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Disclaimer

Thermo Fisher Scientific and its affiliates are not endorsing, recommending, or promoting
any use or application of Thermo Fisher Scientific products presented by third parties
during this seminar.

Information and materials presented or provided by third parties are provided as-is and
without warranty of any kind, including regarding intellectual property rights and reported
results.

Parties presenting images, text and material represent they have the rights to do so.
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Learning Objectives

1. Introduction and understanding of how PGx reports can be reviewed

2. Understand the limitations of PGx reports and how they can be used in a clinical
context

3. Identify important factors for effective implementation of PGx in a clinical setting

4. Understand the existing challenges to scale PGx as a precision medicine tool
and ways to address these challenges
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Agenda

Brief introduction to PGx

PGx Report Elements
~ Types of Reports (by indication)
- Static Reports
>~ Dynamic Reports

Case Studies
»  Mental Health
>~ Primary Care

Important Factors for the Effective Utility of PGx in the Clinic
- Scalability
>~ Reimbursement
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AN UNSUNG HISTORY

PHARNMACOGENETICS

HEREDITY AND THE RESPONSE TO DRUGS

WERNER KALOW, M. D.

Department of Pharmacology
University of Toronto

Date :
PGx Related Gene Phenotype . Investigator
yp Described g
Haemolytic anaemia
. (Fava Bean) 570 — 495 BC Pythagoras
G6PD Deficiency Pri e induced
rimaquine induce 1950s US Army
haemolysis
TAS?R38 Phenylthlopgrbamlde 1930s Sir Archibald
sensitivity Garrod
Succinylcholine-induced 1950s W. Kalow
. apnea
Pseudocholinesterase . :
deficiency Isoniazid-induced Tuberculosis
peripheral 1950s Chemotherapy
neuropathy Centre
Spartelrr:]eegt?;it;rln:oqume 1982 M. Eichelbaum
CYP2D6
AIISIEE FER 1994 Johannsen et. al
Developed
cyP2Ds, cyp2cig | 1StFPA A.rpe"gto"ed PGX 2005 Roche
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ONVERGENCE

2000 — 2015: Genomic / Molecular Advances 2012: CPT Codes Established for PGx

Table |

Examples of pharmacogenomic tests with associated CPT codes for identification and documentation.

CPT Code | Test Description of Test

81225 CYP2C19 genotyping Detects genetic variants of C¥P2C19 associated with variable drug metabolism

81226 CYP2D6 genotyping Detects genetic variants of CYP2D6 associated with variable drug metabolism

81227 CYP2C9 genotyping Detects genetic variants of C¥P2C9 associated with variable drug metabolism

81355 VEKORC1 testing Detects genetic variants of VKORCI associated with warfarin therapy

81350 UGT1A1 genotyping Detects genetic variants of T/G'T1.A41 associated with irinotecan toxieity

84431 11-dehydro thromboxane B2 | Measures 11-dehydro thromboxane B2 1n urmne to determine aspirm resistance

81381 HLA B*57:01 Detects the HLA4 B*57:01 allele associated with abacavir toxieity

82955 ‘G6PD quantitative Measures glucose-6-phosphate dehydrogenase activity

81210 BRAF mutation testing Detects mutations in BRAF associated with BRAF inhibitor therapy

81275 KRAS mutation testing Detects mutations i KRA S associated with KRAS ihibitor therapy

88360 HER?2 expression Detects the expression of HER2 to guide therapy with HER2 inhibitors

81235 EGFR mutation testing Detects mutations in FGFR associated with EGFR inhibitor therapy

81220 CFTR profile Detects mutations in CFTR, which is necessary prior to therapy with ivacaftor

87999 HIV-1 tropism testing Determines HIV tropism for chemokine receptor 5 [CCRS5], and/or chemokine
receptor 4 [CXCR4] to guide therapy with receptor antagonsts

81287 MGMT gene methylation Determines MGMT methylation status to guide therapy with alkylating agents

Note: some tests may be components of multi-test panels offered by various companies.
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CPIC: 28 Guidelines Across 166 drugs

CPIC UPDATE

The Clinical Pharmacogenetics Implementation
Consortium Guideline for SLCO1B1, ABCG2,
and CYP2C9 genotypes and Statin-Associated
Musculoskeletal Symptoms

CPIC UPDATE

Clinical Pharmacogenetics Implementation
Consortium (CPIC) Guideline for CYP2D6,
CYP2C19, CYP2B6, SLC6A4, and HTR2A
Genotypes and Serotonin Reuptake Inhibitor
Antidepressants

Citation: Clin Transl Sci (2020) 13, 116-124; doi:10.1111/cts.12602

CPIC UPDATE

ARTICLE Clinical Pharmacogenetics Implementation
?tandla;qizing CYP2D6 GRenotype todPi:fenots;pe " Consortium Guideline for CYP2D6, OPRM1,
ranslation: Consensus Recommendations from the s ®
Clinical Pharmacogenetics Implementation Consortium and COMT GenOtypeS and Select OpIOId

and Dutch Pharmacogenetics Working Group Therapy

Clinical Pharmacogenetics Implementation Consortium (CPIC)
Guideline for CYP2D6 Genotype and Use of Ondansetron and
Tropisetron

CPIC GUIDELIN "V

Check for
updates

Clinical Pharmacogenetics Implementation
Consortium (CPIC) Guideline for CYP2C19 and
Proton Pump Inhibitor Dosing

h
PRECISION

GENETICS




PGx EXPANDING CU EVIDENCE &

COVERAGE

Published in final edited form as:
Genet Med 2021 May ; 23(3): 830832, do1:10.1038/541436-021-01117-w.

Expanding Evidence Leads to New Pharmacogenomics Payer
Coverage

Philip E. Empey, PharmD, PhD', Victoria M. Pratt, PhD2, James M. Hoffman, PharmD, MS34,
Kelly E. Caudle, PharmD, PhD#, Teri E. Klein, PhD®

"Department of Pharmacy and Therapeutics, University of Pittsburgh, Pittsburgh, PA. USA

2Department of Medical and Molecular Genetics, Indiana University School of Medicine,
Indianapolis, IN, USA

30ffice of Quality & Patient Care, St. Jude Children's Research Hospital, Memphis, Tennessee,
USA

*Department of Pharmaceutical Sciences, St. Jude Children's Research Hospital, Memphis,
Tennessee, USA

sDepartment of Biomedical Data Science and Medicine, Stanford University, Stanford, California,
USA

Supplemental Figure 1. Examples of medications and jurisdictions covered by the new LCDs.

Dirug Gene(d Drug Gene(s) Dirug (Gene(s)
abacavir* HLA-B8 isoflurane" CACNA15, RYR1 |phenytoin® CYP2C9, HLA-B
allopurinol HLA-B iwvacaftor® GFTR pircxicam" CYP2CS
amitriptyline CYP2C19, CYP2D6 |lansoprazole GCYP2C19 rasburicase” GEPD
atazanavir UGT1AT lornoxicam CYP2CH9 zartraline CYP2C19
atomoxetine” CYP2D6 meloxicam® GYP2CS sevoflurane” CACNA1S, RYR1
azathicprine® TPMT, NUDT15 mercapiopurine’| TPMT, NUDT15  |simvastatin SLCO181
capecitabine® DFYD methouyflurane (CACNA1S, RYR{ [succinylcholine® (CACNA{S, RYRY
carbamazepine” |HLA-A, HLA-B nortriptyline® CYP2DE tacrolimus CYP3AS5
celecoxib® CYP2C9 omeprazole® CYP2C19 tamaoxifen” CYP2D&
citalopram” CYP2C19 ondansefron CYP2ZDE tenoxicam CYP2C9
clomipraminge CYP2C18, CYP2DE |oxcarbazepine” |HLA-B thioguamnine® TPMT, NUDT15
clopidogrel® CYP2C19 pantoprazole® |CYP2C19 trimipramine gi;gg;g’
codeine” CYP2D6 paroxeiine CYPZDE woriconazole” CYP2C19
desfluranse” CACNA1S, RYRY i

e a— T S warere®t |oomer
dexlansoprazole” |CYP2C019

doxepin® CYP2C19, CYP2D6

efavirenz” CYP2B6

e e " WolDx ACs
flucrouracil® oPYD NGS
[furbiprofen” CYF2C89 Movitas
[luvaxamine® _ |cYF2D8 W First Coast
|halnthane CACNA1S, RYRY

[ibuprofen GYFP2C9

|imipramine CYP2C189, CYP2DE

The figure includes genefdrug pairs that are actionable and included in CPIC guidelines as of August 1,
2020; * indicates drugs for which FDA label considers genetic testing actionable, recommended, or

required. Twarfarin coverage is limited in a separate MolDx LCD (A55179). Source:
hitps:/fepicpgx.org/genes-drugs/.

States within MolDx jurisdictions (shaded green) as well as those that are outside of the MolDx [CT, IL,
MH, MA, ME, MM, NY, WI, RI, and VT (administered by NGS); AR, CO, DE, LA, MD, MS, NJ, NM, OK,
PA, and TX (administered by Movitas), and FL (administered by First Coast)] are shown.

Map used with permissgion from P.E/PharmGKB.
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SELECT PGX INDICATIONS

Guideline

Indication Availability
DPWG CPIC

Linid lowering agents Atorvastatin SLCO1B1 N -
P gag Simvastatin | SLCO1B1 N N
. Anti-platelet Clopidogrel CYP2C19 \ \
Cardiology VKORC1 N N
Anticoagulant Warfarin CYP2C9 v v
Citalopram CYP2C19 \ v
. Sertraline CYP2C19 N N
Antidepressants
Mental Health Amitriptyline CHPZCLE - v
Pty CYP2D6 N N
. . HLA-B - N
Anticonvulsant Carbamazepine HLAA - N
Pain Analgesics Codeine CYP2D6 N N
9 Tramadol CYP2D6 N s
ID Antibiotic Flucloxacillin HLA-B v -

h
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PGx Report Modalities

Static Report (.pdf)
» Traditional report used for clinical decision support (cds) that becomes a part of the patient record.
~ Stored digitally or as a hard-copy.
~ Can be amended, but is otherwise unchanged.

Dynamic Report (html)

» Digital report that can be changed in real-time and re-issued based on input values (e.g. concomitant
medications, co-morbidities, etc).

»  Multiple versions can be generated and be part of a digital record
»  Allows the report recommendations to change based upon evolving circumstances of the patient

Best Practice Alerts (BPAS)
» Embedded / popup messages within an EMR interface
»  The ‘holy grail’ of report modality, but least frequent.
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SUMMARY TABLE

according to the following code:
No genetic variants relevant to the

treatment have been found. Use as
directed.

Increased  likelibood  of  positive
- > response andjor lower risk of adverse
drug reactions.

> Meed for drug dose monitaring and/or
less likelihood of positive response.
b Increased risk of adverse drug
reactions.

An initial interpretation of the results obtained from the patients genetic profile is displayed in a table below. For each drug examined, the result is indicated

€3 Contraindication

A\ Combination not advised

Increase dose
T\ e
[#] pecrease dose

@) warning / information

Agomelatine

Citalopram (csiexas)

Desvenlafaxine (ristigs)

Escitalopram (texapros)

Imipramine (rofranirs)

Nortriptyline (pameiors)

Trazodone [pesyreis)

Antidepressants

Amitriptyline (ervirs)

Clomipramine (anafaniis)

Doxepin (sinequans)

Fluoxetine (Frozacs)

Mianserin

Paroxetine (roxiis)

Trimipramine

Vortioxetine (rrinceiixs)

Aripiprazole jaiie)

Haloperidol (xators)

Olanzapine (zyprexas)

Pimozide

Thioridazine veiiriiz)

Topiramate (repamaxs)

Alprazolam (xanaxs)

Zonisamide "!

Antipsychotics

Brexpiprazole

lloperidone (ranapts)

Paliperidone (inegas)

Quetiapine (sercquers)

Zuclopenthixol

Carbamazepine (regrecors) "! Clonazepam (xioncpins)
Lamotrigine jLamictars) @ Levetiracetam
Oxcarbazepine (Trikptais) Phenobarbital

Valproic Acid (pspakores)

Anxiolytics / Hypnotics

Buspirone (zusgars)

Stabilizers and anticonvulsants

HEE

Bupropion (welibutrins)

Desipramine (vorpramins)

Duloxetine (cymbaitas)

Fluvoxamine jruwvoxs)

Mirtazapine (remerons)

Sertraline (zows:2)

Venlafaxine (gevors)

Clozapine (ciozarirs)

Lurasidone studas)

Perphenazine (riafons)

Risperidone (risperdais)

Eslicarbazepine /I
Lithium™* (eskaiiths) “
Phenytoin @
Vigabatrin

Clobazam _

Eszopiclone (Lunestas)

Lorazepam (ativans)

Zolpidem (ambiens) A

Amphetamines jsdderans)

Methadone

Atomoxetine (srateros)

Methylphenidate (ziaiine)

Naltrexone

Lisdexamfetamine

Naloxone

PATIENT'S SELECT PATIENT

RESULTS REPORT CHARACTERISTICS
Patient data

Age: Adults, aged 18 to | Vv | & Gender: O Male @ Female (*)
Smoker: 0 e
Alcohol: 0 e
Pregnancy: 0O e
Breastfeeding: 0O e
Obesity: ‘Present ~ ‘ (*)
Cardiovascular disease: ‘ Not present ~ ‘ (?)
Liver disease: ‘ Not present v ‘ v
Kidney disease: ‘ Not present ~ ‘ (*)
Other disorders: ‘ Select disorder... v ‘ (?)
Diet and supplements: ‘ Select diet... v ‘ (Y

OTHER DISORDERS

\Z\ Neuropsychiatric disorders

DIET AND SUPPLEMENTS

\T\ Caffeine

| - | vitamin D

Drug treatment

Psychiatric drugs: | Select psychotropic drug... v &
Other medication: | Select treatment... v | @

Consult DailyMed

PSYCHIATRIC DRUGS
\T\ Lorazepam
\

| - | Prochlorperazine

» Apply data ‘ ¥ Undo | ‘ X Clean




SUMMARY TABLE

according to the following code:

directed.

N et ts rel t to the
habadd bl b Need for drug dose manitoring and/or
> treatment have been found. Use as > ;
less likelihood of positive response.

Increased  likelihood of  positive Increased  risk  of adverse drug
> respanse and/or lower risk of adverse P o
drug reactions. '

An initial interpretation of the results obtained from the patients genetic profile is displayed in a table below. For each drug examined, the result is indicated

€3 Contraindication

A\ Combination not advised

Increase dose
T\ e
[#] pecrease dose

@) warning / information

Agomelatine

Antidepressants

Amitriptyline (ervirs)

Citalopram (csiexas)

Bupropion (welibutrins)

Clomipramine (anafaniis)

Desvenlafaxine (ristigs)

Desipramine (vorpramins)

Doxepin (sinequans)

Escitalopram (texapros)

Duloxetine (cymbaitas)

Fluoxetine (Frozacs)

Imipramine (rofranirs)

Fluvoxamine jruwvoxs)

Mianserin

Nortriptyline (pameiors)

Mirtazapine (remerons)

Paroxetine payis)

| Sertraline (7o)

Trazodone [pesyreis)

Vortioxetine (rrinceiixs)

Aripiprazole jaiifys)

Haloperidol (xators)

Olanzapine (zyprexas)

ACCESS TO ONLINE INTERACTIVE REPORT:

ttp:/ /| /o ts/NFGUS02855

Pimozide

L% T g

Quetiapine (sercquers)

Thioridazine veiiriiz)

| Risperidone (risperdais)

Zuclopenthixol

Carbamazepine (regrecors)

Lamotrigine jLamictars)

Stabilizers and anticonvulsants

“ Clonazepam (xioncpins)
@

Levetiracetam

Oxcarbazepine rrieptais)

Phenobarbital

Topiramate (repamaxs)

Valproic Acid (pspakores)

Zonisamide

Eslicarbazepine /I
@ Lithium™* (zskaiiths) “
/N Phenytoin @
/N Vigabatrin

Alprazolam (xanaxs)

Anxiolytics / Hypnotics

Buspirone (zusgars)

Clobazam _

Eszopiclone (Lunestas)

Lorazepam (ativans)

A Zolpidem (ambiens) A

Amphetamines jsdderans)

Atomoxetine (srateros)

Methadone

Lisdexamfetamine

Methylphenidate (ziaiine)

Naloxone

Naltrexone

» Apply data ‘ ¥ Undo | ‘ X Clean

PATIENT'S SELECT PATIENT

RESULTS REPORT CHARACTERISTICS
Patient data

Age: Adults, aged 18 to | Vv | & Gender: O Male @ Female @
Smoker: 0Oe
Alcohol: 0 e
Pregnancy: 0 e
Breastfeeding: 0 e
Obesity: ‘Present ~ ‘ (%)
Cardiovascular disease: ‘ Not present ~ ‘ (¥
Liver disease: ‘ Not present v ‘ v
Kidney disease: ‘ Not present ~ ‘ (%)
Other disorders: ‘ Select disorder... v ‘ Y
Diet and supplements: ‘ Select diet... v ‘ (Y

OTHER DISORDERS

\Z\ Neuropsychiatric disorders

DIET AND SUPPLEMENTS

\Z\ Caffeine

\Z\ Vitamin D

Drug treatment

Psychiatric drugs: | Select psychotropic drug... v | Rt
Other medication: | Select treatment... v | L

Consult DailyMed

PSYCHIATRIC DRUGS

\_T\ Lorazepam

Olanzapine
| - | Prochlorperazine




PATIENT'S SELECT PATIENT
RESULTS REPORT CHARACTERISTICS

MMARY TABLE ;
——
An initial interpretation of the results obtained from the patients genetic profile is displayed in a table below. For each drug examined, the result is indicated
according to the following code: Age: |Adults, aged 18to1 v | &) Gender: OMale @ Female @
No genetic wariants relevant to the P PR .
Need for drug dose monitoring and/or | €8 Contraindication
> ;::::m have been found: Lse as : > less likelihood of positive response.
g Combination not advised .
Increased likelihood  of t A Increase dose Smoker: 0Oe
btg oo PRl e Increased risk  of adverse drug A Monitor parameters
> response andjor ower risk of adverse P ireased @ becrease dose
R € Warning / Information Rleakek Ue
Pregnancy: 0 e
Antidepressants
P Breastfeeding: 0 e
Agomelatine Amitriptyline (ervirs) Bupropion (weiibutrins)
Citalopram (csiexas) Clomipramine (anafaniis) Desipramine (vorpramins) Obesity: ‘ Present \v4 ‘ 7
Desvenlafaxine (ristigs) Doxepin (sinequans) Duloxetine (cymbaitas) . .
Cardiovascular disease: ‘ Not present ~ ‘ LY
Escitalopram (texapros) Fluoxetine (Frozacs) Fluvoxamine jruwvoxs)
Imipramine (rofranirs) Mianserin Mirtazapine (remerons) Liver disease: ‘ Not present ~ ‘ LT
Nortriptyline (pameiors) Paroxetine poyis) | Sertraline (zongs)
Kidney disease: ‘ Not present ~ ‘ L)
Trazodone [pesyreis)
Vortionetine 7 ACCESS TO ONLINE INTERACTIVE REPORT: Other disorders: select disorder. L
_ and supplements: ‘ Select diet... v ‘ (Y

o | et/ <</ NFGUSO2855

Haloperidol (xators)

OTHER DISORDERS

Olanzapine (zyprexas) - — 1 = g \Z\ Neuropsychiatric disorders
Pimozide Quetiapine fsercquers) | Risperidone (risperdais) A DIET AND SUPPLEMENTS
Thioridazine (veiaris) Zuclopenthixol \T\ Caffeine

| - | vitamin D

Stabilizers and anticonvulsants
Carbamazepine (regrecors) "! Clonazepam (xioncpins) Eslicarbazepine /I
Lamotrigine (Lamicrars) @ Levetiracetam @ Lithium™* (zskaiiths) “
Oxcarbazepine rrieptais) Phenobarbital A Phenytoin @
Topiramate (repamaxs) Valproic Acid (pspakores) /N Vigabatrin Drug treatment
Zonisamide “
Psychiatric drugs: | Select psychotropic drug... v @
Anxiolytics / Hypnotics

Alprazolam fxanaxs) A Buspirone (suspars) Clobazam _ Other medication: | Select treatment... v | L*)
Eszopiclone jLunesta3) A Lorazepam (acivans) A Zolpidem (ambiens) A Consult DailyMed

PSYCHIATRIC DRUGS
Amphetamines jsdderans) Atomoxetine (srareras) Lisdexamfetamine ‘T‘ Lorazepam
Methadone Methylphenidate (ziaiine) Naloxone Olanzapine

Naltrexone | - | Prochlorperazine

» Apply data ‘ ¥ Undo | ‘ X Clean




PGx Reports: Essential Elements

A typical PGx report includes the following sections:
Current medication regimen (sometimes)

Summary table of gene/drug interactions

Detailed gene/drug Information and/or guidance.
Genetic results summary

Patient info card

Methods & Limitations

L o A

Sections may appear in different orders based on
laboratory/provider input.
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The Stoplight Color Motif

Use as Directed
No Genotype-Guidance Available
Increased likelihood of response

Use Alternative
Increased likelihood of adverse reaction
Contraindicated

b |
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The Stoplight Color Motif

Use as Directed
No Genotype-Guidance Available
Increased likelihood of response

Use Alternative
Increased likelihood of adverse reaction
Contraindicated

b |
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SUMMARY TABLE

An initial interpretation of the results obtained from the patients genetic profile is displayed in a table below. For each drug examined, the result is indicated

according to the following code:
No genetic variants relevant to the

treatment have been found. Use as
directed.

Increased  likelihood of  positive
- ’ response and/or lower risk of adverse
drug reactions.

’ Need for drug dose monitoring and/or a Contraindication
less likelihood of positive response.

A Combination not advised

> Increased risk of adverse drug A Monitor parameters _E
reactions. E Decrease dose

Increase dose

0 Warning / Information

ANTIDEPRESSANTS

SSRI

MOOD STABILIZERS AND ANTICONVULSANTS
MOOD STABILIZERS

ANTIPSYCHOTICS

2nd GENERATION

Citalopram (celexa®)

Escitalopram (Lexapro®)

Fluoxetine (prozace)

Fluvoxamine (Luvoxs)

Paroxetine (paxie)

Sertraline (zoloft®)

Carbamazepine (Tegretol®)

Lamotrigine jamictar®)

Lithium (eskalith®)

Aripiprazole (ailify®)

Brexpiprazole

Clozapine (clozarils)

d

Valproic Acid (pepakote)
OTHER MEDICATIONS OF INTEREST

lloperidone (ranapte)

Lurasidone (Latuda®)

Eslicarbazepine

ATYPICAL

Bupropion (wellbutrin®)

SNRI Levetiracetam
Desvenlafaxine (eristiq?) A Oxcarbazepine (Tileptal®)
Duloxetine (cymbaita®) A Phenobarbital
Venlafaxine (effexors) Phenytoin

Topiramate (Topamax=)

Vigabatrin

Mirtazapine (Remeron®)

Trazodone (pesyrel?)

> (BB

Vortioxetine (rrinteliix®)
TCA

Zonisamide

ANXIOLYTICS / SLEEP DRUGS

Alprazolam (xanaxs)

Amitriptyline (erovi®)

Clomipramine (angfrani®)

Desipramine (norpramin®)

Doxepin (sinequan®)

Imipramine (rofraniis)

Nortriptyline (pamelors)

Buspirone (suspar®)

Olanzapine (zyprexa®)

Paliperidone finvega®)

Quetiapine (seroquel®)

Risperidone (risperdai®)
1st GENERATION

Haloperidol (Hatdor®)

Perphenazine (milafon®)

Pimozide

Thioridazine (mellarire)

STIMULANTS

o

Clonazepam (kionopin®)

Eszopiclone unesta®)

Amphetamines (adderall?)

Lisdexamfetamine

Lorazepam (ativan®)

Methylphenidate (ritalins..)

Zolpidem (ambiens)

NON-STIMULANTS

SUBSTANCE USE
Methadone

Atomoxetine (strattera®)

Well Organize
Reports

Not just alphabetic!

h
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SUMMARY TABLE

An initial interpretation of the results obtained from the patients genetic profile is displayed in a table below. For each drug examined, the result is indicated
according to the following code:

No genetic variants relevant to the Ty
8 Need for drug dose monitoring and/or a Contraindication
treatment have been found. Use as > y _
directed less likelihood of positive response.
- A Combination not advised
Increase dose

Increased  likelihood an positive Increased risk of adverse drug Monitor parameters
b response and/or lower risk of adverse b S — g E Decrease dose

drug reactions.
0 0 Warning / Information

Well Organize

MOOD STABILIZERS AND ANTICONVULSANTS

(T

Aripiprazole (ailify®)

Brexpiprazole

Clozapine (clozarils)

lloperidone (ranapte)

Lurasidone (Latuda®)

TCA

"SSRI MOOD STABILIZERS
Citalopram (celexa®) A Carbamazepine (Tegretol®)
Escitalopram (Lexapro®) A Lamotrigine jamictar®)
Fluoxetine (prozace) A Lithium (eskatith®) A
Fluvoxamine (Luvoxs) A Valproic Acid (pepakote) h
Paroxetine poxi?) A OTHER MEDICATIONS OF INTEREST
Sertraline (zoloft®) A Eslicarbazepine
SNRI Levetiracetam
Desvenlafaxine (eristiq?) A Oxcarbazepine (Tileptal®)
Duloxetine (cymbaita®) A Phenobarbital
Venlafaxine (effexors) Phenytoin
ATYPICAL Topiramate (Topamax®)
Bupropion (wellbutrin®) A Vigabatrin
Mirtazapine (Remeron®) ) Zonisamide
Trazodone (pesyrels) A
Vortioxetine (mrintelixe) A

Olanzapine (zyprexa®)

Paliperidone finvega®)

Quetiapine (seroquel®)

Risperidone (risperdai®)
1st GENERATION

Haloperidol (Hatdor®)

Perphenazine (milafon®)

Pimozide

Thioridazine (mellarire)

Alprazolam (xanaxe)

Amitriptyline (erovi®)

Clomipramine (angfrani®)

Desipramine (norpramin®)

Doxepin (sinequan®)

Imipramine (rofraniis)

Nortriptyline (pamelors)

Buspirone (suspar®)

ADHD, NARCOLEPSY & BINGE EATING

STIMULANTS

Clonazepam (kionopin®)

o

Eszopiclone unesta®)

Amphetamines (adderall?)

Lisdexamfetamine

Lorazepam (ativan®)

Methylphenidate (ritalins..)

Zolpidem (ambiens)

NON-STIMULANTS

Methadone

Naloxone

Naltrexone

Atomoxetine (strattera®)

Reports

Not just alphabetic!
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SUMMARY TABLE

An initial interpretation of the results obtained from the patients genetic profile is displayed in a table below. For each drug examined, the result is indicated
according to the following code:

No genetic variants relevant to the Ty
8 Need for drug dose monitoring and/or a Contraindication
treatment have been found. Use as > y _
directed less likelihood of positive response.
- A Combination not advised
Increase dose

Increased  likelihood an positive Increased risk of adverse drug Monitor parameters
b response and/or lower risk of adverse b S — g E Decrease dose

drug reactions.
0 0 Warning / Information

Well Organize

Methadone

Naloxone

Naltrexone

Reports

>TSSl MOOD STABILIZERS
Citalopram (celexa®) A Carbamazepine (Tegretol®) Aripiprazole (ailify®)
Escitalopram (Lexapro®) A Lamotrigine jamictar®) Brexpiprazole
Fluoxetine (prozace) A Lithium (eskatith®) A Clozapine (clozarils)
Fluvoxamine (Luvoxs) A Valproic Acid (pepakote) h lloperidone (ranapte)
Paroxetine (paxii) A OTHER MEDICATIONS OF INTEREST Lurasidone (tatuda®)
Sertraline (zoloft®) A Eslicarbazepine Olanzapine (zyprexa®)

- | SNRI Levetiracetam Paliperidone finvega®)
Desvenlafaxine (eristiq?) A Oxcarbazepine (Tileptal®) Quetiapine (seroquel®)
Duloxetine (cymbaita®) A Phenobarbital Risperidone (risperdai®) . .
Venlafaxine (gffexor®) Phenytoin 1st GENERATION N Ot just aI p h ab etl C!

» | ATYPICAL Topiramate (Topamax®) Haloperidol (waidor®)

Bupropion (wellbutrin®) A Vigabatrin Perphenazine (milafon®)
Mirtazapine (remeron®) ) Zonisamide Pimozide
Trazodone (pesyrel?) A Thioridazine (mellarire)
Vortioxetine (mrintelixe) A
Amitriptyline (eiavie) Buspirone (guspar®) A STIMULANTS
Clomipramine (angfrani®) Clonazepam (kionopin®) e Amphetamines (adderall?)
Desipramine (worpramin®) Eszopiclone unesta®) Lisdexamfetamine
Doxepin (sinequan®) Lorazepam (ativan®) Methylphenidate (ritalins..)
Imipramine (rofranii=) Zolpidem (ambien) NON-STIMULANTS
Nortriptyline (pamelors) Atomoxetine (strattera®)
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Report Demo:

1. Primary Care (Static)
2 .Mental Health (Dynamic)
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Case Study

16-year-old adolescent, adopted at the age of 2 months. Severe
Attention-Deficit Hyperactivity Disorder (ADHD) and conduct disorder,
childhood onset at 5 years old.

Other features:
- Before the age of 3, was very disruptive (difficult-to-raise child”)
« From 3 to 10-yo, several behavioral problems at school and home

« Atthe age of 10, frequent and severe antisocial behavior, including
delinquent behavior and drug abuse

- Foster care at 11-year-old, at the residential care:

o Restless behavior, emotional coldness, fighting with other
adolescent mates, and severe insomnia

o He tried trafficking different types of illegal drugs
o He frequently ran away
Poor school achievement, IQ78
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Case Study Continued

Psychiatric medication:
« Atomoxetine 80 mg/d

Effects of pharmacotherapy (before using * Methylphenidate 20 mg/d
PGx-guided treatment): » Risperidone 4 mg/d
« Olanzapine 20 mg/d + Melatonin 2 mg/night — because of
 Refractory to most of the medications used Insomnia
at foster care and reported several side- « Propranolol 5 mg/d — because of palpitations and anxiety
effects. » Biperiden 4 mg/d — neck dystonia and akathisia during the last 4
years

* Conduct disorder was impossible to control
even using up to 10 different drugs at the
same time.

« Lorazepam 3 mg/d — for anxiety

Previously, had been treated with fluoxetine, fluvoxamine,
carbamazepine, aripiprazole, paliperidone, and thioridazine, at usual
dosages, without any positive results.

August 2014 — PGx testing initiated (14-year-old, prescribed after last
runaway).
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Case Study Continued

Antidepressants

Bupropion Citalopram

Desipramin | ] Doxepine

Escitalopram

Antipsychotics

fanzaging =

Standard

Ziprasidone Standard Zuclopenthixol

Stabilizers and anticonvulsants

Clonaze, pam Standard Lamotrigine ndard

Standard Lithium* . Standard . Oxcarbazepine Standard

Phencbarbital Standard Phenytoin _ Pregabaline Standard
Topiramate Standard Valproic Acid Standard Vigabatrin Standard

Anxiolytics / Hypnotics

Clobazam Standard Lorazepam Standard

K atomoxeting |

Naloxone

Methadone Standard Methylphenidate
Naltrexone — Pramipexol

PATIENT *S METABOLIZING PROFILE

Gene Genotype Phenotype

CYP1A2 *1F/*1F & Ultrarapid metabaolizer >
CYP2B6 *1/*6 Extensive (normal) metabolizer
CYP2C9 *1/*1 Extensive (normal) metabolizer

CYP2C19 *1/*17 Extensive (normal) metabolizer

CYP2D6 *1/*4 & Intermediate metabolizer >
e ——

Interpretation:

« CYP1A2 UM phenotype may explain why insomnia was still present,

even at high olanzapine doses (plus melatonin).

» Decreased therapeutic response to both fluoxetine and fluvoxamine

could be explained by the SHTTLPR S/S genotype.

« AKT1-DDIT4-FCHSD1-RPTOR genes allele variation increase the risk

of extrapyramidal symptoms when using either risperidone or
paliperidone, as observed.

 CYP2D6 IM phenotype combined with polypharmacy often results in
PM phenotype, explaining adverse effects with atomoxetine and
risperidone. 2D6 PM phenotype could also interfere with clozapine
plasma levels (FDA labelling cautions dose reductions may be

necessary)
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Case Study Continued

Antidepressants

Bupropion 0 Citalopram

Amitriptyline

Desipramine

i
Eecitalonam ﬁ
s

Imipramine Mianserin

Doxepine

Duloxetine Fluoxetine

A
Fluvoxamine ﬁ

Mirtazapine [:]

H
Sertraline ” Trimipramine N
E— S

Paroxetine

Venlafaxine

Antipsychotics

Clozapine
Sallecridonc E
:

Quetiapine

Haloperidol

Aripiprazole

Olanzapine Perphenazine

] 4 |
Fimozide O

Risperidone

Ziprasidone A Zuclopenthixol

Stabilizers and anticonvulsants

Carbamazepine “ Clonazepam ey Lamotrigine s
....... Levenraceﬁm J— L R . . .
Phenobarbital L Phenytoin _ﬁ_ Pregabaline . [ ]
Topiramate A valproic Acid | L ............. Vigabatrin [:]

Anxiolytics / Hypnotics

Clobazam o Lorazepam Standard

Others
Atomoxetine A | Methadone s
Naloxone i Naltrexone
PATIENT 'S METABOLIZING PROFILE

Methylphenidate

Pramipexol

Gene Genotype Phenotype

CYP1A2 *1F/*1F Ultrarapid metabolizer
CYP2ZB6 *1/*6 Extensive (normal) metabolizer
CYP2C9 *1/*1 Extensive (normal) metabolizer
CYP2C19 *1/*17 Extensive (normal) metabolizer
CYP2D6 *1/%4

Pre-testing last Post-testing changes Reasons

treatment

Methylphenidate 20 | Dose optimization up to 70 | Patient carrier of variants of higher likelihood of good
mg/d mg/d response

Drug not substrate for CYP2D6

Atomoxetine 80
mg/d

Progressive withdrawal

Adverse effects (palpitations, anxiety) possibly
explained by the IM phenotype of CYP2D6

Quetiapine addition up to
300 mg/d

One of the 2 APs Indicated as “standard” in the test

Aim: Olanzapine/Risperidone substitution

Olanzapine 20
mg/d

Progressive withdrawal

Inefficacy because of poor drug exposure due to the
UM phenotype for CYP1A2

Risperidone 4 mg/d

Progressive withdrawal

Extrapyramidalism (indicated by the test and present in
the patient)

Biperiden 5 mg/d

Discontinuation

EPS disappears after antipsychotic drug substitution

Propranolol 4 mg/d

Discontinuation

Previous side effects disappeared thus to the reported
medication changes
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Case Study Conclusion

Antidepressants

Amitriptylin Bupropion Citalopram

Clomipramine Desipramine Doxepine

Duloxetine Escitalopram Fluoxetine

* Progressive improvement of ADHD-core symptoms, antisocial behavior,
and insomnia.

Sertraline Venlafaxine

» Overt aggressive and delinquent behavior eventually disappeared.

Aripiprazole Clozapine Haloperidol

Olanzapine Paliperidone Perphenazine |

» For the first time in his life, was able to behave properly and do
homework around two hours a day.

« Later on, he began a supervised, paid-job as a gardener. He has been

Quetiapin Risperidone

Ziprasidone Zuclopenthixol

e - e B o working for more than one year without any problem.

Phenobarbital 'y Phenytoin “ Pregabaline [:]

e ® e 4 1 beommm L + He was also able to engage in cognitive-behavior therapy
ey m— * Was given more autonomy, and began to spend more time with his

parents.

Others

Atomoxetine Methadone i Methylphenidate

Naltrexone Pramipexol

Naloxone

v The poor clinical response to the medications and the reported side effects made impossible to adhere to drug
therapy.

v PGx testing at an initial stage might have avoided polypharmacy, reduced side effects and increasing adherence.
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Critical Factors for PGx Implementation

Scalabllity
Reimbursement
Physician Adoption
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SCALABILITY: ORDERING / INTAKE

Key elements:

- Panel selection
» Comprehensive panel, sub-panel (mental health, cardiovascular, etc), single-gene

- Demographics

> Age
> Ethnicity

-~ Indications for ordering
> ICD-10s

Previous failed therapy
Existing medications
Gene/drug pairs
Lifestyle factors
> Co-morbidities
> Supplements
-~ Informed Consent
>~ Patient consent for genetic testing
> Physician signature for medical necessity & order

v v v v
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SCALABILITY
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IT Scalability

EMR LIMS Platform Lab
Requisition Patient
_|parsed and Profile _| Requisition X
user data " Created/ "| Created "
downloaded Updated
- 1 Results
P{:?;;::r N © Y .| generated
test - L Order— Medication and
- query reviewed
at-HIR 1D QUET i generated
a=FHIR Med Resp-p|
Lab
EMR Interface
_|Medications
Provider " [donwloaded
receives [«—| —Results—— Y
results v ‘ Data file
Result PDF Results uploaded
~ message encoded |_ generated | | Resultfile |
= | with PDF to basedon | and PDF |~ parsed
Interface EMR spec created
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Electronic Ordering / Resulting
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Reimbursement

Reimbursement touches on every aspect of testing
Easy to get lost in the details for each policy
Policies from the same payer may seem contradictory

Be aware of differences in policies between payers
Medicare vs. commercial
- Commercial vs. commercial
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Reimbursement - Medicare

LCD L38294 (MolDx) requires the following documentation:

- The clinical record must clearly show the use of or intent to prescribe a

drug that has known drug-gene interactions that require a PGx test to be
ordered to define the safe use of that drug in that patient.

Documented, specific gene/drug interaction that has CPIC level A/B
recommendations

Indication that is related to the drug of interest

The results of the genetic test will impact the medical management of the
iIndividual.
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Reimbursement - Commercial

BCBS (CAM 218) requires the following:

- Prior-authorization (PA)
> prior means prior!

- Drug considered is listed on the policy (listed by gene)

> “Testing for the XXX genotype once per lifetime (please see policy guideline)* is considered MEDICALLY NECESSARY for
individuals being considered for therapy with any of the medications listed below, or who are in their course of therapy with a
medication listed below, to aid in therapy selection and/or dosing”

- Once per lifetime testing regardless of indication

- See list of excluded genes in the policy.
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LCD - MolDX: Pharmacogenomics Testing (L38294)

Article - Billing and Coding: MolDX: Pharmacogenomics Testing
(A58318)

Pharmacogenetic Testing - CAM 218

Category:
Laboratory
Department:

Modical Affaire

b |

A
n PRECISION
, GEMNETICS



Physician Adoption

Providers are busy!

Provide continuing education
Grand Rounds

- Video Tutorials
Invited Speakers

Internal communication / education programs
Physician champions
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Key Points

v PGx has matured and will continue to expand into the clinical space.
v PGx guidance can be delivered via multiple modalities, but share common features.

v Focus on current therapy and how the patient’s genotype may affect their metabolism
and/or response.

v Use clinical judgement and experience combined with genotype-guided information when
considering alternatives, discontinuation, or dose-adjustment.

v IT solutions are a necessary part of PGx implementation.
v Reimbursement touches all aspects of PGx, from intake, to panel design, to resulting.

v Continuous efforts are necessary for provider adoption.
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THANK YOU!
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