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Figure 1. Pathological Features of the Nine Primary Thrombotic Microangiopathy (TMA) Syndrqyg’es.
For all primary TMA syndromes, the vascular pathological abnormalities that are observed in“routine specimens are
the same, as illustrated in the center of the figure by the renal arteriole occlusion with en:&@(ﬁeliosis as well as lumen
and vessel-wall fibrin. Proliferation in the myocyte layer (“onion skinning”) is also pregeht in this image. TTP denotes
thrombotic thrombocytopenic purpura. (Courtesy of D.G. Holanda, Department of<@athology, University of lowa.)
Additional details are provided in an interactive graphic, available at NEJM.org.Ké\‘@
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Etiologies des MAT

What are the etlologfes and outcomes of thrombotic CJ AS N
mlcroanglopath|e§’ (TMA)? el N

Methods and Cthrt Results
\‘r\
q Causes Treatment

etr g?ectwe 4
review Primary TMA
-2016 wWhts, 445544

{b -
A .\{. 9 % of TT % of QS
Shospitalein 41% of all TMA 94% of TTP 67% of alils

Red cell Plasma infusion or Eculi ab
France 3% TTP 3% aHUS transfusion exchange é\\&@n
Q,(‘Q’ Secondary TMA \\®®
R O am Outcomes @
e e © 564 patients with il
e li\l'nlfnl adjudicated TMA A SR a
3

@ro 35% 33% 26%  19% ﬁ‘ “ —
q/r\ Pregnancy Infection Drugs Cancer 15% 11% 0 49% 10%
Q () (1] AN (J ()
% 6% Primary TMA 15% Transplant 6% Shiga toxin Dialysis Major vaoc}' Neurologic Death

/ 94% secondary TMA 9% Autoimmune 4% Malignant HTN Evenéﬁo complications

RS - -
[ 57% with multiple causes ] [ Compht\:\@lons varied widely by cause ]
O

CaUSes Guillaume Bayer, Florent vonﬁarski, Benjamin Thoreau, Adeline Bauvois, et al. Etiologies
and Outcomes of ‘ombotic Microangiopathies. CJASN doi:
10.2215/CJN.1 14709{8? Visual Abstract by Beatrice Concepcion, MD

&
&
<9
&

From Bayer G, et al. Clin ] Am Soc Nephrol. 2019;14(4):557-566. Used with permission from The American Society of Nephrol,

aHUS, atypical hemolytic and uremic syndrome; CV, cardiovascular; HTN, hypertension; TMA, thrombotic mlctoanglopathﬁ P thrombotic thrombocytopenic purpura.

Bayer G, et al. Clin J Am Soc Nephrol. 2019;14(4):557-566. Q
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Physiopathologiques du SHuo‘étyplque

A Normal Endothelial Cell
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Table 1. Patients’ characteristics at nn%g‘l’
<

@

Characteristic 6&°

Children

Adults

")

<0

Patients (1) @
\;}0

Female /male (1/n)
Mean age at onset (yr}o’b°
Familial HUS histogg$ 1 (%)
Triggering eventsg¥ (%)

Diarrhea <&

Resp iratmab?nfecﬁons

Pregnangy
Neurolpgic involvement, 1 (%)
Meanggerum creatinine (umol/L)
Di%lj?sis required, 1 (%)

elets count, n (%)

9" =150 x 10°/L

100-150 x 10°/L

50-99 % 10°/L

< 50 x 107/L
Mean hemoglobin (g /dl)

Hemoglobin = 10 g/dl, n (%)
Complete triad, 1 (%)"

89
42/47
1.5 (0 to <15)
24 (26.9)
42 (47)

35 (39)
7 (8)

14 (16)°
257 (28-990) (n=82)
48/81 (59)

12/81 (15)
9/81 (11)
26/81 (32)
34/81 (42)
6.8 (3-12) (n1=84)
5/84 (6)
60/81 (74)

125
93/32
31 (15-85)
18 (14.4)
41 (33)
-5
1(1) &
18/93 females (19.3) &
10(8)  4°
640 (111-2408) (n=gzﬁ°§)
93/115 (81)¢
6\0
'1 5
22/83 (24)
)93 (33)
325/93 (27)
79 (5-11.8) (1=93)
& 10/93 (11)
77 /93 (83)

Fakhouri F et al, Lancet 2017
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member (familial form) met the crrtg& for atypical hemolytic uremic syndrome
R
All Patients Famuilial Sporadic
(n=214) Form® (n=28) Form (n=172)

Table 2. Genetic and acquired comple@%nt abnormalities in 200 families in which one member (sporadic form) or more than one

P Value for Familial and
Familial versus  Sporadic Forms
Sporadic Forms (1=200)

Genetic/ acqwed@nﬂrmahty
CFH o 59 10 (35.7) 45 (26.1)
MCP . 2093 4 (14.3) 15 (8.7)
0 18 (10.4)

RS
CFI & 18 (8.4
3 (10.7) 13 (7.6)

C3 &€ 18 (8.4

An®-CFH antibodies 14 (6.5 0 14 (8.1)
Sombined 9 (42. 2(7.1) 6 (3.5)
THBD" 0 0 0
Complement-mediated disease 142 (66.3) 20 (71.4) 113 (65.7)
Undetermined/incomplete 72(33.6) 8 (4/4)(28.6) 59 (34.3)xS

&

)
|
CEB® 4(19) 1(3.6) 2(1.2)
)
)

0.27 @"’ 54 (27.0)
036 & 20(10.0)
o 18 (9.0)
G.S?Q,&@ 16 (8.0)
. 3(1.5)
14 (7.0)
8 (4.0)

0
132 (66.0)
68 (34.0)

Fakhouri F et al, Lancet 2017
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ECULIZUMAB- Soliris®

Human germline
frar:;eviv:r:ls( Complementarity-
g V, determining regions
j| from the murine
A anti-C5

C_ G2 derived,
does not bind
to Fc receptors

1gG4 derived,

does not actlvat

complement 6\

C5 convertase

Eculizumab

epitope
oD Second

C3b

Membrane attack
complex C5b-9

Zuber J, Nat Rev Nephrol. 2012 Nov;8(11):643-57.



* Induction:
» 900 mg/sem pdt 4 semaines
* Perfusion de 25-45 minutes

* Maintenance:
e 1200mg/15 jours

 Vaccinations (Menveo et Bexsero)

 En France: Oracilline.
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«@"ﬁermmal Complement Inhibitor Eculizumab
"  in Atypical Hemolytic—-Uremic Syndrome

& e
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S
Weeks «O
No. of «Q)Q
Patients 5 6 12 17 16 16 16 15 15 15 15 15 15 15 15 13 15 13 14 13 12 11\?} 12 9 10

<8
Estimated glomerular filtration rate (eGFR) was calculated using the original Schwartz formula in adp@&entsb and the Modification
of Diet in Renal Disease formula in adults.® Forzpatients on dialysis, eGFR was calculated with theg%atinine value immediately prior
to dialysis or a fixed value of 10 mL/min/1.73 m~. [72)

&P

4

@

+ 32 mL/min/1.73m? (17-45) throwoweek 26 (£=0.001)
+ 32 mL/min/1.73m? (14-44) thr‘@f’]gh week 60 (/<0.001)
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Legendre C et al; NEJM 2013
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PHRC STOP-ECU: Blologle a Loérret

/\ooe& i Age < 18 years i Age 2 18 years i All

2 I (n=19)* I (n=36) i (n=59%)

¥ ! ! !
At eculizumab dlscuntlnuatlnneﬁhclusmn) ! ! H

| | 1
Duration of eculizumab lreatmént (months) I 139[095574] '+ 179[42593] ' 16.5[0.95;59]
Serum creatinine (umol/kg™” | 50[26;134] 1 124 61, B%5] 1 97[26;305]
Estimated glomerularﬁratlon rate (ml/min/1.73m?) i 112 [55;169] i 62!339 129] i 80 [19 ;169]
Estimated glumeruf‘ar filtration rate 30-60 ml/min/1.73m?2 E 1(5%) E % (44%) ! 17 (30%)
Estimated glugi:érular filtration rate 15-29 ml/min/1.73m?2 ! 0 ! 6\6‘ 4 (11%) - 4 (7%)
Urinary prof¥in to creatinine ratio (g/mmol) i 0.1810; 3 ¢ 1 006[0,038F 1 0.10[0;3]
o
P %eége
&
<«

Fakhouri et al Blood 2021
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PHRC STOP-ECU: Résultats

-L- Variant

=i= No variant

p=0.009

FH et MCP

(\J

S
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Survi

50% de rechute

9 12 15

Time to relapse (months)
Number at risk

Variant 14 14

No variant 16 15

Fakhouri et al Blood 2021
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PHRC STOP-ECU: intérét du €5b9s

== Soluble C5b-9 < 300 ngimL.
=L Soluble C5b-9 @300 ngimL
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9 1 15
Number at risk Time to relapse (months)

Soluble C5b-9 300 nml an %

Soluble C5b-9 < 300 ng/ml

Fakhouri et al Blood 2021
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PHRC STOP-ECU: Devenir si gécidive?

Rechute: 13/55 patients (23%)

Dans |la premiere année apres l'arrét
Surveillance

Pas de difierence entre enfants et adultes r
Creatinine

Protéinurie
Hémolyse

Trigger (79%)

IRA (11/13) + MAT (12/13) et 1 EER

Reprise Eculizumab = Récupération (11/13)

Fakhouri et al Blood 2021
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Ravulizumab dans le SHU atypkﬁu

The long-acting C5 inhibitor, Ravulizumab, is effective and safe in adult patients
with atypical hemolytic uremic syndrome naive to complement inhibitor

treatment
Who was test&ﬁ" » What was done?

56 patients \&‘91 aHUS

Complete TMA response was achieved in 54% of patients and 59% of
patients on dialysis at baseline came off dialysis by Day 183

[ safety

No unexpected
adverse events
identified

No
meningococcal
infections
observed

@ [ 1004 Early normalization of hematologic parameters

Ravulizumab
induction
dose

1

Platelets
<150 x 10°/L

&°
Reduced ¥
hemoglol.?bi(\6

Proportion of patients reaching
individual endpoints (%)
8

T T 1]
n as 9 n3
4 Visit (Days)
53 52 s

Four deaths
unrelated to
ravulizumab

727 0

Ps

Increased Scr Increased LDH

All patients with acute TMA
88% with eGFR <29
52% on dialysis

Ravulizumab
maintenance
doses

so & so S0
_,_...._..‘_..._0(\_._.,-..“—
- Crestme “rom Basciene

is defined as

of both phleé\}oum (2150 x 109/L) and LDH (£246 U/L).

@ kidney

Rondeau, 2019

OFFICIAL JOURNAL OF THE INTERNATIONAL SOCIETY OF NEPHROLOGY

treatment

~—
CONCLUSIONS:

Ravulizumab provided irm.:~ediate and complete inhibition of C5 (defined as free C5 <0.5ug)
sustained over the 8-vvezk dosing interval

* Substantial improvement was achieved in platelet count, LDH, serum creatinine and renal
function and no w:expected adverse events were identified

* The results of “nis study support the use of ravulizumab at 8-weekly dosing intervals in adult
patients with aHUS

Kidney International (2020) 97, 1287-1296;
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Ravulizumab dans le SHU atygj«ﬁ@ae
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DFG: +29 ml/min

0
Visit (d)

Number of patients

1

BL 8 15 22 29
55 556 54 54 52
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Protocole

e Induiction:
» J 0 puis J15
e Perfusion de 25-45 minutes

| * Maintenance:
% * perfusion/8 semaines

 Vaccinations (Menveo et Bexsero)

 En France: Oracilline.
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