Hypocholesterolemia

HOW LOW IS SAFE ?

THE FRONTIER OF VERY LOW LDL CHOLESTEROL
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Rupture

The lower the LDL-C achieved, . . ecmpme =

the lower the risk of CV events

Evidence from meta-analyses of Mendelian randomization studies,

prospective cohort studies, and randomized controlled trials unequivocally
establishes that LDL causes ASCVD.

Growth mainly by lipid accumulation
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LOWER Treatment goals for low-density lipoprotein
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cholesterol

Treatment goals for low-density lipoprotein
cholesterol ?LDL—C) across categories of total cardlovascular

disease risk

Treatment goal

forlDL-C 3.0 mmollL
(116 meg/dL)

&>50%
reduction

(T0mg/d)

from baseline 14 mmol/L
(55 mg/dL)

*SCORE<1%
o *Young patients {TIDM<35 years; T2DM<S0 years) with DM
\~\

European Society
of Cardiology

*SCORE 1% and <5%

duration <10years without other risk factors
*SCORE>S%and <10%
*Markedly elevated single risk factors, in particular TC>8 mmo/L(310
> mg/dL) or LDL-C>4.8 mmol/L (190mg/dL) or BP180/110mmiHg
~ /-FH without other major riskfactors
\

| *Moderate CKD {eGFR 30-59mL/min)

*DMiwfotarget organ damage, with DM
m duration >10years or otheradditionalrisk factor

*ASCVD {dinical/imaging)

\\
‘\\\ / ) 21086

*FH with ASCVD orwith another major riskfactor
Very-High

*Severa (XD (eGFR <30mL/min)

. | "DM&target organ damage: >3 majorriskfactors;
4 or earfyonset of TIDMof long duration {>20years)

‘\
‘\
b

A

www.escardio.org/guidelines

low Moderate

. ©OESC

High  very-High CVRisk

2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce
cardiovascular risk [European Hezrt Journal 2019 -doi: 10.1093/eurheartj/ehz455)
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How low is safe? The frontier of very low N AR
dbdsasddddidddd
(<30 mg/dL) LDL cholesterol
blood Eholusort Vel

Cholesterol is an essential component of the cell membrane

Precursor for steroid hormone, vitamin D and bile acid synthesis

Concerns about lowering LDL-C to territory uncommonly before...

N\

European Heart Journal (2021) 42, 2154-2169 IES 11-2022 H.Cohen M.D



: Low Levels Of
REERA circulating LDL Secondary
‘ Cholesterol

Congenital lipid

disorders .
! Acquired LLT
disease Lipid
Lowering

Therapy



Causes of acquired hypocholesteremia

Malighancy
cachexia

Malabsorption

Anemia

Chronic infection &
Infestations

Severe illness in hospitalized patients

Durrington P. Dyslipidaemia. Lancet 2003; 362:717.

Hypercatabolic state

*Colorectal and prostatic carcinoma, leukemias, reticuloses

*Myeloma and other monoclonal gammopathies

*Short-bowel syndrome, blind loop syndrome, celiac disease,

pancreatic exocrine insufficiency, giardiasis

*Thalassemia, pernicious anemia

*Pulmonary tuberculosis, schistosomiasis

Aberrant expression of inflammatory cytokines

IES 11-2022 H.Cohen M.D




The difference between Friedewald calculated LDL and direct

LDL levels Is inversely correlated to plasma TC levels

25
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500

¥
a

-100 |

cal LDL - dir LDL (%A)
S

-125 |

-150

R*=0.1c

H. Cohen,D.Harats,A. Shaish,J. Roitelman.https://doi.org/10.1016/j.atherosclerosis.2019.06.315 IES 11-2022 H.Cohen M.D



Inherited causes of low levels of plasma cholesterol

Life-long exposure to lower LDL-C
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Genetic Variants of human PCSK9 gene and lower
LDL-c Levels

Recycling of LDLR

PCSKJ9 is a serine protease

Binds to the LDL-R

Chaperones the LDL-R to

the intracellular degradation

Loss of function mutations

.4 3
3 tati

More LDLRs C

1% to 3% of the population
Lower levels of PCSK9

Reduced serum LDL-c

Lower incidence of coronary 2
» [ »~

-0 -

heart disease events

......
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Mutations In PCSK9 Lead To lower LDL-C levels and a
lower incidence of CVD

* 3.2% of white subjects ARIC 16,000pt | e 204 of black subjects
15-year interval in the

Atherosclerosis Risk

« 21% reduction In in Communities study | ® 40%0 reduction In
mean LDL-C mean LDL-C

88% rlsk reduction

50% risk reducth/ l
« Compound

R46L Y142X C679X .
heterozygosity

for PCSKO9 loss-of-

sp Pro Catalytic P Domaln C Terminal function variants

| l ] | .
No 2nd L = | 5 & & o Jo LDL-C levels
S127R F216L D374Y <5t percentile
« No clinical

abnormaljgies

morbidities

IES 11- 20 = e NEW ENGLAND
Trends Biochem Sci 2007; 32; 71 N Engl J Med. 2006 Mar;354(12):1264-72 “ JOURNALoMEDICINE



Heterozygous Familial Hypobetalipoproteinemia

A
| Chylomicron
@ Remnants
. . . Chylomicrons / - AN
= Dominantly inherited m

» ApoB and LDL-C levels < 5th percentile
AN

» DL = 20 - 50 mg/dl

« Mutations in APOB leading to truncation of apo B

» Prevalence in the general population 0.1% to 1.9%

- Patients are entirely @Symptomatic

 Increased risk of hepatic steatosis, rare NAFLD

Apolipoprotein B
e Reduced risk for cardiovascular diseas .

Apolipoprotein B 48

* Increased longevity

COStanZO A, et al J Clln L|p|d0| 2017,11(5)1234 https://peterattiamd.com/wp-content/uploads/2019/12/Slide7.png



Abetalipoproteinemia

MTP - Microsomal triglyceride transfer protein -

responsible for the intracellular assembly of apolipoprotein B and

 Rare autosomal recessive disorder lipids in the liver + intestine

« Mutations in the microsomal triglyceride transfer protein
(MTTP) gene

Ribosome

* MTP - essential for the formation and secretion of apolipoprotein B-

containing lipoproteins Lumen

* intestine (chylomicrons)+ liver (LDL and VLDL)

Ribosome - k
 No apo B-containing lipoproteins in the ~3 (o™
= ; Cytoplasm
plasma 2
Lumen

i MTP

¥or bo Intestinal
endoplasmic reticulum

e LDL-C levels are near zero

Epithelial
Cell

J Atheroscler Thromb. 2021;28(10):1009. 12
Zamel R, Khan R, Pollex RL, Hegele RA,Orphanet J Rare Dis. 2008;3:19 IES 11-2022 H.Cohen M.D



Abetalipoproteinemia

» Chylomicron formation is necessary for absorption and transport of the fat-soluble

vitamins.

Gut Lymph Liver Blood Cells

Presents in early childhood with steatorrhea,

abdominal distension, and failure to thrive

Vitamin A deficiency = retinal degeneration

(."‘a Chylomicrons

Neurologic manifestations = inability to absorb and transport

) VLDL

vitamin E

Impaired transport of

fat-soluble vitamins
Impaired cortisol response to ACTH (A D E K)

Acanthocytes circulating RBC population.

Treatment - administration of vitamin E, A, K, D

13
J Atheroscler Thromb. 2021;28(10):1009.
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Lomitapide MTP v a0ty

« The US Food and Drug Administration (FDA) approved lomitapide in 2012

* Reduce plasma LDL cholesterol

Intestinal Cell
il b F l‘f ‘

* In homozygous familial hypercholesterolemia

Chylomicron

Lomitapide Decrease
Patient Secretion to Bloodstream
1 2 3 4 5 6
Week Weuk Week Week Week Week
26 56 78 26 56 78 26 56 78 26 56 78 26 56 78 26 56 78
10 - =
-20 N

-30

Change in LDL-C levels from baseline, % @

40
50
60
=70 A
80
90
00

A0my
-1
Lomitapide
doses
Averna, Maurizio & Cefalu, Angelo & Stefanutti, Claudia & Giacomo, Serafina & Sirtori, C.R. & Vigna, Giovanni. 14

(2015). Nutrition, Metabolism and Cardiovascular Diseases. 26. 10.1016/j. IES 11-2022 H.Cohen M.D



Angiopoietin-like proteins in lipoprotein metabolism

« Three members of the angiopoietin-like

Feeding

(ANGPTL) protein family = ANGPTL3, e
O/—ANG PTL8 v
ANGPTL4 & ANGPTLS ¢ |
ANGPTL3
 Regulators of plasma
GPiHE1— () esmalGhdedhms
lipoprotein levels %
an B HSPG |
+ Inhibiting the enzyme o/ TR
[ . ' > O
lipoprotein lipase £6 R o } o%d
N @ (!ili'i!) Storage 4
 ANGPTL3 is exclusively produced in the S Ribosome  met
||Ver Nature Reviews | Endocrinology

15

Nat Rev Endocrinol 13, 731739 (2017). https://doi.org/10.1038/nrendo.2017.119 IES 11-2022 H.Cohen M.D



Familial Combined Hypolipidemia

Loss-of-function mutations in the gene encoding for
ANGPTL3

Increased lipoprotein lipase activity
Low levels of plasma LDL-C, HDL-C and triglycerides

Homozygotes -2 mutant alleles -no detectable ANGPTL3

protein

Heterozygotes - protein concentrations 34 - 88 % , depending

on the genotype.

Protection from cardiovascular disease

J Lipid Res. 2013;54(12):3481 Endocrine volume 52, pages187-193 (2016)

chylomic

IES 11-2022 H.Cohen M.D
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CViNnacuman - human monocional antibody against

ANGPTL3

-

2021 Approved by the U S Food and
Drug Administration for homozygous
familial hypercholesterolemia

~

J

Least-Squares Mean Percent
. g 2
Change from Baseline in the S 14
. @ o 7
Calculated Low-Density 55 o
. : 28 ;.
Lipoprotein Cholesterol Level at £5 1:
£ g -l4+
va
Week 16 g5 o
=5 -284
F.E -42-
o
§ -49
3 s6 .
Baseline
IES 11-2022 H.Cohen M.D N Engl J Med 2020; 383:2307-2319

Tnglycende-rich

Protein p— ' ANGPTL3 ) —

LPL Evinacumab

Intravenous placebo, every 4 wk

—&— Intravenous evinacumab, 15 mg/kg every 4 wk - € - Subcutaneous evinacumab, 450 mg weekly
—— Intravenous evinacumab, 5 mg/kg every 4 wk # - Subcutaneous evinacumab, 300 mg weekly

Subcutaneous evinacumab, 300 mg every 2 wk

Subcutaneous placebo, weekly

2




Genetic conditions of hypocholesterolemia

premature coronary heart disease _
LDL-C

. Varies, can reach as low as Healthy No comorbidities
|. PCSKI loss Pf function 14mg/dL Lower rates of
mutations e cardiovascular events
Undetectable No study to investigate Lipid soluble vitamins (A,
Il. Abeta“mprote‘nemia potential cardiovascular D, E, K) deficiency
MTP benefit among affected Severe neurological
individuals manifestations
Il. Familial Usually 20-50mg/dL Reduced artenal wall Hepatic steatosis and
stiffness subsequent liver cirrhosis
hypobetalipoproteinemia
ApoB
IV. Familial combined Varies, can reach as low as Healthy No comorbidities
. s 4 27mg/dL Lower rates of
hypd.pm.?wama cardiovascular events

European Heart Journal (2021) 42, 2154-2169 IES 11-2022 H.Cohen M.D



=& "™ cfficacy

Promotes coronary plaque regression Reduces composite of

= Cardiovascular death
+.

Very low (<30mg/dL) LDL-C

e

* Unstable angina

= |schemic stroke
e

= Coronary revascularization

New onset diabetes mellitus

19
European Heart Journal (2021) 42, 2154-2169 IES 11-2022 H.Coh



Regardless of how low the LDL-C level is, there does not
appear to be an increase in adverse events in the

IMPROVE-IT study .
%ﬂyﬂf
10- P=NS |

at 1 month (mg/dL) 18,144 patients yxXinn 71a
— nav 6410

ACS
8.

simvastatin 40 mg

P=NS

~
r

+ ezetimibe 10 mg ; 6

Simvastatin 40 mg ’L P=NS
. . L4
median FU- six '
years 21
0.

Neurccognitive Gall bladder AST or ALT AE —Discont” Myalgia
AE >3x with CK1

20
Giugliano RP, et al. Presented at European Society of Cardiology, London, 2015. IES 11-2022 H.Cohen M.D



LOW PLASMA CHOLESTEROL

Pcsk9 studies



LDL-C (mM)

Evolocumab - Further cardiovascular OUtcomes Research with f oy
PCSKO9 Inhibition in subjects with Elevated Risk o o el

- J LDL-C by 59% from a median baseline value of 92 mg/dl to 30 mg/dl

: : : Median
- 1 CV outcomes in patients already on statin therapy follow-up
. 15% { primary endpoint *;20% | CV death, MI, or stroke (years) 2.16
m Placebo P
2.5 HR 0.85 (0.79-0.92
Placebo -——g—a P<0(000 1 ) ®m Evolocumab 27,564 high-risk, stable patients with established CV disease
) (prior M|, prior stroke, or symptomatic PAD)
. 14.6 HR 0.80 l
2.0 59% mean decline 15 196 (0.73-0.88) — % _
P<0.00001 = . P<0.00001 Screening, Lipid Stabilization, and Placebo Run-in
@D High or moderate intensity statin therapy (t ezetimibe)
1.5 - > 9.9
Absolute|1.45 mM ™10 }
) — LDL-C 270 mg/dL or
(1'42 1'47) © non-HDL-C 2100 mg/dL
1.0 - < |
< RANDOMIZED
O] DOUBLE BLIND
= 5 Evolocumab SC Placebo SC
0.5 - Evolocumab g 140 mg Q2W or 420 mg QM Q2W or QM
Median LDL-C 30MG% -
0.0 < ;
0 4 12 24 48 72 96 120 144 168 CV death, M|, stroke, CV death, MI, stroke |_Follow-upQ 12 weeks |
Weeks after randomization UA, cor revasc Sabatine MS et al Am Heart

* the composite of cardiovascular death, myocardial infarction, stroke, hospitalization
for unstable angina, or coronary revascularization),

22
Sabatine MS et al. New Engl J Med 2017;376:1713-22 IES 11-2022 H.Cohen M.D



Clinical Efficacy and Safety of Achieving Very Low LDL-C Levels
With the PCSK9 Inhibitor Evolocumab in the FOURIER Trial

LDL-C assessed at 4 wks (ultracentrifugation if <1 mM)

Analyzed 5 groups by achieved LDL-C at 4 weeks

Safety Even tS LDL-C (mM) at 4wks

m0.5> (20mg/dL)

% pts W 0.5-1.3 (20- 49 mg/dL)
% Patients (n/N) m1.3-1.8 (50-69 mg/dL)
25 LDL-C(mMM) 4896

W 2.6< (>100 mg/dL) =referent group

20 -
Adj P-values for trend >0.10
15 for each comparison . .
No excess in safety events with very low
10 - achieved LDL-C <0.5 mM ) at 2.2 years
5 |
O _
SAE AE->Discon New DM Cancer Cataract Neurocog AST/ALTT CKT Non-CV Hem stroke
death 23

Giugliano RP, ESC Congress 2017, Barcelona 8/28/2017 Lancet 2017; 390: 1962-71 IES 11-2022 H.COHEN M.D



Exploratory Analysis Pts with LDL-C <10 mg/dL

at 4 wks
N=504: Median [lQR] LDL-C 7 [5-9] maq/dL
Cardiovascular Efficacy Safet
15 - HR 0.69 (0.49-0.97) ®>2 6 mM 30 ., HR 0.94 (0.74-1.20) m>2.6 mM
s P=0.03 1<0.26 mM P=0.61 0<0.26 mM
: 25 - 23.3 228
HR 0.59 (0.37-0.92)
10 1 P=0.02 20 1
7.8
15 -
| | HR 1.08 (0.63-1.85)
S 10 P=0.78
S - 3.4 34
. \ . B
CVD, MI, Stroke, UA, CVD, MI, Stroke Serious adverse event AE -> drug
Cor Revasc discontinued

24
Giugliano RP, ESC Congress 2017, Barcelona 8/28/2017 IES 11-2022 H.Cohen M.D



Open-label extension studies (FOURIER-OLE [FOURIER

Open-Label Extension]) N

¢ Effect on LDL-C fouriér- oL,

« Maximum exposure to evolocumab in e
parent plus FOURIER-OLE =8.4 years

Parent FOURIER FOURIER-OLE
2.5 { Evobcumab vs placebo l Open-label Evalocumab

T

},Hﬂ—ma

2.0 \ Randomized 1o placebo
\ —— Randomized to evolocumab

 Median LDL-C =30 mg/dL
* 63.2% of patients = LDL-C <40 mg/dL

1.5
' MedianLDL-C at Week 260:
0.75 mmolL (IQR 0.44.1.29)
\ 29 maid| (IQR 17-50)
1.0 4 |

Median LDL cholesterol (85% CI, mmoVL)

\
o \
R S S —&tzf—r‘"‘\i’_,' Ay

0.5 4

Serious adverse events B Wi . e
 muscle-related events, new-onset diabetes, @ Long-Term Safety  _fourier.otx.
hemorrhagic stroke, and neurocognitive events B By ] MREacnons” pon|  ALLERGC RAN

« did not exceed those for placebo-treated patients *J.L l .-
during the parent study and did not increase over I o

time

Annualzed IR
Annualized IR

3

M PlaceboPhase FOURIER

- 19% 21%
e
12%
' H
% -
B Evolocumab Phase FOURIER 25

Circulation. 2022 Oct 11;146(15):1109-1119. B O R et s | EvolocumatPhose POURIER & 0L




LDL-C: ITT and nes after Acute Coronary Syndrome

(@ODYSSEY On-Treatment Analyses m( ODYSSEY

paa OUTCOMES
Piacebe
10571 ;33 96.4 T Rt -
S ﬂ""H*—' 1014 7 18,924 Post-ACS patients (1 to 12 months) }- Median time from
& 3 most recent event ~2.6
g 75 A 854 Alirecumab —
Q s =TT} = $0% On High-intensity statin therapy*
o 60 4 o &S s B Atorvastatin 40 to 80 mg daily or 1|7”nn
) - AN Rosuvastatin 20 to 40 mg dally or
12 45 4 533 Aas.1mg/dL Maximum tolerated dose of one of these agents for 22 weeks 2'8 1‘”“]
423
%4{ 3786 —54.7% LDL-C 270 mg/dL or Median baseline LDL- TVI DY
Non-HDL-C 2100 mg/dL or C: 87 mg/dl DIN'o;IN
5 7 mean LDL-C at 4 m, 12 m, and 48 m- 38 mg%, 42 mg%,53 mg% Apolipoprotein B 280 mg/dL AV LDL-C: 92 mg/dI |
0 . ; »” ™\ D1V 5 v

Placebo SC Q2W
(N=9462)

0 4 8 12 16 20 24 28 3 3% 40 44 48
. ey Alirocumab SC Q2wW
Months Since Randomization (N=9462)

*Exchades LDL-C values after premature trestment discontinuation or blinded switch to placebs

Tl - S ' Follow-up®: median 2.8 years, Max 5 years
Post Hoc Analysis: All-cause Death in Three Predefined
Categories of Baseline LDL-C Primary endpoints: MACE
<80 mg/dL 80 to <100 mg/dL 100 mg/dL.
HR 089 HR 103 HRO71 15+ ARR® 1.6%
(95% O 069, 1.14) (95% C10.78, 1.38) {95% CI0.56.090) .\
10+ 10+ 10+ ’, RRR 15%

£ o ARR* £ &1 ARR® £ ol ARR* / 121

£ 0.4% § -0.1% 3 1.7% 55 MALS

g o 5 & e w "~ RRR29% |+ CHD death = Fiaoety

E 4 Placebo % 4 g 4 * Non-fatal M| w Alirocumab

8 =  Aocuitiah g g = + Ischemic stroke 2 6

< / < < * unstable angina =

0 T 0 T T T 1 0 T T T 1 iri
— . ] requiring
S IEEEE S EEEr - @ s i 4
strisk  Years Since Randomization atrisk  Years Since Randomization  steisk  Years Since Randomization ospitalization
FAxepo 156 Ja (XS L F Plcedo 062 W0 B¢ 1325 ] Flaceso N2 000 2508 YRS IM HR 0.85 (950/° Ci 078- 093]- P=0.0003
Auocumad 3581 488 a3a 1452 e0 ANOCONAn 3066 e g 2607 1200 237 A umad 3055 2002 2a01 1308 2 D T T T '
¢ Years Since Randomization ¢
Relative risk reduction: Interaction P=0.12 iy T SR SNe SarOmmIeD. i
*Absolute risk reduction: Interaction P=0.005 el onl vwls ive tackdenc Astocumab 8482 8848 8345 1574 853 26
. . t idence
Schwartz GG, et al. NEJM 2018;379(22):2097-2107. S MODYSSEY : — MODYSSEY
SN 2318 TR I 2092107 R OUTCOME! Schvanct: GG e sl MEN 2018 2RI 20902107 R OUTCOMES



Longer-term safety of alirocumab : Further insights from
the ODYSSEY OUTCOMES trial*

Post hoc analyses of alirocumab vs. placebo in a pre-specified subgroup of patients

Creatine phosphokinase >10 x ULN M Alirocumal

5
5
- 8,228 patients eligible 7 M Placebo

Bilirubin >2 x ULN

for 3-5 years f/u. AST >3 x ULN

- Total 24,610 patient- REF SR

years of observation: Neurocognitive events

Diabetes worsening/complications

* median follow-up 3.3 ,
New-onset diabetes

years, max 5 years . N—
Permanent discontinuation due to AE
Serious AE

AE

| | | |

0 20 40 60 27 80 o

ESC 2022 - Barcelona August 26-29, 20; IES 11-2022 H.Cohen M.D Incidence of events (%)



LOW PLASMA CHOLESTEROL

diabetes risk



Insulin

Association
between

statin therapy

+ risk of type
2 DM

resistance and diabetes - STATINS

Meta-analysis of clinical trials evaluating the effects of statins on diabetes risk

¥

HPS

ASCOT

LIPID

CORONA

No. Statins /

Total (%)

No. Placebo /

Total (%)

JUPITER

Combined

335/7291 (4.6)

1543910 (3.9)

17213970 (4.3)

10011771 (5.6)

270/8901 (3.0)

1031/25843 (4.0)

293/7252 (4.0)

134/3863 (3.5)

181/3967 (4.6)

88/1763 (5.0)

216/8901 (2.4)

912/25776 (3.5)

57,593 patients with mean follow-up of 3.9 years

Diabetes Care. 2009 Oct;32(10):1924-9.

IES 11-2022 H.Cohen M.D

Statin Better

1

Statin Worse

10

overall HR for statin therapy of 1.1

Study Estimate
(95% ClI)

1.14 (0.98

1.14 (0.90

0.95 (0.77

1.13 (0.86

1.25(1.05

, 1.33)

, 1.43)

. 1.16)

, 1.49)

, 1.49)

|
|
é&( RR=1.13(1)03,1.23) p=0.008



Statins increased the risk for new-onset
diabetes and worsening glycemia

+ Meta-analysis HIGH-INTENSITY STATIN TREATMENT

(atorvastatin at a daily dose of at least 40 mg, or rosuvastatin at a

« 23 trials > 150,000 daily dose of at least 20 mg)

participants .
INCREASE in Alc

« > 4.0 years f/u 0.08 % among people w/o DM

0.24 % among diabetics
* NOT related to the degree

BLOOD GLUCOSE LEVELS elevation

average of <1 mg/d in those without diabetes

of LDL-C lowering

average 4 mg/dL in those with diabetes

30
2022 reported at the American Heart Association scientific sessions IES 11-2022 H.Cohen M.D



Statins and type 2 diabetes - low cholesterol ?
off target effect ?

» Single nucleotide polymorphisms association of the rs17238484 genotype with
(SNPs) in the HMGCR gene-(hydroxy-3- risk of type 2 diabetes
methylglutaryl-coenzyme A reductase) 1.20- T

* 223,463 individuals from 43 e _ pobmorhisms (5P

. . 22T in the HMGCR gene-
genetic studies = :
£ 1.10-

Genetic analysis Z:’l”o st

» Increased risk of type 2 diabetes e Parsemessmd }
noted with statins is at least = o T B e e

. - 14 cases an cases an
partially explained by HMGCR | 7 Tt hatnue
|nh|b|t|0n W{reflerence] GTJsTI’ GG\I'STT PerG]allele I

Genotype comparisons

31
Frayling TM. . Lancet. 2015 Jan 24;385(9965):310-2. Swerdlow DI.Lancet. 2015 24;385(9965):351-61. IES 11-2022 H.Cohen M.D



Glucose metabolism and PCSK9 INH

Pooled analysis of 10 ODYSSEY Phase 3 trials no evidence of an effect of alirocumab on transition to new-
onset diabetes in 3448 individuals without diabetes at baseline with a follow-up period of 6-18 months

>

_ 2 0.209 Mean baseline value (%) -e- Placebo
CSg 5] Placebo5865(56-5.7) e e
53 ‘ Alirocumab 5.64 (5.6-5.7)
o
S8 o104
: } A, (%)
g8 oo 0 L ol
I l Fa
r o
=
L -0.05 -

r T Y T Y T T Y 1 -
Baseline 12 24 36 48 52 60 72 78  Last

* insulin resistance Time fwoeks)

Number of indivduals
Placebo B13 483 734 689 577 787
Alirocumab 1612 932 1431 1369 1120 1544

- plasma glucose levels ® fasting plasma

0.90 9 Mean baseline value (mmol/L) -e- Placebo

glucose (mmol/L)

Placebo 5.47 (5.4-5.5) % Alirocumab
0.65 4 Alirocumab 5.46 (5.5-5.5)

* Increased rates of diabetes

0.40 4

FPG mean (95% CI)
change from baseline (mmol/L)

Baseline12 24 36 48 52 60 64 72 78 |Last
Time (weeks)

h Placebs AN 783 734 712 687 633 575 797
- cebo
Eur Heart J. 2016;37(39):2981 IES 11-2022 H.Cohen M.D Alirocumab 1618 1502 1426 1407 1362 1245 1120 1568



LOW PLASMA CHOLESTEROL &

Intracerebral Hemorrhage

https://healthjade.net/intracerebral-hemorrhage/



Lipid Lowering Therapy, LDL Level and Risk of
Intracerebral Hemorrhag

39 trials
287,651 participants
lipid lowering therapy

not associated with a
statistically significant
Increased risk of ICH

In primary and secondary
prevention trials

OR, 1.12; 95% confidence interval
[CI], .98-1.28)

Stroke Cerebrovasc Dis Actions. 2019;28(6):1703-1709

€ - A Meta-Analysis 2019

Comparator
IcH Totat M Total 0cas Ratio [35% C1)

It s §1 : % : 135% 064021, 13%)
AFCAPWTOXCAPS 1 3504 0 3301 : > 0.AT% 300 (212, 7382)
ALERT 1 1050 4 1052 —_— 270% 053[027. 128}
ALLMAT-LLT 17 170 s S18S B — 1L70% 342[13, 227)
ASCOT-LLA " 5168 2 s p——H 308% 0SSO, L)
ASPEN 4 nun 2 1% F $ o 080% 158 (0.5, 1085)
AURORA H 1389 ¢ 1354 —_ 151% 133[0.45, 384)
BONE 1 8 [ 1" - - > O17% 074(003, 1828)
CARDS 0 12 ) 110 -t < l 011% 099 (002 43.80)
FIELD " s " 329% 0B2[041, 157)
Helsink Heart Study s 2051 1 038% 496 (053, 4248)
HOPE-3 15 §3%1 12 288% 125{098, 287}
JUPITER s 8301 ) 15%% 047 (024, 187)
MEGA 1% 2246 u 321% 1LAT[OST. 241)
PATE o LY L) 020% 014001, 278)
PROSPER ] ) 10 195% 081[032 204)
SHARP s 450 w \'\‘) 758% 121[078, 187)
Secondary Prevanpon \J 101 {078, 1.30)
s [ - 0.15% 020001, 217
Ado-Z ; 021% 1284072 228.4]
ACAPS ; 020% 0.14[001, 279)
CARE —{ 057% 033[007, 159)
CLAPT : A1T% 034 [0.01, M)
CORONA — 244% 165 (072 3.80)
—a— S55% 1IS[088, 18]
3 I 105% 369(109, 1323
0 k : 1% 299[0.12 7355)
1 } ¢ : 023% 100 (005, 18.02)
8 % 5% 0.5 (085 14Y)
3 4 1298% 039 [071, 137)
§ —_ 133% 100[032 311)
o -y 952% 138093, 204)
12 P 25T% 099 (044, 222)
P0 15 12 ) s P 251% 200030, 445]
MIRACL [ 1538 3 1548 - . { 020% 0.4 (001, 27%)
PROVE IT-TiMi 22 " 0% 1 2089 —_— 05% I8 [044, 3529)
SEARCH u 031 5 @3 —— 50%% 0.5% [055, 169)
SPARCL 8 %S 1) 2%4 H o | 802% 188[109, 260)
™wr % 4938 " ©%os ——q S52% 0N (048 187)
VACSA 1 8 0 x4 } - 1 3 01T% 297 [0.12. 73.15)
& 1.18 (100, 1.38)
RE Moo RE Model for All Studies (Q = 44,02, df =28, p=0.23; I’ = 4.2%) » 10000% 1.12[0%8, 128)
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Lipid-Lowering Therapy and Hemorrhagic Stroke
Risk: COmparative Meta-Analysis of Statins and PCSK9 Inhibitors 2021

Risk of hemorrhagic stroke in PCSK9 inhibitor randomized clinical trials
enrolling patients without and with ischemic stroke or transient ischemic attack

PCSK9 Inhibitors Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% ClI
ODYSSEY Long Term 2015 2 1550 1 788 3.8% 1.02[0.09, 11.20] 2015 ¢ >
SPIRE-1 2017 6 8386 7 8374 19.8% 0.86 [0.29, 2.55] 2017 w
FOURIER 2017 4 13769 6 13756 17.0% 0.67 [0.19, 2.36] 2017 =
SPIRE-2 2017 7 5276 3 5297 8.5% 2.34 [0.61, 9.05] 2017
ODYSSEY Outcomes 2018 15 9482 18 9462 51.0% 0.83[0.42, 1.65] 2018 =
Total (95% Cl) 38463 37677 100.0% 0.94 [0.59, 1.51] e
Total events 34 35
Heterogeneity: Chi‘ = 2.19, df = 4 (P = 0.70); I’ = 0%

0.1 0.2 0.5 1 2 5 10

Test for overall effect: Z = 0.24 (P = 0.81) Favours PCSK9 Inhibitors Favours Control

5 RCTs in 76,140 patients = not significant increased risk of hemorrhagic stroke

with PCSK9Is added to maximally tolerated statins compared with maximally
tolerated statins alone

35
Stroke .3142-3150:(10)52; 2021 Oct IES 11-2022 H.Cohen M.D



Association between lower LDL-C and higher risk of intracerebral
hemorrhage: A prospective study

96,043 participants - mean age 51.3y

- I - Hazard ratios for intracerebral hemorrhage according to updated cumulative
Iégjl__zc Concentratlons 2006’ 2008’ 2010’ average blood LDL cholesterol from 2006 to 2012 among 96,043 participants

ICH - review of medical records 9
9 years of follow-up 8
3
Participants with LDL-C <70 mg/dL = % 6
significantly higher risk of developing ICH E >
o 4
than those with LDL-C of 70- 99 mg/dl = g
5 __.Upper
Hazard ratio = 1.65 for LDL-C 50 - 69 mg/dL ; I i it
“““““ Lower

40 60 80 100 120 140 160 180
Blood LDL concentration (mg/dL)

N
o

Hazard ratio =2.69 for LDL-C <50 mg/dL
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Neurology. 2019 Jul 30;93(5):e445-e457. IES 11-2022 H.Cohen M.D



Cognitive
dysfunction and
very low plasma

LDL levels



Relation between plasma and brain lipids

-

N N N W
. [\ + Cnbhrod chalowcwd mctsbotoes aonckos o
The brain is brain Lipoproteins Cholesterol Pcsk9- \\l'}%‘{w e
o N2 e
the most cholesterol in the CNS or inhibitors =S _
cholesterol- regulation is . differs PCSK9 cannot .g o | s S
rich organ in dependent . cross the % o S50 g’;);&%:"f:-
the bOdy upon local the %%%’;;;n im% /uc'.ﬁ' Midé_:.é; ';g’,f;?él\i’} &m;’_-‘;
- 25% of the de novo _ _ cross the brain [ ==wmis A\;._ég{g LAy
— circulation . - - e N BB
body’s total cholesterol blood-brain barrier ir| el 7\;‘, £ y "“,%\ f‘\; pre— A W
. :?L:‘:’E‘“:EE::W h’{(l:ogli; ' 2 e g = ipapeoteln rtaration
ChOleSterOI anthesis bar“er humanS vywachcia wamngenic rice {131) Astrecyte e
N J J PARN J
K
Concerns have been raised in the media and popular press about cognitive dysfunction and memory loss
associated with very low plasma LDL levels

Current Opinion in Lipidology: June 2016 — Vol.27 (3 )p 225-232

IES 11-2022 H.Cohen M.D

Jin, Uram & Park, Soo Jin & Park, Sang Myun. (2019). Experimental Neurobigjggy. 28. 554-567.



Cognitive Function in PROSPER and HPS Trials

PROSPER! HPS?

Prospective, multicenter, randomized, placebo-controlled trial to assess whether 5-year, multicenter, randomized, placebo-controlled study to evaluate the long-term effects of lipid
treatment with pravastatin diminishes the risk of major vascular events in elderly people lowering with simvastatin on vascular and nonvascular mortality and major morbidity; N = 20,536
(70-82y); N=5,804 (age 40-80,AVR=65 years)

Picture learning test delayed 26 1

25 24.2
23.7

10.4 — 24 -
23 -
22 -

21

L 20 b T 1
10.0 _!\ " Simvastatin Placebo

Placebo

10.2 4 years

—e— Pravastatin

Patients (%) With
Cognitive Impairment

Mean LDL-C:

9.8 - Simvastatin: (131 mg/dL) ; Control: (131 mg/dL)

PLTd Score (mean, SE)

32 A

9.6

0 9 18 27 36 45

Time (months) 31

31 -
Mean LDL-C:

Patients Who
Developed Dementia

Pravastatin: (147 mg/dL) ; Control: (147 mg/dL)

30 A

Simvastatin Placebo

PLTd = picture learning test delayed To convert from 1 mmol/L to mg/dL - multiply by 38.67
1. Trompet S, et al. J Neurol 2010;257:85-90. 2. Heart Protection Study Collaborative Group. Lancet 2004;363:757-767.
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Hypocholesterolemia & Cognition

Evaluating PCSK9 Binding Antibody Influence on Cognitive Health in High Cardiovascular Risk Subjects

(EBBINGHAUS) study

B Evolocumab group [l Placebo group

1204 patients — f/u median 19 months; A Spatiel Workiag Namsty Swming tndex of Guacaive
28 baseline, week 24, year

NO significant between-group differences ‘33 24

5‘_ 20+ =5 -t |

s €
End points of scores for working memory ,episodic memory ~ g& '

€9 124
or psychomotor speed .§_§ 8-

ig —
No associations between LDL-c levels and 2 Mi : —-:)fz_:lzT

Baseline  After Baseline = Change

B Spatial Working Memory Between Errors

ly, and atthe end of the trial

Raw Score (mean no. of errors)

354

|

154

5 i )
04 - - o=
-5

-0.52 -0.93

Baseline  After Baseline  Change

cognitive changes T P
65~

55+

454 T =
154 _—.
54
04- - - -

Baseline  After Baseline  Change

NO Difference -661 patients whose LDL- c<25 mg

/[deciliter

Entire FOURIER trial

Raw Score (mean no. of errors)
T

D Median 5-Choice Reaction Time

Raw Score (milliseconds)

1500+

:

g

356.7 355.1 361.8 355.7

52 09

Baseline  After BaselZva Change

N Engl J Med 2017;377:633-43 J Am Coll Cardiol. 2020 12;75(18):2283-2293



No evidence of neurocognitive
adverse events associlated with
alirocumab treatment .

Eurcpean Seciety
of Cardalogy

14 Phase 2 and 3 trials of alirocumab.n = 3340

Neurocognitive treatment-emergent adverse events (TEAES):

Neurocognitive TEAE incidences were low (£1.2%)

0.9% alirocumab-treated patients vs. 0.7% with placebo and 1.2% with

alirocumab vs.1.3% with ezetimibe

LDL level : Rates of neurocognitive TEAEs were similar in patients

receiving alirocumab with LDL-C<25 mg/dL vs. 225 mg/dL .

Overall percentage rates of neurocognitive treatment-
emergent adverse events

Placebo-controlled trials Ezetimibe-controlied trials
¥ Alirccurnab (N=2476) W Placebo (N=1276) ¥ Alirocumad (N=864) W Ezetimibe (N=618)

144 14
£ 129 I
o -

) 22
E 10.9) g
S 4
Z 081 T 081
g 8
3 3
5 06 5 061
2 %
= £
§ 04 E 04
-« w
z 13
g 0z 5 02
0+ 0=
Any SAE Leading %o Any SAE Leaong to
dscontnuatan discantinuation
Neurocognitive TEAE Neurocognitive TEAE

Neurocognitive treatment-emergent adverse events in patients with two
consecutive LDL levels <25 mg/dL

W Control (N=1894)

32 26 B Alirocumab
(10) (1.0) {N=3340)

17
B Alirocumab

& iy LDL-C 225 mg/oL
o (N=2501)
NO sig. differences between alirocumab vs. controls up to 104 L A i
§ (N=839)
£ :
weeks. g oo b
£
Similar between alirocumab and controls when stratified by age g“ o
E (0?2) (082) (06?) (052)

(=
~N

Harvey PD, Sabbagh MN, Harrison JE, Ginsberg HN, Chapman MJ, Manvelian G, Moryusef A,
Mandel J, Farnier M.. Eur Heart J. 2018 Feb 1;39(5):374-381 IES 11-2022 H.Cohen M.
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LOW PLASMA CHOLESTEROL

& cancer risk



Cancer
Not increased

Cholesterol Treatment Trialists’ (CTT) Collaboration

iIncidence- low cholesterol

Increased

Mendelian randomization analysis :

NO CORRELATION between statin therapy and any
cancer or overall cancer rate-relative risk (RR)1.00

meta-analysis -

Collins R et al , Lancet 2016;388:2532—-2561.

Genetically raised LDL cholesterol levels =
associated with lower risks of endometrial cancer
of all histologies combined

Kho P-F et al ,Int J Cancer 2021;148:307-319.

No sub-studies with long-term
safety f/u that have shown

associlation with

Total Annual cancer RR (Cl) per

number rate in control 1 mmol/L reduction

of cancers arm (% peryear) in LDL cholesterol
Large bowel or intestine 1116 02 —a— 0-95 (0-82-1-11)
Other Gl 1343 02 R E— 0-99 (0-86-115)
Prostate 1877 0-4 — 0-97 (0-85-1:10)
Bladder 646 01 R 0-94 (0-76-1-16)
Other GU 797 01 s 1-05 (0-86-1-27)
Respiratory 1692 02 —— 1-00 (0-88-114)
Female breast 517 03 1.09 (0-85-1-39)
Haematological 614 01 —_—tf—— 1.03 (0-83-1.28)
Other/unspecified 1829 02 —t-a— 1.05 (0-92-1.21)
Any cancer 10431 15 <> 1.00 (0-96-1-04)

—- 99«0 @95% Cl

Additional follow-up studies= no increased cancer

o
~J
v
—

LDL cholesterol  LDL cholesterol
lowering better lowering worse

higher cancer rates

incidence
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MEDICATIONS :

Prolonged cholesterol

lowering



Inclisiran — sIRNA blocks the PCSK9 messenger RNA

Inclisiran enters the liver cell, blocks
the PCSK9 messenger RNA (mRNA)
which contains the instructions from
the gene for making PCSK9.

This results in more available LDL-C
receptors and lower LDL-C levels in
the blood.

ceeese» PCSK9 not groduced

~

triantennary N-%v 1w
acetylgalactosamine (GalNAc

IES 11-2022 H.Cohen M.D

https://www.orion4trial.org/fag-1/pcsk9-and-inclisiran-action-diagram

small interfering = |no'7p'x .
RNA (siRNA)

nManN/nn , DRI nxain .
(GalNAc) 1w?

DA N'O'772'N ,TADN 'K .
D'TakN 112y MRNA 7w pin'eY
(PCSK9)

LDL 2w nn1u717n 19002 "y .
LDL 7w UPTAKE n"y, .
D'NNY

7nM00715 LDL nnha N1

nNNno7o1
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ORION clinical development program overview e

ASCVD or ASCVD risk equivalents HeFH & HoFH
Total 18,500

oo SRR
NINNKXY INONID NIN'VAI NIT'W' DZNN NYITY 7 NT7IR PGttty L Phase Iil

ORION-16
m (40 HeFH peds)
Phase Il Phase Il

[l ORION-19 HoFH (8-11)
I ORION-20 HeFH (8-11)

ORION Phase lll pooled analysis:
Specific study inclusions

Special populations
ORION-9 ORION-10 ORION-11 gronesl. - S A
impaired) PK China
482 HeFH! 1561 ASCVD 1617 ASCVD St Sedata e
(CHD, CVD, PAD) (CHD, CVD, PAD)
ORION-12 TQT
Stable on a low-fat diet ASCVD risk equivalents
*  Type 2 diabetes
*  10-yearrisk=20%
*  HeFH! NIy npT1a1 VictORION mpnn nydi [INIX NjzRn NDyYN MNaona

nro7i7a'x 7w CVO-n pxInnl nin'van

LDL-C2100mg/dL. ~ LDL-C270mg/dL  LDL-C 270 mg/dL/2100
mg/dL in risk-equivalent

Reference: Wright, R. Scott, and A. ORION. "A pooled analysis of Phase Il studies of inclisiran." Data presented at ACC's Scientific Session
Together with World Congress of Cardiology, March.Ray, Kausik K., et al. "Two phase 3 trials of Inclisiran in patients with elevated LDL
cholesterol." New England Journal of Medicine 382.16 (2020): 1507-1519.Raal, Frederick J., et al. "Inclisiran for the treatment of heterozygous
familial hypercholesterolemia.” New England Journal of Medicine 382.16 (2020): 1520-1530.

Cohen H. M.D 2022



ORION 9, 10, 11 Results

ORION Phase Il pooled analysis: Efficacy 07721 3660

Durable and potent with consistent effect over 18 months

I7NNN NN
OON AT NPT
D'WUTIN NWI7w+

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

ﬁ ﬁ ﬁ i N1Y '¥N7 NNX+

— NAIAN NN 2pYN

@
=
g o
O
om' 510 LDL
E -20 - Time-averaged A 52% A 55%
8 40
& - LDL nin1 nnnon
5
= . .
iﬁ 80 A =®=|nclisiran =®=Placebo Y¥innl nnovo1
. Iy
8 100 | | | | 510 i | TINN D'Y'nNa
0 3 6 9 12 15 18
Months
P-value for placebo — indlisiran comparison at each ime point <0.0001
1. Al 95% confidence intervak are less than 2% and therefore are not visibe oulside data points
Wright, R. Scott, and A. ORION. "A pooled analysis of Phase Il studies of inclisiran." Data presented at ACC's Scientific Session Together with World Congress of Cardiology, March. Ray, Kausik K., et al. "Two phase 3 trials of
Inclisiran in patients with elevated LDL cholesterol.” New England Journal of Medicine 382.16 (2020): 1507-1519. Raal, Frederick J., et al. "Inclisiran for the treatment of heterozygous familial hypercholesterolemia.” New England IES 11-2022 H.Cohen M.D

Journal of Medicine 382.16 (2020): 1520-1530.



AES

Injection site,

RR 7.54
2.

1.55
3. Liver, renal
function, CK

PLTs = Similar

Bronchitis RR g S

Inclisiran and cardiovascular events
pooled analysis of phase Il ORION-9, 10,11 trials - potential benefits for MACE reduction

4

Visit 1 Visit 2
Day 1 Day 30
@

Inclisiran

/ / / 18 months
Visit 3 Visit 4 Visit 5 Visit 6 Visit 7 Visit 8 Visit 9
Day 90 Day 150 Day 270 Day 330 Day 450 Day 510 Day 540

® @ ® B

(

Transcription -» Translation

DNA mRNA ¢ Target protein
Inclisiran (siRNA)

sIRNAs prevent protein
production by degrading
unique target mRNA

Eur Heart J. 2022 Nov 4:ehac594.

> ‘ Circulating PCSK9

Kaplan-Meier curves showing the cumulative event rate for MACE

baseline mean
LDL-C = 111.4 mg/dL

Cumulative probability % of MACE collected as AEs LDL-C * by
1254 Log rank
10% 4 P.value: 0.013 __. Placebo Day 90  1.37 mmol/L
8% Cox HR (95% C) = 075 (060-094)] " | cjgiran Day 540 1.38 mmol/L
6% - —
4% = O »_’/'/’/ .
o i P 3655 patients
o « 50% LDL-C
Number of patients at risk —
819 179 08 1670 1637 1622 1578 3 _55mg/d|—
1833 1812 1782 1754 1726 1694 1678 1652 50 0
T T 1 T T T T T 1 |l
0 70 140 210 280 350 420 490 560 630
Time (Days)

Prespecified exploratory endpoint of major cardiovascular events (MACES)

non-adjudicated CV death, cardiac arrest, non-fatal myocardifal infarction
(MI), and fatal and non-fatal stroke

IES 11-2022 H.Cohen M.D



Long-term efficacy and safety of inclisiran in patients with high cardiovascular risk and elevated low-
density lipoprotein cholesterol (ORION-3): Results from the 4-year open-label

extension of the ORION-1 trial

Association.

/" Study population 1\ [ Primary endpoint A

= 382 patients who
completed the ORION-1

=% change in LDL-c

Efficacy

from baseline

ial +
trial + ASCVD or ASCVD of ORION-L to day 210 of outcomes outcomes
risk equivalent (high-risk ORION-3 for the inclisiran-
. Primary prevention) ) L only arm y
) 1004 93.3%
% 80 79-2% O ) / \ / \
: 61.6% Mean percentage No safety
i oo reduction of 44.2% findings
& ] . - - the most common
? with~ 8 injections treatment adverse events
0 - . . observed were injection
<100mgidl.  <70mg/dL | <50 mg/dL of inclisiran site reactions
(<2.6 mmol/L)(<1.8 mmol/L)(<1.3 mmol/Lj)
LDL-C level ~—— \_ J \_ J

49
Presented at the Nov. 2022 AHA Scientific Sessions Prof. Kausik Ray, MD - London, UK IES 11-2022 H.Cohen M.D



Very Low plasms cholesterol levels : Worry ? lgnore ? Treat ?

LLT- Statins, ezetimibe, PCSK9 inhibitors as, rna based)
- Reduce LDL-C to an unprecedented extent.
Increasing numbers of patients achieve very low (<30 mg/dl) LDL-C
- CVD event reduction increases log linearly in association with lowering LDL-C
Without any clear plateau even with very low LDL-C levels

- Potential for cardiovascular benefit & safety profile of very low LDL-C in

specific high-risk populations...

Karagiannis AD, Mehta A, Dhindsa DS, Virani SS, Orringer CE, Blumenthal RS, Stone NJ, Sperling LS. Eur Heart J. 2021 Jun 7;42(22):2154-2169.
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