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Inflammation in Lesion Initiation
Nature reviews | Disease Primers

https://doi.org/10.1038/ s41572-019-0106-z 



Life and Death in the Atheroma: Inflammation in Lesion 
Progression

Nature reviews | Disease Primers

https://doi.org/10.1038/ s41572-019-0106-z 



The progression of atherosclerosis: an interplay between 

factors that promote or mitigate atherogenesis

The changing landscape of atherosclerosis 
Libby, Nature 2021 https://doi.org/10.1038/s41586-021-03392-8 



Peter Libby, A Fire Within
Scientific American 2002

Inflammation

 in Atherosclerosis



Characteristics of 
Atherosclerotic 
Plaques Associated 
with Various 
Presentations of 
Coronary Artery 
Disease

Libby P.   N Engl J Med 
2013;368:2004-2013
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Inflammation 

contributes 

to plaque 

rupture and 

the 

pathogenesis 

of acute 

arterial 

thromboses
Libby, N Engl J Med 2013;368:2004-13.

MMP = matrix metalloproteinase
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❤Plaque rupture 
and erosion have 
distinct 
pathophysiologic 
mechanisms.



Dr.Libby Slides

The 

Cardiovascular 

Continuum 

Revisited

Libby, Nahrendorf, 

Swirski

Leukocytes Link 

Local and 

Systemic 

Inflammation in 

Ischemic CVD 
JACC. 67:1091, 2016
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Can Targeted Anti-

Inflammatory Therapy 

Improve Cardiovascular 

Outcomes in Humans?



≠

Can we translate inflammation biology in 

atherosclerosis to the clinic?



JACC VOL. 70, NO. 18, 2017 OCTOBER 31, 2017:2278–89 
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IL-1 β mRNA

- 18S

- LPS + LPS

18S -

28S - IL-1 β mRNA

0     0.1      1     10   HF  U937rIL-1α (ng/ml)

1986 1987

IL-1α (pg/ml)

IL
-6

1990

1995 1997
Caspase-1 expression in a 

foam cell in human atheroma

Inducible IL-1 β expression in 

human endothelial cells 
IL-1 induces IL-1 in human endothelial cells IL-1 induces IL-6 expression in 

human VSMC

Caspase-1 activates IL-1 β in 

human VSMC

IL: Interleukin

VSMC: Vascular Smooth 

Muscle Cells



Libby

IL-1 as a Target for 

Therapy JACC 

2017;70:2278

Operation of the Interleukin-1-
Interleukin-6 pathway in human 

atherothrombosis

hsCRP



CANTOS: a 10,061 person 
phase III Trial

Am Heart J 2011;162:597-605 
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CANTOS: Dose-Dependent Effects on Inflammatory Biomarkers and Lipids (48 Months)

Ridker PM, et al. N Engl J Med. 2017;DOI: 10.1056/NEJMoa1707914
HDLC, high-density lipoprotein; cholesterol   hsCRP, high-sensitivity C-reactive protein; 

LDLC, low-density lipoprotein cholesterol; SC, subcutaneous; TG, triglyceride 

Robust 

lowering of 

CRP - a 

gauge of 

inflammation

No change 

in 

atherogenic 

lipids
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MACE

Placebo
150/300mg

Placebo SC q 3 months  

Canakinumab 150/300 SC q 3 months

CANTOS: Primary Cardiovascular Endpoint (MACE) 

HR 0.85 

95%CI 0.76-

0.96  

P = 0.007 

39% reduction in 

hsCRP

No change in LDLC

15% reduction in 

MACE

Ridker PM, et al. N Engl J Med. 2017;DOI: 10.1056/NEJMoa1707914
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CI, confidence interval; HR, hazard ratio; 

hsCRP, high-sensitivity C-reactive protein ; 

LDLC, low-density lipoprotein cholesterol;

MACE, major adverse cardiovascular events; SC, subcutaneous

The 150mg group met multiplicity 

adjusted thresholds for formal 

statistical significance for both 

the primary and secondary

cardiovascular endpoints
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CV Mortality All Cause
Mortality
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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

IL-1 blockade reduces cardiovascular and total 
mortality by 31 % in canakinumab responders
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Ridker et al. Lancet 

2018: 39: 319-328



Canakinumab SC q 3 months

Adverse Event Placebo

(N=3347)

50 mg

(N=2170)

150 mg

(N=2284)

300 mg

(N=2263)

P-trend 

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

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

* P-value for combined canakinumab doses vs placebo

Ridker PM, et al. N Engl J Med. 2017;DOI: 10.1056/NEJMoa1707914ALT, alanine aminotransferase; 

SAE, serious adverse event;  SC, subcutaneous



Targeting Inflammatory Pathways 

in Cardiovascular Disease: The 

Inflammasome, Interleukin-1, 

Interleukin-6 and Beyond

Cells 2021, 10, 951

Interleukin-6 is downstream of IL-1 

in Innate Immune Signaling
Can we preserve IL-1’s 

role in host defenses but 

diminish cardiovascular 

risk by targeting IL-6?



Interleukin 6 

(IL-6)

Independently 

Predicts 

Cardiovascular 

Risk

P=0.01
P=0.003

P=0.3

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

P Trend = 0.001
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Ridker PM et al. Circulation. 

2000;101(15):1767-1772.



0,5 1 1,5 2 2,5

Number of 

CHD cases

Women's Health Study 122

FINRISK 151
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IL-6 Concentrations Powerfully Predict 

Future Cardiovascular Events

RR (95% CI) per-SD higher log IL-6
Kaptoge et al, Eur Heart J 2014;35:578-589



Human Genetic Evidence Supports Causality of
Interleukin 6 in Cardiovascular Risk

Figure adapted from Sarwar N et al. Lancet. 2012;379(9822):1205-1213 and Swerdlow DI et al. Lancet. 2012;379(9822):1214-1224.
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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 

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

https://doi.org/10.1093/eurheartj/ehac444


Lancet 2021; 397:2060-2069. 



RESCUE Design
Trial Conduct

  June 17, 2019 - January 14, 2020

   40 US clinical sites

   264 participants randomized

   SC placebo or 

   SC ziltivekimab 7.5, 15, 30 q 4 weeks

Major Inclusion Criteria

  Age > 18 years 

   Stage 3 – 5 CKD

   hsCRP > 2 mg/L

   

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

Major Exclusion Criteria

  ANC < 2 x 109  Platelet Count < 120 x 109

   Spot urine to creatinine ratio > 4

   Active TB or 

   History of HIV, hepatitis B, hepatitis C

12 Week Primary Endpoint 24 Week Full Treatment and Safety Period

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



RESCUE: Primary Result – Change in hsCRP at 12 weeks

**** P< 0.001

-4%

-77%

-88%
-92%-100%

-75%

-50%

-25%

0%

12 weeks from randomization

Median % change in hsCRP (mg/L)

****

****

****

A B

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



Why CKD with 

elevated hsCRP?

• Large unmet need

• Very high 

cardiovascular risk

• particular biologic state

• LDL-C less relevant 

for outcomes

• Inflammation more 

relevant for 

outcomes

• Colchicine is relatively 

contraindicated in CKD

Ziltivekimab Cardiovascular Outcomes Study (ZEUS)



Will interleukin-6 inhibition with ziltivekimab improve cardiovascular 
outcomes: 

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

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

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

Where is IL-6 inhibition going ? 

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

CAD, coronary artery disease; CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; MACE, major adverse cardiovascular event; MACE+, MACE plus heart failure and thromboembolic events; MI, 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 

COLCOT: N=4,745 recent MI2LoDoCo2: N=5,522 stable CAD1

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

eGFR >60 ml/min/1.73 m2 – HR 0.66 (95% CI: 0.54–0.80)
eGFR <60 ml/min/1.73 m2 – HR 1.19 (95% CI: 0.53–2.65)

No. at risk
Placebo
Colchicine

2379 2261 1854 1224 622 0
2366 2284 1868 628 0
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This article was published on November 11, 2023, at NEJM.org. DOI: 10.1056/NEJMoa2307563 



SELECT: 

Semaglutide and 

Cardiovascular 

Outcomes in 

Obesity without 

Diabetes 

DOI: 

10.1056/NEJMoa2307563 
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Inflammation is a 
common contributor to 
atherothrombosis and 
is becoming clinically 
actionable.

Inflammation in 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.brainyquote.com/quotes/winston_church

ill_163144

Anti-inflammatory therapy of atherothrombosis
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