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Caractéristiques des lipoprotéines



Clear relationship between LDL-C and risk of CV events 

LDL-C is the main driver for atherosclerosis: 4 compelling lines of 
evidence

Eur Heart J 2022;72:2890 

Eur Heart J 2022;43:3198

LDL-Cholesterol



Eur Heart J 2017;38:2459 

Time-Exposure to low LDL-C



N Engl J Med 2016;375:2144

Reduced LDL-C via mutations is associated 
with low CVD in humans



N=438,952 (54.1% female, mean age 65.2 years); 24,980 CV events; quartile values of genetic scores 

Mendelian randomization: effects of lower LDL-C, lower SBP
or both on risk of major cardiovascular events

Extrapolation for effect of 
–1 mmol/L (~40 mg/dL) LDL-C 
and –10 mmHg systolic BP:
–78% RRR coronary events
–68% RRR cardiovascular deaths

JAMA 2019 Sep 2 doi: 10.1001/jama.2019.14120



Lipid levels during the first days of life

Asian J Pharm Clin Res 2014;4:165

En moyenne 1.2 -1.4 mmol/L 



An ideal level of LDL-cholesterol should be between 40-80 mg/dL
1.2 – 1.8 mmol/L

0% heart attack
What is the ideal level of LDL-cholesterol ?





Intensity of pharmacological LDL-C lowering

Eur Heart J 2020;41:111





Statines & Cholestérol



Lancet 1994;344:1383 

Statins – The evidences

RRR was 0.70 (95% CI 0.58-0.85, p=0.0003)

LDL-C went from 4.87 mmol/L to 3.17 mmol/L
with simvastatin 20mg/d



JAMA 2001;285:430

Statins save lives after acute MI

Statins – The evidences



N Engl J Med 2005;352:20 

1.8 mmol/L

2.6 mmol/L

Statins – The evidences



“The Lower is better”

- CTT-Analyse Lancet 2005, 
90’000 Patients, 14 Trials, 
Statin vs.  Placebo:

->  1mmol/l LDL-C↓  21% RR↓

- CTT-Analyse Lancet 2010, 
170’000 Patients, 26 Trials; 
Statin vs  Placebo + 
intensive vs. standard statin

-> 1mmol/l LDL-C↓  28 RR↓    

Cholesterol Treatment Trialists’ (CTT) Collaboration  Lancet 2010;376:1670

Statin – lipid-lowering & CV events



Statins - The evidences

The Lancet 2016;388:2532



Lancet February 2nd, 2019

Statins - The evidence



N Engl J Med 2016;375:2144

Reduced LDL-C via mutations is associated 
with low CVD in humans



Eur Heart J
2018;39:335



Eur Heart J 2018;39:2526



Lancet 2017;389:2473

Perception vs evidence – The nosebo effect



Statin discontinuation and CV morbidity and mortality 

Arch Intern Med 2006;166:1842



Metabolism of Cholesterol Synthesis

Bempedoic acid



N Engl J Med 2023;388:1353-1364 N Engl J Med 2023;388:1425-1426

Bempedoic acid and CV outcomes in statin-intolerant patients: 
CLEAR Outcomes trial



N Engl J Med 2023;388:1353-1364

Bempedoic acid to help statin !



Eur Heart J 2022;43:830

Combination therapy to better control blood lipid levels





Transport du Cholestérol



Absorption de cholestérol fluorescent
 par le petit intestin

J Lipid Res 1999;10:1747

Absorption du Cholestérol

* lumière de l’intestin



New Engl J Med 2014;371:2072

Pourquoi Ezetimibe ?



Pourquoi Ezetimibe ?

New Engl J Med 2014;371:2072





IMPROVE-IT  Primary Endpoint - ITT

N Engl J Med 2015;372:2387 

Cardiovascular death, MI, documented unstable angina requiring rehospitalization, 
coronary revascularization (≥30 days), or stroke

LDL-C: should we go lower after ACS ?





First subject treated

with PCSK9 mAb 

PCSK9-targeted mAb 
preclinicalPCSK9 discovery

Proof of concept in animals

Phase 2 studies 

published

Human target
validation

PCSK9 (Proprotein Convertase Subtilisin/Kexin 9)  
Rapid progress from bench to clinic in less than a decade 

2000 2001 2002 2007 2008 20112003 2004 2005 2006 2009 2010 2012 2013

First Phase 3 

data available 



• 2 families with hypercholesterolemia

• The region between D1S197 and D1S2890 on 
chromosome 1 contains 41 genes, including PCSK9

• PCSK9 is related to PCSK1 which is known to be 
involved in cholesterol metabolism

• First demonstration in humans that PCSK9 is involved 
in cholesterol metabolism

Nature Genetics 2003;34:154

PCSK9 Gain Of Function mutations in humans



PCSK9 Loss Of Function mutations in humans

• Coding region in 128 subjects with low LDL-C levels sequenced

• 5 missense mutations in PCSK9 gene identified (Y142X and C679X)

• Mutations in approximately 2% Africa Americans and 0.1% Caucasians

Nature Genetics 2005;37:161



Cholesterol metabolism in PCSK9 knock-out mice

• Serum cholesterol is less than 50% in PCSK9-

/- mice

• This is due to a decreased in LDL-C which is 
associated with increased expression of the 
LDLR

PNAS 2005;102:5374



PCSK9 loss of function mutation and 
very low LDL-C from birth

Am J Hum Genetics 2006;79:514
32 yo woman
Compound heterozygote for 2 LOF alleles in PCSK9
LDL-C  0.36 mmol/L  (13.92 mg/dL)
Fertile, college educated, physically coordinated
(fitness instructor)

Atherosclerosis 2007;193:445
African woman
Homozygote C679X
LDL-C  0.40 mmol/L  (15.47 mg/dL)
Healthy with children 



Impact of PCSK9 Loss of Function 
mutation on risk of MI

N Engl J Med 2008;358:2299

Lifelong impact of 16% lower LDL translates into 60% lower risk

Site Study OR for MI 95% CI p-value

Finland FINRISK 0.30 (0.11, 0.84) 0.02

Sweden
Malmo Diet and Cancer Study

CV cohorts
0.32 (0.07, 1.61) 0.17

Spain Registre Gironi del Cor (REGICOR) 0.35 (0.15, 0.82) 0.02

Seattle
Heart Attack Risk in 

Puget Sound
0.45 (0.21, 0.98) 0.049

Boston MGH Premature CAD Study 0.59 (0.21, 1.69) 0.46

Combined analysis 0.40 (0.26, 0.61) 0.0002

Favors LOF Favors Control



Fully human monoclonal antibody against PCSK9 
inhibits PCSK9/LDL-R interaction

PNAS USA 2009;106:9820



New Engl J Med 2017;376:1713

PCSK9 mAb and CV events 

N Engl J Med 2018;379:2097



PCSK9 mAb (evolocumab) and CV events 

Lancet 2017;390:1962



JACC Imag. 2022;15:1308

Coronary imaging study



JACC Imag. 2022;15:1308



JACC Imag. 2022;15:1308



JACC Imag. 2022;15:1308



Conclusions
Compared with placebo, alirocumab initiated in the 
setting of acute AMI on top of high-intensity statin 
therapy resulted in greater decrease in PAV, larger 
reduction in lipid burden and higher increase in 
minimal fibrous cap thickness after 52 weeks of 
treatment.

These findings indicate incremental coronary plaque 
regression, lipid core reduction and plaque 
stabilization with alirocumab and provide a 
mechanistic rationale in favor of early initiation of very 
intensive LDL-C lowering in acute MI patients.

JAMA 2022;327:1771



-2.5

-1.5

-0.5

0.5

1.5

2.5

M
ea

n 
ch

an
ge

 o
f P

AV

On treatment LDL-C  (mmol/L)

1 2 3
ASTEROID

Rosuva
SATURN
Rosuva

SATURN
Atorva

IBIS-4
Rosuva

REVERSAL
Atorva

REVERSAL
Prava

ILLUSTRATE
Atorva+Torcetrapib

ILLUSTRATE
Atorva

STRADIVARIUS
Placebo

STRADIVARIUS
RimonabantPRECISE

Atorva

PRECISE
Atorva+Ezetimib

GLAGOV
Placebo

GLAGOV
Evolocumab

HUYGENS
Placebo

HUYGENS
Evolocumab

PACMAN
Alirocumab

PACMAN
Placebo

Atherosclerosis plaque regression in serial IVUS studies



Monoclonal antibody 



New Engl J Med 2017;376:1527 

PCSK9 mAb (bococizumab) and CV events: SPIRE-1 and SPIRE-2 trials 



New Engl J Med 2017;376:1517   

PCSK9 mAb (bococizumab) and immunogenicity



Figure 2
Average reduction in LDL-C 
levels with different 
pharmacological therapies 
with proven cardiovascular 
benefit. 
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Approaches to reduce LDL-C levels

Nature Rev Cardiol 2018;15:261 



Gene-Protein Synthesis

Reference 1
Reference 2
Reference 3
Reference 4
Reference 557

Only ~2% of the human 
genome encodes proteins 
while a significant portion 
codes for 
non-coding RNAs (ncRNAs)

Small interfering RNAs 
(siRNAs) are short double-

stranded ncRNAs that 
function in gene silencing

siRNAs prevent protein 
synthesis by degrading 

unique target mRNA through 
a natural mechanism called 

RNA interference

ncRNAs are involved in gene 
regulation, RNA maturation 
and protein synthesis

DNA mRNA

Translation

Protein

Transcription

siRNA

Non-coding RNAs 



RNA interference enables a cell to specifically shut down 
protein production

DNA mRNA Protein

siRNA

RNA interference is a natural cellular 
mechanism that regulates the 
expression of a protein by targeting and 
silencing the translation corresponding 
mRNA

Transcription Translation

Shutdown of protein production 
by RNA interference

Gene-Protein Synthesis



What is inclisiran ?
Small interfering RNA

Chemical 
Modifications3,4

• Synthetic small interfering RNA (siRNA) 
conjugated with triantennary GalNAc
carbohydrate1,2

• Utilizes the natural RNA interference 
mechanism to degrade PCSK9 mRNA and 
prevent its translation to protein2

• 2′-fluoro and 2′-O-methyl modifications to 
increase compound stability

• Backbone phosphodiester linkages 
modified with phosphorothioates to 
protect from degradation by liver 
exonucleases

• Triantennary GalNAc conjugation for 
targeted hepatic delivery

Inclisiran

21-23mer double 
strand siRNA

3′

3′
Triantennary

GalNAc conjugate

Guide strand
Passenger strand

1Circ Res. 2017;120:1063 2N Engl J Med. 2017;376:41
3Data on file. Inclisiran. Investigator’s Brochure. Novartis Pharmaceuticals Corp; 2018 4N Engl J Med. 2017;376:4

What is inclisiran ?
Small interfering RNA

Chemical Modifications3,4

• Synthetic small interfering RNA (siRNA) 
conjugated with triantennary GalNAc
carbohydrate1,2

• Utilizes the natural RNA interference mechanism 
to degrade PCSK9 mRNA and prevent its 
translation to protein2

• 2ʹ-fluoro and 2ʹ-O-methyl modifications to 
increase compound stability

• Backbone phosphodiester linkages modified 
with phosphorothioates to protect from 
degradation by liver exonucleases

• Triantennary GalNAc conjugation for targeted 
hepatic delivery

Inclisiran

21-23mer double 
strand siRNA

3ʹ

3ʹ

Triantennary
GalNAc conjugate

Guide strand

Passenger strand

1Circ Res. 2017;120:1063 2N Engl J Med. 2017;376:41
3Data on file. Inclisiran. Investigator’s Brochure. Novartis Pharmaceuticals Corp; 2018 4N Engl J Med. 2017;376:4



Mechanism of action
GalNAc conjugation enables rapid uptake of inclisiran into hepatocytes via asialoglycoprotein receptor (ASGPR)

Rev Med Suisse 26 mai 2021;17(740):1039-46



Inclisiran treatment 
Dose & administration

Administration1,2

Subcutaneous 
injection in the 

abdomen by 
healthcare 

professionals

Injection1,2

1.5 mL solution per syringe

• 300 mg inclisiran sodium*

• Water as the diluent 

• Sodium hydroxide and phosphoric acid (pH 7)

• Stored at room temperature

Dose regimen1,2

Initial
dose

2nd

Dose
3rd

Dose

X..Dose

Treatment 
initiation

Long-term treatment
Every 6 months

3 
months

6 
months

6 
months

1Curr Pharm Des. 2018;24:3622; 2N Engl J Med. 2017;376:4



New Engl J Med 2017;376:1430

Lowering PCSK9 with siPCSK9



ORION-11: Efficacy
Durable, potent and consistent effect over 18 months

1. All 95% confidence intervals are less than ±2% and therefore are not visible outside data points

Percent change in LDL-C over time – observed values in ITT patients

New Engl J Med 2020;382:1507



Inclisiran clinical studies 
ORION development program

Rev Med Suisse 26 mai 2021;17(740):1039-46



Opportunities and challenges for the future
Efficacy of different approaches to lipid lowering 



The modern concept of lipid-lowering strategies to reduce 
cardiovascular diseases

Rev Med Suisse 26 mai 2021;17(740):1007-8

Rev Med Suisse 26 mai 2021;17(740):1039-46





Meta-analysis on > 320’000 pts: 

▪ Each mmol/L of LDL-C reduction is 
associated with a significant reduction of 
coronary events

Conclusions/Messages

LDL-C has both a causal and a cumulative effect on CHD risk

Cumulative effect of lifelong 
LDL-C

Athérosclérose 12-1-2026



Conclusions/Messages

Les statines (inhibiteurs de l’HMG-CoA synthase) diminuent la synthèse 
cellulaire de cholésterol et le taux sanguin de LDL.

Une réduction des événements et de la 
mortalité cardiovasculaire.

Athérosclérose 12-1-2026



Une diminution de l’absorption intestinal de cholésterol (ezetimibe) permet 
d’augmenter l’effet hypolipémiant des statines.

Conclusions/Messages Athérosclérose 12-1-2026



Une diminution de l’activité de PCSK9 (via un anticorps) diminue 
très largement le LDL, même en addition à un traitement de statine, ainsi que le 
risque de futurs événements cardiovasculaires

Conclusions/Messages Athérosclérose 12-1-2026
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