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Exposé

v Cholestérol/ Statine/ Ezetrol

v Les inhibiteurs de PCSK9

v Un dessert, salé...



Chole:  bile Stereos:  solide

Cholestérol

Fait partie des substances fondamentales de l’organisme et est un 
composant de tous les tissus 

Le cholestérol est important en tant que: 

- Elément de la membrane cellulaire

- Substance de base pour:
- les acides biliaires (digestion de certains aliments)
- vitamine D (formation des os)
- hormones (oestrogènes et testostérone)
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MRFIT: Age-Adjusted CHD Death Rate �
and Serum Cholesterol in 361,662 US Men

Lancet 1986;2:933

Cholestérol et et Risque Cardiovasculaire 



Homozygous familial hypercholesterolaemia is characterised by very high LDL 

cholesterol concentrations (usually >13 mmol/L), cutaneous and tendinous 

xanthomata, and early cardiovascular disease, and untreated patients rarely survive 

beyond the age of 30 years.

Cholestérol et athérosclérose



JACC 2015;65:1552-61

La preuve génétique: 
le LDL-c est un facteur de risque cardiovasculaire



The Lancet September 8th, 2016
30 pages, 309 references
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Myopathy: (about 1 case per 10 000 people treated per year) and even smaller 
excesses in the incidence of rhabdomyolysis (about 2-3 cases per 100 000 treated 
per year). It usually resolves rapidly when statin therapy is stopped. 

New-onset diabetes: the absolute excess was about 10-20 per 10 000 per 
year. There is also no good evidence of an excess of microvascular complications 
related to diabetes with statin therapy (as described below).

Haemorrhagic strokes: an absolute excess of about 5-10 per 10 000 
patients in whom LDL cholesterol is reduced by 1-2 mmol/L for 5 years with 
statin therapy. The increase in haemorrhagic stroke is outweighed by the 
reduction in the risk of ischaemic stroke.

The Lancet September 8th, 2016

Statines – les évidences



Symptomatic muscle pain: would appear to be no more than about 10-20 
cases yearly per 10 000 treated individuals, with only about one of those cases 
associated with substantial elevations in creatine kinase concentrations (ie, 
myopathy) and requiring statin therapy to be stopped.

Neuro-cognitive function: given the weight of evidence against adverse 
effects of statin therapy on memory or other aspects of cognition, it would 
now be appropriate for regulatory authorities to consider their removal from 
lists of potential adverse effects on the drug labels so that patients are not 
inappropriately deterred from using statin therapy.

The Lancet September 8th, 2016

Statines – les évidences



JAMA 2001;285:430

Le traitement de statine après 
infarctus sauve des vies. 

Statines – les évidences



N Engl J Med 2005;352:20 

1.8 mmol/l

2.6 mmol/l

Statines – les évidences



HOPE-3 (statin alone)

NEJM April 2, 2016;374:21

Funding was provided by the Canadian Institutes of Health Research and AstraZeneca.
AstraZeneca provided the trial drug, served as a single voting member on the 24-member steering 
committee, and had no other role in the trial.

Statines – les évidences



Dyslipidémies - Guidelines



Dyslipidémies cibles



Malgré les bénéfices des traitements hypolipémiants, 
de nombreux patients en prévention secondaire �

n’atteignent pas les valeurs cibles de LDL-c

•  SPUM-ACS (Bern-Genève-Lausanne-Zurich)
•  n=1472 après syndrome coronarien aigu 

•  30% à la valeur cible de 1.8 mmol/L après 12 mois

Atherosclerosis 2015;239:118-24 



Meta-analysis of 44 studies, n= 1 978 919; 135 627 CVD events; 94 126 cases of all-cause mortality

9% of all CVD events in Europe could be attributed to 

poor adherence to vascular medications alone

Eur Heart J 2013;34:2940

Adherence to statins 0.55

Relative risk of death for adherence
> 80% versus < 80%



J Lipid Res 1999;40:302

Great variability in statin response

Atherosclerosis 2001;158:183

Response to 10mg Atorvastatin



Cholesterol absorption in the general population: 
1-3 of 10 persons are “high absorbers” 

J Lipid Res 1999;40:302

-   15% of the general population are extreme�
 “high absorber“ and 2% are extreme �
 “high synthetizer“ �
 

-  In about 1/3 of the population the rate of     
cholesterol absorption is > 60% and in about 
10% the rate of cholesterol-synthesis >60%�
    

-> high absorber do not or little respond to 
statin therapy   �

-> high synthesizer: the contrary

Individuals with 50% synthesise
and 50% resorption

33%

15%

10%

2%

Broad variation of LDL-C lowering



Counter-regulation of cholesterol 
absorption and synthesis

~50%

~50%



LDL-cholesterol – Is lower better ?



IMPROVE-IT  Primary Endpoint - ITT

NEJM June 3, 2015;372:2387-97 

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

LDL-cholesterol – Is lower better ?



IMPROVE-IT shows benefit:

First study, to show an additional benefit by adding a 
non-statin-drug to the statin therapy.

Non statin lowering of LDL-c with Ezetimibe (in addition to a statin) 
additionally lowers CV events.

Even lower LDL-c is even better !

Lipid-theory: lowering LDL-c reduces CV events, again confirmed

Guidelines should be reviewed.

LDL-cholesterol – Is lower better ?



Études sur des statines1,2
Baisse du taux de LDL-C  
en mesure de 1 mmol/l 
(38,7 mg/dl) sur 5 ans:

§  Réduction de 12% de la 
mortalité totale

§  Réduction de 19% de la 
mortalité coronarienne

§  Réduction de 21% 
d'évènements tels qu'un 
infarctus du myocarde ou un 
AVC

Méta-analyse CTT: rapport linéaire entre la réduction 
absolue du taux de LDL-C et la réduction �

proportionnelle des événements vasculaires

Modifié d'après: Baigent C et al., CTT Collaborators. Lancet, 2005 Oct 8;366(9493):1267-78. CTT Collaboration, 
Baigent C et al. Lancet, 2010 Nov 13;376(9753):1670-81. Cannon CP et al.; IMPROVE-IT Investigators. N Engl J Med. 2015 Jun 18;372(25):2387-97
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JACC 2015;65:1552-61

La preuve génétique: 
le LDL-c est un facteur de risque cardiovasculaire



PCSK9 
(Proprotein Convertase Subtilisin/Kexin 9)  



Gain of function mutations in PCSK9 in humans

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



Loss of function mutations in PCSK9 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% European Americans

Nature Genetics 2005;37:161



Cholesterol metabolism in PCSK9 knock-out mice

PCSK9-/- mice are compared to wild type 
mice at 12 weeks of age

Both groups were fed normal rodent chow 
ad libitum

Body weight may be slightly higher in 
PCSK9-/- 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 is a regulator of hepatic LDL 
receptor expression

•  Less LDL-R
•  Higher plasma LDL-C

•  More LDL-R
•  Lower plasma LDL-C

Absence of PCSK9Presence of PCSK9

Qian YW, Schmidt RJ, Zhang Y, et al. J Lipid Res. 2007;48:1488-1498
Horton JD, Cohen JC, Hobbs HH. J Lipid Res. 2009;50(suppl):S172-S177

Rashid S et al. PNAS USA 2005;102:5374-5379
Brown MS, Goldstein JL. PNAS USA1979;76:3330-3337

Steinberg D, Witztum JL. PNAS USA 2009;106:9546-9547
Goldstein JL, Brown MS. ATVB 2009;29:431-438



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

Am J Hum Genetics 2006;79:514-23
32 yo woman
Compound heterozygote for 2 LOF alleles in PCSK9
LDL-c  0.36 mmol/L
Fertile, college educated, physically coordinated
(fitness instructor)

Atherosclerosis 2007;193:445-8
African woman
Homozygote C679X
LDL-c  0.40 mmol/L
Healthy with children 



NEJM 2006;354:1264

Loss of function mutations for PCSK9 in humans 
are associated with CHD risk reduction



Adapted from Cohen JC et al. NEJM 2006;354:1264
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(-28%)

88% reduction in the risk of 
CHD events during 15-year 
follow-up

Loss of function mutations for PCSK9 in humans 
are associated with CHD risk reduction



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

PNAS USA 2009;106:9820-25



First subject treated 
with PCSK9 mAb  

PCSK9-targeted 
mAb preclinical PCSK9 discovery 

Proof of concept in animals 

Phase 2 
studies 
published 

Human target 
validation 

PCSK9 – Rapid progress from bench to clinic �
in less than a decade 

2000 2001 2002 2007 2008 2011 2003 2004 2005 2006 2009 2010 2012 2013 

First Phase 3  
data available  



HeFH, heterozygous hypercholesterolemia; HoFH, homozygous hypercholesterolemia.  ClinicalTrials.gov. Accessed September 2015. 

Evolocumab: PROFICIO addresses key areas of 
unmet need in the management of dyslipidemia

Combination
therapy

Statin intolerant

Monotherapy

HeFH

Long-term 
safety and efficacy

Open-label
extension

HoFH/ Severe FH

Secondary
Prevention

Atherosclerosis

Phase 2
(n=631)

Phase 3
(n=1896)

Phase 2
(n=411)

Phase 3
(n=614)

Phase 2
(n=160)

Phase 3
(n=329)

Phase 2
(n=168)

Phase 2
(n=1324)

Phase 3
(n=4428)

Phase 3
(n=901)

Phase 3
(n=27,564)

Phase 3
(n=950)

Phase 2/3
(n=300)

Phase 2/3
(n=58)

   Neurocognition
Phase 3
(n=1972)

Phase 3
(n=307)

Phase 3
(n=519)

>35,000 patients

Published 
Robinson, JAMA 

Published  
Koren, JACC 

Published  
Stroes, JACC 

Published  
Raal, Lancet 

Published  
Raal, Lancet 

Published  
Blom, NEJM 

Published  
Sabatine, NEJM 





Phase 3 Trials: Evolocumab, Alirocumab, Bococizumab
Patient Pop’n Evolocumab (PROFICIO program) Alirocumab (ODYSSEY program) Bococizumab (SPIRE program)

 

  Trial N Dur’n  
(m)

Predicted 
Pt 

Exposure 
(Y)

Min B/L 
LDL-C 

(mg/dL)

Trial
  N Dur’n 

(m)

Predicte
d Pt 

Exposure 
(Y)

Min B/L 
LDL-C 

(mg/dL)
Trial  N Dur’n 

(m)

Predicte
d Pt 

Exposure 
(Y)

Min B/L 
LDL-C 

(mg/dL)

 

HeFH
RUTHERFORD-2 327 3 51 ≥100

FH I 471 18 471 ≥70

FH 300 12 200 >70

 

FH II 250 18 250 ≥70
 

HAUSER (paeds) 150 6 50 ≥130 HIGH FH 105 18 105 ≥160
 

HoFH
TESLA 50 3 8 ≥130                    

 

.
TAUSSIG  (OL) 300 60 1000 ≥100                    

 

Combo Therapy LAPLACE-2 1896 3 258 ≥80

COMBO I 316 12 209 ≥ 70 
HR 600 12 400 >70  

COMBO II 720 24 958 ≥70 
 

OPTIONS I 345 6 51 ≥70 
LDL 1932 12 1288 >70  

OPTIONS II 300 6 150 ≥70
 

Monotherapy MENDEL-2 614 3 71 ≥100 MONO 103 6 24 ≥70 AI 300 3 50 ≥70
 

Statin 
Intolerance

GAUSS-2 307 3 47 None
ALTERNATIVE 314 6 47 ≥70 SI 150 6 23 ≥70  

GAUSS-3 511 36 984 None
 

Long term
DESCARTES 901 12 600 ≥75 LONG-TERM 2341 18 2341 ≥70

LL 690 12 460 ≥100  

OSLER-2 (OL) 3671 24 5904 None OLE (OL) 1200 28 2800 None
 

Atheroma GLAGOV 970 18 970 ≥60    
 

Totals    Patients 10462 Predicted Pt  Yrs ~ 9943    Patients 5465 Predicted Pt Yrs ~ 7302 Patients 3972 Predicted Pt Yrs ~ 2421
 

CVD Outcomes FOURIER 27,564
Event 
driven NA ≥70 OUTCOMES 18,000

Event 
driven NA ≥70

SPIRE-
1 17,000

Event 
driven NA ≥70 & <100

 

SPIRE-
2 9,000

Event 
driven NA ≥100

 

Neurocognitive 
events EBBINGHAUS 1972 in 

FOURIER
End of  

FOURIER N/A ≥70    
 



NEJM 2015;372:1489-99 NEJM 2015;372:1500-9

mAb-anti-PCSK9 and LDL-c



Primary endpoints: CHD death, Non-fatal MI, Fatal and non-fatal 
ischemic stroke,UA requiring hospitalisation

ESC Late Clinical Breaking Trial  2014 NEJM 2015;372:1500-9

mAB-anti-PCSK9 and CV events



ESC 2016; Hot line Prevention and Lipids / August 29, 2016  

mAb-anti-PCSK9 and LDL-c



Ann Intern Med Jul 7, 2015;163:40-51

Effects of PCSK9 mAb in adults 
with hypercholesterolemia 



LDL-c percentage of change from baseline

-45%

Effects of PCSK9 mAb in adults with hypercholesterolemia 

Ann Intern Med Jul 7, 2015;163:40-51



HDL-c percentage of change from baseline

+7%

Effects of PCSK9 mAb in adults with hypercholesterolemia 

Ann Intern Med Jul 7, 2015;163:40-51



Lp(a) percentage of change from baseline

-25%

Effects of PCSK9 mAb in adults with hypercholesterolemia 

Ann Intern Med Jul 7, 2015;163:40-51



Increase in CPK levels Serious adverse events

Effects of PCSK9 mAb in adults with hypercholesterolemia 

Ann Intern Med Jul 7, 2015;163:40-51



LDL-cholesterol and CV Risk

Eur Heart J 2015:36:1146-8



FOURIER: cardiovascular outcomes with PCSK9 
inhibition in subjects with elevated CV risk

CV, cardiovascular; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol;  LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; 
PAD, peripheral arterial disease; Q2W, once every 2 weeks; QM, once monthly; SC, subcutaneous; UA, unstable angina.

Evolocumab SC 
Q2W or QM 

~13,750 subjects

Placebo
Q2W or QM 

~13,750 subjects

�
�

LDL-C
≥70 mg/dL

or 

non-HDL-C
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Screening, placebo  run-in, 
and lipid stabilization 

period 

Effective statin therapy (high 
statin dose or an equivalent 

statin dose ± ezetimibe)

28,500 patients with clinically evident CVD (prior MI, stroke or PAD)
Age 40 to 85 years, ≥1 other high-risk features

Primary endpoint: CV death, MI, hospitalization for UA, stroke, coronary revascularization



Swiss Med Wkly April 2015;145:w14094

PCSK9 inhibitors review

Swiss Med Wkly November 2015;145:w14179 

RMS March 2016;12:440-4 

Swiss Med Wkly 2016; in press 



Dyslipidémies - Guidelines



Dyslipidémies traitements



PCSK9, indications et limites

Eur Heart J 2016; October 27, 2106



Eur Heart J 2016; October 27, 2106

PCSK9, indications et limites



Eur Heart J 2016; October 27, 2106

PCSK9, indications et limites





Dyslipidémies hypercholestérolémie familliale



SPUM Inflammation – acute coronary syndromes

Eur Heart J July 2015;36-2438

Prevalence of Familial Hypercholesterolemia in CH



Prognosis of Familial Hypercholesterolemia in CH

Nanchen D. et al; ESC abstract 2016; Circulation 2016; online

Incidence of recurrent coronary events after ACS, 
by presence of FH (n=4’534)

Incidence of recurrent coronary events in young patients 
with premature ACS, by presence of FH (n=1’369)

SPUM Inflammation – acute coronary syndromes



Kaplan–Meier curve estimates of cumulative CHD-free survival among individuals 
with familial hypercholesterolemia according to statin treatment

Eur Heart J 2013;34:3478

Treatment of Familial Hypercholesterolemia



Euro Heart J 2015;36,2425 

Treatment of Familial Hypercholesterolemia



Eur Heart J 2016; October 27, 2106

PCSK9, indications et limites



Traiter le cholestérol – les évidences



attainable with 
statin monotherapy

attainable with 
statin + ezetimibe

A practical approach to reach LDL-C goal
ESC pocket guidelines:





Oui, le cholestérol est un facteur de risque CV,

Oui, le traitement de statine diminue le risque de 
futur événements CV, 

Oui, le traitement de statine a des effects 
secondaires, bénins,

Oui, lorsque bien indiqué, le traitement de statine 
est, très largement, coût-bénéfique,

Les PCSK9 mAb sont des médicaments très 
puissants pour permettre d’atteindre les valeurs 
cibles, mais ne doivent être préscrits que dans 
certaines indications, et chez des patients à très 
haut risque CV.

Cholestérol/statines – conclusions


