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Principales manifestations cliniques
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Caracteéristiques des plaques d’athérosclérose

Athérosclérose & forces hémodynamiques
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Caracteéristiques des plaques d’athérosclérose
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L’évolution vers Uinfarctus aigu du myocarde ne
dépend pas du degre de sténose coronarienne

Stenosis prior to AMI
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L’évolution vers Uinfarctus aigu du myocarde ne
dépend pas du degré de sténose coronarienne

Percentage of Stenosis
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Plague d’athérosclérose

Marmal
artery

Early atheroma

‘Yunerable® plague

* Thin fibrous cap

= Large lipid pool

s Many inflammatory
cells

Fibrous cap
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= Small lipid pool
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Caractéristiques des plaques d’athérosclérose

Fibrous cap
Media

“Vulnerable” APlaq_ue

. - T-Lymphocyte
° - — Macrophage
e s Foam cell (Tissue Factor™)

/-—“Actlvated" intimal SMC (HLA-DR ")

- Normal Medial SMC
“Stable”™ Plaque /

Circulation 1995;91:2844



Caractéristiques des plaques d’atherosclérose

Présence de Macrophages et Lymphocytes dans U’'athérome
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Caractéristiques des plaques d’atherosclérose

Présence de Macrophages dans athérome
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Caractéristiques des plaques d’atherosclerose

Lymphocytes T

Lésions d’athérosclérose
Valves aortiques de souris
ApoE -/- apres 10 semaines
de régime riche en cholestérol

Am J Pathol1996;149:359



Differentiation des cellules sanguines

Red blood cells
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Immunité et athérosclérose
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Implication des B cells dans ’athérogenese

fromitders im

Table 1 | B cell subset markers.
IMMUNOLOGY
) i Subset Surface markers*
B cell subsets in atherosclerosis
. Follicular CD19t B220+ IgMdull |gDhi
Heather M. Perry'?, Timothy P Bender®* and Coleen A. McNamara®®*

CDh21mMid CD23+
Marginal zone CD19*" B220* IgMhi [gDdull

CcD1d" CcD21h CD23—

B-1a CD19t B220'ow/mid |gnmhi
IgDdu!l CD43+ CD11b* CD5™*
B-1b CD19+ B220ow/mid |gnhi

IgDl CD43+ CD11b*™ CD5—
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Atheroprotective e Atherogenic

Frontiers in Immunol2012;3:1



Athérosclérose & inflammation

ATHEROSCLEROSIS — AN
INFLAMMATORY DISEASE

RusseLL Ross, PH.D.

TAEBLE 1. CHARACTERISTICS OF ATHEROSCILEROSIS AND (JTHER CHRONIC INFLAMMATORY IDISEASES. *

MOMNOCYTES
AND MACRO- LYMPHO- GRAMNLU- COoMMECTIVE-TISSUE EXTRACELLULAR
CnsEASE PHAGES CYTES LOCYTES CELLS MaATRIX PATHOGENETIC MECHANISMS STUDIES
Artherosclerosis + + — Smooth-muscle cells Collagen types I, 111, Endothelial-cell injury and dys- Ross,® Libby and
and IV, elastin, fibro- funcrion; fibrous cap; new Hansson 1™
nectin, proveoghvean matrix formation and degra- Ruoss and
dation; necrotic core Fusterio
Cirrhosis + + — Fibroblasts, Ito cells Collagen tyvpes I and Parenchymal-cell injury; new Maher, 11! Antho-
ITI matrix and scarring replacing ny et al.n2
necrotic parenchyvma
R heumatoid + + +,— Synovial fibroblasts Collagen tvpes T and Svnovial-cell injury; erosion of  Sewell and
arthritis I, fibronectin, pro- cartilage ; new matrix scarring Trentham 113
reoglvean (panmnus ) Harris 114
Glomerulosclerosis + + — Mesangial cells Collagen types I and Epithelial- and endothelial-cell Johnson,'s Magil
IV, fibronectin injury and dysfuncrion; de- and Cohentie
crease in glomerular filera-
O New matriy formation
Pulmonary fibrosis —+ —+ + = Smooth-muscle cells, Collagen rvpes IIT and  Inflammatory exudate in alveoli Kuhn et al. 117
fibroblasts IV, fibronectin and bronchi, organized by ex- Lukacs and
rensive matrix deposition and Ward 112 Brody
SCATTing, et al. e
Chronic pancrearitis + + — Fibroblasts Collagen, fibronecrin, Epithelial (ductal) injury; peri- 1Sarles er al. 120
protecgslvean ductal inflammarion; intersti- 2  DibMagno
tial fat necrosis; new matrix et al.r2
formarion

*Plus signs denote the presence of a cell rype, and minus signs its absence.

N EnglJ Med 1999;340:115



Pathophysiologie de ’athéroscléerose

ATHEROSCLEROSIS — AN
INFLAMMATORY IDISEASE

RusseLL Ross, PH.D.

N EnglJ Med 1999;340:115

Peter Libby

Nature 2002;420:868



Pathophysiologie de ’athérosclérose
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Pathophysiologie de ’athérosclérose

Cross-sectional view Longitudinal view

Ruptured atheromatous

| EEVIEW ARTICLE

MECHAMNMISMS OF DISEASE

Mechanisms of Acute Coronary Syndromes
and Their Implications for Therapy

Peter Libby, M.D.
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Inflammation

TaBLE 1. TTUMAN ACUTE-PHASE PROTEINS.

Proteins whose plasma conocntrations
increase
Complement system
A
C4
0
Facror B
C1l inhibiror
Cab-binding protein
Mannose-binding lecrin
Croagulavion and fibrinclyic sy=mem
Fibrinogen
Plasminogen
Tissue plasminogen activaror
Drokinase
Provein 5
Wirronecrin
Plasminogen-activavor inhibdror 1
Antiproreases
ar - Provease inhibitor
a -Antichymorrypsin
Pancreatic secretory crypsin inhibicor
Inter-ae-rrypsin inhibicors
Transpore proteins
Ceruloplasmin
Haproglobin
Hemopexin
Participants in inflammarory responses
Secreted phospholipase A,
Lipopo=accharide- binding procein

Interleukin- 1— rece pror antagonis
Granulocyre colomy-stimularing facwor
(Mhers

Coreacrive protein
Serum amyloid A

ar =i glycoprotein
Fibronectin

Ferritin
Angiorensinogen

Mechanisms of Discase

Fra~NwkrLi~N H.

ErsTiEIN,

M.D.

Ediror

ACUTE-PHASE PROTEINS AND OTHER
SYSTEMIC RESPONSES TO
INFLAMMATION

CeEm GaBay, M.D., anD IRvING KusHNER, M.D.

TABLE 2. OTHER ACUTE-PIHASE PHENOMENA.

MNeuroendocrine changes
Fever, somnolence, and anorexia
Increased secretion of corticotropin-releasing hormone,
corticotropin, and cortisol
Increased secretion of arginine vasopressin
Decreased production of insulin-like growth factor I
Increased adrenal secretion of catecholamines
Hematopoietic changes
Anemia of chronic disease
Leukocvrosis
Thrombocytosis
Merabolic changes
Loss of muscle and negative nitrogen balance
Decreased gluconeogenesis
Osteoporosis
Increased hepatic lipogenesis
Increased lipolysis in adipose tissue
Decreased lipoprotein lipase activity in muscle and adipose
rissue
Cachexia
Hepatic changes
Increased metallothionein, inducible nitric oxide synthase,
heme oxvgenase, manganese superoxide dismutase, and
tisstie inhibitor of metalloproteinase-1
Decreased phosphoenolpyruvate carboxvkinase activity
Changes in nonprotein plasma constituents
Hypozincemia, hypoferremia, and hypercupremia
Increased plasma rerinol and glutathione concentrations

Change in Plasma Concentration (%)
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_

Transferrin
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Time after Inflammatory Stimulus {days)

N EnglJ] Med 1999;340:448




CRP & risque cardio-vasculaire

CRP = Marqueur du risque CV [infarctus et mortalité coronarienne]

Cumulative Rate of Recurrent Myocardial Infarction

or Death from Coronary Causes
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N EnglJ Med 2005;352:20




Athéroscléerose & Inflammation

INFLAMMATION, ASTIRIN, AND THE RISK OF CARDIOVASCULAR DISEASE
IN APPARENTLY HEALTHY MEN

PauL M. Rioker, M.D., Mary Cusdmarn, M.D., Mer J. Stamerer, M.D., Russew P. Tracy, Pu.D.,
amMD CHarLEs H. HEMMEKENS, M.D.

Metboeds We measured plasma C-reactive protein, 118
a marker for systemic inflammation, 1in 543 appar- - 4 -
enthy healthy men participating in the Physicians' = B Flacebo
Health Study in whom myocardial infarction, stroke, E 7] 1 Aspirin
or venous thrombosis subsequently developed, and = 3
in 5843 study participants who did not report vascular %‘ = 2.59
disease during a follow-up period exceaeding eight “ B 7
vears, Subjects were randomby assigned to receive as- =@ 7P - = | fa
pirin or placebo at the beginning of the trial. 8 = '
- — . 1.37 1.39
L 1.16
- 1.00
= 1 S
L)
1 -
[
0
1 2 3 4
Cuartile of Plasma C-Reactive Protein
Figure Z. Relative Risk of a First Myocardial Infarction Associ-
ated with Base-Line Plasma Concentrations of C-Reactive Pro-
tein, Stratified According to Randomized Assionment to Aspi-
rim or Placebo Therapy.

N EnglJ Med 1997;336:1813



Cumulative Rate of Recurrent Myocardial Infarction

or Death from Coronary Causes

Athérosclérose & Inflammation
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N EnglJ Med 2005;352:20




Median CRP (mg/liter)

Statines & Inflammation

Clinical studies demonstreated that statin treatment reduces
CRP levels in vivo in human

P=0.60

Pravastatin (n=1873)
P<0.001

P<0.001 P<0.001
- — @
Atorvastatin (n=1872)
T 3
1
Randomization 30 Days 4 Months End of Study

N EnglJ Med 2005;352:29



Statines & Inflammation

< P Trend = 0.005 >
.50
] 3
1 R
N
0.45 - -4
o
| _.=m Placebo | o 2
0.40 T 2
A o 5
= - & T P = 0002 -
E.- m - Q
= 0.35 - . oc
=] -~ 1
£ | a)
= ™ Pravastatin — I
E 0.30 0
=
O -
- 0
o a8 - — . .
x 9254 - ———————— ™ Flacebo ; Pravastatin Placebo Pravastatin Placebo
- . | -
] Te— = = 0.007 Inflammation absente Inflammation présente
0.204 - e Pravastatin J
1 Circulation 1998;98:839
015 T T
Baseline 5 Years
Figure 2. Median (solid lines) and mean (dotted lines) levels of
CRHP at baseline and at 60 months, according to placebo or pra-
vastatin assignment.

CARE Circulation 1999;100:230



Athéroscléerose & Inflammation

JUPITER Ridker et al NEJM Z008 =)
Primary Objectives JUPITER

Justification for the Use of statins in Prevention:
an Intervention Tnal Evaluating Rosuvastatin

To investigate whether rosuvastatin 20 mg compared to
placebo would decrease the rate of first major cardiovascular
events among apparently healthy men and women with

LDL < 130 mg/dL (3.36 mmol/L) who are nonetheless

at increased vascular risk on the basis of an enhanced
inflammatory response, as determined by hsCRP > 2 mg/L.

To enroll large numbers of women and individuals of Black or

Hispanic ethnicity, groups for whom little data on primary
prevention with statin therapy exists.




Athéroscléerose & Inflammation

The NEW ENGLAN D
]OURNAL of MEDICIN E

NOVEMBER 20, 2008

Rosuvastatin to Prevent Vascular Events in Men and Women
with Elevated C-Reactive Protein

Paul M Ridker, M.D., Eleanor Danielson, M.I.A., Francisco A.H. Fonseca, M.D., Ja 1 Genest, M.D
Antonio M. Gotto, Jr., M.D., John J.P. Kastelein, M.D., Wolfgang <<~v"r|\;' M.D., Pe
Alberto J. Lorenzatti, M.D., Jean G M Fadyen, B A\.Furgc- G. Nordes rd, M.D J
James T. Willerson, M H \ t]. Gly Sc.D., fo } jUHHR | Group

Trlal DeS|gr1

No Prior CVD or DM

Men =50, Women >60

hsCRP >2 mg/L

Argentina, Belgium, Brazil, Bulgaria, Canada, Chile, Colombia, Costa Rica,
Denmark, El Salvador, Estonia, Germany, Israel, Mexico, Netherlands,
Norway, Panama, Poland, Romania, Russia, South Africa, Switzerland,

United Kingdom, Uruguay, United States, Venezuela

JUPITER
Multi-National Randomized Double Blind Placebo Controlled Trial of
Rosuvastatin in the Prevention of Cardiovascular Events
Among Individuals With Low LDL and Elevated hsCRP

Rosuvastatin 20 mg (N=8901) i

Placebo (N=8901)

JUPITER

Stroke
Unstable
Angina
CVD Death
CABG/PTCA

N EngJ Med 2008;359:2195




Athéroscléerose & Inflammation

JUPITER
Effects of rosuvastatin 20 mg on LDL, HDL, TG, and hsCRP JUPITER

LDL (mg/dL)

hsCRP (mglL)

- 2.8 mmol/I

\ 1.4 mmol/I

LDL decrease 50 percent at 12 months

hsCRP decrease 37 percent at 12 months

0 12 24 36 48
Months

HDL (mg/dL)

Ridker et al NEJM 2008 @

—— o .
1.3 mmol/I

HDL increase 4 percent at 12 months

1.1 mmol/I

TG decrease 17 percent at 12 months

0 12 24 36 48
Months

N EngJ Med 2008;359:2195




Athéroscléerose & Inflammation

JUPITER Ridker et al NEJM 2008 =

Primary Trial Endpoint . Ml, Stroke, UA/Revascularization, CV Death JUPITER

HR 0.56, 95% CI| 0.46-0.69 Placebo 251 / 8901
P < 0.00001

Number Needed to Treat (NNT;) = 25

8
=
[
=
o
1=
2
=
=
E
S
L& )

Rosuvastatin 142 / 8901

Number at RIsk Follow-up (years)

Rosuvastatin 8,901 8,631 3,893 1,958
Placebo 8,201 8,621 3,872 1,963

N EngJ Med 2008;359:2195




Caracteristiques des Plaques d’Athérosclérose

Plaque Stable II~ Plaque Vulnérable
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‘} = v
\ A TNF—a
@Y > : M-CSF
: ‘—+— MCP-1
iz T-Lymphocyte \“ etc. ::
Lipid
Core - Macroph;..sé"-......---.--""““‘
Foam Cell

Circulation 1995;91:2844



Plague d’athérosclérose

Marmal
artery

Early atheroma

‘Yunerable® plague

* Thin fibrous cap

= Large lipid pool

s Many inflammatory
cells

Fibrous cap

Media

Intima

Smooth
muscle cells

T Adventitia

‘Stabilized’ plague
= Small lipid pool

= Thick fibrous cap
= Preserved lumen

Healed ruptured
plague

s Narrow lumean
* Fibrous intima

P
<\/(_‘l:5 Left
) j coranary

arteries

Acute
Right / Myocardial
—_— coronary | b, infarction
artery ~

Thrombosis
of a ruptured
plague

Nature 2002;420:868



Stabilisation de UAthérosclérose

REVIEW

Research points to pivotal roles for lipids in the development of atherosclerotic plaques. Lipid-lowering statins
substantially reduce acute coronary events resulting from plagque development, but only modestly reduce arterial
stenosis. This apparent paradox has shifted the goal of therapy towards plaque stabilization rather than
enlargement of the lumen. More thorough understanding of the biclogy of atherosclerosis should enable us to
manipulate plaque stability, and reduce further the acute complications of atherosclerosis.

Stabilization of atherosclerotic plaques:
New mechanisms and clinical targets

A tusion of basic science adwvances and place in the regulation of homeostasis
clinical research findings has radically al-  PETER LIBBY & MASANORI AITKAWA  and in the pathogenesis of vascular dis-
tered our traditional concepts about the cases.  The SMCO, long considered a

Nature Med 2002;8:1257




Stabilisation de UAthérosclérose

Non-atherosclerotic
artery

'Vulnerable' plaque

'Stable' plaque

Fibrous cap Lipid pool

Macrophage Lymphoc

yte

e Thin fibrous cap
e | arge lipid pool
* Many inflammatory cells

e Few smooth muscle cells v LDL e Dense extracellular matrix

e Thick fibrous cap
e Smaller lipid pool
e Few inflammatory cells

+HDL
*Angiotensin I
Insulin resistance?
¥ Oxidative stress?
v Blood pressure

Measures that may
'stabilize' atheroma

D. Maizels

Nature Med 2002;8:1257




Traitement anti-inflammatoire de I'athérosclérose

@ ESC European Heart Journal (2018) 0, 1-3 VIEWPOINT
European Society doi:10.1093/eurheartj/ehy723
of Cardiology

Has the time finally come to measure hsCRP
universally in primary and secondary
cardiovascular prevention?

Paul M Ridker'*, Wolfgang Koenigz, John ). Kastelein®, Francois Mach?, and
Thomas F. Liischer®

Initiate Statin Therapy to Decrease Both LDL-C and hsCRP

J || LbL-C
. o
|

hsCRP | J i\

|@

Residual — Residual

Cholesterol Risk

Biologic Risk Dominated by
Persistent Hyperlipidemia
LDL-C > 100 mg/dL

Consider Ezetimibe
Consider PCSK9 Inhibition

Inflammatory Risk

Biologic Risk Dominated by
Persistent Pro-Inflammatory
Response
hsCRP > 2 mg/L

Consider Interleukin-13
Inhibition




Traitement anti-inflammatoire de athérosclérose

European Heart Journal (2014) 35, 540543 EDITORIAL
conorean  doiz10.1093/eurheartj/eht398
e

Targeting inflammatory pathways for the
treatment of cardiovascular disease

Paul M Ridker*

Vessel Wall

Macrophage/Monocyte

EurHeart] 2014;35:540

Adipose Tissue
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E-selectin
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High > 3 mg/L
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Traitement anti-inflammatoire de I’'athérosclérose

From CRP to IL-6 to IL-1: Moving Upstream to Identify Novel Targets for Atheroprotection

Cholesterol Crystals Neutrophil Extracellular Traps Atheroprone Flow

Hypoxia

$iNOS, Endothelin-1

t Chemokines, Cytokines
$ Adhesion Molecules

* Macrophage Activation IL-1p =

\

* Smooth Muscle Proliferation .
Canakinumab
-
* Vascular Inflammation 2
t Endothelial Dysfunction IL-6 =
* Atherosclerosis / j
¥
" Vascular hsCRP
PAI-1 Risk (mg/L)
——— Fibrinogen —-— CRP HIOh >3
Intermediate ... 1-3
Low <1

Liver

Ridker PM. Circ Res 2016;118:145-156.
Ridker ESC 2017



Traitement anti-inflammatoire de athérosclérose

ORIGINAL ARTICLE

Antiinflammatory Therapy with

Canakinumab for Atherosclerotic Disease

P.M. Ridker, B.M. Everett, T. Thuren, ].G. MacFadyen, W.H. Chang, C. Ballantyne,

F. Fonseca, ]. Nico

D. Pella, ). Genest, R. Cifkova, A. Lorenzatti, T. Forster, Z. Kobalava,

L. Vida-Simiti, M. Flather, H. Shimokawa, H. Ogawa, M. Dellborg, P.R.F. Rossi,

R.P.T. Troquay, P. Libby, and R.J. Glynn, for the CANTOS Trial Group*
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au, W. Koenig, S.D. Anker, ].J.P. Kastelein, ].H. Cornel, P. Pais,

‘ Canakinumab = mAb anti-IL-13
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A Primary End Point with Canakinumab, 50 mg, vs. Placebo

100 251 Hazard ratio, 0.93 (95% Cl, 0.80—1.07)
P=0.30
904 20
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E = 50 54 ///'/.
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— G | T T T T 1
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S o 204 o m—
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10+
o T T T T 1
(0] 1 2 3 4 5
Years
No. at Risk
Placebo 3344 3141 2973 2632 1266 210
Canakinumab 2170 2057 1950 1713 762 47

B Primary End Point with Canakinumab, 150 mg, vs. Placebo

100 2571 Hazard ratio, 0.85 (95% Cl, 0.74-0.98)
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No. at Risk
Placebo 3344 3141 2973 2632 1266 210
Canakinumab 22834 2151 2057 1849 907 207

C Primary End Point with Canakinumab, 300 mg, vs. Placebo

100— 259 Hazard ratio, 0.86 (95% Cl, 0.75-0.99)
P=0.031
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Placebo 3344 3141 2973 2632 1266 210
Canakinumab 2263 2149 2038 1819 938 199

D Key Secondary End Point with Canakinumab, 150 mg, vs. Placebo

100 259 Hazard ratio, 0.83 (95% Cl, 0.73—0.95)
P=0.005
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Canakinumab 2284 2135 2039 1824 892 201

N EnglJ Med 2017;377:1119



Traitement anti-inflammatoire de athérosclérose

A
0-25 — HR (95% Cl) P
—— Placebo 1 (ref) (ref)
---- On-treatment hsCRP =2-0 mg/L 0-95 (0-84-1-09) 0-48
0-204 ---- On-treatment hsCRP <2-0 mg/L 0-75 (0-66—-0-85) <0-0001
[<F)
=
)
= 015
k=
a0
=
E 0-10
E - —
=
O
0-05 —
D —
(]
MNumber at risk
Placebo 3182 3014 2853 2525 1215 200
Canakinumab:
hsCRP =2-0 mg,u"L 2868 2724 2574 2258 1087 195
hsCRP <2-0 mg,:"L 3484 3353 3214 2890 1411 243

Lancet 2018;391:319
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Table 3. Incidence Rates and Numbers of Serious Adverse Events and Selected Safety Laboratory Data During Treatment, Stratified According to Trial Group.*
Placebo Group
Adverse Event or Laboratory Variable (N=3344) Canakinumab P Value
For Trend For Combined
50-mg Group 150-mg Group 300-mg Group All Doses across Doses Dose Groups
(N=2170) (N =2284) (N=2263) (N=6717) vs. Placebo vs. Placebo
Event — incidence rate per 100 person-yr
(no. of patients with event)
Any serious adverse event 11.96 (1202) 11.41 (741) 11.71 (812) 12.33 (836) 11.82 (2389) 0.43 0.79
Any serious adverse event of infection 2.86 (342) 3.03 (230) 3.13 (258) 3.25 (265) 3.14 (753) 0.12 0.14
Cellulitis 0.24 (30) 0.24 (19) 0.37 (32) 0.41 (35) 0.34 (86) 0.02 0.09
Pneumonia 0.90 (112) 0.94 (74) 0.94 (80) 0.99 (84) 0.95 (238) 0.56 0.62
Urinary tract infection 0.22 (27) 0.18 (14) 0.24 (21) 0.20 (17) 0.21 (52) 0.84 0.87
Opportunistic infectionT 0.18 (23) 0.16 (13) 0.15 (13) 0.20 (17) 0.17 (43) 0.97 0.78
Pseudomembranous colitis 0.03 (4) 0.13 (10) 0.05 (4) 0.12 (10) 0.10 (24) 0.13 0.03
| Fatal infection or sepsis 0.18 (23) 0.31 (25) 0.28 (24) 0.34 (29) 0.31 (78) 0.09 0.02 I
Any canceri 1.88 (231) 1.85 (144) 1.69 (143) 1.72 (144) 1.75 (431) 0.31 0.38
| Fatal canceri: 0.64 (81) 0.55 (44) 0.50 (44) 0.31 (27) 0.45 (115) <0.001 0.02 |
Other adverse event
Injection-site reactiony 0.23 (29) 0.27 (21) 0.28 (24) 0.30 (26) 0.28 (71) 0.49 0.36
Arthritis 3.32 (385) 2.15 (164) 2.17 (180) 2.47 (201) 2.26 (545) 0.002 <0.001
Osteoarthritis 1.67 (202) 1.21 (94) 1.12 (95) 1.30 (109) 1.21 (298) 0.04 <0.001
Gout 0.80 (99) 0.43 (34) 0.35 (30) 0.37 (32) 0.38 (96) <0.001 <0.001
Drug-induced liver injuryt 0.18 (23) 0.15 (12) 0.13 (11) 0.05 (4) 0.11 (27) 0.004 0.05
Leukopenia 0.24 (30) 0.30 (24) 0.37 (32) 0.52 (44) 0.40 (100) 0.002 0.01
Neutropenia 0.06 (7) 0.05 (4) 0.07 (6) 0.18 (15) 0.10 (25) 0.01 0.17
Any hemorrhage 4.01 (462) 3.33 (249) 4.15 (327) 3.82 (301) 3.78 (877) 0.94 0.31
Thrombocytopenia 0.43 (53) 0.56 (44) 0.54 (46) 0.71 (60) 0.60 (150) 0.02 0.03
Hepatic variable — percent of patients with
condition (no.)
Alanine aminotransferase >3x normal value 1.4 (46) 1.9 (42) 1.9 (44) 2.0 (45) 2.0 (131) 0.19 0.06
Aspartate aminotransferase >3x normal value 1.1 (36) 1.5 (32) 1.5 (35) 1.5 (34) 1.5 (101) 0.30 0.11
Alkaline phosphatase >=3x normal value 0.4 (15) 0.5 (11) 0.4 (10) 0.5 (12) 0.5 (33) 0.67 0.82
Bilirubin =2x normal value 0.8 (26) 1.0 (21) 0.7 (15) 0.7 (15) 0.8 (51) 0.34 0.83

N EnglJ Med 2017;377:1119
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Efficacy and Safety of Low-Dose Colchicine after Myocardial
Infarction

Jean-Claude Tardif, M.D., Simon Kouz, M.D., David D. Waters, M.D., Olivier F. Bertrand, M.D., Ph.D.,

Rafael Diaz, M.D., Aldo P. Maggioni, M.D., Fausto J. Pinto, M.D., Ph.D., Reda Ibrahim, M.D., Habib Gamra, M.D.,

Ghassan S. Kiwan, M.D., Colin Berry, M.D., Ph.D., José Lépez-Sendén, M.D., Petr Ostadal, M.D., Ph.D.,
Wolfgang Koenig, M.D., Denis Angoulvant, M.D., Jean C. Grégoire, M.D., Marc-André Lavoie, M.D.,
Marie-Pierre Dubé, Ph.D., David Rhainds, Ph.D., Myléne Provencher, Ph.D., Lucie Blondeau, M.Sc.,
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Table 2. Major Clinical End Points (Intention-to-Treat Population).*

100+
90
80+
70
60
504
404
304
20+
104

(%)

Colchicine Placebo Hazard Ratio
End Point (N=2366) (N=2379) (95% Cl) P Value

Cumulative Incidence

number (percent)

Primary composite end point 131 (5.5) 170 (7.1) 0.77 (0.61-0.96) 0.027

Components of primary end point

No. at Risk
Placebo 2379 2261 1854 1224 622 144
Colchicine 2366 2284 1868 1230 628 153

New EnglJMed December 2019;381:2497
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he NEW ENGLAND JOURNAL of MEDICIN |

“ ORIGINAL ARTICLE ”

Colchicine in Patients
with Chronic Coronary Disease

S.M. Nidorf, AT.L. Fiolet, A. Mosterd, J.W. Eikelboom, A. Schut, T.S.J. Opstal,
S.H.K. The, X.-F. Xu, M.A. Ireland, T. Lenderink, D. Latchem, P. Hoogslag,
A. Jerzewski, P. Nierop, A. Whelan, R. Hendriks, H. Swart, J. Schaap, A.F.M. Kuijper,
M.W.J. van Hessen, P. Saklani, |. Tan, A.G. Thompson, A. Morton, C. Judkins
W.A. Bax, M. Dirksen, M. Alings, G.J. Hankey, C.A. Budgeon, J.G.P. Tijssen,
J.H. Cornel, and P.L. Thompson, for the LoDoCo2 Trial Investigators
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Table 2. Adverse Events in the Intention-to-Treat Population.*

Hazard Ratio or
Colchicine Placebo Cumulative Incidence
Event (N=2762) (N=2760) Ratio (95% Cl)

no. of patients/  no. of events/100 no. of patients/ no. of events/100
total no. (% erson-yrs total no. (% erson-yrs

New EnglJMed Novenber 5 2020;383:1838



IL-6 as a target to reduce inflammation and cardiovascular disease

GWAS, PheWAS and mendelian randomisation studies all support a
potential causal role for IL-6 signalling in atherosclerotic disease

CRP Reduction (%) D Hazard Ratio CHD W

o+ - 1.00

-5 —

- B

rs7529229

Dehgman A et al. Circulation 2011;123:731-738

CRP reduction (%)
Hazard ratio

-20
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IL-6 as a target to reduce inflammation and cardiovascular disease

IL-6 levels are a powerful predictor of future CV events

No. of CHD RR (95% Cl)
cases ]
|
Plasma Concentration of Interleukin-6 and the Risk of Women's Health Study 122 1.78)
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Ridker PM et al. Circulation 2000;101:1767-1772 Kaptoge S et al, Eur Heart J 2014:35:578-589



IL-6 as a target to reduce inflammation and cardiovascular disease

Murine models of IL-6 inhibition support a potential
causal role for IL-6 signalling in atherosclerotic disease

Classic signalling Trans-signalling

liLe o)
Anti-IL-6 mAbs Anti-IL-6 mAbs g slL6R
AntiIL-6R mAbs 1 Anti-IL-6R mAbs [ |
sgp130Fc

Ep130 TIL-GR

IKBNS/LDLrKO  LDLrKO IkBNS/LDLrKO  LDLrKO

PBS PBS MR16-1 MR16-1
Modalities for IL-6 signalling and IL-6 therapeutics MR16-1: murine anti-IL-6 receptor antibody
Garbers C et al. Nat Rev Drug Disc 2018;45 Akita K et al. Front Cardiovasc Med 2017;4:84

IL-1 induces IL-6, a further amplification of cytokine signalling in SMCs

Medium
IL-1a
IL-1B
LPS
PDGF
IL-6

IL-6 mRNA

Accumulation of IL-6 mRNA in
SMC incubated with various
stimuli for 24 h

IL-6 Activity SMC Were Stimulated
in Supernatants With Various
of Human SMC Concentrations of IL-1a
10* 10*
A B

18S

IL-6 Activity, pg rIL-6/mL

———————

w
z
-

Stimuli IL-1a, pg/mL

Loppnow H, Libby P. J Clin Invest 1990;85:731-738

ic acid; PDGF, platelet-dt ived growth factor; SMC, smooth muscle cell; TNF, tumour necrosis factor

IL, i in; LPS, li ide; MRNA,



IL-6 as a target to reduce inflammation and cardiovascular disease

Ziltivekimab is being investigated for cardiovascular risk reduction but currently not approved in this indication.

Ziltivekimab Cardiovascular Outcomes Study (ZEUS)

IL-6 inhibition with ziltivekimab 15 mg SC monthly
6200 patients + usual care
* ASCVD
* CKD stage 34
* hsCRP 22 mg/L

=———p  Major adverse CV
events

Renal disease

Matching placebo injection SC monthly progression
+ usual care

Ziltivekimab: Narrow spectrum fully human monoclonal antibody targeting the IL-6 ligand
that is being developed specifically for atherosclerosis

RESCUE Trial: ziltivekimab 15 mg SC monthly
markedly lowered hsCRP, fibrinogen, sPLA2 and Lp(a) without adverse lipid effects

Ridker PM, Rane M. Circ Res 2021;128:1728-1746
Ridker PM et al. Lancet 2021;397(10289):2060-2069
Novo Nordisk. NCT05021835. Available at: https://clinicaltrials.gov/ct2/show/NCT05021835 (accessed August 2023)

ASCVD, atherosclerosis cardiovascular disease; CKD, chronic kidney disease; CV, cardiovascular; hsCRP, high-sensitivity C-reactive protein; Lp(a), lipoprotein(a); .
SC, subcutaneous; sPLA2, secreted phospholipases A2



Atherosclerosis & inflammation

ATHEROSCLEROSIS — . . g :
INFLAMMATORY DIs Atherosclerosis — inflammation in the vessel wall

RusseLL Ross, PH.D.

TaelLE 1. CHARACTERISTICS

T ceoll /-\
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Do &
Atherosclerosis + + — ° {;M_DL it
LDL, oLDL =T aoj\a’s WS
and other 4, o L
antigens Macrophage | 7 5 >
Cirrhosis + + —
Rheumatoid + + + - RS
arthritis Cm;sgol”'_- <
Glomerulosclerosis + + -
Pulmonary fibrosis + + + -
Chronic pancreatitis -+ -+ —

Libby P; Scientific American 2002;286(5):47-55 Hansson GK and Hermansson A. Nature Immunology 2011;12:204—-212
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N EnglJ Med 1999;340:115



Residualrisk, LDL-cholesterol and inflammation

Residual inflammatory risk:
Addressing the obverse side of the atherosclerosis prevention coin

D

Known
cardiovascular disease
LDL 150 mg/dL
hsCRP 4.5mg/L

|

High-intensity statin

v v
“Residual cholesterol risk” “Residual inflammatory risk”
LDL 100 mg/dL LDL 65 mg/dL
hsCRP 1.8 mg/L hsCRP 3.8 mg/L
l “Lower is better” l

Adjunctive | | I Adjunctive
LDL lowering inflammation inhibition
Ridker PM. Eur Heart J 2016;37:1720-1722

hsCRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein




Residual Risk

EAAEELS

Patients with or at high risk for ASCVD

Despite contemporary evidence-based therapies¥®,
residual risk of ASCVD events persists

Biological Residual Residual Residual Residual Residual Residual
Issue Cholesterol Risk  Inflammatory Risk Thrombotic Risk  Triglyceride Risk Lp(a) Risk Diabetes Risk
Critical i No simple HbA1c
Biomarker LDL-C =100 mg/dL hsCRP =2mg/L Glonisther TG =2150mg/dL Lp(a) =50mg/dL Fasting glucose
. Targeted Targeted Targeted Targeted Targeted s
rnottee‘;r\;te'glti on LDL/Apo B Inflammation Antithrombotic Triglyceride Lp(a) S(SGng'_z‘ 'Rh:::it:t;s
Reduction Reduction Reduction Reduction Reduction 9
Randomized | IMPROVE-IT CANTOS PEGASUS FERtICET o e
Trial FOURIER COoLCOT COMPASS PROMINENT Planned DECLARE
Evidence SPIRE LoDoCo2 THEMIS CREDENCE
ODYSSEY OASIS-9 LEADER
SUSTAIN-6
REWIND

Eur HeartJ 2021;42:113
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Athérosclérose 29-1-2026
Athérosclérose & forces hémodynamiques
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— T-Lymphocyte

- o . — Macrophage
Foam cell (Tissue Factor™ )

/—“Actlvated" intimal SMC (HLA-DR ")

— : 7 — Normal Medial SMC
“Stable” Plaque j

Qualité (cellulaire) des lésions bien plus que leur taille (sténose) détermine la
possibilité de rupture, et donc de provoquer des symptomes cliniques.
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Conclusions/Messages

"™ 1 Linflammation (via cellules & molécules)

Adhesion
-1

M““QC}'\""—‘ g%;-: 3 i Endothelial T
Exlmeal-l;l;:: \\ :::% o LoL . __;eg/ . " .
s 0 ramemme | joue unrole crucial durant toutes les

matrix \\___/'
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ABC A

Differentiation ‘\'O LDL oxidation
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— v\ Foam cell
).

Lo = Pre) oSy,
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te._lamina
S B L ox LDL uptake
acrophage coas
. SR
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La présence de lymphocytes T et de cellules présentatrices
d’antigenes (macrophages) dans l’athérome suggere une réponse

immune locale a différents antigenes (oxidized-LDL).

Vascular
lumen
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Non-atherosclerotic
artery

'Vulnerable' plaque
Fibrous cap Lipid pool
T

'Stable' plaque

Macrophage Lymphoc

yte

e Thin fibrous cap
= Large lipid pool
e Many inflammatory cells
* Few smooth muscle cell

e Thick fibrous cap

= Smaller lipid pool

e Few inflammatory cells

s Y 1LDL * Dense extracellular matrix

4 HDL

¥ Angiotensin Il
¥ Insulin resistance?

S7?
¥ Blood pressure

Measures that may
'stabilize' atheroma

D. Maizsls

Athérosclérose 29-1-2026

La stabilisation des lésions d’athérosclérose (via ’amélioration des facteurs de risque,

médicaments) diminue les risque d’événements cardiovasculaires (infarctus et accident

cérébral).
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Un traitement anti-inflammatoire, sans effet sur les lipides pourrait permettre de diminuer

encore, le risque de futurs événements CV.
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