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Pharmacogenetics

Can YOU still do
without.....?

Off course,
Because | have been working without

pharmacogenetics for years!



Prof van Schaik,

| have a problem....
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Intestinal Metabolism by the liver
uptake

2uU0d 3nuQg

Interindividual variation
in drug metabollsm

ADVERSE DRUG REACTIONS

Adverse Drug Reactions: 5th cause of
death (Lazarou 1998).

Therapeutic window

poojq ui uol

Ultra-Rapid metabolism

— Only 25-60% of alldrugs prove tobe

effective in treatment
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Pharmacogenomics: Can we make it happen?
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EU quality control program
Ensuring high quality genotyping

T~

Development of new
genotyping/multiplex
platforms for cheaper
and faster analyses

EU Network for
exchanging information

Creating Pharmacogenetic testing
facilities in 18 EU countries: integration

Of pre-emptive genotyping for Cardiology,
Internal Medicine, Psychiatry and Oncology

—

/

Development of a Decision
Support Tool and asafelT
environment for reliable and
rapid translation of PGx results

into the clinic

. ‘ -
Evidence-based dosing

recommendations,
EU-wide, and up-to-date

L
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Reimbursement and Regulatory
Aspects Working Group

Dissemination of knowledge

’ through IFCC, ESPT and national

Pgx networks

(Scientific Trials
for identification of scientific

gaps and design of new projects

s

Health Technology Assessment
and Economical Evaluation
For evaluation of cost/benefit

www.eu-pic.net
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PGx request at Erasmus MC
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( patiant: Aanvrager: M Sipgec r
Maam, voorletters oM oV Ziekenhuis / Huisarts / Apotheek !
| | ] a -
BSN nummer Geboortedatum
|Pnstr_nde en plaats | (
| | Pakketten:
Huisarts Plaats
Aot |,,,,m I'l DNA Paspoort - Basis (CYP2Cg, CYP2C1g, CYP2D6, CYP3A4, VKORCY, )
| | I'l DNA Paspoort - Uitgebreid (CYP1A2, CYP2B6, CYP2C1g, CYP2D6, CYP3A4, CYP3A5, VKORC1, SLCO1B1)
Uw referentie Afnamedatum
| | I'l Psychiatrie Panel (CYP2Cg, CYP2C1g, CYP2D6, CYP3A4)
B I'l Cardiac Panel (CYP2Cg, CYP2C1g, CYP2D6, VKORC1, SLCO1B1, ABCB1)
Geneesmiddel + dosering:
- | : Il Pijn Panel (CYP2Cg, CYP2D6, OPRM1, COMT)
|B'°ed=P‘EE‘-": Q | Oncologie Panel (CYP2D6, DPYD) )
Co-medicatie:
| S . h
Overige opmerkingen: Individuele bepalingen:
CYTOCHROMEN: OVERIGE ENZYMEN: TRANSPORTERS: HLA-markers*:
{om— M CYPA2 M CYP3A4 ™ BChE, pseudocholinesterase M ABCB1 M HLA-A®3101
I ONAPeoot (gt (Vs YO0 M CYP2B6 M CYP3As ™ DPYD M ABCC2 M HLA-B*1502
o ittt M CYP2C8 M CYP3A7 ™ TPMT M ABCG2 M HLA-B*s701
M Pijn Panel (CYP2Cg, CYP2D&, O
(= i (ewa06 0P M CYP2Cg M| ™ UGTiA1 M SLCOB1
Individuele bepalingen: M CYP2C19 r | ™ UGT1Ag I | Overig:
CYTOCHROMEN:
W Cva b cvesag M CYP2D6 M Onbekend | m | M VKORC1
M CYP2B6 ™ CYP3As \
'l CYPzCE I C¥P3A7
M CYPaCy |
M CYPziig r|
m CYPzD6 ™ Onbekend n | = VKORC:

NB: EDTA-busis ftenminste 4 mi. N
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_ CYP3AS5 i

55% CYPA450 2% A“t;dep;.eisants

45% other (Psychiatry) s | & .

Antidepressants CYP2C9 CYP2D6 ::‘: ‘‘‘‘‘‘‘‘‘ I = ‘ :TMMT“ st :
(Psychiatry) 5% 19% | —
CYP1A2
6%
CYP3A4 .
9% Capecitabine (5-FU)
(Oncology)
6MP/aza
ALL, dermatol HLA-B*5701 =
CYP2C19 16%
12%
Abacavir
Antidepressants (HIV)
(Psychiatry)
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(Slide (adapted) ;courtesy of M. Schwab)



@
€c

CYP2D6 and psychoactive drugs

International Federation

of Clinical Chemistry
and Laboratory Medicine

Estimated percentage of normal dose

(Stingl 2013 Mol Psychiatry)

to reach therapeutic drug levels
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' . ~€YP2C19 ; . CYP2D6 : '
Imipramine— > Desipramine =  * 20H-desipramine

Imipramine %
Tablets

() Mies
= s

0 1 2 >2
Paul Schenk et al 2008 Mol Psychiatry Active copies of CYP2D6
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Responders by depression rating at 8 weeks

(o))
o
|

50.7

B al
o o
| |

Percent of participants
W
o
|

QIDS-C16 (P=0.005) HAMD-17 (P=0.03) PHQ-9 (P=0.01)
Response defined as 250% reduction in
M Unguided B Guided score. P-values are derived from 72 test.

(Hall Flavin 2013 Pharmacogenomics)
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(Schroth et al 2009 JAMA)
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Ll n__Genotyping BT e
Kiyotani et al.Pharmacogen Genom 2010 167 *4,*5,*10, *21, *36, *41 RFS +
Goetz et al. JCO 2005 190 *4 . IR .
Schroth et al. JCO 2007 206 *4,75,*10, *41 Hardy Welnberg eqUIIIbrlum
et 1802007 o Minor allele frequency:  10%
Ramon y Cajal et al. Breast Cancer Res Treat 2010 91  *4,7*5,*41 :
Bijl et al. Breast Cancer Res Treat 2009 85 *4
Schroth et al. JAMA 2009 1325 *3, *4,*5, *6, *10, *41 E_Xm M
Kiyotani et al. JCO 2010 282 *4,*5,*10,*10-10,*14, *21,°36,*41 | Wild type 90% 87%
Lammers et al. Br J Cancer 2010 102 *3,*4,*5,*6,*10, *41 Heterozygote 9% 11%
Xu et al. Ann Oncol 2008 152 *10 Homozygote mut 1% 2%
Newman et al. Clin Cancer Res 2008 115 *3, *4,*5, *41 P>005
Stingl et al. Curr Med Res Opin 2010 496 *4 T ‘ .“::?'-
Leyland-Jones et al. San Antonio 2010 (abstract) 1243 *4 DFS | ’E- .
Rae et al. San Antonio 2010 (abstract) 588 *3,*4, %6, *10, *41 RR -

Rae et al: Not in Hardy Weinberg Equilibrium (p< 10 %)

Dezentje et al. JCO 2010 747 2 DFS ) ;
Nowell et al. Breast Cancer Res Treat 2005 162 *3,74,76 PFS 3
Wegman et al. Breast Cancer Res 2005 76 *4 RR
Wegman et al. Breast Cancer Res 2007 677 *4 DFS -:i.
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CYP2D6 Genotype Should Not Be Used {,¢ eady | 3
Determine Endocrine Therapy in Poﬁmendp&u al \ | £ % '
Breast Cancer Patients \ c\ ‘e“xat‘\g‘ ) ' - _JL
JM Rael?2 \ mp\/e g - ;

Big study, no effect for CYP2D6

CYP2D6 Genotype and Tamoxifen Activity: - — —\
Understanding Interstudy Variabilityin ready \

Methodological Quality \ to ‘ca\ \
- \ .
MJ Ratain!-3, Y Nakamura'-*and NJ Cox!'-3% \ C““ e“‘a“\o“ 2

Plausability, many positive studies, fits with\/ gndm((n study Rae not in HW
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(Preview online Sept 23, 2013)

Abstract

The International Tamoxifen Pharmacogenomics Consortium (ITPC) was established to address
the controversy over CYP2D6 status and clinical outcomes in tamoxifen therapy. We performed
a meta-analysis on data from 4,973 tamoxifen treated patients (twelve globally-distributed sites).
Using strict eligibility requirements (postmenopausal women with estrogen receptor (ER)
positive breast cancer receiving 20 mg/day tamoxifen for 5 years, Criterion 1), CYP2D6 poor

metabolizer status was associated with poorer Invasive Disease-Free Survival (IDES: HR=1.25:

95% CI 1.06, 1.47; P=0.009). |
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Clopidogrel needs activation by CYP2C19 K 2016
Intemational Federatio o
of Cinicol Chemisny Y A IFEE ___18-21 March
and Laboratory Medicine Z=m= . I
PM 2%
N ENGLJ MED 360;4 MNEJM.ORG JANUARY 22, 2009 Clopidogrel
(prodrug)
The NEW ENGLAND JOURNAL of MEDICINE
ORIGINAL ARTICLE '"“’" i
Exterases
Genetic Determinants of Response to
. " Inactive metabolte
Clopidogrel and Cardiovascular Events (5 fcopiogr v
Tabassome Simon, M.D., Ph.D., Céline Verstuyft, Pharm.D., Ph.D., Caucasians CYP2C19
Murielle Mary-Krause, Ph.D., Lina Quteineh, M.D., Elodie Drouet, M.Sc., 0% (CYP3A4, CYP3AS) "
Nicolas Méneveau, M.D., P. Gabriel Steg, M.D., Ph.D,, Jean Ferriéres, M.D,, r R
Nicolas Danchin, M.D., Ph.D., and Laurent Becquemont, M.D,, Ph.D.,
for the French Registry of Acute ST-Elevation and Non-ST-Elevation .

Myocardial Infarction (FAST-MI) Investigators
CONCLUSIONS
Among patients with an acute myocardial infarction who 1
grel, those carrying CYP2C19 loss-of-function alleles had a hi
cardiovascular events than those who were not. This effectv
among the patients undergoing percutaneous coronary inter
gov number, NCT00673036.)

Asians

Figure 1. Roles in Clepidosrel &ctivity of Proteing with Known Genetic
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Endpoint Subjects/Subgroups Reference

Combined Cardiovascular Events

Test for CYP2C19 variants:

Death, M, stroke, PCl-patients Overall (n=227) |=—{fff— Shuldiner A, JAMA 20049
stent thrombosis + | q :
coronary revase Patients on clopidogre| =
at event (n=95) :
Composite death, | Overall, ACS {n=2208) . { Siman T, NEJM 2009 Negative >  clopidogrel (€)
MI, stroke !
PCl-patiants (n=1535) ——

Composite CV-
death, MI, stroke

 Mega JL, NEJM 2009

ACS, planned PG (n=1466) }-'

Positive -  prasugrel (€€€)

Yolng survivors of Ml {n=259) | =——fli— : Collet JP, Lancet 2009
Stent thrombosis (ST) T
Stent thrombosis
Stent th bosi . H
{n:rly, I;g‘;“gi;:m Young survivors of M| (n=258) = ;"F/L Collet JP, Lancet 2009
Stent thrombosis _nati : : Sibbing D, EHJ 2009
(<30days) PCl-patients {n=2485) B poing D. |
Stent thrombosis PCl-patients (DES) in=772) il Giusti B, Am J Cardiol 2009
(<Bmths) L .f!fz i e e s .

001 0 1 5 10 20
D-DEiti"-l'e Effects on negative —_—
outcome

Hazard Ratio + 95% confidence interval
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FDA Boxed Warning on Clopidogrel e

Warning: Diminished Effectiveness in Poor Metabolizers \

+ Effectiveness of clopidogrel depends on activation to an active ui

lde ;
_melabﬂhlel%lhp_mmchmme_ﬂﬁﬂ_ﬂ@_suslem_uﬂmmaﬂu ofaCUte Cren lines for thy

action.’ '~ At present, genetic testing cannot be recommended in
routine clinical practice due to insufficient prospective data. In con- fistey

fagm
P e
uvq,m‘ /gy

syndrome (ACS) or percutaneous coronary intervention (PCI) than p:.:; Orce for the Toda

patients with normal CYP2C19 function Europ e:n P’“«vun,, ."":fmento
» Tests are available o identfy a patients CYP2C19 genotvoe and ¢; g, Sodiety of Cam,o::e""
EMA drug label (3). gy (E

The EMA-drug label contains the following wording:

ISection 4.4: Cytochrome P450 2C19 (CYP2C19)

“Pharmacogenetics: In patients who are poor CYP2C19 metaboli
doses forms less of the active metabolite of clopidogrel and has a

Tests are available to identify a patient's CYP2C19 genotype.”
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Erasmus MC Nederlands Expertisecentrum Farmacogenetica
- o= """“"","" . Afd. Klinische Chemie
, R A Erasmus MC Rotterdam

KNMP Kennisbant Gen: Uitslag:
B crriaz  *1/*1
@lcrr2Be  *a/*6
@l cyrP2ce  *1/*2
B crr2c19  *1/*1
B cyr2D6  *1/*2xN

Normaal 45%
Intermediair 25%

Intermediair 17%
Normaal 80%
Ultrasnel 3%

Metabolisme Prev.:'  Getest op:

.
*4,5,6,7,8,9, 13,16, 18
*2.3

220

25 varianten (AmpliChip)

- Bcorr3as 1yt Normaal  80%  *1B,1G,3-6,10,12,17,18,20,22
B crr3as  *3/*3 Nonexpressor 80% “2 5
) BChE u/s Normaal 99%  A,K,F1,F2,H,J,Sc,Silent
3 OPYD *1/*2A Intermediair 2% *2A
) HLA-B*5701 NEG Normaal 96%
B emT *1/*1 Normaal 89% *2,3A,3B,3C
B vkorc1 AA Gevoelig 20%  -1639G>A

1 In blanke bevolking. Kan afwijken bij andere etniciteiten
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UM A

* IMIPRAMINE CYP2Dé6 PM-IM-UM
* KINIDINE CYP2D6 PM-IM-UM

* METHYLFENIDAAT CYP2Dé PM-
IM-UM

= METOPROLOL CYP2Dé IM-PM-
UM

* MIRTAZAPINE CYP2D6 PM-IM-UM

* NORTRIPTYLINE CYP2D46 IM-PM-
UM

* OLANZAPINE CYP2Dé IM-PM-UM
* OXYCODON CYP2Dé PM-IM-UM
* PAROXETINE CYP2D6 IM-PM-UM
* PIMOZIDE CYP2Dé PM-IM-UM

* PROPAFENCN CYP2Dé PM-IM-
UM

* QUETIAPINE CYP2Dé PM-IM-UM
* RISPERIDON CYP2Dé UM-IM-PM

Farmacogenetica

Inhoud

* CYP2D6 PM
* Apothekertakst
* Balietekst
* Vioorschrijvertekst
= Ziekenhuistekst
* Achtergrondinformatie
* Literatuur
* Geneesmiddelen
= CYP2D6IM
= Apothekertekst
* Balietekst
= Voorschrijvertekst
= Ziekenhuistekst
= Achtergrondinformatie
* Literatuur

* Geneesmiddelen

IMIPRAMINE CYP2D6 PM-IM-UM

CYP2D6 PM

Apothekertekst

Het genetisch polymorfisme leidt tot een verlaagde metabole capaciteit van CYP2D6
waardoor de plasmaconcentraties van imipramine en de actieve metaboliet kunnen stijgen.

Advies:

1. verlaag de dosering tot 30% van de normale dosering en monitor de
plasmaconcentraties van imipramine en desipramine voer het instellen van de

onderhoudsdosering

Balietekst

De omzetting van imipramine door het enzym CYP2D4 is verlaagd als gevelg van een

genetische variatie,
Overleg met de apotheker.
1. verlaag de dosering tot 30% van de normale dosering en monitor de

plasmaconcentraties van imipramine en desipramine voor het instellen van de

onderhoudsdosering
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