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Off-Label Use of Drugs

* IV ketamine for:
¢ Treatment-resistant MDD

* Medications in clinical trials

Ketamine

Arketamine

M1821 TAK-653 PRAX-114

D-cycloserine (+ketamine+lurasidone) GIluRS5 antagonist 3B-Methoxypregnenolone
* Bipolar depression Basimglurant INJ-61393215

L-4-Chlorokynurenine (AV-101) GluR2/3 antagonists INJ-42847922

Dextromethorphan + quinidine (AVP-786) LY341495 Aticaprant

/ bupropion (AXS-05) MGS0039 BTRX-335140

Dextromethadone Decoglurant INJ-39393406

NV-5138 Zuranolone Psilocybin
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Dendrites
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Shelton RC (in press)

The Depressed Brain Loses Synapses

Normal Depressed

18 spines/synapses 8 spines/synapses

THE UNIVERSITY OF
“ALABAMA AT BIRMINGHAM Duman & Aghajanian, Science 2012; 338:68-72

GABA-r = Gamma aminobutyric acid receptor

Glutamate

AMPA-r = a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor
NMDA-r = N-methyl-D-aspartic acid receptor

mTORC1 = Mammalian (molecular, mechanistic) target of rapamycin complex 1
BDNF = Brain derived neurotrophic factor

TrkB = Tyrosine (tropomyosin) receptor kinase B
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Adapted from Shelton RC (in press)

o AMPA = a-amino-3-hydroxy-5-methyl-4-
S p ine & isoxazolepropionic acid

mTORC1 = mammalian (molecular,

Sy na p se mechanistic) target of rapamycin
N complex 1
Formation

GABA-r

Spines
Synaptic proteins

Adapted from Shelton RC (in press)
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Ketamine Rapidly Restores Spines and Synapses
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Change in Depression with Ketamine
Infusion in Patients with Treatment-Resistant Depression

*N=7, MDD *N=18, MDD (TRD) *Treatments:

*Trial design: double blind, crossover «2-week drug free period *Ketamine 0.5 mg./kg. IV
*Ketamine 0.5 mg./kg. vs. placebo *Trial design: DB, crossover  *Placebo (saline IV)

21-Item HDRS Score

Mean A HDRS

-60 40 80 110 230 Day1 Day2 Day3 |Day7
min  min  min |min - min

0 60 120 180 240 24 48 72
min  min  min _min hrs  hrs  hrs
N ___Time

Berman RM, et al. Biol Psychiatry 2000; 47: 351-354  Zarate, C. A. et al. Arch Gen Psychiatry 2006;63:856-864



Esketamine Nasal
NJEVAV N ERNEY,

ant_ 4 Esketamine 84 mg/Oral

Antidepressant in
Treatment-Resistant
Depression (Transform 1)

Fixed dose 56 or 84 mg.

LS Mean Change (£SE) in
MADRS Total Score

New ADM

Fedgchin M, et al. Int J Neuropsychopharmacology
2019, 22:616-630

Esketamine Nasal

Spray With a New
Antidepressant in
Treatment-Resistant
Depression (Transform 2
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Flexible dose 56/84 mg.
* 56 mg.: 33.3%
. 84mg.: 66.7%
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Baseline Day 2 Day 8 Day 15 Day 22 Day 28
(24hrs)

—a— Esketamine plus antidepressant|
- -®-- Antidepressant plus placebo
~-20

=25 *
Base- Day 2 Day 8 Day 15 Day 22 Day 28}

Popova V, et al. Am J Psychiatry 2019; 176:428—438

line (24 hrs)

Maintenance Esketamine Treatment (SUSTAIN I)

Esketamine
Responders

Relapse:

+« MADRS > 22, 2 consecutive weeks
 Hospitalization for worsening of depression
« Serious suicidal ideation or attempt

Esketamine nasal spray
and oral antidepressant

Patients Without Relapse, %

Hazard ratio (95% C1)=0.30 (0.16-0.55)

Oral antidepressant and
placebo nasal spray
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Daly EJ, et al. JAMA Psychiatry 2019;76:893-903.




Concerns with Long-Term Treatment

* Interstitial/ulcerative cystitis Working Memory (Cogstate)
* 5(0.6%) cases of cystitis
* 14 (1.7%) BPIC-SS > 18
« 7(0.9%) BPIC-SS > 30

* Olney’s lesions/cognitive effects
* Esketamine treated patients
showed improved and stable
cognition in all domains

« Reaction time, verbal learning/
memory, executive function

AININIAOCYdNI

0015 0.013 0017

Baseline IND  Week20 Week32 Week4d Endpoint

Wajs E. et al. J Clin Psychiatry 2020;81:19m12891

Ketamine/Esketamine Effects on Suicidal Ideation

Effects of Single-Dose i

Ketamine on Suicidal o
|deation — Patient-Level
Meta-analysis (10 Studies)

0
Baseline Dayl Day2 Day3

HAM-D Item 3

—8— Ketamine
- =8~ - Control

Wilkinson S, et al. Am J Psychiatry 2018; 175:150-158

0
Baseline Dayl Day2 Day3



Esketamine for Major Depression with
Suicidal Ideation

Intranasal Placebo
Plus Antidepressant
Change (n=32)

Major Depression at Continuation
Imminent Risk for Antidepressant
Suicide (N=68) (n=49)

Intranasal Esketamine
(84 mg.) Plus Antidepressant
Change (n=36)

Double-Blind Treatment (days 1-25) Follow-up (Days 26-81)

Canuso CM, et al. (Days 1, 4, 8,11, 15, 18, 22, 25)

Am J Psychiatry Emergenc | :
Y npatient q

. Four and 24 Hours After Initial Dose:
0

@~ Placebo group (N=31)

—h— Esketamine group (N=
s Esketamine group (N=35)

Esketamine for Major
Depression with
Suicidal Ideation

y
p=0015

1

Least-Square Mean Change in MADRS Score

Day1 Day2
(4 hours postdose) (~24 hours postdose)

Over Time During the Double-Blind Phase

®— Placebo group (N=31)
—A— Esketamine group (N=35)

B!
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Esketamine Intranasal for Major Depression
with Suicidal Ideation

100% B
3

90%

80%

70%

60% —M———

500 ———m—F—— -8-Placebo
40 ——mMm—m— Esketamine
30%

B0 ——

% —————  —9-9%

0%

x
@
L
9]
>
(7]
%
@
2
©
o]
©
S]
>
=
=
=
=
9]
e
3]
a

Baseline Day 1 Day 2 Day 25

“MADRS Item 10 score of 4-6 (4 hours postdose) (24 hours postdose)

LGB [ UNIvERSITY OF Canuso CM, et al. Am J Psychiatry 2018;175:620-630

ALARAMA AT RIRMINGHAM




Esketamine for Major Depression with

Suicidal Ideation

ASPIRE | ASPIRE Il

+ = == Placebo + Standard of Care
st Esketamine 84 mg* + Standard cf Care

o Placebo + Standard-of Care
A Esketamine 84 mg + Standard-ofCar 5

~-25

Fu DJ, et al. 2020; J Clin Psychiatry 81:19m1. lonescu DF, et al. Int J Neuropsychopharmacol 2021; 24:27-31

Esketamine: Indication Language

* Treatment-resistant depression (TRD) in adults

* Depressive symptoms in adults with major depressive disorder (MDD)
with acute suicidal ideation or behavior

Esketamine Side Effects

Placebo Esketamine Esketamine

56 mg. 84 mg.

n=113 n=115 n=116

19.5% 46.1% 46.6%

9.7% 33.0% 27.6%

10.6% 27.8% 31.9%

11.5% 25.2% 25.0%

1.8% 20.9% 20.7%

Paraesthesia 2.7% 16.5% 9.5%

Hypoaesthesia  1.8% 12.2% 14.7%
Blood pressure o, 9.6% 12.1%
1.8% 6.1% 12.1%
0.9% 1.7% 2.6%
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Dissociation

* “Floating”
* Feeling “disconnected”

* From body

* From body part(s)

* E.G., arms, legs

* From environment
* Vision “distorted”
* Altered colors or sounds
* Altered time perception
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Dissociative :
Side Effects
(Sustain 11)

LS Mean CADSS Total Score
s

Wajs E. et al. J Clin Psychiatry
2020;81:19m12891

INDUCTION MAINTENANCE

(twice weekly) o

WEEKS 1-4 WEEKS 5-8 WEEKS 9 AND AFTER’

Day 1 starting dose: 56 mg 56 mg or 84 mg once weekly 56 mg or 84 mg every

Subsequent doses: 56 mg or 84 mg 2 weeks or once weekly'




Medscape psychiatry v

FORYOU  NEWS&PERSPECTIVE ~ DRUGS & DISEASES ~ CME & EDUCATION ~ ACADEMY ~ CONSULT  VIDEO

COVID-19 Updates
News > Kaiser Health News

FDA Overlooked Red Flags in Drugmaker's
Testing of New Depression Medicine

Introducing Clinical Corre

Emmarie Huetteman
June 12, 2019
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Ketamine/Esketamine: Controversies

@v®

CrosMark

Esketamine for treatment-resistant depression:
seven concerns about efficacy and FDA approval

Published Online

With a novel mechanism of action compared with existing
marketed antidepressants, esketamine has been of keen
interest to mental health clinicians and researchers. On
March 5, 2019, the US Food and Drug Administration

(FDA) approved intranasal esketamine for treatment-
resistant depression.” To make a proper risk-benefit
analysis before prescribing, mental health clinicians should
look beyond the fact of approval and consider the data

October 31, 2019
https://doi.org/10.1016/
52215-0366(19)30394-3
See Comment page 975

Erick H Turner

Behavioral Health and Neurosciences Division, Portland Veterans
Affairs Medical Center, Portland, OR 97239, USA; Department of
Psychiatry, Oregon Health and Science University, Portland,

OR, USA

turnere@ohsu.edu

wwwthelancet.com/psychiatry Vol 6 December 2019

What Were the "Red Flags”?

* Esketamine failed to achieve “rapid response”
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Mean Change From Baseline in MADRS Score

0

What Were the “Red Flags”?

Esketamine Failed to Achieve a “Rapid Response”
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e 0 1 2 3 4 5 6
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Am J Psychiatry
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2016; 173

What Were the “Red Flags”?

Esketamine Failed to Achieve a

Popova V et al. Am J Psychiatry

LM R einaam 2019; 176:428-438
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“Rapid Response”

Thase ME, et al. Prim Care Comp
J Clin Psych. 2008;10:440-447

Brexpiprazole Study 227

-#-ADT + placebo (n=203)
ADT + Brex 1 mg (n=211)
4 ADT + Brex 3 mg (n=213)

/
/?/
/

Thase ME, et al, J Clin Psychiatry 2015; 76:1232-1240
Brexpiprazole Study 228

~8-ADT + placebo (1=178)
~8-ADT + Brex 2 mg (n=175)

0 1 2 3 4 5 6
Thase ME, et'&t J Clin Psychiatry 2015;76:1224-1231




What Were the "Red Flags”?

* Treatment resistant depression definition: any two antidepressants
 Versus antidepressants of two different classes

* Trials included in the approval by the FDA
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Esketamine Clinical Trial Outcomes

* Synapse 1 — positive (all doses)
* Transform 1 — negative (p=.088)
* Note: 56 mg. dose was positive
* Transform 2 — positive
* Sustain 1 — positive
* Randomized withdrawal study
* Transform 3 (geriatric) — negative
* MDDSI PERSEVERE — positive (4 hours, days 1, 2)
* MDDSI Aspire | — positive
* MDDSI Aspire Il — negative

LR I UNIVERSITY OF
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What Were the "Red Flags”?

No safety trials beyond 60 weeks
3 patient suicides in trials — all active (none placebo)
Possible withdrawal reactions

One of the..non-significant trials involved older patients...raising the question of
esketamine’s efficacy within this important demographic.

The mean drug-placebo difference in the single positive short-term trial was
[only] 4 points on the MADRS
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Score (mean and SD)

Attenuation of Antidepressant Effects of Ketamine by
Opioid Receptor Antagonism

Nolan R. Williams, M.D., Boris D. Heifets, M.D., Ph.D., Christine Blasey, Ph.D., Keith Sudheimer, Ph.D.,
Jaspreet Pannu, B.S., Heather Pankow, B.S., Jessica Hawkins, B.S., Justin Birmbaum, M.D., David M. Lyons, Ph.D.

Carolyn I. Rodriguez, M.D., Ph.D.. Alan F. Schatzberg, M.,

Objective: In addition to N-methyl-p-aspartate receptor an-
tagonism, ketamine produces opioid system activation. The
objective of this study was to determine whether opioid re-
ceptor antagonism prior to administration of intravenous keta-
mine attenuates its acute antidepressant or dissociative effects

Method: In a proposed double-blind crossover study of
30 adults with treatment-resistant depression, the authors
performed a planned interim analysis after studying 14 partici-
pants, 12 of whom completed both conditions in randomized
order: placebo or 50 mg of palizexone preceding intravenous
infusion of 0.5 mg/kg of ketamine. Response was defined
as a reduction =50% in score on the 17-item Hamiton De-
pression Rating Scale (HAM-D) score on day 1.

ketamine plus naltrexone condition were significantly lower
than those of participants in the ketamine plus placebo
condition on postinfusion days 1 and 3. Secondary analysis
of all participants who completed the placebo and naltrex-
one conditions, regardless of the robustness of response to
ketamine, showed similar results. There were no differences
in ketamine-induced dissociation between conditions. Be-
cause naltrexone dramatically blocked the antidepressant
but not the dissociative effects of ketamine, the trial was
halted at the interim analysis.

Conclusions: The findings suggest that ketamine's acute
antidepressant effect requires opioid system activation. The

Results: In the interim analysis, seven of 12 adults with
treatment-resistant depression met the response criterion
during the ketamine plus placebo condition. Reductions in

opioid
system, and they do not appear sufficient without the opioid
effect to produce the acute antidepressant effects of ketamine
in adults with treatment-resistant depression.

6-item and 17-item HAM-D sct ipantsin the

Am

Ketamine Binds to Opioid Receptors

Bl

THE

Site B
NMDA
MOR,
MOR,
DOR

KOR

UNIVERSITY OF
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Attenuation of Antidepressant Effects of
Ketamine by Naltrexone: What Does It Mean?

« Ketamine T%e = 3 hours No sustained (between-dose)
+ Norketamine 2 12 hours antidepressant benefits from
mu agonists
* Ketamine is a mu modulator, not an agonist

* Norketamine is a mu antagonist

* No evidence of drug-seeking or craving
* Clinical trials or practice (yet)

* No drug withdrawal effects

»So, what is the mechanism? Mu — NMDA receptor modulation
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Esketamine Treatment: Substantive Concerns

* No more than 5 adequate antidepressant trials

* The number of people included in the (reported) long-term studies is
relatively small

* Effects in older patients
* Unblinding of research participants

* The practical application of esketamine treatment in practice is
problematic

Practical Issues

* FDA mandated REMS program
* Somewhat cumbersome for office-based practitioners
* Requires nurse/CMA monitoring "

* Prior authorization hurdles
* Drug handling and accountability

* Reimbursement issues
* Bundled payment for MDDSI
* Post-discharge treatment for MDDSI

* First year after approval <4000 treated
LB S S B icam ~6,000,000 TRD patients




NMDA Receptor Binding Sites

Na* Ca?*
GluN2B site

Glutamate

Glycine site open-channel blocker
Ketamine

| memantine
Extracellar .
[r— nembrang]

Intracellar
Mg?* site

HRADA GluN2B

receptor

AMPA = a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid

G | U ta m ate mTORC1 = mammalian (molecular,

mechanistic) target of rapamycin

Targets complex 1

mGIluR2

Spines
Synaptic proteins

Adapted from Shelton RC (in press)

Newer GABA/Glutamate Acting Compounds

* Ketamine intranasal/IV * mTORC1 activator (sestrin)
¢ Arketamine (PCN-101) * NV-5138

* Selective NMDA NR2B subunit antagonist * AMPA positive modulator
*M1J821 * TAK-653

* NMDA — glycine site agents * D-amino acid oxidase inhibitor
* D-cycloserine (+ketamine+lurasidone) (D-serine potentiator)
* Bipolar depression * TAK-831
¢ L-4-Chlorokynurenine (AV-101) * mGluR2/3 antagonists/NAM
* NMDA antagonist * 1Y341495
» Dextromethorphan + quinidine (AVP-786) / *« MGS0039
bupropion (AXS-05) ¢ Decoglurant
* Dextromethadone (REL-1017) * mGIuR5 negative modulator
* Basimglurant
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NMDA Receptor Binding Sites

Na* Ca?*

lycine-site functional partial agonist
-Rapastinel; NRX-1674
Glycine site
TAK-831, AV-101

Extracellar

Intracellar

NMDA
receptor

tor antagoni:

open-channel blocker
Ketamine  AvP-786
memantine AXS-05

Mg?* site

GluN2B

Other Pipeline Compounds

* GABA receptor positive * Alpha-7 nicotinic acetylcholine
modulator receptor positive modulator

* JNJ-39393406

* PRAX-114 « Psychedelic

* Psilocybin

¢ Zuranolone (SAGE-217)

* Microtubule associated protein
2 (MAP2) stimulant
* 3B-Methoxypregnenolone
* Orexin 1/2 antagonists
* JNJ-61393215
* JNJ-42847922

* Kappa opioid antagonists
* Aticaprant
¢ BTRX-335140

LS Mean HAM-D Change From Baseline

14 Day Treatment

Follow-up Period. Days 15-42

PBO (n-44)
+SAGE-217 (n-45)

Other Mechanistic Targets

* Short transient receptor potential channel 4/5 (TrpC4/5)

* Prostaglandin E synthase-1 (mPGES1)
* Estrogen receptor beta (ERB)
* P2X purinoceptor 7

* Vasopressin 1B




Ketamine for Depression: Conclusions

* Ketamine is effective for TRD and MDDSI

* Intranasal esketamine has been approved for TRD and MDDSI
 Although the trials data were mixed and somewhat controversial

* Our experience with IV ketamine and IN esketamine have been positive

* Clinical use is challenging
¢ The majority of patients require long-term treatment

* Reimbursement challenges for esketamine for TRD
* No reimbursement path for MDDSI (yet)
* There is a large antidepressant medication pipeline
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