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Le Dr Michel de Lorgeril a été le premier a montrer que les études « miraculeuses »
sur les médicaments contre le cholestérol sont, comme le dit le Dr Horton, biaisées.
En réalité, les statines n'empéchent ni les infarctus ni les AVC.



Le rationnel :

lipides et athéroscléerose



Atherosclerose : plausibilite anatomique

Courtesy Z. Mallat



Plausibilité epidémiologique :
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% reduction of events

Plausibilité thérapeutique : la baisse du LDL
réduit les evénements CV et la mortalité

Major vascular events Mortality
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LDL:

Rosuvastatin
18/24 mths

Réversibilité des plaques
Essais REVERSAL, ASTEROID et SATURN

Mean change in % atheroma volume of mild plaques
by repeated IVUS

1,90
0,60
-0,98 -0,99 I_I
REVERSAL ASTEROID SATURN

Pravastatin Atorvastatin Rosuvastatin  Atorvastatin

110 mg 79 mg /dL 61 mg/dL 70 mg/dL 63 mg/dL
Nissen SE, et al. JAMA 2004; JAMA 2006, NEJM 2011



GLAGOV: evolocumab vs placebo
on top of statins

Primary Endpoint: Percent Atheroma Volume Percent of Patients Showing Regression in PAV

Statin Monotherapy Statin plus Evolocumab

0.2

Change
in Percent
Atheroma

Volume

(%)

Percantage of Patients (%

Statin Statin-
monotherapy evolocumab

f_l'u')h'\\!'/‘\ Pre OSSOS

Nissen et al. JAMA 2016



Plausibilité génétique
PCSK9 gene mutation: ARIC study

Favorable mutations (nonsense) of the proprotein convertase subtilisine kexine 9 gene are
associated with lower LDL-cholesterol levels

Blacks Whites
i
LDL=-28 % LDL=-15%
88 % reduction of CV events 50 % reduction of CV events

NEJM 2006



Plausibilité génétique :
abaisser le LDL-c diminue le risque CV

Major vascular events
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Effect of NPCIL1 gene mutations on CHD

 NPCIL1 is a protein implicated in the transport of cholesterol
from the gut lumen into the enterocytes, and is inhibited by
ezetimibe

e (Case-control and cohort studies in 7,364 CHD patients and
14,728 controls

* 15 inactivating mutations:

0 I
10 Delta LDL Delta CHD events
=20 -12

-30
-40
-50
-60

Myocardial infarction genetics consortium. NEJM 2014



Le role du HDL

Les polymorphismes génétiques responsables d’une hausse du LDL sont associés a une hausse des événements
CV, ainsi que cela est observé dans les études observationnelles

Contrairement aux résultats des études observationnelles, les polymorphismes associés a un HDL élevé n’ont
pas d’'impact sur les événements => I’association rapportée par les études observationnelles est biaisée
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Odds ratio (95% CI) Odds ratio (95% Cl) per SD
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LDL cholesterol 1.54 (1.45-1-63) 213 (1.69-2:69), p=2x10"

HDL cholesterol ~ 0-62 (0.58-066)  0-93(0-68-1-26), p=0-63
Voight Lancet 2012; 380:572-80



En somme

* Le cholestérol est a la fois un constituant de la plaque
d'athérome, et un facteur de risque.

e (C'est un facteur de risque majeur dans
I'hypercholestérolémie familiale.

* En dehors de cette situation, I'impact du niveau de LDL-c
sur l'athérome est modulé par les autres facteurs de
risque : schématiquement, plus I'endothélium est abimé,
plus le cholestérol peut passer dans la paroi artérielle et
constituer des plagues. Cela expliqgue pourquoi on peut
avoir de I'athérome méme en présence de niveaux
"normaux" de LDL-c.



Traitement hypolipémiant en

prévention primaire



WHO clofibrate trial in primary prevention

WHO trial
Men in Budapest,
Prague, Edinburgh

8 « 7,4 [ Clofibrate
- 5331 clofibrate 7 5.9 M Placebo
- 5296 placebo 6

5
5-year F/U 4

3

5 16 1.8

1 |

0

IHD IHD death

complications

Mean decrease in cholesterol level on clofibrate: 9%

Br Heart J 1978; 40: 1069



Les statines en prévention

primaire



MEGA : pravastatine a faible dose dans une
population japonaise en prévention primaire

e 8214 sujets (hommes 40-70 ans, femmes méonopause-70 ans)
avec CT 2,3-2,7 g/I.

Randomisation régime vs régime + prava 10-20 mg
Suivi 5,3 ans

 LDL réduit de 18 % dans le groupe pravastatine

e Critére principal : -33% (3.3% vs 5.0%), P=0,01
— Infarctus : -48 %
— AVC: -17%
— Déceés : 2.7 % vs 3.8% -28%  (p=0,055)

Déces groupe contréle : 0.72 % / an

Lancet 2006



HOPE 3

Inclusion critena
Women aged > 65 vy and men agcd >55y
At least 1 of the following additional CV risk factors:
Waist-to-hip ratio > 0.85 in women and > 0.90 in men
History of current or recent smoking (regular tobacco use within 5 y)
Low HDL-C (< 1.0 mmol/L in men and < 1.3 mmol/L in women)
Dysglycemia (impaired fasting glucose, impaired glucose tolerance, or
uncomplicated diabetes treated with diet only)
Early renal dysfunction
Family history of premature coronary heart disease in first-degree
relatives (age < 55 y in men or < 65 y in women)
Provision of informed consent

Randomisation : plan factoriel 2x2
Rosuvastatin 10 v. placebo

Candesartan/HCTZ 16/12.5 v. placebo

228 centres, 21 pays

Lonn E et al. Can J Cardiol 2016

Recruitment 2007-2010

15,469 screened

1

14,665 active run-in (4 wks)

/ \ intolerant
505 (3.4%)
Poor adherence

860 (5.9%) N Unwilling
595 (4.0%)

12,705 randomised
1%t Primary end-point  P<0.04

CV death, Ml or stroke

Follow-up
5.6 years (99.1%)

2" primary outcome: P<0.02
+ CHF, cardiac arrest, revasc



HOPE 3 : traitement antihypertenseur

Sabgrow Pret vare -

Secondary 335 (5.3%)
CV Death 155 (2.4%)
M 52 (0.8%)
Stroke 75 (1.2%)
CV Hosp. 319 (5.0%)

Lonn E et al. New Engl J Med 2016
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HOPE 3 : rosuvastatine 10 vs placebo

APO B-100 (g/L)

LOL-C{mgidL)

® .\\P;ul =] Placebo
3 ‘
[ v Al

CRP (log)mgtL)

Rosuvastatin N

Outcome

(%)
Co-Primary 1 235 (3.69)
Co-Primary 2 277 (4.35)
Secondary 1 306(4.81)
CV Death 154 (2.4)
M 45 (0.7%)
Stroke 70 (1.1%)
CV Hosp. 281 (4.4)
All cause death 334 (5.3)

Yusuf S et al. New Engl J Med 2016
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0.02
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Placebo HR
N (%) (95% Cl)
304 (4.79) 0.76 (0.64-0.91)
363 (5.72)  0.75 (0.64-0.88)
393 (6.19) 0.77 (0.66-0.89)
171(2.7)  0.89 (0.72-1.11)
69 (1.1) 0.65 (0.44-0.94)
99 (1.6%)  0.70 (0.52-0.95)
369 (5.8)  0.75 (0.64-0.88)
357(5.6)  0.93 (0.80-1.08)

0.32



HOPE 3 : rosuvastatine 10 vs placebo
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HOPE 3 : combinaison des 2

traitements
Pas de synergie ni d'antagonisme

CV Death M| Stroke

004

002 A

00 4

0
Overall

28% 6%

Combination Rosuvastatin
Only

Yusuf S et al. New Engl J Med 2016
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HOPE 3 : sécurité de la rosuvastatine 10

Rosuvastatin Placebo
N (%) N (%) P
Permanent Discontinuation 1510 (23.7) 1664 (26.2) 0.001
Rhabdomyolysis/Myopathy 2(0.1) 1 (0) 1.0
Muscle pain/ weakness 367 (5.8) 296 (4.7) 0.005
Cataract Surgery 202 (3.3) 159 (2.6) 0.02
New Diabetes 232 (3.9) 226 (3.8) 0.82
DVT/ pulmonary embolism 14 (0.2) 31 (0.5) 0.01

Yusuf S et al. New Engl J Med 2016



WOSCOPS : suivi de mortalité a 20 ans
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Ford I. et al. Circulation 2016



Méta-analyse de toutes les études statines
en prévention primaire : mortalité

Cochrane Collaboration. Statins for the primary prevention of cardiovascular disease. 2013

Total (95% CI) 24408 23652 9 0.86 | 0.79,0.94 |



Our previous conclusion urging caution in the use of statins in
people at low risk of cardiovascular events is no longer tenable
in light of the CTT Collaboration findings. Several issues remain
to be considered before widespread use of statins could be rec-
ommended in people at low risk (Ebrahim 2012; Smeeth 2012).
These include: 1) the feasibility and desirability of having to treat
the majority of people over the age of 50 with a statin; 1) the cost-
effectiveness of such a strategy using a conventional healthcare de-
livery systems; ii1) diversion of attention from achieving coverage
in people at high risk of events; iv) use of alternative public health
strategies to lower blood cholesterol; v) the views of patients on
life-long drug therapy; and vi) limited evidence on less serious bur
nonctheless potentially important adverse effects and quality of

life.

Un choix de santé publique doublé d'un choix individuel

Cochrane Collaboration. Statins for the primary prevention of cardiovascular disease. 2013



Mortalité dans les essais statines en
prévention primaire

1.1 All-cause death

Statin Control Risk Ratio Risk Ratio
Study of Subgroup Events Total Events Total Weight M-H Fixed 93°%Cl M.H_Fixed 95°% Cl
ACAPS 1 460 8 450 O08% 0.1210.02. 0.99)
AFCAPS/TEXCAPS B0 3304 7 33, 7.4% 1041076, 1.41) 'J"
ASPEN 4 % 41 MO0 40% 1.06 {0.70, 1.60) ¥ &
Bore 0 23 0 119 Not essmable
CARDS 61 1428 82 10 80% 0731053, 1.0v) -
HOPE 3 334 a3 357 6344 45% 09310.81, 1.08) J
JUPITER 168 8001 247 2001 239% 0.80 {0.67, 0.90)
KAPS 3 224 4 212 04% 0.7110.16, 3.13) -1 1 T
MEGA 55 800 79 3066 7.5% 0.71 |0.51, 1.00} el
PHYLLIS 1 254 0 254 0.0% 3.000.12, 73.30) .
PREVEND IT 6 43 4 4am 0.4% 1401042, 5.25) g
WOSCOPS 106 3302 135 3293 13.1% 0.78 {0.61, 1.01) -
Total (95°% C1) 2000 29630 100.0"% 0.86 [0.79, 0.94) Y
Total events 889 1054 . N . .
Hetorogeonetty. Ch' = 1147 & = 10 (P = 032 ¥ = 13% '001 Ot’ - "0 ‘00'

Tost for overall eflect: 2 = 3 40 (P = 0.0007)

Favours statin  Favours control



Mortalité des essais statines en prévention
primaire apres exclusion de |'étude JUPITER,
terminée prématurément

Statn Control Risk Ratio Risk Ratio
Study or Subgroup Evonts Total Events Total Wesght M.H, Fixed, 95% C1  Year MH Fixed, 955\ C1
ACAPS 1994 ! 450 8 450 10% 012002, 09% 1994 - 1
KAPS 1995 3 I ¢ 212 05% 0719018319 1995 S——
WOECOPS 1987 106 23302 135 3203 17.2% 078061, 10V} 1997 -
AFCAPSITEXCAPS 1998 80 3304 7 330 98% 1.04 076, 141 1998 -
CARDES 2004 81 1478 82 1410 105% D7IPS3 10 2004 e |
PHYLLIS 2004 | 154 0 254 01% 3J00P1Z2, 7330 2004
PREVEND IT 2004 6 433 < N 05% 149042, 525 2004 S ——
ASPEN 2006 " 59 41 046 S52% 106 070 160 2006 -T
MEGA 2008 & 848 19 3066 99% 071051, 1008 2008 -
Bone 2007 0 239 0 118 Not estmadle 2007 |
HOPE 3 2016 334 B35t 357 6344 454% 0939081, 108 2016 "
Total (95% CI) 20820 20735 1000% 088]0.79,0.97) [
Total everts & 787 |
Mettrogently CHP= 1070, =8P =020) F=16% '00’ 01 3 {O 100‘

TestRroweal et Z= 258 P =010 Favours statn  Favours confrol



Les risques potentiels

du traitement



HOPE 3 : sécurité de la rosuvastatine 10

Rosuvastatin Placebo
N (%) N (%) P
Permanent Discontinuation 1510 (23.7) 1664 (26.2) 0.001
Rhabdomyolysis/Myopathy 2(0.1) 1 (0) 1.0
Muscle pain/ weakness 367 (5.8) 296 (4.7) 0.005
Cataract Surgery 202 (3.3) 159 (2.6) 0.02
New Diabetes 232 (3.9) 226 (3.8) 0.82
DVT/ pulmonary embolism 14 (0.2) 31 (0.5) 0.01

Yusuf S et al. New Engl J Med 2016



Statins and new onset diabetes

Lancet 2010



Statin dose and new onset diabetes

Preiss et al. JAMA 2011



Risque de diabete avec les statines puissantes :
bases de données de remboursement

Dormuth CR et al. BMJ 2014



Statines et cancer :

Pas d'augmentation d'incidence ni de mortalité

S-year MVE risk  Events (% per annum) RR (C1) per 1-0 mmol/L reduction Trend test
at baseline in LDL cholesterol
Statin/more Control/less
Cancer incidence
<5% 324(0-73) 315 (0-70) - 105 (0-85-1-31)
25% 1o <10% 605(1-10) 663(1-21) . . 091 (0-78-105)
210% to <20% 1804 (1-42) 1827 (1-45) 100{0-91-1-10) =083
220% 10 <30% 1667 (1-79) 1628 (1.76) £ 102(0.93-112) (p=0-4)
230% 821(204) 777 (1-92) 102 (0-90-1-16)
Overall $221(1:45) 5210 (1-45) <> 1.00 (0.96-1.04)
p=0-99
Cancer death
<5% 64(0-14) 571{0:13) $ 114(069-189)
25% 10 <10 171{0 30) 186 {0:33) 093 (071-1.23)
210% 1o <20% 697 (0.54) 718 (0.56) 100 (0-86-116) =001
220% 10 <30% 609 (0.64) 5384 (0.61) I 102 (088-119) (p09)
230% 293(0) 304 (0-73) — e ——— 097 (080-119)
Overall 1834 (0-50) 1849 (0-50) <> 0499 (0-93-1-06)
p=0-86
-~ 99% kmits q> 95% limits 0 '_go ()ryg 1 1.3g 1 %0

CTT collaborators Lancet 2012

Statin/moee better

Controd/less better



Statines et survie apres diagnostic de cancer :
Registre Danois

A Nationwide Stuady B Matched Study
Death from Any Cause Death from Any Cause

8
8

1 Hazard ratio, 0.55 [95% C1. 0.53-0.87)

‘ Hazard ratio, 0.86 (95% C1, 0.5)-0.89) Statin use
P<0.001 by logrank test — |

P«0.01 by log-rank test

75
No statin

No statin use
use

SO~
£ Statin use

Cumulative Incidence (%)
Cumulative Incidence (%)
e

25+
° 4 | 1 o | L L 4 1
0 b 10 1% 0 b 10 1%
Years of Follow-up Years of Follow-up
Death from Cancer Death from Cancer
- 1007 . — 100+ .
£ azard ratio, 0.85 (95% €I, 0.82-0.87) £ Hazard ratio, 0.85 {95% CI, 0.81-0.87)
~ P«<0.001 by log-rank test a P«<0.001 by logrank test
¥ 754 ¥ 754
,8 No statin use ,3 No statin use
g 50+ S — O Statin use g 50+ R Statin use
v —r— v —
. /— . /
g
§ 54 f § 254
o o
0 T T 1 0 T T 1
0 S 10 15 0 5 10 15
Years of Follow-up Years of Follow.up
No, of Patients No. of Patients
at Risk at Risk
Statin use 18,72} 3,005 165 0 Statin use 15.247 2.7 149 0
No ststinuse 227,204 82,137 27.554 378 No statin use  45.74) 3,060 976 4

Nielsen et al. NEJM 2012
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HOPE 3: Change in Cognitive Outcome

BP Lowering
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@ Primary Endpoint |
Spatial Working Memory Strategy Index """

25 mPlacebo  mEvolocumab Non-inferiority
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@ Secondary Endpoint Results

ebbinghaus
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inZ-scores Pguperiority

0033 0.36

0023 0.49

0073 0.06




Effets secondaires des statines selon la dose

Simvastatine 80 mg Simvastatine 20 mg
SEARCH (n=6031) (n=6033)

CPK >5 a £10 fois normale 77 (1-3%) 31 (0-5%)
CPK >10 a < 40 fois normale 45 (0:7%) 12 (0-2%)
CPK>40 fois normale 23 (0-4%) 0
Myopathie a minima 82 (1:4%) 2 (0-0%)
Myopathie** 53 (0-9%) 2 (0:0%)
INT Atorvastatine 80 mg Atorvastatine 10 mg
(n=4995) (n=5006)
Tout effet secondaire 406 (8.1%) 289 (5.8%)
Arrét traitement pour effet 2ndaire 7.2% 5.3%
ASAT/ALAT > 3x Normale 60 (1.2%) 9(0.2)
. Forte dose Dose plus faible
Méta-analyse JAMA 2011 (n=16408) (n=16344)
OR apparition diabete (IC 95%) 1.12 (1.04-1.22)

SEARCH collaborative group Lancet 2010; LaRosa et al. NEJM 2005; Preiss et al. JAMA 2011



Douleurs musculaires apres introduction
d'un traitement par statines
32,225 HMO members

1997-2004
Matched on age and year

Subgects Wah Diabetes Subjects Wehowr Daberes
Stann intators No Stanin Exposure Statin Initiators No Stanin Exposure

Myopathic Evers (n= 10247 in= 10247 I o (n=21978) (in= 21978 P
Myalgia*

Froportsan expenencing event % $82(536-6.27) 470429511 «0.001 666 (633-697) 3 29(3.05-3.52) oo

Yevalence rate/ 1000 person-years 150(16.4-19.6) 1S8{143174) 0055 200(188-21.3%) 10.8 {9.9-11.8) <0001
Mid myositn’

HOPOrOn expenencing event, % 1.72{1.47-1.97) 0.59(0.44-0.75) <0.001 1.95(1.76-2.13) 0.27 (0.20-0.134) <000

Prevalence rate/ 1000 person-years 4.7 {3.9-5.6) 1.7 {1.3-2.3) <0 001 4.5(39-5.) 0.8 (0.6-1.1) <0001
Severe nwostist

HOPOrDBON EXPEe nCing event % 0.27{0.132-0.30) 014 (0 07-0.21) 3,182 0.30(0.23-0.38) 007 (00401 <0001

revalence rate/ 1000 person years 04{0.2-0.7) 0.3{(0.1-0.5) 0.359 0.5 (0.6-1.1) 0.2{0.1.0.4) <0.0M
Rhabdomyolyses®

Froporton expenencing event, % 013 {0.06-0.20) 012 (0.05-0.18) J.541 012(008-0.17) 0.07 {(0.03-0.10! 0.064

Prevalence rate/ 1000 person-years 0.1 {(0.1-0.3) 0.2{01-0.5) 0425 0.2(0.1-04) 0.2001-04) 0990
Arry myopathe: event

Froportson expenencing event, % 789({7.35-840) 554 (510599 <0001 903(865-941) 369 (345-3.94) <0001

Frevitlence rate) 1000 personyears 24.2({224.26.2) 1891 73.20.7 <0.001 268 (254.28.2) 126{110.635.7) <0.0M

Adjusted HR = 1.29 (1.15-1.45) HR =2.12 (1.92-2.35)

Nichols GA et al. Clin Ther 2007



GAUSS 3 : evolocumab vs ezetimibe
chez des patients intolérants aux
Résultats de la phase A Statl Nes

Table 2. Patients Experiencing Intolerable Muscle-Related Symptoms During Phase A of GAUSS-3 Trial*

Atorvastatin Placebo Followed by

Followed by Placebo Atovastatin All Randomized Patients
Category, No. (%) (n = 245)° (n = 246) (n = 491)°
Symptoms with atorvastatin 126 (51.4) 83(33.7) 209 (42.6)
but not placebo
Symptoms with placebo 4 88 (35.8) 130 (26.5)
but not atorvastatin
Symptoms with both placebo 2. 26 (10.6) 48 (9.8)
and atorvastatin
No symptoms with either 47 (19.2) 38(15.4) 85 (17.3)
treatment
Did not start persod 2 treatment 8(3.3) 11 (4.5) 19 (3.9)

Lorsque le traitement est administré en aveugle, 36 % des patients dits "intolérants
aux statines" (au moins deux essais de statines avec abandon avant |'étude) ont des
symptoémes musculaires sous placebo (26 % ont méme des symptomes sous placebo,
mais pas sous statine ...)



Quand débuter le traitement ?



Cholesterol as plaque substrate
PCSK9 gene mutation: ARIC study

Favorable mutations (nonsense) of the proprotein convertase subtilisine kexine 9 gene are

associated with lower LDL-cholesterol levels

Blacks
LDL=-28 %

NEJM 2006

v

No Iy

Whites

b rw

A

JER 1P

LDL=-15%



Lowering LDL-c decreases
CV events and mortality

Major vascular events

5 5
50

40% =

N
Blacks : 38 mg/dl reduction in people s
with the favorable mutation 3
' g
88 % reduction of CV events g
Black: 138 -> 100 mg/d| ----20% M e Bt e W - Qh
®
<
®
White: 137 -> 116 mg/dl  ‘jpsc=f-===r== 9" - '?"
[7,)

»

Blancs : 21 mg/dl reduction in people l

with the favorable mutation o e T 1

' 0.5 10 1S 20

50 % reduction of CV events
Reductson in LDL cholestesol (mmol/L)

CTT collaborators Lancet 2005



Effect of NPCIL1 gene mutations on CHD

 NPCIL1 is a protein implicated in the transport of cholesterol
from the gut lumen into the enterocytes, and is inhibited by
ezetimibe

e (Case-control and cohort studies in 7364 CHD patients and
14,728 controls

* 15 inactivating mutations:

0 I
10 Delta LDL Delta CHD events
=20 -12

-30
-40
-50
-60

Myocardial infarction genetics consortium. NEJM 2014



Le concept de charge en cholestérol : la
maladie met des decennies a se développer,
agir tard est moins efficace

Savpe

Lower LDL-C Meta Arabyun S2e M) ORMENO

1 0 menciL Gorwtc Sucven 3P rd -4 0881041050
8.7 o) Sube Trads il AN o oMo
0.5 memcilL Gorwle Saches 312521 — - 087 D402
03 mpen  Swee Tri 138 = 047 PO
028 mevell  Crwie Saches 31251 = 042 1950088
0 7 o) Suse Trioky 169 138 u 092 12 63.0.94)
9 135 i vt Shatvin A SF B 4] . Q9 1O
4 2 mpian) Suar Traks e 18 u 088 280407

| |

o oM I am oM W

Ference JACC 2012,;60:2631-9.



Relative risk reduction of CV events
according to risk level of the trial populations

>0 Primary prevention

39
40 34

30

18 19 17
20 P for trend

10 0.003

0
50 <5% 5-<10%  10-<20% 20-<30% > 30%

4 i
0 Secondary prevention

30 27

22 19 21

20 16 P for trend

0.9
10

0

<5% 5-<10% 10-<20% 20-<30% > 30%
CTT collaborators Lancet 2012



Réduction de risque avec les statines en fonction du degré initial de
maladie athéroscléreuse : le bénéfice relatif est d'autant plus grand
qgue l'intervention commence a un stade précoce

44

30
24 24
20 ) i
13 y
8
l 4

% baisse du risque d'accident CV

17
Q~ | % | Q' | | ‘o | | 0 | | | Q* |
AP A AP 2. SO O g &S
° ® & ¢
v.
- Etudes en prévention primaire * simva+ ezetimibe vs PCB

Etudes chez des coronariens stables

Etudes chez des patients avec cardiopathie ou athérosclérose avancée




Conclusion

e Avoir un LDL-c plus bas tout au long de sa vie réeduit
considérablement le risque CV.

* Les statines sont efficaces en prévention primaire :
elles réduisent le risque d'événements CV et
augmentent |'espérance de vie dans les essais
randomiseés.

» |'effet protecteur des statines est d'autant plus
grand que le traitement est débuté a un stade
précoce de la maladie athéromateuse.



Conclusion

* La tolérance des statines a dose faible a modérée est
excellente, méme si des intolérances musculaires
peuvent exister.

* Lavraie question sur le traitement par satines est
donc plus philosophique que médicale :

Souhaite-t-on, des un dge jeune, prendre
constamment un traitement medicamenteux pour
réduire son risque des décennies plus tard et
augmenter (statistiguement) son espérance de vie ?






® Trial Design

ebbinghaus
RANDOMIZED
Fou“}ie“; Placebo SC ‘DOUBLE BUND’ Evolocumab SC
i e Bl Q2W or QM 140 mg Q2W or 420 mg QM
2442 patients screened for
ebbinghaus EBBINGHAUS
t """"""" > | MAJOR EXCLUSIONS
. 4 1. Not enrolled in FOURIER
1974 Enrolled (Full Analysis Pop) § :Jé‘* FOURIER wisit
l Median F/U 19.8 months el o T i
‘ | interfering with participation
Primary Analysis Cohort (N=1204)
Baseline cognitive testing on/before
1% dose of study drug and had f/u A
cognitive testing post dosing* COPIES IRat

months, and end of study

Additional 770 pts w/ baseline
assessment before week 12 visit

@v A Academac Reasarih Crgarostee of
R gham wet W aen's Horptel ond o ev Bede o L v wgpqu Cin Card 2017 A0 55.65



@ Cognitive Assessments by Nadir
Achieved LDL-C and Treatment (Full Pop)  ebbinghaus

8 4 Primary CANTAB Endpoint*: Average Change from Baseline : gﬁ‘:ﬁmb
5 2
Fo
S0
<
= -2
=.4 #pls 0 661 13 206 969 115
<25 mg/dL 25-39 ma/dL 2 40 mg/dL
Nadir LDL-Achieved (mg/dL)
P=NS across LDL values achieved and also between treatments
o 1 Composite Global Score: Average Change from Baseline
S 05
U]
<
e-05
g 1 <25 mg/dL 25-39 mg/dL > 40 mg/dL
s s 3 Negative score -> improvement ROSel Moy By
B0 s i Lower scores are better ooy




Patient Self-Report: 23 Questions

Regarding Everyday Cognition ebbinghaus
All Patients Placebo Evolocumab
(N=781) (N=800)
Mean (SD) Mean (SD) P-Value
Memory 1.16 (0.39) 1.17 (0.39) 0.81
Executive functioning total score 1.11 (0.32) 1.12 (0.32) 0.28
Planning 1.08 (0.31) 1.10 (0.32) 0.20
Organization 1.09 (0.32) 1.10 (0.33) 0.57
Divided attention 1.15(0.42) 1.16 (0.41) 0.54
Total Score 1.13 (0.33) L1L.14(0.33) 0.42
Patient self-report at end of study as compared to randomization, graded as
1. Better or no change 2. Questionable / occasionally worse
3. Consistently a little worse 4. Consistently much worse

Lower scores represent better cognition

@v An ALadwrns Faweech Organcaton of

Brgrare and Wommes & gl st Harvard M o6 B b Results shown are in the full study population



@ Investigator Reported
Cognitive Adverse Events

ebbinghaus

e m Placebo
& m Evolocumab
2
S 6
®
Q
S 4
2 P=0.42 P=0.59
2
o
Primary Cohort Full Population
(N=1204) (N=1973%)

ﬁv A Acodemac Meamtsin Crgenssanics of Data shown are % of patients with al least 1 event
- P —— *1 patient who did not take study drug is excluded from the evolocumab group




Conclusion

* FOURIER confirme, s'il était besoin, la relation
entre LDL-c et maladie athéromateuse.

* Une réduction de 20 % des evenements
ischémiques graves est observée sous
traitement.

 Malgré cela, aucune réduction de mortalité n'est
constatée...



S0% =

40% -~

0% -~

% reduction of events

10% =

. .
20% -

La baisse du LDL réduit

les événements CV et |la mortalité

14 RCTs

Major vascular events

90 056 patients

0%

- 1‘:"; st

Reductson in LDL cholesterol (mmol/L)

Vascular causes:
CHD

Stroke

Other vascular

Any non-CHD vascular

Any vascular

Non-vascular causes:
Cancer

Respratory
Trauma

Other/unknown

Any non-vascular

Any death

Mortality

1548 (3.4%) 1960 (4-4%)

265(06%) 291(06m)
289 (06%) 302(07%)
554(1-2%) 593(1-3%)

2102 (4:7%) 2553(57%)

1094 (2.4%) 1069(2-4%)

98 (02%) 125(03%)
S1(01%) 57(01%)
487 (11%) 550(1-2%)

1730(3-8%) 1801 (4.0%)

3832 (8:5%) 4354(9:7%)

®
-
——
<3

Lo

081 (076 -0.85)
091(074-1.11)
095 (0-78 -1-16)

093(0-83 -1.03)

083(0-79 -0-87)

1.01(0:91 -1:12)

- 082 (062 -1408)
&1 089(059-134)
"“ 087 (073 -103)
B 0495 (090 -1.01)
L4 088 (084 -0-91)
05 10 15
Treatment Control
better better

Effect p<0.0001

CTT collaborators Lancet 2005



Réduction du LDL et pronostic
Données récentes

Méta-analyse 2009
155,613 sujets

Delahoy PJ et al. Clin Therap 2009



Réduction du LDL et pronostic
Données récentes

Méta-analyse 2009
155,613 sujets

Reduction in Rate of Major Vascular Events (%)

Reduction in LDL Cholestercl {mmol [kter)

Delahoy PJ et al. Clin Therap 2009; Cannon CP et al. NEJM 2015



Relative reduction in major vascular events
by LDL-c reduction

. &
‘ FOURIER

Reduction in Rate of Major Vascular Events (%)

Reduction in LDL Cholesterol (mmol/liter)



Infarctus et AVC dans les essais traitement

intense vs standard (maladie stable)

More intensive  Less intensive Risk Ratio Risk Ratio
Study of Subgroup  Evests  Total Events  Total Weight MM, Fixed, 95%Cl Year MM, Fixed, 95% CI
TNT 2005 43 4995 308 5006 109% O79[067 093 2008 -
IDEAL 2004 BT 43 31 A48 114%  083(071,096) 2008 =y
SEARCH 2010 7 603 463 6033 165% 086075 098 2010 T
IMPROVE-IT 2015 945 9067 1083 9077 385% 087[080,085 2015 —*
FOURIER 2017 468 13764 630 13780 227% 073[065 082 2017 —
Totad (95%CI) J8N6 36345 100.0% 0.83[0.78,0.87] 0
Total events 00 2014
Heterogenelly. Chi= .48 df= & (P= 0.17),P= 8% Es 0#7 ! |¢5 25
Testfor overal efect 2= 7.13 (P « 0.00001) Favours high-4ntensity Favours contred

More intensive  Loss intensive Risk Ratio Risk Ratio
Study or Subgroup  Eveats  Tolal Events  Total Weight M.H, Fxed, 95%C1 Year M-H, Flxed, 95% CI
TNT 2005 U7 4905 155 5006 133% 076[060 096 2005 ¢
IDEAL 2005 150 4390 174 449 149%  087[0.70,1.08 2005 e
SEARCH 2010 09 603 230 8030 190%  091(0.76,1.00 2010 ——- 70y
INPROVEIT 2015 206 G067 345 9077 206%  086(0.74,1.000 2005 .
FOURIER 2017 07 13184 262 13780 225% 079(068,094 2017 ———
Total (95% C1) 30316 30345 100.0%  0.84(0.77,091) i
Total events 960 1166

Heterogenedy Chi*=208 di=4(P=072), P=0%
Testfor overall effect Z= 4.05 (P < 0.0001)

07 08 1 12 15
Favours nil.‘h intensay Favours comvol

AMI

Stroke
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Meta-analysis of statin trials
by achieved LDL-c concentration

TARLE | Risk for Major Cardiovascslar Events, by Achieved LOL-C Concentration

Achieved On-Triasl LOL-€ Conceatration, mg/dl {memol1)

Vo o LA S 100~ 1% 25 we WO~ 175 ”m
(1w 29 194 (194~ 2158 (A58- 22 (323 2a%) (288 450 (a5
n - 4375) s 10095 (n - %0000 n - R95)) s 2008 s . 236) 3%
Major cardiovancila eventy 194 44) 1A (10.4) 1664 (16.95) 1480 (16.5) B 184 (220) 23028
Unadjested HR (5% O) 0.20{0.16-0.25) 040 (0.3048) 05000420600 OA43(040.058) 0S51{042062) 064(05-081) 100 (ef)
Adpated MR (5% O 0.44 {0.35-0.55) 051 (0.42-0862) 036 (046067 058 (048-0069) 064(055-0M ON{0EO08Y) 100 ()
Major coronary events 129 42.9) 918 (3.8) 143 04 2) 1336 (14.9) 492 (5.7 170 Q203 107 (28.5)
Unadusted HR (95% O) Q15{0012:0200 0602904 050 (0410861 051042062} 0351043065 0.69(054-0.88 1.00 (ref)
Adpsted MR (95% OO 0A7{036061) O053(043065) OS3(0A4a80M 062 {0.51.0.75) 067{055-08%) O0I8{0.61.099) 100 (ref)
Mapor cerebrovancids events n7Oo GO 32 0l 20523 N9 Q23 PAli A
Unadiusted HR (95% O) 0A7{0.29074) 062 (0.4).095) Q52 (034079 038 (025058) 047(030075) O0OMA{023074) 100 (ref)
Adpated R (5% Q' 036 (0.22-059) 040603007 049 (0.32-0.7%) 0450029069 O0358{0.36-091) 0A43{0.24-07%) 100 (ref)

Boekholdt SM, et al. JACC 2014



Absolute CV risk reduction by LDL-c reduction
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Laufs et al. EHJ 2014



Mortalité et LDL-c



ARIC:
PCSK9 mutations in the general population

Table 1. Nonsense Mutations in ACSKY and Cardovascular Risk Factors among 1343 Black Participants in the Study.*

Variable Noncarners Carviers PValiel cong and Cardiovasculsr Risk Factoes among %524 White Subjects in the Study.*
PCSK™ PCSKP™ POSKT ™" or : 2
PCSKP™ Noncamens Camers of PCSKS ™ P Valuet
Mutation status — mo. of subsects (W) 1278 91 4) %08 Q0 B RA WAL N oan
Age — $3eb 54:6 53a6 S4:6 061 4.6 54:6 0.56
Male sex — % €@ r ey L} 022 45 Ty 024
Body maty mdex 19661 NP R 207,55 295.52 043 269,45 26 5:45% 0%
Total cholesterad — mg)d 215284 177244 172245 1730s 000} 214,40 19837 000
Teghviendes — meld 113281 97:138 W19 4:18 0 O 198 . .8% TR a S
LOL cholestercl — mg/di 13842 103439 300445 100443 <0.001 137437 116233 <008
UL OROEIeTH 1'0' 2 R PR Hll' 22049 Ve 51.]" s:,l.‘ Du
H d — W 3 4 | }J H
preenLOn L 3 b 1% 000 250 6 0.87
Dabetes — % | 13 12 1)) 8} 0.3%
| ) s 063

Smokng - W 30 i 13 7 062
_ M5 B2 o
Carotid-artery irfama-meda thecknesns 073.0.16 72,017 069:011 70015 004

- mm mm 073,018 0714015 0 005
Coronary heart daseane - no. of subpects 9 ] 1 i 0008 o 1009 19 0.00)
Soecke — no of wobeecre () 21 Ie 6 1714 140 L4211 osr 670 oM 09

Death — no. of webpects (%) |onr, 4154 L RIS 12(4.0) B L) 3 (o n BEN 01s




Mortalité dans les essais statines en
prévention secondaire

1.1 All-<cause death

Statin Control Risk Ratio Risk Ratlo

Study or Subgroup Events Total Events Total Weight M-H Fixed 95°%Cl M-H Fixed, 95%CI
4s 182 2221 296 2223 2.9% 0.71 [0.99, 0.83) —
CARE 180 2081 196 2078 7.6% 0.92 [0.76, 1.11) T B
HPS 1328 10269 1507 10267 S8.1%  0.88[0.82, 0.94] &
LPID 498 4512 633 4502 244% 0.78 (0.70, 0.88) -
Total (95% C1) 19083 19070 100.0% 0.84 [0.80, 0.89) ‘
Total events 2188 2562

-~ . 4 : : ' :
Helerogeneity. Chf = 7.32 af = 3 (P = 0.08), ¥ = 59% 0.2 05 : > s

Tes! for overall effect: Z = 6.27 (P < 0.00001) Eavours statn  Favours condrol



Mortalité dans les essais statines en
prévention primaire

1.1 All-cause death

Statin Control Risk Ratio Risk Ratio
Study of Subgroup Events Total Events Total Weight M-H Fixed 93°%Cl M.H_Fixed 95°% Cl
ACAPS 1 460 8 450 O08% 0.1210.02. 0.99)
AFCAPS/TEXCAPS B0 3304 7 33, 7.4% 1041076, 1.41) 'J"
ASPEN 4 % 41 MO0 40% 1.06 {0.70, 1.60) ¥ &
Bore 0 23 0 119 Not essmable
CARDS 61 1428 82 10 80% 0731053, 1.0v) -
HOPE 3 334 a3 357 6344 45% 09310.81, 1.08) J
JUPITER 168 8001 247 2001 239% 0.80 {0.67, 0.90)
KAPS 3 224 4 212 04% 0.7110.16, 3.13) -1 1 T
MEGA 55 800 79 3066 7.5% 0.71 |0.51, 1.00} el
PHYLLIS 1 254 0 254 0.0% 3.000.12, 73.30) .
PREVEND IT 6 43 4 4am 0.4% 1401042, 5.25) g
WOSCOPS 106 3302 135 3293 13.1% 0.78 {0.61, 1.01) -
Total (95°% C1) 2000 29630 100.0"% 0.86 [0.79, 0.94) Y
Total events 889 1054 . N . .
Hetorogeonetty. Ch' = 1147 & = 10 (P = 032 ¥ = 13% '001 Ot’ - "0 ‘00'

Tost for overall eflect: 2 = 3 40 (P = 0.0007)

Favours statin  Favours control



Essais forte intensité vs statines standard
chez les patients coronariens

e 3 études post SCA : forte intensité vs dose standard
— PROVE IT (A 80 mgvs P 40 mg)
— AtoZ(S40 puis 80 mgvs S 20 mg apres 4 mois)
— IMPROVE IT (ezetimibe 10 vs PCB)

* 6 grandes études comparant traitement
hypolipémiant plus intensif vs standard:

average LDL-c in high-dose arm

— TNT (A 80 mgvs A 10 mg) 77 mg/dl
— IDEAL (A 80 mgvs S 20 mg) 81 mg/dl
— SEARCH (S 80 mgvs S 20 mg) 83 mg/dl
— IMPROVE IT (ezetimibe 10 vs PCB) 54 mg/dl
— FOURIER (evolocumab vs PCB) 30 mg/dl

— SPIRE 1 et 2 (bococizumab vs PCB) * 69 mg/d|



Mortality curves in STEMI patients

Simplified equations: one knot at 5 months

40
30~
Slope coefficients
(early phase)
STEMI a=13.3
£
3
v 20 ant
® e
5 months ““"STEMI Slope coefficient
(chronic phase)

STEMI a=3.1

Months from discharge

Danchin et al. ESC 2015



Mortality curves in NSTEMI patients

Simplified equations: one knot at 8 months

40

Slope coefficient ..’
(early phase) RS Slope coefficient

NSTEMI a=17.6 o (chronic phase)
NSTEMI  NSTEMI a=7.4

0 ¥ f 1 J ' 1 1 ! f 1 1 ' 1 1 1 ! 1 1
( 3 6 ‘ ) - 18 ) A 21 30 33 5 39 az al . >

Months from discharge

Danchin et al. ESC 2015



Hautes doses apres SCA

 Evénements ischémiques :

1.2 Primary end-point

High-dose Conventional dose Odds Ratio Odds Ratio

Slu_dxor Sum'oup Events Total Events Total Weight M-M. Fixed 95%CI M-M_ Fixed. 95% CI
Ato Z 2004 300 2265 343 2232 2% 087 [0.74,1.03) -
PROVE IT 2004 470 2009 543 2063 588%  081[0.70.0.93) =
Total (95% C1) 4364 4295 100.0% 0.83 [0.75, 0.93) *
Total events e 880

- Chit = 0.4 =1(P= * = 0% k + + 4
Hotorogenedy: Che* = 045 df = 1 ( 0.50) I = 0% 0.2 0% - 2 Py

Test for overall effect: Z = 3.31 (P = 0.0009)

 Mortalité globale

1.1 All.cause doath

Favours high dose Favours control

High-dose Conventional dose Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M.H Fixed 95%CI1 M-Hf;xod.%%Cl
Ao Z 2004 104 2265 130 2232 054% 0.78 [0.60, 1.01) -
PROVE IT 2004 47 2009 67 2003 346% 0.68 047, 1.00] o
Total (95% CI) 4364 4205 100.0%  0.75 [0.80, 0.93) <5
Total ovets 151 197
Heterogeneity: Chi* = 0.31, df = 1 (P = 0.58); I = 0% 502 o:' ' ; 5‘
o
Tast for overall effact: Z = 2.06 (P = 0.008) Favours high dose Favows control
More intensive  Less intensive Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Alo Z 2004 104 2265 130 2232 9.2% 0.79[061,1.01] 2004

PROVE IT 2004 47 2098 67 2063 47% 0.69[0.48,1.00] 2004

IMPROVE-IT 2015 1215 9067 1231 9077 86.1% 0991092, 1.08] 2015

Total (95% CI) 13431 13372 100.0%  0.96 [0.89,1.02)

Total events 1366 1428

Heterogeneity. Chi*= 6.07, df= 2(P=0.05),F=67%
Test for overall effect Z=1.28 (P = 0.20)
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Hautes doses dans la maladie stable

e Evénements ischémiques :

1.3 Prirmary end-point

Mode it wive Lasa rtarasve Risk Rato Risk Rana
Soudy o Subgrsup E veras Total Eveots Totak Waelght MM Fixed 85%5Cl1 Yeur MM Fised 05°%C)
IDEAL 2005 an 445 LAl “Ha 0N OO TA + 0] 2006
TNT 2008 “am 4004 48 000 T 5% OTRO T 08 2008 -y
SEARCKH 207 "wn o0 1558 3} N QoS0 8, L0 2010
INPROVE T 2018 =72 207 742 WTrT N OMOe0 0N 2013
SRS 017 b 19270 wT 1V, 55% ORI 102 0T
FOURER 2017 toad 137 1583 LB M 21.5% oSO N 002 207 -
Total 95 Cn) 320X 33083 100.0"% 091088 D04 '
Total wvents 590 T00
Metarogenaty CIv = 1182, of = 5(P = 0 041 ¥ » 58% — -+ t + -4
Font for oversd affece I = 638 (P « 0 0000T) Face pvet
petsts Wgh indermity  Favours condol
Mortalité global
1.1 Allcause death
Move witensive Lass intensive Foss Ratio Risk Rato
Study or Subgroup £ vents Total Events Total Weight MW Fxed 85°%CI MM Fized 95%CI
FOURER a4 137 420 13780 130% 10409019, 119
DF AL 00 4400 T4 445 11 &% QOB 11])
MPSLONT AT 1212 o0 wun Sory I N QeR e, 100
SEARCH G0 0031 o 0033 20.0% 000002, 108)
INT S04 4095 a2 2008 BO%N 1019080, 1. 10)
Total 95 Cn) 330 IBI4S 1000 1.00 (095 104
Tuta) evenls 127 1283
Metarogeneity: Che = 058 o » 4 (P = 0 971 I = 0% ' + + ’ + $ 4
v O 01T 02 0s 1 b ’ 10
Tost o oversll oot Z =000 (P » 0.5 ¢ . ;
Uty more rieteve  Favours ems tdermeve



Annual mortality rates in clinical trials

Age (years) Follow-up All-cause death % CV death
ears % per year

High-intensity lipid lowering vs
conventional doses

TNT 61 4.9 1.14 55
62 4.8 1.75 58
64 6.7 2.40 59
64 6.0 2.55 44
FOURER | 62.5 2.2 1.45 53

Initial statin trials in secondary

prevention
s ] 58 5.4 2.13 81
59 5 1.89 61
62* 6.1 1.81 87
lWps ] 64 5 2.94 62

Statin trials in primary prevention
62 2.8 0.3 75
MEGA 59 5 0.4 23
|AFCAPS 58 5.2 0.45 32
ASPEN 60 2.4 1.8 46
lcARDS 62 3.9 1.5 —~
kaps 57 3 0.8 75
51 3.8 0.5 50
55 4.9 0.8 54
66 1.9 1.5 -
lHOPE3 66 5.6 1.0 48

trials in secondary prevention
64 3.8* 2.52 63
63 3.1 2.68 71




En résume

e Les statines ont un impact majeur, tant en prévention
primaire que secondaire, en réduisant les accidents CV
et en augmentant l'espérance de vie.

e |'effet du traitement sur les événements cliniques
n'est pas instantané, ce qui est plausible sur le plan
physiopathologique

* L'intensification du traitement hypolipémiant
s'accompagne d'une réduction supplémentaire des
évenements cliniques, mais pas d'une réduction de la
mortalité.



Causes de mortalité
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Méta-analyse de toutes les études statines
en prévention primaire : mortalité

Cochrane Collaboration. Statins for the primary prevention of cardiovascular disease. 2013

Total (95% CI) 24408 23652 9 0.86 | 0.79,0.94 |



Our previous conclusion urging caution in the use of statins in
people at low risk of cardiovascular events is no longer tenable
in light of the CTT Collaboration findings. Several issues remain
to be considered before widespread use of statins could be rec-
ommended in people at low risk (Ebrahim 2012; Smeeth 2012).
These include: 1) the feasibility and desirability of having to treat
the majority of people over the age of 50 with a statin; 1) the cost-
effectiveness of such a strategy using a conventional healthcare de-
livery systems; ii1) diversion of attention from achieving coverage
in people at high risk of events; iv) use of alternative public health
strategies to lower blood cholesterol; v) the views of patients on
life-long drug therapy; and vi) limited evidence on less serious bur
nonctheless potentially important adverse effects and quality of

life.

Un choix de santé publique doublé d'un choix individuel

Cochrane Collaboration. Statins for the primary prevention of cardiovascular disease. 2013






