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Genetic variants of PCSK9 demonstrate its importance 

in regulating LDL levels 

Abifadel et al. Nat Genet 2003; 34: 154-6

Cohen et al. N Engl J Med 2006; 354: 1264-72

• PCSK9 GOF    fewer LDL-Rs (rare)

• PCSK9 LOF    more LDL-Rs (more common)

 PCSK9     LDL-R     LDL-C

GOF: gain of function; LOF: loss of function; LDL-R: LDL receptor



Regulation of the hepatocyte LDL Receptor

Farnier M. Arch Cardiovasc Dis 2014; 107: 58-66
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PCSK9 inhibitors monoclonal antibodies
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 Opportunities and barriers for a successful

clinical utilisation

PCSK9 inhibitors : Monoclonal Antibodies (mAbs)

 Routine clinical practice :

 What guidelines tell us ?

 What are the priorities ?



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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13%  in Triglycerides
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7%  in HDL-C 4%  in ApoA1
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Standard of care aloneEvolocumab plus standard of care
Week 12 data; values are means

except for TG and Lp(a) which are medians

Sabatine et al. N Engl J Med 2015; 372: 1500-9



 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: 2097-107



ACC.18
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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
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FOURIER Study: adverse events 

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

Adverse events, n(%) Evolocumab

(N = 13,769)

Placebo

(N = 13,756)

Any 10,664 (77.4) 10,644 (77.4)

Serious 3 410 (24.8) 3 404 (24.7)

Though to be related to the study

agent and leading to discontinuation 

of study regimen

226 (1.6) 201(1.5)

Injection site reactions * 296 (2.1) 219 (1.6)

No notable differences in the rate if AEs, SAEs, or AEs

leading to discontinuation

* nominally p < 0.001



 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

-48.8% -48.7%

9.1%
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LS mean difference 

(SE) vs. placebo:

N=163

Alirocumab

N=322

−57.9% (2.7) P<0.0001

N=81N=166

−51.4% (3.4) P<0.0001

FH I
Placebo

FH II

43.4% 

had dose 

increase at 

W12

38.6% 

had dose 

increase at 

W12

Primary Endpoint: Percent Change from Baseline to Week 24 in LDL-C
All patients on background max-tolerated statin ±other lipid-lowering therapy

Intent-to-treat (ITT) Analysis Kastelein et al.  Eur Heart J 2015; 36: 2996-3003



Standardized Apheresis Treatment Rates from Week 7–18
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17,1
12,2

2,4 2,4 2,40 0

14,3
23,8

33,3 28,6

0

20

40

60

80

100

0 >0 and ≤0.25 >0.25 and ≤0.5 >0.5 and ≤0.75 >0.75 and <1 1

%
 o

f 
p

at
ie

n
ts

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



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



FOURIER: Exploratory analysis of patients with 

LDL-C < 0.26 mmol/L (<10 mg/dL) at 4 weeks

11,9%

7,8%
7,3%

4,4%
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CV death, MI, stroke,
UA, coronary revasc.

CV death, MI, stroke

HR 0.69 (0.49-0.97)

p = 0.04

Efficacy

HR 0.59 (0.37-0.92)

p = 0.02

 2,6 mmol/L (n=4395) < 0,26 mmol/L (n=504)

Giugliano et al.Lancet 2017; 390: 1962-1971



FOURIER: Exploratory analysis of patients with 

LDL-C < 0.26 mmol/L (<10 mg/dL) at 4 weeks

23,3%
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SAEs AEs leading to drug
discontinuation*
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7,8%
7,3%

4,4%

0

5

10

15

CV death, MI, stroke,
UA, coronary revasc.

CV death, MI, stroke

HR 0.69 (0.49-0.97)

p = 0.04

HR 0.94 (0.74-1.20)

p = 0.61
Efficacy

HR 0.59 (0.37-0.92)

p = 0.02

HR 1.08 (0.63-1.85)

p = 0.78

Safety

 2,6 mmol/L (n=4395) < 0,26 mmol/L (n=504)

Giugliano et al.Lancet 2017; 390: 1962-1971* Excludes injection site reactions



 Opportunities and barriers for a successful

clinical utilisation

PCSK9 inhibitors : Monoclonal Antibodies (mAbs)

 Routine clinical practice :

 What guidelines tell us ?

 What are the priorities ?





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



Categories of patients would benefit most

from PCSK9 mAbs

PCSK9 inhibitors mAbs in Clinical Practice



An Academic Research Organization of 

Brigham and Women’s Hospital and Harvard Medical School

Benefit of EvoMab Based on 

Multivessel Disease

Multivessel Disease

Months after Randomization
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30% RRR

HR 0.70

(95% CI 0.58-0.84)

P<0.001
9.2%

12.6%

Pinteraction=0.03

D 3.4%

NNT 29

Evolocumab

Placebo
7.6%

8.9%

D 1.3%

NNT 78

No Multivessel Disease

11% RRR

HR 0.89

(95% CI 0.79-1.00)

P=0.055

0 6 12 18 24 30 36

Sabatine et al. Circulation 2018; online April 6



ODYSSEY-Outcomes: Alirocumab and Vascular Disease

Primary MACE endpoint : one, two or three vascular beds

Jukema JW, et al. J Am Coll Cardiol 2019;74:1167-1176



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

FOURIER : MACE or MALE in patients with and without PAD
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FOURIER: Risk of the Primary End Point in patients with 
Recent and Remote MI randomized to Placebo vs Evolocumab

Gencer et al. JAMA Cardiol 2020; May 20: online

(Recent 1-12 months, Remote > 12 months prior to randomization)

HR: 0.81 (95% CI, 0.70-0.93)

NNT3y = 27

HR: 0.92  (95% CI, 0.84-1.01)

NNT3y = 91



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

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

effect of evolocumab



Effect of Alirocumab on Lp(a) and CV risk after ACS

Bittner et al. J Am Coll Cardiol 2020; 75: 133-144

Greater Absolute Treatment Effect on MACE with Higher Baseline Lp(a)



ODYSSEY-Outcomes: All-cause death by baseline 

LDL-C subgroup

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



On maximally tolerated statin + ezetimibe, LDL-C not 

at goal and ONE of :

• LDL-C > 100 mg/dL (2.5 mmol/L)

• Polyvascular disease, or PAD

• Post-CABG

• Diabetes

• Lp(a) > 50 mg/dL

• FH 

ASCVD patients : priorities for PCSK9 inhibition



Adult patients with FH and without ASCVD

Check for additional indices of risk severity

- not on LDL-lowering treatment before the age of 40 years

- Lp(a) > 50 mg/dL

- major risk factors: smoking, marked hypertension, diabetes

- premature ASCVD (<55 years in males and < 60 years in 

females) in first degree relatives

- CAC score > 100 Agatston units or significant carotid plaque 

YES

LDL-C > 3.6 mmol/L

(140 mg/dL)
Add a PCSK9 inhibitor

LDL-C > 2.6 mmol/L 

(100 mg/dL)

On high-intensity statin* + ezetimibe

NO

*or maximally tolerated statin
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Inclisiran is a long-acting 

synthetic siRNA directed

against PCSK9, 

conjugated to GalNac, 

which bind to 

liver-expressed

asialoglycoprotein

receptors, leading to a 

rapid uptake specifically

into hepatocytes

Sinning et al. Curr Cardiol Rep 2020; 22: 176

Inclisiran: mechanism of action



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



Inclisiran for the treatment of Heterozygous FH (ORION-9)

Raal et al. N Engl J Med 2020; 382: 1520-30

482 adults with heterozygous FH received 1.5 ml SC injections of 

inclisiran 300 mg or placebo (1:1) on days 1, 90, 270, and 450 ()

   

Change in LDL Cholesterol Level Absolute LDL Cholesterol Level

   
Injections 

of inclisiran
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Inclisiran for the treatment of Heterozygous FH (ORION-9)

Raal et al. N Engl J Med 2020; 382: 1520-30

482 adults with heterozygous FH received 1.5 ml SC injections of 

inclisiran 300 mg or placebo (1:1) on days 1, 90, 270, and 450 

Mean LDL-C at baseline : 153 mg/dL

Primary endpoints:

• % change in LDL-C at day 510: - 47.9

• Time-averaged % change in LDL-C between

day 90 and day 540 : - 44.3

(between-group difference)

AEs and SAEs: similar in the 2 groups



Ray et al. N Engl J Med 2020; 382: 1507-1519

Inclisiran in patients with ASCVD (or risk equivalent)
(ORION-10 and -11)

   

% Change in LDL Cholesterol, ORION-10 Trial

   
Injections 

of inclisiran

% Change in LDL Cholesterol, ORION-11 Trial

Injections on days 1, 90, 270, and 450 ()



Inclisiran in patients with elevated LDL-C 
(ORION-10 and -11)

Ray et al. N Engl J Med 2020; 382: 1507-1519

1561 and 1617 patients randomized in the ORION-10 and -11, 

respectively to receive SC inclisiran or placebo on days 1, 90, 270 and 

450

Patients with ASCVD or an ASCVD risk equivalent on maximally tolerated

statin

Mean baseline LDL-C:  104.7 and 105.5 mg/dL, respectively

Primary endpoints:

• % change in LDL-C at day 510: 

- 52.3 (ORION-10), - 49.9 (ORION-11)

• Time-averaged % change in LDL-C between day 90 and day 540 :

- 53.8 (ORION-10), - 49.2 (ORION-11)

(p < 0.001 for all comparisons vs placebo)



Inclisiran in patients with elevated LDL-C 
(ORION-10 and -11)

Ray et al. N Engl J Med 2020; 382: 1507-1519

1561 and 1617 patients randomized in the ORION-10 and -11, 

respectively to receive SC inclisiran or placebo on days 1, 90, 270 and 

450

Patients with ASCVD or an ASCVD risk equivalent on maximally tolerated

statin

Mean baseline LDL-C:  104.7 and 105.5 mg/dL, respectively

Safety:

AEs similar in the inclisiran and placebo groups,

although injection-site AEs were more frequent with inclisiran than with

placebo:

2.6% vs 0.9% (ORION-10)

4.7% vs 0.5% (ORION-11) 



Adherence to Alirocumab (or Placebo) in Phase III studies

Farnier et al. J Clin Lipidol 2017; 11: 986-997



ORION-4 design
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LIB003 : an anti-PCSK9 recombinant fusion protein

EAS Maastricht May 2019 and EAS Geneva October 2020

 A novel agent consisting of a PCSK9-binding 

domain (Adnectin) and human serum albumin

 LIB003 300 mg SC Q4W dose was selected

from phase 2 trial 

(reduction in LDL-C of > 70% in the double-blind

phase and of 64% in the open-label extension) 



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 ?


