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Molecular Studies in Small B cell Lymphomas

Differential diagnosis of disease subtypes

Understanding evolution of the disease

Prognostic groups and risk stratification

Probabilty of progression

Guide management estrategies




Chronic Lymphocytic Leukemia /Monoclonal B-cell Lymphocytosis
V@ 21T
3 Q ‘

c:

« Diagnostic criteria
« CLL: 25 x 10°L clonal CD5+ B lymphocytes in blood, = 3 months
« SLL: Tissue involvement; proliferation centers

« 11q, 12, 13q, 17p (FISH)
« TP53 mutations

» Others prognostic parameters need further studies (e.g. subclonal
TP53 mut; BCR stereotypes, IGLV3-21R110; Complex karyotypes
(= 3 or 5 in debate)

Hallek et al Blood 2018;131(25):2745-2760.



Disease Progression in CLL

Clonal B-cell selection and expansion
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Chronic Lymphocytic Leukemia
Clinical Impact of Molecular and Genetic Subtypes

100 :
p < 0.001
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Months
Cut-off 98% Homology with the germ line
Unmutated CLL has shorter time to therapy initiation,
shorter remission during therapy and shorter overal
survival

Zenz et al., Nat Rev Cancer 2010
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Dohner et al, NEJM, 2000



CLL Prognosis: Cytogenetic and IGHV Mutational status
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Fisher K et al Blood 2016 ;127:208-15 Al-Sawaf O et al J Clin Oncol 2021;39:4049-60




The Driver Genomic Landscape of CLL (WG/ES 1148 patients)

99 putative driver genes 105 recurrent CNA and few IGH translocations

BCR Signaling Inflammation
and Differentiation BIRC3, DDX3X, EGR2, GPS?, ] )
Cytoskeleton and CARD11. GPS2. IKZF3 IRF4, MYD88, POLR3B Notch Signaling
Extracellular R4, ITPKB, KLHLS, SAMHD1, TRAFS FBXWT, NOTCH], SPEN
Matrix PAXS, IGLY3-217110

ADAMTS4, ANK1, ARPC4, ITIH2

Copy number deletion

E 55%
<5%

( DNADamage )

. Metabolism ;
P H Copy number gain
and Cell Cycle Proteostasie ASXL1, CHKB, GPS2, GSR MAPK Signaling NFKE P5y5% ’
Control CULS, EEF1AT, FBXWZ, e o e BRAF, CREBT, GNB1, KRAS, Signalin D
RPS15, RPS16, RPS23*, MED1, MED12, RFX7, RSC1AT MAP2K], MAP2K2* MAP4KS g g9 <5%
ARPC4, ATM, BRCCS, RUFY1, SENP7, TRMT, MAPK4, NRAS, PTENTE, RAF1* IKBKB, NFKB1, NFKBIB,

CCND2, CDC258, CDKN1B usPs NFKBIE, RELA Copy number neutral
CENPB. CULS. DYRK1A loss of heterozygosity
INOSO, MED1, NCAPG* DSS%

NEKS, POT1, PWWP3A, <1%
RRM1", TP53, ZC3H18
\ / Translocations
MYC Signaling RNA Processing IGH ranslocations{s2%)
13q14 translocations (<0.5%)
Whnt Signaling CDCAT, FBXWT, FUBP1, CNOT3, DDX3X, DICER1*, DIS3, EWSRY,
‘ MGA, PTPN1T FAMS0A, FUBP1, NXF1, POLR3B, SF3B1, XPOT,
MED12, TFCP2, USPB ZC3H18, ZNF292, U1 snRNA
Cytoplasm
Chromatin ARID1A, ARIDSB, ASXL1, BAZ2A, BCOR,
: : CHD2, CREBBP, IKZF3, INO80, KMT2D,
Modification .. s 5 wsor, semoe spis, zuvus
Nucleus
3.8% of patients lack a driver alteration!
Puente XA et al Nature 2015, Landau D et al Nature 2015; Numbers from Knisbacher, Lin, Hahn, Nadeu, Duran-Ferrer et al.Nat Genetics 2022

Knisbacher, Lin, Hahn, Nadeu, Duran-Ferrer et al. Nat Genetics 2022 Image from Nadeu, Annu. Rev. Pathol. Mech. Dis. 2020.
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% untreated

Clinical relevance of individual mutated genes in CLL

NOTCH1

m NOTCHT-unmutated
m NOTCHT-mutated

0.8

0.6

0.4

Probability of survival ™

0.2

5 10

Puente et al. 2011, Nature

EGR2

15

Years

1
e del(13q), n=311
— no aberrations, n=213
+12, n=97
3 del(11q), n=161
75 L — EGR2 mutated, n=36
TP53 aberrations, n=152
P<0.0001
S0
25
o 1 I

144 192 240 288

Time (months from diagnosis)

336

Young et al. 2017, Leukemia

384

Patients surviving (%)
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RPS15

del(13q), n=209
—— no RCA, n=135
— frisomy12, n=57
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Time {months from sampling date)

Ljungstrom et al. 2015, Blood
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Quesada et al. 2011, Nat Genetics

Cum Survival

NFKBIE
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Mansouri et al. 2015, JEM
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Herling et al. 2016, Blood



Inter- and intra-patient heterogeneity

Trencadis on the staircase at Park Giiell , Barcelona
(Antoni Gaudi)

CCF (%)
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Diagnosis Chemotherapy Progression Chemotherapy Refractoriness

@ TP53 variant CLL cell

/
Small TP53 variant Removal of TP53 wt clones i
: . . Expansion of the
subclone mixed with and selection of the TP53 variant clone
TP53 wt clones TP53 variant subclone
= TPFP53 unmutated
Sanger sequencing == Solely subclonal TP53 M
positive n=35 Clonal TP53 M
100% - ' ' N
90% - N
-, 80% - &
[&] w 30
e 70% - o
S 60% - 5
o o & oo
& 50% - ) 2
> 40% Sanger sequencing e
< negative n=50 o 4
= 30% - :E
20% - f A \ S
10% - I S
0% URLRLR RN RRRRRER) | p<0.0001

T

TP53 mutations x T >

Years from diagnosis

Rosi D et al Blood 2013



Clinical Impact of clonal and sublconal mutations in CLL

PNOTLHT wt
Subclonal MO TCHT mut
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Nadeu F et al Blood 2016; Leukemia 2017
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Beyond IGHV mutational status: IGLV3-21R110
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IGVL3-21 R110 CLL has a clinical evolution similar to IGHV-unmutated
CLL independently of the IGHV mutational status

C1-CLL (CLL, Binet A)

100 — U-IGHV w/ IGLV3-21R110 P < 0.001
= M-IGHV w/ IGLV3-21R110
U-IGHV
= M-IGHV — TTFT (C1-CLL: CLL, Binet A)
80 — H
| P value
8 60 — 1'
b= U-IGHV | | —a—— | <0.001
GJ ]
R 40 IGLV3-21R110 | | —— 0.001
i I I I I I

01 2 3 4 5 6 7

20 )
P=067 Hazard Ratio
P < 0.001 [N=372; n events=192; n comp. events=44]
0-- pairwise comparisons
T T T T T T
0 3 6 9 12 15
Time from diagnosis (years)
No. at risk:

250 230 202 143 95 62

119 74 39 16 2 1

— 12 10 2 1 0 0
6 3 1 0 0 0

Nadeu F et al Blood 2020



Pathology

Richter’s syndrome

Hodgkin Lymphoma

DLBCL

~ 10% of cases

~ 90% of cases

Rossi et al., Blood 2018; 131:2761-72

DLBCL: diffuse large B-cell lymphoma



Unpublished data. Image pr




Novel patterns of CLL transformation under ibrutinib:
Terminal (Plasmablastic) differentiation

Unpublished data. Image provided by E Campo



Richter’s Transformation: Clonal Relationship

Clonally related

~ 80% DLBCL
~ 30% HL

== Clonaly unrelated

== Clonaly related

80% IGHV Unmutated
Median Survival 14 months

Cumulative probability of survival (%)

Mao et al Am J Surg Pathol 2007; 1605-14
DLBCL: diffuse large B-cell lymphoma; HL: Hodgkin lymphoma Rossi D et al Blood 2011; 117:3391-401



CLL with expanded proliferation centers: “Accelerated” CLL

Conventional Accelerated

PR
%4

Upblished data. Iage provided by E Campo



Overall Survival of Patients with Conventional and Accelerated CLL and
DLBCL Transformation

“Non-accelerated” CLL 75.5 months
“Accelerated” CLL 34 months > p=.008

DLBCL-t 4.3 months > p=.067
0.8

£ 06"
3 |-
2 |
o 1] 1]
£ | Non-accelerated “ CLL
04 "% r ——
= ks
b L P — - =
0.2+ ..., Accelerated” CLL
; .
DLBCL-t :
i
0.0 T T T T . T T T
0 24 43 72 g5 120 144 168

Survival from biopsy (months)

DLBCL-t: diffuse large B-cell lymphoma transformation Giné et al Haematologica 2010; 1526-33



“Pseudo-Richter”

A pitfall in CLL treated with ibrutinib
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DLBCL.: diffuse large B-cell lymphoma

* Unmutated IGHV CLL
» Adverse genetic alterations: TP53
* Multiple prior lines of therapy

* Ibrutinib for 10-48 months

 Ibrutinib hold (10-40 days) for different reasons: Surgery
» Evidence of progression: Nodal enlargement
 Morphology of highly proliferative “DLBCL”

C AR RO -{‘, "« Re-introduction of ibrutinib led to clinical response
oLeL=Str . Re-biopsy 3-6 months: CLL
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Slonim et al. Br J Haematol 2020; 191(1):e22-e25; Hample et al. Blood Adv 2020; 4(18):4508-4511



Similar chromosomal landscape of RT after different treatment modalities

prior sample M-CLL
m— ! U-CLL

Diagnosis
CLL
RT-DLBCL
5 RT-PBL
RT-PLL

P53 == -
CDKN2A/B
CDKN1A
CDKN1B B B
CCND3 |
CCND2 I Y

CDK6 i1

Cell cycle
17/19
(89%)

v WK =0

Mutations T SV

I Synonymous Translocation (sub.)
T Inframe indel Translocation (clonal)
@ Missense Truncation

= Splice site Focal deletion

[ Stop gained Insertion to IGL

= Frameshift indel

CNA
Gain
Amplification
LOH
Deletion
Homo. deletion |

CCF[mm
0 100

Not available

vV N = O

3

Type of SV

Deletion (del)

Del in complex
Duplication (dup)
Dup in complex
Inversion (inv)
Inv reciprocal

Inv in complex

I o | I--__-----_ Translocation (trans)

1563 835 4675 102 4686 4687 63 1523 3495 3034 1669 3299 Trans reciprocal
Trans in complex

LR S i i = & E R R EE EEER B

T1-LN
T1-LN
T1-LN
T1-LM

839 4690

4676 [ ] 110

Nadeu F, Royo R, et al, Massoni-Badosa R, Playa-Albinyana H, Garcia B et al Nat Medicine 2022



Pathways Genetically Altered in RT

# pathways

19 RT | () [ [ (v v ) v

e | N RN e | (e e
v o | Y 0 T I

cencvce [N 1 O e e
wee | I
vorer [ N

None
T
Targeted therapies

M-CLL
U-CLL

Pathways

Wild-type
Altered

o [0
Chromatin
remodelers

I T 1
0 50 100
Frequency (%)

Nadeu et al. Nat Medicine 2022; 28(8):1662-1671



Early seeding of RT: tracking driver mutations by scDNA-seq

Case 19 CLB-R

14.4y CLB CLB-R Duvelisib CP | Ibrutinib
/ A 4 4 v

Time point: 1 1.9y y 2 5.3y y 3 3.7y y 4 0.7y y 5 2.8y y 6
) | ! | TP53 p.l195T* —
v I I | I 11 1GLY3-21R10 p.
b I I NOTCHT*
= : , SF3B1* > | del(CDKN2A/B)
I TP53 p.G245D*
Not assigned: TP53 p.G244R*
I | I I I I *Mutation analyzed by scDNA-seq
I | I I I I
I | I I I I
100- ' ' ! s47 30 0.25
S . NA 7.0 Wom [ ] SF3B7+ NOTCHT
S L 753 p.G244R
Z| 2 77
e R 56 ] JO'” [ ] TP53p.195T
" 0 009 0.12 59 56 [ 7P53 p.G245D
13854 7428 10086 5664 9949

Nadeu et al. Nat Medicine 2022; 28(8):1662-1671



Single cell analysis detects early seeding of subclonal
relapses and transformation in CLL

Case 12

CXCR4"CD27%

@ CXCR4lPCD27M

@ MIR155HG"
CCND2'°RT

@ CCND2"RT

@ RT proliferative

@ MZB1" IGHMM XBP1h

scRNA-seq

n=1320

UMAP2

' - .
N . T
' “ n‘\
. § . 2
: . \
~\‘ ". ] " .p
UMAP1 ' K ®

Nadeu et al. Nat Medicine 2022; 28(8):1662-1671



The OXPHOSMeh-BCR°" transcriptional axis of RT
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Case 12:

Before Ibrutinib Under Ibrutinib

This axis might explain the selection and rapid expansion of small RT subclones under therapy with BCR inhibitors

RT: Richter transformation; BCR: B-cell receptor

Monti Blood 2005; Caro Cancer Cell 2012; Norberg Cell Death Differ 2017.

Nadeu et al. Nat Medicine 2022; 28(8):1662-1671



Cellular respiration and BCR signaling in RT cells

Case 12 Case 63 Case 19
RT: OXPHoshigh - BCRIOW RT. OXPHOShigh e BCRlow [with intercluster variability] RT. OpooSnormal - BCRnormal
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RT: Richter transformation; BCR: B-cell receptor
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Nadeu et al. Nat Medicine 2022; 28(8):1662-1671



The OXPHOS"e" phenotype of RT is of potential therapeutic value

RT: Richter transformation

% proliferating cells

OXPHOS pathway can be exploited therapeutically.

Caro Cancer Cell 2012; Norberg Cell Death Differ 2017; Molina Nat Med 2018;
Vangapandu Oncotarget 2018; Zhang Sci Transl Med 2019; Ravera Sci Rep 2020; Chen Nat Commun 2021.

Case 12

RT: OXPHOS"g" - BCR"*"

1004 O CLL(T4) @ RT

o
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00
0 I I I I

IACS [100nM] - + - +

Case 63
RT: OXPHOShigh - BC Rlow [with intercluster variability]

4 OCLL(T2) @ RT

o0

IACS [100nM] - + - +

Nadeu et al. Nat Medicine 2022; 28(8):1662-1671



Lymphoplasmacytic lymphoma (LPL)
IgM (Waldenstrom’s macroglobulinemia) and non-IgM (IgG, IgA)

 Neoplasm of small B-lymphocytes, plasmacytoid cells and plasma cells in bone marrow and
sometimes lymph nodes and spleen.?!

« IgM paraprotein frequent but not required for diagnosis?

« Diagnosis requires abnormal lymphoplasmacytic aggregates in the bone marrow and evidence of
clonal B-cells and plasma cells:

« Even when the aggregates represent <10% of cellularity of the bone marrow (ICC)?

« 210% of the bone marrow cellularity (WHO-5ed) 3

1. Swerdlow SH, et al. Blood. 2016;127(20):2375-90.
2. Campo E, Jaffe ES, et al. Blood. 2022; 140(11):1229-1253.
3. AlaggioR et al Leukemia 2022; 36(7):1720-1748
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« 95% WM/LPL
* 29% DLBCL-ABC

« 25-35% WM/LPL

Associated with MYD88
More active disease

Patients treated with
Ibrutininb

Mutations before
clinical progression

 Less lymphadenopathy
 More resistant disease to
new drugs

6% MZL
« 3% CLL

* Molecular studies for MYD88 and CXCR4 mutations are strongly encouraged in the
workup of suspected LPL
* Need to be interpreted in the global context of the disease

o Absence of a MYD88 mutation does not exclude the diagnosis of LPL (even IgM)

Tiacci et al NEJM 2011; Ngo Nature 2011; Puente Nature 2011; Xi L et al Blood 2012;
Schmidt et al Br J Haematol 2015; Cao et al Leukemia, 2015 29, 169-176.; Xu L et al Blood 2017



Mantle Cell Lymphoma

IGH/CCNDI1

Hospital Clinic of Barcelona
MCL, B-NHL
N 100

e P =0.0002
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Median survival:
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= B 0 yrs
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Probability
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(Courtesy Dr. Lépez-Guilllermo) Time (years)



Cyclin D1 Negative MCL Variant

MCL Cyclin D1 SOX11
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Mozos et al Haematologica 2009; Salaverria | et al Blood 2013; Martin-Garcia et al Blood 2018



Molecular Pathogenesis and Clinical Subtypes of MCL

SOX11

Memory B cell
L o)-@
)

Pre B cell Naive B cell
@

Cyclin D1/D2/D3

Conventional MCL Leukemic non-nodal MCL

IGHV-unmutated IGHV-mutated

Genomic instability Genomic stability

Nodal & Extranodal involvement Leukemic, splenomegaly
MECOG, TMMIPI Non-nodal

Need of treatment J ECOG

Puente et al Blood 2018; 131:2283-96 Delay Chemotherapy




Outcome according to cMCL and nnMCL signatures
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Different distribution of driver alterations in MCL subtypes
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* Early drivers: ATM, TP53 loss, -13qg3
* Late drivers: -6q, -19p, +8q (MYC), +18q

Nadeu F & Martin-Garcia D et al Blood 2020




Genomic alterations confer adverse outcome in both cMCL and nnMCL
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CCND1 Expression and Genomic Rearrangement as a Secondary Event in
High Grade B-Cell Lymphoma and other B-cell neoplasms
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MYC)
* Unusual mutations (KRAS and TNFRSF14) in MCL

Hsiao et al Histopathology. 2012 Oct;61(4):685-93.
Cheng J et al Hemasphere. 2021; 5(1): e505
Schliemann | et al Leuk Lymphoma. 2016;57(11):2672-6



Conclussions and Practical approach

CLL

* Need to study IGHV and TP53 alterations (FISH, Sequence) before
treatment

* Future perspective: TP53 Subclonal mutations, IGL V3-21 R110, NOTCH1
and other drivers, complex karyotypes

* Richter Transformation: Define clonal relationship

LPL
* MYD88 and CXCR4

MCL

* Consider FISH and NGS in cases SOX11-negative with blastoid/large cells
cyclin D1+

* Posibly TP53 alterations in the near future
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