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* Pourquoi cibler les LB ?

« Comment cibler les LB ?

* En les détruisant Réplétion, fautil aller plus profond ?
En les modulant €ibler lacoactivatiorila signalisation des LB
En éliminant les anticorpsEt notamment les autoanticorps
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e Ou cibler les LB en France ?
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* Pourquoi cibler les LB ?



Rituximab

 Maladies autoimmunes (PR) = facteur de risque de lymphome

8202

Ann Rheum Dis 2001;60:802-893

Lymphoma in a patient with rheumatoid arthritis
receiving methotrexate treatment: successful
treatment with rituximab

M Stewart, V Malkovska, ] Krishnan, L Lessin, W Barth

The sustained remission of our patient’s RA
for more than two years after the use of rituxi-

mab was surprising but has now been de-
scribed in five other patients."” The mechanism

is unknown but may be due to the profound B
lymphocyte depletion that occurs.



Rituximab

% Patients

Efficacité clinique du rituximab dans la PR

RCT évaluant l'efficacité et la tolérance du rituximab (1gx2 1V), en
association au MTX, en comparaison au MTX seul, a 6 mois, chez 517
PR actives, en échec d’au moins un anti-TNF (REFLEX).

51
27
18
5

601 P<0.0001

50
vuU

* p<0.0001

% Patients

P<0.0001
15

| |
) 4=

Moderate Good Low Remission

ACR20

ACRS0

ACR70 response response disease

EULAR criteria

O Placebo (N=201)
B Rituximab (N=298)

£ Placebo (N=201)
B Rituximab (N=298)

Cohen S et al. Arthritis Rheum 2006;54:2793-2806.
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Le rituximab pour induire la rémission

e NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JULY 15, 2010 VOL. 363 NO.3

Rituximab versus Cyclophosphamide
for ANCA-Associated Vasculitis

John H. Stone, M.D., M.P.H., Peter A. Merkel, M.D., M.P.H., Robert Spiera, M.D.,
Philip Seo, M.D., M.H.S., Carol A. Langford, M.D., M.H.S.,

Rituximab versus Cyclophosphamide in ANCA-Associated
Renal Vasculitis

Rachel B. Jones, M.R.C.P,, M.D., Jan Willem Cohen Tervaert, M.D., Ph.D., Thomas Hauser, M.D.,
Gary S. Hoffman, M.D., Cees G.M. Kallenberg, M.D., Ph.D., Raashid Fuqmam, D.M., FR.C.P, F.R.C.P.(E), Mgtthe\:\( D. Morgan, M.R.C.P,, Ph.D., Cher-w Au Peh, F.R.A.C.P, Ph.D.,
E William St. Clair. M.D.. Anthony Turkiewicz. M.D.. Nadia K. Tchao. M.D Caroline O. Savage, Ph.D., F.R.C.P,, F.Med.Sci., Mérten Segelmark, M.D., Ph.D., Vladimir Tesar, M.D., Ph.D.,

: : LT Y R ’ U Pieter van Paassen, M.D., Ph.D., Dorothy Walsh, B.S.C.N., Michael Walsh, M.D., F.R.C.P.(C.),

Lisa Webber, R'N" Linna Ding, M'D" Ph'p" Lourdes P. Sej\'smuAndo, RN, B.S.N, Kerstin Westman, M.D., Ph.D., and David RW. Jayne, M.D., F.R.C.P,, for the European Vasculitis Study Group
Kathleen Mieras, C.C.R.P., David Weitzenkamp, Ph.D., David Ikle, Ph.D.,

Vicki Seyfert-Margolis, Ph.D., Mark Mueller, B.S., C.C.R.P., Paul Brunetta, M.D.,
Nancy B. Allen, M.D., Fernando C. Fervenza, M.D., Ph.D., Duvuru Geetha, M.D.,
Karina A. Keogh, M.D., Eugene Y. Kissin, M.D., Paul A. Monach, M.D., Ph.D.,
Tobias Peikert, M.D., Coen Stegeman, M.D., Ph.D., Steven R. Ytterberg, M.D.,
and Ulrich Specks, M.D., for the RAVE-ITN Research Group*

Etude RAVE Etude RITUXVAS



Le rituximab en traitement d’entretien

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 NOVEMBER 6, 2014 VOL. 371 NO. 19

Rituximab versus Azathioprine for Maintenance
in ANCA-Associated Vasculitis

L. Guillevin, C. Pagnoux, A. Karras, C. Khouatra, O. Aumaitre, P. Cohen, F. Maurier, O. Decaux, J. Ninet, P. Gobert,
T. Quémeneur, C. Blanchard-Delaunay, P. Godmer, X. Puéchal, P.-L. Carron, P.-Y. Hatron, N. Limal, M. Hamidou,
M. Ducret, E. Daugas, T. Papo, B. Bonnotte, A. Mahr, P. Ravaud, and L. Mouthon, for the French Vasculitis Study Group*




Etude Mainritsan : Rituximab vs Azathioprine en
traitement d’entretien

Résultats Survie sans événement
Durée moyenne de suivi : 38,6 mois Etude initiale | Extension
[33,5-45,2] S el
AZA : 26/54 rechutes majeures (48,1 %) & *7
RTX : 7/55 rechutes majeures (12,7 %) § 60 -

g 40

Tolérance g i HR =0,20 (ICss : 0,11-0,45) ; p < 0,0001
Décés : 3/54 groupe AZA versus 0/55 I
groupe RTX 0 0 20 30 40 50 60

Temps depuis l'inclusion

EULAR 2013 - Dapres B. Temer et al, abstr OP0213



B cell functions

antibody production
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Sjégren’s and rituximab

Arthritis & Rheumatism (Arthritis Care & Research)
Vol. 57, No. 2, March 15, 2007, pp 310-317

DOI 10.1002/art.22536

© 2007, American College of Rheumatology

ORIGINAL ARTICI

Improvement of Sjogren’s Syndrome After Two
Infusions of Rituximab (Anti-CD20)

VALERIE DEVAUCHELLE-PENSEC," YVON PENNEC.+ JOHANNE MORVAN,* JACQUES-OLIVIER PERS,?
CAPUCINE DARIDON,” SANDRINE JOUSSE-JOULIN,* ANNE ROUDAUT,? CHRISTOPHE JAMIN,?

YVES RENAUDINEAU,? ISABELLE QUINTIN ROUE,? BEATRICE COCHENER,? PIERRE YOUINOU,? anp
ALAIN SARAUX!

Arthritis & Rheumatism (Arthritis Care & Research)
Vol. 49, No. 3, June 15, 2003, pp 394-398

Table 1. Clinical and laboratory test result changes from baseline to weeks 12, 24, and 36*
P P P
Weeks Weeks Weeks
Week 0 Week 12 0-12 Week 24 0-24 Week 36 0-36
Global disease VAS, 71.9 =134 64.3 + 23.2 0.53 56.4 = 26.6 0.033+ 55 = 30 0.03+
mimn
Pain VAS, mm 60.4 + 19.2 48.8 = 28.3 0.19 40.6 = 25.5 0.021 33 + 28 0.006+
Fatigue VAS, mm 77.3 +145 56.9 = 284 0.001+ 54.6 = 30.2 0.005+ B8 = 31 0.006+
Dryness VAS, mm 8.4 +119 57.6 = 29.3 0.036+ 524+ 325 0.005+ 53 = 30 0.006+
Tender point count 45+ 6 20+5.2 0.035+ 1.0+ 1.5 0.049+ 2.0=+47 0.027+
Tender joint count 6.0 £ 10.9 4.8 £ 11.7 0.175 1.8+ 4.8 0.16 27+98 0.017+
Swollen joint count 1.0+ 0.9 0.3 = 0.6 0.94 0=0 0.16 0=0 0.15
Salivary flow rate, 0.1 £ 0.1 0.1 0.1 0.35 0.18 = 0.26 0.35 0.12 + 0.1 0.86
ml/minute
Schirmer test, mm 84813 8.1 = 8.86 0.95 7T1x7.5 0.63 9.0+x7.8 0.79
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Salivary gland B-cell dynamics mirror blood B-cell
depletion and repopulation
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Mechanistic Biomarker: CD20+ B-cell Depletion in
Salivary Gland Biopsies (Completer Population)

In contrast with placebo, belimumab and rituximab monotherapies, salivary gland biopsies from belimumab/rituximab showed near
complete CD20+ B -cell depletion (at Week 24)

Placebo Belimumab/rituximab Belimumab Rituximab
10000 - 10000 10000 - 10000 -
\ @— ®
~ 1000 A 1000 A 1000 - 1000 -
£
% 100 ~ 100 - 100 A 100 -
T \
o
© 10 1 10 - 10 10 1
o
(o]
o
O 1 - 1 - 1 4 1 4
0.1 - 0.1 0.1 0.1
Baseline Week 24 Baseline Week 24 Baseline Week 24 Baseline Week 24
Median (IQR
absomte( ST (21-763) 93 (55-518) 88 (13-252) 0 (0-1) 66 (5-636) 61 (13-455) 106 (31-235) 158 (2-745)
number of n=8 n=8 n=15 n=10 n=19 n=15 n=13 n=12
CD20+
B cells/mm 2

IQR, interquartile range

Figure: Poshoc analysis; displays data only for patients with paired baseline and Week 24 biopsies. Minimum values amezbtesa
Table: Displays all baseline and Week 24 data for completer population



D’autres cibles sur les LB ?

B cells

Bone marrow Blood Germinal Blood
centres
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Figure 3. Arepresentative example of labial salivary gland biopsy section stained for CD3/CD20, including ROl in blue, and section stained for
Hyperion analysis of B cells at Baseline and Week 25

CD3/CD20 CD45/CD20/ DNA CD20/CXCR5/DNA

Baseline

Week 25




Comment dépléter plus/mieux les LB ?

 La révolution des CARcellsen hématologie

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Chimeric Antigen Receptor T Cells
in Refractory B-Cell Lymphomas

Stephen ). Schuster, M.D., Jakub Svoboda, M.D., Elise A. Chong, M.D.,
Sunita D. Nasta, M.D., Anthony R. Mato, M.D., Ozlem Anak, M.D.,

Jennifer L. Brogdon, Ph.D., lulian Pruteanu-Malinici, Ph.D., Vijay Bhoj, M.D., Ph.D.,

Daniel Landsburg, M.D., Mariusz Wasik, M.D., Bruce L. Levine, Ph.D.,
Simon F. Lacey, Ph.D., Jan ]. Melenhorst, Ph.D., David L. Porter, M.D.,
and Carl H. June, M.D.

N ENGL ] MED 377:26 NEJM.ORG DECEMBER 28, 2017
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CART-cell therapy in autoimmune diseases: where are we

and where are we going?

Marc Scherlinger, Gaetane Nocturne, Marko Radic, David Launay, Christophe Richez, Philippe Bousso, Edouard Forcade, Alain Meyer,
Christian Jorgensen, Camille Bigenwald, Divi Cornec, Jean Sibilia, Sylvain Choquet, Thierry Martin, Alexandre Belot, Maurine Jouret, Samuel Bitoun,
Zahir Amoura, Olivier Hermine, Xavier Mariette, Emmanuel Donnadieu, Jérome Avouac, on behalf of the Club for Innovative Immunotherapies in

Immune-mediated Inflammatory diseases (C31)*

CrossMark

www.thelancet.com/rheumatology Published online March 26, 2025 https://doi.org/10.1016/52665-9913(24)00377-1

Conditioning or
lymphodepleting
chemotherapy

Longevity of clinical
response

Corticosteroid and
immunosuppressor
discontinuation

SLE (P1-8)* Idiopathic
inflammatory

myositis (P9-11)*

Fludarabine 25 mg per m* per
day intravenously (3 days,
days-5, -4,-3);
cyclophosphamide 1000 mg
per m* per day intravenously
(1 day, day -3);

patients #7 and #14

received 50% reduced dose

Up to 29 months; SLEDAI-
2K=0; anti-dsDNA antibody
negative; normalisation of
C3; patient 4 had isolated
rebound of proteinuria at

4 months

Up to 12 months;
normalisation of
creatine kinase;
VAS-EM score=0;
stabilisation of manual
muscle testing-8 score;
marked decrease of
specific antibodies

Discontinuation of
corticosteroids and all
immunosuppressive drugs as
of the final follow-up

Systemic sclerosis
(P12-17)

Up to 20 months;
disappearance of
anti-RNA
polymerase 1l
antibody that was
positive again after
400 days; decrease
in anti-topol titres

Idiopathic inflammatory
myositis (P18)*

Fludarabine 25 mg per m*
per day intravenously

(3 days, days -5, -4, -3);
cyclophosphamide

1000 mg per m* per day
intravenously (1 day,

day-3)

Up to 150 days;
improvement of patient
performance and
pulmonary function tests;
marked reduction of anti-
Jol antibodies at day 210

Discontinuation of
corticosteroids;
mycophenolate mofetil
ongoing

Systemic sclerosis
(Plg)lﬁ

Fludarabine 30 mg

per m* per day (3 days,
days-4, -3,-2);
cyclophosphamide
500mg per m* per day
(3 days, days-4, -3,-2)

11 months; stabilisation
of mRSS and pulmonary
function tests; no
detection of anti-Scl70
antibodies

Discontinuation of
mycophenolate mofetil
at month 9; nintedanib
ongoing

Idiopathic
inflammatory
myositis, juvenile
dermatomyositis
(P20)7

Fludarabine 90 mg

per m* per day for 3 days
(days-5,-4, -3);
cyclophosphamide
1000mg per m* per day
for 2 days (days -5, -4)

8 months follow-up
with continued
improvement

Patient received
methylprednisolone
between leukapheresis
and CAR T-cell infusion,
then all treatment was

stopped 24



Les limites des CAR-T anti-CD19 autologues

Leur prix !

La lourdeur logistique de leur préparation

Leurs effets secondaires
* Immunodeépression
« CR&ytokine Release Syndrome
* ICANsImmune Effector CeRssociated Neurotoxicity Syndrome
 Lymphomesleucémiedde clones CAR ?

5 QI dzptiols
» T-cell engagers
 CARallogéniques
 CAR in vivo (MRNA therapy) !
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CD 40 inhibition
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CD 40 inhibition in Sjoégren

Dazodalibep (DAZ), a nonantibody fusion protein that acts as a CD40L antagonist, blocks
costimulatory signals between T and B cells and antigen-presenting cells, including
epithelial cells

a b
Population 1 ESSDAI domain response
(baseline ESSDAI =5) (one-point improvement)
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e
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Figure 1. Change from baseline in ESSDAI total score over 24 weeks
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Figure 2. Change from baseline in unstimulated salivary flow over 24 weeks
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Agenda

e Comment cibler les LB ?

« En éliminant les anticorpsEt notamment les autoanticorps



FcRn inhibition

Nipocalimab in

~—— Pathophysiology of pSS at salivary gland — SjOg ren

Blood
(physiological pH) ,{

A4 X

Phase Il positive (nzlSB)
RecentSjogren
ESSDAI> 5
CRESS
Phase Ill: DAFFODIL

VO powibiueby3

\\A
SN Texens

ZuhLN, Neurategenresearch 2022
EULAR 2024LBA0010¢GottenbergJE et al

Ulrichts P, et al. J Clin Invest 2018
Broome CM, Lancet 2023
EULAR 2024 BA0010¢GottenberglE et al



Agenda

e Comment cibler les LB ?

* En détruisant seulement les méchants& phantasme des thérapies ciblant les
clones autereactifs



Is it possible to target autoreactive B cell clones to cure

autoimmune diseases?

Future: specificpathogenicB celldepletion
Improvedefficacy better tolerance
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B Rituximab: nonspecificB celldepletion
Infections +++

33



CAAR-T cells desmoglein
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nature biotechnology
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Autoreactive Plasmablasts After B Cell Depletion AMERICAN COLLEGE

o RHEUMATOLOGY

With Rituximab and Relapses in Antineutrophil | |
Cytoplasmic Antibody-Associated Vasculitis Berti A etal. A&R 2022
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Autoreactive Plasmablasts After B Cell Depletion AMERICAN COLLEGE
With Rituximab and Relapses in Antineutrophil _ |
Cytoplasmic Antibody-Associated Vasculitis Berti A et al. A&R 2022
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Nouveaux outils thérapeutiques pour détruire spécifiquement les LB

autoreéactifs ?

PR3CAART cell specificpathogenidB celldepletion
Improvedefficacy better tolerance
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Ou en est-on aujourd’hui ?



nature > nature reviews drug discovery > from the analyst's couch » article

FROM THE ANALYST'S COUCH | 12 May 2025

The race to reset autoimmune

diseases
a Indication (with 8+ trials)

By Mayank Bhandari, Jeff Smith, Emily Capra & Guang Yang 57
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Agenda

e Ou cibler les LB en France ?



Club immunothérapies intensives dans les
IMIDs

e Groupe pluridisciplinaire If
e National
e Structuration par le biais d’une association

e Objectifs:

b4

C Promouvoir l'utilisation d’immunothérapies intensives dans les IMIDs
U Clinique : essais et hors essais

U Recherche fondamentale et translationnelle a

U Formation des professionnels de santés

4

C Structuration d’un reseau national en lien avec FAI2R Fa
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