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Joining online:
I—.-_.—I Microphone and video will remain off during the meeting
Share your questions using the Zoom Q&A function

e Joining in -person:
Please write your questions on the index cards provided

Q This public meeting is being recorded
The slides, transcript, and video will be available at www.ReaganUdall.org
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9 am
9:10 am
9:30 am
11 am

11:10 am

12:05 pm

FOR THE FDA

Welcome & Opening Remarks
Session 1: Overview of the Changing Ketamine Landscape
Session 2: Scope of the ketamine Use in Clinical Practice

Break

Session 3: ldentifying Safety Concerns and Potential Risks Associated with the

Use of Ketamine Products

Lunch
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1:15 pm Session 4: Policy and Regulatory Challenges for the Medical Use of Ketamine
2:15 pm Session 5: Online Promotion and Access to Ketamine

3 pm Break

3:10 pm Session 6: Potential Future Use of Ketamine

4 pm Closing Remarks & Adjourn
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Overview of the Changing
Ketamine Landscape
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Biological Explanations for Delayed Onset

Initiation and Adaptation: A Paradigm for Understanding
Psychotropic Drug Action

Steven E. Hyman, M.D., and Eric J. Nestler, M.D., Ph.D. FIGURE 1. Initiation of and Adaptation to a Psychotropic Drug®

Initial Acute
Obijective: This article describes a paradigm—initiation and adaptation—within which to Stimulus ——» target ——» drug
conceptualize the drug-i neu icity_that underli ng- jons of pm effect

psychotropic drugs in the brain. Method: Recent advances in neurobiology are reviewed. Re-
sults: Recent developments in cellular and molecular neurobiology provide new conceptual
and experimental tools for understanding the mechanisms by which psychotropic drugs pro-
duce long-lived alterations in brain function. Because of the availability of more robust animal
models, the mechanisms by which drugs of abuse produce dependence are better understood
than the mechanisms by which antidepressants, antipsychotics, and lithium produce their
therapeutic effects. Nonetheless, the fundamental types of mechanisms appear to be similar: Adﬂptﬂ"bn
chronic drug administration drives the production of adaptations in postreceptor signaling
pathways, including regulation of neural gene expression. Whether the results are deleterious

or therapeutic depends on the precise neural systems targeted by a particular drug. Conclu- e

sions: Biological investigation in psychiatry has often focused too narrowly on synaptic phar- —ge Initial Stable
macology, especially on neurotransmitter turnover and neurotransmitter receptors. This re- Repeated __,. target long-term
view focuses on molecular and cellular changes in neural function that are produced as stimull  ——» w.'n mo effects
adaptations to chronic administration of addictive drugs such as psychostimulants and thera- A

peutic drugs such as antidepressants. To understand normal brain function, psychopathology,

and the actions of psychiatric treatments, and to exploit the eventual findings of psychiatric

genetics, psychiatric research must now extend its efforts beyond the synapse, to an under-
standing of cellular and molecular neurobiology (in particular, postreceptor signal transduc-
tion) as well as to a better understanding of the architecture and function of neural systems.
A paradigm is presented to help understand the long-term effects of psychotropic drugs, in-
cluding the latency in onset of their therapeutic actions.

(Am ] Psychiatry 1996; 153:151-162)




ldentifying the Glutamate NMDA Receptor as a Possible
Target for Antidepressant Drug Development

European Journal of Pharmacology, 185 (1990) 1-10 I
Elsevier

EJP 51446

Functional antagonists at the NMDA receptor complex exhibit
antidepressant actions

Ramon Trullas and Phil Skolnick

Laboratory of Newroscience, National Institutes of Diabetes, Digestive, and Kidney Diseases, National Institures of Health, Bethesda, MD
20892, U.8.A.

Received 22 February 1990, revised MS received 22 May 1990, accepted 29 May 1990

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
effective antidepressants, we examined the actions of functional antagonists at the NMDA receptor complex in animal
models commonly used to evaluate potential antidepressants. A competitive NMDA antagonist (2-amino-7-phospho-
noheptanocic acid [AP-7]), a non-competitive NMDA antagonist (Dizolcipine [MK-801]), and a partial agonist at
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
that pathways subserved by the NMDA subtype of glutamate receptors are involved in the pathophysiology of
affective disorders may have heuristic value.
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Changing Theories of Mood Disorder Pathophysiology

Shift to cortical and limbic
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Krystal JH, Abdallah CG, Sanacora G, Charney DS, Duman RS. Neuron. 2019 Mar 6;101(5):774-778
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then glutamatergic and GABAergic
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effects of the NMDA glutamate
receptor antagonist as a probe of
alterations in glutamate signaling
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Berman R, et al. Biol Psychiatry. 2000;47:3511 354.



IV Ketaminert Efficacy in MDD/TRD

A At 1 d ay Statistics for Each Study 0Odds Ratio and 95% Cl

Odds Lower Upper

Study ratio limit limit Z-Value  p-Value
Diazgranados et al. (85) 26.053 1359 499.339 2.164 0.030 -—p
Lapidus et al. (84) 13.600 1.238 149.455 2134 0.033 & >
Murrough et al. (87) 4.833 1578 14.803 2.759 0.006 —.——
Sos et al. (91) 15294 1610 145.305 2.374 0.018 —_—
Zarate et al. (88) 79.545 3762 1681.833 2.811 0.005 —_—  »
Zarate et al. (86) 22176 1133 434158 2.042 0.041 —

9865 4366 22293 5503 0.000 <

0.01 0.1 1 10 100
Control Ketamine

B At 1 wee k Statistics for Each Study Odds Ratio and 95% Cl

Odds Lower Upper

Study ratio limit limit Z-Value  p-Value
Diazgranados et al. (85) 5.000 0.426 58.636 1.281 0.200 A
Lapidus et al. (84) 3171 0.179 56.222 0.787 0.431 g
Murrough et al. (87) 3.937 1.149 13.492 2181 0.029 —.——
Sos et al. (91) 4706 0.950 23302 1.898 0.058 —
Zarate et al. (88) 19.783 1.060 369.109 1.999 0.046 < »
Zarate et al. (86) 3222 0.176 58.849 0.789 0.430 g
4610 2076 1023 3754 0.000 <
0.01 01 1 10 100
Control Ketamine

Newport DJ et al. Am J Psychiatry. 2015.
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Rapid Increase In Clinicians Providing Ketamine
for the Treatment of Psychiatric Disorders

A Survey of the Clinical, Off-Label Use of Ketamine as a Treatment for Psychiatric Disorders
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Total Number of Physicians Initiating the Practice of Providing Ketamine Off Label for the Treatment of Psychiatric Digorders
Calendar Year (Bars), and Cumulative Number of Ketamine Providers Over Time (Line)

Wilkinson et alAm J Psychiatry. 2017 Jul 1;174(7)-69%5
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Potential Risks

Pathological Changes Induced in Cerebrocortical
Neurons by Phencyclidine and Related Drugs

JoHN W. OLNEY, JOANN LABRUYERE, MADELON T. PRICE

Phencyclidine (PCP), a dissociative anesthetic and widely abused psychotomimetic
drug, and MK-801, a potent PCP receptor ligand, have neuroprotective properties
stemming from their ability to antagonize the excitotoxic actions of endogenous
‘excitatory amino acids such as glutamate and aspartate. There is growing interest in the
potential application of these compounds in the treatment of neurological disorders.
However, there is an apparent neurotoxic effect of PCP and related agents (MK-801,
tiletamine, and ketamine), which has heretofore been overlooked: these drugs induce
acute pathomorphological changes in specific populations of brain neurons when
administered subcutaneously to adult rats in relatively low doses. These findings raise
new questions regarding the safety of these agents in the clinical management of
neurodegenerative diseases and reinforce concerns about the potential risks associated
with illicit use of PCP.

Science, Volume 244, |ssue 4910 Jun 1989

Fig. 1. (A) Electron micrograph depicting a large posterior cingulate cortical neuron from the brain of a
normal untreated rat. The cytoplasm of this neuron contains many normal-appearing mitochondria, and
there are no abnormal vacuoles (X7000). (B) A large posterior cingulate cortical neuron from a rat
treated with PCP (5 mg/kg sc) 4 hours earlier. Very few normal mitochondria are evident in the
cytoplasm but many vacuoles are present, some of which contain multiple small, round structures that
appear to be remnants of mitochondria. The neuropil surrounding this neuron is well preserved, and
there are many normal-appearing mitochondria in the neuropil components (x7000). (C) Numerous
vacuole-containing large neurons in layers III and IV of the posterior cingulate cortex of a rat treated 4
hours earlier with MK-801 (1 mg/kg sc). Smaller neurc s in other layers (arrows) are free from vacuoles
(x200).


https://www.science.org/journal/science
https://www.science.org/toc/science/244/4910
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Balancing the Potential Benefits with the Current
Knowledge and Potential Risks of Ketamine Treatmel

Ketamine For Severe Depression: 'How
Do You Not Offer This Drug To People?’

Small Sample Sizes
Shortage of Longerm Data
Risk of Toxicity

Substance Abuse Liability

JAMA Psychiatry | Special Communication

A Consensus Statement on the Use of Ketamine

in the Treatment of Mood Disorders

Gerard 5anacora, MD, PhD: Mark A. Frye, MD: William McDonald, MD: Sanjay J. Mathew, MD;
Mason 5. Turner, MD; Alan F. Schatzberg, MD; Paul Summergrad, MD; Charles B. Nemeroff, MD, PhD; for the
American Psychiatric Association (APA) Council of Research Task Force on Novel Biomarkers and Treatments

IMPORTANCE Several studies now provide evidence of ketamine hydrochloride’s ability to
produce rapid and robust antidepressant effects in patients with mood and anxiety disorders
that were previously resistant to treatment. Despite the relatively small sample sizes, lack of
longer-term data on efficacy, and limited data on safety provided by these studies, they have
led to increased use of ketamine as an off-label treatment for mood and other psychiatric
disorders.

OBSERVATIONS This review and consensus statement provides a general overview of the
data on the use of ketamine for the treatment of mood disorders and highlights the
limitations of the existing knowledge. While ketamine may be beneficial to some patients
with mood disorders, it is important to consider the limitations of the available data and the
potential risk associated with the drug when considering the treatment option.

CONCLUSIONS AND RELEVANCE The suggestions provided are intended to facilitate

clinical decision making and encourage an evidence-based approach to using ketamine

in the treatment of psychiatric disorders considering the limited information that is
currently available. This article provides information on potentially important issues

related to the off-label treatment approach that should be considered to help ensure patient

safety.

JAMA Psychiatry. doi:10.1001/jamapsychiatry 20170080
Published online March 1, 2017,

E Invited Commentary

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Group Information: The American
Psychiatric Association (APA) Council
of Research Task Force on Novel
Biomarkers and Treatments members
are listed at the end of this article.

Corresponding Author: Gerard
Sanacora, MD, PhD, Yale University
School of Medicine, 100 York St,
Ste 21, New Haven, CT 06511
(gerard sanacora@yale edu).



Need to Address the Key, Clinically Relevant
Az 1Jt qRYUt WARNCE!I T RUNWu I
Antidepressant Effects

A lmmediate Clinical Relevance
A What is the Optimal Dosing Strategy for Ketamine (dose,
route, and frequency)?
A What is the Longeiterm effectiveness of the treatment?
A What is Longerterm safety of the treatment approach?
A What are the Critical Moderators of response or adverse

effects?

ADiagnoses, Subtypes, genetic, or endophenotypic
differences in response

ADrug-drug interactions (regarding both safety and
efficacy)
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(S)-ketamine HCL

The (S) enantiomer has a greater affinity
for the NMDA glutamate rece '

receptor bloca]g'e ith Hﬁer doses of'the
drug. (white et al.."(19 Pharmacology pfketamiy

in surgical patients.Anesthéé_ioIo
. . Effects of ke@]ine on sensQry perception;

role of N-methydsp-2 pdrtate eceptortll
ol Exp Ther. 1992;26071209i 13)

byt T TR A e memeaEE L Antidepressant
effects of
5 esketamine
delivered
intravenously

L T T T T T T T T T T T T T T
D1PD  D1H4 D4H2

D1H2 D4PD D4H4

Number of Subjects

Placebo 10 10 10 10

9 9 9 9 9 9 9 9 9 9 9

1"

Esketamine .20 mg/kg

Esketamine .40 mg/kg "1 11 1 1" 1 20 20 20 19 20 29 29 27

Singh et al. Biol Psychiatry. 2016 Sep 15:80(6):424-431


https://www.ncbi.nlm.nih.gov/pubmed/26707087

Esketamine Phase 3 Clinical Development Prograrr
INn TreatmentResistant Depression (TRD)

Study Design n Duration (wk) Main endpoints
Acute, fixed dose Double -blind, active 346 4-week induction MADRS change at 4
study (3001, controlled weeks

TRANFORM -1)1

Acute, flexible dose Double -blind, active 223 4-week induction MADRS change at 4
study (3002, controlled weeks
TRANSFORM -2) 2

Elderly, acute, Double -blind, active 138 4-week induction MADRS change at 4

flexible dose study controlled weeks

(3005, TRANSFORM -

3)°

Maintenance, relapse Open -label or double - 705 Variable duration, longer Time to relapse; relapse

prevention study blind induction (4  -wks) term in stable remitters;

(3003, SUSTalN 1) E and optimization (12 - relapse in stable
wks), followed by responders

double -blind, active -
controlled maintenance

Maintenance, safety
study (3004, Open -label 802 52-weeks Safety and tolerability
SUSTaIN 2) *

1. Fedgchin M, et alPoster presented at: the 9th Biennial Conference of the International Society for Affective Disorders (ISAD); Septembe2202018; Houston, TX.FedgchinM, et al.Int J Neuropsychopharmacol.2019
Jul 10. Epubahead of print]2. Popova V, et al. Poster presented at th2018 Annual Meeting of the American Society of Clinical Psychopharmacology (ASQR%y 29June 1, 2018; Miami FL. ; Popova et aAm J
Psychiatry.2019 Jun 1;176(6):428:38 3. Daly EJ, et al. Poster presented #ihe European College of Neuropsychopharmacology (ECNP) Congres3ctober 7, 2018; Barcelona, Spain.; Daly et alAMA
Psychiatry.2019;76(9):893903 4. Wajs E, et al. Poster presented ahe European College of Neuropsychopharmacology (ECNP) Congred9ctober 7, 2018; Barcelona, Spainwajs et al. J Clin Psychiatry2020 Apr

28;81(3):19 5. Ochs-Ross R, et al. Poster presented at th2018 Annual Meeting of the American Society of Clinical Psychopharmacology (ASOR%y 23June 1, 2018; Miami FLOchs-Ross et al. Am JGeriatr Psychiatry.
29§00 Eah-29Q7/2\'1211 11



https://www.ncbi.nlm.nih.gov/pubmed/31290965
https://www.ncbi.nlm.nih.gov/pubmed/31109201
https://www.ncbi.nlm.nih.gov/pubmed/31109201

IN EsketamindSpravat®) FDA Approval

FDA approves new nasal spray medication for treatnesrgtant
fgrtguukgp="cxckncdng"gpn{Macha" c
2019

https://www.fda.gov/newgvents/pressannouncements/fdapprovesnewnasalspraymedicationtreatmeniresistantdepressionavaibble-only-certified

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

https://onlinelibrary.wiley.com/doi/abs/10.1002/mhw.32471


https://www.fda.gov/news-events/press-announcements/fda-approves-new-nasal-spray-medication-treatment-resistant-depression-available-only-certified
https://onlinelibrary.wiley.com/doi/abs/10.1002/mhw.32471

For Healthcare Setting Use Place

SprdVCItO Z— SPRAVATO® REMS Patient Label or Barcode Here

L —
Eoketomind® Y patient Monitoring Form - Outpatient Use Only
INSTRUCTIONS:
This form is intended only for use by outpatient medical offices or clinics, excluding emergency departments.
| I
Treatment Phase Administration Adult dosing

1. Complete all required fields on this form after every treatment session for all outpatients enrolled in the SPRAVATO® REMS.
2. Submit completed patient monitoring forms within 7 days, online at www.SPRAVATOrems.com or by fax (1-877-778-0091).
Induction phase

Last Name*: Birthdate* (MM/DD/YYYY): |Sex*: [ ]Male [ ]Female
[ Other

Is the patient currently taking any of the following medication(s) that may cause sedation or blood pressure changes?

* Indicates Required Field
Patient Information (PRINT)

First Name*:

Concomitant Medication

. 5 - Benzodiazepines* O Yes O No
Weeks 1'4: TWICG Weekly Day 1 Startmg + Non-benzodiazepine sedative hypnotics* O Yes O No
sessions 1-8 dose: 56 mg « Psychostimulants* O Yes [ No
+ Monoamine oxidase inhibitors (MAOIs)* O Yes O No
SUbsequent doses: Healthcare Provider Conducting Patient Monitoring (PRINT)
56 or 84 mg First Name*: Last Name*:

Telephone*: Email*:

Maintenance phase

Healthcare Setting Information (PRINT)

Weeks 5-8 (early Once weekly 56 or 84 mg Healthcare Setting Name':

maintenance):

Healthcare Setting Address 1*: Healthcare Setting Address 2:
sessions 9-12
City*: State*: ZIP*:
Wee!( 9 and later: Every 2 56 0r 84 mg Patient Treatment Session Information (Administration and Monitoring)
sessions 13 and weeks or Troatmont Dat
reatment Date* 3
beyond once weekly‘* Date (MM/DD/YYYY):
- Dose Administered* [O0s6mg [84mg [ Other:
ESK, esketamine nasal spray; TRD, treatment-resistant depression. - - - —— - —
. 5 e . s Tisatinent DiFation® Total time minutes (from 1st device administration to completion of monitoring)
aDosing frequency should be individualized to the least-frequent dosing reatment Duration Patient must be monitored for at least 2 hours
to maintain remission/response. . _— If there was not a 2-hour minimum monitoring requirement, when would this patient have been
REMS Evaluation Question’ ; P A L 9
ready to leave/no longer require monitoring? minutes from start of administration
Vital signs were in acceptable range prior to:
Outpatient Inpatient . Monitoring of Vital Signs* « administration? ] Yes [J No
HCSs HCSs Pharmacies - treatment session completion? [J Yes [J No
Prior to administration 40 mins post-administration Prior to pl

Monitoring of Blood Pressure*

Designate an authorized representative to review the ESK prescribing information and
REMS Program Overview, complete an enrollment form and submit it to the REMS, and X X X =

mmHg mmHg mmHg

oversee implementation and coordinate activities of the REMS

Sedation*: [J Yes [J No Dissociation*: [ Yes [J No
Train all relevant staff involved in prescribing, dispensing, and/or administering ESK X X X Onset of symptoms from start of administration* Onset of symptoms from start of administration*
[ 1-29 mins [J30-59 mins []60-89 mins [J 90-120 mins [J>120 mins | []4-29 mins []30-59 mins []60-89 mins [] 90-120 mins []>120 mi

Create processes and procedures to ensure ESK is administered under the direct X X ik i ik el
supervision of a healthcare provider followed by at least 2 hours of monitoring Resolution of symptoms within 2 hours?* [ Yes [J No Resolution of symptoms within 2 hours?* [ Yes [J No
Create processes and procedures to ensure ESK is dispensed only to REMS-certified . Speciy total time to resolution™ _min Speciiytotal ime o resolution::___min
HCSs and never directly to a patient Medication(s) given for sedation?* [] Yes [J No Medication(s) given for dissociation?* [J Yes [J No
Submit all required patient enrollment and monitoring forms within the required time frames X *If YES, name and dose of medication(s): | “If YES, name and dose of medication(s):
Maintain all records of product received and dispensing information X X X
Comply with all REMS audits X X X Phone: 1-855-382-6022 www.SPRAVATOrems.com Fax: 1-877-778-0091

© Janssen Pharmaceuticals, Inc. 2020 08/20 Page 10f2

ESK, esketamine nasal spray; HCS, healthcare setting; REMS, Risk Evaluation and Mitigation Strategy program. See enrollment form for a full list of requirements.



Data on > 58,000 patients and over 800,000 dose administrations



