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Depression: The Need for Improved Treatments

Problems with Current Antidepressants:

® Low remission rates
® Lag of onset of antidepressant effects

Next generation antidepressant
Rapid onset: Hours to days

Standard antidepressant

Lag of onset: 10-14 days

)

Major Depressive Episode
Initiate Treatment

Courtesy of Carlos Zarate Jr, MD Minkyung F?ark, MLD.



Augmentation Strategies for MDD

Augmentation Evidence | Added $
Rating* | Monthly
lithium 900 mg (to TCA) A 2
T3 25 ug (to TCA) A 3
mirtazapine 15 mg A/B 18
buspirone 40 mg B 4
bupropion SR 300 mg B 42
olanzapine 10 mg B 172
modafinil 200 mg B/C 110
nortriptyline 100 mg C 2
pindolol 10 mg C 2
lithium 900 mg (to SSRI) C 2
T3 25 ug (to SSRI) C 3
venlafaxine XR 150 mg C 54
other atypicals C 70-158

*Thase ME.
CNS Spectrums
2004;9(11):808-
821.(updated)

A=>1RCTs
B=1 RCT, plus ¢
C= Case series,
anecdotal report,
expert opinion
D= Anecdotal
reports but
experts have not
endorsed

Minkyung P%ark, M.D.



Treatment Resistant Depression

I Remission

I Depressed

Trivedi et al. (Am J Psychiatry, 2006); Rush et al. (NEJM, 2006) Minkyung Park, M.D.






Survey of the major neurotransmitters




A word about classifying neurotransmitters
Some neurotransmitters have fast (ion channel) and
neuromodulatory modes (GPCR) of function

Modulatory mode: G-protein coupled receptors Fast mode: ion channel receptors
(metabotropic receptors) (ionotropic receptors)
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The _channels play an important role in synaptic plasticity and synapse formation
underlying memory, learning and formation of neural networks during development in the central

nervous system(CNS). Overactivation of the receptor, causing excessive influx of Ca2* can lead
to excitotoxicity which is implied to be involved in some neurodegenerative disorders.

Pochwat, et al, Expert Opin. Investig. Drugs (2014) 23(9)



Ketamine Introduction

* Ketamine is a structural analog of the dissociative anesthetic and recreational
drug phencyclidine (PCP)

* Chemist Calvin Stevens first synthesized ketamine in 1962

* Ketamine was tested in clinical trials performed in pediatric and adult surgical
patients, and the FDA approved it for human use in 1970

* Ketamine classifies as a Class-lll controlled substance since 1999.

* Ketamine was involved in 0.12% of the United States Emergency Department
visits in 2011.

* Intramuscular and intravenous forms of ketamine are commonly used to
provide pediatric anesthesia, especially for high-risk children or patients in
limited-resource settings.

* In surgical settings, ketamine is typically combined with benzodiazepines,
which can reduce the adverse psychological symptoms that occur during
emergence.



Ketamine’s Benefits

* Ketamine is an essential medicine used for anaesthesia and analgesia (pain relief)
in adults and children, having been listed on the WHO Essential Medicines List
since 1985.

» Ketamine is safer to administer than other types of anaesthetic agents and pain
relief as it does not depress breathing or lower blood pressure and does not
require expensive patient-monitoring equipment.

* Its high level of safety makes it indispensable for surgery in low- and middle-
income countries, disaster situations and conflict zones.

* The illicit use of ketamine has been reported on a relatively small global scale for
several decades. Ketamine dependence or overdose is rare, however chronic abuse
can cause side effects including urinary tract problems.

* The WHO Expert Committee on Drug Dependence has recommended that
ketamine should not be controlled under the international drug control
conventions due to its essential role in surgery in low-resource countries and in
emergencies.

* Fact file on ketamine, WHO, 2016
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Explaining Naltrexone’s Interference With

Ketamine’s Antidepressant Effect
Wang & Kaplin, Am J Psych 176:5, May 2019




Explaining Naltrexone’s
Interference With Ketamine’s

Antidepressant Effect
Wang & Kaplin, Am J Psych 176:5, May 2019
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Esketamine Studies We Did at JHH

TRD3003; Phase 3, 2017: A Randomized, Double-blind, Multicenter, Active-controlled Study of Intranasal
Esketamine Plus an Oral Antidepressant for Relapse Prevention in Treatment-resistant Depression. Sustenance
of Esketamine Treatment Response With Repeated Doses at Intervals Determined by Symptom Severity
(SUSTAIN-1)

TRD3008; Phase 3, 2018: An Open-label Long-term Extension Safety Study of Intranasal Esketamine in
Treatment-resistant Depression. Safety and Sustenance of Esketamine Treatment Response With Repeated
Doses at Intervals Determined by Symptom Severity (SUSTAIN-3)

SUI3001, Phase 2, 2016: A double-blind, randomized, placebo controlled study to evaluate the efficacy and
safety of intranasal esketamine in addition to comprehensive standard of care for the rapid reduction of the
symptoms of major depressive disorder, including suicidality, in subjects assessed to be at imminent risk for

suicide

SUI3002; Phase 3, 2017: A Double-blind, Randomized, Placebo-controlled Study to Evaluate the Efficacy and
Safety of Intranasal Esketamine in Addition to Comprehensive Standard of Care for the Rapid Reduction of the

Symptoms of Major Depressive Disorder, Including Suicidal Ideation, in Adult Subjects Assessed to be at
Imminent Risk for Suicide




Esketamine: FDA Approved March 2019 for TRD

Pros: Novel, Rapid, Treatment Resistant Depression, Suicidality

/'

SSRI

Esketamine






Four phase 3 randomized controlled trials conducted and submitted

under NDA 211243.
* Trial Design:
* Three trials (3001, 3002, 3005) were of similar short-term parallel group design, and
* One (3003) was a randomized withdrawal maintenance-of-effect design.

* Qutcome:

* In two studies (one parallel-group study and the other randomized withdrawal study),
esketamine was statistically superior to placebo on study’s primary efficacy endpoint;

* In the other two short-term parallel group studies, esketamine was not.

* Patient Populations:
* All studies were international, with about a third of patients in the United States.

* The majority of subjects in all the studies were women in their 40s and 50s, white,
with higher body mass index (BMI >24).
* TRD

* 33 to 40% of enrolled subjects had failed three or more antidepressant (AD) treatments by the start
of screening, and

e 12 to 17% had failed at least four
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* How Did 3001 Not Meet 1°
Endpoint?

* The esketamine 84-mg arm was
prespecified as the first group to
be tested, as it was the higher
dose. Because the change from
baseline on MADRS was not
significantly different, the testing
sequence stopped there, and the
56-mg treatment group could not

be formally analyzed.

* 84 mg arm had a higher % of
subjects with a history of failing
three or more antidepressants:

« 84 mg: 48%, 56 mg: 30%, PBO: 41%

* 56 mg arm did beat PBO.




“Study 3005 does not
appear to be supportive
of an esketamine effect.

”

Suspicious to committee
that response picked up
between day 22 and 28?
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Side Effect Profile of Esketamine

Ranked by Incidence in Spravato-Placebo

Ranked by Incidence in Spravato Group

Symptom > 5% Spravato Placebo [Sprav-Pbo Symptom > 5% Spravato Placebo [Sprav-Pbo
Dissociation* 41% Dissociation* 32.0%
Dizziness* 29% Dizziness* 21.0%
Nausea* 28% Vertigo* 20.0%
Vertigo* 23% Nausea 19.0%
Sedation* 23% Hypoesthesia* 16.0%
Headache* 20% Sedation* 14.0%
Dysgeusia 19% Anxiety* 7.0%
Hypoesthesia 18% Blood pressure inc 7.0%
Anxiety 13% Vomiting 7.0%
Lethargy 11% Lethargy 6.0%
Blood pressure inc. 10%

Vomiting 9%
Insomnia 8%
Diarrhea 7%
Nasal discomfort 7%
Throat irritation 7%




Management of Side Effects

* Nausea (28%):
e Zofran, Reglan
* Dizziness/Sedation (29%/23%):
* Quiet room
* Reclining
* Enya
* Dissociation (41%):
* Set expectations
* 40 min to max, 2 hours to abate
* Supportive environment




Treatment of Ketamine Overdose Literature

Benzodiazepines: such as lorazepam and diazepam can alleviate agitation, psychomimetic effects,
hypertension, hyperthermia, and seizures.

* Lorazepam is typically given 2 to 4 mg |V, or IM, and
* Diazepam dosing generally is 5 to 10 mg IV.

Butyrophenones including haloperidol have been used to treat psychotic episodes and agitation.

* Haloperidol is typically given in doses of 5 to 10 mg IM and can be administered every 10 to 15 minutes until
achieving adequate sedation.

* However, providers should exercise caution when using haloperidol, as lowered seizure thresholds, QT
prolongation and torsades de pointes correlate with the prolonged use of haloperidol.
Alpha2-agonists such as clonidine can treat or prevent ketamine’s psychomimetic side effects,
increase hemodynamic stability by decreasing blood pressure, and provide synergism with
ketamine’s analgesic effects.

* Clonidine is typically given at 2.5 to 5 mcg/kg in oral form, though patches are an option for long-duration
inpatient infusions and IV clonidine can be used to address acute symptomes.

Minimize Stiumulation: Unnecessary stimulation should be avoided, and the patient’s room should
be dim and quiet.




Dissociative Side Effects Decrease After First 2-3 Doses



[s Death a Side Effect?
e There were _in the esketamine for treatment-resis i m as of January 8, 2019,
all in esketamine-treated subjects. Total number of subjects:W

. _ two well after the patient’s last dose of esketamine (12 and 20 days), and one 4
days after the patient’s last dose of esketamine.

* Appeared to be improving based on their MADRS scores from baseline of 27 to 9.
* C-SSRS score of 0, at baseline and at the visit prior to his death.

* Appeared to be improving based on their MADRS scores from baseline 41 to 25.
* C-SSRS score was not available.

*  Was experiencing worsening symptoms from MADRS 7, 13 days prior to death to MADRS 21, 6 days prior to death.
e C-SSRS score of 0, at baseline and at the visit prior to his death.
* Given the small number of cases, the severity of the patients’ underlying iliness, and the lack of a consistent pattern among these cases,
it is difficult to consider these deaths as drug related.

* Of the remaining three cases,

* 26 hours after the patient’s last dose of esketamine.
* Given the timing of sedation-related adverse events in the clinical development program and the data from the driving studies,
* It seems unlikely that esketamine played a role in this accident.

¢ died suddenly on study day 113.
e At his last study visit 5 days prior to death, his blood pressure, heart rate, and pulse oximetry were all within normal limits before and after receiving esketamine.

* Itseems unIikeIi that this death was drui—related.
L]

* died of myocardial infarction 6 days after last dose of esketamine.

¢ Esketamine-induced increases in blood pressure normally last for less than 4 hours post-dose; therefore, the myocardial infarction is not likely related to elevated

blood
pressure. 11



Spravato Instructions from the Website: www.spravato.com

* SPRAVATO™ Dosing

SPRAVATO™ is taken with a daily oral antidepressant

You administer SPRAVATO™ nasal spray yourself under the supervision of a
healthcare professional at a certified SPRAVATO™ treatment center

SPRAVATO™ is taken twice a week for the first four weeks
After the first four weeks, SPRAVATO™ is taken once a week for a month
After this, SPRAVATO™ is usually taken either once a week or once every two weeks

* After Treatment

A healthcare professional will monitor you for at least two hours.

You won’t be able to drive or operate machinery that requires you to be completely
alert until the next day, following a restful sleep.

So you’ll need to plan for rides on treatment days.
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Future Directions: The Known Unknowns

e Will Esketamine continue to be effective in real world clinical use?
e Will Esketamine lead to increased drug use disorders?

* What is safety of Esketamine when patient population goes from 1000 to
100,000? TRD vs SI MDD?

* Known Patient Populations:
* How long should Esketamine be used/tapered? Optimal dosing strategy? Optimal
patient population? Predictors of response? Tx Combinations--Lock in benefits?
* Other Patient Populations:
* BPAD, SCZ, Psychotic Mood Disorders, SUD +/- Mood Disorders, Chronic Pain, Others?

* Mechanism of Action:
* How important is anti-inflammatory component of effect.
* What of immune-mediated MDD?
* How similar to ECT is Ketamine?
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Questions?

* AK@JHMI.EDU




