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

KATHIOPIA I: KATHIOPIA II:
ZTANTAP KAl ATOAEKTH ©EPAMEIA FENIKA AMTOAEKTH OEPAMEIA QX YNOXTHPIKTIKH
| Incidence: Rare Category
:‘:__' TPE Grade 1C |
¢ua No. of reported patients: 100300 RCT CT CSs CR o
- 0 ] 5(221) 39(41)
F 3
L -
i
M ’ 1 4 1 4 .
~J " Autoavoon veupoloyikn dtatapaxn : Anti — NMDAR
=¥ * Aywyn:
5 v 1% ypappic: €CS, IVIGCTPE)5-6MMM)
i1 v’ 2"SypappAic : Rituximab + Cyclophosphamide I’
T
1
o= |
| S =
::r-: Technical notes
Volume treated: 1-1.5 TPV Frequency: Every other day
Replacement fluid: Albumin
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Scwartz et al, J Clin Apheresis 2016
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Guidelines on the Use of Therapeutic Apheresis in Clinical
Practice-Evidence-Based Approach from the Writing Committee
of the American Society for Apheresis: The Seventh Special Issue

KATHIOPIA I: KATHIOPIA II:
2TANTAP KAI ANTOAEKTH OEPATIEIA FENIKA ANMOAEKTH OEPATEIA QX YMNOXZTHPIKTIKH
A i g . e Eanes il iy crlssiviee sl rr i Ft el P B Tm T AL Lo T b M R T e T
i
> EykepalomrdOeia Hashimoto
I:'“:__' Incidence: Rare Procedure Recommendation Category
TPE Grade 2C I

ey

# of reported patients: < 100 RCT CT CSs CR g
i 0 0 0 14(15)
F 3

r1{ ® Nevpoyuylatpiki cuvdpoun He auénpévoug TitAoug avTilOupeoeLlSIKWY
ovtlowpdtwy (mlavwe evBupeoeldikoi oL acOeveic)
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L. =}
'y

=f = Avwyn: I
v’ 1" ypapung: CCS,

LR
Al v’ 2"S ypOaUUAC : IVIG,CycIophosphamide,AZ3-9MFIM)

| S =

:'_i-':l Technical notes
K

Volume treated: 1-1.5 TPV Frequency: Daily to every other day
Replacement fluid: Albumin

FoT R I TR L R AN LT BT P T

i amrilepdclarraie

Scwartz et al, J Clin Apheresis 2016
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Guidelines on the Use of Therapeutic Apheresis in Clinical
Practice-Evidence-Based Approach from the Writing Committee
of the American Society for Apheresis: The Seventh Special Issue

KATHIOPIA il: KATHIOPIA IV:

MH TEKMHPIQMENH ENAEI=H AMNOAEAEIrMENA XQPIZ ATTOTEAEZMA

M TR

FpsimmErs mrssnrrrEse CFEr O EELErEs FelapiEnps . mcleara mim

Stiff man Syndrome

e Incidence: 0.1/100,000 Procedure Recommendation Category
- TPE Grade 2C Im

- No. of reported patients: < 100 RCT CT CSs CR

= 0 0 5(30) 13(14)

= = NeupolAoywkn avtodvoon diatapoaxn : antiGlutamicAcidDecarboxylate

- (antiGAD)

g Avwvr’l:

e v" Immune therapy, oVTIKOTOOALUTTIKA, uuoxa)\apthK-S oe 8-14
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b
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o Volume treated: 1-1.5 TPV Frequency: Every 1-3 days

e Replacement fluid: Albumin
[y
e

o Y L T

AT T Scwartz et al, J Clin Apheresis 2016
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Guidelines on the Use of Therapeutic Apheresis in Clinical
Practice-Evidence-Based Approach from the Writing Committee
of the American Society for Apheresis: The Seventh Special Issue

KATHIOPIA il: KATHIOPIA IV:

MHTEKMHPIQMENH ENAEI=H ATMOAEAEITMENA XQPIZ ANNOTEAEZMA

O i o T R o )

Agppatopuocitida/lloAupuocitida

Incidence: 1/100,000/yr in adults, 0.4/100,000/yr in children Procedure Recommendation Category
TPE Girade 2B v
ECP Grade 2C v

No. of reported patients: < 100 RCT CT CS CR

TPE 137 0 1(3) 2(2)

= |6onadn¢ PpAsypovwdng puonadseia + deppatikeég BAABEC -
= Aywyn:
v" CCS * AZA, Cyclophosphamide, IVIG, Rituximab
v' TPE;;;; Rescue therapy;;;
v' Avtiowpata: ANA, Anti-Ro, Anti-La, myositis specific antibodies..... Oxt
eLOLKA
v RCT/CR

o Y L T

AT T Scwartz et al, J Clin Apheresis 2016
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FAMILIAL HYPERCHOLESTEROLEMIA

Incidence: Helerozygoles: 200/100,000/year; Indication Procedure Recommendation Category

Homozygotes: 1/1,000,000/year Homozygotes” LDL apheresis Grade 1A |
Heterozygotes LDL apheresis Grade 1A n
Homozygoles with TPE Grade 1C 11
small blood volume”

No. of reported patients: > 300 RCT CcT CS CR

LDL apheresis 6(228) 15(308) 22(401) NA

TPE 0 1(5) 14(62) NA

“Approved indications vary among countrics, see lechnical noles below. PRelative 1o manufacturers’ recommendation for available selective removal
devices.

Leading causes of death in perspective
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Table 1. Dutch Lipid Clinic Network criteria for the diagnosis of heterozygous familial

hypercholesterolemia (hFH) 3%

Critaria

Scora

Family history

First-degree adult relative with

* Premature coronary and/or vascular disease (male < 55 years;
female < 60 years)

« LOL-C > 95th percentile for age and gender

+ Tendon xanthomata and/or arcus cornealis

First-degree relative < 18 years with LDL-C » 95th percentile for
age and gender

Clinical history

Patient with premature IHD (ages as above)

Patient with other premature vascular andfor cerebrovascular
disease (ages as ahove)

Physical
@xamination

Tendon xanthomata

Arcus comealis prior to age 45

Laboratory
analysis

LOL-C (mmol/L)
¢ =85

¢ 6.5-8.4

¢« h0-6.4

« 4049

—_— a1 SS

DNA analysis

Genetic test results confirming functional mutation in LOLA,
APOB, or PCSK9 gene

§

LOL-C = low-density lipoprotein cholesterol: IHD = ischemic heart dissase; LOLA = low-density lipopro-

tein receptor; APOB = apolipoprotein B-100; ACSKY = proprotein convertase subtilisin/kexing

SIMON BROOME DIAGNOSTIC CRITERIA FOR FAMILIAL HYPERCHOLESTEROLEMIA'

Point

Criteria

Total cholesterol levels > 290ma/dL (75 mmol/L) or LOL-C > 190 ma/dL
(49 mmal/L) in adults.

Total cholesterol levels > 260 may/dL (6.7 mmol/L) or LDL-C > 155 ma/dL
(4.0 mmol/L)

Tendon xanthomas in the patient or tendon xanthomas in a first or second
degree relafive

DNA-based evicence of an LOL-receptor mutation, familial defective
apo B100, or a PCSKY mutation,

Family history of myocardial infarction before age 50 years in a second
degree relative or before age 60 years in a first degree refative.

DIAGNOSIS

Definite familial hypercholesterolemia = 142 or 3
Possible familial hypercholesterolemia = 1+4 or 5

Family history of elevated total cholesterol > 290 ma/dL (75 mmol/L) inan
adutt irst or second-degree relative.

Family history of elevated totacl cholesterol > 260 mg/dL (6.7 mmal/L) ina
child, brother, or sister 16 years or younger

| Austin MA, Hutter CM, Zimmern RL, Humphnas SE. Ganetic causes of manogenic heterazygaus famiial hypercholostorolomia
& HUGE prevalence feview Amenca joumal of epicemiology. 2004160 407-420




LDL-adaipeon
AunonpwTteivikn adaipeon

Structure of apoB-100 in LOL

Year  Authors Method Advantage Disadvantage

1967  De Gennes et al. 2] Plasmapheresis Quick and well-tolerated elimination | Unselectivity, danger of infection,

1975 Thompson etal. [3] Plasmapheresis ol pathologic substances bleeding, and risks of human albumin

1980  Agishi et al. [4] Cascade Oltration Semiselectivity Dan1g:ar of infrction; anid fov
effectiveness

1981  Stoffel and Demant [5] Immunoadsorption Sel{nject:ﬂryﬂﬁﬂectwencss, regeneration, Hipetsee echiohogs

1983  Borberg et al. [6] Immunoadsorption and reusability

; ; Heparin-induced LDL i : ;

1983  Wieland and Seidel [7] precipitation (HELP) Selectivity and effectiveness Expensive technology
Qutdated technology, behavior of

1985 Nose et al. [8] Thermofiltration Selectivity and effectiveness macromolecules under heat unknown
and not available

: Dextransulfate-induced - : Expensive technology and not
1985  Antwiller et al. [9] LT precigitation Selectivity and effectiveness available
Dextransulfate LDL
1987 Mabuchi et al. [10] adsorption Selectivity and effectiveness Expensive technology
(liposorber-LA 15)
_ LDL hemoperfusion Selectivity, effectiveness, and simple
1993 Boschetal [11] (DALD) techiniokicy Unknown
2003  Ottoetal. [12] LDL hemoperfusion Selectivity, effectiveness, and simple el

(liposorber D)

technology

Bambauer et al, The Scientific World Journal 2012
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Cascade filtration
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plasma-

separation Y:——l>
blood

70 ml/min

cells

dialysis and
ultrafiltration

+

H20
25 ml/min

buffer/heparin; pH 4,85
25ml/min

<o

precipitation

pH 5,12

filtration
LDL-free plasma
50 ml/min

heparin- YQ

adsorption

LDL-precipitate




KaBilnon

v'  Anopdkpuvon C3-C4,
wwéoyovou Ko Buffer/Heparin
TAQLOLLVOYOVOU

v 3L

Precipitation

)

LDL
LDL-free .
Dialysisand  plasma pracipHals
ultrafiltration
Blood return l Heparin
absorption
H,0

Fig. 1. HELP (Futura). (From Moriarty PM. Low-density lipoprotein apheresis. In: Ballantyne CM, editor. Clinical lipidology: a companion to Braunwald’s heart disease.

Philadelphia: Saunders Elsevier; 2009. p. 365; with permission.)




Reductions up to:

DALI (OAWKO aipat) oo o0

75 % lipoprotein (a)
50 % trigycerides




Liposorber D (oAwko aipa)
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| Apheresis
Cmean= Cmin +K (Cmax-Cmin)

I . K 0,65 HoFH
= Cbaseline 0,71 HeFH _ Cmax
g 10— -y
E - BT Cmean
= I o
E |

|
: L~ 50%
=
E sl .
& Cmin
0] | 1
o 7 14

Time (days)

Figure 1. Parameters of the rebound in serum cholesterol during the

2 weeks following an apheresis procedure. C___ is the best index of the
average lipoprotein level between consecutive pr-::-::E{']ures_

& : Baseline value; C__ - Maximum value; C : Interval mean; C_ - Minimum
value



Meiwon LDL

-60% -

-80%

-100%

Julius et al, Therapeutic Apheresis and Dialysis 2013
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Stefanutti et al, J Clinical Lipidology 2018



:—l
-

=
oo
1

=
Lo o)

=
_-—
1

=
ro
1

Proportion without coronary events

b, LDL-apheresis Group 1, n=43
e
T p=0,0088
%..........; .....
Pts ue HeFH Medication | Group 2, n=87

L
=

12345678910Year

Mabuchi et al, Atherosclerosis 1987



Differences in the atherogenic risk of patients treated by lipoprotein
apheresis according to their lipid pattern

35 ¢ 00Ga o o L]

2.1
1-8

event/patient

0.9

0c .5 0.5

Group 1 11.p(a)‘3r-:-up.?_ Group 3

Von Dryander et al, Atheroscl Suppl 2013




Ayyeloypadika dedopeva

| dotews | Moy | frowdiowe |

L-CAPS 25pts HeFH LA+ Simvastatin Ecehitn: 8%vs 64%

11 pts Simvastatin ztaBzponolnon: 76% vs 36%
Yrootpodn: 16% vs 0
LARS 37pts Dextran Sulfate Eéshibn :14%
7HoFH LIPOSORBER-LA15 [ItaBzponoinon: 38%
25HeFH Yrnootpodr: 38%
5 HCH
HELP-Study  39/51 HELP Awrtnpnon PAapwv : 57,8%
Group Etzhitn PAaPwv : 15,5%
Yrootpodn : 26,7%
LAARS 42 LA ItaBepomnoinon twy PAaPuv kot

2 opodec DappakeuTIKn otic dUo opadec
aywyn




\

BeAtiwon alpatikic pon, Heiwon tov emnédov aofeotonoinong, BeAtiwon
neplpepLKNG ayyelonadeiog, vuntootpodn EavOwWUATWY KAl TWV OTEVWOEWV
TWV Kapwtidwv Kat kKabuotépnon the eEEAMENC TNC LOPTLKAC OTEVWONG
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Stasiewski et al, Atheroscl Suppl 2015
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v'HoFH pe LDL> 500
mg/dl

v'HeFH pe LDL>300
mg/dl xwpic toropiko
Kapdlayyelaknc vooou

v'HeFH pe LDL 2200

mg/dl ue 1oropiké
Kapdlayyelakn¢ vooou

v'HoFH pe aduvapia

pHeiwong tng LDL >50%

v'HoFH

ME cupBatiki aywyA | v 2oBapry HCH

CHOL >350

v'HeFH 1y coBap HCH
HLE MTPOOSEVTIKN
emdeivwon ZN ko
LDL2 194 mg/dl i
pHeiwon <40% pe
aywyn

Xwpig
BeAtiwon pe
HEYLOTN
oywyn ywo
€va Xpovo

v'HoFH pe
LDL=300 mg/dl

v'HeFH pe LDL 2
300 mg/dlI

v'HeFH pe LDL
2200 mg/dl kat
otedpaviaia
vOoO

v'HCH pe 800 amno
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1. Mn avtanokpion
otn Oepaneia

2. Néa eneldoolo
OlYYELOTIAQLOTLKI G

3. Mstapooxeuon
KOPSLAG

4. ToBapn
aOnpookAnpuvon



+ Lipoprotein(a) + Heart disease

I PETIT
JIIL

1in 14 heart attacks and 1in 7 cases of aortic valve disease
are due to Lipoprotein(a) cholesterol.




MeAétec ywa Lp(a)- adaipeon

Nepiodog peAétng

Kpttripla

Meiwon CVE

LA 2008-2010

Lp(a) > 60mg/dl kai
e€EAEN
KapSLayyeLaKknig
BAGBNnc mapd Tov
€Aeyxo LDL

Ao 0,42 snewocodla
ava acBevr / €tog o€
0,09

LA>3m

Lp(a) > 60mg/dl kat
e€EALEN
kapdlayyeLakng
BAGABNnc mapda Tov
€Aeyxo LDL

Amo 0,45 enelcodla
ava aocBevry / €tog
o€ 0,10

LA petafd 1995-
2010

Lp(a) > 60mg/d| pe
otopikd CVE «kat
ToUuAdylotov  éva
akOpa  EMELOOS10
napd Tov €Aeyxo
LDL

Ano 0,35 enewcoda
ava aoBevr) / €tog
oe 0,08
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Frepupavia 12/106 High serum pds Recuced serum s
Zounébia 3/10° Lipoprotein Apheresis ~
, , > 2 ¥

ItaAio/ FaAAia 2/10°
AyyAia 0,6/10°
Inflamed plaque Lesseinflamed plaque
H I-IA 1’3/105 HﬁthDG ilpl)ke RNIIM[WUD‘“
Lipaproteln Apheresis

Lipoproten

Table 3 LA centers, physicians, and patients in Germany in particles
2013-2015

20132 20142 2015¢
Centers 218 325 378
Physicians %62 0962 Not known
Patients 2161° 2,546 3,197°
Notes: *Data from Quality report of the National Association of Statutory Health

Insurance Physicians (KBV)."** *Preliminary data (personal communication, 2015).
Abbreviation: LA, lipoprotein apheresis.




KOOTOS

Start of LDL apheresis
. [ |
Baseline i
! Pre-treatment
= - i ) LDL level
s

©
=
ol
et
0 |
©
o
o
-
&) 2-week interval . Post-treatment
- — LDL level




PCSK9 inhibitors

= &5 = &

Potemem LD~ ol §

o
=

=

o6 & 4 # % ¥ # M &8
Merths Singe Rendomzation

s LL-C vibat A mamauratadmant ducontnudion  Hinded iy chbo planika
W0 L€ i, i Whai e oo o e o, bl A L, o bt vabich togliubo

1 Macebo

I

Ontreatment”

ITT¥

Onlreat

{0

4 Nimtumab

ment*

DYSSEY

OUTCOMES 12

Primary Efficacy Endpoint; MACE

15
12
- Piacebo
£
m Alrocumab
3
3 6 HR 085
(955 C10.78,0.93)
fondatal M ishemic strole, 39
o ustable angina requiring
haspitalization
U I T L] 1
0 | 1 ] d
b ot Rk Years Sincé Randomizabon
Kimumat ulﬁ:'.,' lf 5 II i {

*anid on fumud i niddinca

ARR'" 1.6%

. .

DYSSEY

OUTCOMES 13




PCSK9
inhibitors

|
N\

Mpw tnv ’
epapuoyn tng LA [ Madt pe tnv LA
Av0&non tou
Mriope( va HecodLaoTANATOG
s //BeAtiotonoinon
2uiepty (b tou Cmax

PCSK9 inhibitors kau LA o€ coBapry HCH

Harangi et al, Vessel Plus 2017
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Cachel et al, J Lancet 2013



Antisense Oligonoucleotide against apo(a)
(mipomersen)

Mipomersen, an Antisense Oligonucleotide to Apolipoprotein

- Pt sy e B-100, Reduces Lipoprotein(a) in Various Populations
- With Hypercholesterolemia
; ‘ Results of 4 Phase III Trials
A v.md
H JA , )ﬂ F J * Raul D, Santos, Frederick 1. Raal, Alberico L. Catapano, Joseph L. Witzium,
L y. 1” Ir ! Elisabeth Steinhagen-Thiessen, Sotirios Tsimikas
- a7 = 0
1% gr‘.ﬂ i b i T H|plagabo B 30 =placebo
14 Y --’,. j 3 20| =Mipomersen & 20{=Mipomersen
. IF |I|. "li' .E 10 i E 10
g R e e 2 0 70 o
S0 N 8o Nt
Y0 % 0 |
E Al B -30
i 8 40 i ":E
| o ¥
Iﬁh J ' E-Eu §'?G||'l'| I T P rTTerrrreeT
mHHA |j q q. i 3 S T YRR R
+ ) ! 159 13171620
i Timepaing (Weeks)
g‘ Timepoint (Weeks) FN: A7 87 17 A7 16 17 12
PN:126 126 125 123122 117 11917 MN, 34 34 32 33 29 27 28 2B
M N 256 244 230 226 212 169 186183
Antisense Proken Fee
— syl rfes .
= ; Pooled Population Homozygous FH
nhiited

Santos RD et al. Arterioscler Thromb Vasc Biol. 2015;35:689-99.
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Diseases

Hereditary conditions

Medications

vaertm‘tsmn
CHD

Acute hepatitis
Hepatic disease
Hypothyroidism
Renal disease
Acromegaly

(PCOS)

Uncontrolleddiabete

Lipo-dystrophies
Cushing'ssyndrome
Polycysticovary Syndrome

-Familialhypertriglyceridemia
-Familialdyshetalipoproteinemia
Familiarlipoprotein lipase
deficiency

-Type lllhyper-lipoproteinemia
TypeV hyper-lipoproteinemia

Antiretroviraldrugs
Beta-blockers
Oralcontraceptives
Cyclosporine
Diuretics

Estrogenreplacement

therapy
Glucocorticoids
Antipsychotics
Progesterone
Retinoids
Steroids
Tamoxifen




HYPERTRIGLYCERIDEMIC PANCREATITIS

Incidence: 18/100.000/yr Procedure Recommendation Category
TPE Grade 2C 1]
No. of reported patients: 100-300 RCT CT Cs CR
0 1{20) 16(235) 3R(3Y)

TABLE 1. Current available studies on the use of apheresis in the treatment of severe hypeririglyceridemia (sHTG) (only
studies with patients n = 10)

Reference Patients included Plasma exchange methods Significan! reduction of tryglicerides
tefanutti et al. (34) 17 Albumin By 61%
eh et al. (22) 18 FFP and albumin, double By 66% (first setting) and by 83%
membrane filtration (second setting)
Yeh et al. (21) 17 FFP and albumin Significant reduction
hen et al. (20) 04 FFP and albumin n.a.
subensek et al. (22) 50 Albumin Significant reduction
Kyriakidis et al. (6) 10 FFP By 62%

FFP. fresh-frozen plasma: n.a., not available. Reproduced from Ewald and Kloer (20) with kind permission from Springer Science+
Business Media.

Kutokiveg Aev Siadoponotei T BvnrotnTa
AvanAnpwvel tnv LpL

VYolume treated: 1-1.5 TPV Fregquency: Therapeutic: daily for 1-3 days depending upon
Replacement Muid: Albumin, plasma patient course and TG level; Prophylactic: every 2—4 wecks
to maintain TG level < 150 mg/dL.




FOCAL SEGMENTAL GLOMERULOSCLEROSIS

Incidence: 771,000,000 Indication Procedure Recommendation Category
Recurrent in transplanted kidney TPE Grade 1B |
Steroid resistant in native Kidne LDL Apheresis Grade 2C
No. of reported patients: =300 RCT CT Cs CR
Recurrent in ransplanted kidney 0 3(48) 49(224) 15(17)
Steroid resistant i native Kidney ) 0 {11} A4(4)
- i ®
(0 ey Liposorber® dextran sulphate
18t course Ind course 14+
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Length of follow-up (weeks)

Hattori et al, Am J Kidney Dis 2003
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Table 2 Clinical efficacy of LDL-apheresis for nephrotic syndrome (Summary of Clmscal Studies before 2007)

Muso et al. Stenvinkel et al. Yokoyama et al.  Muso et al. NDT Saka et al. Jin To Hattori et al. Am
Nephron 2001  Eur J Clin Invest  Clin Nephrol 1998 1994 9 2257.264 Touseki 1994 33 J Kudney Dus 42

B9 408415 2000 30 866-870 50 1=7 321-328 1121=1130

Study design  Swudy Group:  Prospective Retrospective Retrospective Prospective Retrospective

prospective

No. of cases  Control group: 7 (none) 14 (none) § (none) 16 (none) 11 (none)
(coatrol retrospective
group) 17 (10)

Primary FSGS (149) MN (3) MCNS(2) FSGS (14) PSL. FSGS(6) MCNS (1)  FSGS (13) MN (3)  FSGS (11) PSL,
disease (mo.  MONS(3/1) IgAGN (1) resistant MN + FSGS (1) CyA resistant
of cases)

No. of Uw x 3 Uwx Illwx7 2Uwx3ITolal6 213 7.3 (average) 2w x 3 Total 6 Uw x 3
Treatment llw x 6 Total 13 lw x 6 Total

Total 12 12

Concomitant PSL 1.0 mg/kg nome (4) PSL(1)  PSL 0.8 mg/kg PSL/pulse 1.0 mg/kg PSL (14) PSL 1.0 mg/kg
treatment PSL + CyA (2) immunosuppressant
(no. of (10)
cases)

Chimical Remission 9 Remassion 2 Responded 8 no  Remussion 4 Partial  Improved 7 Remission §
eflicacy Partial Partial remission  effect 6 remnsion | no Unchanged 3 Partial

remission 4 4 no eflect 1 effect 3 Worsened 3 remission 2
ot eI

Efficacy rate 76 % 56 % 57 % 63 % FSGS 54 % 76 %

Summary Reduced Increased serum Increased serum  Amehioration of >50 % reduction of  Effective in PSL

remission albumin albumin ApoB deposition in  proteinuria in 9 resastant
induction Effective in glomerulus 5 in 6 cases Juvemle

penod younger age cises patients




LLDIL apheresis in the treatment of

a patient with resistant nephrotic 3 sessions/wk
syndrome 5 sessions/2wk
Antonoglou €, Passadakis P, Kriki P, Paraschou A. .

Giannatos VvV, Kantartzi , Panagoutsos S, Vargemezis WV 2 SeSS|0nS/3Wk
Division of Nephrology, Democritiues University of Thrace, .
Alexandroupolis 1session after 4wks
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LDL avg derives from integrating the area uner the curve (predicted LOL rebound)




'Rare diseases are rare, but rare qisease
natlents are numerous *
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