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What Is AXS-057?

ATwo Drugs
I Bupropion
I Dextromethorphan

ASeven Mechanisms
I Dopamine reuptake blockade (bupropion)
I Serotonin reuptake blockade (dextromethorphan)
I Norepinephrine reuptake blockade (both)
I Alpha 4 beta 2 nicotinic antagonist (both)
I CYP450 2D6 inhibitor (bupropion)
I NMDA receptor antagonist (dextromethorphan)
I Sigma 1 agonist (dextromethorphan)

Abbreviations: CYP 450 2D6 = Cytochrome P450 2D6; NMDA = N-methyl-D-aspartate
IFigure adapted from: Stahl SM. Stahl's Essential Psychopharmacology: Neuroscientific Basis and Practical Applications. Cambridge University Press; 2013.
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What Is AXS-057?

AFive approved therapeutic targets
I Major depressive disorder
I Obesity (with naltrexone)
I Pseudobulbar affect (with quinidine)
I Cough suppressant
I Smoking cessation

AThree potential therapeutic targets where there is

unmet need
I Treatment-resistant depression
FfAgitation I n Al zhei mer 60s di

I Smoking cessation
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Dextromethorphan: 5 Key Mechanisms
of Action Plus a CYP450 2D6 Substrate

Dextromethorphan?

Abbreviations: SERT= Serotonin Reuptake Transporter; NET = Norepinephrine Reuptake Transporter; nACh = Nicotinic Acetylcholine Receptor;
CYP 450 2D6 = Cytochrome P450 2D6; NMDA = N-methyl-D-aspartate
1Figure adapted from: Stahl SM. Stahl's Essential Psychopharmacology: Neuroscientific Basis and Practical Applications. Cambridge University Press; 2013.
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Bupropion: 4 Mechanisms of Action As NE and DA Reuptake
| nhi bi tor, and CYP450 2D6 | nhi bi

Bupropiont

Abbreviations: DAT = Dopamine Reuptake Transporter;; NET = Norepinephrine Reuptake Transporter; nACh = Nicotinic Acetylcholine Receptor;
CYP 450 2D6 = Cytochrome P450 2D6
1Figure adapted from: Stahl SM. Stahl's Essential Psychopharmacology: Neuroscientific Basis and Practical Applications. Cambridge University Press; 2013.
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AXS-05: A Novel Combination
Therapy for CNS Disorders

DM (2D6 Substrate)

metabolite

2D6 Difficult to achieve potential therapeutic

plasma levels of substrate compound

substrate

Rapid metabolism

BUP (2D6-I)

Inhibits DM
metabolism

u — 6 — DM maintained at therapeutic range

Abbreviations: DM = Dextromethorphan; BUP = Bupropion; 2D6-I = Cytochrome P450 2D6 Inhibitor.
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Phase 1 Results
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DM 60 mg DM 60 mg + BUP 150 mg DM 60 mg DM 60 mg + BUP 150 mg
(AXS-05) (AXS-05)
DoseA AUC, , ng*hr/mL Dose? Crax NQ/ML
DM 20 mg + Q 10 mg 525 DM 20 mg + Q 10 mg 53
DM 30 mg + Q 10 mg 883 DM 30 mg + Q 10 mg 85

Axsome data on file.

ANuedexta® NDA 021879, FDA Clinical Pharmacology Review.
Abbreviations: DM = Dextromethorphan; Q = Quinidine; BUP = Bupropion
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B\WHAT IS THE COMPELLING
REASON TO BELIEVE THESE
COMBINATIONS OF
MECHANISMS WOULD BE
EFFECTIVE FOR TREATMENT
RESISTANT DEPRESSION?
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Treatment -Resistant Depression (TRD) Overview
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AViajor Depressive Disorder (MDD) is a leading i{
cause of disease burden in the United States®
’
|
)
£Only 1 approved drug for TRD creates an |
unmet medical need '

£63% and 44% of MDD patients have

Inadequate response to initial therapy and
second-line therapy, respectively 23

AAXS-05 combines the MOA of 4 distinct anti- e US12

depressant drug classes into 1 novel oral

therapeutic

IMarcus SC, et al. Arch Gen Psychiatry. 2010;67:1265-1273.

2Rush AJ, et al. Am J Psychiatry. 2006;163:1905-1917.

3Bschor T, et al. J Clin Psychiatry. 2018;79(1).

4U.S. Census Bureau. Population April 1, 2010 to July 1, 2013. Accessed April 12, 2018.

SMathers CD, et al. PLoS Med. 2006; 3(11): e442.

Abbreviations: MOA = Mechanism of Action; MDD = Major Depressive Disorder; TRD = Treatment-Resistant Depression.
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Conventional Antidepressant
Mechanisms of Bupropion

Bupropion increases availability of DA
by blocking reuptake?!

More DA in
the synapse

f Monoamine Hypothesis of Depression \

Bupropion blocks
the reuptake pump
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1Stahl SM. Stahl's Essential Psychopharmacology: Neuroscientific Basis and Practical Applications. Cambridge University Press; 2013.
Abbreviations: NE = Norepinephrine; DA = Dopamine; 5-HT = Serotonin.
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Conventional Antidepressant
Mechanisms of Bupropion

Bupropion increases availability of
DA by blocking reuptake?!

/ A )

f Monoamine Hypothesis of Depression \

Bupropion increases NE as an

NE reuptake inhibitor!
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1Stahl SM. Stahl's Essential Psychopharmacology: Neuroscientific Basis and Practical Applications. Cambridge University Press; 2013.
Abbreviations: NE = Norepinephrine; DA = Dopamine; 5-HT = Serotonin.
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Additive Effects of AXS -05 to Address
Monoamine Hypothesis of Depression

Bupropion + Dextromethorphan

N N

Depression

Darker shading = Evidence for high importance for disease
Lighter shading = Evidence for target to have some relevance for disease
No shading = No evidence for involvement

Abbreviations: NE = Norepinephrine; DA = Dopamine; 5-HT = Serotonin.
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Conventional Antidepressant Mechanisms and
Additive Effects of Dextromethorphan
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Monoamine Hypothesis of Depression
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DM further increases NE as an
NE reuptake inhibitor2

1Stahl SM. Stahl's Essential Psychopharmacology: Neuroscientific Basis and Practical Applications. Cambridge University Press; 2013.
?Lauterbach EC. Med Hypotheses. 2012;78(6):693-702.
Abbreviations: DM = Dextromethorphan; NE = Norepinephrine
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Conventional Antidepressant Mechanisms and
Additive Effects of Dextromethorphan
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Monoamine Hypothesis of Depression

normal state - no depression
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DM further increases NE as an
NE reuptake inhibitor2

DM increases 5-HT as a 5-HT reuptake inhibitor and 1
agonist that boosts 5-HT activity from the dorsal raphe!:2
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1Stahl SM. Stahl's Essential Psychopharmacology: Neuroscientific Basis and Practical Applications. Cambridge University Press; 2013.
?Lauterbach EC. Med Hypotheses. 2012;78(6):693-702.
Abbreviations: NE = Norepinephrine; DA = Dopamine; 5-HT = Serotonin
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Combination Treatments for TRD

AMonoaminergic combinations

I Combining antidepressants of differing mechanisms may be
superior to monotherapy?

I Augmenting with an atypical antipsychotic (aripiprazole,
olanzapine, quetiapine, brexpiprazole, cariprazine)

1Henssler J, et al. Can J Psychiatry. 2016;61(1):29-43.
Abbreviations: TRD = Treatment-Resistant Depression.
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Combination Treatment From Initiation of Therapy

AProblem: current treatments based on monoamine
pathways may be ineffective

APotential solution: evidence that combinations of
mechanisms are effective when single mechanisms fall

AAlso, seems not be about which therapy but when
therapy, so why not give the best treatments first?

AAnalogy with tuberculosis, HIV
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Combination of Antidepressant Medications
From Treatment Initiation for MDD

AA randomized trial was conducted to assess effects of antidepressant
monotherapy or combination therapy on HAM-D for 6 weeks?

ACombination therapies reduced depression scores

25
=@= Fluoxetine (N=28) Venlafaxine + mirtazapine (N=24)
20 =@®= Fluoxetine + mirtazapine (N=25) =@= Bupropion + mirtazapine (N=26)
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*Statistically significant difference between fluoxetine monotherapy and all combination freatment groups (F=3.87; df=3,101; P=.011)

1Blier P, et al. Am J Psychiatry. 2010;167:281-288.
Abbreviations: MDD = Major Depressive Disorder; HAM-D = Hamilton Depression Rating Scale
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Combination Treatments for TRD

ANon-monoamine approaches

I Opioid augmentation (ALKS 5461)

I Ketamine infusions/intranasal

Abbreviations: TRD = Treatment-Resistant Depression.
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Ketamine: 4 Key Mechanisms of Action, Including
Glutamate NMDA Receptor Antagonism/ R1 Agonism

IFigure adapted from: Stahl SM. Stahl's Essential Psychopharmacology: Neuroscientific Basis and Practical Applications. Cambridge University Press; 2013.
Abbreviations: SERT= Serotonin Reuptake Transporter; NET = Norepinephrine Reuptake Transporter; NMDA = N-methyl-D-aspartate
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