W

Université
Paris Cite

Necker g K

Places des anti-plasmocytaires en

transplantation rénale

Juliette Leon

CCA en transplantation rénale, MD, PhD
Hopital Necker, Service du Pr Anglicheau
Université Paris Descartes, Paris



Naive Activated
B cells B cells

—>



Naive Activated
B cells __ B cells

Extrafollicular
T-independent

Short lived plasma

cells

Antibody




Follicular

Naive Activated
B cells | B cells

—p —

Extrafollicular

¢ @

Somatic
Hypermutation
Class Switching

T-independent

IgM
Short lived plasma | S
S\ VN
cells e




Follicular

Naive Activated
B cells B cells

— —_—

Extrafollicular
T-independent

IL6/IL6R

CD40L/CD40

TCR/MHC
Il complex

Tfh cell B cell

Somatic
Hypermutation
Class Switching

Germinal center

. IgM
Short lived plasma e
Ay A
cells » o)




Follicular

Naive Activated
B cells | B cells

;@?
B —

Extrafollicular

Long lived plasma cells
IL6/IL6R

CD40L/CD40

TCR/MHC
Il complex

Tfh cell B cell

Somatic
Hypermutation
Class Switching

T-independent
Germinal center

. IgM
Short lived plasma S
oy A
cells T

4



Follicular

Long lived plasma cells

IL6/IL6R

Naive Activated
B cells B cells

e —

Extrafollicular
T-independent

CD40L/CD40

TCR/MHC
Il complex

Tfh cell B cell

Somatic
Hypermutation
Class Switching

Antibody

Germinal center

. IgM
Short lived plasma S
My A
cells T

4



CD38 CD38

CD20 CD20
. BCMA
CD19 CD19 Follicular CD38
Naive Activated Long lived plasma cells
Bcells  Becells

IL6/IL6R

CD40L/CD40

. SEE—

Extrafollicular

TCR/MHC
Il complex

Tfh cell B cell

Somatic
Hypermutation
Class Switching

T-independent

BCMA Germinal center gg?g
CD38
CD19 Memory B cells

Short lived plasma

cells




Vaccine-induced antibody levels are stable overtime
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Increasing antibody titers upon recall stimulation
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Antibody-mediated rejection : main cause of late graft loss

Probability
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Plasma cell targeting in kidney transplantation
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B-cell HLA desensitization in transplantation: toolbox
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Rituximab as a sole desensitization agent

IVIG: 2 g/kg at day 0 and 30 Unacceptable Antigens #
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CD19-targeted CAR T falls to decrease anti-HLA Ab levels
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B-cell HLA desensitization in transplantation: toolbox
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IL6 pathway : disappointing results of anti-IL6R in monotherapy

Tocilizumab 8 mg/kg IV monthly, N=13
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HLA desensitization in transplantation: toolbox

Obinutuzumab?
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Mechanisms of action of the anti-CD38 antibodies

CD38 : multifonctionnal receptor and enzyme

Daratumumab : IgG1 kappa
Isatuximab : IgG1 kappa

=> direct apoptosis

=> petter inhibitor of CD38 activity

Felzartamab : IgG1 lambda
=> no complement dependent cytoxicity

Mezagitamab : IgG1 lambda
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The Human Protein Atlas

CD38 expression
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Anti-CD38 Ab: daratunumab
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Anti-CD38 Ab: isatuximab (Phase I/ll CT)
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Only 39% of patients had reached target cPRA (i.e. resulting in at least doubling
the theoretical likelihood of finding a compatible donor). Vincenti et al. JASN 2024



' Anti-CD38 Ab: daratumumab (Phase /Il CT)

DARDAR study
cPRA 10 000 MFI sum

14 Patients with cPRA >95%

8 weekly infusions of
16 mg/kg of daratumumab

Sum of MFI

cPRA 10000 (%)

vvvvvvvvvvvvvvvvvvvvvvvvvvvv

Time (months)

Rapid but transient and mild reduction in anti-HLA

Pilon et al. KI reports 2024



Multi-hit plasma cell-targeted therapy

2 cycles of daratumumab-based regimen (a total of 8 doses)

! Tocilizumab (anti-IL6R)

Ogiya Blood 2020, Barbick Blood 2020
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Daratunumab L\ /\Q\
} 1 ’ . Plerixafor — anti-CXCR4

Mesenchymal . Leon et al. in preparation
stromal/stem Cell <. Bonaud Front Immunol et al. 2021




Multi-hit plasma cell-targeted therapy

37 years old
Blood type O, cPRA: 99.7%

Awaiting a 25t KTx for 20 years
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How to explain the rebound and how to face it ?



Memory B cells can promptly refuel PC compartment following depletion

MFI
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Memory B cells CD38 pool is increased in anti-CD38 non-responders

Anti-CD38 Ab: Isatuximab Anti-CD38 Ab: Daratumumab

CD38- switched mBCs
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Combination of plasma cell and B cell targeted therapies

Proteasome inh.
BELATACEPT )
Burghuber et al. AJT 2019 Anti-CD38

l Jain et al. AJT 2020 Anti CD3xBCMA

COMBAT TRIAL
ATTAIN TRIAL

A

Anti-CD20



Percent Change
{ MFI Normalized to Positive Control Bead )

Rituximab induction and HLA Ab rebound

Rituximab Induction No Rituximab
1400

Geda Non-donor class | aby

800
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200 +

-100

Rituximab induction reduced the incidence and magnitude of
HLA Ab rebound, but did not impact DSA elimination

Jackson A. et al. Kidney Int 2015



Dual targeting of B and plasma cells : desensitization protocol

2 cycles of daratumumab-based regimen (a total of 8 doses)
X 2 Injections d'anti-CD20

@ sC Plerixafor (0,16 mg/kg), Day 2
€ SC Daratunumab (1800 mg), Day 1

PR PR -
- IV Tocil b (8 mg/kg), Day 0
" : V'S : Tocilizumab (8 mg/kg), Day
S Al i i
7 1 1
8 :‘ ¢ o o ! € IV Anti-CD20 mAb (1000 mg), Day 0
| |
= | 1
# 2-5 1'. | J Serum anti-HLA antibodies testing

0-2 8 15 22 29-30 35-42 ‘ Plasma Exchanges (only for Cycle 1)
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Significant decrease in anti-HLA antibody levels
cPRA > 98%

Historical sera After C1 @ At the time of transplantation
‘ Before desensitization ‘ After C2
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cPRA (%)

100 -

50+

Increased access to kidney transplantation
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This protocol allows a decrease of cPRA;,,, Similar to a 1:10 dilution



DSA (MFI) ® eGFR (ml/mn/1,73m?2) @ proteinuria (g/g) eg
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Combination of plasma cell and B cell targeted

therapies



BCMA-targeted therapy

Elranatamab

BCMAxCD3
\specific antibody
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The Human Protein Atlas

BCMA expression
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Dual strategy combining CD3/BCMA bispecific and obinutuzumab

37 years old
Blood type O, cPRA: 99.7%
_ - Awaiting a 25t KTx for 20 years

Obinutuzumab Elranatamab ; Subsitutive IgIV
1000 mg @ 12 mg €32 mg € 76 mg

Ramp-up l, l,
0 ® e & ¢ ¢ o o

: ) : ) ) ) ) ) . —>
0 14 212428 35 42 49 56 63
Time after treatment onset (days)

Leon et al. submitted



Elranatamab + Obinutuzumab induced a strong and durable antibody depletion

HLA | B Daratumumab
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Plasma cell targeting in kidney transplantation
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Targeting CD38 in AMR

Uil Patient, N Associated treatment Results

Author, year Treatment schedule AMR Follow-up
EP +IglV + CS :
Kwun, 2019 Daratumumab, 8 doses [late Anti-CD20 AMR resolution : AMR recurrence
. DSA-MFI reduction
eculizumab
EP +IglV + CS . :
Spica, 2019 Daratumumab, 6 doses early, 7 Anti-CD20 ABOI AMR resc_)lutlon
days : ABO Ab reduction
Eculizumab
Doberer, 2021 |Daratumumab,9 months |late 0 Decrease AMR gctmty Borderline lesions
DSA-MFI reduction
early, 5 EP +IglV + CS AMR resolution
Susal, 2023 Daratumumab, 4 doses |\ ¢ Anti-CD20 ABO Ab & HLA Ab reduction
EP +IglV + CS Decrease AMR activity TCMR
Zhu, 2023 Daratumumab, 12 months late Anti-CD20 DSA-MFI reduction Rebound
EP +1IglV + CS AMR resolution
Lemal, 2024 Daratumumab, 1 dose [early DSA-MFI reduction
Osmanodja, early EP +IglV + CS Decrease AMR activity
2024 Daratumumab,9 months |, '), Anti-CD20 DSA-MFI reduction




Therapy :

ORIGINAL ARTICLE

A Randomized Phase 2 Trial of Felzartamab
in Antibody-Mediated Rejection

Screening Key inclusion criteria
N=31 » DSA+ active or chronic active AMR
+ eGFR >20 mL/min/1.73m?
» 2180 days post-transplant
N=22

1:1 randomized

Randomized, double-blind, placebo-controlled, parallel-group phase 2 pilot trial
rerzartamab (n=11) _‘Observational F’e_rio,d T

Placebo (n=11)

Sites: il smeniemib i esiossssiemmpriobsssroum R S aos N S
Vienna 1 1 1 1 1 |l 1 1 1 1 1 1 T 1
Berlin 0 4 8 12 | 16 20 24 28 32 36 40 44 48 52
Weeks
Baseline biopsy 24-Week biopsy 52-Week biopsy

One graft loss

3 LY
Y R,

Felzartamab : 4 weekly IV for a month, and 5 IV monthly

p ‘
“a

Mayer et al. NEJM 2024



ORIGINAL ARTICLE

A Randomized Phase 2 Trial of Felzartamab
in Antibody-Mediated Rejection

PLACEBO
Observational Observational
Placebo Period Felzartamab Period
Blind, versus placebo | . ] ' ” '
Population: - =
N= 22
ABMR with DSA+, acute or chronic 3 =
> 20 mL/min §
> 6 months post-transplantation ZZ
[N=38 ] [N=8]
N=2
Baseline Week 24 Week 52 Baseline Week 24 Week 52
Resolution AMR at 24 weeks 20.0%
Active

absence of AMR or chronic AMR without activity
Mayer et al. NEJM 2024



Blind, versus placebo

Population:

ORIGINAL ARTICLE

A Randomized Phase 2 Trial of Felzartamab
in Antibody-Mediated Rejection

N= 22

ABMR with DSA+, acute or chronic
> 20 mL/min
> 6 months post-transplantation

PLACEBO
Change in DSA

A Change in Donor-Specific Antibody Level
50

Y N— { ........ e —
J

Percent Change from Baseline in
Mean Fluorescence Intensity

-100 T T T T

Weeks

CD16M NK cell
B CD16bright NK-Cell Count in Peripheral Blood
-87 (95% Cl, -39 (95% ClI,
177 to 4) -103 to 25)

600

500

400

300+
= 2007
& 1754 I
v
= 150 il _I_
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E 100
S
g 754

50 - Wi —
s | 1 o l =
0 I I - I
0 24 52
Weeks

Mayer et al. NEJM 2024



Felzartamab reduced molecular ABMR activity scores, selectively
suppressing interferon gamma-inducible and NK cell transcripts

Bulk transcriptomic analyses

Week 24
VS
Week 52

R

Allograft
biopsy

v

Increased expression

Decreased expression

Nonsignificant change

(P<0.05) (P < 0.05) (P2 0.05)
a Baseline - Week 24 b Week 24 - Week 52 c Baseline - Week 24 Week 24 - Week 52
' ABMR activity : | [ ;
! 12 pathways enriched ' '
1.0 1 . (21 core enrichment genes) 1.0 1 1.0 - ! (Relapse post-treatment ) '
: ‘ Top 10 genes by overlap : : ' i
| across 12 pathways \ —— 1 @
) : :
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1 0.1 0.01 0.001 1e-04 1 0.1 0.01 0.001 1e-04 0.01 0.001 1 0.1 0.01 0.001
AAP value AAP value AAP value
IFNy-inducible ABMR activity genes NK cell-expressed ABMR activity genes ABMR-associated endothelial genes
Baseline - Week 24 | | Week 24 - Week 52| | Baseline - Week 52 Baseline - Week 24| | Week 24 - Week 52| | Baseline - Week 52 Baseline - Week 24| | Week 24 - Week 52| | Baseline - Week 52
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Diebold et al. Nat med 2025



Plasma cell targeting in kidney transplantation

Naive Activated
B cells B cells
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70 year-old, FSGS
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Recurrence at day 15 post-transplant, incomplete response to Rituximab/PEX
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Combined anti-CD20/anti-CD38 in FSGS recurrence

CASE REPORT - Volume 24, Issue 4, P688-692, April 2024  [ESARELALILCRI B EIT

Efficacy of combined rituximab and daratumumab treatment in posttransplant
recurrent focal segmental glomerulosclerosis

Andrea Angeletti &* & - Sofia Bin* - Alberto Magnasco* + Maurizio Bruschi* + Paolo Cravedi* - Gian Marco Ghiggeri*

Affiliations & Notes v Article Info \v  Linked Articles (1) ‘v
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Limits of plasma-cell therapy

* Anti-CD38 : other targets and immunomodulatory effects

 depletion of Breg, Treg = > Increase of activated cytotoxic CD8+ Tcell
and reverse T cell exhaustion

e Sur-risk of TCMR ?

» Dual therapy : increase infectious risk
« Sustained agammaglobulinemia



Conclusions

1- New anti-plasma cells are changing the landscape of HLA antibody treatment

2- The most efficient protocols would combine several therapeutics targeting B and
plasma cells

3- New anti-plasma cell agents look very promisings : bispecific Ab /Car-T cells

4- Unanswered guestions :
- how long their effect last ?
- what is the best therapeutic scheme ?
- Infectious risk management especially in dual B & plasma cells targeting

5. Missing data from larger, well-controlled trials
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