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INTRANASAL ADMINISTRATION OF ESKETAMINE

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.5. Provisional Patent Application No.
62/899,870, filed September 13, 2019, the disclosure of which is incorporated by

raference herein.

FIELD OF THE INVENTION

The present invention is directed to pharmaceutical products, and to methods for
the treaiment of depression {e.g., major depressive disorder) and other diseases or
disorders for which eskelamine has a therapeutic benefit. 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 adminisiering to a patient in need thereof a clinically
proven safe and therapeuticaily effective amount of esketamine as mono-therapy or as
combination therapy with at least one antidepressant. Methods of intranasal

administration and devices for intranasal adminisiration arg also disclosed.

BACKGROUND OF THE INVENTION

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 antidepressani medications, and are considered {0 have
ireatment resistant depression (TRD). Such patients who do benefit with oral ADs have
high raies of relapse even with continuation of treatment.

The impact of TRD on patient’s lives is difficult o adequately describe. Many
patients have depressive episodes lasting years. Severely depressed patients lose the
will 1o carry on with their lives, there is a 7-foid increase in suicide attempts. Life
expectancy is lowered by 10 years. In exireme cases they cannot even engage in basic
self-care aclivities such as bathing or eating, or taking care of themselves, leave alone
those in their care as a parent, spouse efc. This impacis not only the patient
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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 dysregulation of the glutamate
pathway.

Glutamate is the major excitatory neurotransmitter in the mammalian brain and
has a prominent role in synaptic plasticily, learming and memory. At elevated levels,
glutamate is a potent neuronal excitotoxin that may provoke rapid or delayed
neurctoxicity. Over the years, there has been a growing interest in the role of glutamate
in the pathophysiology of depression since abnormal aclivity of the glutamatergic
system probably contributes to the impairment of synaptic plasticity observed in
depressed palienis. Ketamine, a classic anesthetic drug, showed activity not only in
animal models of depression but also in small scale clinical studies in patlients with
major depressive disorder including subjects with treatmeni-resistant depression. At
low, subanesthetic doses administered by intravenous infusion, ketamine 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.

Ketamine {a racemic mixture of the corresponding S- and R-enantiomers) is a
nonseleclive antagonist at the phencyclidine binding site of the glutamate N-methyi-D-
aspartate (NMDA) receptor, although this may not primarily mediate the antidepressant
effect. The enantiomer S-ketamine {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 polential for neurotoxicity
associated with long-term use and whether repeated doses of ketamine/esketamine in
the longer term can maintain a significant antidepressant effect (Molerg, et al,,
‘Antidepressant Efficacy and Tolerability of Ketamine and Esketamine: A Critical
Review,” ONS Drugs (2018) 32:411-420). In particular, previcus studies indicated that
gsketamine, in contrast to R-ketamine, couid 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).

Morsover, esketaming showed grealter undesirable psychotomimetic side effects

-
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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.

There remains 8 need 1o provide an effective, long-term and safe treatment for
depression, particularly in patients diagnosed as having treatment-refractory or

treatment-resistant depression.

SUMMARY OF THE INVENTION

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.

The present invention is further directed {0 a method for the treatment of
depression (e.g., major depressive 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.

The present invention also is directed to methods of maintaining stable remission
or stable response achieved by a patient with depression following administration of 3
therapeutically 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. In some
embodiments, the depression is major depressive disorder or treatment resistant
depression.

The present invention further is directed to methods for the long term treatment
of depression in a patient, comprising administering o the patient in need of treatment a
clinically proven safe and/or clinically proven effective therapeutically effective amount
of esketamine for ai least six months. In some embodiments, the depression is major
depressive disorder or treatment resistant depression.

The method of treatment includes long term treatment, including durations of at
least about six months. In some embodiments, the treatment may be a duration of at

least about one year, al least about 18 months, or at least about two years. For

3~
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gxample, long term treatment may include a duration range of about six months o
about two years. The treatment may extend for much longer periods of time to the
extent that the patient is benefiting from the therapy.

in some embodiments, the at least one antidepressant is independently selected
from the group consisting of mone-amine oxidase inhibitors, tricyclics, serotonin
reuptake inhibitors, serctonin noradrenergic reuptake inhibitors, noradrenergic and
specific serotonergic agents, noradrenaline reuptake inhibitors, natural products, dietary
supplements, neuropeptides, compounds targeting neuropeptide receptors and
hormones.

in other embodiments, methods for the treatment of depression (e.g., major
depressive disorder) are provided and comprise administering {o 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 (MAQ!)} such as irreversible MAOI (phenelzine,
tranylcypromine), reversible (MOAL moclobemide, and the like; tricydlics such as
imipramineg, amitriptyline, desipramine, nortriptyline, doxepin, profriptyline, trimipramine,
clomipraming, amoxapine, and the like; tetracyciics such as maprotiline, and the like;
non-cyclics such as nomifensine, and the like; triazolopyridines such as trazodone, and
the like, anticholinergics e.g. scopolamineg; serotonin reuptake inhibitors such as
fluoxetine, sertraline, paroxetine, cilalopram, fluvoxamine, and the like; serotonin
receptor antagonists such as nefazadone, tianeptine and the like; serotonin
noradrenergic reuptake inhibitors such as venlafaxine, des-venlafaxineg, milnacipran,
levo-milnacipran, and the like; noradrenergic and specific serotonergic agents such as
mirtazapine, and the like; noradrenaline reuptake inhibitors such as reboxeting, 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 Johi's Wort, and the like;
dietary supplements such as s-adenosyimethionine, and the like, and neuropeptides
such as thyrotropin-releasing hormone and the like, and the like; compounds targeling
neuropeptide recepiors such as neurckinin receptor antagonists and the like; and

hormones such as triiodothyronine, and the like.
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in other embodiments, methods for the treatment of depression (2.9., major
depressive disorder) are provided and comprise administering to a patient in need
thereof a clinically proven safe and therapeutically effeclive amount of esketamine in
combination with one or more compounds selected from the group consisting of mono-
amine oxidase inhibitors; tricyclics; tetracyclics; non-cyclics; triazolopyridines; serotonin
reuptake inhibitors; serotonin receptor antagonists; serotonin noradrenergic reuptake
inhibitors; serotonin noradrenergic reuptake inhibitors; noradrenergic and specific
serotonergic agents; noradrenaling reuptake inhibitors,; atypical antipsychotics; natural
products; dietary supplements; neuropeptides; compounds targeting neurcpeptide
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, seroionin noradrenergic reuptake
inhibitors, noradrenergic and specific serotonergic agents, atypical antipsychotics,
and/or adjunclive therapy with antipsychotic medication (e.g. risperidone,
olanzapine, quetiapine, aripiprazole and ziprasidone). More preferably, esketamine is
administered in combination with one or more compounds selected from the group
consisting of mono-amino oxidase inhibitors, iricyclics, serotonin reuptake inhibitors,
and serotonin norepinephrine 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.

in yet further embodiments, methods for the treatment of depression {8.¢., major
depressive disorder) are provided and comprise administering {o 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
phenelzing, tranylcypromine, mociobemide, imipramine, amitriptyline, desipramineg,
nortriptyline, doxepin, protriptyline, trimipramine, clomipramine, amoxapine, fluoxetine,
sertraline, paroxetine, citalopram, fluvoxamine, venlafaxine, milnacipran, mirtazapine,
bupropion, thyrotropin-releasing hormone and triiodothyronine.

Preferably, esketaming is administered in combination with one or more

compounds selected from the group consisting of lithium, riluzole, phenelzine,

5
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tranylcypromine, mociobemide, imipraming, amitriptyline, desipramine, norfriptyline,
doxepin, protriptyline, irimipramine, clomipramine, amoxapine, fluoxeting, sertraline,
paroxeting, citaiopram, fluvoxamine, venlafaxine, milnacipran, levomiinacipran,
mirtazapine and bupropion. More preferably, esketamine is administered in
combination with one or more compounds selected from the group consisting of
phenelzine, tranylcypromine, mociobemide, imipramine, amitriptyline, desipramine,
nortriptyline, doxepin, protriptyline, trimipramine, clomipramine, amoxapine, fluoxetine,
sertraling, paroxeting, citalopram and fluvoxamine. More preferably, esketamine is
administered in combination with one or more compounds selected from the group
consisting of fluoxetine, seriralineg, paroxetine, citalopram, escitalopram and
fluvoxamine.

in still further embodiments, methods for the treatment of depression (e.g., major
depressive disorder) are provided and comprise administering to a patient in need
thereof a dlinically proven safe and therapeutically effective amount of esketamine in
combination with one or more compounds selected from the group consisting of
neuropeptides such as thyrotropin-releasing hormone and the like; compounds targeting
neuropeptide receptors such as neurckinin receptors antagonisis and the like; and
hormones such as triiodothyronine and the like.

in other embodiments, methods for the treatment of depression (e.g., major
depressive disorder) are provided and comprise administering {o a patient in need
thereof, combination therapy with a clinically proven safe and therapeutically effective
amount of esketamine, at least one antidepressant, and at least one atypical
antipsychotic, as herein defined.

in further embodiments, methods for the treatment of depression (e.g., major
depressive disorder) are provided and comprise administering {o a patient in need
thereof, combination therapy with a clinically proven safe and therapeuticslly effective
amount of esketamine, at least one antidepressant, and at least one atypical
antipsychotic selected from the group consisting of quetiapine, aripiprazole,

brexpiprazole, clanzapine, lurasidone, risperidoneg and paliperidone.
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in other embodiments, the methods for treatment of depression may be
combined with adjunclive therapies such as anti-psychotic therapy, electroconvuisive
therapy (ECT), transcranial magnetic stimulation (TMS), or combinations theresof.

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 treaiment-
refractory or treatment-resistant depression. In other embodiments, the medicament is
for treating suicidal ideation.

The present invention is further directed to esketamine for use in a method for
the treaiment of depression (e.g., major depressive disorder), preferably treatment-
refractory or treatment-resistant depression, in a subject in need thereof.

in another embodiment, compositions comprising esketamine for the treaiment of
depression (e.g., major depressive disorder) are provided. In some embodiments, the
compositions are for the freatment of treatmeni-refractory or treatment-resistant
depression. In other embodiments, the medicament is for trealing suicidal behavior
and/or suicidal ideation.

The present invention is also directed to methods of freating depression,
comprising administering an approved drug product containing esketamine o a subject
with depression in an amount that is described in a drug product label for the approved
drug product.

The present invention is further directed to methods of selling an approved drug
product comprising esketamine, said method comprising selling such drug product,
wherein a drug product label for a reference listed drug for such drug product includes
instructions for treating depression.

The present invention also is directed o methods of offering for sale a drug
product comprising esketamine, said method comprising offering for sale such drug
product, wherein a drug product label for a reference listed drug for such drug product
inciudes instructions for treating depression.

The present invention is further directed to approved drug products with at least

one approved indication, wherein said approved drug product comprises esketamine.
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The present invention also is directed to methods of using the approved product
described herein, wherein the approved product comprises one or more intranasal
spray devices, the one or more devices comprise the esketamine, and the one or more
devices is configured to administer from about 28 to about 84 mg of esketamine.

The present invention is further directed to methods {0 mitigate the risk of misuse
or abuse of esketamine, comprising restricting distribution of an approved esketamine
drug product to selecled distributors, wherein the distributors are Drug Enforcement
Administration registered and deliver the approved esketamine drug product only 1o a pre-
approved site of care.

The disclosure is also directed to intranasal administration devices and methods for
intranasaily administering esketamine. In certain embodiments, the administration of
esketamine from an intranasal device forms a spray cone characterized by a spray

patiern, a plume geometry, and a droplet size distribution.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 illustrates a schematic of the study design of the ESKETINTRD3002
Phase 3 clinical trial.

Figure 2 illustrates the least squares mean changes (£SE) in MADRS total score
over time observed case MMRM during the double-blind induction phase. LS 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 +
intranasal placebo), day, country, class or oral antidepressant {(SNRI or S&RI), and
treatment-by-day, and baseline value as a covariate. Negative change in score
indicated improvement. *1-sided p<0.025.

Figure 3 is a bar graph of the response rates on day 2, a responseis a 2 50%
improvement on MADRS from baseline for patients taking esketamine and an oral
antidepressant.

Figure 4 is a bar graph of the response rales on day 28, a responseis a 2 50%
improvement on MADRS from baseline for patients taking esketamine and an oral

antidepressant.
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Figure 5 is a bar graph of the remission rates on day 28, remission is a MADRS
total score of £ 12,

Figure B is a bar graph showing the percent of subjects reporting problems
(levels 2 through 5) with mobility, self-care, activilies, pain, and anxiety/depression.

Figure 7 illustrates the arithmetic mean (x SE) for systolic blood pressure over
time during the double-blind induction phase using the safety analysis set.

Figure 8 illustrates the arithmetic mean (x SE) for diastolic blood pressure over
time; double-blind induction phase using the safely analysis set.

Figure 9 illustrates the clinician-assessed dissociative symptom scale (CADSS),
total score over time during the double-blind phase using the safety analysis set.

Figure 10 illustrates the arithmetic mean (x SE) modified observer's assessment
of alertness/sedation (MOAA/S) score over time; double-blind induction phase using the
safety analysis sel.

Figure 11 illustrates the Least Square mean change in total MADRS score over
time {(observed cases) in US patients with TRD.

Figure 12 illustrates patient-rated severity of depressive iliness (observed cases)
in US patients with TRD, as assessed with the PHQ-9.

Figure 13 illustrates functional impairment {observed case) in US patients with
TRD, as assessed with SDS.

Figure 14 illustrates the percentage of US patients with TRD achieving a
response 4 weeks post initial dose (observed case).

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

Figure 186 illustrates the frequency distribution of PHQ-9 severity categories
(observed case) in US patients with TRD.

Figure 17 illustrates the percentage of US patients with TRD who had z1-point
decrease in the CGI-S {observed case) 4-weeks post initial dose.

Figure 18 illustrates g schematic 1o the study design of the ESKETINTRD300S
Fhase 3 clinical trial.
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Figure 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).

Figure 20 illustrates that arithmetic mean (+ SE) systolic blood pressure over
time during the double-blind induction phase using the ESKETINTRD3005 safety
analysis set.

Figure 21 illusirates that arithmetic mean (x SE) diastolic blood pressure over
time during the double-blind induction phase using the ESKETINTRD300S safety
analysis sel.

Figure 22 is a plot of CADSS total score over time during the double-blind phase
using the safety analysis set.

Figure 23 illustrates the least squares mean changes (x SE) in MADRS total
score over time LOCF ANCOVA during the double-blind induction phase using the full
analysis set. LS Mean and Sk were based on analysis of covariance (ANCOVA) model
with change from baseline as the response variable and factors for treaiment {infranasal
esk + oral AD, oral AD + intranasal placebo), region, and class of oral antidepressant
(SNRI or 3R}, and baseline value as a covariate. Results are not adjusted for sample
size re-estimation. Negative change in score indicates improvement.

Figure 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 sel. Subgroups with fewer than & subjects not presented. Results are not
adjusted for sample size re-aestimation.

Figure 25 illusirates the arithmetic mean changes (x SE) in MADRS {otal score
over time observed case for the age 65-74 group during the double-blind induction
phase using the full analysis set.

Figure 26 illustrates the arithmetic mean changes (+ SE) in MADRS fotal score
over time observed case for the age = 75 group during the double-blind induction phase
using the full analysis set.

Figure 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

-1{0-
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phase using the full analysis set. LS Mean and SE were based on mixed model for
repeated measures (MMRM) with change from baseling 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. Resulls are not adjusted for sample size re-
estimation. Negative change in score indicates improvement.

Figure 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 sel. 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 antidepressant (SNRI or SSRI), and treatment-by-
day, and baseline value as a covariate. Resulls are not adjusted for sample size re-
estimation. Negative change in score indicates improvement.

Figure 29 illusirates that least sguares mean change in MADRS total score over
time {observed cases) in US patients aged = 65 years with TRD. MADRS fotal score
ranges from 0 {o 60; a higher score indicales a more severe condition.

Figure 30 illustrates that frequency distribution of lliness severity based on CGI-5
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 {(normail, not at all ilh) o 7 (among the most extremely il patients).

Figure 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 250% decrease from baseling in MADRS total score.

Figure 32 illustrates the percentage of US patients aged 2 65 years with TRD
achigving remission (observed case), as assessed by MADRS. Clinician-rated
remission was defined as a MADRS total score of 12

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

Figure 34 illustrates the percentage of US patients aged = 65 years with TRD

who had a dinically meaningful response, as assessed by CGI-8.

-11-



10

15

20

25

30

WO 2021/048638 PCT/1IB2020/051882

Figure 35 illustrates the percentage of US patients aged = 65 years with TRD
who had a dlinically significant response, as assessed by CGI-S. Clinically meaningful
and clinically significant responses were defined as a z1-point or 8 22-point decrease in
CGI-S from baseline, respectively.

Figure 36 illusirates the frequency distribution of iliness severily based on clinical
global impression-severity (CGI-8) scores at baseline and double-blind phase endpoint.

Figure 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.

Figure 38 shows least-square mean changes (x 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.

Figure 39 shows the mean changes (SE) in CGJSR 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 effecls and baseline value {unranked as a covariate).

Figure 40 correlates the percentage of patients with the resolution of suicide risk
at 4 and 24 hours.

Figure 41 shows the frequency distribution of SIBAT scores at double-blind
baseling, Day 1:4-hours postdose, double-blind endpoint, and follow-up endpoint. Clinical
global judgment of suicide risk scores range from 0 {0 8. 0: Nof 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 ouipatient 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
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without suicide precautions; 6 Suicidal risk requires hospitalization with suicide
precautions.

Figure 42 shows the least-square mean changes (SE) from baseline in MADRS
score to 4 hours (primary endpoint) and about 24 hours.

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

Figure 44 correlates the percentage of patients having remission at DB endpoint
and during follow-up.

Figure 45 shows least-square mean changes (x SE) from baseline for the BSS
total score over time in the double-blind phase using last observation carned forward data.

Figures 46 and 47 present means for blood pressure over time by treatment group
in the double-blind phase.

Figure 48 is a plot of CADSS total scorg over time during the double-blind phase
(Study ESKETINSUI2001. Safety Analysis Set).

Figure 49 is the trial design for Example 4.

Figure 50 is a flowchart summarizing the subject and treatment information of
Example 4.

Figure 51 shows the cumulative proportion of subjects who remained relapse
free; maintenance phase (Kaplan-Meier estimates) (full {(siable remitters) analysis set)
for Exampie 4.

Figure 52 shows the cumulative proportion of subjects who remained relapse
free; maintenance phase (Kaplan-Meier estimates) (full {stable responders) analysis
set) for Example 4.

Figure 53 shows the arithmetic mean (£ SE) systolic blood pressure over time;
mainienance phase (safety (MA) analysis sel) for bxampile 4.

Figure 54 shows the arithmetic mean (x SE) diastolic blood pressure over time;
maintenance phase (safety (MA) analysis set) for Exampie 4.

Figure 55 shows the arithmetic mean (£ SE) CADSS fotal score over time,;
maintenance phase (safety (MA) analysis set) for Exampie 4.

Figure 56 is a forest plot of hazard ratic by subgroup: Cox Regression (full

(stable remitters) analysis set) for Example 4. Hazard ratio estimates for subgroups
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with no event in either arm not displayed. Subgroups with fewer than & subjecis not

presented.

Figure 57 is the trial design for Example §. At enlry to the trial, transferred entry
non-responder subjects continued 1o receive the same oral antidepressant initiated in
the ESKETINTRD3005 study. The new oral AD is for direct entry subjects only.

Figure 58 is shows the frequency distribution for the CGI-5 of Example 5.

Figure 59 shows the arithmetic mean (x SE) of detection — attention (simple
reaction time) (all enrclied analysis set) for the age group = 65 years in Example 5.

Figures 60-62 shows the level of impairment for the EQ-5D-5L by measuring
anxiety/depression, usual activities, and pain/discomfort, respectively.

Figure 63 shows the arithmetic mean (x SE) systolic blood pressure over time,
induction and optimization/maintenance phases (all enrclied analysis set) for Example 5.

Figure 64 shows the arithmetic mean (x SE) diastolic blood pressure over time;
induction and optimization/maintenance phases {all envolled analysis set) for Example
5.

Figure 65 is a plot of CADSS total score over time during the induction and
optimization/maintenance phase (all enrciled analysis set) for Example 5.

Figure 66 is a plot showing the mean (2) SE for the of the brief psychiatric rating
positive symptom subscale total score over time during the induction and
optimization/maintenance phases (all enrolied analysis set) for Exampie 5.

Figure 67 shows means for the MADRS total score over time in the IND and
OP/MA phases based on observed case data for bxample 5.

Figure 68 shows the response for patients having a response with a =z 50%
reduction from baseline and a remission with a MADRS of £ 12,

Figure 89 shows means for the PHQ-© total score over time in the IND and OP/MA
phases based on observed case data for Example 5.

Figure 70 is an illustration of decreased and increased actlivity. MK-801-induced
changes in activity are described in Section 3.3 of Example 8. Gross pathology did not
reveal any tissue changes.

Figures 71A to 71C show a repeated dose neurotoxicity study. Haematoxylin-

gosin (HE) stained retrosplenial cortex shows the absence of neuronal necrosis in an
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gsketamine HCl-reated rat (54 mg/day) and its presence in an (+)MK-801 maleate-
treated rat as described in Example 6. Figure 71A1s an image of the retrosplenial
cortex of an esketamine HCl-reated rat (54 mg/day) showing the absence of neuronal
necrosis. Figure 71B is an image of the retrosplenial cortex from an (+)MK-801
maleate-treaied animal. Arrows show necrotic neurons (shrunken, gosinophilic
cytoplasm with condensed nuclei). Figure 71C is an image of a higher power view of
the necrotic neurons (arrows) in the retrosplenial cortex from an (+)MK-801maleate
treated animal.

Figures 72A and 728 iliustrate a repeated dose neurctoxicity study. Fluore-Jade
(FJ) stained retrospienial cortex shows the absence of neuronal necrosis in an
gsketamine HCl-treated rat (54 mg/day) and its presence in an (+)MK-801 treated rat as
described in Example 6. Figure 72A is an image of the retrospienial cortex of an
gsketamine HCl-treated rat (54 mg/day) showing the absence of neuronal necrosis.
Figure 72B is an image of the retrosplenial cortex from an (+)MK-801 maleate-treated
animal.

Figure 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-iabel phase of the study.

Figure 74 shows first and second line graphs showing the mean change (+ SE) in
MADRS total score over time in double blind phase of Example 7. Changes are shown
in pericds 1(A) and 2(B). Period 2 consisted only of participants who had received
placebo in period 1 and had moderate 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 Figure 73. BL indicates baseline; 2H, 2 hours post dose. Error bars
indicate Sk. Period 2 consists only of those participants who had been on placebo in
Period 1 and had moderate-{o-severe symptoms (n=28).

Figure 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. Period 1 (days 1-8), pericd 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
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Methods and shown in the vertical axis of Figure 73. BL indicates baseline; error bars,
SE.

Figure 76 shows line graphs showing the mean (2z8E) MADRS {otal 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-io-severe
symptoms (n=28). At the 2-hour time point, modified MADRS was used, with baseline
scores for sleep and appefite items carried forward.

Figure 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.

Figure 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.

Figure 79 is a plot of mean CADSS total score over time for participants who
received the same treatment for both pericds in Example 7.

Figure 80 is a plot of the mean plasma concentration-time profile of esketamine.

Figure 81 is a plot of the mean plasma concentration-time profile of
noresketamine.

Figures 82A and 828 are Cmax v8. dose and AUCs: vs. dose, respeclively, for the
data of Example 10. Line of regression shown for Cmax (r=0.53) and AUCs (r=0.70).

Figure 83A to 83k depict instructions for use for an exemplary nasal spray
device.

Figure 84 is a flow diagram of an approved esketamineg drug product through
possible medical systems.

Figure 85 is a top perspective view of an intranasal drug delivery device
according {o one embodiment.

Figure 86 is a side perspective view of the intranasal drug delivery device of Fig.
85,

Figure 87 is a front perspective view of the intranasal drug delivery device of Fig.
85, with the rear side perspective view being a mirror image of the intranasal drug

delivery device.
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Figure 88 is a bottom perspective view of the intranasal drug delivery device of
Fig. 85.

Figure 89 is a top plan view of the intranasal drug delivery device of Fig. 85.

Figure 90 is a3 front elevation view of the intranasal drug delivery device of Fig.
85,

Figure 91 is a right side elevation of the intranasal drug delivery device of Fig. 85,
with the left side elevation view being a mirror image of the intranasal drug delivery
device.

Figure 92 is a rear elevation view of the intranasal drug delivery device of Fig. 85.

Figure 93 shows the time course of response for the primary efficacy measure
(MADRS) in Study 1.

Figure 94 shows the fime {0 relapse in patients with treatment-resistant
depression (TRD} in stable remission in study 2.

Figure 95 shows the time {0 relapse in palients in stable response in treatment-

resistant depression (TRD) patients in study 2.
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Figure 96 is plume image window 1. The origin point is below and to the side of
the plume.

Figure 97 is plume image window 2. The X-axis is one click below the base of
the intense portion of the spray.

Figure 98 is plume image window 3. The X-axis is in contact with the base of the
spray.

Figure 99 is plume image window 4. The X-axis is 8 clicks below the base of the
spray.

Figure 100 is plume image window 5. The origin point is moved to the
approximate center of the spray.

Figure 101 is the plume intensity profile. Arrows indicating the position of the
plume arms in terms of intensity.

Figure 102 is plume image window 8. The plume arms are positioned wider than
the spray.

Figure 103 is plume image window 7. The plume arms are in contact with the
edge of the intense portion of the spray.

Figure 104 is an top view of the collet adaptor.

Figure 105 is an underside view of the collet adapior.

Figure 106 is the ID3SD and collet adaptor assembly.

Figure 107 is the stroke compensator booster.

Figure 108 is the actuation setup including the full device, collet adapior, booster,
and actuator.

Figure 108 is the collet in the actuator. The collet orientation is within the Vereo
actuator.

Figure 110A is a schematic for a method for charactenizing the plume, where a
laser sheet intersects the plume while a camera captures the image. Figure 11B is an

exampie of one such image obtained from the schematic of Figure 110A. Figure 110C
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is a schematic for a method of for characterizing the spray pattern, where a laser shest
intersects the plume while a camera captures the image.

Figure 111 are embodimenis of the spray shape designations used in Example
14.

Figures 112A and 1128 are the spray patterns at 3 cm from Example 14, Figure
112A is the spray paltern for actuation 1 at 3 cm. Figure 118 is the spray pattern for
actuation 2 at 3 cm

Figures 113A and 1138 are spray patterns at 6 cm from Exampile 14. Figure
113A is the spray patiern for actuation 1 at 6 cm. Figure 118 is the spray patiern for
actuation 2 at 6 cm.

Figure 114 is a graph showing the time history for actuation 1 of SUNSD.

Figure 115 is a graph showing the time History for actuation 2 of SUNSD.

Figure 116 is an iliustration showing the device and adaptor collet in the Vereo
actuator with position axes to the Malvern Sprayiec 2000 Particle Size Analyzer.

Figure 117A is a pictorial schematic of the plume geometry. Figure 117B is the
section of the plume showing the plume width and plume angle.

Figure 118A is a piclorial schematic of the spray pattern. Figure 118B is the
section of the spray showing the ovality of the spray and measurements thereof.

Figure 119 is a pictorial achematic of the dropiet size distribution. The path of the
laser - the laser beam intersects horizontally and a receive lens captures refracted light

at the other end.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed {o methods for the treatment of depression
(e.q., 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 reatment refraciory depression or
treatment resistant depression. In other embodiments, the medicament is for treating

suicidal ideation.
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These methods advantageously permit tailoring an effeclive regimen {o 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.

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
inciude continuing adminisiration of a therapeutically effective amount of esketamine for
at least five months during a subseguent administration phase.

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
treatment a clinically proven safe and clinically proven effective therapeutically effeclive
amount of esketamine for at least six months. Desirably, cognitive performance of the
patient remains siable, based on a baseline measurement, following six months of
treatment. 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.
Treatment may also be continued for longer periods of time including, without limitation,
4,5, 6, 7,8 8 10, orionger years, as determined by the atltending physician. In some
embaodiments, the esketamine is initially dosed twice a week for up to four weeks during
an induction phase, and, thereafter, dosed less frequently than fwice a week.

in certain embodiments of the present invention, eskelamine may be
administered in combination with one or more antidepressants, as herein described,
preferably in combination with one {o three antidepressants, more preferably in
combination with one {o two antidepressants.

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.

in an embodiment, the present invention is directed to combination therapy
comprising esketamine and one or more antidepressants, wherein the eskefamine is
administered as acute treatment. In ancther embodiment, the present invention is

directed to combination therapy comprising esketamine and one or more
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antidepressants wherein the esketamine is administered as acute treatment and
wherein the one or more antidepressants are administered as chronic freatment.

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.

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
guantity given herein is meant to refer to the actual given value, and it is also meant {o
refer to the approximation to such given value that would reasonably be inferred based
on the ordinary skill in the arl, including approximations due to the experimental and/or
measurement conditions for such given value.

As used herein, unless otherwise noted, the term "esketamine” shall mean the

(S)y-enantiomer of ketamineg, i.e., a compound of formula (1)

U
also known as (8)-2-(2-chiorophenyl)-2-(methylamino)cyclohexanone. “Esketaming”
shall also mean a salt, e.¢., a chioride salt such as the hydrochloride salf, of the (&)-

enantiomer of ketamine, i.e., a compound of formula (1)

« HCI

(n
also known as (8)-2-(2-chiorophenyl)-2-(methylamino)cyclohexanone hydrochloride.
in some embodiments, the esketamine is substantially free of the (R)-enantiomer

of ketamine, i.e. a compound of formula (i)

}! O

a
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in other embodiments, the esketaming 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 eskeiamine 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 1o about 10%, about 0.001 to about 5%, about 0.001 to aboui 1, about
0.001 to about 0.5, about 0.001 ic 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 {0 about 5% by weight, based on the weight of the
gsketamine sample, of the {(R}-enantiomer of ketamine.

The term “esketamine” may also include other pharmaceutically acceptable salls
thereof, which may readily be selected by those skilled in the arl. A "pharmaceutically
acceptable salt”" is intended {0 mean a sait of esketamine that is non-toxic, biclogically
tolerable, or otherwise biologically suitable for administration to the subject. See,
generally, G.S. Paulekuhn, "Trends in Active Pharmaceutical ingredient Salt Selection
based on Analysis of the Orange Book Database”, J. Med. Chem., 2007, 50.6685-72,
S.M. Berge, "Pharmaceutical Salts”, J Pharm Sci., 1877, 66:1-19, and Handbook of
Pharmaceutical Salts, Properties, Selection, and Use, Stahl and Wermuth, E£ds., Wiley-
VCH and VHCA, Zurich, 2002, Examples of pharmaceutically acceptable salis are
those that are pharmacoiogically effeclive and suitable for administration {o patients
without undue toxicity, irritation, or allergic response.

Examples of other pharmaceutically acceptable salts include sulfates,
pyrosuifates, bisuifates, sulfites, bisulfites, phosphates, monohydrogen-phosphates,
dihydrogenphosphates, metaphosphates, pyrophosphates, bromides (such as
hydrobromides), iodides (such as hydroiodides), acetates, propionates, decanocates,
caprylaies, acrylates, formates, isobutyrates, caproates, heptancates, propioiates,
oxalates, malonates, succinates, suberales, sebacates, fumarates, maleates, butyne-
1,4-dioates, hexyne-1,6-dioates, benzoates, chiorobenzoates, methylbenzosates,
dinitrobenzoates, hydroxybenzoates, methoxybenzoates, phthaiates, sulfonales,

xylenesulfonates, phenyiacetates, phenyipropionates, phenylbulyrates, ciirates,
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lactates, y-hydroxybutyrates, glycolates, tartrates, methane-suifonates,
propanesuifonates, naphthalene-1-sulfonates, naphthalene-2-sulfonates, and
mandelates. In particular, the salt of esketamine is a hydrochioride sait.

Unless otherwise noted, amounts of esketamine described herein are typically
set forth on an esketamine free base basis. Thal is, the amounts indicale that amount
of the esketamine molecule administered, exclusive of, for example, counterions {such
as in pharmaceutically acceptable saits).

in certain embodiments of the present invention, the esketamineg is adminisiered
intranasally. In certain embodiments of the present invention, the esketamine is
administered intranasally as its corresponding hydrochioride salt. In certain
embodiments of the present invention, the esketamine is administered intranasally as iis
corresponding hydrochioride sait in an 16.14% weight/volume solution (equivalent {o
14% weight/volume of esketamine base).

in certain embodiments of the present invention, the esketamine is adminisiered
intranasally as a solution comprising 161.4 mg/mlL of esketamine hydrochloride
(equivalent o 140 mg/mL of esketamine base), 0.12 mg/ml of
gthylenediaminetetraacetic acid (EDTA) and 1.5 mg/mL citric acid, atapH of 4.5 in
water. In certain embodiments of the present invention, the esketamine is administered
intranasally, wherein the intranasal delivery administers 100ul of a solution comprising
161.4 mg/mi of esketamine hydrochioride (equivalent to 140 mg/mL of esketamine
base), 0.12 mg/ml of ethylenediaminetetraacelic acid (EDTA) and 1.5 mg/ml citric
acid, at a pH of 4.5 inwater. In certain embodiments, the esketamine is delivered
intranasally using a nasal spray pump, wherein the pump delivers 100ul of a solution
comprising 161.4 mg/mi of esketamine hydrochioride (equivalent to 140 mg/miL of
esketamine base}, 0.12 mg/ml of ethylenediamineietraacetic acid (EDTA) and 1.5
mg/mi citric acid, at a pH of 4.5 in water.

in general, a single pump from a nasal spray device may be configured to deliver
about 50yl to about 200uL of an esketamine solution {0 g nostril of the subject,
inciuding about 80 ub, about 70 pl, about 80 b, about 90 pl, about 100 pl, about 110
uk., about 120 ul, about 130 pb, about 140 ul., about 150 yl., about 160 pl, about 170



10

15

20

25

30

WO 2021/048638 PCT/1IB2020/051882

ul., about 180 yb, and about 200 ul.. Accordingly, two pumps deliver about 100ul {o
about 400uL o the subject.

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 depressive disorder). In
certain embodimentis of the present invention, 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 {o treatment with at
least two oral antidepressants (i.e. the patient has not responded {o treatment with at
least two oral antidepressanis). 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
o treatment with two oral antidepressants (i.e. the geriatric patient has not responded {o
treatment with two oral antidepressants).

in certain embodiments of the present invention, a patient in need therecf is
suffering from depression (e.g., major depressive disorder). For example, a patient as
measured MADRS with a score of 18 or more or on the CGl scale a score of 4 or more.

As used herein, the term “depression” includes major depressive disorder,
persistent depressive disorder, seasonal affeclive disorder, postparium depression,
premenstrual dysphoric disorder, situational depression, anhedonia, melancholy, mid-
life depression, late-life depression, depression due o identifiable stressors, treatment
resistant depression, or combinations thereof. In certain embodiments, the depression
is major depressive disorder. In other embodiments, the major depressive disorder is
with melancholic features or anxious distress. In further embodiments, the depression
is treatment-resistant depression.

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 {otal
MADRS score).

As used herein, the term “episode of major depressive disorder” means a

continuous period (e.q., about 2 weeks or more) in which a patient has symptoms of a
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major depressive disorder sufficient to meet criteria for major depression as specified in
the Diagnostic and statistical Manual of Mental Disorders, 5" Edition: DSM &,

As used herein, “suicide’ is the "act of taking one's own life". See,
hitp://fen. wikipedia.org/wiki/Suicide - cite_note-7. Suicide includes attempted suicide or
non-fatal suicidal behavior, which is self-injury with the desire to end one's life that does
not result in death. Suicide altempt 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.

As used herein, “‘suicidal ideation” refers to thoughis about or an unusual
preoccupation with suicide, or thoughts of ending one's life or not wanting 1o live
anymore but not necessarily taking any active efforts {o do so. The range of suicidal
ideation varies greatly from fleeling to chronic and progresses {0 detailed planning, role
playing, and unsuccessful attempts, which may be deliberately constructed 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 embodiments, 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 giobal judgement of suicide risk. In yet other
embodiments, the patient has one or more combinations of these scores.

As used herein, the terms “co-therapy’, “combination therapy”, “adjunctive
treatment”, “adjunctive therapy’, ‘combined treatment’, and “‘co-administration”
shall mean treatment of a patient in need thereof 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,
gsketamine is administered in a regimen with one to five antidepressants. In other
embodiments, eskelamine 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 administered {o the patient. In other

embodiments, the eskelamine is administered in a regimen with a different
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antidepressant. In yet further embodiments, the esketamine is administered in a
regimen with an antidepressant not previously administered o the patient. In still other
embodiments, the esketamine is administerad in a regimen with an antidepressant
previously administered to the patient. Where the esketamine 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 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 antidepressant and
esketamine, where both are administered by their prescribed dosing regimens.

The esketamine and the antidepressant(s) may be administered via the same or
different routes of administration. Examples of suitable methods of administration
include, but are not limited to, oral, intravenous (iv), intranasal (in) intframuscular {im),
subcutanecus (sc), fransdermal, buccal, or rectal. In some embodiments, esketamine is
administered intranasally. As used herein, uniess otherwise noted, the term
“antidepressant” shail mean any pharmaceutical agent which can be used to treat
depression. Suitable examples include, without limitation, 8 mong-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 monc-amine oxidase inhibitors such as
phenelzing, tranyicypromine, mociobemide, and the like; tricyclics such as imipramineg,
amitriptyline, desipramine, noririptylineg, doxepin, protriptyline, trimipramine,
clomipraming, amoxaping, and the like; tetracyclics such as maprotiling, and the like;
non-cyclics such as nomifensine, and the like, triazolopyridines such as trazodone, and
the like, serotonin reuptake inhibitors such as fluoxeting, sertraline, paroxetine,
citalopram, citalopram, escitalopram, fluvoxamine, and the like; serotonin receplior
antagonists such as nefazadone, and the like; serotonin noradrenergic reuptake
inhibitors such as venlafaxine, milnacipran, desvenlafaxine, duloxeline, levomiinacipran
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-
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Kava, St. John's Wort, and the like; dietary supplements such as s-
adenosylimethionine., 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, amitriptyline, desipramine,
nortriptyline, doxepin, protripiyline, trimipramine, maprotiling, amoxapine, trazodone,
bupropion, clomipramine, fiuoxetine, duloxetine, escitalopram, citalopram, sertraline,
paroxetine, fluvoxamine, nefazadone, venlafaxine, milnacipran, reboxetine, mirlazapine,
phenelzing, tranylcypromine, moclobemide, Kava-Kava, St John's Wart, s-
adenosylmethionine, thyrotropin releasing hormone, a neurckinin recepior antagonist,
or triiodothyronine. Preferably, the antidepressant is selected from the group consisting
of fluoxetine, imipramine, bupropion, venlafaxine and sertraline.

Therapeutically effective amounis/dosage levels and dosage regimens for
antidepressants (for example, mong-amine oxidase inhibitors, tricyclics, seroionin
reuptake inhibitors, serotonin noradrenergic reuptake inhibitors, noradrenergic and
specific serotonergic agents, noradrenaline reuptake inhibitor, natural products, dietary
suppiements, neuropeptides, compounds targeting neuropeptide 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 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

hitp:Hhvwww pdrel.com) or other sourcas.

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

{a) typical or traditional antipsychotics, such as phencthiazines {e.g.,
chiorpromaszineg, thioridazine, fluphenazine, perphenazine, triftuoperazineg,
levomepromazin), thioxanthenes (e.¢g., thicthixene, flupentixol), butyrophencnes {(e.g.,
haloperidol), dibenzoxazepines (e.g., loxapine), dihydroindolones (e.g., malindone),
substituted benzamides (e.¢., sulpride, amisulpride), and the like; and

{b) atypical antipsychotics and mood stabilizers, such as paliperidong, clozapine,

risperidone, olanzapine, quetiapine, zotepine, ziprasidone, iloperidone, perospirone,
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blonanserin, sertindole, ORG-85222 (Organon), and the like; and others such as
sonepiprazole, aripiprazole, nemonapride, SR-31742 (Sanofi), CX-816 (Cortex), SC-111
(Scotia), NE-100 (Taisho), divalproate {(mood stabilizer) and the like.

in an embodiment, the "atypical antipsychotic” is selected from the group
consisting of aripiprazole, guetiapine, olanzapine, risperidone and paliperidone. In
another embodiment, the atypical antipsychotic is selecied from the group consisting of
aripiprazole, quetiapine, olanzapine and risperidone; preferably, the atypical
antipsychotic is selected from the group consisting of aripiprazole, quetiapine and
clanzapine.

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 antidepressants,
preferably between two and five antidepressants, in the current depressive episode. In
other embodiments, TRD is defined as major depressive disorder in a patient that has
not responded to at least two oral antidepressants of adequale dose and duration in the
current depressive episode.

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 o respond to an adeguate course of
antidepressant is determined prospectively. In another embodiment, at least two of the
failures to respond to an adequate course of antidepressant are determined
prospectively. In another embodiment, atl least one of the failures o respond 1o an
adequate course of anlidepressant is determined retrospectively. In another
embodiment, at least two of the failures to respond {o an adequate course of
antidepressant are determined retrospectively in a current depressive episode.

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 altending physician.

As used herein, unless otherwise noted, the terms “treating’, “treatment” and

the like, shall include the management and care of a subject or patient {preferably
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mammal, more preferably human) for the purpose of combating a disease, condition, or
disorder and includes the administration of a compound of the present invention to
prevent the onset of the symplioms or complications, alleviate the symptoms or
complications, or eliminate the disease, condition, or disorder.

As used herein, unless otherwise noted, the term “clinically proven” (used
independently or to modify the terms “safe” and / or “effective”) shail mean that proof
has been proven by a Phase i clinical trial that are sufficient to meet approval
standards of U.S. Food and Drug Administration or similar study for market
authorization by EMEA. Preferably for esketamine studies an adequately sized,
randomized, double-blinded controlled study will be used to clinically prove the effecis
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-conirolled 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 descriped herein, such as the MADRS, Hamilton, CGl, Beck’s
Beprassion Scale, QIDS or PHQ-9, including assessments from day 1 {o day 28, as well
as assessments during subseguent administration periods as described herein.

As used herein, unless otherwise noted, the term “clinically proven effective”
means the efficacy of treatment has been proven by a Phase [l clinical trial as
statistically significant i.e., the results of the clinical irial are not likely o be due to
chance with an alpha level less than 0.05 or the dinical efficacy resuils are 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 effective
for the freatment for patients with major depressive disorder, e.¢., treatment resistant
depression, when flexibly dosed intranasslly in a therapeutically 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 {o

the patients measured baseline MADRS score as part of a dosing regimen including
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induction and maintenance phases described herein, and as specifically set forth in the
examples.

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 ratic when used in the manner of this invention.

As used herein, unless otherwise noted, the term “clinically proven safe”
means the safely of ireatment has been proven by a Phase il clinical trial by analysis of
the irial data and resulis 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 effeclive dose
of from 28 mg, 56 mg or 84 mg (£25%) and co-administered with a newly or currently
initiated oral antidepressant as part of a dosing regimen including induction and
mainienance phases described herein, and as specifically set forth in the examples.

The term “therapeutically effective amount” as used hersin, means that amount
of active compound or pharmaceutical agent that elicils the biclogical 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 sympioms
of the disease or disorder being treated. Desirably, the therapeutically effective amount is
a clinically proven safe and clinically proven effecltive amount. in some embodiments, the
antidepressant is utilized in a therapeutically effective amount as determined by the
attending physician. In other embodiments, eskelamine is utilized in a therapeutically
gffective amount.

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 t©
about 100 mg. In other embaodiments, the therapeutically effective amount of esketamine

is about 30 to about SO mg. In further embodiments, the therapeutically effective amount
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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, 58, 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, 83, 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 myg or about 84 mg. in yet further embodiments, the therapeutically
gffective amount of esketamine is about 28 mg. in other embodiments, the therapeutically
effective amount of esketamine is about 56 mg. In still further embodiments, the
therapeutically effective amount is of esketamine about 84 mq.

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.

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 10 about 85 years of
age.

in other embodiments, the subject or patient is gerialric 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 {0
<75 appear {0 be more responsive {o treatment than a patient of 275.

in further embodiments, the subject or patient is a pediatric subject. As used
herein, the term “pediatric” refers {0 a2 human subject of younger than about 18 years of
age.

As used herein, the term “composition” is intended o encompass a proeduct
comprising the specified ingredients in the specified amounts, as well as any product
which resulls, directly or indirectly, from combinations of the specified ingredients in the

specified amounts.
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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 cne
missing a MADRS assessment at week 13 or 14 following an induction phase. In other
embodiments, patients in “stable remission” include those having 8 MADRS total score
at weeks 15 and 16 of 12 or less following an induction phase.

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 foliowing the
patient having achieved a substantially complete response {0 the esketamine during the
induction phase, but does not meet criteria for stable remission.

As noted above, methods of ireating depression in a patient are described. The
methods include administering esketamine in one, two or optionally three phases, i.e.,
initial and subseguent administration phases. In some embodiments, the phases
inciude 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 o
determine the most beneficial initiation/induction and maintenance doses for the patient
from the dosage range and administration frequencies from those specified herein. The
effective amount of esketamine may be the same in each phase or may differ.

The methods described herein permit oplimizing dosages of esketamine for
administration to a patient having or being predisposed to depression in an “oplimization
phase”. Optimization may be considered part of the maintenance phase that foliows 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 {o about 84 mg.
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As used herein, an “induction phase’ or "acute dosing phase’ is a period of
time that esketamine is inilially administered to the patient. in some embodiments, the
induction phase is sufficiently long as to achieve a robust, stable reduction of
depressive sympioms. The induction phase may depend on factors including, without
timitation, the particular patient and/or the patient's sex, age, weight, time of
administration, administration frequency and concomitant 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 fo about 11 weeks, about 4 to about 10
weeks, about 4 1o about ¢ weeks, about 4 10 about 8 weeks, about 4 to about 7 weeks,
about 4 {0 aboul 6 weeks, about & 1o about 12 weeks, about 5 to aboutl 11 weeks, about
& to about 10 weeks, about 5 {0 about @ weeks, about 5 to about 8 weeks, about 5 1o
about 7 weeks, aboutl 5 to about © weseks, about 6 1o about 12 weeks, about & o about
11 weeks, about & to about 10 weeks, about 8 to about 9 weeks, about 6 to about 8
weeks, aboul 7 1o about 12 weeks, about 7 {0 about 11 weeks, about 7 to about 10
weeks, about 7 1o about ¢ weeks, about 8 1o about 12 weeks, about 8 to about 11
weeks, or about 8 to about 10 weeks. In some embodiments, the entire induction
pericd is about 4 to about 8 weeks.

in the initial induction period, a patient is administered a therapeutically effective
amount of esketamine at a given frequency of al least twice a week. In some
embaodiments, 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 {o progress {0 the maintenance phase. Al
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 assessead 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 {o those skilled in the arl.
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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 sympioms. In
some embodiments, the initial induction phase is a period of about 1 {o 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 1o about 4 weeks. In further embodiments,
the initial induction period is about 1 to about 3 weeks, about 1 to about 2 weeks, about
2 1o about 4 weeks, about 2 to about 3 weeks, about 3 {0 about 4 weeks, 1 week, 2
weeks, 3 weeks, 4 weeks, up to 1 week, up 10 2 weeks, up io 3 weeks, orupic 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 administerad during the initial induction phase is about
28 mg. In some embodiments, the effective amount of esketamineg administered during
the initial induction phase is about 56 mg. In other embodiments, the effective amount
of esketamine administered during the initial induction phase is aboui 84 mg.

The term “twice weekly” as used herein refers {0 a frequency that is two times in
a weekly (7-day) period. For example, “twice weekly” may refer herein {0 the
administration of esketamine. “Twice weekly” may also refer o a frequency of
moniioring 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
embaodiments, twice weekly refers to a frequency that is day 1 and day 3 of a week. in
further embodiments, twice weekly refers {o a frequency that isday 1 and day 4 of a
week. In still other embodiments, twice weekly refers {0 a frequency that is day 1 and
day & 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 exient there is a mis-dose, the dose may be iaken as soon as
possible thereafier and the prescribed regimen thereafier continued.

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, continued administration of
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a therapeutically effective amount of esketamine at a given frequency of at least twice a
week is performed. Al timepocints therein, the patient’s response is again assessed by
one skilied 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 conciuded. The
extended induction phase is desirably long as to achieve a substantial reduction of
depressive sympioms, thus achieving a subsiantially compiete response to eskelamine.

The term “substantially complete response to esketamine” as used herein
refers to a patient having a reduction of the MADRS score from baseling to at least a
50% improvement from baseline. In some embodimenis, a substantially complele
response o 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 substantially complete response includes a MADRS score of a
reduction of about -20 or less, -18, or less, -18 orless, -17 orless, ~-16 orless, -15 or
fess, -14 or less, -13 orless, -12 orless, -11 orless, or-10 orless. iIn further
embaodiments, a substantially complete response resulls in a patient having a reduction
from MADRS baseline score of about -15 to about -20. A substantially complete
response o 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
complele response may be cbserved at any point during esketamineg 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.

The extended induction phase is a period of time that results in the substantially
complete response {o esketamine. In some embodiments, extended induction phase is

about 1 to about 8 weeks. In other embodiments, the extended induction phase is a
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period of up to about 1 week, up to about 2 weeks, up {0 about 3 weeks, up to about 4
weeks, up to about & weeks, up 1o about 6 weeks, up o about 7 weeks, or up {o aboui 8
weeks. In further embodiments, the extended induction period is about 1 {0 about 8
weeks, about 1 {0 about 7 weeks, about 1 10 about 6 weeks, about 1 to about 5 weeks,
about 1 {0 aboul 4 weeks, about 1 10 about 3 weeks, about 2 to about 8 weeks, about 2
to about 7 weeks, about 2 to aboul 7 weeks, about 2 {0 about 6 weeks, about 2 10 about
5 weeks, about 2 to about 4 weeks, about 3 to about 8 weeks, about 3 to about 7
weeks, about 3 {0 about 6 weeks, about 3 10 about 5 weeks, about 4 to about 8 weeks,
about 4 {0 aboul 7 weeks, about 4 1o about 6 weeks, about 5 to about 8 weeks, about 5
to about 7 weeks, about 1 week, about 2 weeks, about 3 weeks, about 4 weeks, about &
weelks, aboul & weeks, about 7 weeks, or about 8 weeks. The effective amount of
esketamine administered during the extended induction phase may be determined by
the atiending physician. In some embodiments, the effective amount of esketamine
administered during the exiended induction phase is about 58 mg. In other
embaodiments, the effective amount of esketamine administered during the extended
induction phase is about 84 mg.

The administration may further comprise an oplimization/maintenance phase that
follows the induction phase and wherein after the patient achieves a substantially
compleie 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
administration during the oplimization/maintenance phase is once every week, once
every two weeks, once a month, or a combination thereof.

At any stage during one or more of an induction phase, optimization phase, or
mainienance phase, the patient’s response 1o the treatment may be assessed using
technigques described herein. This assessment may be performed until the patient is
considered by one skilled in the art {0 have achieved a suitable response {o the
treatment regimen. In some embodiments, the induction period may be said {o have
completed when a patient’'s MADRS score is reduced by 250% from baseling or from
about 20 to about 13. In other embodiments, the patient’s MADRS score may be about
19, about 18, about 17, about 18, about 15, about 14, or about 13, Patients with

-36-



10

15

20

25

30

WO 2021/048638 PCT/1IB2020/051882

MADRS scores £12 are considered in remission and if stable for four weeks should be
moved to or maintained in the maintenance phase.

At the end of the induction phase or exiended induction phase, the treating
physician should evaluate the patient to oplimize 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
subseguent adminisiration such as the maintenance phase will be reduced from that in
the induction phase or extended induction 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, aboul 8 weeks, about 8 week, about 10 weeks, aboul 11 weeks, about
12 weeks, about 13 weeks, about 17 weeks, about 18 weeks, about 19 weeks, about 20
weeks, aboul & months, about 7 months, about 8 months, about @ 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
gsketamine during the subsequent administration phase is at least one year. In further
embodiments, the frequency of administration during the subsequent administration
phase is once every week or once every two weeks, or a combination thereof. nyet
other embodiments, the dosing frequency and effective amount of esketamine during
the subsegquent administration phase is the minimum frequency and amount o maintain
the stable remission or stabie response.

The subsequent administration, such as in a maintenance period, may include
tonger periods of time depending on the patient’s condition. In some embodiments,
those longer periods may be at least about 3 years, about 4 years, about b years, about
& 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 embodiments, the treatment frequency is reduced
to biweekly. In further embodiments, the treaiment fregquency is reduced o 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
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response, or fails reatment. 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 maintenance dose of once every other week
based on the severity of depressive symptoms and for some patient populations the
frequency of treatmenti may be reduced to about once every three or four weeks as
discussed ahove.

One skilled in the art will recognize that the maintenance phase described herein
may continue uniil 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 associated with depression), social and/or cccupational functional
improvement {o normal or premorbid levels, or other known measures of depression.

An effective amount of esketamine is administered {o the patient during the
mainienance phase. As noted above, the amount of esketamine administerad during
the maintenance 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 symptoms begin {o worsen with treatment every other week, every three
weeks or every four weeks, the dosing of esketamine will be increased {o stabilize the
patient. For example if the patient is being dosed every other week and their symptoms
begin {0 worsen, esketamine can be administered once per week to maintain response
during the maintenance phase. Again, at any time during the mainienance phase the
patient's response maybe reassessed.

For elderly patients, the recommended dose of esketamine is about 28 {0 about
84 mg. The initial dose (at the first treatment session) is recommaendead {0 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 iolerability 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 1o about 28 mg. Depending on tolerability of the about 84 mg dose, the
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dose at subsequent treatment sessions may remain at about 84 mg or be reduced o
about 56 mg.

For hepatically impaired patients, the recommended dose of esketamine is about
28 o 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 to about 58 mg. Physicians should regularly monitor the hepatically impaired
patients for drug tolerability, because esketamine is extensively metabolized in the liver.

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 esketamine in one or two phases,
L.e., an initial induction phase, and optionally in certain circumstances a mainienance
phase. Due to the imminent risk {0 the patient’s life the initial dose of esketamine is
dosed at the highest effective amount of esketamine that the patient may {olerate twice
a week in the induction phase. In some embodiments, the patient coniinues on therapy
with the existing (i.e. currently initiated) antidepressant agent simuitaneously with the
beginning of therapy on esketamine during the induction phase. In other embodiments,
the patlient is initiated on a new antidepressant agent simultaneocusly 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
simultanecusly 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 10 about 7 weeks, about 4 {o about 6 weeks, most preferably
about 4 weeks. Al 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
moenitored {0 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 second induction phase

may be begun.
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in the second induction phase, the patient would be reinitiated on esketamine at
the highest tolerable dose and simultanecusly with a second new antidepraessant.
Alternatively, the patient would be reinitiated on esketamine at the highest {olerable
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/heaith. The second induction phase should be
about 4 to about 8 weeks, about 4 to about 7 weeks, about 4 {0 about 6 weeks, most
preferably about 4 weeks. Al 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.

in the third induction phase the patient would be reinitiated on esketamine at the
highest tolerable dose and simultaneously with a third new antidepressant.
Alternatively, the patient would be reinitiated on esketaming at the highest {olerable
dose and simultaneocusly with the same antidepressant that was used during the second
induction phase. The esketamine being dosed fwice a week. The anlidepressant would
be dosed as labeled for the freatment 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 maintenance phase
specified for TRD, since the patient now gualifies as a TRD patient. The methods
described herein permit optimizing dosages of esketamine for administration to a patient
having or being predisposed o depression. In some embodiments, the methods
described herein do not require adjustment of the esketamine dosage.

in general, the patient may be reinitiated on esketamine 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 exampie, in a method for treating treatment-
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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
gsketamine 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
substantially complete response to the esketamine, the patient can be reinitialed at the
highest tolerable dose of esketamine alone or simulianecusly 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 subseguent maintenance phase.

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 freguency regimen. If more than 2 doses are missed, per clinical
judgement, adjustment of the dose or frequency of esketamine may be required.

in addition 1o treating depression, the esketamine composilions disclosed herein
may also be used to treat posttraumatic stress disorder, bipolar disorder, cbsessive-
compuisive disorder, autism, pain, or drug dependency, and a therapeutically effective
amount of the pharmacsutical composition is administered to alleviate one or more
symptoms of these diseases or disorders. Effective amounts of esketamine range from
about 28 mg to about 112 mg, including about 40 mg o about 100 mg, and preferably
from about 56 {0 about 84 mg of esketamine.

The preferred pharmaceutical compaosition of the present invention, S-ketamine
hydrochioride as the active ingredient is intimately admixed with a pharmaceutical
carrier, preferably water, according to conventional pharmaceutical 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, published by the

American Pharmaceutical Association and the Pharmaceutical Society of Great Britain.
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Methods of formulating pharmaceutical compaositions have been described in
numerous publications such as Pharmaceutical Dosage Forms: Tablets, Second
Edition, Revised and Expanded, Volumes 1-3, edited by Lieberman et ai;
Pharmaceutical Dosage Forms: Parenteral Medications, Volumes 1-2, edited by Avis st
al; and Pharmaceutical Dosage Forms: Disperse Systems, Volumes 1-2, edited by
Lieberman et al; published by Marce! Dekker, inc.

One suitable agueous 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/mi to about 250 mg/ml., preferably about 55 mg/ml to about 250 mg/mL or about
100 mg/mi. to about 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 150 mg/mi 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 5-Ketamine is present in an amount in the range of from about 160
mg/mi. to about 163 mg/ml., for exampile, in an amount of about 161.4 mg/mL

Another suitable agueous formulation of S-ketamine comprises water and S-
ketamine; wherein the S-ketamine is present in an amount in the range of from about
eq. 100 mg/mi {o 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/mi {0 about eg. 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/mlL o about eg. 160 mg/mL, or any amount or
range therein, for exampie, in an amount of about eq. 140 mg/ml.

Suitable pharmaceutical compositions for use in the present invention are
preferably an aqueous formulation. As used herein, unless otherwise noted, the ferm
‘agueous” shall mean that the primary liquid component of the formulation is water.
Preferably, water constitutes greater than about 80 wt-% of the liguid component of the
pharmaceutical composition, more preferably greater than about 90 wt-%, more

preferably greater than about 85 wi-%, more preferably about 98 wt-%.
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in suitable pharmaceutical compositions for use in the present invention, the
water content of the compaosition is within the range of 85214 wil.-%, more preferably
85112 wi.-%, still more preferably 85310 wi -%, most preferably 85+7.5 wi.-% and in
particular 85+5 wi.-%, based on the total weight of the compaosition.

In suitable pharmaceutical compositions for use in the present invention,
preferably the water content of the composition is within the range of 80x14 wt.-%, more
preferably 90+12 wt.-%, still more preferably 90110 wt.-%, most preferably 80+7.5 wt.-%
and in particular 2015 wi.-%, based on the total weight of the composition.

in another pharmaceutical composition for use in the present invention, the water
cortent of the composition is within the range of 9514.75 wt.-%, more preferably 8514.5
wt.~-%, still more preferably 85+4 wi-%, yet more preferably 85+3.5 wt.-%, most
preferably 9543 wt.-% and in parlicular 8522.5 wi.-%, based on the total weight of the
compaosition.

in another pharmaceutical composition for use in the present invention, the waier
content of the composition is within the range of from 75 1o 88.99 wi.-%, more
preferably 80 to 90,98 wt.-%, still more preferably 85 10 98.95 wi.-%, yet more
preferably 90 to 98.9 wi.-%, most preferably 95 {0 99.7 wit.-% and in particular 86.5 to
899.5 wit.-%, based on the total weight of the compasition.

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).

Az used herein, the term “buffer” shall mean any solid or liquid composition
(preferably an agueous, liquid composition) which when added to an aqueous
formulation adjusts the pH of said formulation. One skilled in the art will recognize that
a buffer may adjust the pH of the agueous formulation in any direction (foward more
acidic, more basic or more neuirai pH). Preferably, the buffer is pharmaceutically
acceptabie.

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 dinydrogen
phosphate, disodium hydrogen phosphate, acetic acid, boric acid, scdium borate,

succinic acid, tartaric acid, malic acid, laclic acid, furmaric acid, and the like. Preferably,
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the buffer or buffer system is selected from the group consisting of NaQH, citric acid,
sodium dihydrogen phosphate and disodium hydrogen phosphate.

in an embodiment, the buffer is selected o adjust the pH of the S-ketamine
hydrochloride pharmaceutical compositions of the present invention {e.q. the agueous
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.

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

in an embodiment, the present invention is directed to a pharmaceutical
composition comprising S-ketamine hydrochioride, water, and a buffer or buffer system,
preferably 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 {0 about pH 6.0, or
any amouni or range therein.

Cptionally the pharmaceutical compositions of the present invention may contain
a preservative.

As used herein, uniess otherwise noted, the terms “antimicrobial preservative’
and "preservative” preferably refer {o any substance that is usually added {o
pharmaceutical compositions in order to preserve them against microbial degradation or
microbial growth. In this regard, microbial growth typically plays an essential role, i.e.
the preservative serves the main purpose of avoiding microbial contamination. As g
side aspect, it may also be desirable {o avoid any effect of the microbes on the active
ingredients and excipients, respectively, i.e. to avoid microbial degradation.

Representative examples of preservatives include, but are not limited to,
benzatkonium chioride, benzethonium chioride, benzoic acid, sedium benzoate, benzyl
alcohol, bronopol, cetrimide, cetylpyridinium chioride, chiorhexiding, chiorbutanal,
chiorocresocl, chioroxylenol, cresol, ethyl alcohol, glycerin, hexetidine, imidures, phenaol,

phenoxyethanol, phenyiethyl alcohol, phenylmercuric nitrate, propyiene glycol, sodium
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propionate, thimerosal, methyl paraben, ethyi paraben, propyl paraben, butyl paraben,
isobutyl paraben, benzyl paraben, sorbic acid, and potassium sorbate.

The complete absence of preservatives in the pharmaceutical compositions used
in the present invention is preferred when the content of S-ketamine hydrochioride is
sufficiently high so that due {o its preservative property the desired shelf life or in use
stability can be achieved by the presence of the drug itself. Preferably, under these
circumstances the conceniration of S-ketamine hydrochlioride is at least eg. 120 mg/mL,
preferably in the range of from about eq. 120mg/mi to about eq. 175 mg/mi, or any
amount or range therein, more preferably in an amount in the range of from about eq.
125 mg/mi. to about eq. 150 mg/mL, or any amount or range therein, for example at
about eg. 126 mg/mL or at about eg. 140 mg/mi.

As used herein, the terms “penetration agent’, "penetration enhancer”, and
‘penetrant” refer to any substance that increases or facilitates absorption and / or
bicavailability of the active ingredient {e.g. S-ketamine hydrochloride) of a
pharmaceutical compaosition. Preferably, the penetration agenis increases or facilitates
absorption and / or bicavailability of the aclive ingredient (e.g. S-ketamine
hydrochioride) of a pharmaceutical composition, following nasal administration (i.e.
increases or facilitates absorption and / or biocavailability of the active ingredient through
the mucosal membrane).

Suitable examples include, but are not limited to tefradecy! maltoside, sodium
glycocholate, tauroursodeoxycholic acid (TUDCA), lecithines, and the like; and chifosan
(and saits), and surface aclive ingredients such as benzalkonium chioride, sodium
dodecyl sulfate, sodium docusate, polysorbates, laureth-9, oxtoxynol, sodium
deoxycholate, polyarginine, and the like. Preferably, the penetration agent is
tauroursodeoxycholic acid (TUDCA).

The penetration agent may work via any mechanism, inciuding for exampie by
increasing the membrane fluidity, creating transient hydrophilic pores in the epithelial
celis, 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 bicavailability of the aclive

ingredient.
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Preferably, the penetration agent is selected to mest one or more, more
preferably all, of the following general requirements:

{a) It is effective al increasing absorption (preferably nasal absorption) of the

active ingredient, preferably in a temporary and / or reversible manner,

{b) It is pharmacologically inert;

{cy It is non-allergic, non-toxic and / or non-irritating;

{(d) It is highly potent (effective in small amounts);

{e) It is compatible with the other components of the pharmaceutical composition;

{f} It is odorless, colorless and / or tasieless;

{q) It is accepted by regulatory agencies; and

{h) It is inexpensive and available in high purity.

in one embodiment of the present invention, the penetration agent is selected to
increase penetration {absorption and / or bicavailability of the S-ketamine hydrochloride)
without nasal irritation.  In ancther embodiment of the present invention, the penetration
agent is selected to improve absorption and / or bicavailability of the S-ketamineg
hydrochioride; and further selected to enhance uniform dosing efficacy.

in an embodiment, the present invention is directed to a pharmaceutical
composition comprising S-ketamine and water; herein the pharmaceutical composition
does not contain an antimicrobial preservative; and wherein the pharmaceutical
compositions further contains a penetration enhancer, preferably TUDCA.

in another embodiment, the present invention is directed o a pharmaceutical
composition comprising S-ketamine and water; herein the pharmaceutical composition
does not contain an antimicrobial preservative; and wherein the pharmaceutical
compositions further contains taurcursodeoxycholic acid (TUDCA); wherein the TUDCA
is present in a concentration in the range of from about 1.0 mg/mL {o 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 g
concentration in the range of from about & mg/ml to about 10 mg/mL, or any amount or
range therein. In another embodiment, the present invention is directed {o

pharmaceutical composition wherein the TUDCA is present at a concentration of about
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5 mg/ml. In another embodiment, the present invention is directed o pharmaceutical
compaosition wherein the TUDCA is present at a concentration of about 10 mg/mi.

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

Examples of a suitable antioxidant component, if used, include, but are not
fimited to one or more of the following: sulfites; ascorbic acid; ascorbates, such as
sodium ascorbate, caicium ascorbate, or potassium ascorbate; ascorbyl palmitaie;
fumaric acid; ethylene diamine tetraacetic acid (EDTA) or its sodium or calcium salts;
tocopherol; gallates, such as propyl gallate, octyl gailate, or dodecy! gallate; vitamin E;
and mixtures thereof. The aniioxidani component provides long term stability to the
iquid compositions. Addition of the antioxidant component can help enhance and
ensure the stability of the compositions and renders the compositions stable even afler
six months at 40 °C. A suitable amount of the antioxidant component, if present, is
about 0.01 wt.-% to about 3 wi.-%, preferably about 0.05 wi -% {0 about 2 wi-%, of the
total weight of the composition.

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
fiquid carrier. Examples of a suitable emulsifying agent, if used, include, but are not
limited {o, for example, gelatin, cholesterol, acacia, tragacanth, pectin, methyl celivlose,
carbomer, and mixtures thereof. Examples of a suitable solubilizing agent include
polyethyiene glycol, giycerin, D-mannitol, trehalose, benzyl benzoate, ethanol,
trisaminomethane, cholesterol, tristhanolamine, sodium carbonate, sodium citrate,
sodium salicylate, sodium acetate, and mixtures thereof.

Preferably, the solubilizing agent includes glycerin. The solubilizing or
emulsifying agent is/are generally present in an amount sufficient {o 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 wi.-% to about 80 wi.-%, preferably about
20 wi.-% to about 65 wt.-%, and more preferably about 25 wt.-% 1o about 55 wt.-%, of

the total weight of the composition.

A7 -



10

15

20

25

30

WO 2021/048638 PCT/1IB2020/051882

A suitable isotonizing agent, if used, includes sodium chioride, glycerin, D-
mannitol, D-sorbitol, glucose, and mixtures thereof. A suitable amount of the isolonizing
agent, when included, is typically about 0.01 wt.-% to about 1& wi.-%, more preferably
about 0.3 wt.-% to about 4 wt.-%, and more preferably about 0.5 wi.-% to about 3 wt.-%,
of the total weight of the composition.

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 io,
hydroxypropyl methyiceliulose, sodium carmeliose, microcrystalline celiulose, carbomer,
pectin, sodium alginate, chitosan salis, gellan gum, poloxamer, polyvinyl pyrrolidone,
xanthan gum, and the like.

Advantagecusly, esketamine may be administerad 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 eskelamine is
administered on day 1 and ancther dose of the esketamine is administered on day 3, or
one dose of the esketamineg 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 &. Furthermore, esketamine is
preferably administered in intranasal form via topical use of suilable intranasal vehicles,

such as a nasal spray pump.

As described, the methods of administering esketamine io a patientresultin a
pharmacokinetic profile that achieves a maximum plasma concentration {Cmax) of
esketamine of about 45 to about 165 ng/mbL. One skilled in the art would understand that

any of the ranges or individual Cmax values may vary by £ 30%. In some embodiments,
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the Cmax is about 45, about 50, about 55, about 60, about 65, about 70, about 75, about
80, about 85, about 80, 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/mi. In other embodiments, the Cmax is about 50 to about 150, about 50 to
about 125, about 50 o about 100, about 50 {0 about 75, about 75 to about 150, about 75
to about 125, or about 75 o about 100 ng/mb. In further embodiments, the Cmax is about
45 1o about 75, about 50 1o about 70, about 55 {0 about 65, about 45 to about 70, about 45
to about 65, about 45 to about 80, about 45 {0 about 55, about 55 o about 75, or about 60
to about 70 ng/mL, when about 28 mg of esketamine is adminisiered. In yet other
embodiments, the Cmax 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 20, about 70 to about 80, about 80 to about
120, about 80 {o about 110, about 80 1o about 80, about 30 to about 120, or about 80 {0
about 110 ng/mi, when about 56 mg of esketamine is administered. In still further
embodiments, the Cmax is about 80 to about 165, about 85 to about 165, about 95 to about
155, about 25 1o about 145, about 95 to about 135, about 85 to about 125, about 85 o
about 115, about 105 to about 165, about 105 to about 155, about 105 {0 about 145, about
105 to about 135, about 105 to about 125, about 105 to about 115, about 115 1o about
165, about 115 1o about 155, about 115 10 about 145, about 115 10 about 135, about 115
to about 125, about 125 1o about 165, about 125 {o about 155, about 125 to about 145,
about 125 1o about 135, about 135 10 about 185, about 135 to about 1565, about 135 o
about 145, or about 145 {o about 165 ng/ml, when about 84 mg of esketamine is
administered.

Similarly, the methods of administering esketamine to a patient results in a
pharmacokinetic profile that achieves an area under the plasma conceniration-time curve
from time 0 to time of last quantifiable concentration (AUCes:) of about 125 to about 480
ng*himbl. The term “AUCks” as used herein refers to the area under the plasma
concentration-time curve from time zero to time of last measurable concentration. “Time
zerg” in a general context refers to the start point of the intended dose. For exampile, in
Example 1 regarding intranasal administration, time 0O 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 {ablets, time 0 is the time
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of administration of the first tablet. One skilled in the art would understand that any of the
ranges or individual AUCks values may vary by + 30%. In some embodiments, the AlUCias
is about 125, about 130, about 135, about 140, about 145, about 150, about 160, about
170, about 180, about 180, about 200, about 210, aboui 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 480 ng*h/mL. In other embodiments, the AlUCrs 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
200 ng™h/ml. in further embodiments, the AUCks is aboui 125 o about 185, about 130 to
about 180, about 135 to about 175, about 140 to about 170, about 145 o about 185, or
about 150 to about 160 ng*™h/mlL, when about 28 mg of esketamine is administered. Inyet
other embodiments, the AUCst is about 210 to about 320, about 220 to about 310, about
230 to about 300, about 240 to about 280, about 250 1o about 280, or about 260 o about
270 ng*h/ml, when about 56 mg of esketamine is administered. In still further
embodiments, the AUCs is about 305 to about 420, about 310 to about 480, about 320 to
about 470, about 330 to about 460, about 340 1o about 450, about 350 to about 450, about
360 to about 440, about 370 1o about 430, about 380, about 420, or about 380 {0 about
410 ng*h/ml, when about 84 mg of esketamine is administered.

The methods of administering esketamine may also result in a pharmacokinetic
profile that achieves combinations of the Cnex and AUCHkst individual values and ranges
described above.

A representative nasal spray device is disclosed in U.S. Patent No. 6,321,842,
incorporated by reference herein. For example, a disposable atomizer for discharging
successive partial discharge amounts as a spray may be utilized to carry out the methods
discloses herein. Typically, such devices allow a medicament {o be sprayed inio both
nosirils 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 o prevent complele

emptying of the medium cortainer in a single motion. The device may take the form of a
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double-stroke disposable pump, which is disposed of after a single use and enables
individual partial discharges with high dosing precision and reliability.

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 mqg dose. |t is also preferable to have a 5-minute interval
between the use of each device. As described in Example 1, time 0O is defined as the time
of administration of the first intranasal spray to one nostril from the first intranasal
device.

As depicted in Figures 83A to 83k, instructions for use will accompany a
esketamine nasal spray drug product according to the present disclosure. inone
aspect, the instructions for use are on the drug product label of an approved drug
product. In certain aspects, the drug product comprises one or more intranasal spray
devices, with the one or more devices comprising esketamine. The one or more
devices is configured (o administer the esketamine in two or more sprays, preferably
two sprays, 1 spray per nostril of the patient.

An exemplary device is ilustrated in Figure 83A and comprises a tip, a nose rest,
an indicator, a finger rest, and a plunger. The indicator indicates if the device is full,
how many sprays have been administered, and/or whether or not the device is empty.
The indication may be accomplished, for example, by using colored dots, where two
colored dots indicate a full device, one colored dot indicates one spray has been
administered, and no colored dots signifies an empty device.

In certain aspects, the device is intended for administration by the patient under
the supervision of a health care professional (HCP). The health care professional may
be, for example, a doctor, psychiatrist, or nurse that preferably has compieted an
education and training program for informing healthcare professionals about the
appropriate use of esketamine according to United States Prescribing information
(USPI). This may include an educational program with clinical educators, instructional

materials, videos and wab-based sducation.

-51-



10

15

20

25

30

WO 2021/048638 PCT/1IB2020/051882

In an exemplary use embodiment, a first step includes an instruction for the
patient to blow their nose before using a first device. A device may be configured to
administer from about 28 {o about 84 mg of esketamine. in preferred embodiments,
each device contains about 28 mg of eskelamine, with additional devices utilized if
administering 56 mg or 84 mg of esketamine. For example, three devices may be used
to administer 84 mg of esketamine. Before use, the device should not be primed as this
will result in loss of medication. At the start of use, the patient’s head is preferably
reclined at about 45 degrees o keep the medication inside the nose.

Typically, the tip of the device is inserted into a first nostril, and the patient should
close the opposite nostril and breathe through the nose while activating the plunger to
release the medication. The tip of the device is then inserted into the second nostril {o
deliver the remaining amount of esketamine. At this point, the HCP may take the device
from the patient and confirm that the device is empty. f not, the patient should spray
again into the second nostril.

Before a next adminisiration from a second device, the patient should rest,
preferably in a reclined position, for about 5 minutes before administering additional
gsketamine from a second device. The steps may be repealed for the second device.
if a third device is needed, the patient should again wait about b minutes following the
second spray to the second nostril before administering additional esketamine o the
first nostril from a third device. Having the patient wait about § minutes after each
device allows the medication to absorb. A used device may be disposed in accordance
with local requirements.

The intranasal devices disclosed herein, including as described in Figures 85-92,
may be used in methods for administering and/or treatment of a pharmaceutical
compaosition comprising esketaming, wherein the composition is administered in one or
more sprays from the intranasal device. The spray characteristics can affect the quality,
consistency, and effectiveness of the administration andfor treatment. Typically, the
gsketamine formulation exits an orifice of the device tip and forms a full round or
ellipsoidal spray cone. The spray cone may be characterized by three atiributes: spray
pattern (see Example 14), plume geometry (see Example 13), and droplet size

distribution {see Example 15).
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In certain aspects, the spray cone has, when horizontally intersected at 8 6 cm
distance from the tip of the device, a perpendicular cross section characterized by a
spray pattern having a maximum diameter of less than or equal to about 85, preferably
about 80 mm, a minimum diameter less than or equal to about 10 mm, preferably about
15 mm, and an ovality ratio {the ratio of the maximum diameter and minimum diameter)
that is in the range of from about 1 to about 3 and more preferably in the range of from
about 1 {o about 2. In other embodiments, the spray pattern has a maximum diameter
in the range of from about 15 mm {o about 85 mm, a minimum diameter in the range of
from about 10 mm {o about 60 mm, and an ovality ratio in the range of from about 1 to
2.5, In another embodiments, the spray pattern has a maximum diameter in the range
of about 35 mm to about 60 mm, a minimum diameter in the range of about 25 mm {o
about 45 mm, and an ovalily ratic in the range of from about 1 to about 1.8 and
preferably an ovality ration in the range of from about 1.1 to about 1.5. 1 in yel other
embodiments, the spray pattern has a maximum diameter of about 28 mm to about 68
mim, a minimum diameter of about 27 mm {o about 50 mm, and an ovality ratio in the
range of from about 1.1 to about 2.2.

In certain aspects, the spray cone has, when vertically inlersecied to the tip of
the device, a triangular horizontal cross section characterized by a plume geometry
having an angle that is in the range of from about 30 to about 80 degrees and a width
measured at 30 mm from the tip of the device in the range of from about 10 to about 60
mim; in other embodiments, the plume geometry has an angle that is in the range of
from about 20 to about 120 degrees and a width measured at 30 mm from the {ip of the
device of in the range of from about 10 o about 80 mm; in other embodiments, the
plume geomelry has an angle of in the range of from about 45 1o about 95 degrees and
a width measured at 30 mm from the tip of the device of from in the range of from about
25 mm 1o about 85 mm; in vet other embodiments, the plume geometry has an angle in
the range of from about 30 10110 degrees and a width measured at 30 mm from the tip
of the device of in the range of from about 28 mm to about 70 mm.

in certain embodiments, the spray cone has, when measured at a 6 cm distance
from the tip of the device, g droplet size distribution, wherein, by volume, 80% of the

droplets have a diameter of greater than or equal {0 40 um, 50 % of the droplets have a
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diameter of about 20 um to about 50 um, and 10% of the droplets have a diameter of
less than or equal 1o about 30 um; in other embodiments, 80% of the droplets have a
diameter of in the range of from about 30 um to about 90 um, 50 % of the droplets have
a diameter of in the range of from about 15 pm to about 55 um, and 10% of the dropleis
have a diameter of in the range of from about 7.5 pum to about 35 um; in other
embodiments, 90% of the droplets have a diameter of in the range of from about 30 um
to about 90 um, 50 % of the droplets have a diameter of in the range of from about 15
um to about 55 um, and 10% of the droplets have a diameter of in the range of from
about 7.5 um to about 35 um; in yet other embodiments, 80% of the droplets have a
diameter of in the range of from about 50 um to about 87 um, 50 % of the droplets have
a diameter of in the range of from about 27 ym {o about 53 um, and 10% of the droplets
have a diameter of in the range of from about 10 pym to about 30 um.

Typically, the characterization of spray pattern, plume geometry, and droplel size
distribuiion are determined from a single spray of an infranasal device, and may alsoc be
determined by iaking the average of a first and second spray from the intransal device.
i some embodiments, the esketamine formulation utilized in the intranasal device has
a viscosity of in the range of from about 1.5 to about 1.9 cp, more preferably in the
range of from about 1.7 cp at 20 1o 25°C, and a surface tension of in the range of from
about 50 mN/m {o about 70 mN/m, more preferably about 60 mN/m. In certain aspects,
methods of selling a drug product comprising esketamine are also provided. The terms
‘sale” or “selling” as used herein refers to transferring a drug product, e.g., a
pharmaceutical composition or a dosage form, from a seller to a buyer. in some
embaodiments, a drug product label for a reference listed drug for the drug product
inciudes instructions for treating depression, including treatment-resistant depression.
The methods also inciude offering for sale a drug product comprising esketamine. The
term “offering for sale,” as used herein, refers {0 the proposal of 2 sale by a sellerto a
buyer for a drug product, e.g., a pharmaceutical composition or a dosage form. These
methods comprise offering the drug product for sale.

The term “drug product’ is product that contains an active pharmaceutical
ingredient that has been approved for marketing by a govermnmental authority, e.g., the

Food and Drug Administration or the similar authority in other countries.
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Similarly, “label” or “drug product label” refers to information provided to a patient
which provides relevant information regarding the drug product. Such information
inciudes, without limitation, one or more of the description of the drug, clinical
pharmacology, indications (uses for the drug product), contraindication (who should not
take the drug product), warnings, precautions, adverse events (side effects), drug abuse
and dependence, dosage and administration, use in pregnancy, use in nursing mothers,
use in children and older patients, how the drug is supplied, safety information for the
patient, or any combination thereof. In certain embodiments, the label or drug product
label provides an instruction for use in a patient with treatment-resistant depression. In
other embodiments, the drug product label comprises data directed to the reduction of
depressive symptoms relative to a placebo and/or standard of care. In further
embodiments, the label or drug product label identifies esketamine as a reguiatory
approved chemical entity. In still other embodiments, the label provides instructions for
use in a patient with depression, including treaiment-resistant depression.

The term “reference listed drug” or “RLD” as used herein refers {o a drug product
to which new generic versions are compared to show that they are bicequivalent. His
also a medicinal product that has been granted marketing authorization by a member
state of the European Union or by the Commission on the basis of a completed dossier,
i.e., with the submission of quality, pre-clinical and clinical data in accordance with
Articles 8(3), 10a, 10b or 10c of Directive 2001/83/EC and to which the application for
marketing authorization for a generic/hybrid medicinal product refers, by demaonstration
of bicequivalence, usually through the submission of the appropriate bicavailability
studies.

In the United States, g company seeking approval to market a generic equivalent
must refer to the RLD in its Abbreviated New Drug Application (ANDA). For example, an
ANDA applicant relies on the FDA’s finding that a previously approved drug product,
ie., the RLD, is safe and effeclive, and must demonsirate, among other things, that the
generic drug product is the same as the RLD in certain ways. Specifically, with limited
exceptions, a drug product for which an ANDA is submitted must have, among other
things, the same active ingredient(s), conditions of use, route of administration, dosage

form, sirength, and (with certain permissible differences) labeling as the RLD. The RLD
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is the listed drug to which the ANDA applicant must show its ANDA drug product is the
same with respect {o active ingredient(s), dosage form, route of administration, strength,
tabeling and conditions of use, among other characteristics. In the electronic Orange
Book, there is a column for RLDs and a column for reference standards. In the printed
version of the Orange Book, the RLDs and reference standards are identified by specific
symbol.

A reference standard is the drug product selected by FDA that an applicant
seeking approval of an ANDA must use in conducting an in vivo bicequivalence study
required for approval. FDA generally selects a single reference standard that ANDA
applicants must use in in vivo bicequivalence testing. Ordinarily, FDA will select the
reference listed drug as the reference standard. However, in some instances (e.g.,
where the reference listed drug has been withdrawn from sale and FDA has determined
it was not withdrawn for reasons of safety or effectiveness, and FDA selecis an ANDA
as the reference standard), the reference listed drug and the reference standard may be
different.

FDA identifies reference listed drugs in the Prescription Drug Product, OTC Drug
Product, and Discontinued Drug Product Lists. Listed drugs identified as reference listed
drugs represent drug products upon which an applicant can rely in seeking approval of
an ANDA. FDA intends to update pericdically the reference listed drugs identified in the
Prescription Drug Product, OTC Drug Product, and Discontinued Drug Product Lists, as
appropriate.

FDA also identifies reference standards in the Prescription Drug Product and
OTC Drug Product Lists. Listed drugs identified as reference standards represent the
FDA’s best judgment at this ime as 1o the appropriate comparator for purposes of
conducting any in vivo bicequivalence studies required for approval.

In some instances when FDA has not designated a listed drug as a reference
listed drug, such listed drug may be shielded from generic competition. If FDA has not
designated a reference listed drug for a drug product the applicant intends to duplicate,
the potential applicant may ask FDA to designate a reference listed drug for that drug

product.
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FDA may, on its own initiative, select a new reference standard when doing so
will help {o ensure that applications for generic drugs may be submitied and evaluated,
g.g., in the event that the listed drug currently selected as the reference standard has
been withdrawn from sale for other than safety and efficacy reasons.

in Europe, Applicants identify in the application form for its generic/hybrid
medicinal product, which is the same as an ANDA or supplemental NDA (sNDA) drug
product, the reference medicinal product (product name, strength, pharmaceutical form,
marketing authorization holder (MAH, first authorization, Member State/Community),
which is synonymous with a RLD, as foliows:

1. The medicinal product that is or has been authorized in the European
Economic Area (EEA), used as the basis for demonstrating that the data protection
period defined in the European pharmaceutical legisiation has expired. This
reference medicinal product, identified for the purpose of calculating expiry of the period
of data protection, may be for a different sirength, pharmaceutical form, administration
route or presentation than the generic/hybrid medicinal product.

2. The medicinal product, the dossier of which is cross-referred o in the
generic/hybrid application (product name, strength, pharmaceutical form, MAH,
marketing authorization number). This reference medicinal product may have been
authorized through separate procedures and under a different name than the
reference medicinal product identified for the purpose of calculating expiry of the period
of data protection. The product information of this reference medicinal product will, in
principle, serve as the basis for the product information claimed for the
generic/hybrid medicinal product.

3. The medicinal product {product name, strength, pharmaceutical form, MAH,
Member State of source) used for the bicequivalence study(ies) (where applicable).

The different abbreviated approval pathways for drug products under the Food,
Drug, and Cosmetics (FD&C) Act are the abbreviated approval pathways described in
sections 505()) and 505(b)(2) of the FD&C Act (21 LU.S.C. 355()) and 21 U.S.C. 23
355{b)(2), respectively).

According o the FDA {"Determining Whether to Submit an ANDA or a 505(b)(2)

Application Guidance for industry,” U.8. Department of Health and Human Services,
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October 2017, pp. 1-14, the contents of which is incorporated herein by reference),
NDAs and ANDASs can be divided inio the following four categories:

{1) A “stand-alone NDA” is an application submitted under section 505(b){1) and
approved under section 505(c) of the FD&C Act that contains full reporis of
investigations of safety and effectiveness that were conducted by or for the applicant or
for which the applicant has a right of reference or use.

{2) A section 505(b){(2) application is an NDA submitted under section 505(b)}{(1)
and approved under section 505(c) of the FD&C Act that contains full reports of
investigations of safety and effectiveness, where at least some of the information
required for approval comes from studies not conducted by or for the applicant and for
which the applicant has not obtained a right of reference or use.

{3) An ANDA is an application for a duplicate of a previously approved drug
product that was submitied and approved under section 505(j) of the FD&C Act. An
ANDA relies on the FDA’s finding that the previously approved drug product, i.e., the
reference listed drug (RLD), is safe and effeclive. An ANDA generally must contain
information to show that the generic product (a) is the same as the RLD with respeci to
the active ingredient(s), conditions of use, route of administration, dosage form,
strength, and iabeling (with certain permissible differences) and (b} is bicequivalent to
the RLD. An ANDA may not be submilted if studies are necessary to establish the
safety and effecliveness of the product.

(4) A petitioned ANDA is a type of ANDA for a drug product that differs from the
RLD in its dosage form, route of administration, strength, or active ingredient (in a
product with more than one aclive ingredient) and for which FDA has determined, in
response {o a petition submitted under section B05())(2}{C) of the FD&C Act (suitability
petition), that studies are not necessary to establish the safety and effectiveness of the
drug product.

A scientific premise underilying the Hatch-Waxman Act is that a drug product
approved in an ANDA under section 508(j) of the FD&C Actis presumed to be
therapeutically equivalent {o its RLD. Products classified as therapeutically equivalent
can be substituted with the full expeciation that the substituted product will produce the

same clinical effect and safety profile as the prescribed product when administered to
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patients under the conditions specified in the labeling. In contrast o an ANDA, a
section 505(b)}(2) application allows greater flexibility as {o the characleristics of the
product. A section 505(b}2) application will not necessarily be rated therapeutically
equivalent to the listed drug it references upon approval.

The term "therapeutically equivalent to a reference listed drug” is means thai the
drug product is a generic eguivalent, i.e., pharmaceutical equivalents, of the reference
listed drug product and, as such, is rated an AB therapeutic equivalent to the reference
listed drug product by the FDA whereby actual or potential biceguivaience problems
have been resolved with adeguate in vivo and/or in vitro evidence supporting
biocequivalence.

“‘Pharmaceutical eguivalents” means drug products in identical dosage forms and
route(s) of administration that contain identical amounts of the identical active drug
ingredient as the reference listed drug.

FDA classifies as therapeutically eguivalent those products that meet the
following general criteria; (1) they are approved as safe and effective; (2) they are
pharmaceutical equivaients in that they (a) contain identical amounts of the same active
drug ingredient in the same dosage form and route of administration, and (b) meet
compendial or other applicable standards of strength, quality, purity, and identity; (3)
they are biocsguivalent in that (a) they do not present a known or potential
biocequivalence problem, and they meet an acceptabie in vitro standard, or (b) if they do
present such a known or potential problem, they are shown to meet an appropriate
biocequivalence standard, (4) they are adequately labeled; and (§) they are
manufactured in compliance with Current Good Manufacturing Practice regulations

The term "bicequivalent” or "bicequivaience” is the absence of a significant
difference in the rate and exient to which the active ingredient or active moiety in
pharmaceutical equivalents or pharmaceutical alternatives becomes available at the site
of drug action when administered at the same molar dose under similar conditions in an
appropriately designed study. Section 505 (j)(8)(B) of the FD&C Act describes one set
of conditions under which a {est and reference listed drug shall be considerad

bioequivalent:
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the rate and extent of absorption of the [test] drug do not show a significant
difference from the rate and exient of absorption of the [reference] drug when
administered at the same molar dose of the therapeutic ingredient under similar
experimental conditions in either a single dose or multiple doses; or

the extent of absorption of the [test] drug does not show a significant difference
from the extent of absorption of the [reference] drug when administered at the same
molar dose of the therapeutic ingredient under similar experimental conditions in either
a single dose or multiple doses and the difference from the [reference] drug in the rate
of absorption of the drug is intentional, is reflected in its labeling, is not essential to the
attainment of effective body drug concentrations on chronic use, and is considered
medically insignificant for the drug.

Where these above methods are not applicable {e.g., for drug products that are
not infended {0 be absorbed into the bloodstream), other scientifically valid in vivo or in
vitro test methods to demonstrate biocequivalence may be appropriate.

For example, biocequivalence may sometimes be demonstrated using an in vitro
bicequivalence standard, especially when such an in vitro test has been correlated with
human in vivo bicavailability data. in other situations, bioeguivalence may sometimes be
demonstrated through comparative clinical trials or pharmacodynamic studies.

The methods may also comprise, consist of, or consist essentially of placing
esketamine into the stream of commerce. in certain embodiments, the esketamine drug
product includes a package inser that contains instructions for safely and effectively
treating depression, including treatment-resisiant depression, using esketamine.
in still further aspects, described herein are methods of offering for sale esketamine
comprising, consisting of, or consisting essentially of offering an esketamine drug
product into the stream of commerce. in certain embodiments, the esketamine drug
product includes a package insert that contains instructions for safely and effectively
treating depression, including treatment-resistant depression, using esketamine.

Aspects of the Disclosure

The present disclosure pertains {o and includes at ieast the foliowing aspects.
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1. A method for treating major depressive disorder comprising intranasally
administering o a patient in need thereof, a clinically proven safe and dlinically proven
gffective therapeutically effective amount of esketamine;

wherein the patient in need thereof is a human patient having a major depressive
gpisode and wherein the patient has not responded {0 at least two oral antidepressants in
the current depressive episode.

2. A method of treating major depressive disorder comprising administering
esketamine to a patient in need thereof,

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

wherein the esketamineg is administered intranasally;

and wherein the therapeutically effective amount of esketamine administered to the
patient is clinically proven safe and effeclive.

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

(&) diagnosing said human patient by measuring said human patient's baseline
MADRS score;

{by intranasally administering to said human patient a therapeutically effective
amount of esketamine that is clinically proven safe and effective;

wherein the therapeutically effective amount improves said MADRS score of at
least 50% relative 10 the measured baseline MADRS score;

and wherein the esketamine is adminisiered at pre-determined intervals; and

{¢) re-evaluatling said human patient at regular intervais following step (b) 1o
determine relative effecliveness;

wherein the re-evaluation comprises measurement of said human patient's MADRS
sCOre.

4. The method of aspects 1, 2 or 3 wherein the major depressive disorderis
treatment refraciory depression or treatment resistant depression.

5. The method of aspects 1, 2, 3 or 4 wherein a therapeutically effective amount of

at least one antidepressant is co-administered with esketamine.
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6. The method of aspect 5, wherein the combination therapy comprises esketamine
and one to two antidepressants.

7. The method of aspeact 5, wherein each antidepressant is independently selected
from the group consisting of imipramine, amitriptyline, desipramine, nortriptyline, doxepin,
protriptyline, trimipramine, maprotiling, amoxapine, trazedone, bupropion, clomipramine,
fluoxetine, duloxetine, escitalopram, citalopram, sertraline, paroxetine, fluvoxamine,
nefazadone, venlafaxine, milnacipran, reboxetineg, mirtazaping, phenelzine,
tranyicypromine, moclobemide, Kava-Kava, St John's Wart, s-adenosyimethionine,
thyrotropin releasing hormone, neurokinin receptor antagonists and triiodothyronine.

8. The method of aspect 5, wherein each antidepressant is independently selecled
from the group consisting of monc-amine oxidase inhibitors, tricyclics, serotonin reuptake
inhibitors, serotonin noradrenergic reuptake inhibitors; noradrenergic and specific
serotonergic agents and atypical antidepressants.

9. The method of aspect 5, wherein each antidepressant is independently selected
from the group consisting of phenelzine, tranylcypromine, mociobemide, imipramine,
amitriptyline, desipramine, norlriptyline, doxepin, protriptyline, trimipramine, clomipramine,
amoxaping, fluoxetine, seriraline, paroxetine, citalopram, fluvoxamine, venlafaxine,
miinacipran, mirtazapine and bupropion.

10. The method of agpect &, wherein the combination therapy comprises
esketamine and one {o two antidepressants independently seleclted from the group
consisting of fluoxetine, imipramine, bupropion, venlafaxine and sertraline.

11. The method of aspect 5, wherein the combination therapy comprising
eskefamine and at least one antidepressant further comprises an atypical antidepressant.

12. The method of aspect 11, wherein the atypical antidepressant is selected from
the group consisting of aripiprazole, quetiaping, olanzapine, risperidone and paliperidone.

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

14. A pharmaceutical composition for the treatmennt of treatment-refractory or
treatment-resistant depression comprising esketaming, optionally at least one

antidepressant, and a at least one pharmaceutically acceptable carrier.
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16, The use of esketamine in the preparation of a medicament for the treatment of
treatmentrefractory or treatment-resistant depression, in a patient in need thereof.

16. Esketamine for use in a method for the treatment of reatment-refractory or
treatment-resistant depression, in a patient in need thergof.

17. A composition comprising esketaming for the treatment of treatment-refractory
or treatment-resistant depression.

18. A pharmaceutical product comprising esketamine for administration to a patient
suffering from treatment resistant depression wherein the esketamine is administered
intranasaily to said patient in a clinically proven safe and effeclive amount.

19. A method of maintaining stable remission or stable response achieved by a
patient with depression foliowing administration of a therapeutically 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.

20. The method of aspect 19, wherein the depression is treatment resistant
depression.

21. The method of aspect 19 or 20, wherein the therapeutically effective amount of
esketamine is administered intranasally, intframuscularly, subcutaneously, transdermally,
buccally, or recially in the initial and subsequent administration phases.

22. The method of aspect 21, wherein the administration is intranasally.

23. The method of any one of aspects 19 {o 22, wherein a therapeutically effective
amount of at least one antidepressant is co-administered with the esketamine in the initial
and subseguent administration phases.

24, The method of aspect 23, wherein the esketaming is co-administered with one
to two antidepressants.

25. The method of aspect 24, wherein each antidepressant is, independently,
imipraming, amitriptyline, desipraming, nortriptyline, doxepin, protriptyline, trimipramine,
maprotiline, amoxapine, trazodone, bupropion, clomipramine, fluoxetine, duloxetine,
escitalopram, citalopram, seriraline, paroxetine, fluvoxamine, nefazadone, venlafaxine,

milnacipran, reboxetine, mirtazapine, phenglzing, tranyicypromine, mociobemide, Kava-
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Kava, St Johr's Wart, s-adenosyimethioning, thyrotropin releasing hormone, a neurokinin
receplor antagonist, or riiodothyronine.

28. The method of any one of aspects 23-25, 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.

27. The method of any one of aspects 23-28, wherein each antidepressant is,
independently, phenelzineg, tranylcyproming, moclobemide, imipramine, amitriptyline,
desipramine, nortriptyline, doxepin, protriptyline, trimipramine, clomipramine, amoxapine,
fluoxetine, sertraline, paroxetine, citalopram, fluvoxamine, veniafaxine, milnacipran,
mirtazapine, or bupropion.

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

29. The method of aspect 23, wherein the al least one anlidepressant is an atypical
antidepressant.

30. The method of aspect 29, wherein the atypical antidepressant is aripiprazole,
guetiapine, olanzapine, risperidone, or paliperidone.

31. The method of aspect 30, wherein the atypical antidepressant is aripiprazole,
quetiapine, or olanzapine.

32. The method of any one of aspects 18 {o 31, wherein the initial administration
phase comprises an induction phase wherein the eskefamine is administered at a
frequency of at least twice a week.

33. The method of aspect 32, wherein the frequency is twice a week.

34. The method of aspect 32 or 33, further comprising assessing the patient
response during the induction phase.

38, 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 optlimization phase.
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36. The method of aspect 35, further comprising assessing the patient response
during the oplimization 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.

37. The method of aspect 36, wherein the frequency of administration during the
optimization phase is once every week, once every two weeks, or a combination thereof.

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.

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

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,

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

42. The method of any one of aspecis 32-41, wherein the effective amount of
esketamine during the subsequent administration phase is 56 mg or 84 mg.

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.

44, The method of any one of aspecis 19 10 43, wherein the therapeutically
effective amount of esketamine is a clinically proven safe and dlinically proven effective
amount.

45, A method for the long term treatment of depression in a patient, comprising
administering {o 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.

48. The method of aspect 45, wherein the esketamine is administered for at least
one year.

47. The method of aspect 45 or 46, wherein the esketaming s administered for up

to two years.
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48. The method of any one of aspects 45-47, wherein the depression is treatment
resistant depression.

49. The method of any one of aspects 45-47, wherein the esketamine is
administered intranasally.

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.

51. The method of aspect 50, wherein the esketamine is co-administered with one
to two antidepressants.

52. The method of aspect 51, wherein each antidepressant is, independently,
imipramine, amitriptyline, desipramine, nortriptyline, doxepin, protriptyline, irimipramine,
maprotiline, amoxapine, trazodone, bupropion, clomipramine, fluoxetine, duloxetine,
escitalopram, citalopram, seriraline, paroxetine, fluvoxamine, nefazadone, venlafaxine,
milnacipran, reboxeting, minazapine, phenelzine, tranyicypromine, mociobemide, Kava-
Kava, 3t John's Wart, s-adenosylmethionine, thyrotropin releasing hormone, a neurckinin
receptor antagonist, or triiodothyronine.

53. The method of any one of aspects 50-52, wherein each antidepressant is,
independently, a mono-amine oxidase inhibitor, tricydlic, serotonin reuptake inhibitor,
serotonin noradrenergic reuptake inhibitor, noradrenergic and specific serctonergic agent,
or atypical antidepressant.

54, The method of any one of aspects 50-53, wherein each antidepressant is,
independently, phenelzine, tranylcypromine, mociobemide, imipramine, amitriptyline,
desipramine, noririptyiine, doxepin, protriptyline, irimipramine, clomipraming, amoxapine,
fluoxetine, sertraline, paroxetine, citalopram, fluvoxamine, veniafaxing, milnacipran,
mirtazapine, or buprepion.

55. The method of any one of aspects 50-54, wherein each antideprassant is,
independently, fluoxetine, imipraming, bupropion, venlafaxine, or sertraling.

56. The method of aspect §5, wherein the al least one antidepressant is an atypical
antidepressant.

57. The method of aspect 58, wherein the atypical antidepressant is aripiprazole,

guetiapine, olanzapine, risperidone, or paliperidone.
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58. The method of aspect 57, wherein the atypical antidepressant is aripiprazole,
quetiapine, or olanzapine.

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.

60. The method of aspect 59, wherein the eskefamine is dosed once a week or
once every two weeks following the induction phase.

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.

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 monihs of
freatment.

63. A method for treating major depressive disorder in an elderly patient comprising

administering to the patient in need of treatment for a major depressive disorder a
therapeutically effective amount of esketamine at a frequency of al least twice a week
during an initial induction phase of defined duration;

assessing the patient response following the initial induction phase; and

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.

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

65. The method of aspect 64, wherein the therapeutically effective amount of
gesketaming is administered intranasally, intramuscularly, subcutaneousiy, transdermally,
buccally or rectally.

68. The method of any one of aspects 63 {0 65, wherein the administration is
intranasaily.

67. The method of any one of aspects 63 1o 66, wherein the initial induction phase
is up to 2 weeks.

68. The method of any one of aspects 63 1o 66, wherein the initial induction phase

is up to 3 weeks.
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69. The method of any one of aspects 63 1o 66, wherein the initial induction phase
is up to 4 weeks

70. The method of any one of aspects 83 o 66, wherein the exiended induction
phase is up to 8 weeks.

71. The method of any one of aspects 63 {o 70, wherein the effective amount 28
mg, 56 mg or 84 mg.

72. The method of any one of aspects 83 to 71, wherein afler the elderly patient
has achieved a substantially complete response to esketamine, thereafler administering
esketamine at a frequency of not more than once a week during an optimization phase.

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

74. The method of any one of aspects 63 (o 73, wherein the freguency in the initial
induction phase, extended induction phase, or a combination thereof is twice weekly.

75. The method of any one of aspects 63 {0 74, wherein the major depressive
disorder is treatment refractory depression or treatment resistant depression.

76. The method of any one of aspects 63 {0 75, wherein a therapeutically effeclive
amount of al least one antidepressant is co-administered with esketamine.

77. The method of any one of aspects 63 to 76, wherein the combination therapy
comprises eskefamine and one {0 two antidepressants.

78. The method of aspect 77, wherein each antidepressant is, independently,
imipraming, amitriptyline, desipraming, nortriptyline, doxepin, protriptyline, trimipramine,
maprotiiine, amoxapine, trazodone, bupropion, clomipramine, fluoxetine, duloxetine,
escitalopram, citalopram, seriraline, paroxetine, fluvoxamineg, nefazadone, venlafaxine,
miinacipran, reboxetine, mirtazapine, pheneglzine, tranyicypromine, mociobemide, Kava-
Kava, St John's Wart, s-adenosyimethionine, thyrotropin releasing hormone, a neurokinin
receptor antagonist, or triiodothyronine.

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

antidepressant.
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80. The method of any one of aspects 77 to 79, wherein each antidepressant is,
independently, phenelzine, tranylcyproming, moclobemide, imipramine, amitriptyline,
desipramine, noririptyline, doxepin, protriptyline, trimipramine, clomipraming, amoxapine,
fluoxetine, seriraling, paroxetine, citalopram, fluvoxamine, veniafaxine, milnacipran,
mirtazapine, or bupropion.

81. The method of any one of aspects 77 o 80, comprising one or two
antidepressants that are, independently, fluoxetine, imipramine, bupropion, venlafaxine, or
sertraline.

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

83. The method of aspect 82, wherein the atypical antidepressant is aripiprazole,
guetiapine, olanzapine, risperidone, or paliperidone.

84. The method of aspect 82 or 83, wherein the alypical antidepressant is
aripiprazole, guetiapine, or olanzapine.

85. The method of any one of aspects 63 {¢ 84, wherein the patient is at least 65
years of age.

86. A method for treating a patient with major depressive disorder, comprising
administering {o the patient in need of trealment for major depressive disorder a dlinically
proven safe and clinically proven effeclive therapeutically effective amount of esketamine.

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 episode.

88. The method of aspect 86 or 87, wherein the patient has been diagnosed with
treatment refractory depression or frealment resistant depression.

89. The method of aspect 86, wherein the patient has suicidal ideation as g
sympiom of major depressive disorder.

80. The method of aspect 89, wherein the patient is in imminent risk for suicide.

91. The method of any one of aspects 86 {o 90, wherein the patient is an adult.

92. The method of any one of aspects 86 to 81, wherein the patient is an elderly

patient.
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93. The method of any one of aspects 86 to 892, wherein the esketamine is
administered intranasally, intramuscularly, subcutansously, transdermally, buccaliy or
rectally.

94, The method of any one of aspects 86 to 93, wherein the esketamine is
administered intranasally.

95. The method of any one of aspects 86 {o 94, wherein a therapeutically effeclive
amount of at least one antidepressant is co-administered with esketamine.

96. The method of aspect 85, wherein the esketamine is co-administered with one
to two antidepressants.

97. The method of aspect 85 or 96, wherein each antidepressant is, independentily,
imipramine, amitriptyline, desipramine, nortriptyline, doxepin, protriptyline, trimipramine,
maprotiline, amoxapine, trazodone, bupropion, clomipramine, fluoxetine, duloxetine,
escitalopram, citalopram, sertraline, paroxetine, fluvoxamine, nefazadone, venlafaxine,
milnacipran, reboxetine, mirtazapine, pheneizine, tranyicypromine, mociobemide, Kava-
Kava, St John's Wart, s-adenosyimethionine, thyrotropin releasing hormone, a neurokinin
recepior antagonist, or iriiodothyronine.

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

99. The method of any one of aspects 95 {0 98, wherein each antidepressant is,
independently, phenelzine, tranylcypromine, mocicbemide, imipramine, amitriptyline,
desipramine, nortriptyiine, doxepin, protriptyline, trimipramine, clomipramine, amoxaping,
fiuoxetine, sertraline, paroxetine, citalopram, fluvoxamine, veniafaxine, milnacipran,
mirtazapine, or bupropion.

100. The method of any one of aspects 96 {0 99, wherein each antidepressant is,
independently, fluoxetine, imipramine, bupropion, venlafaxine, or seriraline.

101. The method of aspect 95, wherein the at least one anlidepressant is an
atypical antidepressarnt.

102. The method of aspect 101, wherein the atypical antidepressant is aripiprazole,

quetiapine, olanzapineg, risperidone, or paliperidone.
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103. The method of aspect 101 or 102, wherein the atypical antidepressant is
aripiprazole, quetiapine, or olanzapine.

104. A pharmaceutical composition for the treatment of major depressive disorder,
comprising esketamine, optionally at least one antidepressant, and at least one
pharmaceutically acceptable carrier.

105, A pharmaceutical composition for the treatment of treatment refractory
depression or treatment resistant depression, comprising esketamine, optionally at least
one antidepressant, and at least one pharmaceutically acceptable carrier.

106. A pharmacsutical composition for the treatment of suicidal ideation,
comprising esketamine, optionally at least one antidepressant, and at least one
pharmaceutically acceptable carrier.

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

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

108. Use of aspect 107, wherein the patient is suffering from suicidal ideation.

110. Esketamine for use in a method for the treatment of major depressive disorder
in a patient in need thereof.

111. Esketamine of aspect 110, wherein the patient is suffering from treatment
refractory depression or freatment resistant depression.

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

113, A composition comprising esketamine for the treatment of major depressive
disorder.

114. A composition comprising esketamine for the treatment of treatment refraciory
depression or treatment resistant depression.

115, A composition comprising esketamine for the treatment of suicidal ideation.

1186. A pharmaceutical product comprising esketamine for administration{o a
patient suffering from major depressive disorder, wherein the esketamine is administered

intranasaily to said patient in a dlinically proven safe and effeclive amount.
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117. The pharmaceutical product of aspect 118, wherein the patient is suffering
from treatment refractory depression or treatment resistant depression.

118. The pharmaceutical product of aspect 118, wherein the patient is suffering
from suicidal ideation.

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
28 mg to about 84 mg of esketamine is administered to the patient at a frequency of twice
per week, and wherein the method is clinically proven safe.

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

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
0 about 75 ng/mLb, an area under the plasma concentration-time curve from time 0 to time
of last quantifiable concentration (AUCIast) of about 125 to about 185 ng*h/iml, ora
combination thereof.

122. The method of any one of aspects 118-121, wherein the esketamineg is
administered intranasally.

123. The method of aspect 122, wherein the about 28 mg of esketamine is
administered in at least two sprays.

124. The method of aspect 123, wherein the about 28 mg of esketamine is
administered via one spray in each nostril.

125. The method of aspect 119, wherein about 56 mg of eskelaming is
administered.

128. 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 0 o
time of {ast quantifiable concentration (AUClast) of about 210 to about 320 ng*h/mL, or a
combination thereof.

127. The method of aspect 125 or 126, wherein the esketaming is administered

intranasally.
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128. The method of aspect 127, wherein the about 56 mg of esketamine is
administered in at least 4 sprays.

129. The method of aspect 128, wherein the esketamine is administered via one
spray in each nostril at time 0 for a total of about 28 mg, and repeated afier about 5
minutes for the total of about 56 mg.

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

131. The method of aspect 118 or 130, wherein the administration of the
gsketaming achieves a maximum plasma conceniration (Cmax) of esketamine of about 90
to about 165 ng/mi, an area under the plasma concentration-time curve from time 0 to
time of last quantifiable concentration (AUClast) of about 305 to about 480 ng*h/mL, ora
combination thereof.

132. The method of aspect 130 or 131, wherein the eskelamine is administered
intranasally.

133. The method of aspect 132, wherein the about 84 mg of esketamine is
administered in at least 6 sprays.

134. The meihod of aspect 133, wherein the esketamine is administered via one
spray in each nostril at time 0 for a total of about 28 mg, repeated afier 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.

135. The method of any one of aspects 118 1o 134, wherein the first phase is a
duration of about 4 weeks.

136. The method of any one of aspects 118 1o 135, further comprising & 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.

137. The method of aspect 136, wherein about 56 mg of esketamine is
administered to the patient at a frequency of once per week during the second phase.

138. The method of aspect 136, wherein about 84 mg of esketamine is

administered to the patient at a frequency of once per week during the second phase.
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139. The method of any one of aspects 136-138, wherein the esketamine is
administered intranasally in the second phase.

140. The method of any one of aspects 136-139, wherein the second phase is a
duration of about 4 weeks.

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 56 mg to about 84 mg of esketamine is administered to the patient at a freguency of
avery 2 weeks or once per week.

142. The method of aspect 141, wherein about 56 mg of esketamine is
administered o the patient at a frequency of every 2 weeks or once per week during the
third phase.

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

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

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

146. The method of any one of aspects 141-144, wherein the third phase is a3
duration of about at least two months.

147. The method of any one of aspects 141-144, wherein the third phase is 3
duration of about at least three months.

148. The method of any one of aspects 141-144, wherein the third phase is a3
duration of about at least four months.

149. The method of any one of aspects 141-144, wherein the third phase is 3
duration of about at least five months.

150. The method of any one of aspects 141-144, wherein the third phaseis a
duration of about at least six months.

151. The method of any one of aspects 141-144, wherein the third phaseis a

duration of at least about a year.
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162. The method of any one of aspects 141-144, wherein the third phase is g
duration of at least about two years.

163. The method of any one of aspects 119 to 182, wherein the method further
comprises co-administering an antidepressant, and wherein the method is clinically proven
gffective to ireat a major depressive disorder.

154. The method of aspect 153, wherein the antidepressant is administered orally.

185, The method of aspects 153 or 154, wherein the major depressive disorder is
treatment resistant depression.

1866, 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 dinically proven safe and/or clinically proven
gffective to ireat a major depressive disorder.

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

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

168. The pharmaceutical product of aspect 156, wherein the device is configured
to administer the esketamine in two or more sprays.

160. The pharmaceutical product of aspect 158 or 159, wherein the device
comprises about 28 mg of esketamine.

161. The pharmaceutical product of aspect 156, wherein the product comprises
more than one device and each device comprises about 28 mg of eskelamine.

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

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

164. The pharmaceutical product of any one of aspects 156-163, further
comprising instructions for performing any one of the methods of aspects 1191585

165, A method of treating major depressive disorder with suicidal ideation,

COMprising
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administering esketamine at a highest {olerable dose twice weekly during a first
induction phase of a defined duration;

administering a first oral antidepressant simultanecusly with the esketamine; and

evaluating the patient to determine if a substantially complete response to
gsketaming is achieved.

166. The method of aspect 1685, wherein the freatment ceases if the patient
achieves g substantially complete response to the esketamine.

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.

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.

168. The method of aspect 168, wherein the patient is reinitiated on esketamine at
the highest tolerable dose and simultanecusly with a second oral antidepressant during
the second induction phase.

170. The method of aspect 169, wherein the second oral antidepressant is the
same as the first oral antidepressant.

171. The method of aspect 169, wherein the second oral antidepressant is different
than the first oral antidepressant.

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 antidepressant
alone.

173. The method of any one of agpecis 168-172, wherein a third induction phase is
initiated if a substantially complete response is not achieved during the second induction
phase.

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.

175. The method of aspect 174, wherein the third oral antidepressant is the same
as the second oral antidepressant.

176. The method of aspect 174, wherein the third oral antidepressant is different

than the second oral antidepressant.
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177. The method of any one of aspects 165-176, further comprising administering a
therapeutically effective amount of esketamine to the patient iess than twice a week in 8
subsequent maintenance phase.

178. The method of any one of aspects 165-177, wherein the first, second, and
third induction phase are, independently, at least 4 weeks.

179. A method for treating treatment-resistant depression in a patient wherein the
patient has not responded {o at least two oral antidepressants in the current depressive
episode, the method comprising:

administering a first oral antidepressant to the patient, and

administering esketamine to the patient at least twice weekly during a first induction
phase of a defined duration;

evaluating the patient during the first induction phase; and

wherein the patient fails to achieve a substantially complete response (o the
esketamine, reinitiating the patient on the highest tolerable dose of esketamine and
simultaneously with a second oral depressant in a second induction phase of a defined
duration.

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.

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

182. The method of aspect 179, wherein the first oral antidepressant is different
than the at least two oral antidepressanis.

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

184. The method of aspect 183, wherein the third oral antidepressant is the same
as the second oral antidepressant.

185. The method of aspect 183, wherein the third oral antidepressant is different

than the second oral antidepressant.
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188. The method of any one of aspects 178-185, further comprising that when the
patient achieves a substantially compiete response to the esketamine, administering a
therapeutically effective amount of esketamineg o the patient at most once weekly during a
subsequent maintenance phase.

187. The method of any one of aspects 179-1886, wherein the first, second, and
third induction phase are, independently, at least 4 weeks.

188. A method of treating treatment-resistant depression in a patient, said method
COMPrISING:

administering a therapeutically effective amount of an oral antidepressant to said
patient, and

intranasally administering a therapeutically effective amount of esketamine to said
patient al least twice weekly during an induction phase of at least 4 weeks; and

intranasally administering a therapeutically effective amount of esketamine to the
patient al most once weekly during a subsequent maintenance phase,

wherein the method is clinically proven safe and/or clinically proven effective.

188. The method of aspect 188, wherein the esketamine is administered once
every two weeks during the subseguent maintenance phase.

190. The method of aspect 188, wherein the frequency of adminisiration may be
adjusted during the induction phase and/or maintenance phase.

191. The method of aspect 188, wherein the therapeutically effective amount of
esketamine administered during the induction phase is from about 28 mg {o about 84 mg.

192. The method of aspect 191, wherein the therapeutically effective amount of
eskefamineg is about 28 mg.

193. The method of aspect 191, wherein the therapeutically effeclive amount of
eskefamineg is about 56 mg.

124, The method of aspect 191, wherein the therapeutically effeclive amount of
esketamine is about 84 mg.

195, The method of aspect 191, wherein the therapeutically effective amount of
esketamine is about 56 mg at the start of the induction phase and is adjusied {o about 84
mg during the induction phase.

186. The method of aspect 182, wherein the patient is 85 years or older.
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197. The method of aspect 188, wherein the therapeutically effeclive amount of
esketamine administered during the maintenance phase is about 56 mg or about 84 mg.

198. The method of any one of aspecis 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.

198. The method of any one of aspects 188-198, wherein the treatment continues
for at least six months.

200. The method of any one of aspects 188-198, wherein the treatment continues

for up to two years.

As used herein, AD = antidepressant, AE = adverse event; ESK = esketamine
nasal spray, PBO = placebo nasal spray, PHQ-8 = Patient Adherence Questionnaire;
SDS = Sheehan Disability Scale; CGI-5 = Clinical Global impression — Severity;
MADRS = Monigomery-Asberg Depression Rating Scale; SD = standard deviation;
SNRI = serotonin and norepinephrine reuptake inhibitors; S8R = selective serotonin
reuptake inhibitors; LS = least square; 5E = standard error; BMI = body mass index;
BPIC-55 = Bladder Pain/interstitial Cystitis Symptom Score; BPRS+ = 4-jtem 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-SSRE = Columbia Suicide Severity Rating Scale;, DNA =
deoxyribonucieic acid; ECG = electrocardiogram; EQ-5D-5L = EuroQol-& dimension- 5-
fevel, EW = early withdrawal, GAD-7 = Generalized Anxiety Disorder, 7-item scale; HE
= haematoxylin and eosin stain; HbA1c test, glycated hemoglobin test, HRUQ =
Healthcare Resource Use Questionnaire; HVLT-R = Hopkins Verbal Learning Test-
Revised, IDS-Cso = Inventory of Depressive Symptomatology Clinician-rated, 30-item
scale; LOE = lack of efficacy; MDD — major depressive disorder; LTF = [ost o follow-up;
MGH-ATRQ = Massachusetts General Hospital - Antidepressant Treatment History
Questionnaire, MGH-Female RLHQ = Massachusetis General Hospital - Female
Reproductive 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
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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; SD&, Sheehan Disability Scale; SAFER = State vs. Trait, Assessibility, Face
Validity, Ecological Validity, Rule of Three P's; STOP-Bang = Snoring, Tired, Observed
Apnea, High Blood Pressure, Body mass index, Age, Neck Size, Gender (a
guestionnaire);, TRD = treatment resistant depression; TSH = thyroid-stimulating
hormone; RA = remote assessments only; LOCF = last observation carried forward;
WEBP = withdrawal by patient; WD = withdrawn.

The following Examples are set forth o 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 infranasal Esketamine for Treating Treatinent Resistance

Depression {TRD), Phase 3 Clinical Trial

The ability of esketamine to treat treatment-refractory or treatment-resistant
depression (TRD) was evaluated via the clinical study described below, which was
conducted {o evaluate the efficacy, safely, 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
freatment of TRD.

The hypothesis for this study was that, in adult subjects with TRD, switching from
a failed antidepressant treatment {o intranasal eskefamine 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.

The primary objective of this study was to evaluale the efficacy of swilching adult
subjects with TRD from a prior antidepressant treatment {{o 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 (o a newly initiated oral
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antidepressant {active comparator) plus intranasal placebo, in improving depressive
symptoms, as assessed by the change from baseling in the MADRS total score from
Day 1 {pre-randomization) to the end of the 4-week double-blind induction phase.

The key secondary objectives were to gassess the effect of intranasal esketamine
plus a newly initiated oral antidepressant compared with a newly initialed oral
antidepressant {(active comparator) plus intranasal placebo on the following parameters
in adult subjects with TRD: (a) Depressive symptoms {(subject-reported), (b) Onset of
clinical response by Day 2, and (¢) Functioning and associated disability. Additional
secondary objectives included (a) Depression response rates, (b) Depression remission
rates, (c) Overall severily of depressive iliness, (d) Anxiety symptoms and {e) Health-
related guality of life and health status.

To investigate the safety and tolerability of intranasal esketamine plus a newly
initiated oral antidepressant compared with a newly initiated oral antidepressant (active
comparator) plus intranasal placebo in aduit subjects with TRD, the following
parameters were also measured: (a) TEAESs, including Aks of special interest, (b) Local
nasai tolerability, (c) Effects on heart rate, blood pressure, respiratory rate, and blood
oxygen saturation, (d) Effects on aleriness and sedation, {e) Potential psychosis-like
effects, (fy Dissociative symptoms, (q) Potential effects on cognitive function, {h)
Potential effects on suicidal ideation/behavior, (i) Polential freatment-emergent
symptoms of cystitis and/or lower urinary tract symptoms, (j) Potential withdrawal and/or
rebound symptoms following cessation of infranasal esketamine treatment, and (k)
Potential effects on sense of smell.

The PK of intranasal esketamine in adult subjects with TRD receiving intranasal
gsketamine plus a newly-initiated oral antidepressant was alsc assessed as part of the

secondary objectives.

STUDY DRUG INFORMATION

Esketamine was supplied as a clear, colorless intranasal solution of esketamine
hydrochioride (16.14% weight/volume [w/v], equivalent (o 14% w/v of esketamine base)
in a nasal spray pump. The solution consisted of 161.4 mg/mL esketamine

hydrochioride {equivalent 10 140 mg of esketamine base) formulated in .12 mg/ml
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gthylenediaminetetraacetic 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 hydrochioride (14 mg esketamine base) per 100-ul spray. Each individual
nasail spray pump (device) contained a total of 28 mg (i.e., 2 sprays).

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 0.001mg/mL) added o simulate the taste of the infranasal solution with
active drug. The placebo solution was provided in maltching nasal spray pump devices.
Benzalkonium chioride was added as a preservative at a concentration of 0.3 mg/mlL.

Each individual nasal spray pump {(device) contained 2 sprays.

Oral Antidepressant Medications

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.

Escitaiopram 10 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.

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 excipients.

Venlafaxine 75 mg and 37.5 mq {as applicable) were obtained from commaercial
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.

Overview of Study Desian

This was a randomized, double-blind, active-controlled, muiticenter 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 initialed oral antidepressant (active comparator)
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plus intranasal placebo. The study had 3 phases which are briefly described below. A

diagram of the study design is provided in Figure 1.

Screening/prospective ohservational phase (4-week duration)

This phase prospectively assessed treatment response o the subject’s current
oral antidepressant freatment regimen. After 4 weeks of continuing the same treaiment
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 investigators were blinded to the
study criteria for non-response.

Eligible subjects who entered the double-blind induction phase discontinued their
current oral antidepressant medication(s). if clinically indicated, a subject’s current
antidepressant medication(s) could be tapered and discontinued over an additional,
optional period of up 1o 3 weeks per the local prescribing information or clinical
judgment.

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
antidepressant medication(s) proceeded immediately info the double-blind induction

phase.

Double-blind induction phase (4-week duration)

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 freatment with either infranasal esketamine or intranasal placebo.
The intranasal ireatment 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 (duloxeting, escitalopram, sertraline, or venlafaxine

extended release [XR]), that the subject had not previously had a nonresponse o in the
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current depressive episode, had not been previously intolerant to (lifetime), and was
available in the participating country.

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] o
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).

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

conducted within 1 week of the date of discontinuation, followed by the follow-up phase.

Follow-up phase (24-week duration)

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.

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 antidepressant in this phase was at
the discretion of the investigator, however, in order {0 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.

The follow-up phase also allowed collection of additional informative data o
assess the course of the subject's major depressive episode over a 6-month period.

Taking into consideration the optional taper period of up to 3 weeks, the duration
of a subject’s study participation was 11 weeks {(for subjects continuing into
ESKETINTRD3003) or 35 weeks (for subjects completing the follow-up phase).

Study Population
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The inciusion criteria for enrolling subjects in this study were as foliows. Each

potential subject satisfied all of the foliowing criteria to be enrolied in the study.

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 vears of age, inclusive.

2. Al the start of the screening/prospective observational 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 assessmert and confirmed by the MINL

3. At the start of the screening/prospective observational phase, subject had
a history of nonresponse o 22 but <5 oral antidepressant treatments in the
current episcde of depression, assessed using the MGH-ATRQ and confirmed by
documented medical history and pharmacy/prescription records. Subject was
taking an coral antidepressant freatment with nonresponse at the start of the
screening/prospective observational phase. Subjects were adherent to the
continued oral antidepressant treatment medication(s) (without adjustment in
dosage) through the screening/prospective observational phase, as documented
on the PAQ. Missing 24 days of antidepressant medication in the prior 2-week
period was considered as inadequate adherence. Subjects who were non-
responders to their current oral antidepressant medication(s) from the
screeningfprospective observational phase (as assessed by independent, remote
raters) were eligible for randomization if all other entry criteria are met.

4, Al the start of the screening/prospective observational phase, subject had
an 1D5-Cso total score of >34,

5. The subject's current major depressive episode, and antidepressant
treatment response in the current depressive episode, was confirmed using a
Site Independent Qualification Assessment.

6. Subiect was medically stable on the basis of physical examination,
medical history, vital signs (including blood pressure), pulse oximetry, and 12-
lead ECG performed in the screening/prospective observational phase. f there

were any abnormalities that were not specified in the inclusion and exclusion
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criteria, the determination of their clinical significance was determined by the
investigator and recorded in the subject's source documents and initialed by the
investigator.

7. Subiect 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 investigaior judged the
abnormalities or deviations from normal to not be clinically significant or {o be
appropriate and reasonable for the population under study. This determination
was recorded in the subject's source documents and initialed by the investigator.
Subjects with a pre-existing history of thyroid disease/disorder who were ireated
with thyroid hormones were on a stable dosage for 3 months prior 1o the start of
the screening/prospective observational phase and had thyroid-stimulating
hormone (TSH) within normal range in the screening/prospective observational
phase.

8. Subject were comfortable with self-administration of intranasal medication
and able to follow the infranasal administration instructions provided.

g. Before the start of the screening/prospective phase, a female subject was
either {(a) Not of childbearing potential. Posimenopausal (>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 /L),
permanently sterilized (e.g., tubal occlusion, hysterectomy, bilateral
salpingectomy); or otherwise be incapable of pregnancy; or (b) Of childbearing
potential and practicing a highly effective method of birth control consistent with
iocal regulations regarding the use of birth control methods for subjects
participating in clinical studies, e.qg., established use of oral, injected, or
implanted hormonal methods of contraception; placement of an intrauterine
device (IUD) or intrauterine system (IUS); barrier methods {e.g., condom with
spermicidal foam/gelffiim/cream/suppository or occlusive cap [diaphragm or
cervical/vault caps] with spermicidal foam/gelffim/cream/suppository); male

partner sterilization {the vasectomized partner should be the sole partner for that
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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 aclive became active), the
female subject began a highly effective method of birth conirol, 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.

10.  Awoman of childbearing potential had a negative serum (3-human
chorionic gonadotropin [B-hCG]) at the start of the screening/prospective
observational phase and a negatlive urine pregnancy test on Day 1 of the double-
blind induction phase prior to randomization.

11, A man who was sexually active with a woman of childbearing potential and
had not had a vaseciomy agreed to use a barrier method of birth control e.g.,
either condom with spermicidal foam/gel/film/cream/suppository or pariner with
occlusive cap (diaphragm or cervical/vault caps) with spermicidal
foam/gelffilm/cream/suppository from Day 1 of the double-blind induction phase
{prior to randomization) through 3 months after the iast dose of infranasal study
medication. Alternatively, female pariners of childbearing potential could practice
a highly seffective method of birth control, e.¢., established use of oral, injected, or
implanted hormonal methods of contraception, placement of an intrauterine
device (IUD) or intrauterine system (1US); or male partner sterilization. If the
childbearing potential changed after start of the study, a female pariner of a male
study subject, began a highly effeclive method of birth control, as described
above.

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

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

the study.
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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.
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1. The subject’s depressive sympioms had previously demonstrated
nonresponse to: (@) Esketamine or ketamine in the current major depressive
episode per clinical judgment, or (b) All of the oral antidepressant treatment
options available in the respective country for the double-blind induction phase
{i.e., duloxetine, escitalopram, sertraline, and venlafaxine XR) in the current
major depressive episode (based on MGH-ATRQ), or (¢) An adequate course of
treatment with electroconvulsive therapy (ECT) in the current major depressive
episode, defined as al least 7 freatments with unilateral ECT.

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

3. Subject had a current or prior DSM-5 diagnosis of a psychotic disorder or
MDD with psychosis, bipolar or reiated disorders {confirmed by the MINI),
comorbid obsessive compulsive disorder, intellectual disability (only DSM-5
diagnostic code 319), borderiine personality disorder, antisocial personality
disorder, histrionic personalily disorder, or narcissistic personality disorder.

4. Subject had homicidal ideation/intent, per the investigator's clinical
judgment, or had suicidal ideation with some intent to act within 6 months prior o
the start of the screening/prospective observational phase, per the investigator's
clinical judgment or based on the C-SSRE, corresponding to a response of “Yes”
on ltem 4 (active suicidal ideation with some intent {o act, without specific plan)
or ltem 5 {aclive suicidal ideation with specific plan and intent) for suicidal
ideation on the C-S5RS, or a history of suicidal behavior within the past year
prior {0 the start of the screening/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.

5. Subject had a history of moderate or severe substance or alcohol use
disorder gccording to DSM-5 criteria, except nicotine or caffeine, within 6 months

before the start of the screening/prospective observational phase. A history
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{lifetime) of ketamine, phencyclidine (PCP}, lysergic acid diethylamide (LSD), or
3, 4-methylenedioxy-methamphetamine (MDMA) hallucinogen-related use
disorder was exclusionary.

6. Subiect had a current or past history of seizures (uncomplicated childhood
febrile seizures with no sequelag are not exclusionary).

7. Subject had an UPSIT total score €18, indicative of anosmia, during the
screening/prospective cbservational phase.

8. Subiect had one of the following cardiovascular-related conditions: (a)
Cerebrovascular disease with a history of stroke or transient ischemic attack, (b)
Aneurysmal vascular disease (inciuding intracranial, thoracic, or abdominal aoria,
or peripheral arterial vessels), (¢} Coronary artery disease with myocardial
infarction, unstable angina, revascuiarization procedure (e.g., coronary
angioplasty or bypass graft surgery) within 12 months before the start of the
screeningfprospective observational phase, or planned revascularization
procedure, (d) Hemodynamically significant valvular heart disease such as mitral
regurgitation, aortic stenosis, or gortic regurgitation or (&) New York Heart
Association (NYHA) Class -1V heart failure of any etiology.

9. Subject had a history of uncontrolled hypertension despite diet, exercise,
or antihypertensive therapy at the start of the screening/prospective
observational 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 (BDBP) >80 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 DEP >80
mmHg was also exclusionary.

A potential subject may have had his/her current antihypertensive medication
regimen adjusted during the screening/prospective observational phase and then
re-avaluated 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.
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10.  Subject had a current or past history of significant pulmonary
insufficiency/condition or with an arterial biood oxygen saturation (Sp02) of <03%
at the start of the screening/prospective observational phase or Day 1 prior to
randomization.

11.  Subject had dlinically significant ECG abnormalities at the start of the
screening/orospective cbservational phase or on Day 1 of the double-blind
induction phase prior to randomization, defined as: (a)

Q7T interval corrected according to Fridericia's formuila (QTcF). 2450 msec, (b)
Evidence of 2nd and 3rd degree AV block, or 1st degree AV block with PR
interval >200 msec, left bundle branch block (LBEB), or right bundle branch block
{(RBBB), {c) Features of new ischemia, (d)

Arrhythmia (except premature atrial contractions [PACs] and premature
ventricular contractions [PVCs]).

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

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 aminotransferase (AST) values >2x
the upper limit of normat or total bilirubin >1.5 times the ULN in the
screening/prospective observational phase. For elevations in bilirubin 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.

14, Subject had positive test result(s) for drugs of abuse (including
barbiturates, methadone, opiates, cocaine, phencyclidine, and
amphetamine/methamphetamine) 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 amphetamines were
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permitied to continue in the screening/prospective observational phase if the
medication was discontinued at least 1 week or 5 half-lives, whichever was
ionger, before Day 1 of the double-blind induction phase (prior to randomization)
in accordance with restrictions as presented to the investigator and reproduced 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 resull(s), except for reasons stated above. Prior
ntermittent use of cannabinoids prior to the start of the screening/prospective
observational phase was not exclusionary as long as the subject did not meet the
criieria for substance use disorder. However, a positive test result for
cannabinoids pre-dose on Day 1 of the double-blind induction phase was
exclusionary.

15, Subject had uncontrolied diabetes mellitus or secondary diabetes, as
evidenced by HbA1C >0% in the screening/prospective observaiional phase or
history in the prior 3 months prior to the start of the screening/prospective
observational phase of diabetic ketoacidosis, hyperglycemic coma, or severe
hypoglycemia with loss of conscicusness.

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

17. Subject had any anatomical or medical condition that may impede delivery
or absorption of intranasal study drug (e.g., significant structural or functional
abnormaiities of the nose or upper airway,; obstructions or mucosal lesions of the
nostrils or nasal passages; undergone sinus surgery in the previous 2 years).

18.  Subject had an abnormal or unrepaired deviated nasal septum with any 1
or more of the following symptoms: (@) Blockage of 1 or both nostrils in the past
few months that can impact study participation, (b) nasal congestion {especially
1-sided), (¢) frequent nosebleeds, (d) frequent sinus infections, or (e) noisy

breathing during sleep.
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19.  Subject had a history of malignancy within & years before the start of the
screening/prospective cbservational 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 medical monitor, was considered cured with minimal risk of
recurrence).

20.  Subject had known allergies, hypersensitivity, intolerance, or
contraindications {o esketamine/ketamine and/or iis 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 & mg/day of lorazepam at the start of the screening/prospective
observational phase.

23, Subject had a score of =5 on the STOP-Bang gquestionnaire, in which case
obstructive sleep apnea needed {0 be ruled out {e.q., 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 treatmentftherapy that was
effactively treating his or her sleep apnea.

24, Subiect 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 [ast dose

of intranasal study drug.
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28, Subject had a diagnosis of acquired immunodeficiency syndrome (AIDS).
Human immunodeficiency virus (HIV) testing was not required for this study.
27, Subject had any condition or situation/circumstance 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.9., requiring general anesthesia) within 12
weeks before the start of the screening/prospective cbservational 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.
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.
investigators ensured that all study enroliment criteria 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.

Additionally, potential subjects had to be willing and able to adhere {o the

following prohibitions and restrictions during the course of the study to be eligible for

participation:
1. inclusion and Exclusion Criteria;
2. Fre-Study and Concomitant Therapy Restrictions, including list of

Prohibited Concomitant Medications for Intranasal Study Medication.

3. A positive urine drug screen for use of phencyclidine (PCF), 3, 4-
methylenedioxy-methamphetamine (MDMA), or cocaine from Day 1 of the
induction phase through the final visit in the double-blind induction phase will
lead to discontinuation.
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4. Subijects had to abstain from using alcohol within 24 hours before and
after each intranasal treatment session. If a subject appeared intoxicated, dosing
should not cceur.

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.

6. Subjects were not to ingest grapefruit juice, Seville oranges, or guinine for
24 hours before an intranasal dose of study medication was {0 be administered.
7. ECT, DBS, transcranial magnetic stimulation (TMS), and VNS were
prohibited from study entry through the end of the double-blind induction phase.
8. Subijects receiving psychotherapy were able to continue receiving
psychotherapy provided this therapy had been stable in terms of frequency for
the last & months prior 1o the screening/prospective observational phase and

remained unchanged until the end of the double-blind induction phase.

Treatment Allocation. Randomization and Blinding

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
randomization 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 (SNR! or SSRI) to be initiated
in the double-blind induction phase. The interactive web response system (IWRS) was
assigned a unigue treatment code, which dictated the treatment assignment and
matching study drug kits for the subject. After the investigator selecied the oral
antidepressant treatment for the double-blind induction phase, the site entered this
information into IWRS. The requestor used his or her own user identification and
personal identification number when contacting the IWRS, and was then given the

relevant subject details to uniquely identify the subject.
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The investigator was not provided with randomization codes. The codes were
maintained within the IWRS, which had the functionality to allow the investigator to
break the blind for an individual subject.

Data that could potentially unblind the treatment assignment (e.g., infranasal
study drug plasma concentrations, treatment aliocation) 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 unblinding.

Under normai 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 diclated by knowing
the ireatment status of the subject. In such cases, the investigator could in an
emergency determine the identity of the treatment by contacting the IWRS. lt was
recommended that the investigator contact the sponsor 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 perweek. In the event
the blind was broken, the sponsor was informed as soon as possible. The date and
time of the unblinding was documentead by the IWRSE, and reason for the unblinding
documented by the elactronic case report form (eCRF) and in the source document.
The documentation received from the IWRS indicating the code break was refained with
the subject's source documenis in a secure manner.

Subjects who had their treatment assignment unblinded were {o continue o
return for scheduled early withdrawal and foliow up visits.

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 transiation of randomization codes into
treatment and control groups were disclosed 1o those authorized and only for those
subjects included in the interim analysis.

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
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only to sponsor’s study staff. The investigators and the site personnel were blinded to
the treaiment assignment until all subjects had completed study participation through
the follow-up phase.

To maintain the blinding of intranasal study medication, the esketamine and

placebo intranasal devices were indistinguishable.

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

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 characieristics. The majority of subjects entering the study were female,

with a mean age of all subjects of 45.7 years, ranging from 19 to 64 years.

Table 1: Demographic and Baseline Characteristics of Study Subjects
Intranasal Esk + { Oral AD + Intranasal
Oral AD Placebo Total
(N=114) (N=109) {N=223)
Age (years)
N 114 109 223
Mean (8D) 44 .9 (12.58) 48.4 (11.14) 457 (11.89)
Median 45.0 47.0 47.0
Range {19; 64 (20; 84) {19; 64
| Age category {years), n (%)
N 114 109 223
18-44 54 (47 .4%) 40 (36.7%) 94 (42.2%)
45-64 60 (52.6%) 89 (63.3%) 129 (57.8%
Sex, n (%)
N 114 109 223
Male 30 (34.2%) 46 (42.2%) 85 {38.1%)
Female 75 (65.8%) 63 (57.83%) 138 (81.9%)
Race, n (%)
N 114 109 223
Asian 1(0.8%) 1 (0.9%) 2 {0.89%)
Black or African American 8 (5.3%) 5 {(4.8%) 11 (4.9%)
Vhite 108 (83.0%) 102 (83.6%) 208 (93.3%)
Multiple 1(0.9%) 1{0.9%) 2 {0.9%)
Ethnicity, n (%)
N 114 109 223
Hispanic or Latino 5 (4.4%) 7 {6.4%) 12 (5.4%)
Net Hispanic or Latino 108 (94 .7%) 899 (90.8%) 207 (82.8%)
Not Reported 0 1{0.8%) 1{0.4%)
Unknown 1(0.9%) 2(1.8%) 3 (1.3%)
Baseline weight (kg
N 114 109 223
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Table 1: Demographic and Baseline Characteristics of Study Subjects

intranasal Esk +

Orat AD + intranasal

Oral AD Placebo Total
(N=114) (N=109) {(N=223)
Mean (SD) 79.30 (20.140) 82.87 (19.488) 80.95 (19.842)
Median 73.10 84.80 78.70
Range (48.9; 162.8) (45.3; 147.0) (45.3; 162.8)
Baseline height (cmy
N 114 109 223
Mean (8D) 169.23 (10.179) 168.81 (8.953) 169.51 (10.051)
Median 168.15 167.00 168.00
Range (148.5; 183.0) (151.0; 184.0) {148.5; 184.0)
Baseline body mass index
(kg/m?)
N 114 109 223
Mean (8D) 27.5 (584 286 (8.24) 28.1 (8.05)
Median 269 28.2 27.3
Range (16, 56) {18; 83) (16; 56}
BMiI category (kg/m?), n (%)
N 114 109 223
Underweight<i18.5 1(0.9%) 2(1.8%) 3 (1.3%)

Normal 18.5-<25

41 (36.0%)

28 (25.7%)

69 (30.9%)

Overweight 25-<30

41 (36.0%)

36 (33.0%)

77 (34.5%)

Obese 30-<40

28 (24.6%)

39 (35 .8%)

87 (30.0%)

Merbidly obesa 240 3 (2.8%) 4 (3.7%) 7{3.1%)
Employment status, n (%) @
N 114 109 223

Any type of employment

68 (59.6%)

83 (57.8%)

131 (58.7%)

Any type of unemployment

34 (29 8%)

38 (32.1%)

89 (30.9%)

Cther

12 (10.5%)

11 (10.1%)

23 (10.3%)

Hyperiension status, n (%) °

N

114

109

223

Yes 18 (15.8%) 27 (24 .8%) 45 (20.2%)
No 98 (84.2%) 82 (75.2%) 178 (79.8%)
Country, n %)

N 114 109 223
Czech Republic 30 (26.3%) 28 (25.7%) 58 (26.0%)
Germany 10 (8.8%) 10 (8.2%) 20 (9.0%)
Poland 20 (17.5%) 18 (16.5%) 38 (17.0%)
Spain 8 (7.8%) 9 (8.3%) 18 (8.1%)

United Siates

45 (38.5%)

44 (40.4%)

89 (39.9%)

Region, n (%)

N

114

109

223

Europe

59 (60.5%)

85 (59.6%)

134 (60.1%)

North America

45 (38.5%)

44 (40.4%)

89 (39.9%)

Class of pral antidepressant, n

(%}
N 114 109 223
ENRI 77 (87.5%) 75 (65.8%) 152 (68.2%)
SSRI 37 (32.5%) 34 (31.2%) 71 (31.8%)

Oral antidepressant, n (%)

N

114

109

223

Duloxetine

80 (52.6%)

61 (56.0%)

121 (54.3%)

Escitalopram

21(18.4%)

17 (15.6%)

38 (17.0%)
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Table 1: Demographic and Baseline Characteristics of Study Subjects

intranasal Esk +

Orat AD + intranasal

Oral AD Placebo Total
{(N=114) (N=109) {(N=223)
Sertraline 16 (14.0%) 16 (14.7%) 32 (14.3%)
Venlafaxine extended release
KR) 17 {(14.8%) 15 (13.8%) 32 {14.3%)

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 Available.
b Hypeartension status is classified as Yes if hypertension is recorded in medical history.

Of the 227 randomized subjects, 197 completed the 28-day double-blind
induction phase. The most frequent reason for withdrawal was adverse event.

Subsequently 86 subjects entered the follow-up phase and 118 subjects continued into
the ESKETINTRD3003 clinical study. Table 2 below presents the numbers and reasons

for withdrawal from the study.

Tabie 2: Study Compiletion/Withdrawal Information; Double-blind induction Phase

infranasal Esk +

Cral AD + intranasal

Oral AD Placebo Total

(N=118) {(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 8 (7.8%) 1(0.9%) 10 (4.4%)
Lack of efficacy 2 (1.7%) 0 2 (0.9%)
Lost fo follow-up 1(0.9%) 1 (0.9%) 2 (0.9%)
Protocol violation 2 (1.7%) 2 (1.8%) 4(1.8%)
Withdrawal by subject 4 (3.4%) 7 (6.3%) 11 (4.8%)
Other 5] 1 (0.9%) 1(0.4%)

Baseline psychiatric history was as presented in table 3, below. The mean (SD)

baseline MADRS fotal score was 37.1, ranging from 21 to 52.

Table 3: Baseline Psychiatric History
intranasal Esk + | Oral AD + Infranasal
Oral AD Placebo Total
{(N=114) {(N=109) (N=223)
Age when diagnosed with MDD (ysars)
N 114 109 223
Mean (8D 32.1(12.53) 35.3{13.04) 33.7 (12.868)
Median 30.5 36.0 33.0
Range (8; 60) (5; 84) (5; 64)
Baseline MADRS total score
N 114 109 223
Meaan (8D) 37.0 (5.69) 37.3 (5.88) 37.1{687)
Median 37.0 37.0 370
Range (22; 48 (21, 52) {21, 52)
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Table 3: Baseline Psychiatric History

intfranasal Esk +

Oral AD + Intranasal

Oral AD Placebo Total
{(N=114) (N=109) (N=223)
Screening 1D5-C30 o] score
N 114 108 223
Mean (8D} 48.0 (6.26) 45.7 (5.89) 458 (6.07)
Median 46.0 48.0 46.0
Range {34; 80) (35; 83) (34;83)
Baseline CGI-8
N 114 109 223
Mean (8D 5.0 {0.83) 5.1{0.87) 5.1 (0.75)
Median 50 5.0 5.0
Range (0, 7 (4: 7 G, 7
Baseline CGI-S category, n (%)
N 114 109 223
MNormal, not at all ill 0 0 0
Borderline mentally ill 0 0 0
Mildly ill 0 0 0
Moderately il 21 (18.4%) 19 {(17.4%) 40 {17.89%)
Markedly ill B4 (56.1%) 63 (57.8%) 127 (57.0%)
Severely ill 27 (23.7%) 26 (23.9%) 53 (23.8%)
Among the most exiramely ill patients 1{0.8%) 1{0.9%) 2 {0.9%)
Not assessed 1{0.8%) g 1{0.4%)
Baseline PHQ-S fotal score
N 114 108 223
Mean (SD) 20.2(3.83) 204 (3.74) 20.3 (3.68)
Meadian 20.0 21.0 200
Range {5, 27) {10; 27) (5; 27}
Screening C-S8RE lifetime 3, n (%)
N 114 108 223

No event

65 (67.0%)

81 (56.0%)

126 (56.5%)

Suicidal ideation

40 (35.1%)

34 (31.2%)

74 (33.2%)

Suicidal behavior 8 (7.9%) 14 (12.8%) 23 (10.3%)
Screening C-S8RS past 6 or 12 months
4 n (%)

N 114 169 223

No event 77 (67.5%) 74 (67.9%) 151 (67.7%)

Suicidal ideation {past 6 months)

37 (32.5%)

54 (31.2%)

71(31.8%)

Suicidal behavior {past 12 months) 0 1{0.9%) 1{0.4%)
Duration of current episods (wks)
N 114 109 223
Mean (8D) 111.4 (124.28) 118.0 (187.37) 114.6 (157.96)
Median 83.5 52.0 60.0
Range (9; 849) (8; 1196) (8; 1196)
No. of previous antidepressant
medications ®, n (%)
N 114 109 223
1 9 (7.9%:) 18 (16.5%) 27 (12.1%)
2 69 (60.5%) 54 (49.5%) 123 (55.2%)
3 24 (21.1%) 22 (20.2%) 48 (20.6%)
4 7{6.1%) 13 (11.8%) 20 (8.0%)
5 3 (2.8%) 1{0.9%) 4 {1.8%)
8 1 (0.8%) 1{0.9%) 2 {6.9%)
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Table 3: Baseline Psychiatric History
intranasal Esk + | Oral AD + Intranasal
Oral AD Placebo Total
{(N=114) (N=109) (N=223)
9 1 {0.8%) 0 1 (0.4%)
Family history of depression, n (%)
N 114 169 223
Yes 51 (44.7%) 56 (51.4%) 107 (48.0%)
No 83 (55.3%) 53 (48.6%) 118 (62.0%)

Family history of anxiety disorder, n (%)

N 114 169 293
Yes 10 (8.8%) 16 (14.7%) 76 (11.7%
No 104 (91.2%) 93 (85.3%) 197 (85.3%)

Family history of bipolar disorder, n (%)

N 114 109 223

Yes 8 (7.0%) 11 (10.1%) 19 (8.5%)

MNo 106 (83.0%) 98 (89.9%) 204 (81.5%)
Family history of schizophrenia, n (%)

N 114 108 223

Yes 8 (5.3%) 4 {3.7%; 10 (4.5%)

No 108 (94.7%) 105 (96.3%) 213 (85.5%)

Family history of alcohol abuse, n (%)

N 114 109 223
Yes 18 (15.8%) 20 (18.3%) 38 (17.0%)
No 06 (84.2%) 89 (81.7%) 185 (83.0%)

Family history of substance abuse, n (%)

N 114 109 273
Yes 8 (7.0%) 4 (3.7%) 12 (5.4%)
No 106 (83.0%) 105 (86.3%) 291 (94.6%)

a C-88RS category: No eveni=0; Suicidal ideation = 1, 2, 3, 4, 5; Suicidal behavior=8,7, 8, 8, 10,
* Number of antidepressant medications with non-response {(defined as < 25% improvement) taken
for at least & weeks during the current episode as obigined from MGH-ATRQ.

DOSAGE AND ADMINISTRATION

Screening/Prospective Observational Phase

At the start of screening/prospective observational phase, subjects were taking

an oral antidepressant treatment with non-response at the start of the

screening/prospeciive 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 treaiment

adherence was assessed using the PAQ.

After compiletion of 4 weeks of prospective antidepressant treatment and

assessment of the antidepressant treatment response, the antidepressant medication

could be {apered and discontinued over a period of up to 3 weeks per the local
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prescribing information or clinical judgment (e.g., antidepressant treatments with short

half-lives, such as paroxetine and venlafaxine XR; or {olerability concerns).

Double-Blind induction Phase

o} During this phase, subjects self-administered double-blind intranasal treaiment

with esketamine (56 mg or 84 mq) or placebo twice per week for 4 weeks as a fiexible

dose regimen at the study site. In addition, subjects simultaneously initiated 3 new,

open-label oral antidepressant (i.e., duloxstine, escitalopram, sertraline, or veniafaxine

XR) on Day 1 that was continued for the duration of this phase.

10

Intranasal Study Drug

On all intranasal treatment sessions, a physician, nurse, or other appropriate

member of the sile staff with recent training (i.e., within 1 year) for cardiopulmonary

resuscitation (CPR) was present with the subject during the intranasal treatment

15 session and the posi-dose observation period. In addition, equipment for supportive

vertilation and resuscitation was present. Table 4, below describes how each

intranasal treatment session was o be administered in the double-blind induction

phase.

Table 4: Intranasal Treatment Administration during the Double-blind Induction Phase

Time of Intranasal Device Administration

eskeiamine to cach
nostril

io each nostril

intranasal Treatment 0 § minutes 18 minuies
intranasal Device® st 2 3
Placebo 1 spray of placebo to | 1 spray of placebo {o 1 spray of placebo to
each nostril each nostril each nostril
Esketamine 58 mg 1 spray of 1 spray of esketamine | 1 spray of placebo to

each nostril

Esketamine 84 my

1 spray of
esketamine to each
nostril

1 spray of esketamine
to each nostril

1 spray of esketamine
1o each nostril

2 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 deliverad 14 mg per spray, for a
tota of 28 mg per individual device (e, 2 sprays).

20 Prior to the first intranasal dose on Bay 1, subjects practiced spraying (into the

air, not intranasally) a demonstration intranasal device that was filled with placebo

solution.
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All subjects self-administered the intranasal study drug (esketamine or placebo)
at treatment sessions fwice 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.

On Day 1, subjects randomized to intranasal esketamine started with a dose of
56 mg. On Day 4, the dose was increased to 84 mg or remained at 56 mgq, 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 myg (if Day 4 dose was 84 mg), as determined by the investigator based on
efficacy and tolerability. On Day 11, the dose was increased o 84 mg (if Day 8 dose
was 56 mg), remained the same, or was reduced to 56 mg (if Day 8 dose was 84 mgq),
as determined by the investigator based on efficacy and tolerability. On Day 15, a dose
reduction from 84 mg {o 56 mg was permitted, if required for {olerability; no dose
increase was permitted on Day 15. After Day 15, the dose remained stable
(unchanged).

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.

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 o reduce congestion, it
could not be used within 1 hour prior to intranasal study drug dosing.

Cn all intranasal treatment sessions, subjects remained at the dlinical 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

Starting on Day 1, a new, open-label oral antidepressant 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, escitalopram, sertraline, or
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venlafaxine XR}). The antidepressant medication was assigned by the investigator
based on a review of the MGH-ATRQ and relevant information regarding 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 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 maximum

tolerated dose. The protocol-specified titration schedule was as presented in Table 5

below.

Table §: Global titration schedule {except for Japan, Taiwan, South Korea, and Malaysial:
Active Comparator Titration Schedule
Orat Week 1 Week 2 Week 3 Week 4
Antidepressant {Starting Day 1} | {Starting Day 8} | (Starting Day 18} | (Starting Day 22}
Duloxetine 60 mg 60 mg B0 my B0 mg
Escitalopram 10 mg 20 mg 20 mg 20 mg
Seriraline 50 myg 100 mg 150 mg 150 myg
Venlafaxine XR 75 mg 150 mg 225 mg 225 mg

If higher doses were not tolerated, a down-tifration was permitied 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 mg/day), and duloxetine (60 mg/day). While subjects
requiring lower doses could continue in the study and complete the double-blind
induction phase, such subjects were not eligible o participate in the maintenance of
effect study ESKETINTRD3003 and proceeded {o the follow-up phase after completion
of the double-blind induction phase.

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

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

Cn intranasal treatment sessions, it was recommended 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 anlidepressant
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medication frequency was greater than once daily {e.qg., twice a day), it was
recommended that the dose should not be taken until at teast 3 hours after the

infranasal treatment session.

Guidance on Blood Prassure Monitoring on Intranasal Dosing Davs:

Given the potential for treatment emergent transient elevation in systolic and
diastoiic blood pressure, the following guidance was followed on intranasal dosing days:

If subsequent to fulfilling the inclusion and exclusion criteria on Day 1, a subject's
pre-dose systolic blood pressure (8BP) was 2160 mmHg and/or diastolic blood
pressure (DBP) was 2100 mmHg, it was recommended to repeat the blood pressure
measurement after subject rested for 10 minutes in sitting or recumbent position. if
repeaied pre-dose SBP was 2160 mmiHg and/or DBPR is 2100 mmHg, then dosing was
postponed and the subject scheduled to return on the following day or within the given
visit window. If the blood pressure elevation persisted on the next visit, the subject was
scheduled for a consultation by cardiologist or primary care physician, prior {o further
dosing.

if at any post-dose time point on the dosing day, the SBP was 2180 mmHg but
<200 mmHg and/or the DBP was 2110 mmHg but <120 mmHg, further intranasal
dosing was interrupted and the subject was referred {o a cardiologist or primary care
physician for a follow-up assessment.

After the assessment by a cardiologist or primary care physician, and provided
the subject was given approval {o 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.

If at any post-dose time point on the dosing day the SBP was 2200 mmHg and/or
the DBP was 2120 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.

During the double-blind induction phase, at 1.5 hours post-dose, if the SBF was
2160 mmHg and/or the DBP was 2100 mmHg, assesaments should continue every 30
minutes until the blood pressure was <160 mmHg SBF and <100 mmHg DBF or until

the subject was referred for appropriate medical care, if clinically indicated.
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Follow-up Phase

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 infranasal
study medication was administered during this phase.

Al 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 antidepressant medication in this
phase was at the discretion of the investigator, however, in order {0 betler 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

The investigator or designated study-site personnel were reguired {0 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.

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

Antidepressant treatment adherence during the screening/prospective
observational phase was assessed using the PAQ. Missing 24 days of antidepressant
medication in the prior 2-week period was considered as inadequate adherence.

Antidepressant treatment compliance during the double-blind induction phase
was assessed by performing pill counts {i.e., compliance check) and drug

accouniability.
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All doses of infranasal study drug was self-administered by the subjects at the
investigative site under the direct supervision of the investigalor or designee, and will be

recorded.

Pre-Study and Concomitant Therapy

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

All antidepressant treatmeni(s), including adjunctive ireatment for MDD, taken
during the current depressive episcde (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, sertraline, and venlafaxine XR).

Concomitant therapies were recorded throughout the study, beginning with
signing of the informed consent and continuing up o the last follow-up visit. Information
on concomitant therapies were also obtained beyond this time only in conjunction with
new or worsening adverse events untit resolution of the event.

Subjects continued (o take their permitted concomitant medications (e.q.,
antihypertensive medications) at their regular schedule; however, subject {o restrictions
and Tabie 6, below were to taken into account. Of note, if oral antihypertensive
medications were taken in the moming, the morming dose was o be {aken on intranasal
dosing days.

Subjects receiving psychotherapy could continue receiving psychotherapy
provided this therapy had been stable in terms of frequency for the last & months prior
to the start of the screeningfprospective observational phase and remained unchanged
untii after completion of the double-blind induction phase.

All therapies {prescription or over-the-counter medications, including vaccines,
vitamins, herbal supplements; nonpharmacologic therapies, such as psychotherapy,
glectrical stimulation, acupunciure, special diets, and exercise regimens) different from

the study drug were recorded. Modification of an effective preexisting therapy should

-106-



WO 2021/048638 PCT/1IB2020/051882

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

Rescue medications were not supplied by the sponsor. In case of treaiment-
emergent adverse events that could not be resolved by stopping further administration
of intranasal esketamine/placebo, the following rescue medications could be
considered:

For agitation or anxiety: As required, midazolam (maximum dose 2.5 mg orally or
iM) or short acting benzodiazepine

For nausea: As required, ondansetron 8 mg sublingually, metoclopramide (10 mg
orally or IV or IM) or dimenhydrinate (25 to 50 mg, IV or IM)

it was recommended that transient increases in blood pressure not be trealed, as
the blood pressure retumns o pre-dose values typically in 2 hours. The effect of any

freatment may resuit in hypotension.

Prohibited Medications
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

Episodic
Use {as Continuous Reason for
Brug Class needed) Use Comments Prohibition
Amantadine N N PD interaction
Anorexianis N N Safety
| {eg, phentermine)
Anticholinesterase N N Subject
inhibitors population is
excluded
Anticonvulsants Y Y Subjects wilh ssizures 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 {eq, valproate
for migraine)
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Table 6: Prohibited Concomitant Medications with Intranasal Study Medication

Episodic
Use {as Continuous Reason for

Srug Class needed) Use Comments Prohibition

Antidepressants N N - Only 1 of the 4 predefined oral Safety and PD

{other than the antidepressant treatment interaction

specific options are permiited

anfidepressant - {f a subject is taking a

started in the moncaming oxidase inhibitor

induction phase of {MADH during the

the study) screening/prospective

observational phase, there must
be a minimum washout interval
of 2 weeks prior to the first dose
of intranasal study medication.

Antipsychatics N N PD interaction

Benzodiazepines Y Y Benzodiazepines are prohibited Safety and PD

and non- within 12 hours prior {o the stant of | interaction

benzodiazepine each infranasal treatment session

sleeping or cognition testing

medication

(including: Non-benzodiazepine sleeping

zolpidem, zaleplon, medications are prohibited within

eszopiclone, and 12 hours prior to the stari of

ramelteon) cognition testing but are permitied
the night before dosing if no
cognitive testing is scheduled.

Benztropine Y N Prohibited if use is continuous Safety and PD
and prohibited within 12 hours interaction.
prior to the siart of cognition
testing

Chioral 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 stercids are not
prohibited.

Cough/cold Y Y Intranasally-administered

preparations/nasal
solutions
containing
vasoconsirictors,
decongesianis

decongestanis {vasoconstrictors)
should not be used from 1 hour
prior 16 each intranasal study
medication administration.
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Table 6: Prohibited Concomitant Medications with Intranasal Study Medication

Episodic
Use {as Continuous Reason for

Srug Class needed) Use Comments Prohibition
CYP3A4 inhibitors N N Subijects may not take a known PK
- Potent poient inhibitor of hepatic CYP3A

activity within 1 week or within a

period less than & times the

drug’s half-life, whicheveris

fonger, before the first

administration of study medication

until at least 24 hours afier the

fast intranasal dose of study

medication

Examples {not all-inclusive):

indinavir, nelfinavir, ritonavir,

clarithromycin, itraconazole,

ketoconazole, nefazodone,

saguinavir, 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,

glucocoriicoids, modafinil,

oxcarbazepine, phenobarbital,

phenytoin, rifabutin, rifampin, and

&t John's wort
Dextromethorphan N N PD interaction
Diphenhydramine Y N Prohibited within 12 hours priorfo | Safety

the start of each intranasal

treatment session
Ketanserin N N Safely
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
{eq, safely
amphetamines)
Reserpine N N D interaction
Scopolaming N N D interaction
St John's Worl M M PD interaction

and PK
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Table 6: Prohibited Concomitant Medications with Intranasal Study Medication

Episodic
Use {as Continuous Reason for
Srug Class needed) Use Comments Prohibition
Thyroid hormone N Y Subjects needing supplements Safety
suppiement for must be on a stable thyroid
tragtment of thyroid supplemeni dose for at least 8
condition only (not weeks prior to the first intranasal
for depression) freatment session
Thyroxine/ N N PD interaction
triiodothyronine
{T3), thyroid
hormone
prescribed for
depression
Warfarin N N Primary
condition
where used i3
excluded

Abbreviations: N, Prohibited; PD, pharmacodynamics; PK, pharmacokinetics; Y, Permitied, with
restrictions {please refer 1o the column iabeled *Comments” for additional guidance).

The number of doses of intranasal study medication is summarized in Table 7,

below.
Table 7: Number of Days Dosed with Intranasal Study Medication; Double-blind
Induction Phase {Study ESKETINTRD3802: Safety Analysis Set}
Number of days intranasal Esk + Qral AD Oral AD + Intranasal Placebo
dosed {N=115) {N=109)
1 8 (5.2%) 1 {0.8%)
2 0 2 (1.83%)
3 2 {1.7%) 1 (0.8%)
4 2 (1.7%) 2{1.8%
5 2 {1.7%) 2 (1.8%)
] 0 2 (1.8%)
7 g {7.8%) 8 (8.5%)
8 94 (81.7%) 93 (85.3%)

A summary of mean, mode and final dose of infranasal study medication is

summarized in Table 8, below.

Tabie 8: Mean, Mode, and Final Daily Dose of Intranasal Study Medication; Double-
biind induction Phase (Study ESKETINTRDI002: Safety Analysis Sef}
Infranasal Esk + Oral AD
{(N=115)
Mean daily dose (mg)
N 115
Mean (SD) 70.7 {10.84)
Median 77.0
Range {58; 81)
Mode daily dose (mg)
N 108
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Mean (SD) 74.5(13.32)

Median 84.0

Range {56, 84)

Final daily dose {(mg)

N 115

Mean (8D} 73.7 {1351

Median 84.0

Range {58; 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.

Cn 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

gsketamine, 11 (8.6%) of subjects decreased their dose 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-biind
Induction Phase {Study ESKETINTRDI002: Safety Analysis Set}

Sercionin and Noreginephrine Reuplake Inhibitors {SNRH

Duloxetine Venlafaxing XR Total
Intranasal esk + oral AD {N=80) {(N=17) {(N=77)
Total duration, days
Category, n {%)
<7 1{1.7%) 0 1{1.3%)
§-14 2 {3.3%} 1 {5.9%) 3 {3.9%)
15 - 21 1 {1.7%) 0 1{1.3%)
22 - 28 37 (61.7%) 7 (41.2%) 44 (57 .1%)
>28 19 (31.7%) 9 (52.8%) 28 (36.4%)
Mean (8D) 26.8 (4.81) 27.8(4.73) 27.0 (4.85)
Median 28.0 29.0 28.0
Range (1, 30) (10; 32y (1:32)
Orat AD + intranasal
placebo {N=81} {N=15) (N=76)
Total duration, days
Category, n (%)
<7 2 {3.3%) { 2 (2.6%)
§-14 4, 0 0
15 - 21 1{1.8%) 0 1{1.3%)
22-28 30 (48.2%) 8 (63.3%) 38 (50.0%)
>28 28 {45.9%) 7 (46.7%) 35 (46.1%)
Mean (SD) 28.0 (5.99) 286 (1.12) 28.2 (5.38)
Median 28.0 28.0 28.0
Range {4; 48) (27,31 (4; 48)
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Selective Serotonin Reuptake inhibitors (S8R
Escitalopram Sertraline Total
intranasal esk + oral AD (N=21) (N=18) {N=37)
Total duration, days
Category, n (%)
57 1 {4.8%) 2 (12.5%) 3 (8.1%)
8-14 0 1{8.3% 1(2.7%)
16 - 21 0 1{8.3% 1{2.7%)
22-28 12 (87.1%) 3 {18.8%) 15 (40.5%)
>28 8 {38.1%:) 9 (56.3%) 17 (45.8%)
Mean (SD) 28.8 (4.74) 23.8 (8.50) 25.5 (7.24;
Median 28.0 29.0 280
Range (7,29 {1, 30) {1; 30
Oral AD + intranasal
placebo {N=17} {N=16) (N=33)
Tolal 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%) & (50.0%) 18 (54.5%)
>28 8 (35.3%) 7 (43.8%) 13 (39.4%)
Mean (SD) 27.8(4.27) 27.3(4.89) 27.5(4.56)
Median 28.0 28.0 28.0
Range {14: 37) (8; 3D (9:37)

Percentages are calculated with the number of subjects in each treatment group as the

denominator. The duralion of exposure is defined as the duration between the dale of the first
antidepressant exposure and the date of the Iast antidepressant exposure. i includes days on
which subjects did not actually take medication.

STUDY EVALUATIONS

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, medical resource utilization, health economic, and safety

measurements 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 14 | 1.2 ] 432 | 242 {2223 |24125 126 /272829 210/ EW?®
Week! End of
Week Week 1] 2 |Week 4 1 2 3 4 —
1
(base-
Study day — — — ling) 2 4 & | 11 115 118122 125 | 28 | EW
Clinic visit window {in

days} — 12 12 — — { %1 AEEIANE I RE YT —
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Table 10: Time and Evenis Schedule
{SCREENING/PROSPECTIVE OBSERVATIONAL PHASE AND DOUBLE-BLIND INDUCTION PHASE)

Remote MADRS
interview window (in
days) — -2 -2 A e e R A e R A e A e

Clinic visit {(C) or
remote MADRS interview
only (R} C C C C RM | C C C cCiCcicC C C

Screening/Administrative

informed consent (ICF) X

Medical history,
psychiatric history,
demeographics,
employment siatus

>

MINI

MGH-ATRQ

Site Independent
Qualification
Assessment

KPR

Height

inclusion/exclusion
criteria

Pre-study therapy

Preplanned
surgery/procedures

KXy X i

STOP-Bang
qguestionnaire (including X
assessment of BMI
and neck circumference)

MGH-Female RLHQ:
Module |

IDS-Cag X

Study Drug

Randomization X

Dispensing of new oral
antidepressant
{duloxetine, A
escitalopram, seriraline,
or venlafaxine XR)

Practice session for use
of intranasal device

intranasal esketamine or
placebo

Drug accountability
{intranasal study X X X X X | X i X X
medication)

Drug accountability (oral
antidepressant study A X
medication}

Oral an_t;depressant X X X X
compliance check

Safety Assessments {Clinician)

Physical examination X X X

MNasal examination © X A X
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Table 10: Time and Evenis Schedule
{SCREENING/PROSPECTIVE OBSERVATIONAL PHASE AND DOUBLE-BLIND INDUCTION PHASE)

Vital signs: blood

pressure, pulse,
respiraiory rate,
tfemperature ©

X X X AT XX X XX

Vital signs (postdose):
blood pressure, pulse, A A X A X | X i X X
respiratory rate ©

Weight X

x|

12-lead ECGT X

C-88RS:
Baseline/Scresning X
Varsion

C-38RE: Since last visit
Version

=
>

MOAA/S and pulse
oximelry ¢

BPRS+ N

CADSGH

MIMIX] X | X
MIMIX] X | X
XUxxat > X
MIMIX] X | X
RKixgx| X | X
Xdp>al > | X
M) > | X

CGADRI

Kimimin| w

PWC-20

Safety Assessments {Subject-completed)
MNasal symptom

y ok X X X )4 X
guestionnaire

BPIC-88¢ X X X

Assessment of Sense of Smell

UPSIT © A X X

Smell Threshold Test® X X

Efficacy Assessmentis {Clinician}

MADRS (7-day recall;
performed by
independent, remote
raters)

X A X X4 X X X X

MADRS (24-hr recall;
performed by
independent, remote
raters)

CGl-& ¢

s

X X A L X i X X

>

Subject-completed Assessments

PAQ X X

PHQ-8 ¢

8RS ¢

GAD-7 ¢

HKEREXEXX
MM
P DU

EQ-5D-5L °

Cognition Testing

Practice sessions A

Computerized test
battery and HVLT-R X X

Clinical Laboratory Assessments

TSH, HbAc X

Lipid panel (fasting) X

Hematology, chemistry i X X X

Urine drug soreen © X X X X
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Table 10: Time and Evenis Schedule
{SCREENING/PROSPECTIVE OBSERVATIONAL PHASE AND DOUBLE-BLIND INDUCTION PHASE)

Alcohol breath test X X
Urinalysis ¢ X X X X
Serum pregnancy test X
Urine pregnancy test © X X X
Pharmacokinetics
Blood collection ! | | | I | X ] | | 1 x| I |
Biomarker, Pharmacogenomic {DNA}, and Expression {RNA} Evaluations
Blood samp‘Ee gpiiec’ta@n X X X X
{protein) & ™
Blood sample collection X X
{(DNay em
Blood sample collection
(RNA) ©m X X X X
Ongoing Subject Review
Concomitant therapy Ongoing
Adverse events Ongoing
Other
Menstrual cycle tracking
(stfart date. of Eas;:t X % X
menstrual period prior to
study visit)
Additional supply of oral X
antidepressant
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Table 10: Time and Evenis Schedule
{SCREENING/PROSPECTIVE OBSERVATIONAL PHASE AND DOUBLE-BLIND INDUCTION PHASE)

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

2 An additional, optional period of up 10 3 weeks was permitied to taper and discontinue current anfidepressant
medication{s) afier 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 proceed o the double~
plind induction phase will have Visit 1.3 and Visit 2.1 ocourring 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. if the early withdrawal visit was conducted on the same day as a
scheduled visit, duplicale assessments were not required.

¢Pre-dose {iffiwhen performed on intranasal dosing days). With the exception of post-dose assessments, subject-
reported cuicome assessments were administered before all other siudy-related procedures during a clinic visit.

4 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
Weekd of the screening/prospective observational phase.

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

Tweive-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 Visils 2.3 10 2.9, but no pre-dose ECGs were required at Visils 231028, A
time window of +15 minutes was permitied.

¢ The MOAA/S was not performed at Visit 1.1 (pulse oximelry only). The MOAA/S was performed every 15 minules
from pre-dose fo t=+1.5 hours post-dose. Pulse oximetry was performed every 15 minutes from pre-dose o t=1.5
hours post-dose.

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

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

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

KNasal symptom questionnaire was performed pre-dose and at 1 hour post-dose.

'PK blood collection was performead at t=40 minutes and t=2 hours posi-dose {where time=0 was defined as the
fime of the first intranasal spray).

mBlood samples were collected prior to dosing. 1t was preferred that subjects adhere to a low fat diet on the day of
sampls collection.

Table 11: Time and Events Schedule (FOLLOW-UP PHASE}

Follow-up Phase
Visit number 3113213313435 |36 3.7 3839318341 | 3.12 | 313
Weeks after last 1 2 4 5] 8 10 | 12 1 14 | 16 18 20 22 24
intranasal dose
Visit window for #3103 1 &3 23 | 23 | 23 | 23 | &3 | £3 +3 3 +3 3
clinic visit or
remicie
assessments
only {days}
Clinicvisit {Cjor | RA | C RATRA | RAIRA| C RA | RA | RA RA RA C
ramote
assessmenis
only {(RA)

QOral antidepressant compliance @

Oral A
antidepressant
comphiance check
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Table 11: Time and Evenis Schedule (FOLLOW-UP PHASE}

Visit number

Fo

How-up Phase

3.1

33 1341358 |38

37 138138

3.10

3.1

3.2

3.13

Weeks after last
intranasal dose

10

12 1 14 | 16

18

20

22

24

Visit window for
clinic visit or
ramote
assassmeanis
only {days}

+3

33 | £3 | 43

13

3

Clinic visit (C} or
remote
assessments
only {(RA)

RA

RA

RA

RA

RA

Safety Assessments {Clin

ician-completed)

Physical
examination

X

Nasal examination

X

Vital signs: Blood
pressure, pulse,
respiratory rate,

temperaiure

>

12-lead ECG

C-SSRS: Since
last visit version

PWOC-20

P

Safety Assessments {Subject-completed)

BPIC-S&

X

Efficacy Assessments (Clinician-completed

MADRS
{performed by
independent,
remote raters)

CGl-8

X

P

icacy Assessments {Su

biect-complsted)

PHQ-8

X

sDS

X

GAD-7

X

i}
><><><><m><
2K XX

>
KX X

KX X

EQ-5D-5L

X

2R

Cognition tes

Computerized iest
battery and HVLT-~
R

P

Medical Resource Utilization

HRUQ*®

I X I X [ x i X

| X | X | X |

X

Clinical Laboratory Assessments

Hematology,
chemisiry

Urinalysis

Serum pregnancy
{est

X
X
X
X

Biomarker and Expression (RNA) Evaluations
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Table 11: Time and Evenis Schedule (FOLLOW-UP PHASE}

Folfiow-up Phase

Visit numbey 341321383134 385 |38 |37 138138131406 13141 131421343

Weeks after last 1 2 4 §] 8 10 1 12 | 14 | 18 18 20 22 24
intranasal dose

Visit window for #3123 1 &3 1 £3 | 23 | 23 | 23 | £3 | 23 +3 3 +3 3
clinic visit or
ramote
assassmeanis
only {days}

Clinic visit {Cjor | RA | C RAJRA | RA|IRA)| C RA | RA | RA RA RA C
remote
assessments
only {RA)

Blood sampie X
collection (proein)
d

Blood sample X
collection (RNA) ¢

Ongoing Subject

Review
Concomilant Ongoing

therapy
Adverse events Ongoing

No intranasal study medication was adminisiered during the follow-up phase.

2 i order to betier 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.

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

¢ Performed by telephone by qualified site staff,

d it was preferred that subjects adhere to a low fat dist the day of sample collection.

With the exceptlion of post-dose assessments, visit-specific subject-reported
outcomes assessments were conducted or completed before any tests, procedures, or
other consuitations for that clinic visit to prevent influencing subject perceptions. A
recommended order of study procedures was provided. Actual dates and times of
assessments were recorded in the source documentation and eCRF.

The approximate total blood volume to be collected from each subject was 123.5
mb {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 requiation, to establish the absence of pregnancy at any time during the subject's
participation in the study.

Tabie 12: Volume of Blood 1o Be Collected From Each Subject

Type of Sample

Volume per
Sample (ML)

No. of Samples
per Subject

Total Volume of
Biood {ml)?
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Screening/Prospective Observational Phase
Serum chemistry © 5 1 5
TSH 3.5 1 3.5
Hemalology © 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
Hermatology 2 2 4
Pharmacokinetics 2 4 3
Biomarker: protein (at Visits 13 2 26
2.tand 26} ¢
Biomarker: protein (at Visit 2.4) 10 1 10
Biomarker: DNA 8.5 1 8.5
Biomarker: RNA 25 3 7.5
Follow-up Phase
Serum chemistry 2.5 1 2.5
Hemalology 2 1 2
Biomarker: protein ¢ 13 1 13
Biomarker: RNA 2.5 1 2.5
Approximate volume of blood collected during the study: 123.5 mi.
2 Calculated as number of samples multiplied by amount of biood per sample.
ESerum chemistry includes serum B-hCG pregnancy lests (for women of childbearing potential)
and lipid panel.
¢As needed, HbATc will be measured from the sample collected for hematology.
dBlood volume listed under protein biomarkers reprasents the combined volume of several
different collection tubes.
An indwelling IV cannula may be used for blood sample collection.
Repeat or unschaduled samples may be laken for safety reasons or technical issues with the
samples.

Screening/Prospective Observational Phase

Prior to conducting any study procedure, the investigator (or designated study

personnel) reviewed and explained the written ICF 1o 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) {o 84 years of age (inclusive) were screened o

determine eligibility for study participation.

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

psycholic features, based upon clinical assessment and confirmed by the MINL In

addition, at the stari of the screening/prospective observational phase, the subject must

have had an IDS-Cao total score =34,
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At the start of this phase, subjects must been nonresponse to >2 but <5 oral
antidepressant treatments in the current episode of depresasion, assessed using the
MGH-ATRQ and confirmed by documented medical history and pharmacy/prescription
records. The subject was taking an cral antidepraessant {reaiment with nonresponse at
entry and continuad this treatment at the same dosage for the duration of this phase {o
confirm nonresponse prospectively. Antidepressant treatment adherence was assessed
using the PAQ. Missing 24 days of antidepressant medication in the prior 2-week
pericd was considered as inadequate adherence.

The subject’s current major depressive episode and antidepressant ireatment
response to antidepressant therapies used during the current depressive episode were
confirmed using the Site Independent Qualification Assessment.

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 prohibited psychotropic
medications, including adjunctive atypical antipsychotics. Benzodiazepines or
nonbenzodiazepine sleep medications were aliowed o continue but had specific
restrictions regarding the adminisiration time relative {0 the intranasal treatment
SE58i0Ns.

All other subjects who did not proceed io the double-blind induction phase ended

study participation at this time. No further study visits or foliow-up were required.

Optional Antidepressant Taper Period

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
discontinuing 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.

The taper period did not start until after the completion of 4 weeks of prospective

antidepressant treatment and assessment of the antidepressant treatment response.
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Double-Blind induction Phase

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

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 swilched to a new, open-label oral antidepressant treatment.
The oral antidepressant was 1 of 4 oral antidepressant medications (duloxetine,
escitalopram, sertralineg, or venlafaxine XR). The antidepressant medication was
assigned by the investigator (based on review of the MGH-ATRQ and relevant prior
antidepressant freatment 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 o the maximally tolerated dose. The titration
schedule for the selected oral antidepressant was as presented in Table 5, above.

For information obtained via telephone contact, written documentation of the
communication was made available for review in the source documents. During
telephone contact visits with the subject by site personnel, adverse event and
concomitant therapy information were obtained. In addition, specified clinician-
administered assessmenis were performed by appropriately qualified staff.

At the end of the double-blind induction phase, subjecis who were responders
(defined as 250% reduction in the MADRS total score from baseline [Day 1 pre-
randomization] o 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 {0 the aclive
comparator {i.e., oral antidepressant plus intranasal placebo), were eligible to enter
Study ESKETINTRD3003. Participation in ESKETINTRD3003 began immediately after
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the completion of the double-blind induction phase. Subjects received oral
antidepressant medication and were instructed {o continue taking their oral
antidepressant medication through their next study visit (i.e., first study visit of the
stabilization phase in Study ESKETINTRD3003).

Those subjects who did not enter Study ESKETINTRD3003 proceeded into the

follow-up phase.

Early Withdrawal

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 visil, the early
withdrawal visit was performed on the same day and duplicate assessments were not
required.

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

if applicable, subjects who withdrew early received additional oral antidepressant
medication and it was recommended 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 Phassa

All subjects who received at least 1 dose of intranasal study medication in the
double-blind induction phase and were not participating in the subsequent
ESKETINTRD3003 study proceeded into the 24-week follow-up phase. Clinic visits and
remote assessment visits were performed as specified in the Time and Events
Schedute. During this phase, safety and tolerability, including potential withdrawal

symptoms, following discontinuation of iniranasal esketamine were assessed. In
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addition, data was collecied to assess the course of the subject's current major
depressive episode over g 8-month period.

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
medication was administered during this phase. in order {o better gssess 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 appropriate. The decision to continue the
antidepressant was at the discretion of the investigator.

If information was obtained via telephone contact, written documentation of the
communication was 1o be available for review in the source documents.

Any clinically significant abnormalities persisting at the end of the study were
followed by the investigator until resolution or untilt a clinically stable endpoint was
reached. All adverse events and special reporting situations, whether serious or non-

serious, were reporied until completion of the subject's last study-related procedure.

EFFICACY EVALUATIONS
it was recommended that the various subject-reported outcome assessmenis be

completed prior to other procedures.

Primary Efficacy Evaluation

The primary efficacy evaluation was the MADRS total score. The MADRS was
performed by independent remote raters during the study. The 10-item clinician-
administered, clinician-rated scale MADRS was designed to be used in subjects with
MDD {o 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 {o reguiatory health authorilies as a primary scale to determine efficacy
in major depression.

The MADRS scale consists of 10 items, each of which is scored from O {item not

present or normal) {o 8 (severe or continuous presence of the symptoms), for a total
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possible score of 60. Higher scores represent a more severe condition. The MADRS
evaluates apparent sadness, reporied sadness, inner tension, sleep, appetite,
concentration, lassitude, interest level, pessimistic thoughts, and suicidal thoughts. The
test exhibits high inter-rater reliability.

The primary efficacy endpoint was a change in the MADRS {otal score from
baseline (Day 1 prior to randomization) to the end of the 4-week double-blind induction
phase.

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 250% reduction in the MADRS total score from baseline (Day 1
pre-randomization) to the end of the 4-week double-blind induction phase.

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,
antidepressant 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 {aking the first dose of double-blind
intranasal medication) that continued through the end of the double-blind phase.

MADRS was also used o evaluate a secondary objective assessing proportion of
subjects with response and those in remission (defined as subjects with a MADRS iotal

score <12) at the end of the 4-week double-biind induction phase.

Kevy Secondary Efficacy Evaluation {(Clinician-completed)

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

The MADRS with a 24-hour recall period was used on Day 2. The feasibility of
this shortened recall pericd has been confirmed with patients, and physicians, and there
are data supporting the psychometric properties of this shortened 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).
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Key Secondary Efficacy Evaluation (Patient-reported Outcome)

The Patient Health Questionnaire (PHQ-8) is a 9-ifem, subject-reported oufcome
measure that was used to assess depressive sympioms. The scale scores each of the
g 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 symptoms. The
recall period was 2 weeks.

The Sheehan Disability Scale (5DS) was used to assess the secondary objective
of functional impact and associated disability. The SDS is a subject-reported cutcome
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/schodl, (2) social life, and (3) family lifefhome
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 indicaled 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.

The Clinical Global Impression — Severity (CGI-5) provides an overall clinician-
determined summary measure of the severity of the subject’s iliness that {akes into
account all available information, including knowledge of the subject’s history,
psychosocial circumstances, sympioms, behavior, and the impact of the sympioms on
the subject’s ability to function. The CGI-5 evaluates the severity of psychopathology
on a scale of O to 7. Considering total dlinical experience, a subject was assessed on
severity of mental iliness at the time of rating according to: O=not assessed, 1=normal
(not at all ill); 2=borderline mentaily il 3=mildly ill; 4=moderately ill. 5=markedly iil;
B=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.

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
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brief and validated measure of overall anxiety. E£ach item was rated on a 4-point scale
(C=not at all; 1=several days; Z=more than half the days; and 3=nearly every day). liem
responses were summed o yield a total score with range of 0 to 21, where higher
scores indicated more anxiely. The recall period was 2 weeks,

The Euro-Qol-5 Dimention-5 Level (EQ-5D-5L) is a standardized instrument for
use as g measure of health outcome, primarily designed for self-completion by
respondents. 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 inio 5 levels of perceived problems {Level 1
indicating no problem, Level 2 indicatling slight problems, Level 3 indicaling moderate
problems, Level 4 indicating severe problems, and Level 5 indicating extreme
problems).

The subject selecied an answer for each of the 5 dimensions considering the
response that best maiches his or her health “today.” The descriptive system was used
to represent a healith 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

The primary efficacy endpoint was the change in the MADRS total score as
measured by the change from baseline (Day 1 prior to randomization) {o the end of the

4-week double-blind induction phase.

Primary Endpoint Results:

A serial gatekeeping (fixed sequence) approach was appiied to adjust for
multiplicity and {o strongly control type | 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
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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 selecled
secondary endpoints were assessed in the following order: onset of clinical response,
change in SDS total score, change in PHQ-9 total score.

The primary efficacy endpoint was the change in MADRS total score from
baseline to Day 28. MADRS fotal scores range from O 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 intranasal 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 esketamine + oral AD over oral AD + intranasal
placebo. (Figure 2 presents the least-square mean changes (x SE) from baseline for
the MADRS total score over time in the double-blind phase based on the MMRM
analysis.) The mean change from bhaseline (8D) at Day 28 was -21.4 (12.32) for
esketamine + oral AD and -17.0 (13.88) for the active comparator. Based on an MMRM
model with treatment, day, couniry, 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 treatment groups was stalistically significant (one-sided p=0.010). The MMRM
analysis was considered the primary analysis for all dossiers except the EU.

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 consistent with the MMRM
analysis {least-square mean difference (SE) between esketamine + oral AD and aclive
comparator 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
ESKETINTRD3I002: Full Analysis Set}

Oral AD + Infranasal
intranasal £sk + Oral AD Placebo
(N=114) (N=109)
Baseline
N 114 109
Mean (8D 37.0 (5.69) 37.3 (5.68)
Median (Range) 37.0(22; 48) 37.0(21,52)
Day 28
N 101 100
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Mean (SD) 15.5 (1067 206 (12.70)

Median (Range) 12.0 {1;48) 18.0 (0; 49
Change from baseline {o 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 2

Diff. of LS means (8E)

(Esk+AD minus AD+Placebo) -4.0 (1.69)
45% confidence interval on diff. -7.31; -0.64
1-sided p-value G.010

a 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 (infranasal esk + oral
AD, oral AD + intranasal placebo), day, country, class of oral antidepressant (SNRI or S8R}, and
treatment-by-day, and baseline value as a covariate. A negative difference favors esketamine.
MADRS Total score ranges from § {0 80; a higher score indicates a more severe condition.

 Negative change in score indicates improvement.

Secondary Endpoints

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-S total score.

The second key secondary endpoint was the proportion 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 250%
reduction in the MADRS fotal 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.

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.

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 induction phase, and (¢} Change from baseline (Day 1 prior to

randomization) to the end of the 4-week double-blind induction phase in: Severity of
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depressive iliness, using the CGI-S, Anxiety symptoms, as measured by the GAD-7,

Health-related quality of life and heaith status, as assessed by the EQ-5D-51.

Secondary Endpoint Resuits

Onset of Clinical Response

A subject was defined as having a clinical response if there was at least 50%
improvement from baseline in the MADRS {otal score with onset by Day 2 that was
maintained {o Day 28 al 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 and were assigned
the value of no, meaning they did not meet the criteria for Onset of Clinical Response.

As shown in Table 14 below, 7.9% of subjecis in the esketamine + oral AD group
achieved clinical response compared {0 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-8 total score could not be formally

evaluated.
Table 14: Onset of Clinical Response Based on Montgomery-Asberg Depression Rating Scale
{MADRS} Total Score CMH Analysis; Double-blind induction Phase {Study ESKETINTRD30082:
Full Analysis Set)
Oral AD + Intranasal
infranasal Esk + Oral AD Placebo
(N=114) {(N=109)
Onset of clinical response, n {%} ¢
N 114 109
Yes g {(7.9%) 5 {(4.8%)
No 105 (82.1%) 104 (85.4%)
Generalized Cochran-Mantel-Haenszel
tast ®
1-sided p-value {esk+AD vs.
AD+placebo) © 0.161
Qdds ratio (85% Ci) ¢ 1.78 (D.57 587
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Table 14: Onset of Clinical Response Based on Montgomery-Asbherg Depression Rating Scale
{MADRS) Total Score CMH Analysis; Double-blind Induction Phase (Study ESKETINTRD3042:
Full Analysis Set)

Oral AD + Intranasal

intranasal Esk + Oral AD Placebo
(N=114) {(N=109)

a0Onset of clinical response was defined as at least 50% improvement from baseline in MADRS {otal

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

assessmenis or discontinued early were not considered to have onset of clinical response.

b Generalized Cochran-Mantel-Haenszel (CMH) test for mean score difference between treatments

adjusting for couniry and class of oral antidepressant (SNRI or SSRI).

¢ The analysis was considered statlistically significant at the 1-sided 0.025 level only if the MADRS total

score analysis is also significant.

¢ 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.

Responsa and Remission Rates Basad on MADRES Total Score

Response (250% improvement from baseline in the MADRS total score) and
Remission (MADRS tfotal score is 12) rates were as presented in Table 15 and Figures
5 35

Tabie 15: Response and Remission Rates Based on Montgomery-Asberg Depression Rating
Scale (MADRS}; Double-blind Induction Phase (Study ESKETINTRD30802: Full Analysis Set)

Response Remission
infranasal Esk Oral AD + intranasal Esk Oral AD +intranasal
+Oral AD infranasal Placebo +Oral AD Placebo
Day 2 (24 hrs) 18/109 (16.5%) 11/102 {10.8%) 10/109 (8.2%) 6/102 {5.9%)
Day 8 15/109(13.8%) 13/105{12.4%) 8/108 (7.3%) 71105 (8.