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Kapoiayyetokn Noooc

CVD kills >4 million people in Europe each year.

« 2.2m women, 1.8m men though mortality <65 years is greater in
men (490K vs 193K).

= Substantial mortality changes, especially in Finland, but increased
survival so still a major cause of morbidity.

« Improvements in lipid, BP control and smoking, worsening obesity
and diabetes.

= Prevention is defined as a coordinated set of actions, at the
population level or targeted at the individual, aimed at eradicating,
eliminating or minimizing the impact of CV dlseases and their
related disability.

« Elimination of health risk behaviours has the potential to prevent
80% of CVD and 40% of cancers.

www.escardio.or uidelines European Heart Journal 2016; 27:2999-3058 - doi:10. IMQ/WQ/M?Z LSS 08
9/9 Atharosderosis 253 (2016) 281-344-d 0i:10.1016/], atherosdarosis.2016.08.0 18 SRR oY




Arnodoteoc Kivbuvoc OEM

INTERHEART Study

n=15.152 pationts and 14,820 controls in 52 countries

A\ Helping Cardiovascular Professionals Mi=Myocardial infarction, PAR=Population
) Learn, Advance. Heal. attributable risk (adjusted for all risk factors)

Source; Yusuf S et al, Lance!, 2004;364:537-252
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Ytedaviaia Noooc kat Lp (a)




Proatherogenic

Ytedaviaia Noooc kat Lp (a)
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6
A test in context: Lipoprotein (a). JACC 2017:69:692-711



2tedaviaia Nooocg kat Lp (a

Meta-analysis Mendelian Randomization Genome-Wide Association
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Muokapdlakn loxopia

Myocardial

ischaemia

Nature Reviews | Cardiology

Ferrari, R. et al. (2017) A ‘diamond’ approach to personali
Nat. Rev. Cardiol. doi:10.1038/nrcardio



AvOekTikn) ZtnOayxn

e Refractory angina refers to long-lasting symptoms (for > 3 months)
due to established reversible ischaemia in the presence of obstructive
CAD, which cannot be controlled by escalating medical therapy with
the use of second- and third-line pharmacological agents, bypass
grafting, or stenting including PCI of chronic total coronary occlusion

* Incidence is growing with more advanced CAD, multiple comorbid-
ities, and ageing of the population. The quality of life of patients with
refractory angina is poor, with frequent hospitalization and a high
level of resource utilization.

2019 ESC Guidelines for the diagnosis and management of chronic coronary
syndromes



AvOeKTIKN 2TNOAyYXN

Therapy Type of therapy RCT Type of control group Number of
patients enrolled
External counterpulsation Enhanced external counterpulsation MUST-* Sham 139
Extracorporeal shockwave Low-energy extracorporeal shockwave therapy — Not available Not available —
Coronary sinus constriction Reducer device COSIRA™ Sham 104
Neuromodulation Spinal cord stimulation STARTSTIM™** Not available &8
Transcutaneous electrical neural stimulation Not available Not available
Subcutaneocus electrical neural stimulation Not available Not available
Sympathectomy Denby etal.””’  Placebo 65
Gene therapy Adenovirus fibroblast growth factor 3 Not available Not available

Autologous cell therapy Mononuclear bone marrow-derived RENEW™** Placebo 112

haematopoietic progenitor cells

2019 ESC Guidelines for the diagnosis and management of chronlioc coronary
syndromes



AvOektikn ZtnOayxn ko Lp (a)

High prevalence of raised lipoprotein(a) in patients

with refractory angina

Lp(a) <500 (40%)

B Lp(a) >500 (60%)

High prevalence of raised lipoprotein(a) in patients with refractory angina. Glob Cardiol Sci Pract 2015;
2015(2): 28.



There is currently no satisfactory
pharmacological treatment available which
owers Lp(a), but it can be effectively
owered with lipoprotein apheresis, a lipid-
owering extracorporeal treatment by which
atherogenic ApoB containing lipoproteins,
including Lp(a) and LDL, are removed from
blood or plasma




Oepamnevtikn Adaipeon

* H duadikacia Stoxwplopou n
QITOULOLKPUVONG ETILULEPOUC OTOLXELWV TOU
alpoToc

* To allpa peta tnv adaipeon Tou
OUYKEKPLUEVOU OTOLXELOU ETILOTPEDEL OTOV
acBevn




Oepamneutikn Adaipeon

* ZuAloyr oToELWV alpaTOG ,
— TtpoyoVIKa kuttapa (avtodoyn MMO — Kuttapikeg
Bepamneiec)

e Adaipeon otoxeiwv aipotog(oAtkA—eKAEKTIKA)

— EpuBpa (moAuvkuttapatuio)

— Aeukokuttapa (Aevyatpiec — Asukootaon)
— Avoooodalpivec (umepyloLotnta -

QLU TOQVTLOWLOTOL)

— LDL — Autompwrteiveg
— Qappuoka - AnAntipla

e Adaipeon Kot AVTLKOTAOTOON OTOLXELWV OLiOTOC

— EpuBpa (Apemavokuttapiki vooog) ,
— [M\aopa (OpouPwtikh Opoufornevikn Mopdupa)




Oepamnevutikn Adaipeon - MeBodol

* Texvoloyia GIATpwV — cUVEXOUG PONG

* Mnxaviopog puyokeEVTPNONC -
ouvexoUC N OLOKEKOUUEVNC PONC

OL 8V0 texvoloyieg mapopola aopaAieLa —
QTTOTEAECHATLKOTNTA

Movo ta pUYOKEVTPLKA pnxavApaTa pmopolyV va adolpECOUV
KUTTOPLKA OTOLXELL

MnxavAipata pe didtpa povo mhaocpadaipeon

15



* Texvoloyla GATpwV — CUVEXOUC PONG
e Xopriynon nmopivng w¢ ovVTLtnKTkou

nopayovto

e KAaoLKOC €€OTTALOMOC aLLOSLUALONC

Oepamnevtikn Adaipeon- MEBobdol
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Oepamnevtikn Adaipeon- MEBobdol

Red cells for Colloid
return to patient replacement
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Oeparneutikn Adaipeon
Aonpwteivwy

5 KUpLec pebBodou :

1. AnOnon éduthou ¢iltpou (DFPP)

2. Avooonpoopodpnon (IMAL)

3. KaBilnon LDL pe tn PonBela nmapivne os
xapnAo pH (HELP)

4. Tpoopodnon AUTOMPWIEIVWVY OO
TTOAUOKPUALKO/TtoAvaikpUAaidLo (DALI)

5. lMpoocpodpnon AutompwTteivwy armo BeLikn
dettpavn (DSA)

Current Role of Lipoprotein Apheresis. Current Atherosclerosis Reports
(2019) 21: 26



Oeparneutikn Adaipeon
Aonpwteivwy

St e Heparin-induced LD LDL-adsorption (dextran

(2,500-3,000 mL plasma) Immunoadsorption iy : 7 LDL hemoperfusion (DALI)
: B iy precipitation (HELP) sulphate) liposorber
rit;l;nm: :é::{g;:;l (4,000-5,000 mL) (%) (2,500-3,000 mL) (%) ( 3,000 mL) (%) 1.6 blood volume (%)
35-50 30 50 45 60
] 35 45 35-40
(35-50 20 10-20 -

60=7T 60 46 60 60-75

TTvce 60 60 60 70 ca 40
Fibrinogen 50 10-20 50 16
IgM 35 10-20 — _ 21
IgA 55 10-20 — — —
Factor VIII — 10-20 10-20 20 —
C3 — — 50 — —
c4 - o 50 e —_
Plasminogen .- o 50 - -

LDL-Apheresis: Technical and Clini
World Journal 2012



Oeparnevtikn Apalpeon
Auonpwteivwv

* A single treatment can effectively
reduce serum LDL-C levels by 50-70%.

e LDL-C levels rebound rapidly after
treatment returning to 50-90% of pre-
apheresis levels after 4-14 days

* Weekly or bi-weekly sessions

Current Role of Lipoprotein Apheresis. Current Atherosclerosis Reports
(2019) 21: 26



Oeparnevtikn Apalpeon
Auonpwteivwv

* Potential adverse events of extracorporeal
lipid apheresis are hypotension, nausea Wil s SRS Y
and vomiting, flushing, headache, allergic
reactions, complaints associated with
anticoagulation, and hemolysis. The
incidence of these adverse events is
usually below 5%.

HELP apheresis in hypercholesterolemia and cardiovascular disease: ef cacy and adverse events
after 8,500 procedures. Clin Res Cardiol Suppl (2012) 7:24-30 21



Oeparnevtikn Apalpeon
Auonpwteivwv

Although most lipid guidelines mention lipoprotein apheresis as a
therapy of last resort, they differ significantly in defining which patients
to treat and under what circumstances. This reflects a lack of
convincing outcome trials as most of the evidence supporting the use
of lipoprotein apheresis comes from retrospective analyses or
extrapolation of intervention studies using lipid-lowering drugs.

Current Role of Lipoprotein Apheresis. Current Atherosclerosis Reports
(2019) 21: 26



The German Lipoprotein Apheresis Registry
(GLAR)

Start of LA

2012-2016, 71 German apheresis

centers collected retrospective and

prospective observational data of 1435

patients undergoing lipoprotein

apheresis (LA) treatment of high LDL-C

levels and/or high Lp (a) levels suffering

from cardiovascular disease (CVD) or f =
progreSSive CVvD event rate

reduction

-2 years -1 year 1 year 2 years

Clin Res Cardiol Suppl (2017) (Suppl) 12:44-49



Survival in homozygous familial

hypercholesterolaemia is determined by the
on-treatment level of serum cholesterol

1.00
!

* In homozygotes failing to .
achieve target levels of LDL with
high-dose statins and ezetimibe,
additional therapy is required.
In addition to lipoprotein
apheresis, current options are
the PCSK9 inhibitor (except in
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receptor-negative homozygotes)
and either lomitapide or
mipomersen
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Time (years)

Quartile 1
Quartile 4

Quartiles 2/3

Eur Heart J 2018



Alirocumab in patients with heterozygous familial
hypercholesterolaemia undergoing lipoprotein
apheresis: the ODYSSEY ESCAPE trial

\

patients undergoing regular
weekly or Q2W lipoprotein :
apheresis 2 4

e alirocumab 150 mg (n =41) or
placebo (n=21) Q2W
subcutaneously for 18 weeks e

e 63,4% discontinuation LA
* 36,6% continuation LA

Ferrari, R. et al. (2017) A ‘diamond’ approach to personalized treatment of angina
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2017.131

dL) LS



Inhibition of PCSK9 with evolocumab in homozygous
familial hypercholesterolaemia (TESLA Part B):
a randomised, double-blind, placebo-controlled trial
* 50 eligible patients (aged >12 years) with homozygous
familial hypercholesterolaemia, on stable lipid-regulating
therapy for at least 4 weeks, and not receiving lipoprotein

apheresis, were randomly allocated to evolocumab 420 mg
or placebo every 4 weeks for 12 weeks.

* evolocumab significantly reduced LDL
cholesterol at 12 weeks by 30.9%

Patients with defective/defective status § patients 8 patients
Ultracentrifugation LDL cholesterol 15-1% (-1-2 to 31-3) -31.8% (-44-9 to -18.8)
Apolipoprotein B 8-9% (-4-4 to 22.2) -29.5% (-40-2 to -18.8)
Lipoprotein(a) 9-8% (-9-3t0 28-9) -10-0% (-25-4to 5-3)

Patients with unclassified mutation status# 6 patients 16 patients
Ultracentrifugation LDL cholesterol 3-8% (-20-7 to 28-3) —36v0 to 0-3)
Apolipoprotein B -0-2% (-21-3 to 20-9) -16-4% (-32-3 to -0-6)
Lipoprotein(a) -2-:0% (-21.7 to 17-8) -5-4% (-21-7 to 10-8)

Lancet 2015



Lipoprotein Apheresis in Patients With Maximally Tolerated
Lipid-Lowering Therapy, Lipoprotein(a)-Hyperlipoproteinemia,
and Progressive Cardiovascular Disease

A mac
* a prospective observational
multicenter study, 170 patients were 200
investigated who commenced LA 143
because of Lp(a)-hyperlipoproteinemia
and progressive cardiovascular

disease.

* Weekly sessions
* Baseline Lp (a) 110 mg/dI

Circulation 2013



Apheresis as novel treatment for refractory angina with
raised lipoprotein(a): a randomized controlled cross-
over trial

* a single-blinded randomized controlled
trial in 20 patients with refractory angina
and raised lipoprotein(a) > 500 mg/L, with
3 months of blinded weekly lipoprotein
apheresis or sham, followed by crossover.

* The primary endpoint was change in
guantitative myocardial perfusion reserve
(MPR) assessed by cardiovascular
magnetic resonance.

e Secondary endpoints included measures
of atheroma burden, exercise capacity,
symptoms and quality of life.

Eur Heart J 2017



Apheresis as novel treatment for refractory angina with

raised lipoprotein(a): a randomized controlled cross-
over trial

Pre-Aphereus Post-Apheresis Pre-Sham Past-Sham

* Baseline Lp (a) 110mg/d|I
* Baseline LDL 100mg/d|I

* Weekly sessions apheresis/sham
3 months
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Apheresis as novel treatment for refractory angina with
raised lipoprotein(a): a randomized controlled cross-
over trial

* Lipoprotein apheresis removes ApoB
containing lipoproteins from whole blood
which lowers Lp(a), but also lowers LDL.

e open to interpretation whether the effect is
mediated by Lp(a) reduction, LDL reduction
or both

 Removal from blood of factors other than
lipoproteins, including fibrinogen,
coagulation factors, thrombogenic factors,
complement factors, inflammatory factors
and adhesion molecules

Eur Heart J 2017



Guidelines on the Use of Therapeutic Apheresis in Clinical Practice—Evidence-Based
Approach from the Writing Committee of the American Society for Apheresis: The Sixth

Special Issue

TABLE I. Indications for Therapeutic Apheresis=A5F4 2013

Categories [1]
rtegory D scripfion
I Disorders for which apheresis is accepted as first-line

therapy, either as a primary standalone treatment
or in conjunction with other modes of treatment.
Example: plasia exchange in Cutllazin-Barre spndrome
as Iat-line standalone therapy! plasma exchange in
kTpastRenia gravis as Jat-line in confunction with
iR osuppression and cholinesterase inhibition

I Drisorders for which apheresis is accepted as second-
line therapy, either as a standalone treatment or in
conjunction with other modes of treatment.
Example: plasma exchange as standalone
serondary treatmant for acute disseminated
encephaloppelitis after high-dose IV corticosteraid
Jailure; sxtracorporeal pRotopheresiy added to
carticasteraids for unresponste chronic
graft-versus-Roat disease

Famalial hypercholesterolemia

LDL apheresis
LDL apheresis
TFE

Homozygates
Heterozy gotes
Hemozygotes with small bood
wolume

Liprotsin [a} hyperlipoproteinemia

LIEYY

Gerrnany

Japan

LDL apheresis

» Homorsygous FH LD o= 5040 mgfdl (129 mmalT)
on masimal possible dmg therapy

» Heteromygous FH: LDL o2 300 mgdl (7.8 rumalL)
0 1 additiomal risk factory, LDL ¢ =200 mg/dl
(3.2 ronol/L) (= 2 additomal sk factors or additional
highlipoprotem(ayy, LDL = 160 mg/dl (4.1 momelL)
(ifat wery high s

» Hormozsy gous FH

» Severe hivpercholesterolasrnia (including but not resticted
to heterozy gous FHY LD ¢ elevated on masimal
possible drug thetapry (taldng the overall risk of the
patient into account

“Lipoproteinay: progressive CVD
[chnically and om imaging’ despite optimal control of all

isk factors and lipoproten(z) = 60 mafdl

» Homozygous FH

» Heterozygous FH: total cholesterol = 250 mgfdl
(6.5 renol/Ly on marmal possible dug therapy

» Homory gous FH: LDV ¢ reduction < 50% on max. drug
therapy or LDL. ¢ = 350 mgdl (2.1 mmalL)

» (ther hypercholesteralasmia (Including heterozy gous FHY:

VI progression and LDL ¢ = 190 mgfdl (4.9 rurnolT)
ar lower 1f lipoproteinia} elevated or LDL ¢
reducton < 0%

Journal of Clinical Apheresis
28:145-284 (2013)



AvOekTIKn ZTnOayxn

Therapy Type of therapy RCT Type of control group Number of
patients enrolled
External counterpulsation Enhanced external counterpulsation MUST-* Sham 139
Extracorporeal shockwave Low-energy extracorporeal shockwave therapy — Not available Not available —
Coronary sinus constriction Reducer device COSIRA™ Sham 104
Neuromodulation Spinal cord stimulation STARTSTIM™** Not available &8
Transcutaneous electrical neural stimulation Not available Not available
Subcutaneocus electrical neural stimulation Not available Not available
Sympathectomy Denby etal.””’  Placebo 65
Gene therapy Adenovirus fibroblast growth factor 3 Not available Not available

Autologous cell therapy Mononuclear bone marrow-derived RENEW™** Placebo 112

haematopoietic progenitor cells

2019 ESC Guidelines for the diagnosis and management of chrongizc coronary
syndromes



Intramyocardial, Autologous CD34 Cell Therapy for
Refractory Angina - ACT34-CMI

& Maaihs 12 Manths

e ACT34-CMI study was a prospective, double-blind, (e -

randomized, controlled clinical trial conducted at 26
centers in the United States. 167 patients with
refractory angina received mobilized autologous
CD34 cells or an equal volume of diluent (placebo)

dipgaas Caviee
dirgpah [Suren

* The primary outcome measure was weekly angina R .
frequency 6 months after treatment 12 Months

* mobilization with G-CSF administered subcutaneously
for 4 or 5 days, and leukapheresis was performed on
the 5th day

ERE SN

rom Saswbrm in Secomis

Charge |
s AR X e E R AEDE

Coavira | a0 callafby Bl callatey

Circ Res. 2011 33



The RENEW Trial Efficacy and Safety of Intramyocardial
Autologous CD34 Cell Administration in Patients With

Refractory Angina

a randomized, double-blind, multicenter trial comparing IM
CD34 administration with no intervention (open-label standard
of care) or IM placebo injections (active control). The primary
efficacy endpoint was change in TET at 12 months

112 of planned 444 enrolled

All blinded patients underwent cell mobilization with G-CSF (5
gng/kg subcutaneously) for 4 days followed by apheresis on day

Due to early termination, RENEW was underpowered to assess
adequately the efficacy of IM administration of autologous CD34
cells for the treatment of refractory angina

an%ina frequency was improved at 6 months
(relative risk: 0.63, p=0 0.05)

safe compared with both open-label standard of care and active
control (major adverse cardiovascular events 67.9% [standard of
care], 42.9% (active control), 46.0% [CD34

Change in mean TET (s)

-~ Active Cantol

1504 1504 = Cul Theraoy

1004 1004

o
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504

Change In Medlan
Exercise Time (s)

Timepoint

JACC Cardiovasc Interv 2016



Impact of Cell Therapy on Myocardial Perfusion and Cardiovascular Outcomes
in Patients With Angina Refractory to Medical Therapy
A Systematic Review and Meta-Analysis

6 trials comprising 353 participants (4/6
Apheresis)
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JUUIEPACHLOTOL

H ©A eéakolouBel va amotelel Lotatn Bepameutikn
ETILAOYI OE€ MEPUTTWOELC ETEPOLVYNC UTTEPXOANOTEPOAALULOLC
N aAANC popdnc SucAuTtdaLiog LE AVETIOPKA OVTATTOKPLON
oTn PAPUAKEUTIKN aywyn N KoK avoxn o€ autn

H OA amotelel Baokn Beparevtikn emthoyn o€ opoluyn
OLKOYEVH UTtEPXOANOTEPOAALULAL

Xpnon og nmawdla (o avtiBeon pe Aouttarmnidn) Ko EyKUoUC
O poAo¢ TNC o€ apLywC avénmevn Lp(a) kat ovBekTikn
otnOayxn amoueVeL va tpooOLOPLOTEL

Kuttaplkec Beparneiec Baolopevec otnv Adaipeon lval
duvato va CUUBAANOUV OTNV ETILTUX AVTLLETWTILON TNG
avBekTIKNG otnBayxng



Euyaplotw yLa tnv mpoooxn



