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Regulation of the hepatocyte LDL Receptor
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Development of PCSK9 inhibitors



 Monoclonal Antibodies (mAbs)

alirocumab

evolocumab

bococizumab

 siRNA (inclisiran)
X

PCSK9 inhibitors



PCSK9 inhibitors : Opportunities for the successful

clinical utilisation

 Further reduction of LDL-C by an average

of 50% to 60%



ODYSSEY long term
Alirocumab vs placebo, on top of statin therapy

Calculated LDL Cholesterol Levels over Time 
(Intention-to-Treat Analysis).

Robinson JG et al. N Engl J Med 2015. 

OSLER Trial 
LDL Cholesterol Levels with Evolocumab vs        

standard   of care

Sabatine MS et al. N Engl J Med 2015. 

Alirocumab and Evolocumab produce dramatic and 

sustained LDL reductions



Monoclonal Antibodies to PCSK9 Phase III results

Effective :

 in heterozygous FH

(reduced LDL-R activity)

 in homozygous FH

(LDL-R defective)

 as statin add-on

 in statin intolerance

 as monotherapy



Other Lipid Parameters
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47%  in ApoB
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26%  in Lp(a)
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13%  in Triglycerides
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 Further reduction of the risk of CV events

PCSK9 inhibitors : Opportunities for the successful

clinical utilisation

 Further reduction of LDL-C by an average

of 50% to 60%



FOURIER trial

• 27,564 stable patients with established CV  disease 

[prior MI (81%), prior stroke (19%), or symptomatic PAD 

(13%)]

• 69% on high-intensity statins 

• LDL-C  70 mg/dL or non-HDL-C  100 mg/dL

• Randomized to evolocumab Q2W (or Q4W) vs placebo

• Median follow-up 2.2 years

Sabatine et al. N Engl J Med 2017; 376: 1713-22



Cumulative incidence of  CV events

Primary Efficacy Endpoint
(cardiovascular death, MI, stroke, hospitalization for unstable angina, or coronary revascularization

RRR : Relative Risk Reduction ; ARR : Absolute Risk Reduction

11.3 %

9.8 %

RRR 15 %
ARR 1.5 %

Sabatine et al. N Engl J Med. 2017; 376: 1713-22



ODYSSEY Outcomes trial

• 18,924 subjects 1-12 months post-ACS
(median time 2.6 months)

• 89% on high-intensity statins for  2 wks

• LDL-C  70 mg/dL or non-HDL-C  100 mg/dL or apoB 
80 mg/dL

• Randomized to alirocumab Q2W vs placebo

• LDL-C target 25-50 mg/dL

• Median follow-up 2.8 years
Schwartz et al.  N Engl J Med. 2018 ; 379: 2097-2107.



ACC.18

14

Primary Efficacy Endpoint: MACE

ARR* 1.6%

* Based on cumulative incidence

MACE: CHD death, 

non-fatal MI, 

ischemic stroke, or 

unstable angina requiring 

hospitalization

HR 0.85
(95% CI 0.78, 0.93)

P=0.0003

Schwartz et al. N Engl J Med. 2018; 379: 2097-2107



PCSK9 inhibitors are safe

a. Sabatine et al. N Engl J Med 2017; 376: 1713-1722

b. Schwartz et al. N Engl J Med 2018; 379: 2097-2107



 Further reduction of the risk of CV events

 CV benefits proportional to the absolute reduction

in LDL-C and the duration of treatment

PCSK9 inhibitors : Opportunities for the successful

clinical utilisation

 Further reduction of LDL-C by an average

of 50% to 60%



Ference et al. Eur Heart J 2017: online

Effect of PCSK9 inhibitors in the FOURIER trial per mmol/l reduction in LDL-C 
during the second year of treatment as compared to the effect of statins during the 
second year of treatment per mmol/L reduction in LDL-C as reported by the CTT



 Further reduction of the risk of CV events

PCSK9 inhibitors : Opportunities for the successful

clinical utilisation

 Further reduction of LDL-C by an average

of 50% to 60%

 CV benefits proportional to the absolute reduction

in LDL-C and the duration of treatment

 Treatment of familial hypercholesterolemia (FH)



TAUSSIG : HoFH with or without apheresis

Raal et al. Lancet Diabetes Endocrinol 2017; 5: 280-90



Raal et al.  Lancet 2015; 385: 331-40

60% vs placebo

Evolocumab significantly reduces LDL-C in 
patients with heterozygous FH



FH I & II : Alirocumab Significantly Reduced LDL-C from 
Baseline to Week 24 versus Placebo
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Standardized Apheresis Treatment Rates from Week 7–18
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Standardized Apheresis Rate from Week 7 to Week 18†

Alirocumab 150 mg Q2W (n=41) Placebo (n=21)

†An apheresis rate of 0 indicates that the patient skipped all planned apheresis treatments and an apheresis rate of 1 indicates that the patient received 

all planned apheresis treatments between Week 7 and Week 18 (apheresis rate of 0.75:, the patient received 75% of planned apheresis treatments)

Hodges-Lehmann estimate of median treatment difference (95% CI):                 0.75 (0.67 to 0.83)             0.50 (0.50 to 1.00)
p-value versus placebo:                          p<0.0001                            p<0.0001

Weeks 7–18 Weeks 15–18Standardised apheresis treatment rate in the period:

Moriarty et al. Eur Heart J 2016; 37: 3588-95



Evolocumab compared with continued 
Lipoprotein Apheresis (LA)
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PCSK9 inhibitors : Barriers for the successful

clinical utilisation 

 Cost of PCSK9i monoclonal antibodies

 Long-term safety in clinical use (long-term safety of 

very low LDL-C levels)

 Long-term impact of PCSK9 inhibition on disability

and CV mortality

 Long-term evaluation of risk for type 2 diabetes



 Cost of PCSK9i monoclonal antibodies

Medical rationale

(absolute CV risk)                      

and

cost effectiveness

PCSK9 inhibitors: Barriers for the successful

clinical utilisation 



Pharmacological LDL-C lowering 

ASCVD, atherosclerotic cardiovascular disease; FH, familial hypercholesterolemia; LDL-C, low density lipoprotein 

cholesterol; PCSK9, proprotein convertase subtilisin/kexin type 9; *Class of recommendation; †Level of evidence Mach F, et al. Eur Heart J. 2019;0:1–78



PCSK9 inhibitors

How identify which patients would

benefit most from PCSK9 inhibitors ?



European Heart Journal 2018; 39: 1131-1143 



Clinical decision algorithm for the use of a PCSK9 inhibitor in FH 

patients without clinical ASCVD

Landmesser et al. Eur Heart J 2018; 39: 1131-43



Landmesser et al. Eur Heart J 2018; 39: 1131-43

Clinical decision algorithm for the use of PCSK9 inhibitors in 

patients with ASCVD



 Polyvascular patients 

High-risk patients with ASCVD likely to derive greater
absolute benefit from PCSK9 inhibition

 Post-CABG patients, patients with PAD

 Patients with diabetes 

 Patients with LDL-C > 100 mg/dl 

 Patients with high Lp(a)



An Academic Research Organization of 

Brigham and Women’s Hospital and Harvard Medical School

Benefit of EvoMab Based on 

Multivessel Disease
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Bonaca MP, et al. Circulation. 2018; 137: 338-350

FOURIER : MACE or MALE in patients with and without PAD



ODYSSEY-Outcomes: All-cause death by baseline 

LDL-C subgroup

Steg et al. Circulation 2019; 140: 103-12



ODYSSEY-Outcomes: relative and absolute risk 

reduction by baseline glycaemic status

Ray et al. Lancet Dibates 2019; 7: 618-28



O’Donoghue et al. Circulation 2019; 139: 1483-92

FOURIER : Rate of cardiovascular events by Lp(a) levels and

effect of evolocumab



 Monoclonal Antibodies (mAbs)

alirocumab

evolocumab

bococizumab

 siRNA (inclisiran)
X

PCSK9 inhibitors



PCSK9 Therapeutic Inhibition 

PCSK9 mRNA
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synthesis

LDLR

synthesis
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LDL

Lysosomal

degradation

Endosome

Nucleus

ALN-PCS

Anti-PCSK9 Mabs
Transiently block

PCSK9 binding

To LDL receptor (LDLR)

PCSK9 Synthesis

Inhibitors
Durably block PCSK9 

synthesis and all 

intracellular and 

extracellular PCSK9 

functions

LDLR



Efficacy: Two dose starting regimen

Clamped PCSK9 knockdown
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P-value for all comparisons to placebo <0.0001

Ray et al. N Engl J Med. 2017; 376: 1430-40



Efficacy: Two dose starting regimen

Robust, sustained LDL-C reductions – optimal start regimen

9 months

time adjusted

mean 50% reduction
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P-value for all comparisons to placebo <0.0001
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Consistent lowering of LDL-C >50% with no loss of effect over ~3 years

Long-term effect of 300 mg inclisiran on LDL-C

EAS 2019



ORION-11 : Study design eighteen months treatment and 

observation



ORION-11 : Efficacy
Durable, potent, and consistent effect of over 18 months



ORION-11 : Safety and tolerability
Adverse event profile similar to placebo



ORION-11 : Safety and tolerability
Injection site AEs localized, mostly mild and transient



ORION-4 design



Conclusion : PCSK9 inhibition

• PCSK9-inhibiting mAbs are the only available 

alternative 

• Future : Inclisiran ?

• Real challenge : how identify which patients 

would benefit most from PCSK9 inhibitors ?




