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Objectives

1. To explain the potential role of Personalized Medicine In
the therapeutic management of patients with PTSD.

2. To discuss the emerging therapies in the management of
PTSD.
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The “Promise” of Personalized Medicine




Personalized Medicine

 Pharmacogenetics
 Metabolomics

* Proteomics

* Epigenetics




Current Treatment Paradigm

50% of medications are ineffective
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Genabc difieconces are a large coninbutor to restment fudure mies
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Medications with PGX Impact

Amitriptyline
Aripiprazole
Atomoxetine
Brexpiprazole
Citalopram
Clomipramine
Desipramine
Doxepin
Escitalopram
Fluvoxamine
Mipramine
Mirtazapine
Nortriptyline
Paroxetine
Protriptyline
Risperidone
Sertraline
Trimipramine
Venlafaxine
Vortioxetine

Behavioral health  Cardiology

Clopidogrel
Quinidine
Simvastatin
Warfarin

Ear, eye, nose, throat

Dextromethorphan

Gastroenterology

Dexlansoprazole
Esomeprazole
Lansoprazole
Omeprazole
Ondansetron
Pantoprazole
Rabeprazole

Hematology/oncology

Belinostat
Capecitablne
Eliglustat
Fluorouracil
Irinotecan
Mercaptopurine
Tamoxifen
Thloguanine

Infectious disease
Abacavir
Atazanavir
Efavirenz
Nevirapine
Voriconazole

And many more...

Expert consensus: PGx impacts many
common medications

The same set of genes
affects most medications

Neurology
Phenytoin
Siponimod
Pimozide

Celecoxib
Codeine
Flurblprofen
Ibuprofen
Meloxicam
Methadone
Oxycodone
Piroxicam
Tramadol

Rheumatology
Azathioprine

s CYPIAS
s HLAB'ST.01

o TPMT

Transplant

Tacrolimus



Impact of Pharmacokinetics and
Pharmacodynamics

Pharmacokinetics: what
the body does to the drug

Pharmacodynamics: what
the drug does to the body
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Pharmacogenetic Nomenclature

Nomenclature

Genes encoding CYP450 enzymes
o  Gene designated with the abbreviation CYP
o Number indicating the gene family
o Capital letter indicaling the subfamiy

* Numeral for the

CYP2C19

AN

Cytochrome P Gene family Gene subfamily ‘naividunl

Nomenclature

* |star) alleles - pharmacogenomic haplotype
o Normal function/enzyme activity (wild type) denoted by *1
o Altered function variant: *2, *3, *4, etc
*2x2 copy number variant
o Single genes (CYP2C18) have many star alleles (e.g., CYP2C19°2, CYP2C19°3)
o Results reported as diplotypes: CYP2C19*1°17

CYP2C19*2

Pt

Cytochrome P Gone family Gene sublamily nadivic ' Haplotype



Definitions of Metabolic Status

AN

ULTRARAPID EXTENSIVE (NORMAL) INTERMEDIATE POOR
METABOLIZER METABOLIZER METABOLIZER METABOLIZER
Breaks down medications Broaks down medications Breaks down medications Breaks down medications vory
rapidly. May not get enough normally Has normal amounts slowty May have too much slowly May experience side
medication at normal doses of medication at normal doses medication at normal doses effects at normal doses.




Prevalence of PGX Polymorphisms

CYP2C19 and CYP2D6 genetic variation in the

population (% is approximate and varies by population)
CYP2C19 phenotype categories CYP2D6 phenotype categories

mUkrarapid

® Ultrarapd
= Rapid o

» Normal
» Normal

o Intermediate
» Poor

¥ Intermediate
= Poor
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Pharmacology of Active vs Pro-drugs

Active drugs vs. prodrugs

Active drug

Prodrug

metabolism metabolism
] [T
o~ [,
ap o d > ap
= o [ e
inactive aclive metabolite
parent metabolite




Impact of PGX on Drug Concentrations

Drug response: Active drug

At steady state, we expect:

e PM - low-absent enzymatic activity; more ” Drug Response
likely to experience adverse effects due to ) Toxic
high levels of unmetabolized drugs o] TIPSR Tl = T T T T M

e |IM - possibly more adverse effects 8
compared to NM due to decreased
enzymatic activity

e NM - typical response at standard doses

e UM - less likely to experience therapeutic
effect at standard doses due to increased o R
enzymatlc actlv'ty 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1I,I)”:7 18




Similar response

There is a similar response for potent inhibitors and poor metabolizers.

Poor Metabolizer

. De"“bs,,
(PMm) b e

CYP2D6 inhibitor
** Drug C

Drug C

CYP2D6



Pharmacology of Active vs Pro-drugs

Active drugs vs. prodrugs

Active drug

|
m
Prodrug
metabolism metabolism

“ [ > - il e )
\active aclive metabolit
irent metabolite




Impact of PGX on Drug Concentrations

Drug response: Prodrug

A prodrug is a biologically inactive precursor drug that must undergo chemical conversion before
becoming an active pharmacological agent (active metabolite).

At steady state, we expect:

e UM - more likely to experience adverse Dfug Response UM
effects due increased/rapid formation of ;i o TN e T
active metabolites 10 | M

o1

e NM - typical response at standard doses, 8 | "

possibly more adverse effects 4
. H : el s . Tnerapouticlovel

e IM - typical response at standard doses, e =
possibly less therapeutic effects 3 |

e PM - less likely to experience therapeutic 1 48

: , : o/
gffect since the inactive parent gompound R S TR B RIS A
is not been converted to the active form Owy




Regulatory Guidelines

Pharmacogenomic-
guided antidepressants

* CPIC Guidelines are currently
available to guide selective
serotonin reuptake inhibitors and
tricyclic antidepressants

* Guidance available for other
psychotropic medications, including
certain antipsychotics through FDA
and mood stabilizers through CPIC

Micks JK et al. Clin Pharmacol Ther | 2017 l192{1):37.44,
Micks JK et al. Clin Pharmacol Ther. 2045 Aug98(2):127-34.
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Incorporation into Clinical Decision Support

Selective serotonin reuptake inhibitors (SSRI)

edication | Gene | cravs

Citalopram*¥ CYP2C19
Escitalopram*® CYP2C19
Sertraline* CYP2C19
Paroxetine* CYP2D6
Fluoxetine* CYP2D6/CYP2CS
Fluvoxamine* CYP2D6
Vortioxetine* CYP2D6

*Medications with CPIC puadelines
¥ Medications with actionable FDA labeling

ks JK et . Clin Pharmacol Ther, 2015 Aug:98(2):127-34.

Therapeutic recommendation for Classification of
Phenotype PAROXETINE* recommendation
Ultra-rapid Select alternative drug not predominantly Strong
metabolizer metabolized by CYP2D6
Normal Initiate therapy with recommended starting dose Strong
metabolizer
Intermediate Initiate therapy with recommended starting dose Moderate
metabolizer
Poor Select alternative drug not predominantly Optional
metabolizer metabolized by CYP2D6 or if paroxetine use

warranted, consider a 50% reduction of

recommended starting dose and titrate to response.

USFHealth ﬁ:.".‘i.'.':ﬂm OZO:T_!__S’ \w



Current applications of PGx: Psychiatry

Drug class

Tricyclic antidepressants (TCAs)
Amitriptyline (Elavil)
Clomipramine (Anafranil)
Doxepin (Silenor)
Imipramine (Tofranil)
Trimipramirle (Surmontil)

Selective serotonin reuptake inhibitors (SSRIs)
Paroxetine (Paxil)
Fluvoxamine (Luvox)
Citalopram (Celexa)
Escitalopram (Lexapro)
Sertraline (Zoloft)

Gene(s)

CYP2D6/CYP2C19
CYP2D6

CYP2D6

CYP2D6

CYP2C19

CYP2D6
CYP2D6
CYP2C19
CYP2C19

| CYP2C19

CPIC level

A



Current applications of PGx: Psychiatry

Drug class Gene(s) CPIC level
Antipsychotics B
Aripiprazole (Abilify)
Brexpiprazole (Rexulti) CYP2D6
Pimozide (Orap)

Risperidone (Risperidone)
lloperidone (Fanapt)
Perphenazine (Trilafon)
Clozapine (Clozaril)
Haloperidol (Haldol)
Olanzapine (Zyprexa)
Thioridazine (Mellaril)
Zuclopenthixol (Clopixol)
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Medscape Monday, June 20, 2022
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Genetic Testing for Best Antidepressant Accurate,
Cost-Effective

Lissts Davenporn

hune 09,2022 [ Added o Emet Nirn |

| 7] Genetic testing to determine the best antidepressant for patients with majar
depressive disorder (MDD) has the potentiai to lead 1o an optimal drug choice
on the first try and reduce health<are costs, new research suggests.

Recommendations
CYP2D6 and CYP2C19, from the cytechrome P450 family. are involved in the
metabolism and elimination of various molecules, Including medications. L’” ;‘;"1:‘03:11!95:-"*!: It Less
= Variants in the genes encoding these enzymes affect the speed at which drugs
= are metabotized, altering their pharmacokinetic profiles e R e

European Psychiatric Association (EPA) 2022 Congress: Abstract Evaluation of
the Utility and Cost-Effectiveness of Pharmacogenetic Testing Based on
CYP2D6 e CYP2C19 Profiling in Antidepressant Treatment. Presented June 4,
2022.
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Pharmacogenomic Impact in Psychiatry

e Improved antidepressant efficacy and adherence:
2.52-fold greater chance of remission for major depressive disorder’

e Reduced pharmacy costs:
$1035.60 lower total medication costs over one year’

e Reduced length of stay in a psychiatric hospital:
36.3 days vs. 46.6 days’



It’s not just the genes..

Personalized Medicine and _
Pharmacoqenomlcs are just one piece
of the puzzle.

Still have:

Drug-drug interactions
Drug-disease interactions
Drug-nutrient interactions
Drug-genetic interactions

An additional piece of data to assist
the clinician for the best therapeutic
plan for the patient!

YOUR DNA

ISN'T YOUR
DESTINY




Pharmacogenetics Clinic
Medical Geneticist
Genetic Counselor
Pharmacologist

Y UNMC s
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Pharmacogenetics
& Clinical Laboratores

GENOMIND’

§
'\ Chromocare

Powering Precision Medicine™
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venlataxine (Effexor ) 1
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G E N O M I N D« PROFESSIONAL PGx

I.  PHARMACODYNAMIC GENE VARIATIONS

GENE RESULT THERAPEUTIC IMPLICATIONS GUIDE | CLINICAL IMPACT

SLC6A4

S/S
[Low Activity]

BDNF

Val/Met
[Altered BDNF
secretion)

MTHFR

Ce77T:

c/T

A1298C:

A/C

[Low to intermediate
activity]

Serotonin Transporter (SLC6A4) is a synaptic transporter protein responsible for

serotonin reuptake

Brain-derived Neurotrophic Factor (BDNF) is a protein involved in neuronal

SSRIs act by blocking this transporter to produce a therapeutic response
In Caucasians, lower likelihood of remission and increased side effect risk

with SSRIs
Potential for increased cortisol release in response to stress

development and neural plasticity

Methylenetetrahydrofolate Reductase (MTHFR) is an enzyme responsible for the
conversion of folic acid to methylfolate, which is a cofactor needed for serotonin,

Studies have shown that Met carriers of Caucasian ancestry may have a
poorer response to SSRIs, and improved response to SNRIs or TCAs. Further

studies need to confirm these findings

Studies show that Met carriers of Asian ancestry may have an improved

response to SSRIs

Exercise has been linked to improvements in cognition and stress response,

with Met carriers showing a more pronounced response

norepinephrine, and dopamine synthesis

.

Risk for reduced MTHFR enzyme activity and reduced methylfolate

production

L-methylfolate supplementation of SSRIs and SNRIs may result in greater
symptom reduction compared to SSRIs/SNRIs alone in major depressive

disorder

L-methylfolate may be an effective monotherapy for patients with major

depressive disorder

O

O

Assess alternatives to SSRIs in
Caucasians

Therapeutic options: SNRIs or
other non-SSRI
antidepressants may be
considered if clinically
indicated

Therapeutic options: increased
levels of physical
activity/exercise if clinically
appropriate

Ethnicity dependent
antidepressant response

Therapeutic options: L-
methylfolate may be used if
clinically indicated



G E N O M I N Do PROFESSIONAL PGx

Ill. GENE DRUG INTERACTION SUMMARY

CLASS | MEDICATION ‘ PHARMACODYNAMIC ASSOCIATIONS

PHARMACODYNAMIC | DRUG PHARMACOKINETIC
GENE EXPOSURE | GENE

ANTIDEPRESSANTS

N Lower odds of remission or response and
@ < Citalopram ln.creased side effe(fts.ln Caucasians ‘ SLC6A4,BDNF 219
(Celexa®) 0 Higher odds of remission or response in
Asians
A Lower odds of remission or response and
E] Escitalopram |n.creased side effet?ts'm Caucasians . SLC6A4,BDNF 2C19
(Lexapro®) 0 Higher odds of remission or response in
Asians
m Lower odds of remission or response and
Fluoxetine m.creased side effec.ts.ln Caucasians ‘ SLC6A4,BDNE 1\ 2D6, 2C9
(Prozac®) 0 Higher odds of remission or response in
é‘ Asians
a N Lower odds of remission or response and
E] Fluvoxamine m.creased side ef‘fertts‘m Caucasians : SLC6A4,BDNF T 2D6, 1A2
(Luvox®) 0 Higher odds of remission or response in
Asians
@. Lower odds of remission or response and
Bl Par?xetlne m.creased side effec.jts.m Caucasians ‘ SLC6A4,BDNF T 206
(Paxil®) o Higher odds of remission or response in
Asians
¢ Lower odds of remission or response and
e Sertraline In.creased side effe(?ts'm Caucasians . SLC6A4,BDNF 2C19, 2B6
(Zoloft®) 0 Higher odds of remission or response in

Asians
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Emerging Psychedelic Therapy In
PTSD



Pathophysiology of PTSD

Networks including major
monoamine, glutamate, and

GABA pathways S,

PTSD Symptoms

4 -anxiety
N 3 -hypervigilance
-sleep disturbance

SR
R A A R L A A R R R R R )

Cingulate

-avoidance

B L
G

-intrusive thoughts and

L 4

/

Trauma

-4

Genetic
vulnerability

LR
FARRRRAA AR AR AR R R,
3

Endocrine (e.g.
HPA Axis) stress
response

Autonomic hyperarousal

Henner, Keshavan, Hill: J Neuro Sci 439 (2022) \ I



MDMA (3,4 methylenedioxymethamphetamine)

Status: Most advanced in clinical research for PTSD.

Mechanism: Enhances feelings of trust and emotional safety; reduces
fear response; facilitates therapeutic processing of trauma.

Evidence:

= Phase 3 clinical trials (sponsored by MAPS) have
shown significant reductions in PTSD symptoms, with many
participants no longer meeting PTSD criteria after treatment.

= FDA granted "Breakthrough Therapy" designation.

Therapy format: MDMA is used in conjunction with psychotherapy.

\U



MDMA (3,4 methylenedioxymethamphetamine)

Therapeutic Increases release of serotonin, dopamine, norepinephrine, oxytocin,
Rationale prolactin, vasopressin, and cortisol.

Increases fear extinction, reduces amygdala activity
Reopens critical period for social reward learning
Reduces fear response and shame

Increases openness and interpersonal trust

Increases emotional empathy and improves processing traumatic

memaories e w

\v



MDMA (3,4 methylenedioxymethamphetamine)

Administration T carvs e

Mty N Maw 80 N Mesn 8D wilh $5% C1
b Ora.l dose 75-125 mg Aot 2018 15 33 34 18 W7 83 8 onjasr, 0w au
Feder 2014 6 738 0% 6 K28 48 B -ami21 0 oW
° Duration Of Actlon. 4_8 Feder 204 77 WA 23 s an | B 2001280, 217 A0
- Snreene 2620 » uan BSOS ¥ QM "o 2 I A8 104 0@
¥ soer 2021 1 xw iV as 0 = 2001284 188 1M
hourS Feder 2001 3 M 117 13 Ay 'R l } [} 0 e
Mutorogonedy 1 * 000 1"« T400% N =304 - JO08[ 284 127)
* Multiple administration
. . NOMA
(typlca”y 3 SeSSIOnS) Mitooler 2018 12 378 08 12 BT A82e8) n S48, 385 S0
Momson 2020 8 174) ATa4h 8 A1) 250901 x AMIA8 1) S
Spaced 2 month apart Monson 2020 B 1552 TSN & 414 ZoMEms a A41168). 23 an
Of shore 290 " o) 2o M L AR 0 . 1iam {\"! 'S
along With Jandm 2000 3 2 M ) (24 8w a JX A A3 an
Ofshors 2018 0 n 4 3 M M2 . 13T 000 ™M
Mitoeler 2018 12 453 172440 12 887 882083 - A A48 202 82
pSyChotherapy Maomaon 2020 . Wy 0 e f 4 2008 . 4njan 1 am
Miched 2021 45 198 850 M a“ a0 o AW(AM 347 2
Mutotogenetly 1 = 1M M« AN N 22 fe- AN AN T

TenodA+»0. O M pr000

Overat = 218241, -2
Molwogenely ' » 134N » 220N W a0
Tenod»0 M= M0 pr0 0
Tost of roup Ofrences QU » 440 o0 4
o e “ 3 0

Ravdorn effects REML maded

AlFardan, Rose, et al. IJEMHHR 25, 2023 \
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FDA rejects MDMA-assisted therapy for PTSD

nmitee sald in June that there wasn't enough

The decision ca

FDA gives thumbs down to MDMA for now,
demanding further research

Concerns about the trial design and data integrity:

» Blinding issues: It was difficult to ensure that both participants and therapists
remained unaware of who was receiving MDMA or a placebo due to the
drug's noticeable effects, potentially introducing bias.

= Misconduct allegations: Accusations of misconduct and bias in the trials
raised concerns about the validity of the results.

= Prior MDMA use: Up to 40% of participants had prior experience with MDMA,
which could have influenced their responses and skewed the data.

Potential safety concerns:

= Abuse potential: Concerns were raised about the potential for abuse and lack
of safeguards to prevent it.

» Cardiovascular risks: There were concerns about potential health risks,
including heart problems, which the studies did not adequately measure. \ v



Ketamine

Therapeutic Rationale

NMDA receptor antagonist
Rapid symptom reduction

May serve as a catalyst to
psychotherapy-increases
receptivity to therapeutic
interventions

Increases synaptic plasticity

Facilitates fear extinction and
blocks memory reconsolidation
May improve ability to process
traumatic memories

Cl

Ketamine



Ketamine

Administration
* Routes of administration: 1V, IM, intranasal, oral
* Dose: 0.5 mg/kg over 40 minutes
« Duration of action: 40-70 minutes

« Administration at start of treatment, beginning of
session, after memory retrieval, or without
psychotherapy

« Single or multiple administration spaced days to weeks

apart.
N L\




etamine

Rapid (temporary)
reduction in PTSD
and depressive
symptoms.

Increasing
evidence for use In
depression

Treatment Control Cohen's d Weght
Study N Moan SO N Mean SO with 95% CI %)
Ketamine
Abott 2018 15 33 34 16 37 93 = 091167, 0.16) 812
Feder 2014 6 738 120567 6 825 45 ] 096[-215 024] 699
Fodar 2014 2 698 42 29 ™25 45 R B 200(-360, -211) 803
Shiroma 2020 9 1311  B609 O 4256 954 ;] 324[ 465 -184) 642
Feder 2021 13 3002 214 13 419 6.1 - 260(-384, -155] 739
Feder 2021 13 331 217 13 419 61 B A92(-285 099) 769
Hetorogoney. v = 069, I’ = 74.06%. H' = 386 > 205284, 127)
Testof & = 6; Q(5) = 2024, p = 0.00
MDMA
Miahoefer 2018 12 378 109184 12 897 882653 - 523|691 385 570
Monson 2020 6 1743 B7449 6 4142 200878 - A68(-55) -182] 527
Monson 2020 6 1552 776531 6 4142 290878 —— 441(-651, 231 472
Ofalora 2018 11 653 95 11 916 20 2 -108(-265, -0.71) 758
Jardim 2021 3 32 26851 3 80 9185 - 239|449 .030) 472
Ofalora 2018 o 70 4 9 944 202 - 168(-275 060) TN
Mithoefer 2018 12 453 172449 12 897 882653 - 324[ 446 -202] 69
Monson 2020 6 1937 69949 6 4142 293878 - 4111611, 211 &4
Michell 2021 46 196 550 46 44 oo E B 420(-4%4, -347) 817
Hetorogenety: 1* = 119, I' « 7311% W =« 3.72 < 31418, -244)
Testof@=0,0(8)= 3284, p= 000
Overall - 276(-341, -210)
Hoterogonelty: 1" = 124 ' = 7920% H =483
Tostof @ =0; Q(14) = 71.50.p = 0.00
Tost of group differences. Q1) » 441, p = 0.04

& 4 2

Random-eflects REML moded

AlFardan, Rose, et al. IJEMHHR 25, 2023



CIaSS|C PsyChedEHCS (Psylocibin, LSD, Ayahuasca)

Therapeutic 5-HT2A receptor agonist

Rationale
Serves as a catalyst for psychotherapy
Can reduce amygdala reactivity during emotional
processing.
Increases insightfulness and introspection.
Lysergic acid diethylamide Increases divergent thinking and mindfulness-related
H,,N0 capacities
H,C H
May reduce avoidance and resolve existential distress
e
Can increase emotional empathy, induce emotional
breakthrough experiences
May increase access to traumatic memories.
» WN

\v



Psylocibin and LSD

« Dose: Psylocibin 10-25
mg oral; LSD 50-200
ug

e Duration of action: 4-12
hours

« Administer at beginning
of therapy session

« Single or multiple
administration (typically
not more than 3)
spaced weeks to month
apart.

Mean difference

(952%ChH
Placebo response in psychedelic trials
Extremely low dose MDMA (=40 mg) *0."‘"
Placebo, antidepressant trials g
Extremely low dose psilocybin (1-3 mg) -g\
Low dose MDMA R
High dose MDMA (100 mg) ‘@"‘
Escitalopram, 20 mg jﬁ%_
Escitalopram, 10 mg g “2’“
Low dose psilocybin -;0\
LSD o=

Ayahuasca — s
High dose psilocybin (220 mg) A

Extremely low dose psilocybin

Placebo, psychedelic trials -
Placebo, psychedelic trials -
Escitalopram, 20 mg ——>
Escitalopram, 10 mg ——
Low dose psilocybin —o=
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Psilocin Dose-Concentrations in Health

Individuals

Holze, Becker, et al. J Clin Pharm 2023

PK profile in health
Individuals

Role of CYP metabolism?

Natural vs Synthetic
Products?

Assumes normal liver
function, what does PK
profile look like in hepatic
dysfunction?
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Cannabidiol (CBD)

Therapeutic Rationale

« Anxiety reduction by
interacting with the
body’s
endocannabinoid
system

« Sleep improvement

 Reduction in
flashback and
intrusive memories

« Mood stabilization
* Neuroprotection
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Cannabidio!




Cannabidiol (CBD)

Mild Symptoms (e.g., mild anxiety or mild
pain)
 Low dose: 5-10 mg per day.

& o
l dDGu-u

1 NATURAL WAYE

Moderate Symptoms (e.g., moderate
anxiety, mild PTSD symptoms)

* Moderate dose: 15-30 mg per day.

Severe Symptoms (e.g., chronic pain,
severe anxiety, or PTSD)
» High dose: 30-50 mg or more per day.
Some people use doses upwards of 100
mg per day for severe conditions




Summary

Significant opportunities in the pharmacologic treatment of PTSD
are beginning to emerge.

Pharmacogenetics can assist with some treatment resistant
patients, especially those experiencing adverse events with
traditional therapy.

Psychedelic therapy is rapidly evolving, exploring agents historically
“off-limits” from clinical research.

Understanding the PK/PD profile of these agents will be important to

otentially optimize therapy.
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