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LDL apheresis

- Treatment option available to pts with Homozygous
familial hypercholesterolemia I(:)HoFH) who

— cannot tolerate drug therapy or
—= in whom the drugs are ineffective.

* A ssingle treatment can effectively reduce LDL-C by
50-70%.

* LDL-C levels rebound rapidly after treatment
returning to 50-90% of pre-apheresis levels

after 4-14 days.



LDL apheresis

Categories of pts who are considered for LDL apheresis (National
Institute for Health and Clinical Excellence (NICE), guidelines):

. HoFH-TC >350mg/dl or decreased <50% on drugs therapy

. Individuals with FH, progressive CAD and >190mg/dl or
decreased by 40% on maximal drugs therapy

. Exceptionally, individuals with Lp(a) >60 mg/dl and progressive
CAD whose LDL-C remained>120mg/dl despite drug therapy.

4. > 6000 triglicerides

A. S. Wierzbicki, S. E. Humphries, R. Minhas. “Familial hypercholesterolaemia:
summary of NICE guidance. Guideline Development Group”. Br Med J, 2008, vol. 337.



LDL apheresis-Indications

-HoFH or double heFH

-heFH and other genetic hypercholesterolemias
+
- absence of response to diet and drug therapies
- presence of severe atherosclerosis
- pts with a By-pass or major vascular surgery
when the drug therapy does not guarantee stabilization

of the THD

Stefanutti, 2016



LDL apheresis-Side effects

* Hypotension, abdominal pain, nausea, hypocalcemia,
iron-deficiency anemia, and allergic reactions.

- Depending on the technique used,

- particularly with dextran sulphate LDL absorption
and hemoperfusion methods, concomitant therapy
with an angiotensin-converting enzyme inhibitor is
contraindicated due to the risk of severe
hypotension.

Cuchel, 2014 EHT



FH, Historical Background

v 1938, Carl Miller, a Norwegian clinician, described FH
as an “inborn error of metabolism” that produces 1 TC
and MI in young people.

FH transmitted as an autosomal dominant

v 1964, Avedis Khachadurian, at the Am University in
Beirut, FH exists in two forms: the less severe heFH
and the more severe HoFH.

v 1960's, Bailey, Rothblat, observed that cell produce
cholesterol.




FH, Historical Background

«—>1973, Goldstein and Brown discovered LDLR

—> 1985-2003 mutations in LOLR, ApoB, ABC65 and
ABCGE, ARH, PCSK9 were encoded (Abifadel M,
Varret M, Patel SB, Rabes JP)



HoFH, prevalence

* HoFH: 1:600,000-1,000,000 births

More recent data 1:300,000-1:160,000,
Founder effects (e.g., French Canadians)

LDL-C: 600 mg/dl - 1,000 mg/dl|

TGs: moderately elevated or normal o U
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Prevalence of hFH in Select Populations

(Founder effects)
* General population : 1:200-500
- French Canadian 1:270
+ Christian Lebanese 1:85
* Tunisia 1:165
- South African Afrikaners 1:72 to0 1:100

- South African Ashkenazi Jews 1:67



Estimated frequency - vs. | 1/160,000
Entire world 6,860 vs. 42880
African region 830 vs. 5,190
Region of the Americas 930 vs. 5810
South-East Asia region 1,810 vs. 11,310
European region 900 vs. 5,630
Eastern Mediterranean region 500 vs. 3,690
Western Pacific region 1,800 vs. 11,250
| T T 1 >
0 5,000 10,000 15,000
Individuals with homozygous familial hypercholesterolaemia

Estimated number of individuals worldwide with HoFH by the World Health Organization region.
Estimates are based on historical prevalence data (1 in a million with HoFH), as well as directly detected
estimates of FH in the Danish general population (~1/160 000). Data from Nordestgaard et al.


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4139706/

Molecular diagnosis

Netherlands center (104,682 individuals) HoFH frequency
~ 1: 300,000 whereas (29% of HoFH patients CVD)

Dutch Lipid Clinic Network criteria HeFH ~1 in 200 people or,
for molecularly defined as 1 in 244 people

Consequently, the HoFH may affect as many as 1 in 160,000-
300,000 people.

Molecular diagnosis: ¥ pt




KpoiTnpia diayvwoncg tng oikoyevoucg
UTtEPXOANOTEPOAEHIAC

* OX >290mg/dl n LDL>190mg/dl o€ eviAIKES
« OX > 260mg/dl (oTa TTa1dI14)
+

Tevovtia cavBwpata otov acBevn 1 o€ ouyyevn 1°v n 29V
BaBuou

n
loTopikd OEM o€ ouyyevr) 2° BaBuou<50 eTwv N 1°V BaBuou
<60 eTwV N ouyyevng pue OX > 290mgy/dl

ﬁ* 500/'0—-- CHILDREN




Kpitipia diayvwong tng FH atré to poypappa
Dutch Lipid Clinic Network
(KAIVIKA KOl EpYOOCTNPIOKA)

s DNA petaAAain f LDL>330 mg/dl —— 8 BaBuoi
w— —AVOWMATA TEVOVTWV — 6 BaByoi
= LDL 250-326 mg/dl — 5 BaBuoi
s [ €POVTOTOEO O€ NAIKIO <45 TV  — 4 BaBuoi
s | DL 190-246 mg/dl — 3 Babpuoi

=W N YEPOVTOTOEO 0¢€ ouyyevn 1ou BaBuou n LDL >935n % Beon otnv
TTaIdIKN NAIKia A TTpwipn 2N OTO OUuyyevl ) —m0m e 2 BaBuoi

Olkoyeveloko 10Topiko: 1ou Babuou ouyyevng pe mpwiun 2N R
LDL>93n % B¢on (o€ ouyyevn <18 eTwv, 2 fabuoug) n atopiko
1I0TOPIKO LDL 155-190 mg/dl  — 1 BaBuo¢

ACloAdynon : > 8 BaBuoi capnc, 6-8 BaBuoi mlavn,
3-5 BaBuoi evdexduevn
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Tafwopnon tng OX kat tng LDL ota moudid kot epnpfouc
TWV OLKOYEVELWV UE UTtEpXoAnotepoAatpia | tpwipn KAN

KaTtnyopia TC LDL
ATTO0EKTA <170 <110
Oplaka 170-199 110-129
YwnAa =200 =130




FH, Natural History

* FH is normally asymptomatic in childhood

Before statins use by age 50 y, 25% of women
and 50% of men will experience clinical CVD.



FH, Natural History

* Earlier CV symptoms: are related to aortic
stenosis and regurgitation.

* Later CV symptoms: angina pectoris, MI
and death in early childhood.



2tEvwon Aoptiknc BaABidoacg
YriepBaABLOIKA AOPTLKN OTEVWON

HFH
ABnNpwPATWON OTNV AOPTIKN pida

l
Y1repBaABIdIKN oTEVvWON

(eTTekTEIVETQI OTEQAVIAiQ OTOMIA)

Eioxwpnon Twv AITIOiwV aTIC YAWXIVES
TNG AoPTIKNG BaABidac

l
2TEVWON TNG BaARidac

XApOKTNPIOTIKO €ival N diknV TTOPTEAAVNC Q0PTH)

(TTEPITTAEKEI TNV EKPACT TWV XEIPOUPYIKWYV ETTENRACEWV)




% Zwpatidia Lp(a)

Aoptiki BaABida
’ O S wyaridia LDL

loToG Twv
BaABLSikwv
YAwxivwv
E K
' # Owodoplkod

MMPs, TGF-61, NF-kB, OPG, TNF-a aoBeotLo

AcBeotomnoinon

JTEVWTLKH 0LOPTLKN
BaABida



Valvular and Supravalvular Aortic Stenosis Secondary to Familial Hyperlipidemia

A case report of a 46 year old female pt with FH
(J Cardiovasc Dis Diagn 2013)

Valvular and supravalvular aortic stenosis MDCT image of aortic valve and ascending aorta

Coronary angiographic images of the pt









Xanthomas can appear within the first few months of life and
usually before 10 years of age, and are often the reason why
these children come to medical attention; however, their
absence or late appearance does not exclude the diagnosis of
HoFH.

Tevovria EovBdpoTo 0ToVG EKTATIKOVS HEC TMV

, ., , Tevovria EavBopara otoug AyiMelong Tévoveg
OOKTOA®Y TMV YEPIDHY ATOLOV LIE OLKOYEVN

vrepyoinotepoiatpia (aobeviic Tov Amdonpikon GE:AOJLS [ GTROEN) TR OMuepbA

(aobBeviic Tov Atmdonpkod Tarpeiov Tov QKK)

Tatpeiov Tov QKK)

Kolovou G. Familial Hypercholesterolemia, Sitosterolemia. Ed. InfoHealth, 2012



Olodn Eavbdpato Tov ayKOVa o€ GTOO e
otkoyevi) vepyoAnotepohatpio (aobeviig Tov
Amdawkod lotogiov Tov QKK)

0Lodn EavBopato Tov YOVeTog o€ GTOHO e OtKOYEV
vrepyohnotepohatpio (acbeviic Tov Aumderpukod
lazpeiov tov QKK)

Kolovou G. Familial
Hypercholesterolemia,
Sitosterolemia. Ed.
InfoHealth, 2012



2reaviaia Nooog
Kdl

Oi1koyeving YTTepXOANOTEPOAAIMIO

HAIKia <30 <50 <60 gTwWVv

v AvOpEg 5% 85%
v Tuvaikeg 1% 5%




clinical ASCVD AHA Recommendations | A

- itensity statin |

p. Age >75 y or safety concerns: Moderate inten

Primary prevention-LDL 2190 mg/dI

a. Rule out secondary causes of hyperlipidemia

b. Age >21 y: High-intensity statin
at least a 50% reduction ig |

d LDL lowering non-statin therapy may be considered to further reduce LDL la

Primary prevention-Diabetes 40-75 y + LDL 70-189 mg/d|I

a. Moderate-intensity statin
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b. Consider high-intensity statin when 27.5% 10-y ASCVD risk using the Pooled Cohc c
Primary prevention — No diabetes 40-75 y + LDL 70-189 mg/dlI
a. Estimate 10-y ASCVD risk in those NOT receiving a statin; every 4—6 vy | A

b. To determine whether to initiate a statin, engage in a clinician-patient discussion 1a
reduction,
adverse effects, drug—drug interactions, and patient preferences
c. Re-emphasize heart-healthy lifestyle habits and address other RFs
i. 27.5% 10-y ASCVD risk: Moderate- or high-intensity statin
ii. 510 <7.5% 10-y ASCVD risk: Moderate-intensity statin
iii. Other factors may be considered: LDL-C 2160 mg/dL, family history of premature ASCVD,
hs-CRP >2.0 mg/|, CAC score 2300 Agaston units, ABI <0.9, or lifetime ASCVD risk
5. Primary prevention: LDL <190 mg/dl and age <40 or >75 y, or <5% 10-y ASCVD risk
a. Statin therapy may be considered in selected individuals
6. Statin therapy is not routinely recommended for individuals with NYHA class II-1V heart failure

or who are receiving maintenance hemodialysis

Stone et al 2013 ACC/AHA Blood Cholesterol i



FH, Recommendations

EAS Recommendations

Target LDL-C of <100 mg/dl (<2.5 mmol/l)
or

<70 mg/dI (<1.8 mmol/l) in adults + CHD/DM

National Lipid Association

eLDL-C reduced to <100 mg/dL (<2.5 mmol/L) or
by at least 250 % from pretreatment levels.

International FH Foundation
Reduction of 250% in LDL-C

eLDL-C <100mg/dl (<2.5mmol/l), no CHD or other major risk
factors

eLDL-C <70mg/dl (<1.8mmol/l), CHD or other major risk
factors
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LDLR gene in 100 German and in 100 Greek :

comparing the mutations within the LDLR gene of the two European FH
populations,

the German population seems to be more heterogeneous than the Greek
cohort.
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..... TTEPICCOTEPN OMOIOYEVEIQ OXETIKA UE TA YoVidla

(5 METOAAGEEIG yOVIBIWY) Dedoussis, 2004



e Mollaki V, 2016

561 FH patients from 262 families of Greek origin.

12 novel LDLR variants were identified, 6 variants: c.977C>G,
c.1124A>C, c.1381G>T, c.628 643dup{636del, c.661-673dup,
and 13 ¢.1987+1 +33del.

e Mollaki V, Drogari E.

No Apo B and PCSK9 mutations have been found. It must be
noted however, that only a small number of pts has been
screened.

In total, 41 LDLR defects have been characterized, with 6
common mutations c.1646G>A (p.Gly546Asp), c.858C>A
(p.Ser286Arg), c.81C>G (p.Cys27Trp), c.1285G>A (p.Val429Met),
c.517T>C (p.Cys173Arg), and c.1775G>A (p.Gly592Glu) that
account for >80% of all mutations.




e 169 pts had one of the following LDLR gene mutations:
81T>G, 1775G>A, 517T>C, 858C>A, 1352T>C, 1285G>A, 761A>C,
1195G>A, 1646G>A and g.387-410del24.

e We sequenced the Apo B, ARH and PCSK9 genes in 40,

randomly selected patients, from the 85 patients with no
identified LDLR gene defects.

Diakou M, Miltiadous G, Xenophontos SL, Manoli P, Cariolou MA, Elisaf M.



e We recruited prospectively 320 consecutive patients who
had survived their first STEMI <35 years of age.

Using the Dutch Lipid Clinic Network algorithm patients
having HeFH (possible, probable or definite) were
identified.

e 20% definite/probable HeFH and 51% had possible FH.

CONCLUSIONS:
One 1/5 pts who develop STEMI <35 years of age has
definite/probable HeFH

Rallidis LS, et al. Atherosclerosis. 2016



Meiwon tn¢ XoANoTeEPOANC OE AVOEKTIKEC
SucAutdarpiec - Zuvduvaopoi

® 2TaTivn + €CETIMIUTIN
* 2T0TiVN + QIBPATN
* 2 TaTivn + colesevelam
* 2TATiVN + VIKOTIVIKO 0¢U
* 2T1aTivn + colesevelam + VIKOTIVIKO OcU+ €CETIMIUTTN

* 2T1aTivn + colesevelam + @IBPATN (€KTOC YEUPIBPOLIANG) + Q-3




Initiation of
high-dose statin
monotherapy s

standard
of care

Ezetimibe Is added
when patient Is
not at goal

Blle acld sequestrants,
nicotinic acid and fibrates are

added alone or In combination

for those not at goal

Apheresis for patlents on
maximally tolerated therapy and
1-LDL-C >300 mg/dI
or 2- CAD and LDL>200 mg/dl.
Mipomersen and lomitaplde
are first-line
therapy in HoFH

Potential future
therapy

FH Patients

Not at goal/
Intolerant

Cholesterol
absorption
inhibitors

Not at goal/
Intolerant

Apheresis Lomitapide

Csk9
inhibitors

Treatment Algorithm for Pts With FH
(Adapted with permission from Goldberg et al.)

Goldberg et al. The Severe Hypercholesterolemia Phenotype : Clinical
Diagnosis, Management, and Emerging Therapies.JACC, 2014



OCSC Experience

LDL apheresis sessions are performed from 2003 until now

> 2,500 sessions were performed

52 patients

10 HoFH
33 HeFH
5 M HTG

4 11t Lp(a)

(TG>6000)




Changes in lipids and lipoproteins after selective LDL
apheresis, 7 years experience

Pre- 315+90 322 +693 0+1 254 + 82

apheresis

Post- 124 £+ 65 207 % 537 35+13 65+ 41

apheresis

Kolovou G, Hatzigeorgiou G, Mihas C, Gontoras N, Litras P, Devekousos D, Kontodima P, Sorontila C, Bilianou H,
Mavrogeni S. Changes in Lipids and Lipoproteins after Selective LDL Apheresis (7-Year Experience). Cholesterol.
2012;2012:976578.



LDL -agaipeon : H pyéBodoc DALI

H amoppdpnon tng LDL kar Tng Lp(a) pe
moAuakpUAIko/moAuakpuAapidio (DALI), amoTeAei onpepa Tnv
o aAn diadikacia LDL agaipeonc.

EpappooTnke yia mpwrh gpopd oc acBeveic To 1994
EiohnxOn otnv kaBnuepivi KAIVIKA Ttpdén To 1996.

ATtoTeAEi To TpwTOo oUoThpua LDL aipodidAuong, agou civai
Ikavo va amoppophoel Ti¢ LDL kai Lp(a) kateuBeiav amé 1o
TTARPEC aipa Xwpic va eival amadpdiThtog o 1axXwpIoUoC Tou
TTAdopaToc.






O1 agBeveic pépouv pAepIkh ypappnh diapéoou ThE oTroidg To
aipa kateuBuveTal oc @iATpo (amoppoPnTIKA YEAN
TToAUakpUAIKoU/TToAuakpuAapidiov) ikavo va Katakpatd Thv
LDL.

2.Th OUVEXEId, YiveTal eTTaveloaywyh Tou KekaBappévou oe
LDL aipatoc otov aoBevn ae mepipepikh PAEPaA, oe
ouvOudopo He nTTapivn yia Thv amopuyn Bpoupwaoswv

H taxuTtnTta ponc aipartoc civai perapAnth (cuvnBwce 60
80ml/min) kai n didpkela The Oepameiac civar 2 Wpec.

H di1adikacia mpaypaToToleiTal TTAVTA UTTO OTEVA 1ATPIKA

TtapakoAoUBnon Tou acBevoUc yid Tov evOeXOUEVO KivOuvo
eHPAvionC aAAepyIkwy avTiOpdoewy



- Exel uynAn EKAEKTIKOTNTA KAl
IKAVOTNTA ATTOHAKPUVONG TWV
ATTOTIPWTEIVWV.

- MéyioTn amopdkpuvong Twv
MTompwTeivv: 8gr LDL ava
ouvedpia




BeATiwpévn TexvoAoyia

QKK: epmeipia epimou éva éT1o¢




Demographic and clinical characteristics and plasma lipid and lipoprotein

concentrations before treatment in all the four pts reported.

Patient, Sex | Age | BMI | Years of CVvD Lipid profile

LDL (in mg/dI)
apheresis

NT,Male |25 |25 19 Mild carotid TC: 1000
combined stenosis TG: 150
heterozygosity HDL: 32
C.1448G>A, LDL: 900
c.1646G>A Lp(a): 19
N2,Male |22 |25 10 AVR, Carotid TC: 1100
homozygous stenosis TG: 130
.1285G>A HDL: 33
LDL: 950

Lp(a): 5.5

N3, Female |47 |28 2 CABG+AVR, TC: 1000
Mutation status Carotid surgery TG: 110

not available HDL: 18-30
LDL: 900
Lp(a): 16

N4, Male |56 |27 12 CABG x2, TC: 800
Mutation status PCIx2, AVR, TG: 110
not available Carotid Surgery HDL: 50
LDL: 780
Lp(a): 36

Kolovou, et al. JAT 2016



Typical one-year diagram of LDL apheresis in teenage homozygous FH pt.
Higher in the days ~200 and ~300 is due to ester and summer holidays.
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Kolovou, et al. Changes in Lipids and Lipoproteins after Selective LDL
Apheresis (7-Year Experience). Cholesterol, 2012



Kolovou G, et al. Angiology, 2005




NeoTepa Eappaka : Lomitapide

* AvdoToA£dC TG HETAPOPIKAC TTPWTEIVNG TWV

TpiyAikep1diwv (MTP)

+ AoBeveic pye HoFH

g MEiUJO'n 40%

FaoTpevTepikég diaTapaxEc



Lipid profiles on lomitapide therapy

Apheresis -¢-LDL-C --TC -+-HDL-C TG
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Lipid profiles on lomitapide therapy
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1 week after
Increased
dose

During 2
years

Clinical events on lomitapide

Increased liver
enzymes
ASAT 43-186
miu/ml

ALAT 54-239

3 X diarrhea

20 mg

10 mg

Decrease dose to 10 mg
daily
Return to normal after 4

weeks
Liver ultrasound not
changed from baseline

Stopped drug for 3 days



CHD Risk of HeFH Pts According to Statin Treatment Kaplan-Meier
estimates of cumulative CHD-free survival among pts with FH.

2

~ Statin treatment
~ N0 stalin treatment

Cumulative event-free survival (%)

1 1

0 25 5.0 75 100 124
Follow-up (years)

Goldberg et al. The Severe Hypercholesterolemia Phenotype : Clinical
Diagnosis, Management, and Emerging Therapies.JACC, 2014



N=21 with FH Kaplan-Meier survival estimate
1 4 Ll Ll il il
0.75
s 05
5
0.25
U T | T T T
0 2 1 6 8
Years of followup
Figure 1: Kaplan-Meier survival curve.

e Percentage of even-free survival for 7y was 67%
e L[DL-apheresis-treated 9.5% deaths vs Not-treated 17%
e The average annual event rate was 5.5%.

Kolovou, et al. Cholesterol 2012



Neotepa ®appaka: PCSK9

- ‘EvCupo mrou ouvdéeTal pe Touc LDL umodoxeic Kai
aufdvel Thv amodopunon Toug (puBpiler Toug uTodoxeic)

+ PCSK9 inhibitors: MovokAwvikd avTiowpaTta Katd Tne
PCSK9

Y Y J\Y‘—Y

p -
. o

)‘- _c LDLR
B AT A0y, Recycing
CEKD 1 cmeted 1 Endosome Endosome
nthea 1 l l

- Lysosome

i LDL-C is incorporated into the cell
Ma aoOeveic pe HeFH TTapevépyeleg: pivopapuyyiTida,

ogpuaAyia, ypimwdn cuvopoun



PCSK9 inhibitors:

STATINES : W cvdokuTTdpiag oUvBsong XoAnoTePOANG

A ékppaong Tng PCSK9 kal ouvdeon e
Toug LDL utrodoxeig

A dpacTnpIdTNTAG TWV LDL ‘

UtTTodOXEWV

A kKaTafoAiouoU Twyv LDL atrodéunong Twv LDL utrodoxéwv ot
‘ Aucoocwpara (PCSK9 / LDLR)

W LDL CHOL U

WV LDL utroSoxéwv

\

A LDL CHOL
AvaoToAcic Tngc PSCK9 kai oe ouvduopo pe ZTATINH n EZETIMIBE



PCSK9 inhibitors: OCCS experience

e 30 heFH pts were switched from LDL apheresis to PCSK9 inhibitor.

e 80-90% stopped LDL apheresis, remained decreased the frequency
13 pts l LDL-apheresis sessions, not on LDL goals.



NeoTepa pdppaka : MiTtopepaévn

véa KaThyopia ¢appdkwy (evéaipn Hopyh)

amoTeAei éva antisense oligonucleotide (oupmAnpwyarikoé
oAlyovoukAeoTidlo 0To mMRNA ouykekpipévng TpwTEivng)

* avaoTEAAETAl N EKPpacon Tou Yovidiou He ammoTEAeopd ThY

eAdTTWON TNC PlooUvBeoNC TG OUYKEKPILEVNC TTPWTEIVNC
ameuBuveTal otnv amoAimompwreivh B-100 (apoB100)

Helwvel T ouvBeon Tng LDL kai Tnv Apo B amoTeAwvTag

£va onNUAvTIKO OepdmeuTIKO OTTAO YId TOUC AdoDeveic pe
HoFH.



Future

HAS Registry

FHG-Registry




Conclusions

FH pts should be treated aggressively

Combination of classical hypolipidemic drugs is usually required
+/or

New drugs: PCSK9 inhibitor, lomitapide, putopepogvn

LDL apheresis is a treatment option available to pts with HoFH who
cannot tolerate drug therapy or in whom the drugs are ineffective.

!

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

LDL-C levels rebound rapidly after treatment returning to 50-90% of
pre-apheresis levels after 4-14 days 7










