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LDL-reductie
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LDL-reductie
Aangrijpingspunten

CENTRAL ILLUSTRATION: Working Mechanisms of Low-Density Lipopro-
tein Cholesterol Lowering Therapies

Chylomicron 1 Chylomicron
remnant @

S D
— R

Bile AT TITTN w1l
. Cholesterol

S Trigljféri@es 4
T ]NPC]L]

Nurmohamed, N.S. et al. J Am Coll Cardiol. 2021;77(12):1564-75.




LDL-reductie

Placebo-controlled statin trials
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High is bad

Ezetimibe trials

Statin vs. Usual/standard care

Lower is
better

Statin dose comparison trials

Adapted from Preiss et al Jacc 2020;75(18):1945, Courtesy P. Sinaeve
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Vrouw, 56 jaar

Angina, PCI LAD 2018
Hypertensie
Hypercholesterolemie

Rookstop 1994




Vrouw, 56 jaar

Perindopril-amlodipine 5/5 mg
Atorvastatine 40 mg

Acetylsalicylzuur, eerste 6 m ook clopidogrel
Dieet- en levensstijlaanpassingen

Cardiale revalidatie



Patients with established ASCVD*

STEP I®

Stop smoking SBP <140
and lifestyle to 130 mmHg
recommendations > : if tolerated
(Class I) (Class 1)

LDL-C
250% reduction and
<1.8 mmol/L (<70 mg/dL)
(Class I)

Antithrombotic
Therapy
(Class 1)

Intensified treatment based on:

Residual 10-year CVD risk®

Lifetime CVD risk and treatment benefit*
Comorbidities, frailty

Patient preferences

I

¥

DAPT, DPI,
novel upcoming
interventions
(e.g. colchicine, EPA)
(Class lib)

SBP LDL-C
<130 mmHg <14 mmol/L
if tolerated (<55 mg/dL)

(Class I) (Class 1)

@ESC

ESC guideline CV preventie 2021



LDL-behandeldoelen

for LDL-C « SCORE <%
/ * Young patients (T |DM <35 years;

’ T2DM <50 years) with DM duration
3.0 mmol/L <10 years without other risk factors
(116 mg/dL)

+ SCORE =5% and <10%
2.6 mmol/L * Markedly elevated single risk factors, in
(|00 mgjdL) particular TC >8 mmol/L (310 mg/dL) or
LDL-C =4.9 mmol/L (190 mg/dL) or
BP =180/110 mmHg
* FH without other major risk factors
* Moderate CKD (eGFR 30-59 mL/min)
* DM wio target organ damage, with DM
duration =10 years or other additional risk factor

1.8 mmol/L * ASCVD (clinical/imaging)
o (70 mg/dL) * SCORE =10%
& =50% « FH with ASCVD or with another
reduction major risk factor

from + Severe CKD (eGFR <30 mL/min)

. 1.4 mmol/L -DM &l:argelorga.n damage: 23
baseline major risk factors; or early onset of
(55 mg/dL) T1DM of long duration (>20 years)

ESC guideline
dyslipidemie 2019

Moderate High Very high
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Familiale hypercholesterolemie ?

Criteria

Definite FH Score >8

Probable FH Score 6-8

—

Mo diagnosis Score <3

First-degree relative known with
premature CAD* and/or
first-degree relative with

LDL-C >95th centile

First-degree relative with Tx and/or
children <18 with LDL-C >95th
centile

Patient has premature CAD*

Genetisch onderzoek :
Patient has premature cerebral/ .
peripheral vascular disease n eg d t| ef

- Tendon xanthoma . LDL 73 mg/dl dus geen
examination | » .. cornealis below the age of 45 PCSK-9i teru g betalin Jd

years

>8.5 mmol/L (more than ~330 mg/dL)

6.5-8.4 mmol/L (~250-329 mg/dL)
5.0-6.4 mmol/L (~190-249 mg/dL)
4.0-4.9 mmol/L (~155-189 mg/dL)




Bempedoinezuur

8-hydroxy-2,2,14,14-tetramethylpentadecanedioicacid
ETC-1002
Developed by Esperion Therapeutics Inc.



Bempedoinezuur : prodrug

" Cholesterol
Biosynthesis Pathway

Acyl-CoA Citrate
synthetase

ETC-1002 ) ————> ETC-1002-CoA ATP citrate lyase
(ACL)

Triglycerrore Reetyl-CoA

Both ETC-1002 . HMG-CoA
and statins

inhibit enzymes in

the cholesterol = 6

biosynthesis Mevalonic .
pathway & YA acid " Resulting

reductase in reduced levels of
plasma LDL-C

Squalene
Cholesterol

Decreased ‘ 5 .

intracellular
HMG-CoA = 3-hydroxy- cholesterol ;gg”s'"g /

3-methylglutaryl-CoA
LDL-C = LDL cholesterol LDL-C clearance

LDL-R = LDL receptor

ATP = Adenosine triphosphate



Bempedoinezuur : leverselectief

ETC1002-CoA
(active)

Cardiovascular drugs and therapy 2021

Skeletspier

(inactive)

Acety-CoA == Triglycerides

HMG-CoA

ES

l Mevalonate

ZIN\

Biological
‘ intermediates

+

Myotoxicily



Bempedoinezuur : effect op LDL
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CLEAR Wisdom?!: add-on statin

Placebo

-17.4%
Placebo-corrected
at Week 12
P <0.001

-21.4%
Placebo-corrected
at Week 12
P <0.001

LS Mean

Change From
ine to Week 12

CLEAR Harmony? : add-on statin

Bempedoic Acid

]
Placebo-corrected
at Week 12
P <0.001

-28.5%
Placebo-corrected
at Week 12
P <0.001




Bempedoinezuur : 2023

A Four-Component MACE (Primary End Point) B Three-Component MACE

100
Hazard ratio, 0.87 (95% Cl, 0.79-0.96) — ard ratio, 0.85 (95% Cl, 0.76-0.96)
P=0.004 -

z Placebo

r

Bempedoic acid

Bempedoic acid

Cumulative Incidence (%)
Cumulative Incidence (%)

Months since Randomization Months since Randomization

No. at Risk No. at Risk

Placebo 6978 6779 6579 6401 6206 5995 5105 2524 1207 513 55 Placebo 6978 6828 6883 6536 6368 6193 5321 2649 1279 554

Bempedoic 6992 6816 6654 6472 6293 6106 5257 2601 1240 556 74 Bempedoic 6992 6859 6745 6604 6457 6298 5453 2724 1317 591
acid acid

C Fatal or Nonfatal Myocardial Infarction D Coronary Revascularization
100

Hazard ratio, 0.77 (95% Cl, 0.66-0.91) Hazard ratio, 0.81 (95% Cl, 0.72-0.92)
P=0.002 P=0.001

Placebo

Placebo

Bempedoic acid Bempedoic acid

ive Incidence (%)

12 18 24 30 36 42 48 54 60

Cumulative Incidence (%)

18 24 30 36 42 48 54 60 18 24 30 36 42 48
Months since Randomization Months since Randomization

No. at Risk No. at Risk
Placebo 6978 6839 6704 6578 6420 6266 5388 2684 1304 562 Placebo 6978 6803 6623 6469 6289 6104 5200 2582 1247 527 57

Bempedoic 6992 6865 6767 6636 6498 6354 5516 2767 1337 603 Bempedoic 6992 6832 6689 6520 6355 6190 5346 2661 1273 573 74 N H N EJ M
acid acid |Ssenl 2023




Bempedoinezuur

a/10 mg

bempedoic acid / ezetimibe

2 s Nustendi*180 m
Nilemdo 180 mg e Saayo L Alm-coated tablets
h'm-coated 1ablets

bempedoic acid

Oral use W Dz chi-Sankyo /
Oral yse / \ '
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Bempedoinezuur: 4 formulieren

o 1. De volgende LDL-C streefwaarden werden niet bereikt ondanks behandeling met de maximaal
verdraagbare dosis statine en ezetimibe

o DL-C > of = 70 mg/dlin 1 of meerdere van volgende situaties

o TC = of = 310 mg/dl

o LDL-C=>of=1¢" o
GLDL-C > of = 556 mg/d[In 1 of meerdere van volgende situaties
o bloeddruk > of -

o een antecedent van een coronaire aandoening zijnde ofwel een infarct, een
geobjectiveerde angor, een acuut coronair syndroom, een aorto-coronaire bypass, een
coronaire angioplastie of een carotis revasculansatie, grondig gedocumenteerd door een
technisch onderzoek in het medisch dossier

diabetes sinds 1
hypertensie, ro

matig chroniscl i - ] i
9 o een antecedent van een cerebrale aandoening zijnde een cerebrovasculair thrombotisch
accident of een transitoir ischemisch accident grondig gedocumenteerd

berekening van . - ! .
9 door een technisch onderzoek in het medisch dossier

geeft >of =59
ErSkCIEjAS die in o een antecedent van een pernifere aandoening zijnde een claudicatio
en intermittens of een perifere revasculansatie, grondig gedocumenteerd door een technisch
onderzoek in het medisch dossier

o diabetes met ten minste één doelorgaan schade of ten minste 3 van de volgende
risicofactoren: > of = 65 jaar, hypertensie, roken of obesitas, of een vroeg begin van type 1
diabetes (gedurende ten minste 20 jaar)

o emstig chronische nierinsufficiéntie (GF < 30 ml/min/1,73m?)

o berekening van het absolute cardiovasculaire risico bij patiént die een uitslag geeft > of = 10
% op 10 jaar. Dit nsico wordt berekend volgens de aanbevelingen van de ESC/EAS die in
2019 door de Belgische medisch-wetenschappelijke verenigingen zijn erkend

o 2. Intolerantie of contra-indicatie voaor statines, indien de LDL-C streefwaarden niet werden bereikt met ezetimibe alleen.




Casus

Man, 47 jaar, claudicatio
Niet-roker, geen diabetes
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@ LDL particle 2 == LDL receptor

|
g < @ LDL-R/PCSK9 complex

Clathrin-coated
vesicle

Hepatocyte




PCSK-9i (antilichaam)

How does PCSK9 work?

How does Inhibitors work?

PCSKSQ inhibitor
Plasma v)&, (monoclonal antibody)

§

‘i PCSK9
J

LDLR

Lysosomal LDLR
degradation recycling

e

Vesicle
(LDLR and LDL
PCSK9 dissociation)

= >

Amino acids

Lysosomal

Liver cell degradation

G \.a

Endosome
(acidic environment) Endosome

Source: Krahenbihl S, et al. Unmet Needs in LDL-C Lowering:
When Statins Won't Do! Drugs. 2016 Aug:76(12):1175-90

b) In the presence of a monoclonal antibody that binds to PCSK9, the
PCSK9-mediated degradation of LDLR is inhibited, resulting in an increased
uptake of LDL-cholesterol by LDLR as more LDLR are recycled at the cell
surface.

a) Secreted PCSK9 binds to LDLR on the liver cell surface and mediates the
lysosomal degradation of the complex formed by PCSK9 - LDLR - LDL.




SEAES i i 7“*) Reduced PCSKQ results in increased
@ : E;h ;]3 arStJe St'"‘;glé?:nR & LDL-C receptor recycling to the
o the hepatocyte hepatocyte surface and increased

Y clearance of circulating LDL-C

e ° receptor
% [nclisiran is slowly released |
Y from endosomes into the cell U
cytoplasm, resulting in a ’
sustained therapeutic effect

4
s

@) Endosomal uptake, Hepatocyte

& GalNAc cleaveage,
ASGPR recycled to
cell membrane

Antisense PCSK9 mRNA

strand

" Inclisiran antisense strand directs
Endosome £ Inclisiran sense, RISC to bind PCSK9 mRNA
strands, triggering catalytic

™, ¥ antisense strands ; 3
Po separate cleavage and reducing production
» / s of the PCSK9 protein

@) Inclisiran enters the 0000090 0¢
GalNAc ¥ RNA-induced silencing 2
degraded complex (RISC) Sense strand
¢ degraded Nucleus




PCSK9

Antilichamen SIRNA

Blokkeren afbraak LDL-receptor Inhibeert synthese PCSKg
Evolocumab (Praluent) en Inclisiran (Leqvio)
Alirocumab (Repatha) SCinjectie door arts of

gezondheidsmedewerker, 2x/jaar

Zelfinjecties 1-2x/maand
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Time-averaged A -50.5 (-52.1, -48.9)

-45.1(-46.9, -43.3)

LDL
reductie

Inclisiran

Placebo

LDL Cholesterol Level (mg/dl)

Alirocumab
.
.
.

450 510540

1,695 1,634 1,651
1.726 1,646 1,679

3.3(1.6,4.9)

Time-averaged A -52.7 (-54.4, -50.9) (,57‘ ;55_,;12 5

-51.8 (-53.5, -50.2)

No. of patients
-@- Placebo

Inclisiran

Mean LDL Cholesterol (mg/dl)

T T T T T T T
12 16 20 24 28 32 36

Months since Randomization

Schwartz, NEJM 2018

330 450 510540

1721 1,695 1,634 1,651
1,741 1,726 1,646 1,679

Wright, JACC 2021




A Primary Efficacy End Point

100+ Te

Hazard ratio, 0.85 (95% Cl, 0.79-0.92)
90+ 14

P<0.001
80+ 10.7
70 Placebo

12.6

60 9.1 Evolocumab
504
40

30

Cumulative Incidence (%)

20+

104

Change in Percent Atheroma Volume, %

O_
T T T 0
40 50 60 70 80 90 Months
On-Treatment LDL-C, mg/dL No. at Risk

Placebo 13,780 13,278 12,825 11,871 7610 3690
Evolocumab 13,784 13,351 12,939 12,070 7771 3746

Hazard ratio, 0.85 (95% Cl, 0.78-0.93) 4 B Key Secondary Efficacy End Point
P<0.001 P4 100
114

90 10

Placebo -~~~ % 9
= 1 & 6.8
70 7 /_/;;.9

Placebo -

Hazard ratio, 0.80 (95% ClI, 0.73-0.88)
P<0.001

Alirocumab

60 5 5 Evolocumab
50 :

40

Cumulative Incidence (%)

304

Cumulative Incidence (%)

1

Years since Randomization
Months
No. at Risk

Plasehs Bl feol it :u' at: fisk 13,780 13,449 13,142 12,288 7944
3 acebo N » ) 3.
Alirocumab Ba4a 8345 574 Evolocumab 13,784 13501 13,241 12,456 8094
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Familiale hypercholesterolemie
S

Probable FH Score 6-8

Criteria

First-degree relative known with
premature CAD* and/or
first-degree relative with

LDL-C >95th centile

Possible FH Score 3-5

Mo diagnosis Score <3

First-degree relative with Tx and/or
children <18 with LDL-C >95th
centile

Patient has premature CAD*

Heterozygote FH 1/200-250

Patient has premature cerebral/
peripheral vascular disease

Cascade screening
_ - Kinderen vanaf 5 jaar
examination | cus cornealis below the age of 45 - Medicatie vanaf 7-10 jaar

years

Tx

>8.5 mmol/L (more than ~330 mg/dL)

Pre-implantatie selectie
6.5-8.4 mmol/L (~250-329 mg/dL)

5.0-6.4 mmol/L (~190-249 mg/dL)

4.0-4.9 mmol/L (~155-189 mg/dL)



(Zeer) hoog risico patient onder behandeling met
(maximaal) verdragen statine + ezetimibe en ...

LDL 55 (70)-99 mg/dl : bempedoinezuur

LDL 2100 mg/dl : Inclisiran of Evolocumab

(FH of secundaire preventie)

Alirocumab
(FH én secundaire preventie of LDL 2130 mg/dl)
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“NO, HDL and LDL were not the robots in Star Wars.”
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