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Maladies cardiovasculaires

CARDIOVASCULAR DISEASE
TEWIRLDSHUMBERTHLLER

cular diseas a group of disorders of the heart and blood vessels,
referred to h rt disease and stroke.
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Athéroscléerose

Coronary Artery Disease

TRUE PANDEMIC

WHO (2009):
“CHD is now the leading cause of death worldwide; it is on the rise
and has become a true pandemic that
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Lowering cholesterol lowers CV events: first evidence

946 THE NEW ENGLAND JOURNAL OF MEDICINE Oct. 4, 1990

EFFECT OF PARTIAL ILEAL BYPASS SURGERY ON MORTALITY AND MORBIDITY FROM
CORONARY HEART DISEASE IN PATIENTS WITH HYPERCHOLESTEROLEMIA

Report of the Program on the Surgical Control of the Hyperlipidemias (POSCH)

Henry Bucewarp, M.D., Pu.D., RicHarDp L. Varco, M.D., Pu.D., Jou~n P. MaTTts, Pu.D.,
Joun M. Long, Ep.D., Lavrie L. Frrea, M.P.H., GrLerT S. CampBeLL, M.D., Pu.D.,
Mavrcorm B. Pearce, M.D., ALBerT E. YELLIN, M.D., W. ALLAaN EpMisToN, M.D.,
RoserT D. SMINK, Jr., M.D., HENRY S. Sawin, Jr., M.D., CHrisTIAN T. CaMPOs, M.D.,
BetTY J. HaNnsEN, R.N., NalP Tuna, M.D., Pu.D., James N. Karnects, M.D., Pu.D,,
MicueL E. Sanmarco, M.D., Kurt AmprLaTZ, M.D., WiLrrEDO R. CAsTANEDA-ZUNIGA, M. D,
Davip W. HunTtER, M.D., JosepH K. BisserT, M.D., FREDERIC J. WEBER, M.D., PH.D,,
James W. Stevenson, M.D., ArRTHUR S. Leon, M.D., THomas C. CHALMERs, M.D.,
anD THE POSCH Group*
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Figure 2. Confirmed Myocardial Infarction and Death Due to Ath-
erosclerotic Coronary Heart Disease as a Combined End Point
(“Event”) in the Study Groups.

N Engl J Med 1990;323:946



Time-Exposure to LDL-C
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Time-Exposure to low LDL-C

Proportional Reduction in Risk of CHD

70%

30%

20% 4

10% A

Mendelian randomization studies

median follow-up: S2 years
(N =194,427)

prospective cohort studies

median follow-up: 12 years
N = 403,501

randomized controlled trials

median follow-up: 5 years
(N =196,552)
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Eur Heart J 2017;38:2459



Time-Exposure to low LDL-C
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Evidence for efficacy of LDL-lowering therapies EAS @ @ESC
down to below 1.4 mmol/L (55 mg/dL) © 7 European society

of Cardiology
Source of evidence Mean reduction in LDL Outcome RR (95% ClI)
cholesterol;
mmol/L [mg/dL]
CTT meta-analysis! (high-intensity vs standard statin; 1.71[66] vs 1.32 [50] MI, CHD death, stroke, 0.71 (0.56-0.91)
subgroup <2.0 mmol/L) coronary revasc. [per mmol/L]
IMPROVE-IT? (eze plus statin vs statin) 1.80 [70] vs 1.40 [54] CV death, M, stroke, 0.94 (0.89-0.99)

UA, coronary revasc

FOURIER3 (evolocumab plus high-dose statin * eze vs 2.37[92] vs 0.78 [30] CV death, M, stroke, 0.85 (0.79-0.92)
high-dose statin + eze) UA, coronary revasc
A
)
ODYSSEYOUTCOMES* (alirocumab plus high-dose statin 2.37[92] vs 1.37 [53] MI, CHD death, stroke, 0.85 (0.78-0.93)
+ eze vs high-dose statin + eze) UA

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

2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce

www.escardio.org/guidelines cardiovascular risk (European Heart Journal 2019 -doi: 10.1093/eurheartj/ehz455)



PCSK9 mADb: Efficacy and safety

Clinical efficacy and safety of achieving very low
LDL-CLDL-cholesterol concentrations with the PCSK9 inhibitor
evolocumab (FOURIER trial

Robert P Giugliano, Terje R Pedersen, Jeong-Gun Park, Gaetano M De Ferrari, Zbigniew A Gaciong, Richard Ceska, Kalman Toth, loanna Gouni-Berthold,
JoseLopez-Miranda, Francois Schiele, Frangois Mach, Brian Ott, Estella Kanevsky, Armando Lira Pineda, Ransi Somaratne, Scott M Wasserman,
Anthony CKeech, Peter S Sever, Marc S Sabatine; on behalf of the FOURIER Investigators

>

® Primary Efficacy Endpoint*

0.22 -

LDL-C (mM/L) Adj HR (95% CI)

<0.5 0.76 (0.64-0.90)
2271 0.5-1.3 0.85 (0.76-0.96)

1.3-1.8 0.94 (0.82-1.09)
1511 1.8-2.6 0.97 (0.86-1.09)

>2.6

referent

0.16

0.14

Adjusted Event Rate (probability)

0.12

0.10

T T T T T T T
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
LDL-C (mmol/L) at 1 month

*CV death, MI, stroke, hospitalization for UA, coronary revasc

.:.

x ®

CrossMark

o

Exploratory Analysis — 1
Achieved LDL-C <0.4 mM/L*

| LDLCatdWeeks |

<0.4 (N=1335)

>2.6 (N=4395)

Adjusted HR

n (%) n (%) (95% CI) P
Efficacy Endpoints
CVD, MI, stroke, UA, 105 (7-9) 521 (11-9) m
cor revasc (0-56-0-89)
CV death, MI, stroke 66 (4-9) 345 (7-8) 0-66 0-005
~._(0-50-0-88) /
Safety Endpoints
Serious AE 313 (23-4) 1022 (23-3) 0-96
(0-81-1-13)
AE -> drug DC 42 (3-1) 149 (3-4) 0-89 0-56
(0-60-1-32)

Lancet 2017;390:1962



ESC/EAS 2019 Lipid Guidelines

@ ESC ESC/EAS GUIDELINES
European Heart Journal (2019) 00, 1-78 LS 50,',
European Society doi:10.1093/eurheartj/ehz455 !
of Cardiology

*faun®

2019 ESC/EAS Guidelines for the management
of dyslipidaemias: lipid modification to reduce
cardiovascular risk

The Task Force for the management of dyslipidaemias of the
European Society of Cardiology (ESC) and European
Atherosclerosis Society (EAS)

Authors/Task Force Members: Frangois Mach* (Chairperson) (Switzerland),
Colin Baigent* (Chairperson) (United Kingdom), Alberico L. Catapano'*
(Chairperson) (Italy), Konstantinos C. Koskinas (Switzerland), Manuela Casula'
(Italy), Lina Badimon (Spain), M. John Chapman1 (France), Guy G. De Backer
(Belgium), Victoria Delgado (Netherlands), Brian A. Ference (United Kingdom),
lan M. Graham (Ireland), Alison Halliday (United Kingdom), Ulf Landmesser
(Germany), Borislava Mihaylova (United Kingdom), Terje R. Pedersen (Norway),
Gabriele Riccardi' (Italy), Dimitrios ]. Richter (Greece), Marc S. Sabatine (United
States of America), Marja-Riitta Taskinen' (Finland), Lale Tokgozuglu1 (Turkey),
Olov Wiklund' (Sweden)

@ESC

European Society

of Cardiology

Treatment goals for LDL-C across categories of

total cardiovascular disease risk

Treatmentgoal
forlDL.C 39 mmol/L
(116 mg/dL)
(100mg/el)

1.8 mmol/L
&>50% (70mg/dL)
reduction

from baseline WA mmol/L
(55 mg/dL)

www.escardio.org/guidelines

&3

EAS @ @ESC

European Society
of Cardiology

SCORE <1% | +SCORE 21% and <5%

duration <10years without other risk factors

~ / *Youngpatients (T1DM <35 years; T2DM <50 years) with DM

*SCORE 25% and <10%

*Markedly elevated single risk factors, in particular TC>8 mmol/L(310
mg/dL) or LDL-C>4.9 mmol/L (190 mg/dL) or BP 2180/110mmHg

*FH without other major riskfactors

*Moderate CKD (€GFR 30-59 mL/min)

*DIMwj/otarget organ damage, with DM

duration 210 years or otheradditional risk factor

.
N

4 garly onset of TIDMof long duration(>20years)

*ASCVD (dlinical/imaging)

*SCORE 210%

*FH with ASCVD orwith another major risk factor
*Severe CKD (eGFR <30mL/min)

*DIM & target organ damage: 23 major risk factors; or

.
.
N,

A

©ESC

Low Moderate High  very-High

CVRisk ®

2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce
cardiovascular risk (European Heart Journal 2019 -doi: 10.1093/eurheartj/ehz455)

Eur Heart J 2020;41:111



Despite efficacious LDL-C lowering therapies:

High and very high-risk patients are failing to achieve LDL-C goals

Proportion (%) of patients not at LDL-C goal

=

o

o
]

(o]
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N
o

N
o

88.8 90.0 915

ASCVD ASCVD FH CHD High CV risk Statin- Statiin- FH LLT- High and ACS
patients patients patients patients patients treated treated patients treated very-high patients
patients patients patients CV risk
SEULEIIS

N=2,585,931 8 N=91,479 N=165,411 N=57,885 N=1,244 N=42,767

0
PINNACLE THIN study SAFEHEART EUROASPIRE EUROASPIRE UK CPRD DYSIS Diabetes Israel Central & Cegedim study  SPUM-ACS
registry UK study V \% 30 countries regional study Eastern Germany Switzerland
us Spain (secondary care) (primary care) Europe study
27 countries 14 countries 7 countries

Circulation. 2019;140 (S1):A12904; BMJ Open. 2017;7:e013255; JACC. 2016;67:1278; Atherosclerosis. 2019;285:135; Eur J Prev Cardiol. 2016;23:2007; Heart.
Atherosclerosis. 2016;255:200; EurJ Prev Cardiol. 2017;24:867; Adv Ther. 2019;36:608; Atherosclerosis. 2018;268:99; J Am Heart Assoc. 2017;6:e




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

Overall, 54% attained In patients with

cz):)li;allc::ik-based established ASCVD,

L 8 - ean Only 33% 2019 goal attainment was
* Low risk: 63%; : .

moderate risk: 75%; attained overall apprommately

high risk: 63%; 2019 goal half that of 2016

very high risk: 39% (18% vs 39%, respectively)

Potential reasons for failure to achieve ESC/EAS guideline recommended LDL-C values
* Lack of HCP familiarity with guidelines * Patient reluctance to be treated with

* High cost of medications such as PCSK9 high-intensity LLT
mAb inhibitors * Concern about statin-related AEs

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”

Eur J Prev Cardiol August 2020




Perceived side effects are the leading cause of statin discontinuation

Patient-reported reasons for statin discontinuation:

insights from PALM registry

Experienced side Effects | 55
No Longer Needed [[NNNEGGE 13.2
Don’t Know/Other _ 14.4

Prefer Natural Remedies _ 71

Duration of statin therapy prior to

Cost/Insurance Reasons [N 6.9 discontinuation:
. 0, >
Didn’t Like Taking Medicine Every Day - 5.8 51.3% for 21 e
* 29.4% between 1 month
Friend/Relative Suggested [ 5.3 and 1 year

* 12.6% for <1 month

Didn't Notice Improvement - 4.6
I

0 10 20 30 40 50 60
% Adults previously on a statin (N=464)

JAm Heart Assoc 2019;8:e011765



Therapy interruptions are observed with monoclonal antibodies
directed against PCSK9

Retrospective analysis of 6151 patients from a commercial
‘aorp% insurance database in the United States initiating PCSK9mADb

inhibitors
52.2% 44%

o of patients of patients
experienced an interruption in experienced an interruption in all
PCSK9mAD inhibitor therapy lipid-lowering therapy by 1 year
of at least 30 days within 1 year of initiation of PCSK9mADb inhibitor
of its initiation — 27% were no longer on

— Only 63% remained on a any lipid-lowering therapy
PCSK9mAD inhibitor 1 year 1 year after initiating a
after its initiation PCSK9mAD inhibitor

TN IR 0D DRPRRRIRREREEO MR DRI IR S OO DRT RN
TP ERRIRREREEII LI PP PORIRIRIRIRIINND  DRRRRREREEEILOPIORODIIIIIAIEIII IO OORIRIIIAANNA

JAm Heart Assoc 2019;9:e014347



Research on ACS management

Atherosclerosis Supplements 42 (2020) e49—e58
Lipid level tested
Contents lists available at ScienceDirect
. Yes
Atherosclerosis Supplements 91%
journal homepage: www.elsevier.com/locate/atherosclerosis NG 9%

Time of lipid testing ‘

Lipid-lowering therapy and low-density lipoprotein cholesterol goal )
achievement in patients with acute coronary syndromes: The ACS g At admission 31%
patient pathway project
(4]
UIf Landmesser *, Angela Pirillo °, Michel Farnier ¢, ]. Wouter Jukema ¢, Ulrich Laufs ¢, 1d after ‘ 42%
Frangois Mach [ Luis Masana &, Terje R. Pedersen h Frangois Schiele 1 Gabriel Steg/,
Marco Tubaro ¥, Azfar Zaman !, Pepe Zamorano ™, Alberico L. Catapano ™ 2d after 11%
. 0,
Atherosclerosis 2020;40:e49-e58 St atter | 16%
Patients receiving LLT at discharge
Newly initiated 56%
Same as before;’adjus{ed 37%,
NoLLT 4%
Don't know 39%,
LLT at discharge
High intensity statinteze 67%

Low/moderate intensit}l statinteze
Eze+PCSK9%
No/unknown LLT

7%

Fig. 1. Percentages of patients who had lipid levels tested and pharmacological approaches during acute phase. LLT: lipid-lowering therapy.



Research on ACS management

1 follow-up

Patients not at goal"‘ 78%
Treatment change for patients not at goal

Subsequent follow-up for patients not at goal

274 follow-up
Patients not at goal® 68%
Treatment change for patients not at goal
Subsequent follow-up for patients not at goal
3 follow-up
Patients not at goal® 62%

Treatment change for patients not at goal 33%

Subsequent follow-up for patients not at goal 32%

Fig. 4. Percentages of patients not at goal, treatment changes and subsequent follow-up planning during three follow-up visits. *>70 mg/dL.

Atherosclerosis 2020;40:e49-e58



Research on ACS management

As low as possible
<70 mg/dL

46%
70-99 mg/dL
100-139 mg/dL

140-200 mg/dL

>200 mg/dL

Don't know

5%

B Acute phase patients M Follow-up patients

Fig. 6. LDL-C goal for acute phase and follow-up patients, as indicated by cardiologists during the survey.

Atherosclerosis 2020;40:e49-e58



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

Statine hautement efficace® Statine hautement efficace®
LDL-C <1.8 mmol/l et réduction de 50% ? LDL-C <1.4 mmol/l et réduction de 50% ?
rNun ‘ Oui erJ—m
HF hétérozygote ASCVD manifeste ?
F Oui L Non ¢ Oui Non
Facteurs de risque supplémentaires®? LDL-C
<2.6 mmol/1?
Nen L Oui i
’7 —‘ — MNon Oui
LDL-C LDL-C
<5.0 mmol/1? <45 mmol/1 ?
Duil MNon Mon L Oui
) ) Y Y V' Y
Ezétimibe Inhibiteurs de la Ezétimibe Inhibiteurs de la Ezétimibe
L PCSK9** ¢ ¢ PCSK9™ ¢ ¢
vy L | v
Poursuivre le traitement de Poursuivre le traitement de
maniere controlee maniere controlee
Contrile du LDL-C: 1x/an; Contréle du LDL-C: 1x/an;

plus souvent en fonction de la situation clinique plus souvent en fonction da la situation clinique



Fully human monoclonal antibody against PCSK9

inhibits PCSK9/LDL-R interaction

bloodstream

LDL-C Evolocumab /

,Hun,-hu 'A;‘L\L\ L,n!.-h. u c»’: L\'n.

SIS

Endocytosis

LDLR and PCSK9
degradation

hepatocyte

PNAS 2009;106:9820



Approaches to reduce LDL-C levels

Antibodies
O\'_‘\ Extracellularly
‘E{ located
e [-—_ Tl LDL ‘é‘f:f,-fﬂ
= & & LDLR Sy
H TJ -[ Anti-PCS5K9 monoclonal
T antibodies
Small molecule o Transiently block PCSK9
Intracellularly and - S binding to LDLR extracellularly
extracellularly located ﬂ \
-\?'_.g._‘_;_g:.} E‘g%?) .
Acetyl-CoA “'H ___H > S
¥ g
HMG-CoA LDIR 4 =
Statins m—| * synthesis == PCSKO Lysosomgl
r’;U synthesis ation
| 2 S

Statins

Intracellular cholesterol
depletion increases LDLR
synthesis via transcription

Cholesterol

X

siRMNA

Gene silencing

PCSK9 mRNA Intracellularly

YAV AV AL AW AW AW AV LW AW

Mucleus

(and extracellularly) located

PCSK9 synthesis inhibitors
Long-term inhibition of FC5SK9
synthesis and all intracellular
and extracellular PCSK9 functions

Nature Rev Cardiol 2018;15:261



Gene-Protein Synthesis
Non-coding RNAs

Only ~2% of the human genome Small interfering RNAs
encodes proteins while a (siRNAs) are short double-

significant portion codes for stranded ncRNAs that function
non-coding RNAs (ncRNAs)? in gene silencing?3

/ DNA mRNA \

ncRNAs are involved in gene
regulation, RNA maturation
and protein synthesis?!

SiRNAs prevent protein
synthesis by degrading
unique target mRNA through
a natural mechanism called
RNA interference?3

Wascul Pharmacol. 2019;114:64 2Mol Ther Nucleic Acids. 2015;4:€252 3Annu Rev Biophys. 2013;42:217



RNA Therapeutics
Synthetic small RNA

Transcription »

DNA mRNA

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)?

RNAI therapeutics harness the natural biologic
pathway of RNAI to regulate expression of specific
genes?

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

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

The 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

Transcription Translation
( SiRNA
-
X Shutdown of protein production by
\
RNA interference
DNA mRNA Protein

L

RNA interference is a natural cellular mechanism
that regulates the expression of a protein by

targeting and silencing the translation
corresponding mRNAL2

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



What is inclisiran ?
Small interfering RNA

Inclisiran )

* Synthetic small interfering RNA (siRNA)
conjugated with triantennary GalNAc
carbohydratel?

* Utilizes the natural RNA interference mechanism 21-23mer double 3’
to degrade PCSK9 mRNA and prevent its strand siRNA
translation to protein?

Chemical Modifications>* ) Guide strand

e 2'-fluoro and 2’-O-methyl modifications to FEESEIEE SUE L

increase compound stability

* Backbone phosphodiester linkages modified
with phosphorothioates to protect from 3’
degradation by liver exonucleases

* Triantennary GalNAc conjugation for targeted
hepatic delivery

Triantennary | S
GalNAc conjugate

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



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

ASGPR
o ' ‘
D / GalNAC se lie AGPR est recyclé

a FASGPR

Endosome

Le pARNi pénetre
le complexe RISC qui sépare

l Ies 2 brins
| Brin sens
SN Brin
[ 6’ e
2 a, 6,,0 *e,- antisens

‘/ Le pARNi libéré dans le cytoplasme o,,) 0(’ ,09' Le brin antisens

L 0&
GalNAC se dirige vers le complexe RISC e"e d|rige le complexe RISC
est dégradé vers TARNm
Pas de syntheése
de PCSKg

LARNm PCSKg
est clivé par le complexe RISC

Rev Med Suisse 26 mai 2021:740:xxx




Inclisiran treatment
Dose & administration

Administrationl? )

Injection’? )

Subcutaneous
1.5 mL solution per syringe injection in the
* 300 mginclisiran sodium™* abdomen by
s Water as the diluent healthcare

* Sodium hydroxide and phosphoric acid (pH 7) professionals

* Stored at room temperature

Dose regimen?'? )

Treatment Long-term treatment
initiation Every 6 months A
T 3 T 6 - 6 -
? months? months ? | months I H
Initial 2nd 3rd X..Dose
dose Dose Dose

YCurr Pharm Des. 2018;24:3622; 2N Engl J Med. 2017;376:4



Inclisiran clinical studies
ORION development program

Etude Phase Patients (N) | Population étudiée Durée de suivi | Critére de jugement Référence
clinique ClinicalTrials.gov
ORION-1 I 500 ASCVD ou ASCVD RE 120 jours Baisse du LDL-C NCT025971274
ORION-2 Il 4 HFHo 180 jours Balsse du LDL-C NCT02963311
ORION-3 I 490 ASCVD e ASCVD RE 48 mois Baisse du LDL-C NCT03060577
ORION-4 llb 15 000 ASCVD #+ASCVD RE 60 mois MACE NCT03705234
ORION-5 1l 45 HFHo 24 mois Balsse du LDL-C NCT03851705
ORION-6 I 24 Insuffisance hépatique 180 jours Pharmacocinétique NCT04765657
ORION-7 I 31 Insuffisance rénale 60 jours Pharmacocinétique NCT03159416
ORION-8 If 3700 ASCVD of ASCVD RE &f HFHe/HFHo 36 molis Baisse du LDL-C NCT03814187
ORION-9 If 482 HFHe 18 mois Baisse du LDL-C NCT03814187
ORION-10 If 1561 ASCVD 18 mois Baisse du LDL-C NCT03399370"
ORION-11 1l 1617 ASCVD ef ASCVD RE 18 mois Balsse du LDL-C NCT03400800"
ORION-12 I 48 Population saine 180 jours QT et ECG -
ORION-13 Il 12 HFHo chez I'adolescent (de 122 < 18 ans) 24 mois Balsse du LDL-C NCT04659863
ORION-14 I 40 Etude de recherche de dose - Balsse du LDL-C NCT04774003
ORION-15 I 308 Etude de recherche de dose, ASCVD 270 jours Balsse du LDL-C NCT04666298
ORION-16 Il 150 HFHe chez l'adolescent (de 12a < 18 ans) 24 mois Balsse du LDL-C NCT04652726

Rev Med Suisse 26 mai 2021:740:xxx




Lowering PCSK9 with siPCSK9

A Placebo Group at Day 180 B Two-Dose 300-mg Inclisiran Group C Two-Dose 300-mg Inclisiran Group
The NEW ENGLAND JOURNAL of MEDICINE at Day 180 at Day 240
804 80 80—
60— 60 60—
5 .| 5 .l 5
ORIGINAL ARTICLE A P 3
3 2 3 5 204
5
g 2 -
e 3 o R
2 2 ||||| 2
. . . . . . U _20d U 204 U 204
Inclisiran in Patients at High Cardiovascular i i 5
i ” e - | T -a0-- T 4o~~~ MK R R i
Risk with Elevated LDL Cholesterol N : o E
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Robust, sustained LDL-C reductions — optimal start regime

‘ 300 mg x2 9 months time adjusted
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Lowering PCSK9 with siPCSK9

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ‘

Two Phase 3 Trials of Inclisiran in Patients
with Elevated LDL Cholesterol
Kausik K. Ray, M.D., M.Phil., R. Scott Wright, M.D., David Kallend, M.D.,
Wolfgang Koenig, M.D., Lawrence A. Leiter, M.D., Frederick J. Raal, Ph.D.,
Jenna A. Bisch, B.A., Tara Richardson, B.A., Mark Jaros, Ph.D.,

Peter LJ. Wijngaard, Ph.D., and John J.P. Kastelein, M.D., Ph.D.,
for the ORION-10 and ORION-11 Investigators™

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 220%

New Engl J Med 2020;382:1507



ORION-11: Study design

Eighteen months treatment and observation

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

P i i

Visit1 V2 V3 V4 V5 V6 Vi V8
Day 1 Day 30 Day 90 Day 150 Day 270 Day 330 Day 450Day 510 ~ End of Study

Screening Day 540 (V)
Day -14t0-1 ] 2 I zk I " ; ’ 90 days post

last dose

Study

assessments

New Engl J Med 2020;382:1507



ORION-11: Efficacy

Durable, potent and consistent effect over 18 months

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

i i i i

3 ~
(@)}
3 =0 Time-averaged A 50% A 54%
L
X —Q
< -60

0 3 6 9 12 15 18

Months from start of treatment

P-value for placebo — inclisiran comparison at each time point <0.00001

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

New Engl J Med 2020;382:1507



ORION-11: Efficacy

Durable, potent and consistent effect over 18 months

A Change in LDL Cholesterol Level B Absolute LDL Cholesterol Level
20+ Placebo 175_| Placebo
©
0 - ¥ _ 5 1504
v &
ED g ~20- ;8 % 1254
] T [} 33
5% < 100-
] 404 o U E Inclisiran
£ o Inclisiran S 75
g £ 0o
¥ s 607 - 3
= -80- 3
-100 | | | | | 0 | | | | |
0 100 200 300 400 500 0 100 200 300 400 500
Days Days
No. of Patients No. of Patients
Placebo 240 237 238 235 233 233 229232 Placebo 240 237 238 235 233 233 229232
Inclisiran 242 240 239 240 237 237 231232 Inclisiran 242 240 239 240 237 237 231232

New Engl J Med 2020;382:1507



ORION-11: Efficacy

Potent, consistent response to inclisiran

Individual patient responses contributing to primary endpoint — 17 months

200 200

PCSK9 | LDL-C
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% change in observed value
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-100 -100 -
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New Engl J Med 2020;382:1507



ORION Phase lll pooled analysis: Efficacy

Robust +LDL-C across pre-specified sub-populations

Subgroup Inclisiran  Placebo LS Mean Percent Difference in LDL-C
N N

Overall

Overall 1833 1827 [ ] -54.1
Sex

Male 1226 1244 @ -53.8

Female 607 583 @ -54.8
Age <65 yr or 265 yr

<65 yr 853 884 @ -54.3

265 yr 980 943 @ -53.7
Age <75 yr or 275 yr

<75yr 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

W hite 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 L J -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 H@- -56.1

Metabolic syndrome 499 526 @ -56.2

Neither 647 670 @ -50.6

-100.0 -75.0 -50.0 25.0

Inclisiran better

Placebo better

New Engl J Med 2020;382:1507



ORION-11: Safety and tolerability

Adverse event profile similar to placebo

Safety population! — 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

Safety population? 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

Safety population®? 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 <75x10°/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

Safety population®? 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

Safety population®? N = 804 N =811

Pre-specified exploratory CV endpoint? 83 (10.3%) 63 (7.8%)
Cardiovascular death 10 (1.2%) 9 (1.1%)
Fatal or non-fatal M| and stroke* 30 (3.7%) 12 (1.5%)
Fatal or non-fatal Ml 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 Ml 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

e 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



ORION-17: Renal impairment study

Dose adjustments unnecessary for impaired renal function

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

2500 . . ..
Mean plasma concentration of inclisiran 20
t Normal function e Moderate impairment
2000 4 t Nermal function @ Moderate impairment £ 04 u Mild impairment  © Severe impairment
B Mild impairment Severe impairment “E
a o
£ a2
2 1500 - HE 5ol
5 . . 33
= Inclisiran undetectable in plasma of any <3
= renal function group 48 hours post-dose 50
$ 1000 Sq )
=] € o —40
g 5
© g
2 o as]
n c
500 ! o —60 4
] =
0- —a— L o -80
T T T T T T T T T T 1 T 11 T T T T
012 4 6 8 12 2448 96 16 336 720 047 30 60 120 180
Time (h) Visit day

Inclisiran safety and tolerability were unaffected by renal impairment

Mayo Clin Proc 2020;95:77



PCSK9i and C-Reactive Protein

BM) Open Impact of PCSK9 monoclonal antibodies
on circulating hs-CRP levels: a

systematic review and meta-analysis of

randomised controlled trials

Ye-Xuan Cao, Sha Li, Hui-Hui Liu, Jian-Jun Li

No. Arms Patients  MD(95%CI), mg/L

12(%)

PCSK9-mAb types

Evolocumab 6 797 0.00 (-0.07 to 0.07)

Alirocumab " 2723  0.12 (-0.48 t0 0.43)

LY3015014 5 519 -0.48 (-1.28 t0 0.32)

RG7652 2 169 0.35 (-0.28 to 0.96)
Treatment duration

=12W 14 3277  -0.11 (-0.45 t0 0.23)

=12W 1" 931 0.00 (-0.07 to 0.07)
Participant characteristics

FH 9 624 0.00 (-0.07 to 0.07)

Non-FH 1 3085 0.07 (-0.12 to 0.26)

Mix 5 519 -0.48(-1.28 t0 0.32)
Treatment methods

Monotherapy 9 2010 0.00 (-0.08 to 0.07)

Combination-therapy 16 2198 -0.04 (-0.17 t0 0.10)

BMJ 2018;e022348

T T T T
-1.5 -1.0 -05 0 05

MD(35%C)

Am J Cardiovasc Drugs (2018) 18:271-282 @ CrossMark
https//doi.org/10.1007/540256-018-0270-7

SYSTEMATIC REVIEW

Comparative Effectiveness of Inclisiran 100, 300, and 500 mg
in a Population with Hyperlipidemia: A Network Meta-Analysis
of Randomized Controlled Trials

Yang Wangl « Jinsong Wangl + Shenming Wang1

The most com-
monly reported adverse events were musculoskeletal pain,
nasopharyngitis, headache, and elevated C-reactive protein
(CRP), none of which were significant (p >0.05).

Am J Cardiovasc Drugs 2018;18:271



Opportunities and challenges for the future

Efficacy of different approaches to lipid lowering

] HPS4 ORION-4 Design

it ORION-4

Patients with stable atherosclerosis
(prior MI, prior stroke or PAD)

|
l Lipid-lowering therapy optimized by primary provider ]

|
| RANDOMIZE 1:1 |

INCLISIRAN DOUBLE BLIND
300mg SC PLACEBO

(Randomization, M3, then g6M)

| |

( N~15,ooo]

Median duration of follow-up

4-5 years

Primary Endpoint: CHD death, MI, stroke or urgent coronary revasc




Inclisiran / Leqvio®
Indications cliniques

EUROPEAN MEDICINES AGENCY

SCIENCE MEDICINES HEALTH

4. INFORMATIONS CLINIQUES
4.1 Indications thérapeutiques

Leqvio est indiqué chez 1’adulte présentant une hypercholestérolémie primaire (hétérozygote familiale

et non familiale) ou une dyslipidémie mixte, en complément d’un régime alimentaire :

. en association avec une statine seule ou une statine avec d’autres thérapies hypolipémiantes
chez les patients ne pouvant atteindre les objectifs de LDL-C sous statine a dose maximale
tolérée, ou

. seul ou en association avec d’autres thérapies hypolipémiantes chez les patients intolérants aux
statines, ou chez qui les statines sont contre-indiquées.

4.2  Posologie et mode d’administration

Posologie

La dose recommandée est de 284 mg d’inclisiran administrée en une seule injection sous-cutanée : une
premieére fois, puis a 3 mois. puis tous les 6 mois.

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



Inclisiran clinical studies
ORION development program

2 premieres injections suisses début mai 2021

Etude Phase Patients (N) | Population étudiée Durée de suivi | Critére de jugement | Référence
clinique ClinicalTrials.gov
ORION-1 I 500 ASCVD ou ASCVD RE 180 jours Baisse du LDL-C NCT025971274
ORION-2 Il 4 HFHo 180 jours Baisse du LDL-C NCT02963311
ORION-3 I 490 ASCVD e ASCVD RE 48 mols Baisse du LDL-C NCT03060577
ORION4 b 15000 ASCVD e+4SCYD RE 60 mois MACE NCT03705234
ORION-5 1l 45 HFHo 24 mals Baisse du LDL-C NCT03851705
ORION-6 | 24 Insuffisance hépatique 180 jours Pharmacocinétique NCT04765657
ORION-7 | 31 Insuffisance rénale 60 jours Pharmacocinétique NCT03159416%
ORION-8 1l 3700 ASCVD ef ASCVD RE &f HFHe/HFHo 36 mols Baisse du LDL-C NCT03814187
ORION-9 1l 482 HFHe 18 mais Baisse du LDL-C NCT03814187
ORION-10 1l 1561 ASCVD 18 mois Baisse du LDL-C NCT03399370"7
ORION-11 I 1617 ASCVD oF ASCVD RE 18 mols Baisse du LDL-C NCT03400800'7
ORION-12 | 48 Population saine 180 jours QT et ECG -
ORION-13 I 12 HFHo chez l'adolescent (de 12a < 18ans) 24 mols Baisse du LDL-C NCT04659863
ORION-14 I 40 Etude de recherche de dose - Baisse du LDL-C NCT04774003
ORION-15 I 308 Etude de recherche de dose, ASCVD 270 jours Baisse du LDL-C NCT04666298
ORION-16 I 150 HFHe chez Fadolescent (de 12 3 < 18ans) 24 mols Baisse du LDL-C NCT04652726




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

N
ARN: du prix Nobel %“0/

au traitement, la cardiologie
au-devant de la scene

Une baisse du cholestérol LDL
de longue durée: enfin le silence

MAELLE ACHARD®, ALIKI BUHAYER", KEVIN DOBRETZ?, Pr GEORG EHRET?, Pr FRANCOIS MACH®

Rev Med Suisse 26 mai 2021:740:xxx




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

ESC/EAS GUIDELINES
@ ESC European Heart Journal (2019) 00, 178 SC ¢
European Society
of Cardiology

Concept Change I: Start early 2019 ESC/EAS Guidelines for the managemeft.5

Less "lipid-exposure" leads to prevention of lesion formation of Sysliptaacrmias il modTeation toredise

cardiovascular risk

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

Concept change lll: Use lipid-lowering combination therapy
Statin +/- ezetimibe +/- bempedoic acid (+/- PCSK9mADb) induced LDL-C lowering reduces CV risk

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

f/;"\'\

blood
pressure

. “Personal
gender w* riSk

exercise i ,,"‘ N
DI

Genetic variation

\:
smoking ?L/ ////‘:_.’:'/2"\\\\\' P

lipoproteins

/

’E],Targeting non-LDL cholesterol \
related risk: § ?

apoC-II|

ANGPTL3

. . \Qi’:‘
+ Antibodies { ANGPTL3

\ + OM3FA J

Clin Med. 2019;8:1085



Characteristics of lipoproteins

0.95 -
Proatherogenic Prothrombotic
Apo(s) c KIV10
KIV9 .
v Pl
 Oxidized PL Kivg ¥ e ooen 3 1.006 -
KIV7
KIV6 E
M Foam cell KIV5 4, TEPI =2 102
formation . Kiva = - = LDL
KIV3 —
wv
A SMC L - -
proliferation pormeabiiity P
— N Platelet 1 06 -
A Monocyte 195polIse HDL Non—HDL-C
ST E =102 (all apo B—containing
KIV1 1.20 - J’ particles)
N The number of
KIV2 defines the Ll ] | J L} ] 1}
S 5 10 20 40 60 80

Diameter (nm)

Lipoprotein(a)



Lipoprotein(a) is a CV risk factor

European Heart Journal (2017) 0, 1-8 REVIEW
EUROPEAN doi:10.1093 /eurheartj/ehx033

SOCIETY OF

Frontiers in Cardiovascular Medicine

Lipoprotein(a): the revenant

Baris Gencer', Florian Kronenbergz, Erik S. Stroes3, and Francgois Mach'*

“Cardiclogy Division, Geneva University Hospitals, Switzerland; *Department of Medical Genetics, Division of Genetic Epidemiclogy, Molecular and Clinical Pharmacelogy.
Medical University of Innsbruck, Austriz and *Academic Medical Center, Amsterdam, AZ 1100, The Netherlands

@ ESC Eurcpean Heart Journal (2018) 39, 2597-2599 EDITORIAL
European Society doi:10.1093/eurheartj/ehy385
of Cardiology

Lipoprotein(a): the perpetual supporting actor
Baris Gencer and Francois Mach*®

Cardidlogy Division, Department of Spedalties in Medidne, Geneva University Hospitals, Rue Gabrielle-Perret Gentil 4, 1211 Geneva 14, Switzerland

Drugs
https://doi.org/10.1007/540265-019-01243-5

REVIEW ARTICLE

Potential of Lipoprotein(a)-Lowering Strategies in Treating Coronary
Artery Disease

Baris Gencer'2 - Francois Mach'

High levels of lipoprotein(a) are considered causal risk
factor of cardiovascular disease (CVD).

The 2019 ESC/EAS guidelines for the management of
dyslipidaemia recommend to measure Lp(a) at least once
in each adult person’s lifetime.

To lower Lp(a), two antisense oligonucleotides are under
development, targeting apolipoprotein (B) and apolipo-
protein (a).



Lipoprotein(a) and

ORIGINAL ARTICLE ‘

Genetic Variants Associated with Lp(a)
Lipoprotein Level and Coronary Disease

CV risk
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Lipoprotein(a) and CV risk

@ European Heart Journal (2010) 31. 2844—2853 CURRENT OPINION

doii10.1093/eurheartj/ehq386

Lipoprotein(a) as a cardiovascular risk factor:
current status

Borge G. Nordestgaard ', M. John Chapman?, Kausik Ray?, Jan Borén*4,

Felicita Andreotti3, Gerald F. Watts%, Henry Ginsberg?, Pierre Amarenco?,
Alberico Catapano?, Olivier S. Descamps '°, Edward Fisher !, Petri T. Kovanen 12,
Jan Albert Kuivenhoven 13, Philippe Lesnik?, Luis Masana'4, Zeljko Reiner 5,
Marja-Riitta Taskinen 14, Lale Tokgézoglu'?, and Anne Tybjxrg-Hansen?, for the
European Atherosclerosis Society Consensus Panel?

E 2 MNon-fatal M1 and coronary death: 24 Ischaemic stroke: 23 NQH'CEF?SESEE:;EngEEthS:
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Lipoprotein(a) — The perfect killer
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Recommendations for lipid analysis EAS (61 @ Ei? oty
of Cardiology

Recommendations for lipid analyses for cardiovascular disease risk estimation

Recommendations Class® Level®
TC is to be used for the estimation of total CV risk by means of the SCORE system. | C
HDL-C analysis is recommended to further refine risk estimation using the online SCORE system. | C
LDL-C analysis is recommended as the primary lipid analysis method for screening, diagnosis, and management. 1 C
TG analysis is recommended as part of the routine lipid analysis process. | C
Non-HDL-C evaluation is recommended for risk assessment, particularly in people with high TG levels, DM, obesity, or I c

very low LDL-C levels.

ApoB analysis is recommended for risk assessment, particularly in people with high TG levels, DM, obesity, metabolic syn-
drome, or very low LDL-C levels. It can be used as an alternative to LDL-C, if available, as the primary measurement for
screening, diagnosis, and management, and may be preferred over non-HDL-C in people with high TG levels, DM, obesity,

or very low LDL-C levels.
Lp(a) measurement should be considered at least once in each adult person’s lifetime to identify those with very high

inherited Lp(a) levels >180 mg/dL (>430 nmol/L) who may have a lifetime risk of ASCVD equivalent to the risk associated lla C

with heterozygous familial hypercholesterolaemia.

Lp(a) should be considered in selected patients with a family history of premature CVD, and for reclassification in people lla C

who are borderline between moderate and high-risk.

2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce

www.escardio.org/guidelines cardiovascular risk (European Heart Journal 2019 -doi: 10.1093/eurheartj/ehz455)



PCSK9 mAb - Lp(a) and CV outcomes ?

Circulation

ORIGINAL RESEARCH ARTICLE

ORIGINAL INVESTIGATIONS

Lipoprotein(a), PCSK9 Inhibition, and
Cardiovascular Risk
Insights From the FOURIER Trial

B Evolocumab HR 0.75
mPlacebo (95% CI 0.64-0.88)
ARR=2.41%
HR 0.89 NNT=41
12.00 1 (95% €1 0.79-1.01)
ARR=1.41%
8.9

10.00 - NNT=71

8.15
8.00 1

6.00 +

4.00 1

2.00 ~

CHD death, Ml or urgent coronary revascularization {3y KM rate, %)

=
o
=

Lp{a) <=120nmol/L Lp(a) >120 nmol/L

P interaction=0.099

Circulation 2019;139:1483

Effect of Alirocumab on Lipoprotein(a)
and Cardiovascular Risk After
Acute Coronary Syndrome
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Circulation

ORIGINAL RESEARCH ARTICLE

Inclisiran and Lp(a)

Effect of an siRNA Therapeutic Targeting

PCSK9 on Atherogenic Lipoproteins
Prespecified Secondary End Points in ORION 1

Lipoprotein(a)*

-20

Mean Change 2 95% CI (mg/dL)

BL 14 30 60 ) 120 150 180 210
Visit Day
Inchsiran 200 mg o Inchsran 300 mg =&~ Intisiran 500 mg

Single-dose regimen

Table 2. Lipids and Lipoproteins at Baseline and Day 180*
Single-Dose Groups Double-Dose Groups I
200 mg 300 mg 500 mg 100 mg 200 mg 300 mg
Inclisiran Inclisiran Inclisiran Placebo Inclisiran Inclisiral Inclisiran
Placebo (n=64) (n=60) (n=60) (n=60) (n=61) (n=59) (n=60) (n=59)
LDL-C
Baseline 127.2(52.31) 122.5(34.73) 119.5 (41.56) 138.1 (46.05) 124.9(44.20) 127.9 (47.85) 137.1 (70[p8) 131.8 (58.51)
Day 180 127.8(48.77) 87.7 (38.98) 75.2 (44.65) 82.4(36.57) 124.1(39.57) 82.9 (40.36) 82.0(70.43) 67.6(55.81)
Lp(a)
Baseline 253 43.0 368 333 445 32.0 41.0 47.0
(8.5-122.0) (11.0-127.0) (18.8-147.0) (10.8-151.5) (12.0-146.0) (11.5-134.0) (9.8-140.3 (11.0-160.5)
Day 180 220 295 315 19.5 52.0 29.0 32.0 36.0
(9.0-138.0) (9.0-22.5) (14.0-125.0 (8.0-145.0) (9.0-148.0) (7.0-103.0) (6.0-132.5) (8.0-130.0)

Circulation 2018;138:1304




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

Antisense therapy targeting apolipoprotein(a): a randomised,
double-blind, placebo-controlled phase 1 study

Sotirios Tsimikas, Nicholas J Viney, Steven G Hughes, Walter Singleton, Mark | Graham, Brenda F Baker, Jennifer L Burkey, Qingqing Yang,
Santica M Marcovina, Richard S Geary, Rosanne M Crooke, Joseph L Witztum

Antisense oligonucleotides targeting apolipoprotein(a)
in people with raised lipoprotein(a): two randomised,
double-blind, placebo-controlled, dose-ranging trials

Nicholas J Viney, Julian C van Capelleveen, Richard S Geary, Shuting Xia, Joseph A Tami, Rosie Z Yu, Santica M Marcovina, Steven G Hughes,
MarkJ Graham, Rosanne M Crooke, Stanley T Crooke, Joseph L Witztum, Erik S Stroes, Sotirios Tsimikas
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Lowering Lipoprotein(a) with apo(a)-antisense

Effect of Galnac apo(a) antisense
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Lowering Lp(a) with apo(a)-antisense — RCT

B u.s. National Library of Medicine
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Assessing the Impact of Lipoprotein (a) Lowering With TQJ230 on Major Cardiovascular Events in Patients With CVD (Lp(a)HORIZON)
ClinicalTrials.gov ldentifier: NCT04023552

Study Description Goto =

Brief Summary:
This is a pivotal phase 3 study designed to support an indication for the reduction of cardiovascular risk in patients with established CVD and elevated Lp(a)

Condition or disease €@ Intervention/treatment @ Phase ©

Cardiovascular Disease and Lipoprotein(a) Drug: TQJ230 Phase 3
Drug: Placebo
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Safety, Tolerability, and Efficacy of
Single-dose AMG 890, a Novel siRNA
Targeting Lp(a), in Healthy Subjects
and Subjects With Elevated Lp(a)

Michael J Koren,' Patrick Maurice Moriarty,” Joel Neutel *

Seth J Baum,* Martha Hernandez-lllas,” Howard S Weintraub ®
Jennifer Hellawell,” Tracy Varrieur, * Winnie Sohn,” Huei Wang,'®
Mary Elliott-Davey,"" Helina Kassahun ' Gerald F Watts™'t

YJacksonvilie Center for Clinical Research. Jacksonville, FL: ®University of
Kansas Madkcal Cantar, Kanaas City, KS: *Oranga County Rasearch Centar,
Tustin, CA; *Freventive Cardiology Inc. Boca Raton, FL. *OPS MRA, Miami,
FL, SNYU Langone Medical Cenier. New York, NY, ZAmgen, South

San Francisco, CA; *Amgen, Cambridge. MA: *Amgen, Theusand Oshs. CA
“Amgen, Newbury Park, CA: "Amgen Ltd, Cambridge: “University of
Wastern Austraiia, Perth, Australia
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Background & Objective
Lipoprotein(a) [Le(a)] & a risk factor for myocardial infarction and other
atherosclerotc evenlts' -
+ No approved medicnes selectively targel Lp(a) and have demonsirated
raductian In CaravascUiar events
Qlpasiran (AMG 890} & a smal inlerfering riccnucieic acid (SiRNA) designed
1o reduce the production of Lp{a) by largeling messanger RNA transcribed
from the LFA gene
In this etudy (NCT 0362566€2). we evaluated the safety, tolerabiy
pharmacokinetics (PK). and pharmacodyramics of olpasiran

Aduiis with plasma concantrations at screening of Lp(a) 270 to =199 nmoliL
(coherts 1-5) or 2200 nmol/L (cohorts 6-7), were randomized 3.1 10 receive a
sngle subcutansous dose of clpasiran or placebo (Figure 1)

The primary endpoints were treatment-emergent adverse events, safety
laboratory analytes, wial signs. and ECGs. Secondary endpoints Induded
PK parameters and parcent change from baselire in Lp(a)

Figure 1. Study Design
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During the treatment period, one dose of olpasira

*» Was well tolerated

+ Significantly reduced Lp(a) with observed
approximate median percent reductions of >90%
at doses 29 mg

» Led to reductions in Lp(a) persisting 3 to 6 months
at doses 29 mg

Table 1. Treatment-emergent Adverse Events

Cohosts 1=5
wing Lp{a) 270 and S199 nmoliL

Cohorts 6 & 7
Sersening Lp(a) 2200 nenalil

Advores events, n (%)

Uppar raspiatory tract Infection

Back pan

Noncadlac chest pale

Virsl sppet respiratory Wect infacton
Sloed croatica phocpreknase increased
Contsion

Hin sbrasios

Fotique

Artrraigh

Figure 2. Lp(a) Percent Change from Baseline After a Single Dose of
Placebo or Olpasiran

Percent Change From Baseline
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Table 2, Baseline Characteristics

Cohorts 6 &7
Serooning Lp(a)
2200 nmolil

Cohorts 1-5
Sereaning Lp(s)
270 to <159 nmeliL

Placebo Olpasinn Piscebo Olpasiron
Baseline Characteristic N=10) (N=30) (N=%) (N=18)
Age (years), mean (SD) SIEH 4334135) S5T8(58) 52784
Women, 11 (%) 300 (300 iy LEEE
Ethnicity, n (%] ! 5(50m 19013 1(333) 5EE
| 5300, 1D 4@ 1323
330m 81300 o 1158
700 Faln 3] $(@33) g8 %
0 0 1{187 1/56)
TEGH TRw @dIRN IR

124 (104.137) 12257 1486 S2EIAN WITNIN)

Lp(a) nmolL, median {Q1, Q3)

Pharmacokinetic Results

« Olpasiran was rapidy absorbed with mean C_, occurring within 7.5 hours after dosing
Mean haf-lfe (ty,) ranged from 3 to 8 howrs with the vast majority eliminated from
sarum within 2 to 3 days

« Qlpasiran AUC exposures in sudjects with Lp(a) 2200 nmol/L (Conorts 6 and 7) were
16-33% lower than in subgects with Leda) =70 to <198 nmellL (Cchorts 2 and 4)

Figure 3. Mean (SD) Serum Olpasiran Concentration-Time Profiles Following
A Single SC Administration of 3, 9, 30, 75, or 225 mg
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Conclusions

+ No safely cencerns wire idenmified for obasiran in (his single dose study
- No cincally relevant changes in liver jests, platelels or cosgulation paramelers, of renal
function ware otserved
Systemic exposwes of inczeased app lely dosepropodionally
in aduits with elevated Lp(a| (median Lpia) = 122 nmodL [cchorts 110 5) and 253 nmot/L
[eohorts 6 and 7], a single dose of obasian sgnificantly reduced Lpa) with observed
sppraximate median percant reducions of >90% al doses of 28 mg b a dose-depandent
marner
Lp(a) reductions persisted for 3 to 6 months at doses of 29 mg
~ Per the protocol, folow-up is ongoing untll patients return (o 80% of baselne Lp(a)
These resuls voldate the approach of usng hepalocye-largeted SIRNA o lower Lp(a) In
peophe with elevaled Lp(a)
Oipasiran recently recesved a Fast Track Deaignation from the US Food end Drug
Administra®ion. A Phase 2 study to evauate efficacy. safety, and tolerabiity of olpasiran in
aubjects with elevated Lp(a) (s curmantly underway
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Lowering Remnant cholesterol with Apo-Clll-antisense

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

Table 2. Absolute Levels of ANGPTL3, Lipids, and Lipoproteins at Day 43 after Initiation of ANGPTL3-Lg, Treatment in

ORIGINAL ARTICLE ‘

the Multiple-Dose Groups.®
. . Placebo
Cardiovascular and Metabolic Effects Measure (N=8) ANGPTL3-Lg,
of ANGPTL3 Antisense Oligonucleotides
10 mg 20 mg 40 mg &0 mg
Mark ]. Graham, M.S., Richard G. Lee, Ph.D., Teresa A. Brandt, Ph.D., (M=) (MN=5) (M=) (N=8)
Li-Jung Tai, M.D., Ph.D., Wuxia Fu, M.S., Raechel Peralta, M.S., Rosie Yu, Ph.D.,
Eunju Hurh, Ph.D., Erika Paz, Bradley W. McEvoy, D.P.H., Brenda F. Baker, Ph.D., AMNGPTLY — ng,n’ml 132.5+38.9 45.3+22.97 2454757 211450 16.6+8.17
Nguyen C. Pham, B.S., Andres Digenio, M.D., Steven G. Hughes, M.B., B.S., ) ide di
Richard S. Geary, Ph.D., Joseph L. Witztumn, M.D., Rosanne M. Crooke, Ph.D., Triglycerides — mg/ 18376 135£33 73=2070 93+24% 82277
and Stirios Tsimikas, M.D. LDL cholesterol — mg/dl 151+18 126+29 124+24 1154311 854267
VLDL cholesterol — mg/dl 37£15 27+11 15447 19+5% 1667
Apolipoprotein B— mg/dl 122119 102+22 99+13% 90+19% 781227
Non-HDL cholesterol — mg/dl 188+25 153£287 139267 133+32% 101317
Total cholesterol — mg/dl 230:20 197271 1714307 168+337 134+29¢
HDL cholesterol — mg/dl 42+12 44+16 32+5 35=4 33£10
Apolipoprotein Al — mg/dl 146=15 143+36 115+15 112+13¢ 105+231
Apolipoprotein C-1ll — mg/dl 12.8£3.2 9.1:3.8 4.2:2.37 5.7+3.17 3.8:1.07
Lipoprotein(a) — nmol/liter 32+271 71469 13412 18+24 SET

NEJM 2017;377:222



Lowering Remnant cholesterol with Apo-Clll-antisense

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

—@— Placebo ISIS 304801, 100 mg ISIS 304801, 200 mg  —fe— ISIS 304801, 300 mg
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Consultation “Lipides” aux HUG

* Consultation conjointe des Services de Cardiologie et d’Endocrinologie
Prof. Francois Jornayvaz, Prof. Georg Ehret, Prof. Francois Mach

e Infirmiere coordinatrice: Mme Elise Guillermet
Tél: 079-553 55 08 Fax: 022-37250 18 elise.guillermet@hcuge.ch
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CV Risk factors & lifestyle

Low-risk lifestyle practices Myocardial infarction
Population preventable proportions

Physically active

Physically active

CENTRAL ILLUSTRATION 5 Combined Low-Risk Behaviors and the Population Preventable Proportions of Mli

The combination of the 5 low-risk dietary and lifestyle factors, the proposed intermediate biological factors, and the population preventable
proportions of myocardial infarction.

JACC 2014;64:93:12997




Service de cardiologie / HUG
Collogue multidisciplinaire de formation continue, cardiologie et chirurgie cardio-vasculaire
Geneve, le 27 mai 2021
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Genetic-therapy to reduce blood-lipid-levels

Antisense oligonucleotide-based versus siRNA-based approaches

a Antisense oligonucleotide technology
Single-stranded RMNase H mechanism
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b siRNA technology
Double-stranded EISC mechanism
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Remnant cholesterol causally related to CVD-risk:
Mendelian Randomization

Risk of ischemic heart disease

Remnant cholesterol

Observational: Elevated plasma levels

Causal: Genetically elevated levels

Remnant cholesteral to HOL cholesterol ratio

Observational: Elevated plasma levels

Causal: Genetically elevated levels

HDL cholesteral

Obsarvational: Reduced plasma levels

Causal: Genetically reduced levels *

LDL cholesterol

Observational: Elevated plasma levels

Causal: Genetically elevated lavels

Hazard/Odds ratio

1.37 (1.27-1.47)

282 (1.92-4.15)

1.23(1.191.27)

2.94 (1.90-4.55)

1.55 (1.43-1.68)

0.74 (0.40-1.37)

1.14(1.10-1.18)

1.47 (1.32-1.63)

Hazard/Odds ratio for a 1 mmol/L or ratio increase/decrease (95%CI)

JTT R Causal and Observational Risk Estimates for Ischemic Heart Disease
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Cardiometabolic Risk

Remnant Cholesterol as a Causal
Risk Factor for Ischemic Heart Disease
Anette Varbo, MD,*t+ Marianne Benn, MD, PHD, DMSc,*t+

Anne Tybjerg-Hansen, MD, DMSc,14§|| Anders B. Jorgensen, MD, 4§
Ruth Frikke-Schmidt, MD, PuD, DMSc,t$§ Berge G. Nordestgaard, MD, DMSc*t$§



