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Outline of the presentation  

• State of the art on statin therapy  

 

• Explore unmet needs in CVD risk reduction  

 

• Pharmacological strategies:  

                           - the role of ezetimibe  

                           - biologics 

 

 



 

 

 

Cholesterol Treatment Trialists’ (CTT) Collaboration 

Lancet, November 9th, 2010; 6736(10) 61545-0 



CTT: Effects on Major Atherosclerotic Events 
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DYSIS (2008–2009): Almost Half of Statin-Treated  
Patients Were Not at LDL-C Goal1,a 

  

aStudy population: 22,063 statin-treated outpatients enrolled from 2,954 sites across 11 European countries and Canada. All data were 

collected from clinical examination and medical charts from single outpatient visits between April 2008 and February 2009. 

bLDL-C ≥3 mmol/L in patients with ESC score <5% and LDL-C ≥2.5 mmol/L in patients with ESC score  ≥5%, diabetes, and/or CVD. 

 DYSIS = Dyslipidemia International Study; CVD = cardiovascular disease; ESC = European Society of Cardiology.  

 1. Gitt AK et al. Eur J Prevent Cardiol. 2011;19:221–230. 
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All patients were on statin therapy 

High-risk = patients with preexisting CVD, diabetes, and/or ESC score ≥5%. 

 

(n=21,797) (n=17,583) (n=4,524) (n=10,587) 



Factors affecting the response 
to statins 

poor compliance 

background diet 

dose and uptitration of drug 

concomitant drug therapy 

Extrinsic factors 
(extraneous influences) 

Intrinsic factors 
(genetically-determined) 

LDL-receptor gene mutations 

apo-B-100 gene mutations 

 

 

CYP/transporter polymorphism  

apoE polymorphism 

 

 

rate of cholesterol biosynthesis 

rate of cholesterol absorption 



Muscular symptoms were reported in 10% of  

statin treated patients and led to discontinuation in 

30% of the symptomatic patients 

Nutrition, Metabolism & Cardiovascular Diseases 1-5, 2012 in press 



Individual LDL-C % Response to 
Atorvastatin 10mg/day  

Pedro-Botet J et al. Atherosclerosis 158 (2001) 183-193 
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Future development of lipid-lowering drugs 

• NPC1L1 (Ezetimibe)  

• CETP inhibition    

    (Anacetrapib*, Evacetrapib*) 

• Fibrates  

Further  

LDL-C  Combined 

LDL-C 

HDL-C 

Combined 

HDL-C 

TG      

 

 

 

• PCSK9 inhibition 

     (Monoclonal Ab*) 
 

• ApoB-100 Antisense 

oligonucleotides   

 

• Lopitamide    

Statin  

therapy 

Modified from Landmesser U Eur Heart J. 2013 ;34(17):1254-7 

• ApoCIII Antisense 

oligonucleotides 

 

• Gene Therapy  for 

LPL deficiency 
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1 Reduction of hepatic cholesterol 

2 Increased LDL receptor expression 

3 Increased clearance of plasma LDL-C 

Together, ezetimibe in combination 

with a statin provides: 

LDL-C 

NPC1L1 = Niemann-Pick C1-like 1; HMG-CoA = 3-hydroxy-3-methylglutaryl acetyl coenzyme A; CMR = chylomicron remnant. 
1. Grigore L et al. Vas Health Risk Manag. 2008;4:267–278.  

1 Cholesterol  
Pool 

3 

Ezetimibe and Statins Have Complementary 

Mechanisms of Action1 
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synthesis absorption synthesis 

absorption synthesis 

absorption 

As high as 60% LDL-C lowering via dual inhibition  

1. Assmann G, et al. J Am Coll Cardiol 2004;43(5, Suppl. 2):A445-A446;  2. Goldberg AC, et al. Mayo Clin Proc. 2004 May;79(5):620-9.; 

3. Davidson M et al. J Am Coll Cardiol 2002; 40:2125-34. 
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Inhibition of 

absorption 

Dual inhibition  

Statin + EZETROL 

Inhibition of synthesis 

EZETIMIBE 



Lipid-Lowering Efficacy of Ezetimibe and 

Ezetimibe/Simvastatin 

Adding ezetimibe to ongoing statin therapy  

Adding ezetimibe to ongoing statin therapy vs doubling 

the statin dose vs switching to rosuvastatin  

Heterozygous FH 

 Statin intolerance 
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Consistency of Co-Administration Studies 

21% 19% 

 23% 

 23% 

 21%  

Lipka L, et al. J Am Coll Cardiol (Suppl). 2002. 

Melani L, et al. J Am Coll Cardiol (Suppl). 2002. 

Davidson M, et al. J Am Coll Cardiol (Suppl). 2002.  

Ballantyne C, et al. J Am Coll Cardiol (Suppl). 2002. 

Bays H, et al. J Am Coll Cardiol (Suppl). 2002. 

Ezetimibe lowers LDL-C an added 19%-23% compared with statin alone 



Modified from ESC/EAS Guidelines for the Management  of Dyslipidaemias:  
Addenda, European Heart Journal 2011 

LDL-C>50% 

LDL-C<50% 

 Medium High 

   Statin dose* 

  Statins 
Ezetimibe 

*High Efficacy Statins  

Riduzione del colesterolo LDL con le 

statine disponibili a vari dosaggi 



Programma di studi sugli esiti clinici in >21.000 
pazienti ad alto rischio 

  N   

 

Study Population 

 

Treatments 

 

Primary Endpoint 

 

  ~725 HeFH Ezetimibe/ 

simvastatin 10/80 mg 

Simvastatin 80 mg 

CA IMT 

  ~1873 Asymptomatic aortic  

stenosis with LDL-C  

<6 mmol/L 

 

Ezetimibe/ 

simvastatin 10/40 mg 

vs Placebo 

 

CV death, aortic 

surgery, CV 

outcomes 

 

  ~9000 

 

Chronic kidney disease 

 

Ezetimibe/ 

simvastatin 10/20 mg 

vs Placebo 

CV outcomes (MI, 

stroke, coronary 

revascularization) 

  ~10,000 ACS Ezetimibe/ 

simvastatin 10/40 mg 

vs Simva 40 mg 

CV endpoints  

(death, MI, ACS, 

revascularization) 

Adapted from Kastelein JJP, et al. Am Heart J. 2005;149:234–239; Baigent C, Landry M. Kidney Int. 2003;63(suppl 84):S207–S210; Oxford Clinical 
Trial Service Unit. The Study of Heart and Renal Protection (SHARP). Available at: http://www.ctsu.ox.ac.uk/ ~sharp/. Accessed June 2005; Rossebo 
A, et al, for the SEAS Steering Committee. Presented at: XIII International Symposium on Atherosclerosis; September 23–October 2, 2003; Kyoto, 
Japan. Poster 3P-0870; Schering-Plough. IMPROVE-IT: Examining outcomes in subjects with acute coronary syndrome: Vytorin 
(ezetimibe/simvastatin) vs simvastatin (Study P04103). Available at: http://www.clinicaltrials.gov/ct/show/NCT00202878. Accessed November 2006. 





SHARP: Major Vascular Events in Patients Initially 

Assigned Ezetimibe/Simvastatin or Placebo  

 

SHARP = Study of Heart and Renal Protection; MI = myocardial infarction. 

1. MSD. Worldwide product circular. WPC–MK0653A-T-102012.  

Major vascular events occurred in 639 patients (15.2%) treated with ezetimibe/simvastatin 10/20 mg vs 

749 patients (17.9%) treated with placebo, corresponding to a 16% relative risk reduction 

Nonfatal MI or Cardiac Death, Stroke, or Any Revascularization Procedure 
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Relation between proportional reduction in incidence  

of major coronary and vascular events and absolute LDL cholesterol 

reduction at 1 year 

Cholesterol Treatment Trialists’ (CTT) Collaborators  Lancet 2005;366:1267

SHARP 



IMProved Reduction of 
Outcomes: Vytorin Efficacy 
International Trial 

A Multicenter, Double-Blind, Randomized Study to 

Establish the Clinical Benefit and Safety of Vytorin 

(Ezetimibe/Simvastatin Tablet) vs Simvastatin 

Monotherapy in High-Risk Subjects Presenting  

With Acute Coronary Syndrome 

 



Projected positioning of IMPROVE-IT in comparison with the 

relationship of LDL-C difference and proportional event reduction 

for intensive versus less intensive statin therapy trials 

Am Heart J 2014; 

168:205-212 



The LDL-C Decade: “Lower is Better” 
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Effects of cholesterol crystals on plaque integrity in 

coronary arteries of patients who died of ACS 

Crea F and Liuzzo G J Am Coll Cardiol 2013;61:1–11 



Future development of lipid-lowering drugs 

• NPC1L1 (Ezetimibe)  

• CETP inhibition    

    (Anacetrapib*, Evacetrapib*) 

• Fibrates  

Further  

LDL-C  Combined 

LDL-C 

HDL-C 

Combined 

HDL-C 

TG      

 

 

 

• PCSK9 inhibition 

     (Monoclonal Ab*) 
 

• ApoB-100 Antisense 

oligonucleotides   

 

• Lopitamide    

Statin  

therapy 

Modified from Landmesser U Eur Heart J. 2013 ;34(17):1254-7 

• ApoCIII Antisense 

oligonucleotides 

 

• Gene Therapy  for 

LPL deficiency 

 



Regolazione dell’espressione di LDLR per opera di PCSK9 

Lambert G. et al, Atherosclerosis 203 (2009) 1–7 



Interaction of PCSK9 and the LDL receptor  

Stein EA and Swergold GD  Curr Atheroscler Rep (2013) 15:310 



Manolis AS t al 
HOSPITAL CHRONICLES 
2014, 9(1): 3–10 

Clinical 

Pharmacology 

of PCSK9 

inhibitors 



Alirocumab concentration (A), free PCSK9 

levels (B), and % change in LDL-C froe 

baseline (C) after subcutaneous 

administration of alirocumab 75 mg 

Cardiovasc Ther. 2014 Sep 24 





Effects of AMG 145 and ezetimibe on LDL-C  

Placebo + Ezetimibe (n = 32) 350 mg AMG 145 (n = 31) 

420 mg AMG 145 (n = 32) 

280 mg AMG 145 (n = 32) 

420 mg AMG 145 + Ezetimibe (n = 30) 



LDL-C Goal Attainment at Week 12 
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Adverse Events and Laboratory Results 



Lancet 2005; 366:1267-1278  
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Major coronary e and cardiovascular events and   LDL-C reduction 
in statin trials 

(Meta-analysis of 14 trials, n=90.056, published from 1994 to 2004) 

-23% each 

1 mmol/L LDL-C 
-21% each 

1 mmol/L LDL-C 

Statin+ PCSK9 inhibitors:  

1) Further LDL-C reduction by  80-100 mg/dl (2.0 -2.5 mmol/l) 

2) Potential FURTHER CHD/CVD EVENT REDUCTION UP TO 40-50% 



Future development of lipid-lowering drugs 

• NPC1L1 (Ezetimibe*)  

• CETP inhibition    

    (Anacetrapib*, Evacetrapib*) 

• Fibrates  

Further  

LDL-C  Combined 

LDL-C 

HDL-C 

Combined 

HDL-C 

TG      

 

 

 

• PCSK9 inhibition 

     (Monoclonal Ab*) 
 

• ApoB-100 Antisense 

oligonucleotides   

 

• Lopitamide    

Statin  
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• Gene Therapy  for 
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