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Inflammation in Lesion Initiation
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Life and Death In the Atheroma: Inflammation in Lesion
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The progression of atherosclerosis: an interplay between
factors that promote or mitigate atherogenesis
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Characteristics of
Atherosclerotic
Plagques Associated
with Various
Presentations of
Coronary Artery
Disease

Libby P. N Engl J Med
2013;368:2004-2013
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Coronary Artery Cross Sections
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@ ESC Cardiovascular Research (2021) 00, 1-12 SPOTLIGHT REVIEW

European Society doi:10.1093/cvr/cvab303
of Cardiology

Inflammation during the life cycle of the
atherosclerotic plaque

Plague rupture
and erosion have
distinct

pathophysiologic
mechanisms.

Some key effectors

Foam cell death, defective clearance
Interstitial collagenases

(MMPs 1,8, & 13)

Tissue factor

Pro-inflammatory cytokines

(e.g. interferon y, CD40 ligand)

Foam
cell

Dying
foam cell

Thrombosis from rupture

Thin fibrous cap smooth
muscle and extracellular matrix poor

Fibrin-rich “red” thrombus
STEMI>NSTEMI

Activated
platelets

Some key effectors

Endothelial cell death, desquamation
Type IV collagenases (MMPs-2 & 9)
Myeloperoxidase (—HOCI)

NADPH oxidase (=+0,)

Neutrophil extracellular traps (NETs)
Interleukin-1 o

  ~’

Polymorphonuclear
leukocyte

Neutrophil
extracellular traps

Thrombosis from erosion

Thick fibrous cap with abundant
extracellular matrix

Platelet-rich “white" thrombus
NSTEMI>STEMI
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Can Targeted Anti-
Inflammatory Therapy
Improve Cardiovascular
Outcomes in Humans?




Can we translate inflammation biology In
atherosclerosis to the clinic?
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THE PRESENT AND FUTURE

REVIEW TOPIC OF THE WEEK

Interleukin-1 Beta as a Target for ()
Atherosclerosis Therapy
Biological Basis of CANTOS and Beyond

Peter Libby, MD

JACC VOL. 70, NO. 18, 2017 OCTOBER 31, 2017:2278-89



Interleukin-1p as a Target for
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Inducible IL-1 B expression in
human endothelial cells

IL-1 B mRNA
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IL-1 induces IL-1 in human endothelial cells

28s- IL-1 B mMRNA

18S - - .
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1997

Caspase-1 activates IL-1 B in
human VSMC
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IL-1 induces IL-6 expression in
human VSMC
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] 1 | 1 1 | 1
107 10° 10" 102 103 10% 10°
IL-1a (pg/ml)

IL: Interleukin
VSMC: Vascular Smooth
Muscle Cells

Libby JACC 70, 2017:2278-89




Operation of the Interleukin-1-

Pro-Inflammatory

Interleukin-6 pathway in human

Interleukin-6, Mediator of

@ |_L-1c|]3 D Atherothrombosis ‘ at h e r O t h r. O m b O S I S
IL-18 ? “1
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mg/L
hsCRP

—p C-Reactive Protein

Gauge of Overall
Inflammatory State
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Interleukin-1 inhibition and the prevention of recurrent
cardiovascular events: Rationale and Design of the
Canakinumab Anti-inflammatory Thrombosis Outcomes

Study (CANTOS)

Paul M Ridker, MD,*"'“ Tom Thuren, MD, ““ Andrew Zalewski, MD, “® and Peter Libby, MD ™“ Boston, MA;
and East Hanover, NJ

CANTOS: a 10,061 person
phase Il Trial
Am Heart J 2011;162:597-605



CANTOS: Dose-Dependent Effects on Inflammatory Biomarkers and Lipids (48 Months)
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HDLC, high-density lipoprotein; cholesterol hsCRP, high-sensitivity C-reactive protein; . . .
LDLC, low-density lipoprotein cholesterol; SC, subcutaneous; TG, triglyceride Ridker PM, et al. N Engl J Med. 2017;DOI: 10.1056/NEJMoal707914




CANTOS: Primary Cardiovascular Endpoint (MACE)

The 150mg group met multiplicity
MACE
adjusted thresholds for formal
statistical significance for both

__ Placebo SC q 3 months the prImary and SeconCIary
Canakinumab 150/300 SC q 3 months cardiovascular endpoints

HR 0.85
95%CI 0.76-
0.96
P =0.007

39% reduction In
hsCRP
No change in LDLC
15% reduction In
MACE

I I I I

_ _ _ 2 3 4 5
Cl, confidence interval; HR, hazard ratio;
hsCRP, high-sensitivity C-reactive protein ; Follow-up Years

LDLC, low-density lipoprotein cholesterol; Ridker PM, et al. N Engl J Med. 2017;DOI: 10.1056/NEJM0al707914
MACE, major adverse cardiovascular events; SC, subcutaneous
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IL-1B blockade reduces cardiovascular and total
mortality by 31 % in canakinumab responders

1

Hazard Ratio fomr Death

o
N

o

P<0.0004

P<0.0001

Placebo
mhsCRP >2 mg/L

hsCRP <2 mg/L

Ridker et al. Lancet
2018: 39: 319-328

CV Mortality

All Cause
Mortality

Multivariable Adjusted
Hazard Ratios (HR) for
Pre-Specified
Cardiovascular
Outcomes According to
On-treatment hsCRP
Levels Above or Below
2 mg/L After Drug
Initiation

HRs adjusted for age,
gender, smoking, HTN,

diabetes, BMI, baseline
hsCRP, Baseline LDLC



CANTOS: Additional Outcomes (per 100 person years of exposure)
| | cCanakinumabsCg3months |

Adverse Event Placebo 50 mg 150 mg 300 mg P-trend
(N=3347) (N=2170) (N=2284) (N=2263)

Any SAE 12.0 11.4 11.7 12.3 0.43
Leukopenia 0.24 0.30 0.37 0.52 0.002
Any infection 2.86 3.03 3.13 3.25 0.12
Fatal infection 0.18 0.31 0.28 0.34 0.09/0.02*
Injection site reaction 0.23 0.27 0.28 0.30 0.49
Any Malignancy 1.88 1.85 1.69 1.72 0.31
Fatal Malignancy 0.64 0.55 0.50 0.31 0.0007
Arthritis 3.32 2.15 2.17 2.47 0.002
Osteoarthritis 1.67 1.21 1.12 1.30 0.04
Gout 0.80 0.43 0.35 0.37 0.0001
ALT > 3x normal 1.4 1.9 1.9 2.0 0.19
Bilirubin > 2x normal 0.8 1.0 0.7 0.7 0.34

* P-value for combined canakinumab doses vs placebo

ALT, alanine aminotransferase; Ridker PM, et al. N Engl J Med. 2017;DOI: 10.1056/NEJM0al1707914
SAE, serious adverse event; SC, subcutaneous




Inflammasome

/\

Pro-IL-1p

IL-1p
Pro-IL-18

IL-18

Autoinduction:
IL-1 induces IL-1
IL-1

Amplification:

Interleukin-6 1s downstream of IL-1

In Innate Immune Signaling

Can we preserve IL-1B’s

role in host defenses but
diminish cardiovascular

risk by targeting IL-67

Further

Acute phase response

A induces IL-6 , Y £ Thrombus formation
. ificat : and stabilit
IL-1 ampk');C; lon IL-1 —>IL-6 —> § Al Z Fibrinogen .
‘/ Plasminigen

| activator
\_/inhibitor-l
Targeting Inflammatory Pathways

In Cardiovascular Disease: The
Inflammasome, Interleukin-1,

Chronic local signaling:
(e.g. atheroma)

Subacute signaling:
(e.g. vasculitis)

Interleukin-6 and Beyond
Cells 2021, 10, 951

Acute systemic signaling:
(e.g. sepsis, cytokine storm)



Relative Risk of MI

P Trend = 0.001

P=0.01

P=0.003

1 2 3 4
<1.04 1.04-1.46 1.47-2.28 >2.28

Quartile of IL-6 (range, pg/dL)

‘Interleukin 6

(IL-6)
Independently
Predicts
Cardiovascular
Risk

Ridker PM et al. Circulation.
2000;101(15):1767-1772.



IL-6 Concentrations Powerfully Predict

All CHD

4_

IL-6 (ng/L), 732 cases
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Non-fatal Ml or CHD death

IL-6 (ng/L), 450 cases

Kaptoge et al, Eur Heart J 2014;35:578-589

Women's Health Study
FINRISK

Rancho Bernado Study
PRIME

Health ABC

Edinburgh Artery Study
Physician's Health Study
Quebec Cardiovascular Study
Cardiovascular Health Study
Nurses' Health Study
HPFUS

WHIOS

ARIC

BRHS

MONICA/KORA Augsberg
WOSCOPS

Reykjavik Study

Glasgow MONICA

NSHS95

BWHHS

CaPS

Fletcher Challenge tudy
Whitehall 11

NSHDS

Danish-RCPH

Overall (r2=53.6%, P=0.001)

Number of
CHD cases

122
151
152
163
188
190
202
210
217
239
265
304
304
370
382
503
1768
151
152
198
217
225
435
469
405
7982

Future Cardiovascular Events

RR (95% Cl)

1.36 (1.04-1.78)
1.31 (1.06-1.62)
1.67 (1.42-1.97)
1.68 (1.30-2.17)
1.27 (1.09-1.47)
1.29 (1.07-1.56)
1.39 (1.05-1.84)
1.24 (1.03-1.49)
1.03 (0.91-1.18)
1.02 (0.81-1.27)
1.10 (0.91-1.33)
1.34 (1.04-1.73)
1.28 (1.02-1.60)
1.44 (1.23-1.69)
1.25 (1.07-1.46)
1.19 (1.04-1.37)
1.17 (1.10-1.25)
1.21 (1.07-1.38)
1.07 (0.90-1.27)
1.13 (0.92-1.38)
1.24 (1.04-1.48)
1.66 (1.22-2.26)
1.13 (1.03-1.24)
1.44 (1.20-1.74)
1.30 (1.12-1.51)
1.25 (1.19-1.32)

0,5

1 1,5 2
RR (95% CI) per-SD higher log IL-6

2,5



Human Genetic Evidence Supports Causality of
Interleukin 6 in Cardiovascular Risk
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@ ESC European Heart Journal (2022) 00, 1-13 CLINICAL RESEARCH

European Society https://doi.org/10.1093/eurheartj/ehac444 ' ' '
of Cardiology P 8 ) Epidemiology and prevention

Inflammation drives residual risk in chronic
kidney disease: a CANTOS substudy

Paul M Ridker ® %%, Katherine R. Tuttle’, Vlado Perkovic?, Peter Libby?, and Jean
G. MacFadyen’

Online August 10 2022



Inflammation drives residual risk in

& 4

CKD ASCVD
A%

Inflammation or
hypercholesterolaemia?

G
.

MACE

chronic kidney disease: a CANTOS substudy

9051 Comparing top to bottom quartile
CANTOS
participants hsCRP LDL-C

7959 HR 1.45 HR 1.64
without CKD = [RGERICOIM | (P < 0.0001)

1092 HR 1.50 HR 1.04
with CKD (P = 0.021) (P = 0.80)

HR = Hazard Ratio

Paul M Ridker, Katherine R. Tuttle, Vlado Perkovic, Peter Libby, and Jean G. MacFadyen
European Heart Journal (2022) 00, 1-13 https://doi.org/10.1093/eurheartj/ehac444
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- THE LANCET

IL-6 inhibition with ziltivekimab in patients at high
atherosclerotic risk: a double-blind, randomised,
placebo-controlled, phase 2 trial

Paul M Ridker, Matt Devalaraja, Florian M M Baeres, Mads D M Engelmann, G Kees Hovingh, Milana Ivkovic, Larry Lo, Douglas Kling,
Pablo Pergola, Dominic Raj, Peter Libby, Michael Davidson, on behalf of the RESCUE Investigators*

Lancet 2021; 397:2060-2069.



RESCUE Design

Trial Conduct Major Inclusion Criteria Major Exclusion Criteria
June 17, 2019 - January 14, 2020 Age > 18 years ANC < 2 x 10° Platelet Count < 120 x 10°
40 US clinical sites Stage 3 -5 CKD Spot urine to creatinine ratio > 4
264 participants randomized hsCRP > 2 mg/L Active TB or
SC placebo or History of HIV, hepatitis B, hepatitis C

SC ziltivekimab 7.5, 15, 30 q 4 weeks

Randomized

Placebo Q4W (66 pts)

CKD Stage 3 -5
hsCRP > 2 mg/L 7.5 mg Q4W (66 pts)

Washout
(2-months)

15 mg Q4W (66 pts)

(Stratified on eGFR )

30 mg Q4W (66 pts)

- AN _/
Y YT

12 Week Primary Endpoint 24 Week Full Treatment and Safety Period

Primary Endpoint: Percent change in hsCRP from baseline to 12 weeks
Secondary Endpoints: Percent change in fibrinogen, haptoglobin, SAA, sPLA2, Lp(a), and lipid levels

Ridker et al., Lancet 2021; 397:2060-20609.



RESCUE: Primary Result — Change in hsCRP at 12 weeks
A B

12 weeks from randomization Wash out*

10 -
0% - ]

-25% A

N

-50% A

-75% A

hsCRP median hsCRP (mg/L, log,,)
oy

soskok ok '88'y
-100% - o -92%
ok 0'1 L] L] L] L] L] L] L] L] L] L] L]
Median % change in hsCRP (mg/L) Weeksfrom 0 3 4 8 12 16 20 22 24 SF1 SF2
randomization
Placebo(n) 66 64 65 63 57 46 35 27 31 49 52
Zilti7.5mg(n) 66 64 64 62 58 52 39 28 32 52 53
Ziltil5mg(n) 66 66 64 61 61 49 40 28 34 51 55
zZilti3omg(n) 66 62 62 61 57 50 39 29 30 49 53
—8— Placebo -8 Zilti7.5mg *kk*k P< O 001
—0— Zilti 15 mg —0— Zilti30 mg

Ridker et al, Lancet 2021;397:2060-2069



Ziltivekimab Cardiovascular Outcomes Study (ZEUS)

ZEUS: Phase 3a trial design

§CVOT in ASCVD patlents W|th CKD treated with Z|It|vek|mab

__________________________________________________ d Trial information
* Double-blinded

"""""""""""" ;""I??.qgiomisatlen """""""""""""""""""""""" ; """""""""""" °Tr|alstart|n2021 """""""""""""""" -

6200 patients
~+ ASCVD
« CKD stage 3-4

_ } Seconda _ |
« Time to the first occurrence of MACE (CV death, non-fatal MI or non- .= Time to first occu rrence of expanded MACE :
fatal stroke) ; (CV death, non-fatal MI, non-fatal stroke or urgent coronary -
: : : revascularisation) :

e ............ o o e ............. .. Number Of hospltallsatlons for HF or urgent HF VISItS ....... .......... i .
' ' ' -+ Time to all cause death : |

* Time to first occurrence of composite CKD endpoint (= 40% GFR
reduction, kidney death CKD stage 5 dialysis treatment or kfdney

Why CKD with
elevated hsCRP?

« Large unmet need

« Very high
cardiovascular risk

e particular biologic state

» LDL-C less relevant
for outcomes

 Inflammation more
relevant for
outcomes

« Colchicine is relatively
contraindicated in CKD




Where iIs IL-6 Inhibition going ?

Will interleukin-6 inhibition with ziltivekimab improve cardiovascular
outcomes:

Qln individuals with a history of atherosclerotic disease, chronic kidney
disease, and residual inflammatory risk? (ZEUS ~ 70% enrolled)?

QlIn patients with heart failure and preserved ejection fraction? (HERMES -
initiating)?

Qln patients with acute myocardial infarction and acute coronary ischemia?
(ARTEMIS - in planning)?

Libby P, Rocha VZ. All roads lead to IL-6: A central hub of cardiometabolic signaling. Int J Cardiol 2018; 259:
213-215.

Ridker PM, Rane M. Interleukin-6 Signaling and Anti-Interleukin-6 Therapeutics in Cardiovascular Disease
Circulation Research 2021;128:1728-46.

Libby P. Targeting Inflammatory Pathways in Cardiovascular Disease: The Inflammasome, Interleukin-1,
Interleukin-6 and Beyond. Cells 2021;10(4):951.



Inflammation — Beyond Cytokines

Inflammasome
INhibItors

Incretin mimetics
Colchicine



Colchicine Reduces Cardiovascular Risk

LoDoCo2: N=5,522 stable CAD!

100 - 201 HR:0.69
10 (95% Cl: 0.57; 0.83)
X 80 - P<0.001
[J]
e 10 A
3 60 -
S — Colchicine
£ 5 -
_g 40 4 —— Placebo
®
S 0 T T T T 1
§ i -_“‘;;#O
0 - T T T T 1
0 12 24 36 48 60
No. at risk Months since randomisation
Placebo 2760 2655 1703 821 590 161
Colchicine 2762 2685 1761 890 629 166

eGFR >60 ml/min/1.73 m? — HR 0.66 (95% Cl: 0.54-0.80)

eGFR <60 ml/min/1.73 m? - HR 1.19 (95% Cl: 0.53-2.65)

COLCOT: N=4,745 recent MI?

MACE+: HR: 0.68 (95% Cl: 0.54; 0.81)
All-cause mortality: HR: 1.04 (95% Cl: 0.61; 1.78)

1 -
100 - > HR: 0.77
—_ (95% Cl: 0.61; 0.96)
X -0.02
o 80 - 10 4 P=Y
[8)
[ =
()
i)
£ 60 - 5 - — Colchicine
.g — Placebo
B 40 -
g O 1 1 1 1 1 1
= 0 7 14 21 28 35 42
O 20 A
0 == T T T T 1
0 7 14 21 28 35 42
. Months since randomisation
No. at risk
Placebo 2379 2261 1854 1224 622 144 0
Colchicine 2366 2284 1868 1230 628 153 0

CAD, coronary artery disease; Cl, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; MACE, major adverse cardiovascular event; MACE+, MACE plus heart failure and thromboembolic events; Ml, myocardial infraction
1. Nidorf SM et al. N Engl J Med 2020,383:1838-1847; 2. Tardif JC et al. N Engl J Med 2019;381:2497-2505; 3. Samuel M et al. Can J Cardiol 2021,;37:776-785; 4. Ridker PM and Rane M. Circulation Research 2021,128:1728-1746




FDA Approves Colchicine Tablets for Reducing Cardiovascular Risk

Jun 20, 2023
Patrick Campbell

Announced by AGEPHA Pharma US on June 20, 2023, the US FDA approval of colchicine 0.5 mg tablets (Lodoco) for reducing cardiovascular event
risk marks the first approval in agency history for an anti-inflammatory atheroprotective cardiovascular treatment.

The US Food and Drug Administration had awarded approval to
colchicine 0.5 mg tablets (Lodoco) for reducing the risk of myocardial

infarction (Ml), stroke, coronary revascularization, and cardiovascular

death in adult patients with established atherosclerotic disease or with

multiple risk factors for cardiovascular disease.

Announced by parent company AGEPHA Pharma USA on June 20,
2023, the approval, which is supported by data from a 5522-person
trial purporting a 31% relative reduction in risk of cardiovascular
events, marks the first indication in FDA history for an anti-
inflammatory atheroprotective cardiovascular treatment, according to
a statement from AGEPHA."
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A Primary Cardiovascular Composite End Point

B Death from Cardiovascular Causes
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Table 3. Supportive Binary and Continuous Secondary End Points.*

End Point

Glycated hemoglobin level of <5.7% among patients with
baseline glycated hemoglobin level of =5.7%
— no./total no. (%)

At week 52
At week 104

Mean change from randomization to week 104

Semaglutide

(N =8803)

3848/5831 (66.0)
3775/5750 (65.7)

Placebo
(N=28801)

1136/5748 (19.8)
1211/5663 (21.4)

Difference (95% Cl)7

10.15 (9.18 to 11.23)
8.74 (7.91 to 9.65)

Body weight — % —9.39+0.09 —0.88+0.08 —8.51 (-8.75 to -8.27)
Waist circumference — cm -7.56+0.09 -1.03+0.09 —6.53 (-6.79 to —6.27)
Glycated hemoglobin level — percentage points -0.31+0.00 0.01+0.00 -0.32 (-0.33 to -0.31)
Systolic blood pressure — mm Hg —-3.82+0.16 —0.51+0.16 -3.31 (-3.75 to —2.88)
Diastolic blood pressure — mm Hg -1.02+0.10 —0.47+0.10 —0.55 (-0.83 to —0.27)
Heart rate — beats/min 3.79+0.11 0.69+0.11 3.10 (2.80 to 3.39)
EQ-5D-5L index scoref 0.01+0.00 -0.01+0.00 0.01 (0.01 to 0.02)
EQ-5D-VAS scoref 2.52+0.16 0.92+0.16 1.60 (1.16 to 2.04)
High-sensitivity CRP level — % -39.12 -2.08 —37.82 (-39.70 to —35.90) I
Total cholesterol level — % —4.63 -1.92 -2.77 (-3.37 to -2.16)
HDL cholesterol level — % 4.86 0.59 424 (3.70 to 4.79)
LDL cholesterol level — % -5.25 -3.14 -2.18 (-3.22to -1.12)
Triglyceride level — % -18.34 -3.20 —15.64 (—16.68 to —14.58)

Semaglutide and Cardiovascular Outcomes

In Obesity without Diabetes

10.1056/NEJM0a2307563

DOI:



Inflammation 1n atherothrombosis

Inflammation Is a
common contributor to
atherothrombosis and
IS becoming clinically
actionable.



Anti-inflammatory therapy of atherothrombosis

“Now this is not the end. It is
not even the beginning of the
end. But it Is, perhaps, the end
of the beginning.”

Winston Churchill

https://www.brainyguote.com/guotes/winston_church
11l 163144
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