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Statin Benefit  

 Statins are the cornerstone of cholesterol-lowering 

theraphy for the prevention of CHD. 

 Recent meta-analysis,  in individuals with 5-year risk of 

major vascular events lower than 10%, each 1 mmol/L 

(39 mg/dl) reduction in LDL cholesterol with statin therapy 

produced an absolute reduction in major vascular events 

of about 11 per 1000 over 5 years. 

Mihaylova B, et al. Lancet 2012;380:581-90. 



Statins Issues  

 Despite the widespread use of statins, patients continue to experience 

residual risk. 

 

 16-53% of patients worldwide fail to achieve goal lipid targets, with even 

higher rate (79%) in patients with familial forms of hypercholesterolemia. 

 

 10-20% patients are unable to tolerate statins due to statin-related adverse 

events, particularly higher doses. 

Ford ES, et al.  Int J Cardiol 2010; 140:226e35. 

Waters DD, et al. Circulation 2009;120:28e34. 

Kotseva K, et al. Eur J Cardiovasc Prev Rehabil 2009;16:121e37. 

Pijlman AH, et al. Atherosclerosis 2010;209:189e94. 

Zhang H, et al. Ann Intern Med 2013;158:526–34 

Bruckert E, et al. Cardiovasc Drugs Ther 2005;19:403e14. 



Statins & PCSK9  

 Interestingly, statin treatment increases the expression of LDL-

receptor gene, in addition upregulates convertase subtilisin kexin 9 

(PCSK9) mRNA expression, increased the expression of PCSK9 may 

attenuate the LDL-lowering effect of statins.  

 

 In other words, blocking PCSK9, PCSK9 inhibitors would enhance the 

LDL-lowering effects of statins.  

Dubuc G, et al. Arteriosclerosis, thrombosis, and vascular biology 2004;24:1454-9. 

Rashid S, et al. Proceedings of the National Academy of Sciences of the United States of America 2005;102:5374-9. 



Discovery of PCSK9 

 In 2003, Seidah et al. identified the ninth member of the proprotein 

convertase family-PCSK9. 

 

 Gain-of fucntion (GOF) mutation in PSCK9 was associated with mild 

to severe hypercholesterolemia and an increased risk of CHD. 

 

 In 2005, the first loss-of-function (LOF) described. (eg.Y142X and 

C679X) were associated with reduction in LDL-C and reduction in 

the risk of CHD. 

Seidah NG, et al. Proceedings of the National Academy of Sciences of the United States of America 2003;100:928-33. 

Tibolla G, et al. NMCD 2011;21:835-43. 

Davignon J, et al. Current atherosclerosis reports 2010;12:308-15. 

Cohen J, et al. Nature genetics 2005;37:161-5. 

Cohen JC, et al .The New England journal of medicine 2006;354:1264-72. 



PCSK9 gene mutation associated with a GOF 

on protein activity 

Tibolla G, et al. NMCD 2011;21:835-43. 



PCSK9 gene mutation associated with a LOF 

on protein activity 

Tibolla G, et al. NMCD 2011;21:835-43. 



PCSK9-LOF (Y142X & C679X) 

Cohen JC, et al .The New England journal of medicine 2006;354:1264-72 



Introduction PCSK9 

 PCSK9, as a newly discovered serine protease, directly 

interacts with the LDLR both within the cell and at the 

surface of the plasma membrane, caused the 

degradation of hepatic LDLR and thereby controls the 

level of LDL in plasma.  

Seidah NG. Expert Opin Ther Targets 2009;13:19-28. 

Seidah NG, et al. Nat Rev Drug Discov 2012;11:367-83. 

Tibolla G, et al. NMCD 2011;21:835-43. 

Lambert G, et al. J Lipid Res 2012;53:2515-24. 



LDL Receptor Function and Life Cycle 

 



The Role of PCSK9 in the Regulation of LDL Receptor Expression 

 



Introduction PCSK9 & Atherosclerosis 

Denis M, et al. Circulation 2012;125:894-901. 



Introduction PCSK9 inhibition 

Including: 

 (1) inhibition of PCSK9 synthesis by gene silencing agents 

(antisense oligonucleotides or small interfering 

RNA_siRNA) 

 (2) inhibition of PCSK9 binding to LDLDR by monoclonal 

antibodies (mAbs), small peptides or adnectins. 

 (3) inhibition of PCSK9 autocatalytic processing by small 

molecule inhibitors 
Hedrick JA. Curr Opin Investig Drugs 2009;10:938-46. 

Rhainds D, et al. Clin Lipid 2012;7:621-40. 

Seidah NG. Expert Opin Ther Targets 2009;13:19-28. 

Seidah NG, et al. Nat Rev Drug Discov 2012;11:367-83. 

Hooper AJ, et al. Expert Opin Biol Ther 2013;13:429-35. 



Introduction PCSK9 inhibition-  

human monoclonal antibodies 

 Several mAbs targeting PCSK9 have been tested in 

preclinical studies to assess their disruption of the PSCK9-

LDLR interaction or inhibition of PCSK9 internalization. 

 Targeting PCSK9 in FH patients with novel anti-PCSK9 

therapies will be useful in reducing cardiovascular risk in 

affected subjects. 

Rhainds D, et al. Clin Lipid 2012;7:621-40. 

Saavedra YGL,et al. Arteriosclerosis, thrombosis, and vascular biology 2014;34:2700-2705. 



Impact of PCSK9 inhibition on LDL Receptor Expression 

 



PCSK9 Inhibition 

Mechanism Substances Human data  

Monoclonal  

antibody 

SAR 236553 (Sanofi) 

AMG145 (Amgen) 

RN316/Rf04950615 (Pfizer) 

available 

available 

available 

 Heterozygous Familial Hypercholesterolemia 

 Statin intolerance 

 High-risk patients not at target levels 



PCSK9-directed agents in development 



SAR236553/REN727 Phase III trial 

 



AMG145 Phase III trial 



RN316 (PF-04950615) Phase III trial 



SAR236553/REN727 vs. Atorvastatin 

Phase II Trial Randomized Clinical Trial 

Roth EM, et al. The New England journal of medicine 2012;367:1891-900. 



SAR236553/REN727 vs. Atorvastatin 

Phase II Trial Randomized Clinical Trial 

Roth EM, et al. The New England journal of medicine 2012;367:1891-900. 

Adverse Events and Potentially Clinically Significant Abnormalities in the Safety Population ☆ 

☆The safety population included all patients who underwent randomization and who received    

   at least one dose or partialdose of SAR236553 or placebo 



SAR236553/REN727 vs. Statin 

The ODYSSEY OPTIONS I and II 



AMG145 (Evolocumab) 

DESCARTES Randomized Placebo-controlled Study 

Blom DJ, et al. The New England journal of medicine 2014;370:1809-19. 



Blom DJ, et al. The New England journal of medicine 2014;370:1809-19. 

DESCARTES: LDL-C Goal Achievement 



DESCARTES: Changes in Mean Levels of PCSK9 

Blom DJ, et al. The New England journal of medicine 2014;370:1809-19. 



DESCARTES: Treatment Emergent Adverse Events 

Blom DJ, et al. The New England journal of medicine 2014;370:1809-19. 



Blom DJ, et al. The New England journal of medicine 2014;370:1809-19. 

DESCARTES: Treatment Emergent Adverse Events II 



DESCARTES: Hepatic and Muscle Safety  

Blom DJ, et al. The New England journal of medicine 2014;370:1809-19. 



SAR236553/REN727 Phase III trial 

 



AMG145 Phase III trial 



RN316 (PF-04950615) Phase III trial 



Summary  

CSK9 inhibitors, REGN727/SAR236553 or 

AMG145, whether combination with other lipid-

lowering agents or not, have significantly decreased 

LDL-C levels with well tolerance. 

 Long-term clinical studies are required to define 

their roles in clinical practice. 



Thank you for your attention. 


