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Introduction

» History:

Pythagoras experience (510 BCI)
Paralysis by Succinylcholine (1950)
Primaquine Sensitivity (1950)
Pharmacogenetics term (1959)
Neuropathy caused by Isoniazide
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History

Father of Pharmacogenetics Dies

Arno Motulsky, a former refugee from Nazi Germany and a pioneering medical geneticist at the University of Washington, has died at age 94.

By Catherine Offord | January 31. 2018




History

The term'Pharmacogenetics’deffination. 6@ i:;' I 3

Freidrich Vogel, Germany — 1959
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History

» 1970's-1990s: many drug-gene interactions
have been studied and investigated

» The development of pharmacogenetics over
the years

» ‘Pharmacogenomics’ & the emergence of the
Human Genome Project




History

» 2005-> First FDA approval of a pharmacogenetic
test

» 2006~> First direct-to-consumer whole-genome
test

» 2007-> the FDA started to recognize the
importance of pharmacogenomics, issued black
box warnings, incorporated genotype-quided
dosing algorithms, and included
pharmacogenomic information in drug labeling




Sources of Variation in Response

@

Variability in
Factors
Drug Response

Drug
Interactions

>

Disease
states

Genetic
Differences




Human Genome Project
(1990-2003)

» The world’s largest collaborative biological
project, costed about $3-billion

» 20 universities and research centers around the
world

» Goals~> determining the sequence of the human
DNA and identifying all of the genes (structure,




Published Genome-Wide
Association Reports, 2005-2013
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History

» In 2014, eight of 41 of the new drugs
approved had some type of genetic
or biomarker data in the submission
relative to efficacy, safety, or
pharmacokinetics




FDA approved pharmacogenetic

tests
N e
TPMT 6MP Toxicity
CYP2D6 Tamoxifen Decreased efficacy
UGTTAI Irinotecan Toxicity
CYP2D6 Codeine Ineffective analgesia

These genes all modulate Pharmokinetics




Pharmacogenetics

. iInfluence of genetic variation on
an individual’s response to
pharmacologic agents

- Pharmacogenetics testing is not
routinely used in clinical practice




Pharmacogenetics

» Pharmacokinetic

“The process by which a drug is absorbed,
distributed, metabolized, and eliminated by the
body”

» Pharmacodynamic

“the biochemical and physiological effects of drugs
and the mechanisms of their actions”




Pharmacogenetics

Pharmacogenetics is the study of how genetic
variations affect the disposition of drugs,
including their metabolism and transport and

their safety and efficacy




Pharmacogenetics

Pharmacogenomic Resource for
Enhanced Decisions In Care and
Treatment




Pharamcogenetically
Variations
Mechanisms




otide
sms (SNPs) are
ommon type of
ariation in humans

ucleotide is
in the genetic

NP expressions

'y a drug’s
response or
t incidence



ADME VARIATIO

Sorption

CYP2C9 SULT1A1l

J ) CYP2D6 NAT2 TPMT

S t Il b u t 10N CYP2E1 UGT1A1
CYP1A1  CYP3A4 UGT2B15

= t a b O I i S m CYP1A2  CYP3A5 UGT2B17
CYP2A6 DPYD UGT2B7

2tion

CYP2B6 GSTM1
CYP2C19 GSTP1

CYP2C8 GSTT1



HLA Polymorphism

Variant of HLA Gene Drug and Adverse Effect
HLA-B+57:01 Abacavir-induced skin toxicity
HLA-B+58:01 Allopurinol-induced skin toxicity

HLA-DRB1 #1501,
DRB5 #01:01,
DQB1 #06:02 haplotype

HLA-B*15:02
HLA-B #57:01

HLA-DQB1 =06, =02,
HLA-DRB1 =15, =07

HLA-DRB1 07, HLA-DQA1 *02

Amoxicillin-clavulanate-induced
liver injury

Carbamazepine-induced skin toxicity
Flucloxacillin-induced liver injury

Various drugs, subgroup analysis for
cholestatic or other types of liver

injury
Ximelagatran, increased ALT



GENETIC VARIATION

» ENZYMES

» TRANSPORTS

» HLA

» IMMUNE SYSTEM FUNCTION
» POLYGENIC EFFECTS

» EPIGENOMICS




About the CYPs

» Membrane bound enzymatic proteins

- Involved in oxidation, peroxidation and
reductive metabolism

- Responsible for >90% of drug transformation

» Greater than 50 different CYP genes encoding 50
different proteins

» CYP2D6 present mainly in liver and a major
player in drug metabolism from antidepressants
to antihypertensive to chemotherapy
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Enzyme Involved Defect Drug and Therapeutic Use Chinical Conseguences”

CYPI1AZ N-Demethylation Caffeane (ONS stimulant) Raeduced ONS stimulation due to increasad
gene inducbility and thus increasaed
metabolism/cdearance in cigarette smokers
and freguent ingesters of omeprazole.

N-Demethylation Caffeane (ONS stimaslant) Enhanced CNS stimulation.
CYP2As Oxidation Nicotine Nacotine toxicity. Lesser aaving for fregquent
(cholinoceptorstimuilant) agarette stmoking.
Oxidation Nicotine Increasaed nicotine metabolism. Greater
(cholinoceptorstimuilant) craving for frequent cGgarette stmnoking.
Oxiadation Coumann (anticoagulant) Increasead risk of bleading.
Oxidation Coumarnn (anticoagulant) Increased clearance. Greater risk of thrombosis
CYP2Bs Oxiadation Cyclophosphamide, ifosfamide Raeduced dearance. Increaseaed rnisk of ADRs.

cYPa2Cs

<YP2Co

cYP2Cio

CYP2Ds

N-Dechioroethyiation
Oxidation
Hydroxyliation
Hydroxyiation
N-Deethylaton/
N-Dealkylation

N-Deethylaton
Hydroxylation

Hydroxyiation

Hydroxylaticon
Hydroxylation
N-Demethylation

Oxidation
N-Demeaethylation
O-Demethylation

Hydroxylation
N-Demethylation

O-Demethwliation
Hydroxyiation
Oxidative cydlization
Oxidation

Oxidation
O-Demethylation

Oxidation

R R L U R RIE ORIEU R E;

{anti-cancer)

Efavirenz, nevirapane (anti-HivV)
Repaglinide, rosigiitazone,
peoglitazone (antidiabetic)
Paciitaxel (anti-cancer)

Amodiaquine, chloroguine
(antimalarial)

Amaodarone {antiarrhythmac)
Celecoxib, dicdofenac, flurbapro-
fen_ Sabuprofen (INSAIDs)

S-Warfann, S-acenocoumarol
(anticoagulants)

Tolbutamade {(antidiabetic)
Phamnytoin (anthepileptic)
Amatriptyhine, domipramane
(antidepressants)

Moclobemids (MAOIK)
Catalopram (SSED

Omeprazole (PP
Mephenytoin (antiepileptic)
Escnalopram (antidepressants)

Omeprazole (PPN

Tamoxifen (anti-cancer)
Chiorproguanil (antmalarial)
Clopidogrel (antipiateiet)
Bufuralol (B-adrenoceptor
blockern)

Codeine (analgesic)

Debrnsoquin (antihwpertensive)

Reduced dearance. Increaseaed nisk of ADRs.
Reduced dearance. Increased rnisk of ADRs.

Reduced dearance. Increasad risk of ADRs
mmyslosuppression).
Reduced dearance. Increased risk of ADRs.

Reduced dearance. Increasad risk of ADRs.
Reduced dearance. Increased risk of ADRs.

Enhanced bleading risk. Clinically highily
relevant. Dose adjustment reguired.

Cardiotoxacity.
Nystagmus, diplopia, and ataxaa.

Reduced dearance. Increasead risk of ADRs.
Dose adjustment reguared.

Increased risk of gastroimtestinal side effects.
Increased therapautic efficacy.
Overdose toxacity.

Increased gene transcripbon resulting in
increasaed activity and thus reduced therapeutic
=fhcacy.

Raeduced therapeutic efficacy.

Increasaed metabolic activation, increasaed
therapeutic efficacy; reduced risk of relapse.
Dose adjustment reguired.

Increased metabolic activation, increasad
tharapeutic efficacy. Dose adjustmeaent required.

Increased metabolic activation, increased
therapeutic efficacy. Dose adjustment required.
Exacerbation of B blockade, nausea.

Reduced metabolic activation to morphine
and thus reduced analgesia.

Orthostatic hypotension.



Enzyme Involved Defect Genotype Drug and Therapeutic Use Clinical Consequences’

N-Demethylation PM Nortriptyline (antidepressant) Reduced clearance. Increased risk of ADRs.

Oxidation PM Sparteine Oxxytocic sympeoms.

O-Demeathyiation PM Dextromethorphan Reduced clearance. Increased risk of ADRs.

(antitussive)

O-Demethyiation PM Tramadol (analgesic) Increased risk of seizures.

Hydroxylation PM Tamoxifen (anti-cancer) Reduced metabolic activation to the
theapeutically active endoxifen and thus
reduced therapeutic efficacy.

O-Demeathylation UM Codeine (analgesic) Increased metabolic activation to
morphine and thus increasad risk of
respiratory depression.

N-Demethylation UM Nortriptyline (antidepressant) Reduced therapeutic efficacy due to increased
clearance.

O-Demeathylation UM Tramadol (analgesic) Reduced therapeutic efficacy due to increased
clearance.

CYP3Aa PM? All drugs metabolized by thas Reduced clearance. Dose adpjstment may be
enzyme would be potentially required to avoid drug-drug interactions.
affectad

CYP3AS PM7 Saquinavir, and other CYP3A Usually less catalytically active than CYP3AS.
substrates A higher frequency of a functional CYP3AS+1

allele is seen in Afnicans than in Caucasians; the
Iatter most often carry the defective CYP3IASe3
allele. This may significantly affect therapeutics
of CYP3A substrates in CYP3AS»1 or CYP3SAS+3
homozygous individuals.

ALDH Aldehyde PM Exhanol (recreational drug) Facial flushing, hypotension, tachycardia,

dehydrogenation nausea, vomiting.

BCHE Ester hydrolysis PM Sucanylcholine (muscle Prolongad apnea.
relaxant)

Mivacurniom (neuromuscular Prodonged muscle paralysis.

blocker)

Cocane {CNS stimuiant) Increased blood pressure, tachycardia,
ventricular arrhythmaas.

GST GSH-conjugation PM Acetaminophen (analgesic, Impaired GS5H conjugation dus to gene
Busulfan (anti-cancer) deletion.

NAT2 N-Acetyiation PM Hydralazine (antithypertensive) Lupus erythematosus-fike syndrome.

N-Acetyiation PM Isoniazid (antitubercular) Peripheral neuropathy.

TPMT S-Methylation PM & Thiopurines {anti-cancer) Myealotoxicity.

UGT1AY Glucuromadation PM Bilirubin (heme metabolite) Hyperbdlirubinemaa.

Innotecan {anti-cancer)

Reduced clearance. Dose adpjstment may
be reguired to avoid toxicaty (G dysfunction,
IMMmunosiinDnras<ion)



. Phenotype Source of
Gene Drug Diplotype (Activity Score) Dosing Recommendation Recommendation
CYP2D6
Codeine - /e IxN, = 1/+2xN UM (> 2.0) 4 Alzernative analgesic, eg, morphine or nonopioid; cPic:
increasad formation of ine following codeai
admanistration leads to hagher risk of tooacity.
V], w1/ e2 222, EM (1 0-2.0) - Standard starting dose.
- SeF] +2FeS
3 =10, » 57027 M (05) - Standard starting dose; monitor closaly for lack
of analgesic response due to reduced morphine
formation. Consider alternate analgesic, eg,
morphine or nonopeoid.
e e R 2 R O PM ©.0) - Alternative analgesic eg, morphine or nonopioid
“5/e5 +3/e6 analgesic; greatly reducaed morphine formation
following codeine administration, leading to
insufficient pain relief. Avoid higher doses_  as
central side effects do not differ in PMis.
CYP2Cr9
Clopedogral ST, +T7 27 7 (UM), UM _BEm - Standard dose. CPIC
and « 1/«1 (EM)
P2 2l eSS 2227 Nt - Alternative antiplatelet agent, eg, prasugrel or
m‘ Ba-
“2fa e2/e3 +3/e3 PM - Alternative antiplatelet agenst, eg, prasugrel or
ticagredor.
oPYD
Flucropy- -)fe7 Normal - Standard dose. CPIC
rmidines
“J/e2A_ +1/+13, Reduced - Reduce initial dose 50% and titrate basaed
- I/ TSETITESTIBA activity on toxacity or on pharmacokinetic test results
(if available).
“2A/ %24 22A/T13, Complets - Different non-fluoropyrimnidine anticancer agent.
« 7137213 rs673T76T7ABAS >
rS&67376798A
UGTIAT
Irinotecan e Lt P P - Normal - Standard starting dose.
~28/+28 Reduced - Reduce starting dose by at least one dose lewel. Ox; Drug iabel
- Dose > 250 mg/m : Reduce starting dose 309 DPWG™
and increase in reszponse o neutrophil count
Dose = 250 mag/m~: No dose adjustment.
Artazanawvir /ey w1Se35, Normal No reason to avoid prescribing atazanavir. Inform CPIC
367436, patient of risks. Based on this genotype, there s a
rs887829 C/C less than 1 in 20 chance of stopping atazanavir for
jaundice.
-)/e28 + 1737, Intermadiate No reason to avoid prescrnibing atazanavir. Informm
« 36428 +36/+37, patient of risks. Based on this L there s a
rsS887829 CUT, «17+6 less than 7 in 20 chance of stopping atazanavir for
Jjaundice.
“ 28/ 028 +28/+37, Reduced Consider alternative agent. Based on this
“37/+37 rsS8BRT7829T/T genotyp<, there is a high (20-6090) likelihood of
(+ 80280, +6+6 dewveloping ;aundoce that will result in disconmtinua-
tion of atazanavir.
TPMT
Thicpurines -7 - Standard starting dose. PIC

-T/e2 s1/+5A,
- 1/+38, = 1/+3C,
- SeF

Normal, high
activity

Intermeadiate

activity

- Start at 30709 of target dose and titrate

aevery 2—4 weeks with dose clinacal monitonng of

tolerability, eg, white blood cell counts and liver

function tests.



Phenotype Source of
Gene Drug Diplotype’ (Activity Score) Dosing Recommendation Recommendation
SA/FA «2/3A, Low activity - Malignant disease: Drastic reduction of
*30/+3A, 30/ »4, thiopurine doses, eg, tenfold given thrice
+3/+2 +3A/+5 weekly instead of daily.
- Nonmalignant condimtions: Alternative
nonthiopurins immunosuppressive agent.
G&sPDX- Genotype-to-phenotype predictions imited to males and homozygous females.
linked
tralt
Rasburicase B A Normal - Standard dose. Drug label/CPIC
A- Mediterransan Deficient - Alrernative agent, g, allopurinol:
Canton Rasburicase is contraindicated in
patients with GEPD deficency.
Variable Unkmown risk - Enzyme activity must be measured to
of hemolytic determine GSPD status. An alternative is
anamia allopurinol.
SLCoBr
Simvastatin +la’>Ta, =Ta'+ 1D, MNormnal - Standard dosea. PiC
40 mg 1675416 activity
s lafs5 slalels, Intermediate - Prescribe a lower dose or consider an
slalel7 +1D/+5, activity alternative statin, &g, pravastatin or
IS+ 15 + 1O/ 317 rosuvastatin; consider routine CK monitonng.
+5/+5, +5/415, «5/=17, Low activity - Prescribe a lower dose or consider an
*JS5/% 15 +15/+17, alternative statin, eg, pravastatin or
“ 1T/ 7 rosuvastating consider routine CK monitoring.
HLA
Abacavir «Other/«Other Negative - Standard dose. (= -
«Other/+57:01, Positive - Alternative agent: abacavir is contraindicated
+S7-01/+57:01 in HLA-B+57-01-positive patients.
IFNL3
PEG-IFN-o/ rs12979860/ Favorabils - PEGIFN-/'RBV: Consider cure rates before P
RBV rs12979850 initiating regimen; ~70% chance for SVR*
after 48 weaeks of therapy.
- PEGIFN-w/REV + protease inhibitor
combmnations: Regimen recommended;
~90% chance for SVR after 2548 weeks of
therapy, with 80909 chance for shortened
duration of therapy.
Reference/reference or Unfavorable - PEG-IFN-o/REV: Consider cure rates before
reference/rs12975850 mitiating regimen; ~30% chance for SVR
after 48 weeks of therapy.
« PEGIAFN-/'RBV + protease inhibitor
combanations: Consider cure rates before
mnitiating regimen; ~60% chance for SVR after
25-48 weeks of , with 50% chance for
shortened duration of therapy.
CYP2C9, VKORCy
Warfarin “1/s3 +1/22 +2/e2, Vanous - Apply validated dosing (= -

*2/e3 +1/e3 «3/43,
1639GG, 1639GA,
1639AA

2-3) or FDA-approved dosing table per
manufacturer’s labaling.



TPMT
Thiopurine S-Methyltransferase

» Main metabolizer of chemotherapeutic agents
6MP and azothiopurine (used mainly in blood
based malignancies)

» TPMT deficiency leads to severe toxicity
associated with treatment (potential mortality)




Uridine 5’-Diphosphoglucuronosyl
Transferase 1 (UGT1Al1)

» Gilbert’s syndrome

» Irinotecan a topoisomerase I inhibitor
prodrug




GENETIC VARIATIONS IN
IMMUNE SYSTEM FUNCTION

» DRUG-INDUCED HYPERSENSITIVITY

» Primary Immunodeficiency




G6PD

» G6PD deficiency
» 400 million people worldwide

» prevalence in persons of African, Asian, and
Mediterranean descent

» X-linked recessive disorder

» 24 to 72 hours after exposure to oxidant
stress




GENETIC VARIATIONS IN
TRANSPORTERS

» ORGANIC ANION TRANSPORTER (OATP1B1)
» SLCOI1BI

» Statins




HLA VARIATION

Variant of HLA Gene
HLA-B=57-:01
HLA-B+58:01

HLA-DRB1 #1501,
DRB5 #01:01,
DQB1 #06:02 haplotype

HLA-B*15:02
HLA-B #57:01

HLA-DQB1 =06, =02,
HLA-DRB1 =15, =07

HLA-DRB1 #07, HLA-DQA1 =02

Drug and Adverse Effect
Abacavir-induced skin toxicity
Allopurinol-induced skin toxicity
Amoxicillin-clavulanate-induced
liver injury

Carbamazepine-induced skin toxicity

Flucloxacillin-induced liver injury

Various drugs, subgroup analysis for
cholestatic or other types of liver

injury
Ximelagatran, increased ALT



Pharmacogenetics
&
Pharmacotherapy




Pharmacogenetics

&
Pharmacotherapy

- Provide real-time decision support thereby facilitating
individualized drug therapy to maximize efficacy, minimize adverse
drug reactions, and reduce health care costs

Assemble multidisciplinary, multidepartment team

Pathology, Informatics, Pharmacy, Clinicians, Ethics, Legal,
Regulatory




Clopidogrel (PLAVIX) —
CYP2C19

- FDA issued a “"black box” warning regarding
the clinical relevance of genotype analysis

- Widely prescribed to patients at our medical
facility
. Could provide decision support and measure
the change in prescribing behavior of the
provider based on the given decision
support

- Targeted patient population to Ilaunch
model — the cardiac catheterization lab



FDA — Black Box Warning
Issued March 12, 2010

» WARNING: DIMINISHED EFFECTIVENESS IN POOR
METABOLIZERS

activation to an active metabolite by the cytochrome P450
(CYP) system, principally CYP2C109.

Poor metabolizers acute coronary syndrome (ACS) or
percutaneous coronary intervention (PCI)

Tests patient's CYP2C19 genotype determining therapeutic
strategy.

Consider alternative treatment or treatment strategies




Clopidogrel - PLAVIX

- Requires gastro-intestinal

absorption and hepatic
biotransformation

. Is an inhibitor to the P2RY12

receptor thereby preventing
binding of ADP

. Increases risk of bleeding;

especially GI bleeding when
combined with warfarin and
nonsteroidal anti-




Prodru@~ O combing
aspirin

~H
- Initial dose
m followed by
Cl S - Indications fo

acute corona
@ syndrome; rec

I
O..-O stroke; peri

Active
Y \ arterlal dise




Plavix

» WARNING: DIMINISHED EFFECTIVENESS IN POOR
METABOLIZERS

Effectiveness of Plavix depends on activation to an active
metabolite by the cytochrome P450 (CYP) system,
principally CYP2C19.

Poor metabolizers treated with Plavix at recommended
doses exhibit higher cardiovascular event rates following
acute coronary syndrome (ACS) or percutaneous coronary
intervention (PCI) than patients with normal CYP2C19
function.




Plavix

. Tests are available to identify a patient's
CYP2C19 genotype and can be used as an
aid in determining therapeutic strategy.

. Consider alternative treatment or

treatment strategies in patients identified
as CYP2C19 poor metabolizers.




Tamoxifen

» Needs to be converted to endoxifen to be
active

- catalysed by the polymorphic enzyme cytochrome
P450 2D6 (CYP2D6)

- 6=10% European population deficient in this
enzyme
- Efficacy of tamoxifen likely low in this population
- Suggests consider alterative treatments




Pharmcogenetics
&
ADR




Favism

» G6PD deficiency
» 400 million people worldwide

» prevalence in persons of African, Asian, and
Mediterranean descent

» X=linked recessive disorder

» 24 to 72 hours after exposure to oxidant
stress




Favism contraindication

Risk Level

Name Molecular Formula Geated For Whom Notes
2-Naphthol C10HsO High Al
Acetanilide (acetanilid) CaHsNO High Medit., Asian
Acetazolamide CaHgMN4O35; Medium Al
st L, CaFioN:O Note
Aldesulfone sodium C14 Hig Nz Naz O¢ High All
(sulfoxone) Ss
E::‘;ﬁi’;:f{:;one Ci3 Hi7 Nz O Medium All
Antazoline (antistine) Ci7 H:g N3 Medium All
Argin.in.e (Z-Aminojs- : CeH14N2O5 Al All
guanidinopentanoic acid)
Arsine As-Hgz High All Note
Ascorbic Acid CsHgCs High All
Bean of St.IgnatiHs Medium Al
(Strychnos ignatii)
Bencrilate C17H;5NOg Medium All
Brinzolamide High All Note
Bupivacaine CigHzgN2C High Al

4 41112 3 45 6 7 8 9 |» bl Page size: | 15 131 items in @ page

n



Favism cont

Risk Level

raindication

Name Molecular Formula i) For Whom Notes
Enoxacin CisH;7F5N4 O3 High All
Epirubicin Co7HzgNO; Medium All
Flumeguine Cy4H;,FNO3 Medium All
Furazolidone Cg H7 N3 Og High All
Glibenclamide C32 Hxg CIN3 O5 S High Medit., Asian Note
Glibornuride CisH26N2045 Medium All
Gliclazide CisH231N303S High All
Glimepiride Co4H34NZ10sS High All
Glipizide C21H>7NsC4S High All
Glucosulfone C24 Hz4 N2 Naz O3 High All
(glucosulfone sodium) Ss
Hydroxychloroquine CiegHzgCINZO High All
Indigofera Tinctoria Medium All
Isobutyl Nitrite CaHg N Oy High Medit., Asian
Isoniazid Cs Hz N3 O Medium All
Lawsone Inermis Medium All

i€l 1 2[3la 56 7 8 9

>k

Page size: |15

1321

131 items in 9 pag



Favism cont

Risk Level

raindication

Name Molecular Formula For Whom Notes
(note)
Sulfasalazine,
Salazosulfapyridine Cig Hig Ngs Os S High All Note
(salazopyrin)
Sulfoxone Ci4H:5N;0553 Medium All
Thiamphenicol C12H;sCIZNOSS High All
Thiazosulfcne : : ; :
Cg Hg N3 G5 S5 Jasns A

(hiasolesnlione) g Mo N3 2 High Nedit.,, Asian
Tiaprofenic Acid Ci4 H:2C3S Medium All
Tolonium Chloride,
Tolonium Chloride Cigs H;gCI N3 S High All
(toluidine blue)
Trihexyphynidyl (benzhexol) CzoHz1 N O Medium All
Trimethoprim Ci4 Hig N5 O3 Medium All Note
Trimethoprim =+ . :
Sulfamethoxazole High Al
Tr!n!trotoluene (2,46- Cs He N3 Op High fedit., Asian
Trinitrotoluene)
Tripelennamine Cis Hzy N3 Medium Medit.,, Asian

|1 2 3 4 5 6 7 8|9 [Eky Bkl Page size: | 15 ™ 131 items in 9
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Favism contraindication

Name Molecular Formula R = For Whom Notes
(note)
Niridazole CsHsNsCz S High Al
Nitric Oxide NO High Al
Nitrofural (nitrofurazone) Ce Hg N3 C4 High All
Nitrofurantoin Cg Hg N5z O¢g High Al
Nitroglycerin C3HsNzOg High All
Noramidopyrine Ci3H;gN3NaCLS High All
Norfloxacin Cis Hig F N3 C3 Medium All
- Aretrbaboyic Auad Cs Hg Og High Medit., Asian Note
(acetylsalicylic acid)
C-Acetylsalicylic Acid = ’ o .
At High Nedit.,, Asian
O-Acetylsalicylic Acid + 2 -
Ascorbic Acid High oo
O-Acetylsalicylic Acid + High All
Paracetamol
Cfloxacin High NMedit., Asian
Ox_xc'iase. Hiateduate High hNedit., Asian
oxidase)
Pamagqguine Caz Has N3 O5 High All
Para-Aminobenzoic Acid — j 2
7 f“7 N Oz- M T g
{(A-Aminobenzoic Acid) o — Al
—




Favism cont

raindication

Calcium Carboxylate Medium All

Carbutamide C11H17N303S Medium All

Chloramphenicol C11 Hi2 G2 N7 Og High Medit., Asian

Chloroguine Cyg Hag CI N3 High Medit,, Asian Note
Chloroguine + Proguanil High Medit, Asian

Ciprofloxacin High All

Colchicine C22 Hzs N Og Medium All

ziezz;tl::f\ylsulfone) St Ra G5 s ! e
Diethylamine CaHyiN High All

Dimenidrinato C24HgCINS O3 High All

Dimercaprol C3Hg O 5; High All

gg::;l’: ;:rr:nr?i::) Ci7HaNO Medium Al

Dopamine CaHi; NG; Medium All

Dorzolamide High All Note
Doxorubicin Co7 Hzg N Oy High Medit,, Asian

Gl gl (215 v e e 5 o n BRI wosaxfee o A G




Carbamazepine (Tegretol)

» Genetic variants have been associated with two
forms of life-threatening skin conditions (Stevens-
Johnson syndrome and toxic epidermal necrolysis)
experienced by carbamazepine patients.

» In particular, two HLA-related variants (HLAB*1502
in Asian populations and HLA-A* 3101 in Caucasians
populations) are more likely than other patients to
have dangerous skin reactions

» Testing of this allele can reduce the frequency of
these reactions




Abacavir (Ziagen)

» Nucleoside analog reverse transcriptase inhibitor (NRTI)
used to treat HIV and AIDS first approved in 1998

» Subsequent studies showed that patients who carry the
HLA-B*5701 allele were at high risk for hypersensitivity to
abacavir due to this allele being strongly associated with a
single-nucleotide polymorphism at the HLA-B*5701 locus

» The label was changed to recommended pre-therapy
screening for the HLA-B*5701 allele and the use of
alternative therapy in subjects with this allele.

» Clinicians can now safely prescribe Abacavir for the right

patient and the incidence of these reactions has diminished

N oridwide.




Perdonalized Medicine

» Aim-> understand how a person’s genetics,
environment, and lifestyle can help determine the
best approach to prevent or treat disease

» Goals:

- Short-term-> expanding precision medicine in the
area of cancer research

- Long-term-> bringing precision medicine to all areas
of healthcare on a large scale




Personalized Medicine

» Male & Female difference: ethanol,
propranolol, some benzodiazepines,
estrogens, and salicylates

» Diet & Environmental Factors
» Diseases Affecting Drug Metabolism
» Drug-Drug Interactions during Metabolism




Duloxetin

» Side Effects

» Metabolism

» Polymorphism




Clinical Laboratory Investigation
Clinical Biochemistry, Endocrinology, & Immunology
Clinical Microbiology & Virology

Hematology
Genomics _
Pharmacogenomics ThehrnaP?Ut'? Drug
Pharmacogenetics onitoring
Molecular diagnostics \ /
Personalized Pathology/
Metabolomic g Medicine — Imaging
CT scan, MR,
/ \ X-ray
Proteomic Toxicology

1. Selection of therapeutic
procedure or intervention
2. Dose adjustment




Personalized Medicine

- Provide real-time decision support
thereby facilitating individualized drug
therapy to maximize efficacy, minimize
adverse drug reactions, and reduce

health care costs




Sources of Variation in Response

@

Variability in
Factors
Drug Response

Drug
Interactions

>

Disease
states

Genetic
Differences




PREDICT Initiative

Vanderbilt University Ve
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Personalized Medicine

Raw data converted to drug genome
interaction fact for computerized decision
support in electronic health record (EHR)

Provider accesses EHR; alerted to results

Provider receives decision support
regarding dosing or alternative
medications

Provider optimizes patient management
utilizing information provided by

genotyping




Personalized Medicine

. Consent process
— Adult Admitting & ED Registration

—“CONSENT FOR ROUTINE TESTS, MEDICAL
TREATMENT, AND GENETIC TESTS TO GUIDE
DRUG THERAPY...”

Provider discusses genotyping studies
— Blood drawn

Sample arrives in laboratory

— DNA extracted (day 1)

— Assay performed (day 2)
— Results reviewed and released (day 3)




Potential Benefits of Personalized

Medicine

|

Improve drug’s
efficacy

|

Decrease drug’s
adverse events

Savings: time,
money, illness
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Personalized Medicine

Genetic variation inter-individual differences in
drug response phenotype at every pharmacologic
step
Through individualized treatments,
pharmacogenetics and pharmacogenomics are
expected to lead to:
‘Better, safer drugs the first time
More accurate methods of determining
appropriate drug dosages
Pharmacogenomics offers unprecedented
opportunltles to understand the genetic
mtecture of drug response




Potential Benefits of Personalized
Medicine

- Shift the emphasis in medicine from reaction
to prevention

- Predict susceptibility to disease, improve
disease detection, preempt disease
progression

- Customize disease-prevention strategies

- Prescribe more effective drugs and avoid
prescribing drugs with predictable side
effects




Potential Benefits of Personalized
Medicine

- Increase patient adherence to treatment by targeting the right
patient with the right drug

- Improve quality of life

- Reduce the time, cost, and failure rate of pharmaceutical
clinical trials

- Revive drugs that failed in clinical trials or were withdrawn
from the market

. Control health care cost by avoiding unnecessary costs where
drug is proven ineffective.




The Societal Impact of
Personalized Medicine

» Potential legal and ethical questions that we
must answer as a society
- Who should have access to a person’s genetic
profile?

- How will we protect genetic privacy and prevent

genetic discrimination in the workplace and in our
health care?

- How will we as consumers use genetic information o
our benefit?




Pharmacogenomic Biomarkers in
Drug Labeling

» Drug labeling may contain information on
genomic biomarkers and can describe:
- Drug exposure and clinical response variability
- Risk for adverse events
- Genotype-specific dosing
- Mechanisms of drug action
- Polymorphic drug target and disposition genes




Abacavir (Ziagen)

» Nucleoside analog reverse transcriptase inhibitor (NRTI)
used to treat HIV and AIDS first approved in 1998

» Subsequent studies showed that patients who carry the
HLA-B*5701 allele were at high risk for hypersensitivity to
abacavir due to this allele being strongly associated with a
single-nucleotide polymorphism at the HLA-B*5701 locus

» The label was changed to recommended pre-therapy
screening for the HLA-B*5701 allele and the use of
alternative therapy in subjects with this allele.

» Clinicians can now safely prescribe Abacavir for the right

patient and the incidence of these reactions has diminished

N oridwide.




Trastuzumab (Herceptin)

Human Epidermal Growth Factor 2 (HER-2) positive
tumors comprise 20-25% of all breast cancers and are
associated with worse clinical outcomes !

Trastuzumab is a humanized monoclonal antibody
designed to target the HER2 receptor domain?

Today, HER2 testing is a routine part of clinical
diagnosis for breast cancer patients

Likewise, due to specific biomarker data, trastuzumab is
a foundation therapy for many patients with HER-2
positive breast cancer?
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Warfarin (Coumadin)

Warfarin has a narrow therapeutic window and a
wide range of inter-individual variability in
response, requiring careful clinical dose adjustment
for each patient.

In 2007, FDA approved label changes to Warfarin
noting precautions for patients with variations in
two genes, CYP2C9 and Vitamin K Epoxide
Reductase Complex-1 (VKORC1) which may require
a lower initial dose.

Testing for these variants can assist in dosing

Individualized dosing can possibly increase
effectiveness of therapy while decreasing the risk of
adverse events




Carbamazepine (Tegretol)

» Genetic variants have been associated with two
forms of life-threatening skin conditions (Stevens-
Johnson syndrome and toxic epidermal necrolysis)
experienced by carbamazepine patients.

» In particular, two HLA-related variants (HLAB*1502
in Asian populations and HLA-A* 3101 in Caucasians
populations) are more likely than other patients to
have dangerous skin reactions

» Testing of this allele can reduce the frequency of
these reactions




New Approved Drugs%o
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Personalized Medicines Accounted for More Than 25% of FDA
Approvals for Each of the Last Seven Years
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Limitations of Personalized
Medicine

Reimbursement pathway of testing not established
Ethical issues with genetic testing and data sharing

Integration of pharmacogenomics, personalized
medicine, and the payer and regulatory environment is
still ongoing

Clinician are generally not educated concerning available
tests, associate drugs, and outcomes

The response to a medication may be a result of the
interactions of multiple genes




Resources for More Information

http:/ /www.personalizedmedicinecoalition.org/

http://www.genome.gov/

http://www.fda.gov/ScienceResearch/SpecialTopics/PersonalizedMe
dicine/ucm20041021.htm

http://www.pharmgkb.orqg/

http:/ /www.fda.gov/drugs/scienceresearch/researchareas/pharmac
ogenetics/ucm083378.htm

http://amcp.org/practice-
resources/amcp-format-formulary-submisions.pdf
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