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Certain information contained in this presentation may include “forward-looking statements” within the meaning of the Private

Securities Litigation Reform Act of 1995. We may, in some cases, use terms such as “predicts,” “believes,” “potential,”

“continue,” “estimates,” “anticipates,” “expects,” “plans,” “intends,” “may,” “could,” “might,” “will,” “should” or other words that

convey uncertainty of future events or outcomes to identify these forward-looking statements. In particular, the Company’s

statements regarding trends and potential future results are examples of such forward-looking statements. The forward-

looking statements include risks and uncertainties, including, but not limited to, the success, timing and cost of our ongoing

clinical trials and anticipated clinical trials for our current product candidates, including statements regarding the timing of

initiation and completion of the trials, interim analyses and receipt of interim results; the timing of and our ability to obtain and

maintain U.S. Food and Drug Administration or other regulatory authority approval of, or other action with respect to, our

product candidates; the Company’s ability to obtain additional capital necessary to fund its operations; the Company’s ability

to generate revenues in the future; the Company’s ability to successfully defend its intellectual property or obtain the

necessary licenses at a cost acceptable to the Company, if at all; the successful implementation of the Company’s research

and development programs; the enforceability of the Company’s license agreements; the acceptance by the market of the

Company’s product candidates, if approved; and other factors, including general economic conditions and regulatory

developments, not within the Company’s control. These factors could cause actual results and developments to be materially

different from those expressed in or implied by such statements. Forward-looking statements are not guarantees of future

performance, and actual results may differ materially from those projected. The forward-looking statements are made only as

of the date of this presentation and the Company undertakes no obligation to publicly update such forward-looking statements

to reflect subsequent events or circumstance.

This presentation also contains estimates and other statistical data made by independent parties and by us relating to market

size and other data about our industry. This data involves a number of assumptions and limitations, and you are cautioned not

to give undue weight to such estimates. Neither we nor any other person makes any representation as to the accuracy or

completeness of such data or undertakes any obligation to update such data after the date of this presentation. In addition,

these projections, assumptions and estimates are necessarily subject to a high degree of uncertainty and risk.
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TRD typically refers to the occurrence of an inadequate response following 

adequate antidepressant therapy among MDD patients
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Treatment-Resistant Depression (TRD)
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Fava, Biol Psychiatry 2003;53:649–659.



Total exit scores on the 16-item quick inventory of depressive symptomatology, self-report 

(QIDS-SR), of 2,876 outpatients with nonpsychotic major depressive disorder.
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Overall Remission Rate in Level 1of STAR*D is 33% 
(N=943/2876)
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Trivedi et al. Am J Psychiatry. 2006;163:28-40.
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Rush et al, Am J Psychiatry 2006; 163:1905–1917.
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Novel Targets for the Treatment of TRD
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Chang T, Fava M. The future of psychopharmacology of depression. J Clin Psychiatry. 2010 Aug;71(8):971-5

• Glutamatergic
System

• Inflammatory
pathways

• Multiple, 
simultaneous 
targets
(multimodal drug 
treatments)
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Novel Targets for the Treatment of TRD
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Tokita et al, Pharmacology, Biochemistry and Behavior 100 (2012) 688–704



• Ketamine inhibits the NMDA receptor by two distinct mechanisms:

– Ketamine blocks the open channel and thereby reduces channel mean open 

time, and

– Ketamine decreases the frequency of channel opening by an allosteric 

mechanism1

• Acute administration of ketamine in rats increases hippocampal brain-derived 

neurotrophic factor (BDNF) and mammalian target of rapamycin (mTOR) levels 

during forced swimming test.2

• Ketamine has been showed anti-inflammatory actions in various immune cells, 

such as macrophages and peripheral leucocytes, stimulated with 

lipopolysaccharide (LPS) in vitro and in vivo.3
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Ketamine’s Effects on Glutamatergic System and 
Inflammation
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1 Orser et al, Anesthesiology. 1997 Apr;86(4):903-17.
2 Yang C et al, Ups J Med Sci. 2012 Sep 13. [Epub ahead of print])
3 Takenaka et al, Anesthesiology 1994;80:402-408; Shimaoka et al, Br J Anaesth 1996;77:238-242; Kawasaki et al, Anesth Analg 1999;89:665-669.
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A Randomized, Placebo-Controlled, Double-Blind
Crossover Study of Ketamine (0.5 mg/kg) in TRD (n=18)
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Zarate et al, Arch Gen Psychiatry. 2006;63:856-864.

Key takeaway: Demonstrated 

anti-depressant effect of 

ketamine.
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Meta-Analysis of Ketamine Studies in MDD:
Rates of clinical remission for ketamine vs. placebo
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McGirr et al, Psychological Medicine (2015), 45, 693–704.

Key takeaway: Higher rates of clinical remission for ketamine vs. placebo.
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Meta-Analysis of Ketamine Studies in MDD:
Rates of clinical response for ketamine vs. placebo
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McGirr et al, Psychological Medicine (2015), 45, 693–704.

Key takeaway: Higher rates of clinical remission for ketamine vs. placebo.
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Intravenous Ketamine in Adult Patients with Treatment-
Resistant Depression: A Dose-Frequency Study*
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*TRD assessed with ATRQ by SAFER rater.

Singh et al, Am J Psychiatry. 2016 Aug 1;173(8):816-26.

Key takeaway: IV ketamine shows antidepressant effect in TRD 

supporting a glutamatergic role.
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A Double-Blind, Doubly-Randomized, Placebo-
Controlled Study of Intranasal Esketamine in TRD*
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*TRD assessed with ATRQ by SAFER rater. Daly et al, JAMA Psychiatry. 2018 Feb 1;75(2):139-148.

Abbreviations: CI = confidence interval; DB = double-blind; Esk = esketamine; MADRS = Montgomery-Åsberg Depression Rating Scale; SE = standard error.

Esk 28 Esk 56 Esk 84

Period 1 and Period 2 combined

Mean (SE) differences from placebo -4.2 (2.09) -6.3 (2.07) -9.0 (2.13)

90% CI -7.67, -0.79 -9.71, -2.88 -12.53, -5.52

One sided p-value 0.021 0.001 <0.001

Key takeaway:

further support of 

glutamatergic role 

in TRD

Dosing Days

Study
Day 8

Study
Day 11

MADRS Total Score LS Mean Change from Baseline



CP-101-606
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POC Study in TRD Patients of NR2B Subunit Selective
N-Methyl-D-Aspartate Antagonist, CP-101,606 (n=30)
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Preskorn et al, J Clin Psychopharmacol 2008;28:631–637. 
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Double-Blind Study of GLYX-13 in TRD*
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*TRD assessed with ATRQ by SAFER rater. 

Preskorn et al, Journal of Psychiatric Practice 2015 Vol. 21, No. 2: 140-149.

Baseline HDRS-17 was 

26 (n=33), 26 (n=25), 25 

(n=20), 25 (n=17), 25 

(n=21) for Placebo and 

GLYX-13, 1, 5, 10, and 

30 mg/kg, respectively.



• Meta-analysis of dozens of studies supports relationship between 

depression and inflammation:1

– Medically-healthy MDD patients exhibit elevated serum interleukin

(IL)-6, IL-1 (esp. IL-1-beta), and acute phase C reactive protein (CRP)

• Increased serum tumor necrosis factor alpha (TNF-α) in MDD 

• Immune-based treatment for hepatitis C and certain cancers, e.g., 

interferon (IFN), can induce clinical depression essentially 

indistinguishable from typical MDD
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Depression and Inflammation
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1Howren et al, Psychosom Med. 2009 Feb;71(2):171-86.
2Shelton and Miller, Prog Neurobiol. 2010 Aug;91(4):275-99.
3Capuron et al, Neuropsychopharmacology. 2002 May;26(5):643-52; Raison et al, Trends Immunol. 2006 Jan;27(1):24-31.
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Cytokine Abnormalities observed in MDD
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Simon et al, Eur Neuropsychopharmacol. 2008 Mar;18(3):230-3.



Mean ± SD of the two protocols 

on the Hamilton Rating Scale 

scores.

ns, nonsignificant.

** ≤0.01

*** ≤0.001
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Clinical Trial of Adjunctive Cyclooxygenase-2 Inhibitor Celecoxib 
Treatment in MDD Patients: a Double-Blind & Placebo-Controlled Trial
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Akhondzadeh et al, Depression and Anxiety. 26:607–611 (2009).

Cap. Fluoxetine 40 mg/day + 

Cap. Celecoxib 400 mg/day

Cap. Fluoxetine 40 mg/day + 

Cap. placebo



• The anti-inflammatory effects of SAMe have been attributed to its ability to 

reduce the expression of the pro-inflammatory cytokine TNF-α and to increase 

the expression of the anti-inflammatory cytokine IL-10.1

• Folic acid protects motor neurons against inflammation and apoptosis in SOD1 

G93A transgenic mice.2

• A significant reduction with Omega-3 fatty acids (fish oil) in plasma 

concentrations of inflammatory biomarkers, including TNF-α and IL-6, has been 

observed in numerous studies.3-7
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SAMe, Methylfolate and
Omega-3 Fatty Acids and Inflammation
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1McClain et al, Alcohol 2002;27(3):185-92.
2Zhang et al, Neuropharmacology. 2008 Jun;54(7):1112-9.
3Wang et al, Nutrition. 2012 Jun;28(6):623-9. 
4Moertl et al, Am Heart J 2011;161(5):915-9. 
5Zhao et al, J Int Med Res 2009;37(6):1831-41. 
6Papageorgiou et al, Eur J Clin Nutr 2011;65(4):514-9. 
7Tartibian et al, Clin J Sport Med 2011;21(2):131-7.



HAM-D response and 

remission rates among 

antidepressant nonresponders

randomly assigned to S-

adenosyl Methionine (SAMe) 

or placebo.1

1Data depict last observation 

carried forward (LOCF) for all 

patients randomly assigned.

2Significant difference between 

groups (p<0.05, Fisher’s exact 

test).
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Double-Blind Study of SAMe (1600 mg/d) 
Augmentation in SSRI-Resistant Depressed Patients
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Papakostas G et al; Am J Psychiatry 2010; 167:942–948.

Placebo + antidepressant (N=34)

SAMe + antidepressant2 (N=39)2
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Pooled response rate in 

two trials of the L-

Methylfolate (MTHF) 

compared with placebo as 

an adjunct to SSRIs in 

patients with SSRI-

resistant depression.1

1Response was defined as a 

reduction of ≥50% in Hamilton 

Depression Rating Scale 

score during treatment or a 

final score of ≤7. Significant 

difference between groups in 

trial 2 (p=0.04). The pooled 

analysis was conducted as 

described in Fava et al.2
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Double-Blind Study of L-Methylfolate (L-MTHF) 
Augmentation of SSRIs - SPCD
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Papakostas G et al; Am J Psychiatry 2010; 167:942–948.
2Fava M et al; Psychother Pschosom 2003; 72:115-127.

SSRI monotherapy

SSRI + MTHF



Hamilton Depression Rating 

Scale measures of depressive 

symptoms for subjects treated 

with citalopram + placebo or 

citalopram + omega-3 

supplements over the 8 

weeks of study, mean ± SD

*p < 0.05, computed via 

regression modeling
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Omega-3 Fatty Acid (1.2 gr/day) Augmentation of Citalopram 
Treatment for Patients With Major Depressive Disorder (n=42)

R&D Day 2018
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Gertsik et al, J Clin Psychopharmacol 2012;32: 61-64.

Omega-3

Placebo
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Inflammatory Markers as
Moderators of Response to EPA
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Rapaport MH et al, Molecular Psychiatry (2016) 21, 71–79.



Dextromethorphan effects on:

• Glutamatergic system

• Monoamine systems

• Inflammatory responses

Bupropion effects on:

• Monoamine systems

• Inflammatory responses
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Why the Combination of
Dextromethorphan and Bupropion?

R&D Day 2018

© Axsome Therapeutics, Inc.



NMDA antagonism: DM > ketamine 
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Dextromethorphan has Ketamine-like
Activity on Multiple Receptors
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σ1 agonism: DM > ketamine 

Ketamine Dextromethorphan

SERT: DM >> ketamine2

NET: DM  >> ketamine2

Abbreviations: DM = Dextromethorphan; SERT= Serotonin Reuptake Transporter; NET = Norepinephrine Reuptake Transporter; NMDA = N-methyl-D-aspartate.

Courtesy of Stephen M. Stahl, MD.

Comparison of Pharmacologic Properties
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Dextromethorphan and Monoamines:
Radioligand Binding Data with Dextromethorphan

R&D Day 2018

© Axsome Therapeutics, Inc.

Taylor et al, Pharmacol Ther. 2016; 164;170-182.



• Dextromethorphan and its metabolites protect rats against MPTP 

(1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)- and 

lipopolysaccharide (LPS)-induced dopaminergic neuron damage 

in vitro and in vivo.1

• Chronic heroin-use-induced TNF-α and IL-8 levels were 

significantly reduced in patients treated for 12 weeks with add-on 

dextromethorphan.2
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Dextromethorphan and Inflammation

R&D Day 2018

© Axsome Therapeutics, Inc.

1Zhang et al, 2004 FASEB J 18:589–591; 2005 FASEB J 19:395–397; 2006 FASEB J 20:2496–2511.
2Chen et al, J Neuroimmune Pharmacol. 2012 Dec;7(4):1025-33.



• Bupropion and two of its metabolites, hydroxybupropion, and 

threohydrobupropion, were shown to decrease the uptake of NE and DA 

into rat and mouse synaptosomes.

• Bupropion’s activity as a DA transporter inhibitor is further supported by a 

recent study showing approximately a 3-fold increase in expression of the 

immediate early gene c-fos in human DA transporter cells.

• Microdialysis studies following acute administration of bupropion 

demonstrate that extracellular NE and DA concentrations are increased in 

the nucleus accumbens. 

• Studies assessing DA transporter occupancy following administration of 

bupropion in humans have demonstrated measurable occupancy.

• All of the above studies provide strong evidence for a dual NE/DA 

mechanism of action of bupropion.
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Bupropion and Monoamines
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Fava et al, Prim Care Companion J Clin Psychiatry. 2005;7(3):106-13.



• Bupropion lowers levels of TNF, interferon-gamma, and interleukin-1 

beta in vivo.1

• Mice challenged with an otherwise lethal dose of LPS were protected 

by bupropion and levels of the anti-inflammatory cytokine interleukin-

10 were increased.1

• Bupropion may suppress TNF synthesis by mediating increased 

signaling at beta-adrenoreceptors and D1 receptors, resulting in 

increased cAMP that inhibits TNF synthesis.1

• Bupropion pretreatment reduced intestinal ischemia/reperfusion injury 

and blunted serum elevations of TNF-alpha and interleukin-1.2
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Bupropion and Inflammation

R&D Day 2018
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1Brustolim et al, Int Immunopharmacol. 2006 Jun;6(6):903-7.
2Camara-Lemarroy et al, Transplant Proc. 2013 Jul-Aug;45(6):2502-5.
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AXS-05: A Combination of Glutamate, 
Monoamine and Anti-inflammatory Mechanisms
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Glutamate 
signaling

Monoamine 

signaling

Mechanism of Action DM BUP

AXS-05

DM+BUP

NMDA Receptor Antagonist

Sigma-1R Agonist

Norepinephrine Reuptake Inhibitor

Serotonin Reuptake Inhibitor

Dopamine Reuptake Inhibitor

▼TNF-

▼Interferon-

▼IL-1β

▼IL-8

DM = Dextromethorphan; BUP = Bupropion. =  Present

Anti-inflammatory



• Dextromethorphan (DM) 60 mg dosed alone, or in combination with Bupropion (BUP) 150 

mg, twice daily in healthy volunteers. Plasma concentrations measured on Day 8.

86

Bupropion Increases Dextromethorphan Levels 
Phase 1 Results
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Axsome data on file.

Therapeutic DM concentrations from NDA 021879, FDA Clinical Pharmacology Review.

DM, Dextromethorphan; Q, Quinidine; BUP, Bupropion; AD, Alzheimer’s disease; PBA, pseudobulbar affect
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* DM plasma concentrations reported with dose (DM 30 mg + Q 10 mg) resulting in reduction of agitation symptoms in AD 

patients, and of depressive symptoms in AD and PBA patients. 
† DM plasma concentrations reported with dose (DM 20 mg + Q 10 mg) resulting in reduction in emotional symptoms in 

PBA patients. 
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Dextromethorphan/Quinidine (45/10 mg/day) 
Pharmacotherapy in TRD Patients: A POC, Open Clinical Trial
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** Indicated pairwise comparison between time point and baseline is significant at p < 0.01, with Bonferroni adjustment for multiple comparisons.

Murrough et al, J Affective Disorders 218 (2017) 277–283.

• Failed 2 to 10 prior treatments

• 45% of patients had ≥ 50% reduction in MADRS
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Addressing Clinical Trial Risk in MDD
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TYPES OF 

HETEROGENEITY

STRATEGIES TO ADDRESS

HETEROGENEITY & PLACEBO RESPONSE

• Pathophysiological

• Treatment history

• Diagnostic

• Background treatment

• Prospective active treatment lead-in

• Independent assessments—SAFER

• Standardized treatment



89

Prospective Active Treatment Lead-in Design
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Fava M et al. Am J Psychiatry 1994; 15(9): 1372-1374.

Fava M. J Clin Psychopharmacol. 2002 Aug;22(4):379-387.

MDD patients resistant to

8 wks of Fluoxetine 20 mg/day

Fluoxetine (20 mg/day)

Desipramine (25-50 mg/day)

High-dose Fluoxetine
(40-60 mg/day)

Fluoxetine (20 mg/day)

Lithium (300-600 mg/day)

Double-Blind Study of High-Dose Fluoxetine vs. Lithium or Desipramine

Augmentation of Fluoxetine in Partial Responders and Non-responders to Fluoxetine
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Prospective Active Treatment Lead-in Design:
Results
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Fava M et al. Am J Psychiatry 1994; 15(9): 1372-1374.
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Three Double-Blind Studies of Adjunctive Aripiprazole 
to ADT in MDD—Two Pooled Studies1 & a Single Study2
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TRD assessed with ATRQ by site rater 

prior to enrollment into the prospective 

lead-in period

*p < 0.05 vs. placebo
†p < 0.001 vs. placebo

SE, standard error; MADRS, Montgomery-Åsberg Depression 

Rating Scale; LOCF, last observation carried forward.

**p < 0.01 vs. placebo

***p < 0.001 vs placebo

1Thase et al, Prim Care Comp J Clin Psych. 2008;10(6):440-7.
2Berman, RM, Fava M, Thase ME, et al. CNS Specr. Vol 14, No. 2009.

Change in mean (±SE) MADRS Total 

score during the randomized, double-

blind treatment phase (LOCF)
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Double-Blind Study of Adjunctive
Brexpiprazole to ADT in MDD – Study 2281

R&D Day 2018
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Thase et al, Prim Care Comp J Clin Psych. 2008;10(6):440-7.

NCT01360645, Otsuka (PYXIS Protocol 331-10-228) CSR.

LS mean difference from

placebo at Week 6

-3.21 (95% CI: -4.87, -1.54) 

p=0.0002

MMRM analysis; MADRS baseline: 

ADT + placebo 27.3, ADT + Brex 26.9

TRD assessed with ATRQ by site 

rater prior to enrollment into the 

prospective lead-in period.

*p<0.05

**p<0.01

***p<0.001 vs placebo

**

*

***
***

*** ***
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Study 227: LS mean (SE) change in MADRS total score

ADT + placebo (n=203)

ADT + Brex 1 mg (n=211)

ADT + Brex 3 mg (n=213)
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Double-Blind Study of Adjunctive
Brexpiprazole to ADT in MDD – Study 2271
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1NCT01668797, Otsuka (Polaris Protocol 331-10-227) CSR. 

LS mean difference from

placebo at Week 6

Brex 1 mg: -1.30

(95% CI: -2.73, 0.13)

p=0.0737

Brex 3 mg: -1.95

(95% CI: -3.39, -0.51) 

p=0.0079

MMRM analysis; MADRS baseline: ADT 

+ placebo 26.5, ADT + Brex 1 mg 26.9, 

ADT + Brex 3 mg 26.5

TRD assessed with ATRQ by site rater 

prior to enrollment into the prospective 

lead-in period.

*p<0.05

**p<0.001 vs placebo

*

*
*

**

** **

*
**



• Appropriate selection of patients in clinical trials critical

• SAFER tool improves the selection of patients for trials by confirming:

– The identified patient is a valid patient for clinical trials

– The patient’s symptoms reflect the current state of illness, and

– The patient’s symptoms can be reliably measured with appropriate measurement tools
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Independent Assessment: SAFER Interview
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Targum SD, Pollack MH, Fava M. CNS Neurosci Ther. 2008 Spring;14(1):2-9.
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SAFER Results in Completed Studies
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• Randomized, double-blind, active controlled trial—subjects must have failed 1 or 2 prior 

adequate ADTs.

• 6-week open-label bupropion lead-in.

• Inadequate responders to bupropion randomized to AXS-05 or placebo.

• Primary endpoint: Change in MADRS from randomization to end of double-blind period.

• Incorporates independent assessments.
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Design of STRIDE-1 Study

AXS-05
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BUP = Bupropion; DM = Dextromethorphan.

Bupropion

AXS-05
(BUP + DM)

Period 1, Open-label (6 weeks) Period 2, Double-blind (6 weeks)

1:1 randomization of 

inadequate responders

Bupropion

N=346



Prospective Lead-in Enrichment Design:

• Prospective assessment assures that patients are truly resistant—only 

patients who fail open-label bupropion are randomized.

• Complements historical assessment of previous ADT failure.

• Mitigates effects of treatment history and course of illness heterogeneity.

• Eliminates variability of different background treatments seen with 

augmentation approaches.

Independent Assessments:

• Minimizes pathophysiological heterogeneity

• Minimizes diagnostic misclassification
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Benefits of STRIDE-1 Design
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• Glutamate abnormalities are present in MDD patients.

• Drugs that modulate glutamatergic neurotransmission have 

shown antidepressant effects, in some cases quite rapid.

• Several studies support a relationship between depression 

and inflammation.

• Medications with anti-inflammatory properties have shown 

promise in the treatment of MDD. 

• AXS-05 combines glutamatergic, monoamine, and anti-

inflammatory mechanisms.

• Design of STRIDE-1 should produce an enriched population, 

minimize heterogeneity, and reduce placebo response.
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Conclusions
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Q&A
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For more information, please contact

Mark Jacobson

SVP, Operations

212-332-3243

mjacobson@Axsome.com

axsome.com




