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Patients stabilized post ACS ≤ 10 days:
LDL-C 50–125*mg/dL (or 50–100**mg/dL if prior lipid-lowering Rx)

Standard Medical & Interventional Therapy 

Ezetimibe / Simvastatin 

10 / 40 mg

Simvastatin 

40 mg

Follow-up Visit Day 30, every 4 months 

Duration: Minimum 2 ½-year follow-up (at least 5250 events)

Primary Endpoint: CV death, MI, hospital admission for UA,

coronary revascularization (≥ 30 days after randomization), or stroke 

N=18,144

Uptitrated to 

Simva 80 mg 

if LDL-C > 79

(adapted per 

FDA label 2011)

Study Design (IMPROVE IT)
*3.2mM  

**2.6mM

Cannon CP N Engl J Med. 2015 Jun 18;372(25):2387-97 

90% power to detect 

~9% difference



LDL-C and Lipid Changes
1 Yr Mean LDL-C TC TG HDL hsCRP

Simva 69.9 145.1 137.1 48.1 3.8

EZ/Simva 53.2 125.8 120.4 48.7 3.3

Δ in mg/dL -16.7 -19.3 -16.7 +0.6 -0.5

Median Time avg

69.5 vs. 53.7 mg/dL

Cannon CP N Engl J Med. 2015 Jun 18;372(25):2387-97 



Primary Endpoint — ITT

Simva — 34.7% 

2742 events 

EZ/Simva — 32.7% 

2572 events 

HR 0.936 CI (0.887, 0.988)

p=0.016 

Cardiovascular death, MI, documented unstable angina requiring 

rehospitalization, coronary revascularization (≥30 days), or stroke

7-year event rates

NNT= 50

Cannon CP N Engl J Med. 2015 Jun 18;372(25):2387-97 



Ference, BA et al. J Am Coll Cardiol 2015;doi:10.1016/j.jacc.2015.02.020). Cannon CP, et al. AHA, November, 17 2014.

Cumulative Effect of Lifelong 
LDL-C

Effect of  Lower LDL-C on CHD: Importance of  

Primordial Prevention



FOURIER



PCSK9 Is a Key Regulator of LDLR Recycling by 

Targeting the Receptor for Degradation1-3

PCSK9 secretion

Lysosomal degradation

LDLR/PCSK9 routed 

to lysosome

1. Horton JD, et al. J Lipid Res. 2009;50:S172-S177. 2. Qian YW, et al. J Lipid Res. 2007;48:1488-1498. 3. Zhang DW, et al. J Biol Chem. 2007;282:18602-18612. 

Increased LDLR surface concentration
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Risk of CV Death or Stroke in FOURIER Subgroups  
with Prior MI’s or Multi-vessel CAD

Evo Placebo NNT HR (95% CI)

Time From Qualifying MI

< 2 Years 7.9% 10.8% 35 0.76 (0.64-0.89)

≥ 2 Years 8.3% 9.3% 101 0.87 (0.76-0.99)

Number of Prior MIs

≥ 2 12.4% 15.0% 38 0.79 (0.67-0.94)

1 6.6% 8.2% 60 0.84 (0.74-0.96)

Multi-vessel CAD

Yes 9.2% 12.6% 29 0.70 (0.58-0.84)

No 7.6% 8.9% 78 0.89 (0.79-1.00)

Sabatine M presented at AHA 2017



ODYSSEY OUTCOMES



LBCT ACC 2018- Presented by Ph. Gabriel Steg



LBCT ACC 2018- Presented by Ph. Gabriel Steg



LBCT ACC 2018- Presented by Ph. Gabriel Steg



LBCT ACC 2018- Presented by Ph. Gabriel Steg



Is There a Sweet Spot Where PCKS9i Have the 

Most Impact?

1.6%    

vs. 

3.4% 

ARR,

NNT 

64 vs. 

29

LBCT ACC 2018- Presented by Ph. Gabriel Steg



ARR = 0.6% for all 

patients, NNT 163

NNT 

60

LBCT Presentation. ACC 2018
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N Engl J Med. 2017 Aug 17;377(7):633-643



CANTOS



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

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



Stable CAD (post MI)

On Statin, ACE/ARB, BB, ASA 

Persistent Elevation 

of hsCRP (> 2 mg/L)

Randomized

Canakinumab 150 mg 

SC q 3 months

Randomized

Placebo 

SC q 3 months    

Primary CV Endpoint:  Nonfatal MI, Nonfatal Stroke, Cardiovascular Death  

(MACE)   

Randomized

Canakinumab 300 mg 

SC q 3 months*

Key Secondary CV Endpoint: MACE + Unstable Angina Requiring Unplanned 

Revascularization (MACE+)

Randomized

Canakinumab 50 mg 

SC q 3 months

Canakinumab Anti-Inflammatory Thrombosis Outcomes Study (CANTOS)

N = 10,061

39 Countries

April 2011 - June 2017

1490 Primary Events

Critical Non-Cardiovascular Safety Endpoints: Cancer and Cancer Mortality, Infection and Infection 

Mortality
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Placebo Canakinumab 50               Canakinumab 150 Canakinumab 300

Months

CANTOS: Dose-Dependent Effects on Inflammatory Biomarkers and Lipids (48 Months)

Placebo SC q 3 mth

Canakinumab  50mg SC q 3 mth

Canakinumab 150mg SC q 3 mth
Canakinumab 300mg SC q 3 mth

Ridker PM, et al. NEJM. 2017;DOI: 10.1056/NEJMoa1707914



Placebo SC q 3 months

Canakinumab 150/300 mg SC q 3 months

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. NEJM. 2017;DOI: 10.1056/NEJMoa1707914
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The 150 mg group met multiplicity 

adjusted thresholds for formal 

statistical significance for both the

primary and secondary

cardiovascular endpoints

Follow-up Years

CANTOS: Primary Cardiovascular Endpoint 

(MACE) 



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

* P-value for combined canakinumab doses vs placebo
ALT, alanine aminotransferase; 
SAE, serious adverse event;  SC, subcutaneous

CANTOS: Additional Outcomes (per 100 person 

years of exposure)

Ridker PM, et al. NEJM. 2017;DOI: 10.1056/NEJMoa1707914



Ridker PM, et al. Lancet. 2017;DOI: 10.1016/S0140-6736(17)32247-X

Placebo
Canakinumab 50 mg
Canakinumab 150 mg
Canakinumab 300 mg

HR (95%CI)          P
1.0     (referent)    (referent)
0.71   (0.40-1.26)  0.24
0.64   (0.36-1.14)  0.13
0.23   (0.10-0.54)  0.0002

P-trend across groups = 0.0002
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CANTOS: Additional Non-Cardiovascular Clinical Benefits

Fatal Lung Cancer

Canakinumab 300 mg 77% 

reduction in fatal lung cancer 

P=0.0002



Where Are We Going With All 

this for Treatment of 

Atherosclerosis?



Additional 
LDL-C Reduction

IMPROVE-IT : Ezetimibe 6% RRR 
FOURIER/ODYSSEY/SPIRE: PCSK9 Inhibition q2 weeks 15% RRR

Known Cardiovascular Disease 
LDL-C 150 mg/dL
hsCRP 4.5mg/L

Additional 
Inflammation Reduction

No Prior Proof of Concept 
Canakinumab 150mg SC q 3 months 15%RRR

High Intensity Statin

LDL-C 80 mg/dL
hsCRP 3.8 mg/L

LDL-C 110 mg/dL
hsCRP 1.8 mg/L

“Residual Cholesterol Risk” “Residual Inflammatory Risk”

Residual Inflammatory Risk: Addressing the 

Obverse Side of the Atherosclerosis Prevention Coin

Ridker PM. Eur Heart J 2016;37:1720-22 



Conclusion

• Multiple non-statins showing benefits in 

ASCVD outcomes (ezetimibe, PCSK9i).

• Targeting inflammation appears to be 

promising for ASCVD risk reduction. 

• Signal on common inflammatory pathway for 

ASCVD and Cancer initiation/progression. Can 

we have therapies now that target both?



Predictor Effect size P

βLDL-C 0.39 1 x 10–22

βHDL-C 0.04 0.32

βTG 0.40 2 x 10–10

For every 1 SD change (~35 mg/dL) in genetically 
altered LDL, 50% increase in risk for CHD

Genetically Altered LDL, TG, and Risk 

for CHD1-3

For every 1 SD change (~90 mg/dL) in 
genetically altered TG, 50% increase in risk for 

CHD

43

1. Do R et al. Nat Genet. 2013;45(11):1345-1352; 2. Ballantyne CM. Are triglycerides a cardiovascular risk factor? Presented at: 2014 National Lipid Association Fall Clinical Lipid Updates Session; August 22–
24, 2014; Indianapolis, IN. https://www.lipid.org/node/1273. Accessed January 19, 2015; 
3. Slide courtesy of Sekar Kathiresan, MD.



Effect of  Lower LDL-C on CHD: Importance of  

Primordial Prevention

Ference, BA et al. J Am Coll Cardiol 2012;60:2631-9.Ference, BA et al. J Am Coll Cardiol 2015;doi:10.1016/j.jacc.2015.02.020).
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Ference, BA et al. J Am Coll Cardiol 2015;doi:10.1016/j.jacc.2015.02.020).
Cannon CP, et al. AHA, November, 17 2014.

Effect of  Lower LDL-C on CHD: Importance of  

Primordial Prevention



IMPROVE-IT

LDL Reduction – CVD Event Reduction 

The RR reduction per
1 mmol/L lowering of LDL-
C in the simva + ezetimibe 
group was nearly the 
same as expected from 
statin monotherapy trials

Cannon CP et al. N Engl J Med. 2015;372(25):2387-97



N Engl J Med. 2017 Aug 17;377(7):633-643



PROVE-IT IMPROVE-IT

Residual Inflammatory Risk Residual Cholesterol Risk Both Neither

hsCRP > 2 mg/L

LDLC < 70 mg/dL

hsCRP < 2 mg/L

LDLC > 70 mg/dL

hsCRP > 2 mg/L

LDLC > 70 mg/dL

hsCRP < 2 mg/L

LDLC < 70 mg/dL

How Common is Residual Inflammatory Risk?

Ridker PM. Circulation Res 2017;120:617-9.


