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Hemolyticanemia
A AIHA
A TMA
A PNH

Megaloblasticanemia

Sideroblastianemia




Hemolytic anemia

AIHA- DAT
=l

Antihuman I1gG and
Washed patient antihuman C3d antibodies

red cells

X &
@ Erythrocyte antigen % & (/
3—1gG antibody é
@ “ <6 5

Positive DAT

DAT-positive, no AIHA
98.4 %

Meulenbroek EM, et al. Blood Rev 2015;29:369-76
Brodsky RA. N Engl J Med 2019;381:647-54
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Cliniqgl_ Qemolysis

JAT-positive AlHA

AlHA- DAT

Table 3. Mechanisms involved in DAT-negative WAIHA

1. Erythrocyte-bound antibody below the limit of detection of standard DAT
Erythrocytes from healthy individuals have up to 35 molecules of IgG bound to

Standard DAT can detect >300-500 bound 1gG molecules.

WAIHA can occur with as few as 70-434 bound IgG molecules.

Loosely bound antibodies are dislodged during the washing of erythrocytes or

when samples are left standing at room temperature.

IgA antibodies may trigger phagocytosis and antibody-dependent cell cytotoxicity,

Standard anti-human globulin reagents do not have anti-lgA activity, as most
polyspecific reagents contain a mixture of monoclonal anti-lgG and anti-C3d.
4. Warm-reacting IgM and monomeric IgM antibodies
IgM antibodies reacting at warm temperatures and monomeric IgM may not fix

Standard anti-human globulin reagents do not detect IgM. However, these

antibodies will detect C3d if the IgM antibody fixes complement.

- their surface.
T
\\\
N N
N 2. Low-affinity IgG antibodies
‘ »
DA f\\
iadd 3. IgA antibodies
negative
1
,\l H)‘ resulting in hemolysis.
5-10°%)
/
J complement.
S
>
Basic evaluation
Blood counts
Absolute reticulocyte counts ->» usually increased, but reduced in severe forms (40% children, 20% adults)
Unconjugated bilirubinemia - increased, consider confounding due to Gilbert syndrome, hepatic disease
LDH ->» mild to moderately increased, consider confounding due to several other diseases with cellular necrosis, hematologic
neoplasms and B12 deficiency
haptoglobin - typically decreased, consider false positive for congenital deficiency, or underestimation of hemolysis for infection
[infl ions and renal nephrosi

Folate/B12 levels

-> possibly reduced for several causes (to be excluded)

DAT with monospecific antisera (anti-IgG, anti-C)

Positive for 1gG or IgG+C
Positive for C

Positive for IgG+C and high titer cold agglutinins

Persisting the suspect of AIHA

/

Perform more sensitive DAT
test at reference centers

-> diagnosis of warm AIHA, (anti C positivity generally at low titer)
-» diagnosis of CAD, to be confirmed by cold agglutinin titer >1:40

-> diagnosis of mixed AIHA

DAT negative

Medical history

Acute versus chronic/relapsing onset,
family medical history, infections,
transfusions, pregnancy, drugs, toxic causes

(Shiga toxin producing Escherichia coli,
Clostridium, snake or spider bites)

Exclude other causes of hemolytic anemia

Other suggested investigations in
particular settings

+ Endogenous levels of erythropoietin, in case of persistent

penia and in heavily treated cases

* Monospecific anti-IgA and IgM

* Washes with cold saline or low-ionic
solutions or PEG

* Donath-Landsteiner biphasic hemolysi

* ELISA

* Flow-cytometry

* Dual-DAT

* MS-DAT

* Test drug dependent and independent
antibodies

* Bone marrow evaluation (morphology, cytometry,
cytogenetics and biopsy) and whole body CT scan In CAD

at diag!

is and in rel

d/refractory warm AIHA

+ Anti-nuclear, anti-DNA, anti-extractable nuclear antigens,
anti-cardiolipin, anti-beta-2 antibodies, and lupus-like
anticoagulant, 1gG, IgA and IgM levels, C3 and C4 levels,

and

0

lymphocyte subpopulations

* Molecular analysis, to confirm associated conditions

genital ymphoproliferative S,
Lo o . : deficiandies)

Blood smear, osmotic fragility
tests, EMA binding, high
performance liquid

congenital membrane and
enzyme defects,
hemoglobinopathies,

C Brapiyy, €y ¥
enzyme activityes (G6PD, PKD,
other more rare)

hrombotic and
mechanical
microangiopathies
(prosthetic heart valves,

rheumatic endocarditis)

Cytometric analysis of CD55/59
on granulocytes,
hemoglobinuria and
hemosiderinuria

Paroxysmal Nocturnal
Hemoglobinuria with
typycal intravascular

hemolysis

Test allo- and autoantibodies in
serum, eluate, identifcation of
antibody specificity,
immunoabsorbance techniques

and extended REC genotyping

Delayed hemolytic
transfusion reactions,
Hemolytic disease of the
newborn, passenger
lymphocyte syndrome

Meulenbroek EM, et al. Blood Rev 2015;29:369-76
Go RS, et al. Blood 2017;129:2971-9
Barcellini W, Fattizzo B. Front Immunol 2020;11:946
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AIHA- classification

Basedon optimal temperature of
antibody binding

w Warm antibody AIHA

w Coldantibody AIHA

w Mixed antibody AIHA

Basedon presenceof underlying
disorder

w PrimaryidiopathicAIHA

w SecondanAlHA
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Table 1. Autsimmune Hemalytic Anemias,
Secondary Cold Agglutinin Parowysmal Cold
Variable Warm-Antibody Type Cold Agglutinin Disease Syndrome Hemoglobinuria Mixed Type
Incidence and age at onset  5-10 cases/1 million persons/ 045-1.9 cases/1 million persons; Rare ary age Rare in children, ultrarare  Rare, depending an
y¥r oocurs at any age but yraccurs mainly in the eldedy inadults definition
frequently in the elderly
Cause Unknown in <50% of cases; Low-grade ly mphoproliferative Secondary™ Pastviral {in children); Unclear

Pathopenesis
Autoantibody

Immunoglobulin class

Complement activation

Predominant ty pe of
hemalysis

Typical findings
Direct antiglobulin test

Caold apg lutinin

secondary in =250% of
cases”

Warm-react e, panreactive,
polyclonal

IgG {in rare cases, lgh or IgA})

Frequently none; classical
pathway {++), terminal
pathway [+}

Extravascular {(mainly in the

spleen)

IgG positive
C3d negative or positive
In rarecases, |gA or lgh
positive
Absent

bane marrow disorder

Cold agglutinin, anti-l {in rane
cases, anti-Pror anti-lH},
monoadonal

Ighd {in rare cases, IgG)

Classical pathway {+++), terminal
pathway (+)

Extravascular (mainly in the
liver); intravascular {in acute
exacerbations)

Cid positive
In rare cases, |[gG or IgM positive
| gA negative

High titer

Caold agglutinin, anti-l ar antii,

polvdanal or monoclonal

lgM ar lgh

Classical pathway {+++),
terminal pathway )

Extravascular (mainly in the
liver); intravascular {in
acute exacerbations)

C3d positive
| gl positive or negative
In rare cases, |gM positive
| gA negative

High titer

tertiary syphilis,
hematologic cancers
{in adults)

Monagglutinating, biphasic
anti-P, paleclonal

IgG {in rare cases, lghd}

Classical pathway [#++),
terminal pathway (+++)

Intravascular

Cid paositive
In rare cases, |gG or | ghd
positive
IgA negative
Absent

Bath warm- and cald-
reactive antibodies

lgG plus lgM
Present, details not
established

Mat established

IgG and C3d positive
In rare cases, |gM positive
IgA negative

High titer

Idiopathic, SLE, CLL,
lymphoma, medication

CAD, lymphoma, post-
infectious (in particular
EBV, mycoplasma)

Brodsky RA. N Engl J Med 2019;381:647-54
Berentsen S, Barcellini W. N Engl J Med 2021;385:1407-19
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IgG Warm Antibody-Mediated Autoimmune Hemolytic Anemia

IgM complement -mediated hemolysis

~ Suryival ¥

Barcellini W, Fattizzo B. Front Immunol 2020;11:946
Berentsen S, Barcellini W. N Engl J Med 2021;385:1407-19
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| Warm AlHA- treatment
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First International Consensus Meeting

—> . .
Predniso(lo)ne : 1 mg/kg per day for 2-3 weeks _/ Severe disease (Hb < 8 g/dL; atypical AIHA [IgA-
+ Rituximab 1,000 mg on days 1 and 15 or 375 mg/m* weekly mediated, DAT neQatlve]’ Evans Syndrome)
for 4 weeks
I
Failure Response
Reduce predniso(lo)ne from weeks 2-3 ﬁ
| 2
I K]
e
I }
Rituximab* #——  Loss of response Sustained g
response o
l 024
l — + Rituximab
Failure - ;I:if;giénab
Stop treatment 00 . T T T . . . .
. 0 6 12 18 24 30 36 42 48
l within 3-6 Time from randomization (months)
months
Splenectomy
10=
Azathioprine, — Suinat
Mycophenolate or
o8~
Ciclosporin
K
2
'
Failure ;
| g
Low dose prednisolonet i Q-
Cyclophosphamide i
| 0 12 M % 4 e T 84 % 108
Danazo follow-up (months)
Bortezomib
Jager U, et al. Blood Rev 2020;14:100648

Birgens H, et al. Br J Haematol 2013;163:393-9
Michel M, et al. Am J Hematol 2017;92:23-7
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Cold agglutinin mediated AIHA
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Primary CAD Secondary CAS
Supportive Supportive
Care/Therapy l Care/Therapy ‘
L 4
Asymptomatic Symptomatic Treat underlying
(anemia, transfusion, circulatory symptoms) disease
| (if possible)
L J l $ i
W E W Clinical Trial Emergency Situation Rituximab Table 2. Response rates
(if available) Eculizumab (375mg/m? weekly x 4) Response level n %
Plasmapheresis o CR 18 40
[th_uxlmab+ Ber‘_lda— eR 14 a1
mustine for fit patients) NR 13 29
No All patients 45 100
response/

l Relapse 0

0.9

Clinical Trial/ Experimental s

Treatment — 3

Rituximab + E 07

Eculizumab, Ibrutinib, Bendamustine g 0

:E 0.5

T Relapse £ e

g 03

v "oz

0.1

Rituximab + o

Fludarabine or ° womoowow o
Manths
Bortezomib

Jager U, et al. Blood Rev 2020;14:100648

Randen U, et al. Haematologica 2014;99:497-504
Berentsen S, et al. Blood 2017;130:537-41
Berentsen S, et al. Blood 2020;136:480-8



b

CAD¢ role of complement

C4,C2 ‘e : :
Activated convertase

LEUVEN

CA

C4b,C2a .
s Extra trigger
convertase (infection, surgery,

trauma, é)

Phagocytosis
(extravascular
hemolysis)

C3d

Intravascular *:' } g
hemolysis C5a cs

Berentsen S. Hemasphere 2023;2;7:e879




;ff :TIEZUVEN ;} CADX, role of complement

cac2 a  \ca "(: \{'
Activated &
Y L 'C"]ase convertase CA
AN ¢ _— .. ‘ b
- §

C4b,C2a-._ |

v
5
{ convertase%
Phagocytosis
(extravascular . C5b-9
hemolysis) <= (MAC)
k> ' o

DECADE trial (eculizumab)
n =13 (open label, phase 2)

Intravascular ¥ y
hemolysis  C5a (&

Severity/poasibly related to treatment Probably related to treatment

Therapy-related changes in lactate dehydrogenase levels —

BODO 3 Peritanits" Prewmoniat

Laciate debydrogenass (U/L)

?m; L] L L L] L]

Moderate
£ 2 Hemaorrhoidal hemorthage®
Fatigued
E I Muscle crampst
Arenal stenosis
Hypertenson
Pruntus

Urinary traci infecton

Limb pain#
Oral herpes infection

4 2 0O 2 4 & 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 Faligus
Creatinine increase |2 episodes)

But:
Only limited effect on hemoglobin
No improvement of cold-induced circulatory
symptoms

Ro6th A, et al. Blood Adv 2018;2:2543-9
Berentsen S. Hemasphere 2023;2;7:879
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(pegcetacoplan)
Randomized, phase 3 trial

CAD role of complement

Rationale: CinhibitionR 2 S Jngv@ritformation of C3bC lesseffect on

extravasculahemolysis

\
. 4,2 a C3a ’\j‘f{‘
) c3 i
Actev]asted Qﬁnvertase CA
3y ° >
=] e
(] )

C4b,C2a -

(e

v
convertase .

Phagocytosis
(extravascular
hemolysis)

C5b-9
2 (MAC)

Intravascular ¥ ‘
hemolysis  C5a cs

A Study to Evaluate the Efficacy and Safety
of Pegcetacoplanin Patients With Cold
Agglutinin Disease (CAD)

https://classic.clinicaltrials.gov/ct2/show/NCT05096403

APL-2 increases Hb values in CAD and wAIHA C3+ within the
first weeks of treatment with sustained benefit with longer
exposure. APL-2 reduces intra- and extravascular haemolysis
shown by reductions in LDH, INDBIL, and ARC. APL-2 appears to

be safe and well-tolerated.

Gertz M, et al. EHA 2019, Abstract S899
Berentsen S. Hemasphere 2023;2;7:e879
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c4,C2
Activated Q:nverta se L_i’ .

C4b,C2a .

CA

G5

Phagocytosis
(extravascular
hemolysis)

Intravascular ¥
hemolysis

convertase ‘

CAD role of complement

No sutimlimab

Ciq

Cls

Sutimlimab

%r'avascular hemolysg/\j

ntravascular hemolysis

Chonat S, Stowell SR. Blood 2022;140:933-5
Berentsen S. Hemasphere 2023;2;7:879
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CARDINAL trial (sutimlimab)
n =24 (open label, phase 3, recent transfusion)

Mean (SE) CP activity (%)

CAD role of complement

Part A Part B
254 14 4
204
U 924
154
[ 1
104
10 4
& 3 —4$
b I
04 8
R ® ) @ o ) ® N RS
Visit (Week) from baseline to Week 135
n= Py 4 4y D ® 2 P
NP R TR LI S R S S S S S
n= R 2 0 2R N o 0 o N N o X N
= P @ ¢ e R P N @ N NN N
Table 2. Summary of Adverse Events.*
Event Category Total (M =24)
All adverse events — no 124
Patients with =1 adverse event — no. (%) 22 (97)
Patients with =1 treatment-related adverse event — na. (%) 9(37)
Mo. of events 13
Serious adverse events — na. 16
Patients with =1 serious adverse event — no. (%) 7(29)
Patients with =1 serious infection — no. (%) 2(8)F
Patients wha discontinued treatment or study because of an adverse event — no. (%) 1(4)%
Death — no. (%) 1(4)1

60 4 ~ 50+
3 [ |9
= = S
2 (g |2
c E 45 4 *g Mobility Self-care Usual activities Pain/Discomfort Anxiety/Depression
— 3 100 ~
o™ 1. —
(@] fe] S
8 54040 _
E |I= |& €
(0] a £ 54
e —~ &
—~20 4 ;31w E
w1l (2
- el -
< @ 304 B
0 T T T T T T
() § E Baseline Week 26 Baseline Week 26 Baseline Week 26 Baseline Week 26 Baseline Week 26
2 0 < n= 23 17 23 17 23 17 23 17 23 17
254 -No or slight problems th:daraba. severe, or extrems problems

FACIT-Fatigue Score
Mean (SE) Change from BL

10

Part B

Off-treatmegt

period E

T % 39 51 63 75 87 99

W1 s 77 ETdRu
Visk (Weeks) 3 .,

Ro6th A, Barcellini W. N Engl J Med 2021;384:1323-34
Roth A, et al. Ann Hematol 2022;101:2169-77

Roth A, et al. Am J Hematol 2023;98:1246-53

Roth A, et al. Blood Adv 2023;7:5890-7



CAD role of complement
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CADENZA trial (sutimlimab)
n =42 (randomized, phase 3, no recent transfusion)

B
Classical complement pathway activity (%) Total C4 (g/L)
i Placebs =8 Sutimlimab = Placebs -8 Sutimlimab
Met compaosite 504 0.4 4
primary endpoint
= 40+ =
OR, 15.9 100% % = 03-
100% 4 (95% C1,2.9,88.0; £ a0 3
P=0.001) = =
= 2 024
80% 1 j27% & 201 @
= =
— = r
B = 104 =0
= G0% 4
=
- 04 0.0 4
= T ——————
B 0% 4 B1 3 5 7 % 11 13 158 17 1% 21 23 2524 B1 3 5 7 % 1113 15 17 19 21 23 2524
Weeks Weeks
2222 22 22 19 0 18 19 18 18 19 19 19 1819 2221 22 22 1B 18 18 19 18 18 17 17 19 1418
20% 4 1819 19 18 19 19 19 19 19 19 17 1B 19 1919 1920 19 17 19 19 19 19 19 19 17 19 1B 1918
=18 n=1& n=1% n=20
0% - Sutimlimab (N = 22) Placebo (N = 20)
Met composite Increased Mo transfusion Mo use of protocol-
= = 4 - TEAEs, n 144 20
primary endpoint Hb=15g/dL  fromweek Sto 26 prohibited CAD
from BL medication from Patients with =1 TEAE, n (%) 21(95.5) 20 (100)
week 5to 26
Patients with =1 related TEAE,* n (%) B (36411 4 (20.06
B Sutimlimab (n=22) W Placebo (n=20)
Patients with =1 TEAE grade 3 or higher, n %} 5227 3 (15.0)
Patients with =1 TEAE infection grade 3 or higher, n %) Z2(2.1) 1(5.00
13 =b= PFlaceho == Sutimlimab TESAEs, n 4 3
Patients with =1 TESAE, n (%) 3013.8) 1(5.00
. 12 4 Patients with =1 related TESAE,* n (%) 1i4.5) o
=2 Patients with =1 TESAE infection, n (%) 114.5) 1 (5.00
h
= 11 4 Tatal number of TESAE thromboembolic events, n 1 o
uI”T Patients with =1 TESAE thromboembolic event, n (%) 1i4.5) o
[¥s]
= 10 4 Patients who discontinued treatment andfor study owing to 3113.8)5 1]
& a TEAE, n (%)
= 9
Dieaths, m (%) o] o
8 -
B1 3 5 7T % 11 13 15 17 19 21 23 2526
Weeks
2r 21 22 19 20 17 19 17 16 19 19 18 1919 RoOth A. et al. Blood 2022:140:980-91
2019 19 19 19 19 19 19 19 19 19 19 20 1919 ’ ’
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CADENZA trial (sutimlimab)
n =42 (randomized, phase 3, no recent transfusion)

CAD role of complement

(A) Patient's Global Impression of Change (Week 26) (B) Patient's Global Impression of Fatigue Severity-

Change from baseline (Wesk 26) A
Placebo Arm:ea= PO =&= SUT
Sutimlimab Am ‘es= SUT
100%
100% 4
% 14 [
80%
- 21.1% 80% 4 5
£ -
- 3 12 ; rT
= a- _—
2 60% £ 5% g i k i %
. 2 @
ﬁ 42.1% 8 @ 10
o c
40% 40% 3
21.1% Very much improved L s T
Much improved |
R $ | 5
20% 15.0% 10.5% Mochange 20% 4 a ¥ Ei] 7 Bk ) V.:'t' & 51 51 63 e L]
Minimally worse Iimproved isit (Week)
PBOISUT (M) 20 v " " 0 9 " 1 20 19 "” 1w ” % 15 2
LMCh WOrse Unchanged SUT(m) 18 19 ” " 1319 " ” 18 1® 1 7 . %5 12 19
10.5% Wery muchworse ; Worsened
0% 0% 4 B
Placebo AM: == PRO ==  SUT
Sutimlimab Placebo Sutimimab Placebo Sutimfimab Arm :ea= SUT
n=19 n=1% n=15 n=15
PartA Part B
L
(A) SF-12 Physical Component Scores <
b Pacebs @ Sutimbmab E
12 e
<
!§i" 8 8w
H @
i3 . r/.._____l a
g =
Mg -4
%
10
v Vergue) ” U S (R W (R T S R SR R T
n 21 21 18 18 18 0
n 3o T8 18 18 18 Visit (Week)
PBOSUT(N) 18 15 17 16 18 18 15 18 18 15 15 15 W oW
(B)iFdZ Mantal Compornant Scorss SUT (m) 17 17 1% 17 7 1% 15 " 14 13 AL " 7 2 17
Piacebo =@ Sutimbmab
12
e
33 o
4
£
86
£2 5 - I
2E
&
Roth A, et al. Eur J Haematol 2023;110:280-8

BL 5 1 17 26

vz i . Berentsen S. Hemasphere 2023;2;7:879
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Role of Complement for Specific Disease Features in CAD

CAD role of complement

Complement Involvement Disease Feature Pathogenetic Mechanksm
Complement-mediated featuras Hemolysks Classical comgplement pathway activation by Ag-Ab complex—s
C3b opsonization of RBCs — mainly extravascular hemalysis
Fatigue Classical complement pathweay activation by Ag-Ab complex —
soluble proimfiammeatony split products
Exacerbation tripgened by febrile infections, major trauma, or major  Increased production of C4 (and C3) in acute phase reaction —
SUrgery complement enhancement— extra’intravascular hemaolysts
Risk of thrombosis Multiple poirts of interaction betwesn the complement and
coagulation cascades
Honcomplement-mediated features Cold-Inducad circutatory symptoms REC surface |-antigen binds kght-CA — RBC agghutination
& Arroryanosis

# Raynaud-like symptoms
= |ivedo reticularis (uncommean

* Gangrene (fare

Potential indications for sutimlimab in cold agglutinin disease

Vm‘

sutimlimab therapy m"ﬂ""ﬂ;

Treatment because of
circulatory symptoms

Factors that
favor B-cell
directed
therapy
Immunochemotherapy
failed or contraindicated

Berentsen S, et al. Immunotherapy 2022;14:1191-204
Berentsen S. Hemasphere 2023;2;7:e879



TMA - classification

TMA

A  ADAMTS13-deficiency thrombotic thrombocytopenic purpura (TTP)

A Acquired (auto-anti-ADAMTS13 antibodies)
A Congenital (mutations in ADAMTS13 gene)

A Hemolytic uremic syndrome (HUS)

A
A

Typical HUS (Shiga toxin producing Escherichia coli)
Atypical HUS

1 Congenital (mutations in complement regulatory proteins,
thrombomodulin)

1 Acquired (auto-anti-complement regulatory proteins antibodies)

A Secondary thrombotic micro-angiopathy (TMA): associated with

A
A
A
A

Solid organ transplantation
Hematopoietic stem cell transplantation

Medication (clopidogrel, ticlodipin, quinine, mitomycin C, gemcitabin, calcineurin inhibitors,
proliferation signaling inhibitors, ¢é )

Auto-immune disorders (antiphopsholipid syndrome, systemic lupus erythematosus, € )
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Thrombotic
Thrombocytopenic Physiology
Pu I'FI.II'H. Niralarge VWF mullimears
secreted from endothelial ealls
Circulati i '
roula F 1]
ultralarge. ADAMTE aoamTsis g @ Caomal

VWF multimers

- ‘ VWF multimers

ADAMTS13 Female gender Conditions increasing
severe deficiency Black ethnicity VIWF levels
Jautoantbodies, gene mulions, HLA-DRE1*11 {inflammatian, infeclions
ather machamsms) Obesity pregnancy....)
TTP

Protein candidates
cuumpu | earrier pratsin for ADAMTS 137 Cellular candidates
Physiclogie inkibiter b ADAMTS137 Platslets?
Wariabslity of VWF sensitivity io ADAMTS 13 Endothakal calls?

linked to VWF paltymarphismes or to factor H?

The unknown players

TTP- physiopathology

A Normal ADAMTS13 Activity

q-;\l
G 3 /.,-"f\
o oy ) e W
44 T A/,
@ ot L
»
R
Von Willebrand factor —=-"J_ $=m ADAMTS13 ¥ Von Willebrand factor
S
f—PI:telet
J P R
‘:)"L:{‘A"v\
=)
Endothelial cell ‘
lk’\.) )
=),

,,-‘-o-/ By
_-"'

= - ’,_‘,__ Activated
3 Q’ platelet

Q.Jﬁ\‘gw
‘\;, :,"’ N

‘; \.‘,A .

Joly BS, et al. Blood 2017;129:2836-46
Kremer Hovinga JA, George JN. N Engl J Med 2019;381:1653-62



| UZ

TTP- physiopathology

. B =1 INJrnl
p-D217H ©.708delC p-R349C p-Q456H pl673F p.C997F p-R1402P
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2 i 12 ' L
z
[¢]
o m Il . u i hii
W l 1
P IR l l i i
k) : 1 : L s ' 1 v !
2= ,’ / A 0 1 [ 1 i y [ !
EE i ) (Y] i v ! v : x \
=9 Metallo- i
g2 i
o protease 1,49% SRager 1
<n
~
A
Y
\
: ]
. o)
Q
: o)
m
wn
z
o
=
(e}
=
5
=
b=
(%]

O Male DFemale . Pregnancy triggered

100 TTP patients

DAMthc-:-d—mel TTP

() childhood-onsat TP

I inherited TTP

B Acquired TTP

ADAMTS13

kAnnbod)

SP

w Jo [l e

N

Joly BS, et al. Blood 2017;129:2836-46

ADAMTS13

Kremer Hovinga JA, et al. Nat Rev Dis Primers 2017;3:17020

Alwan F, et al. Blood 2019;133:1644-51
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MAHA 70
¢ Coombsegativehemolyticanemia Thrombocytopenia 70
w Presence o$chistocytes
w Elevated indirecbilirubin Neurologicatlisturbances 60
w Elevated LDHémolysist tissue damage)
¢ Trombocytopenia Renalproblems 38
w In acute phase very low (<20000/uL)
w Often bleeding tendency Fever 17
¢ CNXbnormalities Pentade 10

w Mostfrequently. coma,convulsionsandfocaldeficits

w Oftenin advancedandnon-diagnosedcases
¢ Renalabnormalities

w Elevatedserumcreatinin microscopidhematuria proteinuria
¢ Fever

¢ Recentlyoften cardiacandpancreaticanvolvement

S mpon

100
100

86

54

24
14

Sarode R, et al. Am J Haematol 1997;54:102-7
Joly BS, et al. Blood 2017;129:2836-46
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ij TTP-symptoms

Essential for diagnosis

Coombs negative hemolytic anemia
w Thrombocytopenia

_ w /[ 22Y03a0Q njc®anhiapatecS
Thrombocytopenia . .
hemolyticanemia

w Absence of other possible causes of
CN lities R ems microangiopathichhvemolyticanemia

+ ADAMTS13 activity < 10%

Zheng XL, et al. I Thromb Haemost 2020;18:2486-95



;ff LEUVEN | TTP- treatment

Daily TPE with 1.5 plasma volume

* Until clinical improvement + platelet count > 150G/L for two
days + decrease in LDH level

* In unresponsive patients, consider twice daily TPE

ADAMTSI13 supplementation

Corticosteroids 1 to 1.5 mg/’kg + boluses

e Taper when ADAMTS 13 activity recovers (e.g. >20%)
Immunosuppression

Inhibition of platelets-vWF Caplacizumab: 10mg IV followed by 10mg SC daily
interaction « Until ADAMTS13 activity recovers (e.g. >20%)

Picod A, Coppo P. Transfus Apher Sci 2019;58:273-7
Zheng XL, et al. J Thromb Haemost 2020;18:2496-502
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Why do we neednew treatments?

w Suboptimakespons
¢ Exacerbation$50%)
¢ Refractorines$10%)

w Death 15% (high ADAMTS IgG antibody level + low ADAMTS13 antiged level
mortality 27%)

w Highestmortality: first 2 weeksrpediantime to death9 days([IQR 414 day9d)
w Duringfollow up: 15%developother autoimmunedisorder

Number of autoimmune diseases cases according to date of TTP diagnosis.

Roriz M, et al. Medicine 2015;94:€1598

HOW to Improve Outcome Of Alwan F, et al. Blood 2017;130:466-7

Goel R, et al. Transfusion 2016;56:1451-81

p at I e n tS WI t h TT P? Zheng XL, et al. J Thromb Haemost 2020;18:2496-502
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Ablynx’s Nanobody®
The smallest functional
CH3 CH3 fragment of a naturally
occurring single-chain
antibody
CONVENTIONAL ANTIBODY HEAVY-CHAIN ANTIBODY
Heavy and light chains Only heavy chains
Both chains required for antigen Full antigen binding capacity
binding and stability and highly stable

e/

Platelet St

ADAMTS13

ULVWF
multimers

-~ 4

The NEW ENGLAND JOURNAL of MEDICINE

Endothelium |

Formation

TTP-treatment

1. Blocking vVWEF-platelet binding

Caplacizumab

Pl

-

I
/Y

J&

,u

ring

»,

anti-vWF Nanobody

ORIGINAL ARTICLE

The NEW ENGLAN D
JOURNAL o« MEDICINE

Caplacizumab Treatment for Acquired
Thrombotic Thrombocytopenic Purpura

M. Scully, S.R. Cataland, F. Peyvandi, P. Coppo, P. Knobl, J.A. Kremer Hovinga,
A. Metjian, J. de la Rubia, K. Pavenski, F. Callewaert, D. Biswas, H. De Winter,
and R.K. Zeldin, for the HERCULES Investigators*

ESTABLISHED IN 1812 FEBRUARY 11, 2016 VOL. 374 NO.6

Caplacizumab for Acquired Thrombotic Thrombocytopenic
Purpura

Flora Peyvandi, M.D., Ph.D., Marie Scully, M.D., Johanna A. Kremer Hovinga, M.D., Spero Cataland, M.D.,
Paul Knébl, M.D., Haifeng Wu, M.D.,* Andrea Artoni, M.D., John-Paul Westwood, M.D.,
Magnus Mansouri Taleghani, M.D., Bernd Jilma, M.D,, Filip Callewaert, Ph.D., Hans Ulrichts, Ph.D_,
Christian Duby, M.D., and Dominique Tersago, M.D., for the TITAN Investigators{

Holz JB, Transf Apher Sci 2012;3:343-6
Peyvandi F, et al. N Engl J Med 2016;374:511-22
Scully M, et al. N Engl J Med 2019;380:335-46
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Reference

TITAN (8)

Number of
patients
Caplacizumab

vs placebo

75 (36 vs 39)

HERCULES 145 (72 vs 73)

(9)

Mean
age (y)
[range)

42 (19-
72)

46 (18-
79)

100

69

Vs

4G

Na

Recurrence®

38.9vs 3584

12,5 vs 35.3

Exacerbation Relapse

TTP-treatment

Mortality Mean

%6 %% in the TPE
acute duration
phase % (d)
8.3 wvs 282 306ve Owssl 5.9 vs - b
Caplacizuma
4.2 v= 38.3 83 ws Owsdl 5.8 vs
o< Q.4
Adverse event TITAN Caplacizumab vs HERCULES Caplacizumakb
acehao vs placeho
p p

Bleeding 54 2 ws 378 648 vs 479

Gingival bleeding 143 ws 5.4 18.3 vs 1.4

Epistaxis 314 ws 108 324 vs 27

Hematria 0wy 2.7 F0ws 2.7

Catheter sibe MA 7.0 v 6.8

hemorrhage
Subarachnoid 29 vs 0 1.4 wvs 0
hemorrhage

Headache 4.5 we X7 225 vs B2

Pyrexia 17.1 ws 16.2 14.1 vs 8.2

Myalgia 20wy 2.7 MA

Urticaria MA 6.9 vs 6.8

Peyvandi F, et al. N Engl J Med 2016;374:511-22
Scully M, et al. N Engl J Med 2019;380:335-46
Picod A, Coppo P. Transfus Apher Sci 2019;58:273-7
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Rituximab 2. Anti-CD20 therapy

Table 2. Rituximab for the treatment of patients with TTP and for treatment of ADAMTS13 deficiency during remission: levels of evidence
and interpretation

Grade of recommendation

Indication Key citation and evidence* Interpretation
Initial treatment of TTP Scully, 20118 2C We suggest rituximab be considered for this indication. Rituximab may
decrease the time to achieve remission and may delay subsequent
relapse.
Treatment of refractory Froissart, 201277 1C We recommend rituximab be considered for this indication. Patients with
episodes of TTP refractory TTP require treatment in addition to PEX and conventional
corticosteroid regimens, and rituximab appears to be effective.
Treatment of severe Hie, 201425 1C We recommend against the use of rituximab for this indication. The benefit
ADAMTS13 deficiency for relapse-free survival is marginal (P = .049). Patients in the rituximab
during clinical remission group received multiple different treatments. The benefit of a single

course of rituximab is not known. The natural history of ADAMTS13
activity following recovery from acquired TTP is not known. High-quality
evidence is required before treatment of patients with no clinical evidence
of TTP can be recommended.

*Grade 1 represents a strong recommendation; grade 2 represents a weak recommendation; and grade C represents the lowest quality of evidence.

— 2] TEme. 000 smees ituximab-+
CATECORY hintoric I'l B L e
h“‘I
0,8 4 lLI A HA - e
= i
2 = L N e
£ 2+ S 061
e @
L - £ Relapse
g 3 £o04- T
& . . = l'_“'_"_‘|
| First line e
- L I Scully M, et al. Blood 2011;118:1746-53
5 fogRamkiastg=titt Lim W, et al. Blood 2015;125:1526-31
£ ‘ ‘ ‘ . 0,0 .
0 10 20 30 40 50 60 T T T T T T Jestin M, et al. Blood 2018;132:2143-53
Relapse-free survival (Months) 0 2.0 4.0 6’9 8.0 10:0
Follow-up duration (years)
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Rituximab

A

TTP-treatment

Rituximab Control 0Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Scully 2011 4 37 21 38 19.3% 0.10([0.03,033] 2011 i
Froissart 2012 3 19 16 53 171% 0.43[011,1.70) 2012 —_—l
Rinott 2015 4 14 9 40 16.9% 1.38[0.35, 5.46] 2015 .
Page 2016 1 16 4 21 8.3% 0.28[0.03,2.82] 2016
Uhl 2017 5 36 10 46 20.0% 0.58[0.18,1.88) 2017 —_—r
Falter 2018 5 17 14 28 18.3% 042[012,1.50] 2018 ————
Total (95% Cl) 139 226 100.0% 0.40 [0.19, 0.85] *
Total events 22 74
Heterogeneity: Tau*=0.36;, Chi*=8.72, d =5 (P=0.12), F= 43% :0.01 0’:1 1 110 100:
Testfor overall effect Z=2.39 (P = 0.02) Control more relapse Rituximab more relapse
B Rituximab Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Hie 2014 3 30 7 18 357% 017 [0.04,080] 2014 L
Jestin 2018 14 92 17 23 64.3% 0.06 [0.02,019) 2018 ——
Total (95% CI) 122 41 100.0% 0.09 [0.04, 0.24) g
Total events 17 24
Heterogeneity: Tau®= 0.06; Chi*=1.13, df=1 (P=0.29); F=11% :IJ 0 041 3 150 100:
Testfor overall effect Z= 4.93 (P < 0.00001) ‘ Control more relapse Rituximab more relapse
Rituximab Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Scully 2011 3 40 3 40 231% 1.00([0.19,5.28] 2011 -
Froissart 2012 1 22 4 57 12.7% 0.63[0.07,5.98) 2012
Karim 2013 0 9 ] 13 7.0% 0.06 [0.00,1.26) 2013 ¢
Hie 2014 0 30 2 18 6.7% 0.11[0.00,2.39) 2014 ¢
Rinott 2015 2 14 6 N 211% 0.69([0.12,3.96) 2015 -
Page 2016 0 16 2 2 6.6% 0.24[0.01,5.28] 2016
Uh! 2017 1 40 3 59 121% 0.48[0.05,4.77] 2017
Jestin 2018 1 92 2 23 10.7% 0.12[0.01,1.33) 2018 + -
Total (95% CI) 263 262 100.0% 0.41[0.18, 0.91)] o
Total events 8 28
i R - - - - . = I } 1 1
Heterogeneity: Tau®= 0.00; Chi*= 5.05, df=7 (P = 0.65), F= 0% 0.01 01 ; 10 100

Test for overall effect. Z=2.19 (P = 0.03)

Control more mortality Rituximab more mortality

Owattanapanich W, et al. Clin Appl Thromb Hemost 2019; 25:1076029618825309
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TTP¢ treatment & follow up

Acute TTP:
Inpatient

Acute TTP:
(Inpatient
and
Outpatient)

TTP in
remission

Clinical diagnosis of TTP
Idiopathic thrombotic microangiopathy, high PLASMIC score

S e e

above.

COMPLICATIONS
Corticosteroids PEX 1-1.5 PV daily Bleeding: Recurrence
CONFIRM . ; . .
DIAGNOSIS ) until platelet count Consider holding despite ant-vWF
Consider early rituximab Caplacizumab 11 mg" is normal x 2 days anti-vWF therapy therapy:
IV priorto TPE
Refractory TTP: AND rETTTEIEITTT ! OR Evaluate for
Rituximab (if not already 11 mg* SC until ! PEX Taper 1 Consider reversal infection and non-
started). ADAMTS13 deficiency ] 1 with vWF- adherence
Cyclophosphamide, is resolved e concentrate
vincristine,
bortezomib, other
immunosuppressants.
If ADAMTS13 does not
MONITOR increase: optimize
RESPONSE immunosuppression as

Consider preemptive
rituximab for ADAMTS13
<10% during remission

NEW PARADIGM OF TTP THERAPY

Immunao-

Exchange Eaplacteml; suppression

Hasten platelat Stercideti-

Remove recovery Rituximab

antilbndy Radh

Suppress

Replace exacerbations inappropriate
ADAMTS13 Lirnit L
micrathreembi response

ADAMTS13 decreases from 250%to 20-49%
* Repeat ADAMTS13in 1 — 2 months

|

ADAMTS13 remains 20 — 49 %

* HRepeat ADAMTS13 every 3
maonths

E

}

ADAMTS13 decreases to <20%

Rituximab, 375 mg/m? once
Repeat ADAMTS13 in 1 month

ADAMTS13 increases to 250%

* Repeat ADAMTS13 every 3
months x 3 years, every 6 months
x 2 years, then annually

r

ADAMTS13 remains <20%

Rituximab, 375 mg/m?2 weekly x 3
Repeat ADAMTS13 in 3 months

3

L 4

AD

AMTS13 remains <20%
Maintenance rituximab (375
mg/m2 every 3 months x 2 years)

ADAMTS13 remains <20%

Consider alternative treatments
or follow-up patients without
further treatment

Coppo P, et al. Res Pract Thromb Haemost 2018;3:26-37
Mazepa M, et al. Blood 2019;134:415-20
Zheng XL, et al. J Thromb Haemost 2020;18:2496-502
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Initiation of the
complement cascade

aHUS complement cascade

PNH, aHUS,
HSCT-TMA

CAD, wAIHA

Classical Lectin ' Alternative
pathway pathway : pathway
\ A \—/ Permanently active at
, low level
f(g N ” Clo \
MBL
Clars B NIiSE @
ca ca
c2 c2 1 Tickover
C4BP . 1 Hydrolysis Terminal
: pathway
- 1 PNH, aHUS
........................... HSCT-TMA

Clusterin
Vitronectin

Membrane

Formation of the
C5 convertase
and C5 cleavage

Formation of the
membrane attack complex

Formation of the
C3 convertase
and C3 cleavage

Duval A, Frémeaux-Bacchi V. Am J Hematol 2023;98:55-S19
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aHU&; complement cascade

Complement cascadeegulatedfrom initiation till termination

>

A to maintain physiological balance
A To protect host surfaces against collateral damage

Regulator Function Regulated pathway
C1 inhibitor (C1-INH] Inactivates Clrand Cls, MASP-1, and MASPE-2 CP/LP

sMaP Binding to MBL, competition with MASPs LP

MAP-1 Binds to MBL/ficolins, LP
Vitronectin (S protein) Binds to C5b-7/8/9 TP {MALC formation)
Clusterin Binds to C5b-7/8/9 TP {MAC formation)
CD59 Binds to C8 and C? TP {MAC formation)

Regulatory activity decay/ Regulated Main regulatory

Regulator cofactor pathway compartment

CR1 DAA CA CP/LP and AP Surface

DAF DAA - CP/LP and AP Surface

MCP -CA CP/LP and AP Surface

C4BP DAA CA CP/LP Fluid/surface

FactorH DAaA CA AP Fluid/surface

FHL1 Das CA AP Fluid/surface

Factor | Protease for degradation CP/LP and AP Fluid {on surface only

of C3bor C4binthe
presence of a cofactor

in conjunction with
cofactor)

Main regulatory compartment
Fluid
Fluid
Fluid
Fluid
Fluid

Surface

Schmidt CQ, Smith RJ. Immunol Rev 2023;313:376-401
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Prognosis of aHUS Varies According to the Genetic Defect

Noris M et al, CJASN 2010

aHUS outcome

250 patients
ESRD or Death Age at onset: birth to B3 years

|

I
gmﬂ IE?{:
g | I ' MCP
E
= B0 I
& T0+ |
g 60+ | 2ra
ol o - _[‘5“’{] : Undetermined
=
g 4 160% CFI
g ™ —7 7 -
= a 'l:_\
2o 1 77% 1 CFH
E 104
a3 )
9 T T T T T T T T

0 12 24 38 4B ] T2 1048 120

Maonths After Onset

| The majaritv of patients received some form of plasma theranv |

Table 1. Frequencies of the most common mutations identified in aHUS patients

Mutated gene/protein

Type

Death or end-stage renal disease

Frequency (%)* 3-10 y after onset (%)t

Factor H (including CFH/CFHR1 hybrid genes)
MCP (CD46)

Factor |

C3

Factor B

Thrombomodulin

CFHR1/3 deficiency with anti-factor H
autoantibodies

Diacylglycerol kinase &

None identified

Loss of complement regulation
Loss of complement regulation
Loss of complement regulation
Gain of complement activation
Gain of complement activation
Possibly loss of complement regulation
and procoagulative state
Loss of complement regulation

Prothrombotic

24-28 70-80
5-9% <20
4-8 60-70
2-8 60-70
0-4 70
0-5 50-60
3-108§ 30-70
0-3l 46

30-48 50

Noris M, et al. Clin J Am Soc Nephrol 2010;5:1844-59
Jokiranta TS. Blood 2017;129:2847-56
Raina R, et al. Ther Apher Dial 2019;23:4-21
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aHUS treatment

(e

980000000CC00000008e

©
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Kidney-liver b | | Single kidney Tx | Single kidney Tx Single
combined with | | combined with ! comtined with kidney Tx
plasma peri-tx : intensive plasma ! plasma-exchange

] ! and/or Rituximab

v v

Eculizumab or other complement-targeting agents

Eculizumab

Cofa_cFor Noris M, et al. Am J Transpl 2010;10:1517-23
Activity I Deca Kavanagh D, Goodship T. Pediatr Nephrol 2010;25:2431-42
Yy
Accelaration
Activity
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Two prospectivephase

2 trials

aHUS treatment

Eculizumab

I 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

2 Were ineligible

1 Withdrew consent

A Platelet Count, Trial 1

Mean Change from Baseline
Count (x10-9/liter)

No.of 17 16 14 16 16 15 15 14 15 15 15 15 14 15

B Estimated GFR, Trial 1

Extension Treatment Period 20

Pretreatment
55 Period 26-Wk Treatment Period
120+ e e K e ek
50+
« 45
w
o 404
2 354
3 304
2R s
Ed
’g ? 204
9E 154
g> 104
ZE
o 5
£
20 s o+
R TR T T T TR, T L SR s 54
0 2 4 6 8 10 12 14 16 18 20 22 24 26
s -10
Weeks of Eculizumab Treatment 18

'
o

L4
ES

'
~
=}
~
»
o
00|

| SO S . T, ., . S, I, O, T, S, . . . W T . L O, .
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64

| 17 Were treated |

20 Were treated |

2 Withdrew
1 Had protocol violation
1 Had adverse event (pan-
cytopenia) unrelated
to drug

| 15 Completed 26 wk |

20 Completed 26 wk l

2 Did not continue into
extension study

|H

1 Did not continue into

- <
l extension study

(median duration, 64 wk)

13 Continued to data-cutoff point |

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

Patients Weeks
No.of 5 6 12171616161515 1515 151515151315 13 14 13 12 11 12 9 10 8
Patients
C Estimated GFR, Trial 2 D Inhibition of Complement Activity, Trials 1 and 2
26-Wk T ion Ti
i Pretreatment Period Period Period
~ 100 o Trial 1
104
\G g e Trial 2
g 30
£ z
S~ sl 2
$t 2
2R < 60
| ] o4 L
T 3
&S E 4o
2E -5 -
[¥] =
£ g 204
s -0
o T T T T 1
0 4 8 12 16 20 24
<35

5. LR S s o S S B S S e B S S S S S S S
~72-68-64-60-56 -52-48-44-40-36-32-28-24-20-16-12-8 -4 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
Weeks

No.of 3 3 5 8 9 101211 1114 1315 13 12 17 19 2020 20 20 20 19 20 20 2020 19 18 17 18 18 14 1213 9
Patients

Weeks of Eculizumab Treatment

Legendre C, et al. N Engl J Med 2013;368:2169-81
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aHUS treatment @

For patients 218 years of age, eculizumab therapy consists of:

900 mg weekly x 4 doses

1200 mg at week 5;
then 1200 mg every 2 weeks

For patients <18 years of age, administer eculizumab based upon body weight,

according to the following schedule:

40 kg andcbver 900 mg weekly x 4 doses

30 kg to less than 40 kg 600 mg weekly x 2 doses
20 kg to less than 30 kg 600 mg weekly x 2 doses
10 kg less than 20 kg 600 mg weekly x 1 dose
5 kg to less than 10 kg 300 mg weekly x 1 dose

1200 mg at week 5;
then 1200 mg every 2 weeks

900 mg at week 3;
then 900 mg every 2 weeks

600 mg at week 3;
then 600 mg every 2 weeks

300 mg at week 2;
then 300 mg every 2 weeks

300 mg at week 2;
then 300 mg every 3 weeks
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aHUS new insights

Infection-associated HUS
Shiga toxin-producing

Complement-mediated aHUS
Hereditary: mutations of CFH,

Escherichia coli HUS CFI, C3, CFB, MCP and THBD

Streptococcus pneumoniae Acquired: factor H

HiN1/influenza A autoantibody-associated HUS
Non-complement-
mediated aHUS

¢ DGKE
Pregnancy-induced aHUS WT1

G6PD

Metabolism-associated
HUS

Cobalamin C disease
Methionine synthase
deficiency

Neurological

Seizures, nystagmus, diplopia, hemiparesis,
headache, altered consciousness,
hallucinations, encephalopathy, and coma

Drug-induced aHUS

Coagulation-mediated aHUS

Transplant-associated HUS Thrombomodulin

Haematopoietic stem cell transplantation

thrombotic microangiopathy
Solid organ transplantation thrombotic

microangiopathy

Secondary aHUS
Malignant hypertension
Complement-amplifying conditions

Ocular

Loss of visual acuity, visual
scotomas, ocular pain,
diplopia, and blurred

Gastrointestinal
Diarrhoea, vomiting,
pancreatitis, cholelithiasis,
transaminitis, hepatitis,

Antiphospholipid antibody vision

and gastrointestinal

Malignancy or cancer bleeding
Cardiac
Pulmonary Left ventricular hypertrophy,
Pulmonary oedema, pulmonary hypertrophic cardiomyopathy,

haemorrhage, and pulmonary

dilated cardiomyopathy, elevated
embolism

creatine kinase blood level, valve
insufficiency and intracardiac
thrombus

Michael M, et al. Lancet 2022;400:1722-40
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Total number of patients hospitalized at two large
reference centers, Jan 2009 - Dec 2019,
n= 704,615

k.

Consecutive patients with a first episode of TMA,
n = 336 (0.05%)

v
Atypical HUS TTP Shigatoxin-assoc. HUS
n = 49 (15%) n =29 (9%) n =70 (21%)

TMAC real world data

Epidemiology, Outcomes, and Complement Gene
Variants in Secondary Thrombotic Microangiopathies

CJASN

Clinical Journal of the American Sociaty of Nephrology

Participants Etiologies Outcomes
’ Death o
Two European ‘ .
Reference ‘
Senters, HUS TTP  Shigatoxin HUS
. a igatoxin HUS
2009-2019 5% v oo a
Secondary TMA 56% 29%
336 patients [Qj we /2 Complement gene variants
admitted with 8 3 ﬁ 5 (77 (pathogenic or likely pathogenic)
first TMA - ———
‘. episode Stem-cell  Solid-organ  Malignant M aHUS == Secondary TM/A
trag:g/'l’ant tra;;;:/‘l'ant hype;g;/:sion 49% 3%

Conclusions: Secondary TMA represents the main cause of Alexis Werion, Pauline Storms, Ysaline Zizi, et al. Epidemiology,
3 AN e el e ol (=T o =g e ST A el = | e BV = M TTe [ R S el e 21 Outcomes, and Complement Gene Variants in Secondary Thrombotic
and progression to kidney failure. Microangiopathies. CJASN. Visual Abstract by Nayan Arora, MD

Alive, no KF, n = 35
Alive, KF, n =12
Dead, n=2

Alive, no KF, n = 21
Alive, KF, n=0
Dead,n=8

Alive, no KF, n =65
Alive, KF, n=2
Dead,n=3

Alive, no KF, n = 66
Alive, KF, n = 39
Dead, n = 83

Werion A, et al. Clin J Am Soc Nephrol 2023;18:881-91



Hemolytic anemia

PNH- definition

Sr William Gull (London, 1866) aremicyoungtanner
sufferingfrom morningcrises of intermittenhaematinuria»

intravascular hemolytic anemia A

| t Mbsparoxysmal
Even in the absence of symptoms, progression
of disease is ongoing.

A 1 tnosnocturnal
Hemolysis in PNH is subtle and constant, 24
hours a day.

A Hemoglobinuriais a aless common

observed complication
¥, patients present without hemoglobinuria.

bone marrow failure thrombosis
(cytopenias)

Rother RP, et al, Nat Biotechnol 2007;25:1256-64
Parker C, et al. Blood 2005;106:3699-709
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CD55 CD59

. C3dg
Sttt ol it ", \" — —_— —> No haemolysis
i ;‘J&p}‘;‘l“{“&l Complement
| activation
\ N RB
ormal RBC MAC
iC3b
Hb
—_— ——> Intravascular
Complement haemolysis
PNH RBC activation
Macrophage ——
(Eculizumab . CR3
—_—
Complement
PNH RBC activation | &

Extravascular
haemolysis

Nature Reviews | Disease Primers

defect in the GPI anchor

Hill A, et al. Nat Rev Dis Primers 2017;3:17028
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PNH- classification

Classification International PNH Interest Group

Category

Rate of intravascular
hemolysis® Bone marrow Flow cytometry Benefit from eculizumab

Classic

PNH in the setting
of another bone
marrow failure
syndrome§

Subclinical

Flond (markedly abnormal  Cellular marrow from erythroid  Large population (=50%) of  Yes

LDH often with episodic hyperplasia and normal or GPI-AP—deficient PMMNs$
MACroOSCOpIc near-normal morphology 1
hemoglobinuria)

Mild {often with minimal Evidence of a concomitant Although vanable, the Typically no, but some patients
abnormalities of bone marrow failure percentage of GPIl-AP- have relatively large clones
biochemical markers syndrome§ deficient PMNs is usually and clinically significant
of hemolysis) relatively small {<50%) hemolysis and may benefit

from treatment

Mo clinical or biochemical Evidence of a concomitant Small (<10%) population of  No
evidence of bone marrow failure GPI-AP—deficient PMNs
intravascular hemolysis syndrome§ detected by high-resolution

flow cytometry

Parker C, et al. Blood 2005;106:3699-709
Parker CJ. Hematology Am Soc Hematol Educ Program 2016;2016:208-16
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PNH- symptoms

Thrombosis is the leading cause of death in PNH

w Up to 44% of patients experience clinical thrombotic evelft®nous 85%)
w Thrombosis in PNH can be lifareatening
U 40-67% of deaths are due to thrombosis
U first thrombotic event can be fatal
U first TE increases risk for death 5 tofbld
w Occuran typicalandatypicalsites
w Is not adequately managed with anticoagulation

Atypical sites

Typical sites, including one or more of the
following:

Parker C, et al. Blood 2005;106:3699-709
Hillmen P, et al. Blood 2007;110:4123-8
Audebert HJ, et al. J Neurol 2005;252:1379-86
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Supportive Care Options Do Not Impact Progression and
Risk for Severe Morbidities and Mortality

w Transfusions
¢ Risk of iron overload
¢ Transient treatment of anemia
w Anticoagulants
¢ Risk of hemorrhage
¢ Ineffective in many patients
w Red cell supplements
¢ Folic acid, iron, erythropoiesgimulating agents
w Steroids/androgen hormones

¢ No controlled clinical trials
¢! 9Qa

Parker C, et al. Blood 2005;106:3699-709
Hillmen P, et al. Blood 2007;110:4123-8
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PNH- treatment @

TE event rate, no. per 100 patient-years

TRIUMPH
TE events Placebo group Eculizumab group SHEPHERD Extensiont (all studies)

Before treatment

Patients, no. 44 43 97 195

TE events, no. 11 16 91 124

Patient-years, no. 470.4 309.0 718.3 1683.4

TE event rate, no. per 100 patient-years 2.34 5.18 12.67
Eculizumab treatmentt

Patients, no. 44 43 97 195

TE events, no. 1 0 2 ag

Patient-years, no. 22.9 21.8 96.9 :

4.38 0.00 2.06 m
~—

Hillmen P, et al. N Engl J Med 2006.355:1233-43

Hillmen P, et al. Blood 2007;110:4123-8
Kelly RJ, et al. Blood 2011;117:6786-92



