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Genome-wide association studies have identified 
thousands of variants that influence complex human traits 

Publications 

Associations 
P ≤ 5×10-8 

New Unique  
Traits 

Source: NHGRI/EBI GWAS Catalog, September 1, 2016 2 



Early reasons to be optimistic about PGx in PM 
Abacavir hypersensitivity reaction (HSR) and HLA-B*57:01 

In 2001, an analysis of a retrospective case/control  
study identified HLA-B*57:01 to be strongly 
associated with HSR risk 

Hetherington et al. (2001) Lancet 359: 1121–2 3 



PREDICT-1 study design 
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• 6-Week Observation Period  
 covers > 90% of HSR cases 
• Skin patch testing to 

augment clinical diagnosis 

ABC-naive 
subjects 

(N = 1,956) 

HLA-B*57:01-positive 
patients excluded 
from ABC therapy 

All patients initiate 
ABC-containing 

 regimen  

HLA-B*57:01-negative  
patients initiate 
ABC-containing 

regimen 

HSR monitoring 
according to  

current 
recommendations 

Randomize 
1:1 

Standard 
of care  

Prospective  
pharmacogenetic 

screening  

Hughes S et al. (2007) Pharmaceut. Statist. 7: 121-9 

Hypothesized HSR rate 7.3% 
Post-screening HSR rate 3.8% 
 90% power, α = 0.05  



PREDICT-1 trial demonstrated screening utility 

Mallal et al. NEJM (2008) 358:568-79  5 



Power to Detect Abacavir HSR HLA-B*5701-like Effect 

Adjustment for 500,000 hypothesis 
tests for an experiment-wide α = 
0.05 yields a test-wise significance 
level of 10-7 

200 clinical controls 
200 population controls 

r2 = 0.7 
r2 = 0.4 

r2 = 1.0 

Case Sample Size 

From Nelson et al. (2009) Pharmacogenomics J 9:23-33 
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  Non-iSAEC Findings   iSAEC-related Findings 
  Drug Risk Allele  OR   Drug Risk Allele  OR 
Liver Injury     

Pazopanib HLA-B*57:01 2 Augmentin HLA-DRB1*15:01 3 
Nevirapine HLA-DRB1*01 3 Augmentin HLA-A*02:01 2 
Ximelagatran  HLA-DRB1*07:01 4 Augmentin PTPN22 R620W 2 
Lapatinib  HLA-DRB1*07:01 19 Flucloxacillin  HLA-B*57:01 81 
Lumiracoxib  HLA-DRB1*15:01 13 Methyldopa HLA-A*33:01  98 
Ticlopidine  HLA-A*33:03 36 Fenofibrate HLA-A*33:01  51 

Terbinafine HLA-A*33:01  37 
Sertraline HLA-A*33:01  22 
Erythromycin HLA-A*33:01  10 
Cyprofloxacin HLA-B*50:02  11 
Minocyclin HLA-B*35:02  28 
Valproic Acid HLA-DRB1*10:01  14 
Atorvastatin HLA-DRB1*10:01  11 
Simvastatin HLA-B*13:02  8 

Skin Injury 
Nevirapine HLA-B*35 2 Carbamazepine  HLA-A*31:01 26 
Nevirapine HLA-C*04 3 
Phenytoin CYP2C9*3 12 
Phenytoin HLA-B*15:02  6 
Allopurinol  HLA-B*58:01  678 
Carbamazepine  HLA-B*15:02  >1000 

AHSS/HSR 
Dapsone HLA-B*13:01 21 Penicillins HLA-DRB1*10:01 3 
Abacavir  HLA-B*57:01  >1000 Augmentin HLA-DRB1*10:01 3 

Amoxicillin HLA-DRB1*10:01 3 
Other 

Statin myopathy SLCO1B1*5 5 Thiopurine pancreatitis HLA-DRB1*07:01 3 
Anthracycline cardiotox SLC28A3 rs7853758 5 5-ASA nephrotoxicity HLA-DRB1*03:01 2 
Anthracycline cardiotox UGT1A6 rs6759892 3 Clozapine agranulocytosis HLA-DQB1 126H 5 
Pazopanib hyperbilirubin UGT1A1*28 13 Clozapine agranulocytosis HLA-B 158T 3 
Cisplatin ototoxicity TPMT rs12201199 17 
Cisplatin ototoxicity COMT rs9332377 5 
Thiopurine leukopenia NUDT15 Arg139Cys 35 
Irinotecan neutropenia UGT1A1*28  28 
Tranilast hyperbilirubin UGT1A1*28 48 
Clopidogrel CV events CYP2C19*2/3/4/5 3 

Gene Categories 
   HLA 
   ADME 
   Immune-related 



Pharmacogenetics timeline at GSK 
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Several notable successes, but where’s the impact on efficacy? 

2001 2003          2005       2007     2009                2011              2013               2015...........  

Genome         $1000-3000 
Exome          $600-1,500 
NGS Panels           $200-400 
GWAS               $80-100 
HLA  $400 
Imputation $0 

DNA extracted real time 
and banked -  
~$50 DNA extraction & banking 
 
 
 
Bespoke  GT 
 
~$30 candidate SNPs 
~$400 GWAS (1M) 
~$350 ADME arrays 
~$700 HLA 
 
 

Collected and hold 
blood for later use 
 
~$10 

DNA extracted as required 
 
3wks to ship and extract 
 
~$40 per extraction 
 
Custom genotyping 
 
~$1-5 per SNP (Taqman, Sanger Seq) 
~$500 GWAS (600K), ~$1000 HLA 
~$400 Roche Amplichip (CYP2D6) 
 
 
 
 
 
 



Many Candidate Gene Studies Published Implicating Genes 
in Steroid Treatment Response in Asthma Subjects  

9 



Study of Patient Response to Inhaled Corticosteroids 
across 7 Clinical Trials in 2672 patients (1787 European) 

10 Mosteller et al. JACI 2016 
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No Previously Reported Associations with Steroid 
Response were Statistically Significant at P<0.05 

CRHR1 

GLCCI1 

STIP1 

rs1876828 

rs242941 

rs739645 

rs37973 

rs1011219 

rs6591838 

% Change 

% Change 

% Change 

% Change 

% Predicted 

% Predicted 

Study N 
GSK 1787 

ACRN 336 
CAMP 311 

LOCCS 64 

CAMP 311 
ACRN 336 

LOCCS 63 

CARE 101 
Adult 385 
Meta 935 

LOCCS 185 
SOCS-SLIC 935 

Adult 370 

Adult 364 

Mosteller et al. JACI 2016 



Several GWAS for drug efficacy have been conducted 
and many high confidence associations found 
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2,223 GWAS reported in 
NHGRI/EBI GWAS 
Catalog as of July, 2015 

76 (3.4%) GWAS of drug 
efficacy 
• 41 different drugs, drug classes 

or combinations 

13 (17%) GWAS of drug 
efficacy with high confidence 
associations 
• 6 of 41 (15%) different drugs, 

drug classes or combinations 



13 high confidence efficacy associations for five drug 
classes identified by GWAS 
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Drug Efficacy Trait Gene (Allele) 
Warfarin Maintenance dose VKORC1 

CYP2C9 (*3, *2, other) 
CYP4F2 

Clopidogrel Platelet aggregation, CV 
events 

CYP2C19 (*2) 

Rosuvastatin Change in LDL-C ABCG2 
Statins Change in LDL-C LPA 

APOE 
SORT1 
SLCO1B1 

Metformin HbA1c below 7% ATM 
Peg-Interferon Sustained virologic response IL28B 



Compelling candidate gene drug efficacy associations 
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11 additional associations for 7 drugs not identified or confirmed by GWAS 

Drug Efficacy Trait Gene (Allele) 
Codeine Pain tolerance CYP2D6 (PM) 
Tamoxifen Disease-free survival (inv) CYP2D6 (PM) 
Eculizumab Hemolytic activity C5 
EGFR TKIs NSCLC progression BIM 
Platinum-based 
chemotherapy 

Ovarian cancer progression 
and survival 

BRCA1 
BRCA2 

Olaparib Ovarian cancer complete 
response 

BRCA1 
BRCA2 

Sulfonylureas HbA1c/glucose control KCNJ11 
ABCC8 
HNF1A 



Efficacy associations fall into three functional mechanisms 
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Though with some ambiguity based on current understanding 

ADME 
<200 genes 

 
Warfarin–CYP2C9 
Warfarin–CYP4F2 
Clopidogrel–CYP2C19 
Rosuvastatin–ABCG2 
Statin-SLCO1B1 
Codeine–CYP2D6 
Tamoxifen–CYP2D6 

Drug Target 
~350 genes 

 
Warfarin–VKORC1 
Eculizumab–C5 
Sulfonylureas–KCNJ11 
Sulfonylureas–ABCC8 

Disease Mechanism 
>>2000 genes 

 
Statin–LPA 
Statin–APOE 
Statin–SORT1 
Metformin–ATM 
Peg Ifn–IL28B 
Platinums–BRCA1/2 
Olaparib–BRCA1/2 
EGFR TKIs–BIM 
Sulfonylureas–HNF1A 
 

Significant excess of ADME gene associations (OR = 5.5) and  
underrepresentation of  disease gene associations (OR = 0.24; p = 0.001) 



What have we learned about the role of genetics in 
drug safety and efficacy?  

• Drug Safety 
– Mechanisms primarily through HLA and ADME genes 
– Most HLA genetic risk factors are drug and SAE specific 
– Common genetic risk factors (alone) do not accurately predict patient 

risk for rare SAEs 
– <50% of drug SAEs appear to have major genetic risks 

 

• Drug Efficacy 
– Mechanisms primarily through ADME, drug targets, and disease genes 
– We expect ~10% of drugs to have genetic predictors of drug efficacy 

that could influence clinical decision making 
 

16 



Implications for Drug Development 
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• Probability of success can be improved with tailored 
analysis strategies 
– Where possible, take advantage of sensitive, quantitative biomarkers of 

response 
– Balance hypothesis-driven and hypothesis-free approaches 
– Combine data across trials of same or similar drugs 
– Don’t shy away from investigating very effective drugs; this is where the best 

opportunities are 

• With proper consent or secondary use, anonymized clinical 
trial data could advance understanding of disease genetics 

 



PGx in Drug Development: Advantages and Pitfalls 
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Advantages 
– Cost effective strategies to consent and screen routinely 
– Discover early, hopefully validate pre-submission 
– Opportunity to develop companion diagnostics 
– Quickly respond to regulatory and academic questions 
– Use unique clinical resources to advance discovery and development 

Pitfalls 
– Limitations in statistical power and strong temptation to over interpret 

“suggestive” or just significant findings 
– Tendency to focus on trials demonstrating poor efficacy 

• Lowest probability of success 
– Low “success” rates require a long view 
– Cost 
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Our PGx vision: To identify genetic predictors of response and 
safety in time to inform medicine development decision making 

21 

Driven by asset specific strategies, targeting key impact points 

Disease understanding 

New  
Targets? 

Drug Development Cycle 

Evaluate and respond to genetic effects  

PGx assessment 

     Rapid response to 
regulators and/or 
external 
bodies/publications 

R&D 

http://gsktube.gsk.com/Video?Id=1vumpo


Many Candidate Gene Studies Published Implicating Genes 
in Steroid Treatment Response in Asthma Subjects  

22 



Study of Patient Response to Inhaled Corticosteroids 
across 7 Clinical Trials in 2672 patients (1787 European) 

23 Mosteller et al. JACI 2016 
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No Previously Reported Associations with Steroid 
Response were Statistically Significant at P<0.05 

CRHR1 

GLCCI1 

STIP1 

rs1876828 

rs242941 

rs739645 

rs37973 

rs1011219 

rs6591838 

% Change 

% Change 

% Change 

% Change 

% Predicted 

% Predicted 

Study N 
GSK 1787 

ACRN 336 
CAMP 311 

LOCCS 64 

CAMP 311 
ACRN 336 

LOCCS 63 

CARE 101 
Adult 385 
Meta 935 

LOCCS 185 
SOCS-SLIC 935 

Adult 370 

Adult 364 

Mosteller et al. JACI 2016 



How often do we expect drugs to have efficacy genetic 
effects with potential to inform patient treatment? 

25 

15% 
6/41 drugs/classes 
with effect found by 
GWAS 

64% 
5/9 drugs/classes 
with common 
genetic effects with 
potential clinical 
utility 

× = 8.1% (2.0–17.1%) 
Expected drugs having 
genetic effects with 
potential clinical utility 



Efficacy effects, and the power to identify them, are 
constrained by drug effect sizes observed in trials 

26 



Efficacy effects, and the power to identify them, are 
constrained by drug effect sizes observed in trials 
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Relative drug effect of the worst-response genotype Fr
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95% 80% 40% 
Trial outcome (drug effect) relative to study power 

Single test 

GWAS 

10 

1000 

carrier

carrier
treatmentPGx

12NCPNCP
p

p−
×≤

1. We should be mindful how we pay our multiple test penalities 
2. Very few situations where PGx will rescue a failed trial 
3. Trials with larger drug effects have more power to find efficacy PGx 
4. Combine data across trials to increase PGx power 



Enrichment by genetic risk can result in 
more efficient preventive clinical trials 

28 



The role of Genetics in drug response 

Drug Safety 
– Important role for genetics in 

immune-mediated and 
exposure-related adverse 
events 

– 5 key discoveries within GSK 
– External discoveries for 2 GSK 

drugs 

Drug Efficacy* 
– 5-20% of drugs estimated to 

have clinically meaningful 
PGx effects 

– Known mechanisms focus on 
ADME, drug targets, and 
disease genes 

– Larger effects can be 
discovered in clinical trials 

Drug Exposure 
– Expectations from regulators 

that PGx studies will be 
conducted to understand PK 
variability 

– Avoidance of key 
polymorphic enzymes have 
reduced risk Be patient focused 

29 *“The genetics of drug efficacy: opportunities and challenges”: Nelson, M. et al., Nat Rev Genet (2016) 17: 197 

http://gsktube.gsk.com/Video?Id=1vumpo
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