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Considering the title of the talk is Latest Discoveries & Emerging Trends in MDD, you should assume 

treatments under discussion are considered off -label or experimental unless otherwise specified.



Learning Objectives

ÅExplain emerging mechanisms in MDD, including neuroplasticity and 

glutamatergic pathways

ÅSummarize recent clinical evidence for novel treatments such as 

esketamine and psychedelics

ÅApply current information to consider appropriate referral of patients to 

clinical trials



Update from Last Yearôs Presentation on

State of the Science



Rise of the Monoamine 
Deficit Hypothesis

Nathan S. 

Reserpine associated with depression

Serendipitous 

discovery of MOAIôs 

antidepressant effects

Discovery of TCAôs 

antidepressant effects

2024 Presentation

MOAI = monoamine oxidase inhibitor; TCA = tricyclic antidepressants.

Wu XL, Yan QJ, Zhu F. World J Psychiatry . 2022;12(4):541-557.



MADRS = Montgomery ïÅsberg  Depression Rating Scale; CGI -S = Clinical Global Impression Severity; MDD = major depressive disorder.

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

There is continued 

interest in pursuing 

and optimizing the 

development of 

medications that 

primarily target the 

monoaminergic 

neurotransmitter 

systems.



Neuroplasticity
Neuroplasticity is a process that involves adaptive 

structural and functional changes to the brain. 
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ñIf one viewed depression as a 

disorder of cortico-limbic function, then 

glutamatergic and GABAergic 

signaling would be implicated. This 

perspective shift led us to test the 

effects of the NMDA glutamate 

receptor antagonist as a probe of 

alterations in glutamate signaling 

associated with depression.ò

Historically
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monoaminergic  

theory
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HDRS = Hamilton Depression Rating Scale.

Berman RM, et al. Biol Psychiatry . 2000;47(4):351-354.

2024 PresentationConsidering the Role of Glutamate in the 

Pathophysiology of Stress and Depression



FDA approves new nasal spray medication for treatment -resistant 
depression; available only at a certified doctorôs office or clinic (March 2019)

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

IN Esketamine  (Spravato ®) FDA Approval

-----------------------------INDICATIONS AND USAGE --------------------

SPRAVATO is a non-competitive N-methyl D-aspartate (NMDA) 
receptor antagonist indicated for the treatment of
Å Treatment-resistant depression (TRD) in adults, as monotherapy or 

in 
Å conjunction with an oral antidepressant

Å Depressive symptoms in adults with major depressive disorder 
(MDD) with 
Å acute suicidal ideation or behavior in conjunction with an oral 

antidepressant

Updated Indications and Usage January 2025 
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IN = intranasal; FDA = Food and Drug Administration; CIII = Schedule 3.

Janik A, et al. JAMA Psychiatry . 2025;82(9):877-887. Spravato ® (esketamine ) PI. Drugs@FDA : FDA-Approved Drugs. Accessed September 
2025. https:// www.accessdata.fda.gov /drugsatfda_docs /label/2025/211243s016lbl.pdf .



Zaki N, et al. Int J Neuropsychopharmacol . 2025;28(6):pyaf027.

Addressing the Question of Longer -Term Efficacy and Safety

Study Design

Å Open-label, multicenter, long-term extension study

Å Conducted between June 2016 and December 2022 

Å 222 sites in 27 countries/locations.  

Å The study consisted of two phases: a 4-week induction phase 

(if applicable) and an optimization/maintenance phase of 

variable duration

Study Population

Participants in 6 phase 3 ñparentò studies of IN esketamine 

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.

Å Dose received

ς 64% of participants received 84 mg as their final 

esketamine dose

ς 33% of participants received 56 mg 

ς 3% of participants received 28 mg

Å Frequency of dosing

ς Weekly (~40-50% of participants for most of their 

dosing) 

ς Every other week was ~35-45%

ς Every 4-week dosing was Ò~25% 

Depressive symptoms improved during the 4-week 

induction phase; improvement generally persisted 

during the long-term optimization/maintenance 

phase (few participants discontinued across phases 

due to lack of efficacy (5.3%) or adverse event 

(6.4%))

1148 Patients

3777 Patient Years

46 Mos Median Exposure



a Solicited adverse events 

are those for which the event 

was marked ñyesò on the 

patient monitoring form.

Adverse Events of Interest During Dosing Session

Serious Adverse Events Reported

Dosing Frequency Reported

Am J Psychiatry 2025;  Embargo until Sept 10, 2025  



What About Safety and Toxicity Beyond These 
Studies?

Am J Psychiatry 2025;  Embargo until Sept 10, 2025  



a. Glutamate release

b. Group II and III GluRs

c. Group I mGluRs

d. NMDARs

e. AMPARs

f. Glucocorticoid receptors

g. Excitatory amino acid transporters 

and exchangers

h. Endocannabinoid

      receptors

Potential Glutamate Targets

Popoli M, et al. Nat Rev Neurosci . 2011;13(1):22-37.
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Safety and Efficacy of the NMDA -2b-Selective Negative 

Allosteric Modulator BI 1569912: A Phase Ib Randomized Trial 

in Major Depressive Disorder

SSRI = selective serotonin reuptake inhibitor; SNRI = serotonin -norepinephrine reuptake inhibitor; SE = standard error.

McIntyre RS, et al. Clin Pharmacol  Ther . Published online. August 14, 2025. Presented at: 63rd Annual Meeting of the American College of Neuropsychopharmacology; Decem ber 8ï
11, 2024; Phoenix, AZ, USA.

Two Phase II trials of BI 

1569912 as monotherapy 

(NCT06558344) 

and adjunctive therapy 

(NCT06280235) in people 

living with MDD have 

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

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



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.

Recent Overview of Ionotropic Glutamate 

Receptors for MDD
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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 -441.



Evidence of BDNF and Downstream 
Mechanisms Having Antidepressant 

Effects

2024 Presentation

NMDA Receptor, Glutamate 
Burst, and Neuroplasticity

BDNF = brain -derived neurotrophic factor.

Duman RS, et al. Nat Med . 2016;22(3):238-249.



ALTO-100 (NSI-189) ïexact 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..

Drugs Targeting BDNF and Related Downstream 

Mechanisms Under Investigation for 

Antidepressant Efficacy

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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Supernus ( SPN-820, NV-5138) is a novel, first-in-class 
intracellular modulator of mTORC1 for the treatment of 
depression.

 Very early phase clinical trial just completed (Clinicaltrials.gov NCT06235905)

Drugs Targeting BDNF and Related Downstream 

Mechanisms Under Investigation for Antidepressant 

Efficacy

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.
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Kappa Opioid Receptor Targeting Drugs



Kappa Opioid Receptor 

Provides Feedback and 

Regulates Dopamine Release 

Related to Reward Circuitry

2024 Presentation

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





Psychedelic-Like Drugs



Rapid Onset of Psilocybin Effect

CI = confidence interval.

Raison CL, et al. JAMA . 2023;330(9):843-853.
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Å Change from Baseline in MADRS Total Score (Modified Intention-to-Treat Population). 
Å Total scores on the Montgomeryï¡sberg Depression Rating Scale (MADRS) range from 0 to 60, 

with higher scores indicating greater severity of depression. I bars represent standard errors. 

The psilocybin-treated group showed greater change vs niacin in central raterï

assessed MADRS score from baseline to day 43 (mean difference, ī12.3 [95% 

CI, ī17.5 to ī7.2]; P<.001)



Psilocybin

LSD

DMT

Bretisilocin  (formerly GM -2505), a 5-HT2A receptor agonist and serotonin -

releasing agent with positive phase 2 results. The drug is an analogue of 

the classical psychedelic dimethyltryptamine (DMT), with a psychedelic 

effect of around 60 ï90 minutes. 

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.



PTSD = posttraumatic stress disorder; CRL = Complete Response Letter.

FDA. September 4, 2025. Accessed September 2025. https:// www.fda.gov /news -
events/press -announcements/fda -announces -real -time -release -complete -
response -letters -posts -previously -unpublished -batch -89.

The issues expressed in the CRL echo those raised 

during the FDA Advisory Committee meeting onJune 

4, 2024

Notable Concerns



Notable Concerns

a) Demonstrate durability of effect

 

b) Minimize potential for bias
Å Exclude or minimize the number of participants 

with prior use of MDMA or other psychedelics 

Å Incorporate an assessment of participant 
expectancy at baseline 

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

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

 

c) Adequately characterize the safety 
of midomafetamine 


