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Marginal-Zone B-Cell lymphomas:
WHO 17 subtypes

MZL WHO Subtypes
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Olszewski AJ and Castillo JJ. Cancer 2013



MZL: a group of related clinical entities

Differential diagnosis not always straightforward
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SMZL prognostic score (lIL)
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REVIEW
Recent advances in understanding the biology of marginal zone

lymphomal|version 1; peer review: 2 approved]

Francesco Bertoni!2*, Davide Rossi'2", Emanuele Zucca ' 1:2

TUniversita della Svizzera italiana, Institute of Oncology Research, Bellinzona, Switzerland
20ncology Institute of Southern Switzerland (10SI), Ospedale San Giovanni, Bellinzona, Switzerland

; e 1GHV 1-2°04
Holcabacter pylori Infec 1GHVH1-69
Borrelia burgdorferi pikfid Infectious aqents | | IGHVH169 Hepatitis C virus 1GHVH3-23

Clamydophila psittaci Hepatitis C virus '/ 1GHVH4-34 \ IGHVH4-34

IGHVH3-23 \ // \!

Campylobacter jejuni | IGHVH&38 \\ // \

Achromobacter xylosoxidans t:‘.,, ‘,t‘ /
Hepatitis C virus \\ 1/
N "1

CARDT1 mul
510%

MYD88 mutations

MALT lymphoma ) NMZL SMZL

Figure 1. Summary of the main genetic and biologic features characterizing marginal zone lymphomas. ADepending on the anatomical
site. BCR, B-cell receptor; IGHV, immunoglobulin heavy variable; MALT, mucosa-associated lymphoid tissue; NF-xB, nuclear factor kappa B;
NMZL, nodal marginal zone lymphoma; SMZL, splenic marginal zone lymphoma; TLR, Toll-like receptor.
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Genome-wide DNA profiling of marginal zone lymphomas identifies
subtype-specific lesions with an impact on the clinical outcome
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Comprehensive analysis of genomic DNA copy number changes in a large
series of 218 MZL patients (25 nodal, 57 MALT, 134 SMZL and 2 NOS)
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The coding genome of splenic marginal zone

lymphoma: activation of NOTCHZ and other
pathways regulating marginal zone development
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The Kruppel-like factor 2 transcription factor gene 1s
recurrently mutated in splenic marginal zone lymphoma

Leukemia (2015) 29, 503-507; doi:10.1038/leu.2014.294
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Key Points

* PTPRD lesions are among
the most recurrent alterations
in NMZL and appear to be
enriched in this lymphoma
type across mature B-cell

A tumors.

* NMZL and SMZL genetics
overlap with the exceptions of
PTPRD lesions, supporting
their distinction as
independent entities.
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Exome sequencing identifies recurrent BCOR
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Novel insights into the genetics and epigenetics of
MALT Iymphoma unveiled by next generation
sequencing analyses
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Lymphomas from different anatomic sites exhibit a different spectrum of genetic lesions
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DNA methylation profiling identifies two splenic marginal zone
lymphoma subgroups with different clinical and genetic features

Alberto J. Arribas, Andrea Rinaldi, Afua A. Mensah, Ivo Kwee, Luciano Cascione, Eloy F. Robles,
Jose A. Martinez-Climent, David Oscier, Luca Arcaini, Luca Baldini, Roberto Marasca, Catherine
Thieblemont, Josette Briere, Francesco Forconi, Alberto Zamo, Massimiliano Bonifacio, Manuela
Mollejo, Fabio Facchetti, Stephan Dirnhofer, Maurilio Ponzoni, Govind Bhagat, Miguel A. Piris,
Gianluca Gaidano, Emanuele Zucca, Davide Rossi and Francesco Bertoni

A B
S
>
g
&

C

D
4
<
@
°
£
2
g
o

08 1.0

0.6

0.4

0.2

0.0

1.0

0.8

06

0.4

0.2

0.0

Key Points

* Methylation profiling identifies
subgroups of SMZL with
distinct biological features.

* Demethylating agents can
reverse some of the adverse
epigenetic alterations.
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Distinct methylation profiles are linked to specific gene
expression and risk features
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7031-32 loss and
histologic transformation

\ Dow-nReg

EZH2
Suz12
EED

TCL1A/B
CD79B
AURKA
IL2RB
o1 - BC110
CARD11
UBD
PIK3CB
BCL2A1
FGF1

- E2F8
GEP (FC) IFNG Methylation (B-val)

o Moy Loy —_—
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Up-Reg
Low-Meth

Many tumor-suppressor
genes are methylated and
repressed

BLOOD, 18 MARCH 2015 - VOLUME 125, NUMBER 12 METHYLATION PROFILING OF MARGINAL ZONE LYMPHOMA 1927



Novel drugs in r/r MZL

Signalling N MZL 0

SETED Target Drug ots ORR % | DOR (mo)

Pi3K/AKT/mTOR |delalisib 15 47 18

PI3K &

Umbralisib 69 52 66% (12m)

PI3K y,0 Duvelisib 18 39 >13

PI3K o.,0 Copanlisib 23 78 NA
B-Cell receptor Ibrutinib® 63 48 62% (18m)

BTK
Zanubrutinib 9 78 NA
Apoptosis BCL2 Venetoclax 3 66 2.3;23.6
NF-xB | Cereblon | R-Lenalidomide 38 65 35.8

Demethylating agents?

tapproved by FDA
Gopal et al, NEJIM 2014; Zinzani et al ICML 2019; Jacobsen et al, SOHO 2019; Dreyling et al, ASH 2018;
Noy et al, Blood 2017; TAM et al, ASH 2017; Davids et al, JCO 2017; Andorsky et al, ASCO 2019



SMZL: from genetics to management

NF-xB signalling
mutations: 35%

NOTCH signalling
mutations: 40%

KLF2 mutations: 20-40%

N TARGET |
\ 2 GENES

Biased IGHV1-2*04

usage: 30%
7q deletion: 30% .

Arcaini L, Rossi D and Paulli M, Blood 2016



IELSG-46: molecular profiling in SMZL = 1°

*N=404 fresh spleen samples (splenectomy before 2010)
eSMZL diagnosis confirmed by pathologic revision

eTargeted deep NGS

emutations (CAPP-seq)
*CNA

eGene Expression Profiling (global and targeted mRNA seq)
¢|GHV sequencing
eClinical data (>8 years of follow-up)

eMachine-learning - molecular clusters

Bruscaggin A et al ICML 2019



IELSG-46: SMZL relative survival

100 — Matched general population
— SMZL
~ 80
X
©
2 60 -
-
S
w
= 40 -
g
o
3
207 Median FU: 9.1 years
Median OS: 16.5 years
0 - Relative survival at 15-years: 77%
| | |

| I
0 5 10 15 20 25 30 35

Years

eSMZL: -23% survival with respect to matched general population

Bruscaggin A et al ICML 2019



|[ELSG-46: SMZL mutational landscape

*N=404 fresh spleen samples (splenectomy before 2010)

N of mutations % OF MUTATea sampies

2000803000 50 % 36 25 0 TL N TSRV T NG N SN R Al R e e e

d

’E . ; . KLF2 21%
s EE R A (R AR NOTCH2 21%
%;. W R R Wy O KMT2D 15%
LT e *,_\ TNFAIP3  14%
g = S T Bt o NOTCH1 10%
| IETRT R T ' TP53 8%
— s 4 IGHV1-2*04 30%
o 3 e - : _ e . 7q deletion 25%
e % e ' .
inframe 1= ' ',
: I S5 1 IGHV mutated
_:z_ ' ' Co B IGHV unmutated
= ' b Presence of Del 17p
= - ' Presence of Del 7q

I NO IGHV/CNV data

Bruscaggin A et al ICML 2019
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IELSG-46: 3 molecular clusters

B MC1: NOTCH-NF-kB genes (62%)
* NOTCH2, KLF2

Lliie

NOTCHZ KLF2 TNFAIP3 NOTCH1 TRAF3

Bruscaggin A et al ICML 2019
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IELSG-46: 3 molecular clusters

NOTCHZ KLF2 TNFAIP3 NOTCH1 TRAF3

8
X

B MC1: NOTCH-NF-kB genes (62%)
* NOTCH2, KLF2

N
[=]
X

%% 5% %% %% %% * *

40%

MC2: Epigenetic genes (21%)
20% - * KMT2D, EP100, CREBBP
0% ._L_-_- | I - BN mm - —

KMT2D EP300 CREBBP TBL1XR1 CHD2 TNFRSF14 BCOR
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Frequency

IELSG-46: 3 molecular clusters

NOTCHZ KLF2 TNFAIP3 NOTCH1 TRAF3

8
X

B MC1: NOTCH-NF-kB genes (62%)
* NOTCH2, KLF2

N
[=]
X

%% 5% %% %% %% * *

40%

MC2: Epigenetic genes (21%)
20% - * KMT2D, EP100, CREBBP
0% ._L_-_- | I - BN mm - —

KMT2D EP300 CREBBP TBL1XR1 CHD2 TNFRSF14 BCOR

40% - *E* * %k * %
B Mmc3:DNA damage genes (17%)
20% -
* TP53, ATM
o% i
TP53 ATM MYD8E

Bruscaggin A et al ICML 2019
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Molecular Clusters in SMZL have underling
biological differences

2 MC1

Oy

‘iO&\¢ a ‘

X A > . . . '
% 3’ o ®
3
& ® ® ¢
Q
g o MC2
g ‘
X 5@ ©
DNA damage
MC3 $
S \CO Em VCl MC2 B MC3 :
25 0.0 25 5.0

X-variate 1 5% expl. var

f/ Bruscaggin A et al ICML 2019



IELSG-46: molecular clusters survival

- MC2 Epigenetic genes

100 == Matched General Population
— © MC2
R 80
S
-E 60 —
= |
2 w0 -
(L]
o
& 27 10y RS: 88.7%

o 4 P=0.307
0 5 10 15 20 25 30 35

Bruscaggin A et al ICML 2019



IELSG-46: molecular clusters survival

== Matched General Population . MC1 NOTCH-NF-kB genes

- MC1

Overall survival (%)
3

- MC2 Epigenetic genes
40 -
100 — mgtzched General Population
24 10y RS: 78.9% -
o+ P=0.002 ©
T T T T T T T T = 60
0 5 10 15 20 25 30 35 E
w
Years E 40
©
& 27 10y RS: 88.7%
o 4 P=0.307
0 5 10 15 20 25 30 35

Bruscaggin A et al ICML 2019



IELSG-46: molecular clusters survival

Overall survival (%)

Overall survival (%)

1 10y RS: 78.9%
1 P=0.002_

== Matched General Population
= MC1

0 5 10

== Matched General Population
w— MC3

10y RS: 84.3%

P=0.004

0 5

1 1 I 1 I

10 15 20

Years

B Vic1 NOTCH-NF-KB genes

Overall survival (%)

' MC2 Epigenetic genes

40 -

== Matched General Population
© MC2

10y RS: 88.7%
P=0.307

I 1 I 1 |

0 5 10 15 20

Years

. MC3 DNA Damage genes

e TP53 mutations (8%): lower survival
(10y OS 46% vs 76.9%, p<0.01)

Bruscaggin A et al ICML 2019
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o)) research paper

Efficacy of bendamustine and rituximab in splenic
marginal zone lymphoma: results from the phase I

BRISMA/IELSG36 study
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. . First patient entered: 11 December 2013
Patients registered Last patient entered: 27 October 2014
N =78
Excluded after registration: N = 22
16 (20.5%) Mot confirmed by central review
3 Age >B0 years
1 IC withdrawn
1 Treatment not started
1 Urgent treatment needed

"

Patients eligible

N = 56
1
1
 —
1
1
1

2
2
1

3

Aftercycle 1: N = 2

After cycle 2: N = 3

Aftercycle3:N = 5

death due to lung infection (G 4)
due to haemolytic anaemia (anaemia G 4);

rituximab x 4 after exit -» CR

pancytopenia, in PR

Rash maculo-papular (G 2) drug related, in PR
medical dedision due to altered laboratory
values, in PR

patient refusal, one in CR and one in SD

SD (off as per protocol)

allergic reaction (G 3) not drug related, response
not evaluated

'

| N=7CR l

Patients continuing Tx _
N = 46 —>|N—39PR|

Aftercycde5:N = 1

1 patient refusal, in PR
After cycle 4 After cycle 6
N=7CR N=38:25CR, 7 CRu, 6 PR
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MRD in BRISMA
timepoints

Dose (mg/m?)  Days

Rituximab 375 IV 1
Bendamustine 90 v 1-2

R

U I | :

S

Weeks 0 wl wid WE wil T

Cycles0 C1 Cc2 Cc3 G

INDUCTION PHASE |

M

G

* MRD

wl2 wlt 1 YEAR 3 fj::»

CR —",@ e
FOLLOW UP

wlz2 w16 w20 w24 1 YEAR YEARS
PR _—ﬁkb ‘ﬁf’ '-fg

ca C5 Cée

EXTENDED PHASE FOLLOW UP
12

<PR -

End of study

= IgH MRD: droplet digital PCR

Biomed 2 - EuroMRD
consensus guidelines



MRD in BRISMA
labs

@ d-maps.com
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BRISMA: MRD flow

T OO

Pts assessable for MRD

N=56

|

Pts with at least 1 FU
sample N=53

|

Pts with MRD MARKER
N=42/53 (79%)

|

|

N=39

MRD performed {

NO reliable ASO BECC
assay N=3 MRD




RESULTS: MRD ANALYSIS PLOT
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RESULTS: MRD ANALYSIS PLOT
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RESULTS: MRD ANALYSIS PLOT
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RESULTS: MRD SHRINKAGE -iﬁ'
= 136 |

106- 106-
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MRD NEGATIVIZATION RATES
TUMOR BURDEN AT BASELINE

* 47% at interim (BM: 13/32; PB: 21/36)
* 54% at EOT (BM: 10/23; PB: 18/22)
* 61% after one year (BM: 14/22; PB: 19/29)

* BM 1.45E-01 (1 - 2.67E-03)
* PB 4.04xE-01 (1 - 5.60E-03)
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RESULTS: MRD KINETICS

Persistent MRD negativity (41%)
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RESULTS: MRD KINETICS

Persistent MRD negativity (41%)

Persistent MRD positivity (31%);

ddPCR
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RESULTS: MRD KINETICS
30 o
=  Persistent MRD negativity (41%) 101
> o 1034
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= Persistent MRD positivity (31%); 5
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CONCLUSIONS

Distinct MZL subtypes with overlapping clinical features and
mutational landscape but characterized by some, newly
identified, specific genetic lesions (NOTCHZ2, KLF2, PTPRD, BCOR,
TET2, ....)

Prognosis generally good but highly heterogeneous: 3 molecular
clusters in SMZL (IELSG 46)

Molecular signatures can identify high risk patients

Molecular signatures might drive investigations of targeted new
agents (BTK & PI3K inhibitors, demethylating agents...)

MRD is feasible in MZL, describes the activity of anti-lymphoma
drugs and might early identify high-risk patients
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NOTCH signaling mutations NF-kB signaling mutations NOTCH signaling mutations NF-kB signaling mutations
40% I 50% 40% , 40%

PTPRD mutations

20%
‘ V. 1 TLR
’ BCL10 - M MYD88 mutations ' MYD88 mutations
' 0-10% 3-15%
BCR CARD11 mutations BCR ‘ CARD11 mutations
/ _ 5-10% / 5-10%
(CEECWOMD N DOED
+3: 14% 7q deletion: 30%
IGHV4-34 +12:13% IGHV1-2*04
30% +18: 10% 30%

Fig. 1. Key molecular alterations of SMZL and NMZL Genes and pathways that are molecularly deregulated are schematically represented. The prevalence of
molecular alterations is reported beside each gene or pathway.

V. Spina, D. Rossi / Best Practice & Research Clinical Haematology 30 (2017) 5—12



BR as 1% line tp in SMZL: BRISMA

; j3_6,:

RS PSPl

& VN
b4

*56 pts, SMZL, symptomatic, diagnosis prospectively confirmed

Study R-BENDA ﬂ
3 eyl
flow-chart b

response- restaging .@
adapted

| |
*35% high risk HPLL
*ORR 91%
*CR 73%
eGr>3 toxicity 68%

(neutropenia 43%;
infections 3.6%, FN 5.3%)
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*Median follow-up:
32 months (2 - 52)

lannitto E et al, BJH 2018



BRISMA: 15t MRD analysis in SMZL

*42/53 pts (79%): MRD marker (IgH) with ddPCR - good feasibility

MRD SHRINKAGE
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neg rate

Interim 47% | 41% | 58%

EOT 54% | 43% | 82%

1 year 61% | 64% | 66%

MRD KINETICS

Persistent MIRD negativity (41%)

Persistent MRD positivity (31%);

MRD NEG

Alternating MRD (28%)
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Ferrero S et al, ICML 2019



BRISMA: 15t MRD analysis in SMZL

*42/53 pts (79%): MRD marker (IgH) with ddPCR - good feasibility
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BRISMA: 15* MRD analysis in SMZL
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