


Disclosures

No financial disclosure or conflict of interest relevant to the 
presented materials in this talk



Outline

Background/Science

Clinical Trials and Real-World Outcomes

Future Directions/Considerations



NMDA/Glutamate Receptor Hypothesis

In 1959, D-cycloserine, an antibiotic, showed antidepressant effects
In 1990s, the N-methyl-D-aspartate (NMDA) receptor/glutamatergic signaling 
hypothesis gained support

Kokane, SS, et. al. J Behav Brain Res, 2020



Trullas, R and Skolnick, P. Euro J Pharm, 1990



Ketamine

Ketamine binds to the NMDA receptor
Inhibits NMDA receptor activation  hallucination/dissociation
Approved in 1970s as a dissociative anesthetic
(S)-ketamine (esketamine) has greater binding affinity to the NMDA receptor 
(R)-ketamine (arketamine) and thus increased potency at NMDA receptor
In 2019, esketamine (Spravato) was approved for TRD
In 2020, esketamine was approved for MDD with suicidal ideation and behavior

Jalen, LA, et. al. J Psychopharm, 2020



Duman, R, et. al. Neuron, 2019

Decreased Glutamate and GABA



Duman, R, et. al. Neuron, 2019

Ketamine Increases Glutamate and GABA
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Berman, RM, et. al. Biol Psych, 2000



Possible Ketamine Mechanism

Jalen, LA, et. al. J Psychopharm, 2020
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Johnston, JN, et. al. Neuropsychopharm, 2023



Ketamine Metabolism

Jalen, LA, et. al. J Psychopharm, 2020



Jalen, LA, et. al. J Psychopharm, 2020

(2R,6R)-HNK Acts on Different Receptors



Possible Greater Efficacy of (R)-Ketamine

Yang, C. et. al. Transl Psychiatry 2015



Increased Dendritic Spine Density Post-SDS

Yang, C. et. al. Transl Psychiatry 2015



Yang, C. et. al. Transl Psychiatry 2015

(R)-Ketamine Increases BDNF, TrkB, 
and AMPA-R

YY CC ll TT ll PP hihihi



(2R,6R)-HNK Has Similar Effect

Zanos, P., et. al. Br J Pharmacol, 2019
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Popova, V, et. al. AJP, 2019

Esketamine Phase 3 Trial (TRANSFORM-2)



Daly, EJ, et. al. JAMA Psych, 2019

Esketamine Phase 3 Trial (SUSTAIN-1)

Figure 2. Kaplan-Meier Estimates of Time to Relapse
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Och-Ross, R, et. al. Am J Geri Psych, 2020

Esketamine Phase 3 Trial (TRANSFORM-3)

65-74 years of age >75 years of age



Johns Hopkins Esketamine Clinic Outcome





P<0.001 for noninferiority
of ketamine
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Anand, A, et. al. NEJM, 2023



Table 2. Primary and Secondary Outcomes in the Modified Intention-to-Treat Population.*

Outcome
Ketamine 
(N = 195)

ECT 
(N = 170)

Difference 
(95% CI)†

Primary outcome

QIDS-SR-16–based response — no./total no. 
(%)‡

108/195 (55.4) 70/170 (41.2) 14.2 (3.9 to 24.2)

Secondary outcomes

Effectiveness outcomes — no./total no. (%)

MADRS-based response‡ 99/195 (50.8) 70/169 (41.4) 9.3 (−0.9 to 19.4)‡

Remission§

QIDS-SR-16–based 63/195 (32.3) 34/170 (20.0) 12.3 (3.4 to 21.2)

MADRS-based 74/195 (37.9) 37/170 (21.8) 16.2 (7.0 to 25.4)

CGI-I score¶

Much improved or better rating 99/189 (52.4) 78/164 (47.6) 4.8 (−5.6 to 15.3)

Very much improved rating 59/189 (31.2) 35/164 (21.3) 9.9 (0.8 to 19.0)

PGI-I score∥

Much improved or better rating 84/190 (44.2) 60/164 (36.6) 7.6 (−2.6 to 17.8)

Very much improved rating 37/190 (19.5) 18/164 (11.0) 8.5 (1.1 to 15.9)

Cognitive and behavioral outcomes

GSE-My score at end-of-treatment visit** 4.2±0.1 3.2±0.1 1.1 (0.9 to 1.2)

SMCQ score at end-of-treatment visit†† 0.2±1.4 −8.8±1.5 9.0 (5.1 to 13.0)

Change from baseline in HVLT-R T-score‡‡

Total 3.2±0.8 −2.1±0.8 5.3 (3.1 to 7.4)

Delayed recall −0.9±1.1 −9.7±1.2 8.8 (5.7 to 11.9)

Discrimination index −1.5±1.1 −9.7±1.2 8.2 (5.2 to 11.3)

Change from baseline in the 16-item Quality-of-
Life Scale score§§

12.3±1.0 12.9±1.1 −0.6 (−3.4 to 2.1)

Anand, A, et. al. NEJM, 2023

Primary and Secondary Outcomes
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Future Directions/Considerations

Other NMDA-R antagonists
o Without dissociative effects

Biomarkers to determine the population that will respond 
to OAD vs. esketamine or ECT vs. esketamine

Novel therapies that have rapid antidepressant effects 
o Psychedelics
o Glutamate/GABA signaling; Allosteric modulators
o Neuroinflammation

Other Applications for esketamine
o Bipolar depression, resilience, etc.
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