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How to identify relevant genes ?

» Candidate gene / genome-wide screen

» Study design
- RCT
- Observational
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Methodological quality in pharmacogenetic studies with
binary assessment of treatment response: a review
Albert Cobos®, Pilar Sanchez®, Jaume Aguado® and Josep Lluis Carrasco®

Objective To evaluate the reporting of critical designissues of association analyses were commonly reported as

and methods of statistical analysis in pharmacogenetic P values but rarely as estimates of an association
studies published in the medical literature. measure (odds ratio or relative risk) and its accuracy.
Study design and settings Systematic review of Conclusions These results show that there is

65 original pharmacogenetic studies published in the considerable room for improvement in the current
literature over the last 15 years. standards of design, analysis, and reporting of

pharmacogenetic research. Pharmacogenetics and
Genomics 21:243-250 © 2011 Wolters Kluwer
Health | Lippincott Williams & Wilkins.

Results The sample size determination and the planned

TG 1A Pharmacogenetics and Genomics 2011, 21:243-250
and interquartile range of 119-250). The Pearson's y” test

Farmaco-epidemiologie & Klinische Farmacologie




Pharmacogenetics in RCTs
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A. Posthoc analysis of RCT (TRITON-TIMI 38)
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Activation of clopidogrel and prasugrel
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Mega JL, et al. Circulation 2009;119:2553-2560
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Clopidogrel and CYP2C19 PM

A Primary Efficacy Outcome (CV death, M, Stroke)
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Mega JL, et al. NEJM 2009;360:354-62
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Prasugrel and CYP2C19 PM
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Exposure-only analysis

0 0] A E

1 0] B F BE /AF
0 1 C G CE/AG
1 1 D H DE/AH

Case-control in variant : ORvariant = DG/CH
Case-control in wildtype : ORwildtype = BE/AF

Synergy index : ORvariant/ORwildtype = DF/BH x GA/CE
Exposure only OR : DF/BH

If GA/CE=1 then exposure-only OR = case-control SI
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Exposure-only analysis TRITON-TIMI 38

Prasugrel Wildtype

Clopidogrel Wildtype 83 081 0.81
Prasugrel Variant 34 373 0.87
Clopidogrel Variant 46 349 1.26

Case-control in variant : ORvariant = 1.45
Case-control in wildtype : ORwildtype = 0.81
Synergy index : ORvariant/ORwildtype = 1.78
Exposure-only OR = 1.56

Note: OR in unexposed (prasugrel) = 0.87
Mega JL, et al. Circulation 2009;NEJM 2009
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What If genotype related to
outcome In unexposed ?
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CYP2C19 Genotyp

e, Clopidogrel Metabolism,

Platelet Function, and Cardiovascular Events
A Systematic Review and Meta-analysis

Michael V. Holmes, MBBS, M5c
Pablo Perel, PhDD

Tina Shah, PhDD

Aroon D. Hingorani, PhD

Juan P. Casas, PhD

LOPIDOGREL IS5 AN ANTI-

platelet drug used by

approximately 40 million

patients worldwide'? to
treat or prevent atherothrombotic
events and after percutaneous coro-
nary revascularization. An overview ol
randomized trials including 7384 car-
diovascular events in 79613 patients
with acute or stable coronary heart
disease (CHDY) or with multiple CHD
risk factors demonstrated an associa-
tion of clopidogrel therapy with
reduced rates of cardiovascular events
(odds ratio [OR], 0.88; 95% CI, 0.83-
0.93) compared with placebo. Clopi-
dogrel is also associated with a
mechanism-based increase in major

Context The US Food and Drug Administration recently recommended that CYP2C79
genotyping be considered prior to prescribing clopidogrel, but the American Heart As-
sociation and American College of Cardiologists have argued evidence is insufficient
to support CYP2CT29 genotype testing.

Objective To appraise evidence on the association of CYP2C 19 genotype and clopi-
dogrel response through systematic review and meta-analysis.

Data Sources PubMed and EMBASE from their inception to October 2011.

Study Selection Studies that reported clopidogrel metabolism, platelet reactivity
or clinically relevant outcomes (cardiovascular disease [CVD] events and bleeding),
and information on CYP2C19 genotype were included.

Data Extraction ‘We extracted information on study design, genotyping, and dis-
ease outcomes and investigated sources of bias.

Results Ve retrieved 32 studies of 42 016 patients reporting 3545 CVD events, 579
stent thromboses, and 1413 bleeding events. Six studies were randomized trials ( “effect-
modification” design) and the remaining 26 reported individuals exposed to clopido-
grel (“treatment-only™ design). In treatment-only analysis, individuals with 1 or more
CYP2C 19 alleles associated with |G1HET enz}rme achwt}r had lower levels of active clopi-
dugrel r'I'lE'tﬂbD“tES, less platele wE stbileeding (relative risk [RR],
: sy 1000 individuals),
te r15|-c increase of

Holmes MV, et al.

JAMA 2011;306:2704-14
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B. Genotyping before enrollment

Kemmeren JM, et al. Blood 2004:103:927-33
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C. Added value of genotyping in clinical practice

Srecial ReporT

For reprint orders, plesse contad: repantsEfLuremedicing, com
Gennt}fpe-guided dosing of coumarin derivatives:

the European pharmacogenetics of anticoagulant
therapy (EU-PACT) trial design

The narrow therapeutic range and wide Interpatient variability in dose reguirement make anticoagulation
response to coumarin derhvatives unpredictable. As & result, patlents require frequent monitoring to avert
adverse effects and maintain therapautic efficacy. Polymorphisms in VEORCT and C¥P2C9 pointly account
for about 404 of the Imterindwidual variabllity In dose requirements. To date, several pharmacogenetic-
gulded dosing algortthms for coumarin derhvatives, predominately for warfarin, have been d

However, the potential benefit of these dosing abgorithms In terms of their safety and clinical wtility has
not been adequately Investigated In randomized settings. The Eurcpsan Pharmacogenatics of Antkooagulant
Therapy (EU-PACT) trial will assess, in a single-blinded and randomized controlled trial with a follow-up
period of 3 months, the safety and clinkcal wtility of genotype-guided dosing in dally practice for the three
mialn coumarin deriatives used In Europe. The primary outcoms measure k the percentage time In the

therapeutic range for International normalized ratio. This report describes the design and protocol for
the trial.

Van Schie RMF, et al. Pharmacogenomics 2009;10:1287-95
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Fiigure 1. 5chematic presentation of the study design as for each coumarin derfvative.

"The loading diose algorithm ks optimally foliowsed for 3 days, and the start of the monttoring dose algorthm on day 4. Howeser, due fo
wieakends the monitonng dose algorthm may also start on day 3, & or 6.

"In exceptional cases {shown by the dashed arnow), If the patient is randomized to elther the Intervention or the controd groap later than
day 1, and the patient has recelved coumarin dosing acoording to wsual dinical care only at day 1, the patient may recefve a koading diosa
according to one of the loading dose algorthms for the two days remaining untl the next planned intemational normalized etio test.
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Observational studies

» Family studies
= Twin, sib pair studies
» Population-based studies
= Cohort
= Case-cohort
= EXxposure only
= Case control
= Case only
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Pharmacogenetic case-control studies
based on enrichment of EHR databases

SLCO1B1 Genetic Variant Associated With Statin-
Induced Myopathy: A Proof-of-Concept Study
Using the Clinical Practice Research Datalink

DF Carr!, H O’'Mearal, AL Jo rgensenz, ] Camphelﬁ, M Hobbs?, G McCann?, T van Staa®> and
M Pirmohamed!

- Safety
- EHR GP database (CPRD)
- Recruitment through GPs

Clin Pharmacol Ther 2013, advance online publication
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Pharmacogenetic case-control studies
based on enrichment of EHR databases

Interaction between the Gly460Trp «-adducin gene variant
and diuretics on the risk of myocardial infarction

Diane B.M.A. van Wieren-de Wijer®®, Anke-Hilse Maitland-van der Zee?,
Anthonius de Boer® Abraham A. Kroon®, Peter W. de Leeuw®,

Paul Schiffers®, Rob G.J.H. Janssen®*, Bruce M. Psaty’, Cornelia M. van Duijn®,
Bruno H. Ch. Stricker® and Olaf H. Klungel®

- Effectiveness
- Utrecht Cardiovascular Pharmacogenetic (UCP) study

- EHR Pharmacy/Hospitalisation database (PHARMO)
- Recruitment through Pharmacists

J Hypertens 2009;27:61-8
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Pharmacogenetic case-control study

Genes

1000 MI cases

A

A

5000 Controls
e DNA (buccal swab)

e Questionnaire
» Medication (160 pharmacies)

e Hospitalisations

v e GP records

Antihypertensive drug
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Database:31.000

906 cases not approached 14.131 controls not approached
- 11 nursing home - 12 nursing home

- 32 unknown in pharmacy - 114 unknown in pharmacy

- 384 pharmacy not participating| - 3525 pharmacy not participating
- 119 moved - 551 moved

- 360 died - 995 died

- 8934 case not approached

15.973 approached

BMA van Wieren-de Wijer, et al. Pharm World Sci 2009;31:158-164

o
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Characteristics of cases and controls

Cases Controls
Number 794 4997
Age, yr 64.8 64.5
Female 33% 33%
Consent DNA 88% 89%
Thiazide 17% 25%*
Smoking 21% 15%*
BMI>30 kg/m? 24% 20%*
High cholesterol 66%0 49%0*
Diabetes mellitus 23% 19%*
Sedentary 31% 27%*
Caucasian 98% 98%
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Gene-exposure interaction analysis Iin
a case-control study

Exposure Genotype Cases Controls Odds Ratio

0 0 A E 1.0

0 1 B F BE/ AF
1 0 C G CE/ AG
1 1 D H DE/ AH
Case control in variant OR =DF/ BH

variant™

Case control in wild-type OR,i4.4,,e=CE/AG

Synergy index (Sl) = OR4ian/ ORiig-type = DA/CB X FG/HE
Case-only OR=DA/CB

If FG/HE=1 then Case-only OR=case-control SI
RERI=OR;-OR,-OR;+1

Am J Epidemiol 1996; 144: 207-13.
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Farmacogenetic study antihypertensives

Exposure Genotype Cases Controls Odds Ratio [95%BI]

Other Ahyp GG 305 1597

Diuretic GG 76 650 0.62 [0.44-0.87]
Other Ahyp GT/TT 170 975

Diuretic GT/TT 62 415 0.88 [0.58-1.33]

Case-only OR = 1.46 (in controls OR=1.05)
RERI 0.26 [-0.07 — 0.59]

J Hypertens 2009;27:61-8
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Case control study

ORg7r7=0.43
ORg;=1.05

Sl = OR5111/ORgs =0.41
Case-only OR =0.47

GenHAT Trnal

RRgr7 = 1.03

RRgs = 0.97

S| = RRg;141/RRg=1.06  Men SI=0.85 Women SI=1.51
Case-only OR = 1.03

Psaty B, et al. JAMA 2002;287:1680-9

Davis et al, The Pharmacogenomics J 2006
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Published by Oxford University Press on behalf of the International Epidemiological Association Internatipnal Joumal of Epidesiology 2011;40:1329-1341
& The Author 2011; all rights reserved. Advance Access publication 4 July 2011 doi:10.1093/ije/dyr0as

Bias in the case-only design applied to
studies of gene-environment and gene-gene
interaction: a systematic review and
meta-analysis

Jessica Dennis,'?* Steven Hawken,! Daniel Krewski,'? Nick Birkett,'? Mihaela Ght:t:lrghc,l
Julia F[‘Ei,l Gail ML‘KEDW[I-EYSSE[IB and Julian Little'?

Results The search yielded 365 unique articles of which 38 met the inclu-
sion criteria. Potential sources of bias in the case-only design
included non-independence of and exposure in the

signs is not common in practice. statistic indicated that
23.9% (95% uncertainty interval 0-53.9%) of the observed variation
was due to heterogeneity between studies, which was not explained
by any methodological characteristics of the included studies.

Conclusion As understanding of the relationships between genes and environ-
mental exposures in the population improves, the case-only design
may prove to be of considerable value.
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Cholesteryl s : o wxa  NOrphisms,
Statin Use, i =ases w e = wmen©IO| Levels

. UcP 1,632 113 [0.82; 1.56]
a n d Ca rd I O'\ FAST-MI 2351 111 [0.74; 1.66)
PREVEND 2772 S — 081 [0.38; 1.83]
Go-DARTS 8,072 - 127 [1.00;1.61]
Random effects pooled estimate o 119 [1.01; 1.40]
Table1 Characteristics of poj Heterogenaity: ¥ = 0%
1
Study/ Partici rs5883 | Geographical
reference  Analysis indu Uer 1.6 T 141 [ossand] location  Design
FAST-MI 2412 1 053 [o=23;1:22)
FAST-MP! M 21 Go-DARTS 8,108 -i 086  [0.89; 1.04] France Cohort
Go-DARTS®®  MI+ 9.l Random effects pooled estimate 0.84  [0.88; 1.31] Scotland Cohort
cholesterol Heterogenaity: I =31.1%
JUPITER* Cholesterol 3. re0a30761 1,3155itesin  Multicenter
UCF 1,632 —f— 123 [0.65;2:31] 26countries  RCT
FREVEMD- Ml + 34 zo-DARTS 8.180 —r— OBD  [D.40; 1.56] The Cohort/RCT
[Tb3s cholesterol< Random effects pooled estimate —— 101 [0.83; 1.60] Metherlands
ucpY M 1t Heterogensity: F'= 0% The Nested

 — 1 Metherlands  case—control
2505 1 2 4

Interaction OR per minor alels for SMP*statin

Participants included maximum numbe

HDLc, high-density lipoprotein choleste trial.

“In the interaction analysis, both thesta  Figure4 Meta-analysis of per-aliele SNP x statin interaction ORs for Ml HT. “Only PREVEND-T included in
cholesterol analysis.

outcome. An interaction OR > 1 implies less statin beneafit. MI, myocardial

imfarction; OR, odds ratio; RE, mndom effects; SMP. single-nuclectide

polymaorphism.
-
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Conclusion

» RCTs and observational studies complementary
» Analyses focus on effect measure modification
» Enrichment of EHR databases potential for PGx

> Collaboration in multi-centre studies to increase sample size and
replicate PGXx interactions

Farmaco-epidemiologie & Klinische Farmacologie




	Slide Number 1
	Slide Number 2
	How to identify relevant genes ?
	Slide Number 4
	Slide Number 5
	A. Posthoc analysis of RCT (TRITON-TIMI 38)
	Activation of clopidogrel and prasugrel
	Clopidogrel and CYP2C19 PM
	Prasugrel and CYP2C19 PM
	Exposure-only analysis
	Exposure-only analysis TRITON-TIMI 38
	Slide Number 12
	Slide Number 13
	B. Genotyping before enrollment 
	C. Added value of genotyping in clinical practice 
	Slide Number 16
	Observational studies
	Pharmacogenetic case-control studies based on enrichment of EHR databases
	Pharmacogenetic case-control studies based on enrichment of EHR databases
	Slide Number 20
	Slide Number 21
	Characteristics of cases and controls
	Gene-exposure interaction analysis in a case-control study
	Farmacogenetic study antihypertensives
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Conclusion

