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On-Treatment LDL-C is Closely Related to CVD Events in Statin Trials – 
Lower is Better 
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Adapted from Rosensen RS. Exp Opin Emerg Drugs 2004;9(2):269-279. LaRosa JC et al. N Engl J Med 2005;352:1425-1435 
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Rx - Statin therapy 
PRA – pravastatin 
ATV - atorvastatin 
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Meta-analysis of Effects of Statins on Any Major 
Vascular Event* at 1 Year in the Outcome Studies 

 Baigent C et al., Lancet 2010;376:1670-81  

*Defined as coronary death, non-fatal myocardial 
infarction, coronary revascularisation, or stroke  

Chemical Structures of the Statins 

Statins have diverse 
chemical structures 
governing binding affinity 
and lipophilicity but 
share the common 
pharmacophore with 
resemblance to HMG 

Simvastatin and lovastatin 
are given as lactones and 
have to be converted to the 
open acid moiety for 
enzyme binding 

Adapted from Hu M, et al. Current Pharmacogenomics & Personalized Medicine 2009;7:1-26. 
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Reappraisal of long term safety of Statins 

Stattar N, et al., Lancet 2010;375:735-42. 
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Muscle toxicity 

• Muscle toxicity is the most significant and well documented adverse 
effect with statins 

• Mild symptoms of muscle pain, tenderness and weakness are 
relatively common, but fortunately, the most severe and potentially 
fatal condition of rhabdomyolysis is very rare 

• All statins can cause muscle toxicity if given in high enough dosage 
or if there are drug interactions increasing systemic exposure 

• Several predisposing factors have been identified, including old age, 
renal/liver dysfunction and hypothyroidism, and some patients have 
a genetic predisposition which either alters the systemic exposure 
to the drug or causes susceptibility in the muscles 

Hu M, Cheung BMY, Tomlinson B. Ther Adv Drug Saf 2012;3(3): 133-144 

 
Statin safety: Muscle effects - Benefit: Risk 
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Cerivastatin (0.2, 0.3, 0.4, 0.8 mg) 

Rosuvastatin (5, 10, 20, 40 mg) 

Pravastatin (20, 40 mg) 

Atorvastatin (10, 20, 40, 80 mg) 

Simvastatin (40, 80 mg) 

Brewer H Am J Cardiol 2003;92(Suppl):23K–29K 
Davidson M Exp Opin Drug Saf 2004;3 (6):547-557 

CK >10 x ULN: Frequency by LDL-C Reduction 
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SEARCH: Effects of more vs. less STATIN on MORTALITY 

Simvastatin allocation Risk ratio & 95% CI 

Cause of death 20mg 80mg 80mg better 20mg better 

(n=6033) (n=6031) 

CHD 447 (7.4%) 438 (7.3%) 

Stroke 57 (0.9%) 67 (1.1%) 

Other vascular 53 (0.9%) 56 (0.9%) 

All vascular 557 (9.2%) 561 (9.3%) 0.7% SE 5.9 
reduction 

Neoplastic 245 (4.1%) 266 (4.4%) 

Respiratory 74 (1.2%) 58 (1.0%) 

Other medical 75 (1.2%) 70 (1.2%) 

Non-medical 13 (0.2%) 14 (0.2%) 

All non-vascular 407 (6.7%) 408 (6.8%) 0.2% SE 7.0 
reduction 

All causes 964 (16.0%) 969 (16.1%) 0.5% SE 4.6 
reduction 

0.6 0.8 1.0 1.2 1.4 

Search Collaborative Group, Lancet. 2010;376:1658-69. 

Average 0∙35 mmol/L greater reduction in LDL-C 
6% reduction in major vascular events  
Risk ratio 0∙94 (95% CI 0∙88–1∙01; p=0∙10). 
2 (0·03%) cases of myopathy with 20 mg, 53 (0·9%) with 80 mg 

www.pharmgkb.org 

Elimination 

Elimination 

Via bile     Via bloodstream 

Pharmacokinetics of statins 

Lovastatin 

Simvastatin 

Atorvastatin 

CYP3A4/5 

Cerivastatin CYP2C8 

Pravastatin 

Rosuvastatin 

Pitavastatin 

Little metabolism via CYP 

CYP2C9,  
2C19 (minor) 

CYP2C9,   
2C8 (minor) 

Extensive metabolism via CYP 

CYP3A4 

Fluvastatin CYP2C9 
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Hu M, et al. (2009) Current Pharmacogenomics & Personalized Medicine 7:1-26 

ABCG2 

Liver 

Hepatocyte Bile 

ABCC2 

ABCB11 

ABCB1/3 

ABCC1/3/4 

OCT1 

OAT2 

SLC10A1 

SLCO1B1 

Portal circulation 

Hepatic Uptake and Efflux Transporters 

ABCG2 

Systemic 
circulation 

Myopathy 

Effect of the SLCO1B1 521 T>C polymorphism on the 

pharmacokinetics of simvastatin 

Pasanen MK, et al., Pharmacogenetics and Genomics 2006, 16:873–879 

Simvastatin Simvastatin acid 

Open squares --- c.521TT genotype (n=16);  

solid squares --- c.521TC genotype (n=11);  

solid triangles --- c.521CC genotype (n=4). Simvastatin acid AUC(0-∞)  

↑3.2x in CC vs. TT 

SLCO1B1 
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The SEARCH Collaborative Group. N Engl J Med 2008; 359: 789-99. 

Pharmacogenomics of Statin-Induced Myopathy 

Nearly complete LD with 

rs4149056 (521 T>C) in 

SLCO1B1 

SLCO1B1 Variants and Statin-Induced Myopathy  

- a Genomewide Study 

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

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  
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FDA guideline on 8 June 2011 on limiting the use of 

simvastatin 80 mg 

Wilke RA et al.,  Clinical Pharmacology & Therapeutics 2012;92:112-117 

The Clinical Pharmacogenomics Implementation Consortium: CPIC 
Guideline for SLCO1B1 and Simvastatin-Induced Myopathy 
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• Each copy of the 521C variant allele was only associated with -
1.28% smaller reductions in LDL-C in response to simvastatin 
in the Heart Protection Study  (>10,000 patients) 

 

Effect of SLCO1B1 521T>C polymorphism on the 

lipid-lowering effect of statins 

Hu M, Tomlinson B. Pharmacogenomics. 2013 Jun;14(8):981-95. 

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

•  No significantly noticeable effect on the lipid-lowering effect   

    of statins 

www.pharmgkb.org 

Elimination 

Elimination 

Via bile     Via bloodstream 

Pharmacokinetics of statins 

Lovastatin 

Simvastatin 

Atorvastatin 

CYP3A4/5 

Extensive metabolism via CYP 
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Clinical Pharmacology & Therapeutics (2012); 91 6, 1044–1052  

Effect of the CYP3A5 *3 polymorphism on the 
pharmacokinetics of simvastatin 

Kim KA et al. J Clin Pharmacol 2007; 47: 87-93. 

AUC(ng x h/mL)  
4.94 + 2.25 
 
16.35 +  6.37     ↑3.3x 
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 Hu M,……Tomlinson B. Pharmacogenomics (2013) 14(1), 25-34  

 
Genetic polymorphisms in CYP3A or PPARA had no significant 

effect on the lipid-lowering responses to simvastatin    

 Hu M,……Tomlinson B. Pharmacogenomics (2013) 14(1), 25-34  

P>0.05 

P>0.05 

P>0.05 

Downstream activity 
metabolites of simvastatin 

CYP3A enzyme activity 
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Ethnic Differences in Statin Disposition 
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Rosuvastatin Pharmacokinetics: Plasma Levels in East Asians 2x Caucasians * 

Lee E et al.,  Clinical Pharmacology & Therapeutics 2005;78:330-41 
* Not explained by body weight or other phenotypic factors  

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.  
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Ethnic difference in the pharmacokinetics of rosuvastatin 

Ethnic difference in the lipid-lowering response to rosuvastatin 

? 

• DISCOVERY-Asia: China, Hong Kong, Malaysia, Korea, Taiwan, 
and Thailand  

• DISCOVERY-Alpha:  93 centres in eastern Europe, Central and 
South America, and the Middle East  

• DISCOVERY Netherlands:  

• DISCOVERY UK: UK 

• DISCOVERY PENTA: Brazil, Colombia, Mexico, Portugal, and 
Venezuela.  

• DISCOVERY Triple Country: Finland, Iceland, and Ireland  

The DIrect Statin COmparison of LDL-C Values: an Evaluation 
of Rosuvastatin therapY (DISCOVERY) Program 

Aim: The efficacy of rosuvastatin (10mg),  atorvastatin (10mg) and other 
statins for achieving lipid goals 
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 Hu M,…,Tomlinson B Int J Cardiology 2013 May 1 doi: 10.1016/j.ijcard.2013.04.091.  

The LDL-C response to rosuvatatin 10 mg daily in statin-naïve patients 
in DISCOVERY studies and the VOYAGER database†  

*P<0.05; **P<0.01; *** P<0.001 for DISCOVERY Hong Kong vs. other studies. NS: non-significant  
 

% change in LDL-C response to rosuvastatin 10 mg    

 Hu M,…,Tomlinson B Int J Cardiology 2013 May 1 doi: 10.1016/j.ijcard.2013.04.091.  

† VOYAGER is an individual patient data meta-analysis of 32,258 patients treated with statins in 37 studies 
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The LDL-C response to rosuvastatin 10 mg daily (A) and atorvastatin 10 mg (B) in 
statin-naïve patients in DISCOVERY studies and the VOYAGER database  

(A) 

(B) 

*P<0.05; **P<0.01; *** P<0.001 for DISCOVERY Hong Kong vs. other studies. NS: non-significant  

 Hu M,…,Tomlinson B Int J Cardiology 2013 May 1 doi: 10.1016/j.ijcard.2013.04.091.  

Rosuvastatin 10 mg daily 

Atorvastatin 10 mg daily 

Hu M, et al. (2009) Current Pharmacogenomics & Personalized Medicine 7:1-26 

ABCG2 

Liver 

Hepatocyte Bile 

ABCC2 

ABCB11 

ABCB1/3 

SLC10A1 

SLCO1B1 

Portal circulation 

ABCG2, the major efflux transporter mediating the 

intestinal efflux and biliary excretion of rosuvastatin 

ABCG2 

Systemic circulation 
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Effect of the ABCG2 421 C>A Polymorphism on the 
Pharmacokinetics of Rosuvastatin in Chinese and Caucasians 

Chinese 

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

Caucasians 

Keskitalo JE, et al. Clin Pharmacol Ther 2009; 86:197-203. 

 

Open circles: 421CC (n=16);  

Filled circles: 421CA (n=12); 

Filled triangles: 421AA (n=4). 
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Effect of SLCO1B1, ABCG2, and ABCB1 genotypes on 
the systemic exposure of various statins 
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521CC vs. 521TT 

Adapted from NiemI M. Clin Pharmacol Ther 2010; 87(1): 130-3 

421CC vs. 421AA 
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Tomlinson B, Hu M, Lee VWY et al., Clin Pharmacol Ther 2010;87: 558-62. 

ABCG2 421C>A 

Hu M et al., Pharmacogenetics and Genomics 2010, 20:634–637 
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Genetic Determinants of Statin-Induced Low-Density 
Lipoprotein Cholesterol Reduction in JUPITER Trial 

Chasman DI et al Circ Cardiovasc Genet. 2012;5:257-64 

ABCG2 rs1481012 Polymorphism 

P=1.7*10-15 

Horizontal line and boxes indicate the median and interquartile range of 

percentage reduction in LDL-C. Values beyond 1.5 times the 

interquartile range are indicated with circles 

The intronic rs1481012 A>G 

polymorphism in ABCG2 is in complete 

LD with the ABCG2 421C>A (r2=1)  

The allele frequency of the ABCG2 421C>A 

polymorphism is about 35% in Chinese compared 

to 14% in Caucasians 

-50.4 -55 -62.3 

Farnesoid X receptor (FXR), a bile-acid-activated 
nuclear receptor 

• FXR is a nuclear receptor and a receptor for bile acids 

 

• Activation of FXR leads to altered expression of many genes 
responsible for bile acid and lipid and glucose metabolism and 
transport 

 

• FXR also regulates multiple drug metabolizing enzymes and 
drug transporters (e.g. SLCO1B1, SLCO1B3, NTCP and some 
efflux transporters) by binding to FXR response elements and 
promoting transcription of target genes   
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Hu, M….Tomlinson B, J Lipid Res 2012; 53: 1384–9 

Genetic Polymorphisms & Plasma Concentration of 
Rosuvastatin in Routine Clinical Care 
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A sensitive method for simultaneous determination of rosuvastatin and 
N-desmethyl rosuvastatin in human plasma using LC/MS 

Lee HK, Ho CS, Hu M, Tomlinson B, Wong CK. 2013 May 30. doi: 10.1002/bmc.2944.  

The lower limit of quantifications of 0.05 and 
0.02 mg/L allowed simultaneous 
determination of plasma rosuvastatin and N-
desmethyl rosuvastatin over a period of 24 h 
in subjects receiving a single oral dose of 
10mg  rosuvastatin. 

Lee HK, Hu M,….Tomlinson B. Pharmacogenomics 2013; 14(11): 1283–94   
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Effect of the ABCG2 421C>A polymorphism on the plasma 
concentration of Rosuvastatin in Chinese Patients with 

hypercholesterolaemia 

Lee HK, Hu M,….Tomlinson B. Pharmacogenomics 2013; 14(11): 1283–94   

ABCG2 421C>A polymorphism 

Plasma concentrations of rosuvastatin stratified by genotypes 

of the SLCO1B1 521T>C and ABCG2 421C>A polymorphisms  

Lee HK, Hu M,….Tomlinson B. Pharmacogenomics 2013; 14(11): 1283–94   

SLCO1B1 521T>C and ABCG2 421C>A 
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Association between genotypic and phenotypic factors, and 
the plasma concentrations of rosuvastatin 

Lee HK, Hu M,….Tomlinson B. Pharmacogenomics 2013; 14(11): 1283–94   

Genome-wide association studies on the 
pharmacogenomics of statins   

Hu M, Tomlinson B. Pharmacogenomics. 2013 Jun;14(8):981-95. 
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Summary 

 

 
•    The hepatic uptake transporter SLCO1B1 plays an important role in 
determining the plasma concentrations and the risk of myopathy of statins 

•    The functional SNP 521 T>C in SLCO1B1 significantly increases the 
pharmacokinetics of statins and increases the risk of myopathy of simvastatin, but 
it had little effect on the hepatic exposure and lipid-lowering effect of statins 

•    The efflux transporter ABCG2 appears to significantly affect the absorption 
and the biliary excretion of the substrate statins.  

•    The loss-of-function mutation 421C>A in ABCG2 is the major genetic 
determinant of the pharmacokinetics and the lipid-lowering effect of rosuvastatin.  

 

Summary 

 

 
•    Pharmacogenomic studies on statins have improved our understanding of 
how genetic mutations influence drug response 

•     Some academic medical centers have already conduct SLCO1B1 genotyping 
and link this to medical record  at the point of prescribing simvastatin 

•    Changes in LDL-C may be predictive of clinical outcomes, but it would be 
more important to examine the impact of genetic polymorphisms on 
cardiovascular outcomes in statin users 
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