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Aucun conflit d’intérêt

Tous mes honoraires pour conférences ou conseils scientifiques sont versés à la Fondation GEcor ou au 

Département de Médecine des HUG.

Le service de cardiologie a reçu des financements de firmes pharmaceutiques pour la recherche clinique, 

toujours via des contrats signés par le Département de Médecine des HUG.



Maladies cardiovasculaires



Athérosclérose



Caracteristiques des lipoprotéines



Lowering cholesterol lowers CV events: first evidence

N Engl J Med 1990;323:946



JACC 2018;72:2890 

Time-Exposure to LDL-C



Eur Heart J 2017;38:2459 

Time-Exposure to low LDL-C



Eur Heart J 2017;38:2459 

Time-Exposure to low LDL-C



Source of evidence Mean reduction in LDL 
cholesterol; 

mmol/L [mg/dL]

Outcome RR (95% CI)

CTT meta-analysis1 (high-intensity vs standard statin; 
subgroup <2.0 mmol/L)

1.71 [66] vs 1.32 [50] MI, CHD death, stroke, 
coronary revasc.

0.71 (0.56-0.91)
[per mmol/L]

IMPROVE-IT2 (eze plus statin vs statin) 1.80 [70] vs 1.40 [54] CV death, MI, stroke, 
UA, coronary revasc

0.94 (0.89-0.99)

FOURIER3 (evolocumab plus high-dose statin ± eze vs 
high-dose statin ± eze) 

2.37 [92] vs 0.78 [30] CV death, MI, stroke, 
UA, coronary revasc

0.85 (0.79-0.92)

ODYSSEYOUTCOMES4 (alirocumab plus high-dose statin 
± eze vs high-dose statin ± eze)

2.37 [92] vs 1.37 [53] MI, CHD death, stroke, 
UA

0.85 (0.78-0.93)

Evidence for efficacy of LDL-lowering therapies 
down to below 1.4 mmol/L (55 mg/dL)

1Lancet 2010;376:1670; 2NEJM 2015;372:2387; 3NEJM 2017;376:1713; 4NEJM 2018;379:2097 



PCSK9 mAb: Efficacy and safety

Lancet 2017;390:1962



Eur Heart J 2020;41:111

ESC/EAS 2019 Lipid Guidelines



Despite efficacious LDL-C lowering therapies: 
High and very high-risk patients are failing to achieve LDL-C goals 
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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 2020



Perceived side effects are the leading cause of statin discontinuation
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% Adults previously on a statin (N=464)

Duration of statin therapy prior to 
discontinuation:

• 51.3% for ≥1 year 

• 29.4% between 1 month 
and 1 year

• 12.6% for <1 month

Patient-reported reasons for statin discontinuation: 
insights from PALM registry 

J Am Heart Assoc 2019;8:e011765



Therapy interruptions are observed with monoclonal antibodies 
directed against PCSK9

Retrospective analysis of 6151 patients from a commercial 
insurance database in the United States initiating PCSK9mAb 
inhibitors

experienced an interruption in 
PCSK9mAb inhibitor therapy 
of at least 30 days within 1 year 
of its initiation

– Only 63% remained on a 
PCSK9mAb inhibitor 1 year 
after its initiation

experienced an interruption in all 
lipid-lowering therapy by 1 year 
of initiation of PCSK9mAb inhibitor 

– 27% were no longer on 
any lipid-lowering therapy 
1 year after initiating a 
PCSK9mAb inhibitor

52.2%
of patients 44%

of patients

J Am Heart Assoc 2019;9:e014347



Research on ACS management 

Atherosclerosis 2020;40:e49-e58



Research on ACS management 

Atherosclerosis 2020;40:e49-e58



Research on ACS management 

Atherosclerosis 2020;40:e49-e58



AGLA/GSLA lipid guidelines (www.agla.ch)



Fully human monoclonal antibody against PCSK9 
inhibits PCSK9/LDL-R interaction

PNAS 2009;106:9820



Approaches to reduce LDL-C levels

Nature Rev Cardiol 2018;15:261 



Gene-Protein Synthesis
Non-coding RNAs 

Only ~2% of the human genome 
encodes proteins while a 
significant portion codes for 
non-coding RNAs (ncRNAs)1

Small interfering RNAs 
(siRNAs) are short double-

stranded ncRNAs that function 
in gene silencing2,3

siRNAs prevent protein 
synthesis by degrading 

unique target mRNA through 
a natural mechanism called 

RNA interference2,3

ncRNAs are involved in gene
regulation, RNA maturation 
and protein synthesis1

DNA mRNA

Translation

Protein

Transcription

siRNA

1Vascul 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 
awarded the Nobel Prize for Physiology or 

Medicine for their discovery of RNAi, initiating an 
era of RNA therapeutics (highly specific drugs)1

RNAi therapeutics harness the natural biologic 
pathway of RNAi to regulate expression of specific 

genes2

Advances in RNA therapeutics focus on gene 
silencing using synthetic short ncRNA, including 
siRNA, to regulate and/or silence target genes2,3

Synthetic siRNA targets a unique mRNA nucleotide 
sequence and can theoretically target any gene of 

interest2

DNA mRNA

Translation

Protein

Transcription

siRNA

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

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;42:217



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

• 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

21-23mer double 
strand siRNA

3′

3′

Triantennary
GalNAc conjugate

Guide strand

Passenger strand

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:xxx



Inclisiran treatment 
Dose & administration

Administration1,2

Subcutaneous 
injection in the 
abdomen by 
healthcare 
professionals

Injection1,2

1.5 mL solution per syringe

• 300 mg inclisiran sodium*

• Water as the diluent 

• Sodium hydroxide and phosphoric acid (pH 7)

• Stored at room temperature

Dose regimen1,2

Initial
dose

2nd

Dose
3rd

Dose

X..Dose

Treatment 
initiation

Long-term treatment
Every 6 months

3 
months

6 
months

6 
months

1Curr 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:xxx



New Engl J Med 2017;376:1430

Lowering PCSK9 with siPCSK9



New Engl J Med 2020;382:1507

Efficacy and safety of Inclisiran vs placebo

in patients with  very high cardiovascular risk, 

with ASCVD or ASCVD-Risk Equivalent *

*Type-2 Diabetes, familial hypercholestereolemia or 10-year risk ≥20%

Lowering PCSK9 with siPCSK9



Randomized 1:1 inclisiran 300 mg vs. placebo – with maximally tolerated statins

ORION-11: Study design
Eighteen months treatment and observation

New Engl J Med 2020;382:1507



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;382:1507



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

New Engl J Med 2020;382:1507



ORION-11: Efficacy
Potent, consistent response to inclisiran

Individual patient responses contributing to primary endpoint – 17 months

New Engl J Med 2020;382:1507
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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

Risk category
ASCVD 1552 1555 -55.3
ASCVD equivalent 281 272 -47.1

Renal function (eGFR - Cockcroft Gault)
Normal 996 1020 -54.1
Mild impairment 637 600 -53.3
Moderate impairment 196 202 -56.9

Baseline triglycerides in mg/dL
≤130 918 914 -52.2
>130 915 913 -55.9

Baseline LDL-C in mg/dL
≤100 927 925 -61.1
>100 906 902 -46.9

Baseline LDL-C quartiles in mg/dL
≤82 455 482 -65.2
>82 - ≤100 472 443 -56.9
>100 - ≤129 434 465 -50.7
>129 472 437 -43.1

Ethnicity
Hispanic or latino 120 116 -43.6
Not hispanic or latino 1713 1711 -54.8

Geographic region
North America 826 823 -56.4
Europe 859 854 -51.1
South Africa 148 150 -57.6

Inclisiran better

Subgroup LS Mean Percent Difference in LDL-C

Placebo better

-100.0 -75.0 -50.0 -25.0 0.0 25.0
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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;382:1507



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;382:1507



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;382:1507



ORION-11: Safety and tolerability
No difference in serious adverse events

Serious TEAEs Placebo Inclisiran

Safety population1,2 N = 804 N = 811

Patients with at least one serious TEAE 181 (22.5%) 181 (22.3%)

All cause death 15 (1.9%) 14 (1.7%)

Cardiovascular 10 (1.2%) 9 (1.1%)

Cancer 3 (0.4%) 3 (0.4%)

New, worsening or recurrent malignancy 20 (2.5%) 16 (2.0%)

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

New Engl J Med 2020;382:1507



ORION-11: Exploratory endpoint
Adverse cardiovascular events

Cardiovascular TEAEs Placebo Inclisiran

Safety population1,2 N = 804 N = 811

Pre-specified exploratory CV endpoint3 83 (10.3%) 63 (7.8%)

Cardiovascular death 10 (1.2%) 9 (1.1%)

Fatal or non-fatal MI and stroke4 30 (3.7%) 12 (1.5%)

Fatal or non-fatal MI 22 (2.7%) 10 (1.2%)

Fatal or non-fatal stroke 8 (1.0%) 2 (0.2%)

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. MedDRA-defined CV basket of non-adjudicated terms cardiac death, and any signs of cardiac arrest, non-fatal MI and/or stroke

4. Post-hoc analysis of hard endpoints

New Engl J Med 2020;382:1507



ORION-11: Summary
Twice-a-year inclisiran lowered LDL-C by ≥50% safely

Efficacy

• ORION-11 met all primary and secondary endpoints

• Inclisiran reduced the primary LDL-C endpoint by 54% at 17 months, 50% time averaged

• Inclisiran resulted in potent, consistent PCSK9 knock down

Safety and tolerability

• Inclisiran safety profile was similar to placebo

• No adverse changes in laboratory markers

• Injection site events 4.2% - predominantly mild and none persistent

Exploratory endpoint

• Numerically fewer CV events were reported for inclisiran than placebo

New Engl J Med 2020;382:1507



ORION-11: Conclusions and implications
Inclisiran is the first cholesterol lowering siRNA

Inclisiran achieves durable and potent LDL-C reduction with only 2x yearly injection

Excellent safety profile in a high cardiovascular risk population

Administration by HCP potentially coincides with typical six-monthly patient visits

• Lends itself to routine clinical practice

• Enables provider control over medication adherence

• May offer patients meaningful new choices

• Offering safe, convenient and assured results

New Engl J Med 2020;382:1507



Inclisiran undetectable in plasma of any 
renal function group 48 hours post-dose

Mean plasma concentration of inclisiran

Single 300-mg dose, open-label study in subjects with various levels of renal function (n=31)

Inclisiran safety and tolerability were unaffected by renal impairment

Mayo Clin Proc 2020;95:77

ORION-17: Renal impairment study
Dose adjustments unnecessary for impaired renal function



PCSK9i and C-Reactive Protein

Am J Cardiovasc Drugs 2018;18:271

BMJ 2018;e022348



Opportunities and challenges for the future

Efficacy of different approaches to lipid lowering 



Inclisiran / Leqvio® 
Indications cliniques

https://www.ema.europa.eu/en/documents/product-information/leqvio-epar-product-information_fr.pdf



Inclisiran clinical studies 
ORION development program

2 premières injections suisses début mai 2021



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

Rev Med Suisse 26 mai 2021;740:xxx



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 +/- bempedoic acid (+/- 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 treatment’s 

adherence



Novel lipid lowering drugs: PCSK9 and beyond

Clin Med. 2019;8:1085



Characteristics of lipoproteins

Lipoprotein(a)



Lipoprotein(a) is a CV risk factor



New Engl J Med 2009;361:2518

Lipoprotein(a) and CV risk



Eur Heart J 2010;31:2844

Lipoprotein(a) and CV risk



Lipoprotein(a) – The perfect killer



Recommendations for lipid analysis



PCSK9 mAb - Lp(a) and CV outcomes ?

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



Circulation  2018;138:1304

Inclisiran and Lp(a)



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

Lancet 2015;386:1472



Effect of Galnac apo(a) antisense

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

Lancet 2016;388:2239



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





Characteristics of lipoproteins

Remnants cholesterol



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

Lowering  Remnant cholesterol with Apo-CIII-antisense

NEJM  2017;377:222



Lowering  Remnant cholesterol with Apo-CIII-antisense

NEJM  2017;377:222

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



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



CV Risk factors & lifestyle

JACC 2014;64:93:12997



Merci pour votre attention

Service de cardiologie / HUG
Colloque multidisciplinaire de formation continue, cardiologie et chirurgie cardio-vasculaire

Genève, le 27 mai 2021



Nature Rev Cardiol May 2018;15:261 

Genetic-therapy to reduce blood-lipid-levels

Antisense oligonucleotide-based versus siRNA-based approaches



Remnant cholesterol causally related to CVD-risk: 
Mendelian Randomization


