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Macroglobulinémie de Waldenstrom (MW)

« Generalités
* Des questions biologiques

— lymphomagénese ? hiérarchie clonale ? cellule d’origine ?

— anomalies (cyto)génétiques : impact pronostique ? predictif ?

* Des questions cliniques

— immunochimiothérapie versus thérapies ciblees ?

— formes cliniques particulieres / gammapathies de signification clinique ?



Macroglobulinémie de Waldenstrom (MW)

Acta Medica Scandinavica. Vol. CXVI1I, fasc. I1I—IV, 1944.

(From Med. Clin. Akad. Hospital, Upsala (Sweden). Chief: Prof.
G. Bergmark).

Incipient myelomatosis or <essential< hyper-
globulinemia with fibrinogenopenia —
a new syndrome?

By
JAN WALDENSTROM.

Submitted for publication September 2, 1043,
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MW - Définition

Lymphoplasmacytic lymphoma

Swerdlow S.H. R
Cook J.R. Definition

Sohani A.R. Lymphoplasmacytic lymphoma (LPL) is a
Pileri S.A. neoplasm of small B lymphocytes, plas-
T;;:SENS"-' macytoid lymphocytes, and plasma cells,
Stein H. usually involving bone marrow and some-
times lymph nodes and spleen, which

Although LPL
is often associated with a paraprotein,
usually of IgM type, this is not required for
the diagnosis. Waldenstrém macroglob-
ulinaemia (WM} is found in a substantial
subset of patients with LPL, but is not
synonymous with it; it is defined as LPL
with bone marrow involvement and an
lgM monoclonal gammopathy of any con-

centration

Table 2. Highlights of changes in 2016 WHO classification of lymphoid, histiocytic, and dendritic neoplasms

Entity/category Change

Lymphoplasmacytic lymphoma (LPL) e« MYD88 L265P mutation in vast majority of cases impacting diagnostic criteria even though finding is
not specific for LPL.
* IgM MGUS is more closely related to LPL and other B-cell lymphomas than to myeloma.



MW- Diagnostic différentiel

Lymphoprolifération + IgM

- MW
— | LZM
— LLC
— MM (tres rare)

Lymphome lymphoplasmocytaire .

—  +IgM =MW
— +1gG ou A ou non secreteur (< 5%)




MW- Diagnostic differentiel

 Phénotypage :
— lymphocytes B matures avec différenciation plasmocytaire incompléte
— pan B, 5-, 10-, 23-

« (CD22 faible, CD25+, CD103-, CD13+

« CD5:5a20% des cas

LLC LCM LF LZM Mw

(A) CcD19 FMC7 CD38
CD19 + + + faible + + _
Ig de surface + faible ou - ++ ++ +++ + i
CD5 + + - -+ -+ g
cD23 + - -+ - - §
FMC7 + faible ou - + + ++ +/-
+ faible ou - + + [+ +raible] 3
CD79b + faible ou - ++ - - + z
CD43 + forte + faible/- - - - g
CD20 + faible B B o + 5
CD10 - -+ +/- - -
CD103 - - - -+ - 0 point 1 point
CD11c¢c + faible/- - _J+ -+ - Intensité du CD19 Normale ou forte Faible
Intensité du FMC7 Normale ou forte | Négative ou faible
+/- - -1+ I -+ + I Intensité du CD22 Normale ou forte Faible
CcCD38 -/+ +/- + -1+ [+ Si CD22 faible, intensité du CD79b | Faible ou normale Forte
- J+ + I - " I I(?E;gs(ls/‘:)du cD27 Nfrzrz}oal Negau;ez(c;[:l faible
CD180 - - NA + NA
- : S T

Debord Int J Hematol 2020
Sourdeau SFH 2022



MW- Diagnostic differentiel

Cytogenétique ?

+4 Not yet known 12-20
+bp Not yet known 17
-6q21 PRDMI 38-50
-6q23 TNFAIP3 38-50
-13q14.3 MIRNI5A and MIRN16-1 10
-14q32 TRAF3 )
-17pl3.1 TP53 7-10
+18 MALTI, BCL2 17

1

7

00 fum -._
-0.24
044

8 9 10 1

12 13 14 15

N FEIN

6 17 181920 22 X Y

CEP6g-6g21r (Q-Biogen)

CEP4 (Vysis)

Braggio Haematologica 2012
Nguyen-Khac Haematologica 2013



MW- Diagnostic differentiel

Cytogénetique ?

MW LZM LLC
Délétion 6q ++ +
Délétion 13qg ++ + +4+++
§ Trisomie 4
a g Trisomie 12 + -+ +
© .
EQ | Delétion 17p (TP53) £ -+ N
==
<o Caryotype complexe ++ +++ ++
{=
© Trisomie 18 + + o
Délétion 7q T+
Délétion 11q (ATM) + ++




MW- Diagnostic differentiel

Cytogéenétique ? Del 6q/tri4 vs. del7q ?

Biologie moléculaire ?



MW — Mutations MYD88

The NEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE ‘

MYDS88 L265P Somatic Mutation
in Waldenstrdm’s Macroglobulinemia

MYD88 L265P (>90%), hétéro- ou homozygote MYD88 Chr. 3p22 o
Substitution nucléotidique unique (T pour C) Exons 3-4 § § g g
A
L265P dans > 98% des cas == 4
1 L1 309
Autres : domaine TIR (1-2%) DD TIR domain
Evénement le plus souvent clonal (précoce)
HID IgG N:GUS IgM I\IAGUS Cll_L M]M MIZL WIM
0/40 (0%) 0/9 (0%) 13/24 (54%) 1/26 (4%) 0/14 (0%) 2/20 (10%) 97/104 (93%)
GMSI IgM (80%), LBDGC-ABC (30%), LZM (5-10%), LLC (2-5%) Treon NEJM 2012

Xu Blood 2013



MW — Mutations CXCR4

CXCR4 Chr. 2g22.1

Exon 2

Transmembrane
domain

+ de 50 variants décrits

Extracellular domain

NH2

Mutations hétérozygotes, non-sens ou frameshift
S338X (WHIM) le + fréquent (35-50%)

Evénement le plus souvent sous-clonal (secondaire)

N CXCR4™™

Healthy Donors 32 0 (0%)

IgM MGUS 12 2 (17%)

Non-IgM MGUS 7 0 (0%)

PCR _E_i||é|e Untreated WM 102 440 (4305)
spécifique Treated WM 62 21](34%)
S338 MZL 20 I (5%)
CLL 32 0 (0%)

MM 14 0 (0%)

326

327

328

336

334 b 338
() 339
S 3a1
A
sy 344
| COOH

Poulain Clin Cancer Res 2016
Xu BJH 2016



MW - Clinigue

* Rare, 1-2% des hemopathies lymphoides

» Sujet ageé (age median, 72 ans)

* Précédée d'une gammapathie monoclonale (GMSI) IgM (40%)

« Symptdmes reliés au syndrome tumoral et/ou sécrétion IgM monoclonale

= protéiforme +++

Cause

Symptémes

Signes généraux

Fiévre, sueurs nocturnes
Amaigrissement, altération de I'état général

Infiltration tumorale

Cytopénies (anémie +++)
Adénopathies, organomeégalie
Infiltrations extra-ganglionnaires rares (rénale, hépatique, neuro...)

IgM sérique : propriétés
physicochimiques

Syndrome d’hyperviscosité

Troubles de 'hémostase (Willebrand acquis)
Cryoglobuline de type |

Dépobts : amylose AL ou dépbts de I'lgM compléte

IgM sérique : spécificités
antigeniques

Neuropathies périphériques (anti-MAG en premier lieu)
Cryoglobuline de type Il
Agglutinines froides




MW - Clinigue

Bone marrow
Hyperviscosity (10-15%)

Protein-protein interaction
Type | cryoglobulinemia (5-15%)
Amyloidosis (1-2%)

IgM Neuropathy (20-30%)
Type Il Cryoglobulinemia
Cold Agglutinemia (<5%)

Adenopathy, SPM _
(20%) Fatigue,
Constitutional Sxs
Cytokinemia?




MW- Maladie multi-étapes

1o

MGUS IgM
IgM monoclonale
bénigne
asymptomatique

IgM sérique +

Infiltration médullaire en | —

morphologie

Symptomes liés a -

Pinfiltration tumorale

Symptomes liés al'lgM | —




MW- Maladie multi-étapes

«)
D

MGUS IgM MW indolent

IgM monoclonale | MW
bénigne asymptomatique
asymptomatique

IgM sérique +

Infiltration médullaire en | —
morphologie

Symptémes liés a - —
Pinfiltration tumorale

Symptomes liés al'lgM | — -




MW- Maladie multi-étapes

MGUS IgM MW indolent MW symptomatique
IgM monoclonale | MW MW
bénigne asymptomatique | symptomatique

asymptomatique

IgM sérique + +

Infiltration médullaire en | —
morphologie

Symptémes liés a - — +
Pinfiltration tumorale

Symptomes liés al'lgM | — - +




MW- Maladie multi-étapes

«)
D

MGUS IgM MW indolent MW symptomatique
IgM monoclonale | MW MW IgM monoclonale
bénigne asymptomatique | symptomatique bénigne
asymptomatique symptomatique

IgM sérique + +

Infiltration médullaire en | — -

morphologie

Symptomes liés a - - + -

Pinfiltration tumorale

Symptomes liés al'lgM | — - + +

Anti-MAG

Cryoglobulinémie



MW- Incurable ?

Cumulative Probability of
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vears Zanwar Br J Haematol 2021



MW:- Criteres de traitement

» Sighes généraux (sueurs, AEG)
» Cytopénies : hémoglobine < 100 g/L ou plaquettes < 100 G/L
« Masse tumorale symptomatique ou volumineuse

* Activité délétére de I'lgM (hyperviscosite, cryoglobuline, anti-MAG

sévere, amylose AL ... )



MW- Principes thérapeutiques en 2022

Seules les MW symptomatiques sont a traiter (survie médiane = 10 ans)

L'immunochimiothérapie reste le traitement de choix en 1¢ ligne

Association anti-CD20 + alkylants (RDC, R-Bendamustine)

Les thérapies ciblées font leur apparition



MW- Des questions biologiques ?

Origin ?

Splenic marginal-
zone lymphoma [ _

4
H

Germinal centre_

\©

Naive B cell

-0

unmulated Vv gene)

Follicular lymphoma
Burkitt's lymphoma
DLBCL (GC-type)
Lymphocyte-predominant
Hodgkin's lymphoma

DLBCL (ABC-type)
Primary mediastinal Memory B cell

B-cell ymphoma | <===«.._ @ S
4 Sheel

Marginal zone

Hairy-cell leukaemia
Prolymphocytic leukaemia
*[Bc]
v

. .-» [MALT ymphoma
Multiple myeloma
A

v
t - \
A 1
8 A Al
5 T i Mantle-cell lymphoma
S ' o B-CLL (unmutated V-region genes)
SN Classical Hodgkin's
‘.< 1‘ lymphoma

Post-transplant
lymphomas

Post-GC

- Clonal mixture of lymphoid and plasma cells

- IgM secretion, unabl

e to undergo CSR

- mutated IGHV

- CD22low+, CD23+, CD25+, CD27+, CD38low+, SmigM+

KlUppers Nat Rev Cancer 2005

Serum IgM Level Normalized

Clinical heterogeneity ?

to Basdine

P <.0001
o, .
. , Mo,
s ‘k‘\‘\ e
\""“1‘.._\‘
L\"\_\_ _______ N
pE g
_ Llow L‘"i.--~--_.-.-.—.q
“““ Intermediate I
v=—= High
0o ' W‘IU I 2.‘0 3.‘0 I 4‘IU ‘ 5.‘0 I E.IIJ I T.IEI I E“U I B.IU ‘WUTU
Survival Time in Years
P=0.06
' P-032 |
1
1.54 N
1 P=0.003 |
1.0+ 1
A . — Minor response
0.5+ . is
y ,*,‘{;‘*_ . — Partial response
0.0 = === = Very good partial
MYD88L255P  pMyDggL265P MYD8s"™ response
CXCR4WT CXCR4WHIM CXCR4™T

Morel Blood 2008
Treon NEJM 2012 and 2015



WM - Intrinsic and extrinsic abnormalities analyses

Tumoral

Cytogenetics microenvironment

Mass cytometry (Hyperion)
WES Single-cell RNAseq

Targeted NGS

1999950 §EN
avA N

IGHV repertoire

DNA methylation

Endothelial Cell

T-Cell



Génomique (MW) — Mutations MYD88 et CXCR4

MYDS88 chr. 3p22

= NZ S
E 3-4 SNy ©
xons N E 9’ ﬁ
1 " I 309 CXCR4 chr. 2g22.1
DD TIR domain
Exon 2
>95 % 30-40 %

Treon NEJM 2012

Hunter Blood 2014

Poulain Clin Cancer Res 2016
Burger Nat Rev Cancer 2018



MYD88/BTK (MW) — MYD88 L265P active BTK

A mutation in MYDS88 (L265P) supports the survival of
lymphoplasmacytic cells by activation of Bruton tyrosine Kinase in
Waldenstrom macroglobulinemia

BCWMA  MWCL-1 OClLy19 Ramos @f‘ o A g
(9 W O
9 A\ 0 s
P: O +0¢1~ Od.(é > 0’& _‘II;
-\oo"«o"q‘oc’ov . *O%éoé’
IB: MYD88 IR IR N R
151 0618 328 090 189 170 13.1 244 MYD88 /| BTK o
i B (%)
u e — | 1gG - heavy —IgG-heavy
- chain chain
BCWM.1 MWCL-1 OCl-Ly3 OCl-Ly19 Ramos RPMI-8226
0 o & 0 0 & o & o & o
&) &) 5 =) ) S 5 &) ™ &) o
& & & & @"“ o \v@ & ¢ & ¢
IP: 1gG
.
| O —— et StV et e 15, D35

Yang Blood 2013



Pathogenese MW — Voies/sighaux

95-97% mutations MYD88

30-40% mutations CXCR4

Treon NEJM 2012

Hunter Blood 2014 Roéle central de I'inhibition de BTK

Poulain Clin Cancer Res 2016 LA .

Burger Nat Rev Cancer 2018 == Interet cibler autres TK ? HCK/PI3K/SYK ?
Yang Blood 2013 et 2016 HCK = effet « off-target » iBTK

Munshi and Yang BCJ 2020



MW- Hiérarchie clonale ?

s CLLO5 CLLO6 CLLO7 CLLO8
- NFKBIE - SF3B1 . SF3B1 « SF3B1
@ - SF3B1 XPO1 XPO1 SFaB1 NFKBIE
o T + Others + Others + Others + Others
@ NFKBIE $ 12/109 WT
P 2@z | f----o2- =N - # xpoi| f-~----" + (19)
~ " - 1/109 =
< T 1 -+
o~ 4+ - * i
" EE] Lot |brsd] |LEad
BT E O P OB Y ¥R 0yt P ObET ¥TOoOR
8Sa8a o B a_&aoc 8a8a o 8 aa8a o
© 5 oo o o0 o o o o o o
[l Clonal (vAF>40%)
I Subclonal (VAF<40%)
100% -
90% -
80% -
70% -
i)
= 60% -
.0
—
T 50% -
“
O 40% -
S~
30% -
20% -
10% -
0% -

MYDBBCD?QB SPI1 IGLL5 CXCR4 TP53

41 4 3 13

Kikushe Cancer Cell 2011

Damm Cancer Discov 2014
Kaushal Blood Cancer Discov 2021
Rodriguez Sci Adv 2022
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Modeles murins MW — MYDS88

Modeéeles murins KI MYDS88 L265P conditionnels

. CD19 Cre (Knittel, Cologne)

. AID Cre (Carrasco, Dana-Farber)

Développement lymphoproliférations B
. Tardives (> 1 an), oligoclonales
. Phénotype ? Lympho-plasmocytes ?
. Rarement LBGC BCL6-, IRF4+ (ABC)

== M-Cd19

] P= 0075
cdi9

—
o
o

Percent survival
[8)]
(=]

[=]
[

20 40 60 80 100
Age (weeks)

MYD88 L265P seul insuffisant pour transformation tumorale

MW : nécessité d’événements supplémentaires ? CXCR4 ? del6q ?

Knittel Blood 2016
Sewastianik Blood Adv 2019



Scénario ?

MYD88
Autres ?

LyB

Prée-CG ?
Progéniteurs ?
(proB, HSC)

MYD88
+/- CXCR4, ARID1A
+/- del6q, tri4/12

LyB mature
(CD22 low/25+/27+/1gM+)

MW indolent

Activation, survie ++

Blocage différenciation
(TLR/BCR, recombinaison VDJ,

absence switch)

MYD88
CXCR4, ARID1A
CD79B, MLL2,
del6q, tri4

MW symptomatique

Prolifération ++

Epigénétique ?

Microenvironnement ?



MW- Microenvironnement ?

Health

CyTOF
MGUS Single-cell mass cytometry |

Marrow
* —F CITE-seq
Single-cell proteomics and

single-cell RNA sequencing

m CD4TN
m CD4TM
m CD4 GZM*
m CD8TN
m CD8TM

= CD8 GZM*

WM

— t-SNE_2

Interferon gamma signaling
Chemokine receptor binds chemokine
1001 Interferon alpha/beta signaling
XBP1(S) activales chaperone genes
754 RAF-independent MAPK1/3 activation

Translocation of ZAP-70 to immunologic synapse
Downstream TCR signaling

50+
Phosphorylation of CD3 and TCR zeta chains

0 Generation of second messenger molecules

IL1 family signaling

0 PD-1 signaling
0 IL1 processing

HD MGUS WM

251 O

% of cells in myeloid cluster

Anligen presentalion
ER-phagosome pathway

~Logyo P

Kaushal Blood Cancer Discov 2021



WM — Epigenetics ?

Global DNA methylation analysis

Principal component 2 (5%)

Unsupervised clustering

]

o o

)
000 »

e o090 JJQJJ
@R o QJJ‘) 9
ss 3 5
o @
Qo

Principal component 1 (33%)

methylation (%)
| T

0 50 100

35 WM patients (14+21)
All MYD88 mutated (VAF > 30%)

lllumina EPIC/850K arrays

Principal component analysis (PCA) of the top 1% most-variable CpGs

Roos-Weil Blood 2021



RNA sequencing analysis

Principal component 2 (11%)

24 WM patients (11+14)
All MYD88 mutated (VAF > 30%)

GSEA

Enrichment plot:

PCA

GSE22886_IGM_MEMORY BCELL VS BM_PLASMA_CE
LL_UP
o7
)
w06
(% Zos
E 0.4
£
© goa
" £ 02
¢ © . ° £ o
0.0 =
©
¢ © (4 =
© &
C = [l
&g © (] o3 3 [MBC-like' (positively comelated)
m
c
2
. g
© = L Zero cross at 20065
Z,
<
Z
= | 'Pi-like' (negatively carrelated)
% [ 10,000 20,000 30,000 40,000 50,000 60,000
= Rankin Ordered Dataset
| Enrichment profile — Hits Ranking metric scores|

Principal component 1 (38%) ) )
top hit = gene set comparing IgM memory B cells to plasma cells

7 of the top 10 most enriched gene sets

2 groups, B-cell maturation
Memory B-cell (MBC)-like, Plasma-Cell (PC)-like

Roos-Weil Blood 2021



DNA methylation patterns - WM vs. normal B cells

1,000 most-variable CpGs

=)
[qaN]
= WM, PC-like
% WM, MBC-like
é B PC (tonsil)
e W PC (BM)
S * e oo ‘e M csMBC
S ¢ * o ncsMBC
‘S q. °
=
a
MBC-like - — —
_ P<1.0e-7
PC-like - ——
-60 -40 -20 0 20 40

Principal component 1(53%)

Roos-Weil Blood 2021

=~ o o
on o (8]
L 1 1

w (8]
o o
1 1

Global methylation (%)
s
o

N
w

P<1.0e-11
P<1.0e-11

o

<1.0e-8

1 1 1 1 1
normal WM WM CLL MM
B cells MBC-like PC-like (HP)

ncs = non-classed switched ; cs = class-switched



Distinct biological features - MBC- and PC-like subtypes

MBC-likeWM PC-like WM
Methylation
Subgroup
Epigenetic maturity
(PC1,arbitrary units) P -value —— 100 -
=
mypss RERRNENNRRRRENENNNRRRENNNNRNERNEEEE g 079 V4
[cxcrsJANNNNNN ] | Y | 0.015 £ 80-
spi1 R | I | n.s. 2 70
ARID1A | i1 n.s. = Vi
LRP1B i | | n.s. £ 60
TP53 B n.s. = 50 - V3
S 40 -
del 6q _ 1 IliRENEEND 0.006 2
gain 6p 1101 0.033 S 307 [g
il 1 0.012 = 20-
gain 4 I I II II n.s. HI‘E 10 -
gain12 N | | n.s. >
gain18 R | | | n.s. MBC-like PC-like
del 11q [ [ | n.s. WM WM
(n=10) (n=15)

B clonal mutation (VAF>30%)
B subclonal mutation (VAF<10%)

Roos-Weil Blood 2021



WM - DNA methylation analysis

f MYD88, PU.1/OCT/TCF3

f

MBC-like WM

small lymphocytes
OO - %P ~ Yol

. Sl Q‘b%
P 9  o0ad

CXCR4 mutations

splenomegaly
thrombocytopenia

Memory B cell gene expression

memory
B cell

plasma
cell

Global DNA methylation

Genetic mutations

Pathways/Gene expression

Immunophenotype

Clinical features

PC-like WM
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Roos-Weil Blood 2021



Macroglobulinémie de Waldenstrom (MW)

— anomalies (cyto)génétiques : impact pronostique ? predictif ?

* Des questions cliniques

— immunochimiothérapie versus thérapies ciblees ?

— formes cliniques particulieres / gammapathies de signification clinique ?



MW- Thérapeutique en 2022

~

mmunochimiothérapie (ICT)

[

. Cyclophosphamide (DRC)

Rituximab

monotherapie

. Bendamustine (BR)

. Fludarabine (FR, FCR
o ( )

Bortezomib + A
rituximab +
dexamethasone
(BDR) iIBTK
- /  Ibrutinib +/- R

. Zanubrutinib




MW- Immunochimiothérapie (ICT)

100% -+ 95% 93% 96% 96%
= ORR 91% ? 91%
= MRR
80% -
® CR/VGPR

60% -
44%

Patients (%)

40% - 35%5%
32%

20% -
5% 5%
0% -
Rx4 Rx8 R-CHOP DRC FR FCR Benda-R BDR B-R BDR + Ixa-RitD
cycles cycles [3] 4, 5] [6] [7] [3] [9, 10] [11] Maint [13]
[1] [2] [12]

B, bortezomib;

Benda, bendamustine;

_ 1. Dimopoulos Clin Lymphoma. 2002 7. Tedeschi A Cancer 2012
C, cyclophosphamide; 2. Dimopoulos J Clin Oncol 2002 8. Rummel Lancet 2013
D, dexamethasone; 3. Buske Leukemia. 2009 9. Dimopoulos Blood 2013
. 4. Dimopoulos J Clin Oncol 2007 10. Gavriatopoulou Blood 2017
F. fludarabine; 5. Kastritis Blood 2015 11. Ghobrial Am J Hematol 2010
R, rituximab; 6. Treon Blood 2009 12. Treon Blood 2015 Abstract #1833



MW- Immunochimiothérapie (ICT)

Duration of therapy, PFS and time to next therapy

BDR + Maint [12]

@ Duration of
B-R [11] therapy
BDR [9, 10] B Progression-
free survival
Benda-R [8] |
O Time to next
FCR [7] therapy
FR [6]
DRC [4, 5]
R-CHOP [3]
R x 8 cycles [2]
R x 4 cycles [1] months
96 120

B, bortezomib;

Benda, bendamustine;

_ 1. Dimopoulos Clin Lymphoma. 2002 7. Tedeschi A Cancer 2012
C, cyclophosphamide; 2. Dimopoulos J Clin Oncol 2002 8. Rummel Lancet 2013
D, dexamethasone; 3. Buske Leukemia. 2009 9. Dimopoulos Blood 2013
. 4. Dimopoulos J Clin Oncol 2007 10. Gavriatopoulou Blood 2017
F. fludarabine; 5. Kastritis Blood 2015 11. Ghobrial Am J Hematol 2010
R, rituximab; 6. Treon Blood 2009 12. Treon Blood. 2015 Abstract #1833



MW- Immunochimiothérapie (ICT)

(A) 100% —gRBC
DRC (n = 92) : -:nda
£ 8OR
o 80% -
R-Benda (n = 83) s
sc
— S 60%
BDR (n = 45) 23
o
29
; £ 40%
s
;.i 20%
. p =0.0003
0 1 2 3 4 5
Time in years
(B) (©)
100% —DRC 100% —DRC
—R-Benda _%qﬁ . —R-Benda
o —BDR == — —B80R
e 80% 80% - R
3 p =0.0002 =
5 5
60% - 60%
3 = j
) 2
&5 a0% § 40%-
b =
B @
S 20% 20%
P
p= 0.77
0% ———T— 0% ————T——— 71—
0 1 2 3 4 5 0 1 2 3 4 5
Time in years Time in years

Abeykoon Am J Hematol 2021



MW- De la biologie a la thérapeutique

Bcel Toll-like
CcD38 receptor receptor(s)
cD19

Cell proliferation
survival, and migration
\

\
Nucleus \\

/1) €@ @ € »

N ——

Paulus Best Pract Res Clin Haematol 2016



iIBTK (MW) - Ibrutinib

* INNOVATE : essai de phase 3 randomisée
ibrutinib + rituximab vs rituximab + placebo
1¢¢ ligne (1L) et en rechute/réfractaire (R/R)

45% poursuivent ibrutinib a la fin de
75 patients par bras de traitement I'étude
Age médian : 70 et 68 ans
Caractéristiques démographiques

et génotypiques équilibrées

47% cross over

Cross-over possible
Si progression

avec ibrutinib monothérapie

Dimopoulos NEJM 2018
Buske JCO 2022



iIBTK (MW) - Ibrutinib

* INNOVATE : essai phase 3 randomisé
Analyse finale a 5 ans

PFS 54 mois :
68 % vs25%

100 = L '
90 ':|__ = |brutinib-rituximab |
T Placebo-rituximab

80 -
70 + G

X 60 ]

7 50 - I )

L |.1__:

a- 40 1 Ibrutinib- Placebo- ER—
30 4 PFS Rituximab Rituximab P | Y 'l"'fi___“‘l___“___i_u_i ..... o
20 4 Median PFS, mo NR 20.3 !

HR (95% CI) 0.250 (0.148 to 0.420)

10 4 Log-rank P value < .0001

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

Supériorité du bras I+R quels que soient
. caractéristiques du patient
. traitement 1¢¢ ligne versus rechute
. génotype (MYD88/CXCRA4)

Buske JCO 2022



Inhibiteurs de BTK

1¢¢ génération

Ibrutinib

2¢me génération
acalabrutinib
zanubrutinib
tirabrutinib

spebrutinib

Non-covalent
/non-C481 IBTK

pirtobrutinib
nemtabrutinib

vecabrutinib

Percent Inhibition

100%

99.9%

99% to 99.9%

95% to 99%
90% to 95%
65% to 90%

<65%

Acalabrutinib Ibrutinib
TKL TKL
1K K
) STE STE
. . o o “ . . ..
/ CK1 . / CK1
AGC AGC
OTHER OTHER L
et CAMK GGG CAMK
Zanubrutinib Tirabrutinib
TKL TKL
K TK
‘ STE STE
® S " °
‘ ‘0'. CK1 ‘ » > CK1

AGC

OTHER

CMGC
CAMK

AGC

OTHER

CMGC
CAMK

Kaptein Blood 2018



MW- BTK et autres TK

Ibrutinib
Zanubrutinib
ARQ-531

Acalabrutinib
LOXO-305

Yang Blood 2013, Blood 2016
Munshi and Yang BCJ 2020
Trotman Blood 2020

Kapoor Blood 2020



IBTK (MW) - Zanubrutinib

ASPEN : essai phase 3 randomisé
Zanubrutinib 160 mg 2x/j vs. ibrutinib 420 mg/|
Jusqu’a progression ou intolérance

N=201 Randomized 1:1
|

Y Y
Zanubrutinib: Ibrutinib:

Enrolled

Enrolled

n=102 (19 TN, 83 R/R) n=99 (18 TN, 81 R/R)

Tam Blood 2020



IBTK (MW) - Zanubrutinib

 ASPEN : essai phase 3 randomisé
Zanubrutinib vs. ibrutinib

Best Overall Responses

By IRC By Investigator
>VGPR rate difference P = .09 >VGPR rate difference P = .04
Ly 100 -
80 - B VGPR 80 -
3 S W PR
o 601 s 604
5 401 S 401 WSO
B . B PD
20 " 20 il
0 - 04
lbrutinib Zanubrutinib Ibrutinib Zanubrutinib
(n=99) (n=102) (n=99) (n=102)

Tam Blood 2020



IBTK (MW) - Zanubrutinib

« ASPEN : essai phase 3 randomisé

Zanubrutinib vs. ibrutinib

100
90 {
80 1
704
60 |
50 1
40 -
30 1
204
10 -

04
Zanubrutinib

Progression-Free Survival Probability

%%‘L—hﬁ
L L Ll

PFS

— Zanubrutinib|

—— lbrutinib P = NS

+ Censored

Ibrutinib

No. of Subjects at Risk

102 96 93 89 84 63 43
99 92 86 82 77 62 42
T T T T T T T
0 3 6 9 12 15 18

Months

Population en intention de traiter

1004
90
80
70
601
50 4
40
30

204

Overall Survival Probability

10+

—— Zanubrutinib

0
Zanubrutinib

Ibrutinib

. T

OS

—— Ibrutinib P = NS

+ Censored
No. of Subjects at Risk
102 100 97 96 95 86 62
99 96 93 92 91 83 61
| I I | I I I
0 3 6 9 12 15 18

Months

Tam Blood 2020, ASCO 2021



IBTK (MW) - Zanubrutinib

 ASPEN : essai phase 3 randomisé
Zanubrutinib vs. ibrutinib

| All Grades Time-to-event analysis of atrial fibrillation/flutter events
AE Categories, n (%)

(Pooled Terms) lbrutinib | Zanubrutinib . 100 4 = Zanubrutinib — Ibrutinib + Censored
(n=98) (n=101) °: %0 -
Atrial fibrillation/flutter* 15 (15.3) 2(2.0) s * Hazard ratio (95% Cls), 0.14 (0.04-0.48),
- = log-rank P =.0005
Diarrhea (PT) 31(31.6)  21(20.8) g 607
@
Hemorrhage 58 (59.2) 49 (48.5) L 40-
Major hemorrhage  9(9.2) 6(5.9) =
Hypertension 7 (17.3) 11(10.9) § 20
Neutropenia* 3(13.3) 30(29.7) 04 - -

. L] L] I ] 1 1 ] ] 1 ) )
lesen 66(67.3) 67 (66.3) 0 3 6 9 12 15 18 21 24 27 30 33
*Descriptive 2-sided P < .05

No. of Patients at Risk Months
Data cutoff Zanubrutinib 101 95 94 92 89 81 57 34 15 7 1 0
31Aug2019 Ibrutinic 98 87 83 78 74 66 46 28 13 3 1 0

Bras zanubrutinib
=P réduction nette du risque d’AC/FA

. heutropénie plus fréquente mais risque d’infection identique
Tam Blood 2020



IBTK (MW) — Synthese 1°¢ ligne

iIBTK Ibrutinib Zanubrutinib vs. ibrutinib | Zanubrutinib | Acalabrutinib

Articles Treon Dimopoulos Tam Trotman Owen

prospectifs JCO 2018 NEJM 2018 Blood 2020 Blood 2020 Lancet Haematol
2019

Nombre de 30 34 18 19 24 14

patients

Survie sans 18 mois 24 mois 18 mois 18 mois 24 mois 24 mois

progression 192 % 84 % 94 % 78 % 91 % 90 %

(temps, %, IC) | (73-98) (non fourni) | (63-99) (52-91) (70-98) (47-98)

Age 67 ? 72 74 65 73

IC = intervalle de confiance

IBTK chez patients MW en 1L

Survie sans progression : 78-90% M24

(70% MA48 Innovate)




IBTK (MW) en rechute — Ibrutinib

Treon JCO 2021

0/ A B
1.00 PFS 54% a 5 ans 1.00 -
. —_ Log-rank P < .001
= 075 Eo.n——, I
= = i
= 0 i u_l
S 050 - © 0504 -iti-.—. - m=emeos
& & 1 -:.I_I_I.l_—l
2 0.25 £ .25 - : — MYDS"ICXCRA™
o 95% Cl o- | - — = MYD88"/CXCRa™
Survivor function i — . — MYD8g"T/CXCR4YT
T T T T T T T T T T T
0 1 2 3 4 5 <] 0 1 2 3 4 5
Time Since Ibrutinib Initiation (years) Time Since Ibrutinib Initiation (years)
Mo. at risk: Mao. at risk:
63 51 39 35 26 19 0 MYDss"“CcxcR4a™ 38 34 26 25 18 14
MYDag"CxCR4™™ 22 16 13 10 8
MyDag"cxcrRa™ 4 1 0 0 0 0
1_00_m 1.00 —4‘--‘#‘-'-1-‘?-""-_-“'
——= | L
L R
— o ]
E,_""{]_?S_ ‘?0.?5_ PSR Y R — ] S —
= = Log-rank P = .42
= 2
o 0.50 4 o 0.50 4
2 =
v | ) —— MYDag"™{CXCR4"T
3 0.25 N & 0.25 4
95% CI - == MYD&as""{cXCRaM*
Survivor function — o — MYDss"ICXCRET
T T T T T T T T T T T T
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time Since lbrutinib Initiation (years) Time Since lbrutinib Initiation (years)
Mo. at risk: Mao. at risk:
83 55 45 42 32 25 0 MyDss"™cxcr4" 38 35 29 29 22 18
MYDag" CxCR4™™ 22 13 16 13 10 7
MyYDag"“CXCR4™™ 4 2 0 0 0 0



IBTK (MW) — Synthese en rechute

iIBTK Ibrutinib R-ibrutinib  Ibrutinib Zanubrutinib vs. Acalabrutinib | Zanubrutinib
ibrutinib
Articles Treon Dimopoulos Dimopoulos Tam Owen Trotman
prospectifs JCO 2022 NEJM 2018 Lancet 2017 Blood 2020 Lancet Haematol | Blood 2020
2019
Nombre de 63 41 31 81 83 92 53
patients réfractaire au
Rituximab
Survie sans [ 60 mois 24 mois 18 mois 18 mois 18 mois | 24 mois 18 mois
progression |54 04 80 % 87 % 82 % 86 % 82 % 76 %
(temps, %, IC) | (45-70) (non fourni) | (66-94) (71-89) (74-93) | (72-88) (61-86)
Age 63 ? ? 69 69 69 68

IBTK chez patients MW en R/R
PFS : 70-85% M24, 50-60% M60




iIBTK (MW) - AMM

Ibrutinib (France)

* patients adultes atteints de MW ayant recu au moins un traitement
antérieur

* o0U en 1L chez les patients pour lesquels une chimio-immunothérapie
n’'est pas appropriée

Zanubrutinib (Europe)

* patients adultes atteints de MW ayant recu au moins un traitement
antérieur

* ou en 1L chez les patients pour lesquels une chimio-immunothérapie
n'est pas appropriée.



IBTK vs. ICT = 1¢" ligne

* Aucun résultat d’études randomisées

» Une étude randomisée en cours : RAINBOW (NCT04061512)

rituximab + ibrutinib (5 ans) vs. DRC

 Données de la littérature en 1L ou R/R :

Immunochimiothérapie (ICT)
(DRC/BR)

|

Survie sans progression
1L : 55-90% M36
R/R : 50-60% M36

Dimopoulos Blood 2013
Buske ASH 2020

Rummel ASH 2020

Laribi BJH 2019

Paludo BJH 2017

Abeykoon Am J Hematol 2021

Survie sans progression
1L : 78-90% M24
R/R : 70-85% M24

Treon NEJM 2015

Treon JCO 2018
Dimopoulos NEJM 2018
Tam Blood 2020

Trotman Blood 2020

Owen Lancet Haematol 2019



IBTK vs. ICT = 1¢" ligne

7566 Poster Session

Bendamustine rituximab (BR) versus ibrutinib (lbr) as primary therapy for N=347
Waldenstrom macroglobulinemia (WM): An international collaborative study.
Europe, USA

Jithma P. Abeykoon, Shaji Kumar, Jorge J. Castiflo, Shirley D'Sa, Efstathios Kastritis, Eric Durot, 2011_2021
Encarl Uppal, Pierre Morel, Jonas Paludo, Reema Tawfig, Shayna Sarosiek, M Olabisi Ogunbiyi,

Pascale Cornillet-Lefebvre, Robert A. Kyle, Alain Delmer, Morie A. Gertz, Meletios A. Dimopoulos,

Steven F. Treon, Stephen M. Ansell, Frashant Kapoor

BR Ibr p

Follow up, median, 95%Cl, y 4.5 (3.7-4.9) 4.5 (4-4.7) 0.7
Age, median, range, y 68 (40-86) 68 (39-86) 0.9
IPS5% 0.63

Low 11 17

Intermediate 33 33

High 56 48
Cycles, median (range) 6 (1-6) 42 (0.3-98)

>4 cycles, 77%

Overall response rate % 94 94 0.91
Major response rate % 92 83 0.05
Complete response % 20 2 <0.001
>VGPR % 50 33 0.009

1:1 age-matched analysis

246 pts : lbr (n=123), BR (n=123)

4-y PFS : similar [72% (95% Cl 63-82) for BR v 78% (95% Cl 70- 87) for lbr, p=0.14]
4-y OS : 95% (95% Cl 91-99) with BR v 86% (95% CI 80-93) with Ibr (p=0.3)

Abeykoon ASCO 2022



IBTK vs. ICT

Chemo-immunotherapy

Fixed duration of therapy .
Treatment free interval .
Extended experience .
Low cost .
Toxicity (+/-) .

Toxicity: short / long term (+/-) :
Low CR rate .

Slower response with some .
combos .

Parenteral therapy (IV / SQ) .

IBTK

Oral therapy
Efficacy

Toxicity (+/-)
Rapid activity
Penetrates CNS

Continuous therapy

No CRs (or low)
Toxicities (AF, HTA)

High cost

Long term experience (?)
Affected by genotype (?)
(Opportunistic) infections



Criteres de choix de traitement

Patient characteristics
- Age
- Comorbidities

"> 69y:

25% > 2 comorbidities

21% hypertension,

13% cardiovascular disease

= Performance status more than age

Disease characteristics

- Cytopenia, need for rapid control of the disease, bulky disease, neuropathy

Genomic profile?
- Mutations in MYD88, CXCR4, TP53 ?

Drug availability and coverage based on respective national and/or institutional guidelines



Cinétiqgue de réponse

36,3

331

RDC

Median Serum IgM Levels {mg/dL)

5,000 4

4,500

4,000

3,500 4

3,000 4

2,500

2,0004

1,500+

1,000

500

Mean IgM (g/liter)

BL

c1 cz c3 ca M

M2

M3 M4

Bortezomib

35-7[_ _I\\
bg

‘I’ ’I\ \:'[~ Placebo-rituximab

20 i— = ‘I ~=a]

Ibrutinib—rituximab

T T T T T T T T 1

0 1 22 3 4 5 8 8 10 12
Months

Ibrutinib



2022 - 1¢ ligne

Diagnostic de MW

v

Asymptomatique

l

Surveillance

R = rituximab

D = dexamethasone

C = cyclophosphamide
Benda = bendamustine
Bort = bortezomib

EP si
hyperviscosité

Non

RDC
R-Benda

Non éligible ICT
IBTK
R seul



2022 — 1¢"© Rechute

Post-ICT
Précoce 2 ans ? Tardive
l 5ans ? l
iIBTK Méme traitement
R-Benda (si RDC 1L) (RDC/R-Benda)
BortDR IBTK
BortDR

R = rituximab

D = dexamethasone

C = cyclophosphamide
Benda = bendamustine
Bort = bortezomib

Rechutes multiples ou
réfractaire chez un sujet jeune :

Autogreffe
Allogreffe




Facteurs predictifs ?

Clinique

Génomique ? ]

o | Statut MYD88'265P et CXCR4>338

B \ypeg" cxcrd"
B yD88 ™™ CXCR4"
B MyD8e ¥ cxcra"

0 5 10 15

20

Limites :
technique
effectifs (sous-groupes)

hétérogenéite (rétrospective)

Hunter Blood 2014



Hétérogeneéité clinique - (Cyto)genétique pronostique ?

Overall Survival

1.0

0.8
1

0.6
1

0.4
1

0.2
1

0.0

T
|

- Iy

L

MYD88WT

| Statut MYD88'265 et CXCR45338

B yDgs" cxCRe™
B YDB8 ™ CxCRe"
B MyD8g“™* CxcRe™™

T T

0 5 10

T
15

TP53* | Yes/no os
| | Median, 95% CI
No 15/94 18 (6-29) 100 -
*tt Yes | 814 | 9(6-11)
— 804
- @
2 2
S06{ i = |
2 S 60
2 @
‘® 0.4 - 40 -
S TP53abn 3 SPITWT
E — SPI1QE
O 0.24 20
P=0.0004
0.01 P=0.003 0 —
¥ v v v ¥ 0 25 50 75 100 125 150
0 5 10 15 20
Years

Temps (mois)

Overall survival (OS)
Univariate (n=239) Multivariate (n=136)

HR IC 95% P HR IC 95% P
IPSSWM 3.70 1.47-9.10 0.002 3.06 1.26-5.96 0.03
Del6q 2.02 1.07-3.83 0.027 - - NS
Trid 2.38 1.08-5.22 0.026 - - NS
High-CK 3.44 1.30-9.10 0.01 - - NS
TP53abn 2.95 1.43-6.07 0.002 241 1.19-4.83 0.04
SPI1 mutations 4.10 1.01-12.4 0.037 - - NS

Hunter Blood 2014

Poulain Clin Cancer Res 2017
Roos-Weil Cancer Discov 2019
Krzisch Am J Hematol 2021



Facteurs préedictifs — Statut MYD88 / CXCR4 ?

MYD88 chr. 3p22

|_
MYD88 WT 5o § %‘
Exons 3-4 N (SIS
s 3H o
1 [ 309
« WT » vs. L265P DD TIR domain
. immunophénotype comparable >95%
35%
. moins hypermutation IGHV (69 vs. 96%, p=.02) - |
. moins VH3-23 (8 vs. 24%, p=.04) E 25%
=
5 20% -
Lg_ 15% 4
WES (n=18 patients MYD88 WT) : 3 ’:::
. Voie NF-KB : TBL1XR1, PTPN13, MALT1, BCL10... = o
by SV N N N\
. Voie BCR : CD79B «Q\:{\i < ‘{9 0“@?04' V{z{@ ’\‘:‘\ »\Q@ <<+Q:{<~l9qi§\«qg~‘?‘ Q,Q QOV\. *g;"’o?‘
. Epigénétique : KMT2D, KMT2C, EZH2...  MYD88-MUT (N=51) m MYDB8-WT (N=18)
. Réparation ADN : TP53, ATM, TRRAP Vi
s |
= 0.8 L..I
g 0.6
§ 04
Intérét des IBTK 2.0 ? oI — MYD88-Mutated (N=262)
— MYD88-WT DDR-WT (N=14)
0.0 - MYD88-WT DDR-Mutated (N=4)
0 5 10 1'5 210 2l5

Jimenez IWWM9 2016

Hunter Blood Adv 2018 Time in years



IBTK (MW) - Zanubrutinib

« ASPEN : MYD88 WT
Zanubrutinib

100 -

80 -

60

4049  23.1%

Best overall response by IRC, %

Overall
(N=26)

23.8%

Dimopoulos Blood Adv 2020

MRR

W PD

W SD

o MR
PR

B VGPR

40.0%

20.0%

TN
(n=5)

Arm C

MYD88WT

patients with WM

Zanubrutinib
160 mg BID

(N=26)

100 A

80 ~

60 -

40 -

Survival, %

20 |

until progression

Survival in R/R or TN WM

PFS

12-month PFS rate: 72% (95% CI, 51-86)
12-month OS rate: 96% (95% CI, 76—-99)

No. of pts at risk

PFS
0s

| + Censored
1 L] 1 L] I Ll I
0 3 6 9 192 15 18
Months
26 23 29 20 17 12 7
26 25 25 25 24 19 10



Facteurs préedictifs — Statut MYD88 / CXCR4 ?

CXCR4 muté

CXCR4 chr. 2g22.1
Exon 2

30-40 % - B e



MW- CXCR4 et resistance aux drogues ?

IBCR

IPs

B c 150 .

1 P=.001 I Ibrutinib OpM = I |delalisib OmM
g Ibrutinib 0.25mM .g Idelalisib 25.M
g 1 Ibrutinib 0.5uM - O Idelalisib 50uM

100 = iy
5 3 lorutinib 1uM 2 [ Idelalisib 100uM
g g
3 g
o - .
>
Fu iBTK 2= iPI3K

w

a =
= 3
3 o
U H

0 control C1013GICXCR4  control C1013G/ICXCR4

control C1013G/ICXCR4  control C1013G/ICXCR4
BCWM1
BCWM1 mMweLt mMwcL1

150- . 150 .

_ Il Bortezomib OnM . W Carfilzomib OnM

8 p=.02 P <0.001 P=.02 P=.05 Bortezomib 5nM B P <0.001 P <0.001 P <0.001 P=.001 Carfilzomib 5nM

v -

§ P <0.001 P <0.001 P<0.001 P<0.001 [ Bortezomib 10nM § P=.02 P <0.001 P <0.001 P=.02 [ Carfilzomib 10nM

w1004 « 1004

o °

£ 2

B s

2 _;

g 801 g 501

"' )

3 3

o (8]

0- 4 = 0-
control C1013G/ICXCR4  control C1013G/CXCR4 control C1013GICXCR4  control  C1013G/CXCR4
BCWM1 MWCL1 BCWM1 MweLt

WM

Blood

Idelalisib
Ibrutinib l

!

CXCR45%8X

CXCR4WT cXCRasssx 27

Adhesion + Migration Survival + Proliferation Apoptosis

Roccaro Blood 2014

Intérét des inhibiteurs du protéasome ? CXCR4 ? ERK ? De Rooij Haematologica 2016



MW- CXCR4 et resistance aux drogues ?

IBTK (ibrutinib) Bortezomib
100 4
1.00 - <=
2= B804
—_ Log-rank F < .001 Tg
£ o754~ T =
5 ; L 2 601
(1] - |
= 0.50 | .. . =
= . - ': [ s 40 4
— [y N T
. 7] Mutated
e i ! —— MyDas"iCXCR4" =
o 0.25 I 2 20
- — = MYD8a"CXCRaM™ &=
! — o MYDasVTICXCRENT Log-rank p = 0.994
I : I I I I I D i T T T T T T T
0 Tz R ° 6 O 20 40 60 80 100 120
Time Since Ibrutinib Initiation (years) Follow-up (months)
Mo. at risk: Number at risk
myDas"cxcra" 36 34 26 25 13 14 0 WT 26 12 6 3 0 0 0
MYD8g"“CXCR4™ 22 16 13 10 8 5 0 Mutated 17 6 3 2 2 0 0
MYDsg"™ cxcRaM® 4 1 0 0 0 0 0

Treon JCO 2021 Sklavenitis-Pistofidis Blood 2018



MW- CXCR4 et resistance aux drogues ?

ICT (R-Benda) ICT (RDC ou R-Benda)

1-0 e e + MYDEECXCRE (N = 1) 100 =
J‘Lfl_’,i"_;_“ T R 4 Mat done (nat A = 18)
MYDBE+CXCRA— (N = 34) 30 MYD88/CXCR4
08 ~ —— WT/WT (n=8)
o —L— mut/mut (n=40)
¥ oe X 60 -
o MYDB&CXCRA (N = 6) ) —L— mut/WT (n=96)
L o
o 40 -
0-4 -
20 P=NS
0-2
0 | 1 ] T | | 1 T ] T 1 L] T 1 T L | | 1 L ]
0a Années 0 2 4 6 8 10 12 14 16 18 20
L] L] t t
0 10 20 30 40 50 Months mut/mut 49 22 11 5 3 2 2 1 0 0
mut/WT
Notdone 18 W 3 9 5 5 / 96 50 29 15 8 5 3 2 2
MYDESHCACRA+ 11 1 [ 1 0 0 WT/WT 8 4 2 2 0 0 0 0 0 0
MYDBEY/CXCR- 34 T 16 11 1
MYDERCXCRE- § [ 5 1] 0 [i]

Intérét ICT ou bortezomib vs. IBTK pour MW CXCR4mut ?

Laribi BJH 2019 Krzisch Am J Hematol 2021



MW- Impact anomalies TP53 ?

ICT (RDC ou R-Benda)

Survie sans progression (SSP) Survie globale (SG)
100 100 -
—i— TP53abn (n=22)
80 —1—no TP53abn (n=110) 80
60 = 60 =
X X
40 - 40 4
20 - 50 —1—TP53abn (n=26)
—i—no TP53abn (n=144) P=0.002
0 1 1 1 1 1 ] 1 1 1 1 ] 1 1 1 1 1 1 1 ] 1 0 1 1 ] 1 1 1 1 ] 1 1 1 1 1 ] 1 1 1 1 1 1 1 ,
0o 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 Années
TPS3abn 2, 7 5 s 3 o o o o o o 26 23 18 13 11 9 7 4 2 2
NoTP53abn 110 82 47 25 14 8 5 3 3 5 144 120 106 8 72 54 37 25 19 12

Anomalies TP53 associées a une SSP et SG plus courtes

Intérét iBTK pour WM avec anomalies TP53 ?

Poulain Clin Cancer Res 2017
Gustine BJH 2019
Krzisch Am J Hematol 2021



MW- Perspectives ?

MW symptomatique

Evaluation cytogenetique Biologie moléculaire

Caryotype MYD88, CXCR4, TP53
FISH (del17p, del6q) ( - - )

Non Anomalies TP53 ? Oui
i CXCR4 ? '
|_MYD88 ? |
oot T :
ICT i del6q? iIBTK
(RDC, RB) | High-CK ? !

ICT = immunochimiothérapie
BTKi = inhibiteur BTK



MW- Pistes thérapeutiques ?

B-cell Toll-like
CD38 receptor receptor(s)
CcD19

| .:::...-‘ -

Cell proliferation
survival, and migration

7/

O @» @ @»

A\

\
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Paulus Best Pract Res Clin Haematol 2016



MW - Venetoclax

MW en rechute/réfractaire

n=32

Prior therapies

Median Mo. of prior therapies (range) 2(1-10)
= 3 prior therapies, No. (%) 12 (38)
Previous anti-CD20 monoclonal anfibodies, No. (%) 28 (88)
Previous proteasome inhibitors, Mo, (%) 21 (e6)
Previous BTKI, No. (%) 16 (50)
Previous chemaotherapy, Mo. (%) 15 (47)
Refractory to most recent therapy, Na. (%) 11 (34)

100
ORR 84
80
&0

40

Percentage

20

All Patients

Bvr lirr ] VGPR

EOT

PFS (probability

=% CI
Survivar function 1

=] L] n 30 40 50

Time Since Venstoclax Intiation (months)

M. at risk:
Iz M n 12 4 1

Log-ank F=14

PF5 (probability)
=
&
1

| —— 1-2prior inas ]
= ===z 3 prior lines

T T T T T
=] L] n 30 40 50

Time Since Venstoclax Intiation (months)

M. &t risi:
1-2 pricr lines 20 L1 18 ] 3 1
z3priarlines 12 7 &8 4 1 =]

Log-rankF = .14

PFS { proba bility)
&

0.25 4 [,
— Fslapsed dssass

———— Rsfractory disaasa
T T T T T

1] =] 0 30 a0 50
Time Since Venetoclax Initiation imonths)

How at risk:

Relapsed 21 -] L1 10 2 1

Refractary 11 5 5 4 2 o
1.00 4

Log-rank F = 35

0.75 - [—

FFS { probability)
(=]
z

0.7 No prior BTE InhBkors e

—=—==Friar ETK Inhibiars

T T T T T
0 L] 20 30 40 =0

Time Since Venetoclax Initiation {months)

Mo &t sk
Mo priar ETK 18 L:] L:] T 3 1
Price ETEI 1E n ] 5 1 0

Castillo JCO 2022



MW

IPISK

Induction x 6 cycles
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Tomowiak Blood Adv 2021



MW - IPI3K

Induction x 6 cycles Maintenance Follow-up  Follow-up
every 3m  every 6m

I i 18 24 24
I GA 1011000 mg x 8 months months months
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1
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Etude FILO phase 2 ouverte sur 49 patients R/R

FRENCH INNOVATIVE
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Progression-free survival according to
CXCR4 mutational status and type of CXCR4 mutations

Progression-free survival according to
TP53 mutational status
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Tomowiak Blood Adv 2021



Macroglobulinémie de Waldenstrom (MW)

* Des questions cliniques

— formes cliniques particulieres / gammapathies de signification clinique ?



Syndrome Bing-Neel

Simon Haematologica 2015

® Non-Hodgkin Lymphoma - ARTICLE ﬁ |©
Bing-Neel syndrome, a rare complication of Waldenstrom

macroglobulinemia: analysis of 44 cases and review of the literature. FRENCH INNOVATIVE
A study on behalf of the French Innovative Leukemia Organization (FILO).

Laurence Simon,* Aikaterini Fitsiori,? Richard Lemal,® Jehan Dupuis, * Benjamin Carpentier,® Laurys Boudin,®
Anne Corby,” Thérése Aurran-Schleinitz,®* Lauris Gastaud, ® Alexis Talbot, *® Stéphane Leprétre,** Béatrice Mahe, **
Camille Payet,** Carole Soussain, ** Charlotte Bonnet,* Laure Vincent,* Séverine Lissandre,” Raoul Herbrecht,*
Stéphane Kremer,? Véronique Leblond,*® and Luc-Matthieu Fornecker*
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Syndrome Bing-Neel

Drugs crossing the Blood Brain Barrier

Fludarabine

« Bendamustine

* High dose MTX ( > 1g/m2) +/- AraC
« IBTK (ibrutinib, zanubrutinib)

» Autologous SCT (BEAM, Thiotepa-based)

+ OS rate after BNS diagnosis was 84% at 5 years and 63% at 10 years.

* PFS rate after BNS diagnosis was 65% at 10 years.

Simon Am J Hematol 2019
Mason Br J Haematol 2016
Cabannes-Hamy Am J Hematol 2016



Conclusion

Pathogénese MW = multi-étapes
Roéle des anomalies intrinseques et extrinseques a la cellule tumorale

Meilleure compréhension : développement pistes thérapeutiques

Clinique tres variable (de MGCS a lymphoma-like)
Seules les MGCS / MW symptomatiques sont a traiter
ICT reste le traitement de choix en 1L (RDC, R-Bendamustine)

IBTK : place de choix en rechute, a définir en 1L

Thérapie guidée par les anomalies moléculaires / cytogénétiques ?



il !nserm

Institut national
de la santé at de la recherche médicale:

Pitié-Salpétriere, Paris

Véronique Leblond
Florence Nguyen-Khac
Magali Le Garff-Tavernier
Nabih Azar

Karim Maloum

FILO group

Pierre Morel
Olivier Tournilhac
Pierre Feugier

Alain Delmer

AN

/ /_\e’ INSTITUT
‘\\\' NATIOMAL
_— pu CANCER

i

X

T8 11
Hépitaux Universitaires

Pitié Salpétriére - Charles Foix

Remerciements

universite

PARIS-SACLAY

U1170, Gustave Roussy, Villejuif

Olivier Bernard

Véronique Della Valle

Ohio State / Heidelberg (DNA methylation)

fil®

FRENCH INNOVATIVE
LEUKEMIA ORGANIZATION

Chris Oakes

Brian Giacopelli

Thorsten Zenz

Oxford (RNAseq)

Paresh Vyas

Marlen Metzner

GUSTAVE/
ROUSSY

CANCER CAMPUS / \
GRAND PARIS


http://www.inserm.fr/
http://www.e-cancer.fr/

