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LEARNING OBJECTIVE

» Understand the mechanism of action of
ketamine

» Describe the evidence for ketamine's
antidepressant effects

» Appreciate key limitations of our
knowledge for this emerging treatment




EVOLUTION OF ANTIDEPRESSANTS?2

Novel agents

Broad-spectrum agents More selective agents affecting multiple
(multiple action) (single action) monoamine
targets

1970S 1980s 1990s

Imipramine Clomipramine Maprotiline Fluoxetine Nefazodone* Escitalopram

observing

anti-
|
depressant :
- N
side effects |
~ of iproniazid

B Tcas " NDRI B snRis
MAOIs . 5-HT, antagonist . RIMA
. SSRIs . a,-adrenergic antagonist . Modulator of serotonergic neurotransmission

*Withdrawn from the Canadian market

5-HT: 5-hydroxytryptamine; MAOI: monoamine oxidase inhibitor; NDRI: norepinephrine—dopamine reuptake inhibitor; RIMA: reversible monoamine oxidase inhibitor; SNRI: selective norepinephrine reuptake inhibitor; SSRI: selective serotonin
reuptake inhibitor; TCA: tricyclic antidepressant

1. LamRW et al. J Affect Disord. 2009; 117(Suppl 1):526-43;

2. Health Canada. Health Product Information. Available at: https://health-products.canada.ca/dpd-bdpp/info.do?lang=en&code=91734.



https://health-products.canada.ca/dpd-bdpp/info.do?lang=en&code=91734

Beyond Monoamines: FDA Approval for
Three Non-Monoaminergic Antidepressants

» Esketamine Nasal Spray (glutamate)

» Combination of Dextromethorphan and
Bupropion (glutamate)

» Brexanolone (neuro-steroid and GABA-A)

An exciting time for psychiatry!




Ketamine for TRD: Mechanism of Action

» Ketamine is an NMDA

antagonist used N S\

clinically as an G0 ~o° m
anesthetic agent i i |

/i

destabilization

» Mechanism of action for
antidepressant effects
remains controversial,
but broadly exerts its
effects through
modulation of the
glutamate system

Niciu et al. Annual Review of Pharmacology and Toxicology. 2014



TABLE 1. Key pharmacodynamic targets of ketamine and esketamine

Target

Pharmacodynamic Effect

Potential Clinical Effect®

Glutamate system

N-methyl-o-aspartate (NMDA) receptor

Strong antagonist

Antidepressant and procognitive effects; acute
dissociative effects

w-Amino-3-hydroxy-5-methyl-4- Indirect agonist (through Antidepressant effects
isoxazolepropionic acid (AMPA) receptor increase glutamate release)
o-Serine site Antagonist Antidepressant effects
Glutamate Increased release Antidepressant effects
Opicid system
p Opioid receptor Weak agonist Antidepressant and analgesic effect and potentially
acute euphoric effect
p Opioid 2 receptor Antagonist
k Opicid receptor Agonist
& Opioid receptor Agonist
Monoamine systemn
Serotonin transporter Weak inhibitor Antidepressant effect
Morepinephrine transporter Weak inhibitor Antidepressant effect
Dopamine transporter Weak inhibitor Antidepressant effect
Dopamine 2 receptor Agonist Acute psychotomimetic effects
Serotonin (5-HT3) receptor Weak antagonist Antidepressant effect
Cholinergic systern
Cholinesterase Inhibitar Frocognitive effects
ol Micotinic receptor Antagonist Antidepressant effects
od B2 Micotinic receptor Antagonist
Muscarinic receptors (M1-3) Antagonist Increased blood pressure and heart rate
Other
oy Receptor Agonist Antidepressant and cardiac effects
o2 Receptor Agonist Antidepressant and cardiac effects
Mammalian target of rapamycin (mTOR) Diownstream activation via Antidepressant effects
glutamate system
Brain-derived neurotrophic factor (BDMF) Downstream from mTOR Antidepressant and procognitive effects
increasing BOMF levels
GABAp receptor Agonist Acute anxiolytic effects
mTORC1 Activation Meuroplastic effects

a The clinical significanceof spedfictargets remains unclear, and results have been mixed. Potential proposed clinicaleffects ane syrithesi zed and summarized hene.

Table created by Joshua Rosenblat for McIntyre, Rosenblat, et al. Ketamine Guidelines. AJP. 2021.




Synthesizing the Evidence for Ketamine and Esketamine
In Treatment-Resistant Depression: An International
Expert Opinion on the Available Evidence

and Implementation

Roger S. Mclntyre, M.D., Joshua D. Rosenblat, M.D., M.5c., Charles B. Nemeroff, M.D., Ph.D., Gerard Sanacora, M.D., Ph.D.,
James W. Murrough, M.D., Ph.D., Michael Berk, Ph.D., M.B.B.Ch., Elisa Brietzke, M.D., Ph.D., Seetal Dodd, Ph.D.,

Philip Gorwood, M.D., Ph.D., Roger Ho, M.D., M.B.B.S., Dan V. losifescu, M.D., Carlos Lopez Jaramillo, M.D., Ph.D.,
Siegfried Kasper, M.D., Kevin Kratiuk, B.Pharm., Jung Goo Lee, M.D., Ph.D., Yena Lee, H.B.5c., Leanna M.W. Lui,

Rodrigo B. Mansur, M.D., Ph.D., George |. Papakostas, M.D., Mehala Subramaniapillai, M.Sc., Michael Thase, M.D.,

Eduard Vieta, M.D., Ph.D., Allan H. Young, M.Phil.,, M.B.Ch.B., Carlos A. Zarate, Jr., M.D., Stephen Stahl, M.D., Ph.D.

Replicated international studies have underscored the hu-
man and societal costs associated with major depressive
disorder. Despite the proven efficacy of monoamine-based
antidepressants in major depression, the majority of treated
individuals fail to achieve full syndromal and functional re-
covery with the index and subsequent pharmacological
treatments. Ketamine and esketamine represent pharma-
cologically novel treatment avenues for adults with
treatment-resistant depression. Inaddition to providinghope
to affected persons, these agents represent the first non-
monoaminergic agents with proven rapid-onset efficacy in
major depressive disorder. Nevertheless, concerns remain
about the safety and tolerability of ketamine and esket-
amine in mood disorders. Mareover, there is uncertainty

about the appropriate positionof these agentsin treatment
algorithms, their comparative effectiveness, and the ap-
propriate setting, infrastructure, and personnel required
for its competent and safe implementation. In this article,
aninternational group of mood disorder expertsprovides a
synthesis of the literature with respect to the efficacy,
safety, and tolerability of ketamine and esketamine in
adults with treatment-resistant depression. The authors
also provide guidance for the implementation of these
agents in clinical practice, with particular attention to
practice parameters at point of care. Areas of consensus
and future research vistas are discussed.

Am J Psychiatry 2021; 00:1-17; doi: 10.1176/appiajp 2020 20081251




International Ketamine Guidelines
(McIntyre, Rosenblat, et al., AJP, 2021)

» Intravenous (IV) ketamine and intranasal (IN) esketamine now
have Level 1 evidence for acute efficacy in adults with TRD.

» Clinically relevant adverse effects of ketamine infusions include
psychological (e.g., dissociative symptoms) and physical (e.g.,
hypertension, nausea) changes.

» There is insufficient evidence to routinely recommend other
formulations of ketamine (oral, intramuscular, subcutaneous).
Oral ketamine has some positive preliminary results.

» Consensus recommendations are given for clinical
administration of IV ketamine including patient selection,
facility and personnel issues, monitoring requirements, and
maintenance of response.




Does Route of Administration Matter?

TABLE 2. Comparison of routes of administration of ketamine and esketamine

Route Bioavailability Dose Range (Acute)
Intravenous 100% 0.5-1.0 mg/kg infused over
40-60 minutes twice
weekly for 2 weeks
Intramuscular 90%-95% Not established, likely similar
to intravenous
Subcutaneous 90%—-95% Not established, likely similar
to intravenous
Intranasal 30%—50% (significant Esketamine: 56—-84 mg
differences between intranasally twice weekly for
devices and solution) 4 weeks
Racemic ketamine: 50-150
mg intranasally twice weekly
Oral 10%—-20% (potential variability Highly variable (0.5-7.0 mg/kg
between capsulesand liquid daily to once weekly), with
forms) 100-250 mg 2-3 times per
week most accepted
Sublingual 20%—-30% Not established, likely similar
to oral
Transdermal 10%—-50% (highly variable by Not established

vehicle used)

Table created by Joshua Rosenblat for Mcintyre, Rosenblat, et al. Ketamine Guidelines. AJP. 2021.




Does Route of Administration Matter?

TABLE 2. Comparison of routes of administration of ketamine and esketamine
Route Bioavailability

Dose Range (Acute)

Intravenous 100%

* Only IV ketamine and IN esketamine

Intramuscular  90%-95% are considered evidence based
Subcutaneous  90%-95% options
Intranasal ey« | evel 1 data supports moderate to

differences between
devices and solution

large antidepressant effects with IV
ketamine and IN esketamine.

Oral O dantiatm ° Oral ketamine RCTs yielded mixed
between capsulesan e
forms) results and had critical sources of
Sublingual 20%-30% bias identified.

Transdermal 10%—-50% (highly variable by Not established

vehicle used)

Table created by Joshua Rosenblat for Mcintyre, Rosenblat, et al. Ketamine Guidelines. AJP. 2021.



Meta-Analysis Results Pooling Together 21 RCTs of
Ketamine for Depression
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Meta-Analysis Results Pooling Together 21 RCTs of
Ketamine for Depression

21 RCTs demonstrated robust & rapid
antidepressant effects in TRD (p<0.0001)

Level 1 data supports moderate to large
antidepressant effects with IV ketamine
and IN esketamine.

Evidence supports anti-suicidality effects




Ketamine for Bipolar TRD:
Preliminary data from open label sample (n=55)

Fancy,...,Rosenblat, in review

50%
40%

30%

20%
N I I I I
0%

Post-Infusion 1 Post-Infusion 2 Post-Infusion 3 Post-Infusion 4

B Response Rate (250% QIDS-SR16 decrease)
® Remission Rate (QIDS-SR16 =< 5)




Ketamine for Bipolar Depression

» Appears to be especially promising and effective
with low risk for treatment emergent mania or
psychosis based on preliminary results

» Pilot findings used to obtain two grants:

» Repeated Ketamine Infusions for Treatment-
Resistant Bipolar Depression: A Randomized,
Midazolam-Controlled Clinical Trial (Funded by
CIHR; 2021-2024)

» Maintenance Ketamine Infusions for Treatment-
Resistant Bipolar Depression (Funded by PSI;
2021-2024)




Real-world effectiveness of ketamine in treatment-
resistant depression: A systematic review & meta-
analysis (k=79)

& B

Outcome Mean (50) Sample Size

-H-'.-.'

Response 55.3% (26) 1957 *
1]

Remission 28.9% (20) 1473 - a0
200

Improvement 42.1% (29) 2343 .
]

0 10 20 30 40 50 &0 70 BOD 90 100 Antidepressant Effect  Antisuicidal Effect  Treatment Resistant

Real world effectiveness of IV ketamine was comparable to observed efficacy in RCTs, suggesting that
previous RCT findings are likely generalizable to clinical practice in a difficult to treat population,

including more resistant and complex subgroups
Alnefeesi,..., Rosenblat, 2022.



Ketamine Decreases Suicidal Thoughts
(mood-independent effect)

A. Clinician-Administered Measures
80

|
=

60

50

Ketamine
40

Control

30

20

Percent Without Suicidal Ideation

10

Day 1 Day 2 Day 3 Day 7

Wilkinson et al. Am J Psych. 2018 Feb 1;175(2):150-158.




Evidence for IN Esketamine

Figure 1. Forest Plot of Standardized Mean Difference (SMD) in Change in Primary Outcome Scores Between
Adjunctive Esketamine (EK) and Placebo

Study SMD (95% CI) % Weight
Daly et al, 2018 Stage | 28 mg EK (N=44) o —0.50 (-1.19t0 0.19) 3.4
Daly et al, 2018 Stage | 56 mg EK (N=44) ' —0.77 (-1.47 to —0.07) 3.3
Daly et al, 2018 Stage | 84 mg EK (N=45) -1.07 (=1.77 to -0.37) 3.4
Daly et al, 2018 Stage 11 28 mg EK (N=14) —~0.44 (-1.51 t0 0.64) 1.4
Daly et al, 2018'° 56 mg EK (N=15) —0.60 (—1.65 to 0.46) 1.5
Daly et al, 2018584 mg EK (N=11) ~1.04 (-2.32t0 0.24) 1.0
Canuso et al, 2018%° 84 mg EK (N=66) -0.26 (-0.75 10 0.22) 7.0
Fedgchin et al, 2019°° 56 mg EK (N=219) ~0.29 (-0.56 to —0.02) 23.1
Fedgchin et al, 20193° 84 mg EK (N=206) —0.27 (-0.55 to 0.00) 21.7
Popova et al, 2019%7 56-84 mg EK (N=201) —-0.34 (-0.61 to —0.06) 21.2
Ochs-Ross et al, 201978 28-84 mg EK (N=123) —0.34 (-0.69 t0 0.02) 12.9
Overall (95% Cl) -0.36 (-0.49 to -0.24)
0
SMD

Papakostas et al., 2020




Evidence for IN Esketamine

Table 2. Primary and Exploratory Meta-Analyses

Intranasal Intranasal
Esketamine Placebo Estimate
Augmentation Augmentation (SMD or RR) PValue

Total pooled sample

Sample size 442 332

SMD 0.36 <.0001
Response (%) 53.2 364 14 <.0001
Remission (%) 38.5 24.7 145 <.0001
TRD subjects only (without Canuso et al*)

Sample size 407 301

SMD 0.37 <.0001
Response (%) 50.2 31.3 1.41 <.0001
Remission (%) 3538 22.2 1.45 <.0001
New/optimized antidepressant sample (without Daly et al'®)

Sample size 408 299

SMD, day 28 0.30 <.0001
Response (%), day 28 55.1 39.8 1.38 <.0001
Remission (%), day 28 40 27 142 <.0001

Abbreviations: RR=risk ratio, SMD =standardized mean difference,
TRD =treatment-resistant depression.

Papakostas et al., 2020

53% Response and
39% Remission
Rate for TRD




Sustained Antidepressant Effects With
Repeated Doses of Intranasal Esketamine

Figure 3. MADRS Total Score: Mean Change in Montgomery-Asberg Depression Rating Scale (MADRS) Total Score From Baseline to Follow-up
End Point for Participants Who Entered the Open-Label Phase

B0+
Period Period Open-label Follow-up
1 2
40
g
o} l\
wy
= 304
=
wy
= £
O
£ 20- \\fi_\ﬂi\;—l
=
g +— - % —$
10+
D T T T T T T T T T T T T
BL I15 18 22 25 32 39 46 &0 ?4| I1 2 4
Days Weeks
Mo. of participants 57 57 53 56 52 47 40 39 35 34 49 46 44

Period 1 (days 1-8), period 2 (days B-15), open-label period (days 15-74), and the follow-up period (days 74-130) are discussed in the Design section of the Methods
and shown in the vertical axis of Figure 1. BL indicates baseline; error bars, SE.

Daly et al. JAMA Psychiatry. 2018;75(2):139-148.




Interventional trials investigating
ketamine and esketamine in psychiatric

Clinicaltrials.gov

disorders
(n=194)

Supportive/preventive Basic Science

(n=5)

(n=19)

Diagnostic/Observerati

-nal
(n=5)

Retrospective
(n=2)

Healthy volunteer
in experimenting arm

(n=2)

ketamin abuse
(n=4)

A 4

Treatment Trials
(n=157)

Suspended (n=1)
Withdrwan (n=11)
Terminated (n=15)

ketamine Esketamine
(n=107) (n=23)

>100 ongoing
clinical trials
assessing the use
of ketamine and
esketamine in
psychiatry

Pevoreh,..., Rosenblat. J Psyc Research. 2020




What is the safety and tolerability
profile of ketamine for depression?




Side Effect

During Infusion n(%)

After Infusion n(%o)

Nausea 47 (13.9) 38 (11.1)
Vomiting 1(0.29) 8 (2.50)
Dizziness 153 (48.2) 152 (49.2)
Headache 42 (13.2) 59 (19.3)

Double Vision 69 (20.8) 58 (18.8)
Blurred Vision 105 (31.9) 92 (29.8)
Drowsiness 184 (57.1) 164 (53.1)
Confusion 141 (43.5) 78 (25.1)

Jerky muscle movements 18 (5.42) 7(2.3)
Depersonalization 113 (38.2) 54 (17.6)
Derealization 119 (40.8) 51 (16.7)

Rodrigues...Rosenblat, 2021




1 — Things moving in slow motion:
2 — Things seem unreal
3 — An experience separating you from what is happening
4 — Looking at things outside your bod
5 — Watching the situation as an observer or spectato
6 — Disconnected from your own body:
7 — Sense of your body feel changed
8 — People seem motionless, dead, mechanical
9 — Objects look different than expected
10 — Colors diminished in intensity:
11 — See things through tunnel, wide-angle lens
12 — Interview taking longer than expected
13 — Things happening very quickly
14 — Things which happened that you cannot account fo
15 — Spaced out or lost track of time
16 — Sounds disappeared or become stronge
17 — Things seem very real
18 — Looking at the world through a fog
19 — Colors brighter than expected
20 — Feel confused about who you really are
21 - Different parts of yourself don't fit togethe!
22 — Gaps in your memory

23 — More than one identity:

0.0

CADSS Item

I Infusion 1
[ Infusion 2
[ Infusion 3
B Infusion 4

Slow motion
Disconnected
from body
Things seem
unreal

Spaced out or
lost track of
time

Item Score

Mcintyre, Rodrigues...Rosenblat, 2021




Dissociation Poorly Predicts Response

Key point:
You do NOT need to dissociate to have

antidepressant effects.
Antidepressant effects do NOT rely on
a dissociative epiphany or insight to
gain benefits. This is a very common
misconception.

Luckenbaugh et al. J Affect Disord. 2014.



How About Ketamine Assisted
Psychotherapy (KAP)?

» 24 RCTs support the use of ketamine for TRD

» ZERO published RCTs support the use of KAP for any
indication

» Lack of research does not mean it is ineffective

» A couple case series on KAP, however, unable to say if the
therapy added any benefit

» Off label KAP is problematic as it is not evidence-based
and inappropriately draws focus to the dissociative
episode

» Dissociative symptoms are NOT predictive of
antidepressant effects. Focusing on producing a
dissociative experience can lead to inappropriate doses of
ketamine when targeting dissociation rather than
antidepressant effects




Current Ketamine Projects Underway

» Acute treatment of TRBD RCT (n=100)
» Maintenance IV ketamine for BD (n=50)
» Ketamine+CBT for suicidality (n=140)

» PGx predictors or response and adverse effects
(n=100)

» Evaluation of switch protocols from different
routes of administration (n=200)

» Ketamine versus ECT for TRD (n=240)

» Comparative efficacy of different routes of
administration (observational)

» Three psilocybin trials



Summary

» IV ketamine and IN esketamine have strong evidence
for rapid and robust antidepressant and anti-Sl
effects in TRD with many more ongoing trials

» Numerous difficult to treat subgroups have real world
evidence to support effectiveness

» Careful patient selection and infrastructure are
essential with evolving considerations

» Depression Centre has several active and upcoming
ketamine trials (refer to Depression Centre attention
Joshua Rosenblat)
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