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Interaction of factors resulting in individual therapeutic 

drug response and side effects 

Holstein A, et al. Br J Diabetes Vasc Dis 2011;11:10-16. 
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Adapted from Amur S et al, CDER, FDA. Personalized Medicine (2010) 7(6), 633–642. 
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Immunological mechanism in immediate and non-

immediate reactions to drugs 

Adapted from Gómez E et al. Allergy Asthma Immunol Res 2012;4(5): 251-263. 



Hapten–protein interaction and HLA restriction 

Yun J et al. Allergy 2012; DOI: 10.1111/all.12008. 



Mistaken identity 

Adapted from Reinherz EL. Nature 2012; 486: 479-81. 



Hypersensitivity reactions 

• Abacavir - a potent HIV-1 reverse transcriptase inhibitor. Approved since 1998. 

• Hypersensitivity reactions - fever, rash and gastrointestinal problems in 5–10% 

of patients after median of 9 days. Symptoms resolve within 72 h of 

discontinuation but re-exposure can result in severe hypotension and death.  

• 2002 - HLAB*5701 gene variant is highly associated with hypersensitivity 

reactions to abacavir. (Mallal S, et al. Lancet 2002;359:727-32; Hetherington S, 

et al. Lancet 2002;359:1121-2.) 

• 2008 - prospective genotyping  prevented hypersensitivity reactions. (Mallal S, 

et al. N Engl J Med 2008;358:568-79.) 



Sensitivity of HLA-B*5701 for abacavir hypersensitivity 

Phillips EJ & Mallal SA. Pharmacogenomics. 2010; 11(7): 973–87. 

Clinically suspected hypersensitivity Immunologically confirmed 



Changes in the drug label for abacavir 

Adapted from Pirmohamed M. Handb Exp Pharmacol 2010: 477-491 



Hypersensitivity reactions 

• Carbamazepine -  cutaneous ADRs ranging from mild to severe (SCARs) 

including Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis 

(TEN) 

• 2004 - HLAB*1502 gene variant is highly associated with SCARs with 

carbamazepine (Chung WH, et al. Nature. 2004; 428(6982):486.) 

• HLAB*1502 genotype frequency varies in different areas 

• 2011 - 4877 subjects genotyped in Taiwan – 7.7% positive for HLAB*1502 not 

given carbamazepine. 0.1% of HLA-B*1502-negative subjects hospitalized for 

rash but no SJS-TEN  ~10 cases prevented (Chen P, et al.  N Engl J Med 

2011;364:1126-33.) 

 

 

 

 



Lim KS et al. Neurology Asia 2008; 13:15-21. 

Area with high prevalence of HLA B*1502 (>5%) 



McCormack M et al. N Engl J Med 2011;364:1134-43. 

HLA-A*3101 and Carbamazepine-Induced Hypersensitivity 

Reactions in Europeans 



Hypersensitivity reactions 

• Allopurinol  -  structural isomer of hypoxanthine - inhibits xanthine oxidase. 

• Cutaneous ADRs ranging from mild to severe (SCARs) including Stevens-

Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) 

• More common with renal impairment – dose/plasma concentration-dependent 

• 2005 - HLA-B*5801 allele highly associated with allopurinol SCARs (Hung SI, 

et al. Proc Natl Acad Sci U S A. 2005; 102(11): 4134-9.) 

• In Han Chinese patients in Hong Kong 19/19 with allopurinol-induced SCAR 

carried HLA-B*58:01 vs. 4/30 (13%) allopurinol-tolerant controls – OR 229.7, 

95% CI 11.7-4520.4 (Chiu ML, et al. Br J Dermatol. 2012; 167(1): 44-9.)  

 

 

 

 



SNPs association with allopurinol-induced SCAR 

Hung SI, et al. Proc Natl Acad Sci U S A. 2005; 102(11): 4134-9. 

51 patients with allopurinol–SCAR and 228 control individuals (135 allopurinol-tolerant 

subjects and 93 healthy subjects) 

823 SNPs ordered by their chromosome positions; 197 SNPs in the MHC region 

HLA-B*5801 allele present in all 51 patients with allopurinol–SCAR, but only in 20 (15%) of 

135 tolerant patients [OR 580.3 (95% CI, 34.4–9780.9); corrected P value  4.7x10-24] 



Allele frequencies for HLA-B*5801 in 

populations with allopurinol induced SJS/TEN 

Lee MT et al., Expert Opin. Pharmacother. 2010;11:2153-2162. 

HLA-B*5801 



Possible mechanisms involved in allopurinol recognition 

by T cells 

Yun J et al. Allergy 2012; DOI: 10.1111/all.12008. 



2012 American College of Rheumatology Guidelines for 

Management of Gout  

• Prior to initiation of allopurinol, rapid polymerase 
chain reaction–based HLA–B*5801 screening should 
be considered as a risk management component in 
subpopulations where both the HLA–B*5801 allele 
frequency is elevated and the HLA–B*5801–positive 
subjects have a very high hazard ratio (“high risk”) 
for severe allopurinol hypersensitivity reaction (e.g., 
Koreans with stage 3 or worse CKD and all those of 
Han Chinese and Thai descent). 

 

Arthritis Care & Research 2012; 64 (10): 1431–1446. 



Drug-induced liver injury due to flucloxacillin 

Daly AK et al. Nat Genet 2009;41:816-9. 

 HLA-B*5701 

• In the UK, the incidence of flucloxacillin-induced DILI has been estimated at 

8.5 in every 100,000 new users in days 1 to 45 after starting treatment 

• GWA study using 866,399 markers in 51 cases of flucloxacillin DILI and 282 

controls matched for sex and ancestry. 



Number needed to test (NNT) to prevent 1 case of 

specific drug reaction 

Drug  HLA 

allele   

HLA carriage rate  Prevalence of 

diagnosis  

Negative 

predictive 

value  

Positive 

predictive 

value  

NNT to 

prevent 

one case  

Abacavir B*5701 6-8% Caucasian,  

<1% African/Asian, 

2.5% African American 

 

8% (3% true 

HSR + 2-7% 

false positive Dx) 

100% for patch 

test confirmed 

55% 13 

Carbamazepine B*1502 10-15% Han Chinese,  

<0.1% Caucasian 

 

<1-6/1000 100% in Han 

Chinese 

3% 1000 

Allopurinol B*5801 9-11% Han Chinese, 

1-6% Caucasian 

 

1/250-1/1000 100% in Han 

Chinese 

3% 250 

Flucloxacillin B*5701 As for abacavir 8.5/100,000 99.99% 0.12% 13819 

 

Phillips EJ, et al. J Allergy Clin Immunol. 2011; 127(3 Suppl): S60-6. 



Warfarin Sensitivity 



Warfarin Sensitivity 

Cytochrome P450 2C9 (CYP2C9) 

S-warfarin 

R-warfarin 
Metabolized by CYP2C9 

Metabolized by  

CYP1A1, CYP1A2, CYP3A4 



Functionally important alleles of the human 

CYP2C9 gene 

In Caucasians 

 

CYP2C9*2  

∼1% homozygous  

22% heterozygous.  

 

CYP2C9*3  

0.4% homozygous 

15% heterozygous 

Zhou SF, et al. Toxicology. 2010; 278(2): 165-88. 



Warfarin Sensitivity 

Nature 2004;427:537-41. 

Nature 2004;427:541-4. 



Pharmacology of Warfarin 

S-warfarin 

R-warfarin 

Vitamin K 

epoxide 

reductase 

Metabolized by CYP2C9 
Metabolized by  

CYP1A1, CYP1A2, CYP3A4 

Encoded by VKORC1 

Vitamin K reduced Vitamin K epoxide 

Hypofunctional 

F. II, VII, IX, X 

Proteins C, S, Z 

Functional 

F. II, VII, IX, X 

Proteins C, S, Z 

Encoded by 

GGCX 

 

 -glutamyl 

carboxylase 

Calumenin 



A genome-wide association study confirms VKORC1, 

CYP2C9, and CYP4F2 as  principal genetic determinants 

of warfarin dose 

Takeuchi F et al. PLoS Genet 2009;5(3):e1000433 
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FDA Clears Genetic Lab Test for Warfarin Sensitivity  

 
The U.S. Food and Drug Administration today cleared for marketing a new genetic test that will help physicians assess whether a patient may be especially sensitive to the blood-thinning drug warfarin (Coumadin), which is used to prevent potentially fatal clots in blood vessels. 

One-third of patients receiving warfarin metabolize it quite differently than expected and experience a higher risk of bleeding. Research has shown that some of the unexpected response to warfarin depends on variants of two genes, CYP2C9 and VKORC1. The Nanosphere Verigene Warfarin Metabolism Nucleic Acid Test detects some variants of both genes. 

"Today’s action offers physicians the first FDA cleared genetic test for warfarin sensitivity, which is another step in our commitment to personalized medicine,” said Daniel Schultz, M.D., director, FDA’s Center for Devices and Radiological Health. “With this test, physicians may be able to use genetic information along with other clinical information to treat their patients.”  

Warfarin can be a difficult drug to use because the optimal dose varies depending on many risk factors, including a patient's  diet, age, and the use of other medications. Rapidly achieving the correct dose is important. Patients who receive doses that are higher than needed to correctly thin the blood are at risk of life-threatening bleeding. Those who receive doses that are too low may remain at risk of life-threatening blood clots. 

Warfarin is the second most common drug, after insulin, implicated in emergency room visits for adverse drug events.  

In August, FDA approved updated labeling for Coumadin, the brand name version of warfarin, explaining that people with variat ions of the genes CYP2C9 and VKORC1 may respond differently to the drug. Manufacturers of generic warfarin are adding similar information to their products' labeling. 

Physicians and other health care professionals who prescribe warfarin regularly check to see if the drug is working properly by ordering a test called the PT or prothrombin time that evaluates the blood's ability to clot properly. The results are measured in seconds and compared with the expected value in healthy people, known as the International Normalized Ratio or INR. 

The Nanosphere test is not intended to be a stand-alone tool to determine optimum drug dosage, but should be used along with clinical evaluation and other tools, including INR, to determine the best treatment for patients.  

FDA cleared the test based on results of a study conducted by the manufacturer of hundreds of DNA samples as well as on a broad range of published literature. In a three site study, the test was accurate in all cases where the test yielded a result; 8 percent of the tests could not identify which genetic variants were present. 

The new test was cleared for use on the Verigene System, a clinical laboratory test system. Both products are manufactured by Nanosphere Inc., Northbrook, Ill. 

# 

RSS Feed for FDA News Releases [what is RSS?]  

   Get free weekly updates about FDA press releases, recalls, speeches, testimony and more.    

FDA Newsroom 

FDA Home Page | Search FDA Site | FDA A-Z Index | Contact FDA | Privacy | Accessibility 

FDA Website Management Staff 
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FDA News 
 
FOR IMMEDIATE RELEASE 

September 17, 2007 

FDA Clears Genetic Lab Test for Warfarin Sensitivity  

 

The U.S. Food and Drug Administration today cleared for marketing a new genetic test 

that will help physicians assess whether a patient may be especially sensitive to the 

blood-thinning drug warfarin (Coumadin), which is used to prevent potentially fatal 

clots in blood vessels. 

 

One-third of patients receiving warfarin metabolize it quite differently than expected 

and experience a higher risk of bleeding. Research has shown that some of the 

unexpected response to warfarin depends on variants of two genes, CYP2C9 and 

VKORC1. The Nanosphere Verigene Warfarin Metabolism Nucleic Acid Test detects 

some variants of both genes. 

http://www.fda.gov/default.htm
http://www.hhs.gov/
http://www.fda.gov/default.htm
http://www.fda.gov/search.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/comments.html
http://www.fda.gov/bbs/topics/news/rssPress.xml
http://www.fda.gov/bbs/topics/news/newsfeeds.html
http://list.nih.gov/cgi-bin/wa?SUBED1=fda-newsdigest-l&A=1
http://www.accessdata.fda.gov/news/
http://www.fda.gov/default.htm
http://www.fda.gov/search.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/comments.html
http://www.fda.gov/privacy.html
http://www.fda.gov/accessibility.html
http://www.fda.gov/comments.html
http://www.fda.gov/bbs/topics/NEWS/2007/NEW01701.html
http://www.fda.gov/default.htm
http://www.fda.gov/default.htm
http://www.hhs.gov/
http://www.fda.gov/default.htm
http://www.hhs.gov/
http://www.fda.gov/default.htm
http://www.fda.gov/search.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/comments.html
http://www.fda.gov/bbs/topics/NEWS/2007/NEW01701.html
http://www.fda.gov/default.htm
http://www.fda.gov/default.htm
http://www.hhs.gov/
http://www.fda.gov/default.htm
http://www.fda.gov/search.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/comments.html
http://www.fda.gov/default.htm
http://www.hhs.gov/
http://www.fda.gov/default.htm


Warfarin titration 

0

1

2

3

4

5

6

7

0 1 2 3 4 5 6 7 8

Warfarin dose INR

Days 



Contributions of multiple genes to phenotype of  

warfarin maintenance dose requirement 

Roden DM, et al. Circulation. 2011;123:1661-1670. 



FDA guideline on 8 June 2011 on simvastatin 80 mg 

http://www.fda.gov/default.htm
http://www.hhs.gov/
http://www.fda.gov/default.htm
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Simvastatin Used With Amiodarone 
Audience: Cardiologic healthcare professionals, pharmacists, other healthcare professionals 

[Posted 08/08/2008] FDA notified healthcare professionals of the risk of muscle injury, 

rhabdomyolysis, which can lead to kidney failure or death, when simvastatin is used with 

amiodarone. This risk is dose-related and increases when a dose of simvastatin greater than 20 

mg per day is given with amiodarone. Although a revision of the simvastatin labeling in 2002 

described an increased risk of rhabdomyolysis when amiodarone is taken with simvastatin doses 

greater than 20 mg daily, FDA continues to receive reports of rhabdomyolysis in patients treated 

concurrently with amiodarone and simvastatin. Prescribers should be aware of the increased risk 

of rhabdomyolysis when simvastatin is prescribed with amiodarone, and they should avoid doses 

of simvastatin greater than 20 mg per day in patients taking amiodarone. 
[August 08, 2008 - Drug Information Page - FDA] 

[August 08, 2008 - Information for Healthcare Professionals - FDA] 

http://www.fda.gov/default.htm
http://www.fda.gov/default.htm
http://www.fda.gov/default.htm
http://www.hhs.gov/
http://www.fda.gov/default.htm
http://www.fda.gov/search.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/comments.html
http://www.fda.gov/bbs/topics/NEWS/2007/NEW01701.html
http://www.fda.gov/default.htm
http://www.fda.gov/default.htm
http://www.hhs.gov/
http://www.fda.gov/default.htm
http://www.fda.gov/default.htm
http://www.fda.gov/default.htm
http://www.hhs.gov/
http://www.fda.gov/default.htm
http://www.fda.gov/search.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/comments.html
http://www.fda.gov/bbs/topics/NEWS/2007/NEW01701.html
http://www.fda.gov/default.htm
http://www.fda.gov/default.htm
http://www.hhs.gov/
http://www.fda.gov/default.htm
http://www.fda.gov/search.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/opacom/hpchoice.html
http://www.fda.gov/comments.html
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm118869.htm
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm124362.htm
http://www.fda.gov/default.htm
http://www.hhs.gov/
http://www.fda.gov/default.htm


Changes in dose limitations for simvastatin to reduce drug-drug 

interactions following FDA guideline on 8 June 2011. 

Interacting 

Drug 

Previous daily dose 

limit 

New daily dose limit 

Posaconazole No DDI restriction Contraindicated with 

simvastatin  

Gemfibrozil  10mg Simvastatin  

  

Contraindicated with 

simvastatin  Cyclosporine  

Danazol  

Amiodarone  20mg Simvastatin  

  

10mg Simvastatin 
(Later changed to 20mg for 

amiodarone) Verapamil  

Diltiazem  40mg Simvastatin  10mg Simvastatin  

Amlodipine  No DDI restriction  

  

20mg Simvastatin  

Ranolazine 

Available at: http://www.fda.gov/ Drugs/DrugSafety/ucm256581.htm 

http://www.fda.gov/ Drugs/


SLCO1B1 Variants and Statin-Induced Myopathy  

- a Genomewide Study 

The SEARCH Collaborative Group. N Engl J Med 2008; 359: 789-99. 

Nearly complete LD with 

rs4149056 (521 T>C) in 

SLCO1B1 



SLCO1B1 Variants and Statin-Induced Myopathy  

- a Genomewide Study 

Estimated cumulative risk of myopathy associated 

with taking 80 mg of simvastatin daily, according  

to SLCO1B1 rs4149056 (*5, 521T>C) genotype.  

60% of myopathy cases could be attributed to the C variant  

 

The SEARCH Collaborative Group. N Engl J Med 2008; 359: 789-99. 



SLCO1B1 - Organic Anion Transporting Polypeptide 1B1 

Niemi M et al. Pharmacol Rev 2011; 63:157–181. 

A388G, Asn130Asp 

T521C, Val174Ala 



LDL cholesterol and ApoB response to simvastatin 

Hopewell JC et al. Eur Heart J. 2012. 



Vanderbilt doctors to screen patients taking cholesterol-lowering drugs 

for harmful genetic variation 
 
October 28, 2011  

Vanderbilt University Medical Center doctors announced today they will begin screening patients who take 

commonly prescribed statin drugs for a rare genetic variation that can increase risks for side effects from these 

drugs such as muscle aches, kidney damage and even death. 

Statin drugs are among the world’s most commonly prescribed medications and are used to lower cholesterol 

levels in the blood. 

Simvastatin, the generic form of the statin Zocor, is one of the most widely prescribed drugs in the United 

States and is effective in reducing LDL-cholesterol levels and lowering the risk for heart attacks and strokes. 

 

But growing evidence indicates that about 2 percent of patients taking 80 milligrams of simvastatin per day will 

experience muscle aches that could lead to muscle damage. In extreme cases complications can be more 

severe, such as kidney damage and even death. 

The risk for developing complications is increased when a patient carries even a single genetic variation, 

according to Vanderbilt’s Dan Roden, M.D., assistant vice chancellor for Personalized Medicine. 

 

“If you have two copies of the SLC01B1 gene, you’re at an almost 20-fold increased risk of muscle toxicity,” he 

said. 

http://www.mc.vanderbilt.edu/news/releases.php?release=2263 

VANDERBILT UNIVERSITY MEDICAL CENTER 



Rosuvastatin dose in Asians  

FDA issues rosuvastatin advisory highlighting revised 

label 
 

March 2, 2005  

Wilmington, DE - The Food and Drug Administration (FDA) issued 

a public-health advisory on rosuvastatin (Crestor®) today that 

highlights a revised package insert for the cholesterol-lowering 

medication. 

 

Also, based on a pharmacokinetic study that found elevated drug 

levels in a population of Asian patients, the "Dosage and 

Administration" section of the label now advises that the 5-mg dose of 

rosuvastatin be considered the starting dose in this population.  



Rosuvastatin 20 mg 

 

Zhang A et al., Clin Chim Acta 2006, 373: 99-103;  

BCRP - ABCG2 – ATP binding cassette G2 efflux transporter 

Niemi M et al. Pharmacol Rev 2011; 63:157–181. 

Open circles: 421CC (n=16);  

Filled circles: 421CA (n=12); 

Filled triangles: 421AA (n=4). 

 

Keskitalo JE, et al. Clin Pharmacol Ther 2009 



ABCG2 polymorphism increases rosuvastatin plasma levels and 

efficacy 

Tomlinson B, et al., Clin Pharmacol Ther 2010; 87(5): 558-62. 



Relationship of Genetic Variation and Pharmacokinetics of 

Rosuvastatin 

Lee M, Tomlinson B, et al., unpublished data 
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ABCG2 c.421C>A 
variant results in lower expression levels of 

the efflux transporter 

p = 8.99 x 10-05 

P = 1.93 x 10
-09 

P = 3.89 x 10-04 
Rosuvastatin by 

ABCG2  n Mean SD 

AA  40 10.32  6.398  

CA  112 6.44 4.979 

CC  143 4.35  3.325 

8% additional reduction of LDL-C (AA 

vs. CC) is more than the double 

dose effect (6%) – well matched to 

2.4-fold increment of blood 

rosuvastatin concentration. 



ABCG2 polymorphism was in the top 4 SNPs for the LDL-C 

response to rosuvastatin in the GWAS of the JUPITER trial 

Chasman DI, et al., Circ Cardiovasc Genet. 2012; 5(2): 257-64. 



Bioactivation and mechanism of action of clopidogrel, 

prasugrel, and ticagrelor 

Cavallari LH et al, Pharmacogenomics and Personalized Medicine 2011:4 123–136. 



Pharmacogenetic tests for improving drug safety 

and effectiveness in Hong Kong 

Safety 

 

• Abacavir - HLA-B*5701 

• Carbamazepine - HLAB*1502  

• Allopurinol - HLA-B*5801 

• Flucloxacillin - HLA-B*5701 

• Irinotecan - UGT1A1*28 

• 6-Mercaptopurines - TPMT 

Effectiveness 

 

• Warfarin CYP2C9, VKORC1 

• Clopidogrel  CYP2C19 

• Simvastatin  SLCO1B1 

• Rosuvastatin  ABCG2 

• Tamoxifen CYP2D6 
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