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Cardiovascular Prevention



Maladies cardiovasculaires



Characteristics of lipoproteins



LDL is the main driver for atherosclerosis: 4 compelling lines of evidence
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Clear relationship between LDL-C and risk of CV events 



Eur Heart J 2017;38:2459 Eur Heart J 2017;38:2459 

Time-Exposure to Low LDL-C



Eur Heart J 2020;41:111Eur Heart J 2020;41:111

2019 ESC/EAS Dyslipidemia Guidelines



These materials are provided to you solely as an educational resource for your personal use. Any commercial use or distribution of these materials or any portion thereof is strictly prohibited.

Intensity of pharmacological LDL-C lowering

Eur Heart J 2020;41:111-188Eur Heart J 2020;41:111-188



DA VINCI study demonstrates current gaps in reaching 
2016 and 2019 ESC/EAS LDL-C goals

Overall, 54% attained 
overall risk-based 
2016 goal

• Low risk: 63%; 
moderate risk: 75%; 
high risk: 63%; 
very high risk: 39%

Potential reasons for failure to achieve ESC/EAS guideline recommended LDL-C values

The authors concluded that “even with optimized statins, greater utilization of non-statin LLT is likely 

needed to reduce these gaps for patients at highest risk”

Only 33%
attained overall 

2019 goal

In patients with 

established ASCVD, 

2019 goal attainment was 

approximately 

half that of 2016
(18% vs 39%, respectively)

• Lack of  HCP familiarity with guidelines

• High cost of medications such as PCSK9 
mAb inhibitors

• Patient reluctance to be treated with 
high-intensity LLT

• Concern about statin-related AEs

Eur J Prev Cardiol August 2020Eur J Prev Cardiol August 2020



LDL-C: should we go lower after ACS ?

Eur Heart J 2021;42:243 Eur Heart J 2021;42:243 
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LDL-C: should we go lower after ACS ?

Eur Heart J 2021;42:243 Eur Heart J 2021;42:243 



Eur Heart J 2021;42:243Eur Heart J 2021;42:243



Why is statins not prescribe?

Eur J Preventive Cardiology 2021;22:59Eur J Preventive Cardiology 2021;22:59





Eur Heart J 2018;39:2526Eur Heart J 2018;39:2526
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Lancet 2017;389:2473Lancet 2017;389:2473

Perception vs evidence – The nosebo effect



Metabolism of Cholesterol Synthesis



Metabolism of Cholesterol Synthesis



New Engl J Med 2019;380:1022New Engl J Med 2019;380:1022

Bempedoic acid to reduce LDL-C 



CLEAR-Harmony
Efficacy endpoint 

• The LDL-C lowering effect of 

Bempedoic Acid is maintained

regardless of statin intensity.

• Bempedoic acid is more effective at 

lowering LDL-C when combined

with low/med intensity statins.

Percent Change in LDL cholesterol versus Time by Statin Intensity
ITT population (on treatment analysis)

New Engl J Med 2019;380:1022New Engl J Med 2019;380:1022



Overview of Treatment-Emergent Adverse Events*

Variable Placebo (n=742) Bempedoic acid (n=1487)
Relative Risk 

(95% CI)†

Adverse events

Any adverse event 584 (78.7) 1167 (78.5) 1.00 (0.95, 1.04)

Serious adverse event 104 (14.0) 216 (14.5) 1.04 (0.83, 1.29)

Leading to discontinuation of study drug 53 (7.1) 162 (10.9) 1.53 (1.13, 2.05)

Death (all cause) 2 (0.3) 13 (0.9) 3.24 (0.73, 14.34)

Adjudicated MACE 42 (5.7) 68 (4.6) 0.81 (0.56, 1.17)

Cardiovascular death 1 (0.1) 6 (0.4) 2.99 (0.36, 24.82)

Nonfatal myocardial infarction 13 (1.8) 19 (1.3) 0.73 (0.36, 1.47)

Nonfatal stroke 2 (0.3) 5 (0.3) 1.25 (0.24, 6.41)

Coronary revascularization 24 (3.2) 38 (2.6) 0.79 (0.48, 1.31)

Hospitalization for unstable angina 11 (1.5) 14 (0.9) 0.64 (0.29, 1.39)

Other MACE-related events

Noncoronary arterial revascularization 6 (0.8) 4 (0.3) 0.33 (0.09, 1.18)

Hospitalization for heart failure 1 (0.1) 9 (0.6) 4.49 (0.57, 35.38)

Noncardiovascular death‡ 1 (0.1) 2 (0.1) 1.00 (0.09, 10.99)

Non-treatment-emergent death§ 0 5 (0.3) NC

Data are number of patients (percentage) unless otherwise specified. *Includes events occurring from the first dose through 30 days after the last dose of study drug. †Relative risks and 
confidence intervals were calculated as a post hoc analysis. ‡Noncardiovascular deaths were due to septic shock secondary to cecal perforation and acute peritonitis for 1 patient in the 

placebo group, and 1 case each of liver metastases of unknown primary origin and multi-organ failure in the bempedoic acid group.§Treatment-emergent deaths occurred within 30 days of last 
study drug dose; deaths deemed not treatment

CI, confidence interval; MACE, major adverse cardiac events; NC, not calculated

CLEAR-Harmony
Safety Endpoints (1)

New Engl J Med 2019;380:1022New Engl J Med 2019;380:1022



Overview of Treatment-Emergent Adverse Events of Special Interest*

Variable Placebo (n=742) Bempedoic acid (n=1487) Relative Risk (95% CI)†

Adverse events of special interest

Muscular disorders 75 (10.1) 195 (13.1) 1.30 (1.01, 1.67)

Leading to discontinuation of study drug 14 (1.9) 31 (2.1) 1.10 (0.59, 2.06)

Myalgia 45 (6.1) 89 (6.0) 0.99 (0.70, 1.40)

Muscle spasms 20 (2.7) 62 (4.2) 1.55 (0.94, 2.54)

Pain in extremity 16 (2.2) 50 (3.4) 1.56 (0.89, 2.72)

Muscular weakness 4 (0.5) 9 (0.6) 1.12 (0.35, 3.63)

New onset or worsening diabetes 40 (5.4) 49 (3.3) 0.61 (0.41, 0.92)

Gout 2 (0.3) 18 (1.2) 4.49 (1.04, 19.30)

Change from baseline in uric acid – mg/dl –0.06 (0.87) 0.73 (1.11) NC

Blood creatinine increased 3 (0.4) 12 (0.8) 2.00 (0.56, 7.05)

Glomerular filtration rate decreased 0 8 (0.5) NC

Neurocognitive disorders 7 (0.9) 11 (0.7) 0.78 (0.31, 2.01)

Data are number of patients (percentage) unless otherwise specified. *Includes events occurring from the first dose through 30 days after the last dose of study drug. †Relative risks and 
confidence intervals were calculated as a post hoc analysis. 

CI, confidence interval; eGFR, estimated glomerular filtration rate; NC, not calculated

New Engl J Med 2019;380:1022New Engl J Med 2019;380:1022

CLEAR-Harmony
Safety Endpoints (2)



Safety

• An acceptable safety profile, with no overall higher incidence of adverse effects than placebo.

• No increase in Myalgias compared to placebo1.

• Modest elevations in uric acid levels, presumably due to competition renal transporter competition.

CLEAR-Harmony
Conclusions

Efficacy

• Levels of LDL cholesterol significantly reduced compared with placebo, from baseline to week 52.

• Efficacy stable regardless type or intensity of background lipid-lowering therapy. An increased efficacy  
was observed with low/moderate intensity statins compared to high intensity statins.

New Engl J Med 2019;380:1022New Engl J Med 2019;380:1022



Bempedoic acid for statin intolerance ? 



Bempedoic Acid and Ezetimibe FDC: 
Complementary Mechanisms of Cholesterol Synthesis Inhibition

Bempedoic acid and ezetimibe FDC combines the complementary mechanisms of cholesterol synthesis 

inhibition via ACL in the liver, with inhibition of cholesterol absorption in the intestines



Eur Heart J 2020;41:111Eur Heart J 2020;41:111

Bempedoic acid to reduce LDL-C 



NILEMDOⓇ (bempedoic acid) and NUSTENDIⓇ (bempedoic acid + ezetimibe)
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Approaches to reduce LDL-C levels

Nature Rev Cardiol 2018;15:261 Nature Rev Cardiol 2018;15:261 



Gene-Protein Synthesis
Non-coding RNAs 

Only ~2% of the human genome 

encodes proteins while a 
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non-coding RNAs (ncRNAs)1
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1Vascul Pharmacol. 2019;114:64  2Mol Ther Nucleic Acids. 2015;4:e252 3Annu Rev Biophys. 2013;42:2171Vascul Pharmacol. 2019;114:64  2Mol Ther Nucleic Acids. 2015;4:e252 3Annu Rev Biophys. 2013;42:217



RNA Therapeutics
Synthetic small RNA 

In 2006, Andrew Fire and Craig Mello were 
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1The Nobel Prize in Physiology or Medicine 2006. NobelPrize.org. https://www.nobelprize.org/prizes/medicine/2006/summary 
2Mol Ther Nucleic Acids. 2015;4:e252 

3Cell Metab. 2018;27:714

1The Nobel Prize in Physiology or Medicine 2006. NobelPrize.org. https://www.nobelprize.org/prizes/medicine/2006/summary 
2Mol Ther Nucleic Acids. 2015;4:e252 

3Cell Metab. 2018;27:714



RNA interference enables a cell to specifically shut down protein production

DNADNA mRNAmRNA ProteinProtein

siRNAsiRNA

RNA interference is a natural cellular mechanism 

that regulates the expression of a protein by 

targeting and silencing the translation 

corresponding mRNA1,2

RNA interference is a natural cellular mechanism 

that regulates the expression of a protein by 

targeting and silencing the translation 

corresponding mRNA1,2

TranscriptionTranscription TranslationTranslation

Shutdown of protein production by 

RNA interference

Shutdown of protein production by 

RNA interference

DNA mRNA Protein

siRNA

RNA interference is a natural cellular mechanism 

that regulates the expression of a protein by 

targeting and silencing the translation 

corresponding mRNA1,2

Transcription Translation

Shutdown of protein production by 

RNA interference

1Mol Ther Nucleic Acids. 2015;4:e252 2Annu Rev Biophys. 2013;42:2171Mol Ther Nucleic Acids. 2015;4:e252 2Annu Rev Biophys. 2013;42:217



What is inclisiran ?
Small interfering RNA

Chemical Modifications3,4

• Synthetic small interfering RNA (siRNA) 

conjugated with triantennary GalNAc

carbohydrate1,2

• Utilizes the natural RNA interference mechanism 

to degrade PCSK9 mRNA and prevent its 

translation to protein2

• Synthetic small interfering RNA (siRNA) 

conjugated with triantennary GalNAc

carbohydrate1,2

• Utilizes the natural RNA interference mechanism 

to degrade PCSK9 mRNA and prevent its 

translation to protein2

• 2′-fluoro and 2′-O-methyl modifications to 

increase compound stability

• Backbone phosphodiester linkages modified 

with phosphorothioates to protect from 

degradation by liver exonucleases

• Triantennary GalNAc conjugation for targeted 

hepatic delivery

Inclisiran
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strand siRNA
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1Circ Res. 2017;120:1063 2N Engl J Med. 2017;376:41
3Data on file. Inclisiran. Investigator’s Brochure. Novartis Pharmaceuticals Corp; 2018 4N Engl J Med. 2017;376:4

1Circ Res. 2017;120:1063 2N Engl J Med. 2017;376:41
3Data on file. Inclisiran. Investigator’s Brochure. Novartis Pharmaceuticals Corp; 2018 4N Engl J Med. 2017;376:4



Mechanism of action
GalNAc conjugation enables rapid uptake of inclisiran into hepatocytes via asialoglycoprotein receptor (ASGPR)

Rev Med Suisse 26 mai 2021;740:1039Rev Med Suisse 26 mai 2021;740:1039



Inclisiran treatment 
Dose & administration
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1Curr Pharm Des. 2018;24:3622; 2N Engl J Med. 2017;376:41Curr Pharm Des. 2018;24:3622; 2N Engl J Med. 2017;376:4



Inclisiran clinical studies 
ORION development program

Rev Med Suisse 26 mai 2021;740:1039Rev Med Suisse 26 mai 2021;740:1039



New Engl J Med 2017;376:1430New Engl J Med 2017;376:1430

Lowering PCSK9 with siPCSK9



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

1. All 95% confidence intervals are less than ±2% and therefore are not visible outside data points

Percent change in LDL-C over time – observed values in ITT patients

New Engl J Med 2020;382:1507New Engl J Med 2020;382:1507



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

New Engl J Med 2020;382:1507New Engl J Med 2020;382:1507



41

ORION Phase III pooled analysis: Efficacy
Robust �LDL-C across pre-specified sub-populations

Inclisiran Placebo

N N

Overall

Overall 1833 1827 -54.1

Sex

Male 1226 1244 -53.8

Female 607 583 -54.8

Age <65 yr or ≥65 yr

<65 yr 853 884 -54.3

≥65 yr 980 943 -53.7

Age <75 yr or ≥75 yr

<75 yr 1593 1575 -54.0

≥75 yr 240 252 -55.0

Body mass index

≤29.7 942 888 -51.6

>29.7 891 937 -56.8

Race

White 1670 1708 -54.2

Black 130 102 -53.6

Other 33 17 -49.8

Baseline statin treatment

On statin 1686 1675 -54.5

Not on statin 147 152 -48.8

Intensity of statin treatment

High intensity statin 1356 1345 -54.6

Not on high intensity statin 477 482 -52.7

Lipid management treatment (LMT)

Any statin 1686 1675 -54.5

Other LMT but no statin 75 62 -53.9

No LMT 72 90 -45.6

Metabolic disease

Diabetes 687 631 -56.1

Metabolic syndrome 499 526 -56.2

Neither 647 670 -50.6

Subgroup LS Mean Percent Difference in LDL-C

Inclisiran better Placebo better

-100.0 -75.0 -50.0 -25.0 0.0 25.0

New Engl J Med 2020;382:1507New Engl J Med 2020;382:1507



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

Treatment Emergent Adverse Event (TEAE) Placebo Inclisiran

Safety population1 – AEs in ≥5% patients N = 807 N = 810

Patients with at least one TEAE 655 (82%) 671 (83%)

Diabetes mellitus adverse events 94 (12%) 88 (11%)

Nasopharyngitis 90 (11%) 91 (11%)

Hypertension 54 (7%) 53 (7%)

Upper respiratory tract infection 49 (6%) 52 (6%)

Arthralgia 32 (4%) 47 (6%)

Osteoarthritis 40 (5%) 32 (4%)

1. Safety population includes all patients who received at least 1 dose of study medication

2. Other TEAEs reported with lower frequencies than 5% in any group had no clinically meaningful differences

New Engl J Med 2020;382:1507New Engl J Med 2020;382:1507



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

Injection site TEAEs Placebo Inclisiran Difference

Safety population1 N = 807 N = 810

Protocol-defined skin event 4 (0.50%) 38 (4.69%) 4.19%

(Reaction, erythema, rash, pruritus, hypersensitivity)

Mild 3 (0.37%) 23 (2.84%) 2.46%

Moderate 1 (0.13%) 15 (1.85%) 1.73%

Severe 0 (0.0%) 0 (0.0%)

Persistent 0 (0.0%) 0 (0.0%)

1. Safety population includes all patients who received at least 1 dose of study medication

New Engl J Med 2020;382:1507New Engl J Med 2020;382:1507



ORION-11: Safety and tolerability
No evidence of liver, kidney, muscle or platelet toxicity

Laboratory Tests Placebo Inclisiran

Safety population1,2 N = 804 N = 811

Liver function ALT >3x ULN 4 (0.5%) 4 (0.5%)

AST >3x ULN 4 (0.5%) 2 (0.2%)

ALP >2x ULN 2 (0.2%) 1 (0.1%)

Bilirubin >2x ULN3 8 (1.0%) 6 (0.7%)

Kidney function Creatinine >2 mg/dL 11 (1.4%) 5 (0.6%)

Muscle CK >5x ULN 9 (1.1%) 10 (1.2%)

Hematology Platelet count <75x109/L 1 (0.1%) 0 (0.0%)

1. Safety population includes all patients who received at least 1 dose of study medication

2. Patients may be counted in more than one category 

3. No cases met Hy’s Law

New Engl J Med 2020;382:1507New Engl J Med 2020;382:1507



Opportunities and challenges for the future

Efficacy of different approaches to lipid lowering 



Inclisiran clinical studies 
ORION development program

2 premières injections suisses début mai 2021



Inclisiran / Leqvio® 
Indications cliniques / SwissMedic



Inclisiran / Leqvio® 
Indications cliniques



Inclisiran / Leqvio® 
Indications cliniques



The modern concept of lipid-lowering strategies to reduce 
cardiovascular diseases

Rev Med Suisse 26 mai 2021;740:1039Rev Med Suisse 26 mai 2021;740:1039



Novel lipid lowering drugs: PCSK9 and beyond

Clin Med. 2019;8:1085Clin Med. 2019;8:1085



Characteristics of lipoproteins

Lipoprotein(a)



New Engl J Med 2009;361:2518New Engl J Med 2009;361:2518

Lipoprotein(a) and CV risk

5% de la population générale !!!



Eur Heart J 2010;31:2844

Lipoprotein(a) and CV risk



Recommendations for lipid analysis



Lowering  Lipoprotein(a) with apo(a)-antisense

Lancet 2015;386:1472Lancet 2015;386:1472



New Engl J Med 2020;382:244New Engl J Med 2020;382:244

Lowering  Lipoprotein(a) with apo(a)-antisense



Lowering  Lp(a) with apo(a)-antisense – RCT



PCSK9 mAb (evolocumab)- Lp(a) and CV outcomes ?

Circulation 2019;139:1483Circulation 2019;139:1483 JACC 2020;75:133JACC 2020;75:133



Circulation  2018;138:1304Circulation  2018;138:1304

Inclisiran and Lp(a)



Apo-CIII contaning particules, remnant cholesterol

Characteristics of lipoproteins



Lowering  Remnant cholesterol with Apo-CIII-antisense

New Engl J Med 2017;377:222New Engl J Med 2017;377:222

‘Remnant’ cholesterol is next on the list
Apo-CIII antisense reduces TG and remnant cholesterol



JAMA Network Open December 2021;4:e2136802JAMA Network Open December 2021;4:e2136802



JAMA Network Open December 2021;4:e2136802JAMA Network Open December 2021;4:e2136802



Consultation “Lipides” aux HUG

• Consultation conjointe des Services de Cardiologie et d’Endocrinologie

Prof. François Jornayvaz, Prof. Georg Ehret, Prof. François Mach

• Infirmière coordinatrice: Mme Elise Guillermet 

Tél: 079-553 55 08    Fax: 022-372 50 18    elise.guillermet@hcuge.ch



These materials are provided to you solely as an educational resource for your personal use. Any commercial use or distribution of these materials or any portion thereof is strictly prohibited.

Concept change II: Treat (much more) aggressively
From desirable target to "LDL-C elimination in the blood"

Concept change I: Start early
Less "lipid-exposure" leads to prevention of lesion formation

Concept change III: Use lipid-lowering combination therapy
Statin +/- ezetimibe +/- acid bempedoic (+/- PCSK9mAb) induced LDL-C lowering reduces CV risk

The modern concept of lipid-lowering strategies to reduce cardiovascular 
diseases

Concept change IV: The lower, the better & lower for longer

Statin +/- ezetimibe + siRNA induced LDL-C lowering with great efficacy, safety and full adherence



Merci pour votre attention


