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Structural Formulas of HMG-CoA
and of some type 1 and 2 Statins
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Am J Cardiol 2010;105:69 –76

*32258 patients included in the meta-analysis



Percentage of patients with triglycerides 200 mg/dl 
(2.25mmol/L) achieving LDL-C treatment goals and combined 

LDL-C and non-HDL cholesterol treatment goals

Am J Cardiol 2005;96:556 –563
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• Changes in serum cholestanol and plant sterols (indexes of cholesterol absorption) and cholesterol precursors (indexes of cholesterol synthesis) in response to cholesterol reduction by 1 year's treatment with atorvastatin (n = 102) and simvastatin

(n = 105) in patients with coronary heart disease. 

• Serum cholesterol levels and ratios of the precursor sterols to cholesterol after 1 year treatment were reduced in proportion to the pretreatment values (33%±1% by simvastatin and 36%±1% by atorvastatin; P <.01 for difference between groups) 

• Plant sterol concentrations ratios with respect to cholesterol were increased by as much as 82% with atorvastatin and by as much as 39% with simvastatin.



Ipercolesterolemia Familiare (FH)

Caratteristiche cliniche forma eterozigote (1/500)
• Ipercolesterolemia: LDL-C 95 percentile (190 mg/dl)
• Xantomi tendinei: tendine d’Achille, tendini estensori 
delle dita, tendine rotuleo
• Arco corneale
• Cardiopatia ischemica (CHD) in età precoce

Caratteristiche cliniche forma omozigote (1/1000000)
• LDL-C marcatamente elevato (>300 mg/dl)
• Xantomatosi tendinea e cutanea (infanzia)
• Stenosi aortica e stenosi osti coronarici
• Angina, IMA, morte improvvisa (entro la III decade)

Mutazione di:

- LDL-R >90% casi
- Apo B ~ 5% casi
- PCSK9 ~ 1% casi

MALATTIA AUTOSOMICA CO-DOMINANTE



Distribution of treated LDL-C levels by treatment status among adults 

with heterozygous FH on LDL-lowering therapy (n=1084) 

The CASCADE FH Registry.

Emil M. deGoma et al. Circ Cardiovasc Genet. 2016;9:240-249

56% high-intensity
43.9% low/moderate intensity



How to improve LDL-C reduction

 Ezetimibe

 Colesevelam

 iPCSK9

 Lomitapide

How to improve highTG/low HDL  

 Fibrates

 Omega-3

The association therapy in dyslipidaemia



Ezetimibe is a potent and specific inhibitor of 

dietary and biliary cholesterol absorption
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Structure of Ezetimibe



Mechanism of action of ezetimibe

Vascular Health and Risk Management 2012:8:415



Effect of Ezetimibe on the In Vivo Kinetics of ApoB-48 and

ApoB-100 in Men With Primary Hypercholesterolaemia

Arterioscler Thromb Vasc Biol 2006;26:1101-1106



Ezetimibe monotherapy for cholesterol lowering in 

2,722 people: systematic review and meta-analysis of

randomized controlled trials

LDL-C

HDL-C

TG
%

(-16.7 to -24.2)

(- 5.2 to 10.9)

(2.1 to 3.9) 

J Intern Med 2009; 265: 568–580







Patients stabilized post ACS ≤ 10 days:
LDL-C 50–125*mg/dL (or 50–100**mg/dL if prior lipid-lowering Rx)

Standard Medical & Interventional Therapy 

Ezetimibe / Simvastatin 

10 / 40 mg

Simvastatin 

40 mg

Follow-up Visit Day 30, every 4 months 

Duration: Minimum 2 ½-year follow-up (at least 5250 events)

Primary Endpoint: CV death, MI, hospital admission for UA,

coronary revascularization (≥ 30 days after randomization), or stroke 

N=18,144

Uptitrated to 

Simva 80 mg 

if LDL-C > 79

(adapted per 

FDA label 2011)

Study Design

*3.2mM  

**2.6mM

Cannon CP AHJ 2008;156:826-32;  Califf RM NEJM 2009;361:712-7;  Blazing MA AHJ 2014;168:205-12 

90% power to detect 

~9% difference



LDL-C and Lipid Changes

1 Yr Mean LDL-C TC TG HDL hsCRP

Simva 69.9 145.1 137.1 48.1 3.8

EZ/Simva 53.2 125.8 120.4 48.7 3.3

Δ in mg/dL -16.7 -19.3 -16.7 +0.6 -0.5

Median Time avg

69.5 vs. 53.7 mg/dL



Primary Endpoint — ITT

Simva — 34.7% 

2742 events 

EZ/Simva — 32.7% 

2572 events 

HR 0.936 CI (0.887, 0.988)

p=0.016 

Cardiovascular death, MI, documented unstable angina requiring 

rehospitalization, coronary revascularization (≥30 days), or stroke

7-year event rates

NNT= 50

6.4% Treatment effect



First, additional, and total primary endpoint events during follow-up 
by randomization group and by prior CABG status. IMPROVE-IT study

European Heart Journal 2016 0, 1–9



• 396 patients randomly assigned to receive ezetimibe 10 mg/rosuva 20 mg, ezetimibe 10 mg/rosuva 10 mg, ezetimibe 10 

mg/rosuva 5 mg, rosuva 20 mg, rosuva 10 mg, or rosuva 5 mg in a 1:1:1:1:1:1 ratio.

• Primary end point was the difference in the mean percent change from baseline in LDL-C level after 8 weeks of treatment 

between the ezetimibe/ rosuvastatin and rosuvastatin treatment groups

Adverse drug

reactions

LDL-C 

reduction

125 post ACS patients randomly assigned to a rosuvastatin (10 mg/d, n = 42, 20 mg/d, n = 41) or combination therapy (ezetimibe 

10 mg/d and rosuvastatin 10 mg/d, n = 42) with a 12-week follow-up.



The impact of ezetimibe and high-dose of 
statin treatment on LDL levels in patients with 
heterozygous familial hypercholesterolaemia

Area testo

Int J Cardiol. 2009;134:280-1



Meccanismo di azione antiPCSK9  

Stein EA et al. Curr Atheroscler Rep, 2013

Riduzione attesa LDL-C in corso di trattamento con iPCSK9 50-60%



Alirocumab: relationship between mAb levels, 
PCSK9 and LDL-C
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Effects of alirocumab on VLDL-, IDL-, and LDL–apoB fractional 
clearance rates (A) and production rates (B). 

Gissette Reyes-Soffer et al. Circulation. 2017;135:352-362



Evolocumab Alirocumab

Safety and efficacy of anti-PCSK9 antibodies: a
meta-analysis of 25 randomized, controlled trials

Zhang et al. BMC Medicine 2015; 13:123
Riduzione LDL-C del 50-60%



Recent ACS 
(4-52 weeks)

Sabatine MS, et al. N Engl J Med 2017;376:1713

PCSK9i Outcome Trials: 
Are They Similar?

Schwartz GG et al. N Engl J Med 2018 [Epub ahead of print] 

Prior MI



3
9

Sabatine, et al. Am Heart J. 2016;173:94-101.

Lipid-lowering therapies

High-intensity statin (%)

Moderate-intensity statin (%)

Ezetimibe (%)

No statin (%)

Median LDL-C (mg/dL)

Total cholesterol (mg/dL)

HDL cholesterol (mg/dL)

Triglycerides (mg/dL)

89.5

7.8

2.9

2.5

86.5

160.0

42.5

129.2

69.2

30.4

5.1

0.2

91.5

167.0

44.0

133.0

Sabatine MS, et al. N Engl J Med 2017;376:1713

PCSK9i Outcome Trials: Lipid-lowering Therapies and Lipid 
Levels @ Baseline

Schwartz GG et al. N Engl J Med 2018 [Epub ahead of print] 



40

Outcomes relative reduction
FOURIER ODYSSEY

Primary endpoint 15% 15%

MI 27% 14%

Stroke 21% 27%

Unstable angina 1% 39%

CV death +5% increase (NS) 12% (NS)

All cause death +4% increase (NS) 15% (p=0.026*)

CONFIDENTIAL

* Nominal p value
Sabatine MS, et al. N Engl J Med 2017;376:1713

PCSK9i Outcome Trials: 
Main Results at a Glance

Schwartz GG et al. N Engl J Med 2018 [Epub ahead of print] 



Total Primary Endpoint Events

2714

2192

Placebo Evolocumab

1st 

Event

HR 0.85

(0.65-0.85)

(0.79-0.92)

Additional 

Events

RR 0.74

PCSK9i Reduced 
Total Events

Szarek M, et al. J Am Coll Cardol 2018, in pressSabatine MS, et al. N Engl J Med 2017;376:1713



How to improve LDL-C reduction

 Ezetimibe

 Colesevelam

 iPCSK9

 Lomitapide

How to improve highTG/low HDL  

 Fibrates

 Omega-3

The association therapy in dyslipidaemia



Proportion of patients with atherosclerotic cardiovascular disease in 
the Ontario, Canada, population with hypertriglyceridaemia and 

controlled LDLc

Lawler PR et al. Eur Heart J. 2020 Jan 1;41(1):86-94.



Fibrates: mechanisms of action on lipids

Duval C, et al. Trends Mol Med. 2002;8:422-430.
Lee CH, et al. Endocrinology. 2003;144:2201-2207.

Acyl-CoA
synthase

Acetyl CoA

FFA

Apo AI

Apo AII

ABCA1

Apo CIII

TG

Liver Circulation

Fibrates 
increase the 
expression 
of proteins 
in yellow

LPL
Decreased LDL
particles and

increased
particle size

LDL

Increased VLDL
clearance

Decreased VLDL
productionVLDL

Increased HDL
productionHDL

RESULTS

 25-55%Triglycerides  5-20% HDL-C  LDL-C Variabile



Adding Fenofibric Acid* to a moderate-dose statin 
improved the three key lipids vs. monotherapy

*Moderate-dose statins included in study: simvastatin 40 mg, atorvastatin 40 mg and rosuvastatin 20 mg

+18%

+9%

-42%

-24%

-5%

-35%

Moderate-dose statin

Feno + 
Moderate-dose statin

Fenofibric acid

p<0.001

Feno + low-dose statin*: pooled results through 12 weeks

HDL-C TG LDL-C

p<0.001

p<0.001

Jones PH et al. J Clin Lipidol. 2010;3(2):125-37.

*Bioequivalent to 145 mg of fenofibrate

Randomisation 2,715 patients with mixed dyslipidaemia : LDL-C ≥130 mg/dL,
TG ≥150 mg/dL and HDL-C <40 mg/dL for men and <50 mg/dL for women



ACCORDION – 9.7 yrs Follow-up

Elam MB et al. JAMA Cardiol. doi:10.1001/jamacardio.2016.4828, Published online December 28, 2016.



Meta-Analysis of Safety of the Coadministration of Statin With

Fenofibrate in Patients With Combined Hyperlipidaemia

Am J Cardiol 2012;110:1296–1301

Summary of results of meta-analysis on (B) adverse events related to study drug, and 

(C) serious adverse events.



Efficacy and Tolerability of Adding Prescription
Omega-3 Fatty Acids 4 g/d to Simvastatin 40 mg/d in
Hypertriglyceridemic Patients*: An 8-Week, Randomized,
Double-Blind, Placebo-Controlled Study (COMBOS STUDY)

Clinical Therapeutics 2007; 29: 1354

* Persistent hyperTG (200mg/dl - 500 mg/dl)

1-g capsule of P-OM3 contains ethyl esters of omega-3, EPA 465 mg and DHA 375 mg



Efficacy and Safety of Eicosapentaenoic Acid Ethyl Ester Therapy 
in Statin-Treated Patients With Persistent High Triglycerides  

(ANCHOR Study)

73% diabetes mellitus; median baseline TG level was 259.0 mg/dl 

Am J Cardiol 2012;110:984–992





Reduction of CV Events with Icosapent Ethyl-Intervention 
Trial

4 g/die of 96% pure ethyl ester of  EPA Bhatt DL, Ballantyne CM et al. Clinical Cardiology. 2017;40:138–148.



TG 216 mg/dl

LDL-C 74 mg/dl





25%



Key notes 

• A proportion of patients ranging between 30% to 70%

may not adequately respond to statin monotherapy

• Dyslipidaemias where more frequently statin

monotherapy therapy could fail are HeFH (residual

LDL-C) and mixed hyperlipidaemia (residual

highTG/low HDL-C)

• The association of statins with ezetimibe is good

option to improve LDL-C reduction (additional 20%

LDL-C) in HeFH as well as in high risk patients

• The association of statins with fibrates or omega-3

are good options to correct highTG residual

dyslipidemia



• same pharmacokinetics 

• synergistic effects: the efficacy should be higher 

compared to the sum of the single drugs

• less adverse events and better tolerated

• Simplified treatment regimen: better adherence 

and potential for improved outcomes

• Economic benefits (fewer copayments, health care 

costs reduced, fewer office visits)


