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Médecinede precision

«Approche émergente
. pour letraitement et
~%,  lapréventiondes maladies,

A SRS qui prend en compte
@l es - avariabilité des individus
¢ %" o __ auniveau de leurgénes
R Sendiréhnementet

du style de vie»

Définition NIH

Medicine
Initiative

All-/Us

THE FUTURE OF HEALTH BEGINS WITH vOU

«l want the country that eliminated polio and mapped the human genome to éeadw era of medicine;
one that delivers the right treatment at the righttime® { 2 G2y A3IKGZ LQY I dzyC
Initiative to bring us closer to curing diseases like cancer and diabetes and to give all of us access t

personalized information we need to keep ourselves and our families healthier. We can dpe this.

President Barack Obama, State of the Union Address, January 20, :
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Create a research cohort of > 1 million American volunteers who will
share genetic data, biological samples, and diet/lifestyle information, all
linked to their electronic health records if they choose.

0060

Pioneer a new model for doing science that emphasizes engaged
participants, responsible data sharing, and privacy protection.

Research based upon the cohort data will:

» Advance pharmacogenomics, the right drug for the right patient at the
right dose

¢ |dentify new targets for treatment and prevention

» Test whether mobile devices can encourage healthy behaviors
https://allofus.nih.gov

Pharmacognomique

9GdzZRS RS f QAY Tt dzSy (
génétiques sur la réponse médicamenteu

Abbasil JAMA2016;316:15335.
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Obijectifs de lgpharmacogénomique

Individualiserla thérapeutique
medicamenteuse

V! YSt Adfindsitddes t@itements

V Réduire l'incidence dexffets indésirables

V Reéeduire lesoltsde traitementpour le
systeme de sante

Facteurs pharmacagnomiques

- PHARMACOCHIIQUE
N Transporteurs médicamenteux

e U Enzymes du métabolisme
Distribution
«{ ~{ Transporteurs
I | i\ PHARMACODYNAMIE
W gl
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Facteurspharmacognomiques

Pharmacocinétiques Pharmacodynamiques

ex: ex:

Cytochromes 50 (CYP) Récepteur Mu opioide 1 (OPRM1)
N-acétyltransféras¢NAT) Vitamine Kepoxideréductase C (VKORC1)
Thiopurineméthyltransféras€ TPMT) CatécholO-méthyltransféras€ COMT)
P-glycoprotéine (ABCB1) HLA
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Codeéine et cytochrome P450 (CYP)2D¢

00, %o
P

Morphine

&

Codéine

Le CYP2D6

https://www.atelierantalgie.com/

13
. . . e
Bio-activation de |la codéine
codéine morphine
DayerP et al BiochemBiophysResCommun 1988;152: 415.
Desmeules) et alEur J Clin Pharmacol. 1991;41:@3
14



27.11.2025

Polymorphisme du CYP2D6

S TN (R

Scor(e af;tivité AS 0 AS 0.251 AS 1.282.25 AS >2.25
AS
Enzyme Enzyme Enzyme Enzyme
absente instable normale surexprimée
Phénotype l l l l
Métabolisme Métabolisme Métabolisme Métabolisme
lent intermédiaire normal augmenteé
PM IM NM UM
Fréquence
en Europe 5-10% 10-15% 60-70% 1-10%
15

Cockine et métabolisme lent CYP2D6

209

« EM (7)
+ EM+Qd
o PM (1)

° PM + Qd

Codeine

NM

Métaboliseurlent l

PM .

Morphine (nM)

Réductiondet QS T Tantalgiq@@duriidss
modelesde douleursexpérimentauxchez T hewes
desvolontairessains

Desmeule®t al EurJ ClirPharmacoll991, 4:1 7986
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CYP2D6 et anadgie sous codine

n= 45 femmes postésarienne traitées par codéine et génotypées pour le CYP2

All Patients NMs PMs
Three-d postoperative pain scores
AUC mean (= SD) 238 (+ 106) 226 (+102) 232 (+41)
Mean (+SD) 3.5 (+1.6) 3.3 (*+1.5) 3.4 (+1.0)
Median 34 3.1 33
Range 1.1-7.2 1.2-63 3.8-40
Count of women =4 mean VAS score 16 4 1
Day 2 (peak) postoperative pain scores
AUC mean (+SD) 92 (+41) 85 (+39) 84 (+27)
Mean (=SD) 3.6 (=1.7) 3.3 (*=1.5) 2.9 (=0.9)
Median 3.7 3.1 29
Range 0.8-7.7 l.1-64 2.3-3.6
“ountof women =4 mean VAS score 18 5 0
3-d Codeine dose (mg)
Median 150 Doses x2.5
Range 30-840 60-840 120780
3-d Codeine dose (mg/'kg)
Median 2.4 22 4.6
Range 04-11.1 0.8-10.8 1.e-7.7

VanderVaart S et al. Ther Drug Monit. 2011;33:325
17

Cockine et metabolisme ultrarapide CYP2D¢
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CYP2D6 fine activity

Kirchheineret al Pharmacogenomid 2007
18
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Toxicité de la codéine et CYP2D6

Cas Indication Toxicité

Episiotomie (mere) Déces

. Douleurs musculaires Méres: sédqtion, nausees, vertiges;

Métaboliseurs séveres (meres) OYyFlyuay OYSNUAISEZ
uItrarapides Tonsillectomie Déces
CYP2D6 Tonsillectomie Apnée

Tonsillectomie Dépression respiratoire sévere

Adénotonsillectomie Déces

Adénotonsillectomie Déces

Dalen et al 1997orenet al 2006 Madadiet al 2007 Voronovet al 2007 Madadiet al 2009, Kelly et al 201Qrliaguetet al 2015

p2Y U.S. FOOD & DRUG

ADMINISTRATION

FDA Warning on Codeine Use by Nursing Mothers 2007
May Increase Chance of Serious Side Effects in Infants

The U.S. Food and Drug Administration (FDA) is concerned that nursing infants may be at increased risk of morphine overdose if their mothers are taking codeine and are
ultra-rapid metabolizers of codeine. The agency has reviewed all available information on this subject since a medical journal reported the death of a 13-day old breastfed
infant who died from morphine overdose. The morphine levels in the mother's milk were abnormally high after taking small doses of codeine to treat episictomy pain. A
genetic test showed that the mother was an ultra-rapid metabolizer of codeine.

FDA Drug Safety Communication: Safety review
update of codeine use in children; new Boxed
Warning and Contraindication on use after

tonsillectomy and/or adenocidectomy 2013

FDA Drug Safety Communication: FDA restricts
use of prescription codeine pain and cough
medicines and tramadol pain medicines in
children; recommends against use in

breastfeeding women 2017
FDA Drug Safety Communication: FDA requires
0 Iabelin% changes for prescription opioid cough
EUROEEAN MEDICINGS ACERCY / and cold medicines to limit their use to adults 18
swissmedic ~ Yearsandolder 2018

10
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"

Hépitaux
Universitaires
Genéve

Atelier@ntalgiques

Ne donnez plus de codéine
aux enfants

B vaierie Piguet le 25 janvier 2018

Chez les enfants de moins de 12 ans, la codéine comporte des risques d’effets indésirables graves, voire mortels.

Explications

Médicament efficace, la codéine a pendant trés longtemps été utilisée chez I'enfant pour traiter la toux ou la douleur. On
la trouve encore actuellement sous forme de comprimés ou de sirop ou méme combinée avec d'autres médicaments. Et
elle peut s'acheter en « vente-libre », c’est-a-dire sans ordonnance, malgré l'interdiction de vente pour les enfants de
moins de 12 ans.

[13 Si votre enfant a moins de 12 ans, votre pédiatre n'a plus le droit de lui prescrire de médicament
contenant de la codéine, et votre pharmacien n'a plus le droit de vous en vendre sans ordonnance.

Pourquoi?

https://www.atelierantalgie.com/blog/2018/01/25/nedonnezplus-de-codeineauxenfants/

Intoxication a la codéine

A Patient de 62 ans avec LMC et pneumonie traitée par clarithromycine,
voriconazole et codéine pour une toux (25 mg 3x/j)
A A J4: Coma et insuffisance respiratoire nécessitant ventilation et transfert aux SIA
A Résolution aprés administration dealoxone
A Génotype et phénotyp€YP2D6UM
PhénotypeCYP3APM (inhibition CYP3A par clarithromycine et voriconazole)
A Concentrations plasm. de morphi2€-80xsupérieures a celles attendues
A Insuff rénale aigiie> accumulation des métabolites actifs de la morphine

==

Morphine-3-glucuronide m

[ Morphine-8-glucuronide Jt GascheY. et al NEJM 2004

U

[ Codeine-6-glucuronide ]

11
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The NEW ENGLAND JOURNAL of MEDICINE

Ultrarapide Interactions n Insuffisance

CYP2D6 médicamenteuses rénale

Codeine Intoxication Associated
with Ultrarapid CYP2D6 Metabolism

Concentrations plasmatiques de morphine
20-80Xsupérieures a celles attendues

SUMMARY

Life-threatening opioid intoxication developed in a patient after he was given small
doses of codeine for the treatment of a cough associated with bilateral pneumonia. Co-
deine is bioactivated by CYP2D6 into morphine, which then undergoes further glucu-
ronidation. CYP2DG6 genotyping showed that the patient had three or more functional
alleles, a finding consistent with ultrarapid metabolism of codeine. We attribute the
toxicity to this genotype, in combination with inhibition of CYP3A4 activity by other
medications and a transient reduction in renal function. NEJM 351:27, 2004

. L
)CPIC
Clinical Pharmacogenetics

Implementation Consortium
CPIC UPDATE

Clinical Pharmacogenetics Implementation
Consortium Guideline for CYP2D6, OPRM1,
and COMT Genotypes and Select Opioid
Therapy

Kristine R. Crewsl’*, Andrew A. Montez, Rachel Huddarta, Kelly E. Caudlel, Evan D. Kharasch‘i,
Andrea Gaedigks’é, Henry M. Dunnenb erger7, J. Steven Leeders’s,John T. Callaghang,

Caroline Flora Samerg, Teri E. Klein3, Cyrine E. Haidarl, Sara L. Van Driestm, Gualberto Ruanou,
Katrin Sangkuhl3, Larisa H. Cavallari'?, Daniel 1. Miiller", Cynthia A. Prows“, Mohamed Nagyls,
Andrew A. S.:)m.:)gyi16 and Todd C. Skaar®

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 110 NUMBER 4 |(October 2021

12
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Table 2 Codeine therapy recommendations based on CYP2D6

henotype .

T Classification of Recommandations
Implications Recommendations recommendation .

Phenotyps _metemim e s pour le traitement par

l Ultrarapid l Increased formation lAvoid codeine use | Strong d - f
metabolizer | of morphine ue to potential for Co elne en OnCtlon
following codeine toxicity. Consider ,
administration, alternative d g yp CY P2 D6
leading to higher analgesics such u e nOt e
risk of toxicity as morphine ora
nonopioid. Consider
avoiding tramadol P

1 Européen sur 5 née

devrait pas recevoir
de codéine

Clinical Pharmacogenetics
mplementation Consortium

Guidelines CPIC

Crews KR et al. Clin Pharmacol Ther. 20

?CPIC’

ClinPGX
i

Q =Menu & Account () Help

Overview »

€ Back toall Dosing Guidelines
PGx Prescribing Info [ ] ) . . .

Annotation of CPIC Guideline for codeine and CYP2D6
Drug Labels [ ]

Clical Annotations @ Specify a genotype for specific annotations

Variank Annotations * Pick alleles for CYP2D6:

Alleles not present in the above pull-down menus have no CPIC recommendation.

Pathways . PharmDOG

Related To Summary
Links & Downloads /
Alternate analgesics are recommended for CYP2D6 ultrarapid and poor metabolizers. A u

label recommended age- or weight-specific codeine dose is warranted for CYP2D6 .
) X i i Pharmacogenomics
extensive and intermediate metabolizers. Drug Optimization Guidance

Literature

http://www.clinpgx.org/

13
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2 0 Tabletten

‘TARGIN' |

R rARGEnS

Codeéine Tramadol Oxycodone

CYP2D6 et analgésie pespératoire
par tramadol

1,300

1,200

Consommationcumulée
de tramadol sur 48h
PM > IM > NM > UM

1,100

1,000

mg Tramadol

n= 187 patients apres chirurgie
abdominale majeure

0 4 8 12 16 20 24 28 32 36 40 44 48

Hours StamerU et al, ClirPharmacollher2007

14
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Résistance thérapeutique attamadol
chez les metaboliseurs lents du CYP2D6

* n= 187 chirurgies abdominales majeures soarmadol IV 3mg/kg
804
. [ 1Rescue medication in the PACU
;0“ L2 I Non-response after 48 h
X4 .
S 30;
204
ﬂ 18
0
PM IM NM UM
StamerU et al, CliPharmacollher2007
29
¢NJ YI R2fY R2dz0ft S
OH
o~ OH
tramadol CYP2D6 oH M1
—
N
H monoaminergique 'Hopioidergique
Métaboliseurslents Wy | Métaboliseursrapides
CYP2D6 N CYP2D6
Z Venlafaxi zZ _1: Y o e
2 phénotypc3 =="2 nédicaments differents
P
30

15
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"‘ frontiers o RN
. published: larch 2018
mn Pharmacology doi: 10.3389/fphar.2018.00148
o

When the Safe Alternative Is Not
That Safe: Tramadol Prescribing in
Children

Fredérique Rodieux?, Laszlo Vutskits234, Klara M. Posfay-Barbe®, Walid Habre+¢,
Valérie Piguet’, Jules A. Desmeules'” and Caroline F. Samer*

Front Pharmaco2018 Mar 5;9:148doi: 10.3389/fphar.2018.00148.

31

- Atteintesmusculairesshez5 a 10%les patient.es
sousstatinespouvantmenera des
rhabdomyolyses fatales (1¢ag 10 millions)

- Effetindésirabledose-dépendant
- Facteurgde risque de myopathies

T Hautes doses de statine

I Interactions médicamenteuses (inhibiteurs CYP3A)
T Age
[
|

' Maladies concomittantes
' Hypothyroidisme

www.accessdata.fda.gov/scripts/cder/drugsatFDA

32

16
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Hypothesis driven

Approche par gene
candidat
Risque: étudeégative
sifausse hypothése

33
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Hypothesis generating

GWAS
10°-10° mutationsgénétiques
Risque: puissance insuffisante,
faux positifs

GWAS myopathies sous statines

AcQnnn

LI GikvBsatingB0 mg dza

A 85 casde myopathievs 90controlesappariés
Ao n n Quamueursgénétique GWAS)

rs4363657 '—,@

P-4x10®

SLCO1B1*5

sLo1B1*5/N\

~Logy, P Value

Chromosome
Z

6 7 & 9 10 1113 14151617 19
182

|
21 X
0 22

Augmentation du risque
4.5 fois(1 mutation)

17 fois(2 mutations)
60%des myopathies
expliquées par la génétiqu

Répligué dans udatasetindépendant sousimvastatine

40 mg/j
34

SEARCH collaborative grodfEJM 2008,359:7899
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SLCO1B1

A Géne SLCO1Bdo(utecarrier
organicanion transporter
family memberlBJ) code
pour letransporteur OATP1B1

A Facilite le transport des
statinesdans les hépatocytes
(uptake

ANombreux polymorphismes
identifiés dontSLCO1B1*5

-> fréquence en Europe: :

27% (hétérozygote) "\-j/”i/

1% (homozygote) —
https://www.pharmgkb.org/pathway/PA145011108

apiest
e

35

250 %

<221%
[ QA Ydu OG5 ™.
SCLO1B1*@arie fg e s
selonla statine

50%

19 %

EuropearHeartJournalg Cardiovascular
Pharmacotherapp022, 8: 8599.

36
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Etude STRENGTH

(Statin Response Examined by Genetic Haplotype Markers)

Simvastatin Atorvastatin Pravastatin

e BT == S A RCTouvertechez 509 patients

§ i randomiséssousatorvastatine

= 36 00 slicles | simvastatineou pravastatine

g essiinfith durant 16 semaines

g o A Génotypagele 160génes

i candidatgdont CYPs et SLCO1B:

M withfwithout CAE 17/108 17/50 21109 10/37 23106 8/36

A Outcome composite survenuedeseffetsindésirablegarrét pour tout effet
indésirable myalgies CK sup a 3x baseline) chez 99 patients (22%)

A My des EIM®n présencedu SLCO1B1*5 (OR =,b58s Cl = 1.¢2.08;p = 0.03)
et demanieresignificativesoussimvastatineuniquement

VooraD et al.J Am ColCardiol 2009; 54(17): 1609.616.

37
% h . .
SLCO1B1*5 et myopathies sostgtines
7
meéta-analyse
Toutes les myopathies Myopathies séveres
COMPARISON OR 5% CI COMPAR SON OR 5% C1
TOUteS Dacowryve ¥T0CG 186 (141.252) - Dixcavery v WICCC 515 [A12848)
_— EUDRAGENE vs Tokant Controls 807 [223,1404) - EUDRAGENE v Tolerart Controls i (175900)
statines e ree T I i o T 8 e .
Pooled (Fixed-sffects) 735 (197281) 3 Pooled n_ guam) -
OR 2.35 ’ OR 2.99
Simva e e — e 1a s
statine  oceees cooenne o itate > s >
OR 2.75 P =2.01x1t¢ OR 5.91 p = 1.46x10*
CarrDF et a, CliPharmacollher2019. 106(6): 13581.
38

19
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GénotypeSLCO1B1 et adaptation
des doses destatines

SLCO1B1¢.521T>C genotype (SLCO1B1*5)

1T TC CC MNormal dose range*
Simvastatin 5-80 mg/day
Pitavastatin 1-4 mg/day
Atorvastatin 10-80 mg/day
Pravastatin 10-80 mg/day
Rosuvastatin 5-40 mg/day

Fluvastatin

39

20-80 mg/day

Niemi M,Clin PharnTher2010, 87(1): 13a.33.

EssalPICC

Figure 2. Change in Low-Density Lipoprotein Cholesterol (LDL-C) Values Among Integrating Pharmacogenetics

in Clinical Care Study Participants

|i| LDL-C levels in all participants

A RCT en pseudduster

Genotyping results known Genotyping results unknown P A n = 408 patlentS n anS
Intention-to-treat analysis n=193 n=215 aux Sta“nes
Baseline LDL-C, mean (SE), mg/fdL 106.2(2.3) 109.0(1.9) A G én Ot age S LCO 1 B 1
12-mo LDL-C, mean (5SE), mg/dL 105.1(2.3) 106.7 (1.9) , yp g .
Change in LDL-C, mean (SE), mg/dL -1.1(1.2) -2.2(1.3) <.001 preemptlf Vs traltement
Subset with =1 repeated measure n=110 n=148 standard
Baseline LDL-C, mean (SE), mg/dL 109.6(3.1) 109.2 (2.4) A 0utcomep r| ma"‘e =
12-mo LDL-C, mean (SE), mg/dL 107.6(3.2) 105.9(2.4) 4 H
Change in LDL-C, mean (SE), mg/dL -2.0(2.1) -3.3(1.9) .002 mOd Iflcatlon d u taux

plasmatique de LDL

non infériorité a 12 mois sur les LOL

cholestérol a un an.

-> pas de diminution de la prévention des maladies CV en médecine®tedours

40

Vassy JL et al., JANWtw Open 2020; 3(12): 202709:

20
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@ E S C European Heart Journal - Cardiovascular Pharmacotherapy (2022) 8, 85-99 2 O 2 2
European Society doi:10.1093/ehjcvp/pvab018
of Cardiology

The role of pharmacogenomics in
contemporary cardiovascular therapy: a
position statement from the European Society
of Cardiology Working Group on
Cardiovascular Pharmacotherapy

41
Key clinical positions:
® Avoid high-dose simvastatin (80 mg) and consider an
alternative statin of equivalent LDL lowering efficacy in
: *
CURGPEAN patients known to be homozygous for the SLCO1B1*5
SOCIETY OF ; -
CARbIOLOGY reduced function variant. . .
® Recommendations: prospective genotyping prior to Simvastatin
initiation is recommended where possible.
EuropeanHeartJournalg CardiovasculaPharmacotherapyp022, 8: 8899.
42

21
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Legend: Light gray boxes: Prescribe stated starting dose. Dark gray boxes: Prescriber should be aware of possible increased
risk of increased exposure and myopathy. Black boxes: Consider a reduced dose or alternative statin. All boxes: Doses
indicated are total daily dose. Dose recommendations are based on clinical toxicity data when available. @Statin intensity as
recommended by current American College of Cardiology / American Heart Association guidelines.See Tables 3 and 5 for
recommendations for rosuvastatin and ABCGZ and Tables 2—6 for recommendation for fluvastatin and CYP2C9. “Dose
recommendations are based solely on pharmacokinetic data.

High-intensity statin®

Low SAMS risk with;
Rosuvastatin 20 mg®

High SAMS risk with:
Atorvastatin 40-80 mg

Rosuvastatin 40 mg®®

CPIC guideline 2022
S_)CPIC

Clinical Pharma (ogemen(s
I'TIJlEFT] entation Cansortium

Clin Pharmacol Ther. 2022; 111: 1a0021

43

AThiénopyridinehA Y KA 0 | y U

SLCO1B1 poor function

Moderate-intensity statin?

Low-intensity statin®

Low SAMS risk with:
Atorvastatin 10-20 mg
Pitavastatin 1 mg
Pravastatin 40 mg
Rosuvastatin 5~10 mgP

Moderate SAMS risk with:

Fluvastatin 80 mg®
Pravastatin 80 mg®

High SAMS risk with:
Lovastatin 40—80 mg
Pitavastatin 2—4 mg®

Simvastatin 2040 mg

|

Fluvastatin 20—40 mgP<

Low SAMS risk with:
Pravastatin 10-20 mg

High SAMS risk with:

Lovastatin 20 mg®
Simvastatin 10 mg

“

A utiliser avec les lignes directrices de 'ACC et
I'AHA (2018) pour la prise en charge du cholestér
sanguin, ou les statines a différentes dose
quotidiennes sont classées comme statines
intensité élevée, moyenne ou faible en fonction de
fourchettes prévues de réduction du LDL

Clopidogrel

f QF OG A

f QF ANBIAFGA2Y LI N f Q! 5t
irréversible les récepteurs P2Y12.

APro-médicamenttransformé en métabolite actif
via les CYP450 (11%%).

AGrande variabilité interindividuelle avec environ
25 %de nonrepondeurs.

44
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Metabolisme duclopidogrelen 2 étapes

CYP1A2
B CYP2C19 Intermediate  S0%ey{FIes L] Active thiol
Clopidogrel oxo-clopidogrel metabolite
85% CYP3A4 metabolite CYP3A4
CES1 CYP2B6 I SON
Carboxylic acid Endo thiol Platelet
derivative metabolite P2Y  receptor
inactif inactif

CES: carboxylesterase, P@araoxonase

45
Hautement polymorphique avee 25variantsalléliques décrits
Phenotype Prevalence
European African East Latino or Central Middle Oceanian
Asian  Native or South Eastern
American Asian
CYP2C19
Ultra-rapid metabolizer 0.05 0.04 0.00 0.02 0.03 0.04 0.00
Rapid metabolizer 0.27 0.21 0.03 0.19 0.19 0.26 0.02
Normal metabolizer 0.40 0.31 0.38 0.58 0.30 0.45 0.04
Intermediate metabolizer 0.26 0.34 0.46 0.20 041 0.24 037
Poor metabolizer 0.02 0.05 0.13 0.01 0.08 0.02 0.57
~ 30% population européenne : métabolisme ralenti CYP2C19
46
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Génotype CYP2C19 et issues cliniques
Etudegénétiquepost-hoc TRITONIMI 38

n = 1477sujetsavec syndromeoronarienaigu

Outcomeprimaire * 12.1% traités par clopidogrel egénotypéspour CYP2C19
-d
114 '_____.fi'_”i'i_ —_
10 e Thrombose de stent
o e 2.6%
£ Il 8.0% I
g s Noncarriers g i
s - i I —
T 3 ]
éﬁi ‘] g i P=0.02
HE F
a o é i
| HR 1.53, P=0.0 e - 0.8%
24 [=}
1 !_'—'é HR 3.09, P=0.02
T m % o " T & e e
Days since Randomization Days since Randomization
N.o'“msl‘ :‘:;ﬂmﬂ 375 368 166 359 ile 279 186
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Figure 2. Genome-Wide Association Study of Adenosine Diphosphate—Stimulated Platelet
Aggregation in Response to Clopidogrel
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Figure 4. Event-Free Survival Over 1 Year of Follow-up in Sinai Hospital of Baltimore Patients
Treated With Clopidogrel Following Percutaneous Coronary Intervention, Stratified by
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Figure 2. Meta-analysis of CYP2C19 Genotype and Risk of Composite Cardiovascular
Outcome in Individuals Treated With Clopidogrel: “Treatment-Only” Analysis
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Table 2 lSludies of outcames with CYP2C19-guided antiplatelet therapy after percutaneous coronary intervention ]

Study (year) Design Intervention Patient Primary end points and results
population
TAILOR-PCI(2020)  Randomized Genotype-guided therapy  ACSorstable  Cardiovascular death, MI, strake, stent
controlled trial (n=903)versusconventional  CADand PCI thrombosis or severe recurrent ischaemia
~ therapy withclopidogrel ,ymm;m 0% of the genotype-guided
/ 2 y‘ T A N‘Nﬁ I u A 2 y‘ f n )in Ws and up A W%nhhsmmpmmnahmup
Hulot et al. lZOZﬂ) Multi-site Clinical genotyping with STEMI and PCI Rmeoldealh Miorstent thrombosis was.
observational study  recommendations for 3.04% in slow and very slow metabolizers who
Y P 2 1 alternative therapy inslow i e T s
u (for example, *1/°2) and very innormal and rapid metabolizers (P =0.82)
slow (*2/*2) metabolizers and 15.6% in slow or very slow metabolizers
(n=1,445 rotal) without treatment adjustmerft (P <0.05
d an S d e n O m b re u SeS R‘ I PO Caae R e eet Genotype-guidedtherapy  STEMIand PCI  All-cause death, MI,stent thrombosis,stroke
(2019) controlled trial (n=1,242) versus standard ormajor bleeding occurred in 5.1% of the
treatment with either genotype-guided group and 5.9% of the
M ticagrelor or prasugrel standard-treatment group (P <0.001 for
e u | S {n=1.246) non-inferiority): major or minor bleeding
occurredin ‘J 8% of lheqenolype group and
S U r I eS I SS u eS CI I n I q U eS PHARMCLO (2018)  Randomized Genotype-guided therapy ~ STEMI or Cardiovascular death, MI, stroke o major
controlled trial (n=448)versus standard non-STEMI bleeding occurred in 15.9% of the genotype
. treatment (n=440) and PCI group, 20d 25,9% of the standard-reatmen;
du clopidogrel
Cavallari et al. Multi-site Clinical genotyping with ACSorstable  Rate of death, Ml orischaemic stroke was
(2018) observational study  recommendations for CADand PCI  23.4 per 100 patient-years inIMs or PMs
alternative therapy in IMs prescribed clopidogrel versus 8.7 per 100
and PMs (n=1815total) patient-years in \Ms or PMs prescribed
2 2 adjusted
Deimanetal (2016)  Single-centre, Clinical genotyping with Elective Pl Occumence of death from cardiovascular
observational study  recommendations for causes, Ml stent thrombosis, repeat
alternative therapy in PMs revascularization or stroke in PMs was 31%
(n=3,260 total) with clopidogrel and 5% with prasugrel
(P=0.003)
Sanchez-Ramos Interventionstudy  Genotype-guided strategy ~ PClwithstent  Cardiovascular death, ACS or stroke oc curred
etal. (2016) versus historical (n=317)versusnon-tailored  implantation  in 10% of patients in the genotype group and
controls strategy (n=402) (86% with 14% of controlfF=0037]
ACS)
Shen et al. (2016) Intervention study  Genotype-guided group CADand PCl  All-cause death, Ml or target-vessel
historical {n= | care revascularization occurred at rate of 4.2% in
controls with clopidogrel (n=319) the g up and 9.4% in the usual-care
bt
IAC-PCI(2013) Randomized Personalized therapy (1=301) CADand PCI  Cumulative rate of all-cause death, MI, stroke
controlled trial wversus conventional therapy  with stent or target-vessel revascularization at 6 months.
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implantation

was 2.6% in the genotype group and 9.0% in
the conventional treatment grouf{ (P <0.01]
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CYP2C19 catalyzes the bioactivation of the antiplatelet prodrug clopidogrel, and CYP2C19 genotype impacts
clopidogrel active metabolite formation. CYP2C19 intermediate and poor metabolizers who receive clopidogrel
experience reduced platelet inhibition and increased risk for major adverse cardiovascular and cerebrovascular
events. This guideline is an update to the 2013 Clinical Pharmacogenetics Implementation Consortium (CPIC)
guideline for the use of clopidogrel based on CYP2C19 genotype and includes expanded indications for CYP2C19
genotype-guided antiplatelet therapy, increased strength of recommendation for CYP2C19 intermediate

metabolizers, updated CYP2C19 genotype to phenotype translation, and evidence from an expanded literature review
(updates at www.cpicpgx.org).
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Table 2 Antiplatelet therapy recommendations based on CYP2C19 pl

CYP2C19 phenotype®

Implications for phenotypic
measures

Therapeutic recommendation

Classification of

rec jon® -
ACS and/or PCI

27.11.2025

pe when considering clopidogrel foﬁsrdiovascular indications 2

Classification of recommendation® - non-
ACS, non-PCI cardiovascular indications’

CYP2C19 ultrarapid metabolizer

Increased clopidogrel active
metabolite formation; lower on-
treatment platelet reactivity; no
association with higher bleeding

risk

If considering clopidogrel, use at
standard dose (75 mg/day)

Strong

No recommendation

CYP2C19 rapid metabolizer

Normal or increased clopidogrel
active metabolite formation;
normal or lower on-treatment

platelet reactivity; no
association with higher bleeding
risk

If considering clopidogrel, use at
standard dose (75 mg/day)

Strong

No recommendation

CYP2C19 normal metabolizer

CYP2C19 intermediate metabolizer

Normal clopidogrel active
metabolite formation; normal
on-treatment platelet reactivity

Reduced clopidogrel active
metabolite formation; increased
on-treatment platelet reactivity;

increased risk for adverse

cardiac and cerebrovascular
events

If considering clopidogrel, use at
standard dose (75 mg/day)

Avoid standard dose (75 mg)
clopidogrel if possible.
Use prasugrel or ticagrelor
at standard dose if no
contraindication

Strong

Strong

Strong

No recommendation

CYP2C19 poor metabolizer

Significantly reduced clopidogrel
active metabolite formation;
increased on-treatment
platelet reactivity; increased
risk for adverse cardiac and
cerebrovascular events

Avoid clopidogrel if possible.
Use prasugrel or ticagrelor
at standard dose if no
contraindication

Strong

Moderate
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E S C European Heart Journal - Cardiovascular Pharmacotherapy (2022) 8, 85-99 REVIEW

European Society doi:10.1093/ehjcvp/pvab018
of Cardiology

Key clinical positions:

® Clopidogrel should be avoided in patients who are known to

be intermediate or poor metabolisers from existing
genotypic information.
® Genotyping high-risk cardiovascular patients (either high risk

of thrombosis or bleed) prior to prescribing clopidogrel

should be considered where possible, particularly to prevent
post-stent thrombosis.

EuropearHeartJournalg CardiovasculaPharmacotherapy022, 8: 8599.
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Potentiel
RQ2LJI A YA

50% des patients de plus de
65 ans va recevoir un
traitement dans les 4 ans qui
pourrait étre optimisé par la
pharmacogénomique

Médicaments Fréquence du

27.11.2025

Schildcrout]S et al, CliRharmacollher2012

Risque

polymorphisme

codéine CYP2D6 (20%)
statines SLCO1B1 {15%)
clopidogrel CYP2C19 {X0%)
acénocoumarol VKORC1 (30%)
warfarine CYP2C9 {30%)
tacrolimus CYP3AS5 (20%)
azathioprine et 6MP TPMT (6%)

Inefficacité/ toxicité
Myopathies
Réduction efficacité
Saignements

50% réduction dose initiale
Myélotoxicité

91%des patients porteurs du moins unde ces variants genétiques
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Analysedisponibles

Génotypage Phénotypage

Impact de la génétique Impact de la génétique

. ] D

LYLI O RS t QSygaNBYWANSHYIl RS t QSy @A N
./

Analyses génétigues

A Séquencage sur lllumidextsegs500/550

A Custom panel: 226NPg42 pharmacogéney
Si OF LIidzZNE RSa NBIAZY

A Sondes capturdgilentet technique
SureSelectXF

* ABCB1, ABCC2, ABCG2, APCE,
ANKK1, COMT, CES1, CES2,
CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6,

3A4, 3A5, 4F2, DPYD, TPMT,
UGT1AL, 1A6, 1A7, 2B15, 2B7,
VKORCI1, SLCO1B1, MTHFR, F5, F2,
HTR2A, HTR2C, OPRM1, OPRD1,
OPRK1, NUDT15, MC1R, POR,
CYYP2E1L, NAT2, GSTP1, INFL4,
HLA-A, FLOT1, HCP5, GSTA1
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