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Je considère que la publication de ce papier avec ses données incomplètes ne servira 

pas la science médicale ni ne permettra à ses auteurs une longue carrière
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Chou et al, JAMA 2016; 2008 - 24

Primary prevention
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Genome-Wide Scans for CAD and MI
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(Lack of )
Validation of Genetic Markers for CAD

Morgan T et al. JAMA 2007;297:1551
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Molecular Causes of Familial 
Hypercholesterolemia (FH)

LDL-R: 
Primary familial 
hypercholesterolemia

ARH:
Autosomal recessive familial 
Hypercholesterolemia

PCSK9:
Proprotein convertase 
subtilisin/kexin type 9

ApoB:
Familial defective Apo B
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Léonard de Vinci

Mona Lisa

1510
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Léonard de Vinci

Mona Lisa

1510

Xanthelasma ?
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Mona Lisa

1510

Xanthome ?
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PCSK9 = Proprotein convertase subtilisin/kexin type 9

Mayne J, Dewpura T, Raymond A, et al. Novel loss-of-function PCSK9 variant is associated with low plasma LDL cholesterol in a French-Canadian family and 
with impaired processing and secretion in cell culture. Clin Chem 2011;57:1415—23

Human PCSK9 gene :
•chromosome 1p32.3
•expressed in several organs (liver, kidney, 
intestine)
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Abifadel M, Varret M, Rabès JP, Allard D, Ouguerram K, Devillers M, Cruaud C, Benjannet S, 
Wickham L, Erlich D, Derré A, Villéger L, Farnier M, Beucler I, Bruckert E, Chambaz J, Chanu 

B, Lecerf JM, Luc G, Moulin P, Weissenbach J, Prat A, Krempf M, Junien C, Seidah NG, 
Boileau C. 

Mutations in PCSK9 cause autosomal dominant hypercholesterolemia. 
Nat Genet. 2003 Jun;34(2):154-6. 

… We report two mutations in the gene PCSK9 (encoding proprotein convertase subtilisin/kexin type 9) 
that cause ADH. PCSK9 encodes NARC-1 (neural apoptosis regulated convertase), a newly identified 
human subtilase that is highly expressed in the liver and contributes to cholesterol homeostasis.

ADH : autosomal dominant hypercholesterolemia
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PCSK9 genetic overview

Gain of function

Loss of function

LDL

Mortality CAD

LDL

Mortality CAD
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PNAS 2004

LDL receptor 
Knock-out

20
17

 ©
 23

èm
e  C

on
grè

s d
u C

NCH, T
ou

s d
roi

ts 
rés

erv
és

 - T
ou

te 
rep

rod
uc

tio
n m

êm
e p

art
iel

le 
es

t in
ter

dit
e.

20
17

 ©
 23

èm
e  C

on
grè

s d
u C

NCH, T
ou

s d
roi

ts 
rés

erv
és

 - T
ou

te 
rep

rod
uc

tio
n m

êm
e p

art
iel

le 
es

t in
ter

dit
e.

20
17

 ©
 23

èm
e  C

on
gr

ès
 du

 C
NCH, T

ou
s d

ro
its

 ré
se

rvé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.

20
17

 ©
 Le

s E
ntr

eti
en

s d
e B

ich
at,

 To
us

 dr
oit

s r
és

er
vé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 es
t in

ter
dit

e.

20
17

 ©
 23

èm
e  C

on
gr

ès
 du

 C
NCH, T

ou
s d

ro
its

 ré
se

rvé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.

20
17

 ©
 23

èm
e  C

on
gr

ès
 du

 C
NCH, T

ou
s d

ro
its

 ré
se

rvé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.

20
17

 ©
 23

èm
e  C

on
gr

ès
 du

 C
NCH, T

ou
s d

ro
its

 ré
se

rvé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.

20
17

 ©
 23

èm
e  C

on
gr

ès
 du

 C
NCH, T

ou
s d

ro
its

 ré
se

rvé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.

20
17

 ©
 23

èm
e  C

on
gr

ès
 du

 C
NCH, T

ou
s d

ro
its

 ré
se

rvé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.



20
17

 ©
 23

èm
e  C

on
grè

s d
u C

NCH, T
ou

s d
roi

ts 
rés

erv
és

 - T
ou

te 
rep

rod
uc

tio
n m

êm
e p

art
iel

le 
es

t in
ter

dit
e.

20
17

 ©
 23

èm
e  C

on
grè

s d
u C

NCH, T
ou

s d
roi

ts 
rés

erv
és

 - T
ou

te 
rep

rod
uc

tio
n m

êm
e p

art
iel

le 
es

t in
ter

dit
e.

20
17

 ©
 23

èm
e  C

on
gr

ès
 du

 C
NCH, T

ou
s d

ro
its

 ré
se

rvé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.

20
17

 ©
 Le

s E
ntr

eti
en

s d
e B

ich
at,

 To
us

 dr
oit

s r
és

er
vé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 es
t in

ter
dit

e.

20
17

 ©
 23

èm
e  C

on
gr

ès
 du

 C
NCH, T

ou
s d

ro
its

 ré
se

rvé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.

20
17

 ©
 23

èm
e  C

on
gr

ès
 du

 C
NCH, T

ou
s d

ro
its

 ré
se

rvé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.

20
17

 ©
 23

èm
e  C

on
gr

ès
 du

 C
NCH, T

ou
s d

ro
its

 ré
se

rvé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.

20
17

 ©
 23

èm
e  C

on
gr

ès
 du

 C
NCH, T

ou
s d

ro
its

 ré
se

rvé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.

20
17

 ©
 23

èm
e  C

on
gr

ès
 du

 C
NCH, T

ou
s d

ro
its

 ré
se

rvé
s -

 To
ute

 re
pr

od
uc

tio
n m

êm
e p

ar
tie

lle
 es

t in
ter

dit
e.



PCSK9: From discovery to therapeutic Applications – Michel Farnier - Archives of Cardiovascular Disease (2014) 107, 58—66
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PCSK9: From discovery to therapeutic Applications – Michel Farnier - Archives of Cardiovascular Disease (2014) 107, 58—66
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An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School
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59% mean reduction (95%CI 58-60), P<0.00001

Absolute reduction: 56 mg/dl (95%CI 55-57)
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Percentage change from phase 2 parent study baseline at week 52 in apolipoprotein B 
(ApoB), lipoprotein(a) [Lp(a)], triglycerides, high-density lipoprotein cholesterol (HDL-C), and 

apolipoprotein A1 (ApoA1). 

Michael J. Koren et al. Circulation. 2014;129:234-243

CRP
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Figure 1. Stability of PCSK9 concentrations over 1 year in the JUPITER placebo arm vs the 
rosuvastatin arm. PCSK9 concentrations in men and women at baseline and over 1 year.
Vertical bars, minimum and maximum values; box, interquartile range (IQR); horizontal bar, median; NS, 
nonsignificant; t=0, baseline values; t=12, 1-year values. *P 0.0001.

LDL and PCSK9 in JUPITER trial
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GLAGOV

• Nominal change in percent atheroma volume 
at 78 weeks: -0.95% in the evolocumab group 
vs. 0.05% in the placebo group (p < 0.001 for 
between-group comparison)

• Patients with plaque regression: 64.3% with 
evolocumab vs. 47.3% with placebo (p < 
0.001) 

• Major adverse cardiac events: 12.2% with 
evolocumab vs. 15.3% with placebo

Trial design: Patients with CAD and elevated LDL cholesterol on statin therapy were 
randomized to subcutaneous evolocumab (n = 484) vs. subcutaneous placebo (n = 486). 

Results

Conclusions
• Among patients with angiographic evidence of 

CAD on chronic statin therapy, the PCSK9 
inhibitor evolocumab resulted in a greater 
change in percent atheroma volume and a 
greater proportion of patients with plaque 
regression

Nicholls SJ, et al. JAMA 2016;316:2373-84

Evolocumab Placebo

%

(p < 0.001)

-0.95

0.05

Nominal change in % 
atheroma volume
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Trial Design

Evolocumab SC 
140 mg Q2W or 420 mg QM

Placebo SC
Q2W or QM

LDL-C ≥70 mg/dL or
non-HDL-C ≥100 mg/dL

Follow-up Q 12 weeks

Screening, Lipid Stabilization, and Placebo Run-in

High or moderate intensity statin therapy (± ezetimibe)

27,564 high-risk, stable patients with established CV disease 
(prior MI, prior stroke, or symptomatic PAD)

RANDOMIZED
DOUBLE BLIND

Sabatine MS et al. Am Heart J 2016;173:94-101
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Endpoints
• Efficacy

– Primary: CV death, MI, stroke, hosp. for UA, or coronary revasc

– Key secondary: CV death, MI or stroke

• Safety

– AEs/SAEs

– Events of interest incl. muscle-related, new-onset diabetes, neurocognitive 

– Development of anti-evolocumab Ab (binding and neutralizing)

• TIMI Clinical Events Committee (CEC)

– Adjudicated all efficacy endpoints & new-onset diabetes

– Members unaware of treatment assignment & lipid levels

Sabatine MS et al. Am Heart J 2016;173:94-101
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Baseline Characteristics

Characteristic Value

Age, years, mean (SD) 63 (9)

Male sex (%) 75

Type of cardiovascular disease (%)

Myocardial infarction 81

Stroke (non-hemorrhagic) 19

Symptomatic PAD 13

Cardiovascular risk factor (%)

Hypertension 80

Diabetes mellitus 37

Current cigarette use 28

Pooled data; no differences between treatment arms

Median time from most 

recent event ~3 yrs
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Lipid Lowering Therapy
& Lipid Levels at Baseline

Characteristic Value

Statin use (%)*

High-intensity 69

Moderate-intensity 30

Ezetimibe use (%) 5

Median lipid measures (IQR) – mg/dL

LDL-C 92 (80-109)

Total cholesterol 168 (151-189)

HDL-C 44 (37-53)

Triglycerides 133 (100-182)

Pooled data; no differences between treatment arms

*Per protocol, patients were to be on atorva ≥20 mg/d or equivalent.

1% were on low intensity or intensity data were missing.

Statin intensity defined per ACC/AHA 2013 Cholesterol Guidelines.
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An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School
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Evolocumab
(median 30 mg/dl, IQR 19-46 mg/dl)

Placebo

59% mean reduction (95%CI 58-60), P<0.00001

Absolute reduction: 56 mg/dl (95%CI 55-57)
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An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School
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Types of CV Outcomes

Endpoint

Evolocumab
(N=13,784)

Placebo
(N=13,780) HR (95% CI)

3-yr Kaplan-Meier rate

CVD, MI, stroke, UA, or revasc 12.6 14.6 0.85 (0.79-0.92)

CV death, MI, or stroke 7.9 9.9 0.80 (0.73-0.88)

Cardiovascular death 2.5 2.4 1.05 (0.88-1.25)

MI 4.4 6.3 0.73 (0.65-0.82)

Stroke 2.2 2.6 0.79 (0.66-0.95)

Hosp for unstable angina 2.2 2.3 0.99 (0.82-1.18)

Coronary revasc 7.0 9.2 0.78 (0.71-0.86)

Urgent 3.7 5.4 0.73 (0.64-0.83)

Elective 3.9 4.6 0.83 (0.73-0.95)

Death from any cause 4.8 4.3 1.04 (0.91-1.19)
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More Intensive LDL-C Lowering
& CV Death

# of CV Deaths

Trial Year More 

Intensive

Rx Arm

Less 

Intensive

Rx Arm

HR (95% CI)

PROVE-IT TIMI 22 2004 27 36 0.74 (0.45-1.22)

A2Z 2004 86 111 0.76 (0.57-1.01)

TNT 2005 101 127 0.80 (0.61-1.03)

IDEAL 2005 223 218 1.03 (0.85-1.24)

SEARCH 2010 565 572 0.99 (0.88-1.11)

IMPROVE-IT 2015 538 537 1.00 (0.89-1.13)

Summary 1540 1601 0.96 (0.90-1.03)

More intensive

therapy better

Less intensive

therapy better

0.2 0.5 1 2 5
NEJM 2004;350:1495-504
JAMA 2004;292:1307-16
NEJM 2005;352:1425-35
JAMA 2005;294:2437-45
Lancet 2010;376:1658-69
NEJM 2015;372:2387-97

No clear benefit on CV mortality

Study duration
Definition of CV mortality
Mortality of MI
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Safety

Evolocumab

(N=13,769)

Placebo

(N=13,756)

Adverse events (%)

Any 77.4 77.4

Serious 24.8 24.7

Allergic reaction 3.1 2.9

Injection-site reaction 2.1 1.6

Treatment-related and led to d/c of study drug 1.6 1.5

Muscle-related 5.0 4.8

Cataract 1.7 1.8

Diabetes (new-onset) 8.1 7.7

Neurocognitive 1.6 1.5

Laboratory results (%)

Binding Ab 0.3 n/a

Neutralizing Ab none n/a

New-onset diabetes assessed in patients without diabetes at baseline; adjudicated by CEC
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• Ebbinghaus: absence de déclin cognitif décelable par le Cambridge 
Neuropsychological Test Automated Battery, en 2 ans, sur 770 pts, avec 
Evolocumab, quelque soit le niveau de LDL-C. 

Un LDL-c très bas est associé à un déclin cognitif ?
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Bocozizumab - Spire

Ridker et al, NEJM 2017
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Bocozizumab - Spire

Ridker et al, NEJM 2017
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MACE / LDL at 4 weeks

Giugliano RP, ESC Congress 2017, Barcelona 8/28/2017

LDL-C 
(mM)

Adj HR (95% 
CI)

<0.5 0.76 (0.64-0.90)
0.5-1.3 0.85 (0.76-0.96)
1.3-1.8 0.94 (0.82-1.09)
1.8-2.6 0.97 (0.86-1.09)
> 2.6 referent

P = 0.0012

0,20 g/l 0,50 g/l 0,70 g/l 1,00 g/l
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An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School

Effect of Evolocumab by MI Type:
NSTEMI and STEMI

Days from Randomization

3-
Ye

ar
 K

M
 R

at
e

0%

1%

2%

3%

4%

5%

0 360 720 1080
0,0%

0,5%

1,0%

1,5%

2,0%

2,5%

0 360 720 1080

HR 0.77
(95% CI 0.68-0.88)

P<0.001

HR 0.64
(95% CI 0.49-0.84)

P<0.001

NSTEMI STEMI
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An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School

Diabetes at Baseline

Diagnosis of diabetes:

Median 

duration 5.7 y 

(IQR 1.9-11.9)

25% taking 

insulin
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An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School

LDL-C Reduction with Evolocumab

Patients w/o Diabetes at BaselinePatients w/ Diabetes at Baseline

57% mean reduction
P<0.00001

60% mean reduction
P<0.00001

0.8 mmol/L 0.8 mmol/LEvolocumab

Placebo2.2 mmol/L 2.4 mmol/L
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An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School

Effect of Evolocumab
on Primary Endpoint

Patients w/o Diabetes at 
Baseline

Patients w/ Diabetes at 
Baseline

Months after Randomization

C
V 

D
ea

th
, M

I, 
St

ro
ke

,
H

os
p 

fo
r U

A,
 o

r C
or

 R
ev

as
c

0 6 12 18 24 30 36
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An Academic Research Organization of 
Brigham and Women’s Hospital and Harvard Medical School

New-Onset Diabetes

In all patients w/o 
diabetes at baseline 
(1294 incident cases in 
16,510 patients):
HR 1.05 (95% CI 0.94-
1.17)

In patients w/ prediabetes 
at baseline (1163 incident 
cases in 10,338 patients):
HR 1.00 (95% CI 0.89-
1.13)
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Safety in Cohort With Stroke

Event Evolocumab
n

Placebo
n

p-value

Neurocognitive AE 53 53 0.942

Headache 93 115 0.097

Arthralgia 121 99 0.159

Fatigue 65 52 0.255

New onset diabetes 114 106 0.640

AST or ALT >3X ULN 36 44 0.339

Cataract 55 44 0.254
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p-interaction = 0.41
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P<0.001
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