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Vascularite glomérulaire

Vascularite du capillaire glomérulaire Formation du croissant extracapilaire



Vascularite glomérulaire

Diagnostic étiologique reposant sur I'analyse en immunofluorescence

Vascularite antiGBM Vascularite a ANCA

IgA +C3
Vascularite IgA

IgG+IgM+IgA+C3+Clq

IgG+IgM+C3 :
Vascularite Lupus

Vascularite Cryo



Pas de role pour le complément dans la vascularite a ANCA ?
Systéme faisant le lien entre immunité innée et immunité adaptative

Souvent impliqué dans les maladies auto-immunes, notamment si
médiées par un auto-anticorps, par le biais d’'une activation
inappropriée/incontrolée

'absence de dépd6t n’élimine pas la participation du complément dans la
physiopathologie (cf SHUa)



Modele animal de vascularite a ANCA antiMPO Ab

antiMPO
Splenocytes

A9 RPGN
/¢ Pulm hemorrhage

Rag /- \‘
(no T or B lymphocytes)

Splenocytes | " Xiao et al JCI 2002




Modeéele animal de vascularite a ANCA antiMPO

Mpo -

— -
MPOI/CFA

IgG IgG

+MOCSRI

5% 9%

nécrose

La déplétion du complément par du CVF (cobra venom factor), une délétion de C5 ou du facteur B,
ou une absence de C5R bloque la formation de la GN nécrotique extracapillaire

C5 et son récepteur C5aR sont nécessaires au développement de la vascularite (mais peut-étre aussi
la voie alterne du complément ?)

Xiao et al Am J Pathol 2007



Quelles preuves de 'activation du complément dans la
vascularite a ANCA chez 'lhomme ?

Circulating complement activation in patients with
anti-neutrophil cytoplasmic antibody-associated
vasculitis Kidney International (2012) 83, 129-137

Shen-Ju Gou'?, Jun Yuan'?*?, Min Chen', Feng Yu' and Ming-Hui Zhao'
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Quelles preuves de 'activation du complément dans la
vascularite a ANCA chez 'lhomme ?

Alternative Complement Pathway
Activation Products in Urine and Kidneys of Patients
with ANCA-Associated GN CJASN 2013

P<0.001 ,
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Quelles preuves de 'activation du complément dans la
vasculariteAé ANCA chez 'homme ?

100
Low Serum Complement C3 Levels at 5 e
Diagnosis of Renal ANCA-Associated : -
Vasculitis Is Associated with Poor Prognosis & .
£ == Low C3 level
Augusto, PLoS One, 2016 £ o v
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Quelles preuves de 'activation du complément dans la
vascularite a ANCA chez I’ homme ?

Glomerular C3d as a novel proanostic marker for

renal vasculitis Villacorta, Hum Pathol, 2016
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Pourquoi une activation du complement dans la VAA ?

Necroptosis controls NET generation and mediates
complement activation, endothelial damage, and

autoimmune vasculitis Schreiber, PNAS, 2017

Des PNN primés par le TNF et stimulés avec des

ANCA-MPO en présence de sérum engendrent la NETs induits par les ANCA-MPO et
formation de NET, fixantle C3d incubés avec du sérum engendrent
unstim ct aMPO mab I'activation du complément avec
Sarum " win Sarum Searum wilts Sarum Se.erum prOdUCtion de C5a
1.2 .
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Pourquoi une activation du complement dans la VAA ?

@@ Chemotaxis
. priming

[ / Neutrophll

Complement system
activation and
coagulation

system activation

\ ele et )

Endothelial TE NETs
cell | =

— X = =

dothelium injury

En
1
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Chen, Nat Rev Rheumatol, 2017



Une nouvelle cible thérapeutique ?

Modele murin de VAA antiMPO

Inhibition of complement factor C5 protects against C5a Receptor Mediates Neutrophil Activation and
anti-myeloperoxidase antibody-mediated ANCA-Induced Glomerulonephritis
glomerulonephritis in mice

D Huugen', A van Esch’, H Xiao?, CJ Peutz-Kootstra®, WA Buurman®, JW Cohen Tervaert', JC Jennette?

and P Heeringa® Friedrich C. Luft,* and Ralph Kettritz* . _
? Kidney International (2007) 71, 646-654 el BREmINERIR! e ~235, 2008

Adrian Schreiber,* Hong Xiao," J. Charles Jennette,” Wolfgang Schneider,*

MPO-deficient mice were immunized with MPO and irradiated and
received BM cells from WT or C5aR-gene deficient (C5aR-/-) mice
A -
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Pretreatment with anti-C5 moAb (BB5.1) prevents development of NCGN
(and Intervention with anti-C5 moAb attenuates NCGN)




MPO-ANCA GN
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Une nouvelle cible thérapeutique ?
C5a Receptor (CD88) Blockade Protects against

'inactivation du C5aR inhibe
la formation des croissants

P=0.0035 P=0.0359

otee

B6 c5L2-/- C5aR-/- (CD88)

C5L2 : récepteur anti-inflammadsize
C5aR : récepteur pro-inflammatoire

Xiao, JASN, 2014

Souris
C5aR-/-

Modele murin de VAA antiMPO

Souris
C5L2-/-



Une nouvelle cible thérapeutique ?

C5a Receptor (CD88) Blockade Protects against Modele murin de VAA antiMPO
MPO-ANCA GN Xiao, JASN, 2014

'inactivation du C5aR inhibe
la formation des croissants
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Une nouvelle cible thérapeutique ?

C5a Receptor (CD88) Blocka.de Protects against Modeéle murin de VAA antiMPO
MPO-ANCA GN Xiao, JASN, 2014 (avec C5aR humain)
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Avacopan dans la VAA : essai CLEAR (phase 2)

CLINICAL RESEARCH ‘ www.jasn.org

Randomized Trial of C5a Receptor Inhibitor Avacopan
in ANCA-Associated Vasculitis

David R.W. Jayne,* Annette N. Bruchfeld,’ Lorraine Harper,* Matthias Schaier,’
Michael C. Venning,II Patrick Hamilton,! Volker Burst,V Franziska Grundmann,’

Michel Jadoul,** Istvan Szombati,'" Vladimir Tesar,** Marten Segelmark,§§

Antonia Potarca,! Thomas J. Schalll and Pirow Bekker ! for the CLEAR Study Group

N=67 patients
Gp A : placebo + CYC +GC standard dose. (n=23)
Gp B : avacopan + CYC + GC low dose. (n=22)

Gp C : avacopan + CYC + placebo (no GC) (n=22) Jayne, JASN 2017



Avacopan dans la VAA : essai CLEAR (phase 2)

Placebo + 60 mg prednisone Avacopan + 20 mg prednisone Avacopan + no prednisone

Bimingham Vasculitis Activity Score (% Change)

Essai de non-infériorité
b 0 2 4 8 8 0 w2 suggérant que l'avacopan
B Bimmingham Vasculits Activity Score  C Urinary Albumin/Creatinine Rafo D' Urinary MCP-1/Creatinine Ralio peut perm ettre de réduire
0% “' - .
' ou remplacer les corticoides

A0% - -10%

-20% -20%

-30% 30%
40% 40%
g' 50% 50%
2 60% 0%

-10% -10%
-80%

-90%

-80%
-90%

-100%0 2 4 6 8 10 12-100%0 2 4 5 8 1 12400%6 2 4 & 8 1 1 Jayne, JASN 2017

Time (weeks)




Avacopan dans

a VAA : essai ADVOCATE (phase 3)

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 FEBRUARY 18, 2021

Avacopan for the Treatment of ANCA-Associated Vasculitis

David RW. Jayne, M.D., Peter A. Merkel, M.D., M.P.H,, Thomas J. Schall, Ph.D., and Pirow Bekker, M.D, Ph.D.
for the ADVOCATE Study C

Etude internationale,
randomisée/controlée
de non-infériorité

Study Schema for ADVOCATE Trial

Two primary endpoints Remission rate (based Sustained remission rate (based
(analyzed after 12 months): on BVAS) at 6 months on BVAS) at 12 months

< < 3

1 year treatment period

Avacopan, 30 mg twice daily

CYC, 12 weeks followed by AZA, or RTX, 4 weeks

, I\ Prednisone-matching placebo

Test Group ’
(N = 150)

Avacopan-matching placebo twice daily

CYC, 12 weeks followed by AZA, or RTX, 4 weeks

— ‘ Prednisone, 60 mg/day tapered to 0 over 20 weeks.

CHEMQCENTRYX

Control Group J
(N = 150) ’

Jayne, NEJM 2021



Avacopan dans la VAA : essai ADVOCATE (phase 3)

» Remission at 6 months (BVAS of 0 and no receipt of GC for 4 weeks)
70% in GC group vs. 72% in Avacopan group

Table S8. Remission at Week 26 for Each Subgroup*

é I [} Prednisone Avacopan
Remission at M6 g gy
Non ilerioity —— All Patients* 115/ 164 (70.1%) 120/ 166 (72.3%)
DOWRES BD“”‘:"aW Disease Status
Newly diagnosed patients 76 /114 (66.7%) 76/ 115 (66.1%)
> Relapsing disease 39/50 (78.0%) 44 /51 (86.3%)
ANCA Type
Bi% Anti-proteinase 3 positive 50770 (71.4%) 51/72 (70.8%)
’ Anti-myeloperoxidase positive 65 /94 (69.1%) 69 /94 (73.4%)
P < 0.0001 for non-inferiority Background Treatment
P = 0.2387 for superiority Cyclophosphamide 34/ 57 (59.6%) 37/59 (62.7%)
(one-sided) Rituximab 81/107 (75.7%) 83/ 107 (77.6%)
G ‘ Type of ANCA-Associated Vasculitis
-20% -10% 0% 10% 20%
Difference in BVAS Remission at Wk 26, Avacopan minus Control Granulomatosis with polyangiitis 65 /90 (72.2%) 65/91 (71.4%)
\ mean {35% C1) Microscopic polyangiitis 50/ 74 (67.6%) 55/75(73.3%)

Jayne, NEJM 2021




Avacopan dans la VAA : essai ADVOCATE (phase 3)

ADVOCATE Safety Overview

Prednisone (N=164) Avacopan (N=166)

Number of any treatment-emergent adverse events 2139 1779
Subject incidence (%) treatment-emergent adverse event 161 (98.2) 164 (98.8)
Subjects with any severe adverse event 41 (25.0) 39 (23.5)
Subjects with any life-threatening adverse event 14 (8.5) 8 (4.8)
Deaths 4 (2.4) 2(1.2)
Number of serious adverse event 166 116
Subjects incident (%), serious adverse event 74 (45.1) 70 (42.2)
Subjects with any serious infection 25 (15.2) 22 (13.3)
Deaths due to infection 2 (1.2) 1 (0.6)
Subjects with any serious hepatic system adverse event 6 (3.7%) 9 (5.4%)
Subjects with any adverse event potentially related to o (Bot) 110 (66.3)

glucocorticoids (Investigators blinded assessment)

Jayne, NEJM 2021
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Avacopan et réecupération rénale ?

Urinary Albumin : Creatinine Ratio
Percent Change from Baseline
(Geometric Means)

» +- High Dose Steroids SOC (N=20)
-#- CCX168 with Low Dose Steroids (N=22)

o #- CCX168 with No Steroids (N=20)

* 21%

*% **P < 0.01 for superiority of
CCX168 vs. Control

-70%

2 5 6 8 10 12
Time (week)

Etude CLEAR

Improvement in eGFR in all patients with renal disease at
baseline

o =2 N W B2 0 O N o

Change in €GFR, mL/min/4.73 n? (LSM + SEM)

0 13 26 » 52
Time (weeks)

| Prednisone
B Avacopan

Etude ADVOCATE



Avacopan et récupération rénale ?
Etude ADVOCATE

Patients with Renal Disease at Baseline (268/330 pts)
Jayne, NEJM 2021

Change in eGFR,
mL/min/1.73m?
(LSM = SEM)

L O SIS C R ST - SN Y-
Py O A S

+7.3 ml/min/1.73 m2
Avacopan (N=134)
1 Prednisone (N=134) Delta =3.2 ml/mm

e ol +4.1 ml/min/1.73 m2

Avacopan 15:4‘.251:leinl1.73 m?

____________________________________________ F:r_ednisone =45.6 mL/min/1.73 m?

0 1I3 2|6 3|9 5I2
Time (Weeks)



Avacopan et réecupération rénale ?
Etude ADVOCATE

Subgroup of 50 patients with initial eGFR<20 (median 17.5 ml/min)
Cortazar, Kidney Int Reports 2023

20
* %

+16.1 ml/min/1.73 m2

—
=

Delta = 8.4 ml/min

e
o

+7.7 ml/min/1.73 m2

w

Change in eGFR (mL/min/1.73 m?)

o

—@—Prednisone Group

—a—Avacopan Group
5

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Time (weeks)
Prednisone N=2323232323 23 28 2 21 20
N=2727272626 26 25 25 25

19 18 19 19 20
Avacopan 24 24 23 23 23 23



Quelle place pour I'lavacopan ?
— Epargne cortisonique ?
* Patients a haut risque d’ES des stéroides ?
e Tout patient ?
— Amélioration de la fonction rénale ?

* Patients les plus graves ?
 Utilisation selon facteurs prédictifs biologiques / histologiques ?



Etude de I'axe C5a/C5aR et C3a/C3aR dans la vascularite a ANCA
avec atteinte rénale (S. Chauvet —HEGP)

Cbha C3a

Co )

C5aR

16
Role pro inflammatoire du C5a/C5aR1 a la phase aigue

Role anti inflammatoire du C3a a la phase aigue
Role pro inflammatoire du C3a en cas d’inflammation persistante

ﬁ e C5aR CQaR C3aR\
‘o oW |

C5a C3a

PEC

endothelium  podocyte Cellule
mésangiale

Tubules et
interstitium

Effet des anaphylatoxines sur les cellules rénales moins bien connu
Modification du cytosquelette (podocyte)
Role profibrosant du C5a et C3a

Impact sur I'atteinte rénale? Activation de la cellules mésangiale

Identification des patients pouvant bénéficier de I'inhibition du complément ?



Etude de I'axe C5a/C5aR et C3a/C3aR dans la vascularite a ANCA
avec atteinte rénale (S. Chauvet —HEGP)

MO .
_ -
L] —— —

Technique Opale
. : 9 P Marquage in situ des populations
' immunitaires
- C3aR et C5aR
MO puis M3 el e
o : Dosage du C3a, C5a
et autres fragments d’activation
“ du complément (Bb, sC5b9..)
Vascularite 8 ANCA ‘ .
ot £ @
atteinte rénale l L "ﬁ ] Q _
1é poussée ou rechute Expression membranaire (granuleux)
(avant traitement) C5aR1/C5aR2/C3aR

) —* Polymorphisme de C5aR1/R2 et C3aR



Autres anti-compléments ?

IFX-1 (Ac antiC5a)

C5a

new —g
epitope

Key Features

- Leaves MAC formation intact

- Blocks C5a biclogical effects up to 100% in human blood

- Binds with high affinity to the discovered epitope

Screening Randomization 1:1 Day 1 End of Study W 24
group A: IFX-1 + reduced GC Treatment: 16 Weeks H Follow up: 8 Weeks
(N=15) | . L
art 1 - ‘
p %rgtzﬁ:%h?lacebo+ standard ws W i o, -
. 444 4 " PO i " " .
Yy © L b v hJ v v ¥ I
roup B: placebo + standard Treatment: 16 Weeks H Follow up: 8 Weeks
C (N=18) | I
part 2 f i
group C: IFX-1+no GC w2 w4 ws Wis w2
(N=33) 44 & & 4 " 4 Y " n : N
e ¥ v v v v v v v I
GC = glucocorticoids Remission Induction Phase:

STUDY OBJECTIVE

Secondary objectives:

RTX/CYC

+ To assess safety and tolerability of IFX-1
* To compare foxicity of standard-dose GC with [FX-1

or can remain RTX/ICYC :
= Primary objective: efficacy of IFX-1 treatment as replacement for glucocorticoid (GC) therapy in GPA and MPA

Remission Maintenance
Phase: AZAMTX/MMF

To generate data for pharmacokinetic (PK) and pharmacodynamic (PD) modelling
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Amplification loo

Inhibit

convertases

Inhibit chemotactic and
anaphylactic peptides

© Chemotactic or
anaphylactic peptides
° Convertases

. Alternative pathway and C5 o MAC proteins

O Lectin pathway

© Classical pathway

©
S

» | EED
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Inhibit
activating
enzymes

Inhibit C3
activation

Inhibit
convertases

convertases

Block C5
activation

Drug

Target

Study description

Ravulizumab

C5 inhibitor

Phase |l study of ravulizumab in
proliferative LN or IgAN*®

Avacopan (CCX168)

Cb5a receptor blocker

Phase I, open-label study to
evaluate safety and efficacy of
CCX168 in subjects with IgAN*®

Cemdisiran

Small interfering mRNA inhibitor of
synthesis of C5

Phase |l study of cemdisiran in
adults with IgAN®®

Pegetacoplan (APL-2)

C3 inhibitor

Phase Il study assessing
safety and efficacy of APL-2 in
glomerulopathies®

Iptacopan (LNP023)

Complement fB inhibitor

Phase Il study assessing efficacy
and safety of LNP023 in patients
with primary IgAN (APPLAUSE IgAN
[NCT04578834])52

IONIS FB-LRx Complement fB inhibitor Study assessing efficacy and safety
of IONIS-FB-LRx, an antisense
inhibitor of complement fB, in adult
participants with primary IgAN®*

Narsoplimab MASP-2 inhibitor Study assessing the safety and

efficacy of OMS721 in patients with
IgANS*

Nouvelles pistes thérapeutiques dans
les maladies auto-immunes !




