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Learning Objectives

A Explain emerging mechanisms in MDD, including neuroplasticity and
glutamatergic pathways

A Summarize recent clinical evidence for novel treatments such as
esketamine and psychedelics

A Apply current information to consider appropriate referral of patients to
clinical trials



Update from Last Year

State of the Science
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ORIGINAL CONTRIBUTION

Lumateperone for the Treatment of Major Depressive
Disorder With Mixed Features or Bipolar Depression With

There Is continued Mixed Features

A Randomized Placebo-Controlled Trial

I n te re St I n p u rS u I n g Suresh Durgam, MD,! Susan G. Kozauer, MD,’ Willie R. Earley, MD,’ Changzheng Chen, PhD,’

Jason Huo. PhD.! Hassan Lakkis. PhD.! Stephen Stahl. MD. PhD.? and Roeer S. McIntvre. MD?
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MADRS = Montgomery i Asberg Depression Rating Scale; CGl -S = Clinical Global Impression Severity; MDD = major depressive disorder.

Durgam S, et al. J Clin Psychopharmacol .2025;45(2):67-75.
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Neuroplasticity

Neuroplasticity is a process that involves adaptive
structural and functional changes to the brain.
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onsidering the Role of Glutamate In the 2024 Presentation
Pathophysiology of Stress and Depression

The Possibility of Neurotoxicity in the Hippocampus in
Major Depression: A Primer on Neuron Death teorr e o Phamaceloms 183 (501710 l

Robert M. Sapolsky EJP 51446

REVEW

A number of studies indicate that prolonged, major de- g \ctivation of Gl N .
pression is assoctated with a selective loss of hippoeampal  Slress Activation of Glutamate Neurotransmission m .
volume that persists long afier the depression has re-  the Prefrontal Cortex: Implications for Dopamine- F llll(:tional antagonists at the NMDA l'eceptﬂr complex exhlbit
solved. This review is prompted by two ideas. The first is . : . .

that overt neuron loss may be a contributing factor to the Associated Psychmmc Disorders antldepressan‘ actions

decrease in hippocampal volume. As such, the first half of Bita Moghadan

this article reviews current knowledge about how hip- Ramon Trullas and Phil Skolnick

pocampal neurons die during insults, focusing on issues
'elf’!d fo Yife M)?;ékmﬂ of, Slufﬂmu‘i;{ ﬁ?d Cﬂiﬂf’;’”r gluta- 1 Lab, ry of Neurosci National Institutes of Diabetes, Digestive, and Kidney Diseases, National Institutes of Health, Bethesda, MD
mate receptor subtypes, oxygen radical generation, pro- { Gutmes sy 20892, US.A.

grammed cell death, and neuronal defenses. This is meant s

to orient the reader toward the biology that is likely to

underlie any such instances of neuron loss in major

depression. The second idea is that glucocorticoids, the

adrenal steroids secreted during stress, may play a con- \
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tributing role to any such neuron loss. The subtypes of
depression associated with the hippocampal atrophy typ-
ically involve significant hypersecretion of glucocorti-
coids, and the steroid has a variety of adverse effects in the
hippocampus, including causing overt neuron loss. The

Inescapable, but not escapable, stress inhibits the induction of Long Term Potentiation (LTP) in the CA, region of
hippocampus, a process that is dependent upon activation of the N-methyl-D-aspartate (NMDA) subtype of
glutamate receptor. Since inescapable stress also produces a syndrome of behavioral depression sensitive to clinically

second half of this article reviews the steps in this caseade effective antidef nts, we ined the actions of functional antagonists at the NMDA receptor complex in animal
of hippocampal neuron death that are regulated by glu- L models commonly used to eval p ial antidepressants. A competitive NMDA antagonist (2-amino-7-phospho-
cocorticoids. Biol Psychiatry 2000:48:755-765 © 2000 = [""”""‘” @ noheptanoic acid [AP-7]), a non-competitive NMDA antagonist (Dizolcipine [MK-801]), and a partial agonist at
Society of Biological Psychiatry NATURE|VOL433 |17 FEBRUARY 2005 | strychnine-insensitive glycine receptors (1-aminocylopropanecarboxylic acid [ACPC]) mimicked the effects of clinically
effective antidepressants in these models. These findings indicate that the NMDA receptor complex may be involved
in the behavioral deficits induced by inescapable stress, and that substances capable of reducing neurotransmission at
the NMDA receptor complex may represent a new class of antidepressants. Based on these findings, the hypothesis
. X that pathways subserved by the NMDA subtype of glutamate receptors are involved in the pathophysiology of
Historically affective disorders may have heuristic value.
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IN Esketamine (Spravato ®) FDA Approval

FDA approves new nasal spray medication for treatment -resistant
depression; avallable only at aMaxc®2019) f |

Expanded use of SPRAVATO ©® esketamine CIll nasal spray for the treatment of
major depressive disorder (MDD) with acute suicidal ideation or behavior
(August 2020 )

JAMA Psychiatry | Original Investigation

Esketamine Monotherapy in Adults With Treatment-Resistant Depression Updated Indications and Usage January 2025
A Randomized Clinical Trial . __INDICATIONS AND USAGE ---
Cara b s MD: Mt icalo. DO, Gregony W, Matingy, MO R . s, MO SPRAVATO is a non-competitive N-methyl D-aspartate (NMDA)
John W Zajecle, MD: Done-ing . M. Pho ) _ receptor antagonist indicated for the treatment of
g \ : §d ATreatment-resistant depression (TRD) in adults, as monotherapy or

o N N

" Aconjunction with an oral antidepressant

ADepressive symptoms in adults with major depressive disorder
(MDD) with

Cowaine 3 8 n w Aacute suicidal ideation or behavior in conjunction with an oral
No.of particpans ' antidepressant

Placebo 197 195 190 189 187 185
Esketamine, 56 mg 86 84 84 84 81 82
Esketamine,84mg 95 93 89 89 87 89

MADRS totalscore

Least-square mean

-20

IN = intranasal; FDA = Food and Drug Administration; Clll = Schedule 3.
Janik A, etal. JAMA Psychiatry . 2025;82(9):877-887. Spravato ® (esketamine ) Pl. Drugs@FDA : FDA-Approved Drugs. Accessed September
2025. https:// www.accessdata.fda.gov /drugsatfda_docs /label/2025/211243s016Ibl.pdf .



Addressing the Question of Longer

International Journal of Neuropsychopharmacology, 2025, pyaf027

https://doi.org/10.1093/ijnp/pyaf027

Advance access publication 4 May 2025
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A Conducted between June 2016 and December 2022

Depressive symptoms improved during the 4-week
induction phase; improvement generally persisted
during the long-term optimization/maintenance

A The study consisted of two phases: a 4-week induction phase Phase (few participants discontinued across phases
due to lack of efficacy (5.3%) or adverse event

A 222 sites in 27 countries/locations.

(if applicable) and an optimization/maintenance phase of (6.4%))

A Dose received
¢ 64% of participants received 84 mg as their final

variable duration
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Note: Figure presents the data at specific visits. The visits with fewer than 10 participants are not presented.

esketamine dose

Study Population

enrolled into the 4-week induction phase or the long-term
optimization/maintenance phase of SUSTAIN-3 based on their

clinical status at parent study end. )
P y dosing)

¢ 33% of participants received 56 mg
. . .
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A Frequency of dosing
¢ Weekly (~40-50% of participants for most of their

1148 Patients
3777 Patient Years
46 Mos Median Exposure

¢ Every other week was ~35-45%

Zaki N, et al. IntJ Neuropsychopharmacol .2025;28(6):pyaf027. ¢ Every4-we e k

dosing was O~25%



Adverse Events of Interest During Dosing Session

A. Sedation B. Dissociation C. Increased Blood Pressure
50 60 5

Real-World Safety of Esketamine Nasal Spray: A
Comprehensive Analysis Almost 5 Years After First
Approval

Gerard Sanacora, M.D., Ph.D.,! Muhammad Ahmed, M.D., M.PH.? B(ianne Brown, Psy.D.? Patricia Cabrera, M.D., M.Sc.,?
Teodora Doherty, M.D.,* Mai Himedan, M.D.,2 David M. Kern, Ph.D_,C* Lisa Lim, Pharm.D.,2 Oliver Lopena, Pharm.D.,?

Ronaldo R. Naranjo, Jr., D.N.P, PMH.N.P.-B.C. 2 Isaac Nuamah, Ph.D.,? Amir Sarayani, Pharm.D., Ph.D_,* Ibrahim Turkoz,
Ph.D.2 Hannah E. Bowrey, Ph.D>

a Solicited adverse events
are those for which the event

4 was marked fiyes:
patient monitoring form.

40 50 269

353 435

412

Objective: The objective of this study was to comprehen-
sively examine the real-world safety of esketamine using 58
months of postapproval data in the United States.

Methods: U.S. safety data from patient monitoring forms sub-
mitted to the esketamine Risk Evaluation and Mitigation Strat-
egy (REMS) program and reports submitted to the Janssen
US. Global Medical Safety (US-GMS) database were evaluated
(March 5, 2019, to January 5, 2024). Patient characteristics,

treatment sessions were completed by 58483 patients
who had at least one esketamine treatment session. Se-
dation, dissociation, and increased blood pressure were
reported in 34.7%, 41.0%, and 0.9% of sessions, respec-
tively. Serious adverse events were reported in <0.1%
and 0.18% of treatment sessions in REMS and US-GMS,
respectively; suicide rates were lower than background
rates; and 210 incidences of all-cause abuse/misuse were
reported.

Number of Events per 100 Administrations

Session 1

Sessions1-8  Sessions 9-12

Session 1

Sessions 1-8  Sessions 9-12

Mumber of Events per 100 Administrations
w
o
Number of Events per 100 Administrations

16
12
l . -[’-g

Session 1 Sessions 1-8  Sessions 9-12

Serious Adverse Events Reported

TABLE 2. Safety events of interest and summary of serious adverse events as

reported on the Risk Evaluation and Mitigation Strategy patient monitoring form

(March 5, 2019, to January 5, 2024)°

Treatment sessions

TABLE 3. Most common serious adverse event descriptions
(>1.5% of all serious adverse events) reported in the esketamine
nasal spray U.S. Global Medical Safety database (March 5, 2019,
to January 5, 2024)

b
use and dosage patterns, adverse events of interest (actively Batienty(fiz840) =t 486 265) P e
solicited reports of sedation, dissociation, and increased blood ~ Conclusions: Analysis of almost 5 years of real-world use Event N % N % (N=3,985)
pressure), and serious adverse events following esketamine  of esketamine in the United States remains consistent Safety events of interest =
administration were described. The incidence of suicidality ~— with the established safety profile from clinical studies >1 safety event of interest 44908 76.8 764,600 514 Event N %
and drug abuse/misuse was also evaluated. adnd c:r;ent product labeling. No new safety signals were ngda(igp 32‘1‘51)8 565;? 653;;2675 .7:;(7) Suicidal ideation 447 11.2
identified. Issoclation - : g : Hospitalization 193 48
Results: Most patients were 26-55 years of age (64.3%) Increased blood pressure® 6.818 1.7 13510 039 i
>1 serious adverse eventd 932 16 1184 <01 Hypertension 170 4.3
and female (61.1%). A total of 1486,213 outpatient Am J Psychiatry 2025; XX:1-9; doi: 10.1176/appi.ajp.20240655 = - - - Vomiting® 141 35
Summary of serious adverse events® Nausea® 116 29
: ; Death 2 <01 2 <01 Death® 109 27
A. Usage Over Time Since FDA Approval Disab‘ilit)‘/ or.permanent damage 1 <01 2 <01 Dissociation 90 22
30,000 t!ﬁsi’r'\tahztatléﬂ 223 8f 4‘213 <gi Hallucination 72 18
Ife threatening <0.. <0. ..
Important medical event 494 08 1014 <01 Completed suicide 70 18
25000 24,155 Not specified 296 05 704 <01  Dizziness 66 16
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Am J Psychiatry 2025; Embargo until Sept 10, 2025



What About Safety and Toxicity Beyond These
Studies?

FIGURE 1. Estimated threshold of neurotoxicity by dose strength and frequency?®

Ketamine for Depression, but at What Cost? A Review
of Ketamine's Neurotoxic Effects From Preclinical and

Human Studies

S. William Li, M.D., Ph.D.,* Kristina T. Kumpf, M.A_*? Julian Urrutia, M.D., Ph.D.,! John H. Krystal, M.D.,!

Gerard Sanacora, M.D., Ph.D.,* Samuel T. Wilkinson, M.D.!

This review examines ketamine's neurotoxic potential
across preclinical and clinical studies. The authors synthe-
sized data from preclinical models, then integrated find-
ings from human clinical trials of esketamine and obser-
vational studies in recreational users. Animal studies have
found that repeated or high-dose subanesthetic ketamine
administration results in consistent excitotoxic neuronal
damage and lasting cognitive deficits, especially in perinatal
animals. Infrequently administered relatively low and mod-
erate subanesthetic doses (<1 mg/kg approximate human
intravenous equivalent) do not yield overt histopathology
in rat and nonhuman primate models. In humans, obser-
vational studies in frequent high-dose (>1 g/day) ketamine
users show memory and executive function impairments.
In contrast, a large clinical trial found that intranasal esket-
amine at doses up to 84 mg, administered weekly or every
other week for several years, is associated with maintained
or slightly improved cognitive function in adults with major

depression. Lower cognitive function (attention, processing
speed) showed some potential worsening among elderly
patients; the clinical significance of this is unknown. Direct
comparisons of esketamine and off-label racemic ketamine
at higher doses have not been done. These studies under-
score the potential for neurotoxic effects when Ketamine
is_ used at doses or frequencies beyond those utilize
clinical trials, highlighting a critical need for robust longi-
Mrch. Clinicians are advised to exercise caution,
particularly whenm
significantly higher than those used in clinical trials. When
deviating from this in clinical practice, strong consideration
should be given to conducting repeated cognitive assess-
ments. Funding agencies should incentivize preclinical
researchers to conduct studies that further elucidate the
threshold of ketamine's neurotoxicity.

Am J Psychiatry 2025; XX:1-9; doi: 10.1176/appi.ajp.20250276

Am J Psychiatry 2025; Embargo until Sept 10, 2025

Dose Strength (approx. human IV racemic equiv., mg/kg)

Species: A Human [0 Nonhuman primates O Rodent Likelikood of

neurotoxocity

QOlney (4)

Ke et al. (54); Liang et al. (56); Zhong et al. (53);A
Morgan et al. (47, 48, 55)

O Onaolapo et al. (24)
[JSun et al. (33)

OLiuetal (17); Zou et al. (31)
O Luo et al. (25)
O Taffe etal (38)

(O Majewski-Tiedeken et al. (20) Sunetal. (34); Lietal. (35);

Yeung et al. (6)
JMorris et al. (18); Bates and Trujillo (26)

Lack of data

Morrison et al. (39); Wajs et al. (40); A
Zaki et al. (41)

Once Weekly or
<2 months

Twice weekly or
>2 months

Daily or
>3 months

Approximate Exposure Length (frequency + chronicity)
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Safety and Efficacy of the NMDA -2b-Selective Negative

Allosteric Modulator Bl 1569912: A Phase

Ib Randomized Trial

INn Major Depressive Disorder

: ) Two Phase Il trials of Bl
ey Conclusions
1569912 as monotherapy
« In this Phase Ib study, a single dose of the NR2B NAM Bl 1569912 given as adjunctive treatment resulted in a rapid antidepressant effect in adults (N CTO 655 8344)
with moderate-to-severe MDD and inadequate response to prior SSRI/SNRI therapy
+ The maximum decrease from baseline in MADRS total score within a 7-day interval was similar across groups; however, Bl 1569912 20 mg I I
produced an early antidepressant effect with a numerical separation from placebo on MADRS total score on Days 2-6 (Figure 1), thus supporting an d adJ un Ctlve th erapy
progression to a Phase Il trial with adjunctive Bl 1569912 ( N CTO 6 280235) | N peop I e
Figure 1. Adjusted mean of absolute change from baseline in MADRS total score over time . . .
living with MDD have
0 - = Inpatient > < Outpatient =
R — (follow-up) recently been completed.
g w <5 - —e— BI15699125mg
& H —e— BI156991220mg
0o
g5 -104
€ -154
= s T T T T 1
pay BB 2 4 6 8 11 15
Planned hours postdose: -1 7 225 70.5 1185 166.5 2385 3105
Placebo,n 1918 19 19 19 19 15 19
B115699125mg,n 2018 20 20 20 20 15 17
BI1156991220mg,n 2020 20 20 20 20 16 19
\ _J

SSRI = selective serotonin reuptake inhibitor; SNRI = serotonin
Mcintyre RS, et al. Clin Pharmacol Ther. Published online. August 14, 2025. Presented at: 63rd
11, 2024; Phoenix, AZ, USA.

-norepinephrine reuptake inhibitor; SE = standard error.

Annual Meeting of the American College of Neuropsychopharmacology; Decem ber 81
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A I\/I P A Neurocrine Biosciences Reports Positive Phase 2 Data for NBI-1065845 in Adults with Major
Depressive Disorder

April 23, 2024

e SAVITRI ™ Study Met Primary Endpoint with Statistically Significant Reduction in Montgomery Asberg Depression

Rating Scale (MADRS) Total Score at Day 28
* Met Key Secondary Endpoints, Including Statistically Significant Reduction in MADRS Score at Day 56

* NBI-1065845 Was Generally Well-Tolerated

The study met its primary and key secondary endpoints, demonstrating that once-daily, oral administration of NBI-1065845 produced a statistically
significant change from baseline in Montgomery Asberg Depression Rating Scale (MADRS) total score at both Day 28 (primary) and Day 56
(secondary). In the full analysis data set, the least squares (LS) mean differences from baseline in MADRS total score for NBI-1065845 were:

® One of the doses demonstrated an improvement over placebo of -4.3 (p-value = 0.0159) and -7.5 (p-value = 0.0016) at

Day 28 and Day 56, respectively.
¢ The other dose also demonstrated a trend toward improvement over placebo of -3.0 (p-value = 0.0873) and -3.6 (p-value =

0.1082) at Day 28 and Day 56, respectively.

Neurocrine Biosciences Announces Initiation of Phase 3 Registrational
Program for Osavampator as an Adjunctive Therapy for the Treatment of Major

Depressive Disorder in Adults

January 28. 2025

Neurocrine Biosciences. January 28, 2025. Accessed September 1, 2025. https://neurocrine.gcs -web.com/node/21581/pdf.



Recent Overview of lonotropic Glutamate
Receptors for MDD

— compound [ phaser [N Phasez [ Phases

NMDA receptor modulators

Esketamine Nasal spray (Spravato®) approved in the EU & US
Dextromethorphan/Bupropion Oral tablet (Auvelity®) approved in the US
Esmethadone Phase 3 trials terminated™

Nitrous oxide
D-Cycloserine

Rapastinel S
Apimostinel

Zelquistinel b

Bl 1569912

AMPA receptor modulators
(2R,6R)-Hydroxynorketamine

Farampator Phase 2 trial terminated >
Osavampator
Tulrampator s

Green indicated successful passage of the clinical phase (i.e., positive data available). Yellow indicated ongoing trials or trials
where data have not yet been published. Red indicated failed clinical trials or trials that were prematurely terminated, and
further development has halted. Of the indicated substances, approval has only been obtained for intranasal esketamine
(Spravato®, EU and US) and dextromethorphan/bupropion (Auvelity®; US only).

Pharmacological Research, Volume 220, October 2025, 107918. Available online 19 August 2025.
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Potential Glutamate
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a. Glutamate release
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c. Groupl mGluRs

d. NMDARs

e. AMPARs

f.  Glucocorticoid receptors

and exchangers
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h. Endocannabinoid

receptors

Popoli M, et al. Nat Rev Neurosci . 2011;13(1):22-37.

Nature Reviews | Neuroscience
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Voluntarily terminated due to benefit/risk assessment

Efficacy and Safety of MK-1942 When Added to Stable Antidepressant Therapy in Participants With

Treatment-Resistant Depression (TRD) (MK-1942-006)

ClinicalTrials.gov ID @ NCT04663321

Sponsor @ Merck Sharp & Dohme LLC

Information provided by @ Merck Sharp & Dohme LLC (Responsible Party)

Last Update Posted @ 2024-09-19

Arm/Group Title

MK-1942 Daily Dose Group

MK-1942 Intermittent Dose Group

Placebo

Arm/Group
Description

Participants receive a total daily
dose titrated from 5 mg to 20 mg
of MK-1942 twice daily (BID), orally,
over 4 weeks of treatment
duration: 5 mg in Week 1, 10 mg in
Week 2, and 20 mg in Weeks 3 and
4. Participants receive MK-1942
and matching placebo packaged in
blister cards with an equal number
of capsules administered in the
morning and evening regardless of
treatment assignment.

Participants receive a total daily
dose of 10 mg of MK-1942 twice
weekly (BIW), orally, for Weeks 1-4.
Participants receive MK-1942 and
matching placebo packaged in
blister cards with an equal number
of capsules administered in the
morning and evening regardless of
treatment assignment.

Participants receive a dose-
matched placebo BID, orally, for 4
weeks. Participants receive
matching placebo packaged in
blister cards with an equal number
of capsules administered in the
morning and evening regardless of
treatment assignment,

Overall Number of 30 16 37
Participants Analyzed
Least Squares Mean -8.1 -12.5 -11.4
(95% Confidence (-11.5t0-4.6) (-17.310-7.7) (-14.610-8.1)

Interval) | Unit of
Measure: Units on a
scale

LB e o O e o B A ADRE T R Soeee

Change from Baseline in MADRS Total Score Over Time
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*
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National Library of Medicine. Last updated September 19, 2024. Accessed September 1, 2025.

https://clinicaltrials.gov/study/NCT04663321?tab=results.

Presented at ACNP 2024 meeting. Neuropsychopharmacology. 2024;49:440

Mo significant differences from placebo in efficacy were
seen for either MK-1942 group

The difference in MADRS score between the bi-weekly MK-
1942 group and the placebo group directionally favored
placebo at Week 1 (-6.3 vi -8.1, difference = 1.9 [95% ClI: -
2.7, 6.4], p=0.417) but not at later time points

The difference in MADRS score between the daily MK-1942
group and the placebo group directionally favored placebo
at Week 3 (-8.1 v -11.4, difference = 3.3 [95% CI: -1.4, 8.0],
p=0.168) and at all other time points

At every timepoint, the difference between the bi-weekly
MEK-1942 group and the daily MK-1942 group directionally
favored the bi-weekly group

The largest reduction from baseline occurred in the bi-
weekly ME-1942 group at Week 4

-441.
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Evidence of BDNF and Downstream
Mechanisms Having Antidepressant
Effects

number and
function
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BDNF = brain -derived neurotrophic factor.
Duman RS, et al. Nat Med. 2016;22(3):238-249.
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Drugs Targeting BDNF and Related Downstream
Mechanisms Under Investigation for

Antidepressant Efficacy

ALTO-100 (NSI-189) i exact mechanism of action is unknown.
However, it is thought to work indirectly by enhancing BDNF signaling
and increasing neuroplasticity and neurogenesis in the hippocampus.
The drug dose-dependently increases hippocampal volume at
sufficiently high doses in rodents..

Alto Neuroscience Reports Topling Results from a Phase 2b Trial Evaluating ALTO-100 as a Treatment for Major Depressive Disorder

October 22 2024

- Treatment with ALTO-100 dlid not demonstrate improvement in depressive symptoms compared to placebo in patients with a memory-based
cognitive biomarker -

Allen BD, et al. Radiat Res. 2018;189(4):345-353. Alto Neuroscience. October 22, 2024. Accessed September 1, 2025.

https://investors.altoneuroscience.com/news/news -details/2024/Alto -Neuroscience -Reports -Topline -Results -from -a-Phase-2b-Trial -Evaluating -
ALTO-100-as-a-Treatment -for -Major -Depressive -Disorder/default.aspx.
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Drugs Targeting BDNF and Related Downstream
Mechanisms Under Investigation for Antidepressant

Efficacy Supernus ( SPN820, N\V5138)is a novel, firsin-class
Intracellular modulator of MTORCL1 for the treatment of

depressio
Very early phase clinical trial just completed (Ciinicaltrials.goNCT06235905)

Supernus Announces Topline Results from Phase
2b Study in Adults with Treatment Resistant
Depression

February 18,2025 16:25 ET | Source: Supernus Pharmaceuticals, Inc.

» Study did not demonstrate statistically significant improvement on primary endpoint of reduction in depressive

symptoms as measured by MADRS total score compared to placebo

ROCKVILLE, Md., Feb. 18, 2025 (GLOBE NEWSWIRE) - Supernus Pharmaceuticals, Inc. (Nasdag: SUPN), a
biopharmaceutical company focused on developing and commercializing products for the treatment of central nervous
system (CNS) diseases, announced today that the Phase 2b study of SPN-820 in adults with treatment-resistant
depression (TRD) did not demonstrate a statistically significant improvement on the primary endpoint of change from
baseline in the Montgomery-Asberg Depression Rating Scale (MADRS) total score to Week 4 (SPN-820 [LS mean
Standard Error]: -12.3 + 0.96 vs. placebo: -11.9 + 0.96; p = not significant). There was no treatment difference between
SPN-820 and placebo in the change from baseline to Week 4 for the secondary endpoints. The safety profile of SPN-820

was consistent with previous clinical trials, showing few adverse events.

Sengupta S, et al. Sci Rep. 2019;9(1):4107. Supernus Pharmaceuticals. February 18, 2025. Accessed September 1, 2025. https:/ www.globenewswire.com /news-
release/2025/02/18/3028344/0/ en/Supernus -Announces -Topline -Results -from -Phase -2b-Study -in-Adults -with -Treatment -Resistant -Depression.html.



Kappa Opioid Receptor Targeting Drugs




2024 Presentation

Kappa OpIOId Receptor Current interest in drugs

] targeting KOR
Provides Feedback and
Regulates Dopamine Release
. . Aticaprant (JNJ-67953964, CERC-501, and
Related to Reward Circuitry RSN, o

Navacaprant (NMRA-335140), ciinicattrials.aov EmIm =

NCT06058013, NCT06029426

' ‘ e “\
(5 “E \él

Working hypothesis

NAc
neuron

Non-pathological ‘ Chronic pain ’
conditions Stress disorders
« Dopamine  x Dynorphin Kappa opioid receptors

Carlezon WA, Krystal AD. Depress Anxiety . 2016;33(10):895-906. Massey, et al. Frontiers in Neuroscience. 2016;10.



Neumora Therapeutics Reports Data from KOASTAL-1 Study of Navacaprant in Major
Depressive Disorder

January 2, 2025 12:00 PM EST

Study did not demonstrate statistically significant improvement on primary endpoint of reduction in depressive symptoms as measured by MADRS
total score compared to placebo

Navacaprant showed an efficacy signal in female participants; Company plans to further analyze results

Navacaprant generally well-tolerated with safety profile comparable to placebo

Corporate

Johnson & Johnson

Statement on VENTURA
Program

March 6, 2025

TITUSVILLE, N.J., March 6, 2025 - Johnson & Johnson has made the decision to
discontinue the Phase 3 VENTURA development program evaluating aticaprant as
an adjunctive treatment for major depressive disorder (aMDD) due to insufficient
efficacy in the target patient population. The data confirmed aticaprant is safe

and well-tolerated, and no new safety signals were identified. Based on the
potential for this mechanism, the Company will explore future development
opportunities for aticaprant in other areas of high unmet need. Full analyses from
the VENTURA development program are underway and will be shared at a future
medical meeting.



Psychedelic-Like Drugs
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Rapid Onset of Psilocybin Effect

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 NOVEMBER 3, 2022 VOL. 387 NO.18 ‘

Single-Dose Psilocybin for a Treatment-Resistant Episode
of Major Depression

G.M. Goodwin, S.T. Aaronson, O. Alvarez, P.C. Arden, A. Baker, J.C. Bennett, C. Bird, R.E. Blom, C. Brennan, D. Brusch,
L. Burke, K. Campbell-Coker, R. Carhart-Harris, J. Cattell, A. Daniel, C. DeBattista, B.W. Dunlop, K. Eisen, D. Feifel,
M.K. Forbes, H.M. Haumann, D.J. Hellerstein, A.l. Hoppe, M.I. Husain, L.A. Jelen, J. Kamphuis, J. Kawasaki, J.R. Kelly,
R.E. Key, R. Kishon, S. Knatz Peck, G. Knight, M.H.B. Koolen, M. Lean, R.W. Licht, J.L. Maples-Keller, J. Mars,

L. Marwood, M.C. McElhiney, T.L. Miller, A. Mirow, S. Mistry, T. Mletzko-Crowe, L.N. Modlin, R.E. Nielsen, E.M. Nielson,
S.R. Offerhaus, V. O'Keane, T. P4leni¢ek, D. Printz, M.C. Rademaker, A. van Reemst, F. Reinholdt, D. Repantis, J. Rucker,
S. Rudow, S. Ruffell, AJ. Rush, R.A. Schoevers, M. Seynaeve, S. Shao, J.C. Soares, M. Somers, S.C. Stansfield, D. Sterling,
A. Strockis, J. Tsai, L. Visser, M. Wahba, S. Williams, A.H. Young, P. Ywema, S. Zisook, and E. Malievskaia

Dlassms s s s e e s s e S e L s
\ Primary efficacy assessment at wk 3
-2\ P<0.001 for 25-mg dose vs. 1-mg dose
@ P=0.18 for 10-mg dose vs. 1-mg dose
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Cl = confidence interval.
Raison CL, etal. JAMA . 2023;330(9):843-853.
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Research

JAMA | Original Investigation

Single-Dose Psilocybin Treatment for Major Depressive Disorder
A Randomized Clinical Trial

Charles L. Raison, MD; Gerard Sanacora, MD, PhD; Joshua Woolley, MD, PhD; Keith Heinzerling, MD; Boadie W. Dunlop, MD, M5;

Randall T. Brown, MD, PhD; Rishi Kakar, MD; Michael Hassman, DO; Rupal P. Trivedi, MD:; Reid Robison, MD; Natalie Gukasyan, MD;

Sandeep M. Nayak, MD; Xiacjue Hu, MD; Kelley C. O'Donnell, MD, PhD; Benjamin Kelmendi, MD; Jordan Sloshower, MD, MSc;

Andrew D. Penn, RM, MS, NP; Ellen Bradley, MD:; Daniel F. Kelly, MD; Tanja Mletzko, MA; Christopher R. Nicholas, PhD; Paul R. Hutson, PharmD;
Gary Tarpley, PhD; Malynn Utzinger, MD; Kelsey Lenoch, BS; Kasia Warchol, BS; Theraysa Gapasin, M5, aMFT; Mike C. Davis, MD, PhD;
Courtney Nelson-Douthit, BS; Steffanie Wilson, PhD; Carrie Brown, MA; William Linton, BS; Stephen Ross, MD; Roland R. Griffiths, PhD

@ MADRS score
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Baseline 2 8 15 29 413
Follow-up, d
No. of participants at risk
Psilocybin 51 51 51 50 49 50
Niacin 53 52 50 45 44 44

The psilocybin-treated group showed greater change vs niacin in central rateri
assessed MADRS score from baselinetoday43 ( mean di fference, 112
Cl, 117.5 to 17.2]; P<.001)



JAMA | Preliminary Communication LS D

Single Treatment With MM120 (Lysergide) in Generalized Anxiety Disorder
A Randomized Clinical Trial

P S I I O Cy bl n Reid Robison, MD; Robert Barrow, MS; Craig Conant, BA; Eric Foster, PhD; Jamie M. Freedman, BS; Paula L. Jacobsen, PhD; Jamileh Jemison, MD, MS;

Sarah M. Karas, PsyD; Daniel R. Karlin, MD, MA; Todd M. Solomon, PhD; Miri Halperin Wernli, PhD; Maurizio Fava, MD
Jun 23, 2025 6:30 AM Eastern Daylight Time

Compass Pathways Successfully Achieves Primary Endpoint in

First Phase 3 Trial Evaluating COMP360 Psilocybin for Figure 2. Primary Outcome of Change in Hamilton Anxiety Rating Scale Score From Baseline to Week 4
Treatment-Resistant Depression ﬂ Individual baseline Hamilton Anxiety Rating Scale scores and change from baseline? ﬂ Change in Hamilton Anxiety Rating Scale score at 4 wkP
50 10+ —
MM120 (lysergide

Share 1 X © & e T T 5 i D-tartrate), g
T - Oas
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-404
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¢ A single administration of COMP360 demonstrated a highly statistically significant and

clinically meaningful reduction in symptom severity as measured by MADRS' with a mean &

difference of -3.6 comparing 25 mg to placebo (p<0.001F

» Independent Data Safety Monitoring Board (DSMB) reviewed safety data for COMP360
and found no unexpected safety findings and no clinically meaningful imbalance in
suicidal ideation between treatment and placebo arms

* Ongoing pivotal Phase 3 COMPQOS5 trial is the first study of an investigational, synthetic
psilocybin, and the first classic psychedelic®, to report Phase 3 efficacy data 0 50 . .

* Second ongoing pivotal Phase 3 COMPOO6 trial continues to enroll well, with 26-week L 0= _('_1 = =) =3 U= ‘"_:39) b2 =2
data expected in the second half of 2026 B EESRAE

Hamilton Anxiety Rating Scale score
Change from baseline in Hamilton
Anxiety Rating Scale score at 4 wk

DMT

NEWS IN BRIEF 05 September 2025
GH Research Announces Primary Endpoint Met in Phase 2b Trial with GH001 in TRD

nature reviews drUQ discovery Demonstrating -15.5 Point Placebo-adjusted MADRS Reduction

AbbVie bets on psychedelic drugsin corary 32025

° e Primary endpoint met, GHOO01 led to an ultra-rapid anti-depressant effect with a significant placebo-adjusted MADRS
GllgameSh buy Out reduction from baseline of -15.5 on Day 8 (p<0.0001)
* The majority of the patients treated with GHO01 achieved remission with a 57.5% remission rate on Day 8 compared with
L. . . i 0% in the placebo group (p<0.0001)
Bretisilocin (formerly GM -2505), a 5-HT2A receptor agonlst and serotonin - » All other secondary endpoints were met with clinically and statistically significant improvements on Day 8, compared with

: : e : placebo
releasmg agent with pOSItIVG phase 2 results. The drug IS an analogue of e During the double-blind part, GHO01 was well tolerated and no serious adverse events (SAE) were reported. There was no
the classical psychede“c dimethy|tryptamine (DMT) with a psychede”c evidence of treatment-emergent suicidal ideation or behavior. As of January 22, 2025, no SAEs have been reported
. . ’ throughout the open label extension (OLE)
eﬁeCt Of around 60 | 90 minutes. e As of January 22, 2025, 77.8% of the OLE completers were in remission at the 6-month visit, with infrequent treatments

e Patients who had remission on Day 8 after their first active treatment had a 91.7% remission rate at 6 months

Business Wire. June 23, 2025. Accessed September 2025. https://  www.businesswire.com /news/home/20250623615674/ en/Compass -Pathways -Successfully -Achieves -
Primary -Endpoint -in-First -Phase-3-Trial -Evaluating -COMP360-Psilocybin -for -Treatment -Resistant -Depression. Nature Reviews. Mullard A. September 5, 2025.

Accessed September 6, 2025. https://  www.nature.com /articles/d41573 -025-00149-0. Robison R, et al. JAMA. Published online September 4, 2025. GH Research.

February 3, 2025. Accessed September 2025. https://  investor.ghres.com /node/7751/pdf.



Notable Concerns

FDA NEWS RELEASE

Lykos Therapeutics Announces Complete Response Letter for Midomafetamine Capsules for .
BTSD FDA Announces Real-Time Release of Complete

_ Response Letters, Posts Previously Unpublished
aoanon Batch of 89

* U.S. Food and Drug Administration requests additional Phase 3 study

* [ssues raised in CRL echo those discussed in FDA Advisory Committee hearing

* The Company intends to pursue all available regulatory pathways to expeditiously bring a potential new treatment to the 13 million Americans who ients
live with PTSD, a condition that has not had new treatments available for nearly 25 years"z

For Inmediate Release: = September 04, 2025

he issues expressed in the (g[gisronsome
uring the FDA Advi sordyunGomn
20

2 4 NDA 215455
COMPLETE RESPONSE

Lykos Therapeutics

Attention: Berra Yazar-Klosinski, PhD
Chief Scientific Officer

3141 Stevens Creek Blvd #40547
San Jose, CA 95117

N O o

Dear Dr. Yazar-Klosinski:

Please refer to your new drug application 0

or midomafetamine capsules.
We also acknowledge receipt of your amendment dated i) , which was not
reviewed for this action. You may incorporate applicable sections of the amendment by
specific reference as part of your response to the deficiencies cited in this letter.

PTSD = posttraumatic stress disorder; CRL = Complete Response Letter. We have completed our review of this application, as amended, and have determined
that t thi lication in it t form. We h d ibed
FDA. September 4, 2025. Accessed September 2025. https://  www.fda.gov /news- rezs0na forihia action helavwend, wheve:possible; ot racommentdsiionaiie-addsess

these issues.

events/press -announcements/fda -announces -real-time -release -complete -
response -letters -posts -previously -unpublished -batch -89.



Notable Concerns

a) Demonstrate durability of effect

b) Minimize potential for bias

A Exclude or minimize the number of participants
with prior use of MDMA or other psychedelics

Incorporate an assessment of participant
expectancy at baseline

A

A Assess both participant and rater/therapist
unblinding at the end of the study

A

Consider the inclusion of a low-dose
midomafetamine arm as a control

c) Adequately characterize the safety
of midomafetamine



