, and “penetrant” refer to any sub-
stance that increases or facilitates absorption and/or bio-
availability of the active ingredient (e.g. S-ketamine hydro-
chloride) of a pharmaceutical composition. Preferably, the
penetration agents increases or facilitates absorption and/or
bioavailability of the active ingredient (e.g. S-ketamine
hydrochloride) of a pharmaceutical composition, following
nasal administration (i.e. increases or facilitates absorption
and/or bioavailability of the active ingredient through the
mucosal membrane).
[0193] Suitable examples include, but are not limited to
tetradecyl maltoside, sodium glycocholate, tauroursodeoxy-
cholic acid (TUDCA), lecithines, and the like; and chitosan
(and salts), and surface active ingredients such as benzalko-
nium chloride, sodium dodecyl sulfate, sodium docusate,
polysorbates, laureth-9, oxtoxynol, sodium deoxycholate,
polyarginine, and the like. Preferably, the penetration agent
is tauroursodeoxycholic acid (TUDCA).
[0194] The penetration agent may work via any mecha-
nism, including for example by increasing the membrane
fluidity, creating transient hydrophilic pores in the epithelial
cells, decreasing the viscosity of the mucus layer or opening
up tight junctions. Some penetration agents (for example
bile salts and fusidic acid derivatives) may also inhibit the
enzymatic activity in the membrane, thereby improving
bioavailability of the active ingredient.
[0195] Preferably, the penetration agent is selected to meet
one or more, more preferably all, of the following general
requirements:

[0196] (a) It is effective at increasing absorption (pref-

erably nasal absorption) of the active ingredient, pref-
erably in a temporary and/or reversible manner;

[0197] (b) It is pharmacologically inert;

[0198] (c) It is non-allergic, non-toxic and/or non-irri-
tating;

[0199] (d) It is highly potent (effective in small
amounts);

[0200] (e) It is compatible with the other components of

the pharmaceutical composition;

[0201] (D) It is odorless, colorless and/or tasteless;

[0202] (g) It is accepted by regulatory agencies; and

[0203] (h) It is inexpensive and available in high purity.
[0204] In one embodiment of the present invention, the

penetration agent is selected to increase penetration (absorp-
tion and/or bioavailability of the S-ketamine hydrochloride)
without nasal irritation. In another embodiment of the pres-
ent invention, the penetration agent is selected to improve
absorption and/or bioavailability of the S-ketamine hydro-
chloride; and further selected to enhance uniform dosing
efficacy.

[0205] Inan embodiment, the present invention is directed
to a pharmaceutical composition comprising S-ketamine and
water; herein the pharmaceutical composition does not con-
tain an antimicrobial preservative; and wherein the pharma-
ceutical compositions further contains a penetration
enhancer, preferably TUDCA.
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[0206] In another embodiment, the present invention is
directed to a pharmaceutical composition comprising S-ket-
amine and water; herein the pharmaceutical composition
does not contain an antimicrobial preservative; and wherein
the pharmaceutical compositions further contains taurour-
sodeoxycholic acid (TUDCA); wherein the TUDCA is pres-
ent in a concentration in the range of from about 1.0 mg/mL
to about 25.0 mg/ml, or any amount or range therein,
preferably in a concentration in the range of from about 2.5
mg/mL to about 15 mg/ml., or any amount or range therein,
preferably in a concentration in the range of from about 5
mg/mL to about 10 mg/mL., or any amount or range therein.
In another embodiment, the present invention is directed to
pharmaceutical composition wherein the TUDCA is present
at a concentration of about 5 mg/ml.. In another embodi-
ment, the present invention is directed to pharmaceutical
composition wherein the TUDCA is present at a concentra-
tion of about 10 mg/mlL..

[0207] The pharmaceutical compositions for use in the
present invention may further contain one or more additional
excipients for example, wetting agents, surfactant compo-
nents, solubilizing agents, thickening agents, colorant
agents, antioxidant components, and the like.

[0208] Examples of a suitable antioxidant component, if
used, include, but are not limited to one or more of the
following: sulfites; ascorbic acid; ascorbates, such as sodium
ascorbate, calcium ascorbate, or potassium ascorbate;
ascorbyl palmitate; fumaric acid; ethylene diamine tet-
raacetic acid (EDTA) or its sodium or calcium salts; tocoph-
erol; gallates, such as propyl gallate, octyl gallate, or
dodecyl gallate; vitamin E; and mixtures thereof. The anti-
oxidant component provides long term stability to the liquid
compositions. Addition of the antioxidant component can
help enhance and ensure the stability of the compositions
and renders the compositions stable even after six months at
40° C. A suitable amount of the antioxidant component, if
present, is about 0.01 wt.-% to about 3 wt.-%, preferably
about 0.05 wt.-% to about 2 wt.-%, of the total weight of the
composition.

[0209] Solubilizing and emulsifying agents can be
included to facilitate more uniform dispersion of the active
ingredient or other excipient that is not generally soluble in
the liquid carrier. Examples of a suitable emulsifying agent,
if used, include, but are not limited to, for example, gelatin,
cholesterol, acacia, tragacanth, pectin, methyl cellulose,
carbomer, and mixtures thereof. Examples of a suitable
solubilizing agent include polyethylene glycol, glycerin,
D-mannitol, trehalose, benzyl benzoate, ethanol, trisami-
nomethane, cholesterol, triethanolamine, sodium carbonate,
sodium citrate, sodium salicylate, sodium acetate, and mix-
tures thereof.

[0210] Preferably, the solubilizing agent includes glycerin.
The solubilizing or emulsifying agent is/are generally pres-
ent in an amount sufficient to dissolve or disperse the active
ingredient, i.e. S-ketamine, in the carrier. Typical amounts
when a solubilizing or an emulsifier are included are from
about 1 wt.-% to about 80 wt.-%, preferably about 20 wt.-%
to about 65 wt.-%, and more preferably about 25 wt.-% to
about 55 wt.-%, of the total weight of the composition.

[0211] A suitable isotonizing agent, if used, includes
sodium chloride, glycerin, D-mannitol, D-sorbitol, glucose,
and mixtures thereof. A suitable amount of the isotonizing
agent, when included, is typically about 0.01 wt.-% to about
15 wt.-%, more preferably about 0.3 wt.-% to about 4 wt.-%,
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and more preferably about 0.5 wt.-% to about 3 wt.-%, of the
total weight of the composition.

[0212] A suspending agent or viscosity increasing agent
can be added to the pharmaceutical compositions of the
present invention, to for example, increase the residence
time in the nose. Suitably examples include, but are not
limited to, hydroxypropyl methylcellulose, sodium carmel-
lose, microcrystalline cellulose, carbomer, pectin, sodium
alginate, chitosan salts, gellan gum, poloxamer, polyvinyl
pyrrolidone, xanthan gum, and the like.

[0213] Advantageously, esketamine may be administered
in a single daily dose, or the total daily dosage may be
administered in divided doses of two, three or four times
daily, preferably two times daily. Typically, divided doses
should be made closer in time. In some embodiments,
divided doses are administered about within 20 minutes,
about 15 minutes, about 10 minutes, about 5 minutes, about
4 minutes, about 3 minutes, about 2 minutes, about 1 minute,
or less of each other. Additionally, in a flexible dosing
regimen a patient could be dosed daily, twice a week, once
a week, once every other week or once monthly. For
example, one dose of the esketamine is administered on day
1 and another dose of the esketamine is administered on day
2, or one dose of the esketamine is administered on day 1
and another dose of the esketamine is administered on day
3, or one dose of the esketamine is administered on day 1
and another dose of the esketamine is administered on day
4, or one dose of the esketamine is administered on day 1
and another dose of the esketamine is administered on day
5. Furthermore, esketamine is preferably administered in
intranasal form via topical use of suitable intranasal
vehicles, such as a nasal spray pump.

[0214] As described, the methods of administering esket-
amine to a patient result in a pharmacokinetic profile that
achieves a maximum plasma concentration (C,,,,) of esket-
amine of about 45 to about 165 ng/ml.. One skilled in the art
would understand that any of the ranges or individual C,,,,
values may vary by £30%. In some embodiments, the C,, .
is about 45, about 50, about 55, about 60, about 65, about 70,
about 75, about 80, about 85, about 90, about 95, about 100,
about 105, about 110, about 115, about 120, about 125,
about 130, about 135, about 140, about 145, about 150,
about 155, about 160, or about 165 ng/mL. In other embodi-
ments, the C, . is about 50 to about 150, about 50 to about
125, about 50 to about 100, about 50 to about 75, about 75
to about 150, about 75 to about 125, or about 75 to about 100
ng/mL. In further embodiments, the C, . is about 45 to
about 75, about 50 to about 70, about 55 to about 65, about
45 to about 70, about 45 to about 65, about 45 to about 60,
about 45 to about 55, about 55 to about 75, or about 60 to
about 70 ng/ml, when about 28 mg of esketamine is
administered. In yet other embodiments, the C,, .. is about 65
to about 120, about 70 to about 120, about 70 to about 110,
about 70 to about 100, about 70 to about 90, about 70 to
about 80, about 80 to about 120, about 80 to about 110, about
80 to about 90, about 90 to about 120, or about 90 to about
110 ng/mL, when about 56 mg of esketamine is adminis-
tered. In still further embodiments, the C,, . is about 90 to
about 165, about 95 to about 165, about 95 to about 155,
about 95 to about 145, about 95 to about 135, about 95 to
about 125, about 95 to about 115, about 105 to about 165,
about 105 to about 155, about 105 to about 145, about 105
to about 135, about 105 to about 125, about 105 to about
115, about 115 to about 165, about 115 to about 155, about
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115 to about 145, about 115 to about 135, about 115 to about
125, about 125 to about 165, about 125 to about 155, about
125 to about 145, about 125 to about 135, about 135 to about
165, about 135 to about 155, about 135 to about 145, or
about 145 to about 165 ng/ml, when about 84 mg of
esketamine is administered.

[0215] Similarly, the methods of administering esket-
amine to a patient results in a pharmacokinetic profile that
achieves an area under the plasma concentration-time curve
from time O to time of last quantifiable concentration (AU-
C,,s) of about 125 to about 490 ng*h/ml. The term
“AUC,,,,” as used herein refers to the area under the plasma
concentration-time curve from time zero to time of last
measurable concentration. “Time zero™ in a general context
refers to the start point of the intended dose. For example, in
Example 1 regarding intranasal administration, time O is
defined as the time of administration of the first intranasal
spray to one nostril from the first intranasal device. To the
extent the intended dose requires administration of two oral
tablets, time O is the time of administration of the first tablet.
One skilled in the art would understand that any of the
ranges or individual AUC,, values may vary by +30%. In
some embodiments, the AUC,,, is about 125, about 130,
about 135, about 140, about 145, about 150, about 160,
about 170, about 180, about 190, about 200, about 210,
about 220, about 230, about 240, about 250, about 260,
about 270, about 280, about 290, about 300, about 310,
about 320, about 330, about 340, about 350, about 360,
about 370, about 380, about 390, about 400, about 410,
about 420, about 430, about 440, about 450, about 460,
about 470, about 480, or about 490 ng*h/mL. In other
embodiments, the AUC,,, is about 150 to about 450, about
200 to about 400, about 250 to about 350, about 150 to about
350, or about 200 to about 300 ng*h/mL. In further embodi-
ments, the AUC,_, is about 125 to about 185, about 130 to
about 180, about 135 to about 175, about 140 to about 170,
about 145 to about 165, or about 150 to about 160 ng*h/mlL,
when about 28 mg of esketamine is administered. In yet
other embodiments, the AUC,,, is about 210 to about 320,
about 220 to about 310, about 230 to about 300, about 240
to about 290, about 250 to about 280, or about 260 to about
270 ng*h/mL, when about 56 mg of esketamine is admin-
istered. In still further embodiments, the AUC, , is about
305 to about 490, about 310 to about 480, about 320 to about
470, about 330 to about 460, about 340 to about 450, about
350 to about 450, about 360 to about 440, about 370 to about
430, about 380, about 420, or about 390 to about 410
ng*h/ml,, when about 84 mg of esketamine is administered.

[0216] The methods of administering esketamine may also
result in a pharmacokinetic profile that achieves combina-
tions of the C,,,, and AUC,,, individual values and ranges
described above.

[0217] A representative nasal spray device is disclosed in
U.S. Pat. No. 6,321,942, incorporated by reference herein.
For example, a disposable atomizer for discharging succes-
sive partial discharge amounts as a spray may be utilized to
carry out the methods discloses herein. Typically, such
devices allow a medicament to be sprayed into both nostrils
of a patient in two successive strokes. The device may be
ready-to-use wherein the medicament is discharged from a
medium container. The device is typically able to separate a
first discharge stroke from a second discharge stroke to
prevent complete emptying of the medium container in a
single motion. The device may take the form of a double-
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stroke disposable pump, which is disposed of after a single
use and enables individual partial discharges with high
dosing precision and reliability.

[0218] In one embodiment, the nasal spray device is a
single-use device that delivers a total of 28 mg of esketamine
in two sprays, one spray per nostril. The device may be
operated by the patient under the supervision of a healthcare
professional. With respect to dosage amounts, one device
may be used for a 28 mg dose, two devices for a 56 mg dose,
or three devices for an 84 mg dose. It is also preferable to
have a 5-minute interval between the use of each device. As
described in Example 1, time O is defined as the time of
administration of the first intranasal spray to one nostril from
the first intranasal device.

Aspects of the Disclosure

[0219] The present disclosure pertains to and includes at
least the following aspects.

[0220] 1. A method for treating major depressive disorder
comprising intranasally administering to a patient in need
thereof, a clinically proven safe and clinically proven effec-
tive therapeutically effective amount of esketamine;

[0221] wherein the patient in need thereof is a human
patient having a major depressive episode and wherein the
patient has not responded to at least two oral antidepressants
in the current depressive episode.

[0222] 2. A method of treating major depressive disorder
comprising administering esketamine to a patient in need
thereof;

[0223] wherein the patient in need thereof is having a
major depressive episode and wherein the patient has not
responded to at least two oral antidepressants in the current
depressive episode;

[0224] wherein the esketamine is administered intrana-
sally;
[0225] and wherein the therapeutically effective amount of

esketamine administered to the patient is clinically proven
safe and effective.

[0226] 3. A method for treating major depressive disorder
in a human patient comprising the steps of:

[0227] (a) diagnosing said human patient by measuring
said human patient’s baseline MADRS score;

[0228] (b) intranasally administering to said human
patient a therapeutically effective amount of esketamine that
is clinically proven safe and effective;

[0229] wherein the therapeutically effective amount
improves said MADRS score of at least 50% relative to the
measured baseline MADRS score;

[0230] and wherein the esketamine is administered at
pre-determined intervals; and

[0231] (c) re-evaluating said human patient at regular
intervals following step (b) to determine relative effective-
ness;

[0232] wherein the re-evaluation comprises measurement
of said human patient’s MADRS score.

[0233] 4. The method of aspects 1, 2 or 3 wherein the
major depressive disorder is treatment refractory depression
or treatment resistant depression.

[0234] 5. The method of aspects 1, 2, 3 or 4 wherein a
therapeutically effective amount of at least one antidepres-
sant is co-administered with esketamine.

[0235] 6. The method of aspect 5, wherein the combina-
tion therapy comprises esketamine and one to two antide-
pressants.

Jan. 4, 2024

[0236] 7. The method of aspect 5, wherein each antide-
pressant is independently selected from the group consisting
of imipramine, amitriptyline, desipramine, nortriptyline,
doxepin, protriptyline, trimipramine, maprotiline, amoxap-
ine, trazodone, bupropion, clomipramine, fluoxetine,
duloxetine, escitalopram, citalopram, sertraline, paroxetine,
fluvoxamine, nefazadone, venlafaxine, milnacipran,
reboxetine, mirtazapine, phenelzine, tranylcypromine,
moclobemide, Kava-Kava, St. John’s Wart, s-adenosylme-
thionine, thyrotropin releasing hormone, neurokinin recep-
tor antagonists and triiodothyronine.

[0237] 8. The method of aspect 5, wherein each antide-
pressant is independently selected from the group consisting
of mono-amine oxidase inhibitors, tricyclics, serotonin
reuptake inhibitors, serotonin noradrenergic reuptake inhibi-
tors; noradrenergic and specific serotonergic agents and
atypical antidepressants.

[0238] 9. The method of aspect 5, wherein each antide-
pressant is independently selected from the group consisting
of phenelzine, tranylcypromine, moclobemide, imipramine,
amitriptyline, desipramine, nortriptyline, doxepin, protrip-
tyline, trimipramine, clomipramine, amoxapine, fluoxetine,
sertraline, paroxetine, citalopram, fluvoxamine, venlafaxine,
milnacipran, mirtazapine and bupropion.

[0239] 10. The method of aspect 5, wherein the combina-
tion therapy comprises esketamine and one to two antide-
pressants independently selected from the group consisting
of fluoxetine, imipramine, bupropion, venlafaxine and ser-
traline.

[0240] 11. The method of aspect 5, wherein the combina-
tion therapy comprising esketamine and at least one antide-
pressant further comprises an atypical antidepressant.
[0241] 12. The method of aspect 11, wherein the atypical
antidepressant is selected from the group consisting of
aripiprazole, quetiapine, olanzapine, risperidone and pali-
peridone.

[0242] 13. The method of aspect 12, wherein the atypical
antidepressant is selected from the group consisting of
aripiprazole, quetiapine and olanzapine.

[0243] 14. A pharmaceutical composition for the treatment
of treatment-refractory or treatment-resistant depression
comprising esketamine, optionally at least one antidepres-
sant, and a at least one pharmaceutically acceptable carrier.
[0244] 15. The use of esketamine in the preparation of a
medicament for the treatment of treatment-refractory or
treatment-resistant depression, in a patient in need thereof.
[0245] 16. Esketamine for use in a method for the treat-
ment of treatment-refractory or treatment-resistant depres-
sion, in a patient in need thereof.

[0246] 17. A composition comprising esketamine for the
treatment of treatment-refractory or treatment-resistant
depression.

[0247] 18. A pharmaceutical product comprising esket-
amine for administration to a patient suffering from treat-
ment resistant depression wherein the esketamine is admin-
istered intranasally to said patient in a clinically proven safe
and effective amount.

[0248] 19. A method of maintaining stable remission or
stable response achieved by a patient with depression fol-
lowing administration of a therapeutically effective amount
of esketamine during an initial administration phase, com-
prising continuing administration of a therapeutically effec-
tive amount of esketamine for at least five months during a
subsequent administration phase.
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[0249] 20. The method of aspect 19, wherein the depres-
sion is treatment resistant depression.

[0250] 21. The method of aspect 19 or 20, wherein the
therapeutically effective amount of esketamine is adminis-
tered intranasally, intramuscularly, subcutaneously, transder-
mally, buccally, or rectally in the initial and subsequent
administration phases.

[0251] 22. The method of aspect 21, wherein the admin-
istration is intranasally.

[0252] 23. The method of any one of aspects 19 to 22,
wherein a therapeutically effective amount of at least one
antidepressant is co-administered with the esketamine in the
initial and subsequent administration phases.

[0253] 24. The method of aspect 23, wherein the esket-
amine is co-administered with one to two antidepressants.
[0254] 25. The method of aspect 24, wherein each anti-
depressant is, independently, imipramine, amitriptyline,
desipramine, nortriptyline, doxepin, protriptyline, trimip-
ramine, maprotiline, amoxapine, trazodone, bupropion, clo-
mipramine, fluoxetine, duloxetine, escitalopram, citalopram,
sertraline, paroxetine, fluvoxamine, nefazadone, venlafax-
ine, milnacipran, reboxetine, mirtazapine, phenelzine, tra-
nylcypromine, moclobemide, Kava-Kava, St. John’s Wart,
s-adenosylmethionine, thyrotropin releasing hormone, a
neurokinin receptor antagonist, or triiodothyronine.

[0255] 26. The method of any one of aspects 23-25,
wherein each antidepressant is, independently, a mono-
amine oxidase inhibitor, tricyclic, serotonin reuptake inhibi-
tor, serotonin noradrenergic reuptake inhibitor, noradrener-
gic and specific serotonergic agent, or atypical
antidepressant.

[0256] 27. The method of any one of aspects 23-26,
wherein each antidepressant is, independently, phenelzine,
tranylcypromine, moclobemide, imipramine, amitriptyline,
desipramine, nortriptyline, doxepin, protriptyline, trimip-
ramine, clomipramine, amoxapine, fluoxetine, sertraline,
paroxetine, citalopram, fluvoxamine, venlafaxine, milnacip-
ran, mirtazapine, or bupropion.

[0257] 28. The method of any one of aspects 23-27,
wherein each antidepressant is, independently, fluoxetine,
imipramine, bupropion, venlafaxine, or sertraline.

[0258] 29. The method of aspect 23, wherein the at least
one antidepressant is an atypical antidepressant.

[0259] 30. The method of aspect 29, wherein the atypical
antidepressant is aripiprazole, quetiapine, olanzapine, ris-
peridone, or paliperidone.

[0260] 31. The method of aspect 30, wherein the atypical
antidepressant is aripiprazole, quetiapine, or olanzapine.
[0261] 32. The method of any one of aspects 19 to 31,
wherein the initial administration phase comprises an induc-
tion phase wherein the esketamine is administered at a
frequency of at least twice a week.

[0262] 33. The method of aspect 32, wherein the fre-
quency is twice a week.

[0263] 34. The method of aspect 32 or 33, further com-
prising assessing the patient response during the induction
phase.

[0264] 35. The method of any one of aspects 32-34,

wherein the initial administration phase further comprises an
optimization phase that follows the induction phase and
wherein after the patient achieves a substantially complete
response to the esketamine during the induction phase, the
esketamine is administered at a frequency of less than twice
a week during the optimization phase.
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[0265] 36. The method of aspect 35, further comprising
assessing the patient response during the optimization phase
and adjusting the frequency of the administration during the
optimization phase based on the response in order to achieve
stable remission or stable response.

[0266] 37. The method of aspect 36, wherein the fre-
quency of administration during the optimization phase is
once every week, once every two weeks, or a combination
thereof.

[0267] 38. The method of any one of aspects 19 to 37,
wherein the effective amount of esketamine is 28 mg, 56 mg,
or 84 mg during the initial and subsequent administration
phases.

[0268] 39. The method of any one of aspects 32-38,
wherein the continuing administration of the esketamine
during the subsequent administration phase is for at least six
months.

[0269] 40. The method of any one of aspects 32-39,
wherein the continuing administration of the esketamine
during the subsequent administration phase is at least one
year.

[0270] 41. The method of any one of aspects 32-40,
wherein the frequency of administration during the subse-
quent administration phase is once every week or once every
two weeks, or a combination thereof.

[0271] 42. The method of any one of aspects 32-41,
wherein the effective amount of esketamine during the
subsequent administration phase is 56 mg or 84 mg.
[0272] 43. The method of any one of aspects 32-42,
wherein the dosing frequency and effective amount of
esketamine during the subsequent administration phase is
the minimum frequency and amount to maintain the stable
remission or stable response.

[0273] 44. The method of any one of aspects 19 to 43,
wherein the therapeutically effective amount of esketamine
is a clinically proven safe and clinically proven effective
amount.

[0274] 45. A method for the long term treatment of depres-
sion in a patient, comprising administering to the patient in
need of the treatment a clinically proven safe and clinically
proven effective therapeutically effective amount of esket-
amine for at least six months.

[0275] 46. The method of aspect 45, wherein the esket-
amine is administered for at least one year.

[0276] 47. The method of aspect 45 or 46, wherein the
esketamine is administered for up to two years.

[0277] 48. The method of any one of aspects 45-47,
wherein the depression is treatment resistant depression.
[0278] 49. The method of any one of aspects 45-47,
wherein the esketamine is administered intranasally.
[0279] 50. The method of any one of aspects 45-48,
wherein a therapeutically effective amount of at least one
antidepressant is co-administered with the esketamine.
[0280] 51. The method of aspect 50, wherein the esket-
amine is co-administered with one to two antidepressants.
[0281] 52. The method of aspect 51, wherein each anti-
depressant is, independently, imipramine, amitriptyline,
desipramine, nortriptyline, doxepin, protriptyline, trimip-
ramine, maprotiline, amoxapine, trazodone, bupropion, clo-
mipramine, fluoxetine, duloxetine, escitalopram, citalopram,
sertraline, paroxetine, fluvoxamine, nefazadone, venlafax-
ine, milnacipran, reboxetine, mirtazapine, phenelzine, tra-
nylcypromine, moclobemide, Kava-Kava, St. John’s Wart,
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s-adenosylmethionine, thyrotropin releasing hormone, a
neurokinin receptor antagonist, or triiodothyronine.

[0282] 53. The method of any one of aspects 50-52,
wherein each antidepressant is, independently, a mono-
amine oxidase inhibitor, tricyclic, serotonin reuptake inhibi-
tor, serotonin noradrenergic reuptake inhibitor, noradrener-

gic and specific serotonergic agent, or atypical
antidepressant.
[0283] 54. The method of any one of aspects 50-53,

wherein each antidepressant is, independently, phenelzine,
tranylcypromine, moclobemide, imipramine, amitriptyline,
desipramine, nortriptyline, doxepin, protriptyline, trimip-
ramine, clomipramine, amoxapine, fluoxetine, sertraline,
paroxetine, citalopram, fluvoxamine, venlafaxine, milnacip-
ran, mirtazapine, or bupropion.

[0284] 55. The method of any one of aspects 50-54,
wherein each antidepressant is, independently, fluoxetine,
imipramine, bupropion, venlafaxine, or sertraline.

[0285] 56. The method of aspect 55, wherein the at least
one antidepressant is an atypical antidepressant.

[0286] 57. The method of aspect 56, wherein the atypical
antidepressant is aripiprazole, quetiapine, olanzapine, ris-
peridone, or paliperidone.

[0287] 58. The method of aspect 57, wherein the atypical
antidepressant is aripiprazole, quetiapine, or olanzapine.
[0288] 59. The method of any one of aspects 45-58,
wherein the esketamine is initially dosed twice a week for up
to four weeks during an induction phase, and, thereafter,
dosed less frequently than twice a week.

[0289] 60. The method of aspect 59, wherein the esket-
amine is dosed once a week or once every two weeks
following the induction phase.

[0290] 61. The method of any one of aspects 45-60,
wherein the therapeutically effective amount of esketamine
is 28 mg, 56 mg, or 84 mg.

[0291] 62. The method of any one of aspects 45-61,
wherein cognitive performance of the patient remains stable,
based on a baseline measurement, following six months of
treatment.

[0292] 63. Amethod for treating major depressive disorder
in an elderly patient comprising

[0293] administering to the patient in need of treatment for
a major depressive disorder a therapeutically effective
amount of esketamine at a frequency of at least twice a week
during an initial induction phase of defined duration;
[0294] assessing the patient response following the initial
induction phase; and

[0295] continuing administering, at the frequency of at
least twice a week, during an extended induction phase
based on the assessment of whether the patient had achieved
a substantially complete response to esketamine.

[0296] 64. The method of aspect 63, wherein the elderly
patient had not responded to at least two oral antidepressants
in the current depressive episode.

[0297] 65. The method of aspect 64, wherein the thera-
peutically effective amount of esketamine is administered
intranasally, intramuscularly, subcutaneously, transdermally,
buccally or rectally.

[0298] 66. The method of any one of aspects 63 to 65,
wherein the administration is intranasally.

[0299] 67. The method of any one of aspects 63 to 66,
wherein the initial induction phase is up to 2 weeks.
[0300] 68. The method of any one of aspects 63 to 66,
wherein the initial induction phase is up to 3 weeks.
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[0301] 69. The method of any one of aspects 63 to 66,
wherein the initial induction phase is up to 4 weeks
[0302] 70. The method of any one of aspects 63 to 66,
wherein the extended induction phase is up to 8 weeks.
[0303] 71. The method of any one of aspects 63 to 70,
wherein the effective amount 28 mg, 56 mg or 84 mg.
[0304] 72. The method of any one of aspects 63 to 71,
wherein after the elderly patient has achieved a substantially
complete response to esketamine, thereafter administering
esketamine at a frequency of not more than once a week
during an optimization phase.

[0305] 73. The method aspect 72, further comprising
assessing the patient’s response periodically during the
optimization phase.

[0306] 74. The method of any one of aspects 63 to 73,
wherein the frequency in the initial induction phase,
extended induction phase, or a combination thereof is twice
weekly.

[0307] 75. The method of any one of aspects 63 to 74,
wherein the major depressive disorder is treatment refrac-
tory depression or treatment resistant depression.

[0308] 76. The method of any one of aspects 63 to 75,
wherein a therapeutically effective amount of at least one
antidepressant is co-administered with esketamine.

[0309] 77. The method of any one of aspects 63 to 76,
wherein the combination therapy comprises esketamine and
one to two antidepressants.

[0310] 78. The method of aspect 77, wherein each anti-
depressant is, independently, imipramine, amitriptyline,
desipramine, nortriptyline, doxepin, protriptyline, trimip-
ramine, maprotiline, amoxapine, trazodone, bupropion, clo-
mipramine, fluoxetine, duloxetine, escitalopram, citalopram,
sertraline, paroxetine, fluvoxamine, nefazadone, venlafax-
ine, milnacipran, reboxetine, mirtazapine, phenelzine, tra-
nylcypromine, moclobemide, Kava-Kava, St. John’s Wart,
s-adenosylmethionine, thyrotropin releasing hormone, a
neurokinin receptor antagonist, or triiodothyronine.

[0311] 79. The method of aspect 77 or 78, wherein each
antidepressant is, independently, a mono-amine oxidase
inhibitor, tricyclic, serotonin reuptake inhibitor, serotonin
noradrenergic reuptake inhibitor, noradrenergic and specific
serotonergic agent, or atypical antidepressant.

[0312] 80. The method of any one of aspects 77 to 79,
wherein each antidepressant is, independently, phenelzine,
tranylcypromine, moclobemide, imipramine, amitriptyline,
desipramine, nortriptyline, doxepin, protriptyline, trimip-
ramine, clomipramine, amoxapine, fluoxetine, sertraline,
paroxetine, citalopram, fluvoxamine, venlafaxine, milnacip-
ran, mirtazapine, or bupropion.

[0313] 81. The method of any one of aspects 77 to 80,
comprising one or two antidepressants that are, indepen-
dently, fluoxetine, imipramine, bupropion, venlafaxine, or
sertraline.

[0314] 82. The method of aspect 79, wherein the at least
one antidepressant is an atypical antidepressant.

[0315] 83. The method of aspect 82, wherein the atypical
antidepressant is aripiprazole, quetiapine, olanzapine, ris-
peridone, or paliperidone.

[0316] 84. The method of aspect 82 or 83, wherein the
atypical antidepressant is aripiprazole, quetiapine, or olan-
zapine.

[0317] 85. The method of any one of aspects 63 to 84,
wherein the patient is at least 65 years of age.
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[0318] 86. A method for treating a patient with major
depressive disorder, comprising administering to the patient
in need of treatment for major depressive disorder a clini-
cally proven safe and clinically proven effective therapeu-
tically effective amount of esketamine.

[0319] 87. The method of aspect 86, wherein the patient
has not responded to at least two oral antidepressants of
adequate dose and duration in the current depressive epi-
sode.

[0320] 88. The method of aspect 86 or 87, wherein the
patient has been diagnosed with treatment refractory depres-
sion or treatment resistant depression.

[0321] 89. The method of aspect 86, wherein the patient
has suicidal ideation as a symptom of major depressive
disorder.

[0322] 90. The method of aspect 89, wherein the patient is
in imminent risk for suicide.

[0323] 91. The method of any one of aspects 86 to 90,
wherein the patient is an adult.

[0324] 92. The method of any one of aspects 86 to 91,
wherein the patient is an elderly patient.

[0325] 93. The method of any one of aspects 86 to 92,
wherein the esketamine is administered intranasally, intra-
muscularly, subcutaneously, transdermally, buccally or rec-
tally.

[0326] 94. The method of any one of aspects 86 to 93,
wherein the esketamine is administered intranasally.
[0327] 95. The method of any one of aspects 86 to 94,
wherein a therapeutically effective amount of at least one
antidepressant is co-administered with esketamine.

[0328] 96. The method of aspect 95, wherein the esket-
amine is co-administered with one to two antidepressants.
[0329] 97. The method of aspect 95 or 96, wherein each
antidepressant is, independently, imipramine, amitriptyline,
desipramine, nortriptyline, doxepin, protriptyline, trimip-
ramine, maprotiline, amoxapine, trazodone, bupropion, clo-
mipramine, fluoxetine, duloxetine, escitalopram, citalopram,
sertraline, paroxetine, fluvoxamine, nefazadone, venlafax-
ine, milnacipran, reboxetine, mirtazapine, phenelzine, tra-
nylcypromine, moclobemide, Kava-Kava, St. John’s Wart,
s-adenosylmethionine, thyrotropin releasing hormone, a
neurokinin receptor antagonist, or triiodothyronine.

[0330] 98. The method of aspect 95 or 96, wherein each
antidepressant is, independently, a mono-amine oxidase
inhibitor, tricyclic, serotonin reuptake inhibitor, serotonin
noradrenergic reuptake inhibitor, noradrenergic and specific
serotonergic agent, or atypical antidepressant.

[0331] 99. The method of any one of aspects 95 to 98,
wherein each antidepressant is, independently, phenelzine,
tranylcypromine, moclobemide, imipramine, amitriptyline,
desipramine, nortriptyline, doxepin, protriptyline, trimip-
ramine, clomipramine, amoxapine, fluoxetine, sertraline,
paroxetine, citalopram, fluvoxamine, venlafaxine, milnacip-
ran, mirtazapine, or bupropion.

[0332] 100. The method of any one of aspects 96 to 99,
wherein each antidepressant is, independently, fluoxetine,
imipramine, bupropion, venlafaxine, or sertraline.

[0333] 101. The method of aspect 95, wherein the at least
one antidepressant is an atypical antidepressant.

[0334] 102. The method of aspect 101, wherein the atypi-
cal antidepressant is aripiprazole, quetiapine, olanzapine,
risperidone, or paliperidone.
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[0335] 103. The method of aspect 101 or 102, wherein the
atypical antidepressant is aripiprazole, quetiapine, or olan-
zapine.

[0336] 104. A pharmaceutical composition for the treat-

ment of major depressive disorder, comprising esketamine,
optionally at least one antidepressant, and at least one
pharmaceutically acceptable carrier.

[0337] 105. A pharmaceutical composition for the treat-
ment of treatment refractory depression or treatment resis-
tant depression, comprising esketamine, optionally at least
one antidepressant, and at least one pharmaceutically
acceptable carrier.

[0338] 106. A pharmaceutical composition for the treat-
ment of suicidal ideation, comprising esketamine, optionally
at least one antidepressant, and at least one pharmaceutically
acceptable carrier.

[0339] 107. Use of esketamine in the preparation of a
medicament for the treatment of major depressive disorder
in a patient in need thereof.

[0340] 108. Use of aspect 107, wherein the patient is
suffering from treatment refractory depression or treatment
resistant depression.

[0341] 109. Use of aspect 107, wherein the patient is
suffering from suicidal ideation.

[0342] 110. Esketamine for use in a method for the treat-
ment of major depressive disorder in a patient in need
thereof.

[0343] 111. Esketamine of aspect 110, wherein the patient
is suffering from treatment refractory depression or treat-
ment resistant depression.

[0344] 112. Esketamine of aspect 110, wherein the patient
is suffering from suicidal ideation.

[0345] 113. A composition comprising esketamine for the
treatment of major depressive disorder.

[0346] 114. A composition comprising esketamine for the
treatment of treatment refractory depression or treatment
resistant depression.

[0347] 115. A composition comprising esketamine for the
treatment of suicidal ideation.

[0348] 116. A pharmaceutical product comprising esket-
amine for administration to a patient suffering from major
depressive disorder, wherein the esketamine is administered
intranasally to said patient in a clinically proven safe and
effective amount.

[0349] 117. The pharmaceutical product of aspect 116,
wherein the patient is suffering from treatment refractory
depression or treatment resistant depression.

[0350] 118. The pharmaceutical product of aspect 116,
wherein the patient is suffering from suicidal ideation.
[0351] 119. A method of administering esketamine to a
patient, comprising a first phase, of a duration of about one
week to about four weeks, wherein about

[0352] 28 mg to about 84 mg of esketamine is adminis-
tered to the patient at a frequency of twice per week, and
wherein the method is clinically proven safe.

[0353] 120. The method of aspect 119, wherein about 28
mg of esketamine is administered.

[0354] 121. The method of aspect 119 or 120, wherein the
administration of the esketamine achieves a maximum
plasma concentration (Cmax) of esketamine of about 45 to
about 75 ng/ml.,, an area under the plasma concentration-
time curve from time O to time of last quantifiable concen-
tration (AUClast) of about 125 to about 185 ng*h/mL,, or a
combination thereof.
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[0355] 122. The method of any one of aspects 119-121,
wherein the esketamine is administered intranasally.
[0356] 123. The method of aspect 122, wherein the about
28 mg of esketamine is administered in at least two sprays.
[0357] 124. The method of aspect 123, wherein the about
28 mg of esketamine is administered via one spray in each
nostril.

[0358] 125. The method of aspect 119, wherein about 56
mg of esketamine is administered.

[0359] 126. The method of aspect 119 or 125, wherein the
administration of the esketamine achieves a maximum
plasma concentration (Cmax) of esketamine of about 65 to
about 120 ng/mL., an area under the plasma concentration-
time curve from time O to time of last quantifiable concen-
tration (AUClast) of about 210 to about 320 ng*h/mL, or a
combination thereof.

[0360] 127. The method of aspect 125 or 126, wherein the
esketamine is administered intranasally.

[0361] 128. The method of aspect 127, wherein the about
56 mg of esketamine is administered in at least 4 sprays.
[0362] 129. The method of aspect 128, wherein the esket-
amine is administered via one spray in each nostril at time
0 for a total of about 28 mg, and repeated after about 5
minutes for the total of about 56 mg.

[0363] 130. The method of aspect 119, wherein about 84
mg of esketamine is administered.

[0364] 131. The method of aspect 119 or 130, wherein the
administration of the esketamine achieves a maximum
plasma concentration (Cmax) of esketamine of about 90 to
about 165 ng/ml., an area under the plasma concentration-
time curve from time O to time of last quantifiable concen-
tration (AUClast) of about 305 to about 490 ng*h/mL, or a
combination thereof.

[0365] 132. The method of aspect 130 or 131, wherein the
esketamine is administered intranasally.

[0366] 133. The method of aspect 132, wherein the about
84 mg of esketamine is administered in at least 6 sprays.
[0367] 134. The method of aspect 133, wherein the esket-
amine is administered via one spray in each nostril at time
0 for a total of about 28 mg, repeated after about 5 minutes
for a total of about 56 mg, and repeated again after about 5
minutes for the total of about 84 mg in about 10 minutes.
[0368] 135. The method of any one of aspects 119 to 134,
wherein the first phase is a duration of about 4 weeks.
[0369] 136. The method of any one of aspects 119 to 135,
further comprising a second phase, of a duration of about 1
to about 4 weeks, following the first phase, wherein about 56
mg to about 84 mg of esketamine is administered to the
patient at a frequency of once per week.

[0370] 137. The method of aspect 136, wherein about 56
mg of esketamine is administered to the patient at a fre-
quency of once per week during the second phase.

[0371] 138. The method of aspect 136, wherein about 84
mg of esketamine is administered to the patient at a fre-
quency of once per week during the second phase.

[0372] 139. The method of any one of aspects 136-138,
wherein the esketamine is administered intranasally in the
second phase.

[0373] 140. The method of any one of aspects 136-139,
wherein the second phase is a duration of about 4 weeks.
[0374] 141. The method of any one of aspects 119 to 140,
further comprising a third phase, of a duration of about at
least one week, following the second phase, wherein about
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56 mg to about 84 mg of esketamine is administered to the
patient at a frequency of every 2 weeks or once per week.
[0375] 142. The method of aspect 141, wherein about 56
mg of esketamine is administered to the patient at a fre-
quency of every 2 weeks or once per week during the third
phase.

[0376] 143. The method of aspect 141, wherein about 84
mg of esketamine is administered to the patient at a fre-
quency of every 2 weeks or once per week during the third
phase.

[0377] 144. The method of any one of aspects 141-143,
wherein the esketamine is administered intranasally in the
third phase.

[0378] 145. The method of any one of aspects 141-144,
wherein the third phase is a duration of about at least one
month.

[0379] 146. The method of any one of aspects 141-144,
wherein the third phase is a duration of about at least two
months.

[0380] 147. The method of any one of aspects 141-144,
wherein the third phase is a duration of about at least three
months.

[0381] 148. The method of any one of aspects 141-144,
wherein the third phase is a duration of about at least four
months.

[0382] 149. The method of any one of aspects 141-144,
wherein the third phase is a duration of about at least five
months.

[0383] 150. The method of any one of aspects 141-144,
wherein the third phase is a duration of about at least six
months.

[0384] 151. The method of any one of aspects 141-144,
wherein the third phase is a duration of at least about a year.
[0385] 152. The method of any one of aspects 141-144,
wherein the third phase is a duration of at least about two
years.

[0386] 153. The method of any one of aspects 119 to 152,
wherein the method further comprises co-administering an
antidepressant, and wherein the method is clinically proven
effective to treat a major depressive disorder.

[0387] 154. The method of aspect 153, wherein the anti-
depressant is administered orally.

[0388] 155. The method of aspects 153 or 154, wherein the
major depressive disorder is treatment resistant depression.
[0389] 156. A pharmaceutical product comprising one or
more intranasal spray devices, wherein the one or more
devices comprise an esketamine composition and the one or
more devices is configured to administer from about 28 to
about 84 mg of esketamine, and wherein the pharmaceutical
product is clinically proven safe and/or clinically proven
effective to treat a major depressive disorder.

[0390] 157. The pharmaceutical product of aspect 156,
wherein the major depressive disorder is treatment resistant
depression.

[0391] 158. The pharmaceutical product of aspect 156 or
157, wherein the product comprises one device.

[0392] 159. The pharmaceutical product of aspect 156,
wherein the device is configured to administer the esket-
amine in two or more sprays.

[0393] 160. The pharmaceutical product of aspect 158 or
159, wherein the device comprises about 28 mg of esket-
amine.
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[0394] 161. The pharmaceutical product of aspect 156,
wherein the product comprises more than one device and
each device comprises about 28 mg of esketamine.

[0395] 162. The pharmaceutical product of aspect 161,
wherein each device is a single use device.

[0396] 163. The pharmaceutical product of aspect 162,
comprising three devices.

[0397] 164. The pharmaceutical product of any one of
aspects 156-163, further comprising instructions for per-
forming any one of the methods of aspects 119-155.
[0398] 165. A method of treating major depressive disor-
der with suicidal ideation, comprising

[0399] administering esketamine at a highest tolerable
dose twice weekly during a first induction phase of a defined
duration;

[0400] administering a first oral antidepressant simultane-
ously with the esketamine; and

[0401] evaluating the patient to determine if a substan-
tially complete response to esketamine is achieved.

[0402] 166. The method of aspect 165, wherein the treat-
ment ceases if the patient achieves a substantially complete
response to the esketamine.

[0403] 167. The method of aspect 166, wherein the patient
is monitored to ensure the patient remains stable or in
remission on the first oral antidepressant alone.

[0404] 168. The method of aspect 165, wherein a second
induction phase is initiated if a substantially complete
response is not achieved during the first induction phase.
[0405] 169. The method of aspect 168, wherein the patient
is reinitiated on esketamine at the highest tolerable dose and
simultaneously with a second oral antidepressant during the
second induction phase.

[0406] 170. The method of aspect 169, wherein the second
oral antidepressant is the same as the first oral antidepres-
sant.

[0407] 171. The method of aspect 169, wherein the second
oral antidepressant is different than the first oral antidepres-
sant.

[0408] 172. The method of any one of aspects 169-171,
wherein the patient is monitored to ensure the patient
remains stable or in remission on the second oral antide-
pressant alone.

[0409] 173. The method of any one of aspects 169-172,
wherein a third induction phase is initiated if a substantially
complete response is not achieved during the second induc-
tion phase.

[0410] 174. The method of aspect 173, wherein the patient
is reinitiated on esketamine at the highest tolerable dose and
simultaneously with a third oral antidepressant during the
third induction phase.

[0411] 175. The method of aspect 174, wherein the third
oral antidepressant is the same as the second oral antide-
pressant.

[0412] 176. The method of aspect 174, wherein the third
oral antidepressant is different than the second oral antide-
pressant.

[0413] 177. The method of any one of aspects 165-176,
further comprising administering a therapeutically effective
amount of esketamine to the patient less than twice a week
in a subsequent maintenance phase.

[0414] 178. The method of any one of aspects 165-177,
wherein the first, second, and third induction phase are,
independently, at least 4 weeks.
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[0415] 179. A method for treating treatment-resistant
depression in a patient wherein the patient has not responded
to at least two oral antidepressants in the current depressive
episode, the method comprising:

[0416] administering a first oral antidepressant to the
patient, and
[0417] administering esketamine to the patient at least

twice weekly during a first induction phase of a defined
duration;

[0418] evaluating the patient during the first induction
phase; and
[0419] wherein the patient fails to achieve a substantially

complete response to the esketamine, reinitating the patient
on the highest tolerable dose of esketamine and simultane-
ously with a second oral depressant in a second induction
phase of a defined duration.

[0420] 180. The method of aspect 179, wherein the first
oral antidepressant is the same as at least one of the at least
two oral antidepressants.

[0421] 181. The method of aspect 179, wherein the first
oral antidepressant is different than at least one of the at least
two oral antidepressants.

[0422] 182. The method of aspect 179, wherein the first
oral antidepressant is different than the at least two oral
antidepressants.

[0423] 183. The method of any one of aspects 179-182,
wherein if the patient fails to achieve a substantially com-
plete response to the esketamine during the second induction
phase, reinitiating the patient on esketamine and simultane-
ously with a third oral depressant in a third induction phase
of a defined duration.

[0424] 184. The method of aspect 183, wherein the third
oral antidepressant is the same as the second oral antide-
pressant.

[0425] 185. The method of aspect 183, wherein the third
oral antidepressant is different than the second oral antide-
pressant.

[0426] 186. The method of any one of aspects 179-185,
further comprising that when the patient achieves a substan-
tially complete response to the esketamine, administering a
therapeutically effective amount of esketamine to the patient
at most once weekly during a subsequent maintenance
phase.

[0427] 187. The method of any one of aspects 179-186,
wherein the first, second, and third induction phase are,
independently, at least 4 weeks.

[0428] 188. A method of treating treatment-resistant
depression in a patient, said method comprising:

[0429] administering a therapeutically effective amount of
an oral antidepressant to said patient; and

[0430] intranasally administering a therapeutically effec-
tive amount of esketamine to said patient at least twice
weekly during an induction phase of at least 4 weeks; and
[0431] intranasally administering a therapeutically effec-
tive amount of esketamine to the patient at most once weekly
during a subsequent maintenance phase, wherein the method
is clinically proven safe and/or clinically proven effective.
[0432] 189. The method of aspect 188, wherein the esket-
amine is administered once every two weeks during the
subsequent maintenance phase.

[0433] 190. The method of aspect 188, wherein the fre-
quency of administration may be adjusted during the induc-
tion phase and/or maintenance phase.
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[0434] 191. The method of aspect 188, wherein the thera-
peutically effective amount of esketamine administered dur-
ing the induction phase is from about 28 mg to about 84 mg.
[0435] 192. The method of aspect 191, wherein the thera-
peutically effective amount of esketamine is about 28 mg.
[0436] 193. The method of aspect 191, wherein the thera-
peutically effective amount of esketamine is about 56 mg.
[0437] 194. The method of aspect 191, wherein the thera-
peutically effective amount of esketamine is about 84 mg.
[0438] 195. The method of aspect 191, wherein the thera-
peutically effective amount of esketamine is about 56 mg at
the start of the induction phase and is adjusted to about 84
mg during the induction phase.

[0439] 196. The method of aspect 192, wherein the patient
is 65 years or older.

[0440] 197. The method of aspect 188, wherein the thera-
peutically effective amount of esketamine administered dur-
ing the maintenance phase is about 56 mg or about 84 mg.
[0441] 198. The method of any one of aspects 188-197,
wherein the therapeutically effective amount of esketamine
during the induction and maintenance phase is delivered
from an intranasal administration device in 2 or more sprays.
[0442] 199. The method of any one of aspects 188-198,
wherein the treatment continues for at least six months.
[0443] 200. The method of any one of aspects 188-198,
wherein the treatment continues for up to two years.
[0444] As used herein, AD=antidepressant; AE=adverse
event; ESK=esketamine nasal spray; PBO=placebo nasal
spray; PHQ-9=Patient =~ Adherence  Questionnaire;
SDS=Sheehan Disability Scale; CGI-S=Clinical Global
Impression—Severity; MADRS=Montgomery-Asberg
Depression Rating Scale; SD=standard deviation;
SNRI=serotonin and norepinephrine reuptake inhibitors;
SSRI=selective serotonin reuptake inhibitors; [S=least
square; SE=standard error; BMI=body mass index; BPIC-
SS=Bladder Pain/Interstitial Cystitis Symptom Score;
BPRS+=4-item positive symptom subscale of the Brief
Psychiatric Rating Scale; C=clinic visit; CADSS=Clinician
Administered Dissociative States Scale; CGADR=Clinical
Global  Assessment of  Discharge Readiness;
C-SSRS=Columbia Suicide Severity Rating Scale;
DNA=deoxyribonucleic acid; ECG=electrocardiogram;
EQ-5D-5L=FEuroQol-5 dimension-5-level; EW=early with-
drawal; GAD-7=Generalized Anxiety Disorder, 7-item
scale; HE=haematoxylin and eosin stain; HbAlc test, gly-
cated hemoglobin test; HRUQ=Healthcare Resource Use
Questionnaire; HVLT-R=Hopkins Verbal Learning Test-Re-
vised; IDS-C30=Inventory of Depressive Symptomatology
Clinician-rated, 30-item scale; LOE=lack of efficacy;
MDD—major depressive disorder; LTF=lost to follow-up;
MGH-ATRQ=Massachusetts General Hospital—Antide-
pressant Treatment History Questionnaire; MGH-Female
RLHQ=Massachusetts General Hospital—Female Repro-
ductive Lifecycle and Hormones Questionnaire;
MINI=Mini-International =~ Neuropsychiatric  Interview;
MOAA/S=Modified Observer’s Assessment of Alertness/
Sedation; NS=not statistically significant; OL=open-label;
OTH=other reason for withdrawal; PAQ, Patient Adherence
Questionnaire; PHQ-9=Patient Health Questionnaire—9;
PWC-20=Physician Withdrawal Checklist, 20-item scale;
QIDS=16-item Quick Inventory of Depressive Symptoms—
Self-Report; RNA=ribonucleic acid; SDS, Sheehan Disabil-
ity Scale; SAFER=State vs. Trait, Assessibility, Face Valid-
ity, Ecological Validity, Rule of Three P’s; STOP-
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Bang=Snoring, Tired, Observed Apnea, High Blood
Pressure, Body mass index, Age, Neck Size, Gender (a
questionnaire); TRD=treatment resistant depression;
TSH=thyroid-stimulating hormone; RA=remote assess-
ments only; LOCF=last observation carried forward;
WBP=withdrawal by patient; WD=withdrawn.

[0445] The following Examples are set forth to aid in the
understanding of the invention, and are not intended and
should not be construed to limit in any way the invention set
forth in the claims which follow thereafter.

Example 1

Efficacy of Intranasal Esketamine for Treating
Treatment Resistance Depression (TRD), Phase 3
Clinical Trial

[0446] The ability of esketamine to treat treatment-refrac-
tory or treatment-resistant depression (TRD) was evaluated
via the clinical study described below, which was conducted
to evaluate the efficacy, safety, and tolerability of flexibly
dosed intranasal esketamine plus a newly initiated oral
antidepressant in adult subjects with TRD. The study served
as a pivotal Phase 3 short-term efficacy and safety study in
support of regulatory agency requirements for registration of
intranasal esketamine for the treatment of TRD.

[0447] The hypothesis for this study was that, in adult
subjects with TRD, switching from a failed antidepressant
treatment to intranasal esketamine plus a newly initiated oral
antidepressant would be superior to switching to a newly
initiated oral antidepressant treatment (active comparator)
plus intranasal placebo in improving depressive symptoms.
[0448] The primary objective of this study was to evaluate
the efficacy of switching adult subjects with TRD from a
prior antidepressant treatment (to which they have not
responded) to flexibly dosed intranasal esketamine (28 mg,
56 mg or 84 mg) plus a newly initiated oral antidepressant
compared with switching to a newly initiated oral antide-
pressant (active comparator) plus intranasal placebo, in
improving depressive symptoms, as assessed by the change
from baseline in the MADRS total score from Day 1
(pre-randomization) to the end of the 4-week double-blind
induction phase.

[0449] The key secondary objectives were to assess the
effect of intranasal esketamine plus a newly initiated oral
antidepressant compared with a newly initiated oral antide-
pressant (active comparator) plus intranasal placebo on the
following parameters in adult subjects with TRD: (a)
Depressive symptoms (subject-reported), (b) Onset of clini-
cal response by Day 2, and (c¢) Functioning and associated
disability. Additional secondary objectives included (a)
Depression response rates, (b) Depression remission rates,
(c) Overall severity of depressive illness, (d) Anxiety symp-
toms and (e) Health-related quality of life and health status.
[0450] To investigate the safety and tolerability of intra-
nasal esketamine plus a newly initiated oral antidepressant
compared with a newly initiated oral antidepressant (active
comparator) plus intranasal placebo in adult subjects with
TRD, the following parameters were also measured: (a)
TEAES, including AEs of special interest, (b) Local nasal
tolerability, (c) Effects on heart rate, blood pressure, respi-
ratory rate, and blood oxygen saturation, (d) Effects on
alertness and sedation, (e) Potential psychosis-like effects,
() Dissociative symptoms, (g) Potential effects on cognitive
function, (h) Potential effects on suicidal ideation/behavior,
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(1) Potential treatment-emergent symptoms of cystitis and/or
lower urinary tract symptoms, (j) Potential withdrawal and/
or rebound symptoms following cessation of intranasal
esketamine treatment, and (k) Potential effects on sense of
smell.

[0451] The PK of intranasal esketamine in adult subjects
with TRD receiving intranasal esketamine plus a newly-
initiated oral antidepressant was also assessed as part of the
secondary objectives.

Study Drug Information

[0452] Esketamine was supplied as a clear, colorless intra-
nasal solution of esketamine hydrochloride (16.14% weight/
volume [w/v]; equivalent to 14% w/v of esketamine base) in
a nasal spray pump. The solution consisted of 161.4 mg/mL
esketamine hydrochloride (equivalent to 140 mg of esket-
amine base) formulated in 0.12 mg/ml. ethylenediaminetet-
raacetic acid (EDTA) and 1.5 mg/mL citric acid at a pH of
4.5 in water for injection. It is provided in a nasal spray
pump, which delivered 16.14 mg esketamine hydrochloride
(14 mg esketamine base) per 100-uL spray. Each individual
nasal spray pump (device) contained a total of 28 mg (i.e.,
2 sprays).

[0453] The placebo solution was supplied as a clear,
colorless intranasal solution of water for injection, with a
bittering agent (denatonium benzoate [Bitrex®] at a final
concentration of 0.001 mg/ml.) added to simulate the taste
of the intranasal solution with active drug. The placebo
solution was provided in matching nasal spray pump
devices. Benzalkonium chloride was added as a preservative
at a concentration of 0.3 mg/mL.. Each individual nasal spray
pump (device) contained 2 sprays.

Oral Antidepressant Medications

[0454] Duloxetine 30 mg was obtained from commercial
stock and provided under the responsibility of the sponsor.
Please refer to the package insert/SmPC for the physical
description and a list of excipients.

[0455] Escitalopram 10 mg was obtained from commer-
cial stock and provided under the responsibility of the
sponsor. Please refer to the package insert/SmPC for the
physical description and a list of excipients.

[0456] Sertraline 50 mg and 25 mg (as applicable) were
obtained from commercial stock and provided under the
responsibility of the sponsor. Please refer to the package
insert/SmPC for the physical description and a list of excipi-
ents.

[0457] Venlafaxine 75 mg and 37.5 mg (as applicable)
were obtained from commercial stock and provided under
the responsibility of the sponsor. Please refer to the package
insert/SmPC for the physical description and a list of excipi-
ents.

Overview of Study Design

[0458] This was a randomized, double-blind, active-con-
trolled, multicenter study in male and female adult subjects
with TRD to assess the efficacy, safety, and tolerability of
flexibly dosed intranasal esketamine (28 mg, 56 mg or 84
mg) plus a newly initiated oral antidepressant compared
with a newly initiated oral antidepressant (active compara-
tor) plus intranasal placebo. The study had 3 phases which
are briefly described below. A diagram of the study design
is provided in FIG. 1.
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Screening/Prospective  Observational — Phase

Duration)

[0459] This phase prospectively assessed treatment
response to the subject’s current oral antidepressant treat-
ment regimen. After 4 weeks of continuing the same treat-
ment regimen (at the same dosage), subjects who were
non-responders to their current oral antidepressant treatment
(as assessed by independent, remote raters) were eligible to
proceed to the double-blind induction phase. The site inves-
tigators were blinded to the study criteria for non-response.
[0460] Eligible subjects who entered the double-blind
induction phase discontinued their current oral antidepres-
sant medication(s). If clinically indicated, a subject’s current
antidepressant medication(s) could be tapered and discon-
tinued over an additional, optional period of up to 3 weeks
per the local prescribing information or clinical judgment.
[0461] As a new oral antidepressant was initiated on Day
1 of the double-blind induction phase, eligible subjects who
did not require a tapered discontinuation of their antidepres-
sant medication(s) proceeded immediately into the double-
blind induction phase.

(4-Week

Double-Blind Induction Phase (4-Week Duration)

[0462] The study included 227 randomized subjects (4 of
whom did not receive intranasal and/or oral AD study drug
and were therefore not included in the analysis sets), who
were randomly assigned at a 1:1 ratio (n=98 subjects per
treatment arm) to receive double-blind treatment with either
intranasal esketamine or intranasal placebo. The intranasal
treatment sessions (esketamine or placebo) occurred twice
weekly. In addition, all subjects initiated a new open-label
oral antidepressant on Day 1 that was taken daily for the
duration of this phase. The assigned oral antidepressant was
1 of 4 oral antidepressant medications (duloxetine, escitalo-
pram, sertraline, or venlafaxine extended release [XR]), that
the subject had not previously had a nonresponse to in the
current depressive episode, had not been previously intol-
erant to (lifetime), and was available in the participating
country.

[0463] At the end of the induction phase, subjects who
were responders (defined as =50% reduction in the MADRS
total score from baseline [Day 1 pre-randomization] to the
end of the 4-week double-blind induction phase) were
eligible to participate in the subsequent study
ESKETINTRD3003 if they met all other study entry criteria
(ESKETINTRD3003 is a longer-term efficacy maintenance
study involving repeated treatment sessions of intranasal
esketamine).

[0464] If a subject withdrew from the study before the end
of the double-blind induction phase for reasons other than
withdrawal of consent, an Early Withdrawal visit was con-
ducted within 1 week of the date of discontinuation, fol-
lowed by the follow-up phase.

Follow-Up Phase (24-Week Duration)

[0465] This phase included all subjects who were not
eligible or who chose to not participate in the maintenance
of effect study ESKETINTRD3003 and had received at least
1 dose of intranasal study medication in the double-blind
induction phase. There were no intranasal treatment sessions
administered during this phase.

[0466] At the start of the follow-up phase, further clinical/
standard of care for the treatment of depression were
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arranged by the study investigator and/or the subject’s
treating physician. The decision to continue the oral antide-
pressant in this phase was at the discretion of the investi-
gator, however, in order to better assess potential withdrawal
symptoms from intranasal study medication, it was recom-
mended that the oral antidepressant medication be continued
for at least the first 2 weeks of the follow-up phase unless
determined as not clinically appropriate.

[0467] The follow-up phase also allowed collection of
additional informative data to assess the course of the
subject’s major depressive episode over a 6-month period.
[0468] Taking into consideration the optional taper period
of up to 3 weeks, the duration of a subject’s study partici-
pation was 11 weeks (for subjects continuing into
ESKETINTRD3003) or 35 weeks (for subjects completing
the follow-up phase).

Study Population

[0469] The inclusion criteria for enrolling subjects in this
study were as follows. Each potential subject satisfied all of
the following criteria to be enrolled in the study.

[0470] 1. At the time of signing the informed consent
form (ICF), subject was a man or woman 18 (or older
if the minimum legal age of consent in the country in
which the study is taking place is >18) to 64 years of
age, inclusive.

[0471] 2. At the start of the screening/prospective obser-
vational phase, subject met the DSM-5 diagnostic
criteria for single-episode MDD (if single-episode
MDD, the duration was =2 years) or recurrent MDD,
without psychotic features, based upon clinical assess-
ment and confirmed by the MINI.

[0472] 3. At the start of the screening/prospective obser-
vational phase, subject had a history of nonresponse to
=2 but =5 oral antidepressant treatments in the current
episode of depression, assessed using the MGH-ATRQ
and confirmed by documented medical history and
pharmacy/prescription records. Subject was taking an
oral antidepressant treatment with nonresponse at the
start of the screening/prospective observational phase.
Subjects were adherent to the continued oral antide-
pressant treatment medication(s) (without adjustment
in dosage) through the screening/prospective observa-
tional phase, as documented on the PAQ. Missing =4
days of antidepressant medication in the prior 2-week
period was considered as inadequate adherence. Sub-
jects who were non-responders to their current oral
antidepressant medication(s) from the screening/pro-
spective observational phase (as assessed by indepen-
dent, remote raters) were eligible for randomization if
all other entry criteria are met.

[0473] 4. At the start of the screening/prospective obser-
vational phase, subject had an IDS-C,, total score of
234.

[0474] 5. The subject’s current major depressive epi-
sode, and antidepressant treatment response in the
current depressive episode, was confirmed using a Site
Independent Qualification Assessment.

[0475] 6. Subject was medically stable on the basis of
physical examination, medical history, vital signs (in-
cluding blood pressure), pulse oximetry, and 12-lead
ECG performed in the screening/prospective observa-
tional phase. If there were any abnormalities that were
not specified in the inclusion and exclusion criteria, the
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determination of their clinical significance was deter-
mined by the investigator and recorded in the subject’s
source documents and initialed by the investigator.

[0476] 7. Subject was medically stable on the basis of

clinical laboratory tests performed in the screening/
prospective observational phase. If the results of the
serum chemistry panel, hematology, or urinalysis were
outside the normal reference ranges, the subject was
included only if the investigator judged the abnormali-
ties or deviations from normal to not be clinically
significant or to be appropriate and reasonable for the
population under study. This determination was
recorded in the subject’s source documents and ini-
tialed by the investigator. Subjects with a pre-existing
history of thyroid disease/disorder who were treated
with thyroid hormones were on a stable dosage for 3
months prior to the start of the screening/prospective
observational phase and had thyroid-stimulating hor-
mone (TSH) within normal range in the screening/
prospective observational phase.

[0477] 8. Subject were comfortable with self-adminis-

tration of intranasal medication and able to follow the
intranasal administration instructions provided.

[0478] 9. Before the start of the screening/prospective

phase, a female subject was either (a) Not of childbear-
ing potential: Postmenopausal (>45 years of age with
amenorrhea for at least 12 months or any age with
amenorrhea for at least 6 months and a serum follicle
stimulating hormone (FSH) level >40 1U/L); perma-
nently sterilized (e.g., tubal occlusion, hysterectomy,
bilateral salpingectomy); or otherwise be incapable of
pregnancy; or (b) Of childbearing potential and prac-
ticing a highly effective method of birth control con-
sistent with local regulations regarding the use of birth
control methods for subjects participating in clinical
studies, e.g., established use of oral, injected, or
implanted hormonal methods of contraception; place-
ment of an intrauterine device (IUD) or intrauterine
system (IUS); barrier methods (e.g., condom with
spermicidal foam/gel/film/cream/suppository or occlu-
sive cap [diaphragm or cervical/vault caps] with sper-
micidal foam/gel/film/cream/suppository); male part-
ner sterilization (the vasectomized partner should be
the sole partner for that subject); or true abstinence
(when this is in line with the preferred and usual
lifestyle of the subject). If the childbearing potential
changed after start of the study (e.g., woman who was
not heterosexually active became active), the female
subject began a highly effective method of birth con-
trol, as described above. Women agreed to continue
using these methods of contraception throughout the
study and for at least 6 weeks after the last dose of
intranasal study drug.

[0479] 10. A woman of childbearing potential had a

negative serum (f-human chorionic gonadotropin
[B-hCG]) at the start of the screening/prospective
observational phase and a negative urine pregnancy test
on Day 1 of the double-blind induction phase prior to
randomization.

[0480] 11. A man who was sexually active with a

woman of childbearing potential and had not had a
vasectomy agreed to use a barrier method of birth
control e.g., either condom with spermicidal foam/gel/
film/cream/suppository or partner with occlusive cap
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(diaphragm or cervical/vault caps) with spermicidal
foam/gel/film/cream/suppository from Day 1 of the
double-blind induction phase (prior to randomization)
through 3 months after the last dose of intranasal study
medication. Alternatively, female partners of childbear-
ing potential could practice a highly effective method
of'birth control, e.g., established use of oral, injected, or
implanted hormonal methods of contraception; place-
ment of an intrauterine device (IUD) or intrauterine
system (IUS); or male partner sterilization. If the child-
bearing potential changed after start of the study, a
female partner of a male study subject, began a highly
effective method of birth control, as described above.

[0481] 12. Subject was willing and able to adhere to the
prohibitions and restrictions specified in the clinical
trial protocol.

[0482] 13. Each subject signed an ICF indicating that he
or she understood the purpose of and procedures
required for the study and was willing to participate in
the study.

[0483] The exclusion criteria for enrolling subjects in this
study were as follows. Any potential subject who met any of
the following criteria was excluded from participating in the
study.

[0484] 1. The subject’s depressive symptoms had pre-
viously demonstrated nonresponse to: (a) Esketamine
or ketamine in the current major depressive episode per
clinical judgment, or (b) Al of the oral antidepressant
treatment options available in the respective country for
the double-blind induction phase (i.e., duloxetine, esci-
talopram, sertraline, and venlafaxine XR) in the current
major depressive episode (based on MGH-ATRQ), or
(c) An adequate course of treatment with electrocon-
vulsive therapy (ECT) in the current major depressive
episode, defined as at least 7 treatments with unilateral
ECT.

[0485] 2. Subject has an implant for vagal nerve stimu-
lation (VNS) or had received deep brain stimulation
(DBS) in the current episode of depression.

[0486] 3. Subject had a current or prior DSM-5 diag-
nosis of a psychotic disorder or MDD with psychosis,
bipolar or related disorders (confirmed by the MINI),
comorbid obsessive compulsive disorder, intellectual
disability (only DSM-5 diagnostic code 319), border-
line personality disorder, antisocial personality disor-
der, histrionic personality disorder, or narcissistic per-
sonality disorder.

[0487] 4. Subject had homicidal ideation/intent, per the
investigator’s clinical judgment, or had suicidal ide-
ation with some intent to act within 6 months prior to
the start of the screening/prospective observational
phase, per the investigator’s clinical judgment or based
on the C-SSRS, corresponding to a response of “Yes”
on Item 4 (active suicidal ideation with some intent to
act, without specific plan) or Item 5 (active suicidal
ideation with specific plan and intent) for suicidal
ideation on the C-SSRS, or a history of suicidal behav-
ior within the past year prior to the start of the screen-
ing/prospective observational phase. Subjects reporting
suicidal ideation with intent to act or suicidal behavior
prior to the start of the double-blind induction phase
were excluded.

[0488] 5. Subject had a history of moderate or severe
substance or alcohol use disorder according to DSM-5
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criteria, except nicotine or caffeine, within 6 months
before the start of the screening/prospective observa-
tional phase. A history (lifetime) of ketamine, phency-
clidine (PCP), lysergic acid diethylamide (LSD), or
3,4-methylenedioxy-methamphetamine (MDMA) hal-
Iucinogen-related use disorder was exclusionary.

[0489] 6. Subject had a current or past history of sei-
zures (uncomplicated childhood febrile seizures with
no sequelae are not exclusionary).

[0490] 7. Subject had an UPSIT total score <18, indica-
tive of anosmia, during the screening/prospective
observational phase.

[0491] 8. Subject had one of the following cardiovas-
cular-related conditions: (a) Cerebrovascular disease
with a history of stroke or transient ischemic attack, (b)
Aneurysmal vascular disease (including intracranial,
thoracic, or abdominal aorta, or peripheral arterial
vessels), (¢) Coronary artery disease with myocardial
infarction, unstable angina, revascularization proce-
dure (e.g., coronary angioplasty or bypass graft sur-
gery) within 12 months before the start of the screen-
ing/prospective observational phase, or planned
revascularization procedure, (d) Hemodynamically sig-
nificant valvular heart disease such as mitral regurgi-
tation, aortic stenosis, or aortic regurgitation or (e) New
York Heart Association (NYHA) Class III-IV heart
failure of any etiology.

[0492] 9. Subject had a history of uncontrolled hyper-
tension despite diet, exercise, or antihypertensive
therapy at the start of the screening/prospective obser-
vational phase or any past history of hypertensive crisis
or ongoing evidence of uncontrolled hypertension
defined as a supine systolic blood pressure (SBP) >140
mmHg or diastolic blood pressure (DBP) >90 mmHg
during screening/prospective observational phase
which continues to be above this range with repeated
testing during this phase. On Day 1 of the double-blind
induction phase prior to randomization a supine
SBP>140 mmHg or DBP>90 mmHg was also exclu-
sionary.

[0493] A potential subject may have had his/her current
antihypertensive medication regimen adjusted during
the screening/prospective observational phase and then
re-evaluated to assess their blood pressure control. The
subject was on a stable regimen for at least 2 weeks
before Day 1 of the double-blind induction phase.

[0494] 10. Subject had a current or past history of
significant pulmonary insufficiency/condition or with
an arterial blood oxygen saturation (SpO,) of <93% at
the start of the screening/prospective observational
phase or Day 1 prior to randomization.

[0495] 11.Subject had clinically significant ECG abnor-
malities at the start of the screening/prospective obser-
vational phase or on Day 1 of the double-blind induc-
tion phase prior to randomization, defined as: (a)

[0496] QT interval corrected according to Fridericia’s
formula (QTcF): 450 msec, (b) Evidence of 2nd and 3rd
degree AV block, or 1st degree AV block with PR
interval >200 msec, left bundle branch block (LBBB),
or right bundle branch block (RBBB), (c¢) Features of
new ischemia, (d) Arrhythmia (except premature atrial
contractions [PACs] and premature ventricular contrac-
tions [PVCs)).
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[0497] 12. Subject had a history of additional risk
factors for Torsades des Pointes (e.g., heart failure,
hypokalemia, family history of Long QT Syndrome), or
the use of concomitant medications that prolong the QT
interval/corrected QT (QTc) interval

[0498] 13. Subject had a history of, or symptoms and
signs suggestive of, liver cirrhosis (e.g., esophageal
varices, ascites, and increased prothrombin time) OR
alanine aminotransferase (ALT) or aspartate amino-
transferase (AST) values =2x the upper limit of normal
or total bilirubin >1.5 times the ULN in the screening/
prospective observational phase. For elevations in bili-
rubin if; in the opinion of the investigator and agreed
upon by the sponsor’s medical officer, the elevation in
bilirubin was consistent with Gilbert’s disease, the
subject was able to participate in the study.

[0499] 14. Subject had positive test result(s) for drugs
of abuse (including barbiturates, methadone, opiates,
cocaine, phencyclidine, and amphetamine/metham-
phetamine) at the start of the screening/prospective
observational phase or Day 1 of the double-blind
induction phase prior to randomization. Subjects who
had a positive test result at screening due to prescribed/
over-the-counter opiates, barbiturates, or amphet-
amines were permitted to continue in the screening/
prospective observational phase if the medication was
discontinued at least 1 week or 5 half-lives, whichever
was longer, before Day 1 of the double-blind induction
phase (prior to randomization) in accordance with
restrictions as presented to the investigator and repro-
duced in Table 6, below. The result of the Day 1 (prior
to randomization) test for drugs of abuse had to be
negative for the subject to be randomized. Retesting
was not permitted for positive test result(s), except for
reasons stated above. Prior intermittent use of cannabi-
noids prior to the start of the screening/prospective
observational phase was not exclusionary as long as the
subject did not meet the criteria for substance use
disorder. However, a positive test result for cannabi-
noids pre-dose on Day 1 of the double-blind induction
phase was exclusionary.

[0500] 15. Subject had uncontrolled diabetes mellitus or
secondary diabetes, as evidenced by HbA1¢>9% in the
screening/prospective observational phase or history in
the prior 3 months prior to the start of the screening/
prospective observational phase of diabetic ketoacido-
sis, hyperglycemic coma, or severe hypoglycemia with
loss of consciousness.

[0501] 16. Subject had untreated glaucoma, current
penetrating or perforating eye injury, brain injury,
hypertensive encephalopathy, intrathecal therapy with
ventricular shunts, or any other condition associated
with increased intracranial pressure or increased
intraocular pressure or planned eye surgery.

[0502] 17. Subject had any anatomical or medical con-
dition that may impede delivery or absorption of intra-
nasal study drug (e.g., significant structural or func-
tional abnormalities of the nose or upper airway;
obstructions or mucosal lesions of the nostrils or nasal
passages; undergone sinus surgery in the previous 2
years).

[0503] 18. Subject had an abnormal or unrepaired devi-
ated nasal septum with any 1 or more of the following
symptoms: (a) Blockage of 1 or both nostrils in the past
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few months that can impact study participation, (b)
nasal congestion (especially 1-sided), (c¢) frequent
nosebleeds, (d) frequent sinus infections, or (&) noisy
breathing during sleep.

19. Subject had a history of malignancy within 5
years before the start of the screening/prospective
observational phase (exceptions were squamous and
basal cell carcinomas of the skin and carcinoma in situ
of the cervix, or malignancy that, in the opinion of the
investigator, with concurrence with the sponsor’s medi-
cal monitor, was considered cured with minimal risk of
recurrence).

20. Subject had known allergies, hypersensitiv-
ity, intolerance, or contraindications to esketamine/
ketamine and/or its excipients or all of the available
oral antidepressant treatment options for the double-
blind induction phase.

21. Subject had taken any prohibited therapies
that would not permit dosing on Day 1, as outlined in
the section headed Pre-study and Concomitant Therapy
and Table 6.

22. Subject was taking a total daily dose of
benzodiazepines greater than the equivalent of 6
mg/day of lorazepam at the start of the screening/
prospective observational phase.

23. Subject had a score of =5 on the STOP-Bang
questionnaire, in which case obstructive sleep apnea
needed to be ruled out (e.g., apnea-hypopnea index
[AHI]<30). A subject with obstructive sleep apnea
could be included if he or she was using a positive
airway pressure device or other treatment/therapy that
was effectively treating his or her sleep apnea.

24. Subject had received an investigational drug
(including investigational vaccines) or used an invasive
investigational medical device within 60 days before
the start of the screening/prospective observational
phase, or had participated in 2 or more MDD or other
psychiatric condition clinical interventional studies in
the previous 1 year before the start of the screening/
prospective observational phase, or was currently
enrolled in an investigational study.

25. Subject was a woman who was pregnant,
breast-feeding, or planning to become pregnant while
enrolled in this study or within 6 weeks after the last
dose of intranasal study drug.

26. Subject had a diagnosis of acquired immu-
nodeficiency syndrome (AIDS). Human immunodefi-
ciency virus (HIV) testing was not required for this
study.

27. Subject had any condition or situation/cir-
cumstance for which, in the opinion of the investigator,
participation would not be in the best interest of the
subject (e.g., compromise the well-being) or that could
prevent, limit, or confound the protocol-specified
assessments.

28. Subject had major surgery, (e.g., requiring
general anesthesia) within 12 weeks before the start of
the screening/prospective observational phase, or
would not have fully recovered from surgery, or had
surgery planned during the time the subject was
expected to participate in the study. Subjects with
planned surgical procedures to be conducted under
local anesthesia were allowed to participate.
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[0514] 29. Subject was an employee of the investigator
or study site, with direct involvement in the proposed
study or other studies under the direction of that
investigator or study site, as well as family members of
the employees or the investigator.

[0515] Investigators ensured that all study enrollment cri-
teria were met. If a subject’s status changed (including
laboratory results or receipt of additional medical records)
before the first dose of study drug was given such that he or
she no longer met all eligibility criteria, then the subject
would be excluded from participation in the study.

[0516] Additionally, potential subjects had to be willing
and able to adhere to the following prohibitions and restric-
tions during the course of the study to be eligible for
participation:

[0517] 1. Inclusion and Exclusion Criteria,

[0518] 2. Pre-Study and Concomitant Therapy Restric-
tions, including list of Prohibited Concomitant Medi-
cations for Intranasal Study Medication.

[0519] 3. A positive urine drug screen for use of phen-
cyclidine (PCP), 3.,4-methylenedioxy-methamphet-
amine (MDMA), or cocaine from Day 1 of the induc-
tion phase through the final visit in the double-blind
induction phase will lead to discontinuation.

[0520] 4. Subjects had to abstain from using alcohol
within 24 hours before and after each intranasal treat-
ment session. If a subject appeared intoxicated, dosing
should not occur.

[0521] 5. On all intranasal study drug dosing days, all
subjects had to remain at the clinical study site until
study procedures were completed and the subject was
ready for discharge, and had to be accompanied by a
responsible adult when released from the clinical study
site. Subjects were not to drive a car or work with
machines for 24 hours after study drug dosing.

[0522] 6. Subjects were not to ingest grapefruit juice,
Seville oranges, or quinine for 24 hours before an
intranasal dose of study medication was to be admin-
istered.

[0523] 7. ECT, DBS, transcranial magnetic stimulation
(TMS), and VNS were prohibited from study entry
through the end of the double-blind induction phase.

[0524] 8. Subjects receiving psychotherapy were able to
continue receiving psychotherapy provided this therapy
had been stable in terms of frequency for the last 6
months prior to the screening/prospective observational
phase and remained unchanged until the end of the
double-blind induction phase.

Treatment Allocation, Randomization and Blindinq

[0525] Central randomization was implemented in this
study. Subjects were randomly assigned to 1 of 2 treatment
groups in a 1:1 ratio based on a computer-generated ran-
domization schedule prepared before the study by or under
the supervision of the sponsor. The randomization was
balanced by using randomly permuted blocks and was
stratified by country and class of oral antidepressant (SNRI
or SSRI) to be initiated in the double-blind induction phase.
The interactive web response system (IWRS) was assigned
a unique treatment code, which dictated the treatment
assignment and matching study drug kits for the subject.
After the investigator selected the oral antidepressant treat-
ment for the double-blind induction phase, the site entered
this information into IWRS. The requestor used his or her
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own user identification and personal identification number
when contacting the IWRS, and was then given the relevant
subject details to uniquely identify the subject.

[0526] The investigator was not provided with random-
ization codes. The codes were maintained within the IWRS,
which had the functionality to allow the investigator to break
the blind for an individual subject.

[0527] Data that could potentially unblind the treatment
assignment (e.g., intranasal study drug plasma concentra-
tions, treatment allocation) was handled with special care to
ensure that the integrity of the blind was maintained and the
potential for bias was minimized. This could include making
special provisions, such as segregating the data in question
from view by the investigators, clinical team, or others as
appropriate until the time of database was lock and unblind-
ing.

[0528] Under normal circumstances, the blind should not
be broken until all subjects had completed the study and the
database was finalized. Otherwise, the blind could be broken
only if specific emergency treatment/course of action was
dictated by knowing the treatment status of the subject. In
such cases, the investigator could in an emergency deter-
mine the identity of the treatment by contacting the IWRS.
It was recommended that the investigator contact the spon-
sor or its designee, if possible, to discuss the particular
situation, before breaking the blind. Telephone contact with
the sponsor or its designee was available 24 hours per day,
7 days per week. In the event the blind was broken, the
sponsor was informed as soon as possible. The date and time
of the unblinding was documented by the IWRS, and reason
for the unblinding documented by the electronic case report
form (eCRF) and in the source document. The documenta-
tion received from the IWRS indicating the code break was
retained with the subject’s source documents in a secure
manner.

[0529] Subjects who had their treatment assignment
unblinded were to continue to return for scheduled early
withdrawal and follow up visits.

[0530] In general, randomization codes were disclosed
fully only if the study was completed and the clinical
database was closed. For interim analysis, the randomization
codes and, if required, the translation of randomization
codes into treatment and control groups were disclosed to
those authorized and only for those subjects included in the
interim analysis.

[0531] At the end of the double-blind induction phase the
database was locked for the analysis and reporting of this
phase. The subject treatment assignment was revealed only
to sponsor’s study staff. The investigators and the site
personnel were blinded to the treatment assignment until all
subjects had completed study participation through the fol-
low-up phase.

[0532] To maintain the blinding of intranasal study medi-
cation, the esketamine and placebo intranasal devices were
indistinguishable.

[0533] A total of 227 subjects were randomized in the
study. Of these, 3 subjects did not receive any study drug
(intranasal or oral AD) and 1 subject did not receive both the
intranasal and oral AD study drug.

[0534] Demographic and baseline characteristics for the
subjects in the study were as listed in Table 1, below. In
general, the treatment groups were similar with respect to
the baseline characteristics. The majority of subjects enter-
ing the study were female, with a mean age of all subjects
of 45.7 years, ranging from 19 to 64 years.



US 2024/0000728 Al

TABLE 1

Jan. 4, 2024

TABLE 1-continued

Demographic and Baseline Characteristics of Study Subjects

Demographic and Baseline Characteristics of Study Subjects

Intranasal Oral AD + Intranasal Oral AD +
Esk + Intranasal Esk + Intranasal
Oral AD Placebo Total Oral AD Placebo Total
(N =114) (N =109) (N =223) (N =114) (N =109) (N =223)
Age (years) Other 12 (10.5%) 11 (10.1%) 23 (10.3%)
Hypertension status,
N 114 109 223 n (%) °®
Mean (SD) 44.9 (12.58) 46.4 (11.14)  45.7 (11.89)
Median 45.0 47.0 47.0 N 114 109 223
Range (19; 64) (20; 64) (19; 64) Yes 18 (15.8%) 27 (24.8%) 45 (20.2%)
Age category No 96 (84.2%) 82 (75.2%) 178 (79.8%)
(years), n (%) Country, n (%)
N 114 109 223 N 114 109 223
18-44 54 (47.4%) 40 (36.7%) 94 (42.2%) Czech Republic 30 (26.3%) 28 (25.7%) 58 (26.0%)
45-64 60 (52.6%) 69 (63.3%) 129 (57.8%) Germany 10 (8.8%) 10 (9.2%) 20 (9.0%)
Sex, n (%) Poland 20 (17.5%) 18 (16.5%) 38 (17.0%)
Spain 9 (7.9%) 9 (8.3%) 18 (8.1%)
N 114 109 223 United States 45 (39.5%) 44 (40.4%) 89 (39.9%)
Male 39 (34.2%) 46 (42.2%) 85 (38.1%) Region, n (%)
Female 75 (65.8%) 63 (57.8%) 138 (61.9%)
Race, n (%) N 114 109 223
Europe 69 (60.5%) 65 (59.6%) 134 (60.1%)
N 114 109 223 North America 45 (39.5%) 44 (40.4%) 89 (39.9%)
Asian 1 (0.9%) 1 (0.9%) 2 (0.9%) Class of oral
Black or African 6 (5.3%) 5 (4.6%) 11 (4.9%) antidepressant, n (%)
American
‘White 106 (93.0%) 102 (93.6%) 208 (93.3%) N 114 109 223
Multiple 1 (0.9%) 1 (0.9%) 2 (0.9%) SNRI 77 (67.5%) 75 (68.8%) 152 (68.2%)
Ethnicity, n (%) SSRI 37 (32.5%) 34 (31.2%) 71 (31.8%)
Oral antidepressant, n (%)
N 114 109 223
Hispanic or Latino 5 (4.4%) 7 (6.4%) 12 (5.4%) N 114 109 223
Not Hispanic or Latino 108 (94.7%) 99 (90.8%) 207 (92.8%) Duloxetine 60 (52.6%) 61 (56.0%) 121 (54.3%)
Not Reported 0 1 (0.9%) 1 (0.4%) Escitalopram 21 (18.4%) 17 (15.6%) 38 (17.0%)
Unknown 1 (0.9%) 2 (1.8%) 3 (1.3%) Sertraline 16 (14.0%) 16 (14.7%) 32 (14.3%)
Baseline weight (kg) Venlafaxine extended 17 (14.9%) 15 (13.8%) 32 (14.3%)
release (XR)
N 114 109 223
Mean (SD) 79.30 (20.140) 82.67 (19.468) 80.95 (19.842) ¢ Any type of employment includes: any category containing “Employed”, Sheltered Work,
Median 73.10 84.90 79.70 Housewife or Dependent Husband, and Student; any type of unemployment includes: any
category containing “Unemployed ”; Other includes: Retired and No Information Avail-
Range (48.9; 162.8) (45.3; 147.0)  (45.3; 162.8) able.
Baseline height (cm) ° Hypertension status is classified as Yes if hypertension is recorded in medical history.
N 114 109 223 [0535] Ofthe 227 randomized subjects, 197 completed the
Mean (SD) 169.23 (10.179) 169.81 (9.953) 169.51 28-day double-blind induction phase. The most frequent
. (10.051) reason for withdrawal was adverse event. Subsequently 86
Median 168.15 167.00 168.00 subjects entered the follow-up phase and 118 subjects con-
Range (148.5; 193.0)  (151.0; 194.0) (148.5; 194.0)

Baseline body mass
index (kg/m?)

N

Mean (SD)
Median
Range

BMI category
(kg/m?), n (%)

N

Underweight <18.5
Normal 18.5-<25
Overweight 25-<30
Obese 30-<40
Morbidly obese =40
Employment

status, n (%) ¢

N

Any type of
employment
Any type of
unemployment

114 109 223
275 (5.84) 28.6 (6.24)  28.1 (6.05)
26.9 28.2 273
(16; 56) (18; 53) (16; 56)

114 109 223
1(0.9%) 2 (1.8%) 3 (1.3%)

41 (36.0%)

41 (36.0%)

28 (24.6%)
3 (2.6%)

28 (25.7%)

36 (33.0%)

39 (35.8%)
4 (3.7%)

69 (30.9%)

77 (34.5%)

67 (30.0%)
7 (3.1%)

114 109 223
68 (59.6%) 63 (57.8%) 131 (58.7%)
34 (29.8%)

35 (32.1%) 69 (30.9%)

tinued into the ESKETINTRD3003 clinical study. Table 2
below presents the numbers and reasons for withdrawal
from the study.

TABLE 2

Study Completion/Withdrawal Information; Double-blind Induction Phase

Intranasal Esk + Oral AD +

Oral AD intranasal Total

(N = 116) Placebo (N = 111) (N =227)
Completed 98 (84.5%) 99 (89.2%) 197 (86.8%)
Withdrawn 18 (15.5%) 12 (10.8%) 30 (13.2%)
Adverse event 9 (7.8%) 1 (0.9%) 10 (4.4%)
Lack of efficacy 2 (1.7%) 0 2 (0.9%)
Lost to follow-up 1 (0.9%) 1 (0.9%) 2 (0.9%)
Protocol violation 2 (1.7%) 2 (1.8%) 4 (1.8%)
Withdrawal by 4 (3.4%) 7 (6.3%) 11 (4.8%)
subject
Other 0 1 (0.9%) 1 (0.4%)
[0536] Baseline psychiatric history was as presented in

table 3, below. The mean (SD) baseline MADRS total score
was 37.1, ranging from 21 to 52.
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TABLE 3 TABLE 3-continued
Baseline Psychiatric History Baseline Psychiatric History
Intranasal Oral AD + Intranasal Oral AD +
Esk + Intranasal Esk + Intranasal
Oral AD Placebo Total Oral AD Placebo Total
(N =114) (N = 109) (N =223) (N =114) (N = 109) (N =223)
Age when diagnosed Median 63.5 52.0 60.0
with MDD (years) Range (9; 649) (8; 1196) (8; 1196)
No. of previous
N 114 109 223 antidepressant
Mean (SD) 32.1 (12.53) 353 (13.04) 33.7 (12.86) medications ©, n (%)
Median 30.5 36.0 33.0
Range (8; 60) (5; 64) (5; 64) N 114 109 223
Baseline MADRS 1 9 (7.9%) 18 (16.5%) 27 (12.1%)
total score 2 69 (60.5%) 54 (49.5%) 123 (55.2%)
3 24 (21.1%) 22 (20.2%) 46 (20.6%)
N 114 109 223 4 7 (6.1%) 13 (11.9%) 2 (9.0%)
Mean (SD) 37.0 (5.69) 37.3 (5.66) 37.1 (5.67) 5 3 (2.6%) 1 (0.9%) 4 (1.8%)
Median 37.0 37.0 37.0 6 1 (0.9%) 1 (0.9%) 2 (0.9 %)
Range (22; 48) (21; 52) (21; 52) 9 1 (0.9%) 0 1 (0.4%)
Screening IDS-C30 Family history of
total score depression, n (%)
N 114 109 223 N 114 109 223
Mean (SD) 46.0 (6.26) 45.7 (5.89) 459 (6.07) Yes 51 (44.7%) 56 (51.4%) 107 (48.0%)
Median 46.0 46.0 46.0 No 63 (55.3%) 53 (48.6%) 116 (52.0%)
Range (34; 60) (35; 63) (34; 63) Family history of anxiety
Baseline CGI-S disorder, n (%)
N 114 109 223
N 114 109 223 Yes 10 (8.8%) 16 (14.7%) 26 (11.7%)
Mean (SD) 5.0 (0.83) 5.1 (0.67) 5.1 (0.75) No 104 (91.2%) 93 (85.3%) 197 (88.3%)
Median 5.0 5.0 5.0 Family history of bipolar
Range 0; 7) 4;7) 0; 7) disorder, n (%)
Baseline CGI-S
category, n (%) N 114 109 223
Yes 8 (7.0%) 11 (10.1%) 19 (8.5%)
N 114 109 223 No 106 (93.0%) 98 (89.9%) 204 (91.5%)
Normal, not at all ill 0 0 0 Family history of
Borderline mentally ill 0 0 0 schizophrenia, n (%)
Mildly ill 0 0 0
Moderately ill 21 (18.4%) 19 (17.4%) 40 (17.9%) N 114 109 223
Markedly ill 64 (56.1%) 63 (57.8%) 127 (57.0%) Yes 6 (5.3%) 4 (3.7%) 10 (4.5%)
Severely ill 27 (23.7%) 26 (23.9%) 53 (23.8%) No 108 (94.7%) 105 (96.3%) 213 (95.5%)
Among the most 1 (0.9%) 1 (0.9%) 2 (0.9%) Family history of
extremely ill patients alcohol abuse, n (%)
Not assessed 1 (0.9%) 0 1 (0.4%)
Baseline PHQ-9 N 114 109 223
total score Yes 18 (15.8%) 20 (18.3%) 38 (17.0%)
No 96 (84.2%) 89 (81.7%) 185 (83.0%)
N 114 109 223 Family history of
Mean (SD) 20.2 (3.63) 204 (3.74)  20.3 (3.68) substance abuse, n (%)
Median 20.0 21.0 20.0
Range 527 (105 27) (55 27) N 114 109 223
Screening C-SSRS Yes 8 (7.0%) 4 (3.7%) 12 (5.4%)
lifetime “, n (%) No 106 (93.0%) 105 (96.3%) 211 (94.6%)
N 114 109 223 @ C-SSRS category: No event = 0; Suicidal ideation = 1, 2, 3, 4, 5; Suicidal behavior = 6,
No event 65 (57.0%) 61 (56.0%) 126 (56.5%) %8 9, 10.

Suicidal ideation
Suicidal behavior
Screening C-SSRS
past 6 or 12
months ¢, n (%)

40 (35.1%)
9 (7.9%)

N

No event

Suicidal ideation
(past 6 months)
Suicidal behavior
(past 12 months)
Duration of current
episode (wks)

N

Mean (SD)

114
77 (67.5%)
37 (32.5%)

0

114
111.4 (124.28)

34 (31.2%)
14 (12.8%)

109
74 (67.9%)
34 (31.2%)

1(0.9%)

109
118.0
(187.37)

74 (33.2%)
23 (10.3%)

223
151 (67.7%)
71 (31.8%)

1 (0.4%)

223
114.6
(157.96)

% Number of antidepressant medications with non-response (defined as <25% improve-
ment) taken for at least 6 weeks during the current episode as obtained from MGH-ATRQ.

Dosage and Administration

Screening/Prospective Observational Phase

[0537] At the start of screening/prospective observational
phase, subjects were taking an oral antidepressant treatment
with non-response at the start of the screening/prospective
observational phase and continued this same treatment for
the duration of the phase to confirm nonresponse. The site
and investigators were blinded to the study criteria for
non-response. During this phase, antidepressant treatment
adherence was assessed using the PAQ.

[0538] After completion of 4 weeks of prospective anti-
depressant treatment and assessment of the antidepressant
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treatment response, the antidepressant medication could be
tapered and discontinued over a period of up to 3 weeks per
the local prescribing information or clinical judgment (e.g.,
antidepressant treatments with short half-lives, such as par-
oxetine and venlafaxine XR; or tolerability concerns).

Double-Blind Induction Phase

[0539] During this phase, subjects self-administered
double-blind intranasal treatment with esketamine (56 mg or
84 mg) or placebo twice per week for 4 weeks as a flexible
dose regimen at the study site. In addition, subjects simul-
taneously initiated a new, open-label oral antidepressant
(i.e., duloxetine, escitalopram, sertraline, or venlafaxine
XR) on Day 1 that was continued for the duration of this
phase.

Intranasal Study Druq

[0540] On all intranasal treatment sessions, a physician,
nurse, or other appropriate member of the site staff with
recent training (i.e., within 1 year) for cardiopulmonary
resuscitation (CPR) was present with the subject during the
intranasal treatment session and the post-dose observation
period. In addition, equipment for supportive ventilation and
resuscitation was present. Table 4, below describes how each
intranasal treatment session was to be administered in the
double-blind induction phase.

TABLE 4

Intranasal Treatment Administration during the Double-blind
Induction Phase

Time of Intranasal Device Administration

0 5 minutes 10 minutes
Intranasal Intranasal Device”
Treatment 1% ond 3
Placebo 1 spray of placebo 1 spray of placebo 1 spray of placebo
to each nostril to each nostril to each nostril
Esketamine 1 spray of 1 spray of 1 spray of placebo
56 mg esketamine to each esketamine to each nostril
nostril to each nostril
Esketamine 1 spray of 1 spray of 1 spray of
84 mg esketamine to each esketamine esketamine

nostril to each nostril to each nostril

“Time 0 was defined as the time of administration of the first intranasal spray to one nostril
from the first intranasal device.

One device was used at each time point. Each individual intranasal device contained 2
sprays. The intranasal devices containing esketamine delivered 14 mg per spray, for a total
of 28 mg per individual device (i.e., 2 sprays).

[0541] Prior to the first intranasal dose on Day 1, subjects
practiced spraying (into the air, not intranasally) a demon-
stration intranasal device that was filled with placebo solu-
tion.

[0542] All subjects self-administered the intranasal study
drug (esketamine or placebo) at treatment sessions twice a
week for 4 weeks at the study site. The first treatment session
was on Day 1. Intranasal treatment sessions did not take
place on consecutive days.

[0543] On Day 1, subjects randomized to intranasal esket-
amine started with a dose of 56 mg. On Day 4, the dose was
increased to 84 mg or remained at 56 mg, as determined by
the investigator based on efficacy and tolerability. On Day 8,
the dose was increased to 84 mg (if Day 4 dose was 56 mg),
remained the same, or was reduced to 56 mg (if Day 4 dose
was 84 mg), as determined by the investigator based on
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efficacy and tolerability. On Day 11, the dose was increased
to 84 mg (if Day 8 dose was 56 mg), remained the same, or
was reduced to 56 mg (if Day 8 dose was 84 mg), as
determined by the investigator based on efficacy and toler-
ability. On Day 15, a dose reduction from 84 mg to 56 mg
was permitted, if required for tolerability; no dose increase
was permitted on Day 15. After Day 15, the dose remained
stable (unchanged).

[0544] Food was restricted for at least 2 hours before each
administration of study drug. Drinking of any fluids was
restricted for at least 30 minutes before the first nasal spray.
[0545] If the subject had nasal congestion on the dosing
day, it was recommended that the dosing day be delayed (per
the permitted visit window). Doses were not to be given on
consecutive days. If an intranasal decongestant was used to
reduce congestion, it could not be used within 1 hour prior
to intranasal study drug dosing.

[0546] On all intranasal treatment sessions, subjects
remained at the clinical site until study procedures had been
completed and the subject was ready for discharge and was
accompanied by a responsible adult when released from the
clinical study site. Subjects were not to drive a car or work
with machines for 24 hours after the last dose of intranasal
study drug on each dosing day.

Oral Antidepressant Medication

[0547] Starting on Day 1, a new, open-label oral antide-
pressant treatment was initiated in all subjects and continued
for the duration of this phase. The oral antidepressant was 1
of 4 oral antidepressant medications (duloxetine, escitalo-
pram, sertraline, or venlafaxine XR). The antidepressant
medication was assigned by the investigator based on a
review of the MGH-ATRQ and relevant information regard-
ing prior antidepressant treatments, and was one that the
subject has not previously had a non-response to in the
current depressive episode, had not been previously intol-
erant to (lifetime), and was available in the participating
country.

[0548] Dosing of the oral antidepressant began on Day 1
and followed the local prescribing information for the
respective product, with a forced titration to the maximum
tolerated dose. The protocol-specified titration schedule was
as presented in Table 5 below.

TABLE 5

Global titration schedule (except for Japan, Taiwan,
South Korea, and Malaysia):

Titration Schedule
Oral Antidepressant

Week 1 Week 2 Week 3 Week 4

(Starting  (Starting  (Starting (Starting
Active Comparator Day 1) Day 8) Day 15) Day 22)
Duloxetine 60 mg 60 mg 60 mg 60 mg
Escitalopram 10 mg 20 mg 20 mg 20 mg
Sertraline 50 mg 100 mg 150 mg 150 mg
Venlafaxine XR 75 mg 150 mg 225 mg 225 mg

[0549] Ifhigher doses were not tolerated, a down-titration
was permitted based on clinical judgment. However, the
subject’s maximum tolerated dose should not be lower than
the following minimum therapeutic doses: Sertraline (50
mg/day), venlafaxine XR (150 mg/day), escitalopram (10
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mg/day), and duloxetine (60 mg/day). While subjects requir-
ing lower doses could continue in the study and complete the
double-blind induction phase, such subjects were not eli-
gible to participate in the maintenance of effect study
ESKETINTRD3003 and proceeded to the follow-up phase
after completion of the double-blind induction phase.

[0550] All subjects were provided with an additional
4-week supply of the oral antidepressant medication to
ensure there was no interruption of antidepressant therapy
during the transition to further clinical/standard of care.

[0551] Study-site personnel instructed subjects on how to
administer and store the oral antidepressant treatments sup-
plied during the double-blind induction phase for at-home
use.

[0552] On intranasal treatment sessions, it was recom-
mended that oral antidepressant treatment be taken in the
evening and at the same time of day during the double-blind
induction phase. In addition, on intranasal dosing days, if the
oral antidepressant medication frequency was greater than
once daily (e.g., twice a day), it was recommended that the
dose should not be taken until at least 3 hours after the
intranasal treatment session.

Guidance on Blood Pressure Monitoring on Intranasal
Dosing Days:

[0553] Given the potential for treatment emergent tran-
sient elevation in systolic and diastolic blood pressure, the
following guidance was followed on intranasal dosing days:

[0554] If subsequent to fulfilling the inclusion and exclu-
sion criteria on Day 1, a subject’s pre-dose systolic blood
pressure (SBP) was 160 mmHg and/or diastolic blood
pressure (DBP) was 100 mmHg, it was recommended to
repeat the blood pressure measurement after subject rested
for 10 minutes in sitting or recumbent position. If repeated
pre-dose SBP was 160 mmHg and/or DBP is 100 mmHg,
then dosing was postponed and the subject scheduled to
return on the following day or within the given visit window.
Ifthe blood pressure elevation persisted on the next visit, the
subject was scheduled for a consultation by cardiologist or
primary care physician, prior to further dosing.

[0555] Ifatany post-dose time point on the dosing day, the
SBP was 180 mmHg but <200 mmHg and/or the DBP was
110 mmHg but <120 mmHg, further intranasal dosing was
interrupted and the subject was referred to a cardiologist or
primary care physician for a follow-up assessment.

[0556] After the assessment by a cardiologist or primary
care physician, and provided the subject was given approval
to continue in the study, the subject could continue with
intranasal dosing if the pre-dose blood pressure at the next
scheduled visit was within the acceptable range.

[0557] If at any post-dose time point on the dosing day the
SBP was 200 mmHg and/or the DBP was =120 mmHg, the
subject was to discontinue from further dosing and the
subject referred to a cardiologist or primary care physician
for a follow-up assessment.

[0558] During the double-blind induction phase, at 1.5
hours post-dose, if the SBP was =160 mmHg and/or the DBP
was 100 mmHg, assessments should continue every 30
minutes until the blood pressure was <160 mmHg SBP and
<100 mmHg DBP or until the subject was referred for
appropriate medical care, if clinically indicated.
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Follow-Up Phase

[0559] Subjects who received at least 1 dose of intranasal
study medication in the double-blind induction phase, but
did not enter the subsequent maintenance clinical study
ESKETINTRD3003, proceeded into the 24-week follow-up
phase. No intranasal study medication was administered
during this phase.

[0560] At the start of the follow-up phase, further clinical/
standard of care for the treatment of depression were
arranged by the study investigator and/or the subject’s
treating physician. The decision to continue the oral antide-
pressant medication in this phase was at the discretion of the
investigator; however, in order to better assess potential
withdrawal symptoms from intranasal study medication, it
was recommended that the oral antidepressant medication be
continued for at least the first 2 weeks of the follow-up phase
unless determined as not clinically appropriate.

Treatment Compliance

[0561] The investigator or designated study-site personnel
were required to maintain a log of all intranasal study drug
and oral antidepressant medication dispensed and returned.
Drug supplies for each subject were inventoried and
accounted for throughout the study.

[0562] Subjects received instructions on compliance with
the oral antidepressant treatment. During the course of the
study, the investigator or designated study-site personnel
were responsible for providing additional instruction to
re-educate any subject to ensure compliance with taking the
oral antidepressant.

[0563] Antidepressant treatment adherence during the
screening/prospective observational phase was assessed
using the PAQ. Missing =4 days of antidepressant medica-
tion in the prior 2-week period was considered as inadequate
adherence.

[0564] Antidepressant treatment compliance during the
double-blind induction phase was assessed by performing
pill counts (i.e., compliance check) and drug accountability.
[0565] All doses of intranasal study drug was self-admin-
istered by the subjects at the investigative site under the
direct supervision of the investigator or designee, and will be
recorded.

Pre-Study and Concomitant Therapy

[0566] Pre-study non-antidepressant therapies adminis-
tered up to 30 days before the start of the screening/
prospective observational phase were recorded at the start of
this phase.

[0567] All antidepressant treatment(s), including adjunc-
tive treatment for MDD, taken during the current depressive
episode (i.e., including those taken more than 30 days prior
to the start of the screening/prospective observational phase)
were recorded at the start of the screening/prospective
observational phase. In addition, information was also
obtained regarding any history of intolerance to any of the
4 antidepressant choices (i.e., duloxetine, escitalopram, ser-
traline, and venlafaxine XR).

[0568] Concomitant therapies were recorded throughout
the study, beginning with signing of the informed consent
and continuing up to the last follow-up visit. Information on
concomitant therapies were also obtained beyond this time
only in conjunction with new or worsening adverse events
until resolution of the event.
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[0569] Subjects continued to take their permitted con-
comitant medications (e.g., antihypertensive medications) at
their regular schedule; however, subject to restrictions and
Table 6, below were to taken into account. Of note, if oral
antihypertensive medications were taken in the morning, the
morning dose was to be taken on intranasal dosing days.
[0570] Subjects receiving psychotherapy could continue
receiving psychotherapy provided this therapy had been
stable in terms of frequency for the last 6 months prior to the
start of the screening/prospective observational phase and
remained unchanged until after completion of the double-
blind induction phase.

[0571] All therapies (prescription or over-the-counter
medications, including vaccines, vitamins, herbal supple-
ments; nonpharmacologic therapies, such as psychotherapy,
electrical stimulation, acupuncture, special diets, and exer-
cise regimens) different from the study drug were recorded.
Modification of an effective preexisting therapy should not
be made for the explicit purpose of entering a subject into
the study, unless permitted by protocol (e.g., adjustment of
blood pressure medications).

Rescue Medications

[0572] Rescue medications were not supplied by the spon-
sor. In case of treatment-emergent adverse events that could
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not be resolved by stopping further administration of intra-
nasal esketamine/placebo, the following rescue medications
could be considered:

[0573] For agitation or anxiety: As required, midazolam
(maximum dose 2.5 mg orally or IM) or short acting
benzodiazepine

[0574] For nausea: As required, ondansetron 8 mg sublin-
gually, metoclopramide (10 mg orally or IV or IM) or
dimenhydrinate (25 to 50 mg, IV or IM)

[0575] It was recommended that transient increases in
blood pressure not be treated, as the blood pressure returns
to pre-dose values typically in 2 hours. The effect of any
treatment may result in hypotension.

Prohibited Medications

[0576] A list of prohibited medications (not all inclusive)
was provided as general guidance for the investigator and is
reproduced in Table 6, below. The sponsor was notified in
advance (or as soon as possible thereafter) of any instances
in which prohibited therapies were administered.

TABLE 6

Prohibited Concomitant Medications with Intranasal Study Medication

Drug Class

Episodic
Use (as Continuous Reason for
needed) Use Comments Prohibition

Amantadine
Anorexiants

(eg, phentermine)
Anticholinesterase
inhibitors

Anticonvulsants

Antidepressants
(other than the
specific
antidepressant
started in the
induction phase of
the study)

Antipsychotics
Benzodiazepines
and non-
benzodiazepine
sleeping
medication
(including:

zolpidem, zaleplon,

eszopiclone, and
ramelteon)

Benztropine

N N PD interaction

N N Safety

N N Subject

population is
excluded

N N Subjects with seizures are Safety and PD

excluded. Use as adjunctive interaction
treatment for major depressive
disorder (MDD) is prohibited.
Note: Anticonvulsants used for
indications other than seizures
may be allowed (eg, valproate
for migraine)

N N Only 1 of the 4 predefined oral Safety and PD
antidepressant treatment interaction
options are permitted
If a subject is taking a
monoamine oxidase inhibitor
(MAOI) during the
screening/prospective
observational phase, there must
be a minimum washout interval
of 2 weeks prior to the first dose
of intranasal study medication.

N N PD interaction

Y Y Benzodiazepines are prohibited Safety and PD
within 12 hours prior to the start of interaction
each intranasal treatment session
or cognition testing
Non-benzodiazepine sleeping
medications are prohibited within
12 hours prior to the start of
cognition testing but are permitted
the night before dosing if no
cognitive testing is scheduled.

Y N Prohibited if use is continuous Safety and PD
and prohibited within 12 hours interaction.

prior to the start of cognition
testing
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TABLE 6-continued

Prohibited Concomitant Medications with Intranasal Study Medication

Episodic
Use (as Continuous Reason for
Drug Class needed) Use Comments Prohibition
Chloral hydrate, N N Safety and PD
melatonin, valerian interaction
Clonidine N N Safety and PD
interaction
Corticosteroids N N Inhaled, intranasal, topical, and PD interaction
(oral) ophthalmic steroids are not
prohibited.
Cough/cold Y Y Intranasally-administered
preparations/nasal decongestants (vasoconstrictors)
solutions should not be used from 1 hour
containing prior to each intranasal study
vasoconstrictors, medication administration.
decongestants
CYP3A4 inhibitors N N Subjects may not take a known PK
Potent potent inhibitor of hepatic CYP3A
activity within 1 week or within a
period less than 5 times the
drug’s half-life, whichever is
longer, before the first
administration of study medication
until at least 24 hours after the
last intranasal dose of study
medication
Examples (not all-inclusive):
Indinavir, nelfinavir, ritonavir,
clarithromyecin, itraconazole,
ketoconazole, nefazodone,
saquinavir, and telithromycin
CYP3A4 inducers- N N Subjects may not take a known PK
Potent potent inducer of hepatic CYP3A
activity within 2 weeks of the first
administration of intranasal study
medication until at least 24 hours
after the last intranasal dose of
study medication.
Examples (not all-inclusive):
Efavirenz, nevirapine,
barbiturates, carbamazepine,
glucocorticoids, modafinil,
oxcarbazepine, phenobarbital,
phenytoin, rifabutin, rifampin, and
St. John’s wort
Dextromethorphan N N PD interaction
Diphenhydramine Y N Prohibited within 12 hours prior to Safety
the start of each intranasal
treatment session
Ketanserin N N Safety
Lithium N N PD interaction
Memantine N N PD interaction
Methyldopa N N Safety and PD
Interaction
Metyrosine N N Safety and PD
interaction
Opioids N N PD interaction
Psychostimulants N N Cardiovascular
(eg, safety
amphetamines)
Reserpine N N PD interaction
Scopolamine N N PD interaction
St. John’s Wort N N PD interaction
and PK
Thyroid hormone N Y Subjects needing supplements Safety
supplement for must be on a stable thyroid
treatment of thyroid supplement dose for at least 6
condition only (not weeks prior to the first intranasal
for depression) treatment session
Thyroxine/ N N PD interaction
triiodothyronine
(T3), thyroid
hormone

prescribed for
depression
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35

Prohibited Concomitant Medications with Intranasal Study Medication

Episodic
Use (as Continuous Reason for
Drug Class needed) Use Comments Prohibition
Warfarin N N Primary
condition

where used is
excluded

Abbreviations: N, Prohibited; PD, pharmacodynamics; PK, pharmacokinetics; Y, Permitted, with restrictions (please

refer to the column labeled “Comments” for additional guidance).

[0577] The number of doses of intranasal study medica-
tion is summarized in Table 7, below.

TABLE 7

Number of Days Dosed with Intranasal Study Medication; Double-blind
Induction Phase (Studv ESKETINTRD3002: Safety Analysis Set)

Number of days Intranasal Esk + Oral AD Oral AD + Intranasal Placebo
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during the double-blind phase. Duration of exposure to oral
antidepressant study medication was as summarized in Table

9, below.

TABLE 9

Extent of Exposure to Oral Antidepressant; Double-blind
Induction Phase (Study ESKETINTRD3002: Safety Analysis Set)

dosed (N =115) (N =109) Serotonin and Norepinephrine Reuptake Inhibitors (SNRI)
1 6 (5.2%) 1 (O'QZA’) Duloxetine  Venlafaxine XR Total
2 0 2 (1.8%) Intranasal esk + oral AD
3 2 (1.7%) 1 (0.9%)
4 2 (1.7%) 2 (1.8%) N< 60 17 N7
5 2 (1.7%) 2 (1.8%) ( ) ™ -17) ( )
6 0 o 2 (1'82@ Total duration, days
7 9 (7.8%) 6 (5.5%) Category, n (%)
8 94 (81.7%) 93 (85.3%)
<7 1 (1.7%) 0 1(1.3%)
8-14 2 (3.3%) 1 (5.9%) 3 (3.9%)
[0578] A summary of mean, mode and final dose of 15-21 1 (1.7%) 0 1 (1.3%)
intranasal study medication is summarized in Table 8, below. 22-28 37 (61.7%) T@L2%) 44 (57.1%)
Y > : >28 19 (31.7%) 9 (52.9%) 28 (36.4%)
Mean (SD) 26.8 (4.91) 27.6 (473)  27.0 (4.85)
TABLE 8 Median 28.0 29.0 28.0
Range (1; 30) (10; 32) (1; 32)

Mean, Mode, and Final Daily Dose of Intranasal
Study Medication; Double-
blind Induction Phase (Study ESKETINTRD3002: Safety Analysis Set)

Intranasal Esk + Oral AD

(N =115)
Mean daily dose (mg)
N 115
Mean (SD) 70.7 (10.64)
Median 71.0
Range (56; 81)
Mode daily dose (mg)
N 109
Mean (SD) 74.5 (13.32)
Median 84.0
Range (56; 84)
Final daily dose (mg)
N 115
Mean (SD) 73.7 (13.51)
Median 84.0
Range (56; 84)

The calculation of mean, mode, and final daily dose excludes days off intranasal study
medication. The final dose is the last non-zero dose received during the double-blind
induction phase.

[0579] On Day 25 of the Double-blind Induction phase
66/99 (66/7%) subjects were receiving the 84 mg dose of
esketamine. Of the 115 subjects treated with intranasal
esketamine, 11 (9.6%) of subjects decreased their dose

Oral AD + intranasal placebo

(N =61) (N =15) (N =176)
Total duration, days
Category, n (%)
<7 2 (3.3%) 0 2 (2.6%)
8-14 0 0 0
15-21 1 (1.6%) 0 1 (1.3%)
22-28 30 (49.2%) 8 (53.3%) 38 (50.0%)
>28 28 (45.9%) 7 (46.7%) 35 (46.1%)
Mean (SD) 28.0 (5.99) 28.6 (1.12) 28.2 (5.38)
Median 28.0 28.0 28.0
Range (4; 48) (27; 31) (4; 48)
Selective Serotonin Reuptake Inhibitors (SSRI)
Escitalopram Sertraline Total

Intranasal esk + oral AD

(N=21) (N =16) (N=37)
Total duration, days
Category, n (%)
=7 1 (4.8%) 2 (12.5%) 3 (8.1%)
8-14 0 1 (6.3%) 1(2.7%)
15-21 0 1 (6.3%) 1(2.7%)
22-28 12 (57.1%) 3 (18.8%) 15 (40.5%)
>28 8 (38.1%) 9 (56.3%) 17 (45.9%)
Mean (SD) 26.8 (4.74) 23.8 (9.50) 25.5 (7.24)
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TABLE 9-continued

Extent of Exposure to Oral Antidepressant; Double-blind
Induction Phase (Study ESKETINTRD3002: Safety Analysis Set)

Extent of Exposure to Oral Antidepressant; Double-blind
Induction Phase (Study ESKETINTRD3002: Safety Analysis Set)

Median
Range

28.0 29.0
(7: 29) (1; 30)

28.0
(1; 30)

Oral AD + intranasal placebo

N=17) (N=16) (N =33)

Total duration, days
Category, n (%)
=7 0 0 0

8-14 1 (5.9%) 1(6.3%) 2 (6.1%)
15-21 0 0 0
22-28 10 (58.8%) 8 (50.0%) 18 (54.5%)
>28 6 (35.3%) 7 (43.8%) 13 (39.4%)

Mean (SD) 27.8 (4.27) 27.3 (4.99) 27.5 (4.56)
Median 28.0 28.0 28.0
Range (14; 37) 9; 31) (9; 37)

Percentages are calculated with the number of subjects in each treatment group as the
denominator. The duration of exposure is defined as the duration between the date of the
first antidepressant exposure and the date of the last antidepressant exposure. It includes
days on which subjects did not actually take medication.

Study Evaluations

[0580] The Time and Events Schedule was as presented in
Table 10 and Table 11 below, summarizes the frequency and
timing of efficacy, PK, biomarker, pharmacogenomic, medi-
cal resource utilization, health economic, and safety mea-
surements applicable to this study.

TABLE 10

Time and Events Schedule
(SCREENING/PROSPECTIVE OBSERVATIONAL PHASE AND DOUBLE-BLIND INDUCTION PHASE)

Screening/
Prospective

Observational Phase

Double-blind Induction Phase

Visit number

1.1

2.14 22 23 24 25 26 27 28 29 210 EW?
Week

Study day —

Clinic visit window —
(in days)

Remote MADRS —
interview window

(in days)

Clinic visit (C) or C
remote MADRS interview

only (RM)

(baseline)
— — =1 1 1 1 1 1 =1 -1 —

-2 B S, L, L

Screening/Administrative

Informed consent (ICF)
Medical history,
psychiatric history,
demographics,
employment status
MINI

MGH-ATRQ

Site Independent
Qualification
Assessment

Height
Inclusion/exciusion
criteria

Pre-study therapy
Preplanned
surgery/procedures
STOP-Bang
questionnaire (including
assessment of BMI

and neck circumference)
MGH-Female RLHQ:
Module I

IDS-C; X

Lol

Koo MM el

<!

Study Drug

Randomization
Dispensing of new oral
antidepressant
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TABLE 10-continued

Time and Events Schedule

(SCREENING/PROSPECTIVE OBSERVATIONAL PHASE AND DOUBLE-BLIND INDUCTION PHASE)

Screening/
Prospective

Observational Phase

Double-blind Induction Phase

Visit number

1.3 2.1 22 23 24

Week

2.5

2.6

2.7

2.8

29 210 EW?®

Week

1

End of
Week 4 1

(duloxetine,
escitalopram, sertraline,
or venlafaxine XR)
Practice session for use
of intranasal device
Intranasal esketamine or
placebo

Drug accountability
(intranasal study
medication)

Drug accountability (oral
antidepressant study
medication)

Oral antidepressant
compliance check

X

Safety Assessments (Clinician)

Physical examination
Nasal examination®
Vital signs: blood
pressure, pulse,
respiratory rate,
temperature®

Vital signs (postdose):
blood pressure, pulse,
respiratory rate®
Weight

12-lead ECG"
C-SSRS:
Baseline/Screening
version

C-SSRS: Since last visit
version

MOAA/S and pulse X
oximetry®

BPRS+"

CADSS"

CGADR’

PWC-20

el

el

Lol

HKHH MM
HKHH MM
HKHH MM

Safety Assessments (Subject-completed)

HKHH MM

HKHH MM

HKHH MM

HKHH MM

MMM M K

Lol

el

Nasal symptom
Questionnaire®

BPIC-S8°

Assessment of Sense of Smell

X X

X

UPSIT®
Smell Threshold Test®

Efficacy Assessments (Clinician)

MADRS (7-day recall; X
performed by independent,

remote raters)

MADRS (24-hr recall;

performed by independent,

remote raters)

CGI-S+% X

X X4 X

X X X
Subject-completed Assessments

X

PAQ X
PHQ-9¢ X

X

Jan. 4, 2024
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TABLE 10-continued

Time and Events Schedule
(SCREENING/PROSPECTIVE OBSERVATIONATL PHASE AND DOUBLE-BLIND INDUCTION PHASE)

Screening/
Prospective
Observational Phase Double-blind Induction Phase
Visit number
1.1 1.2 1.3 2.1 22 23 24 25 26 27 28 29 210 EW®
Week
Week  Week  End of

1 2 Week 4 1 2 3 4 —
SDS¢ X X X X
GAD-7¢ X X X X
EQ-5D-5L° X X X X X
Cognition Testing
Practice sessions X
Computerized test X X X
battery and HVLT-R

Clinical Laboratory Assessments
TSH, HbAlc X
Lipid panel (fasting) X
Hematology, chemistry® X X X X
Urine drug screen® X X X X
Alcohol breath test X X
Urinalysis® X X X X X
Serum pregnancy test X
Urine pregnancy test® X X X X X
Pharmacokinetics
Blood collection’ X X
Biomarker, Pharmacogenomic (DNA), and Expression (RNA) Evaluations
Blood sample collection X X X X X
(protein)=™
Blood sample collection X X X
(DNA)“™
Blood sample collection X X X X X
(RNA)™"
Ongoing Subject Review

Concomitant therapy Ongoing
Adverse events Ongoing
Other
Menstrual cycle tracking X X X
(start date of last
menstrual period prior to
study visit)
Additional supply of oral X X

antidepressant

On intranasal dosing days, time 0 was defined as the time of the first intranasal spray. Therefore, postdose time points were referenced from this.

“An additional, optional period of up to 3 weeks was permitted to taper and discontinue current antidepressant medication(s) after completion of the Week 4
(Visit 1.3) assessments, per the local prescribing information or clinical judgment. Subjects who did not require a taper and were thus eligible to immediately
Eroceed to the double-blind induction phase will have Visit 1.3 and Visit 2.1 occurring on the same day.

If a subject withdrew before the end of the double-blind induction phase (i.e.; before completing Visit 2.10/Day 28) for reasons other than withdrawal of consent,
an early withdrawal visit was conducted within 1 week of the date of discontinuation, followed by the follow-up phase. Ifthe early withdrawal visit was conducted
on the same day as a scheduled visit, duplicate assessments were not required.

“Pre-dose (if/when performed on intranasal dosing days). With the exception of post-dose assessments, subject-reported outcome assessments were administered
before all other study-related procedures during a clinic visit.

“Performed only for subjects requiring a taper period during the screening/prospective observational phase; the result was considered as the subject’s baseline
MADRS for the double-blind induction phase. For all other subjects, the baseline MADRS for the double-blind induction phase was the MADRS performed
at the end of Week 4 of the screening/prospective observational phase.

“Post-dose vital signs were performed at 40 minutes, 1 hour, and 1.5 hours post-dose.

FTwelve-lead ECG was performed pre-dose and at t = 1 hour post-dose at Visit 2.1, Twelve-lead ECG were performed at t = 1 hour post-dose at Visits 2.3 to
2.9, but no pre-dose ECGs were required at Visits 2.3 to 2.9. A time window of 15 minutes was permitted.

8The MOAA/S was not performed at Visit 1.1 (pulse oximetry only). The MOAA/S was performed every 15 minutes from pre-dose to t = 1.5 hours post-dose.
Pulse oximetry was performed every 15 minutes from pre-dose to t = 1.5 hours post-dose.

The BPRS+ and CADSS were performed pre-dose and at 40 minutes and 1.5 hours post-dose.

‘CGADR was performed at 1 hour and 1.5 hour post-dose; if the response is not “Yes” at 1.5 hour post-dose, the assessment was repeated every 15 minutes
until a “Yes” response was achieved or until the subject was referred for appropriate medical care if clinically indicated. A subject was not to be discharged prior
to the 1.5 hour time point.

/PWC-20 was performed only if the subject was not continuing into Study ESKETINTRD3003.

Nasal symptom questionnaire was performed pre-dose and at 1 hour post-dose.
PK blood collection was performed at t = 40 minutes and t = 2 hours post-dose (where time = 0 was defined as the time of the first intranasal spray).
"Blood samples were collected prior to dosing, it was preferred that subjects adhere to a low fat diet on the day of sample collection.

Jan. 4, 2024
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TABLE 11

Time and Events Schedule (FOLLOW-UP PHASE)

Follow-up Phase

Visit number 3.1

33 34 3.5 3.6 3.7 3.8

3.9

3.10

3.1

3.12

3.13

Weeks after last 1
intranasal dose

Visit window for 3
clinic visit or

remote assessments

only (days)

Clinic visit (C) or RA
remote assessments

only (RA)

4 6 8 10 12 14

+3 +3 +3 +3 +3 +3

Oral antidepressant compliance®

16

18

20

22

24

Oral
antidepressant
compliance check

Safety Assessments (Clinician-completed)

Physical

examination

Nasal examination X
Vital signs: Blood X
pressure, pulse,
respiratory rate,
temperature

12-lead ECG X
C-SSRS: Since X
last visit version

PWC-20 Xe

Safety Assessments (Subject-completed)

BPIC-SS

Efficacy Assessments (Clinician-completed)

MADRS
(performed by
independent,
remote raters)
CGI-S

X
Efficacy Assessments (Subject-completed)

<!

PHQ-9

SDS

GAD-7
EQ-5D-5L
Cognition testing

R A

R A
R A
R A

R A

R A

R A

Computerized test
battery and HVLT-R

Medical Resource Utilization

HRUQ?

Weeks after last 1
intranasal dose

Visit window for 3
clinic visit or

remote assessments

only (days)

Clinic visit (C) or RA
remote assessments

only (RA)

X X X X X X
4 6 8 10 12 14

Clinical Laboratory Assessments

Hematology,
chemistry
Urinalysis

Serum pregnancy
test

Lol

Biomarker and Expression (RNA) Evaluations

Blood sample
collection (protein)?
Blood sample
collection (RNA)?
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Jan. 4, 2024

Time and Events Schedule (FOLLOW-UP PHASE)

Follow-up Phase

Visit number 3.1 3.2 33 34 3.5 3.6 3.7 3.8

3.9 310 311 312 3.13

Ongoing Subject Review

Ongoing
Ongoing

Concomitant therapy
Adverse events

No intranasal study medication was administered during the follow-up phase,

“In order to better assess potential withdrawal symptoms from intranasal study medication, it was recommended that the oral antidepressant
medication be continued for at least the first 2 weeks of the follow-up phase unless determined to be not clinically appropriate.

or the HRUQ, a clinician-completed assessment was required (based on subject-responses).

“Performed by telephone by qualified site staff.
It was preferred that subjects adhere to a low fat diet the day of sample collection.

[0581] With the exception of post-dose assessments, visit-
specific subject-reported outcomes assessments were con-
ducted or completed before any tests, procedures, or other
consultations for that clinic visit to prevent influencing
subject perceptions. A recommended order of study proce-
dures was provided. Actual dates and times of assessments
were recorded in the source documentation and eCRF.

[0582] The approximate total blood volume to be collected
from each subject was 123.5 mL (See Table 12, below).
Repeat or unscheduled samples could be taken for safety
reasons or for technical issues with the samples. Additional
serum or urine pregnancy tests could be performed, as
determined necessary by the investigator or required by
local regulation, to establish the absence of pregnancy at any
time during the subject’s participation in the study.

TABLE 12

Volume of Blood to Be Collected From Each Subject

No. of Total
Volume per  Samples
Sample (mL) per Subject Blood (mL)*

Volume of

Type of Sample

Screening/Prospective Observational Phase

Serum chemistry ® 5 1 5
TSH 35 1 35
Hematology ¢ 2 1 2
Biomarker: protein ¢ 13 1 13
Biomarker: DNA 8.5 1 8.5
Biomarker: RNA 2.5 1 2.5
Double-blind Induction Phase
Serum chemistry 2.5 2 5
Hematology 2 4
Pharmacokinetics 2 4 8
Biomarker: protein (at Visits 13 2 26
2.1 and 2.9) ¢
Biomarker: protein (at Visit 2.4) 10 1 10
Biomarker: DNA 8.5 1 8.5
Biomarker: RNA 2.5 3 7.5
Follow-up Phase
Serum chemistry 2.5 1 2.5
Hematology 2 1

TABLE 12-continued

Volume of Blood to Be Collected From Each Subject

No. of Total
Volume per  Samples  Volume of

Type of Sample Sample (mL) per Subject Blood (mL)*

Biomarker: protein ¢ 13 1 13
Biomarker: RNA 2.5 1 2.5
Approximate volume of blood collected during the study: 123.5 mL

“Calculated as number of samples multiplied by amount of blood per sample.

% Serum chemistry includes serum B-hCG pregnancy tests (for women of childbearing
potential) and lipid panel.
¢ As needed, HbAlc will be measured from the sample collected for hematology.

4 Blood volume listed under protein biomarkers represents the combined volume of several
different collection tubes.
An indwelling IV cannula may be used for blood sample collection.

Repeat or unscheduled samples may be taken for safety reasons or technical issues with
the samples.

Screening/Prospective Observational Phase

[0583] Prior to conducting any study procedure, the inves-
tigator (or designated study personnel) reviewed and
explained the written ICF to each subject. After signing the
ICF, subjects who were 18 (or older if the minimum legal
age of consent in the country in which the study is taking
place is >18) to 64 years of age (inclusive) were screened to
determine eligibility for study participation.

[0584] Subjects had to meet DSM-5 diagnostic criteria for
single-episode MDD (if single-episode MDD, the duration
must be =2 years) or recurrent MDD, without psychotic
features, based upon clinical assessment and confirmed by
the MINI. In addition, at the start of the screening/prospec-
tive observational phase, the subject must have had an
IDS-C,, total score =34.

[0585] At the start of this phase, subjects must been
nonresponse to =2 but <5 oral antidepressant treatments in
the current episode of depression, assessed using the MGH-
ATRQ and confirmed by documented medical history and
pharmacy/prescription records. The subject was taking an
oral antidepressant treatment with nonresponse at entry and
continued this treatment at the same dosage for the duration
of this phase to confirm nonresponse prospectively. Antide-
pressant treatment adherence was assessed using the PAQ.
Missing =4 days of antidepressant medication in the prior
2-week period was considered as inadequate adherence.
[0586] The subject’s current major depressive episode and
antidepressant treatment response to antidepressant thera-
pies used during the current depressive episode were con-
firmed using the Site Independent Qualification Assessment.
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[0587] An independent, blinded rater performed remote
MADRS assessments to assess depressive symptoms during
this phase. The investigator and study site were blinded to
specific details regarding the response criteria for entry into
the double-blind induction phase. Eligible non-responders
(determined by remote blinded rater) discontinued their
current antidepressant medication(s) and any other prohib-
ited psychotropic medications, including adjunctive atypical
antipsychotics. Benzodiazepines or nonbenzodiazepine
sleep medications were allowed to continue but had specific
restrictions regarding the administration time relative to the
intranasal treatment sessions.

[0588] All other subjects who did not proceed to the
double-blind induction phase ended study participation at
this time. No further study visits or follow-up were required.

Optional Antidepressant Taper Period

[0589] Since all nonresponder subjects were starting a new
oral antidepressant during the double-blind induction phase,
no washout or drug-free period was required after discon-
tinuing the current antidepressant treatment. However, an
additional, optional period of up to 3 weeks was permitted
to taper and discontinue the current oral antidepressant
medication per the local prescribing information or clinical
judgment.

[0590] The taper period did not start until after the
completion of 4 weeks of prospective antidepressant treat-
ment and assessment of the antidepressant treatment
response.

Double-Blind Induction Phase

[0591] During this phase, subjects self-administered
double-blind intranasal treatment with esketamine (56 mg or
84 mg) or placebo twice per week for 4 weeks as a flexible
dose regimen. In addition, subjects simultaneously initiated
a new, open-label oral antidepressant.

[0592] Study subjects (with TRD) were randomly
assigned to 1 of the following 2 double-blind treatment
groups at a 1:1 ratio (approximately 98 subjects per group):
1. Intranasal placebo or 2. Intranasal esketamine (56 mg or
84 mg). On the same day (i.e., Day 1), subjects were
switched to a new, open-label oral antidepressant treatment.
The oral antidepressant was 1 of 4 oral antidepressant
medications (duloxetine, escitalopram, sertraline, or venla-
faxine XR). The antidepressant medication was assigned by
the investigator (based on review of the MGH-ATRQ and
relevant prior antidepressant treatment information) and was
one that the subject had not previously had a nonresponse to
in the current depressive episode, had not been previously
intolerant to (lifetime), and was available in the participating
country. Dosing of the oral antidepressant began on Day 1
and followed the local prescribing information for the
respective product, with a forced titration to the maximally
tolerated dose. The titration schedule for the selected oral
antidepressant was as presented in Table 5, above.

[0593] For information obtained via telephone contact,
written documentation of the communication was made
available for review in the source documents. During tele-
phone contact visits with the subject by site personnel,
adverse event and concomitant therapy information were
obtained. In addition, specified -clinician-administered
assessments were performed by appropriately qualified staff.
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[0594] At the end of the double-blind induction phase,
subjects who were responders (defined as 50% reduction in
the MADRS total score from baseline [Day 1 pre-random-
ization] to the end of the 4-week double-blind induction
phase) were eligible to enter the subsequent maintenance
clinical study (Study ESKETINTRD3003). To maintain
study blinding, all responder subjects, including responders
to the active comparator (i.e., oral antidepressant plus intra-
nasal placebo), were eligible to enter Study
ESKETINTRD3003. Participation in ESKETINTRD3003
began immediately after the completion of the double-blind
induction phase. Subjects received oral antidepressant medi-
cation and were instructed to continue taking their oral
antidepressant medication through their next study visit (i.e.,
first study visit of the stabilization phase in Study
ESKETINTRD3003).

[0595] Those subjects who did not enter Study
ESKETINTRD3003 proceeded into the follow-up phase.

Early Withdrawal

[0596] If a subject withdrew before the end of the double-
blind induction phase for reasons other than withdrawal of
consent, the Early Withdrawal visit was conducted within 1
week of the date of discontinuation, followed by the follow
up phase. If the Early Withdrawal visit occurred on the same
day as a scheduled visit, the early withdrawal visit was
performed on the same day and duplicate assessments were
not required.

[0597] Further clinical/standard of care for the treatment
of depression were arranged by the study investigator and/or
the subject’s treating physician. The study investigator and/
or treating physician determined whether or not the current
oral antidepressant medication would continue.

[0598] Ifapplicable, subjects who withdrew early received
additional oral antidepressant medication and it was recom-
mended that they continue taking the oral antidepressant
medication for at least the first 2 weeks of the follow-up
phase unless determined as not clinically appropriate.

Follow-Up Phase

[0599] All subjects who received at least 1 dose of intra-
nasal study medication in the double-blind induction phase
and were not participating in the subsequent
ESKETINTRD3003 study proceeded into the 24-week fol-
low-up phase. Clinic visits and remote assessment visits
were performed as specified in the Time and Events Sched-
ule. During this phase, safety and tolerability, including
potential withdrawal symptoms, following discontinuation
of intranasal esketamine were assessed. In addition, data was
collected to assess the course of the subject’s current major
depressive episode over a 6-month period.

[0600] Further clinical/standard of care for the treatment
of depression were arranged by the study investigator and/or
the subject’s treating physician. No intranasal study medi-
cation was administered during this phase. In order to better
assess potential withdrawal symptoms from the intranasal
medication it was recommended that the oral antidepressant
medication be continued for at least the first 2 weeks of the
follow up phase unless determined as not clinically appro-
priate. The decision to continue the antidepressant was at the
discretion of the investigator.
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[0601] If information was obtained via telephone contact,
written documentation of the communication was to be
available for review in the source documents.

[0602] Any clinically significant abnormalities persisting
at the end of the study were followed by the investigator
until resolution or until a clinically stable endpoint was
reached. All adverse events and special reporting situations,
whether serious or non-serious, were reported until comple-
tion of the subject’s last study-related procedure.

Efficacy Evaluations

[0603] It was recommended that the various subject-re-
ported outcome assessments be completed prior to other
procedures.

Primary Efficacy Evaluation

[0604] The primary efficacy evaluation was the MADRS
total score. The MADRS was performed by independent
remote raters during the study. The 10-item clinician-admin-
istered, clinician-rated scale MADRS was designed to be
used in subjects with MDD to measure the overall severity
of depressive symptoms, including depression severity and
to detect changes due to antidepressant treatment. The
MADRS scale was used as the primary efficacy measure for
this study because it is validated, reliable, and acceptable to
regulatory health authorities as a primary scale to determine
efficacy in major depression.

[0605] The MADRS scale consists of 10 items, each of
which is scored from O (item not present or normal) to 6
(severe or continuous presence of the symptoms), for a total
possible score of 60. Higher scores represent a more severe
condition. The MADRS evaluates apparent sadness,
reported sadness, inner tension, sleep, appetite, concentra-
tion, lassitude, interest level, pessimistic thoughts, and sui-
cidal thoughts. The test exhibits high inter-rater reliability.
[0606] The primary efficacy endpoint was a change in the
MADRS total score from baseline (Day 1 prior to random-
ization) to the end of the 4-week double-blind induction
phase.

[0607] In this study, subjects in any of the 2 treatment
groups who responded to the study medication (i.e.,
responders) were defined as subjects who met the criterion
for response defined as =50% reduction in the MADRS total
score from baseline (Day 1 pre-randomization) to the end of
the 4-week double-blind induction phase.

[0608] In addition to being the primary efficacy measure,
the MADRS was also used to evaluate the key secondary
efficacy endpoint of onset of clinical response (i.e., antide-
pressant effect) by Day 2 that was maintained for the
duration of the double-blind induction phase. Onset of
clinical response was defined as =50% improvement in
MADRS total score by Day 2 (i.e., the day after taking the
first dose of double-blind intranasal medication) that con-
tinued through the end of the double-blind phase.

[0609] MADRS was also used to evaluate a secondary
objective assessing proportion of subjects with response and
those in remission (defined as subjects with a MADRS total
score =12) at the end of the 4-week double-blind induction
phase.

Key Secondary Efficacy Evaluation (Clinician-Completed)

[0610] The MADRS was administered using a modified
recall period of 24 hours for the key secondary efficacy
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evaluation related to onset of clinical response by Day 2 that
was maintained for the duration of the double-blind induc-
tion phase.

[0611] The MADRS with a 24-hour recall period was used
on Day 2. The feasibility of this shortened recall period has
been confirmed with patients, and physicians, and there are
data supporting the psychometric properties of this short-
ened recall period. The MADRS with a 7-day recall was
used for all subsequent MADRS assessments used for the
key secondary efficacy evaluation (maintenance of clinical
response achieved on Day 2 for duration of double-blind
induction phase).

Key Secondary Efficacy Evaluation (Patient-Reported
Outcome)

[0612] The Patient Health Questionnaire (PHQ-9) is a
9-item, subject-reported outcome measure that was used to
assess depressive symptoms. The scale scores each of the 9
symptom domains of the DSM-5 MDD criteria and has been
used both as a screening tool and a measure of response to
treatment for depression. Each item was rated on a 4-point
scale (O=not at all, 1=several days, 2=more than half the
days, and 3=nearly every day). The subject’s item responses
were summed to provide a total score (range of 0 to 27) with
higher scores indicating greater severity of depressive symp-
toms. The recall period was 2 weeks.

[0613] The Sheehan Disability Scale (SDS) was used to
assess the secondary objective of functional impact and
associated disability. The SDS is a subject-reported outcome
measure and is a 5-item questionnaire which has been
widely used and accepted for assessment of functional
impairment and associated disability. The first three items
assess disruption of (1) work/school, (2) social life, and (3)
family life/home responsibilities using a 0-10 rating scale.
The score for the first three items were summed to create a
total score of 0-30 where a higher score indicated greater
impairment. The SDS also has one item on days lost from
school or work and one item on days when underproductive.
The recall period for this study was 7 days.

[0614] The Clinical Global Impression—Severity (CGI-S)
provides an overall clinician-determined summary measure
of the severity of the subject’s illness that takes into account
all available information, including knowledge of the sub-
ject’s history, psychosocial circumstances, symptoms,
behavior, and the impact of the symptoms on the subject’s
ability to function. The CGI-S evaluates the severity of
psychopathology on a scale of 0 to 7. Considering total
clinical experience, a subject was assessed on severity of
mental illness at the time of rating according to: O=not
assessed; 1=normal (not at all ill); 2=borderline mentally ill;
3=mildly ill; 4=moderately ill; S5=markedly ill; 6=severely
ill; 7=among the most extremely ill patients. The CGI-S
permits a global evaluation of the subject’s condition at a
given time.

[0615] The 7-item subject-reported Generalized Anxiety
Disorder 7-item Scale (GAD-7) was used to measure the
secondary objective of symptoms of anxiety. The GAD-7 is
a brief and validated measure of overall anxiety. Each item
was rated on a 4-point scale (O=not at all; 1=several days;
2=more than half the days; and 3=nearly every day). Item
responses were summed to yield a total score with range of
0 to 21, where higher scores indicated more anxiety. The
recall period was 2 weeks.
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[0616] The Euro-Qol-5 Dimention-5 Level (EQ-5D-5L1) is
a standardized instrument for use as a measure of health
outcome, primarily designed for self-completion by respon-
dents. It consists of the EQ-5D-5L descriptive system and
the EQ visual analogue scale (EQ-VAS). The EQ-5D-5L
descriptive system comprises the following 5 dimensions:
Mobility, self-care, usual activities, pain/discomfort and
anxiety/depression. Each of the 5 dimensions is divided into
5 levels of perceived problems (Level 1 indicating no
problem, Level 2 indicating slight problems, Level 3 indi-
cating moderate problems, Level 4 indicating severe prob-
lems, and Level 5 indicating extreme problems).

[0617] The subject selected an answer for each of the 5
dimensions considering the response that best matches his or
her health “today.” The descriptive system was used to
represent a health state. The EQ-VAS self-rating recorded
the respondent’s own assessment of his or her overall health
status at the time of completion, on a scale of 0 to 100.

Primary Endpoint

[0618] The primary efficacy endpoint was the change in
the MADRS total score as measured by the change from
baseline (Day 1 prior to randomization) to the end of the
4-week double-blind induction phase.

Primary Endpoint Results:

[0619] A serial gatekeeping (fixed sequence) approach
was applied to adjust for multiplicity and to strongly control
type I error across the primary and the 3 key secondary
efficacy endpoints (onset of clinical response, change in SDS
total score, and change in PHQ-9 total score). The 3 key
secondary endpoints were analyzed sequentially and were
considered statistically significant at the 1-sided 0.025 level
only if the endpoint was individually significant at the
1-sided 0.025 level and previous endpoints in the hierarchy
were significant at the 1-sided 0.025 level, including the
primary endpoint. If the primary endpoint was statistically
significant, the selected secondary endpoints were assessed
in the following order: onset of clinical response, change in
SDS total score, change in PHQ-9 total score.

[0620] The primary efficacy endpoint was the change in
MADRS total score from baseline to Day 28. MADRS total
scores range from 0 to 60. The primary efficacy analysis was
performed on the full analysis set, which included all
randomized subjects who received at least 1 dose of intra-
nasal study medication and 1 dose of oral antidepressant
study medication. As shown in Table 13 below, results for
the change in MADRS total score favored intranasal esket-
amine+oral AD over oral AD+intranasal placebo. (FIG. 2
presents the least-square mean changes (+SE) from baseline
for the MADRS total score over time in the double-blind
phase based on the MMRM analysis.) The mean change
from baseline (SD) at Day 28 was -21.4 (12.32) for esket-
amine+oral AD and -17.0 (13.88) for the active comparator.
Based on an MMRM model with treatment, day, country,
class of oral antidepressant and treatment by day as factors
and baseline value as a covariate, the least-square mean
difference (SE) between esketamine+oral AD and active
comparator was —4.0 (1.69). The difference between treat-
ment groups was statistically significant (one-sided p=0.
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010). The MMRM analysis was considered the primary
analysis for all dossiers except the EU.

[0621] Results based on an ANCOVA model for the
change in MADRS total score from baseline to End Point
(DB) with factors for treatment, country and class of oral
antidepressant and baseline value as a covariate were con-
sistent with the MMRM analysis (least-square mean differ-
ence (SE) between esketamine+oral AD and active com-
parator was —3.5 (1.63), one-sided p=0.017.

TABLE 13

Montgomery-Asberg Depression Rating Scale (MADRS) Total Score:
Change From Baseline to Day 28 MMRM; Double-blind Induction Phase
(Study ESKETINTRD3002: Full Analysis Set)

Intranasal Esk + Oral AD + Intranasal

Oral AD Placebo
(N =114) (N = 109)
Baseline
N 114 109
Mean (SD) 37.0 (5.69) 37.3 (5.66)
Median (Range) 37.0 (22; 48) 37.0 (21; 52)
Day 28
N 101 100
Mean (SD) 15.5 (10.67) 20.6 (12.70)
Median (Range) 12.0 (1; 49) 19.0 (0; 49)
Change from baseline to day 28
N 101 100
Mean (SD) -21.4 (12.32) -17.0 (13.88)
Median (Range) -24.0 (-44; 13) -18.5 (-43; 8)
MMRM analysis ¢
Diff. of LS means (SE) -4.0 (1.69)
(Esk + AD minus AD + Placebo)
95% confidence interval on diff. -7.31; -0.64
1-sided p-value 0.010

@ Test for treatment effect is based on mixed model for repeated measures (MMRM) with
change from baseline as the response variable and the fixed effect model terms for
treatment (intranasal esk + oral AD, oral AD + intranasal placebo), day, country, class of
oral antidepressant (SNRI or SSRI), and treatment-by-day, and baseline value as a
covariate. A negative difference favors esketamine.

MADRS Total score ranges from 0 to 60; a higher score indicates a more severe condition.

Negative change in score indicates improvement.

Secondary Endpoints

[0622] The first key secondary endpoint was the change
from baseline (Day 1 prior to randomization) to the end of
the 4-week double-blind induction phase in subject-reported
depressive symptoms, using the PHQ-9 total score.

[0623] The second key secondary endpoint was the pro-
portion of subjects showing onset of clinical response by
Day 2 that was maintained through the end of the 4-week
double-blind induction phase. Onset of clinical response was
defined as 50% reduction in the MADRS total score by the
day after taking the first dose of double-blind medication
[Day 2] that continued through the end of the 4-week
double-blind induction phase). Subjects who discontinued
the study prior to the end of the double-blind induction phase
were not considered to have maintained clinical response.
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[0624] The third key secondary endpoint was the change
in SDS total score as measured by the change from baseline
(Day 1 prior to randomization) to the end of the 4-week
double-blind induction phase.

[0625] Other secondary efficacy endpoints included: (a)
Proportion of responders (=50% reduction from baseline in
MADRS total score) at the end of the 4-week double-blind
induction phase, (b) Proportion of subjects in remission
(MADRS<12) at the end of the 4-week double-blind induc-
tion phase, and (c¢) Change from baseline (Day 1 prior to
randomization) to the end of the 4-week double-blind induc-
tion phase in: Severity of depressive illness, using the
CGI-S, Anxiety symptoms, as measured by the GAD-7,
Health-related quality of life and health status, as assessed
by the EQ-5D-5L.

Secondary Endpoint Results

Onset of Clinical Response

[0626] A subject was defined as having a clinical response
if there was at least 50% improvement from baseline in the
MADRS total score with onset by Day 2 that was maintained
to Day 28 at each visit. Subjects were allowed one excursion
(non-response) on Days 8, 15 or 22, however the score must
have shown at least 25% improvement. Subjects who do not
meet such criterion, or discontinue during the study before
Day 28 for any reason were considered as non-responders

Jan. 4, 2024

TABLE 14

Onset of Clinical Response Based on Montgomery-Asberg Depression
Rating Scale (MADRS) Total Score CMH Analysis; Double-blind
Induction Phase(Study ESKETINTRD3002: Full Analysis Set)

Oral AD +
Intranasal Esk + Intranasal
Oral AD Placebo
(N =114) (N =109)
Onset of clinical response, n (%) ¢
N 114 109
Yes 9 (7.9%) 5 (4.6%)
No 105 (92.1%) 104 (95.4%)
Generalized Cochran-Mantel-
Haenszel test ®
1-sided p-value (esk + AD vs. 0.161

AD + placebo) ¢

Odds ratio (95% CI) 4 1.79 (0.57, 5.67)

% Onset of clinical response was defined as at least 50% improvement from baseline in
MADRS total score with onset by Day 2 that is maintained to Day 28. Subjects are allowed
one excursion (non-response) on Days 8, 15 or 22, provided the score is at least 25%
improvement. Subjects with missed assessments or discontinued early were not considered
to have onset of clinical response.

® Generalized Cochran-Mantel-Haenszel (CMH) test for mean score difference between
treatments adjusting for country and class of oral antidepressant (SNRI or SSRI).

¢ The analysis was considered statistically significant at the 1-sided 0.025 level only if the
MADRS total score analysis is also significant.

4 Odds of achieving onset of clinical response on intranasal esketamine + oral AD divided
by the odds of achieving onset of clinical response on oral AD + intranasal placebo.

Response and Remission Rates Based on MADRS Total
Score

[0628] Response (=50% improvement from baseline in the
MADRS total score) and Remission (MADRS total score is
=12) rates were as presented in Table 15 and FIGS. 3-5.

TABLE 15

Response and Remission Rates Based on Montgomery-Asberg Depression

Rating Scale (MADRS); Double-blind Induction Phase (Study
ESKETINTRD3002: Full Analysis Set)

Response

Oral AD + Remission

Intranasal Esk + Oral AD + Intranasal
Oral AD Placebo

Intranasal Esk + Intranasal
Oral AD Placebo

Day 2 (24 hrs.) 18/109 (16.5%) 11/102 (10.8%) 10/109 (9.2%)

Day 8

Day 15
Day 22
Day 28

6/102 (5.9%)
15/100(13.8%) 13/105(12.4%) 8/109 (7.3%)  7/105 (6.7%)
20/107 (27.1%) 23/102 (22.5%) 13/107 (12.1%) 13/102 (12.7%)
54/103 (52.4%) 35/104(33.7%) 32/103 (31.1%) 20/104 (19.2%)
70/101 (69.3%) 52/100 (52.0%) 53/101 (52.5%) 31/100 (31.0%)

A subject was defined as a responder at a given time point if the percent improvement from baseline in
MADRS total score was at least 50%. A subject was in remission at a given time point if the MADRS total

score was =12,

and were assigned the value of no, meaning they did not
meet the criteria for Onset of Clinical Response.

[0627] As shown in Table 14 below, 7.9% of subjects in
the esketamine+oral AD group achieved clinical response
compared to 4.6% of subjects in the active comparator
group. The difference between treatment groups was not
statistically significant at the 1-sided 0.025 level. Hence,
based on the predefined testing sequence of key secondary
endpoints, SDS total score and PHQ-9 total score could not
be formally evaluated.

Sheehan Disability Scale (SIDS)

[0629] The SIDS is a subject-reported outcome measure
and is a S-item questionnaire which has been widely used
and accepted for assessment of functional impairment and
associated disability. The first three items assess disruption
of (1) work/school, (2) social life, and (3) family life/home
responsibilities using a 0-10 rating scale. The score for the
first three items are summed to create a total score of 0-30
where a higher score indicates greater impairment.
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[0630] As shown in Table 16 below, results for the change
in SDS total score favored intranasal esketamine+oral AD
over oral AD+intranasal placebo. The mean change from
baseline (SD) at Day 28 was -13.3 (8.22) for esketamine+
oral AD and -9.5 (8.38) for the active comparator. Based on
an MMRM model with treatment, day, country, class of oral
antidepressant and treatment by day as factors and baseline
value as a covariate, the least-square mean difference (SE)
between esketamine+oral AD and active comparator was
-3.6(1.18). Based on the pre-defined testing sequence of key
secondary endpoints, SDS total score could not be formally
evaluated because there was not a statistically significant
difference between treatment groups for onset of clinical
response. The nominal one-sided p-value=0.001.

[0631] Results based on an ANCOVA model for the
change in SDS total score from baseline to End Point (DB)
with factors for treatment, country and class of oral antide-
pressant and baseline value as a covariate were consistent
with the MMRM analysis.

TABLE 16

Sheehan Disability Scale (SDS) Total Score: Change
From Baseline to Day 28 MMRM; Double-blind
Induction Phase (Study ESKETINTRD3002: Full Analysis Set)
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an MMRM model with treatment, day, country, class of oral
antidepressant and treatment by day as factors and baseline
value as a covariate, the least-square mean difference (SE)
between esketamine+oral AD and active comparator was
-2.2(0.89). Based on the predefined testing sequence of key
secondary endpoints, PHQ-9 total score cannot be formally
evaluated because there was not a statistically significant
difference between treatment groups for onset of clinical
response. The nominal one-sided p-value=0.006.

[0634] Results based on an ANCOVA model for the
change in PHQ-9 total score from baseline to End Point
(DB) with factors for treatment, country and class of oral
antidepressant and baseline value as a covariate were con-
sistent with the MMRM analysis (see Attachment 3).

TABLE 17

Patient Health Questionnaire (PHQ-9) Total Score: Change From Baseline
to Day 28 MMRM Double-blind Induction Phase
(Study ESKETINTRD3002: Full Analysis Set)

Intranasal Esk + Oral AD +
Oral AD Intranasal Placebo
(N =114) (N =109)

Baseline
N 111 104
Mean (SD) 24.0 (4.07) 24.2 (4.38)
Median (Range) 25.0 (11; 30) 25.0 (11; 30)
Day 28
N 84 85
Mean (SD) 10.3 (7.73) 14.6 (9.06)
Median (Range) 9.0 (0; 29) 15.0 (0; 30)
Change from baseline to day 28
N 84 84
Mean (SD) -13.3 (8.22) -9.5 (8.38)
Median (Range) -14.0 (-30; 6) -9.5 (-29; 6)
MMRM analysis ¢
Diff. of LS means (SE) (Esk + AD -3.6 (1.18)
minus AD + Placebo)
95% confidence interval on diff. -5.94; -1.27
1-sided p-value ® 0.001

@ Test for treatment effect was based on mixed model for repeated measures (MMRM) with
change from baseline as the response variable and the fixed effect model terms for
treatment (intranasal esketamine + oral AD, oral AD + intranasal placebo), day, country,
class of oral antidepressant (SNRI or SSRI), and treatment-by-day, and baseline value as
a covariate. A negative difference favored esketamine.

5 The analysis was considered statistically significant at the 1-sided 0.025 level only if the
MADRS total score and the onset of clinical response analyses are also significant.
Negative change in SDS score indicates improvement.

Patient Health Questionnaire—9 Item (PHQ-9)

[0632] The PHQ-9 is a 9-item, self-report scale assessing
depressive symptoms. Each item is rated on a 4-point scale
(0=Not at all, 1=Several Days, 2=More than half the days,
and 3=Nearly every day), with a total score range of 0-27.
A higher score indicates greater severity of depression.

[0633] As shown in Table 17 below, results for the change
in PHQ-9 total score favored intranasal esketamine+oral AD
over oral AD+intranasal placebo. The mean change from
baseline (SD) at Day 28 was -12.8 (6.43) for esketamine+
oral AD and -10.2(7.84) for the active comparator. Based on

Intranasal Esk + Oral AD +
Oral AD Intranasal Placebo
(N =114) (N =109)

Baseline
N 114 109
Mean (SD) 20.2 (3.63) 20.4 (3.74)
Median (Range) 20.0 (5; 27) 21.0 (10; 27)
Day 28
N 101 99
Mean (SD) 7.4 (5.76) 10.1 (7.71)
Median (Range) 6.0 (0; 27) 8.0 (0; 26)
Change from baseline to day 28
N 101 99
Mean (SD) -12.8 (6.43) -10.2 (7.84)
Median (Range) -14.0 (-26; 3) -9.0 (-25; 6)
MMRM analysis ¢
Diff. of LS means (SE) (Esk + AD -2.2 (0.89)
minus AD + Placebo)
95% confidence interval on diff. -3.99; -0.48
1-sided p-value ® 0.006

@ Test for treatment effect was based on mixed model repeated measures (MMRM) with
change from baseline as the response variable and the fixed effect model terms for
treatment (intranasal esketamine + oral AD, oral AD + intranasal placebo), day, country,
class of oral antidepressant (SNRI or SSRI), and treatment-by-day, and baseline value as
a covariate. A negative difference favored esketamine.

® The analysis was considered statistically significant at the 1-sided 0.025 level only if the
MADRS total score, onset of clinical response, and SDS total score analyses are also
significant.

Negative change in PHQ-9 score indicates improvement.

Safety Evaluations

[0635] Any clinically relevant changes occurring during
the study were recorded on the Adverse Event section of the
eCRF. Any clinically significant abnormalities persisting at
the end of the study/early withdrawal were followed by the
investigator until resolution or until a clinically stable end-
point was reached. The study included the following evalu-
ations of safety and tolerability according to the time points
provided in the Time and Events Schedule.

Adverse Events

[0636] Adverse events were reported by the subject (or,
when appropriate, by a caregiver, surrogate, or the subject’s
legally acceptable representative) for the duration of the
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study. Adverse events were followed by the investigator.
TEAEs of special interest were examined separately.

Clinical Laboratory Tests

[0637] Blood samples for serum chemistry and hematol-
ogy and a urine sample for urinalysis were collected. The
investigator reviewed the laboratory report, documented this
review, and recorded any clinically relevant changes occur-
ring during the study in the adverse event section of the
eCRF. The laboratory reports were filed with the source
documents. The use of local laboratories was allowed in
cases where initiation of treatment or safety follow-up was
time-critical and the central laboratory results were not
expected to be available before the need to begin dosing or
if actions need to be taken for safety reasons.

[0638] The following tests were performed by the central
laboratory, unless noted otherwise

Hematology Panel

hemoglobin platelet count
hematocrit

red blood cell (RBC) count

white blood cell (WBC) count with differential

Serum Chemistry Panel

sodium alkaline phosphatase
potassium creatine phosphokinase (CPK)
chloride calcium

bicarbonate phosphate

blood urea nitrogen (BUN) albumin

creatinine total protein

glucose

aspartate aminotransferase (AST)
alanine aminotransferase (ALT)
gamma-glutamyltransferase (GGT)

Urinalysis
Dipstick Sediment (if dipstick result is abnormal)
specific gravity red blood cells
pH white blood cells
glucose epithelial cells
protein crystals
blood casts
ketones bacteria

bilirubin
urobilinogen
nitrite

leukocyte esterase

If dipstick result was abnormal, flow cytometry or microscopy was used to measure
sediment. In case of discordance between the dipstick results and the flow cytometric
results, the sediment was examined microscopically.

[0639] The following tests were done at time points speci-
fied in the Time and Events Schedule:

[0640] 1. Lipid panel: Total cholesterol, low density
lipoprotein (LDL)-cholesterol, low density lipoprotein
(HDL)-cholesterol, and triglycerides

[0641] 2. Serum and urine pregnancy testing (for
women of childbearing potential only)

[0642] 3. Urine Drug Screen: Barbiturates, methadone,
opiates, cocaine, cannabinoids (cannabinoids are only
tested at Day 1 predose), phencyclidine, and amphet-
amine/methamphetamine
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[0643] 4. Alcohol breath test

[0644] 5. Thyroid-stimulating hormone (TSH)

[0645] 6. Glycated hemoglobin (HbAlc) test

[0646] 7. A serum follicle stimulating hormone (FSH)
level test, only if required for documentation that a
female subject is not of childbearing potential (refer to
Inclusion Criteria No. 0)

Single, 12-Lead ECG

[0647] During the collection of ECGs, subjects should be
in a quiet setting without distractions (e.g., television, cell
phones). Subjects should rest in a supine position for at least
5 minutes before ECG collection and should refrain from
talking or moving arms or legs.

[0648] All ECG tracings were sent to a central ECG
laboratory. The ECGs were read at the scheduled time points
and summarized by a central ECG laboratory. The investi-
gator or sub-investigator was required to review all ECGs at
the study visit to assess for any potential safety concerns or
evidence of exclusionary conditions.

Vital Signs (Temperature, Pulse/Heart Rate, Respiratory
Rate, Blood Pressure)

[0649] Blood pressure and pulse/heart rate measurements
were assessed supine with a completely automated device.
Manual techniques were used only if an automated device is
not available. Blood pressure and pulse/heart rate measure-
ments were preceded by at least 5 minutes of rest in a quiet
setting without distractions (e.g., television, cell phones).
[0650] Tympanic temperature was recommended. An
automated device was used for measurement of respiratory
rate.

Pulse Oximetry

[0651] Pulse oximetry was used to measure arterial oxy-
gen saturation. On each dosing day, the device was attached
to the finger, toe, or ear before the first nasal spray and then,
after the first spray it was monitored and documented. Any
arterial blood oxygen saturation (SpO,)<93% and lasting for
more than 2 minutes, and confirmed by an additional manual
measurement on another part of the body, was reported as an
adverse event.

[0652] On intranasal treatment session days, pulse oxim-
etry was performed every 15 minutes from pre-dose to t=1.5
hours post-dose. If 593% at any time during the 1.5 hours
post-dose interval, pulse oximetry was performed every 5
minutes until returned to =93% or until the subject was
referred for appropriate medical care, if clinically indicated.

Physical Examination, Height, Body Weight, and Neck
Circumference

[0653] Physical examinations, body weight, and height
were performed or measured as per the Time and Events
Schedule. In addition, body mass index (BMI) was calcu-
lated and neck circumference measured as part of the
information required for the STOP-Bang questionnaire.

Nasal Examinations

[0654] Nasal examinations (including the upper respira-
tory tract/throat) were conducted by a qualified healthcare
practitioner. The objective of the examination at screening
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was to rule out any subjects with anatomical or medical
conditions that may impede drug delivery or absorption.
[0655] Subsequent examinations consisted of a visual
inspection of the nostrils, nasal mucosa, and throat for nasal
erythema, rhinorrhea, rhinitis, capillary/blood vessel disrup-
tion, and epistaxis, and were graded as absent, mild, mod-
erate, or severe. Any treatment-emergent change or wors-
ening from the baseline examination was recorded as an
adverse event.

Nasal Symptom Questionnaire

[0656] Subjects completed a nasal symptom question-
naire. The nasal symptom questionnaire was developed to
assess nasal tolerability following intranasal administration
of study drug. The questionnaire asks about nasal symptoms,
which were rated by the subject as none, mild, moderate, or
severe, based on how he or she feels at the time of the
assessment.

C-SSRS

[0657] The C-SSRS was performed to assess potential
suicidal ideation and behavior. The C-SSRS is a low-burden
measure of the spectrum of suicidal ideation and behavior
that was developed in the National Institute of Mental
Health Treatment of Adolescent Suicide Attempters Study to
assess severity and track suicidal events through any treat-
ment. It is a clinical interview providing a summary of both
suicidal ideation and behavior that can be administered
during any evaluation or risk assessment to identify the level
and type of suicidality present. The C-SSRS can also be used
during treatment to monitor for clinical worsening.

[0658] Two versions of the C-SSRS were used in this
study, the Baseline/Screening version, and the Since Last
Visit version. The Baseline/Screening version of the
C-SSRS was used in the screening/prospective observa-
tional phase. In this version, suicidal ideation was assessed
at 2 time points (“lifetime” and “in the past 6 months”) and
suicidal behavior was assessed at 2 time points (“lifetime”
and “in the past year”). All subsequent C-SSRS assessments
in this study used the Since Last Visit version, which
assessed suicidal ideation and behavior since the subject’s
last visit.

CADSS

[0659] The CADSS is an instrument for the measurement
of present-state dissociative symptoms, and was adminis-
tered to assess treatment-emergent dissociative symptoms.
The CADSS consists of 23 subjective items, divided into 3
components: Depersonalization (Items 3 to 7, 20, and 23),
derealization (Items 1, 2, 8 to 13, 16 to 19, and 21) and
amnesia (Items 14, 15, and 22). Participant’s responses were
coded on a S-point scale (0O=not at all through to
4=extremely). CADSS has excellent inter-rater reliability
and internal consistency.

BPRS+

[0660] Four items of the BPRS were administered to
assess potential treatment-emergent psychotic symptoms.
The BPRS is an 18-item rating scale that is used to assess a
range of psychotic and affective symptoms, rated from both
observation of the subject and the subject’s own report. It
reportedly provides a rapid and efficient evaluation of treat-
ment response in clinic drug studies and in clinical settings.
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Only the 4-item positive symptom subscale BPRS+(i.e.,
suspiciousness, hallucinations, unusual thought content, and
conceptual disorganization) were used in this study. It is
highly sensitive to change, and excellent inter-rater reliabil-
ity can be achieved with training and a standard interview
procedure.

MOAA/S

[0661] The MOAA/S was used to measure treatment-
emergent sedation, with correlation to levels of sedation
defined by the American Society of Anesthesiologists (ASA)
continuum. The MOAA/S scores range from O=no response
to painful stimulus (corresponds to ASA continuum for
general anesthesia) to S=readily responds to name spoken in
normal tone (awake; corresponds to ASA continuum for
minimal sedation).

[0662] On each intranasal dosing day, the MOAA/S was
performed every 15 minutes from pre-dose to t=+1.5 hours
post-dose. If the score was <3 at any time during the 1.5
hours post-dose interval, the MOAA/S was performed every
5 minutes until a score of 4 is reached (at which point a
frequency of every 15 minutes can be resumed until t=+1.5
hours post dose). If a subject did not have a score of at least
5 at t=+1.5 hours post-dose, they were monitored further.
For subjects with a score of 4, the assessment was repeated
every 15 minutes. And for subjects with a score of <3, the
assessment was repeated every 5 minutes until the score
returns to 5 or the subject was referred for appropriate
medical care, if clinically indicated.

CGADR

[0663] The CGADR was used to measure the subject’s
current clinical status and was the clinician’s assessment of
the readiness to be discharged from the study site. The
clinician answered “Yes” or “No” to the question “Is the
subject considered ready to be discharged based on their
overall clinical status (e.g., sedation, blood pressure, and
other adverse events)?”

[0664] On each intranasal dosing day, the CGADR was
performed at 1 hour and 1.5 hours post-dose; if the response
was not “Yes” at 1.5 hours post-dose, the assessment was
repeated every 15 minutes until a “Yes” response was
achieved or until the subject was referred for appropriate
medical care, if clinically indicated. A subject was not
discharged prior to the 1.5-hour time point. On all intranasal
treatment session days, subjects remained at the clinical site
until study procedures were completed and the subject was
ready for discharge.

PWC-20

[0665] The PWC-20 was administered to assess potential
withdrawal symptoms following cessation of intranasal
esketamine treatment. An assessment was performed on Day
25 to establish a baseline prior to discontinuation of intra-
nasal esketamine treatment. In order to better assess poten-
tial withdrawal symptoms from the intranasal medication it
was recommended that the oral antidepressant medication be
continued for at least the first 2 weeks of the follow up phase
unless determined as not clinically appropriate.

[0666] The PWC-20 is a 20-item simple and accurate
method to assess potential development of discontinuation
symptoms after stopping of study drug. The PWC-20 is a
reliable and sensitive instrument for the assessment of
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discontinuation symptoms. Discontinuation symptoms
occur early and disappear rather swiftly, depending upon
speed of taper, daily medication dose, and drug elimination
half-life.

BPIC-SS

[0667] The BPIC-SS is a subject-reported outcome mea-
sure that was developed to identify an appropriate bladder
pain syndrome/interstitial cystitis population for clinical
studies evaluating new treatments for bladder pain syn-
drome.

[0668] The BPIC-SS was used to monitor subjects for
potential symptoms of cystitis, bladder pain, and interstitial
cystitis. The BPIC-SS includes 8 questions with a recall
period of the past 7 days, and addresses key symptoms
identified by subjects with BPS including symptom concepts
of pain and/or pressure of the bladder and urinary frequency.
Subjects responded to items using a S-point scale (O=never,
1=rarely, 2=sometimes, 3=most of the time, 4=always for
frequency-based questions, and O=not at all, 1=a little,
2=somewhat, 3=moderately, and 4=a great deal for items
related to bother associated with symptoms). Question 8
records the worst bladder pain in the last 7 days using a 0-10
numerical rating scale. A total score was calculated by
adding up the numbers beside the response options chosen
by the subject. The range of possible scores for the scale is
0 to 38. A total score of 19 or more demonstrated good
sensitivity/specificity and was considered a relevant cut-off
to distinguish those with significant bladder symptoms or
cystitis.

[0669] If any items were missing, a total score could not
be calculated.
[0670] In the current study, if a subject had a score >18 on

the BPIC-SS scale and there was no evidence of urinary tract
infection based on urinalysis and microscopy, he or she was
referred to a specialist for further evaluation. As such, in
addition to urinalysis, a urine culture was obtained if BPIC-
SS score was >18 on applicable study day.

Cognition Testing: Computerized Cognitive Battery and
HVLT-R

[0671] The computerized cognitive battery provides
assessment of multiple cognitive domains, including atten-
tion, visual learning and memory, and executive function.
The tests use culture-neutral stimuli, enabling use in multi-
lingual/multicultural settings. The computerized battery
includes:

[0672] Simple and choice reaction time tests; scored for
speed of response (mean of the log 10-transformed reaction
times for correct responses)

[0673] Visual episodic memory; visual recall test scored
using arcsine transformation of the proportion of correct
responses

[0674] Working memory (n back); scored for speed of
correct response (mean of the log 10-transformed reaction
times for correct responses)

[0675] Executive function; maze/sequencing test, scored
for total number of errors

[0676] All measures have been validated against tradi-
tional neuropsychological tests and are sensitive to the
effects of various drugs on cognitive performance, including
alcohol and benzodiazepines. Completing the cognitive bat-
tery requires approximately 25 minutes.
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[0677] The HVLI-R, a measure of verbal learning and
memory, is a 12-item word list recall test. Administration
includes 3 learning trials, a 24-word recognition list (includ-
ing 12 target and 12 foil words), and a delayed recall
(20-minute) trial. Administration is computer-assisted;
instructions and word lists appear on-screen. The test admin-
istrator records each word correctly recalled, and scores for
learning, short-term, and delayed recall are generated via the
test software. The HVLT-R is a well-validated and widely
used measure of verbal episodic memory.

[0678] The tests were administered in the following order:
HVLT-R, computerized cognitive test battery, and HVLT-R
Delayed.

UPSIT and Smell Threshold Test

[0679] To assess any potential treatment-emergent effects
on the sense of smell, olfactory function was qualitatively
and quantitatively assessed using validated standardized
olfactory tests prior to and at specified time points during the
study. The 2 tests administered were:

[0680] The UPSIT assesses a subject’s ability to identify
odors. This standardized test, the most widely used olfactory
test in the world, is derived from basic psychological test
measurement theory and focuses on the comparative ability
of subjects to identify odorants at the suprathreshold level.
The UPSIT consists of 4 envelope-sized booklets, each
containing 10 “scratch and snift” odorants embedded in 10-
to 50-pum polymer microcapsules positioned on brown strips
at the bottom of the pages of the booklets. The internal
consistency and test-retest reliability coefficients of this
instrument are >0.90. Numerous studies have shown this and
related tests to be sensitive to subtle changes in smell
function associated with multiple etiologies, including those
due to viruses, head trauma, and a number of neurodegen-
erative diseases.

[0681] The Smell Threshold Test assesses the smell
threshold using a forced-choice single staircase threshold
procedure. This test quantifies a detection threshold for the
rose-like smelling odorant phenyl ethyl alcohol (PEA). This
odorant is used because it has little propensity to stimulate
the trigeminal nerve within the nose. This test is sensitive to
olfactory deficits from a wide range of disorders.

[0682] These tests were administered bilaterally (i.e., both
nostrils at the same time). Testing occurred during the
screening/prospective observational phase to establish a
subject’s baseline sensitivity. The degree of change from this
baseline was determined subsequently over time. The per-
cent change from baseline served as the dependent measure
for each subject for each test.

MINI

[0683] Subjects underwent MINI (a brief, structured diag-
nostic interview) to confirm the diagnosis of MDD and to
determine if there are other psychiatric conditions present. It
has an administration time of approximately 15 minutes.

MGH-ATRQ

[0684] The MGH-ATRQ was used to determine treatment
resistance in MDD. The MGH-ATRQ evaluates the
adequacy of duration and dosage of all antidepressant medi-
cations used for the current major depressive episode. In
addition, the MGH-ATRQ assesses the degree of improve-
ment on a scale from 0% (not improved at all) to 100%
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(completely improved). The MGH-ATRQ was completed by
the clinician in collaboration with the subject.

STOP-Bang Questionnaire

[0685] The STOP-Bang Questionnaire is a concise, easy-
to-use, validated, and sensitive screening tool for obstructive
sleep apnea (OSA). This questionnaire has 8 items which
address key risk factors for obstructive sleep apnea: snoring,
tiredness, observed breathing interruption during sleep, high
blood pressure, body mass index, age, neck size, and gender.
The STOP-Bang questions do not specify a recall period.

[0686] Subjects answer yes or no to questions about
snoring, tiredness, observed breathing interruption, and high
blood pressure (these are the “STOP” items in the STOP-
BANG acronym); this takes approximately 1 minute.

[0687] Study site staff answered yes or no to questions
about body mass index (more than 35 kg/m?>?), age (older
than 50 years?), neck circumference (larger than 17 inches
[43 cm] in men, or larger than 16 inches [41 cm] in
women?), and gender (male?).

[0688] The total STOP-BANG score was calculated by
summing the number of positive responses, yielding a score
range of O to 8. A score of =25 on the STOP-Bang indicates
a moderate to severe risk for Obstructive Sleep Apnea
(apnea hypopnea index of >30).

Site Independent Qualification Assessment

[0689] Independent psychiatrists/psychologists performed
the Site Independent Qualification Assessment by telephone
in the screening/prospective observational phase for all
subjects to confirm diagnosis of depression and eligibility
for the study.

IDS-Cs,

[0690] The 30-item IDS-C,, is designed to assess the
severity of depressive symptoms. The IDS assesses all the
criterion symptom domains designated by the DSM-5 to
diagnose a major depressive episode. These assessments can
be used to screen for depression, although they have been
used predominantly as measures of symptom severity. The
7-day period prior to assessment is the usual time frame for
assessing symptom severity. The psychometric properties of
the IDS-C;, have been established in various study samples.

Massachusetts General Hospital Female Reproductive
Lifecycle and Hormones Questionnaire (MGH-Female
RLHQ): Module I and Menstrual Cycle Tracking

[0691] The MGH-Female RLHQ Module I (childbearing
potential, menopausal status, and menstrual cycle) is a brief
questionnaire aimed at standardizing the minimal collection
of relevant information about reproductive hormones and
status. It was completed by a clinician. This information may
facilitate exploratory analyses of the impact of endogenous
and exogenous reproductive hormones on the course of
treatment of MDD and potentially inform care of women
with MDD in the future.

[0692] Menstrual cycle tracking (start date of last men-
strual period) was documented at the study visits specified in
the Time and Events Schedule.
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PAQ

[0693] Subjects’ adherence to their oral antidepressant
treatment regimen during the screening/prospective obser-
vational phase was assessed using the PAQ. It is a brief,
2-item subject-report outcome measure that was developed
at the University of Texas Southwestern Medical Center to
assess how often the subject has taken, and whether he or she
has made any changes to his/her antidepressant treatment
regimen in the last 2 weeks. The total score was calculated
by adding response choices for questions 1c¢ through 11, with
O=adherent and 1 or more=nonadherent.

Sample Collection and Handling

[0694] The actual dates and times of sample collection
were recorded in the eCRF or laboratory requisition form. If
blood samples were collected via an indwelling cannula, an
appropriate amount (1 mL) of serosanguineous fluid slightly
greater than the dead space volume of the lock was removed
from the cannula and discarded before each blood sample is
taken. After blood sample collection, the cannula was
flushed with 0.9% sodium chloride, United States Pharma-
copeia (USP) (or equivalent) and charged with a volume
equal to the dead space volume of the lock.

Subject Completion/Withdrawal

Completion

[0695] A subject was considered to have completed the
double-blind induction phase of the study if he or she
completed the MADRS assessment at the end of the 4-week
double-blind induction phase (i.e., Day 28 MADRS). Sub-
jects who prematurely discontinued study treatment for any
reason before completion of the double-blind induction
phase were not considered to have completed the double-
blind induction phase of the study. Subjects who entered the
follow-up phase were considered to have completed this
phase of the study if he or she had completed the MADRS
assessment at Week 24 of the follow-up phase.
Withdrawal from the Study

[0696] A subject was withdrawn from the study for any of
the following reasons:

[0697] 1. Lost to follow-up
[0698] 2. Withdrawal of consent
[0699] 3. Violation of protocol procedures (determined

on a case-by-case basis)

[0700] 4. Blind was broken (double-blind induction
phase)

[0701] 5. Lack of efficacy

[0702] 6. The investigator or sponsor believed (e.g., that

for safety or tolerability reasons such as an adverse
event) it was in the best interest of the subject to
discontinue the study.

[0703] 7. Subject became pregnant
[0704] 8. Study was terminated by sponsor for futility
[0705] 9. Death

[0706] If a subject was lost to follow-up, every reasonable

effort was made by the study site personnel to contact the
subject and determine the reason for discontinuation/with-
drawal.

[0707] When a subject withdrew before completing the
study, the reason for withdrawal was documented. Study
drug assigned to the withdrawn subject was not assigned to
another subject. If a subject withdrew from the study before
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the end of the double-blind induction phase for reasons other
than withdrawal of consent, an early withdrawal visit was
conducted within 1 week of the date of discontinuation,
followed by the follow-up phase.

Safety Analyses

[0708] Safety data was analyzed for the double-blind
induction phase using the safety analysis set.

Adverse Events

[0709] The verbatim terms used in the eCRF by investi-
gators to identify adverse events were coded using the
MedDRA. All reported adverse events with onset during the
double-blind induction phase (i.e., TEAEs, and adverse
events that have worsened since baseline) were included in
the analysis. For each adverse event, the percentage of
subjects who experience at least 1 occurrence of the given
event was summarized by treatment group. Adverse events
occurring during the follow-up phase were summarized
separately.

[0710] TEAEs of special interest were examined sepa-
rately. AEs of special interest were listed in the SAP.
Subjects who died, who discontinued treatment due to an
adverse event, or who experienced a severe or a serious
adverse event were summarized separately.

Clinical Laboratory Tests

[0711] Laboratory data were summarized by type of labo-
ratory test. Reference ranges and markedly abnormal results
(specified in the Statistical Analysis Plan) were used in the
summary of laboratory data. Descriptive statistics were
calculated for each laboratory analyte at baseline and at each
scheduled time point in each phase of the study. Changes
from baseline results were presented. Frequency tabulations
of the abnormalities were provided. Listings of subjects with
laboratory results outside the reference ranges and markedly
abnormal results were provided.

ECG

[0712] The effects on cardiovascular variables were evalu-
ated by means of descriptive statistics and frequency tabu-
lations. These tables include observed values and change
from baseline values.

[0713] Electrocardiogram data was summarized by ECG
parameter. Descriptive statistics were calculated at baseline
and for observed values and changes from baseline at each
scheduled time point. Frequency tabulations of the abnor-
malities were made.

[0714] The ECG variables that were analyzed were heart
rate, PR interval, QRS interval, QT interval, and QTc
interval using the following correction methods: QT cor-
rected according to Bazett’s formula (QTcB) and QTcF.
[0715] Descriptive statistics of QTc intervals and changes
from double-blind baseline were summarized at each sched-
uled time point. The percentage of subjects with QTc inter-
val >450 msec, >480 msec, or >500 msec were summarized,
as will the percentage of subjects with QTc interval increases
from baseline <30 msec, 30-60 msec, or >60 msec.

[0716] All important abnormalities in ECG waveform that
were changes from the baseline readings were reported (e.g.,
changes in T-wave morphology or the occurrence of
U-waves).
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Vital Signs

[0717] Descriptive statistics of temperature, pulse/heart
rate, respiratory rate, pulse oximetry, and blood pressure
(systolic and diastolic) (supine) values and changes from
baseline were summarized at each scheduled time point. The
percentage of subjects with values beyond clinically impor-
tant limits were summarized.

Nasal Examination

[0718] Changes in findings from the baseline nasal exami-
nation (including the upper respiratory tract/throat) were
listed by treatment group. Examinations provided ratings
(absent, mild, moderate, or severe) that were based on a
visual inspection of the nostrils, nasal mucosa, and throat for
nasal erythema, rhinorrhea, rhinitis, capillary/blood vessel
disruption and epistaxis. A shift table for changes from
double-blind baseline in ratings for each examination was
presented by treatment group.

Nasal Symptom Questionnaire

[0719] Scoring from the nasal symptom questionnaire was
summarized descriptively for each scheduled time point by
treatment group.

C-SSRS

[0720] Suicide-related thoughts and behaviors based on
the C-SSRS were summarized by treatment group in inci-
dence and shift tables. Separate endpoints for suicidal ide-
ation and suicidal behavior were defined and summarized
descriptively by treatment group. Missing scores were not
imputed.

CADSS, BPRS+, and MOAA/S

[0721] Descriptive statistics of each score and changes
from pre-dose were summarized at each scheduled time
point.

Clinical Global Assessment of Discharge Readiness,
PWC-20, BPIC-SS, UPSIT, and Smell Threshold Test

[0722] Descriptive statistics of each score and changes
and/or percent changes from baseline were summarized at
each scheduled time point.

Cognition Testing

[0723] Descriptive statistics of the cognitive domain
scores and changes from baseline were summarized at each
scheduled time point.

Adverse Event Definitions and Classifications

[0724] An adverse event is any untoward medical occur-
rence in a clinical study subject administered a medicinal
(investigational or non-investigational) product. An adverse
event does not necessarily have a causal relationship with
the treatment. An adverse event can therefore be any unfa-
vorable and unintended sign (including an abnormal find-
ing), symptom, or disease temporally associated with the use
of'a medicinal (investigational or non-investigational) prod-
uct, whether or not related to that medicinal (investigational
or non-investigational) product (definition per International
Conference on Harmonisation [ICH]). This includes any
occurrence that is new in onset or aggravated in severity or
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frequency from the baseline condition, or abnormal results
of diagnostic procedures, including laboratory test abnor-
malities. A serious adverse event based on ICH and EU
Guidelines on Pharmacovigilance for Medicinal Products
for Human Use is any untoward medical occurrence that at

any dose:
[0725] Results in death
[0726] Is life-threatening (for example, the subject was

at risk of death at the time of the event. “Life threat-
ening” does not refer to an event that hypothetically
might have caused death if it were more severe.)

[0727] Requires inpatient hospitalization or prolonga-
tion of existing hospitalization

[0728] Results in persistent or significant disability/
incapacity

[0729] Is a congenital anomaly/birth defect

[0730] Is a suspected transmission of any infectious

agent via a medicinal product

[0731] Is medically important™®
[0732] *Medical and scientific judgment should be exer-
cised in deciding whether expedited reporting is also appro-
priate in other situations, such as important medical events
that may not be immediately life threatening or result in
death or hospitalization but may jeopardize the subject or
may require intervention to prevent one of the other out-
comes listed in the definition above. These should usually be
considered serious.
[0733] If a serious and unexpected adverse event occurred
for which there is evidence suggesting a causal relationship
between the study drug and the event (e.g., death from
anaphylaxis), the event was reported as a serious and unex-
pected suspected adverse reaction even if it was a compo-
nent of the study endpoint (e.g., all-cause mortality).
[0734] An adverse event was considered unlisted if the
nature or severity was not consistent with the applicable
product reference safety information. For esketamine, the
expectedness of an adverse event was determined by
whether or not it was listed in the Reference Safety Infor-
mation Section of the Investigator’s Brochure.
[0735] For duloxetine, escitalopram, sertraline, and ven-
lafaxine XR, the expectedness of an adverse event was
determined by whether or not it is listed in the SmPC or US
prescribing information.
[0736] An adverse event was considered associated with
the use of the drug if the attribution was possible, probable,
or very likely by the attribution definitions listed below.
[0737] Not Related: An adverse event that was not related
to the use of the drug.
[0738] Doubtful: An adverse event for which an alterna-
tive explanation was more likely, e.g., concomitant drug(s),
concomitant disease(s), or the relationship in time suggests
that a causal relationship is unlikely.
[0739] Possible: An adverse event that might be due to the
use of the drug. An alternative explanation, e.g., concomi-
tant drug(s), concomitant disease(s), was inconclusive. The
relationship in time was reasonable; therefore, the causal
relationship could not be excluded.
[0740] Probable: An adverse event that might be due to the
use of the drug. The relationship in time was suggestive
(e.g., confirmed by dechallenge). An alternative explanation
was less likely, e.g., concomitant drug(s), concomitant dis-
ease(s).
[0741] Very Likely: An adverse event that was listed as a
possible adverse reaction and could not be reasonably
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explained by an alternative explanation, e.g., concomitant
drug(s), concomitant disease(s). The relationship in time
was very suggestive (e.g., it is confirmed by dechallenge and
rechallenge).

[0742] An assessment of severity grade was made using
the following general categorical descriptors:

[0743] Mild: Awareness of symptoms that were easily
tolerated, causing minimal discomfort and not interfering
with everyday activities.

[0744] Moderate: Sufficient discomfort was present to
cause interference with normal activity.

[0745] Severe: Extreme distress, causing significant
impairment of functioning or incapacitation. Prevented nor-
mal everyday activities.

[0746] The investigator used clinical judgment in assess-
ing the severity of events not directly experienced by the
subject (e.g., laboratory abnormalities).

Special Reporting Situations

[0747] Safety events of interest on a sponsor study drug
that may require expedited reporting and/or safety evalua-
tion included, but were not limited to:

[0748] Overdose of a sponsor study drug

[0749] Suspected abuse/misuse of a sponsor study drug
[0750] Inadvertent or accidental exposure to a sponsor
study drug

[0751] Medication error involving a sponsor product (with

or without subject/patient exposure to the sponsor study
drug, e.g., name confusion)

[0752] Special reporting situations were recorded in the
eCRF. Any special reporting situation that met the criteria of
a serious adverse event was recorded on the serious adverse
event page of the eCRF.

Procedures: All Adverse Events

[0753] All adverse events and special reporting situations,
whether serious or non-serious, were reported from the time
a signed and dated ICF was obtained until completion of the
subject’s last study-related procedure (which may include
contact for follow-up of safety). Serious adverse events,
including those spontaneously reported to the investigator
within 30 days after the last dose of study drug, were
reported using the Serious Adverse Event Form. The sponsor
evaluated any safety information that was spontaneously
reported by an investigator beyond the time frame specified
in the protocol.

[0754] All events that met the definition of a serious
adverse event were reported as serious adverse events,
regardless of whether they were protocol-specific assess-
ments. Anticipated events were recorded and reported.
[0755] All adverse ecvents, regardless of seriousness,
severity, or presumed relationship to study drug, were
recorded using medical terminology in the source document
and the eCRF. Whenever possible, diagnoses were given
when signs and symptoms were due to a common etiology
(e.g., cough, runny nose, sneezing, sore throat, and head
congestion should be reported as “upper respiratory infec-
tion”). Investigators recorded in the eCRF their opinion
concerning the relationship of the adverse event to study
therapy. All measures required for adverse event manage-
ment were recorded in the source document and reported.
[0756] The sponsor assumed responsibility for appropriate
reporting of adverse events to the regulatory authorities.
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[0757] For all studies with an outpatient phase, including
open-label studies, the subject was provided with a “wallet
(study) card” and instructed to carry this card with them for
the duration of the study indicating the following:
[0758] Study number
[0759] Statement, in the local language(s), that the
subject is participating in a clinical study
[0760] Investigator’s name and 24-hour contact tele-
phone number
[0761] Local sponsor’s name and 24-hour contact tele-
phone number (for medical staff only)

[0762] Site number
[0763] Subject number
[0764] Any other information that is required to do an

emergency breaking of the blind

Serious Adverse Events

[0765] All serious adverse events occurring during the
study were reported to the appropriate sponsor contact
person by study-site personnel within 24 hours of their
knowledge of the event.

[0766] All serious adverse events that were not resolved
by the end of the study, or that were not resolved upon
discontinuation of the subject’s participation in the study,
were followed until any of the following occurs:

[0767]

[0768]

[0769] The event returned to baseline, if a baseline
value/status is available

[0770] The event could be attributed to agents other
than the study drug or to factors unrelated to study
conduct

[0771] It became unlikely that any additional informa-
tion could be obtained (subject or health care practi-
tioner refusal to provide additional information, lost to
follow-up after demonstration of due diligence with
follow-up efforts)

[0772] Suspected transmission of an infectious agent by a
medicinal product was reported as a serious adverse event.
Any event requiring hospitalization (or prolongation of
hospitalization) that occurred during the course of a sub-
ject’s participation in a study was reported as a serious
adverse event, except hospitalizations for the following:

[0773] Hospitalizations not intended to treat an acute
illness or adverse event (e.g., social reasons such as
pending placement in long-term care facility)

[0774] Surgery or procedure planned before entry into
the study (must be documented in the eCRF). Hospi-
talizations that were planned before the signing of the
ICF, and where the underlying condition for which the
hospitalization was planned had not worsened, were
not considered serious adverse events. Any adverse
event that resulted in a prolongation of the originally
planned hospitalization was to be reported as a new
serious adverse event.

[0775] For convenience the investigator was able to
choose to hospitalize the subject for the duration of the
treatment period.

[0776] The cause of death of a subject in a study, whether
or not the event was expected or associated with the study
drug, was considered a serious adverse event.

The event resolved
The event stabilized
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Pregnancy

[0777] All initial reports of pregnancy were to be reported
to the sponsor by the study-site personnel within 24 hours of
their knowledge of the event using the appropriate preg-
nancy notification form. Abnormal pregnancy outcomes
(e.g., spontaneous abortion, stillbirth, and congenital
anomaly) were considered serious adverse events and were
to be reported using the Serious Adverse Event Form. Any
subject who became pregnant during the study was to
promptly withdraw from the study and discontinue further
study treatment.

[0778] Because the effect of the study drug on sperm is
unknown, pregnancies in partners of male subjects included
in the study was to be reported by the study-site personnel
within 24 hours of their knowledge of the event using the
appropriate pregnancy notification form.

[0779] Follow-up information regarding the outcome of
the pregnancy and any postnatal sequelae in the infant was
required.

Summary of all Adverse Events

[0780] An overall summary of all treatment-emergent
adverse events (TEAEs) during the double-blind phase is
presented in Table 18. Overall, 84.3% of subjects in the
esketamine+oral AD group and 60.6% of subjects in the
active comparator group experienced at least one TEAE
during the double-blind phase.

TABLE 18

Overall Summary of Treatment-emergent Adverse Events; Double-blind
Induction Phase (Study ESKETINTRD3002: Safety Analysis Set)

Intranasal Esk + Oral AD +
Oral AD Intranasal Placebo
(N =115) (N =109)

TEAE

TEAE possibly related to
intranasal drug ¢

TEAE possibly related to oral
antidepressant ¢ 37 (32.2%)
TEAE leading to death 0

97 (84.3%) 66 (60.6%)

90 (78.3%) 39 (35.8%)

26 (23.9%)
0

1 or more serious TEAE 1 (0.9%) 1 (0.9%)
TEAE leading to intranasal drug

withdrawn ? 8 (7.0%) 1 (0.9%)
TEAE leading to oral

antidepressant withdrawn ® 4 (3.5%) 0

@ Study drug relationships of possible, probable, and very likely are included in this
category.

5 An adverse event that started in the double-blind induction phase and resulted in
discontinuation in the follow-up phase was counted as treatment-emergent in the double-
blind induction phase.

Incidence was based on the number of subjects experiencing at least one adverse event,
not the number of events.

[0781] FIG. 6 shows the percentage of subjects reporting
problems at baseline and endpoint as determined by
EQ-5D-% L individual dimensions.

[0782] Treatment-emergent adverse events occurring dur-
ing the double-blind phase (=5% of subjects in either treat-
ment group) are summarized by treatment group for the
safety analysis set in Table 19, below. The most common
(220%) TEAESs in the esketamine+oral AD group during the
double-blind phase were nausea (26.1%), vertigo (26.1%),
dysgeusia (24.3%), and dizziness (20.9%). The most com-
mon TEAE in the active comparator group was headache
(17.4%).
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TABLE 19

Treatment-emergent Adverse Events in at Least
5% of Subjects in Either Treatment Group; Double-blind Induction
Phase (Study ESKETINTRD3002: Safety Analysis Set)

Oral AD +

Intranasal Esk + Intranasal
Oral AD Placebo

(N = 115) (N = 109)

Total no. subjects with TEAE
Nervous system disorders

97 (84.3%)
72 (62.6%)

66 (60.6%)
38 (34.9%)

Dysgeusia 28 (24.3%) 13 (11.9%)
Dizziness 24 (20.9%) 5 (4.6%)
Headache 21 (18.3%) 19 (17.4%)
Somnolence 15 (13.0%) 7 (6.4%)
Paresthesia 13 (11.3%) 1 (0.9%)
Dizziness postural 8 (7.0%) 1 (0.9%)
Hypoesthesia 8 (7.0%) 1 (0.9%)
Gastrointestinal disorders 52 (45.2%) 26 (23.9%)
Nausea 30 (26.1%) 7 (6.4%)
Vomiting 11 (9.6%) 2 (1.8%)
Diarrhea 10 (8.7%) 10 (9.2%)
Dry mouth 9 (7.8%) 3 (2.8%)
Hypoesthesia oral 9 (7.8%) 1 (0.9%
Paresthesia oral 9 (7.8%) 1 (0.9%)
Psychiatric disorders 52 (45.2%) 20 (18.3%)
Dissociation 14 (12.2%) 2 (1.8%)
Anxiety 12 (10.4%) 5 (4.6%)
Insomnia 11 (9.6%) 6 (5.5%)
Derealisation 9 (78%) 2 (1.8%)
Delusional perception 6 (5.2%) 0
Illusion 6 (5.2%) 1 (0.9%)
Ear and labyrinth disorders 34 (29.6%) 6 (5.5%)
Vertigo 30 (26.1%) 3 (2.8%)
General disorders and administration 34 (29.6%) 14 (12.8%
site conditions

Feeling abnormal 10 (8.7%) 1 (0.9%)
Feeling drunk 8 (7.0%) 1 (0.9%)
Fatigue 5 (4.3%) 6 (5.5%)
Respiratory, thoracic and mediastinal 25 (217%) 15 (13.8%)
disorders

Throat irritation 9 (7.8%) 5 (4.6%)
Nasal discomfort 8 (7.0%) 2 (1.8%)
Eye disorders 18 (15.7%) 3 (2.8%)
Vision blurred 14 (12.2%) 3 (2.8%)
nvestigations 14 (12.2%) 4 (3.7%)
Blood pressure increased 11 (9.6%) 0

Incidence was based on the number of subjects experiencing at least one adverse event,
not the number of events.

Adverse Events Leading to Study Drug Withdrawal

[0783] There were 9 subjects (8 subjects in the esket-
amine+oral AD group and 1 subject in the active comparator
group) who discontinued the double-blind induction phase
intranasal study medication due to treatment-emergent
adverse events (Table 20). There were 4 subjects in the
esketamine+oral AD group who discontinued the double-
blind induction phase oral antidepressant study medication
due to treatment-emergent adverse events (Table 21). Three
subjects in the esketamine+oral AD group discontinued the
double-blind phase due to both intranasal and oral AD
medications. (Summarized in both Table 20 and 21).

53
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TABLE 20

Treatment-emergent Adverse Events Leading to
Discontinuation of Intranasal Study Medication; Double-blind
Induction Phase (Study ESKETINTRD3002: Safety Analysis Set)

Intranasal Esk + Oral AD +

Oral AD Intranasal Placebo
(N =115) (N =109)
Total no. subjects with TEAE 8 (7.0%) 1 (0.9%)
leading to discontinuation ¢
Psychiatric disorders 4 (3.5%) 0
Anxiety 1 (0.9%) 0
Depression 1 (0.9%) 0
Depressive symptom 1 (0.9%) 0
Panic attack 1 (0.9%) 0
General disorders and 2 (1.7%) 0
administration site conditions
Drug intolerance 1 (0.9%) 0
Feeling drunk 1 (0.9%) 0
Nervous system disorders 2 (1.7%) 0
Dizziness 1 (0.9%) 0
Headache 1 (0.9%) 0
Ear and labyrinth disorders 1 (0.9%) 0
Vertigo 1 (0.9%) 0
Gastrointestinal disorders 1 (0.9%) 0
Nausea 1 (0.9%) 0
Injury, poisoning and procedural 1 (0.9%) 0
complications
Multiple injuries 1 (0.9%) 0
Skin and subcutaneous tissue 0 1 (0.9%)
disorders
Rash generalized 0 1 (0.9%)

% An adverse event that started in the double-blind induction phase and resulted in
discontinuation in the follow-up phase was counted as treatment-emergent in the double-
blind induction phase.

Incidence was based on the number of subjects experiencing at least one adverse event,
not the number of events.

TABLE 21

Treatment-emergent Adverse Events Leading to Discontinuation of Oral
Antidepressant; Double-blind Induction Phase (Study ESKETINTRD3002:
Safety Analysis Set)

Oral AD +
Intranasal Esk + Intranasal
Oral AD Placebo
(N = 115) (N = 109)
Total no. subjects with TEAE leading to 4 (3.5%) 0
discontinuation ¢
Psychiatric disorders 2 (1.7%) 0
Depressive symptom 2 (1.7%) 0
General disorders and administration 1 (0.9%) 0
site conditions
Drug intolerance 1 (0.9%) 0
Injury, poisoning and procedural 1 (0.9%) 0
complications
Multiple injuries 1 (0.9%) 0

@ An adverse event that started in the double-blind induction phase and resulted in
discontinuation in the follow-up phase was counted as treatment-emergent in the double-
blind induction phase.

Incidence was based on the number of subjects experiencing at least one adverse event,
not the number of events.

Serious Adverse Events

[0784] Two subjects experienced a serious treatment-
emergent adverse event during the double-blind phase. One
subject in the active comparator group experienced posi-
tional vertigo which was consider of doubtful relationship to
both intranasal placebo and oral AD. One subject in the
esketamine+oral AD group experienced multiple injuries
due to a motorbike accident (and subsequently died after
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formal database lock). This event was considered not related
to esketamine and of doubtful relationship to the oral AD.
[0785] One subject in the esketamine+oral AD group
experienced a cerebral hemorrhage during the follow up
phase 83 days after the last intranasal administration of
esketamine. This was considered of doubtful relationship to
esketamine and not related to the oral AD.

Blood Pressure

[0786] Transient blood pressure increases peaked for the
esketamine group at approximately 40 minutes post dose
and returned to normal range at 90 minutes. The maximum
mean increases (across all dosing days) in systolic BP was
11.6 in the esketamine+oral AD group and 5.0 in the active
comparator group. The maximum mean increase (across all
dosing days) in diastolic BP were 8.1 in the esketamine
group and 4.5 in the active comparator group. FIGS. 7 and
8 present the means for measured blood pressure over time
by treatment group in the double-blind phase.

Clinician-Assessed Dissociative Symptom Scale (CADSS)

[0787] The Clinician Administered Dissociative States
Scale (CADSS) was measured prior to the start of each dose,
at 40 minutes, and 1.5 hours postdose. The CADSS was used
to assess treatment emergent dissociative symptoms and
perceptual changes and the total score ranged from 0 to 92
with a higher score representing a more severe condition.
The dissociative and perceptual change symptoms measured
by the CADSS, suggest these symptoms had an onset shortly
after the start of the dose and resolved by 1.5 hours postdose
(as shown in FIG. 9).

Modified Observer’s Assessment of Alertness/Sedation
(MOAA/S)

[0788] The Modified Observer’s Assessment of Alertness/
Sedation (MOAA/S) was used to measure treatment-emer-
gent sedation with correlation to levels of sedation defined
by the American Society of Anesthesiologists (ASA) con-
tinuum. The MOAA/S scores ranged from 0 (No response to
painful stimulus; corresponds to ASA continuum for general
anesthesia) to 5 (Readily responds to name spoken in normal
tone [awake]; corresponding to ASA continuum for minimal
sedation). Sedation as measured by the MOAA/S, suggests
that sedation resolved by 1.5 hours postdose (as shown in
FIG. 10).

Pharmacokinetics

[0789] Venous blood samples of approximately 2 mL were
collected for measurement of plasma concentrations of
esketamine, noresketamine, and other metabolites (if war-
ranted) at the time points specified in the Time and Events
Schedule. The exact dates and times of PK blood sampling
were recorded.

[0790] Plasma samples were analyzed to determine con-
centrations of esketamine (and noresketamine, if warranted)
using a validated, specific, achiral, and sensitive liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
method by or under the supervision of the sponsor. If
required, some plasma samples were analyzed to document
the presence of other analytes (e.g., circulating metabolites
or denatonium) using a qualified research method. In addi-
tion, plasma PK samples could be stored for future analysis
of the metabolite profile.
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Pharmacokinetic Parameters

[0791] The plasma concentration-time data of esketamine
(and noresketamine, if warranted) was analyzed using popu-
lation PK modeling. Typical population values of basic PK
parameters (e.g., esketamine clearance distribution volume)
were estimated together with the inter-individual variability.
Effects of subject demographics, laboratory parameter val-
ues, and other covariates on the PK of esketamine were
explored.

Pharmacokinetic/Pharmacodynamic Evaluations

[0792] The relationship between MADRS total score (and
possibly selected adverse events as additional PD param-
eters) and PK metrics of esketamine were evaluated. If there
was any visual trend in graphical analysis, suitable models
were applied to describe the exposure-effect relationships.

Biomarker, Pharmacogenomic (DNA), and Expression
(RNA) Evaluations

[0793] During the study, blood was collected for the
assessment of biomarkers at the time points indicated in the
Time and Events schedule. The biomarker blood samples
were collected prior to dosing. It was preferred that subjects
adhere to a low fat diet on the day of sample collection.
[0794] Inblood, biomarkers (protein, metabolite, and ribo-
nucleic acid [RNA]) related to (but not limited to) the
immune system activity, hypothalamus pituitary adrenal
(HPA) axis activation, neurotrophic factors, and metabolic
factors were investigated. Biomarkers were added or deleted
based on scientific information or technical innovations
under the condition that the total volume of blood collected
was not increased.

[0795] Blood samples for DNA analyses were collected at
the time points indicated in the Time and Events Schedule
for the assessment of genetic and epigenetic variation in
genes in pathways relevant to depression (e.g., HPA axis,
inflammation, growth factors, monoamine transporters, ion
channels, and circadian rhythm). Genotyping was conducted
only on the screening sample; pharmacogenomic and epi-
genetic evaluations could be performed on any/all collected
samples.

[0796] DNA samples were used for research related to
esketamine, oral antidepressants, TRD, or MDD. They could
also be used to develop tests/assays related to esketamine,
oral antidepressants, TRD, or MDD. Pharmacogenomic
research consisted of the analysis of 1 or more candidate
genes or of the analysis of genetic markers throughout the
genome (as appropriate) in relation to esketamine, oral
antidepressants, TRD, or MDD clinical endpoints.

Medical Resource Utilization

[0797] Medical resource utilization data, associated with
medical encounters, were collected during the follow-up
phase of the study. Protocol-mandated procedures, tests, and
encounters were excluded. The data collected could be used
to conduct exploratory economic analyses and include: (a)
Number and duration of medical care encounters, including
surgeries, and other selected procedures (inpatient and out-
patient), (b) Duration of hospitalization (total days length of
stay, including duration by wards; e.g., intensive care unit),
(c) Number and character of diagnostic and therapeutic tests
and procedures, and/or (d) Outpatient medical encounters
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and treatments (including physician or emergency room
visits, tests and procedures, and medications).

Pharmacokinetic Analyses

[0798] Plasma esketamine (and noresketamine, if war-
ranted) concentrations were listed for all subjects. The
plasma concentration-time data of esketamine (and nores-
ketamine, if warranted) was analyzed using population PK
modeling. Data may have been combined with those of other
selected studies to support a relevant structural model.
Typical population values of basic PK parameters were
estimated together with the inter-individual variability.
Effects of subject demographics, laboratory parameter val-
ues, and other covariates on the PK of esketamine were
explored.

Pharmacokinetic/Pharmacodynamic Analyses

[0799] The relationship between MADRS total score (and
possibly selected adverse events as additional PD param-
eters) and PK metrics of esketamine were evaluated. If there
was any visual trend in graphical analysis, suitable models
were applied to describe the exposure-effect relationships.

Biomarker and Pharmacogenomic Analyses

[0800] Baseline biomarker values and changes from base-
line biomarker values to the time points specified in the Time
and Events Schedule were summarized. Exploratory analy-
ses may have included comparison of biomarker measures
between the treatment groups and correlation with baseline
and change from baseline biomarker values in the efficacy
and other measures. Additional exploratory analyses may
have also included relationship of baseline and change from
baseline in biomarker measures to clinical response, main-
tenance/stabilization of response, relapse, and non-response.
[0801] Pharmacogenomic analyses may also have
included candidate gene analyses or genome-wide associa-
tion analyses in relation to treatment response, maintenance/
stabilization of response, relapse, non-response, and MDD/
TRD. Expression analyses may include testing of known
messenger RNA/microRNA (mRNA/miRNA) transcripts or
transcriptome-wide analysis in relationship to antidepressant
treatment response and MDD/TRD.

Statistical Methods Used in Analysis

[0802] A general description of the statistical methods
used to analyze the efficacy and safety data is outlined
below. At the end of the double-blind induction phase the
database was locked for the analysis and reporting of this
phase. The subject treatment assignment was revealed only
to sponsor’s study staff. The investigators and the site
personnel were blinded to the treatment assignment until all
subjects had completed study participation through the fol-
low-up phase.

[0803] The primary efficacy and safety analysis sets were
as follows:
[0804] Full Analysis Set: All randomized subjects who

received at least 1 dose of intranasal study medication and
1 dose of oral antidepressant in the double-blind induction
phase.

[0805] Safety Analysis Set: All randomized subjects who
received at least 1 dose of intranasal study medication or 1
dose of oral antidepressant in the double-blind induction
phase.
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[0806] The maximum sample size planned for this study
was calculated assuming a treatment difference for the
double-blind induction phase of 6.5 points in MADRS total
score between esketamine and the active comparator, a
standard deviation of 12, a 1-sided significance level of
0.0125, and a drop-out rate of 25%. A maximum of about 98
subjects would need to be randomized to each treatment
group to achieve 90% power using a fixed design with no
interim analysis. The treatment difference and standard
deviation used in this calculation were based on results of
Panel A of the ESKETINTRD2003 study and on clinical
judgment.

Interim Analysis for Sample Size Re-estimation or Stopping
for Futility

[0807] One unblinded interim analysis was performed 4
weeks after randomizing 66 subjects in the study (approxi-
mately 33 subjects per treatment arm). It was projected that
at that time approximately 50 subjects in the full analysis set
would have completed the double-blind induction phase of
the study (approximately 25 subjects per treatment group).
The dropout rate was monitored to ensure a sufficient
number of subjects were included in the interim analysis.
The purpose of the interim analysis was to either re-estimate
sample size or to stop the study due to futility. The sample
size could be adjusted to achieve the desired power while
maintaining control of the overall Type I error. The maxi-
mum sample size planned for this study was 98 per treatment
group.

[0808] A rigorous interim statistical analysis plan (SAP)
and charter was developed detailing the algorithm for a
sample size re-estimation based on the interim data and how
the analysis was executed. An IDMC performed the interim
analysis and made recommendations for any sample size
adjustment based on the rules defined in the interim SAP.
Any changes to sample size were communicated IDMC (or
the statistician from the Statistical Support Group) to the
IWRS vendor to ensure that the appropriate number of
subjects were enrolled in the study. None of the esketamine
team members or staff members at the investigational sites
conducting the clinical study were informed of the results of
the interim analysis and any adjustments that were made to
the sample size.

[0809] Procedures were in place to ensure that the results
of the interim analysis did not influence the conduct of the
study, investigators, or subjects.

Efficacy Analyses

[0810] Efficacy analyses were performed on the full analy-
sis set, which included all randomized subjects who received
at least 1 dose of intranasal study drug and 1 dose of oral
antidepressant medication in the double-blind induction
phase.

[0811] The primary efficacy variable, change from base-
line in MADRS total score at Week 4 in the double-blind
induction phase, was analyzed using MMRM. The model
included baseline MADRS total score as a covariate, and
treatment, country, class of antidepressant (SNRI or SSRI),
day, and day-by-treatment interaction as fixed effects, and a
random subject effect. Comparison of the esketamine plus
oral antidepressant arm versus oral antidepressant plus intra-
nasal placebo was performed using the appropriate contrast.
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[0812] For the EU dossier, the primary efficacy analysis
was based on an analysis of covariance (ANCOVA) model
using last observation carried forward (LOCF) data. The
model included factors for treatment, country, and class of
oral antidepressant (SNRI or SSRI) and baseline MADRS
total score as a covariate. Comparison of the esketamine plus
oral antidepressant arm versus intranasal placebo plus oral
antidepressant was performed using the appropriate contrast.

[0813] Subject to regulatory acceptance of PHQ-9 as a key
secondary endpoint, the first of 3 key secondary efficacy
endpoints, change from baseline in PHQ-9 total score at
Week 4 in the double-blind induction phase, were analyzed
using the same models described above for the MADRS
total score.

[0814] For the analysis of the second key secondary
efficacy endpoints, the proportion of subjects showing onset
of clinical response by Day 2 that is maintained for the
duration of the double-blind induction phase in the esket-
amine plus oral antidepressant arm was compared with the
oral antidepressant plus intranasal placebo arm using a
Cochran-Mantel-Haenszel chi-square test adjusting for
country and class of antidepressant (SNRI or SSRI). Clinical
response was defined as =50% improvement in MADRS
total score by Day 2 (i.e., the day after taking the first dose
of double-blind intranasal medication) that continues
through the end of the double-blind phase. Subjects who
discontinued the study prior to end of the double-blind
induction phase were not considered to have maintained
clinical response.

[0815] The third key secondary efficacy endpoint, change
from baseline in SDS total score at Week 4 in the double-
blind induction phase, was analyzed using ANCOVA. The
model included factors for treatment, country, and class of
oral antidepressant (SNRI or SSRI) and baseline SDS total
score as a covariate. Comparison of each intranasal esket-
amine plus oral antidepressant arm versus oral antidepres-
sant plus intranasal placebo was performed using the appro-
priate contrast. Responses to questions H1 to H3 was
summarized separately.

[0816] A serial gatekeeping (fixed sequence) approach
was applied to adjust for multiplicity and to strongly control
type I error across the primary and the 3 key secondary
efficacy endpoints (change in PHQ-9 total score, onset of
clinical response, and change in SDS total score).

[0817] Response and remission rates were summarized at
each visit.
[0818] Change from baseline in GAD-7 total scores and

ranks of change from baseline in CGI-S scores at the end of
the double-blind induction phase were analyzed based on
LOCF data using an ANCOVA model, with country and
class of antidepressant (SNRI or SSRI) as factors, and the
respective baseline score (unranked score in the case of
CGI-S) as the covariate.

[0819] Dimension scores of EQ-5D-5L data, health status
index, and the overall health status score were summarized
over time.

[0820] Additionally, scores of all efficacy endpoints were
summarized for all visits in the double-blind induction
phase. Summaries were provided to show consistency of
effect among relevant subgroups (e.g., antidepressant class
SNRI and SSRI).
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Analysis of the US Subpopulation—Clinical Efficacy and
Safety

[0821] In the overall analysis, ESK+AD demonstrated
statistically significant and clinically meaningful superiority
compared with AD+PBO in primary efficacy endpoint (i.e.,
change from baseline in the MADRS total score (Montgom-
ery, British Journal of Psychiatry. 1979; 134:382-389)). In
this analysis, the efficacy and safety of these treatment
groups were analyzed in only US patients and to assess for
differences in efficacy and safety between the US population
and the overall study population.

A. Outcomes

[0822] For the clinician-rated assessments, MADRS was
administered at baseline; and days 2 (~24 hours post dose),
8, 15,22, and 28. Similarly, the Clinical Global Impressions-
Severity (CGI-S) scale (Guy W. ECDEU Assessment
Manual for Psychopharmacology (028 Clinical Global
Impressions [CGI]). 1976:218-222) administered at base-
line; days 4, 8, 11, 15, 22; and at the 4-week double blind end
point.

[0823] For the patient-rated assessments, a 9-item Patient
Health Questionnaire-9 (PHQ-9) (Spitzer, JAMA. 1999;
282(18):1737-1744) and Shechan Disability Scale (SDS)
(Sheehan DV. The Anxiety Disease. A Leading Psychiatrist
Offers New Hope for Victims of Severe Anxiety. New York,
NY: Charles Scribner & Sons; 1983) were administered at
baseline, day 15 and day 28.

B. Patient Demographics/Disease Characteristics

[0824] Inclusion criteria included adults, aged =18 to 64
years (inclusive), who met DSM-5 diagnostic criteria for
MDD confirmed by Mini-International Neuropsychiatric
Interview, and Inventory of Depressive Symptomatology-
Clinician rated, 30-item total score of =34 (moderate to
severe depression)

[0825] Patients must have had TRD and non-response at
the end of the screening phase, defined as =25% improve-
ment in MADRS total score from Week 1 to Week 4 and a
MADRS total score of =28 on Week 2 and Week 4.

[0826] Of the 91 US patients, 46 received ESK+AD, 44
received AD+PBO, and one did not dose. The baseline
patient demographics and disease characteristics were gen-
erally similar between the 2 treatment groups. See, Table 22.
The overall mean age was 44.1 year, and approximately
two-thirds (61.1%) of patients were women and most (83.
3%) patients were Caucasian. The mean age of MDD
diagnosis was 27.5 years, indicating on average, a >15-year
history of depression. The baseline MADRS, CGI-S and
PHQ-9 scores were consistent with a population with TRD.

TABLE 22

Baseline patient demographics and disease characteristics

ESK + AD AD + PBO
Parameter (n = 46) (n=44)
Age, y, mean (SD) 43.4 (13.5) 44.7 (12.4)
Sex, n (%)
Male 17 (37.0) 18 (40.9)
Female 29 (63.0) 26 (59.1)
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TABLE 22-continued
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TABLE 23

Baseline patient demographics and disease characteristics

ESK + AD AD + PBO
Parameter (n = 46) (n=44)
Race, n (%)
Caucasian 38 (82.6) 37 (84.1)
Black or African American 6 (13.0) 5(11.4)
Asian 1(2.2) 12.3)
Multiple 1(2.2) 1(2.3)
Class of oral
antidepressants, n (%)
SNRI 27 (58.7) 26 (59.1)
SSRI 19 (41.3) 18 (40.9)

Duration of current episode,
weeks, mean (SD)

132.2 (109.8) 177.6 (252.4)

Age at MDD diagnosis, y, 25.5 (11.8) 29.5 (14.0)
mean (SD)

MADRS total score,” mean 36.6 (5.9) 36.0 (6.0)
(SD)

CGI-S,? mean (SD) 4.8 (0.6) 4.8 (0.7)
SDS derived total score,” 234 (4.5) 24.1 (4.9)
mean (SD)

PHQ-9 total score, mean 20.2 (3.3) 20.9 (3.8)
(SD)

“MADRS total score ranges from 0 to 60; a higher score indicates a more severe condition.

5CGI-$ score ranges from 1 (normal, not at all ill) to 7 (among the most extremely ill
patients).
“SDS total scores range from 0 to 30, where 0 = unimpaired and 30 = highly impaired.

dPHQ-Q total score ranges from 0 to 27; a higher score indicates greater depression.

C. Efficacy

[0827] Efficacy was determined by measuring MADRS
total scores, SDS scores, PHQ-9 scores and CGI-S scores.
For the MADRS total scores, SDS scores, and PHQ-9
scores, the test for treatment effect was based on mixed
model for repeated measures (MMRM) with change from
baseline as the response variable and the fixed effect model
terms for treatment (ESK+AD, AD+PBO), day, class of oral
antidepressant (serotonin and norepinephrine reuptake
inhibitor [SNRI] or selective serotonin reuptake inhibitor
[SSRI]), treatment-by-day, and baseline value as a covariate.
For the CGI-S scores, the test for treatment effect was based
on analysis of covariance (ANCOVA) model last observa-
tion carried forward (LOCF) on ranks of change from
baseline as the response variable and factors for treatment
(ESK+AD, AD+PBO) and class of oral antidepressant
(SNRI or SSRI), and baseline value (unranked) as a covari-
ate. For each analysis, a negative difference favors esket-
amine nasal spray plus new oral AD.

[0828] The results illustrate that the least square (LS)
mean changes in MADS total score decreased in both
treatment groups during the 4-week double-blind induction
phase. See, FIG. 11.

[0829] The treatment effect favored the ESK+AD group at
about 24-hours post dose (day 2) and on day 28, with the
difference reaching statistical significance at day 28. See,
Table 23. The LS mean difference (SE) was -1.6 (2.15;
P=0.225) at about 24-hours post dose (day 2) and -5.5 (2.58;
P=0.017) at day 28.

Change from Baseline in MADRS total score
(observed cases) in US patients with TRD

ESK + AD AD + PBO

MADRS parameter (n = 46) (n =44)

Total score at baseline
Change at day 2 (~24 hours post-initial dose)

36.6 (5.9) 36.0 (6.0)

LS mean change -10.4 -8.8

LS mean difference from placebo -1.6 (2.15)
nasal spray plus new oral AD (SE)

P value 225
Change at day 28

LS mean change -19.2 -13.7

LS mean difference from placebo -5.5 (2.58)
nasal spray plus new oral AD (SE)

P value 017

MADRS total score ranges from 0 to 60; a higher score indicates a more severe condition.

AD, antidepressant; ESK, esketamine nasal spray; LS, least square; MADRS, Montgom-
ery-Asberg Depression Rating Scale; PBO, placebo nasal spray; SE, standard error.

[0830] A statistically significant difference in improve-
ment of severity of depressive illness, as measured by the
CGI-S, was observed between the 2 treatment groups at day
4 (P=0.015). The difference approached significance at
4-weeks post-initial dose (P=0.070). See, Table 24.

TABLE 24

Change in clinician-rated severity of depressive illness
(LOCF) in US patients with TRD, as assessed with CGI-S.

ESK + AD AD + PBO

CGI-S Parameter (n = 46) (n=44)
Baseline
N 45 44
Median (range) 5.0 (4, 6) 5.0 (4, 6)
Day 4 post-initial dose

N 42 38
Median (range) 4.0 (2, 6) 4.0 (3, 6)

Change from baseline at day 4 post-initial dose

N 42 38
Median (range) 0.0 (-3, 0) 0.0 (-2, 1)
1-sided P value 0.015

4-week double blind end point

N 44 44
Median range 3.0 (1, 6) 4.0 (1, 6)
Change from baseline to 4-week double blind end point

N 44 44
Median (range) -1.5(5,1) -1.0 (-4, 1)
1-sided P value 0.070

CGI-S score ranges from 1 (normal, not at all ill) to 7 (among the most extremely ill
patients).

AD, antidepressant; Clinical Global Impression-Severity; ESK, esketamine nasal spray;
LOCE, last observation carried forward; Max, maximum; Min, minimum; PBO, placebo
nasal spray.

[0831] The Patient-rated severity of depressive illness
decreased in both treatment groups, but the magnitude of
decrease was greater in the ESK+AD group at day 28. See,
FIG. 12. The mean PHQ-9 scores at baseline were 20.2 in
the ESK+AD group and 20.9 in the AD+PBO group. On day
28, mean PHQ-9 total scores were 8.0 and 11.7, respectively.
LS mean difference (SE) in PHQ-9 was -3.1 (1.52; P=0.
024).
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[0832] Functional impairment decreased in both treatment
groups, but the magnitude of improvement was greater in the
ESK+AD group at day 28. See, FIG. 13. The mean SDS
scores at baseline were 23.4 in the ESK+AD group and 24.1
in the AD+PBO group. n day 28, mean derived SDS total
scores were 9.7 and 16.7, respectively. LS mean difference
(SE) in SDS total score was -5.2 (2.13; P=0.009).

D. Safety

[0833] Safety was assessed via treatment emergent
adverse events (TEAFEs), serious AEs, vital signs, psychiat-
ric symptoms as assessed by Brief Psychiatric Rating Scale
(BPRS), dissociation as measured by Clinician Adminis-
tered Dissociative States Scale (CADSS), and discharge
readiness.

[0834] Overall, TEAEs were observed in 91.3% of
patients in the ESK+AD group and 77.3% of patients in the
AD+PBO group. See, Table 25A. There were no deaths. One
patient in the ESK+AD group experienced a SAE during the
follow-up phase (cerebral hemorrhage on day 98). Four
patients withdrew from nasal spray drug (n=3 ESK; n=1
PBO); no patient withdrew new oral AD.

[0835] The most common TEAFEs (=5% in either treat-
ment group) are shown in Table 4. The incidence of TEAEs
was similar between the US patients and the overall study
population. AEs observed during the study were mostly mild
to moderate in severity and transient in nature.

[0836] As observed in the overall population, present-state
dissociative symptoms and transient perceptual effects as
measured by the CADSS total score resolved spontaneously
during the post dose observation period prior to discharge
(within 60-90 minutes post dose). Most (>90%) patients in
each treatment group were ready for discharge by 1.5 hours
post dose. Vital sign and BPRS findings were consistent with
the overall population.

TABLE 25A

Overview of treatment-emergent adverse events

ESK + AD AD + PBO

Parameter (n = 46) (n =44)
Overall TEAE, TEAE, n (%) 42 (91.3) 34 (77.3)
Possibly related to nasal spray drug 38 (82.6) 22 (50.0)
Possibly related to oral AD 23 (50.0) 15 (34.1)
Leading to death 0 0
1 or more serious TEAE 0 0
Leading to nasal spray drug withdrawal 3 (6.5) 1(23)
Leading to to oral AD withdrawal 0 0

Most common (=5%) TEAEs in either treatment group
Dizziness 15 (32.6) 4(9.1)
Nausea 14 (30.4) 2 (4.5)
Headache 13 (28.3) 8 (18.2)
Dysgeusia 11 (23.9) 3 (6.8)
Throat irritation 9 (19.6) 5(11.4)
Vertigo 9 (19.6) 1(2.3)
Nasal discomfort 8 (17.4) 2 (4.5)
Feeling abnormal 7 (15.2) 1(23)
Dissociation 6 (13.0) 1(23)
Hypoesthesia 6 (13.0) 0
Insomnia 6 (13.0) 4(9.1)
Paresthesia 6 (13.0) 1(23)
Anxiety 5(10.9) 4(9.1)
Delusional perception 5(10.9) 0
Illusion 5(10.9) 0
Hypoesthesia oral 5(10.9) 1(23)
Vomiting 5(10.9) 1(23)
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TABLE 25A-continued

Overview of treatment-emergent adverse events

ESK + AD AD + PBO
Parameter (n = 46) (n=44)
Dizziness postural 4 (8.7) 0
Diarrhea 4 (8.7) 4(9.1)
Feeling drunk 4 (8.7) 1(2.3)
Rhinorrhea 4 (8.7) 0
Dysarthria 3 (6.5) 1(2.3)
Tunnel vision 3 (6.5) 1(2.3)
Derealization 3 (6.5) 0
Euphoric mood 3 (6.5) 0
Dry mouth 3 (6.5) 2 (4.5)
Blood pressure pressure increased 3 (6.5) 0
Somnolence 2 (4.3) 3 (6.8)
Fatigue 2 (4.3) 5(11.4)

E. Summary

[0837] These results demonstrated that ESK+AD provided

a rapid onset of effect that continued for 4 weeks and was
generally well tolerated in US patients with TRD. These
observations agree with those from the overall study popu-
lation, indicating that the US population had no significant
differences in efficacy. In STAR-D level 3 (i.e., patients with
MDD who did not remit with level 1 or level 2 treatment)
attainment of the primary outcome (17-item Hamilton Rat-
ing Scale of Depression score <7) occurred in 8-12% of
patients in -6 weeks’ time. See, Rush, CNS Drugs. 2009;
23(8):627-647. By comparison, at 4 weeks post-initial dose,
ESK+AD resulted in improvements in LS mean change in
MADRS total score, patient-rated severity of depressive
illness, and functional impairment.

[0838] Moreover, a statistically significant improvement
in clinician-rated severity of depressive illness was observed
24 hours after ESK+AD dosing. Improvements in clinician-
and patient-rated efficacy measures were noted in ESK+AD
and AD+PBO treatment groups.

[0839] ESK+AD compared with AD+PBO (active com-
parator) in US patients with TRD provided evidence for
clinically meaningful, statistically significant, and rapid
reduction of depressive symptoms. Significant improve-
ments in clinician-rated severity of depressive illness were
observed as early as 24 hours after dosing in some patients.
Improvements in LS mean change in MADRS total score,
patient-rated severity of depressive illness, and functional
impairment were observed at 4 weeks post-initial dose.

[0840] Overall, safety and response/remission results of
US patients were similar to those found for the overall
population.

Final Analysis of the US Subpopulation—Response,
Remission, and Safety

[0841] As discussed above for the overall analysis, ESK+
AD demonstrated statistically significant and clinically
meaningful superiority compared with AD+PBO in primary
efficacy endpoint (i.e., change from baseline in the MADRS
total score. See, Montgomery cited above. In this analysis,
the response, remission, and safety of these treatment groups
were analyzed in only US patients and to assess for differ-
ences in efficacy and safety between the US population and
the overall study population.
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A. Outcomes

[0842] For the clinician-rated assessments, MADRS was
administered at baseline; and days 2 (~24 hours post dose),
8, 15, 22, and 28. Similarly, the Clinical Global Impressions-
Severity (CGI-S) scale (Guy W. ECDEU Assessment
Manual for Psychopharmacology (028 Clinical Global
Impressions [CGI]). 1976:218-222) administered at base-
line; days 4, 8, 11, 15, 22; and at the 4-week double blind end
point.

[0843] For the patient-rated assessments, a 9-item Patient
Health Questionnaire-9 (PHQ-9) (Spitzer, JAMA. 1999;
282(18):1737-1744) and Shechan Disability Scale (SDS)
(Sheehan DV. The Anxiety Disease. A Leading Psychiatrist
Offers New Hope for Victims of Severe Anxiety. New York,
NY: Charles Scribner & Sons; 1983) were administered at
baseline, day 15 and day 28.

B. Patient Demographics/Disease Characteristics

[0844] Inclusion criteria included adults, aged =18 to 64
years (inclusive), who met DSM-5 diagnostic criteria for
MDD confirmed by Mini-International Neuropsychiatric
Interview, and Inventory of Depressive Symptomatology-
Clinician rated, 30-item total score of 34 (moderate to severe
depression).

[0845] Patients must have had TRD and non-response at
the end of the screening phase, defined as =25% improve-
ment in MADRS total score from Week 1 to Week 4 and a
MADRS total score of 28 on Week 2 and Week 4.

[0846] Of the 91 US patients, 46 received ESK+AD, 44
received AD+PBO, and one did not dose. The baseline
patient demographics and disease characteristics were gen-
erally similar between the 2 treatment groups. See, Table 22.
The overall mean age was 44.1 years, and approximately
two-thirds (61.1%) of patients were women and most (83.
3%) patients were Caucasian. The mean age of MDD
diagnosis was 27.5 years, indicating on average, a >15-year
history of depression. The baseline MADRS, CGI-S and
PHQ-9 scores were consistent with a population with TRD.

C. Efficacy

[0847] Efficacy was assessed by measuring response,
remission and change in clinician-rated symptom severity. A
patient was considered responsive if there was a =50%
decrease in MADRS baseline score. A patient was classified
to be “in remission” if the clinician-rated MADRS score was
=12 and the patient-rated PHQ-9 score was <5. Finally, a
patient was considered to have a change in clinician-rated
symptom severity if there was a =1-point decrease in the
CGI-S and a 2-point decrease on the CGI-S.

[0848] Approximately 24-hours post dose (day 2), 11/43
(25.6%) patients in the ESK+AD and 9/40 (22.5%) patients
in the AD+PBO achieved a response. Responses at day 28
were 26/40 (65.0%) for patients in the ESK+AD vs 15/38
(39.5%) in the AD+PBO group. See, FIG. 14. Similarly,
approximately 24-hours post dose (day 2), 6/43 (14.0%)
patients in the ESK+PBO group and 4/40 (10.0%) patients
in the AD+PBO group achieved clinician-rated remission.
[0849] Clinician-rated remission rates at day 28 were
18/40 (45.0%) patients in the ESK+AD group and 9/38
(23.7%) patients in the AD+PBO group. See, FIG. 15.
[0850] The frequency distribution of PHQ-9 severity cat-
egories at day 15 and day 28 is shown in FIG. 16. At day 15,
the percentage of patients with remission (i.e., score <5) was
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11.4% in the ESK+AD group and 19.5% in the AD+PBO
group. At 4 weeks post-initial dose, the percentage of
patients with remission (i.e., score <5) was 23.8% in the
ESK+AD group and 18.4% in the AD+PBO group. Further,
at 4 weeks post-initial dose, the percentage of patients with
severe depression (i.e., score 20-27), was more than 10-fold
higher in the AD+PBO group (26.3%) than in the ESK+AD
group (2.4%).

[0851] Further, at day 4, a =1-point decrease in the CGI-S
was observed in nearly twice as many patients in the
ESK+AD group compared with those in the PBO+AD group
(47.6 vs 26.3%); at day 28, the percentages were 77.5 and
63.9%, respectively. See, FIG. 17. The percentage of
patients with 2-point decrease in the CGI-S was nearly
2-fold greater in the ESK+AD group compared with the
PBO+AD group (14.3 vs 7.9%) at day 4; at day 28, the
percentages were 52.5 vs 44.4%, respectively.

D. Safety

[0852] Safety was assessed via treatment emergent
adverse events (TEAFEs), serious AEs, vital signs, psychiat-
ric symptoms as assessed by Brief Psychiatric Rating Scale
(BPRS), dissociation as measured by Clinician Adminis-
tered Dissociative States Scale (CADSS), and discharge
readiness. See, Table 25B which shows the clinical global
assessment of discharge readiness which was assessed based
on overall clinical states (including sedation, perceptual
changes, blood pressure, and other adverse events).

TABLE 25B

Discharge Ready on

each dosing day esketamine + oral AD +

(% patients) Oral AD Nasal placebo
1 hour post dose =44.3% 92.0%
1.5 hour post dose =93.2% 98.9%

[0853] Overall, TEAEs were observed in 91.3% of
patients in the ESK+AD group and 77.3% of patients in the
AD+PBO group. See, Table 23. There were no deaths. One
patient in the ESK+AD group experienced a SAE during the
follow-up phase (cerebral hemorrhage on day 98). Four
patients withdrew from the nasal spray drug (n=3 ESK; n=1
PBO), but no patients withdrew new oral AD.

[0854] The most common TEAFEs (5% in either treat-
ment group) are shown in Table 23. The incidence of TEAEs
was similar between the US patients and the overall study
population. AEs observed during the study were mostly mild
to moderate in severity and transient in nature.

[0855] As observed in the overall population, present-state
dissociative symptoms and transient perceptual effects as
measured by the CADSS total score resolved spontaneously
during the post dose observation period prior to discharge
(within 60-90 minutes post dose). Most (>90%) patients in
each treatment group were ready for discharge by 1.5 hours
post dose. Vital sign and BPRS findings were consistent with
the overall population.

E. Conclusions

[0856] These results demonstrated that ESK+AD, com-
pared with AD+PBO, provided a rapid onset of effect that
continued for 4 weeks and was generally well tolerated in
US patients with TRD. These results also showed that that
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ESK+AD showed clinically meaningful improvements in
depressive-symptom response and remission and had a
favorable safety profile in US patients with TRD. Specifi-
cally, ESK+AD demonstrated improvement in clinician-
rated (CGI-S) and patient-rated (PHQ-9) assessments.
Again, these observations agree with those from the overall
study population, indicating that the US population has no
significant differences in efficacy.

[0857] However, in the STAR-D level 3, which included
patients with MDD who did not remit with level 1 or level
2 treatment, the overall acute response rate (based on Quick
Inventory of Depressive Symptomatology-Self Report,
which was administered at each acute treatment clinic visit)
was 16.8% and the overall acute remission rate was 13.7%.
See, Rush, American Journal of Psychiatry. 2006; 163(11):
1905-1917 and Howland RH. Journal of Psychosocial Nurs-
ing and Mental Health Services. 2008; 46(10):21-24. By
comparison, the response and remission rates observed with
ESK+AD at 4 weeks post-initial dose were much higher (45
and 65.0%, respectively, as assessed with MADRS).

Example 2

Efficacy of Intranasal Esketamine for Treating
Treatment Resistance Depression (TRD) in
Geriatric Patients, Phase 3 Clinical Trial

[0858] The ability of esketamine to treat treatment-refrac-
tory or treatment-resistant depression (TRD) was evaluated
via the clinical study described below, which was conducted
to evaluate the efficacy, safety, and tolerability of flexibly
dosed intranasal esketamine plus a newly initiated oral
antidepressant in elderly subjects with TRD. The study
served as a pivotal Phase 3 short-term efficacy and safety
study in support of regulatory agency requirements for
registration of intranasal esketamine for the treatment of
TRD. A diagram of the study design is provided in FIG. 18.

[0859] The hypothesis for this study was that, in elderly
subjects with TRD, switching from a failed antidepressant
treatment to intranasal esketamine plus a newly initiated oral
antidepressant would be superior to switching to a newly
initiated oral antidepressant treatment (active comparator)
plus intranasal placebo in improving depressive symptoms.

[0860] The primary objective of this study was to evaluate
the efficacy of switching elderly subjects with treatment-
resistant depression (TRD) from a prior antidepressant treat-
ment (to which they have not responded) to flexibly dosed
intranasal esketamine (28 mg, 56 mg or 84 mg) plus a newly
initiated oral antidepressant compared with switching to a
newly initiated oral antidepressant plus intranasal placebo,
in improving depressive symptoms, as assessed by the
change from baseline in the Montgomery-Asberg Depres-
sion Rating Scale (MADRS) total score from Day 1 (pre-
randomization) to the end of the 4-week double-blind induc-
tion phase.

[0861] The key secondary objectives were to assess the
effect of intranasal esketamine plus a newly initiated oral
antidepressant compared with a newly initiated oral antide-
pressant (active comparator) plus intranasal placebo on the
following parameters in elderly subjects with TRD: (a)
Depressive symptoms (subject-reported), (b) Onset of clini-
cal response by Day 2, and (c¢) Functioning and associated
disability. Additional secondary objectives included (a)
Depression response rates, (b) Depression remission rates,
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(c) Overall severity of depressive illness, (d) Anxiety symp-
toms and (e) Health-related quality of life and health status.

[0862] To investigate the safety and tolerability of intra-
nasal esketamine plus a newly initiated oral antidepressant
compared with a newly initiated oral antidepressant (active
comparator) plus intranasal placebo in elderly subjects with
TRD, the following parameters were also measured: (a)
TEAES, including AEs of special interest, (b) Local nasal
tolerability, (c) Effects on heart rate, blood pressure, respi-
ratory rate, and blood oxygen saturation, (d) Effects on
alertness and sedation, (e) Potential psychosis-like effects,
() Dissociative symptoms, (g) Potential effects on cognitive
function, (h) Potential effects on suicidal ideation/behavior,
(1) Potential treatment-emergent symptoms of cystitis and/or
lower urinary tract symptoms, (j) Potential withdrawal and/
or rebound symptoms following cessation of intranasal
esketamine treatment, and (k) Potential effects on sense of
smell.

[0863] Esketamine, the placebo solutions, and the oral
antidepressant medications were provided as described in
Example 1 in “STUDY DRUG INFORMATION”.

Overview of Study Design

[0864] This was a randomized, double-blind, active-con-
trolled, multicenter study that included 138 randomized
elderly subjects with TRD. The study had 3 phases which are
briefly described below.

[0865] The screening/prospective observational phase
(4-week duration) was the same as described in Example 1.

Double-Blind Induction Phase (4-Week Duration)

[0866] The study included 138 randomized subjects (one
subject did not receive any study drug (intranasal or oral
AD) and is therefore not included in the safety analysis and
full analysis sets). The other 137 subjects received both the
intranasal and oral AD study drug and are included in the full
analysis set (FAS). The intranasal treatment sessions (esket-
amine or placebo) occurred twice weekly. In addition, all
subjects initiated a new open-label oral antidepressant on
Day 1 that was taken daily for the duration of this phase. The
assigned oral antidepressant was 1 of 4 oral antidepressant
medications (duloxetine, escitalopram, sertraline, or venla-
faxine extended release [XR]), that the subject had not
previously had a nonresponse to in the current depressive
episode, had not been previously intolerant to (lifetime), and
was available in the participating country.

[0867] At the end of the induction phase, subjects who
were responders (defined as =50% reduction in the MADRS
total score from baseline [Day 1 pre-randomization] to the
end of the 4-week double-blind induction phase) were
eligible to participate in the subsequent study
ESKETINTRD3003 if they met all other study entry criteria
(ESKETINTRD3003 is a longer-term efficacy maintenance
study involving repeated treatment sessions of intranasal
esketamine).

[0868] If a subject withdrew from the study before the end
of the double-blind induction phase for reasons other than
withdrawal of consent, an Early Withdrawal visit was con-
ducted within 1 week of the date of discontinuation, fol-
lowed by the follow-up phase. The follow-up phase (24-
week duration) was the same as described in Example 1.
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Study Population

[0869] The inclusion and exclusion criteria for enrolling
subjects in this study were as described in Example 1 under
“Study Population” with the exception that at the time of
signing the informed consent form (ICF), the subject was a
man or woman 65 years of age, inclusive. Each potential
subject satisfied all of the criteria to be enrolled in the study.
[0870] Additionally, potential subjects had to be willing
and able to adhere to the prohibitions and restrictions as
described in Example 1 under “Study Population”.

Treatment Allocation, Randomization and Blinding

[0871] The treatment allocation, randomization and blind-
ing was performed as described in Example 1.

[0872] In the FAS, 130/137 (94.9%) of the subjects were
white and 85/137 (62.0%) of the subjects were female. The
mean age was 70.0 years, ranging from 65 to 86 years. Out
of 138 subjects in the all randomized analysis set, 122
(88.4%) completed the double-blind phase and 16 withdrew
early, of which 6 withdrew due to ‘adverse events’, 3 due to
‘withdrawal by subject’, 4 due to ‘lack of efficacy’, 1 for
‘loss to follow-up’, 1 due to protocol violation and 1 due to
‘other’ reasons. Subsequently, 15 subjects entered the fol-
low-up phase, 111 subjects continued into the
ESKETINTRD3004 study and 2 subjects continued to
54135419TRD3008.

Subject and Treatment Information

[0873] A total of 302 subjects were screened across 57
sites in 13 countries (Belgium, Brazil, Bulgaria, Finland,
France, Italy, Lithuania, Poland, South Africa, Spain, Swe-
den, UK and the US). Excluding 3 subjects from a US site
due to GCP issues, 138 subjects with a DSM-5 (Diagnostic
and Statistical Manual of Mental Disorders, 5th Edition)
diagnosis of MDD (aged =65 or older) were randomized to
two groups in a ratio of 1:1 (72 in intranasal esketamine plus
oral AD and 66 in oral AD plus intranasal placebo).

[0874] Of the 138 randomized subjects, 1 subject did not
receive any study drug (intranasal or oral AD) and are
therefore not included in the safety analysis and full analysis
sets. The other 137 subjects received both the intranasal and
oral AD study drug and are included in the full analysis set.

TABLE 26

Number of Subjects in Each Analysis Set (Study
ESKETINTRD3005: All Randomized Analysis Set)

Oral AD +
Intranasal Intranasal
Esk + Oral AD Placebo Total
N=172) (N = 66) (N = 138)

All randomized 72 (100.0%)
Full 72 (100.0%)

66 (100.0%)
65 (98.5%)

138 (100.0%)
137 (99.3%)

Safety 72 (100.0%) 65 (98.5%) 137 (99.3%)
Follow-up 12 (16.7%) 3 (4.5%) 15 (10.9%)
[0875] Of the 138 randomized subjects, 122 (88.4%) sub-

jects completed the 28-day double-blind induction phase.
Results are presented in Table 27. The most frequent reason
for withdrawal was adverse event. Subsequently, 15 subjects
entered the follow-up phase, 111 subjects continued into the
ESKETINTRD3004 study and 2 subjects continued to
54135419TRD3008 after ESKETINTRD3004 was closed.
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TABLE 27

Study Completion/Withdrawal Information; Double-blind Induction
Phase (Study ESKETINTRD3005: All Randomized Analysis Set)

Intranasal Oral AD +

Esk + Intranasal

Oral AD Placebo Total

(N=72) (N = 66) (N = 138)
Completed 62 (86.1%) 60 (90.9%) 122 (88.4%)
Withdrawn 10 (13.9%) 6 (9.1%) 16 (11.6%)
Adverse event 4 (5.6%) 2 (3.0%) 6 (4.3%)
Lack of efficacy 3 (4.2%) 1 (1.5%) 4 (2.9%)
Lost to follow-up 1 (1.4%) 0 1 (0.7%)
Protocol violation 0 1 (1.5%) 1 (0.7%)
Withdrawal by subject 1 (1.4%) 2 (3.0%) 3 (2.2%)
Other 1 (1.4%) 0 1(0.7%)
[0876] Demographic and baseline characteristics are dis-

played in Table 28 for the full analysis set. In general, the
treatment groups were similar with respect to the baseline
characteristics. The majority of subjects entering the study
were female (62.0%). The mean (SD) age of all subjects was
70.0 (4.52) years, ranging from 65 to 86 years. See, FIG. 26.

TABLE 28

Demographic and Baseline Characteristics
(Study ESKETINTRD3005: Full Analysis Set)

Oral AD +
Intranasal Intranasal
Esk + Oral AD Placebo Total
N =172 (N = 65) (N =137)

Age (years)
N 72 65 137
Mean (SD) 70.6 (4.79) 69.4 (4.15) 70.0 (4.52)
Median 70.0 68.0 69.0
Range (65; 86) (65; 82) (65; 86)
Age category
(vears), n (%)
N 72 65 137
65-74 59 (81.9%) 57 (87.7%) 116 (84.7%)
=75 13 (18.1%) 8 (12.3%) 21 (15.3%)
Sex, n (%)
N 72 65 137
Male 27 (37.5%) 25 (38.5%) 52 (38.0%)
Female 45 (62.5%) 40 (61.5%) 85 (62.0%)
Race, n (%)
N 72 65 137
White 66 (91.7%) 64 (98.5%) 130 (94.9%)
Multiple 4 (5.6%) 0 4 (2.9%)
Not Reported 1 (1.4%) 1 (1.5%) 2 (1.5%)
Unknown 1 (1.4%) 0 1 (0.7%)
Ethnicity, n (%)
N 72 65 137
Hispanic or Latino 10 (13.9%) 5 (7.7%) 15 (10.9%)

Not Hispanic or 59 (81.9%) 59 (90.8%) 118 (86.1%)

Latino

Not Reported 2 (2.8%) 1 (1.5%) 3 (2.2%)
Unknown 1 (1.4%) 0 1 (0.7%)
Baseline weight (kg)

N 72 65 137
Mean (SD) 78.44 (16.665) 81.70 (18.948) 79.99 (17.7941)
Median 76.25 77.60 77.50
Range (44.0; 113.5) (43.0; 134.8) (43.0; 134.8)
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TABLE 28-continued TABLE 28-continued
Demographic and Baseline Characteristics Demographic and Baseline Characteristics
(Study ESKETINTRD3005: Full Analysis Set) (Study ESKETINTRD3005: Full Analysis Set)
Oral AD + Oral AD +
Intranasal Intranasal Intranasal Intranasal
Esk + Oral AD Placebo Total Esk + Oral AD Placebo Total
N =72) (N = 65) (N =137) N =72) (N = 65) (N =137)
Baseline height (cm) Escitalopram 25 (34.7%) 25 (38.5%) 50 (36.5%)
Sertraline 15 (20.8%) 10 (15.4%) 25 (18.2%)
N 72 65 137 Venlafaxine 7 (9.7%) 7 (10.8%) 14 (10.2%)
Mean (SD) 165.46 (10.951) 166.79 (10.346) 166.09 (10.650) extended release
Median 162.80 165.00 164.00 (XR)
Range (139.7; 191.0), (149.9;193.0)  (139.7; 193.0)

Baseline body mass

index (kg/m2)

N

Mean (SD)
Median
Range

BMI category

(kg/m?), n (%)

N

Underweight <18.5
Normal 18.5-<25
Overweight 25-<30
Obese 30-<40
Morbidly obese =40
Employment

status, n (%) ¢

N

Any type of
employment
Any type of
unemployment
Other
Hypertension
status, n (%) ©

N
Yes
No

Country, n (%)

N

Belgium
Brazil
Bulgaria
Finland
France

Ttaly
Lithuania
Poland

South Africa
Spain
Sweden
United Kingdom
United States

Region, n (%)

N

Europe

North America
Other

Class of oral anti-

depressant, n (%)

N

SNRI
SSRI
Oral anti-

depressant, n (%)

N
Duloxetine

72
28.6 (5.17)
27.6
(20; 45)

72
0
18 (25.0%)
28 (38.9%)
23 (31.9%)
3 (4.2%)

72
11 (15.3%)

2 (2.8%)

59 (81.9%)

72
41 (56.9%)
31 (43.1%)

72
2 (2.8%)
1 (1.4%)
3 (4.2%)
1 (1.4%)
4 (5.6%)
6 (8.3%)
2 (2.8%)
4 (5.6%)
2 (2.8%)
4 (5.6%)
8 (11.1%)
1 (1.4%)

34 (47.2%)

72

35 (48.6%)

34 (47.2%)
3 (4.2%)

72
31 (43.1%)
41 (56.9%)

72
25 (34.7%)

65
29.3 (6.14)
283
(16; 45)

65
1 (1.5%)
14 (21.5%)
21 (32.3%)
24 (36.9%)
5 (7.7%)

65
13 (20.0%)

6 (9.2%)

46 (70.8%)

65
32 (49.2%)
33 (50.8%)

65
4 (6.2%)
0
0
1 (1.5%)
3 (4.6%)
3 (4.6%)
0
3 (4.6%)
5 (7.7%)
4 (6.2%)
6 (9.2%)
0
36 (55.4%)

65

24 (36.9%)

36 (55.4%)
5 (7.7%)

65
30 (46.2%)
35 (53.8%)

65
23 (35.4%)

137
28.9 (5.64)
27.8
(16; 45)

137
1(0.7%)
32 (23.4%)
49 (35.8%)
47 (34.3%)
8 (5.8%)

137
24 (17.5%)

8 (5.8%)

105 (76.6%)

137
73 (53.3%)
64 (46.7%)

137
6 (4.4%)
1(0.7%)
3 (2.2%)
2 (1.5%)
7 (5.1%)
9 (6.6%)
2 (1.5%)
7 (5.1%)
7 (5.1%)
8 (5.8%)

14 (10.2%)
1(0.7%)

70 (51.1%)

137
59 (43.1%)
70 (51.1%)
8 (5.8%)

137
61 (44.5%)
76 (55.5%)

137
48 (35.0%)

¢ Any type of employment includes any category containing “Employed”, Sheltered Work,

Housewife or Dependent Husband and Student; any type of unemployment includes: any

category containing “Unemployed” Other includes: Retired and No information Available.
Hypertension status is classified as Yes if hypertension is recorded in medical history.

[0877] Baseline psychiatric history for the full analysis set
is presented in Table 29. The mean (SD) baseline MADRS
total score was 35.2 (6.16), ranging from 19 to 51. 84.7% of
subjects documented non-response to 2 or more antidepres-
sant treatments taken for at least 6 weeks on the MGH-
ATRQ at screening. The remaining 15.3% subjects docu-
mented non-response to 1 antidepressant at screening, and
non-response to a second antidepressant was confirmed
prospectively during the screening/prospective observa-
tional phase.

TABLE 29

Baseline Psychiatric History
(Study ESKETINTRD3005: Full Analysis Set)

Intranasal Oral AD +
Esk + Intranasal

Oral AD Placebo Total

N =172) (N = 65) (N =137)
Age when diagnosed
with MDD (years)
N 72 65 137
Mean (SD) 42.6 (16.18) 43.7 (16.28) 43.1 (16.18)
Median 43.0 45.0 44.0
Range (10; 75) (11; 77) (10; 77)
Baseline MADRS
total score
N 72 65 137
Mean (SD) 35.5 (5.91) 34.3 (6.44) 35.2 (6.16)
Median 36.0 35.0 36.0
Range (23; 50) (19; 51) (19; 51)
Screening IDS-C30
total score
N 71 63 134
Mean (SD) 44.2 (6.50) 43.1 (6.71) 43.7 (6.60)
Median 45.0 43.0 44.0
Range (33; 60) (31; 67) (31; 67)
Baseline CGI-S
N 72 65 137
Mean (SD) 5.1 (0.76) 4.8 (0.80) 5.0 (0.79)
Median 5.0 5.0 5.0
Range 37 (3; 6 37
Baseline CGI-S
category, n (%)
N 72 65 137
Normal, not at all ill 0 0 0
Borderline mentally 0 0 0
ill
Mildly ill 2 (2.8%) 2 (3.1%) 4 (2.9%)

Moderately ill 10 (13.9%) 20 (30.8%) 30 (21.9%)
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TABLE 29-continued
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TABLE 29-continued

Baseline Psychiatric History
(Study ESKETINTRD3005: Full Analysis Set)

Baseline Psychiatric History
(Study ESKETINTRD3005: Full Analysis Set)

Intranasal Oral AD + Intranasal Oral AD +
Esk + Intranasal Esk + Intranasal
Oral AD Placebo Total Oral AD Placebo Total
N=172) (N = 65) (N =137) N=172) (N = 65) (N =137)
Markedly ill 39 (54.2%) 29 (44.6%) 68 (49.6%) Family history of
Severely ill 20 (27.8%) 14 (21.5%) 34 (24.8%) schizophrenia, n (%)
Among the most 1 (1.4%) 0 1 (0.7%)
extremely ill N 72 65 137
patients Yes 2 (2.8%) 4 (6.2%) 6 (4.4%)
Baseline PHQ-9 No 70 (97.2%) 61 (93.8%) 131 (95.6%)
total score Family history of
alcohol abuse, n (%)
N 72 65 137
Mean (SD) 17.6 (4.99) 17.4 (6.33) 17.5 (5.65) N 72 65 137
Median 19.0 18.0 19.0 Yes 3 (4.2%) 7 (10.8%) 10 (7.3%)
Range (2;27) 05 27) (05 27) No 69 (95.8%) 58 (89.2%) 127 (92.7%)
Screening C-SSRS Family history of
lifetime ¢, n (%) substance abuse, n
o)
N 70 64 134
No event 33 (54.3%) 34 (53.1%) 72 (53.7%) N 72 65 137
Suicidal ideation 24 (34.3%) 19 (29.7%) 43 (32.1%) Yes 1 (1.4%) 0 1 (0.7%)
Suicidal behavior 8 (11.4%) 11 (17.2%) 19 (14.2%) No 71 (98.6%) 65 (100.0%) 136 (99.3%)
Screening C-SSRS
past 6 or 12 @ C-SSRS category: No event = 0; Suicidal ideation = 1, 2, 3, 4, 5; Suicidal behavior = 6,
months ¢, n (%) Z”ff 9, 10; . . . o
'umber of antidepressant medications with non-response (defined as =25% improve-
ment) taken for at least 6 weeks during the current episode as obtained from MGH-ATRQ.
N 70 64 134
No event 42 (60.0%) 43 (67.2%) 85 (63.4%)

Suicidal ideation
(past 6 months)
Suicidal behavior
(past 12 months)
Duration of current
episode (wks)

N

Mean (SD)
Median

Range

No. of previous
antidepressant

28 (40.0%)

0

72
163 (277.04)
835
(8; 1700)

medications ©, n (%)

\lkh-bb)l\)h‘z

8
Family history of
depression, n (%)

N

Yes

No

Family history of
anxiety disorder, n
(%)

Yes
No
Family history of
bipolar disorder, n
(%)

N
Yes
No

72
15 (20.8%)
31 (43.1%)
13 (18.1%)
12 (16.7%)
1 (1.4%)

0

72
30 (41.7%)
42 (58.3%)

72
6 (8.3%)
66 (91.7%)

72
3 (4.2%)
69 (95.8%)

20 (31.3%)

1 (1.6%)

65

274.1 (395.47)

104.0
(8; 2184)

65
6 (9.2%)
32 (49.2%)
17 (26.2%)
4 (6.2%)
4 (6.2%)
1(1.5%)
1(1.5%)

65
26 (40.0%)
39 (60.0%)

65
5 (7.7%)
60 (92.3%)

65
4 (6.2%)
61 (93.8%)

2158 (
9

48 (35.8%)

1(0.7%)

137

2.0
(8; 2184)

137
21 (15.3%)
63 (46.0%)
30 (21.9%)
16 (11.7%)
5 (3.6%)
1(0.7%)
1(0.7%)

137
56 (40.9%)
81 (59.1%)

137
11 (8.0%)
126 (92.0%)

137
7 (5.1%)
130 (94.9%)

341.71)

Dosage and Administration

[0878] Screening/Prospective Observational Phase: The
Screening/Prospective Observational Phase was the
same as that described in Example 1.

[0879] Double-Blind Induction Phase: The double-
blind induction phase was the same as that described in
Example 1.

[0880] Intranasal Study Druq: The intranasal study drug
was the same as that described in Example 1. See, Table
4.

[0881] Oral Antidepressant Medication: The oral anti-
depressant medication treatment was the same as that
described in Example 1. See, Table 5.

[0882] Guidance on Blood Pressure Monitoring on
Intranasal Dosing Days: The guidance on blood pres-
sure monitoring on intranasal dosing days was the same
as described in Example 1.

[0883] Follow-up Phase: The follow-up phase was the
same as that described in Example 1.

[0884] Treatment Compliance: The treatment compli-
ance was the same as that described in Example 1.

[0885] Pre-Study and Concomitant Therapy: The pre-
study and concomitant therapy was the same as that
described in Example 1.

[0886] Rescue Medications: Rescue medication use is
described in Example 1.

[0887] Prohibited Medications: A list of prohibited
medications is the same as those listed in Table 6 of
Example 1.

[0888] The number of doses of intranasal study medica-
tion was the same as described in Table 7 of Example 1.

[0889] A summary of mean, mode and final dose of
intranasal study medication is summarized in Table 30. On
Day 15 of the Double-blind Induction phase 49/65 (75.4%)
were receiving the 84 mg dose of esketamine. Of the 72
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subjects treated with intranasal esketamine, 17 (23.6%) of
subjects decreased their dose during the double-blind phase.

TABLE 30

Mean, Mode, and Final Daily Dose
of Intranasal Study Medication;
Double-blind Induction Phase (Study
ESKETINTRD3005: Safety Analysis Set)

Intranasal Esk +

Oral AD
N=72)
Mean daily dose (mg)
N 72
Mean (SD) 59.8 (15.40)
Median 66.5
Range (28; 74)
Mode daily dose (mg)
N 71
Mean (SD) 68.6 (22.09)
Median 84.0
Range (28; 84)
Final daily dose (mg)
N 72
Mean (SD) 68.1 (21.45)
Median 84.0
Range (28; 84)

The calculation of mean, mode, and final daily dose excludes days off intranasal study
medication. The final dose is the last non-zero dose received during the double-blind
induction phase.

[0890] A summary of mean, mode and final dose of oral
AD by each type of oral AD is summarized in Table 31.

TABLE 31

Mean, Mode and Final Daily Dose of Oral
Antidepressant; Double-blind Induction Phase
(Study ESKETINTRD30035: Safety Analysis Set)
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TABLE 31-continued

Mean, Mode and Final Daily Dose of Oral
Antidepressant; Double-blind Induction Phase
(Study ESKETINTRD3005: Safety Analysis Set)

Oral AD +
Intranasal Intranasal
Esk + Oral AD Placebo
N=72) (N = 65)
Duloxetine
Mean daily dose (mg)
N 25 23
Mean (SD) 49.8 (7.42) 50.3 (7.65)
Median 52.2 52.2
Range (30; 60) (30; 60)
Mode daily dose (mg)
N 25 23
Mean (SD) 52.8 (13.08) 56.1 (10.33)
Median 60.0 60.0
Range (30; 60) (30; 60)
Final daily dose (mg)
N 25 23
Mean (SD) 57.6 (8.31) 57.4 (8.64)
Median 60.0 60.0
Range (30; 60) (30; 60)
Escitalopram
Mean daily dose (mg)
N 25 25
Mean (SD) 10.2 (0.89) 9.9 (0.58)
Median 10.0 10.0
Range (10; 14) (7; 10)

Oral AD +
Intranasal Intranasal
Esk + Oral AD Placebo
N=72) (N =65)
Mode daily dose (mg)
N 25 25
Mean (SD) 10.2 (1.00) 9.8 (1.00)
Median 10.0 10.0
Range (10; 15) (5; 10)
Final daily dose (mg)
N 25 25
Mean (SD) 10.2 (1.00) 9.8 (1.00)
Median 10.0 10.0
Range (10; 15) (5; 10)
Sertraline
Mean daily dose mg
N 15 10
Mean (SD) 70.7 (18.54) 80.6 (18.70)
Median 74.1 82.4
Range (40; 100) (38; 108)
Mode daily dose (mg)
N 15 10
Mean (SD) 81.7 (49.52) 90.0 (55.53)
Median 50.0 75.0
Range (25; 150) (25; 150)
Final daily dose (mg)
N 15 10
Mean (SD) 110.0 (42.05) 127.5 (41.58)
Median 100.0 150.0
Range (50; 150) (25; 150)
Venlafaxine XR
Mean daily dose (mg)
N 7 8
Mean (SD) 92.7 (29.05) 86.3 (29.60)
Median 102.2 94.1
Range (49; 140) (38; 131)
Mode daily dose (mg)
N 7 8
Mean (SD) 112.5 (48.41) 107.8 (46.74)
Median 150.0 112.5
Range (38; 150) (38; 150)
Final daily dose (mg)
N 7 8
Mean (SD) 117.9 (40.09) 117.2 (46.74)
Median 150.0 150.0
Range (75; 150) (38; 150)

The calculation of mean, mode, and final daily dose excludes days off oral antidepressant.
The final dose is the last non-zero dose received during the double-blind induction phase.

[0891]

Duration of exposure to oral antidepressant study

medication is summarized in Table 32 and 33.
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TABLE 32

Extent of Exposure to Oral Antidepressant; Double-blind
Induction Phase (Study ESKETINTRD3005: Safety Analysis Set)

Serotonin and Norepinephrine
Reuptake Inhibitors (SNRI)
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TABLE 33-continued

Extent of Exposure to Oral Antidepressant; Double-blind Induction
Phase (Study ESKETINTRD3005: Safety Analysis Set)

Venlafaxine XR Total
Intranasal esk + oral AD

Duloxetine

Oral AD + intranasal placebo

(N =25 N=7) (N =32)

Total duration, days
Category, n (%)

=7 1 (4.0%) 0 1 (31%)

8-14 2 (8.0%) 0 2 (6.3%)
15-21 1 (4.0%) 2 (28.6%) 3 (9.4%)
22-28 12 (48.0%) 2 (28.6%) 14 (43.8%)
>28 9 (36.0%) 3 (42.9%) 12 (37.5%)
Mean (SD) 25.6 (6.70) 25.6 (5.32) 25.6 (6.34)
Median 27.0 28.0 28.0
Range (5; 31) (16; 29) (5; 31)

Oral AD + intranasal placebo

(N =25) (N =10) (N =35)

Total duration, days
Category, n (%)

=7 0 0 0
8-14 1 (4.0%) 0 1 (2.9%)
15-21 1 (4.0%) 1 (10.0%) 2 (5.7%)
22-28 11 (44.0%) 5 (50.0%) 16 (45.7%)
>28 12 (48.0%) 4 (40.0%) 16 (45.7%)
Mean (SD) 27.8 (4.93) 31.2 (9.47) 28.7 (6.59)
Median 28.0 28.0 28.0
Range (11; 35) (20; 49) (11; 49)

(N=23) N=8 (N =31

Total duration, days
Category, n (%)

=7 1 (4.3%) 1 (12.5%) 2 (6.5%)

8-14 0 0 0
15-21 1 (4.3%) 0 1(3.2%)
22-28 9 (39.1%) 5 (62.5%) 14 (45.2%)
>28 12 (52.2%) 2 (25.0%) 14 (45.2%)
Mean (SD) 27.2 (5.52) 26.3 (8.31) 26.9 (6.22)
Median 29.0 28.0 28.0
Range (5; 35) (7; 36) (5; 36)

Percentages are calculated with the number of subjects in each treatment group as the
denominator. The duration of exposure is defined as the duration between the date of the
first antidepressant exposure and the date of the last antidepressant exposure. It includes
days on which subjects did not actually take medication.

TABLE 33

Extent of Exposure to Oral Antidepressant; Double-blind Induction
Phase (Study ESKETINTRD3005: Safety Analysis Set)

Selective Serotonin
Reuptake Inhibitors (SSRI)

Escitalopram Sertraline Total
Intranasal esk + oral AD

(N =25) (N =15) (N = 40)

Total duration, days
Category, n (%)

=7 0 0 0

8-14 0 0 0
15-21 0 1 (6.7%) 1 (2.5%)
22-28 11 (44.0%) 7 (46.7%) 18 (45.0%)
>28 14 (56.0%) 7 (46.7%) 21 (52.5%)
Mean (SD) 28.9 (2.14) 28.0 (2.39) 28.6 (2.25)
Median 29.0 28.0 29.0
Range (26; 37) (21; 32) (21; 37)

Percentages are calculated with the number of subjects in each treatment group as the
denominator. The duration of exposure is defined as the duration between the date of the
first antidepressant exposure and the date of the last antidepressant exposure. It includes
days on which subjects did not actually take medication.

Study Evaluations

[0892] The study evaluations were performed as described
in Example 1. The time and events schedule was the same
as described in Example 1 in Tables 10 and 11. The
approximate total blood volume to be collected from each
subject was the same as described in Example 1. See, Table
12.

Screening/Prospective Observational Phase

[0893] The screening/prospective observational phase was
the same as described in Example 1. After signing the ICF,
subjects who were 65 years of age (inclusive) were screened
to determine eligibility for study participation.

[0894] Optional Antidepressant Taper Period: The
optional antidepressant taper period was performed as
described in Example 1.

[0895] Double-Blind Induction Phase: The double-
blind induction phase was performed as described in
Example 1.

[0896] FEarly Withdrawal: The early withdrawal of
patient was followed according to the procedure in
Example 1.

[0897] Follow-up Phase: The follow-up phase was per-
formed as described in Example 1.

Efficacy Evaluations

[0898] Efficacy evaluations were performed as described
in Example 1.

[0899] Primary Efficacy Evaluation: The primary effi-
cacy evaluation is described in Example 1.

[0900] Key Secondary Efficacy Evaluation (Clinician-
completed): The key secondary efficacy evaluation
(clinician-completed) is described in Example 1.

[0901] Key Secondary Efficacy Evaluation (Patient-re-
ported Outcome): The key secondary efficacy evalua-
tion (patient-reported outcome) is described in
Example 1.

[0902] Primary Endpoint: The primary efficacy end-
point is described in Example 1.

[0903] Primary Endpoint Results: The primary endpoint
results are the same as described in Example 1. See,
Table 34 and FIG. 19.
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TABLE 34

MADRS Total Score: Change From Baseline to
Day 28 MMRM; Double-blind Induction Phase
(Study ESKETINTRD3005: Full Analysis Set)

Oral AD +

Intranasal Intranasal
Esk + Oral AD Placebo
(N=172) (N = 65)

Baseline

N 72 65

Mean (SD) 35.5 (5.91) 34.8 (6.44)

Median (Range) 36.0 (23; 50) 35.0 (19; 51)

Day 28

N 63 60

Mean (SD) 25.4 (12.70) 28.7 (10.11)

Median (Range) 25.0 (0; 47) 30.0 (2; 44)

Change from baseline to

day 28

N 63 60

Mean (SD) -10.0 (12.74) -6.3 (8.86)

Median (Range) -5.0 (-42; 10) -4.5 (-33; 11)

MMRM analysis ¢

Diff. of LS means -3.6

(Esk + AD minus

AD + Placebo) ®

95% confidence -7.20; 0.07

interval on diff. ¢

1-sided p-value ¢ 0.029 NS

@ Test for treatment effect is based on mixed model for repeated measures (MMRM) with
change from baseline as the response variable and the fixed effect model terms for
treatment (intranasal esk + oral AD, oral AD + intranasal placebo), day, region, class of
oral antidepressant (SNRI or SSRI), and treatment-by-day, and baseline value as a
covariate. A negative difference favors esketamine.

Difference from placebo is the median unbiased estimate, which is a weighted combi-
nation of the least squares means of the difference from placebo
¢ 2-sided flexible confidence interval

4 P-value is based on the weighted combination test statistics
MADRS Total score ranges from 0 to 60; a higher score indicates a more severe condition.

Negative change in score indicates improvement.
[0904] FIG. 23 shows the least square mean changes (+)
from baseline for the MADRS total score over time in the
double-blind phase based on the MMRM analysis. This data
shows that, when compared to a younger population, a
longer induction period is required to achieve the desired
response. See, FIG. 2 which shows the response for the
corresponding younger population (-A-).

[0905] Secondary Endpoints: The secondary endpoints

were the same as described in Example 1.

Subgroup Analyses

[0906] A forest plot showing the treatment differences
based on an MMRM analysis for the preplanned subgroups
are shown in FIG. 24. There was a notable difference by age
subgroup. The arithmetic mean changes over time for the
MADRS total score are presented by age group in FIGS. 25
and 26. The difference in LS mean change (SE) based on the
MMRM analysis at Day 28 was —4.9 (2.04) for subjects aged
65-74 and -0.4 (5.02) for subjects aged 75 and above.
However, the number of subjects in the higher age group
was low.

Post-Hoc Analyses for Primary Endpoint

[0907] As specified in the SAP, the weighted combination
test was the primary analysis for the primary efficacy end-
point since an interim analysis for sample size re-estimation
was conducted. A post-hoc analysis using an unweighted

66
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MMRM analysis (essentially disregarding the interim analy-
sis) was performed and the one-sided p-value was 0.018
using this approach. The post-hoc one-sided p-value was
0.017 using the unweighted ANCOVA analysis.

[0908] In addition, a treatment by stage (before and after
1A was performed) interaction was explored. A differential
treatment effect was seen for Stage 1 (those subjects enrolled
prior to when the IA was performed) and Stage 2 (those
subjects enrolled after the IA was performed). The LS mean
(SE) treatment difference was -1.6 (2.62) for Stage 1 and
-5.6 (2.63) for Stage 2. See, FIG. 27 (Stage 1) and FIG. 28
(Stage 2) for the LS mean changes over time for each
treatment group.

Response and Remission Rates Based on MADRS Total
Score

[0909] Response (=50% improvement from baseline in the
MADRS total score) and Remission (MADRS total score is
=12) rates are presented in Table 35.

TABLE 35

Response and Remission Rates Based on MADRS; Double-blind
Induction Phase (Study ESKETINTRD3005: Full Analysis Set

Response Remission
Oral AD + Oral AD +
Intranasal Intranasal Intranasal Intranasal
Esk + Oral AD Placebo Esk + Oral AD Placebo

Day 8 4/66 (6.1%) 3/63 (4.8%) 4/66 (6.1%)  1/63 (1.6%)
Day 15 4/68 (5.9%) 8/62 (12.9%) 2/68 (2.9%)  5/62 (8.1%)
Day 22 9/60 (15.0%)  8/56 (14.3%) 4/60 (6.7%)  4/56 (7.1%)
Day 28  17/63 (27.0%)  8/60 (13.3%) 11/63 (17.5%) 4/60 (6.7%)

A subject is defined as a responder at a given time point if the percent improvement from
baseline in MADRS total score is at least 50%. A subject is in remission at a given time
point if the MADRS total score is <12.

[0910] The response rates (=50% improvement from base-
line) at Day 28 based on the MADRS total score were 17/63
(27.0%) and 8/60 (13.3%) for the intranasal esketamine+oral
AD and oral AD+intranasal placebo groups, respectively.
The remission rates (MADRS total score <12) at Day 28
were 11/63 (17.5%) and 4/60 (6.7%) for the intranasal
esketamine+oral AD and oral AD+intranasal placebo
groups, respectively.

[0911] Safety Evaluations: Safety evaluations were per-

formed as described in Example 1.

[0912] Adverse Events: Adverse events were followed
as described in Example 1.

[0913] Clinical Laboratory Tests: Clinical laboratory
tests were performed as described in Example 1.

Subject Completion/Withdrawal

Completion

[0914] A subject was considered to have completed the
double-blind induction phase of the study if he or she
completed the MADRS assessment at the end of the 4-week
double-blind induction phase (i.e., Day 28 MADRS) as
described in Example 1.
[0915] Withdrawal from the Study: A subject was with-
drawn from the study for any of the nine reasons
provided in Example 1.
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[0916] Safety Analyses: Safety data was analyzed for
the double-blind induction phase using the safety
analysis set.

[0917] Adverse Events: The verbatim terms used in the
eCRF by investigators to identify adverse events were
coded using the MedDRA as described in Example 1.

[0918] Clinical Laboratory Tests: Clinical laboratory
tests were performed as described in Example 1.

[0919] ECG: The effects on cardiovascular variables
were evaluated by means of descriptive statistics and
frequency tabulations. These tables include observed
values and change from baseline values. Electrocardio-
gram data was summarized by ECG parameter as
described in Example 1.

[0920] Vital Signs: Vital signs were obtained as
described in Example 1.

[0921] Nasal Examination: Nasal examinations were
performed as described in Example 1.

[0922] Nasal Symptom Questionnaire: Scoring from the
nasal symptom questionnaire was summarized descrip-
tively for each scheduled time point by treatment group
as described in Example 1.

[0923] C-SSRS: Suicide-related thoughts and behaviors
based on the C-SSRS were summarized by treatment
group in incidence and shift tables as described in
Example 1. Separate endpoints for suicidal ideation and
suicidal behavior were defined and summarized
descriptively by treatment group. Missing scores were
not imputed.

[0924] CADSS, BPRS+, and MOAA/S: Descriptive
statistics of each score and changes from pre-dose were
summarized at each scheduled time point as described
in Example 1.

[0925] Clinical Global Assessment of Discharge Readi-
ness, PWC-20, BPIC-SS, UPSIT, and Smell Threshold
Test

[0926] Descriptive statistics of each score and changes
and/or percent changes from baseline were summarized at
each scheduled time point as described in Example 1.

[0927] Cognition Testing: Descriptive statistics of the
cognitive domain scores and changes from baseline
were summarized at each scheduled time point.

[0928] Adverse Event Definitions and Classifications:
Adverse event definitions and classifications were per-
formed as described in Example 1.

[0929] Special Reporting Situations: Special reporting
situations were discussed in Example 1

Procedures: All Adverse Events

[0930] All adverse events and special reporting situations,
whether serious or non-serious, were reported from the time
a signed and dated ICF was obtained until completion of the
subject’s last study-related procedure (which may include
contact for follow-up of safety) as described in Example 1.
[0931] Serious Adverse Events: Serious adverse event
studies were performed as described in Example 1.
[0932] Pregnancy: Pregnancy was assessed as described
in Example 1.

Summary of all Adverse Events

[0933] An overall summary of all treatment-emergent
adverse events (TEAEs) during the double-blind phase is
presented in Table 36. Overall, 70.8% of subjects in the
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esketamine+oral AD group and 60.0% of subjects in the oral
AD+placebo group experienced at least one TEAE during
the double-blind phase.

TABLE 36

Overall Summary of Treatment-emergent Adverse
Events (TEAE); Double-blind Induction Phase
(Study ESKETINTRD30035: Safety Analysis Set)

Oral AD +
Intranasal Intranasal
Esk + Oral AD Placebo
N =72) (N = 65)

TEAE

TEAE possibly related to
intranasal drug ¢

TEAE possibly related to
oral antidepressant ¢
TEAE leading to death 0 0

51 (70.8%)
42 (58.3%)

39 (60.0%)
22 (33.8%)

13 (18.1%) 11 (16.9%)

1 or more serious TEAE 3 (4.2%) 2 (3.1%)
TEAE leading to intranasal 4 (5.6%) 2 (3.1%)
drug withdrawn ®

TEAE leading to oral anti- 1 (1.4%) 1 (1.5%)

depressant withdrawn 2

¢ Study drug relationships of possible, probable, and very likely are included in this
category.

® An adverse event that started in the double-blind induction phase and resulted in
discontinuation in the follow-up phase is counted as treatment-emergent in the double-
blind induction phase.

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events.

Adverse events are coded using MedDRA version 20.0.

[0934] Treatment-emergent adverse events occurring dur-
ing the double-blind phase (>5% of subjects in either
treatment group) are summarized by treatment group for the
safety analysis set in Table 37. The most common (>10%)
TEAE:S in the esketamine+oral AD group during the double-
blind phase were dizziness (20.8%), nausea (18.1%), head-
ache (12.5%), fatigue (12.5%), blood pressure increased
(12.5%), vertigo (11.1%) and dissociation (11.1%). The
most common TEAE in the oral AD+placebo group were
anxiety (7.7%), dizziness (7.7%) and fatigue (7.7%). There
were no deaths.

TABLE 37

Treatment-emergent Adverse Events in at Least 5% of
Subjects in Either Treatment Group; Double-blind Induction
Phase (Study ESKETINTRD3005: Safety Analysis Set)

Oral AD +
Intranasal Intranasal
Esk + Oral AD Placebo
N =172) (N = 65)

Total no. subjects with TEAE
Psychiatric disorders

51 (70.8%)
26 (36.1%)

39 (60.0%)
11 (16.9%)

Dissociation 8 (11.1%) 1 (1.5%)
Dysphoria 4 (5.6%) 0
Insomnia 4 (5.6%) 3 (4.6%)
Anxiety 2 (2.8%) 5 (7.7%)
Nervous system disorders 24 (33.3%) 15 (23.1%)
Dizziness 15 (20.8%) 5 (7.7%)
Headache 9 (12.5%) 2 (3.1%)
Dysgeusia 4 (5.6%) 3 (4.6%)
Hypoesthesia 4 (5.6%) 1 (1.5%)
Paresthesia 4 (5.6%) 2 (3.1%)
Gastrointestinal disorders 19 (26.4%) 8 (12.3%)
Nausea 13 (18.1%) 3 (4.6%)
Hypoesthesia oral 5 (6.9%) 0
Vomiting 5 (6.9%) 1 (1.5%)
General disorders and 14 (19.4%) 9 (13.8%)

administration site conditions
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TABLE 37-continued

Treatment-emergent Adverse Events in at Least 5% of
Subjects in Either Treatment Group; Double-blind Induction
Phase (Study ESKETINTRD3005: Safety Analysis Set)

Oral AD +

Intranasal Intranasal
Esk + Oral AD Placebo
N =72) (N = 65)
Fatigue 9 (12.5%) 5(7.7%)
Investigations 14 (19.4%) 6 (9.2%)
Blood pressure increased 9 (12.5%) 3 (4.6%)
Ear and labyrinth disorders 10 (13.9%) 4 (6.2%)
Vertigo 8 (11.1%) 2 (3.1%)
Infections and infestations 8 (11.1%) 6 (9.2%)
Urinary tract infection 6 (8.3%) 1 (1.5%)

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events.

Adverse events are coded using MedDRA version 20.0.

Adverse Events Leading to Study Drug Withdrawal

[0935] There were 6 subjects (4 subjects in the esket-
amine+oral AD group and 2 subject in the oral AD+placebo
group) who discontinued the double-blind induction phase
intranasal study medication due to treatment-emergent
adverse events. See, Table 19. There were 2 subjects (1
subject in the esketamine+oral AD group and 1 subject in the
oral AD+placebo group) who discontinued the double-blind
phase due to TEAFs. See, Tables 38 and 39.

TABLE 38

Treatment-emergent Adverse Events Leading to Discontinuation
of Intranasal Study Medication; Double-blind Induction Phase
(Study ESKETINTRD30035: Safety Analysis Set)

Oral AD +
Intranasal Intranasal
Esk + Oral AD Placebo
N=72) (N = 65)
Total no, subjects with TEAE 4 (5.6%) 2 (3.1%)
leading to discontinuation ¢
Investigations 2 (2.8%) 0
Blood pressure increased 1 (1.4%) 0
Blood pressure systolic increased 1 (1.4%) 0
Injury, poisoning and procedural 1 (1.4%) 0
complications
Hip fracture 1 (1.4%) 0
Psychiatric disorders 1 (1.4%) 1 (1.5%)
Anxiety disorder 1 (1.4%) 0
Anxiety 0 1 (1.5%)
Feeling of despair 0 1 (1.5%)
Eye disorders 0 1 (1.5%)
Dry eye 0 1 (1.5%)
Eye color chance 0 1 (1.5%)
Eye inflammation 0 1 (1.5%)
Eye pruritus 0 1 (1.5%)
General disorders and 0 1 (1.5%)
administration site conditions
Gait disturbance 0 1 (1.5%)

@ An adverse event that started in the double-blind induction phase and resulted in
discontinuation in the follow-up phase is counted as treatment-emergent in the double-
blind induction phase.

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events.

Adverse events are coded using MedDRA version 20.0.
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TABLE 39

Treatment-emergent Adverse Events Leading to
Discontinuation of Oral Antidepressant; Double-blind Induction
Phase (Study ESKETINTRD3005: Safety Analysis Set)

Oral AD +
Intranasal Esk + Intranasal
Oral AD Placebo
N =72) (N = 65)
Total no. subjects with TEAE 1 (1.4%) 1 (1.5%)
leading to discontinuation ¢
Psychiatric disorders 1 (1.4%) 0
Anxiety disorder 1 (1.4%) 0
Eye disorders 0 1 (1.5%)
Dry eve 0 1 (1.5%)
Eye color change 0 1 (1.5%)
Eye inflammation 0 1(1.5%
Eye pruritus 0 1 (1.5%)
Skin and subcutaneous tissue 0 1 (1.5%)
disorders
Pruritus 0 1 (1.5%)

% An adverse event that started in the double-blind induction phase and resulted in
discontinuation in the follow-up phase is counted as treatment-emergent in the double-
blind induction phase.

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events.

Adverse events are coded using MedDRA version 20.0.

Serious Adverse Events

[0936] Five subjects experienced serious treatment-emer-
gent adverse events during the double-blind phase. One
subject in the esketamine+oral AD group experienced anxi-
ety disorder which was considered as of possible relation-
ship to both intranasal esketamine and oral AD. One subject
in the esketamine+oral AD group experienced blood pres-
sure increased which was considered as of probable rela-
tionship to intranasal esketamine and not related to oral AD.
In addition, one subject in the esketamine+oral AD group
experienced hip fracture which was considered not related to
both intranasal esketamine and oral AD. One subject in the
oral AD+placebo group experienced feelings of despair and
gait disturbance. The first event was considered as of pos-
sible relationship to intranasal placebo and not related to oral
AD. The second event was considered as of possible rela-
tionship to intranasal placebo and very likely relationship to
oral AD. One subject in the oral AD+placebo group expe-
rienced dizziness which was considered as of doubtful
relationship to both intranasal placebo and oral AD.

Blood Pressure

[0937] Transient blood pressure increases peaked for the
esketamine+oral AD group peaked at approximately 40
minutes post dose and returned to normal range at 90
minutes. The maximum mean increases (across all dosing
days) in systolic BP was 16.0 mm Hg in the esketamine+oral
AD group and 11.1 mm Hg in the oral AD+placebo group.
The maximum mean increases (across all dosing days) in
diastolic BP were 9.5 mm Hg in the esketamine+oral AD
group and 6.8 mm Hg in the oral AD+placebo group. FIGS.
20 and 21 present means for blood pressure over time by
treatment group in the double-blind phase.

Clinician-Assessed Dissociative Symptom Scale (CADSS)

[0938] The Clinician Administered Dissociative States
Scale (CADSS) was measured prior to the start of each dose,
at 40 minutes, and 1.5 hours postdose. The CADSS is used
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to assess treatment emergent dissociative symptoms and
perceptual changes and the total score ranges from 0 to 92
with a higher score representing a more severe condition.

[0939] The dissociative and perceptual change symptoms
measured by the CADSS, suggest these symptoms had an
onset shortly after the start of the dose and resolved by 1.5
hours postdose. See, FIG. 22. The proportion of subjects
with sedation (post dose MOAA/S score of <3) was <4% for
the esketamine group for each dosing day.

Modified Observer’s Assessment of Alertness/Sedation
(MOAA/S)

[0940] The Modified Observer’s Assessment of Alertness/
Sedation (MOAA/S) was used to measure treatment-emer-
gent sedation with correlation to levels of sedation defined
by the American Society of Anesthesiologists (ASA) con-
tinuum. The MOAA/S scores range from 0 (No response to
painful stimulus; corresponds to ASA continuum for general
anesthesia) to 5 (Readily responds to name spoken in normal
tone [awake]; corresponds to ASA continuum for minimal
sedation). The proportion of subjects experienced MOAN/S
scores <3 post dose by dose day is presented in Table 40. The
proportion of subjects with sedation was <4% for the
esketamine group for each dosing day.

TABLE 40

Modified Observer’s Assessment of Alertness/Sedation
(MOAA/S); Frequency of Subjects with a Score of 3
or Less by Dose Day; Double-blind Induction Phase

(Study ESKETINTRD30035: Safety Analysis Set)

Oral AD +
Intranasal Esk + Intranasal
Oral AD Placebo
N=172) (N = 65)
Score =3 on Day 1, n (%) 70 64
Yes 0 0
No 70 (100.0%) 64 (100.0%)
Score =3 on Day 4, n (%) 67 65
Yes 2 (30%) 1 (1.5%)
No 65 (97.0%) 64 (98.5%)
Score =3 on Day 8, n (%) 63 62
Yes 2 (3.2%) 0
No 61 (96.8%) 62 (100.0%)
Score <3 on Day 11, n (%) 65 60
Yes 2 (3.1%) 0
No 63 (96.9%) 60 (100.0%)
Score <3 on Day 15, n (%) 60 59
Yes 1 (1.7%) 0
No 59 (98.3%) 59 (100.0%)
Score <3 on Day 18, n (%) 58 60
Yes 2 (3.4%) 0
No 56 (96.6%) 60 (100.0%)
Score <3 on Day 22, n (%) 60 56
Yes 1 (1.7%) 0
No 59 (98.3%) 56 (100.0%)
Score <3 on Day 25, n (%) 63 54
Yes 0 0
No 63 (100.0%) 54 (100.0%)

MOAA/S score ranges from 0 (no response to painful stimulus) to 5 (readily responds to
name spoken in normal tone [awake]).

Pharmacokinetics

[0941] Venous blood samples of approximately 2 mL were
collected for measurement of plasma concentrations of
esketamine, noresketamine, and other metabolites (if war-
ranted) at the time points specified in the Time and Events

Jan. 4, 2024

Schedule as described in Example 1. Plasma samples were
analyzed as described in Example 1.
[0942] Pharmacokinetic Parameters: The plasma con-
centration-time data of esketamine (and noresketamine,
if warranted) was analyzed as described in Example 1.
[0943] Pharmacokinetic/Pharmacodynamic Evalua-
tions: The relationship between MADRS total score
(and possibly selected adverse events as additional PD
parameters) and PK metrics of esketamine were evalu-
ated as described in Example 1.
[0944] Biomarker, Pharmacogenomic
Expression (RNA) Evaluations
[0945] During the study, blood was collected for the
assessment of biomarkers at the time points indicated in the
Time and Events schedule as described in Example 1.
[0946] Inblood, biomarkers (protein, metabolite, and ribo-
nucleic acid [RNA]) related to (but not limited to) the
immune system activity, hypothalamus pituitary adrenal
(HPA) axis activation, neurotrophic factors, and metabolic
factors were investigated as described in Example 1.
[0947] Blood samples for DNA analyses were collected at
the time points indicated in the Time and Events Schedule
for the assessment of genetic and epigenetic variation in
genes in pathways relevant to depression (e.g., HPA axis,
inflammation, growth factors, monoamine transporters, ion
channels, and circadian rhythm) as described in Example 1.
[0948] Medical Resource Utilization: Medical resource
utilization data, associated with medical encounters,
were collected during the follow-up phase of the study
as described in Example 1.
[0949] Pharmacokinetic Analyses: Pharmacokinetic
analyses were performed as described in Example 1.
[0950] Pharmacokinetic/Pharmacodynamic Analyses:
The relationship between MADRS total score (and
possibly selected adverse events as additional PD
parameters) and PK metrics of esketamine were evalu-
ated as described in Example 1.
[0951] Biomarker and Pharmacogenomic Analyses:
Biomarker and pharmacogenomics analyses were per-
formed as described in Example 1.

(DNA), and

Statistical Methods Used in Analysis

[0952] A general description of the statistical methods
used to analyze the efficacy and safety data is outlined in
Example 1.

[0953] Interim Analysis for Sample Size Re-estimation
or Stopping for Futility: An interim analysis for sample
size re-estimation or stopping for futility was per-
formed as described in Example 1.

[0954] Efficacy Analyses: Efficacy analyses were per-
formed as described in Example 1.

Analysis of the US Subpopulation—Clinical Efficacy and
Safety

[0955] Although the primary efficacy analysis using the
weighted combination test was not statistically significant,
treatment differences were clinically meaningful for ESK+
AD change compared to AD+PBO for improving depressive
symptoms, as assessed by change in MADRS total score
after 28 days in elderly subjects with TRD. Based on
MMRM analysis, the median-unbiased estimate of the dif-
ference between ESK+AD and AD+PBO was -3.6 (95% CI:
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-7.20, 0.07). The differences were similar to those seen in
studies that assessed SSRI/SNRI oral ADs against placebo in
adults with depression.

[0956] The greater numerical improvement in depression
response (approximately 2 times greater) and remission rates
(approximately 3 times greater) for ESK+AD compared to
AD+PBO at Day 28 suggested a true clinical benefit of
treatment with esketamine nasal spray plus an oral antide-
pressant in elderly subjects with TRD.

[0957] There was also a clinically meaningful treatment
difference for improvement in the overall severity of depres-
sive illness based on CGI-S score for ESK+AD over
AD+PBO.

A. Outcomes

[0958] For the clinician-rated assessments, MADRS was
administered at baseline and days 8, 15, 22 and 28. MADRS
scores were obtained remotely by telephone by independent
raters blinded to subject’s treatment response. Similarly, the
Clinical Global Impressions-Severity (CGI-S) scale was
administered at baseline; days 4, 8, 11, 15, 18, 22, 25; and
at the 4-week double-blind end point.

[0959] For the patient-rated assessments, a 9-item Patient
Adherence Questionnaire-9 (PHQ-9) and Sheehan Disabil-
ity Scale (SDS) were administered at baseline, day 15, and
day 28. Although PHQ-9 and SDS assessments were elimi-
nated by study amendment, site pads were not modified,
therefore data were collected.

B. Patient Demographics/Disease Characteristics

[0960] Inclusion criteria included adults, aged =65 years,
who met DSM-5 diagnostic criteria for recurrent MDD
without psychotic features or single episode MDD (with
duration of episode >2 years) and Inventory of Depressive
Symptoms-Clinician rated, 30-item score of =31.

[0961] Inclusion criteria also included nonresponsive
(525% improvement in the MADRS) to =1 but =8 AD
treatments in the current episode of depression taken for at
least 6 weeks at a therapeutic dose (based on the Massa-

chusetts General Hospital Antidepressant Treatment
Response Questionnaire-geriatric version).
[0962] Patients must have had a current major depressive

episode, depression symptom severity (Week 1 MADRS
total score 24), and AD treatment response in the current
depressive episode, confirmed using a Site Independent
Qualification Assessment

[0963] Of the 70 US patients aged =65 years, 34 received
ESK+AD and 36 received AD+PBO. The baseline patient
demographics and disease characteristics were generally
similar between the 2 treatment groups (Table 41). The
overall mean age was 70.0 years, 57.1% were women, and
most patients were white (98.6%). The mean age at MDD
diagnosis was 42.5 years, indicating on average, a >27-year
history of depression in this population. The baseline
MADRS, CGI-S and PHQ-9 scores were consistent with an
adult population with TRD.
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TABLE 41

Baseline patient demographics and disease
characteristics in US patients

ESK + AD AD + PBO
Parameter (n=34) (n = 36)
Age, y, mean (SD) 70.7 (4.5) 69.3 (4.1)
Sex, n (%)
Male 15 (44.1) 15 (41.7)
Female 19 (55.9) 21 (58.3)
Race, n (%)
White 33 (97.1) 36 (100.0)
Multiple 1(2.9) 0
Class of oral ADs, n (%)}
SNRI 16 (47.1) 17 (47.2)
SSRI 18 (52.9) 19 (52.8)

Duration of current 420.9 (480.7)

episode, weeks, mean

137.6 (283.4)

(SD)
Age at MDD diagnosis, 42.1 (15.3) 43.0 (15.1)
yr, mean (SD)
MADRS total score,” 35.5 (5.5) 35.7 (6.0)
mean (SD)
CGL-S,? mean (SD) 5.0 (0.6) 4.7 (0.6)
PHQ-9 total score,” 15.2 (5.6) 18.2 (5.6)
mean (SD)
SDS total score,? mean 20.9 (6.19) 22.1 (4.72)
(SD)

C. Efficacy

[0964] Efficacy was determined by measuring MADRS

total scores, SDS scores, PHQ-9 scores, and CGI-S scores.
The primary efficacy endpoint, compared between treatment
groups, was the change in the MADRS total score from
baseline to day 28. Other efficacy measures were changes in
CGI-S scores, SDS total scores, and PHQ-9 total scores,
which assessed changes in general clinical condition and
function. Efficacy analysis was conducted at a one-sided
0.025 level of significance.

[0965] Forthe MADRS, PHQ-9, and SDS total scores, the
test for treatment effect was based on mixed model for
repeated measures (MMRM) on observed case data with
change from baseline as the response variable and the fixed
effect model terms for treatment (ESK+AD, AD+PBO), day,
class of oral AD (SNRI or SSRI), and treatment-by-day, and
baseline value as a covariate. For the CGI-S scores, the test
for treatment effect was based on analysis of covariance
(ANCOVA) model on last observation carried forward
(LOCF) data on ranks of change from baseline as the
response variable and factors for treatment (ESK+AD,
AD+PBO), and class of oral AD (SNRI or SSRI), and
baseline value (unranked) as a covariate.

[0966] The results illustrate that the least square (LS)
mean changes in MADRS total score decreased in both
treatment groups during the 4-week double-blind induction
phase. See, FIG. 29. Statistically significant improvement in
MADRS total score was observed with ESK+AD vs
AD+PBO at day 28 (LS mean difference [SE]-5.4 [2.48];
1-sided P=0.016). See, Table 42.

[0967] In summary, ESK+AD compared with AD+PBO
(active comparator) demonstrated a clinically meaningful,
statistically significant reduction of depressive symptoms
and an improvement in overall severity of depressive illness
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and in health-related quality of life and functioning in US
patients aged =65 years with TRD at 4 weeks.
TABLE 42
Change from baseline in MADRS total score (observed
case) in US patients aged =65 years with TRD

ESK + AD AD + PBO
MADRS parameter (n=34) (n =36)
Total score at baseline, 35.5 (55) 35.7 (6.0)
mean (SD)

Change at day 8
N 32 35
LS mean chance -6.3 -4.7
LS mean difference from -1.6 (1.71)
AD + PBO (SE)
P value 176
Change at day 28 (4-weeks post-initial dose)

N 30 34
LS mean chance -11.9 -6.5
LS mean difference from -5.4 (2.4%)
AD + PBO (SE)
P value .016

MADRS total score ranges from 0 to 60; a higher score indicated a more severe condition.

[0968] Clinician-rated severity of depressive illness as
assessed by CGI-S was similar 4 days post-initial dose.
However, a statistically significant difference in improve-
ment of severity of depressive illness as measured by CGI-S
was observed between the two treatment groups 4 weeks
post-initial dose (1-sided P=0.005). See, Table 43.

TABLE 43
Change from baseline in PHQ-9 and SDS total scores
(observed case) in US patients aged =65 years with TRD
ESK + AD AD + PE30
Parameter (n=34) (n =36)
PHQ-9 total score
Baseline, mean (SD) 15.2 (5.6) 18.2 (5.6)
Change at day 15
N 25 23
LS mean change -6.1 -3.0
LS mean difference from -3.1 (1.38)
AD + PBO (SE)
P value 0.015
Change at day 28
N 31 32
LS mean change -7.4 -3.0
LS mean difference from -4.4 (1.68)
AD + PBO (SE)
P value 0.006
SDS total score
Baseline, mean 20.9 (6.19) 22.1 (4.72)
Change at day 15
N 9 12
LS mean change -5.5 -9.0
LS mean difference from 3.5 (4.15)
AD + PBO (SE)
P value 0.794
Change at day 28
N 11 19
LS mean change -10.8 -3.2
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TABLE 43-continued

Change from baseline in PHQ-9 and SDS total scores
(observed case) in US patients aged =65 years with TRD

ESK + AD AD + PE30
Parameter (n=34) (n=36)

LS mean difference from -7.6 (2.68)
AD + PBO (SE)
P value 0.004

PHQ-9 total score ranges from 0 to 27; a higher score indicates greater depression.

SDS total scores range from 0 to 30, where 0 = unimpaired and 30 = highly impaired.

[0969] The frequency distribution of illness severity based
on CGI-S scores at baseline and the double-blind phase
endpoint are shown in FIG. 30. At baseline, the percentage
of patients with normal/borderline/mild illness was similar
in the ESK+AD and AD+PBO groups (2.9% and 2.8%,
respectively). At the double-blind endpoint, the percentage
of patients with normal/borderline/mild illness was 3.8-fold
higher in the ESK+AD group compared with the AD+PBO
group (42.4% and 11.2%, respectively).

[0970] The patient-rated severity of depressive illness, as
assessed by PHQ-9 total scores, and functional impairment,
as assessed by SDS total scores, decreased in both treatment
groups, but the magnitude of difference was significantly
greater in the ESK+AD group at day 28. See, Table 24. For
PHQ-9, the LS mean difference (SE) was —4.4 (1.68; 1-sided
P=0.006). For SDS, the LS mean difference (SE) was -7.6
[2.68; 1-sided P=0.004].

D. Safety

[0971] Safety evaluation included reported adverse
events, clinical laboratory tests, vital sign measurements,
physical examinations, electrocardiograms and nasal exami-
nations. Safety was assessed via treatment emergent AEs
(TEAEs). Overall, TEAEs were observed in 64.7% of US
patients in the ESK+AD group and 58.3% of patients in the
AD+PBO group. See, Table 25. There were no deaths. One
serious AE was observed in each group. Three patients
withdrew the nasal spray (n=2 ESK [systolic BP increase
>180; hip fracture], n=1 PBO) and one patient in the
AD+PBO group withdrew oral AD (elevated BP, dizziness,
and peripheral edema). Most TEAEs were mild or moderate
in severity, and no new or unexpected safety signals were
observed.

[0972] The most common (5% in either treatment group)
TEAESs are shown in Table 44. TEAEs tended to be mild to
moderate in severity and transient in nature. The incidence
of AEs in the US patients was similar to that observed in the
overall study population. Results show that ESK+AD
showed statistically significant, clinically meaningful AD
efficacy in patients aged =65 years with a safety profile
similar to that observed in younger patients. These obser-
vations are similar to the global analysis, which shows
clinically meaningful AD efficacy and were similar to those
found for the younger population in the ESK phase 3 study
and in the phase 2 studies.
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TABLE 44

Overview of treatment-emergent adverse
events in US patients aged =65 vears

ESK + AD PBO + AD
Parameter (n=34) (n=36)
Overall TEAE, n (%) 22 (64.7) 21 (58.3)
Possibly related to nasal spray 15 (44.1) 10 (27.8)
Possibly related to oral AD 7 (20.6) 7(19.4)
Leading to death 0 0
1 or more serious TEAE 1(2.9) 1(2.8)
Leading to nasal spray withdrawal 2 (5.9) 1(2.8)
Leading to oral AD withdrawal 0 1(2.8)

Most common (=5% in either treatment group) TEAEs

Dysphoria 4 (11.8) 0
Fatigue 4 (11.8) 3 (8.3)
Headache 4 (11.8) 1(2.8)
Insomnia 4 (11.8) 2 (5.6)
Nausea 4 (11.8) 0
Abdominal discomfort 2 (5.9) 1(2.8)
Cough 2 (5.9) 0
Dizziness 2 (5.9) 2 (5.6)
Erythema 2 (5.9) 1(2.8)
Nasal congestion 2 (5.9) 0
Urinary tract infection 2 (5.9) 0
Vomiting 2 (5.9) 0
Anxiety 12.9) 2 (5.6)
Viral upper respiratory tract 1(2.9) 2 (5.6)
infection

Muscle strain 0 2 (5.6)
[0973] Analysis of the US Subpopulation—Response,

Remission, and Safety

[0974] As discussed above for the overall analysis, ESK+
AD demonstrated statistically significant and clinically
meaningful superiority compared with AD+PBO in primary
efficacy endpoint (i.e., change from baseline in the MADRS
total score in geriatric patients. See, Montgomery cited
above. In this analysis, the response, remission, and safety of
these treatment groups were analyzed in only US geriatric
patients and to assess for differences in efficacy and safety
between the US population and the overall study population.

A. Outcomes

[0975] For the clinician-rated assessments, MADRS was
administered at baseline and days 8, 15, 22, and 28. Simi-
larly, the Clinical Global Impressions-Severity (CGI-S)
scale was administered at baseline and days 4, 8, 11, 15, 18,
22,25 and 28.

[0976] For the patient-rated assessment, a 9-item Patient
Adherence Questionnaire-9 (PHQ-9) was administered at
baseline, day 15, and day 28.

B. Patient Demographics/Disease Characteristics

[0977] Inclusion criteria included adults, aged =65 years,
who met Diagnostic and Statistical Manual of Mental Dis-
orders, Fifth Edition (DSM-5) diagnostic criteria for recur-
rent MDD without psychotic features or single episode
MDD (with duration of episode >2 years). Nonresponsive
(=25% improvement in the Montgomery-Asberg Depression
Rating Scale [MADRS]) to =1 but <8 AD treatments in the
current episode of depression taken for at least 6 weeks at a
therapeutic dose (based on the Massachusetts General Hos-
pital Antidepressant Treatment Response Questionnaire—
geriatric version). Inventory of Depressive Symptoms-Cli-
nician rated, 30-item score of =31. Current major depressive
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episode, depression symptom severity (Week 1 MADRS
total score =24), and AD treatment response in the current
depressive episode, confirmed using a Site Independent
Qualification Assessment.

[0978] Of 70 US patients aged =65 years, 34 received
ESK+AD and 36 received AD+PBO. The baseline patient
demographics and disease characteristics were generally
similar between the 2 treatment groups. See, Table 45.
Overall mean age was 70.0 years, 57.1% were women, and
most patients were white (98.6%). The mean age at MDD
diagnosis was 42.5 years, indicating on average, a >27-year
history of depression in this population. The baseline
MADRS, CGI-S and PHQ-9 scores were consistent with an
adult population with TRD.

TABLE 45

Baseline patient demographics and disease characteristics

ESK + AD AD + PBO
Parameter (n=34) (n = 36)
Age, y, mean (SD) 70.7 (4.5) 69.3 (4.1)
Sex, n (%)
Male 15 (44.1) 15 (41.7)
Female 19 (55.9) 21 (583)
Race, n (%)
White 33 (97.1) 36 (100.0)
Multiple 1(2.9) 0
Class of oral ADs, n (%)}
SNRI 16 (47.1) 17 (47.2)
SSRI 18 (52.9) 19 (52.8)

Duration of current episode,
weeks, mean (SD)

187.6 (283.4) 420.9 (480.7)

Age at MDD diagnosis, y, 42.1 (15.3) 43.0 (15.1)
mean (SD)

MADRS total score,” mean 35.5 (5.5) 35.7 (6.0)
(SD)

CGI-S,? mean (SD) 5.0 (0.6) 4.7 (0.6)
PHQ-9 total score,” mean 15.2 (5.6) 18.2 (5.6)

(SD)

“MADRS total score ranged from 0 to 60; a higher score indicates a more severe condition.

5CGI-$ score ranges from 1 (normal, not at all ill) to 7 (among the most extremely ill
patients).
“PHQ-9 total score ranges from 0 to 27; a higher score indicates greater depression.

C. Efficacy

[0979] Efficacy was determined by measuring MADRS
total scores, SDS scores, PHQ-9 scores and CGI-S scores. A
patient was considered responsive if there was a =50%
decrease in MADRS baseline score. A patient was classified
to be “in remission” if the clinician-rated: MADRS score
was =12 and the patient-rated PHQ-9 score was <5. A patient
was considered to have a change in clinician-rate symptom
severity if there was a clinically meaningful response with a
=1-point decrease in the CGI-S and a clinically significant
response with a =2-point decrease on the CGI-S.

[0980] Approximately, eight days post initial dose,
response rates based on MADRS were 6.3% (2/32) and 0%
(0/35) in ESK+AD and AD+PBO, respectively.

[0981] Twenty-eight days post-initial dose, response rates
based on MADRS were nearly 2-fold higher in patients
treated with ESK+AD compared with patients treated with
AD+PBO (8/30 [26.7%] vs 5/34 [14.7%]). See, FIG. 31.
Twenty-eight days post-initial dose, remission rates based
on MADRS were approximately 5-fold greater in patients
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treated with ESK+AD compared with patients treated with
AD+PBO (5/30 [16.7%] vs 1/34 [2.9%)]). See, FIG. 32. At
day 28 post-initial dose, patient-rated remission was almost
2.5-fold higher in the ESK+AD group compared with
AD+PBO group (22.6% [7/31] vs 9.4% [3/32]). See, FIG.
33.

[0982] At day 15 post-initial dose, patient-rated remission
rates based on PHQ-9 were similar between treatment
groups (8.0% [2/25] vs 8.7% [2/23)).

[0983] At 4 weeks post-initial dose, clinically meaningful
response was nearly 2-fold higher, and clinically significant
response was nearly 4-fold higher, in the ESK+AD group
compared with the AD+PBO group (63.3% vs 29.4% and
43.2% vs 11.8%, respectively). See, FIGS. 34 and 35.

D. Safety

[0984] Safety was assessed via treatment emergent AEs
(TEAEs). Overall, TEAEs were observed in 64.7% of US
patients in the ESK+AD group and 58.3% of patients in the
AD+PBO group. See, Table 27. There were no deaths; one
serious AE was observed in each group. Three patients
withdrew nasal spray (n=2 ESK [systolic BP increase >180;
hip fracture], n=1 PBO) and one patient in the AD+PBO
group withdrew oral AD (elevated BP, dizziness, and periph-
eral edema).

[0985] The most common (5% in either treatment group)
TEAESs are shown in Table 46. TEAEs tended to be mild to
moderate in severity and transient in nature. The incidence
of TEAESs in the US patients was similar to that observed in
the overall study population.

TABLE 46

Overview of treatment-emergent adverse events
in US patients aged =65 vyears

ESK + AD AD + PBO
Parameter (n=34) (n=36)
Overall TEAE, n (%) 22 (64.7) 21 (58.3)
Possibly related to nasal spray 15 (44.1) 10 (27.8)
Possibly related to oral AD 7 (20.6) 7(19.4)
Leading to death 0 0

1 or more serious TEAE 1(2.9)
Leading to nasal spray withdrawal 2 (5.9) 1(2.8)
Leading to oral AD withdrawal 0 1(2.8)

Most common (=5% in either treatment group) TEAE

12.8)

Dysphoria 4 (11.8) 0
Fatigue 4 (11.8) 3 (8.3)
Headache 4 (11.8) 1(2.8)
Insomnia 4 (11.8) 2 (5.6)
Nausea 4 (11.8) 0
Abdominal discomfort 2 (5.9) 1(2.8)
Cough 2 (5.9) 0
Dizziness 2 (5.9) 2 (5.6)
Erythema 2 (5.9) 1(2.8)
Nasal congestion 2 (5.9) 0
Urinary tract infection 2 (5.9) 0
Vomiting 2 (5.9) 0
Anxiety 1(2.9) 2 (5.6)
Viral upper respiratory tract 1(2.9) 2 (5.6)
infection

Muscle strain 0 2 (5.6)

E. Conclusions

[0986] These results demonstrated that, in this subpopu-
lation of US patients aged =65 years with TRD from a larger,
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multinational study, almost twice as many patients attained
response (i.e., 250% decrease in MADRS baseline score)
when treated with ESK+AD compared with those treated
with AD+PBO. In addition, remission rates (i.e., MADRS
score =<12) were approximately 5-fold greater in patients
treated with ESK+AD compared with patients treated with
AD+PBO.

[0987] Thus, ESK+AD demonstrated clinically meaning-
ful and clinically significant improvement in clinician-rated
(CGI-S) and patient-rated (PHQ-9) remission. The safety,
response, and remission results of US patients were similar
to those found for the total population studied.

Example 3

[0988] This was a randomized, double-blind, placebo-
controlled, multicenter study. See, Canuso, “Efficacy and
Safety of Intranasal Esketamine for the Rapid Reduction of
Symptoms of Depression and Suicidality in Patients at
Imminent Risk for Suicide: Results of a Double-Blind,
Randomized Placebo-Controlled Study,” Am. J. Psych.,
2018, 1-11, which is herein incorporated by reference.
Approximately 70 male and female subjects, 19 to 64 years
of'age, with MDD at imminent risk for suicide presenting to
an emergency room (ER) or other permitted setting and
assessed to be at imminent risk for suicide were enrolled.
The majority of subjects were female, and the mean age of
all subjects was approximately 36 years. The mean baseline
Montgomery-Asberg Depression Rating Scale (MADRS)
total score was over 38 (corresponding to severe depres-
sion), and the mean baseline Beck Scale for Suicidal Ide-
ation (BSS) score was over 22. Over half of the subjects had
a score of 6 on the Suicide Ideation and Behavior Assess-
ment Tool (SIBAT) Clinical Global Judgment of Suicide
Risk, corresponding to suicidal risk requiring hospitalization
with suicide precautions. A diagram of the study design is
provided in FIG. 37.

[0989] The study consisted of a screening evaluation per-
formed within 24 hours (or up to 48 hours upon consultation
with the Sponsor’s medical monitor) prior to Day 1 dose,
immediately followed by a 25-day double-blind treatment
phase (Day 1 to 25) with twice a week dosing, and a 56-day
follow up phase (Day 26 to Day 81). The study was designed
as a POC study and therefore a two-sided 0.20 significance
level was used.

[0990] Randomization: 68 subjects were randomized in a
1:1 ratio to 1 of the 2 treatments: intranasal esketamine 84
mg (N=36) or intranasal placebo (N=32). The randomization
was stratified by study center and by the physician’s assess-
ment of the subject’s need of standard of care antidepressant
treatment prior to randomization on Day 1 (i.e., antidepres-
sant monotherapy or antidepressant plus augmentation
therapy). In addition, all subjects received aggressive clini-
cal care, including hospitalization and the initiation or
optimization of standard antidepressant medication (deter-
mined by the treating physician based on clinical judgment
and practice guidelines).

[0991] Primary analysis set for efficacy: The primary
efficacy analyses was based on the intent-to-treat (ITT)
analysis set which was defined to include all randomized
subjects who receive at least 1 dose of study medication
during the double-blind phase and have both baseline and
the Day 1, 4-hour postdose evaluation for the MADRS total
score.
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[0992] Primary efficacy variable/Primary Time point:
Change from baseline (Day 1, predose) to Day 1, 4-hours
postdose in MADRS total score. The MADRS consists of 10
items that cover all of the core depressive symptoms, with
each item scoring from O (item is not present or is normal)
to 6 (severe or continuous presence of the symptom). A
higher score represents a more severe condition.

Secondary Efficacy Variables:

[0993] a. Changes from baseline to Day 2 and Day 25
for the MADRS total score

[0994] b. Changes from baseline to Day 1 4-hours
postdose, Day 2 and Day 25 for the MADRS Suicide
Item

[0995] c. Changes from baseline to Day 1 4-hours
postdose, Day 2, and Day 25 for the clinical global
judgment of suicide risk from the Suicide Ideation and
Behavior Assessment Tool (SIBAT)

[0996] d. Sustained response (Onset of Clinical
Response) defined as at least 50% reduction from
baseline in MADRS total score with onset on Day 1
that is maintained through the end of the double-blind
phase (Day 25)

[0997] e. Changes from baseline to Day 1 4-hours
postdose, Day 2, and Day 25 for the Beck Scale for
Suicidal Ideation (BSS)

[0998] f. Changes from baseline to Day 1 4-hours
postdose and Day 25 for the Beck Hopelessness Scale

[0999] Expected effect size and planned sample size: The
sample size was based on the assumption of a treatment
difference of at least 6 points in the mean change from
baseline to Day 1 (4 hours postdose) in MADRS total score
between the esketamine and placebo groups. A standard
deviation of 9 was used for both groups. Using a 2-sample
t-test, 32 subjects in each group were required to detect the
treatment difference of 6 points with a power of 91% at an
overall 1-sided significance level of 0.10 (which is the same
as a 2-sided significance level 0.20). Assuming 8% of
randomized subjects discontinue before providing post-
baseline efficacy measurements, the total number of subjects
required for each treatment group is 35. The goal of sample
size selection for this Phase 2a proof-of-concept study was
to increase sensitivity for detecting a therapeutic signal
while also maintaining a modest sample size. Thus, power
was set to a high value (290%; p=<0.1) but the type 1 error
rate was specified at 1-sided a=0.10.

[1000] Primary Objective: The primary objective is to
evaluate the efficacy of intranasal esketamine 84 mg com-
pared with intranasal placebo in reducing the symptoms of
MDD, including suicidal ideation, in subjects who are
assessed to be at imminent risk for suicide, as measured by
the change from baseline on the Montgomery-Asberg
Depression Rating Scale (MADRS) total score at 4 hours
postdose on Day 1.

Subject and Treatment Information:

[1001] This was a randomized, double-blind, placebo-
controlled study that included 68 randomized subjects with
a diagnosis of MDD at imminent risk for suicide without
psychotic features, based upon clinical assessment (DSM-IV
296.22, 296.23, 296.32, or 296.33) and confirmed by the
Mini International Psychiatric Interview (MINI). Subjects
must have had current suicidal ideation with intent, con-
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firmed by a “Yes” response to Question BS [Think about
suicide (killing yourself)?] and Question B9 [Intend to act
on thoughts of killing yourself?] obtained from the MINI;
and subjects must have had a MADRS total score of =22
predose on Day 1. Due to the lower than assumed dropout
rate at the time of the primary endpoint (Day 1: 4 hours
postdose), study recruitment was discontinued at 68 subjects
which is a sufficient number of evaluable subjects. Of the 68
randomized subjects, 2 subjects did not receive study drug
and are therefore not included in the safety or ITT analysis
sets. In the I'TT analysis set, 35/66 (53.0%) of the subjects
were white and 43/66 (65.2%) of the subjects were female.
The mean age was 35.8 years, ranging from 19 to 64 years.
Out of 68 subjects in the all randomized analysis set, 49
(72.1%) completed the double-blind phase and 19 withdrew
early, of which 6 withdrew due to adverse events, 5 due to
lack of efficacy, 2 for loss to follow-up, 2 due to withdrawal
of consent and 4 due to other reasons. Subsequently, 49
subjects entered into the 56-day follow-up phase.

Efficacy:

Primary Efficacy Endpoint

[1002] Based on an ANCOVA model, results for the
change from baseline to Day 1, 4-hours postdose in MADRS
total score favored esketamine 84 mg with a least-square
mean difference (SE) from placebo of -5.3 (2.10). The
difference between treatment groups was statistically sig-
nificant (two-sided p=0.015), using a two-sided significance
level of 0.20.

Secondary Efficacy Endpoints

[1003] Table 47 below summarizes the results of the
secondary efficacy endpoints.
TABLE 47

Assessment Time Two-sided p-value
MADRS Day 2 (DB) 0.015

End Point (DB) 0.159
MADRS Day 1: 4-hours postdose 0.002
Suicide Item Day 2 (DB) 0.129

End Point (DB) 0.143
SIBAT Clinical Day 1: 4-hours postdose 0.112
Global Judgment Day 2 (DB) 0.150
of Suicide Risk End Point (DB) 0.922
Sustained Response Day 1 until the end of 0.608
(Onset of Clinical DB phase
Response)
BSS Day 1: 4-hours postdose 0.326

Day 2 (DB) 0.415

End Point (DB) 0.431
BHS Day 1: 4-hours postdose 0.297

End Point (DB) 0.165

Statistical significance for this proof-of-concept study was based on a two-sided 0.20
significance level.

Safety

[1004] The most common (220%) TEAEs in the esket-
amine 84 mg group during the double-blind phase were
nausea (37.1%), dizziness (34.3%), dysgeusia (31.4%),
headache (31.4%), dissociation (31.4%) and vomiting (20.
0%). The most common (=20%) TEAE in the placebo group
was headache (25.8%).
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[1005] Four subjects experienced a serious treatment-
emergent adverse event during the double-blind phase and
all were in the esketamine 84 mg group. Two subjects
experienced suicidal ideation, 1 subject experienced agita-
tion, and 1 subject experienced depressive symptoms. Six
subjects experienced a serious adverse event during the
follow up phase (5 in the placebo group and 1 in the
esketamine 84 mg group). The SAEs in the placebo group
included 3 suicide attempts (non-fatal), 1 subject who expe-
rienced suicidal ideation, and 1 subject with cellulitis. The
SAE in the subject from the esketamine group was suicidal
ideation.

[1006] There were 6 subjects (1 subject in the placebo
group and 5 subjects in the esketamine 84 mg group), who
discontinued from the double-blind phase due to treatment-
emergent adverse events.

[1007] Transient blood pressure increases for the esket-
amine 84 mg group peaked at 40 minutes post dose with the
maximum mean increases (across all dosing days) in systolic
BP being 8.7 and 16.7 in the placebo and esketamine 84 mg
groups, respectively. The maximum mean increases (across
all dosing days) in diastolic BP were 7.6 and 11.9 in the
placebo and esketamine 84 mg groups, respectively.

[1008] The dissociative and perceptual change symptoms
measured by the CADSS, suggest onset of these symptoms
occurred shortly after the start of the dose and resolved by
2 hours post dose.

Results

Subject and Treatment Information

[1009] In total, 68 subjects with a DSM-IV-TR (Diagnos-
tic and Statistical Manual, 4th Edition—Text Revised) diag-
nosis of MDD (aged 19-64 years) were randomized to two
groups in a ratio of 1:1 (32 in placebo and 36 in esketamine
84 mg). The number of subjects included in each analysis set
is included in Table 48. All subjects enrolled were from the
US.

[1010] Among 68 randomized subjects, 66 were included
in the safety analysis set (defined as receiving at least one
dose of study medication in the double-blind phase). Two
subjects were randomized but did not receive study medi-
cation. All safety subjects (N=66) were included in the
intent-to-treat (ITT) analysis set (defined as receiving at
least one dose of study medication during the double-blind
phase and having both the baseline and the Day 1, 4-hour
postdose evaluation for the MADRS total score). Forty-nine
subjects were included in the safety (FU) analysis set
(defined as all subjects who have at least 1 visit during the
follow up phase).

TABLE 48

Number of Subjects in Each Analysis Set Study
ESKETINSUI2001: All Randomized Analysis Set)

Esketamine
Placebo 84 mg Total
(N=32) (N = 36) (N = 68)

All randomized 32 (100.0%)
ITT 31 (96.9%)
Safety 31 (96.9%)

36 (100.0%)
35 (97.2%)
35 (97.2%)

68 (100.0%)
66 (97.1%)
66 (97.1%)
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TABLE 48-continued

Number of Subjects in Each Analysis Set Study
ESKETINSUI2001: All Randomized Analysis Set)

Esketamine
Placebo 84 mg Total
(N=32) (N = 36) (N =68)
ITT (FU) 22 (68.8%) 27 (75.0%) 49 (72.1%)
Safety (FU) 22 (68.8%) 27 (75.0%) 49 (721%)

Percentages calculated with the number of subjects in each group as denominator.

Study Completion/Withdrawal Information

[1011] Of the 68 subjects in the all randomized analysis
set, 19 (27.9%) subjects discontinued from the double-blind
phase. The completion and withdrawal information for sub-
jects in the double-blind phase is provided in Table 49. More
subjects in the esketamine 84 mg group discontinued due to
adverse events (5 subjects in the esketamine 84 mg group
versus 1 subject in the placebo group) whereas more sub-
jects in the placebo group discontinued due to lack of
efficacy (4 subjects in the placebo group versus 1 subject in
the esketamine 84 mg group).

[1012] Four subjects withdrew due to other reasons during
the double-blind phase. The details are provided below.
[1013] 1) One subject (in the esketamine 84 mg group)
experienced elevated blood pressure after randomization but
prior to dosing and was thus withdrawn.

[1014] 2) One subject (in the esketamine 84 mg group)
withdrew due to lack of transportation.

[1015] 3) One subject (in the placebo group) changed her
mind and decided not to participate in the trial. However, the
study coordinator mistakenly randomized her into the trial.
[1016] 4) One subject (in the placebo group) had no dose
on Day 22 due to lack of clinician availability, then the
subject did not show up for Day 25. The subject returned for
the early withdrawal visit but did not return for the follow up
phase.

TABLE 49

Study Completion/Withdrawal Information for Double-Blind
Phase (Study ESKETINSUI2001: All Randomized Analysis Set)

Esketamine

Placebo 84 mg Total

(N=32) (N = 36) (N = 68)
Completed 22 (68.8%) 27 (75.0%) 49 (72.1%)
Withdrawn 10 (31.3%) 9 (25.0%) 19 (27.9%)
Adverse event 1 (3.1%) 5 (13.9%) 6 (8.8%)
Lack of Efficacy 4 (12.5%) 1 (2.8%) 5 (7.4%)
Lost to follow-up 2 (6.3%) 0 2 (2.9%)
Withdrawal of consent 1 (3.1%) 1 (28%) 2 (2.9%)
Other 2 (6.3%) 2 (5.6%) 4 (5.9%)

Demographic and Baseline Characteristics

[1017] Demographic and baseline characteristics are dis-
played in Table 50 for the ITT analysis set. In general, the
treatment groups were similar with respect to the baseline
characteristics. The majority of subjects entering the double-
blind phase were female (65.2%). The mean (SD) age of all
subjects was 35.8 (13.03) years, ranging from 19 to 64 years.
75.8% of subjects were to receive antidepressant mono-
therapy; 24.2% of subjects were to receive antidepressant
plus augmentation therapy.
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[1018] Baseline psychiatric history for the ITT analysis set
is presented in Table 51. The mean (SD) baseline MADRS
total score was 38.6 (6.53), ranging from 20 to 52. A
majority of subjects had a score of 6 on the clinical global
judgment of suicide risk as assessed by the SIBAT Module
8 (51.5%). Values of 6 correspond to suicidal risk requiring
hospitalization with suicide precautions.

TABLE 50

Demographic and Baseline Characteristics
(Study ESKETINSUI2001: ITT Analysis Set)

Esketamine

Placebo 84 mg Total

(N =31) (N =35) (N = 66)
Age (years)
N 31 35 66
Mean (SD) 36.0 (12.82) 35.7 (13.40) 35.8 (13.03)
Median 31.0 32.0 315
Range (19; 64) (19; 64) (19; 64)

Age Category, n (%)

18-34 18 (58.1%) 18 (51.4%) 36 (54.5%)
35-34 10 (32.3%) 12 (34.3%) 22 (33.3%)
55-64 3 (9.7%) 5 (14.3%) 8 (12.1%)
Sex, n (%)

N 31 35 66

Male 10 (32.3%) 13 (37.1%) 23 (34.8%)
Female 21 (67.7%) 22 (62.9%) 43 (65.2%)
Race, n (%)

N 31 35 66

White 15 (48.4%) 20 (57.1%) 35 (53.0%)
Black or Aftican 13 (41.9%) 12 (34.3%) 25 (37.9%)
American

Asian 0 1 (2.9%) 1 (1.5%)
Multiple 1(3.2%) 0 1 (1.5%)
Other 2 (6.5%) 0 2 (3.0%)
Not Reported 0 2 (5.7%) 2 (3.0%)
Ethnicity, n (%)

N 31 35 66

Not Hispanic or Latino 29 (93.5%) 31 (88.6%) 60 (90.9%)
Hispanic or Latino 1(3.2%) 4 (11.4%) 5 (7.6%)
Not Reported 1(3.2%) 0 1 (1.5%)
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TABLE 50-continued

Demographic and Baseline Characteristics
(Study ESKETINSUI2001: ITT Analysis Set)

Esketamine

Placebo 84 mg Total

(N =31 (N =35) (N = 66)
Baseline Weight (kg)
N 31 35 66
Mean (SD) 76.1 (18.83) 83.5 (23.86) 80.0 (21.79)
Median 75.0 77.1 75.4
Range (48; 110) (51; 149) (48; 149)
Baseline Height (cm)
N 31 35 66
Mean (SD) 168.6 (7.15) 167.9 (15.64)  168.2 (12.31)
Median 167.1 167.6 167.6
Range (156; 182) (108; 203) (108; 203)
Baseline Body Mass
Index (kg/m2)
N 31 35 66
Mean (SD) 26.8 (6.62) 30.1 (9.49) 28.5 (8.37)
Median 25.0 28.6 26.6
Range (18; 41) (17; 60) (17; 60)
BMI Category (kg/m2),
n (%)
N 31 35 66
Underweight <18.5 2 (6.5%) 1 (2.9%) 3 (4.5%)
Normal 18.5-<25 13 (41.9%) 12 (34.3%) 25 (37.9%)
Overweight 25-<30 6 (19.4%) 6 (17.1%) 12 (18.2%)

Obese =30

Standard of Care Anti-
depressant Treatment
as Randomized, n (%)

10 (32.3%)

N 31
Antidepressant mono-
therapy

Antidepressant plus
augmentation therapy
Standard of Care Anti-
depressant Treatment as
Actually Received, n (%)

25 (80.6%)

6 (19.4%)

N 31

Monotherapy 22 (71.0%)
Augmentation 5 (16.1%)
Both 4 (12.9%)

16 (45.7%) 26 (39.4%)

35 66
25 (71.4%) 50 (75.8%)

10 (28.6%) 16 (24.2%)

35 66
24 (68.6%)
9 (25.7%)
2 (5.7%)

46 (69.7%)
14 (21.2%)
6 (9.1%)

TABLE 51

Baseline Psychiatric History by Treatment: (Study ESKETINSUI2001: ITT Analysis Set)

Placebo Esketamine 84 mg  Total

(N =31) (N =35) (N =66)
Baseline MADRS Total Score
N 31 35 66
Mean (SD) 38.8 (7.02) 38.5 (6.17) 38.6 (6.53)
Median 40.0 38.0 38.5
Range (20; 52) (27; 49) (20; 52)

Hx of Suicide Attempt

Lifetime (%)

Within last 30 Days (%)

21 (67.7%)
13 (41.9%)

20 (57.1%)
11 (31.4%)

41 (62.1%)
24 (36.4%)

Baseline SIBAT (Module 2): Prior Thought 4

on Suicide, n (%)

N 31 34 65

Yes 31 (100.0%) 34 (100.0%) 65 (100.0%)
No 0 0 0
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TABLE 51-continued

Baseline Psychiatric History by Treatment: (Study ESKETINSUI2001: ITT Analysis Set)

Placebo Esketamine 84 mg  Total

(N =31) (N =35) (N = 66)
Baseline SIBAT (Module 6): My
Self-Assessment of Suicide Risk: Which
rating best describes your intent
for suicide right now, n (%)
N 31 35 66
None 3 (9.7%) 3 (8.6%) 6 (9.1%)
Very weak/Weak/Moderately weak 8 (25.8%) 7 (20.0%) 15 (22.7%)
Mild 6 (19.4%) 6 (17.1%) 12 (18.2%)
Moderate/Moderately strong 9 (29.0%) 10 (28.6%) 19 (28.8%)
Strong 3 (9.7%) 5 (14.3%) 8 (12.1%)
Extremely strong/Extremely strong and 2 (6.5%) 4 (11.4%) 6 (9.1%)
constant
Baseline SIBAT (Module 8): Clinical
Global Judgment of Suicide Risk, n (%)
N 31 35 66
0 0 0 0
1 0 0 0
2 0 0 0
3 0 0 0
4 1 (3.2%) 0 1 (1.5%)
5 16 (51.6%) 15 (42.9%) 31 (47.0%)
6 14 (45.2%) 20 (57.1%) 34 (51.5%)

MINI B5: Think about suicide (killing
yourself): Y/N, n (%)

N 31
Yes 31 (100.0%)
No 0

MINI B5: Think about suicide (killing
yourself): frequency, n (%)

N 31

Occasionally 5 (16.1%)
Often 9 (29.0%)
Very Often 17 (54.8%)

MINI B5: Think about suicide (killing
yourself): Intensity, n (%)

N 31

Mild 1(3.2%)
Moderate 9 (29.0%)
Severe 21 (67.7%)

MINI B9: Intent to act on thoughts of
killing yourself (Y/N), n (%)

N 31
Yes 31 (100.0%)
No 0

Baseline BSS Total Score

N 31

Mean (SD) 21.4 (8.28)
Median 23.0
Range (1; 38)

Baseline BSS-5

N 31

Mean (SD) 6.2 (2.61)
Median 7.0
Range (1; 10)

Baseline BHS Total Score

N 30
Mean (SD) 15.5 (4.59)

35
35 (100.0%)
0

35

5 (14.3%)
11 (31.4%)
19 (54.3%)

35
0

12 (34.3%)

23 (65.7%)

35
35 (100.0%)
0

34
24.0 (5.45)
25.0

(8; 33)

35
7.3 (2.11)
8.0

;10

35
16.5 (2.91)

66
66 (100.0%)
0

66
10 (15.2%)
20 (30.3%)
36 (54.5%)

66
1 (1.5%)
21 (31.8%)
44 (66.7%)

66
66 (100.0%)
0

65
22.8 (7.01)
24.0

(1; 38)

66
6.8 (2.41)
7.0

;10

65
16.0 (3.79)
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TABLE 51-continued
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Baseline Psychiatric History by Treatment: (Study ESKETINSUI2001: ITT Analysis Set)

Placebo Esketamine 84 mg  Total

(N =31 (N =35) (N = 66)
Median 16.0 17.0 17.0
Range (0; 20) (9; 20) (0; 20)

Baseline is defined as the last predose value on Day 1.

SIBAT (Module 8) scores are as follows:

0 = Not suicidal,

1 = Occasional suicidal ideas present, but no special intervention required,

2 = Some clear suicidal ideas present, patient is encouraged to schedule professional contacts as needed

3 = Suicidal risk requires a scheduled outpatient follow up; but no other immediate intervention,

4 = Suicidal risk requires immediate intervention, but not hospitalization (e.g., medication, urgent outpatient follow up),

5 = Suicidal risk requires immediate hospitalization, but without suicide precautions,
6 = Suicidal risk requires hospitalization with suicide precautions.

Extent of Exposure

[1019] The number of days dosed is presented in Table 52.
More subjects in the esketamine 84 mg group than in the
placebo group had all 8 dosing sessions (74.3% vs. 64.5%).
The duration of exposure to double-blind medication is
summarized in Table 53. Five subjects reduced their dose of
esketamine from 84 mg to 56 mg. Of these, 3 reduced their
dose due to an adverse event and 2 had their dose reduced
in error and were considered major protocol deviations. In
addition, 1 subject had an incorrect med kit number recorded
for device 2 on Day 15 so it appears that the dose was
reduced but in actuality it was not (Table 54).

TABLE 52

Number of Days Dosed with Double-Blind Study
Medication (Study ESKETINSUI2001: ITT Analysis Set)

Placebo Esketamine 84 mg
Number of Days Dosed (N =31) (N =35)

1 1 (3.2%) 4 (11.4%)

2 2 (6.5%) 0

3 0 2 (5.7%)

4 1 (3.2%) 0

5 1 (3.2%) 1 (2.9%)

6 3 (9.7%) 1 (2.9%)

7 3 (9.7%) 1 (2.9%)

8 20 (64.5%) 26 (74.3%)

TABLE 53

Extent of Exposure During the Double-Blind Phase
(Study ESKETINSUI2001: Safety Analysis Set)

Placebo Esketamine 84 mg
(N =31) (N =35)

Total Duration, Days

N 31 35

Category, n (%)

=7 3 (9.7%) 5 (14.3%)

8-14 1(3.2%) 2 (5.7%)

15-21 5 (16.1%) 1 (2.9%)

22-25 14 (45.2%) 21 (60.0%)

>25 8 (25.8%) 6 (17.1%)

TABLE 53-continued

Extent of Exposure During the Double-Blind Phase
(Study ESKETINSUI2001: Safety Analysis Set)

Placebo Esketamine 84 mg
(N =31) (N =35)
Mean (SD) 21.5 (7.22) 20.7 (8.49)
Median 25.0 25.0
Range (1; 28) (1; 27)

The duration of exposure is defined as the duraton between the date of the first exposure
and the last date of exposure. It includes days on which subjects did not actually take study
medication.

TABLE 54

Number of Subjects who Decreased Their Dose
During the Double-Blind Phase (Study
ESKETINSUI2001: Safety Analysis Set)

Esketamine 84 mg

(N =35)
Dose Decreased
During Double-Blind
Yes 6 (17.1%)
No 29 (82.9%)

Primary Endpoint Analysis—Change from Baseline to Day
1 4-Hours Postdose in MADRS Total Score

[1020] The primary efficacy endpoint is the change in
MADRS total score from baseline to Day 1: 4-hours post-
dose. MADRS total scores range from 0 to 60. The primary
efficacy analysis was performed on the intent-to-treat (ITT)
analysis set, which included all randomized subjects who
received at least 1 dose of study medication during the
double-blind phase and had both the baseline and the Day 1:
4-hour postdose evaluation for the MADRS total score. As
this is a phase 2a proof-of-concept study, statistical signifi-
cance is based on a two-sided alpha level of 0.20. All
p-values presented in this document are two-sided.

[1021] As shown in Table 55 below, results for the change
in MADRS total score favored esketamine 84 mg over
placebo. The mean change from baseline (SD) at Day 1:
4-hours postdose was —13.4 (9.03) for esketamine 84 mg
and -9.1 (8.38) for placebo. Based on an ANCOVA model
with treatment, antidepressant therapy and analysis center as
factors and baseline value as a covariate, the least-square
mean difference (SE) between esketamine 84 mg and pla-
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cebo was -5.3 (2.10). The difference between treatment
groups was statistically significant (two-sided p=0.015)
using a two-sided significance level of

TABLE 55

MADRS Total Score: Change from Baseline to
Day 1, 4-Hour Postdose ANCOVA LOCF Analysis:
Double-Blind Phase (Study ESKETINSUI2001: ITT Analysis Set)

Placebo Esketamine 84 mg
(N =31) (N =35)
Baseline(DB)
N 31 35
Mean (SD) 38.8 (7.02) 38.5 (6.17)

Median (Range)
Day 1(DB): 4H

40.0 (20; 52)  38.0 (27; 49)

N 31 35

Mean (SD) 29.7 (11.28)  25.1 (9.67)
Median (Range) 30.0 (3;52)  23.0 (7;4%8)
Change from Baseline

to Day 1(DB): 4H

N 31 35

Mean (SD) -9.1 (8.38) -13.4 (9.03)
Median (Range) -6.0 (-25; 0) -14.0 (-32; 1)
Two-sided p-value (minus Placebo) ¢ 0.015

Diff. of LS Means (SE) -5.3 (2.10)

< Based on analysis of covariance (ANCOVA) model with treatment (placebo, esketamine
84 mg), antidepressant therapy (AD monotherapy, AD plus augmentation therapy) and
analysis center as factors, and baseline value as a covariate. Negative change in score
indicates improvement. Baseline is the predose, Day 1 value.

Secondary Endpoint Analyses

[1022] MADRS Total Score: Change from Baseline to
Day 2 (DB) and to End Point (DB)

[1023] The results for the change in MADRS total score at
Day 2 (DB) are shown in Table 56. The mean change from
baseline (SD) was —19.3 (12.02) for esketamine 84 mg and
-12.8 (9.77) for placebo. Based on an ANCOVA model with
treatment, antidepressant therapy and analysis center as
factors and baseline value as a covariate, the esketamine 84
mg group was statistically superior to the placebo group
(two-sided p-value=0.015) using a two-sided significance
level of 0.20. Thus, the changes in MADRS total score at
Day 2 and the Day 25 DB endpoint were statistically
superior in the esketamine group compared to the placebo
group (two-sided p=0.015 and p=0.159, respectively).

TABLE 56

MADRS Total Score: Change from Baseline to
Day 2(DB) ANCOVA LOCF Analysis:

Double-Blind Phase (Study ESKETINSUI2001: ITT Analysis Set)

Placebo Esketamine 84 mg
(N =31) (N =35)
Baseline (DB):
N 31 35
Mean (SD) 38.8 (7.02) 385 (6.17)
Median (Range) 40.0 (20; 52)  38.0 (27; 49)
Day 2(DB)
N 31 35
Mean (SD) 26.0 (12.85) 19.2 (11.23)
Median (Range) 25.0 (4; 49) 18.0 (3; 42)
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TABLE 56-continued
Change from Baseline to Day 2(DB)
N 31 35
Mean (SD) -12.8 (9.77)  -19.3 (12.02)
Median (Range) -10.0 (-33; 1) -19.0 (-41; 1)
Two-sided p-value (minus Placebo) ¢ 0.015
Diff. of LS Means (SE) -7.2 (2.85)

< Based on analysis of covariance (ANCOVA) model with treatment (placebo, esketamine
84 mg), antidepressant therapy (AD monotherapy, AD plus augmentation therapy) and
analysis center as factors, and baseline value as a covariate. Negative change in score
indicates improvement. Baseline is the predose, Day 1 value.

[1024] As shown in Table 57 below, results for the change
in MADRS total score at End Point (DB) favored esket-
amine 84 mg over placebo. The mean change from baseline
(SD) was -26.4 (14.52) for esketamine 84 mg and -23.0
(10.83) for placebo. Based on the same ANCOVA model
mentioned above, the esketamine 84 mg group was statis-
tically superior to the placebo group (two-sided p-value=0.
159) using a two-sided significance level of 0.20. See, FIG.
38.

TABLE 57

MADRS Total Score: Change from Baseline to
End Point (DB) ANCOVA LOCF Analysis:
Double-Blind Phase (Study ESKETINSUI2001: ITT Analysis Set)

Placebo Esketamine 84 mg
(N =31) (N =35)
Baseline(DB)
N 31 35
Mean (SD) 38.8 (7.02) 38.5 (6.17)
Median (Range) 40.0 (20; 52)  38.0 (27; 49)
End Point(DB)
N 31 35
Mean (SD) 15.8 (12.39) 12.1 (11.90)
Median (Range) 14.0 (0; 39) 8.0 (0; 44)
Change from
Baseline to End Point(DB)
N 31 35
Mean (SD) -23.0 (10.83) -26.4 (14.52)
Median (Range) -21.0 (-42; 1) -25.0 (-46; 13)
Two-sided p-value (minus Placebo) ¢ 0.159
Diff. of LS Means (SE) -4.5 (3.14)

¢ Based on analysis of covariance (ANCOVA) model with treatment (placebo, esketamine
84 mg), antidepressant therapy (AD monotherapy, AD plus augmentation therapy) and
analysis center as factors, and baseline value as a covariate. Negative change in score
indicates improvement. Baseline is the predose, Day 1 value.

MADRS Suicide Item: Change from Baseline Over Time
[1025] Results of the change from baseline over time for
the suicide item from the MADRS assessment can be found
in Attachment 1. Statistically significant differences favoring
esketamine 84 mg were found at Day 1: 4-hours postdose
(two-sided p=0.002), Day 2 (DB) (two-sided p=0.129) and
End Point (DB) (two-sided p=0.143).

SIBAT-Clinical Global Judgment of Suicide Risk: Change
from Baseline to Day 1: 4-Hours Post Dose, Day 2(DB), and
End Point (DB)

[1026] The clinical global judgment of suicide risk (Mod-
ule 8) summarizes clinician overall judgment of suicide risk
as derived from information gathered from the full SIBAT
tool. It operates like numerous other CGI-severity scales that
have been used in other psychiatric studies. Change in the
clinical global judgment of suicide risk is designed to
directly identify clinical meaningful changes in suicidal
ideation and to permit classification of suicide risk.
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[1027] The analysis of the change in SIBAT score was
based on an ANCOVA model on ranks of change in SIBAT
with treatment, antidepressant therapy, and analysis center
as factors, and baseline value (unranked) as a covariate.
There was a significant difference (two-sided p-value=0.
112) between the two treatment groups when comparing the
mean rank of change from baseline at Day 1: 4-hours
postdose in favor of esketamine 84 mg See, Table 58. See,
FIG. 39. Specifically, the changes in the SIBAT Clinical
Global Judgment of Suicide Risk were statistically superior
(i.e., two-sided p<0.2) at Day 1: 4-hours postdose and Day
2 in the esketamine group compared to the placebo group.
This difference was not evident at the Day 25 DB endpoint.
See, FIG. 40, which is based on LOCF data and analyzed
using Cochran-Mantel-Haenszel test controlling for analysis
center and antidepressant therapy.

TABLE 58

SIBAT Clinical Global Judgment of Suicide Risk: Change from Baseline to
Day 1 4-Hour Post Dose ANCOVA LOCF Analysis: Double-Blind Phase
(Study ESKETINSUI2001: ITT Analysis Set)

Placebo Esketamine 84 mg
N =31 N=35

Baseline(DB)
N 31 35
Median (Range) 5.0 (4; 6) 6.0 (5; 6)

Day 1(DB): 4H

N 31 33
Median (Range) 5.0 (0; 6) 5.0 (0; 6)
Change from Baseline to Day 1(DB): 4H

N 31 33
Median (Range) 0.0(=5;1) 0.0 (-6;1)
Two-sided p-value (minus Placebo) ¢ 0.112

< Based on analysis of covariance (ANCOVA) model on ranks of change with treatment
placebo, esketamine 84 mg), antidepressant therapy (AD monotherapy, AD plus augmen-
tation therapy) and analysis center as factors; and baseline value (unranked) as a covariate.
Negative change in score indicates improvement. Baseline is the predose, Day 1 value.

[1028] As shown in Table 59, similar results were seen for
the change from baseline to Day 2 (DB). Although not
shown, at End Point (DB) there was no statistically signifi-
cant difference between the treatment groups (two-sided
p=0.922).

TABLE 59
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TABLE 59-continued

SIBAT Clinical Global Judgment of Suicide Risk:
Change from Baseline to Day 2(DB) ANCOVA LOCF
Analysis: Double-Blind Phase (Study ESKETINSUI2001: ITT Analysis Set

Placebo Esketamine 84 mg
(N =31) (N =35)

Change from

Baseline to Day 2(DB)

N 31 35
Median (Range) 0.0 (-6; 0) -1.0 (-6; 1)
Two-sided p-value (minus Placebo) ¢ 0.150

% Based on analysis of covariance (ANCOVA) model on ranks of change with treatment
(placebo, esketamine 84 mg), antidepressant therapy (AD monotherapy, AD plus aug-
mentation therapy) and analysis center as factors, and baseline value (unranked) as a
covariate. Negative change in score indicates improvement. Baseline is the predose, Day
1 value.

[1029] For the ITT subjects, the percentage of subjects
with a baseline SIBAT score of 5 (Suicidal risk requires
immediate hospitalization, but without suicide precautions)
or 6 (Suicidal risk requires hospitalization with suicide
precautions) was 96.8% and 100% for placebo and esket-
amine 84 mg groups, respectively. At Day 1: 4-hour post-
dose the percentage of subjects with a score of 5 or 6 was
80.6% for the placebo group and 63.6% for the esketamine
84 mg group. The bar chart in FIG. 41 shows the frequency
distribution of SIBAT scores at double-blind baseline, Day
1:4-hours postdose, double-blind endpoint, and follow-up
endpoint. The bar chart in FIG. 42 shows the least-square
mean changes (SE) from baseline in MADRS score to 4
hours (primary endpoint) and about 24 hours.

Sustained Response (Onset of Clinical Response) in
MADRS Total Score

[1030] The results for sustained response are shown in
Table 60. Sustained response is defined as at least 50%
reduction from baseline in MADRS total score with onset on
Day 1: 4 hours postdose that is maintained through the end
of the double-blind phase (Day 25). Four subjects in the
esketamine 84 mg group and 2 subjects in the placebo group
had sustained response throughout the double-blind phase.
There was no statistically significant difference between
treatment groups (two-sided p=0.608).

TABLE 60

Sustained Response Based on MADRS Total Score (Study
ESKETINSUI2001: ITT Analysis Set)

Placebo Esketamine 84 mg
(N =31) (N =35)

SIBAT Clinical Global Judgment of Suicide Risk:
Change from Baseline to Day 2(DB) ANCOVA LOCF
Analysis: Double-Blind Phase (Study ESKETINSUI2001: ITT Analysis Set

Placebo Esketamine 84 mg
(N =31) (N =35)

Baseline(DB)

N 31 35
Median (Range) 5.0 (4; 6) 6.0 (5; 6)
Day 2(DB)

N 31 35
Median (Range) 5.0 (0; 6) 5.0 (0; 6)

Day 25 sustained response

Yes 2 (6.7%) 4 (118%)
No 28 (93.3%) 30 (88.2%)
Two-sided p-value (vs. Placebo) @ 0.608

Percentages calculated with the number of subjects in each group as denominator.
Sustained response is defined as at least 50 percent reduction from baseline in MADRS
total score with onset on Day 1 that is maintained through the end of the double-blind phase
(Day 25).

¢ Generalized Cochran-Mantel-Haenszel test for mean score difference in being a sustained
responder controlling for analysis center and antidepressant therapy (AD monotherapy, AD
plus augmentation therapy).

[1031] FIG. 43 is a bar graph that correlates the percentage
of patients with their respective MADRS response and
remission at days 1, 2 and endpoint.



US 2024/0000728 Al
&1

[1032] FIG. 44 is a bar graph that correlates the percentage
of patients having remission at DB endpoint and during
follow-up at days 53 and 81.

Beck Scale of Suicidal Ideation (BSS): Change from Base-
line to Day 1: 4-Hours Post Dose, Day 2 (DB), and End
Point (DB)

[1033] The BSS is a 21-item self-reported instrument to
detect and measure the severity of suicidal ideation in adults
and adolescents aged =17 years and older. The BSS total
score represents the severity of suicide ideation, and it is
calculated by summing the ratings of the first 19 items; the
total score ranges from O to 38, with a higher score repre-
senting greater suicide ideation. Increasing scores reflect
increases in suicidal risk.

[1034] As shown in Tables 61-63, there were no statisti-
cally significant differences between esketamine 84 mg and
placebo for the change in BSS total score at Day 1: 4-hours
postdose, Day 2 (DB), or End Point (DB), using the same
ANCOVA model as described above for MADRS total
score. See, FIG. 45.

TABLE 61
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TABLE 62-continued

BSS Total Score: Change from Baseline to
Day 2(DB) ANCOVA LOCF Analysis:
Double-Blind Phase (Study ESKETINSUI2001: ITT Analysis Set)

Placebo Esketamine 84 mg
(N =31) (N =35)

Change from
Baseline to Day 2(DB)

N 31 34

Mean (SD) -10.7 (7.73) -12.9 (9.63)
Median (Range) -10.0 (-31; 0) -11.5(-33;2)
Two-sided p-value (minus Placebo) ¢ 0415

Diff. of LS Means (SE) -1.9 (2.30)

< Based on analysis of covariance (ANCOVA) model with treatment (placebo, esketamine
84 mg), antidepressant therapy (AD monotherapy, AD plus augmentation therapy) and
analysis center as factors, and baseline value as a covariate. Negative change in score
indicates improvement. Baseline is the predose, Day 1 value.

TABLE 63

BSS Total Score: Change from Baseline to End Point
(DB) ANCOVA LOCF Analysis: Double-Blind Phase
(Study ESKETINSUI2001: ITT Analysis Set)

BSS Total Score: Change from Baseline to Day
1, 4-Hour Postdose ANCOVA LOCF Analysis:
Double-Blind Phase (Study ESKETINSUI2001: ITT Analysis Set)

Placebo Esketamine 84 mg
(N =31) (N =35)
Baseline(DB)
N 31 34
Mean (SD) 21.4 (8.28) 24.0 (5.45)
Median (Range) 23.0 (1;38)  25.0 (8; 33)
Day 1(DB): 4H
N 31 34
Mean (SD) 13.1 (10.12)  13.8 (10.26)
Median (Range) 13.0 (0; 36) 16.5 (0; 31)
Change from
Baseline to Day 1(DB): 4H
N 31 34
Mean (SD) -8.3 (7.12) -10.2 (9.74)
Median (Range) -9.0 (-27;2) -8.0 (-33;8)
Two-sided p-value (minus Placebo) ¢ 0.326
Diff. of LS Means (SE) -2.3(2.29)

¢ Based on analysis of covariance (ANCOVA) model with treatment (placebo, esketamine
84 mg), antidepressant therapy (AD monotherapy, AD plus augmentation therapy) and
analysis center as factors, and baseline value as a covariate. Negative change in score
indicates improvement. Baseline is the predose, Day 1 value.

TABLE 62

BSS Total Score: Change from Baseline to
Day 2(DB) ANCOVA LOCF Analysis:
Double-Blind Phase (Study ESKETINSUI2001: ITT Analysis Set)

Placebo Esketamine 84 mg
(N =31) (N =35)

Baseline(DB)

N 31 34

Mean (SD) 21.4 (8.28) 24.0 (5.45)

Median (Range) 23.0 (1; 38) 25.0 (8; 33)
Day 2(DB)

N 31 34

Mean (SD) 10.6 (9.71) 11.1 (10.12)
Median (Range) 9.0 (0; 36) 13.0 (0; 34)

Esketamine

Placebo 84 mg

(N =31) (N =35)
Baseline(DB)
N 31 34
Mean (SD) 21.4 (8.28) 24.0 (5.45)
Median (Range) 23.0 (1; 38) 25.0 (8; 33)
End Point(DB)
N 31 34
Mean (SD) 5.4 (7.74) 4.7 (9.03)
Median (Range) 0.0 (0; 23) 0.0 (0; 34)
Change from Baseline
to End Point(DB)
N 31 34
Mean (SD) -16.0 (10.54) -19.3 (9.61)
Median (Range) -17.0 (-38; 3) -21.0 (-33; 8)
Two-sided p-value 0.431
(minus Placebo)®
Diff. of LS Means (SE) -1.7 (2.15)

¢ Based on analysis of covariance (ANCOVA) model with treatment (placebo, esketamine
84 mg), antidepressant therapy (AD monotherapy, AD plus augmentation therapy) and
analysis center as factors, and baseline value as a covariate. Negative change in score
indicates improvement. Baseline is the predose, Day 1 value.

Beck Hopelessness Scale (BHS): Change from Baseline to
Day 1: 4-Hours Post Dose and End Point (DB)

[1035] The BHS is a self-reported measure to assess one’s
level of negative expectations or pessimism regarding the
future. It consists of 20 true-false items that examine the
respondent’s attitude over the past week by either endorsing
a pessimistic statement or denying an optimistic statement.
For every statement, each response is assigned a score of 0
or 1. The total BHS score is a sum of item responses and
ranges from 0 to 20, with a higher score representing a
higher level of hopelessness.

[1036] As shown in Table 64, there was no statistically
significant difference between esketamine 84 mg and pla-
cebo for the change in BHS total score at Day 1: 4-hours
postdose (two-sided p=0.297). However, at End Point (DB)
esketamine 84 mg was statistically superior (two-sided
p=0.165) to placebo using a two-sided significance level of
0.20. (Table 65).
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TABLE 64

BHS Total Score: Change from Baseline to Day 1, 4-Hour Postdose ANCOVA
LOCF Analysis: Double-Blind Phase (Study ESKETINSUI2001: ITT Analysis Set)

Placebo Esketamine 84 mg
(N =31) (N =35)
Baseline(DB)
N 30 35
Mean (SD) 15.5 (4.59) 16.5 (2.91)
Median (Range) 16.0 (0; 20) 17.0 (9; 20)
Day 1(DB): 4H
N 30 35
Mean (SD) 12.4 (7.12) 12.3 (6.95)
Median (Range) 14.5 (0; 20) 14.0 (0; 20)
Change from Baseline to Day 1(DB): 4H
N 30 35
Mean (SD) -3.1 (5.71) -4.1 (5.63)
Median (Range) 0.0 (-18; 4) -2.0 (-16; 2)
Two-sided p-vaue (minus Placebo) ¢ 0.297
Diff. of LS Means (SE) -1.5(1.47)

@ Based on analysis of covariance (ANCOVA) model with treatment (placebo, esketamine 84 mg), antidepressant
therapy (AD monotherapy, AD plus augmentation therapy) and analysis center as factors, and baseline value as
a covariate. Negative change in score indicates improvement. Baseline is the predose. Day 1 value.

TABLE 65 received placebo experienced at least one treatment-emer-
gent adverse event (TEAE) during the double-blind phase.

BHS Total Score: Change from Baseline to End Point
(DB) ANCOVA LOCF Analysis: Double-Blind Phase

(Study ESKETINSUI2001: ITT Analysis Set) TABLE 66

Overall Summary of Treatment-Emergent Adverse Events Double-Blind

Placebo Esketamine 84 mg ; X
(N =31) (N = 35) Phase (Study ESKETINSUI2001: Safety Analysis Set)
Baseline(DB) (I;afe;)) Esket(alflni_nz 58)4 mg
N 30 35
Mean (SD) 15.5 (4.59) 165 (2.91) TEAE 25 (80.6%) 33 (94.3%)
H a 0, 0,
Median (Range) 16.0 (0; 20) 17.0 (9; 20) ?%Z&Ebllyezliit;i:iti 12 <3§-7 %) 29 (85-9 %)
End Point(DB
(DB) 1 or more serious TEAE 0 4 (11.4%)
N 30 35 TEAE leading to drug withdrawn 1 (3.2%) 5 (14.3%)
Mean (SD) 7.8 (7.16) 6.2 (5.96) . . . . . S
. . ) @ Study drug relationships of possible, probable, and very likely are included in this
Median (Range) 4.5 (0; 20) 4.0 (0; 20) category. Incidence is based on the number of subjects experiencing at least one adverse

Change from Baseline event, not the number of events. Adverse events are coded using MedDRA version 18.0
to End Point(DB)

N 30 35 [1039] Treatment-emergent adverse events occurring dur-
Mean (SD) -1.7(7.81) 103 (5:51) ing the double-blind phase (=5% of subjects in any treatment

?;gjié??%gue 009 6_1116'2 C19:0) group) are summarized by treatment group for safety analy-
(minus Placebo) sis set in Table 67. The most common (=220%) TEAEs in the
Diff. of LS Means (SE) -2.3 (1.66) esketamine 84 mg group during the double-blind phase were

nausea (37.1%), dizziness (34.3%), dysgeusia (31.4%
¢ Based on analysis of covariance (ANCOVA) model with treatment (placebo, esketamine ( 00)’ . . . ( 0)’0 Y8 ( 0)’
84 mg), antidepressant therapy (AD monotherapy, AD plus augmentation therapy) and headache (3 1.4 A)), dissociation (3 1.4 A)) and VOmltlng (20

analysis center as factors, and baseline value as a covariate. Negative change in score 0 :
indicates improvement. Baseline is the predose, Day 1 value. OA)) The most common TEAE in the placebo group was
headache (25.8%).

Safety TABLE 67

Treatment-Emergent Adverse Events in 25% of Subjects in Any Treatment
Summary of All Adverse Events Group: Double-Blind Phase (Study ESKETINSUI2001: Safety Analysis Set
[1037] An overall summary of all treatment-emergent Piacebo  Esketamine 84 mg
adverse events (TEAEs) during the double-blind phase is N =31) (N =35)
presented in Table 66. Overall, .80.6% of subjects in the Total no. subjects with TEAE 25 (80.6%) 33 (94.3%)
placebo group and 94.3% of subjects in the esketamine 84 Nervous system disorders 16 (51.6%) 25 (71.4%)
mg group experienced at least one TEAE during the double- Dizziness 4 (12.9%) 12 (34.3%)
blind phase. Dysgeusia 5 (16.1%) 11 (31.4%)

Headache 8 (25.8%) 11 (31.4%)
[1038] Owverall, 33/35 (94.3%) of subjects who received Paresthesia 1 (3.2%) 6 (17.1%)

esketamine 84 mg and 25/31 (80.6%) of subjects who
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TABLE 67-continued

TABLE 68

Jan. 4, 2024

Treatment-Emergent Adverse Events in 25% of Subjects in Any Treatment
Group: Double-Blind Phase (Study ESKETINSUI2001: Safety Analysis Set

Piacebo  Esketamine 84 mg
(N =31) (N = 35)

Sedation 2 (6.5%) 6 (17.1%)
Somnolence 2 (6.5%) 4 (11.4%)
Hypoesthesia 0 3 (8.6%)
Dizziness postural 0 2 (5.7%)
Psychiatric disorders 10 (32.3%) 20 (57.1%)
Dissociation 4 (12.9%) 11 (31.4%)
Anxiety 1(3.2%) 6 (17.1%)
Euphoric mood 2 (6.5%) 4 (11.4%)
Agitation 0 3 (8.6%)
Insomnia 2 (6.5%) 3 (8.6%)
Suicidal ideation 0 2 (5.7%)
Panic attack 2 (6.5%) 0
Gastrointestinal disorders 11 (35.5%) 19 (54.3%)
Nausea 1(3.2%) 13 (37.1%)
Vomiting 0 7 (20.0%)
Diarrhea 0 3 (8.6%)
Dry mouth 0 3 (8.6%)
Hypoesthesia oral 0 2 (5.7%)
Paresthesia oral 0 2 (5.7%)
Flatulence 2 (6.5%) 1 (2.9%)
Abdominal pain 2 (6.5%) 0
Constipation 3 (9.7%) 0
Toothache 2 (6.5%) 0
General disorders and 2 (6.5%) 10 (28.6%)
administration site conditions

Feeling abnormal 0 3 (8.6%)
Fatigue 1(3.2%) 2 (5.7%)
Feeling cold 0 2 (5.7%)
Ear and labyrinth disorders 1(3.2%) 9 (25.7%)
Vertigo 0 4 (11.4%)
Hyperacusis 0 2 (5.7%)
Tinnitus 0 2 (5.7%)
Respiratory, thoracic and 8 (25.8%) 9 (25.7%)
mediastinal disorders

Nasal discomfort 1(3.2%) 3 (8.6%)
Throat irritation 0 3 (8.6%)
Oropharyngeal pain 1(3.2%) 2 (5.7%)
Pharyngeal hypoesthesia 0 2 (5.7%)
Nasal congestion 2 (6.5%) 1 (2.9%)
Epistaxis 2 (6.5%) 0
Intranasal paranesthesia 2 (6.5%) 0
Rhinalgia 2 (6.5%) 0
Rhinorrhoea 2 (6.5%) 0

Eye disorders 2 (6.5%) 7 (20.0%)
Vision blurred 0 3 (8.6%)
Diplopia 0 2 (5.7%)
Blepharospasm 2 (6.5%) 0
Investigations 1(3.2%) 5 (14.3%)
Blood pressure increased 0 2 (5.7%)
Weight increased 0 2 (5.7%)
Skin and subcutaneous tissue disorders 4 (12.9%) 5 (14.3%)
Acne 0 2 (5.7%)
Hyperhidrosis 0 2 (5.7%)
Rash 3 (9.7%) 1 (2.9%)
Infections and infestations 4 (12.9%) 1 (2.9%)
Upper respiratory tract infection 2 (6.5%) 0
Renal and urinary disorders 2 (6.5%) 1 (2.9%)
Pollakiuria 2 (6.5%) 0

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 18.0

[1040] Adverse events occurring during the follow up
phase are summarized in Table 68. In total, 77.3% subjects
in the placebo group and 48.1% subjects in the esketamine
84 mg group experienced at least one adverse event during
the follow up phase.

Adverse Events by MedDRA System Organ Class and Preferred Term:
Follow up Phase (Study ESKETINSUI2001: Safety (FU) Analysis Set)

Placebo  Esketamine 84 mg

(N=22) (N=27)
Total no. subjects with adverse events 17 (77.3%) 13 (48.1%)
Gastrointestinal disorders 4 (18.2%) 6 (22.2%)
Dry mouth 0 2 (7.4%)
Abdominal pain 0 1 (3.7%)
Abdominal tenderness 0 1 (3.7%)
Diarrhea 0 1 (3.7%)
Vomiting 0 1 (3.7%)
Aphthous ulcer 1 (4.5%) 0
Nausea 1 (4.5%) 0
Tooth impacted 1 (4.5%) 0
Toothache 1 (4.5%) 0
Nervous system disorders 3 (13.6%) 6 (22.2%)
Headache 2 (9.1%) 2 (7.4%)
Tremor 0 2 (7.4%)
Cogwheel rigidity 0 1 (3.7%)
Dizziness 0 1 (3.7%)
Dysgeusia 0 1 (3.7%)
Loss of consciousness 0 1 (3.7%)
Migraine 0 1 (3.7%)
Sedation 0 1 (3.7%)
Somnolence 1 (4.5%) 0
Psychiatric disorders 8 (36.4%) 5 (18.5%)
Insomnia 0 3 (11.1%)
Depression 1 (4.5%) 1 (3.7%)
Intentional self-injury 1 (3.7%)
Restlessness 0 1 (3.7%)
Suicidal ideation 1 (4.5%) 1 (3.7%)
Depressed mood 1 (4.5%) 0
Panic reaction 1 (4.5%) 0
Self-injurious ideation 1 (4.5%) 0
Suicide attempt 3 (13.6%) 0
Infections and infestations 8 (36.4%) 3 (11.1%)
Pharyngitis 0 2 (7.4%)
Ear infection 0 1 (3.7%)
Nasopharyngitis 1 (4.5%) 1 (3.7%)
Upper respiratory tract infection 1 (4.5%) 1 (3.7%)
Vulvovaginal mycotic infection 0 1 (3.7%)
Bronchitis 1 (4.5%) 0
Cellulitis 3 (13.6%) 0
Folliculitis 1 (4.5%) 0
Influenza 1 (4.5%) 0
Viral upper respiratory tract infection 1 (4.5%) 0
Injury, poisoning and procedural 1 (4.5%) 2 (7.4%)
complications
Contusion 0 1 (3.7%)
Road traffic accident 0 1 (3.7%)
Procedural pain 1 (4.5%) 0
Musculoskeletal and connective tissue 1 (4.5%) 2 (7.4%)
disorders
Back pain 0 1 (3.7%)
Flank pain 0 1 (3.7%)
Musculoskeletal chest pain 0 1 (3.7%)
Musculoskeletal pain 0 1 (3.7%)
Neck pain 1 (4.5%) 1 (3.7%)
Respiratory, thoracic and mediastinal 0 2 (7.4%)
disorders
Epistaxis 0 1 (3.7%)
Nasal congestion 0 1 (3.7%)
Reproductive system and breast disorders 1 (4.5%) 1 (3.7%)
Pelvic pain 0 1 (3.7%)
Sexual dysfunction 1 (4.5%) 0
Skin and subcutaneous tissue disorders 1 (4.5%) 1 (3.7%)
Night sweats 0 1 (3.7%)
Rash 1 (4.5%) 0
Ear and labyrinth disorders 1 (4.5%) 0
Meniere’s disease 1 (4.5%) 0
Immune system disorders 1 (4.5%) 0
Drug hypersensitivity 1 (4.5%) 0
Metabolism and nutrition disorders 1 (4.5%) 0
Polydipsia 1 (4.5%) 0
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TABLE 68-continued

Adverse Events by MedDRA System Organ Class and Preferred Term:
Follow up Phase (Study ESKETINSUI2001: Safety (FU) Analysis Set)

Placebo  Esketamine 84 mg
(N=22) (N=27)
Renal and urinary disorders 1 (4.5%) 0
Renal failure 1 (4.5%) 0

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 18.0

Deaths

[1041] There were no deaths.

Adverse Events Leading to Study Drug Withdrawal

[1042] There were 6 subjects (1 subject in the placebo
group and 5 subjects in the esketamine 84 mg group) who
discontinued from the double-blind phase due to treatment-
emergent adverse events. See, Table 69.

TABLE 69

Treatment-Emergent Adverse Events Leading to Study Discontinuation:
Double-Blind Phase (Study ESKETINSUI2001: Safety Analysis Set)

Placebo  Esketamine 84 mg

(N =31) (N = 35)
Total no. subjects with TEAE leading to 1(3.2%) 5 (14.3%)
study discontinuation
Nervous system disorders 0 2 (5.7%)
Dizziness 0 1 (2.9%)
Dysgeusia 0 1 (2.9%)
Psychiatric disorders 1(3.2%) 2 (5.7%)
Aggression 0 1 (2.9%)
Agitation 0 1 (2.9%)
Dissociative disorder 1(3.2%) 0
Panic attack 1(3.2%) 0
Cardiac disorders 0 1 (2.9%)
Ventricular extrasystoles 0 1 (2.9%)
Gastrointestinal disorders 0 1 (2.9%)
Nausea 0 1 (2.9%)
Respiratory, thoracic and mediastinal 0 1 (2.9%)
disorders
Dyspnea 0 1 (2.9%)

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 18.0

Serious Adverse Events

[1043] Four subjects experienced a serious treatment-
emergent adverse event during the double-blind phase and
all were in the esketamine 84 mg group (Table 70). Two
subjects experienced suicidal ideation, 1 subject experienced
agitation, and 1 subject experienced depressive symptoms.
One placebo subject experienced serious major depressive
disorder aggravated post double-blind phase after discon-
tinuing from the study. This subject did not participate in the
follow up phase.
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TABLE 70

Treatment-Emergent Serious Adverse Events: Double-Blind Phase
(Study ESKETINSUI2001: Safety Analysis Set)

Placebo  Esketamine 84 mg

(N =31) (N =35)
Total no. subjects with a serious TEAE 0 4 (11.4%)
Psychiatric disorders 0 4 (11.4%)
Suicidal ideation 0 2 (5.7%)
Agitation 0 1 (2.9%)
Depressive symptom 0 1 (2.9%)

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 18.0

[1044] As shown in Table 71, 6 subjects experienced a
serious adverse event in the follow up phase (5 in the
placebo group and 1 in the esketamine 84 mg group).

TABLE 71

Serious Adverse Events: Follow up Phase (Study ESKETINSUI2001:
Safety (FU) Analysis Set)

Placebo  Esketamine 84 mg

(N =22) N =27)
Total no. subjects with a serious adverse 5 (22.7%) 1 (3.7%)
event
Psychiatric disorders 4 (18.2%) 1 (3.7%)
Suicidal ideation 1 (4.5%) 1 (3.7%)
Suicide attempt 3 (13.6%) 0
Infections and infestations 1 (4.5%) 0
Cellulitis 1 (4.5%) 0

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 18.0

Vital Signs

[1045] Transient blood pressure increases peaked for the
esketamine group at approximately 40 minutes post dose
with the maximum mean increases (across all dosing days)
in systolic BP being 8.7 in the placebo group and 16.7 in the
esketamine 84 mg group. The maximum mean increases
(across all dosing days) in diastolic BP were 7.6 in the
placebo group and 11.9 in the esketamine 84 mg group. In
summary, transient blood pressure increases, typically
returning to normal range by 2 hours post dose, were
observed in the esketamine group. See, FIGS. 46 and 47.

Other Safety Observations

Clinician-Assessed Dissociative Symptom Scale (CADSS)

[1046] The CADSS was measured prior to the start of each
dose, at 40 minutes, 2 hours, and 4 hours postdose. The
CADSS is used to assess treatment emergent dissociative
symptoms and perceptual changes and the total score ranges
from 0 to 92 with a higher score representing a more severe
condition.

[1047] The dissociative and perceptual change symptoms
measured by the CADSS, suggest these symptoms had an
onset shortly after the start of the dose and resolved by 2
hours postdose (FIG. 55). See, Tables 72A and 72B.



US 2024/0000728 Al Jan. 4, 2024
&5

TABLE 72A

MADRS Suicide Item: Medians and Median Changes Over Time During the Double-Blind
and Follow up Phases (Study ESKETINSUI2001: ITT Analysis Set)

Placebo Change from Baseline
Suicidal Thoughts N Med Min Max Med Min Max
Baseline(DB) 31 5.0 3 6
Day 1(DB): 4H 31 4.0 0 6 -1.0 -6 0
Day 2(DB) 31 2.0 0 5 -2.0 -6 0
Day 3(DB) 31 2.0 0 5 -3.0 -6 0
Day 4(DB) 25 2.0 0 5 -2.0 -6 0
Day 5(DB) 10 1.5 0 5 -4.0 -6 0
Day &(DB) 29 2.0 0 5 -3.0 -6 1
Day 11(DB) 26 1.5 0 4 -4.0 -6 0
Day 15(DB) 25 1.0 0 4 -4.0 -6 -1
Day 18(DB) 26 1.0 0 5 -4.0 -6 0
Day 22(DB) 25 1.0 0 5 -4.0 -6 2
Day 25(DB): Predose 22 1.0 0 4 -4.0 -6 -1
Day 25(DB): 4H 24 0.0 0 4 -4.0 -6 -1
Day 32(FU) 22 0.0 0 5 -4.0 -6 0
Day 39(FU) 21 0.0 0 4 -4.0 -6 -1
Day 46(FU) 20 0.5 0 4 -4.0 -6 -1
Day 53(FU) 20 0.0 0 4 -4.0 -6 -2
Day 67(FU) 19 0.0 0 2 -5.0 -6 -3
Day 81(FU) 20 0.5 0 3 -4.0 -6 -2
Day 1(DB): 4H LOCF 31 4.0 0 6 -1.0 -6 0
Day 2(DB) LOCF 31 2.0 0 5 -2.0 -6 0
Day 3(DB) LOCF 31 2.0 0 5 -3.0 -6 0
Day 4(DB) LOCF 31 2.0 0 4 -3.0 -6 0
Day 5(DB) LOCF 31 2.0 0 5 -2.0 -6 0
Day 8(DB) LOCF 31 2.0 0 4 -3.0 -6 1
Day 11(DB) LOCF 31 2.0 0 4 -4.0 -6 0
Day 15(DB) LOCF 31 1.0 0 4 -4.0 -6 0
Day 18(DB) LOCF 31 2.0 0 5 -4.0 -6 0
Day 22(DB) LOCF 31 2.0 0 5 -4.0 -6 2
Day 25(DB): Predose 31 1.0 0 5 -4.0 -6 2
LOCF
EndPoint(DB) 31 0.0 0 4 -4.0 -6 0
Day 32(FU) LOCF 22 0.0 0 5 -4.0 -6 0
Day 39(FU) LOCF 22 0.0 0 4 -4.0 -6 -1
Day 46(FU) LOCF 22 0.0 0 4 -4.0 -6 -1
Day 53(FU) LOCF 22 0.0 0 4 -4.0 -6 -2
Day 67(FU) LOCF 22 0.0 0 2 -4.5 -6 -3
End Point(FU) 22 0.5 0 3 -4.0 -6 -2

“Test for no difference between treatments from ANCOVA model on ranks of change with factor(s) for treatment,
antidepressant therapy (AD monotherapy, AD plus augmentation therapy) and analysis center with baseline value
(unranked) as a covariate.

TABLE 72B

MADRS Suicide Item: Medians and Median Changes Over Time During the Double-Blind
and Follow up Phases (Study ESKETINSUI2001: ITT Analysis Set)

Esketamine
84 mg-
Esketamine 84 mg Change from Baseline Placebo
Suicidal Thoughts N Med Min Max Med Min Max P-value
Baseline(DB) 35 5.0 3 6
Day 1(DB): 4H 35 20 1 6 -3.0 -5 1 0.002
Day 2(DB) 35 20 0 6 -3.0 -6 1 0.129
Day 3(DB) 32 20 0 6 -4.0 -6 1 0.183
Day 4(DB) 24 1.0 0 5 -4.0 -6 1 0.010
Day 5(DB) 21 0.0 0 6 -4.0 -6 1 0.423
Day 8(DB) 31 1.0 0 6 -4.0 -6 1 0.205
Day 11(DB) 25 0.0 0 6 -4.0 -6 1 0.077
Day 15(DB) 29 1.0 0 5 -4.0 -6 1 0.440
Day 18(DB) 23 1.0 0 6 -4.0 -6 1 0.583
Day 22(DB) 28 0.0 0 5 -4.0 -6 1 0.328
Day 25(DB): Predose 24 0.0 0 6 -4.5 -6 2 0.260
Day 25(DB): 4H 24 0.0 0 6 -4.5 -6 2 0.426
Day 32(FU) 26 0.0 0 6 -4.0 -6 2 0.635
Day 39(FU) 25 0.0 0 5 -5.0 -6 1 0.274
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MADRS Suicide Item: Medians and Median Changes Over Time During the Double-Blind
and Follow up Phases (Study ESKETINSUI2001: ITT Analysis Set)

Esketamine
84 mg-
Esketamine 84 mg Change from Baseline Placebo
Suicidal Thoughts N Med Min Max Med Min Max P-value
Day 46(FU) 25 0.0 0 5 -4.0 -6 1 0.830
Day 53(FU) 24 0.0 0 5 -5.0 -6 1 0.933
Day 67(FU) 26 0.0 0 5 -4.0 -6 1 0.323
Day 81(FU) 24 0.0 0 5 -5.0 -6 1 0.527
Day 1(DB): 4H LOCF 35 20 0 6 -3.0 -6 1 0.002
Day 2(DB) LOCF 35 20 0 6 -3.0 -6 1 0.129
Day 3(DB) LOCF 35 20 0 -4.0 -6 1 0.136
Day 4(DB) LOCF 35 1.0 0 6 -4.0 -6 1 0.049
Day 5(DB) LOCF 35 1.0 0 6 -4.0 -6 1 0.003
Day 8(DB) LOCF 35 1.0 0 6 -4.0 -6 1 0.170
Day 11(DB) LOCF 35 1.0 0 6 -4.0 -6 1 0.037
Day 15(DB) LOCF 35 1.0 0 6 -4.0 -6 1 0.128
Day 18(DB) LOCF 35 1.0 0 6 -4.0 -6 1 0.093
Day 22(DB) LOCF 35 0.0 0 5 -4.0 -6 1 0.059
Day 25(DB): 35 0.0 0 6 -4.0 -6 2 0.058
Predose LOCF
End Point(DB) 35 0.0 0 6 -4.0 -6 2 0.143
Day 32(FU) LOCF 26 0.0 0 6 -4.0 -6 2 0.635
Day 39(FU) LOCF 27 0.0 0 5 -5.0 -6 1 0.211
Day 46(FU) LOCF 27 0.0 0 5 -4.0 -6 1 0.589
Day 53(FU) LOCF 27 0.0 0 5 -4.0 -6 1 0.959
Day 67(FU) LOCF 27 0.0 0 5 -4.0 -6 1 0.296
End Point(FU) 27 0.0 0 5 -5.0 -6 1 0.497

“Test for no difference between treatments from ANCOVA model on ranks of change with factor(s) for treatment,
antidepressant therapy (AD monotherapy, AD plus augmentation therapy) and analysis center with baseline value

(unranked) as a covariate.

[1048] In summary, dissociative symptoms, as measured
on the CADSS, observed in the esketamine group were
consistent with prior studies. These symptoms were tran-
sient (resolved within 2 hrs) and attenuated with repeated
dosing.

SUMMARY

[1049] Intranasal esketamine 84 mg, compared to placebo,
demonstrated a clinically meaningful and statistically sig-
nificant rapid reduction of depressive symptoms in subjects
with MDD who are assessed to be at imminent risk for
suicide, as demonstrated by change from baseline in the
MADRS total score at both 4 hours and Day 2. Significant
improvement in suicidality was also observed at 4 hours and
Day 2 as measured by both the MADRS suicide item and the
SIBAT Clinical Global Judgment of Suicide Risk. There was
no difference detected on the BSS at any of these time
points. As observed in previous esketamine studies in TRD,
the perceptual (dissociative) symptoms measured by the
CADSS and BP elevation, appear to occur shortly after the
start of the administration and resolved by 2 hours post
administration. Additionally, perceptual symptoms attenu-
ated with repeated dosing. Of note, during the follow up
period 3 subjects in the placebo group, but none in the
esketamine group, made suicide attempts (non-fatal).

[1050] The results of the Phase 2a POC study supports the
hypothesis that intranasal esketamine is an efficacious treat-
ment for the rapid reduction of the symptoms of MDD,
including suicidal ideation, in patients assessed to be at
imminent risk for suicide. The subjects included in this study
were severely depressed and suicidal as evidenced by their
high baseline MADRS and BSS scores. All subjects were

treated aggressively with initial hospitalization and opti-
mized standard of care antidepressant medication. There-
fore, it is not surprising that, subjects in both treatment
groups experienced clinically meaningful improvement in
all efficacy measures over the course of the double-blind
period. Despite the non-specific improvement in the placebo
group, the beneficial effect of esketamine on the symptoms
of MDD, as measured by the MADRS total score and the
MADRS suicide item, could be distinguished at early time
points and at the double-point end-point.

Example 4

[1051] The primary objective of this study is to assess the
efficacy of intranasal esketamine plus an oral antidepressant
compared with an oral antidepressant plus intranasal placebo
in delaying relapse of depressive symptoms in subjects with
TRD who have achieved stable remission (primary) or stable
response (secondary) after an induction and optimization
course of intranasal esketamine plus an oral antidepressant
(AD), to assess the efficacy of esketamine plus an oral AD
compared with an oral AD plus intranasal placebo in delay-
ing relapse of depressive symptoms. A key question
addressed was whether in the stable remitter/responder
groups, esketamine could be stopped and longer-term main-
tenance be achieved with the oral AD alone. A relapse
adjudication committee reviewed events that were consid-
ered clinically relevant to determine if a relapse occurred.

[1052] Together with the 3 short-term efficacy and safety
studies and the long term open label safety study, this study
supports regulatory agency requirements for registration of
esketamine nasal spray for the treatment of TRD.
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Subject and Treatment Information

[1053] This was a randomized, double-blind, parallel-
group, active-controlled, multicenter study that included 705
enrolled subjects with TRD. This study evaluated the effi-
cacy, safety, and tolerability of intranasal esketamine plus an
oral antidepressant compared with an oral antidepressant
plus intranasal placebo in delaying relapse of depressive
symptoms in adult men and women with TRD who are in
stable remission after an induction and optimization phase
treatment with intranasal esketamine plus an oral antide-
pressant. See, FIG. 49 for the trial design.

[1054] Of the 705 enrolled subjects, 437 (62.0%) were
directly enrolled into the 3003 study, 150 (21.3%) were
transferred from the ESKETINTRD3001 study, and 118
(16.7%) were transferred from the ESKETINTRD3002
study. See, FIG. 50. In the all enrolled analysis set, 635
(90.1%) of the subjects were white and 457 (64.8%) of the
subjects were female. The mean age was 46.1 years, ranging
from 18 to 64 years. Of the 437 safety (IND) analysis set
subjects (direct-entry subjects only), 273 (62.5%) subjects
completed the 28-day IND phase and 164 (37.5%) withdrew.
The majority of subjects were discontinued from the IND
phase due to subjects who did not meet criteria for continu-
ing into the next phase'(114 subjects).

[1055] Ofthe 455 esketamine-treated subjects entering the
OP phase (including 182 esketamine-treated transferred-
entry subjects from the TRD3001 or TRD3002 study), 297
(65.3%) subjects completed the 12-week OP phase and 158
(34.7%) subjects withdrew. The most frequent reasons for
discontinuation were due to subject did not meet criteria for
continuing into the next phase (107 subjects).

[1056] Of the 176 subjects in the full (stable remitters)
analysis set, 159 (90.3%) subjects completed the MA phase
(of those, 63 (35.8%) had a relapse event and 96 (54.5%)
remained relapse-free at the time of the study termination).
The most frequent reason for withdrawal was ‘other’ (8
subjects).

[1057] Of the 121 subjects in the full (stable responders)
analysis set, 113 (93.4%) subjects completed the MA phase
(of those, 50 (41.3%) had a relapse event and 63 (52.1%)
remained relapse-free at the time of the study termination).
The most frequent reason for withdrawal was ‘withdrawal
by subject’ (3 subjects). A total of 545 subjected entered the
follow-up phase and 532 (97.6%) completed the follow-up
phase.

[1058] Subjects presented at baseline (IND) with a median
MADRS total score of 38, (severe depression) and the
median duration of the current depressive episode was 64
weeks, with 27.4% having a lifetime history of suicidal
ideation (29.1% in the past 6 months) and a 14.9% lifetime
history of suicidal behavior. Over 89.0% of subjects had
received 3 or more ADs with non-response (defined as =25%
improvement) prior to starting the Induction phase. Subjects
reported a family history of depression (45.1%), anxiety
disorder (9.1%), and alcohol abuse (13.5%).

[1059] Treatment duration/Trial duration: Each subject
participated in up to 5 phases: a screening prospective
observational phase (direct-entry subjects only) of 4 weeks+
an optional up to 3-week taper period, a 4-week open-label
induction phase (direct-entry subjects only), a 12-week
optimization phase (open-label for direct-entry subjects and
double-blind for transferred-entry subjects), a double-blind
maintenance phase of variable duration and a 2-week fol-
low-up phase. The maximum duration of a subject’s par-
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ticipation was variable, depending on whether he or she
entered the study directly or was transferred from one of the
double-blind short-term studies, and whether he or she met
phase-specific criteria (e.g., met criteria for response at the
end of the induction phase, was in stable remission/response
at the end of the optimization phase, and when and if he or
she relapsed in the maintenance phase). Direct-entry sub-
jects participated in up to 5 phases and transferred-entry
subjects participated in up to 3 phases in the current study
after having participated in the screening prospective obser-
vational and Induction phases in the studies they transferred
from. The inclusion/exclusion criteria were the same for
direct and transfer entry subjects.

Efficacy

Level of Significance

[1060] A pre-planned interim analysis of efficacy data was
conducted when 33 relapse events occurred in stable remit-
ters with at least 30 relapses (31 were actually included in
the interim analysis) from randomized stable remitters
treated with intranasal esketamine plus an oral antidepres-
sant in the optimization phase (List 1). The objectives of the
interim analysis were to re-estimate sample size or to stop
the study for efficacy. An independent external statistical
support group (Cytel) conducted the analysis and the IDMC
reviewed unblinded results and recommended to continue
the study. Based on the predefined rules, the final sample
size determined from the sample size re-estimation was 59.
The Janssen team and the sites remained blinded to the
IDMC sample size recommendation until 59 relapses had
occurred in the List 1 subjects.

[1061] The interim efficacy analysis was performed at a
significance level of 0.0097 (two-sided). As the study was
not stopped for efficacy at the interim analysis, the final
efficacy analysis was to be performed at a significance level
of 0.046 (two-sided).

Primary Endpoint

[1062] The primary efficacy analysis was performed on
the full (stable remitters) analysis set, which included 175
stable remitters and 1 stable responder (who was incorrectly
randomized as a stable remitter) which is defined as ran-
domized subjects who were in stable remission at the end of
the optimization phase after treatment with intranasal esket-
amine plus an oral antidepressant. The subjects were ran-
domized as stable remitters (List 1) in a 1:1 ratio to continue
on intranasal esketamine plus oral AD (N=90) or to discon-
tinue esketamine and receive oral AD plus intranasal pla-
cebo (N=86); These subjects received at least 1 dose of
intranasal study drug and 1 dose of oral antidepressant
during the maintenance phase.

[1063] Results for the time to relapse in the maintenance
phase favored intranasal esketamine+oral AD in delaying
relapse compared to oral AD+intranasal placebo. Overall, 24
(26.7%) subjects in the intranasal esketamine+oral AD
group and 39 (45.3%) subjects in the oral AD+intranasal
placebo group experienced a relapse event during the main-
tenance phase. Based on the weighted combination test, the
difference between treatment groups was statistically sig-
nificant (two-sided p=0.003), which was below the threshold
of statistical significance (0.046). The estimated hazard ratio
of intranasal esketamine+oral AD relative to oral AD+intra-
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nasal placebo based on weighted estimates was 0.49 (95%
CI: 0.29, 0.84) using ADDPLAN. The most common reason
for relapse was a MADRS total score =22 for 2 consecutive
assessments separated by 5 to 15 days.

[1064] No major differences in efficacy were seen by
region, gender, age, direct or transfer entry, or oral AD group
(SNRIs and SSRIs).

Other Secondary Efficacy Endpoints

[1065] Secondary efficacy variables included:

[1066] The time between subject randomization and the
first documentation (earliest date) of a relapse in the
maintenance phase for subjects with stable response
(but who were not in remission) at the end of the
optimization phase after treatment with intranasal
esketamine plus an oral antidepressant.

[1067] Change in MADRS from Baseline (MA) to End
Point (MA)

[1068] Proportion of subjects with response and remis-
sion based on MADRS

[1069] Change in PHQ-9 from Baseline (MA) to End
Point (MA)

[1070] Change in CGI-S from Baseline (MA) to End
Point (MA)

[1071] Change in GAD-7 from Baseline (MA) to End
Point (MA)

[1072] Change in EQ-5D-5L from Baseline (MA) to

End Point (MA)
[1073] Change in SDS from Baseline (MA) to End
Point (MA)

[1074] Results for the time between subject randomization
and the first documentation (earliest date) of a relapse in the
maintenance phase for subjects in the full (stable respond-
ers) analysis set (including 121 subjects: 120 stable respond-
ers and 1 subject not meeting either stable remission or
stable response criteria at the end of the optimization phase)
after treatment with intranasal esketamine plus an oral
antidepressant favored intranasal esketamine+oral AD in
delaying relapse compared to oral AD+intranasal placebo.
Overall, 16 (25.8%) subjects in the intranasal esketamine+
oral AD group and 34 (57.6%) subjects in the oral AD+in-
tranasal placebo group experienced a relapse event during
maintenance phase. The difference between treatment
groups was statistically significant (two-sided p<0.001)
using a two-sided log-rank test. The estimated hazard ratio
of intranasal esketamine+oral AD relative to oral AD+intra-
nasal placebo based on the Cox proportional hazards model
with treatment as a factor was 0.30 (95% CI: 0.16, 0.55).
[1075] The subjects were randomized as stable responders
(List 2) in a 1:1 ratio to continue on intranasal esketamine
plus oral AD (N=62) or to discontinue esketamine and
receive oral AD plus intranasal placebo (N=59). Both ran-
domization lists were stratified by country.

Safety

[1076] Overall, 76.9% of subjects experienced at least one
TEAE during the IND phase. In the safety (OP) analysis set
(safety (OP) and safety (M A) analysis sets do not include the
transferred-entry subjects who continued to receive oral
AD+placebo (TEP) during the subsequent phases), 73.6% of
subjects experienced at least one TEAE during the OP phase.
In the safety (MA) analysis set, 82.2% of subjects in the
esketamine+oral AD group and 45.5% of subjects in the oral
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AD+placebo group experienced at least one TEAE during
the MA phase. For the TEP subjects, 61.6% of subjects
experienced at least one TEAE during the OP phase and
68.5% experienced at least one TEAE during the MA phase.
[1077] The most common TEAFEs (=10%) during the IND
phase were vertigo (22.7%), dizziness (22.2%), nausea
(21.5%), dysgeusia (20.6%), somnolence (14.9%), headache
(13.7%), paranesthesia (11.0%), dissociation (11.0%), feel-
ing abnormal (10.8%), vision blurred (10.3%) and sedation
(10.1%). In the safety (OP) analysis set, the most common
TEAEs during the OP phase were vertigo (20.0%), dysgeu-
sia (17.4%), somnolence (13.8%), dizziness (13.4%), head-
ache (12.5%) and nausea (10.5%). In the safety (MA)
analysis set, the most common TEAEs in esketamine+oral
AD during the double-blind MA phase were dysgeusia
(26.3%), vertigo (25.0%), somnolence (21.1%), dizziness
(20.4%), headache (17.8%), nausea (16.4%), vision blurred
(15.8%), dissociation (13.8%) and hypoesthesia oral (13.
2%). There was no TEAE in =10% of subjects with oral
AD+placebo in the safety (MA) analysis set. For the TEP
subjects, the most common TEAE was headache (18.6%)
during the OP phase, and viral upper respiratory tract
infection (24.1%), headache (22.2%) and dysgeusia (14.8%)
during the MA phase.

[1078] There were no deaths reported in this study.
[1079] There were 32 subjects with 39 serious adverse
events (SAEs) reported in this study. A total of 13 subjects
experienced serious treatment-emergent adverse events (TE-
AEs) during the IND phase in the safety (IND) analysis set.
Three subjects had serious TEAEs considered as of very
likely relationship to intranasal esketamine by the investi-
gators: disorientation (Day 1), suicidal ideation (Day 8),
sedation (Day 22), and one subject had two serious TEAEs
on the same day (Day 5) considered as of very likely
relationship to intranasal esketamine: autonomic nervous
system imbalance and simple partial seizures. One subject
had a serious TEAE considered by the investigator as
probably related to intranasal esketamine: lacunar stroke
(Day 1). One subject had a serious TEAE considered pos-
sibly related to intranasal esketamine: hypothermia (Day
10). Eleven subjects experienced serious treatment-emer-
gent adverse events during the OP phase in the safety (OP)
analysis set. No serious TEAEs were considered to be
possibly, probably or very likely related to esketamine. Five
subjects (4 in esketamine+oral AD, 1 in oral AD+placebo) in
the safety (MA) analysis set experienced serious treatment-
emergent adverse events during the MA phase. All the
events were considered as not related to intranasal medica-
tion or oral AD. Two subjects had serious AEs considered
not related to oral AD in the follow-up phase. One subject
experienced two serious AEs considered to be possibly
related to oral AD. No TEP subject experienced a serious
treatment-emergent adverse event during the OP phase. One
TEP subject experienced a serious TEAE during the MA
phase which was considered not related to intranasal medi-
cation or oral AD.

[1080] There were 22 subjects who discontinued the IND
phase intranasal study medication due to treatment-emer-
gent adverse events in the safety (IND) analysis set and 5
subjects who discontinued the OP phase intranasal study
medication due to treatment-emergent adverse events in the
safety (OP) analysis set. Per study design, these subjects
could continue the oral AD in the follow-up phase if
appropriate. Eight subjects discontinued the IND phase oral
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AD medication and 2 subjects discontinued the OP phase
oral AD medication due to treatment-emergent adverse
events. There were 7 subjects (4 subjects in esketamine+oral
AD, 3 subjects in oral AD+placebo) who discontinued the
MA phase intranasal study medication due to treatment-
emergent adverse events in the safety (MA) analysis set. Per
study design, these subjects could continue the oral AD in
the follow-up phase if appropriate. Three subjects in esket-
amine+oral AD arm discontinued the MA phase oral AD
study medication due to treatment-emergent adverse events;
no subjects in oral AD+intranasal placebo arm discontinued
the MA phase oral AD study medication due to treatment-
emergent adverse events. No TEP subjects discontinued the
OP phase intranasal study medication or oral AD due to
treatment-emergent adverse events in the safety (OP_TEP)
analysis set. There were 2 TEP subjects who discontinued
the MA phase intranasal study medication in the safety
(MA_TEP) analysis set. One of these subjects discontinued
the MA phase due to both intranasal and oral AD medica-
tions.

Other Safety Observations

[1081] Transient blood pressure increases for the esket-
amine+oral AD group peaked at 40 minutes post dose and
returned closer to predose levels by 1.5 hours post dose.
[1082] Dissociative/perceptual change symptoms mea-
sured by the CADSS, suggest onset of these symptoms
occurred shortly after the start of the intranasal dosing
session and resolved by 1.5 hours post dose.

[1083] The proportion of subjects with sedation (as mea-
sured by the MOAA/S scale <3) was <3.9% for esketamine+
oral AD for each dosing day in all phases.

Subject and Treatment Information

[1084] A total of 1097 subjects were enrolled across 164
sites in 16 countries (Belgium, Brazil, Canada, Czech
Republic, FEstonia, France, Germany, Hungary, Italy,
Mexico, Poland, Slovakia, Spain, Sweden, Turkey, and
United States). Excluding 378 screen failures and 14 sub-
jects from site PL.10002 due to GCP issues, 705 subjects
with a DSM-5 (Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition) diagnosis of MDD were enrolled.
[1085] Four hundred thirty-seven subjects were directly
enrolled into the 3003 study, 150 subjects were transferred
from the ESKETINTRD3001 study, and 118 subjects were
transferred from the ESKETINTRD3002 study. Results are
presented in Table 73.

TABLE 73

Number of Direct-entry and Transferred-entry Subjects Enrolled in Study
(Study ESKETINTRD3003: All Enrolled Analysis Set)

Total
(N = 705)

Direct-entry subjects in study

ESKETINTRD3003
Transferred-entry subjects from:

437 (62.0%)

Study ESKETINTRD3001
Transfer-entry Placebo

Transfer-entry Esketamine
Study ESKETINTRD3002

150 (21.3%)
38 (5.4%)
112 (15.9%)
118 (16.7%)

Jan. 4, 2024

TABLE 73-continued

Number of Direct-entry and Transferred-entry Subjects Enrolled in Study
(Study ESKETINTRD3003: All Enrolled Analysis Set)

Total
(N = 705)
Transfer-entry Placebo 48 (6.8%)
Transfer-entry Esketamine 70 (9.9%)

[1086] The number of subjects in each phase and analysis
set is presented in Table 74.

TABLE 74

Number of Subjects in Each Phase and Analysis Set
(Study ESKETINTRD3003: All Enrolled Analysis Set)

Intranasal Oral AD +
Esk + Intranasal

Oral AD Placebo Total
Open-label induction phase
Full (IND) 430 N/A 430
Safety (IND) 437 N/A 437
Optimization phase
Full (OP) 452 0 452
Safety (OP) 455 0 455
Safety transfer-entry placebo (OP) ¢ 0 86 86
Maintenance phase
Interim full (stable remitters) ® 49 47 96
Full (stable remitters) 20 86 176
Full (stable responders) 62 59 121
Safety (MA) 152 145 297
Safety (stable remitters) 20 86 176
Safety transfer-entry placebo (MA) < 0 54 54
Follow-up phase
Follow-up 481 64 545

@ Transferred entry subjects who continued to receive an oral antidepressant plus intranasal
Placebo.

5 Full (Stable Remitters) analysis set at the time of interim analysis. Stable Remission:
MADRS total score <12 for at least 3 of the last 4 weeks of the optimization phase, but
one excursion of a MADRS total score >12 or one missing MADRS assessment is
permitted at Optimization week 13 or 14 only. The MADRS total score at weeks 15 and
16 must be <12. Stable Response: 250% reduction in the MADRS total score from baseline
(Day 1 of induction phase; pre-randomization/prior to the first intranasal dose) in each of
the last 2 weeks of the optimization phase, but does not meet criteria for stable remission.
For transferred-entry subjects, Day 1 of the open-label induction phase will take place in
studies ESKETINTRD3001 or ESKETINTRD3002.

Study Completion/Withdrawal Information

[1087] Of the 437 safety (IND) analysis set subjects
(direct-entry subjects only), 273 (62.5%) subjects completed
the 28-day IND phase and 164 (37.5%) withdrew. Results
are presented in Table 75. The majority of subjects were
discontinued from the IND phase due to subject ‘did not
meet criteria for continuing into the next phase’(114 sub-
jects).

TABLE 75

Study Completion/Withdrawal Information: Open-label Induction Phase
(Study ESKETINTRD3003: Safety (IND) Analysis Set)

Intranasal Esk + Oral AD
(N =437)

Continued to optimization phase

Withdrawn during open-label induction phase
Adverse event

Lack of efficacy

273 (62.5%)
164 (37.5%)
22 (5.0%)
2 (0.5%)
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TABLE 77-continued

Study Completion/Withdrawal Information: Open-label Induction Phase
(Study ESKETINTRD3003: Safety (IND) Analysis Set)

Study Completion/Withdrawal Information; Optimization Phase
(Study ESKETINTRD3003: Safety (OP_TEP) Analysis Set)

Intranasal Esk + Oral AD

(N =437)
Lost to follow-up 1 (0.2%)
Protocol violation 2 (0.5%)

Subject does not meet criteria for
continuing into the next phase

Withdrawal by subject 15 (3.4%)
Other 8 (1.8%)

114 (26.1%)

[1088] Of the 455 subjects entering the OP phase (includ-
ing 182 esketamine-treated transferred-entry subjects from
the TRD3001 or TRD3002 study) in the safety (OP) analysis
set, 297 (65.3%) subjects completed the 12-week OP phase
and 158 (34.7%) subjects withdrew. Results are presented in
Table 76.

TABLE 76

Study Completion/Withdrawal Information; Optimization Phase
(Study ESKETINTRD3003: Safety (OP) Analysis Set)

Intranasal Esk + Oral AD
(N = 455)

Continued to maintenance phase
Withdrawn during optimization phase

297 (65.3%)
158 (34.7%)

Adverse event 5 (1.1%)
Lack of efficacy 8 (1.8%)
Lost to follow-up 2 (0.4%)
MADRS total score =22 for 2 14 (3.1%)
consecutive visit ¢

Protocol violation 4 (0.9%)

Subject does not meet criteria for
continuing into the next phase
Subject does not meet criteria for
stable remission or stable response

107 (23.5%)

106 (23.3%)

Subject missed =3 MADRS 1 (0.2%)
assessments ©

Withdrawal by subject 8 (1.8%)
Other 10 (2.2%)

@ This criterion applies to subjects prior to Protocol Amendment 3.
® This criterion applies to subjects prior to Protocol Amendment 4.

[1089] The most frequent reasons for discontinuation were
due to subject ‘did not meet criteria for continuing into the
next phase’(107 subjects). Note that the safety (OP) and
safety (MA) analysis sets do not include the transferred-
entry subjects who continued to receive oral AD+placebo
(TEP) during the subsequent phases, see Tables 77 and 78
for Study Completion/Withdrawal Information for these
analysis sets.

TABLE 77

Study Completion/Withdrawal Information; Optimization Phase
(Study ESKETINTRD3003: Safety (OP_TEP) Analysis Set)

Oral AD +
Intranasal Placebo

(N = 86)

54 (62.8%)
32 (37.2%)
1(1.2%)
5 (5.8%)

Continued to maintenance phase
Withdrawn during optimization phase
Lost to follow-up

MADRS total score =22 for 2
consecutive visit ¢

Oral AD +
Intranasal Placebo

(N = 86)

Protocol violation

Subject does not meet criteria for
continuing into the next phase

Subject does not meet criteria for stable
remission or stable response

1 (1.2%)
20 (23.3%)

18 (20.9%)

Subject missed =3 MADRS assessments © 2 (2.3%)
Withdrawal by subject 3 (3.5%)
Other 2 (2.3%)

@ This criterion applies to subjects prior to Protocol Amendment 3.
® This criterion applies to subjects prior to Protocol Amendment 4.

TABLE 78

Study Completion/Withdrawal Information; Maintenance Phase (Study
ESKETINTRD3003: Safety (MA TEP) Analysis Set)

Oral AD + Intranasal Placebo
(N = 54)

Completed maintenance phase
Subjects who relapsed

Subjects who remained relapse-free ¢
Withdrawn during maintenance phase

44 (81.5%)
13 (24.1%)
31 (57.4%)
10 (18.5%)

Adverse event 2 (3.7%)
Protocol violation 1 (1.9%)
Withdrawal by subject 3 (5.6%)
Other 4 (7.4%)

@ Subjects were considered completers if they were relapse-free at the time of the study
termination

[1090] Of the 176 subjects in the full (stable remitters)
analysis set, 159 (90.3%) subjects completed the MA phase
(of those, 63 (35.8%) had a relapse event and 96 (54.5%)
remained relapse-free at the time of the study termination).
Results are presented in Table 79. The most frequent reason
for withdrawal was ‘other’ (8 subjects).

TABLE 79

Study Completion/Withdrawal Information; Maintenance Phase (Study
ESKETINTRD3003: Full (Stable Remitters) Analysis Set)

Oral AD +
Intranasal Esk + Intranasal
Oral AD Placebo Total
(N = 90) (N =86 (N=176)

Completed maintenance phase
Subjects who relapsed
Subjects who remained
relapse-free ¢

82 (91.1%)
24 (26.7%)
58 (64.4%)

77 (89.5%) 159 (90.3%)
39 (45.3%) 63 (35.8%)
38 (44.2%) 96 (54.5%)

Withdrawn during 8 (8.9%) 9 (10.5%) 17 (9.7%)
maintenance phase

Adverse event 1(1.1%) 1(1.2%) 2 (1.1%)
Pregnancy 1(1.1%) 0 1 (0.6%)
Withdrawal by subject 3 (3.3%) 3 (3.5%) 6 (3.4%)
Other 3 (3.3%) 5 (5.8%) 8 (4.5%)

¢ Subjects were considered completers if they were relapse-free at the time of the study
termination

[1091] Of the 121 subjects in the full (stable responders)
analysis set, 113 (93.4%) subjects completed the MA phase
(of those, 50 (41.3%) had a relapse event and 63 (52.1%)
remained relapse-free at the time of the study termination).
Results are presented in Table 80. The most frequent reason
for withdrawal was ‘withdrawal by subject’ (3 subjects).
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TABLE 80 TABLE 81-continued
Study Completion/Withdrawal Information; Maintenance Phase (Study Demographic and Baseline (IND) Characteristics
ESKETINTRD3003: Full (Stable Responders) Analysis Set) (Study ESKETINTRD3003: All Enrolled Analysis Set)
Intranasal Oral AD + Total
Esk + Intranasal (N = 705)
Oral AD  Placebo Total
(N=62) (N=59) (N=121) Baseline weight (kg)
Completed maintenance phase 57 (91.9%) 56 (94.9%) 113 (93.4%) N 705
Subjects who relapsed 16 (25.8%) 34 (57.6%) 50 (41.3%) Mean (SD) 81.61 (19.408)
Subjects who remained 41 (66.1%) 22 (37.3%) 63 (52.1%) Median 80.00
relapse-free ¢ Range (44.1; 179.0)
Withdrawn during maintenance 5(18.1%) 3 (5.1%) 8 (6.6%) Baseline height (cm)
phase
Adverse event 0 1 (1.7%) 1 (0.8%) N 705
Lost to follow-up 1 (1.6%) 0 1 (0.8%) Mean (SD) 168.88 (10.185)
Noncompliance with study drug 0 1 (1.7%) 1 (0.8%) Median 168.00
Protocol violation 1 (1.6%) 0 1 (0.8%) Range (136.0; 210.3)
Withdrawal by subject 2 (3.2%) 1 (1.7%) 3 (2.5%) Baseline body mass index (kg/m?)
Other 1 (1.6%) 0 1 (0.8%)
N 705
@ Subjec_ts were considered completers if they were relapse-free at the time of the study Mean (SD) 28.6 (6_23)
termination Median 27.6
[1092] Subjects could enter the follow-up phase from the gﬁ?imgory (kg/m?), n (%) 7 67)
IND phase, OP phase or MA phase. A total of 545 subjects -
entered the follow-up phase and 532 (97.6%) completed the N 705
follow-up phase. Underweight <18.5 6 (0.9%)
Normal 18.5-<25 195 (27.7%)
: : s ol Overweight 25-<30 259 (36.7%)
Demographic and Baseline Characteristics Obess 30240 212 (301%)
[1093] Demographic and baseline characteristics are dis- Morbidly obese =40 33 (4.7%)
played in Table 81 for the all enrolled analysis set. The Employment status n (%) ©
majority of subjects enrolled were female (64.8%). N 705
Any type of employment 448 (63.5%)
TABLE 81 Any type of unemployment 180 (25.5%)
Other 77 (10.9%)
Demographic and Baseline (IND) Characteristics Hypertension status, n (%) ®
(Study ESKETINTRD3003: All Enrolled Analysis Set) N 205
Total Yes 147 (20.9%)
(N = 705) No 558 (79.1%)
Country, n (%)
Age (years)
N 705
N 705 Belgium 14 (2.0%)
Mean (SD) 46.1 (11.10) Brazil 64 (9.1%)
Median 47.0 Canada 5 (0.7%)
Range (18; 64) Czech Republic 99 (14.0%)
Age category (years), n (%) Estonia 1 (0.1%)
France 10 (1.4%)
N 705 Germany 7 (1.0%)
18-44 292 (41.4%) Hungary 35 (5.0%)
45-64 413 (58.6%) Italy 21 (3.0%)
Sex, n (%) Mexico 35 (5.0%)
Poland 132 (18.7%)
N 705 Slovakia 7 (1.0%)
Male 248 (35.2%) Spain 16 (2.3%)
Female 457 (64.8%) Sweden 16 (2.3%)
Race, n (%) Turkey 53 (7.5%)
United States 190 (27.0%)
N 705 Region, n (%)
American Indian or Alaskan native 1 (0.1%)
Asian 3 (0.4%) N 705
Black or African American 31 (4.4%) Europe 411 (58.3%)
White 635 (90.1%) North America 195 (27.7%)
Other 22 (3.1%) Other 99 (14.0%)
Multiple 4 (0.6%) Class of oral antidepressant, n (%)
Not Reported 9 (1.3%)
Ethnicity, n (%) N 699
SNRI 440 (62.9%)
N 705 SSRI 259 (37.1%)
Hispanic or Latino 94 (13.3%) Oral antidepressant, n (%)
Not Hispanic or Latino 600 (85.1%)
Not Reported 10 (1.4%) N 699
Unknown 1 (0.1%) Duloxetine 323 (46.2%)

Escitalopram 128 (18.3%)
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TABLE 82-continued

Demographic and Baseline (IND) Characteristics
(Study ESKETINTRD3003: All Enrolled Analysis Set)

Baseline (IND) Psychiatric History (Study
ESKETINTRD3003: All Enrolled Analysis Set)

Total Total
(N =705) (N =705)
Sertraline 130 (18.6%) Screening C-SSRS past 6 or 12 months %, n (%)
Venlafaxine extended release (XR) 118 (16.9%)
N 705

2 Any type of employment includes: any category containing “Employed”, Sheltered Work,
Housewife or Dependent Husband, and Student; any type of unemployment includes: any
category containing “Unemployed”; Other includes: Retired and No Information Avail-
able.

b Hypertension status is classified as Yes if hypertension is recorded in medical history.

[1094] The mean (SD) age was 46.1 (11.10) years, ranging
from 18 to 64 years. Baseline psychiatric history for the all
enrolled analysis set is presented in Table 82. The mean (SD)
baseline (IND) MADRS total score was 37.9 (5.50), ranging
from 4 to 53.

TABLE 82

Baseline (IND) Psychiatric History (Study
ESKETINTRD3003: All Enrolled Analysis Set)

Total

(N =705)
Age when diagnosed with MDD (years)
N 705
Mean (SD) 32.7 (11.70)
Median 32.0
Range (5; 64)
Baseline MADRS total score
N 705
Mean (SD) 37.9 (5.50)
Median 38.0
Range (4; 53)
Screening IDS-C30 total score
N 705
Mean (SD) 47.2 (7.26)
Median 47.0
Range (34; 76)
Baseline CGI-S
N 705
Mean (SD) 5.1 (0.66)
Median 5.0
Range 3;7)
Baseline CGI-S category, n (%)
N 705
Normal, not at all ill 0
Borderline mentally ill 0
Mildly ill 2 (0.3%)

Moderately ill
Markedly ill
Severely ill

98 (13.9%)
412 (58.4%)
187 (26.5%)

Among the most extremely ill patients 6 (0.9%)
Baseline PHQ-9 total score

N 705

Mean (SD) 19.9 (4.18)
Median 20.0

Range (3;27)
Screening C-SSRS lifetime ¢, n (%)

N 705

No event 407 (57.7%)

Suicidal ideation
Suicidal behavior

193 (27.4%)
105 (14.9%)

No event
Suicidal ideation (past 6 months)

499 (70.8%)
205 (29.1%)

Suicidal behavior (past 12 months) 1 (0.1%)
Duration of current episode (wks)

N 705

Mean (SD) 132.2 (209.18)
Median 64.0

Range (4; 2288)

Previous antidepressant medications 2, n (%)

N 702

1 77 (11.0%)
2 394 (56.1%)
3 150 (214%)
4 39 (8.4%)
5 20 (2.8%
8 1 (0.1%)
9 1 (0.1%)
Family history of depression, n (%)

N 705

Yes 318 (45.1%)
No 387 (54.9%)
Family history of anxiety disorder, n (%)

N 705

Yes 64 (9.1%)
No 641 (90.9%)
Family history of bipolar disorder, n (%)

N 705

Yes 46 (6.5%)
No 659 (93.5%)
Family history of schizophrenia,

N 705

Yes 28 (4.0%)
No 677 (96.0%)
Family history of alcohol abuse, n (%)

N 705

Yes 95 (13.5%)
No 610 (86.5%)
Family history of substance abuse, n (%)

N 705

Yes 29 (4.1%)
No 676 (95.9%)

% C-SSRS category: No event = 0, Suicidal ideation = 1, 2, 3, 4, 5; Suicidal behavior = 6,
7,8,9,10

® Number of antidepressant medications with non-response (defined as <25% improve-
ment) taken for at least 6 weeks during the current episode as obtained from MGH-ATRQ
at the time of first screening visit.

[1095] Demographic and baseline characteristics, and
baseline psychiatric history for the safety (IND) analysis set
are displayed in the Tables 83 and 84. The majority of
subjects enrolled were female (61.3%). The mean (SD) age
was 46.5 (10.96) years, ranging from 19 to 64 years. The
mean (SD) baseline (IND) MADRS total score was 37.8
(5.51), ranging from 4 to 53.
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TABLE 83 TABLE 83-continued

Demographic and Baseline (IND) Characteristic Study
ESKETINTRD300 Safety (IND) Analysis Set)

Demographic and Baseline (IND) Characteristic Study
ESKETINTRD300 Safety (IND) Analysis Set)

Total Total
(N =437) (N =437)
Age (years) Hungary 33 (7.6%)
Ttaly 21 (4.8%)
N 437 Poland 106 (24.3%)
Mean (SD) 46.5 (10.96) Spain 10 (2.3%)
Median 48.0 Sweden 16 (3.7%)
Range (19; 64) Turkey 53 (12.1%)
Age category (years), n (%) United States 111 (25.4%)
Region, n (%)
N 437
18-44 173 (39.6%) N 437
45-64 264 (60.4%) Europe 298 (68.2%)
Sex, n (%) North America 111 (25.4%)
Other 28 (6.4%)
N 437 Class of oral antidepressant, n (%)
Male 169 (38.7%)
Female 268 (61.3%) N 431
Race, 1 (%) SNRI 266 (61.7%)
SSRI 165 (38.3%)
N . 437 Oral antidepressant, n (%)
Asian 1 (0.2%)
Black or African American 18 (4.1%) N 431
White 413 (94.5%) Duloxetine 195 (45.2%)
Other 1 (0.2%) Escital 76 (17.6%
Multiple 4 (0.9%) scitalopram (17.6%)
Ethnicity, n (%) Seltrallm? 89 (20.6%)
Venlafaxine extended release (XR) 71 (16.5%)
N 437
Hispanic or Latino 31 (7.1%) ¢ Any type of employment includes: any category containing “Employed”, Sheltered Work,

Not Hispanic or Latino
Baseline weight (kg)

406 (92.9%)

N

Mean (SD)

Median

Range

Baseline height (cm)

437
81.53 (19.305)
80.00

(47.2; 179.0)

N

Mean (SD)
Median
Range

Baseline body mass index (kg/m?)

437
169.22 (10.016)
168.20

(136.0; 210.3)

N

Mean (SD)

Median

Range

BMI category (kg/m?), n (%)

437
28.5 (6.35)
274
(18; 67)

N

Underweight <18.5

Normal 18.5-<25
Overweight 25-<30

Obese 30-<40

Morbidly obese =40
Employment status, n (%) ¢

437
4 (0.9%)

128 (29.3%)

159 (36.4%)

124 (28.4%)
22 (5.0%)

N

Any type of employment
Any type of unemployment
Other

Hypertension status, n (%) ©

437
280 (64.1%)
109 (24.9%)

48 (11.0%)

N

Yes

No

Country, n (%)

437
94 (21.5%)
343 (78.5%)

N
Brazil
Czech Republic

437
28 (6.4%)
59 (13.5%)

Housewife or Dependent Husband, and Student; any type of unemployment includes: any
category contaiming “Unemployed”; Other includes: Retired and No Information Avail-

able.

b Hypertension status is classified as Yes if hypertension is recorded in medical history.

TABLE 84

Baseline (IND) Psychiatric History (Study
ESKETINTRD3003: Safety (IND) Analysis Set)

Total

(N =437)
Age when diagnosed with MDD (years)
N 437
Mean (SD) 32.3 (11.35)
Median 31.0
Range (5; 61)
Baseline MADRS total score
N 437
Mean (SD) 37.8 (5.51)
Median 38.0
Range (4; 53)
Screening IDS-C30 total score
N 437
Mean (SD) 47.4 (7.36)
Median 47.0
Range (34; 76)
Baseline CGI-S
N 437
Mean (SD) 5.2 (9.65)
Median 5.0
Range 3;7)
Baseline CGI-S category, n (%)
N 437
Normal, not at all ill 0
Borderline mentally ill 0
Mildly ill 2 (0.5%)
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TABLE 84-continued

Baseline (IND) Psychiatric History (Study
ESKETINTRD3003: Safety (IND) Analysis Set)

Total
(N =437)

Moderately ill

Markedly ill

Severely ill

Among the most extremely ill patients
Baseline PHQ-9 total score

54 (12.4%)
258 (59.0%)
119 (27.2%)

4 (0.9%)

N

Mean (SD)

Median

Range

Screening C-SSRS lifetime #, n (%)

437
19.6 (4.32)
200

(3;27)

N

No event
Suicidal ideation
Suicidal behavior

Screening C-SSRS past 6 or 12 months “, n (%)

437
252 (57.7%)
118 (27.0%)

67 (15.3%)

N

No event

Suicidal ideation (past 6 months)
Suicidal behavior (past 12 months)
Duration of current episode (wks)

437
320 (73.2%)
117 (26.8%)
0

N

Mean (SD)
Median
Range

Previous antidepressant medications ®, n (%)

437

117.3 (186.94)
59.0

(4; 1560)

Ookh-bwl\.)h‘z

436
46 (10.6%)
243 (55.7%)
92 (211%)

Baseline (IND) Psychiatric History (Study
ESKETINTRD3003: Safety (IND) Analysis Set)

Total

(N =437)
Family history of depression, n (%)
N 437
Yes 174 (39.8%)
No 263 (60.2%)
Family history of anxiety disorder, n (%)
N 437
Yes 40 (9.2%)
No 397 (90.8%)
Family history of bipolar disorder, n (%)
N 437
Yes 24 (5.5%)
No 413 (94.5%)
Family history of schizophrenia, n (%)
N 437
Yes 17 (3.9%)
No 420 (96.1%)
Family history of alcohol abuse, n (%)
N 437
Yes 58 (13.3%)
No 379 (86.7%)
Family history of substance abuse, n (%)
N 437
Yes 14 (3.2%)
No 423 (96.8%)

2 C-SSRS category: No event = 0; Suicidal ideation = 1, 2, 3, 4, 5; Suicidal behavior = 6,
7,8,9,10

% Number of antidepressant medications with non-response (defined as <25% improve-
ment) taken for at least 6 weeks during the current episode as obtained from MGH-ATRQ
at the time of first screening visit.

[1096] Demographic and baseline characteristics, and
baseline psychiatric history for the full (stable remitters)

analysis set are displayed in the Tables 85 and 86. The
majority of the stable remitters randomized to the MA phase

39 (8.9%) were female (66.5%). The mean (SD) age was 45.8 (11.64)
15 (3.4%) years, ranging from 19 to 64 years. The mean (SD) baseline
1 (0.2%) (IND) MADRS total score was 37.5 (4.93), ranging from 26
to 49.
TABLE 85
Demographic and Baseline (IND) Characteristics (Study ESKETINTRD3003: Full
(Stable Remitters) Analysis Set)
Intranasal Oral AD +
Esk + Intranasal
Oral AD Placebo Total
(N = 90) (N = 86) (N = 176)
Age (years)
N 90 86 176
Mean (SD) 454 (12.12) 462 (11.16)  45.8 (11.64)
Median 47.5 45.0 46.5
Ran (19; 64) (19; 64) (19; 64)
Age category (years), n (%)
N 90 86 176
18-44 38 (42.2%) 37 (43.0%) 75 (42.6%)
45-64 52 (57.8%) 49 (57.0%) 101 (57.4%)
Sex, n (%)
N 90 86 176
Male 32 (35.6%) 27 (31.4%) 59 (33.5%)
Female 58 (64.4%) 59 (68.6%) 117 (66.5%)
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Demographic and Baseline (IND) Characteristics (Study ESKETINTRD3003: Full
(Stable Remitters) Analysis Set)

Intranasal Oral AD +

Esk + Intranasal

Oral AD Placebo Total

(N =90) (N =286) (N =176)
Race, n (%)
N 90 86 176
Black or African American 4 (4.4%) 6 (7.0%) 10 (5.7%)
White 80 (88.9%) 76 (88.4%) 156 (88.6%)
American Indian or Alaskan native 0 1 (1.2%) 1 (0.6%)
Other 2 (2.2%) 1 (1.2%) 3 (1.7%)
Multiple 1(1.1%) 0 1 (0.6%)
Not Reported 3 (3.3%) 2 (2.3%) 5 (2.8%)
Ethnicity, n (%)
N 90 86 176

Hispanic or Latino
Not Hispanic or Latino
Not Reported

Baseline weight (kg)

N

Mean (SD)

Median

Range

Baseline height (cm)

N

Mean (SD)

Median

Range

Baseline body mass index (kg/m?)

N

Mean (SD)

Median

Range

BMI category (kg/m?), n (%)

N

Underweight <18.5

Normal 18.5-<25
Overweight 25-<30

Obese 30-<40

Morbidly obese =40
Employment status, n (%) ¢

N

Any type of employment
Any type of unemployment
Other

Hypertension status, n (%) ©

Yes
No
Country, n (%)

N
Belgium
Brazil
Canada
Czech Republic
France
Germany
Hungary
Ttaly
Mexico
Poland
Slovakia
Spain
Sweden

14 (15.6%)
73 (81.1%)
3 (3.3%)

90

82.78 (19.554) 84.21 (20.781)

82.05

(47.0; 147.0)

90

90
28.9 (5.75)

284
(18; 47)

90
2 (2.2%)
19 (21.1%)
32 (35.6%)
33 (36.7%)
4 (4.4%)

90
57 (63.3%)
23 (25.6%)
10 (11.1%)

90
23 (25.6%
67 (74.4%)

90
1(1.1%)
11 (12.2%)
1(1.1%)
14 (15.6%)
3 (3.3%)

0
2 (2.2%)
2 (2.2%)
5 (5.6%)
19 (21.1%)
2 (2.2%)
2 (2.2%)
3 (3.3%)

12 (14.0%)
72 (83.7%)
2 (2.3%)
86
81.05
(44.1; 179.0)

86

169.05 (11.330) 168.60 (9.673)
167.55
(150.0; 210.3)

166.00
(150.0; 192.0)

86
29.5 (6.26)

28.7

(20; 54)

86

<

18 (20.9%)

33 (38.4%)

30 (34.9%)
5 (5.8%)

86
54 (62.8%)
19 (22.1%)
13 (15.1%)

86
19 (22.1%)
67 (77.9%)

86

1 (1.2%)

11 (12.8%)
0

14 (16.3%)

3 (3.5%)

1 (1.2%)

2 (2.3%)

1 (1.2%)

5 (5.8%)

18 (20.9%)

1 (1.2%)

3 (3.5%)

3 (3.5%)

26 (14.8%)
145 (32.4%)
5 (2.8%)

176
83.48 (20.118)
82.00

(44.1; 179.0)

176
168.83 (10.525)
167.00

(150.0; 210.3)

176
29.2 (6.00)
28.6
(18; 54)

176
2 (1.1%)

37 (21.0%)

65 (36.9%)

63 (35.8%)
9 (5.1%)

176
111 (63.1%)
42 (23.9%)
23 (13.1%)

176
42 (23.9%)
134 (76.1%)

176
2 (1.1%)
22 (12.5%)
1 (0.6%)
28 (15.9%)
6 (3.4%)
1 (0.6%)
4 (2.3%)
3 (1.7%)
10 (5.7%)
37 (21.0%)
3 (1.7%)
5 (2.8%)
6 (3.4%)
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TABLE 85-continued

96

Demographic and Baseline (IND) Characteristics (Study ESKETINTRD3003: Full
(Stable Remitters) Analysis Set)

Intranasal Oral AD +

Esk + Intranasal

Oral AD Placebo Total

(N = 90) (N = 86) (N =176)
Turkey 4 (4.4%) 3 (3.5%) 7 (4.0%)

United States
Region, n (%)

21 (23.3%)

N

Europe

North America

Other

Class of oral antidepressant, n (%)

N

SNRI

SSRI

Oral antidepressant, n (%)

N

Duloxetine

Escitalopram

Sertraline

Venlafaxine extended release (XR)

90
52 (57.8%)
22 (24.4%)
16 (17,8%)

90
62 (68.9%)
28 (31.1%)

90
47 (52.2%)
13 (14.4%)
15 (16.7%)
15 (16.7%)

20 (23.3%)

86 176
50 (58.1%) 1
20 (23.3%)

16 (18.6%)

86 176
58 (67.4%) 1
28 (32.6%)

86 176
38 (44.2%)
14 (16.3%)
14 (16.3%)
20 (23.3%)

41 (23.3%)

02 (58.0%)
42 (23.9%)
32 (18.2%)

20 (68.2%)
56 (31.8%)

85 (48.3%)
27 (15.3%)
29 (16.5%)
35 (19.9%)

¢ Any type of employment includes: any category containing “Employed”, Sheltered Work, Housewife or
Dependent Husband, and Student; any type of unemployment includes: any category containing “Unem-
gloyed”; Other includes: Retired and No Information Available.

Hypertension status is classified as Yes if hypertension is recorded in medical history.

TABLE 86

Baseline (IND) Psychiatric History (Study ESKETINTRD3003: Full (Stable Remitters
Analysis Set)

Intranasal Oral AD +

Esk + Intranasal

Oral AD Placebo Total

(N =90) (N = 86) (N =176)
Age when diagnosed with MDD (years)
N 90 86 176
Mean (SD) 32.5 (11.42) 33.4 (11.41) 32.9 (11.39)
Median 33.0 32.0 325
Range (5; 55) (10; 60) (5; 60)
Baseline MADRS total score
N 90 86 176
Mean (SD) 37.4 (5.20) 37.6 (4.66) 37.5 (4.93)
Median 37.0 375 37.0
Range (26; 49) (28; 47) (26; 49)
Screening IDS-C30 total score
N 90 86 176
Mean (SD) 46.9 (6.24) 47.7 (7.77) 47.3 (7.02)
Median 46.0 48.0 47.0
Range (36; 64) (34; 73) (34; 73)
Baseline CGI-S
N 90 86 176
Mean (SD) 5.1 (0.69) 5.1 (0.71) 5.1 (0.70)
Median 5.0 5.0 5.0
Range 4 6) 37 (37
Baseline CGI-S category, n (%)
N 90 86 176
Normal, not at all ill 0 0 0
Borderline mentally ill 0 0 0
Mildly ill 0 1(1.2%) 1 (0.6%)

Moderately ill
Markedly ill
Severely ill

18 (20.0%) 13 (15.1%)
47 (52.2%) 51 (59.3%)
25 (27.8%) 19 (22.1%)

31 (17.6%)
98 (55.7%)
44 (25.0%)
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TABLE 86-continued

97

Baseline (IND) Psychiatric History (Study ESKETINTRD3003: Full (Stable Remitters
Analysis Set)

Intranasal Oral AD +

Esk + Intranasal

Oral AD Placebo Total

(N =90) (N = 86) (N =176)
Among the most extremely ill patients 0 2 (2.3%) 2 (1.1%)
Baseline PHQ-9 total score
N 90 36 176
Mean (SD) 19.2 (4.16) 19.8 (3.43) 19.5 (3.82)
Median 19.0 20.0 20.0
Range (5; 27) (10; 27) (5;27)
Screening C-SSRS lifetime #, n (%)
N 90 86 176
No event 64 (71.1%) 62 (72.1%) 126 (71.6%)

Suicidal ideation

Suicidal behavior

Screening C-SSRS past 6 or 12 months ¢,
n (%)

19 (21.1%)
7 (7.3%)

N

No event

Suicidal ideation (past 6 months)
Suicidal behavior (past 12 months)
Duration of current episode (wks)

)
72 (80.0%)
18 (20.0%)

0

N

Mean (SD)

Median

Range

Previous antidepressant medications 2, n
(%)

)
112.2 (171.30)
515

(12; 1040)

N

1
2
3
4
5
T,

amily history of depression, n (%)

)
10 (11.1%)
61 (67.8%)
11 (122%)

6 (6.7%)
2 (2.2%)

N

Yes

No

Family history of anxiety disorder, n (%)

)
39 (43.3%)
51 (56.7%)

N

Yes

No

Family history of bipolar disorder, n (%)

)
5 (5.6%)
85 (94.4%)

N

Yes

No

Family history of schizophrenia, n (%)

)
7 (7.8%)
83 (92.2%)

Yes
No
Family history of alcohol abuse, n (%)

)
4 (4.4%)
86 (95.6%)

N

Yes

No

Family history of substance abuse, n (%)

)
7 (7.8%)
83 (92.2%)

)
2 (2.2%)
88 (97.8%)

17 (19.8%)
7 (8.1%)

36
72 (83.7%)
14 (16.3%)

0

86
110.5 (147.41)
58.0

(©; 884)

84
10 (11.9%)
52 (61.9%)
15 (17.9%)

7 (8.3%)
0

86
36 (41.9%)
50 (58.1%)

36
4 (4.7%)
82 (95.3%)

86
5 (5.8%)
81 (94.2%)

86
1(1.2%)
85 (98.8%)

86
9 (10.5%)
77 (89.5%)

86
6 (7.0%)
80 (93.0%)

36 (20.5%)
14 (3.0%)

176
144 (81.8%)
32 (18.2%)
0

176
1114 (159.62)
54.0

(9; 1040)

174
20 (11.5%)
113 (64.9%)
26 (14.9%)
13 (7.5%)
2 (1.1%)

176
75 (42.6%)
101 (57.4%)

176
9 (5.1%)
167 (94.9%)

176
12 (6.8%)
164 (93.2%)

176
5 (2.8%)
171 (97.2%)

176
16 (9.1%)
160 (90.9%)

176
8 (4.5%)
168 (95.5%)

@ C-SSRS category: No event = 0; Suicidal ideation = 1, 2, 3, 4, 5; Suicidal behavior = 6, 7, 8, 9, 10

® Number of antidepressant medications with non-response (defined as <25% improvement) taken for at least 6
weeks during the current episode as obtained from MGH-ATRQ at the time of first screening visit.
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Extent of Exposure

[1097] The extent of exposure to intranasal study medi-
cation during the MA phase for the full (stable remitters)
analysis set and full (stable responders) analysis set are
displayed in Tables 87 and 88.

TABLE 87

Extent of Exposure to Intranasal Study Medication; Maintenance Phase (Study
ESKETINTRD3003: Full (Stable Remitters) Analysis Set)

Intranasal
Esk + Oral AD Oral AD + Intranasal Placebo

Total Cumulative  Total Cumulative

Duration Duration Duration Duration

(N =90) (N = 90) (N = 86) (N = 86)
Duration, weeks
N 90 90 86 86
Category, n (%)
<Week 4 (=28 days) 7 (7.8%) 7 (7.8%) 23 (26.7%) 23 (26.7%)
Week 4-8 (Days 29-56) 10 (11.1%) 17 (18.9%) 12 (14.0%) 35 (40.7%)
Week 8-12 (Days 57-84) 15 (16.7%) 32 (35.6%) 10 (11.6%) 45 (52.3%)
Week 12-16 (Days 85-112) 7 (7.8%) 39 (43.3%) 8 (9.3%) 53 (61.6%)

Week 16-20 (Days 113-140) 12 (13.3%) 51 (56.7%) 7(8.1%) 60 (69.8%)
Week 20-24 (Days 141-168) 9 (10.0%) 60 (66.7%) 4(47%) 64 (74.4%)
Week 24-28 (Days 169-196) 7 (7.8%) 67 (74.4%) 4(47%) 68 (79.1%)
Week 28-32 (Days 197-224) 4 (44%) 71 (78.9%) 7(8.1%) 75 (87.2%)
Week 32-36 (Days 225-252) 5 (5.6%) 76 (84.4%) 2(23%) 77 (89.5%)
Week 36-40 (Days 253-280) 4 (4.4%) 80 (88.9%) 2(23%) 79 (91.9%)
Week 40-44 (Days 281-308) 2 (22%) 82 (91.1%) 3(3.5%) 32 (95.3%)

Week 44-48 (Days 309-336) 1 (1.1%) 83 (92.2%) 1 (1.2%) 83 (96.5%)
>Week 48 (>Day 336) 7 (7.8%) 90 (100.0%) 3 (3.5%) 86 (100.0%)
Mean (SD) 21.1 (16.25) 16.0 (16.12)

Median 17.7 10.2

Range (0; 83) (0; 76)

The duration of exposure is defined as the duration between the date of the first exposure and the last date
of exposure to intranasal study medication in the Maintenance Phase. It includes days on which subjects did
not actually take intranasal study medication.

TABLE 88

Extent of Exposure to Intranasal Study Medication; Maintenance Phase (Study
ESKETINTRD3003: Full (Stable Responders) Analysis Set)

Intranasal
Esk + Oral AD Oral AD + intranasal Placebo

Total Cumulative  Total Cumulative

Duration Duration Duration Duration

(N =62) (N = 62) (N = 59) (N =59)
Duration, weeks
N 62 62 59 59
Category, n (%)
<Week 4 (=28 days) 3 (48%) 3 (4.8%) 18 (30.5%) 18 (305%)
Week 4-8 (Days 29-56) 13 (21.0%) 16 (25.8%) 9 (15.3%) 27 (45.8%)
Week 8-12 (Days 57-84) 9 (14.5%) 25 (40.3%) 8 (13.6%) 35 (59.3%)

Week 12-16 (Days 85-112) 4 (6.5%) 29 (46.8%) 5(8.5%) 40 (87.8%)
Week 16-20 (Days 113-140) 3 (4.8%) 32 (51.6%) 2 (34%) 42 (71.2%)
Week 20-24 (Days 141-168) 7 (11.3%) 39 (62.9%) 5(8.5%) 47 (79.7%)
Week 24-28 (Days 169-196) 4 (6.5%) 43 (69.4%) 5(8.5%) 52 (88.1%)
Week 28-32 (Days 197-224) 4 (6.5%) 47 (75.8%) 4(6.8%) 56 (94.9%)

Week 32-36 (Days 225-252) 2 (3.2%) 49 (79.0%) 1 (1.7%) 57 (96.6%)
Week 36-40 (Days 253-280) 2 (3.2%) 51 (82.3%) 0 57 (96.6%)
Week 40-44 (Days 281-308)  3(4.8%) 34 (87.1%) 0 57 (96.6%)
Week 44-48 (Days 309-336) 2 (3.2%) 56 (90.3%) 0 57 (96.6%)
>Week 48 (>Day 336) 6 (9.7%) 62 (100.0%) 2 (3.4%) 59 (100.0%)
Mean SD 23.4 (20.31) 13.3 (13.53)

Median 19.4 10.1

Range (3:91) (0; 70)

The duration of exposure is defined as the duration between the date of the first exposure and the last date
of exposure to intranasal study medication in the Maintenance Phase. It includes days on which subjects did
not actually take intranasal study medication.
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[1098] On Day 1 of the MA phase, 40/90 (44.4%) of the
subjects who received intranasal esketamine in the full
(stable remitters) analysis set were receiving the 56 mg dose
of esketamine and 50/90 (55.6%) were receiving the 84 mg
dose of esketamine. In the full (stable responders) analysis
set, 20/61 (32.8%) of the subjects were receiving the 56 mg
dose of esketamine and 41/61 (67.2%) of the subjects were
receiving the 84 mg dose of esketamine. Starting from Week
4 (MA), the intranasal treatment session frequency could be
adjusted (if applicable) at fixed, 4-week intervals. Tables 89
and 90 display the dosing regimen subjects were on at least
50% of the time during the MA phase for the full (stable
remitters) analysis set and full (stable responders) analysis
set. Of the 90 randomized stable remitters treated with
intranasal esketamine during the MA phase, 62 (68.9%)
subjects used an “every other week” dosing schedule the
majority of the time. Of the 62 randomized stable responders
treated with intranasal esketamine during the MA phase, 21
(33.9%) subjects used an “every other week” dosing sched-
ule the majority of the time.

TABLE 89

Frequency of Dosing Frequency (Weekly or Every Other Week)
Used the Majority of the Time Maintenance Phase (Study
ESKETINTRD3003: Full (Stable Remitters) Analysis Set)

Intranasal Esk + Oral AD +
Oral AD Intranasal Placebo
(N = 90) (N = 86)

Majority dosing frequency

Weekly
Every other week
Weekly or every other week

21 (23.3%)
62 (68.9%)
7 (7.8%)

27 (31.4%)
48 (55.8%)
11 (12.8%)

Majority dosing frequency is the regimen subjects were on at least 50% of the time in the
Maintenance Phase.

TABLE 90

Frequency of Dosing Frequency (Weekly or Every Other Week)
Used the Majority of the Time; Maintenance Phase (Study
ESKETINTRD3003: Full (Stable Responders) Analysis Set)

Intranasal Esk + Oral AD +
Oral AD intranasal Placebo
(N = 62) (N =59)

Majority dosing frequency

Weekly
Every other week
Weekly or every other week

34 (54.8%)
21 (33.9%)
7 (11.3%)

36 (61.0%)
19 (32.2%)
4 (6.8%)

Majority dosing frequency is the regimen subjects were on at least 50% of the time in the
Maintenance Phase.

Primary Endpoint Analysis

[1099] The interim efficacy analysis was performed at a
significance level of 0.0097 (two-sided). As the study was
not stopped for efficacy at the interim analysis, the final
efficacy analysis was performed at a significance level of
0.046 (two-sided).

[1100] The primary efficacy analyses are based on the full
(stable remitters) analysis set which is defined as random-
ized subjects who were in stable remission at the end of the
optimization phase and who received at least 1 dose of
intranasal study drug and 1 dose of oral antidepressant
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during the maintenance phase. One stable responder subject
who was incorrectly randomized as a stable remitter was
included in this analysis set. The primary efficacy endpoint
is the time from randomization to the first documentation
(earliest date) of a relapse during the maintenance phase in
esketamine-treated subjects who achieved stable remission
at the end of optimization phase.

[1101] Relapse is defined as any of the following:

[1102] MADRS total score =22 for 2 consecutive
assessments separated by 5 to 15 days. The date of the
second MADRS assessment was used for the date of
relapse.

[1103] Hospitalization for worsening depression or any
other clinically relevant event determined per clinical
judgment to be suggestive of a relapse of depressive
illness such as suicide attempt, completed suicide, or
hospitalization for suicide prevention. If hospitalized
for any of these events, the start date of hospitalization
was used for the date of relapse. Otherwise the date of
the event was used if the subject is not hospitalized.

[1104] In case both relapse criteria are met, the earlier
date was defined as the date of relapse for this subject.

[1105] One subject was randomized early (during the
Week 12 of the OP phase) but did not start the MA phase
until a week later. The time to relapse for this subject was
calculated from the start date of the maintenance phase. The
primary efficacy analysis was performed on the full (stable
remitters) analysis set, which included 175 stable remitters
and 1 stable responder (who was incorrectly randomized as
a stable remitter) at the end of the optimization phase after
treatment with intranasal esketamine plus an oral antide-
pressant. These subjects received at least 1 dose of intranasal
study drug and 1 dose of oral antidepressant during the
maintenance phase. As shown in Table 91 below, results
favored intranasal esketamine+oral AD in delaying relapse
compared to oral AD+intranasal placebo. Overall, 24 (26.
7%) subjects in the intranasal esketamine+oral AD group
and 39 (45.3%) subjects in the oral AD+intranasal placebo
group experienced a relapse event during the maintenance
phase. Based on the weighted combination test, the differ-
ence between treatment groups was statistically significant
(two-sided p=0.003) and was less than 0.046 (the threshold
of statistical significance). The estimated hazard ratio of
intranasal esketamine+oral AD relative to oral AD+intrana-
sal placebo based on weighted estimates was 0.49 (95% CI:
0.29, 0.84) using R. The calculation of the hazard ratio using
ADDPLAN was very similar 0.49 (0.29; 0.83).

TABLE 91

Time to Relapse and Number (%) of Subjects That Remained
Relapse Free; Maintenance Phase (Study ESKETINTRD3003:
Full (Stable Remitters) Analysis Set)

Intranasal Esk + Oral AD +

Oral AD Intranasal Placebo
Time to Relapse (days) ¢
Number assessed 20 86

Number censored (%)
Number of relapses (%) 24 (26.7%)
25% percentile (95% CI)  153.0 (105.0; 225.0) 33.0 (22.0; 48.0)
Median (95% CI) NE 273.0 (97.0; NE)
75% percentile (95% CI) NE NE

66 (73.3%) 47 (54.7%)

39 (45.3%)
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TABLE 91-continued

TABLE 93

Jan. 4, 2024

Time to Relapse and Number (%) of Subjects That Remained
Relapse Free; Maintenance Phase (Study ESKETINTRD3003:
Full (Stable Remitters) Analysis Set)

Cox Regression of Time to Relapse (Days) With Treatment as a
Factor; Maintenance Phase (Study ESKETINTRD3003:
Full (Stable Remitters) Analysis Set)

Oral AD +
Intranasal Placebo

Intranasal Esk +
Oral AD

Intranasal Esk +
Oral AD

Oral AD +
Intranasal Placebo

Hazard Ratio (95% CI) ®

0.49 (0.29; 0.84)
Two-sided P-value © 0.003

¢ Based on Kaplan-Meier product limit estimates.

® Hazard ratio and CI are weighted estimates based on Wassmer (2006) and calculated
using R.

¢ Two-sided P-value is based on the final test statistic, which is a weighted combination
of the log-rank test statistics calculated on the interim full analysis set and on the full
analysis set in stable remitters.

NE stands for Not Estimable.

[1106] Kaplan-Meier curves of the time to relapse for the
two treatment groups are presented in FIG. 51. The reasons
for relapse events for subjects who experienced a relapse are
summarized in Table 92. The most common reason for
relapse was a MADRS total score =22 for 2 consecutive
assessments separated by 5 to 15 days.

TABLE 92

Time to Relapse (days)®

Number of Assessed
Number of Censored (%)
Number of Events (%)
25% percentile (95% CI)
Median (95% CI)
75% percentile (95% CI)
Hazard Ratio (95% CI)®
Two-sided P-value®

90
66 (73.3%)
24 (26.7%)
153.0 (105.0; 225.0)
NE
NE
0.47 (0.28; 0.78)
0.003

86
47 (54.7%)
39 (45.3%)
33.0 (22.0; 48.0)
273.0 (97.0; NE)
NE

“Based on Kaplan-Meier product limit estimates.

bRegIession analysis of survival data based on Cox proportional hazards model with

treatment as a factor.
“Log-rank test.

NE stands for Not Estimable.

Frequency Distribution of Reason for Relapse; Maintenance Phase (Study

ESKETINTRD3003: Full (Stable Remitters) Analysis Set)

Intranasal Oral AD +

Esk + Intranasal

Oral AD Placebo Total

(N =90) (N = 86) N =176
Total number of subjects with relapse 24 39 63
Reason for relapse
MADRS total score =22 for two consecutive 18 (75.0%) 38 (97.4%) 56 (88.9%)
assessments ¢
Completed suicide or hospitalization for 6 (25.0%) 1 (2.6%) 7 (11.1%)
depression worsening/suicide
attempt/suicide prevention or other clinically
relevant event
AE Preferred Term
Depression 4 (16.7%) 1 (2.6%) 5 (7.9%)
Depressive symptom 1 (4.2%) 0 1 (1.6%)
Major depression 1 (4.2%) 0 1 (1.6%)

< Based on two consecutive assessments separated by 5 to 15 days.

Subgroup Analyses

[1107] A forest plot showing the hazard ratio based on the
Cox proportional hazards model for the preplanned sub-
groups are shown in FIG. 56. In general, the results favored
esketamine+oral AD treatment groups for the subgroups.

Sensitivity Analysis

[1108] Two sensitivity analyses were performed on the full
(stable remitters) analysis set using an unweighted log-rank
test and Cox proportional hazards model with the accumu-
lated 63 events and based on cutoff date of the 59% event.
Note the sensitivity analysis at the 59” event was actually
done with 61 relapses as 3 relapses occurred on the same day
as the 59” event. Results are presented in Tables 93 and 94.
The estimated hazard ratio of intranasal esketamine+oral AD
relative to oral AD+intranasal placebo was 0.47 (95% CI:
0.28, 0.78) based on the 63 events and 0.46 (0.27, 0.77)
based on the 61 events. The results are consistent with the
primary efficacy analysis.

TABLE 94

Cox Regression of Time to Relapse (Days) With Treatment as a Factor,
Using Cut-off Day of 59th Event; Maintenance Phase
(Study ESKETINTRD3003: Full (Stable Remitters) Analysis Set)

Intranasal Esk +
Oral AD

Oral AD +
Intranasal Placebo

Time to Relapse (days)®
Number of Assessed
Number of Censored (%)
Number of Events (%)
25% percentile (95% CI)
Median (95% CI)
75% percentile (95% CI)
Hazard Ratio (95% CI)®
Two-sided P-value®

90
67 (74.4%)
23 (25.6%)
153.0 (105.0; 225.0)
NE
NE
0.46 (0.27; 0.77)
0.003

86
48 (55.8%)
38 (44.2%)
33.0 (22.0; 48.0)
273.0 (103.0; NE)
NE

“Based on Kaplan-Meier product limit estimates.

bRegIession analysis of survival data based on Cox proportional hazards model with

treatment as a factor
“Log-rank test.

NE stands for Not Estimable.
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Other Secondary Efficacy Endopint Analysis

Time to Relapse in Stable Responders (but not Remitters)

[1109] The time between subject randomization and the
first documentation (earliest date) of a relapse in the main-
tenance phase was compared between treatment groups for
subjects in the full (stable responders) analysis set. One
subject was randomized early (during the Week 12 of the OP
phase) but did not start the MA phase until a week later, and
one subject skipped Week 1 of the MA phase. The time to
relapse for these two subjects was calculated from the start
date of the maintenance phase. As shown in Table 95 below,
results favored intranasal esketamine+oral AD in delaying
relapse compared to oral AD+intranasal placebo. Overall, 16
(25.8%) subjects on intranasal esketamine+oral AD and 34
(57.6%) subjects in the oral AD+intranasal placebo group
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experienced a relapse event during the maintenance phase.
The difference between treatment groups was statistically
significant (two-sided p<0.001) using a two-sided log-rank
test. The estimated hazard ratio of intranasal esketamine+
oral AD relative to oral AD+intranasal placebo based on the
Cox proportional hazards model with treatment as a factor
was 0.30 (95% CI: 0.16, 0.55). Kaplan-Meier curves of the
time to relapse for the two treatment groups are presented in
FIG. 52.

[1110] The median of time to relapse (95% CI) for the
esketamine+oral AD group was 635.0 (264.0; 635.0) days;
the median of time to relapse (95% CI) in the oral AD+nasal
spray placebo group was 88.0 (46.0; 196.0) days, based on
Kaplan-Meier estimates. As noted, the estimate of the
median time to relapse for the esketamine plus oral AD
group should be interpreted with caution as it is heavily
influenced by one subject who had a long time to relapse.

TABLE 95

Time to Relapse and Number (%) of Subjects That Remained Relapse Free;
Maintenance Phase (Study ESKETINTRD3003: Full (Stable Responders) Analysis Set)

Oral AD +
Intranasal Placebo

Intranasal EsK +
Oral AD

Time to Relapse (days) ¢
Number assessed
Number censored (%)
Number of relapses (%)
25% percentile (95% CI)
Median (95% CI)

75% percentile (95% CI)
Hazard Ratio (95% CI)®
Two-sided P-value®

62 59

46 (74.2%) 25 (42.4%)

16 (25.8%) 34 (57.6%)
217.0 (56.0; 635.0) 24.0 (17.0; 46.0)
635.0 (264.0; 635.0) 88.0 (46.0; 196.0)
635.0 (NE) NE
0.30 (0.16; 0.55)

<0.001

¢ Based on Kaplan-Meier product limit estimates.
bRegression analysis of survival data based on Cox proportional hazards model with treatment as a factor.

“Log-rank test.
NE stands for Not Estimable.

Safety

Summary of All Adverse Events

[1111] An overall summary of all treatment-emergent
adverse events (TEAEs) during the IND, OP and MA phases
for the safety (IND), safety (OP) and safety (MA) analysis
sets (safety (OP) and safety (MA) analysis sets do not
include the transferred-entry subjects who continued to
receive oral AD+placebo (TEP) during the subsequent
phases), are presented in Tables 96 to 98. Overall, 76.9% of
subjects experienced at least one TEAE during the IND
phase; 73.6% of subjects experienced at least one TEAE
during the OP phase in the safety (OP) analysis set; 82.2%
of subjects in the esketamine+oral AD group and 45.5% of
subjects in the oral AD+placebo experienced at least one
TEAE during the MA phase in the safety (MA) analysis set.

TABLE 96

Overall Summary of Treatment-emergent Adverse Events (TEAE); Open-label
Induction Phase (Study ESKETINTRD3003: Safety (IND) Analysis Set)

Intranasal Esk + Oral AD
(N = 437)

TEAE

336 (76.9%)

TEAE possibly related to intranasal drug
TEAE possibly related to oral antidepressant @
TEAE leading to death

301 (68.9%)
71 (16.2%)
0
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TABLE 96-continued

Overall Summary of Treatment-emergent Adverse Events (TEAE); Open-label
Induction Phase (Study ESKETINTRD3003: Safety (IND) Analysis Set)

Intranasal Esk + Oral AD

(N =437)
1 or more serious TEAE 13 (3.0%)
TEAE leading to intranasal drug withdrawn ® 22 (5.0%)
TEAE leading to oral antidepressant withdrawn ? 8 (1.8%)

@ Study drug relationships of possible, probable, and very likely are included in this category.

® An adverse event that started in the induction phase and resulted in discontinuation in a following phase
is counted as treatment-emergent in the induction phase.

Incidence is based on the number of subjects experiencing at least one adverse event, not the number of
events.

Adverse events are coded using MedDRA version 20.0.

TABLE 97

Overall Summary of Treatment-emergent Adverse Events (TEAE); Optimization Phase
(Study ESKETINTRD3003: Safety (OP) Analysis Set)

Intranasal Esk + Oral AD

(N = 455)

TEAE 335 (73.6%)
TEAE possibly related to intranasal drug 281 (61.8%)
TEAE possibly related to oral antidepressant ¢ 61 (13.4%)
TEAE leading to death 0

1 or more serious TEAE 11 (2.4%)
TEAE leading to intranasal drug withdrawn ® 5 (1.1%)
TEAE leading to oral antidepressant withdrawn 2 2 (0.4%)

@ Study drug relationships of possible, probable, and very likely are included in this category.

® An adverse event that started in the optimization phase and resulted in discontinuation in a following phase is
counted as treatment-emergent in the optimization phase.
Incidence is based on the number of subjects experiencing at least one adverse event, not the number of events.

Adverse events are coded using MedDRA version 20.0.

TABLE 98

Overall Summary of Treatment-emergent Adverse Events (TEAE); Maintenance Phase
(Study ESKETINTRD3003: Safety (MA) Analysis Set)

Intranasal Esk + Oral Oral AD + Intranasal

AD Placebo
(N =152) (N = 145)

TEAE 125 (82.2%) 66 (45.5%)
TEAE possibly related to intranasal drug ¢ 106 (69.7%) 37 (25.5%)
TEAE possibly related to oral antidepressant ¢ 13 (8.6%) 9 (6.2%)
TEAE leading to death 0 0
Severe TEAE 12 (7.9%) 6 (4.1%)
Moderate TEAE 72 (47.4%) 38 (26.2%)
Mild TEAE 41 (29%) 22 (15.2%)
1 or more serious TEAE 4 (2.6%) 1 (0.7%)
TEAE leading to intranasal drug withdrawn ® 4 (2.6%) 3 (2.1%)
TEAE leading to oral antidepressant withdrawn ? 3 (2.0%) 0

@ Study drug relationships of possible, probable, and very likely are included in this category.

® An adverse event that started in the maintenance phase and resulted in discontinuation in the follow-up phase is
counted as treatment-emergent in the maintenance phase.
Incidence is based on the number of subjects experiencing at least one adverse event, not the number of events.

Adverse events are coded using MedDRA version 20.0.

[1112] TEAEs for the transferred-entry subjects who con- 61.6% of TEP subjects experienced at least one TEAE
tinued to receive an oral AD+placebo during the OP and MA during the OP phase; 68.5% of TEP subjects experienced at
phase are summarized in the Tables 99 and 100. Overall, least one TEAE during the MA phase.
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TABLE 99

Overall Summary of Treatment-emergent Adverse Events (TEAE); Optimization Phase
(Study ESKETINTRD3003: Safety (OP_TEP) Analysis Set)

Oral AD + Intranasal Placebo

(N = 86)
TEAE 53 (61.6%)
TEAE possibly related to intranasal drug ¢ 27 (31.4%)
TEAE possibly related to oral antidepressant ¢ 10 (11.6%)
TEAE leading to death 0
1 or more serious TEAE 0
TEAE leading to intranasal drug withdrawn ® 0
TEAE leading to oral antidepressant withdrawn 2 0

¢ Study drug relationships of possible, probable, and very likely are included in this category.

® An adverse event that started in the optimization phase and resulted in discontinuation in a following phase
is counted as treatment-emergent in the optimization phase.

Incidence is based on the number of subjects experiencing at least one adverse event, not the number of
events.

Adverse events are coded using MedDRA version 20.0.

TABLE 100

Overall Summary of Treatment-emergent Adverse Events (TEAE); Maintenance
Phase (Study ESKETINTRD3003; Safety (MA_TEP) Analysis Set)

Oral AD + Intranasal Placebo

(N =54)
TEAE 37 (68.5%)
TEAE possibly related to intranasal drug ¢ 19 (35.2%)
TEAE possibly related to oral antidepressant ¢ 8 (14.8%)
TEAE leading to death 0

1 or more serious TEAE 1 (1.9%)
TEAE leading to intranasal drug withdrawn ® 2 (3.7%)
TEAE leading to oral antidepressant withdrawn ? 1 (1.9%)

@ Study drug relationships of possible, probable, and very likely are included in this category.

® An adverse event that started in the maintenance phase and resulted in discontinuation in the follow-up phase
is counted as treatment-emergent in the maintenance phase.
Incidence is based on the number of subjects experiencing at least one adverse event, not the number of events.

Adverse events are coded using MedDRA version 20.0.

Jan. 4, 2024

[1113] Treatment-emergent adverse events occurring dur-
ing the IND, OP and MA phase (=5% of subjects in any
treatment group) are summarized by treatment group for the
safety (IND), safety (OP) and safety (MA) analysis sets in
Tables 101-103. The most common TEAFEs (=10%) during
the IND phase were vertigo (22.7%), dizziness (22.2%),
nausea (21.5%), dysgeusia (20.6%), somnolence (14.9%),
headache (13.7%), paresthesia (11.0%), dissociation (11.
0%), feeling abnormal (10.8%), vision blurred (10.3%) and
sedation (10.1%) in the safety (IND) analysis set. The most
common TEAFEs during the OP phase were vertigo (20.0%),
dysgeusia (17.4%), somnolence (13.8%), dizziness (13.4%),

headache (12.5%) and nausea (10.5%) in the safety (OP)
analysis set. The most common TEAFEs in the esketamine+
oral AD group during the double-blind MA phase were
dysgeusia (26.3%), vertigo (25.0%), somnolence (21.1%),
dizziness (20.4%), headache (17.8%), nausea (16.4%),
vision blurred (15.8%), dissociation (13.8%) and hypoes-
thesia oral (13.2%) in the safety (MA) analysis set. There
were no TEAEs in =210% of subjects with oral AD+placebo
group in the safety (MA) analysis set. Most AEs were
observed post dose on dosing days and resolved on the same
day.

TABLE 101

Treatment-emergent Adverse Events in at Least 5% of Subjects; Open-label Induction Phase

(Study ESKETINTRD3003: Safety (IND) Analysis Set)

Intranasal Esk + Oral AD

(N =437)
Total no. subjects with TEAE 336 (76.9%)
Nervous system disorders 247 (56.5%)
Dizziness 97 (22.2%)
Dysgeusia 90 (20.6%)
Somnolence 65 (14.9%)
Headache 60 (13.7%)
Paresthesia 48 (11.0%)
Sedation 44 (10.1%)
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104

Treatment-emergent Adverse Events in at Least 5% of Subjects; Open-label Induction Phase
(Study ESKETINTRD3003: Safety (IND) Analysis Set)

Intranasal Esk + Oral AD

(N =437)

Dizziness postural 30 (6.9%)

Hypoesthesia 30 (6.9%)
Psychiatric disorders 153 (35.0%)
Dissociation 48 (11.0%)

A nxiety 31 (7.1%)

Gastrointestinal disorders
Nausea
Hypoestnesia oral
Vomiting
Ear and labyrinth disorders
Vertigo
General disorders and administration site conditions
Feeling abnormal
Respiratory, thoracic and mediastinal disorders
Nasal discomfort
Throat irritation
Eye disorders
Vision blurred
Investigations

Blood pressure increased

150 (34.3%)
94 (21.5%)
32 (7.3%)
29 (6.6%)
108 (24.7%)
99 (22.7%)
94 (21.5%)
47 (10.8%)
87 (19.9%)
28 (6.4%)
26 (5.9%)
65 (14.9%)
45 (10.3%)
42 (9.6%)
34 (7.8%)

Incidence is based on the number of subjects experiencing at least one adverse event, not the number of events.

Adverse events are coded using MedDRA version 20.0.

TABLE 102

Treatment-emergent Adverse Events in at Least 5% of Subjects; Optimization Phase (Study ESKETINTRD3003:

Safety (OP) Analysis Set)

Intranasal Esk + Oral AD

(N = 455)

Total no. subjects with TEAE
Nervous system disorders
Dysgeusia
Somnolence
Dizziness
Headache
Dizziness postural
Hypoesthesia
Paresthesia
Psychiatric disorders
Dissociation
Gastrointestinal disorders
Nausea
Hypoesthesia oral
Ear and labyrinth disorders
Vertigo
Respiratory, thoracic and mediastinal disorders
Nasal discomfort
General disorders and administration site conditions
Feeling abnormal
Investigations
Blood pressure increased
Eye disorders
Vision blurred

335 (73.6%)
208 (45.7%)
79 (17.4%)
63 (13.3%)
61 (13.4%)
57 (12.5%)
24 (5.3%)
24 (5.3%)
24 (5.3%)
123 (27.0%)
44 (9.7%)
115 (25.3%)
48 (10.5%)
34 (7.5%)
101 (22.2%)
91 (20.0%)
74 (16.3%)
26 (5.7%)
65 (14.3%)
33 (7.3%)
48 (10.5%)
26 (5.7%)
46 (10.1%)
29 (6.4%)

Incidence is based on the number of subjects experiencing at least one adverse event, not the number of events.

Adverse events are coded using MedDRA version 20.0.

Jan. 4, 2024
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TABLE 103

Treatment-emergent Adverse Events in at Least 5% of Subjects in Either Treatment
Group; Maintenance Phase (Study ESKETINTRD3003: Safety (MA) Analysis Set)

Oral AD +
Intranasal Esk + Oral AD Intranasal Placebo
(N =152) (N = 145)
Total no. subjects with TEAE 125 (82.2%) 66 (45.5%)
Nervous system disorders 83 (54.6%) 30 (20.7%)
Dysgeusia 40 (26.3%) 10 (6.9%)
Somnolence 32 (21.1%) 3 (2.1%)
Dizziness 31 (20.4%) 7 (4.8%)
Headache 27 (17.8%) 14 (9.7%)
Paresthesia 12 (7.9%) 0
Sedation 10 (6.6%) 1 (0.7%)
Hypoesthesia 9 (5.9%) 1 (0.7%)
Psychiatric disorders 56 (36.8%) 15 (10.3%)
Dissociation 21 (13.8%) 0
Anxiety 10 (6.6%) 5 (3.4%)
Confusional state 8 (5.3%) 0
Gastrointestinal disorders 53 (34.9%) 11 (7.6%)
Nausea 25 (16.4%) 1 (0.7%)
Hypoesthesia oral 20 (13.2%) 0
Vomiting 10 (6.6%) 1 (0.7%)
Paresthesia oral 8 (5.3%) 1 (0.7%)
Ear and labyrinth disorders 43 (28.3%) 9 (6.2%)
Vertigo 38 (25.0%) 8 (5.5%)
Eye disorders 32 (21.1%) 1 (0.7%)
Vision blurred 24 (15.8%) 1 (0.7%)
Diplopia 9 (5.9%) 0
Infections and infestations 32 (21.1%) 25 (17.2%)
Viral upper respiratory tract infection 11 (7.2%) 12 (8.3%)
Respiratory, thoracic and mediastinal 30 (19.7%) 11 (7.6%)
disorders
Nasal discomfort 11 (7.2%) 4 (2.8%)
Throat irritation 8 (5.3%) 1 (0.7%)
General disorders and administration site 28 (18.4%) 3 (2.1%)
conditions
Feeling abnormal 14 (9.2%) 1 (0.7%)
Investigations 19 (12.5%) 10 (6.9%)
Blood pressure increased 10 (6.6%) 5 (3.4%)

Incidence is based on the number of subjects experiencing at least one adverse event, not the number of events.
Adverse events are coded using MedDRA version 20.0.

m

[1114] Treatment-emergent adverse events occurring dur- TABLE 104-continued
ing the OP and MA phase (=5% of subjects) for the TEP
subjects are summarized for the safety (OPTEP) and safety
(MATEP) analysis sets in the Tables 104 and 105. The most
common TEAEs for the TEP subjects during the OP phase
was headache (18.6%). The most common TEAEs for the
TEP subjects during the MA phase were viral upper respi-

Treatment-emergent Adverse Events in at Least 5%
of Subjects; Optimization Phase (Study ESKETINTRD3003:
Safety (OP_TEP) Analysis Set)

ratory tract infection (24.1%), headache (22.2%) and dys- Oral AD + Intranasal Placebo
geusia (14.8%). (N = 86)
TABLE 104 Headache 16 (18.6%)
Dysgeusia 8 (9.3%)
Treatment-emergent Adverse Events in at Least 5% Dizziness 6 (7.0%)
of Subjects; Optimization Phase (Study lESKETINTRD3003: Sommolence 5 (5.8%)
Safety (OP_TEP) Analysis Set)
Psychiatric disorders 12 (14.0%)
Oral AD + Intranasal Placebo Anxiety 5 (5.8%)

(N = 86)

. . Incidence is based on the number of subjects experiencing at least one adverse event, not
Total no. subjects with TEAE 53 (61.6%) the number of events.

Nervous system disorders 30 (34.9%) Adverse events are coded using MedDRA version 20.0.
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Treatment-emergent Adverse Events in at Least 5% of Subjects; Maintenance Phase (Study ESKETINTRD3003:

Safety (MA_TEP) Analysis Set)

Oral AD + intranasal Placebo

N = 54)

Total no. subjects with TEAE
Infections and infestations
Viral upper respiratory tract infection
Urinary tract infection
Nervous system disorders
Headache
Dysgeusia
Somnolence
Gastrointestinal disorders
Diarrhea
Nausea
Musculoskeletal and connective tissue disorders
Musculoskeletal pain
Spinal pain

37 (68.5%)
24 (44.4%)
13 (24.1%)
3 (5.6%)
18 (33.3%)
12 (22.2%)
8 (14.8%)
4 (7.4%)
11 (20.4%)
4 (7.4%)
3 (5.6%)

Incidence is based on the number of subjects experiencing at least one adverse event, not the number of events.

Adverse events are coded using MedDRA version 20.0.

Adverse Events Leading to Study Drug Withdrawal

[1115] There were 22 subjects who discontinued the IND
phase intranasal study medication due to treatment-emer-
gent adverse events (Table 106) and 8 subjects who discon-
tinued the oral AD medication due to TEAEs (Table 107) in
the safety (IND) analysis set. There were 5 subjects who

discontinued the OP phase intranasal study medication due
to treatment-emergent adverse events (Table 108) and 2
subjects who discontinued the oral AD medication due to
TEAEs (Table 109) in the safety (OP) analysis set. Subjects
who discontinued intranasal study medication could con-
tinue the oral AD in the follow-up phase if appropriate.

TABLE 106

Treatment-emergent Adverse Events Leading to Discontinuation of Intranasal Study
Medication; Open-label Induction Phase (Study ESKETINTRD3003: Safety (IND) Analysis Set)

Intranasal Esk + Oral AD

(N =437)
Total no. subjects with TEAE leading to discontinuation ¢ 22 (5.0%)
Psychiatric disorders 11 (2.5%)
Anxiety 7 (1.6%)
Depression (0.5%)
Dissociation (0.5%)
Nightmare (0.2%)

Suicidal ideation
Nervous system disorders
Akathisia

Autonomic nervous system imbalance

Dizziness postural
Headache

Hypertonia

Lacunar stroke
Paresthesia

Sedation

Simple partial seizures
Tremor

General disorders and administraton site conditions

Asthenia

Chills

Feeling abnormal
Gastrointestinal disorders

Nausea

Vomiting
Investigations

Blood pressure increased

Musculoskeletal and connective tissue disorders

Muscular weakness

Musculoskeletal stiffness
Ear and labyrinth disorders

Vertigo

Renal and urinary disorders

Micturition urgency

(0.2%)
(1.8%)
(0.2%)
(0.2%)
(0.2%)
(0.2%)
(0.2%)
(0.2%)
(0.2%)
(0.2%)
(0.2%)
(0.2%)
(0.7%)
(0.2%)
(0.2%)
(0.2%)
(0.5%)
(0.5%)
(0.2%)
(0.5%)
(0.5%)
(0.5%)
(0.2%)
(0.2%)
(0.2%)
(0.2%)
(0.2%)
(0.2%)
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TABLE 106-continued

Treatment-emergent Adverse Events Leading to Discontinuation of Intranasal Study

Medication; Open-label Induction Phase (Study ESKETINTRD3003: Safety (IND) Analysis Set)

Intranasal Esk + Oral AD

(N =437)
Respiratory, thoracic and mediastinal disorders 1 (0.2%)
Dyspnea 1 (0.2%)

@ An adverse event that started in the induction phase and resulted in discontinuation in a following phase is counted as
treatment-emergent in the induction phase.

Incidence is based on the number of subjects experiencing at least one adverse event, not the number of events.

Adverse events are coded using MedDRA version 20.0.

TABLE 107

Treatment-emergent Adverse Events Leading to Discontinuation of Oral
Antidepressant; Open-label Induction Phase (Study ESKETINTRD3003: Safety (IND) Analysis Set)

Intranasal Esk + Oral AD

(N =437)
Total no. subjects with TEAE leading to discontinuation ¢ 8 (1.8%)
Psychiatric disorders 5 (1.1%)
Depression 3 (0.7%)
Anxiety 1 (0.2%)
Suicidal ideation 1 (0.2%)
Nervous system disorders 3 (0.7%)
Headache 1 (0.2%)
Lacunar stroke 1 (0.2%)
Tremor 1 (0.2%)
Renal and urinary disorders 1 (0.2%)
Micturition urgency 1 (0.2%)

¢ An adverse event that started in the induction phase and resulted in discontinuation in a following phase is counted as
treatment-emergent in the induction phase.

Incidence is based on the number of subjects experiencing at least one adverse event, not the number of events.
Adverse events are coded using MedDRA version 20.0.

1 subject who had completed the Day 25 intranasal medication and did not meet criteria for continuing to the next phase.
The action taken for the adverse event (depression) was indicated as oral AD drug withdrawn. This subject is considered
as a completer for the summary of study completion/withdrawal for the induction phase.

TABLE 108

Treatment-emergent Adverse Events Leading to Discontinuation of Intranasal Study
Medication; Optimization Phase (Study ESKETINTRD3003: Safety (OP) Analysis Set)

Intranasal Esk + Oral AD

(N = 455)

Total no. subjects with TEAE leading to discontinuation ¢ 5 (1.1%)
Investigations 2 (0.4%)
Gamma-glutamyltransferase increased 1 (0.2%)
Hepatic enzyme ncreased 1 (0.2%)
Psychiatric disorders 2 (0.4%)
Alcohol abuse 1 (0.2%)
Depression 1 (0.2%)
Ear and labyrinth disorders 1 (0.2%)
Tinnitus 1 (0.2%)

¢ An adverse event that started in the optimization phase and resulted in discontinuation in a following phase
is counted as treatment-emergent in the optimization phase.

Incidence is based on the number of subjects experiencing at least one adverse event, not the number of
events.

Adverse events are coded using MedDRA version 20.0.

Jan. 4, 2024
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Treatment-emergent Adverse Events Leading to Discontinuation of Oral
Antidepressant; Optimization Phase (Study ESKETINTRD3003: Safety (OP) Analysis Set)

Intranasal Esk + Oral AD

(N = 455)

Total no. subjects with TEAE leading to discontinuation ¢ 2 (0.4%)
Investigations 1 (0.2%)
Hepatic enzyme increased 1 (0.2%)
Psychiatric disorders 1 (0.2%)
Depression 1 (0.2%)

¢ An adverse event that started in the optimization phase and resulted in discontinuation in a following phase

is counted as treatment-emergent in the optimization phase.

Incidence is based on the number of subjects experiencing at least one adverse event, not the number of events.

Adverse events are coded using MedDRA version 20.0.

[1116]
oral AD, 3 subjects in oral AD+placebo) who discontinued

There were 7 subjects (4 subjects in esketamine+

the MA phase intranasal study medication due to treatment-
emergent adverse events in the safety (MA) analysis set
(Table 110). Four of these subjects (3 subjects in esket-
amine+oral AD, 1 subject in oral AD+placebo) had a relapse
during the maintenance phase and indicated for the adverse
event leading to relapse that the intranasal study medication
was discontinued due to this event. These subjects could
continue the oral AD in the follow-up phase if appropriate.
Three subjects in esketamine+oral AD arm discontinued the
MA phase oral antidepressant study medication due to
treatment-emergent adverse events in the safety (MA) analy-
sis set (Table 111). These three subjects had a relapse during
the maintenance phase and indicated for the adverse event
leading to relapse that the oral AD medication was discon-
tinued due to this event. No subjects in oral AD+intranasal
placebo arm discontinued the MA phase oral AD study
medication due to treatment-emergent adverse events.

TABLE 110

TABLE 111

Treatment-emergent Adverse Events Leading to Discontinuation
of Oral Antidepressant; Maintenance Phase (Study
ESKETINTRD3003: Safety (MA) Analysis Set)

Intranasal Esk + Oral AD +
Oral AD Intranasal Placebo
(N =152) (N = 145)
Total no. subjects with TEAE 3 (2.0%) 0
leading to discontinuation ¢
Psychiatric disorders 3 (2.0%) 0
Depression 3 (2.0%) 0

@ An adverse event that started in the maintenance phase and resulted in discontinuation
in the follow-up phase is counted as treatment-emergent in the maintenance phase.
Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 20.0. 3 subjects
who had a relapse event are included in this summary. The action taken for the relapse
adverse event was indicated as oral AD drug withdrawn. They are considered as a
completer for the summary of study completion/withdrawal for the maintenance phase.

[1117] There was no transferred-entry placebo subject
who discontinued the OP phase intranasal study medication
or oral AD due to treatment-emergent adverse events in the
safety (OP_TEP) analysis set (Tables 112 and 113).

Treatment-emergent Adverse Events Leading to Discontinuation of Intranasal Study
Medication; Maintenance Phase (Study ESKETINTRD3003: Safety (MA) Analysis Set)

Intranasal Esk + Oral AD +
Oral AD Intranasal Placebo
(N =152) (N = 145)
Total no. subjects with TEAE leading to 4 (2.6%) 3 (2.1%)
discontinuation <
Psychiatric disorders 4 (2.6%) 3 (2.1%)
Depression 3 (2.0%) 3 (2.1%)
Confusional state 1 (0.7%) 0

% An adverse event that started in the maintenance phase and resulted in discontinuation in the follow-up phase
is counted as treatment-emergent in the maintenance phase.

Incidence is based on the number of subjects experiencing at least one adverse event, not the number of events.
Adverse events are coded using MedDRA version 20.0.

4 subjects (3 in esketamine + oral AD, 1 in oral AD + placebo) who had a relapse event (depression) are included
in this summary. The action taken for the relapse adverse event was indicated as intranasal drug withdrawn. They
are considered as completers for the summary of study completion/withdrawal for the maintenance phase.
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TABLE 115-continued

Treatment-emergent Adverse Events Leading to Discontinuation
of Intranasal Study Medication; Optimization Phase
(Study ESKETINTRD3003: Safety (OP_TEP) Analysis Set)

Treatment-emergent Adverse Events Leading to Discontinuation
of Oral Antidepressant; Maintenance Phase
(Study ESKETINTRD3003: Safety (MA_ TEP) Analysis Set)

Oral AD + Intranasal
Placebo (N = 86)

Oral AD + Intranasal
Placebo (N = 54)

Total no. subjects with TEAE 0
leading to discontinuation ¢
No data to report —

@ An adverse event that started in the optimization phase and resulted in discontinuation
in a following phase is counted as treatment-emergent in the optimization phase. Incidence
is based on the number of subjects experiencing at least one adverse event, not the number
of events. Adverse events are coded using MedDRA version 20.0.

TABLE 113

Treatment-emergent Adverse Events Leading to
Discontinuation of Oral Antidepressant; Optimization Phase
(Study ESKETINTRD3003: Safety (OP_TEP) Analysis Set)

Oral AD + Intranasal
Placebo (N = 86)

Total no. subjects with TEAE 0
leading to discontinuation ¢
No data to report —

@ An adverse event that started in the optimization phase and resulted in discontinuation
in a following phase is counted as treatment-emergent in the optimization phase. Incidence
is based on the number of subjects experiencing at least one adverse event, not the number
of events. Adverse events are coded using MedDRA version 20.0.

[1118] There were 2 transferred-entry placebo subjects
who discontinued the MA phase intranasal study medication
in the safety (MA_TEP) analysis set. One of these subjects

discontinued the MA phase due to both intranasal and oral
AD medications and is included in both Tables 114 and 115.

TABLE 114

Treatment-emergent Adverse Events Leading to Discontinuation
of Intranasal Study Medication; Maintenance Phase
(Study ESKETINTRD3003: Safety (MA_ TEP) Analysis Set)

Oral AD + Intranasal
Placebo (N = 54)

Total no. subjects with TEAE 2 (3.7%)
leading to discontinuation ¢

Infections and infestations 1 (1.9%)
Nail infection 1 (1.9%)
Investigations 1 (1.9%)
Blood pressure increased 1 (1.9%)
Skin and subcutaneous tissue disorders 1 (1.9%)
Butterfly rash 1 (1.9%)
Rash 1 (1.9%)

% An adverse event that started in the maintenance phase and resulted in discontinuation
in tne follow-up phase is counted as treatment-emergent in the maintenance phase.
Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 20.0.

TABLE 115

Treatment-emergent Adverse Events Leading to Discontinuation
of Oral Antidepressant; Maintenance Phase
(Study ESKETINTRD3003: Safety (MA TEP) Analysis Set)

Oral AD + Intranasal
Placebo (N = 54)

Total no. subjects with TEAE 1 (1.9%)
leading to discontinuation ¢
Infections and infestations 1 (1.9%)

Nail infection 1 (1.9%)
Skin and subcutaneous tissue disorders 1 (1.9%)
Butterfly rash 1 (1.9%)
Rash 1 (1.9%)

@ An adverse event that started in the maintenance phase and resuited in discontinuation
in the follow-up phase is counted as treatment-emergent in the maintenance phase.
Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 20.0.

Serious Adverse Events

[1119] There were no deaths reported in this study.
[1120] There were 32 subjects with 39 serious adverse
events (SAEs) reported in this study. A total of 13 subjects
experienced serious treatment-emergent adverse events (TE-
AEs) during the IND phase in the safety (IND) analysis set
(Table 116).

TABLE 116

Treatment-emergent Serious Adverse Events; Open-label Induction Phase
(Study ESKETINTRD3003: Safety (IND) Analysis Set)

Intranasal Esk + Oral AD

(N =437)
Total no. subjects with a serious TEAE 13 (3.0%)
Psychiatric disorders 7 (1.6%)
Depression 3 (0.7%)
Anxiety 2 (0.5%)
Disorientation 1 (0.2%)
Suicidal ideation 1 (0.2%)
Nervous system disorders 3 (0.7%)
Autonomic nervous system imbalance 1 (0.2%)
Lacunar stroke 1 (0.2%)
Sedation 1 (0.2%)
Simple partial seizures 1 (0.2%)
General disorders and administration site 1 (0.2%)
conditions
Hypothermia 1 (0.2%)
Injury, poisoning and procedural complications 1 (0.2%)
Procedural pain 1 (0.2%)
Renal and urinary disorders 1 (0.2%)
Nephrolithiasis 1 (0.2%)
Vascular disorders 1 (0.2%)
Orthostatic hypotension 1 (0.2%)

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 20.0.

[1121] Three subjects had serious TEAEs considered as of
very likely relationship to intranasal esketamine by the
investigators: disorientation (Day 1), suicidal ideation (Day
8), sedation (Day 22), and one subject had two serious
TEAES considered as of very likely relationship to intranasal
esketamine: autonomic nervous system imbalance (Day 5)
and simple partial seizures (Day 5). One subject had a
serious TEAE considered by the investigator as probably
related to intranasal esketamine: lacunar stroke (Day 1). One
subject had a serious TEAE considered possibly related to
intranasal esketamine: hypothermia (Day 10). Eleven sub-
jects experienced serious treatment-emergent adverse events
during the OP phase in the safety (OP) analysis set (Table
117). No serious TEAEs were considered to be possibly,
probably or very likely related to esketamine.
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TABLE 117

Treatment-emergent Serious Adverse Events; Optimization Phase
(Study ESKETINTRD3003: Safety (OP) Analysis Set)

Intranasal Esk + Oral AD

(N = 455)
Total no. subjects with a serious TEAE 11 (2.4%)
Nervous system disorders 3 (0.7%)
Headache 1 (0.2%)
Migraine 1 (0.2%)
Paresthesia 1 (0.2%)
Infections and infestations 2 (0.4%)
Pneumonia 1 (0.2%)
Sepsis 1 (0.2%)
Psychiatric disorders 2 (0.4%)
Depression 1 (0.2%)
Panic attack 1 (0.2%)
Cardiac disorders 1 (0.2%)
Sinus tachycardia 1 (0.2%)
Gastrointestinal disorders 1 (0.2%)
Anal fissure 1 (0.2%)
General disorders and administration site 1 (0.2%)
conditions
Chest pain 1 (0.2%)
Hepatobiliary disorders 1 (0.2%)
Cholecystitis acute 1 (0.2%)
Musculoskeletal and connective tissue 1 (0.2%)
disorders
Pain in extremity 1 (0.2%)
Vascular disorders 1 (0.2%)
Hypertensive crisis 1 (0.2%)

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 20.0.

[1122] Five subjects (4 subjects in esketamine+oral AD, 1
subject in oral AD+placebo) in the safety (MA) analysis set
experienced serious treatment-emergent adverse events dur-
ing the MA phase (Table 118). All the events were consid-
ered as not related to intranasal medication or oral AD.

TABLE 118

Treatment-emergent Serious Adverse Events; Maintenance Phase
(Study ESKETINTRD3003: Safety (MA) Analysis Set)

Intranasal Oral AD +
Esk + Intranasal
Oral AD Placebo
(N =152) (N = 145)
Total no. subjects with a serious TEAE 4 (2.6%) 1 (0.7%)
Psychiatric disorders 3 (2.0%) 1 (0.7%)
Depression 2 (1.3%) 1 (0.7%)
Major depression 1 (0.7%) 0
Pregnancy, puerperium and perinatal 1 (0.7%) 0
conditions
Ectopic pregnancy 1 (0.7%) 0

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 20.0.

[1123] Two subjects had serious AEs considered not
related to oral AD in the follow-up phase (Table 119). One
subject experienced two serious AEs considered to be pos-
sibly related to oral AD.
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TABLE 119

Serious Adverse Events; Follow-up Phase
(Study ESKETINTRD3003: Follow-up Analysis Set)

Intranasal Oral AD +
Esk + Oral Intranasal
AD for Any Placebo
Phase for All Phases
(N = 481) (N =64)
Total no. subjects with a 3 (0.6%) 0
serious adverse event
General disorders and 1 (0.2%) 0
administration site conditions
Chest pain 1 (0.2%) 0
Musculoskeletal and 1 (0.2%) 0
connective tissue disorders
Intervertebral disc protrusion 1 (0.2%) 0
Psychiatric disorders 1 (0.2%) 0
Depression 1 (0.2%) 0
Mania 1 (0.2%) 0

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 20.0.

[1124] There was no transferred-entry placebo subject
who experienced a serious treatment-emergent adverse
event during the OP phase in the safety (OP_TEP) analysis
set (Table 120).

TABLE 120

Treatment-emergent Serious Adverse Events; Optimization Phase
(Study ESKETINTRD3003: Safety (OP_TEP) Analysis Set)

Oral AD +
Intranasal Placebo
(N = 86)

Total no. subjects with a serious TEAE 0
No data to report —

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 20.0.

[1125] One TEP subject experienced a serious TEAE
during the MA phase which was considered not related to
intranasal medication or oral AD (Table 121).

TABLE 121

Treatment-emergent Serious Adverse Events; Maintenance Phase
(Study ESKETINTRD3003: Safety (MA TEP) Analysis Set)

Oral AD +
Intranasal Placebo
(N =54)
Total no. subjects with a serious TEAE 1 (1.9%)
Injury, poisoning and procedural complica- 1 (1.9%)
tions
Clavicle fracture 1 (1.9%)

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events. Adverse events are coded using MedDRA version 20.0.

Vital Signs

[1126] FIGS. 53 and 54 present means for blood pressure
over time by treatment group in the maintenance phase.

[1127] Transient blood pressure increases peaked for the
esketamine group at approximately 40 minutes post dose
and returned closer to predose levels by 1.5 hours post dose.
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Other Safety Observations

Clinician-Assessed Dissociative Symptom Scale (CADSS)

[1128] The Clinician Administered Dissociative States
Scale (CADSS) was measured prior to the start of each dose,
at 40 minutes, and 1.5 hours postdose. The CADSS is used
to assess treatment emergent dissociative symptoms and
perceptual changes and the total score ranges from 0 to 92
with a higher score representing a more severe condition.
[1129] The dissociative and perceptual change symptoms
measured by the CADSS, suggest these symptoms had an
onset shortly after the start of the dose and resolved by 1.5
hours postdose (FIG. 55).

Modified Observer’s Assessment of Alertness/Sedation
(MOAA/S)

[1130] The Modified Observer’s Assessment of Alertness/
Sedation (MOAA/S) was used to measure treatment-emer-
gent sedation with correlation to levels of sedation defined
by the American Society of Anesthesiologists (ASA) con-
tinuum. The MOAA/S scores range from 0 (No response to
painful stimulus; corresponds to ASA continuum for general
anesthesia) to 5 (Readily responds to name spoken in normal
tone [awake]; corresponds to ASA continuum for minimal
sedation).

[1131] The proportion of subjects with sedation (as mea-
sured by the MOAA/S scale s 3) was <3.9% for esketamine+
oral AD for each dosing day in all phases.

Conclusions

[1132] Continued treatment with esketamine plus an oral
AD demonstrated statistically significant superiority to treat-
ment with an oral AD plus intranasal placebo in delaying
time to relapse in those who were in stable remission after
16 weeks of treatment with esketamine plus an oral AD.
[1133] In subjects who were in stable remission after 16
weeks of esketamine+oral AD treatment, continued treat-
ment with esketamine plus an oral AD demonstrated clini-
cally meaningful and statistically significant (two-sided p=0.
003) superiority to treatment with an oral AD+placebo nasal
spray as measured by delayed time to relapse.

[1134] Overall, 26.7% subjects on esketamine+oral AD
and 45.3% subjects on an oral AD+placebo nasal spray
experienced a relapse; the 6-month relapse rates based on
Kaplan Meier estimates were 34.5% and 48.6%, respec-
tively. The estimated hazard ratio (95% CI) of esketamine+
oral AD relative to oral AD+placebo based on weighted
estimates was 0.49 (0.29, 0.84), indicating, that at any time
point during the study period, subjects who were stable
remitters and continued treatment with esketamine+oral AD
group were on average 51% less likely to relapse than
subjects who switched to oral AD plus placebo. Based on
Kaplan-Meier estimates, median time to relapse (time point
at which the cumulative survival function equals 0.5 [or
50%]) for esketamine plus oral AD arm was not estimable
(NE) as this group never reached 50%. The median time to
relapse (95% CI) for oral AD plus placebo nasal spray was
273 (97.0; NE) days.

[1135] In subjects who are in stable response (but not in
remission) after 16 weeks of esketamine+oral AD treatment,
continued treatment with esketamine plus an oral AD dem-
onstrated clinically meaningful and statistically significant
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superiority to an oral AD plus placebo nasal spray in
delaying time to relapse (two-sided p<0.001).

[1136] The 6-month relapse rates based on Kaplan Meier
estimates were 24.4% and 59.4%, respectively. The esti-
mated hazard ratio of intranasal esketamine+oral AD rela-
tive to oral AD plus placebo nasal spray based on Cox
proportional hazards model was 0.30 (95% CI: 0.16, 0.55),
indicating that, at any time point during the study period,
subjects who were stable responders and continued treat-
ment with esketamine+oral AD group were on average 70%
less likely to have a relapse than subjects who switched to
the oral AD plus placebo nasal spray. Of note, the estimate
of the median time to relapse for esketamine plus oral AD
should be interpreted with caution as it is heavily influenced
by one subject who had a long time to relapse (i.e. 635 days).
[1137] As shown, continued treatment with esketamine
plus an oral AD demonstrated statistically significant supe-
riority to treatment with an oral AD alone in delaying time
to relapse in those who were in stable response (but not
remission) after 16 weeks of treatment with esketamine plus
an oral AD.

Example 5

Treatment Duration/Trial Duration

[1138] FEach subject participated in up to 4 phases: up to
4-week screening phase (direct-entry subjects only), a
4-week open-label induction (IND) phase (direct-entry sub-
jects and transferred-entry non responder subjects), a
48-week open-label optimization/maintenance (OP/MA)
phase (all responder subjects from the open label IND phase
of the current study, and transferred-entry responder sub-
jects), and a 4-week follow-up phase. The maximum dura-
tion of the subject’s participation in ESKETINTRD3004
study was 60 weeks for direct-entry subjects; 56 weeks for
transferred-entry non-responder subjects, and 52 weeks for
transferred-entry responder subjects. The sample size of 750
was estimated to have at least 300 subjects received treat-
ment with intranasal esketamine for 6 months and at least
100 subjects for 12 months. In addition, transfer-entry
subjects were enrolled from 3005 study to get 100 elderly
subjects dosed with esketamine. See, FIG. 57 for the trial
design.

Analysis Sets for Efficacy and Safety

[1139] The efficacy and safety analyses are based on the
full (IND) analysis set and the full (OP/MA) analysis set.
The full (IND) analysis set is defined as all subjects who
receive at least 1 dose of intranasal study medication or 1
dose of oral antidepressant in the open-label IND phase (for
direct-entry and transferred-entry non-responder subjects).
The full (OP/MA) analysis is defined as all subjects who
receive at least 1 dose of intranasal study medication or 1
dose of oral antidepressant in the OP/MA phase. Safety
variables include cognition function over time, treatment-
emergent adverse events (TEAEs), including TEAEs of
special interest, vital signs over time, Clinician-Adminis-
tered Dissociative Symptom Scale (CADDS) over time, and
Modified Observer’s Assessment of Alertness/Sedation
(MOAA/S) score <3. Efficacy variables include the MADRS
which consists of 10 items that cover all the core depressive
symptoms: each item is scored from 0 (symptom is not
present or is normal) to 6 (severe or continuous presence of
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the symptom). A total score (0 to 60) is calculated by
summing the scores of all 10 items. A higher score repre-
sents a more severe condition.

Primary Objective

[1140] The primary objective of this study is to assess the
long-term safety and tolerability of intranasal esketamine
plus a newly initiated oral antidepressant in subjects with
TRD, with special attention to the potential effects on
cognitive function, potential treatment-emergent symptoms
of cystitis and/or lower urinary tract symptoms, and poten-
tial withdrawal and/or rebound symptoms following cessa-
tion of intranasal esketamine treatment.

Secondary Objectives

[1141] To assess the effect of intranasal esketamine plus a
newly initiated oral antidepressant in subjects with TRD on:
[1142] Safety and tolerability with special attention to
the following:
[1143] Treatment-emergent adverse events (TEAEs),
including TEAFEs of special interest
[1144] Local nasal tolerability
[1145] Effects on heart rate, blood pressure, respira-
tory rate and blood oxygen saturation

[1146] Effects on alertness and sedation
[1147] Potential psychorespiratory
[1148] sis-like effects
[1149] Dissociative symptoms
[1150] Potential effects on suicidal ideation/behavior.
[1151] Long-term efficacy, including effects on:
[1152] Depressive symptoms (clinician and self-reported),

overall severity of depressive illness, functional impairment
and associated disability, anxiety symptoms, and health-
related quality of life and health status

[1153] Response rate over time, defined as:

[1154] percentage of subjects with 50% reduction from
baseline (IND phase) in the Montgomery-Asberg
Depression Rating Scale (MADRS) total score,

[1155] percentage of subjects with 50% reduction from
baseline (IND phase) in the Patient Health Question-
naire, 9-item (PHQ-9) total score Remission rate over
time, defined as:

[1156] percentage of subjects with MADRS total score
=12,
[1157] percentage of subjects with PHQ-9 total score <5

Subject and Treatment Information

[1158] A total of 1161 subjects were screened or enrolled
across 123 sites in 21 countries (Argentina, Australia, Aus-
tria, Belgium, Brazil, Bulgaria, Finland, France, Germany,
Italy, Republic of Korea, Malaysia, Mexico, Poland, South
Africa, Spain, Sweden, Taiwan, Turkey, United Kingdom,
and United States). Excluding 338 screen failures and 21
subjects from site US10025 due to GCP issues, 802 subjects
with a DSM-5 (Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition) diagnosis of MDD were enrolled.
[1159] Six hundred ninety-one subjects were directly
enrolled into the 3004 study and 111 subjects were trans-
ferred from the TRD3005 study (88 non-responders and 23
responders).

[1160] This is an open-label, multicenter, long-term study
to evaluate the safety and efficacy of intranasal esketamine
plus a newly initiated oral antidepressant in subjects with
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TRD. The study included 802 enrolled male and female
adult subjects with TRD. Of the 802 enrolled subjects, 691
(86.2%) were direct-entry subjects and 111 (13.8%) were
transfer-entry subjects from study ESKETINTRD3005 (88
were non-responders entering the IND phase and 23 were
responders entering the study in the OP/MA phase). In the
all enrolled analysis set, 686 (85.5%) of the subjects were
white and 502 (62.6%) of the subjects were female. The
mean age was 52.2 years, ranging from 18 to 86 years. The
gender distribution was similar to acute phase 3 studies
(predominantly female), while the median age was some-
what higher, reflecting inclusion of elderly subjects. With
178 elderly subjects accounting for 22.2% of the enrolled
analysis set, the study satisfied regulatory requirements with
a minimum 100 elderly subjects enrolled.

[1161] Out of 779 direct entry or transfer-entry non-
responder subjects from the TRD3005 study in the full
(IND) analysis set, 580 (74.5%) completed the IND phase
and 198 (25.4%) withdrew early. The majority of subjects
were discontinued from the IND phase due to subject ‘did
not meet criteria for continuing into the next phase’(84
subjects) and ‘adverse event’ (52 subjects). Of the 603
subjects entered in the OP/MA phase (including 23 transfer
entry responders from the TRD3005 study), 150 (24.9%)
completed OP/MA phase. Of the 453 subjects discontinued
prior to the end of the 48-week OP/MA phase, 331 were
discontinued due to termination of the study by the sponsor
(required number of subjects met sufficient treatment expo-
sure). The other most frequent reasons for discontinuation
were due ‘withdrawal by subject’ (30 subjects), and with-
drew due to ‘adverse event’ and ‘lack of efficacy’(25 sub-
jects each). Subjects could enter the follow-up phase from
either the IND phase or the OP/MA phase. A total of 357
subjected entered the follow-up phase and 326 (91.3%)
completed the follow-up phase.

[1162] Of the 802 enrolled subjects, 1 subject did not
receive intranasal study drug but did receive oral AD and 1
subject received intranasal study drug but did not receive
oral AD. These subjects are included in the all enrolled
analysis set. See, Tables 122 and 123.

TABLE 122

Number of Subjects Entered from Study ESKETINTRD3005
(By Responder Status) and Direct Entry Subjects (Study
ESKETINTRD3004: An Enrolled Analysis Set)

Intranasal Esk +
Oral AD
(N = 802)

Direct-entry subjects in study

ESKETINTRD3004
Transferred-entry subjects from study

691 (86.2%)

ESKETINTRD3005:
Non-responder subjects

111 (13.8%)
88 (11.0%)

Intranasal esk 28 mg + oral AD 3 (0.4%)
Intranasal esk 56 mg + oral AD 9 (1.1%)
Intranasal esk 84 mg + oral AD 28 (3.5%)
Oral AD +Placebo 48 (6.0%
Responder subjects 23 (2.9%)
Intranasal esk 28 mg + oral AD 1 (0.1%)
Intranasal esk 56 mg + oral AD 5 (0.6%)
Intranasal esk 84 mg + oral AD 9 (1.1%)
Oral AD + Placebo 8 (1.0%)

The final dose in the TRD3005 study is presented for The Transferred-entry subjects.
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TABLE 123
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TABLE 124-continued

Number of Subjects in Each Analysis Set (Study
ESKETINTRD3004: All Enrolled Analysis Set)

Completion/Withdrawal Information; Induction Phase
(Study ESKETINTRD3004: Full (IND) Analysis Set)

Intranasal Esk +
Oral AD
(N = 802)

Intranasal Esk +
Oral AD

(N = 779)

Induction phase

Full (IND)
Optimization/maintenance phase

779 (97.1%)

Full (OP/MA)
Follow-up phase

603 (75.2%)

Follow-up 357 (44.5%)

[1163] Subjects received flexible doses of intranasal ESK
for the 1°* 2 weeks, followed by fixed doses (28 mg—in
elderly subjects only, 56 mg or 84 mg in all age groups) plus
a newly initiated oral antidepressant (one of the following:
sertraline, escitalopram, venlafaxine XR or fluoxetine).
Esketamine was dosed twice a week during the IND. In the
OP/MA weekly administration occurred from weeks 5 to 8.
From weeks 9 to 52 of the OP/MA phase, esketamine was
dosed either weekly or every other week depending on the
MADRS score with the aim of having the lowest frequency
to sustain remission. Switching to every other week treat-
ment (if total MADRS score was <12) or back to weekly
treatment (if total MADRS score was >12) was possible at
4-week intervals, starting at week 8. From day 15 (patients
<65 years) or day 18 (patients =65 years) the dose of
esketamine nasal spray remained the same. After an initial
period of dose up-titration, the dose of oral antidepressants
remained the same. Dose reductions based on tolerability
were allowed for both medications.

[1164] The subject’s discharge readiness was assessed
based on overall adverse events (including dizziness, seda-
tion, perceptual changes, blood pressure): Approximately
60-65% of the subjects were ready for discharge by 1 hour
after dosing and over 95% of subjects were ready for
discharge 1.5 h post dose across the visits of the IND phase;
the percentages of subjects ready to discharge were approxi-
mately 65-70% 1 hour post dose and 97-99% 1.5 h post dose
in the OP/MA phase.

Study Completion/Withdrawal Information

[1165] Of the 779 full (IND) analysis set subjects (direct
entry and transfer entry non-responders), 580 (74.5%) sub-
jects completed the 28-day IND phase and 198 (25.4%)
withdrew early. Results are presented in Table 124. The
majority of subjects were discontinued from the IND phase
due to subject ‘did not meet criteria for continuing into the
next phase’(<50% improvement in MADRS total score) (84
subjects) and ‘adverse event’ (52 subjects).

TABLE 124

Completion/Withdrawal Information; Induction Phase
(Study ESKETINTRD3004: Full (IND) Analysis Set)

Intranasal Esk +
Oral AD
(N =779)

Continued to optimization/ 580 (74.5%)

maintenance phase

198 (25.4%)
84 (10.8%)

Withdrawn during induction phase
Subject does not meet criteria for
continuing into the next phase

Adverse event 52 (6.7%)
Withdrawal by subject 22 (2.8%)
Lack of efficacy 21 (2.7%)
Lost to follow-up 5 (0.6%)
Non-compliance with study drug 1 (0.1%)
Protocol violation 1 (0.1%)
Other 12 (1.5%)

One subject was dispensed study medication in OP/MA phase, but never took the drug in
the OP/MA phase. This subject is not counted as continuing into the OP/MA phase since
drug was not taken, but was discontinued in this phase.

[1166] Of the 603 subjects entering the OP/MA phase
(including 23 transfer entry responders from the TRD3005
study), 150 (24.9%) subjects completed the 48-week
OP/MA phase. Of the 453 subjects discontinued prior to the
end of the 48-week OP/MA phase, 331 were discontinued
due to termination of the study by the sponsor (required
number of subjects met sufficient treatment exposure).
Results are presented in Table 125. The most frequent
reasons for discontinuation were due to ‘study terminated by
sponsor’(331 subjects), ‘withdrawal by subject’ (30 sub-
jects), and withdrew due to ‘adverse event’ and ‘lack of
efficacy’(25 subjects each). (Note: the study was terminated
after meeting esketamine exposure targets (at least 300
subjects treated for 6 months and 100 subjects treated for 12
months).

TABLE 125

Completion/Withdrawal Information; Optimization/Maintenance Phase
(Study ESKETINTRD3004: Full (OP/MA) Analysis Set)

Intranasal Esk +
Oral AD
(N = 603)

150 (24.9%)
453 (75.1%)
331 (54.9%)

Completed optimization/maintenance phase
Withdrawn during optimization/maintenance phase
Study terminated by sponsor

Withdrawal by subiect 30 (5.0%)
Adverse event 25 (4.1%)
Lack of efficacy 25 (4.1%)
Lost to follow-up 10 (1.7%)
Protocol violation 3 (0.5%)
Subject missed assessments or treatment sessions 3 (0.5%)
Death 2 (0.3%)
Pregnancy 2 (0.3%)
Non-compliance with study drug 1 (0.2%)
Other 21 (3.5%)
[1167] Subjects could enter the follow-up phase from

either the IND phase or the OP/MA phase. A total of 357
subjected entered the follow-up phase and 326 (91.3%)
completed the follow-up phase.

[1168] 2 subjects were discontinued from treatment during
the OP/MA phase. Following the last menstruation, one
subject was exposed twice to 56 mg ESK dose and the 2"¢
subject was exposed once to ESK 84 mg dose. Both preg-
nancies spontaneously aborted during the first trimester, the
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investigator evaluation of causality to esketamine was not TABLE 126-continued
applicable. One case of paternal exposure to esketamine
occurred during the study. The partner of subject had an Demographic and Baseline(IND) Characteristics
. . (Study ESKETINTRD3004: All Enrolled Analysis Set)
uncomplicated pregnancy and delivered a normal mature
female newborn via spontaneous delivery. Intranasal Esk +
Oral AD
. . .. (N =802)
Demographic and Baseline Characteristics
BMI category (kg/m?), n (%)
[1169] Demographic and baseline characteristics are dis- N 802
played in Table 126 for the all enrolled analysis set. The Underweight <18.5 9 (1.1%)
majority of subjects entering the study were female (62.6%) Normal 18.5-<25 262 (32.7%)
. . 1 - 0,
and white (85.5%). The mean (SD) age of all subjects was Overweight 25-<30 275 (34.3%)
52.2 (13.69) years, ranging from 18 to 86 years Obese 30-<40 228 (28.4%)
: -07) years, ranging years. Morbidly obese 240 28 (3.5%)
Employment status, n (%) ¢
TABLE 126
N 802
Demographic and Baseline(IND) Characteristics Any type of employment 450 (56-1?’)
(Study ESKETINTRD3004: All Enrolled Analysis Set) Any type of unemployment 175 (21.8%)
Other 177 (22.1%)
Intranasal Esk + Hypertension status, n (%) *
Oral AD
(N = 802) N 802
Yes 220 (27.4%)
Age (years) No 582 (72.6%)
Country, n (%)
N 802
Mean (SD) 52.2 (13.69) N 802
Median 53.5 Argentina 106 (13.2%)
Range (18; 86) Australia 23 (2.9%)
Age category (years), n (%) Austria 16 (2.0%)
Belgium 5 (0.6%)
N 802 Brazil 52 (6.5%)
18-44 225 (28.1%) Bulgaria 94 (11.7%)
45-64 399 (49.3%) Finland 2 (0.2%)
65-74 159 (19.8%) France 4 (0.5%)
=75 19 (2.4%) Germany 13 (1.6%)
Sex, n (%) Ttaly 7 (0.9%)
Korea, Republic of 26 (3.2%)
N 802 Malaysia 19 (2.4%)
Male 300 (37.4%) Mexico 10 (1.2%)
Female 502 (62.6%) Poland 6 (0.7%)
Race, n (%) South Africa 64 (8.0%)
Spain 42 (5.2%)
N 802 Sweden 90 (11.2%)
Asian 81 (10.1%) Taiwan, Province of China 33 (4.1%)
Black or African American 15 (1.9%) Turkey 31 (3.9%)
White 686 (85.5%) United Kingdom 12 (1.5%)
Other 8 (1.0%) United States 147 (18.3%)
Multiple 8 (1.0%) Region, n (%)
Not Reported 4 (0.5%)
Ethnicity, n (%) N 802
Europe 322 (40.1%)
N 802 North America 147 (18.3%)
Hispanic or Latino 149 (18.6%) Other 333 (41.5%)
Not Hispanic or Latino 640 (79.8%) Class of oral antidepressant, n (%)
Not Reported 10 (1.2%)
Unknown 3 (0.4%) N 801
Baseline weight (kg) SNRI 407 (50.8%)
SSRI 394 (49.2%)
N 802 Oral antidepressant, n (%)
Mean (SD) 78.51 (18.426)
Median 76.05 N 801
Range (39.0; 143.0) Duloxetine 251 (31.3%)
Baseline height (cm) Escitalopram 237 (29.6%)
Sertraline 157 (19.6%)
N 802 Venlafaxine extended release (XR) 156 (19.5%)
Mean (SD) 167.46 (10.340)
Median 166.50 2 Any type of employment includes: any category containing “Employed”, Sheltered Work,
) Housewife or Dependent Husband, and Student; any type of unemployment includes: any
Rang‘? X 5 (139.7; 196.0) category containing “Unemployed”; Other includes: Retired and No Information Avail-
Baseline body mass index (kg/m”) able.
4 Hypertension status is classified as Yes if hypertension is recorded in medical history.
N 802 . . .
Mean (SD) 27.9 (5.68) [1170] Baseline psychiatric history for the all enrolled
Median 26.9 analysis set is presented in Table 127. The mean (SD)
Range (16; 52) baseline MADRS total score was 31.4 (5.39), ranging from

19 to 49.
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TABLE 127-continued

Baseline(IND) Psychiatric History (Study ESKETINTRD3004:
All Enrolled Analysis Set)

Baseline(IND) Psychiatric History (Study ESKETINTRD3004:
All Enrolled Analysis Set)

Intranasal EsK +

Intranasal EsK +

Oral AD Oral AD
(N = 802) (N =802)
Age when diagnosed with MDD (years) Family history of anxiety disorder, n (%)
N 802 N 802
Mean (SD) 35.7 (13.75) Yes 61 (7.6%)
Median 35.0 No 741 (92.4%)
Range (8; 72) Family history of bipolar disorder, n (%)
Baseline MADRS total score
N 802
N 802 Yes 35 (4.4%)
Mean (SD) 31.4 (5.39) No 767 (95.6%)
Median 31.0 Family history of schizophrenia, n (%)
Range (19; 49)
Baseline CGI-S N 802
Yes 38 (4.7%)
N 802 No 764 (95.3%)
Mean (SD) 4.8 (0.77) Family history of alcohol abuse, n (%)
Median 5.0
Range ;7 N 802
Baseline CGI-S category, n (%) Yes 61 (7.6%)
No 741 (92.4%)
N 802 Family history of substance abuse, n (%)
Normal, not at all ill 1 (0.1%)
Borderline mentally ill 3 (0.4%) N 802
Mildly ill 18 (2.2%) Yes 24 (3.0%)
Moderately ill 235 (29.3%) No 778 (97.0%)
Markedly ill 409 (51.0%) Number of prior ADs with nonresponse 1=21%¢9 3=233%

Severely ill
Among the most extremely ill patients
Baseline PHQ-9 total score

N

Mean (SD)

Median

Range

Screening C-SSRS lifetime ¢, n (%)

N

No event
Suicidal ideation
Suicidal behavior

Screening C-SSRS past 6 or 12 months ¢, n (%)

N

No event

Suicidal ideation (past 6 months)
Suicidal behavior (past 12 months)
Duration of current episode (wks)

N

Mean (SD)

Median

Range

No. of previous antidepressant
medications ® ¢, n (%)

0 -1 AW

Family history of depression, n (%)

130 (16.2%)
6 (0.7%)

802
17.3 (5.01)
18.0
(0; 27)

800
474 (59.3%)
203 (25.4%)
123 (15.4%)

800

583 (72.9%)

215 (26.9%)
2 (0.3%)

802

160.5 (261.80)

66.5
(6; 2184)

802
17 (2.1%)
465 (58.0%)
187 (23.3%)
84 (10.5%)
23 (2.9%)
17 (2.1%)
4 (0.5%)
5 (0.6%)

802
346 (43.1%)
456 (56.9%)

2=1580% =4=16.6%

Baseline (IND) is the last observation prior to or on the start date of induction phase for
direct-entry and transferred-entry non-responder subjects and is baseline (IND) from study
3005 for the transferred-entry responder subjects.
2 C-SSRS category: No event = 0; Suicidal ideation = 1, 2, 3, 4, 5; Suicidal behavior = 6,
7,8,9,10
% Number of antidepressant medications with non-response (defined as =25% improvement
or 26%-<50% improvement for direct entry subjects and defined as <25% improvement
for transfer entry subjects) taken for at least 6 weeks during the current episode as obtained
from MGH-ATRQ at the time of the first screening visit.
¢ Direct entry subjects are to have to 22 oral antidepressant treatments in the current
episode of depression and transfer entry subjects are to have =1 oral antidepressants in the
current episode.

Subjects from 3005 who had non-response to 1 AD and showed prospective non-response
to 2" AD during screening of the 3005 study.

Extent of Exposure

[1171] The number of doses of intranasal study medication
during the IND phase is summarized in Table 128.

TABLE 128

Number of Days Dosed with Intranasal Study
Medication; Induction Phase (Study
ESKETINTRD3004: Full (IND) Analysis Set)

Intranasal Esk + Oral AD
(N =779)

Number of days dosed

29 (3.7%)
24 (3.1%)
12 (1.5%)
11 (1.4%)

6 (0.8%)
22 (2.8%)
52 (6.7%)
622 (79.8%)

[ N R N

[1172] A summary of mean, mode and final dose of
intranasal study medication during the IND phase is sum-
marized in Table 129. On Day 25 of the IND phase 28/675
(4.1%) were receiving the 28 mg dose of esketamine,



US 2024/0000728 Al

208/675 (44.1%) were receiving the 56 mg dose of esket-
amine and 349/675 (51.7%) were receiving the 84 mg dose
of esketamine.

TABLE 129

Mean, Mode, and Final Daily Dose of
Intranasal Study Medication; Induction Phase
(Study ESKETINTRD3004: Full (IND) Analysis Set)

Intranasal Esk + Oral AD
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TABLE 131

Frequency Distribution of Subjects with 6 Months and 12
Months of Exposure to Intranasal Study Medication
(Study ESKETINTRD3004: All Enrolled Analysis Set)

Intranasal Esk + Oral AD
(N = 802)

364 (45.4%)
136 (17.0%)

Subjects with 6 months of exposure

Subjects with 12 months of exposure

6 months is defined as =180 days and 12 months is defined as 2350 days.

[1175] A summary of mean, mode and final dose of
intranasal study medication during the OP/MA phase is
summarized in Table 132.

TABLE 132

Mean, Mode, and Final Daily Dose of Intranasal Study Medication;
Optimization/Maintenance Phase
(Study ESKETINTRD3004: Full (OP/MA) Analysis Set)

Intranasal Esk + Oral AD

(N =779)
Mean daily dose (mg)
N 778
Mean (SD) 64.4 (13.15)
Median 63.0
Range (28; 81)
Mode daily dose (mg)
N 741
Mean (SD) 68.5 (16.51)
Median 56.0
Range (28; 84)
Final daily nose (mg)
N 778
Mean (SD) 68.2 (16.61)
Median 56.0
Range (28; 84)

The calculation of mean, mode, and final daily dose excludes days off intranasal study
medication.

The final dose is the last non-zero dose received durind the induction phase.

[1173] The extent of exposure to intranasal study medica-
tion during the combined IND and OP/MA phases is sum-
marized in Table 130.

TABLE 130

Extent of Exposure to Intranasal Study Medication; Induction and
Optimization/Maintenance Phases Study
ESKETINTRD3004: All Enrolled Analysis Set

Intranasal Fsk + Oral AD

(N = 603)
Mean daily dose (mg)
N 603
Mean (SD) 68.8 (15.74)
Median 68.3
Range (25; 84)
Mode daily dose (mg)
N 596
Mean (SD) 69.1 (15.75)
Median 70.0
Range (28; 84)
Final daily dose (mg)
N 603
Mean (SD) 69.0 (16.05)
Median 84.0
Range (28; 84)

Total Duration Cumulative Distribution

(N = 802) (N = 802)
Weeks 32-36 (Days 225-252) 30 (3.7%) 526 (65.6%)
Weeks 36-40 (Days 253-280) 32 (4.0%) 558 (69.6%)
Weeks 40-44 (Days 281-308) 45 (5.6%) 603 (75.2%)
Weeks 44-48 (Days 309-336) 35 (4.4%) 638 (79.6%)

Weeks 48-52 (Days 337-364) 155 (19.4%) 793 (98.9%)

>Week 52 (>Day 364) 8 (1.0%) 801 (99.9%)
Mean (SD) 24.9 (18.54)
Median 22.9
Range (0; 56)

The duration of exposure is defined as the duration between the date of the first exposure
and the date of the last exposure to intranasal study medication. It includes days on which
subjects did not actually take intranasal study medication.

[1174] The frequency of subjects with 6 months and 12
months of exposure to esketamine is presented in Table 131.

The calculation of mean, mode, and final daily dose excludes days off intranasal study
medication.

The final dose is the last non-zero dose received during the optimization/maintenance
phase.

[1176] On Week 48 of the OP/MA phase, 7/143 (4.9%),
69/143 (48.3%), 1/143 (0.7%) and 66/143 (46.2%) were
receiving the 28 mg dose, 56 mg dose, 70 mg dose, and 84
mg dose of esketamine, respectively. Starting from Week 4
(OP/MA), the intranasal treatment session frequency could
be adjusted (if applicable) at fixed, 4-week intervals. Of the
603 subjects treated with intranasal esketamine during the
OP/MA phase, 275 (47.6%) subjects switched from weekly
dosing to every other week at Week 4 (OP/MA). The
majority of subjects did not switch dosing schedules during
the remaining weeks of the OP/MA phase. See, Table 133.
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TABLE 133

Frequency of Subjects who Changed the Dosing Frequency
(Weekly to Every Other Week or Every Other Week to Weekly)
Over Time Starting From Week 4 (OP/MA) of this Phase;
Optimization/Maintenance Phase (Study ESKETINTRD3004:
Full (OP/MA) Analysis Set)

Intranasal Esk + Oral AD

(N = 603)
Week 4(OP/MA)
N 578
Weekly to Every Other Week 275 (47.6%)
Every Other Week to Weekly 0

Did not switch
Week 8(OP/MA)

303 (52.4%)

N 548
Weekly to Every Other Week 80 (14.6%)
Every Other Week to Weekly 65 (11.9%)
Did not switch 403 (73.5%)
Week 12(OP/MA)

N 502
Weekly to Every Other Week 76 (15.1%)
Every Other Week to Weekly 52 (10.4%)
Did not switch 374 (74.5%)
Week 16(OP/MA)

N 463
Weekly to Every Other Week 58 (12.5%)
Every Other Week to Weekly 43 (9.3%)
Did not switch 362 (78.2%)
Week 20(OP/MA)

N 405
Weekly to Every Other Week 34 (8.4%)
Every Other Week to Weekly 29 (7.2%)

Did not switch
Week 24(OP/MA)

342 (84.4%)

N 357
Weekly to Every Other Week 23 (6.4%)
Every Other Week to Weekly 42 (11.8%)
Did not switch 292 (81.8%)
Week 28(OP/MA)

N 309
Weekly to Every Other Week 28 (9.1%)
Every Other Week to Weekly 22 (7.1%)

Did not switch
Week 32(OP/MA)

259 (83.8%)

N 287
Weekly to Every Other Week 30 (10.5%)
Every Other Week to Weekly 21 (7.3%)
Did not switch 236 (82.2%)
Week 36(OP/MA)

N 254
Weekly to Every Other Week 13 (5.1%)
Every Other Week to Weekly 17 (6.7%)

Did not switch
Week 40(OP/MA)

224 (88.2%)

N 211
Weekly to Every Other Week 13 (6.2%)
Every Other Week to Weekly 14 (6.6%)

Did not switch
Week 44(OP/MA)

184 (87.2%)

N 173
Weekly to Every Other Week 9 (5.2%)
Every Other Week to Weekly 6 (3.5%)

Did not switch 158 (91.3%)
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[1177] Table 134A displays the dosing regimen changes
during the OP/MA phase.

TABLE 134A

Dosing Regimen Changes; Optimization/Maintenance Phase (Study
ESKETINTRD3004: Full (OP/MA) Analysis Set)

Intranasal
Esk + Oral AD
(N = 603)
Total number of dosing
regimen changes per subject
N 603

0 145 (24.0%)
1 230 (38.1%)
2 85 (14.1%)
3 70 (11.6%)
4 35 (5.8%)
5 28 (4.6%)
6

10 (1.7%)
Dosing Regimen

N 603
Weekly dose throughout entire OP/MA phase 145 (24.0%)
One change only from weekly to every other week 230 (38.1%)
Change back and forth from weekly to every other 228 (37.8%)
week

The denominator is the number of subjects who have dosing =Week 4(OP/MA)
Regimen: weekly esketamine dosing or every other week esketamine dosing.

Number of Changes: 0 = weekly dose throughout OP/MA phase; 1 = | change from weekly
to every other week (EOW); 2 = change from EOW back to weekly; 3 = 2 changes from
weekly to EOW remained on EOW; 4 = 2 changes from weekly to EOW and back to
weekly; 5 = 3 changes from weekly to EOW, remaining on EOW; 6 = 3 changes from
weekly to EOW and back to weekly.

¢ Approximately 22% returned to weekly in total 46% on weekly and 16% returned to
every other week (in total 54% on every other week).

Safety
Cognition
[1178] A primary objective of the study was to assess

potential effects of Esketamine on cognitive function. Poten-
tial impact of esketamine on cognition was assessed by the
Cogstate Computerized Cognitive Battery.
[1179] Number of Subjects Analyzed
[1180] All Enrolled Analysis Set: A total of 796
subjects were analyzed.
[1181] Follow-up Analysis Set including only those
subjects that were included in the follow-up phase):
A total of 356 subjects were analyzed.

[1182] Timepoints Analyzed
[1183] All Enrolled Analysis Set:
[1184] Open-label induction phase
[1185] Baseline
[1186] Day 28
[1187] Optimization/Maintenance Phase
[1188] Week 20
[1189] Week 32
[1190] Week 44
[1191] Endpoint (the last timepoint in the opti-
mization/maintenance phase subjects per-
formed)
[1192] Follow-up Analysis Set:
[1193] Baseline
[1194] Endpoint (previous phase—the last time-

point in the last treatment phase subjects par-
ticipated before enter the follow-up phase)
[1195] Week 4
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Criteria for Evaluation

Cogstate Battery
Detection Test (DET; to measure attention)
Identification Test (IDN; to measure atten-

[1196]
[1197]
[1198]
[1199]
tion)
[1200] One Card Learning test (OCL; to measure
visual learning)
[1201] One Back Test (ONB; to measure working
memory)
[1202] Groton Maze Learning test (GML; to mea-
sure executive function)
[1203] Hopkins Verbal Learning Test—Revised
(HVLT-R)
[1204] Total Recall (to measure verbal learning)
[1205] Delayed Recall (to measure verbal
memory)
[1206] True Positives (to measure recognition
memory
[1207] Recognition Discrimination Index (to mea-
sure recognition memory)
[1208] In general, group mean performance on the cogni-
tion tests assessing attention [detection (DET) and identifi-
cation (IDN) tests evaluating simple and choice reaction
times, respectively], visual memory, working memory,
executive function and delayed verbal memory, and recog-
nition memory for the all enrolled analysis set and separately
for subjects <65, demonstrated either improvement from
baseline or subjects remained at baseline levels, during both
the IND Phase and the OP/MA Phase. This same pattern of
cognitive performance was also evident for subjects 65 years
of age, except for the tests assessing attention/processing
speed (DET and IDN) for which there was a decline from
baseline observed starting at Week 20 with the largest
decline at Week 44 of the study. Although sample size
decreased at Week 44 in elderly subjects, the decrease in
attention performance in this age group was also apparent in
completer’s analysis.
[1209] The greatest mean decrease in the speed of perfor-
mance for DET and IDN (-0.1032 and -0.0587, respec-
tively) observed at week 44 of the study, was smaller as
compared to the standard deviation (SD) of the measurement
at baseline (0.15955 and 0.09465, for ATN and IDN, respec-
tively). For reference, the difference observed was lower
than decline in attention seen with 1 mg alprazolam tid. In
a previous study in healthy subjects, the mean group per-
formance decline in attention parameters of the magnitude
of'1 SD following administration of 1 mg alprazolam tid was
considered to be clinically significant (Maruff et al. 2006).
[1210] Initial evaluation of patient level data shows that 17
of 28 elderly subjects who completed the study, had persis-
tent decline in attention measures (reliable change index
[RCI)«—1.65 for at least 2 measurements]. The decline in
performance on the detection and identification tests appears
to be consistent in terms of magnitude and direction across
subjects who are 65 to <75 and subjects =75 years old,
although the sample size for the =75 year of age group is
very small samples and does not allow to draw reliable
conclusions about the change.
[1211] Cognitive performance, including performance on
attention/reaction time measures remained stable during the
Follow up period in both elderly and younger subjects.
There was no evidence of the persistent cognitive decline
that has been reported in substance abuse populations using
large (often daily) doses of ketamine.
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[1212] There were 2 subjects who experienced ‘memory
impairment’ adverse events in the IND phase and 2 subjects
in the OP/MA phase. Two subjects experienced treatment-
emergent ‘cognitive disorder’ during the IND phase. No
subjects experienced treatment-emergent ‘cognitive disor-
der’ during the OP/MA phase.

[1213] Overall, 723/802 (90.1%) subjects experienced at
least one TEAE in the IND and OP/MA phases. The most
common (10%) TEAEs during the IND and OP/MA phases
were dizziness (33.0%), nausea (25.1%), headache (24.9%),
dissociation (22.4%), somnolence (16.7%), dysgeusia and
hypoesthesia (11.8% each), vomiting and vertigo (10.8%
each), and viral upper respiratory tract infection (10.2%).
[1214] There were 76 (9.5%) subjects who discontinued
the IND or OP/MA phase intranasal study medication due to
treatment-emergent adverse events. The most common AEs
leading to discontinuation of intranasal study medication
were anxiety (1.1%), suicidal ideation (0.9%), depression,
dizziness, and blood pressure increased (0.7% each), disso-
ciation (0.6%), and muscular weakness (0.5%). These sub-
jects could continue the oral AD in the follow-up phase if
applicable. There were 33 (4.1%) subjects who discontinued
IND or OP/MA phase oral antidepressant study medication
due to treatment-emergent adverse events. The most com-
mon AEs leading to discontinuation of oral antidepressant
study medication were anxiety (0.9%) and suicidal ideation
(0.6%).

[1215] A total of 423 (52.7%) subjects experienced sug-
gestive of potential drug abuse, dependence and withdrawal
adverse events during the IND and OP/MA phases.

[1216] Transient blood pressure increases for the esket-
amine+oral AD group peaked at 40 minutes post dose with
the maximum mean increases (across all dosing days in the
respective phase) in systolic/diastolic BP being 9.6/5.6 mm
Hg and 8.6/5.2 mm Hg during the IND and OP/MA phases,
respectively. The post dose increases in the systolic and
diastolic blood pressure were observed in both study phases.
Subjects with and without hypertension experienced similar
magnitude of mean increases of SBP and DBP.

[1217] Transient changes in systolic and diastolic blood
pressures were observed throughout the study, consistent
with acute esketamine studies. Most subjects who withdrew
due to blood pressure elevations, did so after the first 2
dosing sessions.

[1218] The frequency of subjects with treatment-emergent
acute hypertension is shown in Table 134B. The incidence of
acute hypertension was almost 3x greater in subjects with
the history of hypertension vs. subjects without hyperten-
sion.

TABLE 134B
Intranasal Esk + Oral AD
(N =802)
Hypertension status: Yes 220
Acute hypertension 16 (7.3%)
Systolic BP =180 10 (4.5%)
Diastolic BP =110 9 (4.1%)

Hypertension status: No 580
Acute hypertension 17 (2.9%)
Systolic BP =180 8 (1.4%)
Diastolic BP =110 10 (1.7%)

[1219] Overall, the dissociative and perceptual change
symptoms measured by the CADSS, suggest onset of these
symptoms occurred shortly after the start of the dose and
resolved at 1.5 hours post dose. These symptoms attenuated
with repeated dosing over time. The magnitude of symptoms
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observed on the CADSS post dose decreased with repeated
doses and continued to be low throughout OP/MA phase.
[1220] Efficacy: There was a clinically meaningful
improvement in depressive symptoms: the mean change
(SD) in MADRS total score from baseline (IND) to end
point (IND) was —16.4 (8.76) for esketamine+oral AD with
baseline (IND) (SD) of 31.2 (5.27). The mean change (SD)
from baseline (OP/MA) to end point (OP/MA) was 0.3
(8.12) for esketamine+oral AD with baseline (OP/MA) (SD)
of 11.0 (4.52), indicating that the antidepressant effect is
sustained. Similarly, the median change (range) from base-
line (IN) to end point (IND) was -18.0 and from baseline
(OP/MA) to end point (OP/MA) was 0 for esketamine+oral
AD.

[1221] The mean change (SD) from Baseline (IND) in
PHQ-9 total score to End Point (IND) was -8.9 (6.67) for

esketamine+oral AD. The mean change (SD) from Baseline
(OP/MA) in PHQ-9 total score to End Point (OP/MA) was
-0.2 (5.65) for esketamine+oral AD.

[1222] These results were consistent with MADRS in the
direction of changes at the end of both study phases. Overall
efficacy results in the IND phase were consistent with the
results obtained in acute efficacy studies (3001 and 3002).
This improvement was corroborated by shifts in the overall
disease severity as assessed by CGI-S: the percentage of
subjects who were normal/borderline/had mild disease
increased from 2.7% at baseline to 63.8% at the end of IND
phase. See, FIG. 58.

[1223] Tables 134-137 display summaries of mean and
mean changes over time for Detection—Attention (simple
reaction time) for subjects <65 years and =65 years of age,
respectively.

TABLE 134

Cognitive Domains: Means and Mean Changes from Baseline (IND) Over Time by Age;
Open-label Induction and Optimization/Maintenance Phases (Study ESKETINTRD3004: All

Enrolled Analysis Set) Age Group: <65 years

Base
N Mean SD Med Min Max Mean (SD)
Detection-Attention (simple reaction time)®
Esketamine

Baseline (IND) 616 2.5943  0.15532  2.5803 2.266 3.120

Day 28 (IND) 509  2.5755  0.15174 2.5609 2.214 3.021 2.5930 (0.15712)
Week 20 (OP/MA) 357 25779 0.14060  2.5632 2.250 3.014 2.5903 (0.15678)
Week 32 (OP/MA) 252 2.5863  0.15081  2.5793 2.253 3.125 2.5971 (0.16478)
Week 44 (OP/MA) 171  2.5812  0.16642  2.5543 2.252 3.150 2.5780 (0.17130)
End Point (OP/MA) 449 25896  0.14519  2.5820 2.267 3.019 2.5950 (0.15654)

“Speed of performance (log 10 ms), lower score = better performance

"Number of errors, lower score = better performance

“Accuracy of performanc

dHigher change from bas:

¢, higher score = better performance

cline is better performance

TABLE 135

Cognitive Domains: Means and Mean Changes from Baseline (IND) Over Time by Age;

Open-label Induction and Optimization/Maintenance Phases

(Study ESKETINTRD3004: All Enrolled Analysis Set) Age Group: <65 vears

Change from Baseline?

N Mean SE SD Med Min Max
Detection-Attention (simple reaction time)?
Esketamine

Baseline (ND)
Day 28 (ND) 503 0.0159  0.00525 0.11773 0.0130  -0.499  0.449
Week 20 (OP/MA) 354 0.0127  0.00639  0.12023 0.0096 -0.353  0.496
Week 32 (OP/MA) 250 0.0116  0.00849  0.13430 0.0028 -0.383  0.508
Week 44 (OP/MA) 169 -0.0037  0.00991 0.12880  -0.0074 -0.517 0407
End Point (OP/MA) 442 0.0048  0.00600  0.12610 0.0025  -0.509 0462

“Speed of performance (logl0 ms), lower score = better performance

“Number of errors, lower score = better performance

bAccuracy of perform:

ance, higher score = better performance

“Higher change from baseline is better performance
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TABLE 136

Cognitive Domains: Means and Mean Changes from Baseline (IND) Over Time by Age;
Open-label Induction and Optimization/Maintenance Phases
(Study ESKETINTRD3004: All Enrolled Analysis Set) Age Group: =65 vears

Base
N Mean SD Med Min Max Mean (SD)
Detection-Attention (simple reaction time)®
Esketamine
Baseline (IND) 168 2.6133 0.15955 2.5713 2.321 3.048
Day 28 (IND) 121 2.6018 0.14091 2.5759 2.345 3.065 2.6085 (0.14845)
Week 20 (OP/MA) 74 2.6331 0.14690 2.6331 2.352 2.968 2.6051 (0.14751)
Week 32 (OP/MA) 46 2.6539 0.14168 2.6584 2.371 3.067 2.6088 (0.14312)
Week 44 (OP/MA) 29 2.7083 0.16773 2.7184 2.385 3.082 2.6012 (0.16301)
End Point (OP/MA) 122 2.6338 0.14625 2.6174 2.364 3.068 2.6009 (0.15025)
“Speed of performance (logyo ms), lower score = better performance
"Number of errors, lower score = better performance
“Accuracy of performance, higher score = better performance
dHigher change from baseline is better performance
TABLE 137
Cognitive Domains: Means and Mean Changes from Baseline (IND) Over Time by Age;
Open-label Induction and Optimization/Maintenance Phases
(Study ESKETINTRD3004: All Enrolled Analysis Set) Age Group: =65 vears
Change from Baseline?
N Mean SE SD Med Min Max
Detection-Attention (simple reaction time)®
Esketamine
Baseline (IND)
Day 28 (IND) 120 0.0076 0.01267 0.13876 0.0071 -0.438 0.431
Week 20 (OP/MA) 72 -0.0258 0.01684 0.14292 -0.0152 -0.374 0.496
Week 32 (OP/MA) 45 -0.0427 0.02635 0.17679 -0.0496 -0.529  0.449
Week 44 (OP/MA) 28 -0.1032 0.03067 0.16230 -0.0914 -0.544 0.129
End Point (OP/MA) 119 -0.0313 0.01182 0.12889 -0.0379 -0.352 0.384
“Speed of performance (logyo ms), lower score = better performance
"Number of errors, lower score = better performance
“Accuracy of performance, higher score = better performance
dHigher change from baseline is better performance
[1224] Tables 138-141 display summaries of mean and
mean changes over time for Identification—Attention
(choice reaction time) for subjects <65 years and =65 years
of age, respectively. See, also, FIG. 59.
TABLE 138
Cognitive Domains: Means and Mean Changes from Baseline (IND) Over Time by Age;
Open-label Induction and Optimization/Maintenance Phases
(Study ESKETINTRD3004: All Enrolled Analysis Set) Age Group: <65 years
Base
N Mean SD Med Min Max Mean (SD)
Identification-Attention (choice reaction time)®
Esketamine
Baseline (IND) 616  2.7506 0.11272 2.7386 2.506 3.167
Day 28 (IND) 515 2.7381 0.09859 2.7332 2.479 3.101 2.7504 (0.11222)
Week 20 (OP/MA) 361  2.7438 0.09864 2.7437 2.510 3.068 2.7466 (0.10801)
Week 32 (OP/MA) 252 2.7476 0.10479 2.7320 2.509 3.149 2.7539 (0.11351)
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TABLE 138-continued

Cognitive Domains: Means and Mean Changes from Baseline (IND) Over Time by Age;
Open-label Induction and Optimization/Maintenance Phases

(Study ESKETINTRD3004: All Enrolled Analysis Set) Age Group: <65 years

Base
N Mean SD Med Min Max Mean (SD)
Week 44 (OP/MA) 170  2.7471 0.11037 2.7289 2.532 3.156 2.7508 (0.11555)
End Point (OP/MA) 449  2.7557 0.09838 2.7510 2.482 3.100 2.7506 (0.11105)

“Speed of performance (log)o ms), lower score = better performance
"Number of errors, lower score = better performance
“Accuracy of performance, higher score = better performance

dHigher change from baseline is better performance

TABLE 139

Cognitive Domains: Means and Mean Changes from Baseline (IND) Over Time by Age;
Open-label Induction and Optimization/Maintenance Phases
(Study ESKETINTRD3004: All Enrolled Analysis Set) Age Group: <65 years

Change from Baseline?

N Mean SE SD Med Min Max

Identification-Attention (choice reaction time)®
Esketamine

Baseline (IND)

Day 28 (IND) 509 0.0125 0.00389  0.08785  0.0102 -0.297 0.463
Week 20 (OP/MA) 358 0.0026 0.00475  0.08983  0.0004 -0.372 0.358
Week 32 (OP/MA) 251 0.0062 0.00684  0.10842  0.0084 -0496 0.379
Week 44 (OP/MA) 169 0.0034 0.00833  0.10828 -0.0034 -0.392 0.383
End Point (OP/MA) 442 -0.0050 0.00485  0.10198 -0.0084 -0.370 0.441

“Speed of performance (logyo ms), lower score = better performance
"Number of errors, lower score = better performance
“Accuracy of performance, higher score = better performance

dHigher change from baseline is better performance

TABLE 140

Cognitive Domains: Means and Mean Changes from Baseline (IND) Over Time by Age; Open-
label Induction and Optimization/Maintenance Phases
(Study ESKETINTRD3004: An Enrolled Analysis Set); Age Group: =65 years

Base
N Mean SD Med Min Max Mean (SD)
Identification-Attention (choice reaction time)®
Esketamine

Baseline (ND) 168 2.7498 0.09465 2.7302 2.564 3.085

Day 28 (IND) 122 2.7505 0.09061 2.7295 2.609 3.111 2.7491 (0.08531)
Week 20 (OP/MA) 74 2.7570 0.08077 2.7544 2.606 3.029 2.7416 (0.08251)
Week 32 (OP/MA) 47 2.7683 0.10237 2.7551 2.618 3.131 2.7453 (0.08426)
Week 44 (OP/MA) 29 2.7917 0.12868 2.7583 2.567 3.151 2.7294 (0.08842)
End Point (OP/MA) 122 2.7673 0.09180 2.7675 2.583 3.043 2.7455 (0.09022)

“Speed of performance (log)o ms), lower score = better performance
"Number of errors, lower score = better performance

“Accuracy of performance, higher score = better performance
dHigher change from baseline is better performance
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Cognitive Domains: Means and Mean Changes from Baseline (IND) Over Time by Age;
Open-label Induction and Optimization/Maintenance Phases
(Study ESKETINTRD3004: All Enrolled Analysis Set); Age Group: =65 vears

Change from Baseline?

N Mean SE SD Med Min Max
Identification-Attention (choice reaction time)®
Esketamine

Baseline (IND)
Day 28 (ND) 121 -0.0001 0.00743 0.08175 -0.0014 -0.332 0.307
Week 20 (OP/MA) 72 -0.0136 0.00918 0.07794 -0.0058 -0.294 0.252
Week 32 (OP/MA) 46 -0.0210 0.01483 0.10060 -0.0226 -0.415 0.257
Week 44 (OP/MA) 28 -0.0587 0.01955 0.10346 -0.0391 -0.435 0.122
End Point (OP/MA) 119  -0.0203  0.00661 0.07206 -0.0216 -0.209 0.241
“Speed of performance (logyo ms), lower score = better performance
"Number of errors, lower score = better performance
“Accuracy of performance, higher score = better performance
dHigher change from baseline is better performance
[1225] There were 2 subjects who experienced ‘memory TABLE 142-continued

impairment’ in the IND phase and 2 subjects in the OP/MA
phase. Two subjects experienced treatment-emergent ‘cog-
nitive disorder’ during the IND phase. No subjects experi-
enced treatment-emergent ‘cognitive disorder’ during the
OP/MA phase.

[1226] Overall, predose cognitive assessments showed
general preservation or improvement in cognition from
baseline in subjects <65 years of age. Cognitive data in
subjects 65 years old also showed preservation or improve-
ment in most of the domains tested, but relatively small
performance decrements in two measures of attention were
observed. The subject level data underlying these apparent
changes are being further evaluated to assess the extent to
which they may be clinically meaningful in some individu-
als.

Summary of All Adverse Events

[1227] An overall summary of all treatment-emergent
adverse events (TEAEs) during the IND and OP/MA phases
is presented in Tables 142A and 142B. Overall, 90.1% of
subjects experienced at least one TEAE in the IND and
OP/MA phases.

TABLE 142

Overall Summary of Treatment-emergent Adverse Events;
Induction and Optimization/Maintenance Phases
(Study ESKETINTRD3004: All Enrolled Analysis Set)

Intranasal
Esk + Oral AD
(N = 802)

TEAE
TEAE possibly related to intranasal drug ¢

723 (90.1%)
633 (78.9%)
241 (30.0%)
2 (0.2%)
55 (6.9%)

TEAE possibly related to oral antidepressant ¢
TEAE leading to death

1 or more serious TEAE

Overall Summary of Treatment-emergent Adverse Events;
Induction and Optimization/Maintenance Phases
(Study ESKETINTRD3004: All Enrolled Analysis Set)

Intranasal
Esk + Oral AD
(N =802)
TEAE leading to intranasal drug withdrawn ® 76 (9.5%)
TEAE leading to oral antidepressant withdrawn ® 33 (4.1%)

@ Study drug relationships of possible, probable, and very likely are included in this
category.

An adverse event that started in the induction or optimization/maintenance phase and
resulted in discontinuation in the follow-up phase is counted as treatment-emergent in this
table.

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events.
Adverse events are coded using MedDRA version 20.0.

[1228] Treatment-emergent adverse events occurring dur-
ing the IND and OP/MA phases (>5% of subjects) are
summarized for the all enrolled analysis set in Table 143.
The most common (=10%) TEAEs during the IND and
OP/MA phases were dizziness (33.0%), nausea (25.1%),
headache (24.9%), dissociation (22.4%), somnolence (16.
7%), dysgeusia and hypoesthesia (11.8% each), vomiting
and vertigo (10.8% each), and viral upper respiratory tract
infection (10.2%). The incidence of nausea was highest on
Day 1 dosing (10.7%) and decreased on subsequent dosing
days ranging from 0.0 to 4.4%. The incidence of vomiting
was highest on Day 1 dosing (3.3%) and decreased on
subsequent dosing days ranging from 0.0% to 1.9%.

TABLE 143A

Adverse Events in at Least 5% of Subjects; Induction and
Optimization/Maintenance Phases (Study
ESKETINTRD3004: All Enrolled Analysis Set)

Intranasal
Esk + Oral AD
(N = 802)

Total no. subjects with AE
Nervous system disorders

723 (90.1%)
528 (65.8%)

Dizziness 265 (33.0%)
Headache 200 (24.9%)
Somnolence 134 (16.7%)
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TABLE 143B-continued

Adverse Events in at Least 5% of Subjects; Induction and
Optimization/Maintenance Phases (Study
ESKETINTRD3004: All Enrolled Analysis Set)

Intranasal
Esk + Oral AD

(N = 802)

Dysgeusia 95 (11.8%)
Hypoesthesia 95 (11.8%)
Sedation 71 (8.9%)
Dizziness postural 67 (8.4%)
Paresthesia 58 (7.2%)
Gastrointestinal disorders 375 (46.8%)
Nausea 201 (25.1%)
Vomiting 87 (10.8%)
Hypoesthesia oral 73 (9.1%)
Diarrhea 60 (7.5%)
Psychiatric disorders 368 (45.9%)
Dissociation 180 (22.4%)
Anxiety 72 (9.0%)
Insomnia 64 (8.0%)

Infections and infestations
Viral upper respiratory tract infection

279 (34.8%)
82 (10.2%)

Urinary tract infection 65 (8.1%)
Influenza 43 (5.4%)
General disorders and administration site 201 (25.1%)
conditions
Feeling abnormal 67 (8.4%)
Fatigue 63 (7.9%)
Musculoskeletal and connective tissue 156 (19.5%)
disorders
Back pain 41 (5.1%)
Investigations 140 (17.5%
Blood pressure increased 73 (9.1%)

Ear and labyrinth disorders
Vertigo
Eye disorders
Vision blurred

125 (15.6%)
87 (10.8%)

106 (13.2%)
59 (7.4%)

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events.
Adverse events are coded using MedDRA version 20.0.

TABLE 143B

Treatment-emergent adverse events(full analysis sets [IND and
OP/MAINT] and all enrolled analysis set)

48-week IND and
4-week OP/MAINT  OP/MAINT
IND phase phase phases
(N =779) (N = 603) (N =802)
1 (%) 1 (%) 1 (%)
Patients with =1 TEAEs 653 (83.8) 516 (85.6) 723 (90.1)
Patients with =1 SAEs 17 (2.2) 38 (6.3) 55 (6.9)
TEAESs leading to 53 (6.8) 23 (3.8) 76 (9.5)
discontinuation of intranasal
spray medication
TEAESs leading to 20 (2.6) 14 (2.3) 33 (4.1)
discontinuation of oral AD
TEAESs leading to death 0 2 (0.3) 2 (0.2)
Most common TEAEs (=10%
patients in the combined phases group)
Dizziness 228 (29.3) 135 (22.4) 264 (32.9)
Dissociation 180 (23.1) 112 (18.6) 220 (27.4)
Nausea 157 (20.2) 84 (13.9) 201 (25.1)
Headache 137 (17.6) 114 (18.9) 200 (24.9)
Somnolence 94 (12.1) 85 (14.1) 134 (16.7)
Dysgeusia 77 (9.9) 54 (9.0) 95 (11.8)
Hypoesthesia 79 (10.1) 40 (6.6) 95 (11.8)
Vertigo 68 (8.7) 43 (7.1) 88 (11.0)
Vorniting 56 (7.2) 45 (1.5) 87 (10.8)

Treatment-emergent adverse events(full analysis sets [IND and
OP/MAINT] and all enrolled analysis set)

48-week IND and
4-week OP/MAINT  OP/MAINT
IND phase phase phases
(N =779) (N = 603) (N =802)
1 (%) 1 (%) 1 (%)
Viral upper respiratory tract 19 (2.4) 70 (11.6) 82 (10.2)
infection
Increased blood
pressure-related TEAEs
Increased blood pressure 53 (6.8) 46 (7.6) 75 (9.4)
Hypertension 13 (1.7) 13 (2.2) 25 (3.1)
Increased heart rate-related
TEAEs
Tachycardia 6 (0.8) 8 (1.3) 13 (1.6)
Cystitis-related TEAEs
Cystitis 4 (0.5) 1(0.2) 5(0.6)

[1229] FIGS. 60-62 show the level of impairment for the
EQ-5D-5L by measuring anxiety/depression, usual activi-
ties, and pain/discomfort, respectively. Scores ranged from
levels 1-5: 1 (none), s (slight), 3 (moderate), 4 (Severe), and
5 (Extreme).

Serious Adverse Events

[1230] Two deaths were reported during the OP/MA phase
of the study.
[1231] One 60-year old male with a medical history of

hypertension and vein surgery, experienced death due to
acute cardiac and respiratory failure on Day 113 of the
treatment with esketamine which were considered doubt-
fully related to esketamine. This subject did not experience
any prior cardiac adverse events during treatment with
esketamine and oral AD and had normal blood pressures
during the study. The subject had been receiving esketamine
56 mg, with the last dose administered 5 days prior to the
death.

[1232] One 55-year old female died as a result of suicide
on Day 188 of the study. This subject manifested remission
of depressive symptoms as evidenced by MADRS score of
7 and 9 measured at the last 2 clinic visits, 13 days and 6
days prior to the event, respectively. The event was consid-
ered not related to esketamine. The subject had been receiv-
ing esketamine 84 mg, with the last dose administered 13
days prior to the death.

[1233] A total of 55 (6.9%) subjects experienced a total of
68 serious treatment-emergent adverse event during the IND
and OP/MA phases for the all enrolled analysis set. Four
subjects had serious TEAE assessed as related (possibly,
probably or very likely) to intranasal esketamine by the
investigators: delirium, anxiety and delusion, suicidal ide-
ation and suicidal attempt. The following SAFEs led to
discontinuation of esketamine treatment: 5 cases of suicidal
ideation; 2 cases each of suicidal attempts, depression,
anxiety, and toxicity to various agents (listed as “zolpidem
and oxazepam intoxication” in one participant, and; “drug
intoxication” in the other); and 1 event of each of the
following: alcohol abuse, depression suicidal (depression
with suicidal thoughts), delusions, delirium and hepatitis B.
[1234] The SAE of delirium was reported on Day 127 in
a subject who remained on alcohol abuse prevention treat-
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ment throughout the study (though had no current abuse),
within minutes after dosing with 56 mg of esketamine. The
SAE was assessed as very likely related to ESK, and not
related to the oral AD. During the event the subject had a
period of agitation with random limb movements followed
by 10 min period of non-responsiveness to stimuli. This
subject tolerated esketamine well prior to this event. No drug
or alcohol test was done during that visit. Subject was
hospitalized, withdrawn from the study and recovered from
the event in 18 days. CT scan, MRI and EEG were all
normal. The exact cause of delirium remains unknown, the
use of other substances cannot be excluded.

[1235] The SAEs of anxiety and delusions were reported
prior to dosing with ESK on Day 5 together with SAE of
alcohol abuse (which was assessed as not related to esket-
amine in the opinion of the Investigator). This subject had no
history of psychosis or delusions and negative alcohol
screening tests. Subsequently, the subject disclosed exces-
sive alcohol consumption. Subject was hospitalized and
withdrawn from the study.

[1236] The SAEs related to renal function included pyelo-
nephritis, acute pyelonephritis and 1 case of tubulointersti-
tial nephritis. All these SAEs resolved after appropriate
treatment without sequalae and subjects continued in the
study.

[1237] Three subjects had a serious TEAEs that were
considered related to oral antidepressant by the investiga-
tors: gastroenteritis, colitis microscopic, and suicidal ide-
ation. See, Tables 144 A and 144B.

TABLE 144A

Treatment-emergent Serious Adverse Events; Induction and
Optimization/Maintenance Phases (Study ESKETINTRD3004:
All Enrolled Analysis Set)

Intranasal
Esk + Oral AD

(N =802)
Total no. subjects with a serious TEAE 55 (6.9%)
Psychiatric disorders 26 (3.2%)
Depression 8 (1.0%)
Suicidal ideation 6 (0.7%)
Suicide attempt 6 (0.7%)
Anxiety 2 (0.2%)
Alcohol abuse 1 (0.1%)
Completed suicide 1 (0.1%)
Delirium 1 (0.1%)
Delusion 1 (0.1%)
Depression suicidal 1 (0.1%)
Intentional self-injury 1 (0.1%)
Major depression 1 (0.1%)
Infections and infestations 8 (1.0%)
Gastroenteritis 2 (0.2%)
Bronchitis 1 (0.1%)
Dengue fever 1 (0.1%)
Hepatitis B 1 (0.1%)
Pyelonephritis 1 (0.1%)
Pyelonephritis acute 1 (0.1%)
Urinary tract infection 1 (0.1%)
Gastrointestinal disorders 6 (0.7%)
Anal incontinence 1 (0.1%)
Colitis microscopic 1 (0.1%)
Hemorrhoids 1 (0.1%)
Large intestinal obstruction 1 (0.1%)
Oesophageal ulcer 1 (0.1%)
Pancreatitis 1 (0.1%)
Injury, poisoning and procedural complications 6 (0.7%)
Toxicity to various agents 2 (0.2%)
Costochondral separation 1 (0.1%)
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TABLE 144 A-continued

Treatment-emergent Serious Adverse Events; Induction and
Optimization/Maintenance Phases (Study ESKETINTRD3004:
All Enrolled Analysis Set)

Intranasal
Esk + Oral AD

(N =802)
Fibula fracture 1 (0.1%)
Foot fracture 1 (0.1%)
Poisoning 1 (0.1%)
Musculoskeletal and connective tissue 4 (0.5%)
disorders
Arthralgia 1 (0.1%)
Back pain 1 (0.1%)
Osteoarthritis 1 (0.1%)
Synovial cyst 1 (0.1%)
Nervous system disorders 2 (0.2%)
Headache 1 (0.1%)
Psychomotor hyperactivity 1 (0.1%)
Renal and urinary disorders 2 (0.2%)
Stress urinary incontinence 1 (0.1%)
Tubulointerstitial nephritis 1 (0.1%)
Vesical fistula 1 (0.1%)
Cardiac disorders 1 (0.1%)
Cardiac failure acute 1 (0.1%)
General disorders and administration site 1 (0.1%)
conditions
Pyrexia 1 (0.1%)
Investigations 1 (0.1%)
Transaminases increased 1 (0.1%)
Neoplasms benign, malignant and unspecified 1 (0.1%)
(incl cysts and polyps)
Ovarian cancer 1 (0.1%)
Pregnancy, puerperium and perinatal 1 (0.1%)
conditions
Abortion spontaneous 1 (0.1%)
Reproductive system and breast disorders 1 (0.1%)
Menorrhagia 1 (0.1%)
Respiratory, thoracic and mediastinal disorders 1 (0.1%)
Acute respiratory failure 1 (0.1%)

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events.
Adverse events are coded using MedDRA version 20.0.

TABLE 144B

Most Common Serious Adverse Events in at least 2 patients
in the combined phases (full analysis sets [IND and
OP/MAINT] and all enrolled analysis set)

OP/MAINT IND and OP/
Most common IND phase phase MAINT phases
SAEs (=2 (N = 779) (N = 604) (N = 802)
patients) 1 (%) 1 (%) 1 (%)
Depression 5 (0.6) 3 (0.5) 8 (1.0)
Suicidal 2(0.3) 4 (0.7) 6 (0.7)
ideation
Suicide attempt 4 (0.5) 2 (0.3) 6 (0.7)
Anxiety 2(0.3) 0 2(0.2)
Gastroenteritis 0 2 (0.3)

[1238] The event of suicidal ideation (moderate intensity)

started on Day 207 of the study and led to discontinuation.
The same subject was also reported with akathisia on Day
206 (mild). Subject recovered from suicidal ideation within
30 days.

Adverse Events Leading to Study Drug Withdrawal

[1239] The number of treatment-emergent adverse events
(TEAESs) leading to discontinuation of study treatment was
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low for of this study and TRD patient population. Most of
the discontinuations due to AE’S during the IND phase were
after the initial ESK treatment sessions.

[1240] There were 76 (9.5%) subjects who discontinued
the IND or OP/MA phase intranasal study medication due to
treatment-emergent adverse events (Tables 145A and 145B).
A total of 53/779 (6.8%) subjects discontinued intranasal
study medication in the IND phase and 23/603 (3.8%)
subjects discontinued intranasal study medication in the
OP/MA phase due to treatment-emergent adverse events.
This is much lower than other drugs used for TRD, e.g.
23.7% rate in a quetiapine 52-week safety study in MDD/
TRD subjects (Berman et al., 2011) and a 24.5% over 76
weeks treated with Symbyax in MDD/TRD subjects (Corya,
Long-term antidepressant efficacy and safety of olanzapine/
fluoxetine combination: a 76-week open-label study. Journal
of Clinical Psychiatry: 64 (11) p. 1349-56. 2003).

[1241] The most common AFEs leading to discontinuation
of intranasal study medication were anxiety (1.1%), suicidal
ideation (0.9%), depression, dizziness, and blood pressure
increased (0.7% each), dissociation (0.6%), and muscular
weakness (0.5%). These subjects could continue the oral AD
in the follow-up phase if applicable. There were 33 (4.1%)
subjects who discontinued the IND or OP/MA phase oral
antidepressant study medication due to treatment-emergent
adverse events (Table 146). Atotal of 20/779 (2.6%) subjects
discontinued oral antidepressant in the IND phase and
14/603 (2.3%) discontinued oral antidepressant study medi-
cation in the OP/MA phase due to treatment-emergent
adverse events. One subject discontinued one oral antide-
pressant during the IND phase and switched to another oral
antidepressant. The most common AEs leading to discon-
tinuation of oral antidepressant study medication were anxi-
ety (0.9%) and suicidal ideation (0.6%). Twenty-six subjects
discontinued the IND or OP/MA phase due to adverse events
related to both intranasal and oral AD medications and are
included in both tables.

[1242] One subject was diagnosed with the SAEs of
severe hepatitis B and moderate ovarian cancer were con-
sidered not related to ESK by the investigator). This subject
had clinically significant elevations in the liver function
tests, suspected initially to be a manifestation of drug-
induced liver injury. This subject however responded with
laboratory and clinical improvement to initiated antiviral
treatment which, together with positive hepatitis serology,
confirmed the diagnosis of hepatitis B.

[1243] Among the 76 subjects with TEAEs leading to
discontinuation of intranasal esketamine during the IND or
OP/MA phases, 51 subjects had an AE that was considered
related (possibly, probably, or very likely) to esketamine.
Among the 33 subjects with TEAEs leading to discontinu-
ation of oral AD during the IND or OP/MA phases, 14
subjects had an AE that was considered related to oral AD.
[1244] Nine subjects discontinued due to blood pressure
increase or hypertension. Six of these subjects discontinued
early in the IND phase (on Day 1, 2, 4, 4, 8 and 9 of the
study). Four of these subjects met withdrawal criteria for
elevated blood pressure (SBP 200 mm Hg and/or DBP 120
mm Hg for subjects <65 years old and SBP=190 and
DBP=110).

[1245] A total of 7 subjects had suicidal ideation and 2
attempted suicide during the IND or OP/MA phases that led
to study drug withdrawal of esketamine. In one suicide
attempt, a 46-year old female subject on Day 44 overdosed
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on medication and was intoxicated with carbon monoxide.
This SAE was assessed as life-threatening, probably related
to esketamine and not related to oral antidepressant. The
subject was a responder, however had chronic and acute life
stressors. Subject recovered from the event within 11 days.

TABLE 145A

Treatment-emergent Adverse Events Leading to Discontinuation of Intranasal
Study Medication; Induction and Optimization/Maintenance Phases
(Study ESKETINTRD3004: All Enrolled Analysis Set)

Intranasal Esk +

Oral AD

(N = 802)
Total no. subjects with TEAE leading to discontinuation ¢ 76 (9.5%)
Psychiatric disorders 32 (4.0%)
Anxiety 9 (1.1%)
Suicidal ideation 7 (0.9%)
Depression 6 (0.7%)
Dissociation 5 (0.6%)
Suicide attempt 2 (0.2%)
Alcohol abuse 1 (0.1%)
Delirium 1 (0.1%)
Delusion 1 (0.1%)
Depression suicidal 1 (0.1%)
Hallucination, auditory 1 (0.1%)
Major depression 1 (0.1%)
Panic attack 1 (0.1%)
Paranoia 1 (0.1%)
Psychogenic tremor 1 (0.1%)
Nervous system disorders 13 (1.6%)
Dizziness 6 (0.7%)
Headache 2 (0.2%)
Sedation 2 (0.2%)
Somnolence 2 (0.2%)
Cognitive disorder 1 (0.1%)
Depressed level of consciousness 1 (0.1%)
Generalized tonic-clonic seizure 1 (0.1%)
Psychomotor hyperactivity 1 (0.1%)
Reduced facial expression 1 (0.1%)
Investigations 7 (0.9%)
Blood pressure increased 6 (0.7%)
Electrocardiogram QT prolonged 1 (0.1%)
Musculoskeletal and connective tissue disorders 7 (0.9%)
Muscular weakness 4 (0.5%)
Muscle rigidity 1 (0.1%)
Myalgia 1 (0.1%)
Pain in extremity 1 (0.1%)
Gastrointestinal disorders 6 (0.7%)
Vomiting 3 (0.4%)
Nausea 2 (0.2%)
Abdominal discomfort 1 (0.1%)
Abdominal pain 1 (0.1%)
General disorders and administration site conditions 4 (0.5%)
Asthenia 1 (0.1%)
Feeling drunk 1 (0.1%)
Malaise 1 (0.1%)
Therapeutic response changed 1 (0.1%)
Cardiac disorders 3 (0.4%)
Angina pectoris 1 (0.1%)
Arrhythmia 1 (0.1%)
Coronary artery disease 1 (0.1%)
Ventricular arrthythmia 1 (0.1%)
Eye disorders 3 (0.4%)
Blepharitis 1 (0.1%)
Vision blurred 1 (0.1%)
Vitreous detachment 1 (0.1%)
Injury, poisoning and procedural complications 3 (0.4%)
Toxicity to various agents 2 (0.2%)
Fall 1 (0.1%)
Vascular disorders 3 (0.4%)
Hypertension 3 (0.4%)
Ear and labyrinth disorders 2 (0.2%)
Vertigo 2 (0.2%)
Deafness bilateral 1 (0.1%)
Metabolism and nutrition disorders 2 (0.2%)
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TABLE 146-continued

Treatment-emergent Adverse Events Leading to Discontinuation of Intranasal
Study Medication; Induction and Optimization/Maintenance Phases
(Study ESKETINTRD3004: All Enrolled Analysis Set)

Intranasal Esk +

Oral AD

(N = 802)
Failure to thrive 1 (0.1%)
Hyperglycemia 1 (0.1%)
Infections and infestations 1 (0.1%)
Hepatitis B 1 (0.1%)
Renal and urinary disorders 1 (0.1%)
Urinary incontinence 1 (0.1%)
Respiratory, thoracic and mediastinal disorders 1 (0.1%)
Asthma 1 (0.1%)
Oropharyngeal pain 1 (0.1%)
Skin and subcutaneous tissue disorders 1 (0.1%)
Eczema 1 (0.1%)

@ An adverse event that started in the induction or optimization/maintenance phases and
resulted in discontinuation in the follow-up phase is counted as treatment-emergent in this
table.

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events.

Adverse events are coded using MedDRA version 20.0.

TABLE 145B

Treatment-emergent Adverse Events Leading to Discontinuation of
Intranasal Study Medication in at least 2 Patients in the Combined
Phases (IND and OP/MAINT and All Enrolled Analysis Set)

IND and OP/
OP/MAINT MAINT
IND phase phase phases
Most common TEAEs (N =779) (N = 603) (N =802)
(=2 patients) 1 (%) n (%) n (%)
Anxiety 9(1.2) 0 9 (1.1%)
Suicidal ideation 3(04) 4(0.7) 7 (0.9%)
Depression 3(04) 3(0.5) 6 (0.7%)
Dizziness 6 (0.8) 0 6 (0.7%)
Blood pressure increased 4(0.5) 2 (0.3) 6 (0.7%)
Dissociation 5 (0.6) 0 5 (0.6%)
Muscular weakness 4(0.5) 0 4 (0.5%)
Vomiting 3(04) 0 3 (0.4%)
Hypertension 2 (0.3) 1(0.2) 3 (0.4%)
Suicide attempt 1(0.1) 1(0.2) 2 (0.2%)
Headache 2 (0.3) 0 2 (0.2%)
Sedation 2 (0.3) 0 2 (0.2%)
Somnolence 2 (0.3) 0 2 (0.2%)
Nausea 2 (0.3) 0 2 (0.2%)
Vertigo 1(0.1) 1(0.2) 2 (0.2%)
TABLE 146

Treatment-emergent Adverse Events Leading to Discontinuation of Oral
Antidepressant; Induction or Optimization/Maintenance Phases
(Study ESKETINTRD3004: All Enrolled Analysis Set)

Intranasal Esk +

Oral AD

(N = 802)
Total no. subjects with TEAL leading to discontinuation ¢ 33 (4.1%)
Psychiatric disorders 20 (2.5%)
Anxiety 7 (0.9%)
Suicidal ideation 5 (0.6%)
Depression 3 (0.4%)
Suicide attempt 2 (0.2%)
Alcohol abuse 1 (0.1%)
Anorgasmia 1 (0.1%)
Delirium 1 (0.1%)

Treatment-emergent Adverse Events Leading to Discontinuation of Oral
Antidepressant; Induction or Optimization/Maintenance Phases
(Study ESKETINTRD3004: All Enrolled Analysis Set)

Intranasal Esk +

Oral AD

(N = 802)
Delusion 1 (0.1%)
Dissociation 1 (0.1%)
Insomnia 1 (0.1%)
Gastrointestinal disorders 5 (0.6%)
Abdominal discomfort 1 (0.1%)
Abdominal pain 1 (0.1%)
Colitis microscopic 1 (0.1%)
Dry mouth 1 (0.1%)
Nausea 1 (0.1%)
Nervous system disorders 3 (0.4%)
Dizziness 1 (0.1%)
Headache 1 (0.1%)
Reduced facial expression 1 (0.1%)
Somnolence 1 (0.1%)
Injury, poisoning and procedural complications 2 (0.2%)
Fall 1 (0.1%)
Toxicity to various agents 1 (0.1%)
Musculoskeletal and connective tissue disorders 2 (0.2%)
Muscle rigidity 1 (0.1%)
Myalgia 1 (0.1%)
Vascular disorders 2 (0.2%)
Hot flush 1 (0.1%)
Hypertension 1 (0.1%)
Cardiac disorders 1 (0.1%)
Ventricular arrthythmia 1 (0.1%)
Ear and labyrinth disorders 1 (0.1%)
Deafness bilateral 1 (0.1%)
Vertigo 1 (0.1%)
General disorders and administration site conditions 1 (0.1%)
Therapeutic response changed 1 (0.1%)
Infections and infestations 1 (0.1%)
Hepatitis B 1 (0.1%)
Investigations 1 (0.1%)
Blood pressure increased 1 (0.1%)
Metabolism and nutrition disorders 1 (0.1%)
Failure to thrive 1 (0.1%)
Renal and urinary disorders 1 (0.1%)
Urinary incontinence 1 (0.1%)
Reproductive system and breast disorders 1 (0.1%)
Erectile dysfunction 1 (0.1%)
Respiratory, thoracic and mediastinal disorders 1 (0.1%)
Asthma 1 (0.1%)
Oropharyngeal pain 1 (0.1%)

% An adverse event that started in the induction or optimization/maintenance phases and
resulted in discontinuation in the follow-up phase is counted as treatment-emergent in this
table.

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events.

Adverse events are coded using MedDRA version 20.0.

Cystitis, Urinary Tract Infections and Other Renal and
Urinary Disorders

[1246] There were no cases of interstitial cystitis or ulcer-
ative cystitis. Five (0.6%) subjects experienced a treatment-
emergent cystitis during the IND and OP/MA phases. Three
subjects experienced mild cystitis with durations of 2, 4, and
9 days and one subject experienced moderate cystitis for 7
days during the IND phase. One subject experienced mild
cystitis for 7 days in the OP/MA phase. There were no dose
changes or discontinuations to either intranasal esketamine
or oral antidepressant for these events. See, Table 147.
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TABLE 147

Treatment-emergent Cystitis Adverse Events; Induction
and Optimization/Maintenances Phase (Study
ESKETINTRD3004: All Enrolled Analysis Set)

Intranasal Esk +

Oral AD
(N =802)
Total no. subjects with TEAE 5 (0.6%)
Infections and infestations 5 (0.6%)
Cystitis 5 (0.6%)

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events.
Adverse events are coded using MedDRA version 20.0.

[1247] A total of 65 subjects (8.1%) experienced urinary
tract infections and 84 subjects (10.5%) experienced renal
and urinary disorders during the IND and OP/MA phases.
[1248] The TEAEs of cystitis were mostly of mild sever-
ity, mostly reported in the IND phase (Days 13, 15, 20, 40
and 78), transient and self-limiting, pointing towards an
infectious etiology of UTI cases. Four subjects reported
urinary incontinence assessed as ESK-related (i.e. possibly,
probably or very likely related)

Drug Abuse, Dependence and Withdrawal Adverse Events

[1249] Drug abuse, dependence and withdrawal adverse
events during the IND and OP/MA phases are presented in
Table 148. A total of 423 (52.7%) subjects experienced drug
abuse, dependence and withdrawal during the IND and
OP/MA phases.

TABLE 148

Treatment-emergent Drug Abuse, Dependence, and
Withdrawal Adverse Events; Induction and Optimization/
Maintenance Phases (Study ESKETINTRD3004:

An Enrolled Analysis Set)

Intranasal Esk +
Oral AD
(N = 802)

Total no. subjects with TEAE
Nervous system disorders
Dizziness

Somnolence

Mental impairment
Psychomotor hyperactivity
Psychiatric disorders
Dissociation

423 (52.7%)
320 (39.9%)
265 (33.0%)
134 (16.7%)

2 (0.2%)
209 (26.1%)
180 (22.4%)

Euphoric mood 24 (3.0%)
Confusional state 14 (1.7%)
Hallucination, visual 10 (1.2%)
Disorientation 6 (0.7%)
Thinking abnormal 5 (0.6%)
Inappropriate affect 4 (0.5%)
Hallucination, auditory 3 (0.4%)
Hallucination 2 (0.2%)
General disorders and administration 77 (9.6%)
site conditions

Feeling abnormal 67 (8.4%)
Feeling drunk 12 (1.5%)
Feeling of relaxation 5 (0.6%)

Incidence is based on the number of subjects experiencing at least one adverse event, not
the number of events;
Adverse events are coded using MedDRA version 20.0.

Vital Signs and Body Weight

[1250] FIGS. 63 and 64 present means for blood pressure
over time during the IND and OP/MA phases.
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[1251] Transient blood pressure increases for the esket-
amine+oral AD group peaked at 40 minutes post dose with
the maximum mean increases (across all dosing days within
the respective phase) in systolic BP being 9.6 and 8.6 during
the IND and OP/MA phases, respectively. The maximum
mean increases (across all dosing days within the respective
phase) in diastolic BP were 5.6 and 5.2 in the IND and
OP/MA phases, respectively.

[1252] A total of 18 subjects experienced systolic blood
pressure =180 and 18 experienced diastolic blood pressure
=110 at any time during the IND and OP/MA phases.
[1253] Six subjects discontinued intranasal esketamine
due to increased blood pressure and 1 subject discontinued
oral AD due to increased blood pressure. These subjects
could have continued the oral AD during the follow-up
phase if applicable.

[1254] The mean body weight at baseline of the IND
phase was 78.53 kg and on Day 28 of the IND phase was
78.24 kg. The mean body weight at baseline of the OP/MA
phase was 79.01 kg and at the endpoint was 79.16 kg.

[1255] Overall, nasal tolerability was favorable, as evi-
denced by the results of nasal examination performed by the
investigator before dosing and nasal safety questionnaire
completed by subjects predose and 1 hour post dose.
[1256] No apparent, clinically significant, drug-related
changes from baseline in the mean laboratory hematology
and/or biochemistry parameters were observed during the
IND and OP/MA phase. Asymptomatic increases in ALT>3x
ULN (upper limit of normal) were reported in 13 subjects
(1.6%), most of which occurred in the first 1-3 months of
treatment. These increases normalized while treatment was
ongoing in most subjects. No persistent increases in ALT
were observed. One case of suspected DILI was reported
with ALT/AST>5x and bilirubin>2x uln elevation, where
alternative etiology (hepatitis B) was found.

Other Safety Observations

Clinician-Assessed Dissociative Symptom Scale (CADSS)

[1257] The Clinician Administered Dissociative States
Scale (CADSS) was measured prior to the start of each dose,
at 40 minutes, and 1.5 hours postdose. The CADSS is used
to assess treatment emergent dissociative symptoms and
perceptual changes and the total score ranges from 0 to 92
with a higher score representing a more severe condition.

[1258] The dissociative and perceptual change symptoms
measured by the CADSS, suggest these symptoms had an
onset shortly after the start of the dose and resolved by 1.5
hours postdose (FIG. 65). The greatest increase in CADSS
score at 40 minutes was observed after the first esketamine
dose in the induction phase.

Modified Observer’s Assessment of Alertness/Sedation
(MOAA/S)

[1259] MOAA/S was used to measure treatment-emergent
sedation with correlation to levels of sedation defined by the
American Society of Anesthesiologists (ASA) continuum.
The MOAA/S scores range from 0 (No response to painful
stimulus; corresponds to ASA continuum for general anes-
thesia) to 5 (Readily responds to name spoken in normal
tone [awake]; corresponds to ASA continuum for minimal
sedation).
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[1260] There were 65/777 (8.4%) subjects with MOAA/S
score<3 at any time during the IND phase and 42/603 (7.0%)
subjects with MOAA/S<3 at any time during the OP/MA
phase.

[1261] Two subjects experienced deep sedation equivalent
to MOAA/S score of 0 at one of the study visits. In one of
these subjects, a decrease in MOAA/S score on Day 8 (IND)
was reported as an adverse event of sedation of moderate
intensity, with a duration of 1 hour 30 minutes. The subject
discontinued Esketamine due to nausea and GI discomfort
occurring on the same day. Another subject was reported
with an AE of ‘unresponsive to stimuli’ on Day 15 (IND) of
severe intensity and the dose of esketamine was reduced
from 84 mg to 56 mg.

[1262] In addition, 3 subjects experienced a transient
decrease of MOAA/S to the score of 1 at one visit and single
timepoint post dose (Day 4 (IND), Day 11 (IND) and Week
10 (OP/MA)).

[1263] No subject in the study required cardiovascular
resuscitation. Subjects with MOAA/S of 0 had normal pulse
oximetry and no decreases in the blood pressure or respira-
tory rate. Overall respiratory rate and pulse oximetry after
ESK administration remained stable during both IND and
OP/MA phase. Although individual subjects showed
decreases in pulse oximetry <93% these decreases were
asymptomatic, subjects remained alert and no case of respi-
ratory depression was observed.

Brief Psychiatric Rating Positive Symptom Subscale
(BPRS+)

[1264] FIG. 66 is a plot showing the mean (z) SE for the
of the brief psychiatric rating positive symptom subscale
total score over time during the induction and optimization/
maintenance phases (all enrolled analysis set) for Example
5.

Efficacy Analyses

[1265] The efficacy analyses were performed on the full
analysis sets for the IND and OP/MA phases including all
enrolled subjects who received at least 1 dose of intranasal
study medication or 1 dose of oral antidepressant study
medication in the respective phases.

Montgomery-Asberg Depression Rating Scale (MADRS)

[1266] The MADRS consists of 10 items each scored from
0 (symptom is not present or is normal) to 6 (severe or
continuous presence of the symptom). A total score (0 to 60)
is calculated by summing the scores of all 10 items. A higher
score represents a more severe condition.

[1267] The mean change (SD) from Baseline (IND) in
MADRS total score to End Point (IND) was —16.4 (8.76) for
esketamine+oral AD. The mean change (SD) from Baseline
(OP/MA) in MADRS total score to End Point (OP/MA) was
0.3 (8.12) for esketamine+oral AD. See, FIG. 67.

[1268] Response (=50% improvement from Baseline
(IND) in the MADRS total score) and Remission (MADRS
total score is =<12) rates are presented for the IND and
OP/MA phases in Tables 149 and 150, respectively.

[1269] At End Point in the IND phase, the response rate
was 78.4% and remission rate was 47.2%; of the responders
proceeding to the OP/MA phase, 76.5% were responders and
58.2% were remitters at endpoint. Functional recovery mea-
sured by SDS followed with some lag time after mood
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improvement. At endpoint of the IND, remission rate mea-
sured by SDS at endpoint of the IND phase (21.1%,
observed case). The remission rate doubled throughout the
OP/MA phase (25.2% at week 4 to 51.1% at week 48,
observed case). See, FIG. 68.

TABLE 149

Response and Remission Rates Based on Montgomery-
Asberg Depression Rating Scale (MADRS); Induction
Phase (Study ESKETINTRD3004: Full (IND)
Analysis Set)

Response Remission
Intranasal Esk + Intranasal Esk +
Oral AD Oral AD
Day 8 86/739 (11.6%) 54/739 (7.3%)
Day 15 185/702 (26.4%) 115/702 (16.4%)
Day 22 312/683 (45.7%) 199/683 (29.1%)
Day 28 581/688 (84.4%) 349/688 (50.7%)

End Point (IND) 593/756 (78.4%) 357/756 (47.2%)

A subject is defined as a responder at a given time point if the percent improvement from
baseline (IND) in MADRS total score is at least 50%. A subject is in remission at a given
time point if the MADRS total score is <12.

TABLE 150

Response and Remission Rates Based on Montgomery-
Asberg Depression Rating Scale (MADRS); Optimization/
Maintenance Phase (Study ESKETINTRD3004:

Full (OP/MA) Analysis Set)

Response Remission
Intranasal Esk + Intranasal Esk +

Oral AD Oral AD
Week 1 513/583 (88.0%) 325/583 (55.7%)
Week 8 408/530 (77.0%) 277/530 (52.3%)
Week 16 355/446 (79.6%) 273/446 (61.2%)
Week 24 278/346 (80.3%) 203/346 (58.7%)
Week 32 226/284 (79.6%) 178/284 (62.7%)
Week 40 171/210 (81.4%) 127/210 (60.5%)
Week 48 124/139 (89.2%) 95/139 (68.3%)

End Point (OP/MA) 461/603 (76.5%) 351/603 (58.2%)

A subject is defined as a responder at a given time point if the percent improvement from
baseline (IND) in MADRS total score is at least 50%. A subject is in remission at a given
time point if the MADRS total score is <12.

Patient Health Questionnaire (PHQ-9) Total Score

[1270] The PHQ-9 is a 9-item, self-report scale assessing
depressive symptoms. Each item is rated on a 4-point scale
(0=Not at all, 1=Several Days, 2=More than half the days,
and 3=Nearly every day), with a total score range of 0-27.
A higher score indicates greater severity of depression.
[1271] The mean change (SD) from Baseline (IND) in
PHQ-9 total score to End Point (IND) was -8.9 (6.67) for
esketamine+oral AD. The mean change (SD) from Baseline
(OP/MA) in PHQ-9 total score to End Point (OP/MA) was
-0.2 (5.65) for esketamine+oral AD. See, FIG. 69.

Example 6

[1272] While ketamine is well known for its neurotoxic
potential in rats, esketamine has not been investigated in this
respect. A single and repeated dose neurotoxicity study were
conducted in 12 to 14 weeks old female Sprague-Dawley
rats in order to investigate whether intranasal instillation of
esketamine HCI at a single dose up to 72 mg or during 14
consecutive days at doses up to 54 mg/day results in
histopathological evidence of neurodegeneration (necrosis)



US 2024/0000728 Al

in the brain. Prominent central nervous system-related clini-
cal signs were noted in the esketamine HCl-treated rats
including dose-related salivation, ataxia, decreased motor
activity accompanied by decubitus and catalepsy, increased
motor activity, bradypnea and audible respiration. Extensive
brain histopathology examinations showed no morphologi-
cal evidence of neuronal degeneration. In rats that received
a single subcutaneous injection of the positive control
(+)MK-801 maleate, neuronal necrosis was observed as
expected in the posterior cingulate gyrus and the retrosple-
nial cortex. The esketamine C,, , - and AUC-based safety
margins compared with the maximum 84 mg dose in humans
were approximately 60- and 86-fold in the single dose
neurotoxicity study, and approximately 17- and 11-fold in
the 14-day neurotoxicity study, respectively.

1. Introduction

[1273] This study includes a single dose and 14-day
repeated dose neurotoxicity studies with intranasally admin-
istered esketamine in female rats 12 to 14 weeks of age.
These studies were conducted to investigate whether single
or repeated intranasal administrations of esketamine induced
neurodegenerative changes in the rat brain. The study results
were used to estimate an esketamine exposure-based safety
margin compared with the maximum dose of esketamine
administered intranasally to depressed adult patients in
clinical trials.

2. Material and Methods

[1274] 2.1. Test Facility

[1275] The single dose and 14-day repeated dose neuro-
toxicity studies were performed at Janssen Research &
Development (JRD), a division of Janssen Pharmaceutica
NV, in Beerse, Belgium. Janssen Pharmaceutica NV is a
pharmaceutical company of Johnson & Johnson. The test
facility was approved by the Association for Assessment and
Accreditation of Laboratory Animal Care International
(AAALAC). All animals were treated humanely and cared
for in accordance with the European (European Convention
(ETS No. 123) for the protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes. Council
Directive of Nov. 24, 1986 (86/609/EEG) on the approxi-
mation of laws, regulations and administrative provisions of
the Member States regarding the protection of animals used
for experimental and other scientific purposes, comple-
mented with the COMMISSION RECOMMENDATION of
18 Jun. 2007 (2007/526/EC) on guidelines for the accom-
modation and care of animals used for experimental and
other scientific purposes) and Belgian (Belgian Law (Oct.
18, 1991): Protection of Vertebrate Animals used for Experi-
mental and other Scientific Purposes. Royal Decree of Nov.
14, 1993 for the protection of laboratory animals) guide-
lines, and with the principles of euthanasia as stated in the
Report of the American Veterinary Medical Association
Panel (American Veterinary Medical Association (AVMA),
2013. AVMA Guidelines for the Euthanasia of Animals,
2013 Edition. American Veterinary Medical Association
(AVMA), Schaumburg). The studies were performed in
accordance with JRD ethical protocols, which were
approved by the local ethical committee.

[1276] 2.2. Regulations

[1277] All activities were carried out in compliance with
the current Good Laboratory Practice (GLP) principles of
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the OECD (Organization of Economic Co-operation and
Development; OECD, 1998. OECD Series on principles of
good laboratory practice and compliance monitoring. No. 1,
Principles on Good Laboratory Practice. Accessed from:
[1278] http://www.oecd.org/officialdocuments/pub-
licdisplaydocumentpd{/?cote=env/mc/chem(98)
17&doclanguage=en). OECD Principles of GLP are
accepted by Regulatory Authorities throughout the
Member Countries of the OECD organization as
described in the Mutual Acceptance of Data document
(12 May 1981—C(81)30/Final, Amended on 26 Nov.
1997—C(97) 186/Final). Outsourcing and monitoring
of the bioanalysis of esketamine was done according to
the OECD principles of GLP to the organization and
management of multi-site studies (OECD, 2002.
OECD Series on principles of good laboratory practice
and compliance monitoring. No. 13, The application of
the OECD principles of GLP to the organisation and
management of multi-site studies. Accessed from:
[1279] http://www.oecd.org/officialdocuments/pub-
licdisplaydocumentpdf/?doclanguage=en&cot e=env/
jm/mono(2002)9). The bioanalysis part of the study
was conducted in compliance with the US FDA’s GLP
Regulations for Nonclinical Laboratory Studies, 21
CFR Part 58 (FDA, 2014. FDA 21 CFR Part 58 Good
Laboratory Practice for Nonclinical Laboratory Stud-
ies. United States Food and Drug Administration
(FDA)), and in accordance with the appropriate JRD
standard operating procedures. The design of this study
was based on international guidelines (European Union
(2001). Directive 2001/83/EC of the European Parlia-
ment and of the Council of 6 Nov. 2001 on the
Community code relating to medicinal products for
human use; FDA, 2007. Toxicological principles for
the safety assessment of direct food additives and color
additives in food. Redbook 2000. FDA (United States
Food and Drug Administration); ICH Guideline S3A,
1994. Note for guidance of toxicokinetics: the assess-
ment of systemic exposure in toxicity studies; ICH
Guideline M3 (Rs), 2009. Guidance on Non-clinical
safety studies for the conduct of human clinical trials
and marketing authorization for pharmaceuticals;
JMHW, 1995. Japanese Guidelines for Non-clinical
Studies of Drugs Manual 1995. Yakuji Nippo, Tokyo.
JMHW (Japanese Ministry of Health and Welfare);
OECD, 2008. Test No. 407: Repeated Dose 28-day
Oral Toxicity Study in Rodents, OECD Guidelines for
the Testing of Chemicals, Section 4, OECD Publishing,
Paris. DOI:
[1280] http://dx.doi.org/i0.1787/978926-(070684-en).
[1281] 2.3. Animals and Housing

[1282] For these studies, female specific pathogen free
(SPF) Sprague-Dawley rats were used, which were approxi-
mately 12 to 14 weeks at start of dosing and weighed
between 227 to 293 grams in the single dose study and
between 235 to 296 grams in the 14-day repeated dose study.
The rats were supplied by Charles River (Sulzfeld, Ger-
many). They were group housed in polysulphone cages with
floor area of 3000 cm” and Corn Cob (size 12, Eurocob,
France) was provided as bedding material. Environmental
enrichment existed of a rodent retreat (Bio-Serv, US) and
aspen wood blocks (Datesand, UK). The animal room was
air-conditioned (own supply of filtered fresh air) and had a
12 hour light cycle (300 Lux at 1 m height). The animals
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were fed ad libitum with irradiated R/M-H pelleted main-
tenance diet from Ssniff (Germany). Hydrogel™ (supplied
by Bio-services, Uden, the Netherlands) was provided to the
MK-801 dosed rats in the single dose study.

[1283] 2.4. Formulations
[1284] 2.4.1. Esketamine HCI
[1285] The clinical investigational product is an aqueous

solution of the drug substance, esketamine hydrochloride
(HC1). This formulation is administered intranasally to
patients using a dual nasal spray device, which delivers one
spray into each nostril. At room temperature the maximum
solubility of esketamine HCI at pH 4.5 is 207 mg/mL (i.e.,
180 mg esketamine base/ml. when applying a factor 1.15 to
convert the esketamine HCl salt to esketamine base concen-
tration). The formulation was stored at 37° C. for stability
reasons until dosing.

[1286] 2.4.2. (+)MK-801 Maleate

[1287] An aqueous solution of (+)MK-801 maleate with
pyrogenic-free water containing NaOH/HCI to pH 4.5 and
mannitol till isotonic was used as the positive control. A
factor of 1.52 was used to convert the maleate salt into base
dose levels.

[1288] 2.4.3. Vehicle

[1289] The clinical investigational formulation without
esketamine HCI was used as the vehicle.
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[1293] The positive control (+)MK-801 maleate was
injected once subcutaneously at 1 mg/kg body weight (ex-
pressed as base). The injection volume was 5 mL/kg.
[1294] The vehicle- and the 36 and 54 mg-dosed groups
consisted of 24 animals per group, while the 72 mg-dosed
and positive control groups involved 30 animals per group.
Four satellite animals were added to the esketamine HCI-
dosed groups of main study animals for toxicokinetic (TK)
purposes. In these animals the plasma exposure to esket-
amine was measured on the day of dosing at various time
points up to and including 24 hours after the first instillation.
[1295] In order to prepare for brain histopathology exami-
nation, all main study animals were perfused at necropsy.
Prior to the perfusion, rats were anesthetized with isoflurane.
After injection of 0.1 ml heparin, the blood of the rat was
flushed out with a physiological saline solution by intraar-
terial insertion of a needle in the abdominal aorta. Thereafter
the rat was perfused with glutaraldehyde 3% in potassium
phosphate 0,09M and 1,4% sucrose. Due to logistic con-
straints at maximum 30 animals could undergo the whole-
body perfusion procedure on a given day. Therefore, a
staggered start of treatment was applied to all 5 groups of
main study animals. Consequently, subgroups of 4 main
study animals of the vehicle- and 36 and 54 mg-dosed
groups, and 5 main study animals of the 72 mg-dosed and
positive control groups, were dosed on 6 consecutive days,
respectively. Table 151 summarizes the study design of the
single dose neurotoxicity study.

TABLE 151

Design of the single dose neurotoxicity study

Vehicle- and esketamine HCl-dosed groups of main study animals®

Volume
instilled
intranasally
into each Dose Dose
Group Dose nostril per rat per rat Concentration
number groups B B (mg) (mg/ml)
1 Vehicle 4*350 4*100 0 0
2 Low 2*50 2*100 36 180
3 Medium 3*50 3*100 54 180
4 High 4*350 4*100 72 180

Positive control group treated with (+)MK-801 maleate®

Group Dose Concentration
number (mg/kg body weight) (mg/ml)
5 1 0.2

1Single treatment session consisting of multiple intranasal instillations on a given day;

2Single subcutaneous injection

[1290] 2.5. Experimental Design of the Single Dose Neu-
rotoxicity Study

[1291] Esketamine HCI was instilled intranasally at doses
of 0 (vehicle), 36, 54 or 72 mg (expressed as esketamine
base) to female rats on a single day. The dose levels were
obtained by 2, 3 or 4 subsequent intranasal instillations,
respectively, into both nostrils at a volume of 50 ul. per
nostril. At each instillation, the second nostril was dosed
immediately after the first nostril. The interval between
subsequent instillations into both nostrils was 5 minutes.

[1292] The vehicle control group received 4 subsequent
intranasal instillations of the vehicle into both nostrils (50
uL per nostril) with 5-minute intervals.

[1296] The vehicle control, positive control, and esket-
amine HCl-dosed animals were sacrificed at either 48 hours
(i.e., the first 12 or 15 rats per group) or 96 hours after the
dose administration time (i.e., the last 12 or 15 rats per
group). The brain tissue of the vehicle control-, positive
control- and esketamine HCl-treated rats were processed at
the same time and handled in the same way in batches of 4
or 5 animals per group.

[1297] 2.6. Experimental design of the 14-day repeated
dose neurotoxicity study

[1298] Esketamine HCI was administered into each nostril
of female rats at a volume of 50 pl per nostril either once,
twice or thrice daily by intranasal instillation for 14 con-
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secutive days at doses of 0 (vehicle), 18, 36 or 54 mg/day.
At each instillation, the second nostril was dosed immedi-
ately after the first nostril. The interval between subsequent
instillations into both nostrils was 5 minutes when dosed 2
or 3 times per day.

[1299] The vehicle control group received 3 subsequent
intranasal instillations of the vehicle into both nostrils (50
uL per nostril) with 5-minute intervals for 14 consecutive
days.

[1300] The positive control group received a single sub-
cutaneous injection of (+)MK-801 at 48 hours prior to the
necropsy of the vehicle control and esketamine HCl-treated
animals. The dose level of (+)MK-801 maleate was 1 mg/kg
body weight.

[1301] Each group of main study animals consisted of 12
female rats. Four satellite animals were added to the esket-
amine HCl-dosed groups of main study animals for TK
purposes. The plasma exposure to esketamine was measured
in these animals on the first and the last day of dosing at
various time points up to and including 24 hours after the
first instillation.

[1302] Due to logistic constraints associated with the
whole body perfusion procedure of the animals at necropsy,
a staggered start was applied to the study. Consequently, all
5 groups of main study animals were divided into three
subgroups of 4 animals each. For each of these subgroups
treatment started on a different day. The perfusion procedure
is the is the same as described for the single dose study.
Table 152 summarizes the study design of the 14-day
repeated dose neurotoxicity study.

TABLE 152
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signs, toxic or pharmacological response, moribund state or
mortality. Furthermore, clinical observations were recorded
for the esketamine HCl-dosed rats on the day of dosing at 0
till 5 minutes, 15 and 30 minutes, and at 1, 2, 4, 6 hours
post-dose, at the end of the working day and at 24 hours after
the last instillation in the single dose study and on the first
day of dosing, after one week and towards the end of the
dosing period in the repeated dose study. Body weight and
body weight gain were measured daily. Food consumption
was measured weekly in the repeated dose study.

[1306]
examination was performed on the rats in fasted condition

On the day of terminal kill, a complete physical

and body weight was recorded. The surviving animals were
anaesthetized by inhalation of an isoflurane (IsoFlo® Zoetis,
Belgium)/oxygen mixture and killed by exsanguination via
the carotid artery. A full necropsy was performed on all
animals and all macroscopic changes were recorded. All
terminally killed rats or those killed pre-terminally were
perfused with 4% paraformaldehyde in the single dose study
and with glutaraldehyde 3% in potassium phosphate buffer
0.09 M with 1.4% sucrose in the repeated dose study.

[1307] Brain tissue was sampled and processed routinely.
The trimmed and embedded tissue was sectioned and stained
with hematoxylin-eosin (HE). Histoprocessing and staining
were carried out in three batches of 4 animals per group
(each batch thus containing 4 animals from vehicle control-,

Design of the 14-day repeated dose neurotoxicity study

Vehicle- and esketamine HCl-dosed groups of main study animals®

Volume
instilled
intranasally
into each Dose Dose
Group Dose nostril per rat per rat Concentration
number groups (nl/day) (ul/day) (mg/day (mg/ml)
1 Vehicle 3%50 3*100 0 180
2 Low 1*50 1*100 18 180
3 Medium 2%50 2%100 36 180
4 High 3%50 3*100 54 180

Positive control group treated with (+)MK-801 maleate?

Group Dose (mg/kg Concentration
number body weight) (mg/ml)
5 1 0.2

1Daily treatment sessions each consisting of a single (group 2) or multiple intranasal instillations (groups 1, 3 and
4

2Single subcutaneous injection

[1303] All vehicle- and esketamine HCl-treated animals
were sacrificed at 48 hours after the last instillation. All
(+)MK-801 maleate-treated animals were sacrificed at 48
hours post-dose. The brain tissue of the vehicle control-,
positive control- and esketamine HCl-treated rats were pro-
cessed at the same time and handled in the same way in
batches of 4 animals per group.

[1304] 2.7. Examined Parameters in the Single Dose and
Repeated Dose Neurotoxicity Studies

[1305] All animals were checked at least once daily for ill
health, abnormal behavior or unusual appearance, clinical

positive control- and the three esketamine HCl-treated
groups). In the single dose study duplicate brain sections
were stained with Fluoro-Jade (FJ).

[1308] All tissues showing gross abnormalities were
examined macroscopically. Histopathological examination
was performed on 7 levels of brain tissue according to Bolon
(2013. Toxicol. Pathol. 41(7), 1028-1048) from the vehicle
control-, positive control-, and high dose esketamine HCI-
treated groups in the single dose study, and in all groups in
the repeated dose study.
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[1309] The microscopic finding of neuronal necrosis in the
PCG/RSC of the brain was graded unilaterally according to
the number of necrotic neurons observed over the total
length of the PCG/RSC structure visible in the tissue section
(usually around 3-5 mm) utilizing the following criteria:
[1310] Grade 1: minimal histological change (<10
necrotic neurons),
[1311] Grade 2: slight histological change (10-20
necrotic neurons),
[1312] Grade 3: moderate histological change (20-30
necrotic neurons) or
[1313] Grade 4: marked histological change (>30
necrotic neurons)
[1314] 2.8. Statistical analyses
[1315] The significance of differences between each dose
group and the vehicle group was assessed by a one-sided
Fisher Exact Probability test for mortality and histopathol-
ogy, a two-sided Fisher Exact Probability test for clinical
observations and a two-sided Mann-Whitney U test for body
weight and weight gain. No statistical analysis was con-
ducted for food consumption and gross pathology. All tests
were performed at a significance level of five percent
(a=0.05).

3. Results

[1316] 3.1 Single Dose Study

[1317] 3.1.1. Esketamine HCI

[1318] No test article related mortality or gross pathology

changes were noted when female rats were dosed once with
esketamine HCl up to 54 mg. No relevant effects were noted
on body weight up to 72 mg.
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not be determined. However, the mortalities were consid-
ered related to the combination of the large dose volume and
the high dose of esketamine HCL.

[1320] Prominent clinical observations were noted in all
dose groups of esketamine HCI. Salivation, audible respi-
ration, ataxia and in general a slight increase in general
activity were noted directly after dosing. Subsequently,
severely decreased activity accompanied by decubitus, bra-
dypnea, ptosis and catalepsy were observed from <15 min-
utes post-dose onwards. The duration of these findings was
dependent on the dose of esketamine HCI. At 36 mg, these
findings were noted mainly up to 15-30 minutes, at 54 mg
up to 30 minutes to one hour, and at 72 mg up to 1-2 hours
after the last instillation. During this time period narrowed
palpebral fissure occurred in a dose-dependent manner
affecting approximately one third of the animals at 36 mg up
to approximately two thirds of the animals at 72 mg. After
the decrease in activity had gradually subsided, ataxia was
again observed in most animals and lasted approximately
1.5 hours at 36 mg, 1.5 to 3 hours at 54 mg, and up to 3 hours
or longer at 72 mg. The ataxia was accompanied by slightly
(or incidentally moderately) increased general activity in
approximately half of the rats. Audible respiration was noted
after dosing in approximately half of the animals dosed at 36
mg, and in 2 or 3 rats at 54 and 72 mg, respectively. All
findings except for audible respiration fully subsided within
24 hours. In one high dose rat audible respiration was still
present on Day 2. More details can be found in Table 153.
The time course of decreased and increased general activity
is illustrated in FIG. 70.

TABLE 153

Main clinical observations: incidences per group

Vehicle Esketamine HCI Positive

control 36 mg 54 mg control
Observation X/N X/N X/N 72 mg X/N
Ataxia 0/24 24/24%%% 2424 % kR 27/30%%%
Catalepsy 0/24 20/24%%%  23/24%%%  30/30%%*  15/30%**
Chromodacryorrhea 0/24 0/24 0/24 0/30 24/30%%%
Decubitus 0/24 23/24%%%  2324%%% 30/30%%*  30/30%**
Decreased general activity 0/24 23/24% %% 23/24%%% - 30/30%kk  30/30%k*
Increased general activity 0/24 24/24% %% 24/24% %% DQ/3(Hk 4/30
Piloerection 0/24 0/24 0/24 0/30 8/30%*
Narrowed palpebral fissure 0/24 7/24%* 10/24%%%  D2/3(0%** 4/30
Abnormal respiration 0/24 22/24% %% 22/24%%% - 30/30%kk  12/30%k*
audible respiration 0/24 10/24%%* 3/24 2/30 0/30
bradypnoea 0/24 22/24%%%  21/24%%% 30/30%%*  12/30%**
Salivation (out of normal) 0/24 23/24% %% 24/24%%% - 29 30%kk  17/30%k*

Significance for 36, 54 and 72 mg esketamine HCl-treated and positive control group(s) computed versus
vehicle by Fisher Exact probability test (one-tailed right probability):
*p < 0.05; **p < 0.01; ***p < 0.001;

X = number of affected animals;

N = total number of animals.

[1319] At 72 mg two main study animals and two satellite
TK animals died within 30 minutes after having received 4
instillations of esketamine HCI into both nostrils. Clinical
signs noted just before death were ataxia, bradypnea,
severely decreased general activity, decubitus, catalepsy
(rigid posture), and salivation. One of these rats also showed
narrowed palpebral fissures. The two main study animals
were necropsied and gross changes were observed in the
lungs (discoloration [in one rat], and swollen aspect) and the
pleural cavity (hemorrhagic aspect). A cause of death could

[1321] Although mortality and prominent CNS-findings
(e.g. catalepsy) were noted, histopathological lesions were
absent in the brain of esketamine HCl-treated rats sacrificed
at either 48 or 96 hours after a single dose of 72 mg. In
particular no Olney lesions were found in the PCG/RSC of
any esketamine HCl-treated animal. More details can be
found in Table 155 (see Section 3.3).

[1322] The C,,,.- and AUC-based safety margins for
esketamine compared with the maximum 84 mg clinical
dose were approximately 60- and 86-fold, respectively.
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[1323] 3.2. Repeated dose study [1329] 3.3. Results for (+)MK-801 Maleate in the Single

[1324] 3.2.1. Esketamine HCl Dose and Repeated Dose Neurotoxicity Studies with Esket-

[1325] No test article related mortality occurred. Body amine HCl

weight, weight gain, and food consumption were unaffected
when female rats were dosed with esketamine HCl up to 54
mg/day for 14 days.

[1326] At all dose levels of esketamine HCI, a dose-
dependent increase in duration of ataxia and salivation was
recorded. Slightly increased general activity was noted in all
esketamine HCl-dosed animals starting at 5 minutes after
dosing and lasting up to 1 or 2 hour after the last daily dose
administration. This increased motor activity was seen daily
at 18 mg/day, from Day 3 to 5 until the end of the study at
36 mg/day, and mainly during the last week of the study at
54 mg/day. Also a slight to severe decrease in general
activity was seen in all animals with a dose-related increase
in severity and duration (from 15 or 30 minutes up to 1 or
2 hours after dosing). Decubitus was occasionally noticed
during the first days of the study at 36 and 54 mg/day. After
the decrease in activity had gradually subsided, increased
general activity accompanied by ataxia was again observed
(FIGS. 71A-71C). At 36 or 54 mg/day, periods of respiratory
abnormalities (bradypnoea, audible respiration) were noted
in almost all animals and were observed on several days
throughout the study, from 5 to 30 minutes or 1 to 4 hours
after dosing. More details can be found in Table 154.

TABLE 154

[1330] No mortality was noted in either the single dose or
repeated dose study when female rats received a single
subcutaneous dose of (+)MK-801 maleate at 1 mg/kg body
weight.

[1331] Ataxia, moderately to severely decreased general
activity and decubitus were noted in most animals. Addi-
tionally, catalepsy, bradypnea, tremors and salivation were
noted. A single animal showed clonic convulsions.

[1332] During the follow-up period prior to necropsy,
decreased activity and ataxia remained present, but became
gradually less severe, and catalepsy and bradypnea were
only noted occasionally. Additionally almost all animals
showed chromodacryorrhea. Other signs of general discom-
fort were occasionally noted in some animals such as
piloerection, hunched back, ocular discharge and narrowed
palpebral fissures. Occasionally slight increases in general
activity were noted. The time course of decreased and
increased activity is illustrated in FIG. 70.

[1333] (+)MK-801 maleate-dosed rats showed approxi-
mately 13-14% body weight loss within the first 48 hours
after treatment. In the single dose study, where half of the
animals was maintained until 96 hours post-dose, the ani-
mals regained weight between 48 and 96 hours post-dose.

Main clinical observations in the repeated dose neurotoxicity study

(incidences per group)

Esketamine HCI

Vehicle 18 mg/ 36 mg/ 54 mg/ Positive

control day day day control
Observation X/N X/N X/N X/N X/N
Ataxia 0/12 12/12%%% 12/12%%*%  12/12%%*  12/12%**
Chromodacryorrhea 0/12 0/12 0/12 0/12 12/12%%*
Decubitus 0/12 0/12 2/12 8/12%** (/12
Decreased general activity 12 5/12 12/12%%%  12/12%%%  ]2/12%%*
Increased general activity 0/12 12/12%%%* 12/12%%%  12/12%%%  ]2/12%%*
Abnormal respiration 0/12/12 2/12 11/12%%%  12/12%%%  12/12%%*
audible respiration 0/12 2/12 6/12%* 6/12%* 0/12
bradypnoea 0/12 0/12 11/12%%%  12/12%%*  12/12%%%
Salivation (out of normal) 0/12 12/12%%%* 12/12%%%  12/12%%* 2/12

Significance for 18, 36, and 54 mg/day esketamine HCl-treated and positive control group(s) computed

versus vehicle by Fisher Exact probability test (one-tailed right probability):
*p < 0.05; **p < 0.01 ***p < 0.001;

X = number of affected animals;
N = total number of animals;

Gross pathology did not reveal any tissues changes.

[1327]
histopathological lesions were noted in the brain of esket-
amine HCl-dosed animals up to 54 mg/day. Notably no
Olney lesions were found in the PCG/RSC of any esket-
amine HCl-treated animal. More details can be found in
Table 6 and FIGS. 72A-72B and 73 (see Section 3.3).

[1328] In the 14-day study the C, .- and AUC-based

safety margins for esketamine were approximately 17- and
11-fold, respectively.

At 48 hours after the last intranasal instillation no

[1334] At 48 and 96 hours post-dose in the single dose
study, and at 48 hours after the last dose administration in the
repeated dose study, (+)MK-801 maleate induced Olney
lesions as evidenced by the occurrence of neuronal necrosis
in the PCG/RSC of all animals treated with this positive
control test article. In both studies, most lesions were graded
as moderate or marked (grade 3 or 4). There was no
remarkable difference in the severity of the neuronal necro-
sis between the animals necropsied at either 48 or 96 hours
post-dose in the single dose study. In that study, necrotic
neurons tended to be slightly more numerous upon FIJ
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staining compared with the HE staining. In both studies the
lesions were consistently more severe in the RSC compared
with the PCG.

[1335] Tables 155 and 156 below provide an overview of
the incidences and severity.

TABLE 155

Single dose neurotoxicity study. Incidence and severity of
neuronal necrosis in the posterior cingulate gyrus (PCG)
and the retrosplenial cortex (RSC) of esketamine
HCI- and (+YMK-801 maleate-treated rats

Dose of esketamine HCI Vehicle Esketamine HCI Positive
(mg) control 36 54 72 control
BRAIN, POSTERIOR

CINGULATE GYRUS (HE)

No. Examined 24 — — 30 30
Neuronal Necrosis — — — — 30%*
Grade 1 — — — — 1
Grade 2 — — — — 5
Grade 3 — — — — 19
Grade 4 — — — — 5
BRAIN, POSTERIOR

CINGULATE GYRUS

(Fluoro-Jade)

No. Examined 24 — — 30 30
Neuronal Necrosis 30%*
Grade 2 — — — — 2
Grade 3 — — — — 9
Grade 4 — — — — 19
BRAIN, RETROSPLENIAL

CORTEX (HE)

No. Examined 24 — — 30 30
Neuronal Necrosis 30%*
Grade 1 — — — — 1
Grade 2 — — — — 6
Grade 3 — — — — 10
Grade 4 — — — — 13
BRAIN, RETROSPLENIAL

CORTEX (Fluoro-Jade)

No. Examined 24 — — 30 30
Neuronal Necrosis 30%*
Grade 3 — — — — 5
Grade 4 — — — — 25

Significance for 36, 54 and 72 mg esketamine HCl-treated and posmve control group(s)
computed versus vehlcle by one-sided Exact Fisher test: *p < 0.05; =< 0.01.

TABLE 156

Repeated dose neurotoxicity study. Incidence and
severity of neuronal necrosis in the posterior cingulate
gyrus (PCG) and the retrosplenial cortex (RSC) of

esketamine and (+)MK-801 maleate-treated rats

Dose of esketamine HCI Vehicle Esketamine HCI Positive
(mg/day) control 18 36 54 control
BRAIN, POSTERIOR

CINGULATE GYRUS (HE)

No. Examined 12 12 12 12 12
Necrosis 12%%*
Grade 1 — — — — 1
Grade 2 — — — — 4
Grade 3 — — — — 4
Grade 4 — — — — 3
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TABLE 156-continued

Repeated dose neurotoxicity study. Incidence and
severity of neuronal necrosis in the posterior cingulate
gyrus (PCG) and the retrosplenial cortex (RSC) of
esketamine and (+)MK-801 maleate-treated rats

Dose of esketamine HCI Vehicle Esketamine HCI Positive
(mg/day) control 18 36 54 control
BRAIN, RETROSPLENIAL

CORTEX (HE)

No. Examined 12 12 12 12 12
Necrosis 12%*
Grade 1 — — — — 1
Grade 2 — — — — 1
Grade 3 — — — — 3
Grade 4 — — — — 7

Significance for 18, 36 and 54 mg/day esketamine HCI and posmve control group(s)
computed versus vehlcle by one-sided Exact Fisher Test: *p < 0.05; =< 0.01

4. Discussion

[1336] Ketamine is a drug with contradictory properties
ascribed to it. On one hand, it can be neuroprotective
(Hudetz, 2010. J. Cardiothor. Vasc. Anesth. 24, 131-142), as
for example was shown by the decreases in plasma cat-
echolamines and the improved outcome from incomplete
cerebral ischemia in rats (Hoffman, 1992. J. Anesthesiology
76(5), 755-762). A reduction in neuronal degeneration and
anxiety levels was observed when ketamine was adminis-
tered during early life-induced status epilepticus in rats
(Loss, 2012. Brain Research 1474, 110-117). In a rat model
of global forebrain ischemia induced by hypobaric hypoten-
sion, a single IP administration of esketamine at 60 or 90
mg/kg body weight 15 minutes after cerebral ischemia
significantly reduced neuronal cell loss in the cerebral
cortex, whereas other brain structures such as hippocampus
were less protected (Proescholdt, 2001. Brain Res. 904,
245-251). On the other hand, ketamine has been reported to
provoke Olney lesions in the rat brain after a single (Olney
1989; Jevtovic-Todorovic 2000; Jevtovic-Todorovic 2005)
or repeated dose administration (Horveth, 1997. Brain Res.
753(2), 181-195). The precise thresholds for dose and dura-
tion of exposure causing neurotoxicity in animals remain to
be established. The relevance to humans of ketamine’s
neurotoxic action in animals is unknown.

[1337] The potential induction of neuronal lesions after an
acute intranasal administration of esketamine HCl was stud-
ied in the single dose neurotoxicity study in which adult
female Sprague-Dawley rats (12 to 14 weeks of age)
received doses of 36, 54 or 72 mg. These doses were
achieved by a single treatment session consisting of 2, 3 or
4 subsequent intranasal instillations, respectively, into each
nostril of 50 pl. of an aqueous solution containing 180
mg/mL of esketamine HCI. The interval between the sub-
sequent instillations of both nostrils was 5 minutes. The
highest dose of 72 mg represented the maximum feasible
dose for an acute study based on the maximum dose volume
that could be administered multiple times at 5-minute inter-
vals (50 pL. per nostril) and the maximum solubility of
esketamine HCI in water being 180 mg/mL. Consequently,
the highest dose of 72 mg each nostril was instilled with in
total 200 pl. of esketamine HCl spread over 15 minutes. A
higher dose volume was not feasible considering that the rat
is an obligate nasal breather with a nasal cavity which has a



US 2024/0000728 Al

135

volume of approximately 200 pl. per nostril (Gizurarson,
1990. Acta Pharm. Nord. 2(2), 105-122). Brain histopathol-
ogy was examined at 48 hours and 96 hours post-dose. The
selection of these time points was guided by published
experiments reporting that acute exposure to MK-801 or
(+)MK-801 depending on the dose, induces neuronal necro-
sis in the PCG/RSC of rats at 1 to 14 days after single dose
administration (Auer 1996; Bender, 2010a. Neuroscience
169, 720-732; Colbourne 1999; De Olmos, 2009. Neurosci-
ence 164(3), 1347-1359; Fix 1993; Fix 1994; Fix 1995; Fix
1996; Fix 2000; Jevtovic-Todorovic 2001; Willis, 2007.
NeuroToxicology 28, 161-167). No signs of neuronal necro-
sis were found at these two time points in any of the
esketamine HCl-treated animals tested in the single dose
study. The C,,,.- and AUC-based safety margins for esket-
amine compared with the maximum 84 mg clinical dose
were approximately 60- and 86-fold, respectively.

[1338] To date, no previous literature data exist on the
potential induction of neuronal necrosis in the PCG/RSC of
adult female Sprague Dawley rats acutely treated with either
esketamine or ketamine. There is however ample evidence
that ketamine induces neuronal vacuolation in these brain
areas of female rats shortly after single dose treatment. In
this respect ketamine resembles MK-801 or (+)MK-801
(Auer and Coulter 1994; Farber 1995; Fix 1993; Fix 1994;
Fix 1996; Fix 2000; Jevtovic-Todorovic, 1997. Journal of
Cerebral Blood Flow and Metabolism 17,168-174; Jevtovic-
Todorovic 2001). Neuronal vacuolization was observed in
the PCG/RSC of adult Sprague Dawley rats at 4 hours after
a single subcutaneous injection with ketamine at 40 mg/kg
body weight, but not at 10 or 20 mg/kg (Olney 1989). The
RSC of female Sprague Dawley rats 2 months of age, which
received a single dose of ketamine at 60 mg/kg body weight,
showed neuronal vacuolation at 3 hours post-dose. The
reaction was more prominent at 3 months of age (Jevtovic-
Todorovic 2001). The EDsy-value for the induction of
neuronal vacuolation in the PCG/RSC of adult female
Sprague Dawley rats at 3 hours after a single intraperitoneal
injection of ketamine has been reported to be 47.5 mg/kg
body weight (Jevtovic-Todorovic 2000). Such early time
points after dose administration were not examined in the
single dose neurotoxicity study, because neuronal vacuola-
tion is considered to be reversible. The latter neurodegen-
erative lesion is thought to be more severe than neuronal
vacuolation and irreversible (Bender 2010a; Zhang 1996).

[1339] In the current single dose study with intranasally
administered esketamine HCI in Sprague Dawley rats, the
mean body weight was 255 g. Therefore, the highest dose of
72 mg corresponds with approximately 282 mg/kg body
weight. This dose is considerably larger than the dose levels
of ketamine previously described to provoke vacuolated
neurons in the PCG/RSC (Olney 1989; Jevtovic-Todorovic
2000; Jevtovic-Todorovic 2005). It is not clear why no
histopathological neuronal lesions were present after a
single intranasal dose of 282 mg/kg body weight esket-
amine, while neuronal vacuolation was observed from a
single intraperitoneal injection of 47.5 mg/kg body weight
ketamine onwards. A possible reason could be that in the
current study, neuronal necrosis was studied 48 and 96 hours
after an acute dose of esketamine, while the literature with
ketamine only describes neuronal vacuolation some hours
after acute administration. Perhaps the neuronal vacuolation
was not observed because it recovered by the 48 hour time
point (as shown by Auer and Coulter 1994 for MK-801).
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Another reason could be that intranasally administered
esketamine and parenterally administered ketamine differ in
bioavailability and hence result in different plasma expo-
sures and/or different brain kinetics.

[1340] Olney lesions or other neuropathological changes
of the rat brain after repeated dosing of esketamine or
ketamine have not been reported. Additionally, neuropatho-
logical examinations of the rat brain after repeated dosing of
MK-801 are scarce in the open literature. The brains of rats
SC treated with 0.3 mg/kg body weight/day of MK-801 on
4 consecutive days did not show neuronal vacuolation at 4
hours after the last dose administration (Olney 1989). When
rats were treated daily with MK-801 for 4 days at higher or
more steeply increasing dose schedules, and the brains were
examined 4 hours after the last dose, neuronal vacuolation
was observed. There was no evidence of a cumulative effect
or of the reaction progressing to an irreversible state (Olney
1989). In rats treated 3 times/day with (+)MK-801 for two
days, neurodegeneration was reported not only in the RSC,
but in other brain areas as well although less prominent
(Horveth 1997).

[1341] To investigate the potential formation of neurode-
generative lesions after repeated intranasal administration of
esketamine HCl, a 14-day repeated dose neurotoxicity study
was performed in Sprague Dawley rats of the same sex and
age as used in the single dose study. The highest dose of 54
mg/day esketamine HCI was selected based on a 14-day
dose-range finding study, where upon repeated intranasal
administration this dose level was considered to be the
maximum tolerated dose (MTD) on the basis of severely
decreased general activity, decubitus and respiratory abnor-
malities (internal study). In the 14-day neurotoxicity study,
the vehicle control and esketamine HCl-dosed animals were
sacrificed at 48 hours after the 14” dose administration of
esketamine, and the (+)MK-801-treated animals at 48 hours
after an acute dose of (+)MK-801-maleate, which was
administered on the last dosing day of the study. Fix 1996
reported neuronal necrosis in the PCG/RSC of the rat brain
upon a single dose of MK-801 from 24 hours to 14 days
post-dose. At 24 hours the effect was only slight and
occasionally present, while it was prominent at 72 hours
post-dose. Fix 1993 reported neuronal necrosis in the rat
RSC at 48 hours to 14 days after a single dose of (+)MK-
801. The 48-hour time point of sacrifice was selected since
the primary goal of the study was to explore the potential
occurrence of neuronal necrosis in the brain. Fourteen days
of repeated administration of esketamine HCI was consid-
ered a reasonable duration of treatment to allow detection of
degenerating neurons at 48 hours after the last dose admin-
istration. Neuronal vacuolation was not expected to be
detectable after 14 days of treatment since it has a short time
course and has been reported to be reversible (Auer and
Coulter 1994; Bender 2010a; Farber 1995; Fix 1993; Fix
1994; Fix 1996; Fix 2000, Jevtovic-Todorovic 1997,
Jevtovic-Todorovic 2000; Jevtovic-Todorovic 2001; Olney
1989; Zhang 1996). Consequently, neuronal vacuolation
was not considered an endpoint of interest. Neuronal necro-
sis in the PCG/RSC was observed at 48 hours after a single
dose of (+)MK-801 at 1 mg/kg body weight, it was decided
to dose the positive control group only once on the day that
the esketamine HCl-treated rats received their last dose
administration and evaluate all brain tissue samples at 48
hours after the last dose. While as expected the (+)MK-801
treated rats showed neuronal necrosis, the esketamine HCI-
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treated animals did not. At the highest dose tested of 54
mg/day esketamine HCI, the C,, .- and AUC-based safety
margins for esketamine compared with the maximum 84 mg
clinical dose were approximately 17- and 11-fold.

[1342] When esketamine HCl was administered intrana-
sally to adult female rats once up to 72 mg (corresponding
to approximately 282 mg/kg body weight) or repeatedly up
to 54 mg/day (corresponding to approximately 196 mg/kg
body weight), similar clinical observations were noted. The
duration of anesthesia was 15-30 minutes at 36 mg, 30
minutes to an hour at 54 mg, and one to 2 hours for the 72
mg-dosed rats. During the anesthetic period, bradypnea was
occasionally observed. Although ketamine is seen as an
agent causing minimal respiratory depression, some respi-
ratory depression may occur at higher dose levels as dem-
onstrated by the higher pCO2 values for ketamine at 80
mg/kg body weight (Hoffmann, 2003. Pharmacology, Bio-
chemistry and Behavior 74, 933-941). Ketamine is a widely
used anesthetic in rats, but is mostly used in combination
with other agents (e.g. xylazine) to induce dissociative
anesthesia with analgesia and immobility. The onset of
anesthesia after intramuscular dosing a rat with 50 mg/kg
ketamine is rapid (within 5 minutes), with loss of righting
reflex after 7 minutes and a duration of full anesthesia for 35
minutes. 45 Minutes later the righting reflex starts to be
present again. Intramuscular doses up to 150 mg/kg body
weight caused a peak effect within 10 minutes, which could
be sustained for 30-40 minutes. A total recovery of the
anesthesia was seen after 1.5 hours (Green 1981. Lab. Anim.
1981, 15: 163).

[1343] The esketamine HCl-induced anesthesia was
mostly preceded by ataxia and slightly increased activity of
the rats during the first minutes after dosing, before decu-
bitus and catalepsy was noted within 15 minutes. Hyperac-
tivity and ataxia were also noted after recovery from anes-
thesia and lasted approximately up to 1.5 hours at 36 mg, up
to 1-3 hours at 54 mg and up to 3 hours or longer at 72 mg.
Subanesthetic doses of ketamine are known to cause hyper-
activity and ataxia. An intraperitoneal dose of 10 mg/kg
body weight ketamine results in increased open field activ-
ity, which is thought to be related to changes in dopamine
activity (Wilson, 2005. Pharmacology, Biochemistry and
Behavior 81 (2005) 530-534). Intravenous dosing of ket-
amine at 5 to 80 mg/kg body weight showed an increased
duration of ataxia and hyperactivity with increasing doses.
The duration of hyperactivity was slightly longer that the
duration of ataxia (Wilson 2005; Cohen 1973. Anesthesiol.
39: 370-376). Similar findings were reported by Compton
(Compton, 2013. International Journal of Life Science and
Medical Research Vol. 3 Iss. 5, 179-192), as rats injected
intraperitoneally with ketamine at 5 mgkg showed
increased general activity, while rats dosed at 40 mg/kg did
not.

[1344] The positive control in both studies was (+)MK-
801-maleate. This non-selective NMDA receptor antagonist
is well known for causing neuronal vacuolation and degen-
eration (necrosis) in the PCG/RSG of the rat brain (Auer and
Coulter 1994; De Olmos 2009; Fix 1993; Fix 1994; Fix
1995; Fix 1996; Fix 2000; Olney 1989; Olney 1991). The
(+)-enantiomer is 7 times more potent than the (-)-enan-
tiomer. In the present studies it was administered by a single
subcutaneous injection at 1 mg/kg. In a dose-range finding
study, this 1 mg/kg body weight dose was considered to be
the MTD for a single subcutaneous injection of (+)MK-801-
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maleate in female Sprague-Dawley rats 13-14 weeks of age.
A single SC or intraperitoneal (IP) administration of
MK-801 at 5 mg/kg body weight has been reported to cause
severe incoordination, increased motor activity, ataxia,
head-waving movements prior to a recumbency period of
5.5 to 6 hours for male rats and 24 to 40 hours for females.
This long period of recumbency resulted in severe body
weight losses. Mortality of rats in a state of extreme immo-
bility with shallow breathing was reported as well (Col-
bourne 1999; De Olmos 2008; Fix 1995; Auer 1996; Hur,
1999. Environmental Toxicology and Pharmacology 7, 143-
146). Female rats injected IP with 5 mg/kg body weight of
(+)MK-801 showed recumbency, severe hypothermia and
loss of body weight lasting up to 3 to 7 days post-dose
(Zajaczkowski, 2000. Neurotox. Res. 1(4), 299-310).
Behavioural disturbance and recumbency have also been
reported in rats treated once at 10 mg/kg IP (Bender, 2010b.
Neurotoxicology and Teratology 32, 542-550). A single SC
dose of 1 mg/kg MK-801 induced recumbency for at least 7
hours post-dose (Fix 1995). At lower dose levels (0.05 to 0.2
mg/kg SC or IP) MK-801 induced increased locomotion and
ataxia in rats (Andine, 1999. J. Pharmacol. Exp. Ther.
290(3), 1393-408; Ahlander, 1999.

[1345] Neuropsychopharmacol. 21, 414-426). In female
rats, locomotion was maximal at 0.1 to 0.2 mg/kg, while
stereotypic sniffing was reported at 0.1 to 0.5 mg/kg, and
ataxia at 0.2 to 1 mg/kg of MK-801 (Andine 1999). The
clinical findings reported in the literature were also observed
in the studies after a single dose of (+)MK-801 at 1 mg/kg
body weight. As a result of the long period of recumbency,
the animals were not eating or drinking, causing a severe
body weight loss of 13-14% during the first 48 hours after
dosing. It has been claimed that any dose of MK-801 equal
to or exceeding 0.2 mg/kg should probably be considered to
be grossly intoxicating in rats (Wozniak, 1990. Psychophar-
macology 101(1), 47-56). Remarkably, however, many other
investigators did not mention any clinical observations at all
even after a single dose as high as 10 mg/kg (Wozniak, 1998.
Neurobiology of Disease. 5(5), 305-322; Farber 1995; Auer
and Coulter 1994; Fix 1993; Fix 1996; Willis and Ray 2007,
Bueno, 2003. Experimental and Toxicologic Pathology 54,
319-334; Horveth 1997; De Olmos 2009; Fix 2000).

[1346] The presence of the neuronal necrosis in the PCG/
RSC was graded according to the number of necrotic
neurons that were observed over the total length of the
structure visible in the section (usually around 3-5 mm).
Four grades were used and covered changes that ranged
from minimal (<10 necrotic neurons) to marked (>30
necrotic neurons). With this grading system, it was shown
that (+)MK-801 maleate upon a single SC injection at 1
mg/kg body weight caused the typical neuronal necrosis
associated with neuronal necrosis in the PCG/RSC of all
treated animals. The severity of the lesions was scored
marked in the majority of the animals (i.e., 25 out of 30
females in the single dose study and 7 out of 12 animals in
the repeated dose study). No relevant differences were seen
between the single dose and repeated dose studies or
between the 48- and 96-hour post-dose timepoints in the
single dose study. Therefore it can be concluded that rats that
were dosed once with (+)MK-801 maleate at 1 mg/kg served
as a valid positive control group for both neurotoxicity
studies and that the response was robust and consistent.
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[1347] 4.1. Conclusion

[1348] Although mortality and prominent CNS-related
clinical observations (e.g. catalepsy) were noted with intra-
nasally administered esketamine HCI in the single dose
neurotoxicity study, no neuropathological lesions were
observed in the adult female rat brain up to the highest tested
dose of 72 mg when evaluated at 48 and 96 hours after
dosing. The C,, .- and AUC-based safety margins for esket-
amine compared with the maximum 84 mg clinical dose
were approximately 60- and 86-fold, respectively. No his-
topathological lesions were found in the brains of the
esketamine HCl-treated animals involved in 14-day repeat
dose neurotoxicity study either. In the latter study, the
highest tested dose was 54 mg/day. At that dose, the C,,,,.-
and AUC-based safety margins for esketamine compared
with the maximum 84 mg clinical dose were approximately
17- and 11-fold. As expected the positive control (+)MK801
maleate induced neurodegenerative lesions as evidenced by
typical neuronal necrosis in the PCG/RSC of the brain in all
rats treated with this positive control compound.

Example 7

[1349] The studies of this example assessed the efficacy,
safety, and dose-response of intranasal esketamine in
patients with treatment-resistant depression (TRD).

Materials and Methods

[1350] Ethical Practices

[1351] An Independent Review Board (United States)/
Independent Ethics Committee (Belgium) approved the
study protocol and amendments. The study was conducted in
accordance with ethical principles that have their origin in
the Declaration of Helsinki, consistent with Good Clinical
Practices and applicable regulatory requirements. All indi-
viduals provided written informed consent before partici-
pating in the study. The study is registered at clinicaltrials.
gov, NCT01998958.

[1352] Study Population

[1353] The study enrolled medically stable (based on
physical examination, medical history, vital signs, and
12-lead ECG performed at screening) adults (20 to 64 years)
with a diagnosis of MDD, according to the Diagnostic and
Statistical Manual of Mental Disorders Fourth edition—Text
revised (DSM-IV-TR). See, American Psychiatric Associa-
tion. Diagnostic and statistical manual of mental disorders
(DSM-IV-TR). 4th ed, text revised. Washington, DC: Ameri-
can Psychiatric Association, 2000.

[1354] All participants had TRD, defined as inadequate
response to 2 antidepressants (assessed by Massachusetts
General Hospital Antidepressant Treatment Response Ques-
tionnaire; Rush, “The Inventory of Depressive Symptoma-
tology (IDS): Psychometric properties”, Psychol. Med.,
1996, 26(3):477-486), with at least 1 in the current depres-
sion episode. Otherwise, an antidepressant failure from a
prior episode was acceptable. All participants continued the
antidepressants they were taking at study entry during the
study. At screening and pre-dose on day 1, eligible partici-
pants had a score of =34 on the 30-item, clinician-rated
Inventory of Depressive Symptomatology (IDS-C,,) (Rush
1996 and Trivedi, “The Inventory of Depressive Symptoma-
tology, Clinician Rating (IDS-C) and Self-Report (IDS-SR),
and the Quick Inventory of Depressive Symptomatology,
Clinician Rating (QIDS-C) and Self-Report (QIDS-SR) in
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public sector patients with mood disorders: a psychometric
evaluation”, Psychol. Med., 2004, 34(1):73-82), correspond-
ing to moderate-to-severe depression. Key exclusion criteria
included recent or current suicidal ideation with intent to act,
suicidal behavior, or homicidal ideation/intent, diagnosis of
bipolar or related disorders, intellectual disability, psychotic
disorder, MDD with psychosis, post-traumatic stress disor-
der, obsessive-compulsive disorder, substance/alcohol use
disorders in the last year, and recent use of cannabis.
[1355] The study enrolled medically stable (based on
physical examination, medical history, vital signs, and
12-lead ECG performed at screening) adults (20 to 64 years)
with a diagnosis of MDD, according to the Diagnostic and
Statistical Manual of Mental Disorders Fourth edition—Text
revised (DSM-IV-TR). Participant’s major depressive epi-
sode and treatment response were evaluated to confirm
participant met criteria using the “State vs. Trait, Assessibil-
ity, Face Validity, Ecological Validity, Rule of Three P’s”
(SAFER) criteria interview [Targum, “Redefining affective
disorders: relevance for drug Development”, CNS Neurosci.
Ther., 2008, 14(1):2-9], administered by remote, indepen-
dent raters.

[1356] Key exclusion criteria included recent or current
suicidal ideation with intent to act, suicidal behavior, or
homicidal ideation/intent, diagnosis of bipolar or related
disorders, intellectual disability, psychotic disorder, major
depressive disorder (MDD) with psychosis, cluster B per-
sonality disorder (based on clinical assessment by the inves-
tigator), post-traumatic stress disorder, obsessive-compul-
sive disorder, history of non-response to electroconvulsive
therapy. Individuals with substance or alcohol abuse or
dependence during the past year were excluded, as well as
those testing positive for cannabis at screening.

[1357] Study Design

[1358] This phase 2, 2-panel, double-blind, doubly-ran-
domized, delayed-start, placebo-controlled study (a variant
of sequential parallel comparison design) was conducted
from 28 Jan. 2014 to 25 Sep. 2015. See, e.g., Chi, “On
clinical trials with a high placebo rate. Contemporary Clini-
cal Trials Communications”, 2016, 2:34-53; Fava, “The
problem of the placebo response in clinical trials for psy-
chiatric disorders: culprits, possible remedies, and a novel
study design approach”, Psychother. Psychosom. 2003,
72(3):115-27; Chen, “Evaluation of performance of some
enrichment designs dealing with high placebo response in
psychiatric clinical trials”, Contemp. Clin. Trials, 2011,
32(4):592-604; Fava, “A double-blind, placebo-controlled
study of aripiprazole adjunctive to antidepressant therapy
among depressed outpatients with inadequate response to
prior antidepressant therapy (ADAPT-A Study)”, Psy-
chother. Psychosom., 2012, 81(2):87-97); Chen, “A sequen-
tial enriched design for target patient population in psychi-
atric clinical trials” Stat. Med., 2014, 33(17):2953-2967;
Doros, “A repeated measures model for analysis of continu-
ous outcomes in sequential parallel comparison design stud-
ies”, Stat. Med., 2013, 32(16):2767-2789; Huang, “Com-
parison of test statistics for the sequential parallel design”,
Statistics in Biopharmaceutical Research, 2010, 2(1):42-50;
Ivanova, “Optimality, sample size, and power calculations
for the sequential parallel comparison design”, Stat. Med.,
2011, 30(23):2793-803; Papakostas, “L-methylfolate as
adjunctive therapy for SSRI-resistant major depression:
results of two randomized, double-blind, parallel-sequential
trials”, Am. J. Psychiatry, 2012, 169(12):1267-1274; Roy,
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“An examination of the efficiency of the sequential parallel
design in psychiatric clinical trials”, Clinical Trials. 2007,
4:309-317; Rybin, “Placebo non-response measure in
sequential parallel comparison design studies”, Stat. Med.,
2015, 34(15):2281-2293; Tamura, “An examination of the
efficiency of the sequential parallel design in psychiatric
clinical trials”, Clin. Trials. 2007, 4(4):309-317; and
Tamura, “Estimation of treatment effect for the sequential
parallel design™, Stat. Med., 2011, 30(30):3496-506.
[1359] In Panel A, reported here, 14 study sites (13 in US,
1 in Belgium) enrolled participants into the study. The study
consisted of four phases: 1) screening, 2) double-blind
treatment (days 1 to 15), comprised of two 1-week periods
(Period 1, Period 2), 3) optional open-label treatment (days
15 to 74) with tapering of intranasal dosing frequency, and
4) post-treatment follow-up (8 weeks). Based on prior
studies of ketamine where efficacy was reported after 1-2
doses, the duration of each period in the double-blind phase
was 1 week, during which time it was expected that efficacy
could be achieved. This design allowed evaluation of the
dose(s) needed to proceed to evaluation in phase 3. The
purpose of the open-label flexible-dose phase was to evalu-
ate the impact of less frequent dosing on sustaining efficacy.
[1360] At the beginning of double-blind Period 1, eligible
participants were randomized (3:1:1:1) to intranasal placebo
or esketamine 28, 56, or 84 mg, twice weekly (days 1 and
4) based on the first of two computer-generated randomiza-
tion schedules (Period 1 and Period 2). Randomization was
balanced by using randomly permuted blocks and stratified
by study center. At the end of Period 1, those randomized to
placebo who had moderate-to-severe symptoms (assessed
by Quick Inventory of Depressive Symptomatology-Self
Report (Trivedi 2016 and Rush, “The 16-item Quick Inven-
tory of Depressive Symptomatology (QIDS) Clinician Rat-
ing (QIDS-C) and Self-Report (QIDS-SR): A psychometric
evaluation in patients with chronic major depression”, Biol.
Psychiatry, 2003, 54(5):573-583) [QIDS-SR16] total score:
moderate, 11-16; severe, >16) were re-randomized (1:1:1:1)
to intranasal esketamine 28, 56, or 84 mg or placebo, twice
weekly (days 8 and 11), while those having mild or no
symptoms continued on placebo. To maintain the blind, all
participants completed an identical process prior to entry
into Period 2, whether or not they were re-randomized.
Regardless of response in the double-blind phase, all par-
ticipants were eligible to enter the optional open-label phase.
Esketamine (56 mg) was administered on the first day of the
open-label phase (study day 15); subsequent doses could be
adjusted (range: 28 to 84 mg) based on investigator’s
clinical judgment, with administration twice weekly for first
2 weeks, weekly for next 3 weeks, then every 2 weeks
thereafter.

[1361] Study Drug and Administration

[1362] Study drug was provided in a disposable nasal
spray device containing 200 pl of solution (i.e., 2 sprays).
Each device delivered either 16.14 mg esketamine hydro-
chloride (14 mg esketamine base) per 100-ul spray or
placebo. To maintain the blind, the placebo solution (intra-
nasal solution of water for injection) had a bittering agent
(denatonium benzoate) added to simulate the taste of esket-
amine intranasal solution. As described above, the antide-
pressant that participants had been receiving immediately
prior to study entry was continued unchanged.

[1363] On each dosing day during the double-blind phase,
participants self-administered 1 spray of study drug (esket-
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amine or placebo) into each nostril at 3 time points, each 5
minutes apart. In the open-label phase, depending on the
dose selected, participants self-administered 1 spray of
esketamine into each nostril at 1, 2, or 3 time points
(corresponding to 28, 56, or 84 mg, respectively), each
separated by 5 minutes.

[1364]

[1365] Efficacy was assessed with the Montgomery-As-
berg Depression Rating Scale (MADRS; Montgomery, “A
new depression scale designed to be sensitive to change”,
Br. J. Psychiatry, 1979, 134:382-389; Williams, “Develop-
ment and reliability of a structured interview guide for the
Montgomery Asberg Depression Rating Scale (SIGMA)”,
Br. J. Psychiatry, 2008, 192(1):52-58) on days 1 (pre-dose
and 2 hour post-dose), 2, 8 (pre-dose), 9, and 15, using the
structured interview guide (SIGMA). See, Williams 2008.

[1366] Overall illness severity was assessed on the Clini-
cal Global Impression of Severity (CGI-S) scale (Guy,
“ECDEU Assessment Manual for Psychopharmacology—
Revised (DHEW Publ No ADM 76-338)”, Rockville, MD:
U.S. Department of Health, Education, and Welfare, Public
Health Service, Alcohol, Drug Abuse, and Mental Health
Administration, NIMH Psychopharmacology Research
Branch, Division of Extramural Research Programs; 1976,
pp 218-222). Participants assessed their severity of anxiety
on the Generalized Anxiety Disorder 7-item (GADS-7)
Scale (See, Tables 157 and 15). See, Spitzer, “A brief
measure for assessing generalized anxiety disorder—the
GAD-77, Arch. Intern. Med., 2006, 166(10):1092-1097.

Efficacy Assessments

TABLE 157

GAD-7: ANCOVA Analysis of Change from Baseline to Study End Point®

Esketamine Esketamine Esketamine
Placebo 28 mg 56 mg 84 mg
Period 1
N 33 11 11 12
LS mean (SE) -1.7 -1.5 -3.1 -5.1
(0.88) (1.34) (1.34) (1.30)
LS mean difference -0.21 -1.40 -3.44
from placebo (SE) (1.461) (1.478) (1.414)
p-value® 0.558 0.174 0.009
Period 2
N 6 8 9 5
LS mean (SE) 0.4 -1.6 1.0 -0.9
(1.02) (0.87) (0.98) (1.02)
LS mean difference -2.02 0.60 -1.25
from placebo (SE) (1.089) (1.033) (1.205)
p-value® 0.039 0.718 0.156
Periods 1 and 2
Combined
p-value 0.144 0.360 0.006

“Change from first day to day 8 in each period,
"Based on ANCOVA model with treatment, country, and Period 1 baseline value as a
covariate;

“Based on ANCOVA model with treatment, country, and Period 2 baseline QIDS-SR¢4
score (moderate or severe), and Period 2 baseline value as a covariate.
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CGI-S: ANCOVA Analysis of Change from Baseline to Study End Point”

Esketamine Esketamine Esketamine

Placebo 28 mg 56 mg 84 mg
Period 1
N 33 11 11 12
Median (Range) 5.0 (1, 6) 4.0 (3,5) 4.0 (1,5 4.0 (1, 6)
Median Change (Range) 0.0 (-3,2) -1.0 (-2, 1) -1.0 (-3, 0) -0.5 (-4,0)
p-value” 0.028 0.004 0.049
Period 2
N 6 8 9 5
Median (Range) 5.0 (4,5) 4.0 (3,5) 5.0 (4,6) 4.0 (3,3
Median Change (Range) -1.0 (-1, 0) -1.0 (-2, 0) -1.0 (-2,0)
p-value® 0.0 (0,2) 0.009 0.050 0.022
Periods 1 and 2 Combined
p-value <0.001 <0.001 0.004

“Change from first day to day 8 in each period,

"Based on ANCOVA model on ranks of change with treatment, country, and Period 1 baseline value (unranked)

as a covariate;

“Based on ANCOVA model on ranks of change with treatment, country, Period 2 baseline QIDS-SR 4 score

(moderate or severe), and Period 2 baseline value (unranked) as a covariate.

[1367] Safety Assessments

[1368] Adverse events were monitored throughout the
study. Other safety assessments (i.e., laboratory tests, vital
signs, physical examination) were performed at pre-speci-
fied time points. Vital signs, the Clinician Administered
Dissociative States Scale (CADSS; Bremner, “Measurement
of dissociative states with the clinician-administered disso-
ciative states scale (CADSS)”, J. Traumatic Stress, 1998,
11(1):125-136), and the 4-item positive symptom subscale
from the Brief Psychiatric Rating Scale (BPRS; Overall,
“The Brief Psychiatric Rating Scale. Psychological
Reports”, 1962, 10:799-812) were assessed pre-dose, at 40
minutes, and 2 hours post-dose.

[1369] Statistical Methods

[1370] Efficacy data were analyzed in intent-to-treat (ITT)
analysis sets for each period and phase. The ITT analysis
sets included all participants who received at least 1 dose of
study medication during that period or phase and had
baseline and at least one post-baseline MADRS total score
within that period or phase.

[1371] Safety data were analyzed in Period 1, Period 2,
double-blind, and open-label data sets, for all subjects
receiving at least 1 dose of study medication.

[1372] Efficacy Endpoints and Analyses

[1373] The primary efficacy endpoint—change from base-
line (pre-dose, day 1 in each period) to endpoint (day 8 in
each period) in MADRS total score—was analyzed using
the analysis of covariance (ANCOVA) model. For Period 1,
the model included treatment and country as factors, and
baseline MADRS total score as covariate. For Period 2, the
model included treatment and country as factors, Period 2
baseline QIDS-SR, ¢ score (moderate or severe), and Period
2 baseline MADRS total score as a continuous covariate.
[1374] Given the consistency between Periods 1 and 2
results (Chi 2016), esketamine dose groups were compared
to placebo using a combined test on the weighted test
statistics for each period in the double-blind treatment
phase. A dose-response analysis on primary efficacy end-

point was performed using data combined from both peri-
ods. The Multiple Comparison Procedure—Modelling
(MCP-Mod) methodology was performed (Williams 2008;

Bretz, “Combining multiple comparisons and modeling
techniques in dose-response studies”, Biometrics, 2005,
61:738-743).

[1375] Sample Size Determination

[1376] Sample size was determined based on the follow-
ing differences between intranasal esketamine and placebo
for mean change from baseline in MADRS total score:
9-point treatment difference was assumed for Period 1 (day
8), 7-point treatment difference for Period 2 (day 15) was
assumed for individuals with a moderate QIDS-SR, 4 score,
and 9-point treatment difference for Period 2 (day 15) was
assumed for individuals with severe QIDS-SR, ¢ score.
[1377] Based on results of an esketamine IV study (Singh
2016), it was estimated that 40% of placebo participants
would have a moderate QIDS-SR | 4 score and 55%, a severe
QIDS-SR, 4 score at the end of Period 1 (day 8 pre-dose).
Additional assumptions for the sample size calculation
included standard deviation of 10, 92.5% power for the
combined data from day 8 and day 15 (Liu, “Doubly-
randomized delayed-start design for enrichment studies with
responders or nonresponders”, J. Biopharm. Stat., 2012,
22(4):737-757), overall 1-sided significance level of 0.05,
and 5% drop-out rate for Period 1. It was calculated that this
panel of the doubly-randomized, outcome-based design
required 60 individuals to be randomly assigned to treatment
on day 1 in a 3:1:1:1 ratio (30 on placebo and 10 per
intranasal esketamine dose group).

[1378] Study Results
[1379] Participants
[1380] A total of 126 individuals were screened, of which

67 met the eligibility criteria and were randomized. Of 33
participants randomized to placebo in Period 1, 28 had
QIDS-SR, 4 score 11 at the end of Period 1 and thus were
randomly re-assigned to esketamine or placebo in Period 2
(FIG. 73). Most randomized participants (63/67, 94%) com-
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pleted Period 1 and the 2-week double-blind phase (i.e.,
Periods 1 and 2 combined 60/67, 90%; hereafter termed
“completers”. Of these, 57 entered the open-label phase,
with 51 subsequently entering the follow-up phase, of whom
41 completed the week 8 follow-up visit.

[1381] The treatment groups were similar with respect to
demographic and baseline clinical characteristics (Table
159). Sixty-four percent of participants reported only 1
antidepressant treatment failure in the current episode (in
addition to 1 in prior episodes), approximately 22% had 2,
and the remainder reported =3 antidepressant failures. Of
note, 39% of participants reported use of atypical antipsy-
chotics as an adjunctive treatment of MDD prior to study
entry.
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dose groups compared to placebo (LS mean difference
ranging from -5.0to —10.5 in Period 1 and from -3.1 to -6.9
in Period 2; Table 160). Change from baseline in MADRS
total score was greater in all 3 esketamine groups than in the
placebo group after 1 week of treatment (p=0.02, p=0.001,
and p<0.001 for esketamine 28 mg, 56 mg and 84 mg,
respectively); the ascending dose-response relationship was
significant (p<0.001). Response was rapid in onset (FIGS.
74A and 74B; FIGS. 76 A and 76B) and appeared to increase
over time during repeated dosing, as evidenced by a
decrease in mean MADRS total score over the open-label
phase (mean [SE] change from open-label baseline to day
74: -7.2 [1.84]) despite reduced dosing frequency in the

TABLE 159

Demographics and Baseline Characteristics

Esketamine
Placebo 28 mg 56 mg 84 mg Total
Parameter N=33 N=11 N=11 N=12 N =67
Age, years
Mean (SD) 44.4 (9.60) 42.1 (10.31) 42.7 (11.23) 49.8 (9.29) 44.7 (10.04)
Range 21-57 21-53 20-57 32-63 20-63
Sex, n (%)
Female 18 (54.5) 5 (45.5) 9 (81.8) 6 (50.0) 38 (56.7)
Male 15 (45.5) 6 (54.5) 2 (18.2) 6 (50.0) 29 (43.3)
Race, n (%)
White 24 (72.7) 7 (63.6) 6 (54.5) 11 (91.7) 48 (71.6)
Black or African American 9 (27.3) 4 (36.4) 4 (36.4) 1 (8.3) 18 (26.9)
American Indian or Alaska native 0 0 1 (9.1) 0 1 (1.5)
BMI, kg/m?
Mean (SD) 29.7 (6.00) 29.0 (6.18) 30.1 (8.30) 30.4 (8.47) 29.8 (6.77)
Range 17-49 23-44 19-45 21-49 17-49
MADRS Total Score
Mean (SD) 35.0 (5.18) 31.3 (3.80) 33.2 (6.26) 35.0 (4.22) 34.1 (5.11)
Range 25-45 26-37 23-46 27-41 23-46
IDS-C; Total Score
Category, n (%)
Moderate (34-39) 10 (30.3) 4 (36.4) 3 (27.3) 3 (25.5) 20 (29.9)
Severe (40-48) 15 (45.5) 7 (63.6) 6 (54.5) 9 (75.0) 37 (55.2)
Very severe (=49) 8 (24.2) 0 2 (18.2) 0 10 (14.9)
Mean (SD) 43.9 (6.81) 41.1 (4.25) 42.3 (6.72) 42.5 (4.23) 42.9 (6.02)
Range 35-59 35-48 34-57 34-48 34-59
Duration of Current Episode (wks)
Mean (SD) 65.2 (79.93) 56.1 (39.28) 39.9 (21.82) 66.6 (51.54) 59.8 (63.5)
Range 12-302 14-122 10-75 18-162 10-302
Number of Major Depressive
Episodes
<3 4 (12.1) 3 (33.3) 2 (20.0) 2 (18.2) 11 (17.5)
=3 29 (87.9) 6 (66.7) 8 (80.0) 9 (81.8) 52 (82.5)
Number of Antidepressants in
Current Episode of Major
Depression
1 21 (63.6) 6 (54.5) 8 (72.7) 8 (66.7) 43 (64.2)
2 7 (21.2) 4 (36.4) 2 (18.2) 2 (16.7) 15 (22.4)
=3 5 (15.2) 1 (9.1 1 (9.1) 2 (16.7) 9 (13.4)

[1382] Efficacy Results

open-label phase. In addition, improvement in mean

[1383] Mean MADRS total score decreased from baseline
to day 8 in Period 1 and from day 8 to day 15 in Period 2
in all groups, with greater improvement in all esketamine

MADRS ratings persisted over the 8-week follow-up phase
(without additional esketamine doses) in those participants
who remained in the study (FIG. 75).
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TABLE 160

MADRS Total Score: Change from Baseline to 2 Hours, 24 Hours, and to Period Endpoint

Esketamine  Esketamine Esketamine

Placebo 28 mg 56 mg 84 mg
Period 1
N 33 11 11 12
Mean (SD) MADRS total score 35.0 (5.18) 31.3 (3.80) 33.2 (6.26) 35.0 (4.22)
at baseline
Change at 2 hours
LS mean change (SE) -9.7 (1.76) -16.4 (2.76) -14.3 (2.70) -17.6 (2.60)
LS mean difference placebo (SE) -6.7 (3.03) -4.6 (2.96) -7.9 (2.84)
p-value 0.02 0.06 0.003
Responders, n (%) 6 (18.2) 6 (54.5) 4 (36.4) 7 (58.3)
Remitters, n (%) 1 (3.0 3 (27.3) 2 (18.2) 3 (25.0)
Change at 24 hours
LS mean change (SE) =57 (1.79) -14.8 (2.80) -15.7 (2.74) -16.4 (2.64)
LS mean difference placebo (SE) -9.1 (3.08) -10.0 (3.00) -10.7 (2.88)
p-value 0.002 <0.001 <0.001
Responders, n (%) 1 3.0 4 (36.4) 3 (27.3) 5 (41.7)
Remitters, n (%) 0 4 (36.4) 2 (18.2) 3 (25.0)
Change at study period endpoint
LS mean change (SE) -49 (1.74) -9.8 (2.72) -12.4 (2.66) -15.3 (2.56)
LS mean difference placebo (SE) -5.0 (2.99) -7.6 (2.91) -10.5 (2.79)
p-value 0.05 0.006 <0.001
Responders, n (%) 2 (6.1) 1 (9.1 2 (18.2) 5 (41.7)
Remitters, n (%) 1 3.0 1 (9.1 1 (9.1) 3 (25.0)
Period 2*
N 6 8 9 5
Mean (SD) MADRS total score 29.3 (5.79) 31.3 (7.09) 349 (6.13) 304 (4.67)
at baseline
Change at 2 hours
LS mean change (SE) -6.8 (3.74) -10.3 (3.18) -11.7 (3.22) -11.6 (3.44)
LS mean difference placebo (SE) -3.5 (3.82) -4.9 (3.92) -49 (4.36)
p-value 0.18 0.11 0.14
Responders, n (%) 1 (16.7) 1 (12.5) 2 (22.2) 2 (40.0)
Remitters, n (%) 1 (16.7) 1 (12.5) 0 2 (40.0
Change at 24 hours
LS mean change (SE) -4.1 (4.09) -89 (3.48) -10.2 (3.52) -11.6 (3.76)
LS mean difference placebo (SE) -4.8 (4.18) -6.1 (4.29) -7.5 (4.77)
p-value 0.13 0.09 0.07
Responders, n (%) 0 0 1 (11.1) 2 (40.0)
Remitters, n (%) 0 0 0 1 (20.0)
Change at study period endpoint
LS mean change (SE) -4.5 (2.92) -7.6 (249) -89 (2.51) -11.4 (2.68)
LS mean difference placebo (SE) -3.1 (2.99) -4.4 (3.06) -6.9 (3.41)
p-value 0.15 0.08 0.03
Responders, n (%) 0 1 (12.5) 0 1 (20.0)
Remitters, n (%) 0 1 (12.5) 0 1 (20.0
Period 1 and Period 2 Combined
Mean difference placebo (SE) -4.2 (2.09) -6.3 (2.07) -9.0 (2.13)
90% CI for mean difference vs. -7.67,-0.79 -9.71, -2.88 -12.53, -5.52
placebo
Test statistic -2.02 -3.04 -4.24
p-value 0.02 0.001 <0.001

*The study samples reported here for Period 2 include only the placebo nonresponsive participants re-randomized

following Period 1.

[1384] For completers who received 2 weeks of the same
treatment in the double-blind phase, mean decrease in
MADRS total score was greater in each esketamine dose
group as compared with placebo at day 15, with the mag-
nitude of decrease directly related to dose (treatment differ-
ences relative to placebo of -12.5, -8.3, and -6.0 for
esketamine 84 mg, 56 mg, and 28 mg, respectively). Efficacy

appeared to be better sustained between drug administra-
tions with the 2 higher doses (FIG. 73).

[1385] Among those who received the same treatment for
both periods and completed the double-blind phase, the
proportion of responders (defined as 50% improvement from
baseline in MADRS total score) in each esketamine dose
group was numerically higher than in the placebo group at
the Period 2 endpoint (28 mg: 37.5% [3/8], 56 mg: 36.4%
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[4/11], 84 mg: 50.0% [5/10], placebo 10% [1/10]). A similar TABLE 162

trend for remission (defined as MADRS total score <10) was

observed across groups. Among completers who received Summary of Most Frequently Reported® Treatment-Emergent

Adverse Events (Double-Blind Safety Analysis Data Set)

the same treatment in both periods, more participants treated

with the 2 higher esketamine doses, as compared to placebo, Number (%) of Participants

Esketamine

remitted after 2 weeks of treatment (12.5%, 27.3%, and
40.0% in the 28 mg, 56 mg and 84 mg groups, respectively,
and 10.0%, in the placebo group). Response and remission

Placebo 28 mg 56 mg 84 mg  Total

Preferred Term N=33 N=19 N=20 N=17 N=356

rates at the end of the open-label and follow-up phases are

X X Total with events 18 (55) 11 (58) 16 (80) 15 (88) 42 (75)
presented by type of treatment in the double-blind and Dizziness 1(3) 4(21) 8(40) 8(47) 20(36)
open-label phases in Table 161.

TABLE 161
Response, Remission, and Relapse Rates for Participants
who Completed the Open-Label and Follow-up Phases
Placebo/ Placebo/ Esketamine/
Placebo/OL Esketamine/OL Esketamine/OL
Esketamine Esketamine Esketamine Total
N=10 N=20 N=27 N=157

Response Rate
OL endpoint-day 74, n 6 10 18 34
=50% improvement, n (%) 6 (100) 5 (50.0) 11 (61.1) 22 (64.7)
Week 8 (Follow-up), n 7 12 22 41
=50% improvement, n (%) 5 (71.4) 3 (25.0) 15 (68.2) 23 (56.1)
Remission Rate
OL endpoint-day 74, n 6 10 18 34
No, n (%) 4 (66.7) 6 (60.0) 13 (72.2) 23 (67.6)
Yes, 11 (%) 2 (33.3) 4 (40.0) 5 (27.8) 11 (324)
Week 8 (Follow-up), n 7 12 22 41
No, n (%) 3 (42.9) 9 (75.0) 12 (54.5) 24 (58,5)
Yes, 11 (%) 4 (57.1) 3 (25.0) 10 (45.5) 17 (41.5)

Percentages calculated with the number of participants per a visit as denominator; percentage change is calculated based on Period 1 baseline; Response: MADRS
total score 250%; Remission: MADRS total score <10. The follow-up phase includes data from 7 subjects enrolled under the original version of the protocol
in which participants received 2 weeks of study drug during the open-label phase of the study and data from 50 subjects enrolled under a protocol amendment
in which participants received up to 9 weeks of study drug during the open-label phase of the study.

Safety Results TABLE 162-continued

Summary of Most Frequently Reported® Treatment-Emergent
Adverse Events (Double-Blind Safety Analysis Data Set)

[1386] Three of 56 (5%) esketamine-treated participants

during the double-blind phase (compared to 0 on placebo)

and 1 of 57 (2%) during the open-label phase had adverse Number (%) of Participants

events leading to discontinuation of study drug (1 event each Esketamine
of syncope, headache, dissociative syndrome, and ectopic
. . Placebo 28 mg 56 mg 84 mg  Total
pregnancy). During the double-blind phase, the 3 most Preferred Term N233 No19 N220 N=17 N<s6
common treatment-emergent adverse events observed
among esketamine-treated participants were dizziness, Headache 309) 6G2) 305 308 12(1)
. s . Dissociation®¢ 1(3) 0 735 424 110
headache, and perceptual changes/dissociative symptoms; .
. . Dysgeusia 7(21) 2(1) 3(15 529 10(18)
the frequency of each was >2-fold higher for esketamine Nausea 30) 2(11) 4(0) 4(24) 10(18)
than for placebo (Table 162). A dose-response trend was Dissociative disorder® 0 2011 1) 404 7(13)
noted for dizziness and nausea, but not for other adverse Hypoesthesia oral 0 1) 420 2012 7013
events. The type and frequency of adverse events reported in Vertigo 0 2an 1o 1) 40
th label ph imilar to th in the doubl Sedation 0 15 2(10) 1(6) 4(7
e open-label phase were similar to those in the double- Feeling abnormal 0 20D 1) 16 4
1b.h.nd pha§e; events .rep.orted for >10% of oper.l-label par- Nasal discomfort 3(9) 0 2000 1(6) 305
ticipants included dizziness (38.6%), dysgeusia (22.8%), Hypertension 2 (6) 0 2(10) 1(6) 3(5)
nausea (15.8%), headache (14.0%), and sedation (10.5%). Oropharyngeal pain 209 0 1 202 30
o . . Throat irritation 0 1(5) 0 2 (12) 3(5
gveral.l, .24.6A> (14/57) ?[{1 partlc.lpe.mts r;:po;ted transient Vision blurred 0 0 0 Sa2 2@
155001.atlve symptoms. e majon.ty of a Yerse eyents Insomnia 13) 0 2 (10) 0 2
occurring on dosing days were transient and either mild or Tunnel vision 0 0 0 2(12) 24

moderate in severity. No death was reported.
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TABLE 162-continued

Summary of Most Frequently Reported® Treatment-Emergent
Adverse Events (Double-Blind Safety Analysis Data Set)

Number (%) of Participants
Esketamine

Placebo 28 mg 56 mg 84 mg  Total

Preferred Term N=33 N=19 N=20 N=17 N=36

2 (11) 0 0 24
2 (10) 0 2 (4)

Hypersommnia 0
Polyuria 0 0

“Defined as 210% of participants in any esketamine dose group. Events presented in
descending order in the total esketamine (combined doses) group.

bParticipants reported either dissociative reaction or dissociative symptoms and, depending
on the verbatim term used these events were coded as dissociative disorder or dissociative
symptoms, respectively.

“All adverse events coded to dissociation or dissociative disorder resolved on the same day
as dosing.

[1387] Most of the esketamine-treated participants mani-
fested transient elevations in blood pressure (maximum
mean change: systolic, 19.0 mmHg; diastolic, 10.3 mmHg)
and heart rate (maximum mean change: 9.4 bpm) on dosing
days. Maximum blood pressure values were observed in
most cases at 10 or 40 minutes post-dose (systolic: 199
mmHg; diastolic: 115 mmHg); elevated values typically
returned to the normal range by 2 hours post-dose (FIGS. 77
and 78). A dose effect was not observed for heart rate,
although the greatest mean increases from baseline during
both periods were observed in the 84 mg esketamine group.
[1388] Perceptual changes/dissociative symptoms, as
measured by the CADSS, began shortly after the start of
intranasal dosing, peaked around 30-40 minutes, and
resolved by 2 hours (FIG. 79). Perceptual changes/dissocia-
tive symptoms attenuated in all dose groups with repeated
dosing.

[1389] No participant manifested symptoms suggestive of
psychosis based on the BPRS-positive assessment.

DISCUSSION

[1390] A significant and clinically meaningful treatment
effect (versus placebo) with 28 mg, 56 mg, and 84 mg doses
of esketamine was observed, as evidenced by change in
MADRS total score, with a significant relationship between
esketamine dose and antidepressant response observed after
1 week of treatment. Duration of efficacy appeared shorter
with the 28 mg dose administered twice weekly. Results
from the open-label phase suggest that improvement in
depressive symptoms can be sustained with lower frequency
(weekly/every 2 weeks) of esketamine administration. Of
note, the size of the medication-placebo difference was
substantial from baseline to one week, and was larger than
the mean difference from placebo seen at 6-8 weeks in
antidepressant studies in the FDA database (Khan, “Has the
rising placebo response impacted antidepressant clinical
trial outcome? Data from the US Food and Drug Adminis-
tration 1987-2013”, World Psychiatry. 2017, 16(2):181-
192). The majority of participants maintained improvement
over the 2-month follow-up phase.

[1391] Of note, the 56 and 84 mg intranasal doses of
esketamine produce plasma esketamine levels that are in the
pharmacokinetic range achieved by IV esketamine at 0.2
mg/kg, which produced a similar clinical outcome as
reported for ketamine 0.5 mg/kg IV (consistent with higher
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affinity for NMDA receptors relative to arketamine (White,
“Comparative pharmacology of the ketamine isomers. Stud-
ies in volunteers”, Br. J. Anaesth., 1985, 57(2):197-2030).
See, Singh 2016.

[1392]
efficacy and safety were compared to placebo using a
double-blind, doubly-randomized, delayed-start design (Chi
2016), allowing for a smaller sample size to assess efficacy,
dose-response, and safety than a standard parallel-group
design, while preserving a low chance of type 2 error in
order not to miss the efficacy signal. The key aim of the
design was to only include placebo participants from Period
1 who required treatment in Period 2 and to re-randomize

In this first study of intranasal esketamine for TRD,

them to receive 1 of 3 intranasal esketamine doses or
intranasal placebo. At the end of the trial, efficacy data from
both randomizations (day 1 and day 8) were combined in an
integrated analysis. As the re-randomized placebo non-
responders were expected to have a lower placebo response,
this approach was used to mitigate high placebo responses
observed in psychiatric clinical trials (Chi 2016). The con-
sistency in results obtained from the Period 1 and Period 2
samples support their combination using weights (Chi
2016), although caution is required in interpretation due to
the small sample size.

[1393] In general, the esketamine doses evaluated in this
study (28, 56, and 84 mg) appeared safe, with no new or
unexpected safety concerns observed. Analysis of perceptual
change symptoms (measured by CADSS assessment) sug-
gests onset shortly after initiation of esketamine and reso-
Iution by 2 hours after administration. These symptoms were
dose-dependent and attenuated with repeated administra-
tion. In contrast, antidepressant efficacy did not attenuate
across administrations.

[1394] Overall, transient increases in blood pressure post-
dose, particularly increases in systolic blood pressure, sup-
port an increase in cardiac output as the underlying mecha-
nism, consistent with previous reports for ketamine
(Murrough 2013).

[1395] Generalizability of study findings is limited by
small sample size and enrollment criteria that excluded
individuals with a history of psychotic symptoms, sub-
stance/alcohol use disorders, recent use of cannabis, or
significant medical comorbidities. Also excluded were indi-
viduals having current suicidal ideation with intent, a group
that was evaluated in a separate, study (Murrough 2013).
Difficulty blinding esketamine, despite adding a bittering
agent to placebo to mimic the taste of esketamine, is another
limitation.

Conclusions

[1396] In summary, intranasal esketamine administered at
doses of 28, 56, and 84 mg appeared efficacious in treating
TRD. There was evidence of robust and durable efficacy in
the double-blind treatment phase (56 and 84 mg). Improve-
ment in depressive symptoms persisted over the open-label
phase, despite reduced dosing frequency, and for up to 2
months after cessation of esketamine dosing.
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Example 8 b -continued
ClL

Validated Pharmacokinetic Method D, D

[1397] This example provides an LC-MS/MS method for
the determination of ketamine and norketamine in sodium LN D
heparin human plasma using ketamine-d, and norketamine-

d, as the respective internal standards (IS). 0

Norketamine-dy

Cl Cl
[1398] All the data presented herein met the method
validation acceptance criteria defined in the validation pro-
tocol and fulfilled the requirements and recommendations in
the FDA guidance for bioanalytical method validations for
HN HN the parameters tested.
0 0 [1399] In summary, this method has been validated for the
CH; L . o :
determination of ketamine and norketamine in sodium hepa-
Ketamine Norketamine rin human plasma. Based on a 25 pl sample volume, the
lower limit of quantitation (LLOQ) is 0.500/0.500 ng/mL. for
ketamine/norketamine. The dynamic range of the method is
D 0.500/0.500-500/500 ng/ml. for ketamine/norketamine. The
Cl re-injected samples were reproducible at room temperature
D D for at least 161.5 hours after the initial injection. There was
no significant injection carryover detected.
[1400] The validation study successfully evaluated intra-
D run and inter-run accuracy and precision, selectivity, sensi-
HN tivity, linearity, recovery, matrix effect, maximum batch-size
L © evaluation, reinjection reproducibility, and carry-over evalu-
ation. This method was determined to be suitable for the
Ketamine-d4 determination of ketamine and norketamine in human
plasma using solid phase extraction (SPE) automation. See,
Table 163.
TABLE 163
Validation Summary for the Determination of Ketamine and Norketamine
Method description The method is an LC-MS/MS method for the determination of
ketamine and norketamine in sodium heparin human plasma
using ketamine-d, and norketamine-d, as the respective internal
standards (IS). Ketamine, norketamine, and the internal
standards were extracted from human plasma using automated
solid phase extraction. Reversed-phase HPLC separation was
achieved with a Phenomenex Synergi Polar-RP column, (50 x 2.0
mm, 4 micron). MS/MS detection was set at mass transitions of
m/z 238.1—+125.0 for ketamine, m/z 224.1—+125.0 for
norketamine, m/z 242.1—+129.0 for ketamine-d, (IS), and m/z
228.1—>129.0 for norketamine-d, (IS) in TIS positive mode.
Sample volume 25 L
Regression Linear Regression
Weighting factor /%2
Dynamic range 0.500-500 ng/mL for ketamine
0.500-500 ng/mL for norketamine
QC concentrations 0.500 ng/mL (LLOQ), 1.50 ng/mL, 80.0 ng/mL, 375 ng/mL for
ketamine
0.500 ng/mL (LLOQ), 1.50 ng/mL, 80.0 ng/mL, 375 ng/mL for
norketamine
Analytes Ketamine Norketamine
Internal standards Ketamine-d, Norketamine-d,
Linearity R? = 0.9986 R? = 0.9979
Lower limit of quantitation 0.500 ng/mL 0.500 ng/mL
(LLOQ)
Average recovery of the 88.6 88.5

Analyte (%)
Average recovery of the IS (%) Per BIO-201 guidelines, stable isotope labeled IS was used,

the recovery established for the unlabeled analyte will suffice and

the recovery for the stable isotope labeled IS will not be required.
QC Levels LLOQ Low, Mid, High LLOQ Low, Mid, High
QC Intra-run Intra-run 1 7.1 1.0 to 3.1 7.4 24 t0 5.7
precision range Intra-run 2 4.7 1.6 to 3.1 53 2.7t0 3.6
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TABLE 163-continued

Validation Summary for the Determination of Ketamine and Norketamine

(% CV) Intra-run 3
QC Intra-run Intra-run 1
accurac range Intra-run 2
(% Bias) Intra-run 3
QC Inter-run precision range
(% CV)

QC Inter-run accuracy range
(% Bias)

QC sample bench-top stability
Stock solution stability

Processed sample stability
Reinjection reproducibility
QC sample freeze/thaw
stability

Dilution integrity

QC sample long-term storage
stability

Matrix Effect

Hemolysis
LLOQ Selectivity

Blank Selectivity

Batch Size
Injection Carryover

Whole Blood Stability
Inter-conversion

Interference

Stock Solution Evaluation
between S-isomer and
Racemic Compound for
Ketamine

Stock Solution Evaluation
between S-isomer and
Racemic Compound for
Norketamine

S-Ketamine QC sample bench-
top stability

S-Ketamine QC sample
freeze/thaw stability
5-Ketamine QC sample long-
term storage stability

6.5 1.3to0 1.8 4.3 1.3to0 3.5
1.0 -2.0to 0.8 -2.0 00to 1.1
7.3 -13to0 2.1 2.0 -4.0 to 1.6
-2.0 2.7to 2.3 0.2 0.0to 1.9
71 1.8 to 2.7 5.7 2.2to 4.6
2.2 -2.0to 1.0 0.0 -1.3t0 1.3

68.5 hours at room temp

629 days at —20° C. and 6 hours at room temperature under white
light for ketamine and norketamine stock solutions.

610 days at —20° C. for ketamine/norketamine spike solutions
146.5 hours at room temperature

161.5 hours at room temperature

3 freeze (—20° C.)/thaw (ice-water bath) cycles

3 freeze (—20° C.)/thaw (room temperature) cycles

7500/7500 ng/mL diluted 20-fold for ketamine/norketamine

1552 days at —20° C.

IS-normalized Matrix factor = 1.03 + 0.03 at 1.50 ng/mL with % CV =
2.9% for ketamine

IS-normalized Matrix factor = 1.02 = 0.06 at 375 ng/mL with % CV =
5.9% for ketamine

IS-normalized Matrix factor = 1.05 + 0.03 at 1.50 ng/mL with % CV =
2.9% for norketamine

IS-normalized Matrix factor = 1.04 = 0.05 at 375 ng/mL with % CV =
4.8% for norketamine

The hemolysis evaluation met the acceptance criteria.

The LLOQ selectivity samples prepared in human plasma were

within acceptance criteria (the accuracy was within £20.0% for

five out of six lots of plasma for ketamine and within 20.0% for all
six lots for norketamine).

The blank selectivity samples were within acceptance criteria. All

6 blank samples at the retention time of the analytes were within
20.0% of the mean analyte peak area of the acceptable LLOQ
selectivity samples and all 6 blank samples at the retention time

of the IS were within 5.0% of the mean IS peak area of the
acceptable LLOQ selectivity samples.

214 samples

No significant carryover was observed in any of the double blank
samples that were evaluated for injection carryover.

120 minutes at room temperature and in an ice-water bath

0-4°C.)

The inter-conversion from ketamine to norketamine or vice versa

was =5%.

There was no interference detected from either of the analytes on

the internal standards. Nor was there any interference detected

from dehydronorketamine on ketamine and norketamine.

No significant difference was found between the chiral s-ketamine

and racemic solutions.

No significant difference was found between the chiral s-
norketamine and racemic solutions.

18 hours at room temperature

3 freeze (—20° C.)/thaw (room temperature) cycles

707 days at —-20° C.

1. Experimental

1.2. Equipment
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1.1. Bioanalytical Method

[1401] This bioanalytical method for the determination of
ketamine and norketamine in sodium heparin human plasma
using SPE automation was validated.

[1402] LC-MS/MS, Sciex API 4000 (System Nos. 220
and 222) with Shimadzu HPLC (System Nos. 219 and
223) pump and autosampler

[1403] Analyst Data Acquisition Software (1.4.2)

[1404] Column: Phenomenex Synergi Polar-RP, 50x2.0
mm, 4 micron
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[1405] Switch Valve, Valco Instruments TABLE 164

[1406] ELGA Water Purification System (System 56-2),
Model PL5231

Working Standard Concentrations

[1407] Analytical Balance, Sartorius CP22P, capable of Ketamine/Norketamine
Weighing 0.00001 g Calibration Standard Concentration, ng/mL
[1408] Micro Balance, Mettler Toledo MXS5, capable of STD 1 0.500/0.500
weighing 0.000001 g ggg ;-282-28
[1409] Centrifuge, Beckman GS-6R, (System No. 694) STD 4 50.0/50.0
[1410] Pulse Vortex Mixer, Glas Col® Cat No. 099A e o
PYMI2 STD 7 400/400
[1411] Titer Plate Shaker, Thermo Scientific, Barnstead/ STD 7 500/500

Lab-Line, Model 4625
[1412] 1.40 ml Non-coded Pushcap tubes U-bottom,
Part No. MP32022, NOVA 1.6. Concentrations of QC Samples

[1413] Microliter plate, Deep Polypropylene Square
Well/Conical Bottom, 2.0 mL, Microliter Analytical [1430] The QC samples were prepared in pooled human
Supplies, Inc., Part No. 07-7400 plasma at the concentration levels listed in Table 165. The

[1414] 96 Position Square Well, Pierceable Cover, QC samples were stored at —20° C.
EVA, Microliter Analytical Supplies, Inc., Product No.

07-0017N TABLE 165
[1415] SPE Dry™ 96 system, Biotage QC Sample Concentrations
[1416] Tomtec Automation System, Tomtec Quadra 3 Ketamine/Norketamine?
(syStem No. 114) Quality Control Concentration, ng/mL
[1417] Oasis MCX 96-well SPE plate 30 um, 10 mg 1100 0.500/0.500
Low QC 1.50/1.50
1.3. Standards and Reagents Mid QC 80.0/80.0
High QC 3751375

[1418] Ketamine Hydrochloride (U.S. Pharmacopeia,
Purity 99.9% (a salt conversion factor of 237.73/274.19
was applied to the purity (99.9%) during use)

[1419] Ketamine-d, Hydrochloride (Cerilliant, 100.
0£0.5 pg/mL in methanol (as freebase)) [1431] Retention time and peak area were determined by

[1420] Norketamine Hydrochloride (Tocris Bioscience, Analyst® Data Acquisition/Processing Software (Version
Purity 100% (a salt conversion factor of 223.70/260.16 1.4.2). Analyte concentrations were obtained from a cali-

2. Data Evaluation

was applied to the purity (100%) during use.) bration curve constructed by plotting the peak area ratio
[1421] (+)-Norketamine-d, Hydrochloride (Cerilliant, versus the concentration using Watson LIMS (Version 7.3).
100.0+0.5 pg/mL in methanol (as freebase) Watson LIMS and Microsoft Office Excel were used for

statistical calculations. When Office Excel was used the

(1422] Water, purified calculations were 100% audited.

[1423] Methan(?l (Fisher Scientific, HPLC grade) [1432] Concentrations were calculated using linear regres-
[1424] Ammonium Formate (ACROS, GR grade) sion according to the following equation:

[1425] Ammonium Acetate (Fisher Scientific, ACS
reagent grade)

[1426] Ammonium Hydroxide, 28-30% (Fisher Scien-
tific, ACS reagent grade)

(1427]  Formic Acid (ACROS, ACS reagent grade [1433] y=peak area ratio of analyte/internal standard

[1434] a=slope of the corresponding standard curve

y=ax+b

Where:

1.4. Biological Matrix
[1435] =x=concentration of analyte (ng/ml.)

[1428] Blank sodium heparin human plasma was pur- . .
chased from Bioreclamation [VT. The pooled plasma was [1436]  b=intercept of the corresponding standard curve
used to prepare the calibration standards, QC samples, [1437] Use 1/x* as weighting factor

validation samples, blanks, and double blanks. The plasma

For calculati f d ision, the followi
(pooled and individual lots) was stored at —20° C. or céctiation o acciifacy and precision, He fofowing

formulas were used: Accuracy:

1.5. Concentrations of Working Standards

X o T Mean measured conc.—Nominal conc.
[1429] The working standards were freshly prepared on % Bias = Nominal cone.

each day of analysis in pooled blank plasma, at the concen-
tration levels listed in Table 164.

x 100
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[1438] Precision:

Standard Deviation (SD)
% CV = ————— X X X X  x 100
Mean measured conc.

[1439] Precision and accuracy were reported to one deci-
mal place. All concentration data was reported to three
significant figures.

3. Matrix Selectivity

[1440] Selectivity is defined as the ability of a chromato-
graphic method to measure a response from the analyte
without interference from the biological matrix. This was
accomplished by evaluating six individual lots of human
plasma prepared as blank and at the lower limit of quanti-
tation (LLOQ, 0.500 ng/mL).

3.1. Evaluation Based on LLOQ Samples

[1441] The LLOQ selectivity samples were acceptable if
the accuracy was within £20.0% for at least 5 of the 6
samples and the precision has to be <20.0% for all the
samples.

3.2. Evaluation Based on Blank Samples

[1442] The peak areas of the analyte in the six blanks were
compared with the mean peak area of the analyte in the
LLOQ selectivity samples. The evaluation was acceptable if
the peak area in 5 of the 6 blanks at the retention time of the
analyte were within <20.0% of the mean peak area of the
analyte of the LLOQ selectivity samples. In addition, the
peak area in 5 of the 6 blanks at the retention time of the IS
must be within <5.0% of the mean peak area of the IS of the
LLOQ selectivity samples. The results for ketamine and
norketamine met the acceptance criteria.

[1443] The retention times of ketamine and ketamine-d,
(IS) were approximately 2.3 minutes. The retention times of
norketamine and norketamine-d, (IS) were approximately
2.0 minutes.

3.3. Injection Carry-Over

[1444] The purpose of the injection carryover test is to
evaluate the extent of carryover of the analyte of interest
from one sample to the next in each analytical run. A double
blank sample was injected following the high standard from
the set of calibrators during the validation runs. The injec-
tion carryover of the analyte was less than 20% of the peak
area of the LLLOQ (Standard 1) for all double blank samples,
thus meeting the acceptance criteria. [n addition, the peak
area of the IS was 0.0% of the mean IS peak area from
accepted batch calibration standards and QC samples, well
within the 5.0% acceptance criteria.

3.4. Matrix Effect

[1445] The matrix effect is defined as the suppression or
enhancement of ionization of analytes by the presence of
matrix components in the biological samples. See, e.g., C. T.
Viswanathan, “Quantitative Bioanalytical Methods Valida-
tion and Implementation: Best Practices for Chromato-
graphic and Ligand Binding Assays,” Pharmaceutical
Research, Vol. 24, No. 10, October 2007, p. 1969. The
matrix effect was evaluated by extracting single replicates of
six lots of blank human plasma and spiking each lot at the
Low and High QC concentration levels (1.50 ng/mL and 375
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ng/ml) post extraction. The area ratios of the six lots of
post-extraction spiked plasma samples were compared to the
mean area ratio obtained from three replicates of the neat
solution prepared at the same concentration level in purified
water.

[1446] The IS-normalized matrix factor was calculated
according to the following formula:

IS—normalized Matrix Factor =

Peak Area Ratio in Presence of Matrix
Mean Peak Area Ration in Absence of Matrix

[1447] The variability in the [S-normalized matrix factors
(% CV) of the 6 lots of plasma samples was <15%, which
was acceptable.

[1448] The quantification range was 0.5 to 500 ng/mL for
both esketamine and noresketamine. All the assay accep-
tance criteria were met.

3.5. Back-Calculated Concentrations of Calibration
Standards

[1449] Back-calculated concentrations of the calibration
standards for ketamine and norketamine were determined.
The mean back-calculated concentrations did not differ by
more than 15% from the nominal concentrations (20.0% at
the LLLOQ) and the % CV for each concentration level was
no more than 15.0% (20.0% at the LLOQ).

3.6. Regression Model

[1450] The linearity of the method was evaluated at a
linear range of 0.500/0.500-500/500 ng/mL for ketamine/
norketamine in human plasma. Linear regression (with a
weighting factor of 1/x2) was used to produce the best fit for
the concentration-detector response relationship for ket-
amine and norketamine in human plasma. All calibration
curves for ketamine and norketamine had a coefficient of
determination (R?)>0.98, which met acceptance.

3.7. Sensitivity

[1451] The validation was conducted with a target LLOQ
of 0.500 ng/mL for ketamine and norketamine in human
plasma. To evaluate the sensitivity, six QC samples prepared
at the LLOQ were analyzed during three individual batch
runs as part of the intra-run and inter-run accuracy and
precision for the method. The concentrations were calcu-
lated with the calibration curve. The results demonstrated
that the method met the acceptance criteria for sensitivity
(accuracy within £20.0% and % CV no more than 20.0%).
[1452] Therefore, the method was sensitive enough to
determine ketamine and norketamine plasma at a concen-
tration of 0.500 ng/mL..

3.8. Intra-Run and Inter-Run Accuracy and Precision

[1453] The intra-run and inter-run accuracy and precision
of the method were investigated at four different QC con-
centration levels (0.500 ng/mL (LLOQ), 1.50 ng/mL., 80.0
ng/mL, and 375 ng/mL). The results demonstrated that the
intra-run and inter-run precision and accuracy of the method
met the acceptance criteria (accuracy within +15.0% (within
120.0% for L1.LOQ) and % CV no more than 15.0% (20.0%
for LLOQ)).
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3.9. Recovery

[1454] The recovery of the sample preparation was evalu-
ated by comparing the mean area ratio of the QC samples
with the mean area ratio of directly spiked ketamine/nor-
ketamine samples (at the same concentrations) in extracted
pooled plasma. Recoveries were calculated according to the
following formula:

mean area ratio of Extracted QC
% Recovery = x 100
mean area reatio of Un—extracted sample

[1455] Recovery was determined for ketamine and nor-
ketamine at three QC concentration levels (Low, Mid, and
High). For each concentration, six measurements were per-
formed. The variability (% CV) of the peak area ratio for
each QC level should be <15%. The results were acceptable.
Per BIO-201 guidelines, if a stable isotope labeled IS was
used, the recovery established for the unlabeled analyte will
suffice and the recovery for the stable isotope labeled IS will
not be required.

3.10. Reinjection Reproducibility

[1456] To assess the reinjection reproducibility, an analyte
batch containing a standard curve and QC samples was
reinjected after being kept at room temperature for 161.5
hours. The calibration standards and QC samples (L.ow, Mid,
and High) met the general batch run acceptance criteria,
demonstrating that samples may be reinjected up to 161.5
hours after the initial injection.

3.11. Batch Size Evaluation

[1457] During validation, analytical run No. 3 was used to
mimic the batch size for a sample analysis run. A total of 214
samples were run in the batch, which included both a
standard curve and intra-run QC samples. The calibration
standards and the intra-run QC samples met the general
batch acceptance criteria for a sample analysis run.

Example 9

Pharmacokinetic Studies

[1458] The primary objective of this study was to evaluate
the pharmacokinetics (PK) of intranasally-administered
esketamine in healthy subjects.

1. Methods
1.1. Overview of Study Design

1.1.1. Overall Design

[1459] This was an open-label, single-center study. The
subjects were healthy Caucasian men and women, 20 to 55
years of age, inclusive. As described in Example 1, esket-
amine was supplied as a clear, colorless intranasal solution
of esketamine hydrochloride (16.14% weight/volume [w/v];
equivalent to 14% w/v of esketamine base) in a nasal spray
pump. The solution consisted of:

[1460] 161.4 mg/mL esketamine hydrochloride;

[1461] 0.12 mg/mL ethylenediaminetetraacetic acid
(EDTA);

[1462] 1.5 mg/ml. citric acid;

[1463] at a pH of 4.5 in water for injection.
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[1464] The solution is provided in a nasal spray pump,
which delivered 16.14 mg esketamine hydrochloride (14 mg
esketamine base) per 100-uL spray.

[1465] All subjects self-administered each of the 3 differ-
ent single-dose regimens of intranasal esketamine (Treat-
ments A, B, and C), over 3 treatment periods (i.e., 1
treatment per period) in an open-label manner, under the
direct supervision of the investigator or designee.

[1466] Treatment A: 1 spray of 14% esketamine solu-
tion in each nostril at Time O (total dose 28 mg);

[1467] Treatment B: 1 spray of 14% esketamine solu-
tion in each nostril at Time O and repeated after 5
minutes (total dose 56 mg);

[1468] Treatment C: 1 spray of 14% esketamine solu-
tion in each nostril at Time O and repeated every 5
minutesx2 (total dose 84 mg).

[1469] The subjects were randomly assigned to receive
Treatment A and Treatment B in the first 2 periods (i.e.,
Treatment A in Period 1 and Treatment B in Period 2, or the
reverse order). All subjects received Treatment C in Period
3 (Table 166). The regimens differed in the number of sprays
to achieve the total dose and the total esketamine dose
administered. A washout period of 5 to 14 days separated
each intranasal esketamine treatment regimen.

TABLE 166

Treatment Sequences for Subjects

Sequence Period 1 Period 2 Period 3
1 A B C
2 B A C

A: 1 spray of 14% esketamine solution in each nostril at Time 0 (total dose 28 mg)

B: 1 spray of 14% esketamine solution in each nostril at Time 0 and repeated in 5 minutes
(total dose 56 mg)

C: 1 spray of 14% esketamine solution in each nostril at Time 0 and repeated every 5
minutes X2 (total dose 84 mg)

[1470] After providing written informed consent, subjects
were evaluated from Days —21 to Day —2 during the
screening phase to determine eligibility for participation,
which included review of the inclusion and exclusion cri-
teria. All subjects were to meet the inclusion/exclusion
criteria before admission to the study center for each treat-
ment period. Subjects were admitted into the study center on
Day —1 of each period and were discharged from the study
center after collection of the final 24-hour PK sample on Day
2 of each treatment period. On Day —1 of the first treatment
period, eligible subjects practiced self-administering a clear,
colorless intranasal placebo solution for administration (wa-
ter for injection with 0.001 mg/mL [0.0001%] of denato-
nium benzoate) in a semi-reclined position using devices
identical to those used for esketamine administration. On
Day 1 of each treatment period, subjects self-administered
each intranasal regimen of esketamine (see Section 1.5,
Dosage and Administration).

[1471] Pharmacokinetic blood samples for measurement
of esketamine and noresketamine concentrations in plasma
were collected from predose until up to 24 hours after each
intranasal esketamine regimen on Day 1 of each period.
[1472] The subjects returned to the study center 11 (+2)
days after the last dose of study medication for end-of-study
assessments. Alternatively, the end-of-study assessments
were conducted at the time of early withdrawal. The end of
the study was the date of the last visit for the last subject
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participating in the study. The total study length, from the
screening phase through Follow-up, was up to 63 days.

Study Design Rationale

[1473] Study Agent: Esketamine has a higher affinity to
the NMDA receptor, thus reducing the required drug
load and potentially producing a more rapid recovery of
cerebral functions and less unpleasant psychotomi-
metic effects than racemic R-ketamine and ketamine,
respectively;

[1474] Study Population: A sample size of 12 subjects
was expected to be sufficient to adequately characterize
the PK of each intranasal esketamine regimen based on
the variability reported in previous studies with intra-
nasal ketamine and was considered to be representative
of the profile in respective subjects with TRD who will
enroll in future clinical studies;

[1475] Study Design: A screening phase up to 21 days
provided adequate time to assess subject eligibility per
inclusion/exclusion criteria for the study and the post-
treatment Follow-up Visit at 11 (£2) days facilitated
assessment to assess safety and tolerability of the
subjects. Randomization was used to avoid bias in the
assignment of subjects to a treatment sequence group
and to increase the likelihood that known and unknown
subject attributes (e.g., demographic and baseline char-
acteristics) were evenly balanced across treatment
sequences. The crossover design reduced the total
number of subjects to be enrolled in the study and
permitted within-subject comparisons;

[1476] Dose and Administration: The present study
used intranasal esketamine dose regimens lower than
the IV esketamine regimens typically used for induc-
tion and maintenance of anesthesia. The doses were
expected to be well-tolerated based on the published
studies;

[1477] Pharmacokinetics: The 24-hour postdose blood
sampling interval was sufficient to evaluate the single-
dose PK of both esketamine and its metabolite nores-
ketamine.

1.2. Study Population

[1478] Fourteen healthy adult Caucasian subjects were
enrolled, with similar number of subjects of each sex to have
a similar ratio of men to women. Healthy men and women
between 20 to 55 years of age, inclusive, with a body mass
index (BMI) between 18 to 28 kg/m?, inclusive and a body
weight not less than 50 kg were enrolled in this study.
Subjects had a systolic blood pressure between 90 mmHg to
145 mmHg, inclusive, and a diastolic blood pressure no
higher than 90 mmHg, normal sinus rhythm, a pulse rate
between 45 to 90 beats per minute, a QTc interval 5450
milliseconds (msec), a QRS interval of =120 msec, a PR
interval <210 msec, and an ECG morphology consistent
with healthy cardiac conduction and function. Per protocol,
subjects did not have a history of suicidal or homicidal
ideation, significant primary sleep disorder, or any contrain-
dication to the use of ketamine or esketamine.

[1479] Removal of subjects from therapy or assessment

reasons for subject withdrawal from the study could include
the following:
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[1480] lost to follow-up;
[1481] withdrawal of consent;
[1482] subject not in compliance with requirements of

the study, including inclusion criteria, exclusion crite-
ria, and prohibitions and restrictions;

[1483] discontinuation of study treatment (final assess-
ments were obtained). A subject was to be discontinued
from study treatment if:

[1484] the investigator believed that for safety reasons
(e.g., AE) it was in the best interest of the subject to
stop treatment

[1485] the subject became pregnant.

[1486] If a subject was lost to follow-up, every possible
effort was to be made by the study center personnel to
contact the subject and determine the reason for discontinu-
ation. The measures taken to follow up were to be docu-
mented.

[1487] If a subject withdrew prior to completing the study,
the reason for withdrawal was to be captured on the case
report form (CRF) and in the source document. Study agent
assigned to the withdrawn subject was not to be assigned to
another subject. At least 12 subjects (including 4 of each
sex) had to complete the study procedures of all treatment
periods, including the 24-hour PK blood sample collections,
and the end-of-study evaluations. Subjects who withdrew
were to be replaced preferably with a subject of the same sex
to complete the requisite 12 subjects per treatment.

Treatment Compliance

[1488] Study agent was self-administered in the controlled
environment of a clinical research center, and the direct
observation of the administration of the study agent by study
staff ensured compliance with study requirements. The date
and time of each study agent administration was recorded in
the CRF.

Prior and Concomitant Therapy

[1489] Throughout the study, prescription or nonprescrip-
tion medication other than the study agent (including vita-
mins and herbal supplements; vasoconstrictors and decon-
gestants that are administered by the ophthalmic or
intranasal routes) were prohibited, except for acetamino-
phen, oral contraceptives, and hormone replacement
therapy. The use of acetaminophen was allowed until 3 days
before each study agent administration.

[1490] Throughout the study, a maximum of 3 doses per
day of 500 mg acetaminophen, and no more than 3 g per
week, was allowed for the treatment of headache or other
pain. If acetaminophen was used, the dose and dosage
regimen and the reason for use were to be captured in the
CRF.

[1491] Women using hormonal contraceptives as a means
of birth control continued to use the same hormonal con-
traceptives throughout the study. Women using hormone
replacement therapy continued to use the same hormone
replacement therapy throughout the study.

[1492] The sponsor was to be notified immediately if
prohibited therapies were administered. All medications
taken by a subject (prescription or nonprescription) that
were not the study agent were documented in the concomi-
tant therapy section of the CRF. These included medications
taken 30 days before, during, and through the end-of-study
visit (9 to 13 days after the last study agent administration).
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1.3. Study Drug Information

[1493] Intranasal esketamine and placebo for practice
administration were supplied by the sponsor in a dual nasal
spray device. Each device contained 200 pL. and delivered
16.14 mg esketamine hydrochloride (14 mg esketamine
base) or 0.1 pg of denatonium benzoate per 100 uL spray,
respectively. The study agent information is given in Table
167:

TABLE 167

Study agent name Description, dose and mode of administration

161.4 mg/mL esketamine hydrochloride clear,
colorless intranasal solution

Esketamine
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men was labeled with the randomization code by site
personnel and administered in an open-label manner.

[1495] If subjects were replaced, replacement subjects
were assigned to the same treatment sequence as the subjects
they were replacing. Replacement for subjects started with
Period 1.

1.5. Dosage and Administration

[1496] Subjects self-administered intranasal esketamine in
an open-label, crossover manner. They received the esket-
amine regimens over 3 treatment periods (i.e., 1 treatment
per period, Table 168), as specified by treatment sequences
(Table C). The regimens differed in the number of sprays to
achieve the total dose and the total esketamine dose admin-
istered.

TABLE 168

Description of Treatments for Subjects

Day 1 of Each Period

Treatment

Regimen

Description®?

Administration

Time 0 +5 min +10 min

Total

Total

Administration Number of Total

Interval

Sprays

Dose®

Periods 1 and 2

A

Period 3

C

1 spray of
14%
esketamine
solution
in each nostril
at Time 0
1 spray of
14%
esketamine
solution
in each nostril
at Time O and
repeated in 5
minutes

1 spray of
14%
esketamine
solution
in each nostril
at Time O and
repeated
every 5
minutes x 2

X _ _

5 Min

10 min

28 mg

56 mg

84 mg

“Time 0 is defined as the time of the first 100-uL spray. Sprays to each nostril should be delivered in rapid succession
at the scheduled time points (i.e., there should be no waiting between sprays in each nostril at each time point). Subjects
must be in a semi-reclined position when administering the sprays and remain reclined for at least 10 minutes after the

last spray.

sketamine concentration (percent esketamine solution) and Total Dose are expressed as esketamine base.

TABLE 167-continued

Study agent name Description, dose and mode of administration

Clear, colorless intranasal solution of water for
injection with a bittering agent (denatonium
benzoate) at a final concentration of 0.001 mg/mL

Esketamine placebo

1.4. Randomization and Blinding

[1494] This was an open-label study; therefore, no blind-
ing of treatment was performed. Each intranasal dose regi-

[1497] The intranasal esketamine regimens were self-ad-
ministered under the direct supervision of the Investigator or
designee using the modified instructions provided to the site
(i.e., in a semi-reclined position for at least 10 minutes after
the last spray; sniffing encouraged after dosing).

[1498] Food was restricted for at least 8 hours starting
from the evening before dosing until 2 hours after each
esketamine administration. Drinking of water or any other
permitted beverage was restricted from 30 minutes before
the first nasal spray and until 30 minutes after the last nasal
spray of a given regimen. At approximately 2 hours after the
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last nasal spray dosing, subjects in all 3 treatment periods
were required to drink 180 to 240 mL of water.

1.6. Study Evaluations and Statistical Methods
1.6.1. Pharmacokinetic Evaluations

1.6.1.1. Sample Collection and Handling

[1499] Blood samples (4 mL each) for determination of
esketamine and noresketamine plasma concentrations were
collected into the appropriate collection tube (e.g., Vacu-
tainer®) at timepoints 0.00, 0.12, 0.20, 0.37, 0.53, 0.67,
0.83, 1.00, 1.25, 1.50, 2.00, 3.00, 4.00, 6.00, 9.00, 12.00,
18.00, and 24.00 h. The total amount of blood to be drawn
for clinical laboratory tests and PK evaluations is approxi-
mately 327 mlL..

[1500] The exact date and time of sampling was recorded
in the CRF, as appropriate.

[1501] Before processing, the tubes were gently inverted 8
to 10 times to afford mixing, and were placed in a cryoblock
(in an upright position) or in an ice water mixture to the
approximate height of the blood in the tube. The blood
samples were centrifuged within 60 minutes of collection in
a clinical centrifuge at 1,300 g (about 2,500-3,000 rpm) for
10 minutes at 5° C. to yield approximately 1.8 mL of plasma
from each 4-ml. whole blood sample. All separated plasma
was immediately transferred (equally divided) into 2 prela-
beled polypropylene storage tubes with a clean, disposable
glass or polyethylene pipette, while using a new pipette for
each sample. One tube was labeled “esketamine, main™ and
the second tube “esketamine, back-up”. The plasma samples
were stored in an upright position, at —20° C. or lower until
transferred to the bioanalytical facility. The time between
blood collection and freezing the plasma was not to exceed
2 hours.

1.6.1.2. Bioanalytical Procedures

[1502] Plasma samples were analyzed for esketamine and
noresketamine concentrations using the validated, specific
and sensitive liquid chromatography coupled to tandem
mass spectrometry (LC-MS/MS) achiral method of Example
8.

1.6.1.3. Pharmacokinetic Parameters

[1503] Serial PK blood samples (4 mlL each) were col-
lected for a 24-hour period from each subject (Periods 1, 2,
and 3). Noncompartmental PK parameters of esketamine
and its metabolite noresketamine estimated from plasma
data included:
[1504] C,,,. maximum plasma concentration during a
dosing interval t

max

[1505] t, . time to reach the maximum plasma concen-
tration
[1506] AUC,,,, area under the plasma concentration-

time curve from time 0 to time of the last quantifiable
concentration

[1507] AUC,, area under the plasma concentration-time
curve from time O to infinite time calculated as the sum
of AUC,,,, and C, /A , in which C,,, is the last
observed quantifiable concentration

[1508] t,,,, elimination half-life associated with the
terminal slope (A,) of the semilogarithmic drug con-
centration-time curve, calculated as 0.693/A,

last
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[1509] A, first-order rate constant associated with the
terminal portion of the curve, determined as the nega-
tive slope of the terminal log-linear phase of the drug
concentration-time curve

1.6.4. Statistical Methods

1.6.4.1. Sample Size

[1510] At least 12 subjects (including 4 of each sex) had
to complete the study procedures of all treatment periods,
including the 24 hour PK blood sample collections, and the
end-of-study evaluations. Subjects who withdrew were
replaced, preferably, with a subject of same sex to complete
the requisite 12 subjects per treatment. Based on a previ-
ously completed study, the intersubject coeflicient of varia-
tion for C,,,,. and AUC of intranasal racemic ketamine was
estimated to be at least 55%. Assuming an intersubject
coeflicient of variation of 55% for PK parameters of esket-
amine, a sample size of 12 subjects was sufficient to ensure
that the estimate of the mean PK parameters of esketamine
fell within 71% and 142% of the true value with 95%
confidence.

1.6.4.2. Initial Subject Characteristics

[1511] For all subjects who received at least 1 dose of
study agent, descriptive statistics (mean, standard deviation
[SD], median, minimum, maximum) were performed for
age, BMI, weight, and height. Sex and race were listed and
tabulated.

1.6.4.3. Pharmacokinetic Analysis

[1512] For esketamine and noresketamine, data were
listed for all subjects with available plasma concentrations.
All plasma concentrations below the lowest quantifiable
concentration in a sample or missing data were labeled as
such in the concentration data presentations.

[1513] Concentrations below the lower quantifiable con-
centration were treated as zero when calculating PK param-
eters and summary statistics. All subjects and samples
excluded from the analysis were to be clearly documented.
[1514] Descriptive statistics were used to summarize
plasma esketamine and noresketamine concentrations at
each sampling timepoint. The analysis included data from all
subjects with available data from a least 1 dose of study
agent. Plasma concentration data at each timepoint were
summarized with mean, median, minimum, maximum, SD,
and percent coeflicient of variation for all subjects who
received at least 1 dose of study agent.

[1515] The following key parameters of esketamine and
noresketamine in plasma were calculated using noncompart-
mental methods and actual sampling times: C
AUC,,,, AUC,, t,,5,, and ..

[1516] All estimated PK parameters of esketamine and
noresketamine were summarized for each treatment with
mean, median, minimum, maximum, SD, percent coeflicient
of variation for each treatment provided.

maxs tmaxs

2. Subject and Treatment Information
2.1. Subject Disposition and Study Completion/Withdrawal
Information

[1517] Initially a total of 14 Caucasian subjects were
enrolled and treated with esketamine with 7 subjects ran-
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domized to each treatment sequence. Of these 14 subjects,
13 subjects completed the study, with 7 subjects in each
treatment sequence (ABC and BAC). One subject discon-
tinued the study; the subject did not meet entry criteria for
Period 2, due to a positive result for the urine drug screen at
Period 2 check in.
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[1523] The discontinued subject received the study agent
as follows:
[1524] The subject of Treatment Sequence 2 received
esketamine 28 mg at Time 0 and 5 minutes (totaling 56
mg) at Period 1, Day 1.

2.2. Demographic and Baseline Characteristics

[1518]

(Table 169).

Demographic and baseline characteristics of sub-
jects who received a dose of esketamine are presented in

TABLE 169

3. Pharmacokinetic Results

[1525] Plasma samples were analyzed for the concentra-
tions of esketamine and noresketamine using a validated,
specific, and sensitive liquid chromatography-tandem mass
spectrometry (LC-MS/MS) method as described in Example

Demographic and Baseline Characteristics; Safety Analysis Set

ABC BAC Total
Subjects treated 7 7 14
Age (years)
N 7 7 14
Mean (SD) 32.3 (8.20) 33.9 (11.75) 33.1 (9.77)
Median Range 31.0 (24; 48) 28.0 (22; 50) 30.0 (22; 50)
Sex
N 7 7 14
Female 1 (14.3%) 4 (57.1%) 5 (35.7%)
Male 6 (85.7%) 3 (42.9%) 9 (64.3%)
Race 7 7 14
Asian 0 0 0
‘White 7 (100.0%) 7 (100.0%) 14 (100.0%)
Ethnicity
N 7 7 14

Not Hispanic or Latino

Baseline Weight (kg)

7 (100.0%)

7 (100.0%)

14 (100.0%)

N 7 7 14

Mean (SD) 79.39 (7.866) 6747 (11.265) 73.43 (11.196)
Median 79.50 63.60 75.15
Range (68.1; 93.1) (56.9; 87.2) (56.9; 93.1)
Baseline Height (cm)

N 7 7 14

Mean 181.79 (7.793) 170.93 (5.992) 176.36 (8.737)
Median (SD) 179.90 168.30 175.35
Range (175.0; 197.6) (164.0; 181.4) (164.0; 197.6)

Baseline BMI (kg/m?)

N 7 7 14
Mean (SD) 24.00 (1.489) 22.97 (2.308) 2349 (1.941)
Median 24.10 2240 23.30
Range (21.6; 26.0) (20.6; 26.5) (20.6; 26.5)

ABC = Esketamine 28 mg/Esketamine 56 mg/Esketamine 84 mg
BAC = Esketamine 56 mg/Esketamine 28 mg/Esketamine 84 mg

2.6. Extent of Exposure

[1519]

The subjects received all 3 different single-dose

8. A total of 14 Caucasian subjects (9 men, 5 women) were
enrolled in this study and received at least 1 dose of 28 mg,
56 mg, or 84 mg of esketamine. One subject withdrew from

regimens of intranasal esketamine (Treatments A, B, and C)
during Periods 1, 2, and 3 as per the randomized sequence.
Sprays were administered as follows:

[1520]

[1521] in Treatment B, 28 mg at Time 0 and 5 minutes
each (totaling 56 mg); and

[1522] in Treatment C, 28 mg at Time 0, 5, and 10
minutes each (totaling 84 mg).

in Treatment A, 28 mg at Time O;

the study after completing the first treatment period in which
the subject self-administered Treatment B (esketamine 56
mg).

[1526] In addition, one Treatment A (esketamine, 28 mg,
predose) sample was excluded from the entire PK analysis
of esketamine and noresketamine as they were taken at time
of withdrawal.

[1527] The terminal phase of the esketamine concentra-
tion-time profile could not be reliably estimated with either
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an R?, 4 value <0.900 and/or an AUC,, extrapolation >20%.
As a result, esketamine AUC,, AUC,/Dose, t,,, and A,
were excluded from the descriptive statistics for the 3
subjects, i.e., Treatment A (esketamine 28 mg), Treatment B
(esketamine 56 mg), and Treatment C (esketamine 84 mg).
[1528] The terminal phase of the noresketamine concen-
tration-time profile could not be reliably estimated with
either an R?, 4 value <0.900 and/or an AUC,, extrapolation
>20%. As a result, noresketamine AUC,,, AUC_/Dose, t, ,,
and A, were excluded from the descriptive statistics for 2
subjects, i.e., Treatment B (esketamine 56 mg) and Treat-
ment C (esketamine 84 mg).

[1529] In addition, the metabolite to parent ratio for AUC_,
was excluded from descriptive statistics as AUC, was
excluded from the descriptive statistics for either esketamine
or noresketamine for 5 subjects, i.e., Treatment A (esket-
amine 28 mg), Treatment B (2 subjects; esketamine 56 mg),
and Treatment C (2 subjects; esketamine 84 mg).

[1530] All PK parameters were calculated using the actual
times of blood sampling.

Pharmacokinetic Results

[1531] Mean plasma concentration-time profiles of esket-
amine and noresketamine are presented in FIGS. 80 and 81,
respectively.

[1532] Following intranasal administration, maximum
concentrations (C,,,,.) of esketamine were reached with
median t,, . ranging from 0.67 to 0.83 hours in healthy
subjects, respectively, across the 3 intranasal regimens of
esketamine (28, 56, and 84 mg) (Table G). Maximum
concentrations of metabolite noresketamine were observed
later with median t,,,, ranging from 1.25 to 1.5 hours in
healthy subjects, respectively (Table H).

[1533] For esketamine C,,, , variability (expressed as per-
cent coeflicient of variation) across the 3 treatment groups
ranged from 35.7% to 36.7%. For esketamine AUC (both
AUC,,,, and AUC,), variability ranged from 25.0% to
30.4%. Between-subject variability for noresketamine C,,
ranged from 25.8% to 33.7% in subjects. For noresketamine
AUC (both AUC,,,, and AUC,,), variability ranged from
17.0% to 21.3% in subjects.

[1534] Plots of esketamine C,,,, or AUC versus total body
weight were constructed for each dose level. Similar plots
were prepared for the metabolite. The results suggest there
is a trend towards a decrease in esketamine and noresket-
amine C,,, and AUC with an increase in body weight. The

strength of the trends varied across the dose groups.

[1535] Based on visual inspection, the mean C,,
AUC,,,,, and AUC,, for esketamine and mean C,,,, for
noresketamine increased with increasing doses in a less than
dose-proportional manner (FIGS. 80 and 81 and Tables G
and H). The mean noresketamine AUC, ., and AUC,, values
appeared to increase in a manner that was proportional to the
esketamine dose.

[1536] Mean t,,, of esketamine ranged from 7.11 to 7.25
hours in the subjects (Table 170).

TABLE 170

Mean (SD) Esketamine Pharmacokinetic Parameters

Subgroup/ Crax [ AUC,,,, AUC,, tin
Treatment (ng/mL) (h) (h*ng/mL) (h*ng/mL) (h)
A: Esketamine 49.7 0.67 128 1367 7.25¢
28 mg (18.1) (0.20-1.50)  (31.8) (33.9¢7  (1.19¥
(n=13)

B: Esketamine 74.1 0.67 216 222% 7.25%
56 mg (27.2) (0.20-1.25)  (61.5) (59.9)%  (1.67)*
(n=14)

C: Esketamine 103 0.83 310 3299 7.114
84 mg (36.8) (0.20-1.50)  (92.0) 100y (1.78)¢
(n=13)

“Median (Min-Max),
=13,
‘n=11,

=12

[1537] Mean t,,, of noresketamine ranged from 7.48 to
7.74 hours in the subjects (Table 171)

TABLE 171

Mean (SD) Noresketamine Pharmacokinetic Parameters

Subgroup/ Crar

Treatment (ng/mL)

[ AUC,,, AUC,, tyo Metabolite/Parent Ratio

(h) (h * ng/mL) (h * ng/mL) h)  t,,° ) AUC,, AUC

@

A: 92.8
Esketamine (24.6)
28 mg

(n=13)

B: 154
Esketamine (39.8)
56 mg

(n =14)

C: 241
Esketamine (81.1)
84 mg

(n=13)

(0.67-2.00)

(0.83-3.00)

(1.25-3.00)

5087 774 196 362 380
(108) (1.66)  (0.445) (0.589) (0.739)

1.25 454
(89.0)

7.1¢ 2.28 4.07 4.22°
(1.59)°  (0.818) (0.876) (0.991)*

1.50 851
a7

924°
(195)¢

4467
(1.06)¢

7.48° 2.55 4.32
(1.47)%  (0.976) (0.871)

13928
(252)%

1.50 1287
(219)

“Median (Min-Max);
by = 12;
‘n=13;
4= 11;
‘n=10
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[1538] The plasma concentrations of noresketamine were
generally higher, relative to the parent compound. ForC,, .,
the mean ratios of noresketamine to esketamine ranged from
1.96 to 2.55. For AUC,,,, the mean ratios ranged from 3.62
to 4.32. For AUC,,, the mean ratios ranged from 3.80 to 4.46
(Table H).

Conclusion:

[1539] Mean plasma esketamine C,,,, and AUC increased
in a less than dose-proportional manner across the 28-mg,
56-mg, and 84-mg intranasal dose regimens of esketamine.

Example 10

[1540] The data herein was assembled from 14 Phase 1
studies; each Phase 1 study was performed similarly to the
study outlined in Example 9 in which the PK of esketamine
was assessed.

[1541] The PK parameters of esketamine including T,,,,.,
C, 0 AUC,,,, and terminal t,,, after administration of 28
mg, 56 mg, or 84 mg of nasal esketamine are provided in
Table 172. The t,,,,. of esketamine was typically observed at
20 to 40 minutes, 30 to 45 minutes, or 30 to 50 minutes after
the first nasal spray of a 28 mg, 56 mg, or 84 mg of
esketamine, respectively (i.e., approximately 20 to 40 min-
utes after the last spray of a given dose). A dose-dependent,
linear increase in mean esketamine C,,,, and AUC,, , is
evident (FIGS. 82A and 82B).

X

TABLE 172

Pharmacokinetic Parameters of Esketamine in Young Adult Subjects
After a Single Dose of Esketamine Nasal Spray

T Crax AUC,,, Terminal t;,,
Esketamine (h) (ng/mL) (ng*h/mL) (h)
28 mg 0.33-0.67 49.7-70.5 128-183 7.25-16.5
(n=64) (n=64) (n=64) (n=61)
56 mg 0.50-0.77 71.8-117 216-317 6.8-9.83
(n = 86) (n = 86) (n = 86) (n = 83)
84 mg 0.53-0.83 95.0-164 310-489 6.6-12.0
(n=167) (n=167) (n=167) (n = 150)

Range of median values are provided for T,,,; range of mean values provided for C,,,,
and AUC 4

[1542] After esketamine C,,, was reached following nasal
administration, the decline in concentrations in plasma is
rapid for the initial 2 to 4 hours and then more gradual. The
esketamine mean terminal t, , ranged from 7 to 12 hours.
The median terminal t, , in this study was 10.7 hours.
[1543] While the foregoing specification teaches the prin-
ciples of the present invention, with examples provided for
the purpose of illustration, it will be understood that the
practice of the invention encompasses all of the usual
variations, adaptations and/or modifications as come within
the scope of the following claims and their equivalents.

What is claimed is:

1. A method of delaying time to relapse in a patient having
treatment resistant depression, the method having an induc-
tion phase of 4 weeks, and a subsequent maintenance phase,
comprising

intranasally administering an aqueous formulation com-

prising esketamine and/or a pharmaceutically accept-
able salt thereof in the induction phase to provide a
therapeutically effective amount of about 56 mg or
about 84 mg of esketamine per induction phase treat-
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ment session to the patient, wherein the induction phase
treatment session occurs at a frequency of twice weekly
during the induction phase; and

intranasally administering an aqueous formulation com-

prising esketamine and/or a pharmaceutically accept-
able salt thereof in the maintenance phase to provide a
therapeutically effective amount of about 56 mg or
about 84 mg of esketamine per maintenance phase
treatment session to the patient, wherein the mainte-
nance phase treatment session occurs at a frequency of
once weekly or once every other week during the
maintenance phase; and

co-administering a therapeutically effective amount of

one or more oral antidepressants during the induction
phase and the maintenance phase;

wherein the patient achieves stable remission or stable

response and thereafter continues the maintenance
phase treatment sessions and co-administering of the
one or more oral antidepressants during the mainte-
nance phase.

2. The method of claim 1, wherein the patient continues
the maintenance phase treatment sessions and co-adminis-
tering of the one or more oral antidepressants for at least 9
weeks.

3. The method of claim 1, wherein the patient continues
the maintenance phase treatment sessions and co-adminis-
tering of the one or more oral antidepressants for at least 17
weeks.

4. The method of claim 1, wherein the patient continues
the maintenance phase treatment sessions and co-adminis-
tering of the one or more oral antidepressants for at least 25
weeks.

5. The method of claim 1, wherein the patient continues
the maintenance phase treatment sessions and co-adminis-
tering of the one or more oral antidepressants for at least 33
weeks.

6. The method of claim 1, wherein the patient continues
the maintenance phase treatment sessions and co-adminis-
tering of the one or more oral antidepressants for at least 61
weeks.

7. The method of claim 1, wherein the patient continues
the maintenance phase treatment sessions and co-adminis-
tering of the one or more oral antidepressants for at least 81
weeks.

8. The method of claim 1, wherein the aqueous formula-
tion comprises esketamine hydrochloride during the induc-
tion phase and maintenance phase.

9. The method of claim 1, wherein the esketamine hydro-
chloride is present in a concentration in the range of from
about 160 mg/mL to about 163 mg/ml., based on the total
volume of the aqueous formulation.

10. The method of claim 1, wherein the patient achieves
stable response.

11. The method of claim 1, wherein the patient achieves
stable remission.

12. The method of claim 1, wherein the one or more oral
antidepressants is a serotonin and norepinephrine reuptake
inhibitor (SNRI), a selective serotonin reuptake inhibitor
(SSRI), or combination thereof.

13. The method of claim 1, wherein the time to relapse is
delayed relative to a patient that achieves stable remission or
stable response being treated with one or more oral antide-
pressants without co-administration of esketamine and
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thereafter continues administration of the one or more oral
antidepressants without co-administration of esketamine.

14. The method of claim 13 wherein the one or more
antidepressants is a serotonin and norepinephrine reuptake
inhibitor (SNRI), a selective serotonin reuptake inhibitor
(SSRI), or combination thereof.

15. The method of claim 14, wherein the aqueous formu-
lation comprises esketamine hydrochloride during the
induction phase and maintenance phase.

16. The method of claim 8, wherein the esketamine
hydrochloride is present in a concentration in the range of
from about 160 mg/mL to about 163 mg/ml., based on the
total volume of the aqueous formulation.

17. The method of claim 8, wherein the patient achieves
stable response.

18. The method of claim 8, wherein the patient achieves
stable remission.

19. The method of claim 8, wherein the one or more oral
antidepressants is a serotonin and norepinephrine reuptake
inhibitor (SNRI), a selective serotonin reuptake inhibitor
(SSRI), or combination thereof.

20. The method of claim 8, wherein the time to relapse is
delayed relative to a patient that achieves stable remission or
stable response being treated with one or more oral antide-
pressants without co-administration of esketamine and
thereafter continues administration of the one or more oral
antidepressants without co-administration of esketamine.

21. The method of claim 20 wherein the one or more
antidepressants is a serotonin and norepinephrine reuptake
inhibitor (SNRI), a selective serotonin reuptake inhibitor
(SSRI), or combination thereof.
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22. The method of claim 1, wherein the patient achieves
the stable remission or stable response after 16 weeks of the
initial maintenance phase treatment sessions.

23. The method of claim 22, wherein the aqueous formu-
lation comprises esketamine hydrochloride during the
induction phase and maintenance phase.

24. The method of claim 23, wherein the esketamine
hydrochloride is present in a concentration in the range of
from about 160 mg/mlL. to about 163 mg/ml., based on the
total volume of the aqueous formulation.

25. The method of claim 23, wherein the patient achieves
stable response.

26. The method of claim 23, wherein the patient achieves
stable remission.

27. The method of claim 23, wherein the one or more oral
antidepressants is a serotonin and norepinephrine reuptake
inhibitor (SNRI), a selective serotonin reuptake inhibitor
(SSRI), or combination thereof.

28. The method of claim 23, wherein the patient continues
the maintenance phase treatment sessions and co-adminis-
tering of the one or more oral antidepressants for at least 81
weeks.

29. The method of claim 22, wherein the time to relapse
is delayed relative to a patient that achieves stable remission
or stable response after 16 weeks of the initial maintenance
phase treatment sessions and thereafter continues with the
administration of the one or more oral antidepressants
without co-administration of esketamine.

#* #* #* #* #*



