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Yvotnuoatikog Epvnuatmong Avkoc (ZEA)

Neurological complications (50%)
Constitutional symptoms
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musculoskeletal
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Cutaneous and mucosal

IToAvovotnuatikn TposBoAn

20yvoTEpPQ apOPOGELS Kol OEpuOL

AWyveon: KAvika

60% ciye LaPel AN o1byvoon

TPE nAn0vouoc 0.5-3%

Kaul, A., Gordon, C., Crow, M. et al. Systemic lupus
erythematosus. Nat Rev Dis Primers 2, 16039 (2016)



Unfortunate combination of genetic variants
promoting a
Loss of immune tolerance

Additional hormonal/infectious triggers
Expansion of autoreactive lymphocytes

Additional genetic variants promoting

persistently active autoreactive clones |
and/or organ susceptibility

Persistent autoimmune activity

H naBoyévela tov XEA

ATtwAela avoGOAOYIKAC AVoXnC

Anuoupyia avto-avid pWVTWY KAWVWY

Eméktaon epypevOVIWY AUTO-AVTIOPWVTWY KAWVWYV

BAABN opydvou otoxou

Anders HJ, Rovin B. Kidney Int. 2016,90(3):493-501.



H naBoyévela tov XEA

Neutrophil o

Increased BAFF, TNFq,
IL-6, IL-12, IL-23, and other

.. pr'o-inflammatory cytokines Inflammation and tissue

injury in key organs
(eg, skin, joints, kidney)

Ouoieg pIkpoU, peoaiou kat peyalou MB gumtAekovtal otnv taboyeveon
Fang J et al. J Cell Immunol. 2024



H naBoyévela tov XEA

Ilporory avocoovunisyuatikny fLafiny

2rnieipapa - Nedpitda ZEA Acppa — Ayyetitida ZEA Opoyovitda - MNepkapditida

Figure 1. h of pericardial tissue. Area of fit is granular arteriolar staining with anti-sera against IgM, 1gG, and C3 (X 100).

Leone, P et al Lupus Vasculitis: An Overview. Biomedicines 2021
Jacobson et al Arthritis and Rheumatism, Vol. 21, No. 8
(November-December 1978) Yu C, et al. J Autoimmun. 2022 Aug



H naBoyévela tov XEA

SLE Organ Involvement

Neuropsychiatric SLE (inflammatory forms)
HLH/MAS, marrow suppression

Fever, fatigue, serositis

Cutaneous interferonopathies (chilblain, SCLE)
Lupus myositis

Lupus nephritis

Vasculitis

Classic DLE with “full-house” deposition

Mainly Cytokine-Driven?
Yes

Yes

Yes

Yes

Yes

No

No

No

Notes

CSF IL-6/IFN7; IC sometimes absent
IFN-y/IL-18 storm

IL-1/IL-6/TNF mechanisms

Type | IFN signature

IFN-driven myopathy

IC & complement classic
IC-mediated

Complement deposition



		SLE Organ Involvement

		Mainly Cytokine-Driven?

		Notes



		Neuropsychiatric SLE (inflammatory forms)

		Yes

		CSF IL-6/IFN↑; IC sometimes absent



		HLH/MAS, marrow suppression

		Yes

		IFN-γ/IL-18 storm



		Fever, fatigue, serositis

		Yes

		IL-1/IL-6/TNF mechanisms



		Cutaneous interferonopathies (chilblain, SCLE)

		Yes

		Type I IFN signature



		Lupus myositis

		Yes

		IFN-driven myopathy



		Lupus nephritis

		No

		IC & complement classic



		Vasculitis

		No

		IC-mediated



		Classic DLE with “full-house” deposition

		No

		Complement deposition








YntoBeon adaipeong popiwyv tov epmAEKovTal otnv taboyeveon tou ZEA

Ideal target molecule characteristics for therapeutic plasma exchange

ICs = In situ formation
Ideal Target Molecule Characteristic

Identified etiologic agent or toxic substance Complement - 4\ formation rate

High molecular mass (215,000 D)
Cytokines = Small MW

Slow rate of formation

Low turnover

Tertiary germinal centres

Low volume of distribution

VitB12 [B2-microglobulin K Light Chain|X Light Chain [Albumin|1gG [IgM |
25 50 66

0.06 0.113 1355 118 160 950

Small Molecules Middle Molecules Large Molecules

Hemodialysis:
Diffusion Clearance

: : : TherapeuticPlasma
Hemofiltration: Convective Clearance Exchange

i

Williams M. et al CJASN 2014



Proportion Surviving

Neoppitida ZEA ko mAacuagaipeon

The New England * RCT (1:1) 86 aocBeveig

]ournal Of MCdlClIlC *  Aldpkela NA 1eto¢
Volume 326 MAY 21, 1992 Number 21 « Cr2mg/dl UPr5g/d

A CONTROLLED TRIAL OF PLASMAPHERESIS THERAPY IN SEVERE LUPUS NEPHRITIS

‘OMot eAaBav po CYC yia touAaxiotov 2(!!) punveg + GCs

PLEX (3/w for 1 month) vs placebo

2ZUVOALKN eTtlwon ) 2ZUVOALKN Kal vedplkn emflwon Anti-ds DNA
E _
T e Standard — B =
O N 5 . 300 Standard : 10
R — e . “-mmemee- P heresi
0.75 PlaSmapheresis L------- % 0.75 Standard S 250l lasmapheresis
= ! e ~ Plasmapheresis = i T
2 Eataattathtts T §‘ 2001 % £
0.50 2 050 8 2
. €t 150
2 < @
= <
0.25 S 025 & ™
: » 5 50
5 &
£ < 0
0.00l _ . . S 000 . : : .
0 50 100 150 200 3 0 50 100 150 200 A Week
Week S Week

Lewis EJetal N EnglJ Med. 1992



Neoppitida ZEA ko mAacuagaipeon

CYC
hoo 1 1 | 1 i _
= x x * S x }—t—f—2—| ACy
—SCE : Prd + 6 eycles ol pulse Oy
) |
o |<3
4 o
2 Mo Iiv Cy l . l l I ' i - i _APIC.
Y i Yy
TN N NN B N | a
Prd + 6 cycles of pulse Cy + 3 plasmaphereses prior to each pulse Cy
3 PLEX+ CYC

TABLE II. Study Parameters at Entry, 6 and 24 Months (+1 S.D.)*

Parameter Entry 6 months 24 months P < 025
Cyclosphosphamide group
Serum creatinine (mg/dl) 1.35 £ 0.61 1.22 £ 0.40 2.72+3.04 ns
Anti-DNA (IU) 709.67 + 1,661.6 153.44 + 405.07 38.78 + 64.39 ns
24-hour urine protein (G) 8.64 + 0.84 6.10 £ 5.09 4.43 £+ 6.54 ns
Pulse/synchronization group
Serum creatinine (mg/dl) 1.52+0.4 1.31+0.3 2.02. & 1.99 ns
Anti-DNA (IU) 424 +938.9 24.67 + 23.86 29.63 +32.96 .01
24-hour urine protein (G) 8.29 £ 0.93 691+1.5 5.18+5.47 ns

19 pts
Cr 1.5 mg/dl
UPr 8g/d

PLEX+ CYCvs CYC

Wallace DJ,et al. J Clin Apher. 1998



Journal of Clinical Apheresis 17:72-77 (2002)

Neoppitida ZEA ko mAacuagaipeon

Synchronised Therapy and High-Dose
Cyclophosphamide in Proliferative
Lupus Nephritis

Complete remission at the end of the treatment period and end of follow-up

Time/Treatment PLEX + CYC CYC
6 months 75% 31%
4 years 41% 50%

Non- RCT

12 aoBeveic 3XPLEX kativ CYC (pnviaia yia 6 priveg)

16 acBeveic povo iv CYC (punviaia yia 6 priveg)

Cr1.3-1.4 mg/dl UPr2.5g/d

TABLE III. Occurrence of Adverse Effects During the Study Period

Group 1 Group I1
(n=12) (%) (n=16) (%)
Persistent hypogammaglobulinemia  4/12 (33) 4/16 (25)
Transient thrombocytopenia 3/12 (25)
Permanent leukopenia 1/16 (6.2)
Sustained amenorrhea 3/12 (25) 3/16 (18.7)
Carcinoma of the cervix 1/16 (6.2)
Herpes zoster 1/12 (8.3)
Septic arthritis of the knee 1/12 (8.3)

Danieli et al Journal of Clinical Apheresis 17:72+77 (2002)



Nevpoyvylatpikdc XEA ko mAacuapaipeon

The Role of Plasmapheresis in the Treatment of Severe Central
Nervous System Neuropsychiatric Systemic Lupus
Erythematosus

C. Michael Neuwelt 224

First published: 15 May 2003 | https://doi-org.proxy.kib.ki.se/10.1046/j.1526-
0968.2003.00032.x | Citations: 71

i= SECTIONS = PDF | TOOLS « SHARI
H peyoaAtepn oepa 26 acBeveig
Abstract
Abstract: Twenty-six patients, who received plasmapheresis (PP) either alone or A@T] PWUATLKY < CD}\EYHOV(D(ST]Q

synchronized with cyclophosphamide (IV-CYC/PP), are retrospectively reviewed from
Medline searches and personal experience from 1976 to 2002. Patients with central
nervous system neuropsychiatric systemic lupus erythematosus (CNS-NPSLE) were
evaluated according to the American College of Rheumatology (ACR) case definitions of
1999. Eleven of the patients were under the age of 21 years (range 7-21 years),
highlighting the need for an aggressive treatment option for young patients who are

refractory to Oth{\r traatrmante Aftar traatimaant with DD A W VO /DD T7A04 Af natinnte

refractory to other treatments. After treatment with PP or IV-CYC/PP, 74% of patients
improved, 13% stabilized, and 13% progressed. Major side-effects occurred from central

improved, 13% st



Kataotpodiko APS

Table 3
Treatment combinations®,

No. %
N = 522 episodes

Individual treatments

AC 427 82 >€ M0o00oTo 35% ¢ywve TPE
Cs 398 76

F\EIG 131 ;3 30% oxetilopevo pe SLE
CYC 126 24

RTX 33 6

Eculi 2 0.2

Treatment combinations

AC + CS 101 19

AC + CS + PE and/or IVIG 96 18

AC alone 64 12

AC + CS + PE 52 10

AC + CS + IVIG 44 8

AC + CS + CYC 34 7

AC+CS +PE + CYC 28 5

AC + CS 4+ IVIG + CYC 20 4

I. Rodriguez-Pintd et al. / Autoimmunity Reviews 15 (2016) 1120-1124



OpouPotikn wikpoayyetonddeta (TMA) Kol Thacuapoipeon

TMA pe Betika aPL

TMA xwpicaPL (ttp/hus, kakondngumeptaon, okAnpodepua, renal-limited)

Plasmapheresis Is Associated With Better Renal Outcomes in Lupus

Nephritis Patients With Thrombotic Microangiopathy
A Case Series Study

70 pts pe vedpitida ZEA kat TMA

Movo 9 eAapBav TPE pe kaAd amoteAsopata



Lupus nephritis AND
suspected thrombotic microangiopathy

Test for ADAMTS13 activity and antibodies to ADAMTS13
Test for antiphospholipid antibodies

activity (<10%) activity and negative

antiphospholipid

antibodies
Systemic lupus Evaluate for
erythematosus- thrombotic

associated thrombotic microangiopathy
thrombocytopenic purpura etiologies
Primary or secondary
complement-mediated
thrombotic
microangiopathy
Plasma exchange Consider Other

+ glucocorticoid eculizumab etiology
+ rituximab

+/- caplacizumab

Start plasma exchange
and glucocorticoid Moderate/high risk g
while awaiting test (>5 points) ' Thrombotic thrombocytopenic
results (adults) - purpura risk stratification
Lowrisk (PLASMIC score)
(0-4 points) -
Low ADAMTS13 Normal ADAMTS13 Normal ADAMTS13

activity and positive

antiphospholipid
antibodies

Antiphospholipid

syndrome nephropathy

Anticoagulation

+/- plasma exchange

PLASMIC Score

Parameter Result Score
Platelet count <30K 1
Creatinine <20 1
INR <l.5 ]
MCV <90 1

Either: 1

Presence of hemolysis
variable

-Retic>2.5%
-Undetectable hapto-
globin or

-iBili>2 mg/dL

Abscence of active
cancer

No prior stem cell or
organ transplant




[Tvevpovikn (d1dyvuTn KOWEALOTKT) oUOPPayic Kol TAAGLOPOipEST

e 'Evdelén eppeon amo AAAa tveupovovePpLlka

Difuse alveolar hemorrhage and systemic lupus erythematosus. Clinical presentation, histology,
survival, and outcome. Medicine (Baltimore) 1997;

4 aocBeveic 2 tebavav

Ktnon oto ZEA xon mAacuagaipeon

* JUupBath pe KUNoN
* Avtiuetwriion e€apong 2EA
* [Ipoetowpaciakunongoe APS acbBbeveig pe ToAaTAEG artoBOAEC

* Anti-Ro p& KAWVIKA €1IKOVA KK ATTOKAELOHOU O€ pntepa

¢ YmtiepyAolotnta Kalt kpuoodalpiveg



dapuoka oto ZEA ko mAacuoagaipeon

Corticosteroids before or after PEX
Cyclophosphamide (IV or oral) before or after TPE.
Mycophenolate mofetil / azathioprine before or after TPE

Rituximab (anti-CD20 mAb) High molecular weight (145 kDa) but highly plasma-bound; significant removal if
PEX is done soon after infusion Critical: perform PEX =72 h after rituximab infusion.

Belimumab (anti-BLyS mAb) Similar to rituximab — large, protein-bound

Calcineurin inhibitors (cyclosporine, tacrolimus) Lipophilic, protein-bound; limited data but possible removal



2XEA ko avocompocpopnon

Table 2. Immunoadsorption in systemic lupus erythematosus (adopted from Stummvoll G, NephroScript 2007; 2:34)

Ligand/device

Patient (n)

Investigated parameter

IgG-Therasorb

Protein A/Prosorba, Immunosorba
Dextran sulphate/Selesorb

Phenylalanine/Immusorba

Clq

16
16

[—

— Uh

Proteinuria, disease activity, dSDNA in lupus nephritis
Infection, disease activity, dSDNA

Outcome of pregnancy in active SLE

Proteinuria, dsSDNA in lupus nephritis with active tuberculosis
Infection, dsDNA, IgG in SLE with/without immunoglobulin substitution
dsDNA, IgG

Renal function in class IV lupus nephritis

Clinical improvement in dermal vasculitis

Disease activity, dsSDNA

Proteinuria, disease activity, dSDNA in lupus nephritis
dsDNA, disease activity

dsDNA, proteinuria in lupus nephritis

Disease activity

Disease activity, dSDNA (comparison to the Therasorb device)
Proteinuria, renal function, arthritis, dermal vasculitis

A. Kronbichleretal. / Autoimmunity Reviews 15 (2016) 38-49
B. Schwenger etal Nephrol Dial Transplant (2010) 25: 2407-2413



2XEA ko avocompocpopnon

Immunoadsorption and plasmapheresis are equally efficacious
as adjunctive therapies for severe lupus nephritis RCT 28pts

Chee-Yean Loo, Mohd Shahrir Mohamed Said *, Rozita Mohd, Abdul Halim Abdul Gafor,
Rashidi Saidin, Norma Abdul Halim, Mei Kwi Chua, Norella C.T. Kong

Universiti Kebangsaan Malaysia Medical Center, Kuala Lumpur, Malaysia

1:1 TPEvs A (+ IS)

ARTICLE INFO ABSTRACT

Keywords: B This was a prospective randomized controlled trial to evaluate the effects of immunoad- KPSCITlVlVﬂ OPOU
Severe lupus nephritis sorption (1A) versus conventional PP (PP) as adjunctive therapy in the treatment of severe . . o

:’: lupus nephritis (LN).
. Of 28 patients with biopsy-proven severe LN (ISN/RPS classes Il or [V £ V), 14 underwent 200
SLEDAI score 5 ; 4 R
36 sessions of PP and the other 41 sessions of IA in addition to our center’s standard LN v 1
treatment protocol. Three patients in the PP group and 2 in the 1A group experienced a L’__‘_’,—f‘]\
transient, marked drop in platelets with the second session. Except for a higher pre treat- 160 f 1
ment mean SLEDAI score in the PP group 17.4 +2.0 vs. 13.5+4.8; p=0.009 and a serum 0.43 j\
creatinine of 163 +£7.9 vs. 81.7 £10.2; p=0.33, there were no other baseline differences. ' 0.06 \}\_
Some differences did exist between the two therapies in the immediate post-treatment , 120 — 0.13 016 [
phase, at 1 and 3 months. Three in IA relapsed, none of PP in third months, whereas two 3 / \\ ) \
patients relapsed in the PP and none of IA cohorts at 6 months. However, most of these S 100 0.12 ~I
parameters did not differ by 6 months. The pre- and post-therapy SLEDAI scores remained E 80 _/ \\a
different 12.4 + 4.5 vs. 9+ 4; p=0.04 at 1 month, and at 3 month 13.5+4.7 vs. 7.7 + 1.1; - * 1
p=0.012 but not at 6 months. el
40
20
g

Pre PP Immediate post 1 month 3 months 6 months

Fig. 4. Effects of pheresis on serum creatinine.

C.-Y. Loo etal. / Transfusion and Apheresis Science 43 (2010) 335-340 339



M eta- analysis on the efficacy and safety of immunoadsorption in SLE

Laboratory parameters Number of studies MD (95% Cl) Pvalue

IgG 16 -1.22,(~1.69,~0.75) P<0.001
3 <) 0.72,(0.56,0.87) P<0.001
C4 7 0.75,(0.23,1.27) P=0.005
anti-dsDNA 10 -1.64 ,(-2.70,-0.59) P=0.002
Scr 14 -0.97,(-1.30,-0.65) P<0.001
24-hurine protein 12 -1.09,(-1.79,-0.39) P=0.002
Incidence of adverse effect Number of studies RR(25%Cl) Pvalue

Fever or chills 3 7.79,(1.53,39.68) P=0.014
Puncture point bleeding 2 8.00,(1.05,60.87) P=0.045
Thrombocytopenia 2 4.15,(0.92,18.64) P=0.063
Bleeding risk 3 6.66,(1.60, 27.76) P=0.009

Acolatikog mAnBuopog
AladopeTtikeg evdeiéelg
AladOopPETIKA TTPWTOKOAAQ

Aladopetika control groups

AcddaAelq;

Long-term?

Yang, M et al. Clin Rheumatol 39, 3581-3592 (2020)



68 SYSTEMIC LUPUS ERYTHEMATOSUS

Incidence: 0.3 to 31.5/100,000 person-years

Indication Procedure Category Grade

Severe* EPE Il 2C

# reported patients: >300 RCT cT cs CR
1(20) 2(108) >10 (>200) NA

*Refractory and/or organ failure= diffuse alveolar hemarrhage, thrombotic microangiopathy, hyperviscasity,

cryoglobulinemia, cytopenias, severe neuropsychiatric involvement and catastrophic antiphospholipid syndrome.,

Volume treated: 1to 1.5 Frequency: LN or DAH: daily or every other day; other severe
TPV disease conditions: 1 to 3 times per week

Replacement fluid:

2& AMAEC OGT]Y(SC (EU LAR, KD|GO) Albumin, plasma
n mAacpadaipeon €xeL Beon oto
2EA povo oe cuvuntapén pe TMA

68.5 Duration and discontinuation/number of procedures

Typically, a course of 3 to 6 TPE is appropriate to see response in patients with refractory
disease and/or severe complications of SLE. Prolonged treatments have been reported but

officarv and indication of thi< annrnach are nmiiestinnahle
Sanchez AP, et al J Clin Apher. 2023



ZUOTNUATIKOG EpuOnuatwdng AVKog Kot A@aipeaor, TTov E{L0CTE orjuEpa

E{paote ekel TOL NUACTAV XWPEILC Loxupda vea OEOOHEVA TIOU VA ETIEKTEIVOUV TNV ePappoyr Tng oto ZEA
EtavaAnmtikeg RCTs og vedpitida ametuxav va deiouvv opelog
Meploplopeva dedopeva pe KaAd arnoteAeopata Kupiwg oe case series/reports yla veupouxiatpiko, CAPS, DAH

Mo loxupa dedopeva (TtAAL HETPLACG TTOLOTNTAC) yia TN Xpron tng o€ cuvuttapén pe TMA (TTP/HUS, APS etc)
KaAUtepa aAAQ TTEPLOPLOPEVA ATIOTEAECHATA ATIO TN XPHoN TN¢ avoocotpoocpodnong
KaAo tpodpiA achaAeiag

H mtoAuTtapayovTikr taBoyEvean TG VOoOoU EVOEXOHEVWC VA eENYEL TNV HETPLA ATIOTEAECHATIKOTNTAL.
Mevel adleuKpivioTo av uTTApPXEL TIPWILIHO 0deAoC (BA ayyelTideq)
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