2. opapec aiHaToAoYIKEC EKONAWOEIC
PEVUHATOAOYIKWY VOONHATWY:
Opoyponevia, TTP

XapaAapnog MovtikoyAou




MepinTwon aoBevolc I (a)

fuvaika 52 etwv mopaméunetoal oto AlpatoAoyiko latpeio tov lavouadplo 2013
Aoyw BpopPomneviac (10000/pl) pe oUVOSEC AUTOUATEC TIETEXELEC KOL EKXUULWOELC

H aoBevn ¢ elxe eAeVOEPO ATOULKO OVAUVNOTLKO Kol Sev aveépepe AqPn dopuUaKwyY
A mpoodatn Aoipwén



Initial Approach

*  When evaluating a patient with thrombocytopenia 3 questions need to be

taken into consideration:

1. Has pseudothrombocytopenia been excluded?
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Causes of Thrombocytopenia

Impaired production
A. Bone marrow Aplasia
— Inherited platelet disorders

— Acquired marrow disorders
 Idiopathic
* Secondary
v' Drugs, chemicals
v’ Infections
v" Irradiation
v' Alcohol
v' Infiltration
v’ Aplastic anemia

B. Ineffective hematopoiesis
— Nutritional deficiencies
— Myelodysplastic syndromes

Izak M et al., F1000Prime Reports 2014,
Stasi R Hematology Am Soc Hematol Educ Program. 2012

Increased destruction

— Immune mediated
e Autoimmune (1ry and 2ry)
* [soimmune, alloimmune
* Drug-induced

— Increased consumption
* Thrombotic microangiopathies
* Hemangiomas
 Artificial Surfaces
» Diffuse intravascular coagulation

Abnormal distribution
* Hypersplenism

Hemodilution



Initial Approach

*  When evaluating a patient with thrombocytopenia 3 questions need to be

taken into consideration:

1. Has pseudothrombocytopenia been excluded?

2. What is the most probable cause

3. What is the risk of bleeding based on the platelet number and the

cause of thrombocytopenia

Izak M et al., FI000Prime Reports 2014,
Stasi R Hematology Am Soc Hematol Educ Program. 2012



Estimation of the bleeding risk

based on PLT numbers

150,000 - 50,000/pL: asymptomatic

50,000 - 30,000/uL: patients rarely present with purpura,
although they may have excessive bleeding with trauma

30,000-10,000/puL: spontaneous bruising and purpura;
bleeding with minimal trauma

<10,000 /uL : significant spontaneous bleeding

Izak M et al., FI000Prime Reports 2014,
Stasi R Hematology Am Soc Hematol Educ Program. 2012



Approach to the patient
with thrombocytopenia

“ 4 Patient History

Physical Examination

4 Complete blood cell count, peripheral blood smear
A Additional investigations
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Patient History

Acute or chronic?

Medication history

Recent viral and bacterial infections

Vaccinations

Recent travels

Pregnancy

Medical history

Dietary habits

Alcohol consumption

Symptoms suggestive of malignancy

Recent transfusion

Family history of thrombocytopenia

Izak M et al., FI000Prime Reports 2014,

Stasi R Hematology Am Soc Hematol Educ Program. 2012
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Petechiae

Purpura _O
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Investigation of Thrombocytopenia

PT/PTT/fibrinogen /D-D (high in MAHA/DIC...liver disease)
LDH (hemolysis/MAHA)

Urea/Creatinine (HUS/TTP)

Liver enzymes, Alb

Direct antiglobulin test

HIV(initial disease manifestation in 10%)

HCV

ANA if clinical suspicion

Abdominal U/S

X Ray

Bone marrow aspiration

Izak M et al., FI000Prime Reports 2014,
Stasi R Hematology Am Soc Hematol Educ Program. 2012



Investigation of Thrombocytopenia

PT/PTT/fibrinogen /D-D (high in MAHA/DIC...liver disease)
LDH (hemolysis/MAHA)

Urea/Creatinine (HUS/TTP)

Liver enzymes, Alb

Direct antiglobulin test

HIV(initial disease manifestation in 10%)

HCV

ANA if clinical suspicion

Abdominal U/S

X Ray

—

—  Insignificant

Izak M et al., FI000Prime Reports 2014,

Stasi R Hematology Am Soc Hematol Educ Program. 2012



Causes of Thrombocytopenia

Impaired production
A. Bone marrow Aplasia
— Inherited platelet disorders

— Acquired marrow disorders
* Idiopathic
* Secondary
v' Drugs, chemicals
v’ Infections
v' Irradiation
v Alcohol
v' Infiltration
v’ Aplastic anemia
B. Ineffective hematopoiesis
— Nutritional deficiencies

— Myelodysplastic syndromes

Izak M et al., F1000Prime Reports 2014,
Stasi R Hematology Am Soc Hematol Educ Program. 2012

Increased destruction

— Immune mediated

e Autoimmune (1ry and 2ry)
* [soimmune, alloimmune
* Drug-induced
— Increased consumption
* Thrombotic microangiopathies
* Hemangiomas
 Artificial Surfaces
» Diffuse intravascular coagulation

* Pregnancy associated:
preeclampsia, HELLP

Abnormal distribution
* Hypersplenism

Hemodilution



MepinTwon aoBevolc I (a)

fuvaika 52 stwv napameunetal oto Alpatoloyko latpeio tov lavoudplo 2013
Aoyw BpopPomneviac (10000/pl) pe oUVOSEC AUTOUATEC TIETEXELEC KOL EKXUULWOELC

H aoBevn ¢ elxe eAeVOEPO ATOULKO OVAUVNOTLKO Kol Sev aveépepe AqPn dopuUaKwyY
N npoodatn Aolpwén. O TaAPAKALVIKOG €AeyxoC €Aeyxo¢ ntav (-) =
I6lonta®ric Autoavoon Opoppornevia



Immune Thrombocytopenia

"= js an autoimmune disorder

characterized by PLTs< 100x10°/L in
the absence of other causes or
disorders that may be associated

with thrombocytopenia



 alpopPAYLKEG EKONAWOELG
O aplOpoc aponetaliwv <20000-30000/uL XWELC ALLOPPAYIKEC EKONAWOELC

O evéexopevwe aoBeveic pe aplOpo awponetaiiwv 30000-50000/ L emi:
v atOpwvV >60 eTWV

v/ LOTOPLKOU £€AKOUC, alpoppayiag, oupoAoykwv nadnoswv, tponov {wNG
HE auénUEvo Kivéuvo alpoppayiog

 mpo ¢ dlevepyelac eMepPatikwy PAEEwV

Copyrighteapply



Therapy Options for ITP

Clinical Situation Therapy Options

Corticosteroids: dexamethasone, methylprednisolone,
prednis(ol)one
IVIg

First line (initial treatment
for newly diagnosed ITP)

Azathioprine
Cyclosporin A
Cyclophosphamide
Danazol
Dapsone
Mycophenolate mofetil
Rituximab
Splenectomy
TPO receptor agonists (romiplostim and eltrombopag)
Vinca alkaloids

Second line

Treatment for patients Category A*: TPO receptor agonists
failing first- and second-line  Category BT: campath-1 H, combination of first- and second-
therapies line therapies, combination chemotherapy, HSCT

Provan D, et al. Blood. 2010:115:168-186.




MepinTwon aoBevolc I (a)

fuvaika 52 stwv napameunetal oto Alpatoloyko latpeio tov lavoudplo 2013
Aoyw BpopPomneviac (10000/pl) pe oUVOSEC AUTOUATEC TIETEXELEC KOL EKXUULWOELC

H aoBevn ¢ elxe eAeVOEPO ATOULKO OVAUVNOTLKO Kol Sev aveépepe AqPn dopuUaKwyY
N npoodatn Aolpwén. O TaAPAKALVIKOG €AeyxoC €Aeyxo¢ ntav (-) =
I6lonta®ric Autoavoon Opoppornevia

EAaBe mpedbvilovn 1mg/kg/nueploiwe kat y-oparpivn 0,4mg/kg yia 5 nuépeg =

PLTs=120x103/ul ® mpoodeuTIK UELWON KOPTLKOOTEPOELSWV Kol SLOKOTI) OLUTWV
EVTOG 3 pnvVwv

Tov 5°/2013 n aoBevig umotpomialel. EMUTAEOV TTOPATTOVIETOL YLOL TPLXOTITWON,
apBpadyieg kat yia adpOeg oto otoua.

O epyaoTnpLaKOC EAeYXOC EPAV TN BpopBomneviag avedeite ANA: 1/160

Me Bdon ta nmapandvw tibetal n diayvwon tov Tuotnuatikol EpuBnuatwédoug
N\UOkov (ZEA)



Investigation of Thrombocytopenia

PT/PTT/fibrinogen /D-D (high in MAHA/DIC...liver disease) —
LDH (hemolysis/MAHA)
Urea/Creatinine (HUS/TTP)

Liver enzymes, Alb — ’ Insignifican'l'

Direct antiglobulin test

HIV(initial disease manifestation in 10%)

HCV —
ANA (+)

aPL (-)

Abdominal U/S (-)

X Ray (-)

Bone marrow aspiration: consistent with peripheral destruction

Izak M et al., FI000Prime Reports 2014,
Stasi R Hematology Am Soc Hematol Educ Program. 2012



ITP in SLE

The prevalence of ITP in lupus ranges from 7-30%

It may be the first manifestation of lupus in up to 16% of patients,
presenting months or as early as 10 years before diagnosis.

3%-15% ITP patients will eventually develop SLE

Pathogenesis

— antiplatelet Abs, aPL Abs, lupus anticoagulant, antithrombopoietin
Abs

— drug-induced

Fayyaz A et al. Lupus Science Med 2015
Ziakas PD et al., Ann Rheum Dis 2007
Jallouli M et al., Lupus 2012



TTepinTwon acBevouc I (P)

*  AapPavel 1 gr Solumedrol yia 3 nuépeg Kal y-odatpivn He TTARPN avTamokpLon

*  AkoAoUBwc¢ n acBevrc mapakolouBeital otn PeupatoAloyikn KAk



Corticosteroids

Prednisone at 1-2 mg/kg/day, then taper Methylprednisone 500-100 mg for 3 days
— If no response after 4 weeks then — Arnal et al reported clinical
seek for a 2" line treatment response in 60% of patients but

no sustained response
— Arnal et al reported clinical

response in 80% of patients with
only 22% achieving sustained

response

Arnal C et al., ] Rheumatol. 2002

Hepburn A et al., Rheumatology 2010

Fayyaz A et al., Lupus Science Med 2015
Galanopoulos N et al., Mediterr ] Rheumatol 2017



Intravenous Immunoglobulin

* Usedin the bleeding patient with acute and severe SLE-thrombocytopenia

* Dose: 0.4 g/kg/d for 5d

* In astudy by Maier et al, patients received IVIG at the usual dose+ maintenance for 1
year
v' 5/7 SLE patients responded up to day 28
v' 4/5 responders sustained response for up to 6 months

v' 1/5 responders sustained response at 1 year

Most responses are transient

= Toxicity:
v' Headache
v’ Positive DAT
v" Anaphylaxis in IgA-deficient patients
v" Thrombosis

v Renal

Maier Wet al., Arthritis Rheum 1990
Fayyaz A et al., Lupus Science Med 2015
Galanopoulos N et al., Mediterr ] Rheumatol 2017



TTepinTwon acBevouc I (P)

AapBavel 1 gr Solumedrol yia 3 nuUEPEC Kat y-odalpivn HE TTARPN AVTATIOKPLON
AkoAoUBw¢ n aoBevnc napakoAouBeital otn Peupatoloyik KAwikn

Ma 12 pveg AapPavel AlaBsonpivn 100 mg/d kat vdofuxAwpokivn 400 mg/d
nueplolwe oe ouvduaopd pe yopnAn 6oon mpedvilovne kat  Slatnpetl
PLTs= 80000-100000/pl



Azathioprine - Hydroxychloroquine

Azatioprine

Sparse reports on lupus thrombocytopenia
Used alone or in combination with CS.

Administered at a dose of up to

2mg/kg/day.

If a response occurs, therapy should be
continued at full doses for at least 12
months and then tapered gradually.

Hydroxychloroquine
* Inastudy by Arnal et al:

— 7/11 SLE-ITP pts had a sustained response
with HCQ + low dose prednisone

* Inastudy by Khelaf et al

— 10/12 SL-ITP patients had sustained
response

Arnal C et al., ) Rheumatol. 2002
Khellaf M et al., Am J Hematol. 2014
Galanopoulos N et al., Mediterr ) Rheumatol 2017



TTepinTwon acBOevoug I (P)

AapBavel 1 gr Solumedrol yia 3 nuUEPEC Kat y-odalpivn HE TTARPN AVTATIOKPLON
AkoAoUBw¢ n aoBevnc napakoAouBeital otn Peupatoloyik KAwikn

Ma 12 pveg AapPavel AlaBsonpivn 200 mg/d kat vdofuxAwpokivn 400 mg/d
nueplolwe oe ouvdbuaopd pe yapnAn 6oon mpedbvilovne kal  dlotnpet
PLTs= 80000-100000/pl

Tov 6° 2014 Swakomtetal n AlaBelompivn Aoyw Suoavetiac kal Aolpweewv =
urtotponti= 1 gr Solumedrol ywa 3 nuépeg kat y-opoarpivn = Ppaxeiag StapkeLag
aVTATOKPLON

7°¢ 2014 wg 3° 2015: mpedvilovn oe doon 0,5 mg/kg pe mpoodeutiky peiwon,
KukAoomopivn 100-200 mg, Rituximab 1gr kaBe 15 nuépec (2 dopég) kat
vdofuxAwpokivn 400 mg/d = PLTs=15000-40000/pl



Cyclosporine A

No. Response Dose
Sugiyamaetal |3 3/3 1 mg/kg
Manger et al 3 3/3 3-5 mg/kg

Time to response 3-4 weeks

Toxicities:
nephrotoxicity, hypertension
tremor, paresthesia

gingival hyperplasia

Manger K et al., Br J Rheumatol 1996
Sugiyama M et al, Lupus 1998



Rituximab

Respose
(CR/PR)

Time to
response

Median
response

Relapses

duration
(months)

(month)

Jiang et al 15 200-500 mggw or  40%/33.3% 0.5-3 10.7 20%,

g2w x 1-3 2-8 months
Jiangetal 88 NR 74.4%/13.4% NR NR NR
Jovancevic 13 375mg/m? qw x4 OR 77% 1-4 NR 23%,

3-8 months

Jovancevic 55 100 mg qw x4 or 78.2%/11% 0.25-3 NR 12%,

375mg/m? qw x 2-4 9-24 months

or 500 mg q2w x3

or 1000mg g2w x 2
Serris 44 375mg/m? qw x4 57%/31% NR NR 40%

or 1000mg g2w x 2

Jiang B et al., J Clin Rheumatol 2015
Jovancevic B et al., Lupus 2013
Serris A et al., Am J Hematol 2018



TTepinTwon acBOevoug I (P)

AapBavel 1 gr Solumedrol yia 3 nuUEPEC Kat y-odalpivn HE TTARPN AVTATIOKPLON
AkoAoUBw¢ n aoBevnc napakoAouBeital otn Peupatoloyik KAwikn

Ma 12 pveg AapPavel AlaBsonpivn 200 mg/d kat vdofuxAwpokivn 400 mg/d
nueplolwe oe ouvdbuaopd pe yapnAn 6oon mpedbvilovne kal  dlotnpet
PLTs= 80000-100000/pl

Tov 6° 2014 Sakomtetal n AlaBslompipun Aoyw duoaveéiog kot AOUwWEEWY =
urtotpontn= 1 gr Solumedrol yia 3 nuépec kat y-odatpivn = Bpaxeiag Sitapkelag
aVTATOKPLON

7°¢ 2014 wg 3° 2015: mpedvilovn oe doon 0,5 mg/kg pe mpoodeutiky peiwon,
KukAoomopivn 100-200 mg, Rituximab 1gr kaBe 15 nuépec (2 dopég) kat
vdofuxAwpokivn 400 mg/d = PLTs=15000-40000/pl

4°5 2015 wg 7°¢ 2015 &uakomni kKukAoormopivng Kot évapén KukAopwaodapidng
1300-1750 mg iv ava 21 nuepeg = PLTs=12000-45000/pl



Cyclophosphamide

In a study by Boumpas et al,

7 pts with SLE and refractory thrombocytopenia were treated with CYC

Dose: 0.75-1.0 g/m? iv every month for at least 4 months
All patients responded within 2-18 weeks

Low dose alternate day predisone was sufficient to sustain remission in 6 pts for a mean

of 5.6 years

In a study by Park et al,

2 SLE pts with refractory thrombocytopenia were treated with 500 mg of CYC every 2

weeks for 3 months

Both patients responded and remission was maintained thereafter by a combination of

low dose prednisolone with AZA or MMF

Toxicities:

bone marrow suppression, hemorrhagic cystitis
infertility, teratogenicity
development of secondary malignancy

Boumpas DT et al., Ann Intern Med 1990
Park HJ et al., ] Korean Med Sci 2013
Cuker A et al., Blood 2016



TTepinTwon aocBevouc I (y)

* Anodaociletal n OTMANVEKTOUN LETA Kal armo enmbupio tng aaocBevoug



Splenectomy

Comments

Study
Coon 18
Gruenberg 12
Hall 14
Arnal 17
Rivero 15
Li 11
Zhou 20
You 25

78% response, 6% relapse, 10% durable
remission, 12 months median follow-up

50% response, 17% durable remission, 73.2
months median follow —up

21% response, 79% relapse, 14% durable
remission, 21.6 months median follow-up

65% response, 55.2 months median follow-up

More deaths, cutaneous vasculitis,
immunosuppression and infections

81.9% response, 18.2% relapse , 9% durable
remission, 36 months median follow-up

85% response, 15% relapse, 42 months
median follow-up

64% response, 36% relapse, 32% durable
remission

1 splenectomised pt died of sepis

Pts with SLE and cytopenias undergoing
splenectomy were compared to non
splenectomised matched patients

No perioperative morbidity or mortality or
increased disease activity

None of the patients experienced any
postoperative infection, bleeding or
thrombotic events or increased disease
activity

Mortality 0; morbidity 24%

Coon WW Am J Surg 1988; Gruenberg JC et al., Am Surg 1986; Hall S et al., Ann Intern Med 1985; Arnal et al ] Rheumatol 2002
Rivero SJ et al, Arch Int Med 1979; Li et al Rheumatol Int 2011; You N et al



Splenectomy

Comments

Study
Coon 18
Gruenberg 12
Hall 14
Arnal 17
Rivero 15
Li 11
Zhou 20
You 25

78% response, 6% relapse, 10% durable
remission, 12 months median follow-up
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remission, 21.6 months median follow-up
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More deaths, cutaneous vasculitis,
immunosuppression and infections

81.9% response, 18.2% relapse , 9% durable
remission, 36 months median follow-up

85% response, 15% relapse, 42 months
median follow-up

64% response, 36% relapse, 32% durable
remission

1 splenectomised pt died of sepis

Pts with SLE and cytopenias undergoing
splenectomy were compared to non
splenectomised matched patients

No perioperative morbidity or mortality or
increased disease activity

None of the patients experienced any
postoperative infection, bleeding or
thrombotic events or increased disease
activity

Mortality 0; morbidity 24%

Coon WW Am J Surg 1988; Gruenberg JC et al., Am Surg 1986; Hall S et al., Ann Intern Med 1985; Arnal et al ] Rheumatol 2002
Rivero SJ et al, Arch Int Med 1979; Li et al Rheumatol Int 2011; You N et al



TTepinTwon aocBevouc I (y)

Artodaoiletal N oMANVEKTOMA UETA Ko oo emiBupia tng aoBevolc

10°¢ 2015 AamapacKornikl OMANVEKTOUN= rapodikn avénon aplBpol PLTs péxpt
180000/l ko ev ouvexela mMpoodeuTikn Titwon peExpt 15000/l

12°¢ 2015 oulnteitat pe tnv aocbevy TO evdeEXOHEVO XOpPHYNONC OaywvioTth
urtodoxéa OpopBomnointivng



TPO-receptor agonists

increase platelet production and
proliferation

improve Treg function

increase Breg numbers in non-
splenectomised patients

modulation of the expression of the
activator and inhibitor FcyRs on
monocytes

VIG Corticosteroid drugs
: IVIG, anti-D
Corticosteroid drugs Splenectomy

Macrophage

IVIG, anti-D
VIG Corticosteroid drugs 4
Corticosteroid drugs
Splenectomy

Anti-CD20 agent (rituximab) Deg'ad"“%r

nti-CD20 agent (rituximab)

TPO-receptor agonists YY _/I
Autoreactive Y
el ———3 antibody ‘ Y
production -
TPO-

Th1 / \
™7
/ \
receptor

m \
Unbalanced ?z' a\oonlsls
Th subsets '

Perera M et al, Hematology 2017
Zufferey A et al, J Clin Med 2017



Thrombopoietin Receptor Agonists

Romiplosti
O:mlpos " " R°°°°2: Eltrombopagg

Inactive receplor ——p

"\ SHC
Cytoplasm _. ‘_ ' =%, B RASIRAF

STAT3 5 JAK2 =———
STATS |

l ERK1/2
l AK1 528 MAP

Signal Transduction

|

Increased platelet production



AMG 531 (Romiplostim)

MpwrTeivikd péplo Xwpig opoAoyia
M€ TNV evdoyevi TPO.

Mpoidv ouvrnéng Fc kal TemTIdiwv
avaAoywv tng TPO.

2uvOoEéeTal oTOV UTTodOoXEa OTnV idIa
0éon pe Tnv evdoyevhng TPO.

Xopnyeitalr utrodopiwg pia @opd
TNV £fOouaGda.

Fc kAdopa av@pwrivng lgG1l

e

MNemrndikég aAuoideg

©¢éon ouvdeong pe TPO-R

v

g

—_

,)

’



Eltrombopag (SB497115, Promacta)

=  [lpokeirar  yia PN-TTETITIOIKO MIKPO HOPIO
(MW=442 Da) trou Oieyeipel Tov TPO-R.

= 2uvOoéeTal PE TN OIQMEUPBPAVIKA TTEPIOXN
Tou TPO-R og B€on dI0QOPETIKN ATTO AUTH
g TPO.

= Aev avraywviCovrtal Tnv TPO, aAA& aokouv
abpoloTikf dpdan.

= Xopnyeital atrdé To0 OTOMA.

Suykévipwon oTo TAdopa 4 70% e
TToAudUvVapa katiovta (Ca++, avriogiva)

AvaoTtéAAer To OATP1B1 (organic anion
transporting polypeptide); aAAnAemdpd e
OTATIVEG.




TPO-receptor agonists

No of prior
treatments

TPO--R

Respose

Comments

Terriou 13 median 5.5 Romiplostim 36%, OR: 93% Thrombotic events 3 pts: Arterial TEs
eltrombopag 28%, in 2 patients with a history of APS; 2
both 36% Venous TEs in a patient treated with

Romiplostim

Maroun 3 2-5 Romiplostim 1 pt, OR: 100% No thromboses, no flares.
eltrombopag 1pt, 1 pt maintained response for at least 6
both 1pt months following eltrombopag

discontinuation

Lusa 4 median 3.5 Romiplostim 4 pts, OR: 75% No response in a patient with APS.
eltrombopag & No flares, no thromboses no bleeding
romiplostim 1 pt

Mangano 2 median 4.5 Romiplostim 1 pt, OR: 100% No adverse events
eltrombopag 1pt

Alkaabi 1 4 Eltrombopag = NR No adverse events
then romiplostim

Tomov 1 3 Romiplostim Renal thrombotic microangiopathy

Terriou L et al., Blood 2016; Maroun MC et al., Lupus 2014
Lusa A et al., Lupus 2018; Mangano et al., ] Rheumatol 2014
Alkaabi JK et al., Lupus 2012; Tomov Lupus 2013



Rheumatology 2018;57:1432-1438

RHEUMATOLOGY Acvance Acosss piblcton 10 tey 2018
Original article

Risk of thrombosis with anti-phospholipid syndrome
in systemic lupus erythematosus treated with
thrombopoietin-receptor agonists

18 pts with SLE-ITP treated with TPO-Ras were included in the study
10(55%) had +ve aPL and 5 (27%) definitive APS
6 pts received romiplostim, 5 pts eltrombopag and 7 pts both

After a median follow-up of 14 months:
94% OR, 61% CR
2 pts relapsed following CR

Median time to response: romiplostim 30 days, eltrombopag 17.5 days

Adverse events:
2 pts arthralgia, 1 pt elevated liver enzymes

5 pts developed thromboembolic events:.
4 arterial TEs in 4 pts with APS or +ve aPL
2 venous TEs in 1 pt w/o APS

Guitton Z et al., Rheumatology 2018



TTepinTwon acBOevolug I (y)

Artodaoiletal N oMANVEKTOMA UETA Ko oo emiBupia tng aoBevolc

10°¢ 2015 A POOKOTILKY) OTIANVEKTOUN = Ttapodik avénon apOpol PLTs péxpt
180000/l ko ev ouvexela mMpoodeuTikn Titwon peExpt 15000/l

12°¢ 2015 oculnteitat pe tnv aoBevrl TO €€VvOEXOUEVO XOPNYNONC OywvLoTH
urtodoxEa Bpopornolntiving

H acBevnc ouvalvel kat tiBstal og Eltrombopag 50 mg nuepLoiwg Kal eV cuvexeia
o€ 75 mg nuepLoiwc= PLTs=20000-30000/pl

1°62016 npootiBetal kat alabelomnpivn (100mg nuepiowc) PLS=145000/pl.
Tov 3° 2016 Siakontetal to Eltrombopag= PLTs=22000/ul
Xopnyeital ek véou Eltrombopag oe 66on 50 mg= PLTs=116000/pl

OKTW MNVEC apyotepa 0 aplOpoc Twy atponetaAiwv ntov >100000/ul



Therapy Options for ITP

Clinical Situation Therapy Options

Corticosteroids: dexamethasone, methylprednisolone,
prednis(ol)one
IVIg

First line (initial treatment
for newly diagnosed ITP)

Azathioprine
Cyclosporin A
Cyclophosphamide
Danazol
Dapsone
Mycophenolate mofetil
Rituximab
Splenectomy
TPO receptor agonists (romiplostim and eltrombopag)
Vinca alkaloids

Second line

Treatment for patients Category A*: TPO receptor agonists
failing first- and second-line  Category BT: campath-1 H, combination of first- and second-
therapies line therapies, combination chemotherapy, HSCT

Provan D, et al. Blood. 2010:115:168-186.




Mucophenolate Mofetil

There are case reports on the successful use of MMF in SLE patients with
refractory thrombocytopenia

MMF has been administered both as treatment of severe resistant
thrombocytopenia and as maintenance

Dose: 500-1000mg daily
Toxicities:

— Headache, diarrhea, nausea, anorexia, infection, liver function test
abnormalities

Vasoo S et al., Lupus 2013
Park HJ et al., ] Korean Med Sci 2013
Chang HK et al, J Korean Med Sci 2005



Danazol

* 1 Fc-y receptor expression on monocytes = {in platelet phagocytosis.

* 1 the proliferation of lymphocytes upon stimulation with mitogens

* 1 the production of pro-inflammatory cytokines, while Tanti-inflammatory cytokines

* promotes lymphocyte differentiation into T-regs that could lead to a decrease in platelet

phagocytosis

il ol -

T

Author  No. Design Remission (%) Dose  Duration

Comment

Marino™® 3  Series 3 (100%) 200-600 Prolonged Failed intravenous lg, intravenous glucocorticoids
and splenectomy

Agnello”™ 3 RBPCT  3(100%) 600 1 month Mild SLE, 7 patients in trial, 3 with low platelets

West™ 6 Series  6(100%) 800 1 year All failed glucocorticoids, 4/6 failed splenectomy

Blanco™ 4 Series  4(100%) 400-800 18-36months All failed glucocorticoids and at least one other drug

Cervera®™ 16  Seriest 16 (100%) 200% 249 months  All failed glucocorticoids, 5 failed splenectomy

Amal™ 18 Series  9(50%) 400-600 28 months All treated with glucocorticoids

Dose is given as miligram per day.

1This was a consecutive series of patients with SLE with thrombocytopenia and bleeding.
3200 mg/day initially, then increasing 200 mg each week urtil a response was noted.

RBPCT, randomised blinded placebo-controlled trial.

* Side effects/Cautions

Transaminitis, liver cancer

Thrombosis, bronochorpulmonary fibrosis
Virilization, ammenorhea

Measure PSA levels before starting therapy

Fayyaz A et al., Lupus Science Med 2015
Galanopoulos N et al., Mediterr ] Rheumatol 2017
Audia S et al Rev Med Interne 2016



TMepinTwon aoBOevolc II (a)

A 24 year female presented to the emergency department because of epigastralgia which
had started two days earlier. The patient had been diagnosed with SLE four years earlier and

was treated with prednisone and hydroxychloroquine

At the ER the clinical examination was insignificant The blood tests showed anemia,
increased reticulocytes and LDH, elevated total and indirect bilirubin, with normal liver and

renal function tests. ECG, chest X-ray and abdominal ultrasound were normal.

Because of hematologic and biochemical abnormalities suggestive of hemolytic anemia the

patient was admitted and treated with an increase in the usual dose of prednisone

On the following day anemia worsened and thrombocytopenia developed. The patient
presented a sudden neurological language deficit and loss of strength in her right hand,

which fully recovered after a few hours.

A cerebro-vascular MRI revealed multiple acute lacunar infarcts in the right cerebellar and

left frontal hemisphere



TTepinTwon acBevolc IT (P)

* No PT, aPTT prolongation; normal D-dimers and fibrinogen
* Comb’s test was negative, haptoglobin levels were low and ANA was positive

* Creatine and urea levels were slightly increased and urinalysis revealed proteinuria,

microscopic hematuria, white and red blood cells

Microangiopathic Hemolytic Anemia and Thrombocytopenia



Microangiopathic Hemolytic Anemia

and Thrombocytopenia (MAHA-T)

MAHA-T

DIC

Thrombotic Microangiopathy
(TMA)*

*MAHA-T & evidence of end-organ damage/ischemia

( )

Thrombotic Thrombocytopenic
Purpura (TTP)

Shiga toxin producing
Escherichia coli Hemolytic

Uremic Syndrome (HUS)

\ J
e N
Aypical HUS
\ J
e N

Secondary TMA**

*Autoimmune disease, Drugs, Infections, Cancer, Malignant Hypertension, Pregnancy, Transplantation



Thrombotic Microangiopathy

Hererogeneous group of disorders

Common clinical and Ilaboratory
findings

Microvascular thrombosis or
occlusion of endothelium leading to
organ ischemia

Laboratory features Microangiopathic hemolytic anemia
Anemia
Fragmented red blood cells (schistocytes)
Decreased haptoglobin
Thrombocytopenia
Evidence of end-organ damage/ischemia
Elevated lactate dehydrogenase levels
Clinical features Evidence of end-organ damage/ischemia
Brain, neurologic dysfunction
Kidneys, elevated creatinine/renal failure
Fever

o |
d
g
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Winters JL Hematology Am Soc Hematol Educ Program. 2017



Microangiopathic Hemolytic Anemia

and Thrombocytopenia (MAHA-T)

MAHA-T

DIC

Thrombotic Microangiopathy
(TMA)*

*MAHA-T, Evidence of end-organ damage/ischemia

( )

Thrombotic Thrombocytopenic
Purpura (TTP)

Shiga toxin producing
Escherichia coli Hemolytic

Uremic Syndrome (HUS)

\ J
e N
Aypical HUS
\ J
e N

Secondary TMA**

*Autoimmune disease, Drugs, Infections, Cancer, Malignant Hypertension, Pregnancy, Transplantation



Comparison between DIC and TMA

Variables DIC TTP
Platelets Low Extremely low
Anemia MAHA MAHA
Schistocytes Usually Always
.INR/ ET Normal or prolonged Normal
aPIT Normal or prolonged Normal
Thrombin time Prolonged Normal
Fibrinogen Low Normal
.E'DP 1 Elevated Normal
Liver enzymes Normal or slightly Normal
elevated
Underlying Sep=i= Us=sually idiopathic _
disorders
i Malignancy Rarely pregnancy »
Obstetric Medication
complications
1LDH Elevated Markedly elevated
-E‘e'.re: — Present; may be If pre=ent, low grade
high
As=ociated Diarrhea, renal failure,

| features* neurologic =ymptoms




Investigation

For diagnosis
Full blood count and blood film

Reticulocyte count

Haptoglobin

Clotting screen including
fibrinogen

Urea and electrolytes

Troponin T/Troponin I

Liver function tests

Calcium

Lactate dehydrogenase

Urinalysis

Direct antiglobulin test

Blood group and antibody

sCreen

Anaemia, thrombocytopenia,
fragments on film

Raised

Reduced

Normal

Renal impairment

For cardiac involvement

Usually normal

May reduce with PEX

Raised due to haemolysis

For protein

Negative

To allow provision of blood
products

FICPAUUty ADIC dld TTUTTERTL

immunodeficiency virus testing

[Pregnancy test (in women of child-bearing age)

PTC-DIOOW Products and to
exclude an underlying viral

precipitant

ADAMTS 13 assay (activity/
antigen and inhibitor/antibody
in specialized laboratory)

Do not wait for result before
starting treatment in suspected
TTP

Electrocardiogram/Echocardiogram  To document/monitor cardiac

CT/MRI brain

damage
To determine neurological

involvement*

For possible underlying cause
Thyroid function tests

To exclude Graves Disease

Auto-antibody screen (ANA/RF/
LA/ACIA), including lupus
anticoagulant

Exclude associated autoimmune
disease

Stool culture

For pathogenic Escherichia coli

CT Chest/abdomen/pelvis (if
indicated) = tumour markers

\i.lr d;‘tlliuka;
To look for underlying
malignancy

PEX, plasma exchange; CT, computerized tomography; MRI, mag-

netic resonance imaging; ANA, antinuclear antibody; RF, rheumatoid
factor; LA, lupus antibody; ACLA, anticardiolipin antibodies; TTP,
thrombotic thrombocytopenia purpura.

*Brain scanning on admission should not interrupt PEX therapy.

Scully M et al BJH 2012




Thrombotic Thrombocytopenic Purpura (TTP)

o Thrombocytopenia

o Microangiopathic hemolytic anemia
o Neurological deficits

o Renal Dysfunction

o Fever

Crawley J et al Hematology 2013



SLE-TTP

Pathogenesis

v' 1-4% of SLE pts develop TTP
v' Mortality rate: 12.4%-62.5%
v Challenging diagnosis as SLE and TTP share elements of the classic pentad

v' Pathogenesis:

 endothelial cell activation

* complement activation

2ndary APL: imbalance in thrombin production and fibrinolysis
* resistance of VWF to cleavage by ADAMTS13
decreased ADMTS13 activity

Jiang H et al., Clin Rheumatol 2014
Letchumanan et al., Rheumatology 2009
Lansigan F et al., Rheumatology 2011



OpoupwTikn Opouporevikn TToppupa

TTaBovéveia

ADAMTS13
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Clin Rheumatol (2014) 33:419-427
DOI 10.1007/510067-013-2312-5

CASE BASED REVIEW

Clinical features and prognostic factors of thrombotic
thrombocytopenic purpura associated with systemic
lupus erythematosus: a literature review

of 105 cases from 1999 to 2011

Honghao Jiang - Xiangjie An+ Ya Li - Yi Sun «
Guanxin Shen - Yating Tu - Juan Tao

The onset of SLE preceded, coincided or followed TTP onset in 50.5%, 45.7% and
3.8%, respectively

Neurological symptoms occurred in 76.2% of cases
Renal impairment occurred in 83.8% of cases

Thrombocytopenia, anemia and *LDH occurred in 100%, 92.4% and 81.9% of
cases. Schistocytes were present in 100% of cases

Severe ADMTS13 deficiency was detected in 40.5% of pts

+ve Coomb’s test in 22.5% of cases



Clin Rheumatol (2014) 33:419-427
DOI 10.1007/s10067-013-2312-5

cAsemAsEDREVEW

Clinical features and prognostic factors of thrombotic
thrombocytopenic purpura associated with systemic
lupus erythematosus: a literature review

of 105 cases from 1999 to 2011

Honghao Jiang - Xiangjie An - Ya Li - Yi Sun -
Guanxin Shen - Yating Tu - Juan Tao

Ovntotnta 12,3%




MMepinTwon aoBevoucg IT (y)

Microangiopathic anemia along with thrombocytopenia renal and neurological deficits was
suggestive of TTP/TTP-like

Plasma exchange and steroid increase were initiated

After three plasma exchange sessions, platelet counts and LDH levels were normalized, but
two days later these parameters declined

Pulse IV cyclophosphamide was administered and two days later platelet counts and LDH
levels normalized and Hgb levels were increased.

Plasma exchange was suspended after a total of 21 sessions and the pattern of steroids were

reduced

At 3 vyears after discharge she remains in complete hematologic remission requiring no
treatment other than low-dose prednisone.






Initial Approach

*  When evaluating a patient with thrombocytopenia 3 questions need to be

taken into consideration:

1. Has pseudothrombocytopenia been excluded?

2. What is the most probable cause

3. What is the risk of bleeding based the platelet number and the cause

of thrombocytopenia






Estimation of the bleeding risk

based on PLT numbers

150,000 - 50,000/pL: asymptomatic

50,000 - 30,000/uL: patients rarely present with purpura,
although they may have excessive bleeding with trauma

30,000-10,000/puL: spontaneous bruising and purpura;
bleeding with minimal trauma

<10,000 /uL : significant spontaneous bleeding

Izak M et al., FI000Prime Reports 2014,
Stasi R Hematology Am Soc Hematol Educ Program. 2012



Approach to the patient
with thrombocytopenia

“ 4 Patient History

Physical Examination

4 Complete blood cell count, peripheral blood smear
A Additional investigations

i
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Patient History

Acute or chronic?

Medication history

Recent viral and bacterial infections

Vaccinations

Recent travels

Pregnancy

Medical history

Dietary habits

Alcohol consumption

Symptoms suggestive of malignancy

Recent transfusion

Family history of thrombocytopenia

Izak M et al., FI000Prime Reports 2014,

Stasi R Hematology Am Soc Hematol Educ Program. 2012



Impaired production
A. Bone marrow Aplasia
— Inherited platelet disorders

— Acquired marrow disorders
* Idiopathic
* Secondary
v' Drugs, chemicals
v’ Infections
v' Irradiation
v Alcohol
v' Infiltration
v’ Aplastic anemia
B. Ineffective hematopoiesis
— Nutritional deficiencies

— Myelodysplastic syndromes

Increased destruction

— Immune mediated

Autoimmune (1ry and 2ry)
Isoimmune, alloimmune
Drug-induced

— Increased consumption

Thrombotic microangiopathies
Hemangiomas

Artificial Surfaces

Diffuse intravascular coagulation

Pregnancy associated:
preeclampsia, HELLP

Abnormal distribution

Hypersplenism

Hemodilution



SLE-Thrombocytopenia

Causes

e |[mmune-mediated
— antiplatelet Abs, aPL Abs, lupus anticoagulant, antithrombopoietin Abs

— drug-induced
e Nonimmune drug-induced
e Splenomegaly
e Thrombotic microangiopathy

e APS

Fayyaz A et al. Lupus Science Med 2015



Thrombocytopenia (<100x10°%/L) has been reported in 20%-40% of SLE
patients

It may be the first manifestation of lupus in up to 16% of patients,
presenting months or as early as 10 years before diagnosis.

3%-15% ITP patients will eventually develop SLE



IObservational Study Med iC i n e‘D

Clinical characteristics of immune

thrombocytopenia associated with autoimmune
disease

A retrospective study

Primary-ITP

28% \

SLE-ITP

7 39%

RA-ITP
4%

UCTD-ITP\
5% \

SSc-ITP__——
1% j
DM-ITP
2% APS-ITP
0 \pSS-ITP
2%
19%

APS=primary antiphospholipid syndrome, DM=dermatomyositis, ITP=immune thrombocytopenia, pSS=primary

Sjogren syndrome, RA=rheumatoid arthritis, SLE=systemic lupus erythematosus, SSc=systemic sclerosis,
UCTD=undifferentiated connective tissue disease.

Liu Y et al Medicine 2016



Jobservational study

Medicine

................................

.................

Clinical characteristics of immune
thrombocytopenia associated with autoimmune

disease

A retrospective study

Clinical characteristics in SLE-ITP, pSS-ITP, and pITP patients.

SLE-ITP pSS-ITP pITP P R P3
Subiects n 33 16 43
LAge. v 3479+2.11 4913+3.68 3738 +2.47 0.023* 0523 0002 |
Gender, F/M 29/4 14/2 37/6 1.000 1.000 1.243
Arthritis 10/33 (30.3%) 7/16 (43.8%) 0/43 (0%) 0776 0.000* 0.000%
Dry mouth 6/33 (18.2%) 10/16 (62.5%) 0/43 (0%) 0.035% 0.018* 0.000%
Dry eye 3/33 (9.1%) 5/16 (31.3%) /43 (0%) 0333 0.138 0.008*
I B33 (18.0%) 1716 6.3%) 2743 [4.7%) 0605 0131 1211
Skin rash 12/33 (36.4%) 1116 (6.3%) 0/43 (0%) 0.189 0.000* 0779 |
Oral ulcers 2/33 6.1%) 0716 (0%) 1743 2.3%) 1022 0.662 1179
Serositis 6/33 (18.2%) 1116 (6.3%) 1/43 (2.3%) 0711 0.076 0.804
Raynaud phenomenon 1/33 (3.0%) 0/16 (0%) 0/43 (0%) 1.070 0.540 -
Swelling 1/33 (3.0%) 0/16 (0%) 0/43 (0%) 1.045 0.525 -
m'\ nna_m) 1m"l n754 0.400 {4
| Hamorm;ic symptoms 18/33 (54.5%) 8/16 (50.0%) 36/43 (83.7%) 1.150 0.029* 0.074
ILD 7133 (21.20%) 3/16 (18.80%) 4/43 (9.30%) 1.095 0.269 0.750
Renal disease 7/33 (21.2%) 0/16 (0%) 0/43 (0%) 0.307 0.010* —
j iti 1/43 (2 3%) () 83 ()23 (187
50.60+6.53 40.19+7.73 33424479 0.654 0.069 0.819
X10°1L 5.73+0.56 7.46%1.00 8.19+0.62 0368 0.016% 0.866 |
y R |unr|_ q.21 TU.00 TOT T 0% B UST0.97 u.arni .U urrg
%100 0.38+005 0.53+0.09 0.50+0.05 0365 0161 1.044
| Lo, x10%L 1.01+0.12 1.51+0.23 1.47+0.13 0170 0.033* 1114 |
0, x10°L 0.02+0.01 0.05+0.04 0.08+0.02 0692 0.081 0.084
BA, x10°L 0.01+0.01 0.08+0.06 0.01+0.01 0675 0.841 0.743
HGB, g/ 101.36+5.03 108.194528 112.74+4.83 0.665 0.170 0.858
ALB, gL 35.34+1.46 37.75+ 16 39.98+0.59 0.680 0.020* 0.362
GLO, gL 33394224 38.05+3.05 29.79+1.03 0568 0.190 0.096

Liu Y et al Medicine 2016



IObservational Study Med iC i n e‘D

Clinical characteristics of immune

thrombocytopenia associated with autoimmune
disease

A retrospective study

In SLE-ITP patients ¥ baseline C3 levels correlate with % risk of thrombocytopenia relapse
(Ziakas PD et al Ann Rheum Dis 2007)

Liu Y et al Medicine 2016



* Etepoyevrg opada dlatopoywyv Laboratory features Microangiopathic hemolytic anemia
Anemia
Fragmented red blood cells (schistocytes)
Decreased haptoglobin
Thrombocytopenia
Evidence of end-organ damage/ischemia
Elevated lactate dehydrogenase levels

e Common clinical and laboratory

Clinical features Evidence of end-organ damage/ischemia
H H Brain, neurologic dysfunction
fl nd I ngs Kidneys, elevated creatinine/renal failure
Fever
. . yow-
* Microvascular thrombosis or

(3
©

T g Tt

occlusion of endothelium leading to
organ ischemia

Winters JL Hematology Am Soc Hematol Educ Program. 2017



Thrombotic Microangiopathy (TMA) in SLE

v" Renal-limited TMA

v Thrombotic-thrombocytopenic purpura-like

v" TTP with +ve aPL

Babar S et al., Rheum Dis Clin N Am 2018



Thrombotic Microangiopathy (TMA) in SLE

v" Renal-limited TMA

* In 1 study TMA lesion were seen in 24% cases of lupus nephritis
* Pathophysiology:

» activation of the classic and alternate complement pathway

Babar S et al., Rheum Dis Clin N Am 2018
Song D et al., Arthritis Res Ther 2013



Thrombotic Thrombocytopenic Purpura (TTP)

o Thrombocytopenia

o Microangiopathic hemolytic anemia
o Neurological deficits

o Renal Dysfunction

o Fever

Crawley J et al Hematology 2013



Thrombotic Thrombocytopenic Purpura (TTP)

Pathogenesis

v' 1-4% of SLE pts develop TTP

v' Mortality rate: 12.4%-62.5%

v Challenging diagnosis as SLE and TTP share elements of the classic pentad

v' Pathogenesis:

endothelial cell activation

complement activation

2ndary APL: imbalance in thrombin production and fibrinolysis
resistance of vVWF to cleavage by ADAMTS13

decreased ADMTS13 activity

Jiang H et al., Clin Rheumatol 2014
Letchumanan et al., Rheumatology 2009
Lansigan F et al., Rheumatology 2011



OpoupwTikn Opouporevikn TToppupa

TTaBovéveia
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Clin Rheumatol (2014) 33:419-427
DOI 10.1007/510067-013-2312-5

CASE BASED REVIEW

Clinical features and prognostic factors of thrombotic
thrombocytopenic purpura associated with systemic
lupus erythematosus: a literature review

of 105 cases from 1999 to 2011

Honghao Jiang - Xiangjie An+ Ya Li - Yi Sun «
Guanxin Shen - Yating Tu - Juan Tao

The onset of SLE preceded, coincided or followed TTP onset in 50.5%, 45.7% and
3.8%, respectively

Neurological symptoms occurred in 76.2% of cases
Renal impairment occurred in 83.8% of cases

Thrombocytopenia, anemia and *LDH occurred in 100%, 92.4% and 81.9% of
cases. Schistocytes were present in 100% of cases

Severe ADMTS13 deficiency was detected in 40.5% of pts

+ve Coomb’s test in 22.5% of cases



Clin Rheumatol (2014) 33:419-427
DOI 10.1007/s10067-013-2312-5

cAsemAsEDREVEW

Clinical features and prognostic factors of thrombotic
thrombocytopenic purpura associated with systemic
lupus erythematosus: a literature review

of 105 cases from 1999 to 2011

Honghao Jiang - Xiangjie An - Ya Li - Yi Sun -
Guanxin Shen - Yating Tu - Juan Tao

Ovntotnta 12,3%




MikpoayyeionmaOnTikn AiHoAUTIKR Avaipia

4 Thrombocytopenia
Abnormal
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H-M Tsai. Am J Med 2013



MkpoayyeionaOntikn AiHoAuTIKR Avaipia
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‘EvTovn cwpaTikn Katamévnon (Opouelg LEYAAWY ATTOCTACEWV)



MikpoayyeionmaOnTikn AiHoAUTIKR Avaipia

4 Thrombocytopenia
Abnormal
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Vascular
devices

RBC fragmentation pee . rs

H-M Tsai. Am J Med 2013



MikpoayyelotaOnrikn AIgoAUuTIKR Avaigia

Pathology Key Features Examples

VWF-platelet thrombosis Thrombus with VWF and platelets Thrombotic thrombocytopenic purpura
Endothelium and vessel wall are intact

Fibrin-platelet thrombosis Thrombus with fibrin and platelets Disseminated intravascular coagulopathy, heparin-induced
Endothelium and vessel wall are intact thrombocytopenia, paroxysmal nocturnal

hemoglobinuria, catastrophic antiphospholipid antibody
syndrome, HELLP syndrome
Microvascular cancer cells Intravascular clusters of cancer cells Metastatic neoplasm
Vasculitis Inflammatory cell infiltration Autoimmune diseases, certain infections
Fibrinoid necrosis
Fibrous proliferation
Disruption of internal elastic lamina

Thrombotic Endothelial swelling or disruption Atypical hemolytic uremic syndrome, hemolytic uremic
microangiopathy Subendothelial expansion/cell proliferation syndrome due to shiga toxins or microbial
Thrombosis present or absent neuraminidases, catastrophic antiphospholipid antibody
Internal elastic membrane is intact syndrome, drugs*

Interstitial edema
Cavitary fluid accumulation

H-M Tsai. Am J Med 2013



OpoupwTIiKN Mleoavvuonc'(Osla (TMA)

Trigger of Vascular Injury Genetic/Host Predisposing Conditions

!

Thrombotic Microangiopathy
Basement Membrane

Endothelial Cell
Partial/Complete vessel
occlusion

Platelets Intravascular
platelet
Swelling of Detachment of thrombosis
: lial cell
endothelial cells endothelial cells
Ady A
Increased vessel Accumulation on

wall thickness subendothelial space



Disorders of Complement regulation

Infection induced: -Genetic mutations
-Shigatoxin HUS -Acquired defects e.g. antibodies
-atrep Pneumoniae HUS ,"
\ |
|
| —
Hematopoetic .'I ADAII.IITE 13 al::nnn.rm:allu-as_ TP
stem cell | -genetic abnormality
transplantation ' ' i -Autoantibodies
| Pregnancy
Drugs: |~ —
| -Quinine induced ~1 HIV
| -Tacrolimus, ciclosporin _
: _EIEGWM"' mitormycin, Malignancy Connective tissue
' m.splatqu : disorders:
_ -nfﬂrn_plmn SLE
-Clopidopogrel -Antiphospholipids
syndrome

H-M Tsai. Am J Med 2013



Disorders of Complement regulation
Infection induced: -Genetic mutations
-Shigatoxin HUS -Acquired defects e.g. antibodies

-atrep Pneumoniae HUS (

ADAMTS 13 abnormalities:
1 -genetic abnormality

Hematopoetic N\ ,
stem cell i

transplantation -Autoantibodies
| Pragnancy

Drugs: |- - —
-Quinine induced T HIV
-Tacrolimus, ciclosparin
-Bleomycin, mitomycin, Malignancy Conneclive tiksus
crsplatin disorders:
-nfampicin SLE
-Clopidopogrel -Antiphospholipids

syndrome

H-M Tsai. Am J Med 2013



OpoupwTikn Opouporevikn TTopyupa
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2ropadikn: dOdpuaka:
IgG (omaviotepa IgA/IgM) Abs TikAoTiLdivn, KAoTiLdoypEAN
évavtt ADAMTS13 Kwvivn, ZipBaotativn

TpipeBporpiun, Pegylated IFN
OLKOYEVNC

MetaAAagelc tngc ADAMTS13 HIV

Kunon-Aoyeia

Autoavooa Noorjuata



OpoupwTikn Opouporevikn TTopyupa

C I1V(
.

IAIOTTAOHZ

2topadikn:

lgG (omaviotepa IgA/IgM) Abs
gvavtt ADAMTS13

OLKOYEVNC
MetaAAagelc tngc ADAMTS13



OpoupwTikn Opouporevikn TTopyupa

A) VWF . ADAMTS1 3

Furin

Propeptide

N

mmo' 03 Q @@

S-S

3 CK g8

C1C2C3C4C5C6

5
Collagen P

FVIII GPIb(x

Actlve site VWF A2 VWF A2
Zn* & Ca* domain domain
binding binding binding
Scissile bind exosite exosite

recognition
(Unravelled VWF)

VWF D4-CK binding

(Globular VWF)

ADAMTS13\

Cleavage by
ADAMTS13

@‘Wb

VWF multimers and fragments

Endothelial VWF polymer

Shear stress

Site of cleavage
exposed by shear stress

No cleavage by
ADAMTS1 3

Platelet

Unfolded vVWF causing platelet aggregation

O mapaywv von Willebrand ouvtiBetal ota
HEYAKOPUOKUTTOPA Kol ota evdoBnAlaka
KOTTapQ

Awopecohafel tn déopevon PLTs otnv meploxn
NG ayyelakrg BAaBng

JuvtiBetal pe tn Hopdry LOVOUEPWV TIOU OTH
ouvéxela  Swuepilovtal  kal  akoAouBwg
noAupepilovral

Ta moAupepn amoBnkevovtol Ot CWUATLA
Weber-Palade twv ev6oBnAlakwv KUTTAPWV N
oTa CWUATL o Twv PLTs

Ta unteppey€dn (UL) moAupepn tou VWF givat
WLaltepa evepyd amo aLUOoTATIKAC ArtoPng

Ta moAupepn autd dtaomtwvtol PpUCLOAOYLKA,
ouvOnkec otpoBlAwdouc pong, amo TNV
ADAMTS 13



OpoupwTikn Opopuporevikn TTopy

Ei1di1koTNTa auto-Abs Kal YEVETIKEC HETAAAG is IC

Congenital TTP (5% of cases)

Deletions (10%)

l |
il Insertions (5%) [ |
I |
[ |
| |

ANENAPKEIA ADAMTS13
= AUTO-OVTIOCWHAT

Nonsense mutations (15%)

Missense mutations (60%)

Intronic splice site mutations (10%)

ADAMTS13 gene (exon number)

MNapouaoia Kot TTaPAOVT) GTO TIAACHQ
uTteppueyeBwyv moAvpepwv VWF

90%~100% of patients H H

Acquired TTP (95% of cases)

Blombery P et al., ) Blood Med 2014



OpoupwTikn Opouporevikn TTopyupa

o Etowa emintwon: 0,4-0,6 neputtwoelc /100000 mAnBuopou

o Epdavitetal kuplwc tnv 4" dekaetia tng {wng, cUXVOTEPA OE
YUVOUILKEG

o Owoyevnc popdn:
o umopelva ekdnAwBel og kaBe nAwia

o o€ aoBeveic pe peyaAn eEAAewpn ADAMTS 13 n voooc ekdnAwvetal o€
VEOYVLKN 1 TIPpWLKN TtadLkn nALkia

O €VIioTE N vOoo¢ ekdnAwvetal og peyaAutepn NALKLa Kol o€ cuvbuacopo
LE ETEPO EKAUTLKO Ttapayovta (kunon, Aotpwén, dappoka)

Crawley J et al Hematology 2013



OpoupwTikn OpouPorevikn TTopyupa

o Opoppornevia (PLTs 10000-30000/ul)

o Mipoayystonadntikn atpoAvtiky avatpia (Hgb=8-10 g/dl)
o Nevupoloyikec datapaxec (KUpALVOUEVEC)

o Nedplkn avenapkeLa

o Mupetoc

Crawley J et al Hematology 2013



OpoupwTikn OpoupPorevikn TTopwupa

Mpocdloplopog evluikng evepyotntac ADAMTS 13:
Ye TTP evepyotnta ADAMTS13 <5% (90% s1dkotnta)
Evpyotnta ADAMTS13 >5% kat <40% o€ KUNoN, LETEYXELPNTLKA,
dAeyuovn), ovpatpio

Av evepyotnta ADAMTS13<10%:

‘EAeyxoc auto Abs

Av autoAbs (-) Tote sequencing

Scully M et al BJH 2012
Crawley J et al Hematology 2013
Blombery P et al J Blood Med 2014



OpoupwTikn Opop

Porevikn TTopywupa

For diagnosis
Full blood count and blood film

Reticulocyte count

Haptoglobin

Clotting screen including
fibrinogen

Urea and electrolytes

Troponin T/Troponin I

Liver function tests

Calcium

Lactate dehydrogenase

Urinalysis

Direct antiglobulin test

Blood group and antibody
screen

Hepatitis A/B/C and human

immunodeficiency virus testing

Anaemia, thrombocytopenia,
fragments on film

Raised

Reduced

Normal

Renal impairment

For cardiac involvement

Usually normal

May reduce with PEX

Raised due to haemolysis

For protein

Negative

To allow provision of blood
products

Pre-blood products and to
exclude an underlying viral

precipitant

Pregnancy test (in women of child-bearing age)

ADAMTS 13 assay (activity/

antigen and inhibitor/antibody

in specialized laboratory)

Electrocardiogram/Echocardiogram

CT/MRI brain

Do not wait for result before

starting treatment in suspected

TTP

To document/monitor cardiac
damage

To determine neurological
involvement*

For possible underlying cause
Thyroid function tests To exclude Graves Disease
Auto-antibody screen (ANA/RF/

LA/ACLA), including lupus disease

Exclude associated autoimmune

anticoagulant
Stool culture For pathogenic Escherichia coli
(if diarrhoea)
CT Chest/abdomen/pelvis (if To look for underlying

indicated) = tumour markers malignancy

PEX, plasma exchange; CT, computerized tomography; MRI, mag-
netic resonance imaging; ANA, antinuclear antibody; RF, rheumatoid
factor; LA, lupus antibody; ACLA, anticardiolipin antibodies; TTP,
thrombotic thrombocytopenia purpura.

*Brain scanning on admission should not interrupt PEX therapy.

Scully M et al BJH 2012




ADAMTS13 deficiency not
suspected (e.g., acute renal
failure present, drug-
induced or Shiga toxin

TTepiIAnmTIKO OepameuTikG TTpwTOKOAAO

DIAGNOSIS
e Begin daily PEX,
with plasma
replacement

ADAMTS13 deficiency

Alternative etiology
discovered
e Stop PEX

Avtanokpion otnv mAacpadaipeon

ALEDN QVTOTOKPLON VEUPOAOYLKNG CUVOPOUNG

etiology suspected) K suspected No or transient response, AU&nOT] OTLG TLHEG PLTs napatnpeLtaL peta 2n-31
: e Begin steroids logi ’
e No steroids new neurologic
e Continue PEX until abnormality GUVSSPLOL
response | lieseeesssssssssssssssesen Consider:
¢ High-dose steroids ’ ' '
== « Rituximab Anokataotacn aplOuou PLTs og 1 eBdopada
Platelet count ¢ Twice-daily PEX
>15?’005(12in?;2 s % Ta enineda LDH eAattwvovtat HETA TNV
- ; : Platelet count increase, i , , ,
e neurologic improvement nAaopadaipeon, oAMA n opaAomoincr Toug
EXACERBATION e Resume daily PEX

(recurrent thrombocytopenia)

elval ampoPAemntn

e Resume dally PEX @ sssnsnnnsannnnnnnnnnnnnnnn
» Rimmimab *Kukhopwodapis , , .
Platelet count remains ¢ , bapion H avawuia amokaBiotatoal  pETA TN
, ) normal for 1-2 weeks Bwvkplotivn )
ATtOKAELOPOG Noipwéng * Remove CVC Kuk\ooTopivn Bpoupomnevia
ano KEVTpI.Kr'] Vpaul-lr’] e Taper steroids
TeAevtaia anokaBiotatal n vedppiki Asttoupyia
. 90% twv acBsvwv avtanokpivovtol MARPWE o€
REMISSION
Platelet count remains A A
v Staotnua 3 efdopadwv
after last PEX
v
RELAPSE George JN Blood 2010
. SD:“y _lfiEX Scully M et al BJH 2012
. eroias
¢ Ritiximab Crawley J et al Hematology 2013

Blombery P et al ] Blood Med 2014



2.uyyevic OpoupwTikn Opouporevikn TTopwupa

\

Apyxikn Bepameia pe mMAaopadaipeon/ yopriynon MAGoUATOS

AvocokaTtaoTaATikn aywyr)/ Rituximab dev €xouv B€on

Adou emitevxOel Udpeon ouveyiletal n yoprjynon TAACHOTOG, OF
OUXVOTNTA TIOU UTIAYOPEVETAL ATIO TO PatvoOTUTIO EVOG EKAOTOU 0ioBev]

George JN Blood 2010
Scully M et al BJH 2012

Crawley J et al Hematology 2013
Blombery P et al J Blood Med 2014



OpoupwTikn OpouPorevikn TTopupa

XapunAn 66on aotipivng (8o mg), oxetifetal pe pkpry avénon tng emiPiwong
MpoduAaén yia DVT

DuAiko o0&V

Metayyloelg ZE

Metayyioelg PLTs povo el amelAnTikng, yia n {wn, atpoppayiag

George JN Blood 2010
Scully M et al BJH 2012

Crawley J et al Hematology 2013
Blombery P et al J Blood Med 2014



OpoupwTtikn Opouporevikn TTopywupa

Xwpic Bepaneia n Bvnrotnta tng TTP = 90%

210 75-90% twv acBevwv emtuyxavetal mAnpng Udeon pe Bepameio 1n°

ypapunc Baowlopevn os mhaopodaipeon

30-60% twv QVTOMOKPWOUEVWY acBevwv gpdavilel umotponeg efOopadeg

WC KoL £TN HETA TNV apXLki Udeon

H mAsoPnodio acBevwv og UPeon €XOUV CNUAVTIKA LELWUEVO TITAO auTO-Abs
evavtl tng ADAMTS13 kat ducloloyiky evepyotnta ADAMTS 13. Ek véou
Helwon t¢ eVvIUULKNG evepyotnta Bewpeital €ppecoc deiktng mbavng

urtotponn¢ ( eTAektikn Bepareia;)



OpoupwTikn OpouPorevikn TTopupa

Avacouvbuaopevn ADAMTS 13: Bploketal utto SoKLUA

anti-vWF nanobody:

MPpwTEivn ToU TIPOEPXETAL OO TIG LETABANTEC MEPLOXEC TWV PapEwWV AAUCIOWV TWV AVOOCOPaLPLVWV

OeTIKA anoteAéopata o€ PoVTEAa {wwv & amodektd npodiA acPpaielag otov avOpwro

N-ak€TuAo kKuoteivn:

AVOOTEANEL CUOOWPELON ALUOTIETAALWY KAl HELWVEL PEYEBOC moAupepwv VWF in vitro

Eculizumab?

Evbeielc evepyomoinong tou cupmAnpwpatog (LExpL kat to C5b-C9 cuumAoko

1 AcBevic pe avBetikn TTP onpeiwoe Udeon Tn¢ vooou otav £Aafe Eculizumab

Noris M et al Nat Rev Nephtrol 2012
Crawley J et al Hematology 2013
Blombery P et al J Blood Med 2014



Infection induced:
-Shigatoxin HUS

trep Fneumoniae HL.I

Hematopoetic
stem cell
transplantation

Drugs:

-Quinine induced
-Tacrolimus, ciclospornn
-Bleomygcin, mitomycin,
cisplatin

-rifampicin
-Clopidopogrel

Disorders of Complement ®

-GEenetic mutations
-Acquired defects e.g. antibodies

‘\I\

- ADAMTS 13 abnormalities:
| | -genetic abnormality
< | -Autoantibodies

| Pragnancy

HIW

Malignancy

Connective tissue

disorders:
-SLE

-Antiphospholipids
syndrome

TTP

H-M Tsai. Am J Med 2013



AigoAuTikG Oupaipiké Zuvdpopo (HUS)

A

HUS infection-induced
Shiga-toxin producing E.coli
Shigella Dysenteriae type 1
Steptococccus Pneumoniae

Due to complement deregulation

Malignancy, Cancer Chemotherapy,
lonizing Radiation

Drug-induced

Transplantation

Pregnancy. HELLP syndrome

Autoimmune Disorders:
SLE
Antiphospholipid antibody syndrome

Glomerulopathy

Defective cobalamin metabolism



HUS oxetiopevo e diappoia

Odeiletal kupiwg oe E.coli (90% meputtwoswv HUS oe maidia) kat Alyotepo o€
Shigella dystenteriae (mapaywyn toéivng shiga)

O opotunocg O15:H7 tng E.coli elval n ocuyvotepa attia HUS og B. Apepikn kot AUTIKA
Eupwrn
Etnola enimtwon HUS Adyw 015:H7: 2/100000 matdid nAtkiog<5 €tn

Awappola apyLka vdapAC Kat aKoOAoOUOWC ALLOPPAYLKH LE KOLALOKO AAYOC
napouoLalovtal HETA Ao 3-8 NUEPEC EMWOAONG

Tplada HUS: pikpoayyelonaBntikni allloAUTIKA avatpio, OpopBormevia , ofeia vedpikn
BAGBN (50% acBevwv amattei alpokdbapon)

To HUS emumAékel To 15% mepumtwoswv alpoppayLkig dtappolag Aoyw E.coli, 5-10
NUEPEG UETA TNV EVAPEN TNG

Juxva avtopatn avakapudn, aAAd o kivbuvocg Bavatou f vedpLKAC AVETIAPKELOLC
TeAkoL otadiou eival 12%

E€¢wvedpikec ekbnNAwoelg o€ Tooootod 10%-50% kupiwg amo KN, aAld kol
YOOTPEVTEPLKO KAl LUOKAPSLO

Petruzziello-Pellegrini T et al Curr Opin Nephrol Hypertens 2012



TTa@oyéveia HUS oxetilopevou

ue E. Coli O157:H7

Fecal excretion +

=N Q
\ ? j * contamination of environment
( ‘

Ingestion of

pathogenic 3
E coli — Contamination of
food and water
4

Transmission animal
o person
(farms, slaughter-
houses, etc.)

- ee

/
’ S <-'>
\ Iran@mm«emn
| personto

}\&( person &\

Petruzziello-Pellegrini T et al Curr Opin Nephrol Hypertens 2012
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TTa@oyéveia HUS oxetilopevou

ue E. Coli O157:H7

P =
‘// v T — ——— \
5 ) (R
= \ ) " %
= \\ AN \! . 2
o AP~———_\ Y|\ Fecal excretion +
T | o\ )| 3,4,5
[ Ingestion of ] { ) o) ) s 94,
1| pathogenic £, cofi )/ | contamination of wliie- Contamination of food +
| J 2/ '{’/ environment

transmission animal to person +

transmission person to person
‘ Colonization of the ‘

large intestine + | ‘

mntimate attachment to
epithehal celis

|
|

_ & Adherent £, coli 11} - Go '
|/ 'g'] | . —— "l& ("" "“
| = Adhesin | * *
| 1 * % W
() - Receptor »* ¥
‘,\ ," Bloody diarrhea W Toxins EENE— S
1 / + kidney failure
L ' Transport of toxin to
\ T\ | 7 circulation
\ |x ‘\ -
- \a"

Petruzziello-Pellegrini T et al Curr Opin Nephrol Hypertens 2012



TTa@oyéveia HUS oxetilopevou

ue E. Coli O157:H7

glomerular
endothelial cells

glomerular basement membrane

red blood cells, proteins

ET-1

TNF-a

H ouvdeon Stx pe evdobBnilakd kUTTOpPQ
odnyel o€ avatoAr] TpwIEivikrig ouvBeong
KOL ATIOTITWON

>Uvdeon Stx pe povokuttapa odnyel o€
mopaywyry TNFa pe  oamotéAecpa tnv
avénon tou uttodoyéa Gb3Cer

H ouvdeon Stx pe evdéobBnilakd kUTTOpPQA
odnyel o€ Toapaywyn KUTTOPOKLVWY,
XUMOKLVWV Kal Hopiwv TIPOOKOAANONG HE
QTOTEAECUA TNV~ OUCCWPEUON KOl
TMPOOKOAANON  TwV  KUTTApwWvV NG
KOKKLWOOUG O€LpdG oTo evO0BriALlo

Zoja C et al Pediatr Nephrol 2010



TTa@oyéveia HUS oxetilopevou

ue E. Coli O157:H7

glomerular
endothelial cells

glomerular basement membrane

red blood cells, proteins

ET-1

TNF-a

H ouvbeon Stx pe evdoBnAlaka kKUttopa tTa
EVEPYOTIOLEL KalL TaL KOBLoTA TTPpoBPOoUBwWTLKA

0 BpopBocg we amavtnon otnv Stx e€aptatat
ano tnv oAAnAemnidpaon a,B3 wrteykpivng,
P-selectin kot PECAM-1 pe tov mapdyovta
vWF

urtapyouv evdeifelc evepyomoinong Ttou
CUUTANPWHATOC Kol  €l0lkOTEPO  TOU
EVAAAQKTIKOU povomatioly, aAAd o pOAoG
otn BpopPwon ivat acadng

Zoja C et al Pediatr Nephrol 2010



TTaBovyéveia HUS oxeTi{opevou

ue E. Coli O157:H7

Normal Shiga toxin (Stx) Shiga toxin + AMD3100/plerixafo

Legend:

1 ~ - - f;
j(;m &Sn @SDF1 4 CXCR4 \_}A‘AD?W-J Platelet %"Fu ot thrombus (. )!m(: '\il“i(:i':xg'r-vm

TCXCR4, SDF-1 ota evéoBnAlaka kuTtapa {wwv Tou gixav ektebel og Stx
TSDF-1 oto aipa {wwv nmou eixav ektebel o Stx

TSDF-1 oto aipa aocBevwy pe Aotpwén ano E. Coli 0157:H7

Petruzziello-Pellegrini T et al
Curr Opin Nephrol Hypertens
2012,

Ye {wa Tov eixav ekteBel oe Stx, xopryynon AMD3100 BeAtiwoe vedpikr) BAAPN kot aplOud PLTs



HUS oxenCéuevo_ue diappoia

>  YMoOoTNPLKTIKA aywyn YL OVTLMETWTILON:
Avatpiog
O©popupormeviog
Alatapoyxwv VEATOC KAl NAEKTPOAUTWV
Oeiag vedpikng BAaBng
Yriéptaong
Neupoloylkwv dlatapaxwv

BAafwv og dAAa opyava
> Xopniynon mAaopatoc/mAaocpadaipeon (;)

» Eculizumab

Petruzziello-Pellegrini T et al Curr Opin Nephrol Hypertens 2012



HUS oxeTi{opevo pe E CO|I O157:H7

FeYe)YAY,

Yrioxwpnon atpatoAoykwyv ekdbnAwoewv evtog 1-2 efdopadwv

Euvoikn mpoyvwon yia vedpikn Asttoupyia, 5% avemdapkelo TEALKOU
otadiou

Ovntotnta 5%

Petruzziello-Pellegrini T et al Curr Opin Nephrol Hypertens 2012



AigoAuTikG Oupaipiké Zuvdpopo (HUS)

A

HUS infection-induced
Shiga-toxin producing E.coli
Shigella Dysenteriae type 1

Steptococccus Pneumoniae

Due to complement deregulation

Malignancy, Cancer Chemotherapy,
lonizing Radiation

Drug-induced

Transplantation

Pregnancy. HELLP syndrome

Autoimmune Disorders:
SLE
Antiphospholipid antibody syndrome

Glomerulopathy

Defective cobalamin metabolism



HUS oxeti{opevo pe Str.pneumoniae

Adopd oto 5%-15% madiwv pe HUS kat >40% neputtwogwv HUS pn oxetllOYEVWY e
E.coli mou mapadyel shiga toxin

Entintwon HUS petd ano Aoipwén pe Str. Penumoniae: 0,5%

Turmikd ol aoBeveic mapouvaoldlouv niveupovia (70 %) mouv cuvABwWC EMUTAEKETAL UE
gUNUNUA ) cUAAOYN)

Mnviyyitida mapouoidlel to 20%-30% twv acOsvwv

AN\EC AOLUWEELC ATIO TIVEULOVLIOKOKKO Ttou oxetilovtal pe HUS mepthapfavouv
BaktnpLatpio, koAmtitda, péon wrtitda.

AcBeveic pe Str. penumoniae oxetil{opevo HUS sival vewtepol Kal £xouv BapUtepn
KAVLKH €lkova amo aoBeveic pe HUS oxetwlopevo pe E. coli mapayel toéivn shiga

Ye 2 oelpég aoBevwv 70%-80% xpeldotnkav alpokadapon

JUXVEC e€w-VEDPPLKEC ETLITAOKEC IOV TiepAapBavouy maykpeatitida, xoAukuoTitda,
kapdlakn SucAeltoupyia Kol ITWAELX AKONG

Spinale JM et al Curr Opin Pediatr 2013



HUS oxetilopevo pe Str.pneumoniae

Neuraminidase—Mode of Action

l Anti-T
L LA Antibody
Plasma N-Acetyl-
:QIIIY» § Neurominic acid
Nase--*T it | T-Antigen

Glycoprotein Lipid

*Thomsen—Friedenreich (TF) kpumto-avtiyévo

Spinale JM et al Curr Opin Pediatr 2013

EkBaon
Méon Bvntotnta: 12%

10% aoBevwv aventule vedpLkn
avemapkela teAlkol otadiov

16% aocBsvwv avémntuéav xpovia
vedpLKkn vOoo

Oepansia

Yriootnplktkn aywyn (xopnynon
TIAUMUEVWV TIOPAYWYWV OLLLOTOC)

AvtiBlotikn kaAudn

Oepareia pe mAaopa (;)



AigoAuTikG Oupaipiké Zuvdpopo (HUS)

HUS infection-induced
Shiga-toxin producing E.coli
Shigella Dysenteriae type 1
Steptococccus Pneumoniae

Due to complement deregulation
(aHUS)

Malignancy, Cancer Chemotherapy,
lonizing Radiation

Drug-induced

Transplantation

Pregnancy. HELLP syndrome

Autoimmune Disorders:
SLE
Antiphospholipid antibody syndrome

Glomerulopathy

Defective cobalamin metabolism



ATumo AipgoAuTiko Oupaipiko 2ZUvopopo

Ayvwotn n akpPng enimtwon touv aHUS

Ye mada: A/O=1:1, og evr)Alkec O>A

Eudaviletal o kaBe nAikia. 2Z& modlad 70% MePUMTWOEWV < 2 €TN
Alpvidla evapén (80%)

[EVIKA GUMMTWHLOTO

Tplada HUS:avatpia, Bpopporevia, vedpiLkr avenapkeLa
Aptnplakn YréEptaon

E€wvedplkeg ekdnAwoelg (20%): KNZ, Kapdloayyelako
Mpoodeutikn evapén (20%)

Loirat C et al Orphanet J Rare Dis. 2011
Kavanagh D et al Semin Nephrol 2013



Classical pathway

Lectin pathway

Alternative pathway

IgM, IgG, Mannose Gram+, Gram-, bacteria,
Immune complexes residues bacterial toxins (LPS)
C1q, C1r, C1s MBL, MASPs C3«
\Le C3a
C3b
Factor B %\L«— Factor H
C4, C2 C3bB + Properdin
i Factor D—)i
C4bC2a C3bBb« Factor H
Factor H,
C3 convertase Factor I, MCP —— | C3 convertase
C3 c3
\L% C3a J,—) C3a
C3b C3b
C4bC2aC3b C3bBbC3b
C5 convertase > C5 € C5 convertase
i—) Csa
C5b

!

C5b-9 (MAC)



ATuro AioAuTiko-Oupaipiko ZUvOpopo

Classical Lectin Alternative

—— ® |nactivating mutations:
Surtace e é} complement factor H (CFH)
ozo . membrane cofactor protein (MCP)

@EDCASRS Eactor B Factor D
ctorpgetor complement factor | (CFI)

L 1 ( Thrombomodulin (THBD)
(C4b' ‘ Bb) ———DAD)
c3 conse C3vertas/e\@
@D @ = Gain-of-function mutations:
ﬂ * C3
f Complement factor B (CFB)
C5 convertase C5 convertase

X!
©) = Auto-aviliowporta:
.—»E‘% CFH

eo .

Loirat C et al Orphanet J Rare Dis. 2011
@ Kavanagh D et al Semin Nephrol 2013




["eveTikoi TTpodiaOeoikoi TTapayovreg

CFH

MCP

CD4b binding protein

CFHR1

X 2-4

X 2-3

Loirat C et al Orphanet J Rare Dis. 2011
Kavanagh D et al Semin Nephrol 2013



ATUTO AlquU'nKé-Oupalumé 2.Uvopouo

Alelobutikotnta: <50% oe pepovteg petallagelg ota yovidia CFH, CFl. MCP,CFB
KOl QKOO ILKPOTEPN O€ peTaAAdéelg oto C3

Oecwpeitat ott SNPs, HpeTaAANAEELC KOl OVOOTAATIKA ouTtoavilowpata &pouv
aBpoloTika yLa va avénoouv tn SLEloSUTIKOTNTA

Qoto00, OoKOpO Kol €Ml mapouciag TOANWV  VEVETIKWV Tipodlabeoikwv
TIAPAYOVIWY, N VOOOC UIOPEL va. TPWTOeUIAVIOTEL 0T HEon nALKia.

Evdexouévwe karmoto meptParloviiko epeblopa mupodotel Tn vooo:
AOLLWEELC AVWTEPOU AVATIVEUOTLKOU
TIUPETOC
Konon
dappoka
Slappoikd cuvdpoua pun odpeldopeva oe E.coli

Loirat C et al Orphanet J Rare Dis. 2011
Kavanagh D et al Semin Nephrol 2013



Table 3 Main clinical characteristics of patients with atypical hemolytic uremic syndrome according to complement
abnormality

Gene or Frequency Minimal age at Risk of death or ESRD at 1°* Risk of Risk of recurrence after Plasma therapy
subgroup in aHUS onset episode or within < 1y relapses renal transplantation indicated
Children Adults
CFH 20-30% Birth any 50-70% 50% 75-90% Yes
age
CFl 4 -10% Birth any 50% 10-30% 45-80% Yes
age
mcp 5 -15% =1y any 0-6% 70-90% < 20% Questionable
age
c3 2 -10% 7m any 60% 50% 40-70% Yes
age
CFB 1-4% Tm any 50% 3/3 not in 100% Yes
age ESRD
THBD 3 -5% 6m rare 50% 30% 1 patient Yes
Anti-CFH 6% Mosthy 7-11 y 30-40% 40-60% Yes if high Ab titer Yes (+ 15)
Ab

CFH: factor H; CFI: factor I; MCP: membrane cofactor protein; CFB: factor B; THBD: thrombomodulin; Ab, antibodies; ESRD: end stage renal disease; 15:
immunosuppressive treatment

Risk of graft failure following relapse: 80-90%

Loirat C et al Orphanet J Rare Dis. 2011



ATuro AigoAuTiko-Oupaipiko ZUvOpopo

- Screeming for STEC = negstrve 2 STEC-HU S unbkely

-ADAMTS 13 acinaty = nommal = TTP eliminated
. L - C3,C4,CFB = low C3 +nommal C4 + low or pormal CFB
First step . . . ..
/ = complement alternative pathway actration
- MCP expression on lencocytes = decreased = MOP sequencing = MOP-HUS
- Anti-CFH antibodies = positove & anti-CFH anfibodies-HUS
- Decreased L3 Normal C3, CFH, CFL MCP,
secondstep |} Noanti-CFH antibodies | or No anti-CFH antibodies
--F__-'
=
+ + +
.'-""Ffd-
'.__,.o-"
Dereased CFH Demeased CFI Mommzl CFH and CFI
1 1 ¥
CFH sequencmg CFT sequencing C3, CFH and CFT CFH, CFI, MCP,
SEqUEnCIn g, (3, CFB sequencmg
CFH MIPA
) Complete sequencng of all nsk factors (nchudmg THED) even
Third step if 2 mmtation or anti-CFH antibodies have been found

Loirat C et al Orphanet J Rare Dis. 2011
Kavanagh D et al Semin Nephrol 2013



O¢parncia aHUS

Yuviotatol Evapén Beparelag pe MAAOMA EVTOC TOU TIpwTou 24wpou armo
v mBavn dtayvwon aHUS

Yuviotatol avtaAdayn 1.5 oykou mMAACUATOC EvavTl artARg Xopnynong
TMAQOLOTOC

KaBnuepivr) avtaAAayn nAdopatoc pexpLs otou Hgb, PLTs kat LDH kd kot
vedplkn Aettoupyia Baivel otaBepad BeAtiovpevn

Av peTa amo 3-5 NUEPEC N alOAUOoN EPLUEVEL /KAl 0 aplOUOC TwV
aLpomnetaAdiwyv dev BeAtliwvetal: amotuyio Beparmeiog

Entl avtamokplong, akoAouBel mpoodeuTIKA apailwon Twv cuvedpLwv
avTtaAAayn g MAACHLATOC, KATA TEPLITTWON

Y& vedpLK aVETAPKELA TEALKOU oTadiou: petapooyxevon vedppou
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Gene or Frequency Minimal age at Risk of death or ESRD at 1°* Risk of Risk of recurrence after Plasma therapy
subgroup in aHUS onset episode or within < 1y relapses renal transplantation indicated
Children Adults
CFH 20-30% Birth any 50-70% 50% 75-90% Yes
age
CFl 4 -10% Birth any 50% 10-30% 45-80% Yes
age
mcp 5 -15% =1y any 0-6% 70-90% < 20% Questionable
age
c3 2 -10% 7m any 60% 50% 40-70% Yes
age
CFB 1-4% Tm any 50% 3/3 not in 100% Yes
age ESRD
THBD 3 -5% 6m rare 50% 30% 1 patient Yes
Anti-CFH 6% Mosthy 7-11 y 30-40% 40-60% Yes if high Ab titer Yes (+ 15)
Ab

CFH: factor H; CFI: factor I; MCP: membrane cofactor protein; CFB: factor B; THBD: thrombomodulin; Ab, antibodies; ESRD: end stage renal disease; 15:
immunosuppressive treatment

Risk of graft failure following relapse: 80-90%

Loirat C et al Orphanet J Rare Dis. 2011



SOLIRIS® (eculizumab)
Humanized First in Class
Anti - C5 Antibody

Human Framework Regions

Complementarity Determining Regions
(murine origin)

> Human IgG, Heavy Chain

Human IgG, Heavy Chain Constant Regions 2 and 3

Constant Region 1 and Hinge

Data on file. Alexion Pharmaceuticals; 2008. "



SOLIRIS® Blocks Terminal Complement

SOLIRIS
Complement Cascade

e SOLIRIS binds with high
affinity to C5

« Terminal complement
activity is blocked

_, » Proximal functions of
ﬂ— complement remain intact

* Weak anaphylatoxin

=
=
X
=
al

C5b-9
C5b Cause of Hemolysis « Immune complex clearance

in PNH : : .
* Microbial opsonization

Figueroa, et al. Clin Microbiol Rev. 1991;4:359-395.
Walport. N Engl J Med. 2001;344:1058.
SOLIRIS® (eculizumab) [package insert]. Alexion Pharmaceuticals; 2007.
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Table 1 Efficacy results of prospective studies C08-002 and C08-003 by week 26

Outcomes

C08-002 (n=17)

C08-003 (n=20)

Change in platelet count from baseline through
Week 26 (x10°/L), point estimate (95% ClI)
Normalisation of platelet count
All patients, n (%) (95% Cl)
Patients with abnormal baseline, n (%)

73 (40 to 105)
p=0.0001

14 (82) (57 to 96)
13/15 (87%)

5 (—17.5 to 28)
p=0.64

18 (90) (68 to 99)
3/20 (15%)

TMA event-free status®, n (%) (95% CI)

15 (88) (64 to 99)

16 (80) (56 to 94)

TMA intervention rateT
Daily pre-eculizumab rate, median (minimum, maximum)

0.88 (0.04, 1.59)

0.23 (0.05, 1.09)

Daily posteculizumab rate, median (minimum, maximum) 0(0, 0.31) 0

p-Value <0000 <000
CKD improvement by >1 stage, n (%) (95% CI) 10 (59) (33 to 82) 7 (35) (1510 59)
eGFR change mL/min/1.73 m?, median (range) at 26 weeks 20 (-1 to 98) 5 (—11to0 20)

eGFR improvement >15 mL/min/1.73 m?, n (%) (95% Cl)
Change in Hb>20 g/L, n (%) (95% CI)

9 (53) (28to 77)
11 (65) (38 to 86)

1(5) (0 to 25)
9 (45) (23 to 68)

~Haematological normalisationf, n (%) (95%Cl) == 13(76)(50t093) 18 (90) (6810 99)

Complete TMA response§, n (%) (95% ClI)

11 (65) (38 to 86)

5 (25) (9 to 49)

Death

0

0

*TMA event-free status is >12 weeks of stable platelet count, no PE/PI and no new dialysis.

1TMA intervention rate is the number of PE or Pl interventions and number of new dialyses required per patient per day.

FfHaematological normalisation is the normal platelet and lactate dehydrogenase levels, >2 consecutive measurements and >4 weeks apart.
§Complete TMA response is haematological normalisation plus at least a 25% reduction in serum creatinine for a minimum of 4 weeks.

Source: Electronic Medicines Compendium.®’

CKD, chronic kidney disease; eGFR, estimated glomerular filiration rate; Hb, haemoglobin; PE, plasma exchange; Pl, plasma infusion; TMA,

thrombotic microangiopathy.

TMA event-free status
CKD improvement by > 1 stage
Haematological Normalisation

week 100

88%
71%
88%

week 114
95%

60%

ND

Legendre CM et al NEJM 2013; 368:2169




Eculizumab kai aHUS

Evapén Eculizumab to ouvtopotepo duvato, onwodrmote WoTO0Oo HETA
ToV amokAElopo TMA Aoyw éAAeupng ADAMTS13 ko Stx-HUS

Artatteitot ELBOALACHOC YLOL LLNVLYYLITLOOKOKO PO TNE XOpNyNnong
Eculizumab.

Xopnynon npoduAakTlkng avtiBiwonc otouc epPfoliacOeviec aobevei,
WOTE va Unv kabuotepnost n aywyn pe Eculizumab

Aev eival EekaBapo nwc Ba eAEyxeTal N avtamokplon otn Beparmeia
Aev gival EekaBapo ooco Ba mpemeL va SLapKeL N Beparmeia

To Eculizumab daivetal va €xeL B€on we MPpoPpUAAKTLKA aywyn TTPO TNG
LETAMOOXELONC KOLL LLETA ATTO ALUTH

Fakhouri F et al Eur J Intern Med. 2013



Infection induced:
-Shigatoxin HUS

-atrep Pneumoniae HUS

Hematopoetic
stem cell
transplantation

Drugs:

-Quinine induced
-Tacrolimus, ciclospornn
-Bleomygcin, mitomycin,
cisplatin
-rifampicin
-Clopidopogrel

Disorders of Complement regulation
-GEenetic mutations
-Acquired defects e.g. antibodies

- ADAMTS 13 abnormalities:

| | -genetic abnormality TTP

-Autoantibodies

| Pragnancy

HIW

Malignancy Connective tissue

disorders:
-SLE

-Antiphospholipids
syndrome

H-M Tsai. Am J Med 2013



Drugs that have been associated with thrombotic microangio-
pathy (TMA) in the Oklahoma TTP-HUS Registry, 1989-2009.

' "Marhanicm
' Mechanism

Acute, immune-mediated
Quinine 25

Dose-dependent toxicity

Chemotherapeutic agents
Mitomycin C 11
Gemcitabine 4
Carmustine 1
Pentostatin 1

Calcineurin inhibitor

Cyclosporine 3

Association with TTP uncertain
and pathogenesis unknown

Alendronate

Clopidogrel

Cocaine

Ticlopidine

Trimethoprim-sulfamethoxazole

|V =] =] -

Vancomycin

George GN Press Med 2012
George GN N Engl J Med 2014



OpoupwTikn Mikpo-ayyelomdaOeia

> AVOOOAOYLKOG HNXOVIOMOG (Kwvivn):
Oteia, dpapatiki ekdNAwon BpoUBWTIKAG UIKPO-AYYELOTIABELOC

Qoappako-eaptwpeva Abs évavtl atpomnetaiiwy (ko evboBnAiou kot
oudetepodlAwv)

> To&kog unxoviopog (ntopukivn C, kukAoomopivn, tacrolimus)
Aoco-s€aptwpevn vedpplkn ToflkoTnTa
Mpoodeutikn epdavion BPoUBWTIKNAC ULKPO-AYYELOTIAOELOC

EvboOnALakn BAABN kot cucowpeuon PLTs, mBava pEow avaoToAnC
TIPOOTAKUKALVNG

AvoaotoAn tou VEGF

George GN Press Med 2012
George GN N Engl J Med 2014



OpoupwTikn Mikpo-ayyelomdaOeia

AVOOOAOYLKOG UNYAVIOUOG 1] 0&ela evapén TMA
M\aocpadaipeon

AlakoTir) xopriynong tou BewpoUpeEVOU WG EUTIAEKOUEVOU APUAKOU

[poodeutikny epdavion TMA (calcineurin inhibitors, mitomycin C)

AlakoTir) 1) EAATTWOT) TNG 600G XOPTYNOoNG Tou Bewpovpevou wg

EMUTIAEKOEVOU DAPUAKOU

George GN Press Med 2012
George GN N Engl J Med 2014



Disorders of Complement regulation

Infection induced: -Genetic mutations

-Shigatoxin HUS -Acquired defects e.g. antibodies

-atrep Pneumoniae HUS ,"

| |
|
| —
Hematopoetic .'I ADAII.IITE 13 al::nnn.rm:allu-as_ TP
stem cell | -genetic abnormality
transplantation ' ' i -Autoantibodies
| Pregnancy

Drugs:

- -Quinine induced
| -Tacrolimus, ciclospaorin \
| -Bleomycin, mitomycin, Malignancy Connective tissue
| cisplatin disorders:
-rifampicin -SLE
| -Clopidopogrel -Antiphospholipids
syndrome

H-M Tsai. Am J Med 2013



OpoupwTikn Mikpo-ayyeionaOeia

Emtimtwon HIV :15%-50% o€ aoBeveiq ue TTP

O 16 HIV umopei v/ amoTteAel ekKAUTLKO TTopdyovTa Yo 08V €TELCOSLO
TTP

O 10¢ HIV oxetiCetal dupeca pe duoAettoupyia Tou evdoobnAiov kat
evamd0eon BpdpPwy otn HikpokukAodopia

OTmopTOUVIOTIKEG AoLUWEELG (CMV, HHV8) umopei va oxetiCovtal pe
avdmntuén TMA oto mAaiolo Aoipwéng pe HIV

AVTILETWTILON:
Avtipetpoikn] aywyn ( HIV-oxeti{duevn TMA)
Avtipetpoikn] aywyn kat tAaopadaipeon (HIV-oxeti{dpevn TTP)

George GN Press Med 2012



Disorders of Complement regulation

Infection induced: -Genetic mutations

-Shigatoxin HUS -Acquired defects e.g. antibodies

-atrep Pneumoniae HUS ,"

| |
|

— \ | ADAMTS 13 abnormalities: | __
stem cell \ | | -genetic abnormality
transplantation ' i - | -Autoantibodies

Crugs: - T
| -Quinine induced T HIV
| -Tacrolimus, ciclosporin
| -Bleomycin, mitomycin, Malignancy Connective tissue
| cisplatin disorders:
-rifampicin -SLE
| -Clopidopogre! -Antiphospholipids
syndrome

H-M Tsai. Am J Med 2013



OpoupwTikn MikpoayyeiomaOeia oxeTi{opevn He KUnon

MAIHA pe:
LDH> 600 U/L
OAwn xoAepupBpivn>1,2 mg/dl
SGOT >70 U/L
PLTs<100000/pl

Eudaviletal oto 10-20% TwV yuvalkwy
He poekAapia

AvTlpeTWTLION:

Apeon Slevépyela TokeToU

Koptikootepoeldn (;)

Townlsey D et al Semin Hematol 2013



OpoupwTikn Opouporevikn TTopywupa

\ %

H kunomn amnoteAel eEKAUTIKO TIapdyovTa yia 5%-25% mepinmtwoewy TTP
Mpokettal yla dYiun Evapén ovyyevoug TTP 1j tdlomtaOr) TTP

HTTP otnv kUnon oxetiCetal e onpavIiky Bvntotnta/voonpotnta UNTEPQS
KoL EUBpuou

YTIapyEL GUVEXTG KIVOUVOG UTIOTPOTING O€ ETIOEVES EYKUOOUVEG YL
TIEPLTITWOELG CUYYEVOUG TTP

AVTILETWTILON
>uyyyevng TTP: xoprjynon MAGOUATOS
Entiktntn TTP: mAacpoadaipeon
H Sievépyela dpueoou TokeToU dev paivetal va emnpedlel Tnv €§€ALEN TG vooou

Scully M et al BJH 2012
Blombery P et al J Blood Med 2014



Disorders of Complement regulation

Infection induced: -Genetic mutations

-Shigatoxin HUS -Acquired defects e.g. antibodies

-atrep Pneumoniae HUS ,"

| |
|
, —
Hematopoetic .'I ADAII.IITE 13 al::nnn.rm:allu-as_ TP
stem cell . -genatic abnormality
transplantation ¥ -Autcantibodies
| Pregnancy
Drugs: |~ —
' -Quinine induced ".._. 1 HIV

| -Tacrolimus, ciclospaorin

| -Bleomycin, mitomycin, Malignancy Connective tissue
| cisplatin disorders:

_ -rifampicin -SLE
-Clopidopogrel -Antiphospholipids
syndrome

H-M Tsai. Am J Med 2013



MikpoayyeiomaOnTikn AIgoAUTIKA Avaipia

& Opoppomevia

4

) YaAiel 1
\ I i S v b & IR ¥ \ Bl B |

o Alaxutn evdayyslakn nnén
o 2XetllOpevn UE XNUeELoBeparmeia

o AmOTOKOC TNC veomAaoiog:

KUPLWC adeVoKAPKLVWHLOTO
ouvNOwWC YEVIKEUEVN VOCOC
KOTAL KOLVOVOL LETAOTOON OTO 00TO/ LUEAO TWV 00TWV

anodpaén ayyeiwv Aoyw euBOAwV armod veEOTAAOHATIKA KUTTtapa [ 0poupwv
LVLKAG

George JN et al Presse Med 2012
Eur J Hematol 2010



Table 3 Comparison of cases of cancer-associated microangiopathic
hemolytic anemia with thrombocytopenia (CA-MHA) with acute
immune-mediated ADAMTS13-deficient TTP

Patient features CA-MHA Autoimmune-TTP Pvalue
Age 58 (48-85) A4 (24-87) 0.05
Gender M:F 1:6 2:5 0.55

| Bone pain 5/7 0 0.002
MNeurologic symptoms 5/7 (71%) 5/7 (71%)

|| Respiratory compromise 577 (71%) 0 0.002
Hemoglobin 6.9 (5.3-8.4) 7.4 (6.3-9.2) 0.26
Platelet count 18 (4-68) 9 (6-33) 0.19
Reticulocyte count 101.4 (32.9-252) 113 (75.7-492.1) 0.31
Nucleated rbc 3 (0-72) 7 (0-40) 0.99
Metamyelocytes 1(0-2) 2 (0-3) 0.3
Myelocytes 2 (2-5) 4 (1-5) 0.63
Fibrinogen 291 (172-405) 243 (191-455) 0.5

(175430 mg/dL)
PT (8.4-12.0 s) 11.1 (9.7-14.9) 9.9 (9.1-12.7) 0.38
APTT (21-33 s) 26 (22-43) 26 (20-30) 0.38
Positive D-dimer assay 7.7 5/5
D-dimer (<301 ng/dL} 2000 (350-2000) 500 (500-2000) 0.30
Positive SFM 17 (14%) 375 (60%) 0.11
LDH (122-222 U/L) 802 (2268-1761) 700 (511-8149) 0.26
Creatinine 1.2 (0.8-3.6) 1.5 (0.8-3.3) 0.74
(0.8-1.3 mg/dL)
|| ADAMTS13% (267%)  73% (16-100) <5 (<5-26%)" 0.04

Inhibitor titer ] 1.4 {1.1->8)
Response to PE 17 (14%) 6/7 (B6%) 0.004
Mortality at 30 d 5/7 (71%) 1/7 (14%) 0.03

O¢epamneia: Xopriynon XMO



Disorders of Complement regulation

Infection induced: -Genetic mutations
-Shigatoxin HUS -Acquired defects e.g. antibodies
-Strep Pneumoniae HUIS ,"
i II
| T
Hematopoetic II AD.AHTE 13 ﬂbnﬂm."m- TTP
stem cell LY ' | -genetic abnormality
transplantation ' ! " -Autoantibodies
| Pragnancy
Drugs: |~ o SO
-Quinine induced 1 HIV
-Tacrolimus, ciclosporin _
-Bleomycin, mitomycin, Malignancy connective fissus—
cisplatin < disorders: >
-rifampicin ELE
-Clopidopogrel W
syndrome

H-M Tsai. Am J Med 2013



MikpoayyelomaOnTikn AIgoAUTIKR Avaipia

EvooBnAlakn BAARN (ayyetitic, pAeypovn):

4 olvBeon npoaoctakukAivnG
Avti-pwodoAumidiko Zuvépopuo

DapUaKEUTLKN

Opowalovoa pe BpopPwtiki-6popBwTtikn nopdpupa
Avtliowpata évavtl evboBnAiou, atpomnetaAiwv

Avtiowpata evavit ADAMTS13

Jiang H et al Clin Rheumatol 2014



Table 4 Vanious therapies and their recorded outcome m 105 sTTP cases

Various therapies Total utilization  Remission Refractory (Gain remission by Total per Cause of death
rate (N=105) rate rate additional therapy® mortality
n (%) n (%) n (%) n (%) n (%)
PE alone” 6(6.7) 3/6 (50) 3/6 (50) 2/6 (33.3) 1/6(16.7)  sTTP
ST and (or) cytotoxics 10 (9.5) 4/10 (40) 6/10 (60} 3/10 (30) 3/10(30) sTTP (single organ failure)
without PE°
PE + ST 35(33.3) 23/35 (65.7)  12/35 (34.3) 8/35(22.9) 4/35(11.4) Overwhelming
infection/sTTP
(multiple organ failure)
PE + cytotoxics 3(2.9) 3/3 (100) 0 0 ] No
PE + ST + cytotoxics® 52(49.5) 47/52 (90.4) 5/52 (9.6) 0 5/52(9.6)  Refractory sTTP/
overwhelming infection
Rituximab + PE with or 11 (10.5) 10/11(90.9) 1/11(9.1) 1/11(9.1) 0 No
without ST (or cytotoxics)
Others 2(2.9) 2/2 (100) 0 0 0 No

Ovntotnta 12,3%-65%

Jiang H et al Clin Rheumatol 2014



Calicneurin
inihibitors

MNpomapa-
OKEVOUOAOTKO
oxfua

IxeT{ONEVN UE
METOUOOXEVON

Evepyomnoinon Kuttapokiveg
CUUTTANPWHOTOG

OAepo-
amodPaKTLKH
Noocog

Laskin BJ et al Blood 2011



OpoupwTikn Mikpo-ayyelonadeia

Méon enimtwon: 10%-25%
Avopevnc ekBaon pe vPpnAn Bvntotnta
AvTLUETWTILON:

Maopadaipeon

Avtipetwriion Aopwewv

Tpormomoinon avoooKATAOTOATIKAC aywyn¢ yia Beparmeia & poAnyn
GVHD

Rituximab

Laskin BJ et al Blood 2011



Aiaxutn Evdayyeiakn TTREN

Stimulus

Y Y

Tissue Endothelial
destruction injury

1 4 M
(Extrinsic Tissue |_  Endotoxin | l Endotoxin
pathway) factor

Factor XII activation
(intrinsic pathway)
J

Thrombin

e o |

l generation w
Intravascular Platelet
fibrin deposition Plasminogen consumption
activation
Plasmin Thrombocytopenia
generation l
Thrombosis ! Clotting factor
1 Fibrinolysis degradation
Y l l Y

Hemolytic Tissue Fibrin degradation
anemia ischemia products ey
(inhibit thrombin
and platelet aggregation)

Toh CH et al Hematology 2013



Mivakag 2. ZUYVEC KATAOTATELS TIOU guvbLovTal pe AEIN.

Nowpwéei
Baktripia [Gram (-) orjyn]
loi [Ebola)

AMlMa [Ehovooia, Pikétoec]

KakonBzia
Fypmayeic oyKol
Abdsvokapkivwpa - TaykpeaTog
- TPOOTATN)
Alpatohoyikéc kakorBeieg
Ofeia heuyaipia
MueghoimepnlacTika voorjparta
Maisutikéc emmAoKkéc
EpPohn apwviakot uypol
AmokoAnon mhakouvTa

Tpavpa / ZoPapn wotikn BAan
Eyxkauvpa
Kpaviosykegalikn Kakwon
Eupoln Aimoug

Martapayeég ayyeiwv
[yavTio apayyeiwpa
Kasabach-Merritt syndrome
Avelpuopa aopTrg

Avtibpaon os tofikoUg mapdayovTeg
Qappaxa
Arjypa apayvng —@ibioo
Avoooloyikéic Satapayic
Zofapn aMepyikn avTidpaon
Anmoppupn pocyEDpATOC

KaveAAoroUAou O kat ouv Aipa 2013



Comparison of DIC, TTP-HUS, and HELLP Syndromes

' Variables DIC TTP-HUS HELLP
TPlatelets Low 'Extremely low Low to extremely low |
{_zmem'a MAHA MAHA MAHA
TSéﬁiﬁtocytes ﬁﬁ;#lly .iifaﬁs .ii§a§=
HINR?éT Normal or prolonged Normal Normal
aPIT Normal or prolonged Normal Normal
WThrombin time Prolonged - -- Normal Normal
rf;Stiﬁogen iow ﬁo:mai ﬁormai
_FDP Elevated Normal Normal
7Live: enzymes Normal or =lightly Normal Elevated
elevated
TUnderlying Sep=is Usually idiopathic Always pregnancy or 7
| disorders postpartum
T Malignancy Rarely pregnancy N N
-6b36etri; ‘Medicacion
complication=
{LbH Vélevatedr -¥a£keA1y elévace& ﬁlévate&r
;Fever Present; may be If present, low grade Variable
high
rh::ociaced Diarrhea, renal failure, Proteinuria
neurclogic symptoms hypertensicn

| features*




Aiaxutn Evdayyeiakn TTREN

AVTLUETWTILON UTTIOKELLEVOU VOOLATOC | EKAUTIKOU Ttapayovta

Metayylon PLTs emi evtovou atpoppaylkng Stabeonc kat epocov o
aplOpo¢ Toug <50000/ul

Xopnynon FFP enti awpoppayioc edpooov PT &APTT >x1,5 A.D.T.
Kpuollnua ent atpoppayiac kot enineda wwvwdoyovou <150 mg/dl

Hrtapivn ent aptnplaknc n dAeBiknc BpouBwonc (kepauvvoBoiog
nopdupa, cuvOPORO VeEKPOUL eUPBpuoL)

Evepyonolnpuevn npwtetvn C eni oNyng

Toh CH et al Hematology 2013



Table B Investigations recommended in patents identified as hawving atypical hemolytic uremic syndrome, adapted
from [50]

| nivee-S tigpa Tio ms

Tabile & InvE-t-iij'atims recommended in patents identified as hé\'r-'ng atypi'ca-l h-.n_llmlytic uremic Eyﬁdr.umé.l a.da-pté-d ‘ .

from [90]

| mvee-S tiga tio ns

1 =0T
R 3T Ty &
o
Bt = BTSN RO
A SIS el
NGANC 3
ADAMITET 3 caliciandy
medted or anguinsd dasgican
sbaEmiEn metabolism e thy Mlasma aminga S 3
o - acicia
5 HV S ATy
a B eqnandcy, Nk S ey ""7"'5.' Oy Tas], By anmymnes Invesedars a5 2 and 3
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Classification (see boxes 1 and 2)

[nvestigation

Lii. Disorders of complement regulation

Liii. ADAMTS13 (vWFep) deficiency
inherited or acquired classification

1.iv. Cobalamin metabolism

A HIV

2
2.iv. Pregnancy HELLP syndrome

2.v. Miscellaneous

C3 (plasma/serum) !

Factor H and factor [ concentration [plasnw"senlm]2

Factor H autoantibody

MCP (CD46) (surface expression on mononuclear leukocytes by FACS)

Gene mutation analysis in factor H, factor I, MCP, factor B and C3°

Plasma vWF protease (ADAMTS13) activity = inhibitor (plasma)®. Measure
in acute phase of illness. Significant if activity <10% of normal. If low, check for
autoantibody inhibitor. Repeat in remission. If persistently low activity in absence
of inhibitor; inherited deficiency likely. Genetic confirmation optional at specialized
genetic laboratories

Homocysteine, methylmalonic acid (plasma and urine) = mutation analysis
in MMACHC gene

Serology

Pregnancy test, liver enzymes. Always consider pregnancy in teenage girl
with HUS or TTP. Investigate as in 1.ii. and 1.iii. above

Antinuclear antibody, lupus anticoagulant, anti-phospholipid antibodies




Table 8 Investigations recommended in patients identified as having atypical hemolytic uremic syndrome, adapted
from [90]

Investigations

1. STEC infection Stool or rectal swab: culture for STEC (Mac Conkey for 0157H7); PCR for Stx
Serum: anti-LPS antibodies against the most common serotypes in the local country

2. Disorders of complement requlation 3, C4 (plasma/serum)
Factor H, Factor |, Factor B (plasma/serum)
Anti-factor H autoantibodies
MCP (surface expression on leucocytes (polynudear or mononuclear leucocytes by FACS)
Gene mutation analysis in factor H, factor |, MCP, C3, factor B

3. ADAMTS13 deficiency Plasma ADAMTS13 activity or dosage (Elisa) £ inhibitor
inherited or acquired dassification
4. Cobalamin metabolismmethy! Plasma amino-acid chromatography (high homocysteine, low methionine); urine organic acid
malonic aciduria chromatography (methyl-malonic aciduria)
+ mutation analysis in MMACHC gene
5 HIV Serology
6. Pregnancy, HELLP syndrome Pregancy test, liver enzymes. Investigate as in 2 and 3
7. Miscellaneous Antinuclear antibody, lupus anticoagulant, anti-phospholipid antibodies

STEC: Shiga-toxin producing Escherichia colf; 5t Shiga-like toxin; PCR: polymerase chain reaction; ADAMTS13: A Desintegrin And Metalloproteinase with a
ThromboSpondin type 1 motif, member 13;HIV: human immunodeficiency virus; HELLP: Hemolysis, Elevated Liver enzymes, Low Platelet count; MCP: membrane
cofactor protein; FACS: fluorescence-activated cell sorter; MMACHC: methylmalonic aciduria and homocystinuria;



Table 3 (lassification of Comorbid Conditions in Patients With Microangiopathic Hemolytic Anemia but without Severe ADAMTS13

Group Hole Examples

I None Idwpathic atypical hemolytic uremic syndrome

II Trgger of complement activation Pregnancy, surgery, infection, inflammation, pancreatitis

I Acquired complement dysregulation® HIV infection, hematopoietic stem cell therapy, autoimmune

diseases (eqg, lupus, renal scleroderma, catastrophic
antiphospholipid antibody syndrome), drugs
IVa Thrombotic microangiopathy via other mechanisms Shiga toxin associated hemolytic uremic syndrome
Pneumococcal hemolytic uremic syndrome
HIV infection, hematopoietic stem cell therapy, autoimmune
diseases (e, lupus, renal scleroderma, catastrophic
antiphospholipid antibody syndrome), drugs
Severe hypertensiont
Vb (ther types of pathology Fibrin thrombosis
Disseminated intravascular coagulopathy, catastrophic
antiphospholipid antibody syndrome, hemolysis with elevated
liver enzymes and low platelet syndrome of pregnancy,
heparin-induced thrombocytopenia, paroxysmal nocturnal
hemoglobinuna
Microvascular cancer cells
Vasculitis, autoimmune or infectious
V Unrelated Mizcellansous

HIV = human immunodeficiency vins.

*Except for hematopoietic stem cell therapy, there is ne direct evidence as yet that acquired complement dysregulation underlies the thrombotic
micoangiopathy in patients with HIV infection, autoimmune diseases, or catastrophic antiphospholipid syndrome, or taking dregs (eg. gemcitabine,
mritomycin, caldnewrin inhibitars, quinine, coczine, bevacimimakb).

t5evere hypertension may be the manifestation of forme fruste atypical hemaolytic uremic syndrome rather than a cause of microangiopathic hemolytic
anemia.
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Table 2. Genetic Abnormalities and Clinical Outcome in Patients with Atypical Hemolytic-Uremic Syndrome.*

Gene

CFH

CFHR1/3

MCP

CFl

CFB

c3

THBD

Protein Affected

Factor H

Factor HR1, R3

Membrane cofactor
protein

Factor |

Factor B

Complement C3

Thrombomodulin

Main Effect

No binding to
endothelium

Anti—factor H anti-
bodies

No surface expression

Low level or low
cofactor activity

C3 convertase stabi-
lization

Resistance to C3b
inactivation

Reduced C3b inacti-
vation

Frequency
%
20-30

10-15

4-10

1-2

5-10

Response to
Short-Term
Plasma Therapyy

Rate of remission:
60% (dose and
timing depen-
dent)

Rate of remission:
70-80% (plasma
exchange com-
bined with im-
munosuppres-
sion)

No definitive indica-
tion for therapy

Rate of remission:

30-40%

Rate of remission:
30%

Rate of remission:
40-50%

Rate of remission:
60%

Long-Term
Outcome:

Rate of death or
ESRD: 70-80%

Rate of ESRD: 30—
40%

Rate of death or
ESRD: <20%

Rate of death or
ESRD: 60-70%

Rate of death or
ESRD: 70%

Rate of death or
ESRD: 60%

Rate of death or
ESRD: 60%

Outcome
of Kidney
Transplantation

Rate of recurrence:
80-90%f

Rate of recurrence:
20%9

Rate Of recurrence.
15-20%9

Rate of recurrence:

70-80%§

Recurrence in one
case

Rate of recurrence:
40-50%

Recurrence in one
case

* ESRD denotes end-stage renal disease.
1 Remission was defined as either complete remission or partial remission (i.e., hematologic remission with renal sequelae).
1 The long-term outcome was defined as the outcome 5 to 10 years after onset.

§ Patients in this category were eligible for combined liver and kidney transplantation.
§ Patients in this category were eligible for single kidney transplantation.
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Table 2. Presentation of aHUS from the largest European cohort?

Pediatric (<18 y) 162 8%
Adult (=18 y;n = 25&) 104 41%
Mada.female (n = 243) 128M320 51%./40%
Trigger/associated finding (n = 181}
Diarrhas 45 24 %
Respirstory infection 35 18%
Pregnancy 13 79-20%2
Extrarenal manifestations (n = 211)
Mubiorgan 12 6%
Cardiovascular only 7 3%
CNS only X3 11%




Human germline Eculizumab

frar?eeviv‘;)rqls& Complementarity- epitope P—
e Vy ] determining regions C3b

from the murine
V( anti-C5

C_ 18G2 derived,
does not bind

to Fc receptors

18G4 derived,
does not activate

CH3 | complement

Al

C5 convertase

Membrane attack
complex C5b-9

COn

C5 convertase

Zuber, J. et al. (2012) Use of eculizumab for atypical haemolytic uraemic syndrome and C3 glomerulopathies
Nat. Rev. Nephrol. doi:10.1038/nrneph.2012.214
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Trigger of Vascular Injury

|

v

Thrombotic Microangiopathy
Basement Membrane

Genetic/Host Predisposing Conditions

Endothelial Cell
Partial/Complete vessel
occlusion
Platelets Intravascular
platelet
Swelling of Detachment of thrombosis
: lial cell
endothelial cells andothetial oos
Ady A
Increased vessel Accumulation on

wall thickness subendothelial space



Organ
dysfunction

Vascular
devices

Abnormal
shear stress

RBC fragmentation

————

' L(Thrombotlc)

!

Thrombocytopenia

D al

Figure 1 Pathogenesis of microangiopathic hemolytic anemia. Abnormally high levels of shear stress, created by vascular devices
(eq, left ventricular assist device, extracorporeal membrane oxygenator, or prosthetic heart valves) or arteriolar stenosis, may...

Han-Mou Tsai

Untying the Knot of Thrombotic Thrombocytopenic Purpura and Atypical Hemolytic Uremic Syndrome

The American Journal of Medicine, Volume 126, Issue 3, 2013, 200 - 209

http://dx.doi.org/10.1016/j.amjmed.2012.09.006
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Clinical diagnosis of atypical HUS

Trial 1

Progressing TMA measured by low
platelet count (<150x10%/liter) at
screening and a decrease of >25%
lower than the average of 3 platelet
count measures before the most recent
TMA complication

=4 PE/PI sessions in the wk before
screening

Evidence of hemolysis: LDH =ULN,
haptoglobin <LLN, or schistocytes

Impaired renal function (creatinine =ULN)

ADAMTS13 activity >5% in plasma, no
STEC infection

No requirement for an identified genetic
mutation

Trial 2

No platelet count decrease >25% during
the 8-wk observation period

=1 PE/PI sessions every 2 wk, but
<3 times per wk for =8 wk

Evidence of hemolysis: LDH =ULN,
haptoglobin <LLN, or schistocytes

Impaired renal function (creatinine =ULN)

ADAMTS13 activity >5% in plasma, no
STEC infection

No requirement for an identified genetic
mutation

17 Patients were screened

/

/

23 Patients were screened

17 Were treated

2 Were ineligible
1 Withdrew consent

'

2 Withdrew

1 Had protocol violation
1 Had adverse event (pan-
cytopenia) unrelated

to drug

/

20 Were treated

15 Completed 26 wk

/

2 Did not continue into
extension study

20 Completed 26 wk

13 Continued to data-cutoff point
(median duration, 64 wk)

1 Did not continue into
extension study

Y

19 Continued to data-cutoff point
(median duration, 62 wk)




OpoupwTikn MikpoayyeiomaOeia oxeTi{opevn HE KUnon

MAIHA pe:
LDH> 600 U/L
OAwn xoAepupBpivn>1,2 mg/dl
SGOT >70 U/L
PLTs<100000/pl

Eudaviletal oto 10-20% TwV yuvalkwy
He poekAapia

AvTlpeTWTLION:

Apeon Slevépyela TokeToU

Koptikootepoeldn (;)

Townlsey D et al Semin Hematol 2013



OpoupwTikn Opouporevikn TTopyupa

Further
Investigations

Blood
Products

URGENT
treatment

Start
immediately

__after PEX

Suspect TTP if patient has MAHA and thrombocytopenia in absence of other identifiable
cause

Start treatment immediately if TTP is suspected and refer urgently for specialist advice and PEX
See Tables |, Il and IV

Take blood before starting PEX: FBC, blood film, reticulocytes, clotting, fibrinogen, U+E,
Troponin Troponin T, LFTs, Amylase, TFTs, calcium, LDH, pregnancy test, DAT, blood group
with antibody screen, ADAMTS13, Hepatitis A/B/C, HIV serology and autoantibody screen

See Table 11

Other investigations should be performed promptly but can be delayed until after starting PEX:
urinalysis, stool culture (if diarrhoea), echocardiogram, CT brain (if neurological signs), and CT
chest/abdomenipelvis to check for underlying malignancy (if indicated)

See Table 1l

Request S/D FFP. If any delay in starling PEX then give FFP infusion (watch for fluid overload)
Use standard FFP if S/D unavailable

Transfuse packed red cells when necessary to correct anaemia

Platelet tranfusions are contraindicated unless bleeding is life-threatening

Start PEX with S/D FFP as soon as possible
1-5 plasma volumes x 3, then 1 plasma volume/day with stabilization of condition

Give steroids; either IV methylprednisolone (1 g/day for 3 days) or oral prednisolone {(e.g. 1
mag/kgfday) with an oral proton pump inhibitor
Give oral folic acid 5 mg OD




Further
Investigations

Blood

URGENT

Start
immediately

Prevent
thrombosis

Treatment
Success?

Products |

treatment

_after PEX

Suspect TTP if patient has MAHA and thrombocytop
cause

Start treatment immediately if TTP is suspected and refe
See Tables |, Il and IV

Take blood before starting PEX: FBC, blood film, retic
Troponin [/Troponin T, LFTs, Amylase, TFTs, calcium,
with antibody screen, ADAMTS13, Hepatitis A/B/C, HIV
See Table [l

Other investigations should be performed promptly but c:
urinalysis, stool culture (if diarrhoea), echocardiogram, C
chest/abdomen/pelvis to check for underlying malignanc
See Table 1l

Request S/D FFP. If any delay in starling PEX then give
Use standard FFP if S/D unavailable

Transfuse packed red cells when necessary to correct a
Platelet tranfusions are contraindicated unless bleedi

Start PEX with S/D FFP as soon as possible
1-5 plasma volumes x 3, then 1 plasma volume/day v

Give steroids; either I'V methylprednisolone (1 gfday for :
ma/kg/day) with an oral proton pump inhibitor
Give oral folic acid 5 mg COD

If HIV-positive, start HAART immediately
If neurological or cardiac involvement, start rituximab
See Section 3.7.2

When platelet count =50 x 10%1, start low molecular weic
aspirin 75 mg OD

Continue daily PEX for a minimum of 2 d after platelet ¢
If progressive symptoms, refractory disease or early rel:
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OpoupwTikn Opouporevikn TTopywupa

\ %

H kunomn amnoteAel eEKAUTIKO TIapdyovTa yia 5%-25% mepinmtwoewy TTP
MpokeLtal yla OYiun Evapéng ovyyevoug TTP 1j tdlomtaOr) TTP

HTTP otnv kUnon oxetiCetal pe onpovtikr Ovnvotnta/ voonpotnta PUNTEPAS
KoL EUBpuou

YTIapyEL GUVEXTG KIVOUVOG UTIOTPOTING O€ ETIOEVES EYKUOOUVEG YL
TIEPLTITWOELG CUYYEVOUG TTP

AVTILETWTILON
>uyyyevng TTP: xoprjynon MAGOUATOS
Entiktntn TTP: mAacpoadaipeon
H Sievépyela dpueoou TokeToU dev paivetal va emnpedlel Tnv €§€ALEN TG vooou

Scully M et al BJH 2012
Blombery P et al J Blood Med 2014



Mleoayyslo‘naenTlKﬂ AigoAuTIKN Avaipia

4 1

1. Awatapaxiy ¢ pubuwong tou mapayovia von Willebrand Adyw
QVETIAPKELOC TNG LeTaAlomtpwTeivaonc ADAMTS13:

OpouBwrtikn O@popBormevikn nopdpupa (TTP)

2. Awatapaxn TG pUOULONG TOU CUPMANPwWHATOC AOYw auto-Abs, 1
HETAAANAEEWV OE EVEPYOTIOLNTEC N PUOULOTEC TOU GUUITANPWHLATOC:

Aturto AlpoAuTiko Oupaltptko 2uvdpopo (aHUS)



