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How to identify relevant genes ? 

 Candidate gene / genome-wide screen 
 
 Study design 
   - RCT 
   - Observational 
 





Van der Baan FH, Klungel OH, Egberts ACG, et al. Pharmacogenomics 2011;12:1485-92 

Pharmacogenetics in RCTs 



A. Posthoc analysis of RCT (TRITON-TIMI 38) 

(CV death, MI, Stroke) 

(Major Bleeding) 

Wiviott SD, et al. NEJM 2007;357:2001-15 



Activation of clopidogrel and prasugrel 

Mega JL, et al. Circulation 2009;119:2553-2560 



HR 1.53 [95%CI1.07-2.19] 

Mega JL, et al. NEJM 2009;360:354-62 

Clopidogrel and CYP2C19 PM 
(CV death, MI, Stroke) 



Mega JL, et al. Circulation 2009;119:2553-2560 

Prasugrel and CYP2C19 PM 



Exposure-only analysis 

Exposure Genotype Cases Controls OR 
0 0 A E 1.0 
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 



Exposure-only analysis TRITON-TIMI 38 

Exposure Genotype Cases Controls OR 
Prasugrel Wildtype 99 949 1.0 
Clopidogrel Wildtype 83 981 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 



What if genotype related to 
outcome in unexposed ? 
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Holmes MV, et al. JAMA 2011;306:2704-14 



B. Genotyping before enrollment  

1083 healthy 
women 

screened for FV 

60 FV+ 35 randomised 

Desogestrel 
containing OC 

Levonorgestrel 
containing OC 

1023 FV- 51 randomised 

Desogestrel 
containing OC 

Levonorgestrel 
containing OC 

Kemmeren JM, et al. Blood 2004;103:927-33 



C. Added value of genotyping in clinical practice  

Van Schie RMF, et al. Pharmacogenomics 2009;10:1287-95 





Observational studies 

 Family studies 
 Twin, sib pair studies 

 Population-based studies  
 Cohort 

 Case-cohort 
 Exposure only 

 Case control 
 Case only 



Clin Pharmacol Ther 2013, advance online publication 

Pharmacogenetic case-control studies 
based on enrichment of EHR databases 

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



  

 

J Hypertens 2009;27:61-8 

- Effectiveness 
- Utrecht Cardiovascular Pharmacogenetic (UCP) study 
- EHR Pharmacy/Hospitalisation database (PHARMO) 
- Recruitment through Pharmacists 

Pharmacogenetic case-control studies 
based on enrichment of EHR databases 



Pharmacogenetic case-control study 
Genes 
 

            1000 MI cases 
       

            5000 Controls 
       

       

       

 

   Antihypertensive drug 

• DNA (buccal swab) 

• Questionnaire 

• Medication (160 pharmacies) 

• Hospitalisations 

• GP records 



Database:31.000 

906 cases not approached 14.131 controls not approached 

- 11 nursing home 
- 32 unknown in pharmacy 
- 384 pharmacy not participating 
- 119 moved 
- 360 died 

- 12 nursing home 
- 114 unknown in pharmacy 
- 3525 pharmacy not participating 
- 551 moved 
- 995 died 
- 8934 case not approached 

15.973 approached 

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



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/m2   24%  20%* 
High cholesterol  66%  49%* 
Diabetes mellitus  23%  19%* 
Sedentary    31%  27%* 
Caucasian    98%  98% 



Case control in variant ORvariant=DF/ BH 
Case control in wild-type ORwild-type=CE/AG 
Synergy index (SI) = ORvariant/ORwild-type = DA/CB x FG/HE 
Case-only OR=DA/CB 
If FG/HE=1 then Case-only OR=case-control SI 
RERI=OR11-OR10-OR01+1 

Am J Epidemiol 1996; 144: 207-13. 

Gene-exposure interaction analysis in 
a case-control study 



Farmacogenetic study antihypertensives 

  

 

SI = ORGT/TT/ORGG = 1.41 [0.91-2.17] 
Case-only OR = 1.46 (in controls OR=1.05) 
RERI 0.26 [-0.07 – 0.59] 

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] 

 
 

J Hypertens 2009;27:61-8 



Case control study 

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

ORGT/TT = 0.43 
ORGG =1.05 
SI = ORGT/TT/ORGG =0.41 
Case-only OR =0.47 

RRGT/TT = 1.03 
RRGG = 0.97 
SI = RRGT/TT/RRGG =1.06 Men SI=0.85 Women SI=1.51 
Case-only OR = 1.03 

GenHAT Trial 

Davis et al, The Pharmacogenomics J 2006 







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 PGx interactions 
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