Glutamatergic agents for
depression: historical perspective

(n

Professor Siegfried Kasper

Chair

Department of Psychiatry and Psychotherapy
Medical University of Vienna (MUW)




@

Potential Conflicts of Interest
(January 2015 to present)

Dr Kasper has received grant/research support from
Lundbeck; he has served as a consultant or on advisory
boards for AOP Orphan Pharmaceuticals AG, Eli Lilly, Janssen,
Lundbeck, Schwabe and Takeda; and he has served on
speakers bureaus for Angelini, AOP Orphan Pharmaceuticals
AG, Eli Lilly, Krka Pharma, Lundbeck, Neuraxpharma, Pierre
Fabre, Schwabe, Servier, Sun Pharma.

MEDICAL UNIVERSITY Siegfried KASPER
OF VIENNA Department of Psychiatry and Psychotherapy




THE ANTI
ANTIDEPRESSANT

Depression afflicts 300 million people.
One-third don't respond to treatment.
A surprising new drug
may change that

BY MANDY OAKLANDER
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FDA News Release

FDA approves first treatment for post-partum
depression

f SHARE in LINKEDIN ® PINIT ¥ EMAIL &= PRINT
For Immediate March 19, 2019
Release
Release

Espafiol
The U.S. Food and Drug Administration today approved Zulresso (brexanolone)

injection for intravenous (IV) use for the treatment of postpartum depression (PPD) in
adult women. This is the first drug approved by the FDA specifically for PPD.
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Neuropharmacology of
NMDA Receptor Antagonist Ketamine

hypnotic "amnesic
analgesic "psychotomimetic

9
\ R(-) ketamine S(+) ketamine: 3-4 times higher affinity
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Major depression is a disorder
of synaptic plasticity

Chronic unpredictable stress induces a depression-like phenotype in rodents which is associated

with reversible decreases in the branching complexity! and spine density?2 of pyramidal neurons in
the prefrontal cortex
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Stress- Tx-
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2011;69(8):754—761; 3. Nestler EJ et al. Neuron. 2002;34:13-25.
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Depression: Glutamate-GABA GABA increase

Dysbalance G‘&P*

Qtataatate GA

GABA decrease

Depression

Glutamate decrease

with glutamatergic modulators
*prototype: Ketamine, ** prototype: brexanolone

Modified from Wieronska & Pilic,
Neurochem Int 2009



Presynaptic

bursting activity

Proposed mechanisms
of action of ketamine

O

Ketamine

mGIuR2/3

Disinhibition of GABA-ergic

inhibitory interneurons . O/Gm % Giutamate %00

Rapld BDNF release Glutg)mate BéilF GL%(>13
O<— %
" )'; 5~ %Tf
Astrocyte AMPAR@ AMPAR <> Qo TrkB NMDAR

Inhibition of lateral o (o
habenula (LHb) S st iy

(non-raft)
neurons -
b

GaS /
<o
Ketamine Extrasynaptic

Activation of mammalian target =
of rapamycin complex 1 (mTORC1)

1 BDNF mRNA
trafficking

1 Synaptogenesis
via sustained potentiation
of excitatory synapses

Postsynaptic
glutamatergic
neuron

AMPA — Activation (by active metabolite HNK)

Siegfried KASPER

Mitochondrion

T Glutamate release @

OO
%%ﬁ @s Splowee s

Ketamme m
NMDAR GABA

Glu

0"
00
| GABA
release GABAergic
interneuron
GABA,R

<

Ketamine

iy @ AMPAR
XS 9

CED—ED

BDNF

\ translation

Kadriu,
et al JNP 2019

Department of Psychiatry and Psychotherapy

O
Ketamine
Liver

Metabolis
(2R,6R)-HNK

¥ NMDAR

¥ Glun2B

W AMPAR

Y TrkB

¥ GABA,R
Wi mGIuR2/3
() GLT-1

< BDNF

O GABA

© Glutamate
O Glutamine
© Ketamine
<> Esketamine
O GLYX-13
3 (2R,6R)-HNK

MEDICAL UNIVERSITY
OF VIENNA




A shift in emphasis from serotonin/midbrain to
glutamate and cortico-limbic circuits

5-HT, serotonin.
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Ketamine: Influence on serotonin system?

Caudate* (b)

« WHY: Preclinical studies indicate 5-HT
dependency of ketamine’s AD effects

N

« THEREFORE: In-vivo human PET study

« NO measureable binding to the
SERT after 0.5mg/kg i.v.

SERT Binding Potential
=

o

« BUT occupancy and ketamine
plasma levels correlated

- Does ketamine bind the SERT at
higher doses?
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Antidepressant Efficacy

What is the evidence...
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INTERNATIONAL JOURNAL OF PSYCHIATRY IN CLINICAL PRACTICE, 2017 :
VOL. 21, NO. 1, 2-12 e Taylor & Francis
http://dx.doi.org/10.1080/13651501.2016.1254802 Tayior & Francis Group

REVIEW ARTICLE

Administration of ketamine for unipolar and bipolar depression

Christoph Kraus®, Ulrich Rabl®, Thomas Vanicek®, Laura Carlberg®, Ana Weidenauer®, Marie Spies®, Lucie Bartova®,
Gregor Gryglewski®, Konstantinos Papageorgiou®, Rupert Lanzenberger®, Matthaus Willeit®, Dietmar Winkler?,
Janusz K. Rybakowski® and Siegfried Kasper®

“Department of Psychiatry and Psychotherapy, Medical University of Vienna, Vienna, Austria; "Department of Adult Psychiatry, Poznan
University of Medical Sciences, Poznan, Poland

ABSTRACT ARTICLE HISTORY
Objective: Clinical trials demonstrated that ketamine exhibits rapid antidepressant efficacy when adminis- Received 16 March 2016
tered in subanaesthetic dosages. We reviewed currently available literature investigating efficacy, response  Revised 6 October 2016
rates and Safe‘ty pr0ﬁ|e_ AC(EDTE'J 24 Qctober 2016

Methods: Twelve studies investigating unipolar, seven on bipolar depression were included after search
in medline, scopus and web of science.

: . % KEYWORDS
Results: Randomized, placebo-controlled or open-label trials reported antidepressant response rates after Ketamine; depression; rapid
24h on primary outcome measures at 61%. The average reduction of Hamilton Depression Rating Scale antidepressant; glutamate;
(HAM-D) was 109 points, Beck Depression Inventory (BDI) 15.7 points and Montgomery-Asberg NMDA-receptor
Depression Rating Scale (MADRS) 20.8 points. Ketamine was always superior to placebo. Most common
side effects were dizziness, blurred vision, restlessness, nausea/vomiting and headache, which were all
reversible. Relapse rates ranged between 60% and 92%. To provide best practice-based information to
patients, a consent-form for application and modification in local language is included. Intornato
Conclusions: Ketamine constitutes a novel, rapid and efficacious treatment option for patients suffering Psychlatry.n
from treatment resistant depression and exhibits rapid and significant anti-suicidal effects. New adminis- Clinical Practice
tration routes might serve as alternative to intravenous regimes for potential usage in outpatient settings.
However, long-term side effects are not known and short duration of antidepressant response need ways
to prolong ketamine's efficacy.

nternational Journa
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There 1s a need for effective treatment
after 2 treatment failures

MONOTHERAPY
=SSRI or SNRI
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AD actions of ketamine (N = g)2

Berman RM, et al.
Biol Psychiatry. 2000;47:351-4.

HDRS: p =0.02
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a2 participants terminated prior to the last treatment condition (1 each prior to placebo and ketamine treatment conditions).
BRPS, Brief Psychiatric Rating Scale; h, hour; HDRS, Hamilton Depression Rating Scale; VAS, visual analogue scale.
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Ketamine —
The First Rapid-acting Antidepressant

Psychological Medicine (2015), 45, 693-704. © Cambridge University Press 2014 REVIEW ARTICLE
doi:10.1017/50033291714001603

A systematic review and meta-analysis of
randomized, double-blind, placebo-controlled trials
of ketamine in the rapid treatment of major
depressive episodes

A. McGirr'*, M. T. Berlim*?, D.]. Bond"®, M. P. Fleck®, L. N. Yatham'® and R. W. Lam'®

Effect Size 24 Hours Post-Infusion
Group y_ Study name Statistics for each study Hedges's g and 95% Cl
Diagnosis
Hedges's Lower  Upper

g limit limit  p-Value
BD Diazgranados et al, 2010 0656 0424 0837 0000 —
BD Zarate et al, 2012 0682 0420 0943  0.000 ——
BD 0667 0494 0840  0.000 <o
MDD Kudoh et al, 2002 0774 0203 1255 0002 — a1
MDD Zarate et al, 2006 1428 0909 1948  0.000 +——
MDD Sos etal, 2013 0921 0502 1341 0000
MDD Munough et al, 2013 0946 0442 1450  0.000
MDD 0997 0759 1235 0000
MDD+BD Berman et al, 2000 0942 0040 1924 0060
MDD+BD 0942 0040 1924 0060
Owrall 0785 0646 0923  0.000 <o

2.00 -1.00 0.00 1.00 2.00
Favors Placebo Favors Ketamine

McGirr A et al. Psychol Med 2015;45:693-704. .
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Longer-term antidepressant effects

of repeated i.v. Glutamatergic treatment,
Response Prediction  Sanacora et al
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Ketamine reduces suicidal ideation

18
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Grunebaum M et al. AJP 2017
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European Meuropsychopharmacology (2015) 25, 2183-2184

www.elsevier comfocate/suroneuro

SHORT COMMUNICATION

Combination of intravenous S-ketamine and () cosn
oral tranylcypromine in treatment-resistant
depression: A report of two cases

Lucie Bartova®, Sonja E. Vog!”, Mara Stamenkovic?,

Nicole Praschak-Rieder®, Angela Naderi-Heiden®,
Siegfried Kasper®, Matthaeus Willeit™™
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Medical University of Vienna, Austria
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Medical University of Vienna, Austria
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European Meuropsychopharmacology (2018) 28, 980-982
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SHORT COMMUNICATION

Rapid antidepressant effect of S-ketamine
in schizophrenia

Lucie Bartova“®, Konstantinos Papageorgiou®,
Ivan Milenkovic®®, Markus Dold?, Ana Weidenauer?,
Matthaeus Willeit®, Dietmar Winkler?, Siegfried Kasper®*
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CASE REPORT

Electroconvulsive therapy with 5-ketamine anesthesia for
catatonia in coexisting depression and dementia

Isuzsa Litvan, Martin Bauer, Siegfried Kaosper and Richard Frey
par vt of Prychizery and Prochaveespy, Mg |moeray of Vimma, Fames, Amra

AESTRACT

Informaton on efficacy and safety of electroconvulsne therapy . patenis with dementia 13 sparse. The
current case report describes § patent suffening from severe depression and dementin who recenved
electroconvulsve thernpy with S-ketnmme anesthesin ot our psychintne mtensve core vt for the trestment

of her therapy-resstant catatomac stupor. The pabent’s conditson improved remarkably through the trestment.
By the end of 16 electrocomulsive therapy sessions, her catatonic symptoms rematted entrely, her offect was
brghter and she performed markedly better ot the cogmtve testing.

Ky wonts: cledrommuidye therapy, S4etaming, demantia, catztonla, depression
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Novel Medications in Development

Compound, Route of Administration Pharmacology Sponsor Phase
Ketamine, various Non-sele_ctlve, non-competitive NMDA receptor Multiple __
antagonist
Non-sele_ctive, non-competitive NMDA receptor Janssen M
antagonist
Lanicemine/AZD-6765, IV Low trapping NMDAR antagonist A_straZeneca/ IIb
Biohaven
Traxoprodil/CP-101,606, IV NMDAR antagonist at NR2B subunit Pfizer Il
EVT-101 NMDAR antagonist at NR2B subunit Evotec/La Roche Il
N NEGCErZ e 3 N @E{ D P LCIEYAIEIl NMDAR antagonist at NR2B subunit Cerecor Il
AVP-786, oral Non-selective antagonist of NMDAR Avanir/ Otsuka [
AXS-05, oral Non-selective antagonist of NMDAR Axsome 1]
Rapastinel/GLYX-13, IV Partial functional agonist at glycine site of NMDA Allergan "
receptor
AN TGS EVA LY QL2 YN e LA (VMl Reported to be a functional antagonist at Alleraan I
oral Glycine B site of the NMDA receptor 9

Wilkinson and Sanacora, Drug Discov Today. 2019 Feb;24(2):606-615
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Novel Medications in Development, cont’d

Compound, Route of Administration | Pharmacology Sponsor Phase
AV-101, oral Selective agonlst at glycine site of NMDA receptor VistaGen I
NR1 subunit
NRX-100/NRX-101, oral Partial NMDAR agonist at glycine-site NeuroRx 1]
Basimglurant/RO4917523, oral NAM of mGIuR5 :gg”;a””' = lib
Decoglurant/RG1578/ R04995819  IVESE O EIE E'gzm‘a””' L I
Tulrampator/CX-1632/S-47445 PAM of AMPA receptor RespireRx 1
NIMH, Tehran
Riluzole, oral Glutamate release inhibitor/up take facilitator University of Il
Med. Sc.
i
PAM of GABAA receptor Sage NOI\:NDVX'th
indication
Ganaxolone, IV PAM of GABAA receptor Marinus 1
SAGE-217, oral PAM of GABAA receptor Sage Il

Wilkinson and Sanacora, Drug Discov Today. 2019 Feb;24(2):606-615
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