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Patient with ischemic stroke

Arterial hypertension 58%

Diabetes 21%

* Coronary artery disease 19%

. ol e . 59% of stroke survivors in the UK
* Atrial fibrillation 18% are leo living with 3 or more of any
. comorbidity.
* Heart failure 7% Source

IQVIA Medical Research Data (IMRD) 2018
Dataset includes all patients with a diagnosis of stroke on or before the 1st January 2018



Ischemic Stroke Classification based on etiology

(TOAST criteria)
. Cardioembolic Lacunar Cryptogenic
Ath lerot
5950 18-33% 17-25% 12-37%

Other causes (e.g. dissection)
5-10%

Apxeio: “The Athens Stroke Data Bank”



Patient with ischemic stroke

Ntaios et al; Stroke. 2015

Large-Artery Cardioembolic Lacunar Undetermined Other  Other Determined
ESUS (n=275)  Atherosclerotic (n=497) (n=869) (n=622) Than ESUS* (n=366) (n=102)
Comorbidities—risk factors

Hypertension 178 (64.7%) 382 (76.9%) 631 (72.6%) 518 (83.3%) 259 (70.8%) 50 (49.0%)
Diabetes mellitus 65 (23.6%) 163 (32.8%) 192 (22.1%) 181 (29.1%) 115 (31.4%) 17 (16.7%)
Smoking 83 (30.2%) 251 (50.5%) 157 (18.1%) 235 (37.8%) 111 (30.3%) 39 (38.2%)
Previous TIA 27 (9.8%) 102 (20.5%) 53 (6.1%) 59 (9.5%) 39 (10.7%) 17 (16.7%)
Heart failure 22 (8.0%) 23 (4.6%) 139 (16.0%) 15 (2.4%) 31 (8.5%) 10 (9.8%)
Dyslipidemia 140 (50.9%) 273 (55.3%) 266 (30.7%) 306 (49.4%) 159 (43.6%) 40 (39.2%)
Coronary artery disease 65 (23.7%) 132 (26.8%) 169 (19.5%) 84 (13.6%) 86 (23.7%) 16 (15.7%)
Atrial fibrillation 0 (0.0%) 21 (4.2%) 774 (89.1%) 36 (5.8%) 41 (11.2%) 0(0.0%)




Stroke patients are at very high risk of MACE and death
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People with any of the following:
Documented ASCVD, either clinical or unequivocal

on imaging. Documented ASCVD includes previous
ACS (Ml or unstable angina), stable angina, coronary
revascularization (PCl, CABG, and other arterial
revascularization procedures), stroke and TIA, and

peripheral arterial disease. Unequivocally docu-
mented ASCVD on imaging includes those findings
that are known to be predictive of clinical events,
such as significant plaque on coronary angiography
or CT scan (multivessel coronary disease with two
major epicardial arteries having >50% stenosis), or
on carotid ultrasound.

DM with target organ damage,’ or at least three major
risk factors, or early onset of T1DM of long duration
(>20 years).

Severe CKD (eGFR <30 mL/min/1.73 m?).

A calculated SCORE >10% for 10-year risk of fatal
CVD.

FH with ASCVD or with another major risk factor.

ESC/EAS GUIDELlNES

@ E S C European Heart Journal (2020) 41,1118 . YE
European Society d0i10.1093/eurheartj/ehz455 - }/
of Cardiology oty o S

1019 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)

Aut.horsl.'l' ask Force Members: Frangois Mach* (Chairperson) (Switzerland),
Colm. Baigent* (Chairperson) (United Kingdom), Alberico L. Catapano*
(Chalrpe.rson) (I.taly), Konstantinos C. Koskinas (Switzerland), Manuela Casula’
?Bm:y?, Ln;avB'adlmon (Spain), M. John Chapman’ (France), Guy G. De Backer
elgium), Victori i : .
g Ictoria Delgado (Netherlands), Brian A. Ference (United Kingdom),

lan M. Graham (Ireland), Alison Hallid i :
(Germany), Boristava Mihay day (United Kingdom), Ulf Landmesser

Gabriele Riccardi' (Italy), Dimitrios J. Richter (Greece),

States of America), Marja-Rii
’ ~Riitt inant (B
Olov Wiklund' (Sweden') 2 Taskinen’ (Finland),

Mach et al; European Heart Journal (2020)



O BayyeAnc

068 TV

« N-STEMI + stent 1rpo 7 €Tiag
 BaAoaptavn + HTZ

« AcoTTipivn

* NeutiBoAOAn
 ArtopBaocTtarivn 40mg
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XoAnotepoAn (mg/dL) (P.t.: <200) 165
TpwyAvukepidia (mg/dL) (P.t.: <150) 162
HDL (mg/dL) (¢.t.: >45) 54
LDL (mg/dL) 78
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ION-target (<1.8 mmol/L &/or =50% LDL-C reduction) JOFF- target (1.8 mmol/L or/& <50% LDL-C reduction)
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% 60%
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E i
20% (y
40 60%
o Overall Good adherence, Moderate/poor | Good adgherence, Moderate/poor
(n=13,359) high intensity  adherence, high | low-moderate  adherence, low-
(n=7979) intensity (n=828) | infensity (n=3828) moderate intensity
(n=724)

Stockholm CREAtinine Measurements project: 26,768 patients Mazhar et al Amerlcan Heart ) 2022



Patient with ischemic stroke

v’ Mote Oa EEKWVACOUHE TNV UROALTLS ALK aywYN

v' Mola UMOAUTLS ALULKH AYyWYH TTPEMEL VAL XOPNYHOW GTOV
acOevn HE LoXALULKO EYKEPAALKO EMELOOOLO?

v’ Molog givat 0 oTOXOC Hou ?

v Na poBapar tig xapnAEg Tipuég LDL?



Patient with ischemic stroke

v’ Mote Oa EEKWVACOUHE TNV UNOAUTLS LUK ayWwYN



When to start?



When to start?
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Delayed Statin Group

® randomized controlled trial ® stroke

See related article, p 2922

'I‘a mprove survival and ameliocate disability after isch-
emmic stroke, many treatment modalities have been used in

disability outcomes.** However, 1 small randomized con-
trolled trial (RCT) failed to show the benefit of statin use at
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No difference in stroke recurrence (9 Vs. 5)
No difference in safety profile Yoshimura et al; Stroke 2017



When to start?

August 2006

Achieving Target Cholesterol Goals After

Stroke
Is In-Hospital Statin Initiation the Key?

Nerses Sanossian, MD; Jeffrey L. Saver, MD; David S. Liebeskind, MD; et al

» Author Affiliations | Article Information

Arch Neurol. 2006;63(8):1081-1083. doi:10.1001/archneur.63.8.1081

In-Hospital Initiation of Secondary Stroke
Prevention Therapies Yields High Rates of
Adherence at Follow-up

Bruce Ovbiagele, Jeffrey L. Saver, Andre Fredieu, Shuichi Suzuki,
Scott Selco, Venkatakrishna Rajajee, Norma McNair, Tannaz Razinia and
Chelsea S. Kidwell

Originally published 28 Oct 2004 |
https://doi.org/10.1161/01.STR.0000147967.49567.d6 | Stroke. 2004;35:2879-2883

- 93% statin adherence at 3m

- 99% statin adherence at 3m



Adherence to treatment

A
10 4w
- \\ * 8001 acute ischemic stroke patients
' ~ * 4.6912.72 years
T e 2284 primary outcomes
S 06 -
a
3 By  Adherence to statin treatment
é Qi  Statin intensity
>
(N
Multivariate*
0.2 -
. il Adherence Adjusted HR (95% | P
dh
i‘:w(:g:r:edieartin:gherence CI) Value
N NS Jeoe-aOiteonee Adherence to statin
1 2 3 4 5 6 7 8 9 10 11 No statin Reference
Number at risk Year from index stroke Poor 1.07 (0.95-1.20) 0.241
no statin 4377 3643 3026 2506 2056 1601 1206 844 521 295 86 :
poor adherence 1206 954 765 592 471 328 214 132 62 35 10 Intermediate adherence 0.93 (0.79-1.09) 0.383
intermediate adherence 706 566 450 346 263 195 122 72 37 17 GOOd adherence 074 (064_084) <0001
good adherence 1712 1316 956 724 511 362 225 114 46 23 4

Kim et al. Stroke 2017



Adherence to treatment

Ischemic stroke-free survival

No AFib g
1.00 = AFib (Control for TTR)
> 1.00
<
=
0.95- o
' S 0.95-
.
PDC 85+ 3
0.90- PDC <85 £
> 0.90-
92
&
()]
0.85 T T T T ﬁ -
0 250 500 750 1000 0 0.85 T T T T
0 250 500 750 1000
Days
Days
Multivariable Survival Models:
Ischemic Stroke Over 3 Years
No AFib - e || P=0.023
AFib } » : . P=0.001
AFib =
(Control for TTR) } * =0.012
0.00 0.25 0.50 0.75 1.00

Hazard Ratio, log(PDC)

PDC 85+

PDC <85

Higher adherence to statin therapy
has been shown to be an
independent predictor of stroke-
free survival

Flint et al; Stroke 2017



When to start?

|

less future outcomes



Patient with ischemic stroke

v NMote Oa EEKIVACOUUE TNV UOAUTLO ALLULKY) ayWwyYh)
v' Moo UTOAUTLS ALLULKE) OlYWYR TTPETEL VOL XOPNYROW GTOV

acOevn HE LOXALULKO EYKEPOAALKO EMELOOOLO?



Secondary prevention trials of hypolipidemic therapy
including patients with stroke as per protocol

Baseline Ischemic

Stroke Follow-up, LDL-C, On treatment stroke events

patients years mg/dL LDL-C, mg/dL  (treatment/no

Patients no.  no. Treatment (mean) (mean) (mean) treatment)
HPS, 2004 20,536 3280 Simvastatin 65 5.0 132 93 100/122
SPARCL, 2006 4731 4731 Atorvastatin 63 4.9 133 73 218/274
J-STARS, 2015 1578 1578 Pravastatin 66 4.9 130 |04 62/66
FOURIER, 2017 27,564 5337 Evolocumab 63 2.2 86 30 171/226
TST, 2019 2860 2860 Statin + 67 3.5 135 65 120/139
Ezetimibe

Sagris D et al. Int J Stroke 2020



Secondary prevention trials of hypolipidemic thelrapy
including patients with stroke as per protoco

tions (SE): 25% (3)
Rlslg‘r;gg:(i:onal 20% (6) 60 (1)
Absolute/1000 58 (18) <0-0001
p value 0-001
P
30— I [ stroke
(] other event
S P
+ =
20+ %

[N
o
|

. . ior
Proportion with first majo
vascular events (% and SE)

Yes

No

Prior cerebrovascular disease

ARTICLES

Heart Protection Study Collaborative Group*

ith si ' nd
(Effects of cholesterol-lowering with 5|mvastatfn on stroke a
other major vascular events in 20 536 People M{It'h
cerebrovascular disease or other high-risk conditions

Summary

Background Lower blood cholesterol concentrations have
consistently been found to be strongly associated with lower
fisks of coronary disease byt not with lower risks of stroke,
Despite this observation, previous randomised trials had

indicated that d\olesterol-mering statin therapy reduces the
fisk of stroke, byt largescale prospective confirmation has
been needed,

‘ Iocated40mg simvastatin daj or
Matching placebo. Subgro prespeciﬁe(tiy of
rst ‘Ma3jor vascular event” (e, non-atal myocardial
infarction o coronary death, stroke of ap

Tevascularisation proced g ¥ type, or any
Subs

Interpretation Much larger numbers of people in the present
study suffered a stroke than in any previous cholesterol-
lowering trial. The results demonstrate that statin therapy
rapidly reduces the incidence not only of coronary events byt
also of ischaemic strokes, with no apparent effect on
cerebral haemorrhage, even among individuals who do not
have high cholesterol concentrations. Allocation to 40 mg

‘ ‘ statin therapy js beneficial
for people with preexisting cerebrovascylar disease, even if
they do not already have manifest coronary disease,

Lancet 2004; 363; 75747

Introduction

sOﬂt:)s:wixgoqal srudxes‘l‘n dﬂergm Populationg indicate 5
ol asge xlilsinumg Positive relatjon between Coronary heary
i and bloog cholesterg] concentration that

Well below the Tange commg, Y seen in Western

Collins et al; The Lancet 2004




Secondary prevention trials of hypolipidemic therapy
including patients with stroke as per protocol

Table 2. Estimates of the Hazard Ratio for the Primary and Secondary Efficacy Outcome Measures.

Atorvastatin Placebo Unadjusted
Outcome*® (N=2365) (N=2366) P Valuey Prespecified Adjusted Model:;
HR (95% Cl) P Value
no. (%)

Primary outcome

Nonfatal or fatal strokef 265 (11.2) 311 (13.1) 0.05 0.84 (0.71-0.99) 0.03
Nonfatal stroke 247 (10.4) 280 (11.8) 0.14 0.87 (0.73-1.03) 0.11
Fatal stroke 24 (1.0) 41 (1.7) 0.04 0.57 (0.35-0.95) 0.03

Secondary outcomes

Stroke or TIA 375 (15.9) 476 (20.1) <0.001 0.77 (0.67-0.88)  <0.001
TIA 153 (6.5) 208 (8.8) 0.004 0.74 (0.60-0.91) 0.004

Major coronary event{ 81 (3.4) 120 (5.1) 0.006 0.65 (0.49-0.87) 0.003
Death from cardiac causes 40 (1.7) 39 (1.6) 0.90 1.00 (0.64-1.56) 1.00
Nonfatal myocardial infarction 43 (1.8) 82 (3.5) 0.001 0.51 (0.35-0.74) <0.001
Resuscitation after cardiac arrest 1(<0.1) 1 (<0.1) — — —_

Major cardiovascular event 334 (14.1) 407 (17.2) 0.005 0.80 (0.69-0.92) 0.002

SPARCL: high-dose
atorvastatin reduced stroke
risk and CV events

Hemorrhagic stroke
1.66 (95% Cl 1.08 to 2.55)

No effect of LDL-C on ICH

Amarenco N Engl J Med 2006; 355:549-559



Secondary prevention trials of hypolipidemic therapy
including patients with stroke as per protocol

A. Stroke and TIA B. Atherothrombotic infarction

0.20-

1 — pravastatn 021 vs. 0-65%/year Lacunar stroke: 63%
p=0-0047 Atherosclerotic stroke: 25%

adjusted HR 0 33

95%CI1 0-15 t0 0-74

o
-
(6]

—— Control

2:56 vs. 2:65%l/year
p=0-82 J-Stars: pravastatin reduced

adjusted HR 0-97 .
95%Cl 0-73 to 1-29 ] atherothrombotic strokes
‘ ‘ | L T -

o 1 2 3 4 5 6 g9 1 2 3 4 5 8 but not total strokes

Number of patients at risk

cumulative incidence
(= o
o 3
(@] o
| |

o

(primary end-point)

LDL in statin arm: 104mg/dl|

“...patients aged 45 to 80 years with
a history of non-cardioembolic
ischemic stroke ...”

N. Hosomi et al. / EBioMedicine 2 (2015)



Lipid-lowering therapy

 Patients with ischemic stroke or TIA should
receive lipid-modifying treatment with high-

intensity statin (1A).

Sagris D et al. Int J Stroke 2020



Patient with ischemic stroke

v’ Mote Oa EEKWVACOUHE TNV UNOAUTLS LUK ayWwYN
v' Mola UNOAUTLS ALK OlYWYR TTPEMEL VOL XOPNYROW GTOV
acOevn HE LOXALULKO EYKEPOAALKO EMELCOOLO?

v’ Molog givat 0 6TOXOC Hou ?



Secondary prevention trials of hypolipidemic therapy
including patients with stroke as per protocol

TST study: LDL<70mg/dl after
stroke reduced CV events

20- —
Higher-target group |
15— / \
“...atherosclerotic disease that included
104 stenosis of an extracranial or intracranial

Lower-target group cerebral artery, ipsilateral or

contralateral to the region of imputed
HR 0.78 (0.61-0.98) K brain ischemia... /

Amarenco et al ; n engl j med, 2019



LDL cholesterol treatment goals

EUROPEAN

STROKE JOURNAL
European Stroke Journal
o . 2022, Vol. 7(:) I—ll(l oo s
. i uropean Jtroke rgam:auon
Evidence-based recommendation European Stroke Organlsatlorll - fnelde}u:wde“re; ‘
i i | i i Ica sa,chu .com/journals-permissions
In people with ischaemic stroke or TIA, we recommend (ESO) gulodelme on pharmacolog ST
interventions for long-term secondary SACE

aiming for an LDL cholesterol level of <<|.8 mmol/l (70 mg/dl)

: i : prevention after ischaemic stroke or
to reduce the risk of major cardiovascular events.

transient ischaemic attack

Quality of evidence: Moderate © T
g . o AA esse Dawson ', Yannick Béjot>, Louisa M Christensen®
Strength of recommendation: Strong for intervention o Marco De Marchis® *, Martin Dichgans*”, Guri Hagberg?”,

Mirjam R Heldner'", Haralampos Milionis'!, Linxin L;'2

Francesca Romana Pezzella'3 i
. . a
Cristina Tiu'4150) 54 Alastai;' :lvaertt:l:' zTath Rowan,

"

lati povo <70°?
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LDL cholesterol treatment goals

e |schemic (Simva)

w |sChemic (EZ/Simva)

- = «Hemorrhagic (Simva)

- = «Hemorrhagic (EZ/Simva)

HR 0.79 (0.67, 0.94)
p=0.008

HR 1.38 (0.93, 2.04)
p=0.11

4.1%

3.4%

median LDL-C = 53.7 mg/dl
0.8%

1 2 3 4 5 6 7
Time from randomization (years)

Bohula et al; Circulation 2017

JUNE 18, 2015
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UZAIHUIID.)‘ il Coronar}'
imibe Added to Statin Therapy after Acute
. Syndromes |
ABSTRACT

CROUND ;
::('n thcrapy reduces 'ow-density lipoprotein (LLD chdesterol lovels and the risk

of cardiowascular cvents, bat whcther the addition of exctimibe, 2 nonstatin drug
that reduces mtestinal cholesterol absorption, can reduce the rate of cardiovascu-
!ar events further is not known

METHOOS
We conducted a doubte-blind, randomized trial involving 18,144 paticnts who had
been hospitalized for an acute coronary syndrome withim the preceding 10 days and
had LDL cholesterol lovels of 50 to 100 mg per deciliter (1.3 to 2.6 mma! per liter)
it they were recarvmg lipidlowerny therapy or 50 to 125 mg per decititer (1.3 to
* 2 mmel per iter) if they were nee receiving lp-lowerng therapy, The combination
of emvastatin (40 mg) and @ctimibe (10 mg) (simvastatin-czetimibe) was com-
pared with simwastatm (40 mg) and placebo (stmvastatin monotherapy), The pri-
mary end point was 1 composite of cardiovascular death, nonfazal myocardra!
;:n:;n unstable angia requiring rehospitalization, coronary revascularization
) s after randomz ion), of nonfata! sroke. The median fal'ow-up was 6 years.
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Secondary stroke prevention: the lower, the better

38mg/dl LDL reduction = 21% J Stroke reduction i
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walyzed md qurveestmason procedure was appiied o estimate regression satsocs and produce relaed p
.o 05 1 Results: Four primary prevention traks and four secondary preventon erials fulfiled the eligibility critenia Lipid-lowenng
. therapy was assocated with a lower risk of schemic stroke in primary (risk ratio, RR 070, 95% confdence interval, CL
040-082:p <0.001) and in the secondary prevention setting (RR 0.80, 95% C1 0.70-0.9C: p < 0.001). Curve-estimation
procedure revealed 3 inear relasonship between the absolute risk reduction of ischemic stroke and active treatment-
.o'm whiewed low-dansity ipoprotein-cholesterol levels in secondary prevention (adusted Rasquare 0.90) n support of “‘the
lower the becter” hypothesis for stroke survivors, On the cther hand, the aubic model followed the observed data well
in primary peevertion (adusted R-square 0.98). indicating greater absolute risk reduction in high-risk cardiovascular

.0.07 dsexefree indwidials

1

r2018) for publications rest

1

1

Risk difference

I PROVE-IT guh;:n: Statin-based ipiddowering is effective both for primary and secondary prevention of ischemic stroke.
R benefit derives from Grgeting d A = high card lar risk, and by schieving |
4 ow
.o I M argts br low-densey ipoprotein<halestero| in stroke survivors Y ’ T
.08
Keywords

Cholestero, ischemic stroke. lpd lowerng, mets-aralyss, prevention, statn

1

-0.09

-0.10 v v v y y v v y v Introduction
45.70 52.06 58.42 64.78 71.14 77.50 83.86 90.22 96.58 10294 109.30 ik e g it s b

Achieved LDL-cholesterol (mg/dL) on Treatment o L ke B e

evidence from satin ;:"-u lamen, Groe
e Ser

Racaind (1 May DY, accopnd & Jurm W19

<
o) OA redy, ke A,
) tials that LDL-choegie, tase inhibi. o ot Aﬂ-‘: Gratts
romrk of Newdogy Epon 1o | =% i, Greace
Pse Morptal, Unen
. ity of Achens,

stroke nek in vario ol lowering reduces

s pro 2 Degas
patienty, fhe |mylnm:n::.hu:fnt:) sipidemic or CVD  Gresce
[ 0 ; h
u:‘fx‘\;\-nu Aroke has been glon \::nrﬁd lowenng "f:-uuym Dexer, imgessl Co

Y anery disease (CAD)? The h(l""hl with VoD Servce Laumme Unbversy m"‘“‘"" UK

¥ing pathogenetic mech terogencity  Comeponding author, e
mouly incriminglag 14 MnLmS of siroker  3amp

of the uderk
has been

Ingery
netondl foumal of Stroke, 1504

Milionis H, Ntaios G, et al. International Journal of Stroke 2020; 15:377-84



Proprotein convertase subtilisin/kexin type 9
(PCSK9

Lysosome

Endoplasmic
reticulum

~Nucleus -

Hepatocyte ) , _
P ¥ Future Cardiol. © Future Science Group (2014)



FOURIER

(evolocumab)
A Primary Efficacy End Point ° 27’564 patlentS Wlth
100 16 14.6
90— - E:(z)a(n)’glratio, 0.85 (95% Cl, 0.79-0.92) 1 .
o Ll o | atherosclerotic CV
%’ 704 10— Placebo 12.6
3 o " b i Bmhsmas * LDL >70 mg/dl under statin
§ >0 4 5;3
= 40— ° .
E - . * Primary end-point: CV death,
“ 204 0 6 12 18 24 30 36
Stroke 207 (L5) 262 (1.9) 0.79 (0.66-0.95 0.1 |talization for
Ischemic 171 (1.2) 226 (1.6) 0.75 (0.62-0.92) or coronary
no.at] | Hemorrhagic 29 (0.21) 25 (0.18) 1.16 (0.68-1.98)
Placebo
Evolocud  Unknown 13 (0.09) 14 (0.10) 0.93 (0.44-1.97) !




FOURIER
(evolocuma

169% Patients With Prior Stroke
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P =0.047
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Evolocumab is 2 monoclonal antibody that inhi
SK9 and lowers low-densaty lipe
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tien cardiovascalar disease and LDL cholesterol levels mg per
er) ot higher who were receiving statin therapy. Patients were
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At 48 weeks, the leastsquares mean percentage reduction in LDL cholestero] levels with
. mhd):;nuh. a compared with placebo, was 599, from a median baseline value of 92 mg
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ODYSSEY OUTCOMES

(alirocumab)
100- 16+
- Hazard ratio, 0.85 (95% Cl, 0.78—0.93)
P<0.001
__ 80+ 12~
(o]
N 70 Placebo
S
TS  60- 8- Alirocumab
=
Lé 50—
2 40- “
=
= 30
E O | I I |
O 20- 0 1 2 3 4
‘_f
104
O—// | | |
0 1 2 3
Years since Randomization
No. at Risk
Placebo 9462 8805 8201 3471 62
Alirocumab 9462 8846 8345 3574 65

* 18,924 patients with ACS <12

months
* LDL 270 mg/dl under statin

* Primary end-point: CV death,
MI, stroke, hospitalization for
unstable angina, or coronary

revascularization



ODYSSEY OUTCOMES

(alirocumab)

254
— Placebo: any stroke
v" Placebo: ischemic
2.0- i Alirocumab: any stroke
o Alirocumab: ischemic
§ 1.5~
o
x
2]
-
» 1.0

Number at risk
Placebo
Alirocumab

Any stroke: HR 0.72 (95% CI 0.57-0.91), P=0.005
Ischemic: HR 0.73 (95% CI 0.57-0.93), P=0.01
Hemorrhagic: HR 0.83 (95% CI 0.42-1.65), P=0.59

0.5
L piifpe— Placebo: hemorrhagic

Alirocumab: hemorrhagic

0 1 | 1 1
0 1 2 3 4
Years since randomization
9462 9162 8789 3838 724
9462 9179 8856 3901 729

* 263 ischemic strokes and 33
hemorrhagic strokes

e Alirocumab significantly
reduced the risk of ischemic
stroke

* Did not increase the risk of

hemorrhagic stroke

Jukema et al; Circulation. 2019
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ODYSSEY OUTCOMES

(alirocumab)

150 200 250
Month 4 LDL-C, mg/dL

=

* 263 ischemic strokes and 33
hemorrhagic strokes

* Alirocumab significantly
reduced the risk of ischemic
stroke

* Did not increase the risk of

hemorrhagic stroke

Jukema et al; Circulation. 2019



PCSK9 Inhibitors

Study and Year Any Stroke Weights (PM) HR [95% CI]
FOURIER, 2017 = = | 62.26% 0.79 [0.66, 0.95] o Median LDL-C before

: randomization: 93mg/dlI
ODYSSEY OUTCOMES, 2018 = = | 37.74% 0.72[0.57,0.91]

'  Median time of

randomization: 3 years

Bayesian RE Model with HN(0,0.1) on () —— 0.76 [0.63, 0.92]
RE Model with Paule—-Mandel estimator —— 100.00% 0.76 [0.66, 0.88]

(Q=0.38, df = 1, p = 0.54; I* = 0.0%)

| T T |
0.5 0.75 1 1.25

Favours PCSKS FavoursPlacebo Sagris et al: European J int Medicine 2020  “87 \¥)



FOURIER - OLE
(evolocumab)

Placebo transition
to evolocumab

100 Parent FOURIER FOURIER-OLE —~ 20% ™
Evolocumab vs Placebo l Open-label evolocumab o\o
iR g ——— Py
e 2 HR 0.80
- ,3 (95% CiI 0.68-0.93)
5 P=0.003
70 _5
60 g
=5 ©
) = 11.9%
2 = °
=~ 50 _g
° =
g s 10% 9.7%
3 40 ~ Randomized to placebo 8
° = Randomized to evolocumab >
£ S
o i |
- 30 ———— 1 =
20 -
<_§ Placebo —* Evolocumab
10 S Evolocumab — Evolocumab
g
0 / Q2
0 24 48 72 96 120 144 168 12 24 48 72 96 120 144 168 192 216 260 Weeks 'E
Placebo 3277 3209 3029 1141 3154 3069 2956 2614 2182 1893 g 0% - T T T T T T
Evolocumab 3353 3276 3123 1138 3223 3178 3062 2746 2306 1962 O
0 1 2 3 4 5
Years
Number at risk:
Placebo—® Evolocumab 3280 3128 2987 2857 2729 1809
Evolocumab —» Evolocumab 3355 3247 3123 3012 2870 1862

O’Donogoue et al; Circulation 2022
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ORION-10 and 11
(inclisiran)

Inclisiran in Patients with Elevated LDL Cholesterol

TWO PHASE 3, DOUBLE-BLIND, RANDOMIZED, CONTROLLED TRIALS

ORION-10 Adults with CVD and elevated LDL ORION-11
Q (U.S.) (Europe and South Africa)

f 2
(N=1561)

(N=1617)

-51.3% with Inclisiran —45.8% with Inclisiran

Percentage change

Difference, =52.3% Difference, —49.9%

(95% CI, =55.7 to —48.8; in LDL cholesterol (95% CI, ~53.1 to ~46.6;
P<0.001 P<0.001
At at 510 days Sl

+1% with Placebo +4% with Placebo

TOEIITIIDE

RTINS

BACK ~: FUTURE DAY
2UZo

Ray et al NEJM 2020



Patient with ischemic stroke

v’ Mote Oa EEKWVACOUHE TNV UNOAUTLS LUK ayWwYN

v' Mola UNOAUTLS ALK OlYWYR TTPEMEL VOL XOPNYROW GTOV
acOevn HE LOXALULKO EYKEPOAALKO EMELCOOLO?

v’ Molog givat 0 6TOXOC Hou ?

v Na poBapar tig xapnAEg Tipuég LDL?



Is there a risk of ICH?

Exporimental Control Weight  Waeight
Study Events Totsl Events Total Risk Ratio RR 5% Cl {common) (random)
MEGA™ 16 3868 14 3966 T 197 (057 -2.40) 29% 325
JUPITER® 6 8001 9 8901 -4t 067 {0241 47) 19% 16%
SEARCHY 24 N 25 00M 4 0.96 [0.55~1.68) 5.9% 5.0%
AURORA™ 25 138 21 134 . 2 1.19 067 -2.11) 44% 5%
GISSI-HF STV 1 2288 3 2289 " *367(1.03-13,75) 0.6% 1.0%
CORONA' 15 254 9 24 14 106 [0.73~3.78) 1.9% 24%
SPARCLY 55 2365 33 2366 . 167 [1.00-2.56) T0% 1%
CORONA' 15 2514 9 249 N | 1.66 [0.73—3.78] 1.9% 2.4%
SPARCL% 55 2365 33 2366 L“—: 1.67 [1.09-2.56] 7.0% 8.1%
ASPEN™ 4 121 2 1199 o 7 1.98 [0.36—-10.79] 0.4% 0.6%
ASCOT-LLA" 1ostea 20 5137 - 055 0.26-1%4]  42%  3.0%
ALERTY 10 1080 17 1052 -1 059 j027-1.28] A8% 27%
T TTSST TN ~F MA&‘G* -. E— ~ ~F — — EE— LI = Mv L4 lv.v L Ts 'v] s VOV WIisTV
)
TRACE RA* 0 1504 0 1498 : 0.0% 0.0%
Common effect model 108146 108112 \4 1.19 [1.0 .36) 79.9% -
Random effects model ? 17 [1.01-1.36}) 80.7%
| E
EMPATHY™ 3 2518 & 794 = T34 0463 89] T s
REAL-CAD*' 43 619 30 6214 1 144 {0.90-2.28] 3% 7.0%
CHILLAS™ ] 880 2 675 * 1 020 j001-41Y 04a% 0.2%
TRACE RA® 0 1504 0 1498 0.0% 00%
i
Common effect model 142175 142126 > 1.17 [1.04-1.32] 100.0% -
Random effects model | ' y © ] | 1.16 [1.01-1.32] - 100.0%
Heterogeneity: I = 16%, 1% = 0.0079, P = 0.21 0.01 01 051 2 10
Test for subgroup differences (common effect): Xg =122,df=2 (P=0.54)
Test for subgroup differences (random effects): xg =0.69,df=2 (P=0.71)
Common efect mode! H217% 142126 " 117 [1.04-1.32]  100.0% -
Random effects modo! g 196 (109 -1.32] - 100.0%
Hatorogensity. 1° = 168%. 17 = 0.0079, 7 = 0.21 om 01 0512 10

Teat for sudgroup Offerences (Cammon effect) l;- 122.dI=2 (P=084)

Tost for subgroup @fferances (random eflostl X3 * 0.60.d1=2 (P=0.71)

Bétrisey et al J Am Heart As. 2024




Is there a risk of ICH?

*“The absolute risk of haemorrhagic stroke remained rare throughout the
trials, and the absolute risk difference attributable to statin was low, with an
estimated number needed to harm of 3333 for an average treatment length
of 6.7 years.”

*“The number needed to treat with
statin to prevent 1 ischemic event over
a period of 5 years is 49, so HS risk
should not preclude statin use if
clinically indicated.”

19 Prise de statines

30| Risque d'attaque cérébrale

Bétrisey et al J Am Heart As. 2024



Is there a risk of ICH?

51.1%

125

10.0
7.5-
5.0
2.5 ‘
0 ‘
5

Patients (%)

T 1
0 0 100

2.5

Stroke (%)

1.0+

0.5

Any stroke: HR 0.72 (85% CI 0.57-0.91), P=0.005
Ischemic: HR 0.73 (95% Cl| 0.57-0.93), P=0.01
Hemorrhagic: HR 0.83 (95% CI 0.42-1.65), P=0.59

~—— Placebo; any stroke
D

~ — Placebo: ischemic
T Alirccumab: any stroke

Alirocumab: ischemic

— Placebo: hemorrhagic

i == Alirocumab: hemorrhagic

Number at risk
Placebo 9462
Alirocumab 9462

T T T T
1 2 3 4

Years since randomization

9162 8789 3838 724
9179 8856 3901 729

150 200 250 _
Month 4 LDL-C, mg/dL Jukema et al; Ci

rculation. 2019




Is there a risk of ICH?

Hemorrhagic Stroke |
Study and Year Weights (PM) HR [95% CI]
FOURIER, 2017 b S— ] 62.33% 1.16 [0.68, 1.97]
ODYSSEY OUTCOMES, 2018 ! -— i 37.67% 0.83[0.42, 1.65)
Bayesian RE Model with HN(0,0.1) on (z) ——‘——- 1.02 [0.65, 1.59]
RE Model with Paule-Mandel estimator ——.—— 100.00% 1.02 [0.67, 1.56]
(Q=0.57, df =1, p = 0.45; I* = 0.0%) :
I T 1 ! 1
0 0.75 1 15 2
Favours PCSK9 Favours Placebo

Sagris et al: European J int Medicine 2020



Patient with ischemic stroke

v’ Mote? = Ano T0 VOOOKOMELOD
v’ Mowa? = loyupn otartivn (AtopBa 40 | Pocou 20 +/- eze)
v" Mowog o otoxoc? = <55mg/dl + 50% peiwon

v Na poBapar tig xapnAEg Tipég LDL? = Oyu!!!



Step by step lipid lowering therapy in patients with ischemic stroke

Ischemic stroke

Life-style modification

Statin intolerance?

a» »

Start a different
statin regimen

O O D d
\ 4 E
Alternate day Add ezetimibe
statin as tolerated
+ ezetimibe ) D g /d
O
Monitor

Start PCSK9-inhibitor et
) adherence . m.msv € }
Sagris D et al. Int J Stroke 2020 V
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O BayyéAng

Lipid lowering therapy in ALL

patients with stroke Diabetes Mellitus CKD or HF Hypertension
associated to CV risk factors

Is the patient on metformin
Rosu- 20 and/or Insulin?

+ezetimibe 10mg

Prior treatment
& ‘ L if preexisting
= — | § HTN

e

HbAlcaim £ 7%

e e o e - - . - = e S S0 eo we w>on Wl WD

Antithrombotic ther.

= e e -

Reassess in 8 weeks if : Atherosclerosis CKD or HE ( SGLT-2i ‘l Aim <130/80 *
LDL-C <55mg/dI (Carotid, CAD, PAD) irrespective of
HbA1c levels or the ‘

N presence of DM

| Monitor ! Ezetllbe L Y . ey o

" adherence | GP1RA  ser2i

o = irrespective of  irrespective of = L

. HbA1c levels HbAlc levels Combination over

single therapy

Sagris D, Ntaios G, Milionis H. J Neurol Neurosurg Psychiatry, 2022



