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PCSK9 inhibition meets several 

challenges in ASCVD prevention

 Residual risk on statins

 Non-adherence to orals

 Statin intolerance

 High LDL (FH)

 High Lp(a)



Determinants of CV Benefit 

• Background absolute CV risk

• Baseline LDL-C concentration

• Magnitude of LDL-C reduction

• Duration of LDL-C reduction

Ference et al  Eur Heart Jl 2017



PCSK9 is encoded by a gene 

associated with LDL-C and CAD

Abifadel M, et al. Nat Genet 2003;34:154-156.
Cohen J, et al. N Engl J Med 2006; 354:1264–1272.
Page MM, et al.  Clinical Science 2015;129:63-79.



Anti-PCSK9 Therapeutic Agents

• Inhibition of PCSK9 binding to LDLR

– Monoclonal antibodies (mAb)

– Small peptide molecules

– Adnectins

– Vaccines

• Inhibition of PCSK9 synthesis (gene silencing)

– Antisense oligonucleotides

– Small interfering RNA 

• Inhibition of PCSK9 autocatalytic processing

– Small molecule inhibitors



Monoclonal Antibodies 
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RUTHERFORD-2: Trial in heterozygous FH
With Evolocumab the majority of patients achieved LDL-C goal < 
1.8 mmol/L regardless of background statin therapy
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*P<0.0001 evolocumab treatment difference vs placebo
Raal FJ, et al. Lancet 2014; doi.org/10.1016/S0140-6736(14)61399-4 and supplementary material.
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PCSK9 mAb CV Outcome Trials



Benefit of Evolocumab on Plaque 

and Cardiovascular Outcomes

Nicholls JAMA 2016. 

Sabatine NEJM 2017.
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An Academic Research Organization of 

Brigham and Women’s Hospital and Harvard Medical School Sabatine and Giugliano JAMA Cardiol 2017; 2: 935-6



Lower LDL-C is Better

P<0.0001

Patients divided by quartile of baseline LDL-C and by treatment arm
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Lower Numbers Needed to Treat

Diabetes Mellitus…….. 37

Recent/multiple MIs…. 35

Multivessel CAD……… 29

Peripheral AD…………. 16

Sabatine et al  Lancet Diabetes Endocrinol 2017; 5: 941-50
Bonaca et al Circulation 2018 ;137:338-350

High CRP and Lp(a)





ODYSSEY OUTCOMES



ODYSSEY OUTCOMES

< 2.0 mm/L                               2 to < 2.6 mmol/L                    = / >   2.6 mmol/L



ODYSSEY OUTCOMES

The total number of nonfatal cardiovascular 

events and deaths prevented with alirocumab

was twice the number of first events 

prevented. 

Consequently, total event reduction may be is a 

more comprehensive metric to capture the totality 

of alirocumab clinical efficacy after ACS.

Szarek M et al J Am Coll Cardiol. 2018 Oct 27th



ODYSSEY OUTCOMES



Lp(a)

Ellis et al  Progress Lipid Res 2017



ODYSSEY OUTCOMES: Lp(a)

Bittner et al ISA, Toronto, 2018 



Trial-Based Economic Analysis

Bhatt D et al  AHA, Chicago, Nov 2018



Bhatt D et al  AHA, Chicago, Nov 2018



• American Heart Association/American College of Cardiology

- Grundy SM et al  Circulation 2018 Nov 3rd

• American Heart Association

– Gidding SS et al. Circulation 2015;132:167–92.

• American College of Cardiology

– Lloyd-Jones DM et al. J Am Coll Cardiol 2017;70:1785–822.

• International Atherosclerosis Society Severe Familial 

Hypercholesterolemia Panel

– Santos RD et al. Lancet Diabetes Endocrinol 2016;4:850–61.

• European Society of Cardiology (ESC) / European 

Atherosclerosis Society (EAS) Task Force

– Landmesser U et al. Eur Heart J 2017;[Epub ahead of print]

• European Society of Cardiology

– Catapano AL et al. Eur Heart J 2016;37:2999–3058.

• American Association of Clinical Endocrinologists / 

American College of Endocrinology

– Jellinger PS et al Endocr Pract 2017;23(Suppl 2):1–87.

• National Lipid Association

– Orringer CE et al. Clin Lipidol 2017;11:880–90.

Multiple recommendations on use 

of PCSK9 monoclonal antibodies



EAS/ESC Taskforce on PCSK9 mAbs

Landmesser U et al  Eur Heart J  2018;39:1131-1143

Patients with FH without clinically diagnosed ASCVD 

on maximally tolerated statins plus ezetimibe therapy

Check for additional indices of risk severity

• Diabetes mellitus with target organ damage (eg proteinuria), or with a major risk factor 

(eg marked hypertension)

• Lp(a) >50 mg/dL

• Major risk factors: smoking, marked hypertension

• >40 years of age without treatment

• Premature ASCVD (<55 years in males and <60 years in females) in first-degree 

relatives

• Imaging indicators

No additional indices of risk severity

LDL-C >4.5 mmol/L (>180 mg/dL)

Additional indices of risk severity

LDL-C >3.6 mmol/L (>140 mg/dL)

May consider a PCSK9 mAb



EAS/ESC Taskforce on PCSK9 mAbs

Landmesser U et al  Eur Heart J  2018;39:1131-1143

Patients with clinically diagnosed ASCVD (CAD, symptomatic PAD, ischaemic stroke)

on maximally tolerated statin therapy

± Ezetemibe

Including

• Familial hypercholesterolemia

• Diabetes mellitus with target organ damage (eg proteinuria) or 

with a major risk factor such as marked hypertension

• Severe and/or extensive ASCV (eg severe polyvascular

disease, extensive coronary disease

• Rapid progression of ASCVD ie repeated ACS, unplanned 

coronary revascularizations or ischaemic strokes within 5 years of 

index event

LDL-C >2.6 mmol/L (>100 mg/dL) and 

with additional indices of risk severity

LDL-C >3.6 mmol/L 

(>140 mg/dL)

Should consider a PCSK9 mAb



AHA/ACC Cholesterol Guidelines

Grundy SM et al  Circulation 2018 Nov 10 th



Grundy SM et al  Circulation 2018 Nov 10th



Grundy SM et al  Circulation 2018 Nov 10 th



LDL-cholesterol (mmol/L) thresholds 

for considering adding PCSK9 mAb

to max tolerated statin + ezetimibe

>3.6-4.5*

* Depending on CV risk



Inclisiran: siRNA aimed at PCSK9



One dose and two doses of Inclisiran up to day 180

Efficacy of 300 mg vs. placebo on LDLc

Ray et al   NEJM 2017;376:1430-40.



Use and Challenges of PCSK9 mAbs

 FH Syndromes: NOW, but HoFH can be issue 

 Post-ACS, stable secondary prevention: emerging 

indications 

 Challenge of other new therapies: DAPT, Asp+ 

NOAC; n3-PUFAs; SGLT2is; anti-inflam; Inclisiran

 Primary prevention: need large RCTs

 Cost-benefit and safety issues



Framework for Targeting ASCVD Residual Risk 

Patel et al Circulation 2018;137:2551–2553


