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Diagnosis in B-Lymphoid Neoplasms:

An integrated process
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Avances de las técnicas citogenéticas y moleculares
en el diagnostico de las hemopatias malignas
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2022 WHO/ICC classifications & ICC genomic
recommendations

The 5th edition of the World Health Organization The International Consensus Classification of Mature Lymphoid
Classification of Haematolymphoid Tumours: Lymphoid Neoplasms: a report from the Clinical Advisory Committee. Campo et
Neoplasms. Alaggio et al, Leukemia 2022 Jul;36(7):1720-1748 al, Blood. 2022 Sep 15;,140(11):1229-1253

- Blue Book on line beta version, provisional. - Virchows Arch 2023.

Genomic profiling for clinical decision making in
lymphoid neoplasms (Blood 2022 Nov 24;140(21):2193-2227)

Laurence de Leval,"* Ash A. Alizadeh,”” P. Leif Bergsagel,” Elias Campo,” Andrew Davies,” Ahmet Dogan,” Jude Fitzgibbon,

»>FISH

Established molecular assays and newly developed
technologies complement clinical diagnoses and provide
novel information important for:

v" contribution to diagnosis

v refinement of entities/subtypes

v’ risk stratification

v therapy prediction




Type of FISH probes used in B-Lymphoid Neoplasms Aances dolls
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Our Spanish Cooperative group FISH recommendations

ntifico:

BEECGH

m.m)m i M

ANALISIS CITOGENOMICOS APLICADOS

A NEOPLASIAS HEMATOLOGICAS

RECOMENDACIONES PREANALITICAS
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cas y molec J| ares

en el diagnostico de las hemopatias malignas

Fase preanalitica

FFPE/Citologias Suspensién celular

Pretratamientos

FFPE/Citologias Suspensién celular

Desnaturalizacion

Hibridacion

Lavados Post-Hibridacion

Contratincion (DAPI)

Analisis
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(Contar 200 nucleos/hibridacion, cutoffs establecidos en cada laboratorio)

v'Technical recommendations ONLY

» Como Grupo Cooperativo cuales son nuestras recomendaciones en relacién a las sondas
(y el orden) que tenemos que aplicar para el diagndstico y pronodstico de los linfomas B?
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B-Lymphoid Neoplasms that require FISH testing en el diagndsico e les hemopaties malignas

- Chronic lymphocytic leukemia =) Clear Consensus Guidelines for FISH testing

- Mantle cell lymphoma —
Well-known entities with defining

- Follicular lymphoma — , ,
ymp primary translocations - FISH -

- Burkitt’s lymphoma —
- Diffuse Large-B-Cell Lymphoma

- High-grade B-cell lymphoma (-DH and —NOS)

__ “New” entities defined by

- Large B-cell lymphoma with 11q aberration
genetic alteration - FISH -

- Large B-cell ymphoma with /IRF4 rearrangement

_



FISH in chronic lymphocytic leukemia (CLL)

IGHY mutation status™: [GHV
sequencing

Chronic lymphocytic
leukemia/small
lymphocytic
lymphoma
{CLL/SLL)

Prognostic and predictive.
IGHY gene mutational
status remaing stable
through the disease
course and only needs to
be performed once

Determining BeR
stereotypy and [GLWV3-
21" mutation status
for risk stratification;
tracking of resistance
mutations (BTK, PLCGZ,

delfl 1g), +12, del{13q), del(17 p)*:
FISH

Prognostic and del(17p) &
predictive. FISH testing
should be pedormed
befare each new course
of therapy

and BCLZ:
supplemental Table 3)

WG5S for mutations,
CMAsg, SVe ana

complex karyotype
determination

TP53 mutations™: HTS

Prognostic and predictive.
TP53 sequencing should
be performed before
each new course of
therapy unles already
demonsgtrated

MRD testing using HTS to
guide therapy decisions

Detection of complex karyatype
(=5 abnormalitieck
cytogenetics™ or SNP arrays

Prognostic

de Leval., Blood, 2022)

»>FISH with XL CLL Probe Kit (XL ATM/TP53 + XL DLEU/LAMP/12cen)
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80 —— Normal
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L as sole abnormality
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Time duration (months)

(Metasystems)

(Dohner H., NEJM, 2000)

v'International and
European Guidelines

v'No diagnostic impact
v'Prognostic impact
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tecnicas citogenéticas y moleculares

emopatias malignas

CLL FISH

i +12

119- 13g— 17p—

IGHV mutation status

Y X
®®

U-CLL M-CLL

100%
— Low-CK, n=333
TP53 — Intermediate-CK, n=152
sequencing 753 ] Y High-CK, n=233
\
\
o 1
2 \
1.4 .!.-' F, * o
=
DNA binding
25%
T p<0.001
Complex k 0% T T T
plex karyotype 0 5 10 15 20

Time (years from CBA)

i : i ‘ (Baliakas P, Blood 2019)
Complexity assessed by:
Karyotype, WGS/WES,

(Rosenquist R, The more complex, the worse outcome

in CLL, Blood, 2021)

array, OGM...

> ADDITIONALLY:
FISH with IGH break-apart probe:
* Low frequency (2%)

* Useful for differential diagnosis
* Known IGH partners in CLL:
- BCL2::IGH (good prognosis)
- BCL3::IGH (specific subtype)
- ZFP36L1::IGH (bad prognosis)
- MYC::IGH (Richter T)
- BCL11A::IGH...




FISH in B-Lymphoid Neoplasms

Karyotype
Primary cytogenetic alterations and/or FISH

A B C

Mantle Cell Lymphoma
t(1114)(q13,932)

CCNDI' ' .
‘ IGH

chri1 der(11) chr14 der(14)

Burkitt Lymphoma
1(8;14)(q24:932)

B4.04

chr8 der(8)  chrl4 der(14)

Follicular Lymphoma
(1418)(32,21)

l acu. ‘
IGH

chr14 der(14)  chr18 der(18)

D
Diffuse Large B-cell Lymphoma

BCL6, MYCand BCL2 rearrangment

E
Large B-cell Lymphomas

With 11q aberration and IRF4 rearrangement

IRF4

BcL2 gainof 11q23.2-q23.39

loss of 11q24.1-qter — | E

BCL6
chrm

chr3 chr8 chr18

Only FISH
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Avances de las técnicas citogenéticas y moleculares
en el diagnostico de las hemopatias malignas

array, WGS/WES, OGM
Secondary cytogenetic alterations
A. Chronic Lymphocytic Leukemia E. Follicular Lymphoma
C:R 1 2 3 " ‘5 & 7 8 ? 1‘| 13 15 171921 X O:I\VR‘ 1 2 3‘4 5 6 ;g 8 ‘9‘10‘ '22‘
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. Next-generation seq. (WGS/WES/panels)

Somatic variants
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A. Chronic Lymphocytic Leukemia
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B. Marginal Zone Lymphomas

G. Diffuse Large B-cell Lymphoma
i
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C. Follicular Lymphoma

H. Burkitt Lymphoma L

-
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W o> e

D. Mantle Cell Lymphoma
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E. Diffuse Large B-cell Lymphoma
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F. Burkitt Lymphoma
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> Additionally, the study of secondary genetic alterations (CNA and mutations) helps in:

- differential diagnosis of difficult cases
- prognostic stratification

(Grau M. Cytogenomics of B-cell non-Hodgkin lymphomas: the “old” meets the “new”. Best practice & research clinical haematology 2023)



Detection capacity of genomic aberrations B- Lymph0|d

Neoplasms with different technologies

Single
Nucleotide
Variants/
InDels

Copy
Number
Alterations”

Structural
Varia r113'1

IG/TR
Clonality

Cell of
Origin

Tumor
Purity

i

Targeted

Fluorescence in situ
Hybridization

. 1
Single gene analyses

Amplicon-based gene
panel sequencing

Capture-based gene
panel sequencing

Digital/
Arrays

Genomic arrays

Methylation arrays

.2
Gene exprassion

LK<

LK<

Genome
Wide

Whole transcriptome
sequencing

Whole exome
sequencing

Whole genome
sequencing
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s de las técnicas citogenéticas y moleculares

el diagnostico de las hemopatias malignas

JGood capacity to

identify a certain
abnormality

Limited or insufficient
detection capacity

(De Leval et al Blood 2022)
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Mantle cell lymphoma (MCL)

el diagnostico ae las hemopatias malignas

Virtually all MCL have CCND1::IGH as primary alteration:

20, e

CCND1/IGH - Few variant translocations with /IGK::CCND1 or CCND1::IGL
. o - Few cryptic CCND1r (uncovered by WGS)
- §_79 i _ - . .
£(11;14)(q13;q32) 5-7% Cyclin D1-neg MCL (Martm Garcia D, Blood 2019): |
CCND1::IGH - CCND2r (usually reciprocal rearrangement, few cryptic)

- CCND3r (always cryptic)

» FISH with CCND1::IGH and CCND1 breakapart to avoid false-negative results
» FISH with CCND2 breakapart to identify most Cyclin D1-negative MCL variant

*¥**¥CCND1::IGH may be present in non-MCL cases (and MM)
***CCND3::IGH reported in DLBCL, MZL and B-CLPD NOS (and MM) —ONLY 1 MCL REPORTED (W/lodarska I, Blood 2008)

Mantle cell
lymphoma

CCND1 rearangementt: FISH

Consider if CCND1 [HC is
negative

CCNDZ ana CCND3
rearrangementt: FISH

Consiger in CCNDT-R-
negative tumors

TP5.3 mutation™ HTSF

(de Leval., Blood, 2022)

Prognostic and quide
managermant

MPD testing using HTS to
guide treatment
decisions

WT5 or tameted gene
expression panel for
proliferation and
signatures of nnMCL vs
eMCL




FISH Whole- qPCR

Break-apart (BAP) genome/exome & GEP
seq
No CCND2 or CCND3 .
breaks (30%, n=17) |G_Eﬁggtgmﬂg
rearrangement
CCND3 7%, n=4
comp OO . TIIID B A L) BN
= _ I ITAETT
n=56 Immunoglobulin light
MCL I chain enhancer
?g"‘ axjpe- CIITTITWIHAT TID
> — Cryptic
IG-enh CCND3 = IG-enh/CCND3
Cyclin D1- - rearrangement
e T CRYPTIC 5 (16%, n=9)
;f_‘r‘?"-‘{rﬂ'.-':jﬁ ENHANCER 8 I IeET I
o, g | I
Ay Ve S INSERTION = -
SOX11+ 2 Cases
- CCNDZ2
CCND3
w— CCNE1/E2
MNo cryptic

CCNDZ conventional rearrangement
translocatio =39) (7%, n=4)
(Martin-Garcia D, Blood 2019)
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Cyclin D1 expression and CCND1 rearrangement as TR o

a secondary event

High Grade B-Cell Lymphoma

R EG T RGO (& %
;%:é»f* e S5 o R

W e Ly foaT T e et

p - T T N/
O e L R " &
B Vet BAEty 8l i a3
B BB ESE TS R T@s B

”;/Jﬁ,& © S RS :

7 Ay
“%e- %iws o CycinD1 CCND1 BA+

e Large B cell morphology

e CD5 and SOX11-neg, express cyclin D1

e Usually CCND1 rearrangement negative but...
unusual cases CCND1 rearranged

e Associated with multiple other translocations
(BCL6, BCL2, MYC)

* Unusual mutations in MCL (eg KRAS and
TNFRSF14)

(Hsiao Histopathology. 2012 61:685-93; Cheng J Hemasphere. 2021;

5:e505; Schliemann | Leuk Lymphoma. 2016;57(11):2672-6)

en el diagnostico de las hemopatias malignas

Chronic lymphocytic leukemia

LEUKEMIA & LYMPHONA, 2016 ;
VOL. 57, NO. 11, 2672-2676 @ Taylor & Francis

hitp//dxdotorg/10.3109/10428194.2016,1153085 ptor S G

LETTER TO THE EDITOR

The t(11;14)(q13;932)/CCND1-IGH translocation is a recurrent secondary
genetic aberration in relapsed chronic lymphocytic leukemia

Igor Schliemann™, liske Oschlies™, Inga Nagel”, Eva Maria Murga Penas®, Reiner Siebert” and
Birgitta Sander™*

*Pathology/Cytology, F46 Karolinska University Hospital Huddinge, Stockholm, SE, Sweden; “Department of Pathology,
Hematopathology Section and Lymph Node Registry, Christian-Albrechts University, University Hospital Schleswig-Holstein, Campus
Kiel, Kiel, Germany; “Department of Laboratory Medicine, Division of Pathology, F46 Karolinska Institutet, Stockholm, SE, Sweden;
YInstitute of Human Genetics, Christian-Albrechts University Kiel, University Hospital Schieswig-Holstein, Campus Kiel, Kiel, Germany

ARTICLE HISTORY Received 31 July 2015; Revised 15 Jnuary 2016; Accepted 29 January 2016

t(11;14) in 3 CLL cases, but as secondary event

Requires demonstration of same disease (not composite
CLL+MCL), monoclonal peak, flow cytometry, FISH CLL
alterations

Integrated diagnosis



Follicular lymphoma (FL)

Virtually all have IGH::BCL2 as primary alteration: Entity Genetic alteration: test
= t(14;18)(q32;q21)/IGH::BCL2 in 80'85% Follicular lymphema | BCLZ rearangementt: FISH (or
(FL) cy toge netics)

- variant t(2;18)(p12;921)/IGK::BCL2
and t(18;22)(g21;911)/BCL2::IGL

~ IX SIMPOSIO

Diagnostic use

Consicer if BCLZ IHC is
negative. Further workup
of BCLZ-R—negative FL
shown in scenario 1B in
Table 3

tc -1 e \/ N | 3r
jenel IS YV MOIE llare

23S hemopatias malignas

Clinical impact

EZHZ mutationt: HTS
_"_ i _a_“_
A B

14 t(19;18)(q32q21) 18

IGH::BCL2

FFPE: BCL2 BA

» FISH with IGH::BCL2 and BCL2 breakapart to
avoid false-negative

(de Leval., Blood, 2022)

EFHZ mutation is predictive
of response wn EZHZ
inhibition.” Tazemetostat
is approved by the FDA
for use in patients with
EFHZ-mutated FL
(detected by an FDA-
approved test) who have
received at least 2 prior
lines of systemic therapy
{and all adult patients,
including with wt EZHZ2
with relapsedirefractory
disease and no other
satisfactory alternative
treatment options

***BCL2 translocations are also present in 30% DLBCL and few CLL

FL THAT ARE NEGATIVE FOR BCL2 REARRANGEMENT: DIFFERENT SITUATIONS

Pediatric type FL (MAP2K1, IRF8, TNFRS14)
Testicular FL

CD10, BCL2, BCL6, CD23 positive; frequent loss 1p36 and STAT6 mutation

* BCL2-r negative BUT Bcl2+ protein expression, in 30%, CD10-, need LMO2 or GC markers, no clinical impact
FL grade 3B, only 11-20% have BCL2 rearrangement - recomended to perform BCL6 and IRF4 FISH

BCL2-r negative, CD23+ follicle center lymphoma (provisional ICC entity), inguinal region, localized




Burkitt lymphoma (BL)

i @ o . .
~wr 1t Virtually all BL have MYCr as primary —
LR

2z w®s s  glteration:

—z—tf—;—é— - t(8;14)(q24;q32)/MYC::IGH in 80%
]
° ww o v _ yariants t(2;8)(p12;924)/IGK::MYC

T ™% and 1(8;22)(a24;911)/MYC:IGL
8 t8;22) 22

» FISH with MYC breakapart and MYC::IGH to avoid false-negative
» FISH with BCL2 and BCL6 (only if MYCr) to exclude HGBCL-DH

Entity Genetic alteration: test

Diagnostic use

Burkitt lymphoma | MYC, BCLZ, and/or BCLA Required to exclude
rearrangement (atter two can HGBCL-DH-BCLE ana
be performed concurrently or HGBCL-DH-BCLS
only if MYC rearrangement is
detec LE'U]: FISH* (de Leval., Blood, 2022)

IX SIMPOSIO

el dlagnost de las hemopatias malignas

IG::MYC is very specific of BL but not

exclusive (can be found in DLBCL,
HGBCL, MCL (pleo), B-PLL, CLL->RT...
usually acquired as secondary

alteration, and poor survival)

BL have relatively simple karyotypes,

low genomic complexity (frequent

1g+), useful for dif. diagnosis

BL mutational profile is highly

specific, useful for dif. diagnosis
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Diffuse large B-cell lymphoma (DLBCL) Aanoss e s ecnias Sioganateas y oS

el dlagnost de las hemopatias malignas

 Heterogeous group, no completely specific chromosomal
aberration

e MYC, BCL2 and BCL6 translocations should be performed to
identify HGBCL (usually by FISH)

 Cell-of-origin in DLBCL,NOS should be maintained since it
reflects a basic biological distinction. GEP is recommended but
IHC acceptable

* Recognize the limitation of this binary COO classification to
capture DLBCL complexity

e TR S
& vyt e
s i
el M e e )

il A
SE

g

il
|}

T 3 * Genetic subgroups capture biological complexity but are still
) not ready for clinical use

Genetic subgroups  Expectation of transitioning to a molecular genetic

(Chapuy B et al Nat Med 2018; Wright GW et al Cancer Cell classification in the near future
2020; Lacy SE et al Blood 2020)
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DLBCL genetic workup: BCL2, BCL6, MYC

» FISH with MYC, BCL2 and BCL6 breakapart probes, all tests at once (mainly FFPE material)
> FISH with MYC (15t step) and FISH with BCL2 and BCL6 (only if MYCr) to exclude HGBCL-DH (2" step)

» Should we also use MYC::IGH and IGH::BCL2 to avoid false-negative results?

***Diagnostic and prognostic impact

Entity Genetic alteration: test Diagnostic use Cinical impact Future assays
Diffuse large Bcell MYC, BCLZ2, and/or BCLA Required to exclude See "High-grade B-cell Genetic subtype
lymphoma, NOS rearrangement {atter two can HGBCL-DH-BCLZ and lymphoma™ assignment (eg,
Germinal center be performed concurrently or HGBCL-DH-BCLS LymphGen'™) by
B-cell subtype only if MYC rearrangement is panel, exome or WG5S
Activated B-cell detected): FISH* and BCLZ and BCLS
subtype rearrangement
CO0O detemination: GEP or Required to assign DLBCL, |Prognostic for outcomes detection and WTS or
widely used IHC sumrogates” MNOS gene expression following R-CHOP targeted gene
subtypes (GEP)*™*; predictive of expression panels
response to treatment at (DHITsig” /MHG
relapse’ signature ' ™)

HTS-based ctDMNA
testing ™~ for response-
adapted management

(de Leval., Blood, 2022)
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DLBCL genetic workup: BCL2, BCL6, MYC o

en el diagnost de las hemopatias malignas

BCL2: 20-30% BCL6: 20-40% MYC: 10-20 %
IGH mostly Frequently non-IGH IGH in 60%
GCB type ABC type
" b B ¢
3:\’@ 3 "2 :‘.,9? 6 2 | TBLU(FU 3\;9 o >
= = 26, g >
IgH-Enh- 1 IgH-Enn- v A igH-Enh- —;_ﬂ‘h\\ o
3 3 "'\\3 ‘
8 2 . ? 2 " \ ’

(Chapuy, Nat Med 2018)

» Do we need to screen by FISH BCL2, BCL6, MYC all DLBCL?
My suggestions:
- specially if Ki67 is high
- all CGB subtype?
- All high Myc protein expression?
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DLBCL molecular/genetic subgroup determination Avences de las técnicas rogenelicas y molecuarss

en el diagnostico de las hemopatias malignas

Wright Chapuy Hallmark https://llmpp.nih.gov/lymphgen/index.php

2020 2018 drivers Supply Input Files or [EEEESERIAEIEEY MNead help?

+ Select Sample Annotation File [7]

MCD c5 MYD88  MYD88/CD79B  14-21 e
- Select Mutation Gene List [7]
BN2 C1 NOTCH2 tBCL6/ 16-19 Data Portal
NOTHZ - Salec.t Mu‘laﬂt—m Flat File [7] .
e == LYMPHGEN 2.0 TOOL
EZB-MYC- C3 BCL2 EZH2 13-18 - Saloct a Copy Number Class [7]
tBCLz O Mo Copy Murmber @ Full Copy Mumbser () HOMDEL and AME only O HETLOSS and GAIM anly
- Select Copy Number Gene List [7]
EZB-MYC+ EZH2/MYCt
A53 C2 TP53 7-21
Aneuploidy
ST2 Ca SOCS1/TET SOCS1/TET/ 5-17
/SGK1 SGK1 "‘"‘” o B B
N1 NEC NOTCH1 3 e e e
U N C LASS 3 7 Submit For Prediction

To classify a DLBCL into a molecular subtype using the lymphgen tool we need mutations, but ALSO
TRANSLOCATIONS and CNA!!! (using only an NGS panel is not enought)


https://llmpp.nih.gov/lymphgen/index.php

Morphology Burkitt High-grade Large B-cell
N -
MycC MYC not
rearranged rearranged
MYC and BCL2 MYC and BCL6
11qg rearrangements rearrangements
aberration & ¢ ]
s = HGBCL- HGBCL- DLBCL,

Classification BL LEBCL-TTg | HGBCL, NOS DH/TH-BCL2 DH-BCL6 NOS

High-grade B-cell
lymphomas
(HGECL)

HGBCL with MYC
and BCLZ
rearrangement
(HGBCL-DH-
BCLS

HGBCL with MYC
and BCL6
rearrangerment
(HGBCL-DH-
BCL&)

HGBCL, MO5

MYC, BCLZ, and/or BCL6

rearrangement {atter two can
be performed concurrently or
only if MYC rearrangement is

detected): FISH*

Genetic alteration: test

Required for the diagnosis
of HGBCL-DH-BCL? and
HGBCL-DH-BCLA

Prognastic and predictive:
HGBCL-DH-BCLZ has
poor prognosis with R-
CHOP and likely benefits
from treatment
intensification ™’

earangement detection
and MYL partrer
determination by HTS
TS analysis of HGBCL,
MOS5S tumors to assign
these tumors to
definitive disease
categories

(de Leval., Blood, 2022)

: : : X SIMPOSIO
Diagnostic Approach for High-grade B-cell lymphomas ... o oot i
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FISH Approach for High-grade B-cell lymphomas

DIAGNOSTIC CRITERIA:
» FISH using breakapart probes MYC, BCL2, and BCL6

» is FISH enough? or gene expression needed?

HGBCL MYCr and BCL6r double-hit

* Less frequent

HGBCL MYCr and BCL2r double-hit

* FISH breakapart probes recommended but may miss up :
to 20% cases (cryptic alterations) Heterogeneous in COO (ABC, GCB) and

e MYC with |IG partner in 50%, poor outcome? mutational profile (less FL-type, NOTCH2)
inconclusive results * 30% “pseudo-double” hit (BCL6::MYC)

*Do not consider GAINS/AMPLIFICATIONS  Should be considered an individual entity??

* COO: Germinal center origin

* Expression signature of centroblast in the GC dark zone

: . . , * No double rearrangement
* Mutational profile similar to aggressive FL and GCB-

DLBCL (BCL2, MYC, KMT2D, CREBPP, TNFRS14, EzH2,  MYCin>50%, MYC:IGH much more freq.
TP53) * BCL2 and BCL6 unfrequent

High-grade B-cell lymphoma, NOS



The DHITsig identifies DH-DLBCL with genetic events

cryptic to FISH breakapart probes

MYC Braak-apart FISH
BCL2 Break-apart FISH

~ IX SIMPOSIO

de las s y moleculares

técnicas cito Jenetica

~n ol AlasnActicrA Aa lne hearmanatinae malimn ac
en €l Alagnostco ae las nemopatias ‘.Idt‘.g as

WGS of 20 DHITsig GCB-DLBCL apparently lacking MYC
and/or BCL2 rearrangements: 6 tumors with MYC or
BCL2 rearrangements cryptic to breakapart FISH probes

Patient 2

Genes overaxprassed in ; s
HGBL-DH/TH-BCL2 0'
Genes underexpressed in I-05
HGBL-DH/TH-BCL2 -1
Double Hit Signature B
HGBL-DH/TH-BCL2 by FISH
" “"l. ' Whole Genome Sequencing
l II' Cryptic Double Hit
(19% of all HGBL-DH/TH.BCL2 tumours)
DHIT sig
(expression) \
Patient 1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Genetic Double Hit (WGS) W‘“
MYC Rearrangement (FISH)
MYC Rearrangement (WGS5) . . . . . . . .
MYC Focal Gain/Amplification B ] |

MIR17HG Gain
PVT1 Focal Loss
MYC [HC

BCLZ Rearrangement (FISH)
BCL2-IGH/K Rearrangement (WGS)

S i T

sceric HEEN B HENNER NEEER

(Hilton LK, Blood 2019)

SpectrumGreen SpectrumCrange
Chr18
Chr14 Direction of T ; 201 kb
BCL2 IGH
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Patient 3 80 kb
SpectrumGreen BCL2 : IGK ! SpectrumCrange
E——

7 T | E——

)
W}” (&}
Direction of Transcription
Chr18 Chr2
D
Patient 4
~380 kb 169 kb ~1.5Mb
' ZCCHC?
SpectrumOCrange MYC (PAXS Super Enhancer] PVT1 SpectrumGreen
= ==
Chr8 Chr9 Chr8



Dark zone signature (DZsig) in DLBCL
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*DHITsig expression extends beyond HGBCL-DH-BCL2 to identify dark zone lymphomas (renamed the “DZsig)
*DZsig refines COO classification by identifying patients within GCB-DLBCL with inferior OS and shorter time to treatment

. DHITsig expressicn extends beyond HGBCL-DH-BCLZ to identify dark zone lymphomas, and was thus

DHIT sigPes (%)
g

renamed the “dark zone signature” (DZsig)

Burkitt HGBCL- GCB-
Lymphoma DH-BCL2 DLBCL,NOS

§ DHBCL2

Germinal Center

Dar< Zone Light Zone
DZ) (L)

DHITsig = DZsig

2. Among tumors of DLBCL morphology, gene expression profiling-defined molecular subgroups are
associated with ostcomes and ciagnosis-to-treatment interval

Freedom from progression (%)

T

100 4

80 4

&0 4

01 —cn

204 — ABC DLBCL, NOS
od — Dz—,‘.g“*d -~ HGBCL-DH-BCL2

0 1 2 3 4 5 6 7
Years

8

50dD570 (2101 jo %

o w
(=]

Diagnosis

|

GCB 30]
ABC D
DZsig™™ @
0 10 20 30

Time to treatment (days)

(Alduaij W, Blood 2023)
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[ DNA or RNA? Classification of B-cell lymphomas ]

DZsig
Burkitt
HGBCL-
DH-BCL2
pLecLNOS | MYC high-level
DZsigtype | amplification
/ +TP53 mut???
DLBCL-DH-BCLS

DLBCL,NOS -GCB-type

DLBCL,NOS -ABC-type

(Ylstra B, Blood 2023)



High level MYC amplification in B-cell lymphomas:
a marker of aggressive disease?

Uncountable FISH signals:
2 main patterns of MYC amplification

Avances de las técnicas citogenéti

en el diagnostic

...controversy
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0 de las hemopatias malignas

Overall Survival (%)
o o
o ~
S %

o
)
1

o
o
S

Cloud-like Distribution:
Double-minutes or Episomes

p=078

(70%)

L] e

=1

- “ogy
I-o--«--‘t---h-.-_-‘_
ey

W

«=MYC Amplification (excluding DHUTHL)
«=No MYC Abnomalities (MER)
«MYC rearr. Alone (MER)

(30%)

HSRonchr 1 }(!

Homogenous Staining Region

-MYCamp (4/385; 1%)

-MYC with >7 copies and MYCamp poorest prognosis

(Schieppati F, Haematologica 2020)

-MYC gains do not lead to high Myc protein
-MYC and BCL2 CNV (gains/amp) are not DH-TH

(Collinge B, Blood 2021)

0

24

48

72 % 120 144 168 192
Time after Diagnosis (months)

- MYCamp (44/9715; 0,45%)

-12/42 (29%) were DH

- MYCamp did not have
prognostic significance in

DLBCL in this cohort (Pophali
PA, Blood Cancer J. 2020)

MYC/BCL2 translocation
Positive

(FISH)

30% MYC IHC neg
(?IHC-binding mutations)

MYC/BCL2 CNV
(FISH)
TTMYC/BCL2
expression

N\ rd

Biological

modifiers
Double-hit
signature

(GEP)

|

Double-hit biology
Inferior outcomes

Kinetically aggressive
High CNS risk

MYC/BCL2 translocation

Cryptic translocations
and other events

Negative
(FISH)
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Avances de las técnicas citogenéticas y moleculares

High level MYC amplification in B-cell lymphomas:

a marker Of aggrESSiVE disease? en el diagnostico de las hemopatias malignas
DLBCL with MYCr and TP53 mutation: WORST PROGNOSIS
(N=320 DLBCL)
1 == Mut-TP53 MYC-R' (n = 15) » If MYCr & TP53 mut DLBCL have poor OS...

100 2 == Mut-TP53 non-MYC-R (n = 53) .
5 3 == Wt-TP53 MYC-R' (n = 26) - do DLBCL with MYC amp & TP53 mut
— 754 St - .
32 4 == WL-TP33 non-MYC-R (n = 226) have worse prognostic???
S—
4
8 0 » 3 - could be the DLBCL-NOS DZsig+ type???
TAK CT 1vs. 2: P=0.0009
1 1vs. 3: P=0.0041
1 vs. 4: P <0.0001
0 - - . : Still no data!
0 50 100 150 200

(Manman deng et al. Mol cancer res 2021)
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Large B-cell lymphoma with 11qg aberration
Large B-cell lymphoma with IRF4 rearrangement

en el diagnostico de las hemopatias malignas

Genetic alteration: test Clinical impact

Detection of CNAs and
SVs using HTS

Large B-cell 11q aberration: SNP array or FISH | Required for diagnosis of
lymphoma with LBCL-11g
11q aberration

Large B-cell IRF4 rearrangement: FISH FISH required for diagnosis
lymphoma with | CARD11, IRF4 mutationst: HTS ot LBCL-IRF4
IRF4 rearrangement
rearrangement Useful in certain

circumstances for
diagnosis; see also
scenano 3A in Table 3.

(de Leval., Blood, 2022)

> 2 new entities defined by a specific primary alteration, mainly detected by FISH




. . . IX SIMPOSIO
Large B-cell ymphoma with 11q aberration (ICC, new entity) . R i

High-grade lymphoma with 11q aberration (WHO, provisional) * en el diagnostico de las hemopatias malignas
Burkitt-like lymhoma with 11q aberration (previous name)
* Low frequency

e Children and young adults

* Predominantly nodal

* Morphology from Burkitt-like (starry sky) to large cell
* Favorable prognosis with current treatment

DIAGNOSTIC CRITERIA:
> Presence of 11¢g22-g24 gain /11q24-qter loss
(FISH, array, karyotype, OGM, WGS...)

11g-pattern
karyotype | a

11q'pattern CEP11

FISH » Absence of MYC, BCL6, and BCL2 rearrangements (FISH)
e *** 11q alterations can also be found in other cases, need of integrated diagnosis
+11qg12.1-g23.3
— i e e :C:gojomie:= = ==_:11(:]2§1_qter ADDITIONALLY:
po—= = = = = 2 o2 _=2_gz§;m = »NGS, mutational profile:
e - closer to DLBCL (frequent BTG2, GNA13, CREBBP)
lig-pattemn ol Y _ different from BL (absence of /D3, TCF3)
Copy number H\V uif “II ‘IWI \‘\n H)\I i I\I R
array - iy n\unu \ J"\‘m" TR Y

Case3 \ TR HI HIIH \

(Salaverria | et al Blood 2014; 123: 1187-1198; Gonzalez-Farre B et al Haematologica 2019;
\ | \‘I |||”\ w \‘ H I\\ [’l ||\
llllll [0 1 L0 AR TN TR I\

Wagener R et al Blood 2019; Horn H et al Am J Surg Pathol 2021;45:356-364)
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Large B-cell lymphoma with IRF4 rearrangement L eesees

IRF4 BAP

NEW ENTITY ICC/WHO

* Low frequency

* Pediatric and young adult population

* Germinal center phenotype (CD10/BCL6)
* BCL2 expression (but no BCL2r)

2 las hemopatias malignas

» Strong IRF4 expression and /RF4 translocation (mainly IRF4::IGH, also IGK, IGL)

* Cryptic (telomeric) translocation, not detected by karyotype
e Excellent prognosis

DIAGNOSTIC CRITERIA:

» FISH with IRF4 break apart probe must be performed (freg. false —and +)

» Cases negative for IRF4r must have IGH break apart pattern
» Absence of BCL6 and BCL2 rearrangements (FISH)

***|RF4 translocations may be present in other LBCL

ADDITIONALLY:
» IRF4 mutations as “surrogate marker” of translocation
(1 or more mutations in exons 1-2, aSHM)

(Ramis-Zaldivar et al, Blood 2020)
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FISH is a simple and accessible single cell technology e erevse—
that helps in difficult diagnosis ~ eneldiagndsico de las hemopatias malgns

Clinical: Burkitt with high LDH - Lymph node: BL? Starry sky pattern, BM/PB minimal infiltration, by flow cytometry MCL phenotype (pleo?)

CD10+, BCL6+, p53+++ ;{:2"" CD10-, BCL6-, p53-
Large B-cell Bcl2-, cyclin D1-, Sox11- + (CD20+, BCL2+, cyclin D1+, Sox11+

(CD20+, CD79a+) Myc+++, Ki67 100% CD793+) Myc-, Ki67 low

CCND1 BA: MYC BA: BCL6 BA: BCL2 BA:
- 6 copies in large cells - 4 copies in large cells, 2 rearr - 4 copies in large cells - normal
- rearranged in some small cells - normal in small cells - normal in small cells

DIAGNOSTIC: conventional MANTLE CELL LYMPHOMA + DIFFUSE LARGE B-CELL LYMPHOMA-NOS GCB (***MYCr + TP53mut)



X SIMPOSIO
Indication of genetic testing in small B-cell lymphomas #ewe e esconias ot

en el diag

Diagnostic Follicular lymphoma BCL2 rearrangement (FISH) Diagnostic
Mantle cell ymphoma e CCND1/D2/(D3) rearrangement (FISH) Diagnostic
Hairy cell leukemia * BRAF V600E Diagnostic
Lymphoplasmacytic lymphoma * MYD88 L265 Diagnostic
Nodal marginal zone lymphoma  +3,+8, KLF2, NOTCH2, PTPRD Support the diagnosis
Splenic marginal zone lymphoma ¢ del (7q), +3, +18, KLF2, NOTCH2 Support the diagnosis
CD23+BCL2-R neg Follicle center e STAT6/S0CS1 Diagnostic
lymphoma

Prognostic Chronic lymphocytic lymphoma  TP53, IGHV mutation status Prognostic relevant

* del(11q), +12, del (13q), del (17p)
 Complex Karyotype (>5 alt.)

Mantle cell lymphoma e TP53(*also del17p?) Prognostic relevant

(Quintanilla-Martinez L, personal view)
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en el diagnostico de las hemopatias malignas

»Which FISH probes do you apply for B-Lymphoid Neoplasms diagnosis?

> All at once? In which sequential order?

» Do you cover all entities included in the updated WHO22 and ICC22?

» Do you use other additional/alternative technologies to detect
translocations? which ones?

» Are you interested in elaborating FISH useful guidelines for B-NHL?



FISH probes for B-Lymphoid Neoplasms:
QUESTIONNAIRE TO AUDIENCE

FISH M
(minimum) hyb. FISH [{extended)
Chronic lymphocytic leukemia
ATM/TPS3 IGH
DLEU/LAMB/12 MYC (accel. & RT)
BCL3
Other:
Mo recibimos / No estudiamos
Follicular lymphoma
IGH::BCL2 BCLE
or BCL2 Other:
Mo recibimos / No estudiamos
Mantle cell lymphoma
IGH::CCND1 TP53
or CCND1 MYC (blastoid)
CCND2 (D1-neg)
CCND3 (D1-neg)
CCND2::IGKenh{D1-neg)
CCND2::IGLenh{D1-neg)
CCND3::IGKenh{D1-neg)
CCND3::IGLenh{D1-neg)
Other:
Mo recibimos / No estudiamos
Burkitt's lymphoma
IGH::MYC Other:
or MYC Other:
BCL2 Other:
BCLE Other:

Mo recibimos / No estudiamos

IX SIMPOSIO

1 T
y It

2 las hemopatias malig

DLBCL & High grade B-cell
lymphoma (DH and —NOS5)

IGH::MYC TR53
MYC IGH
BCL6 IRF4 {some cases)
BCL2 11g
IGH::BCL2 PD-11/12
Other:
Mo recibimos / Mo estudiamos
ILargE B-cell lymphoma with 11q aberration )
11qg Other:
MYC Other:
BCLG Other:
BCL2 Other:
Mo recibimos / Mo estudiamos
FISH N
{minimum) hyb. FISH (extended)

Large B-cell lymphoma with IRF4 rearrangement

Mo recibimos / No estudiamos

IRF4
IGH

Other:




FISH probes for B-Lymphoid Neoplasms: N s D
QUESTIONNAIRE: filled form Hospital Clinic " en o diegnosico de kes hemopatias malign

Mombre: Silvia Bed DLBCL & High grade B-cell
DepartamentofCentro: Hematopato, AF, Hospital Clinic Barcelona lymphoma (DH and —MNOS5) {3-5) 1 (3-5)
Muestras de linfoma B en cultive {SI/MNO): si [GH-MYE - TP53 |
Muestras de linfoma B en parafina {51/MO): si ® MYC IGH
Interesado en elaboracién guias consenso para sondas linfoma? Email: X BCLG x| IrF4 {some coses)
Brl2 ] 11g
FISH M M TOTAL IGHBCLZ L PO-11/12
{minimum) byl FISH {extended) hyb. hyb. | Other:
Chronic lymphocytic leukemia 2 (1-2) (34| [Norecibimos/ No estudiamos
ATM/TPS3 ES IGH Large B-cell lymphoma with 11q aberration 0 0 0 I
DLEU/LAMP/12 | x| MYC(accel &RT) 11q ] Other: |
N BCL3 MYC ] Other:
L COther: BCle L Cther:
Mo recibimas / No estudiamos BCLZ L Cther:
Follicular lymphoma (1-2) (0-1) (1-3) | Mo recibimos / Mo estudiamos
IGH:=:BCL2 | X | BCle Large B-cell lymphoma with IRF4 rearrangement [1-2) [(1-2) I
or BCL2 ] Other: |_rg X wra I ] Other: |
Mo recibimos J No estudiamos IGH
Mantle cell lymphoma (1-2) (1-5) | Mo recibimos [ Mo estudiamas
IGH::CCND1 | x | P53 Marginal zone lymphoma {1-3) 0 (13|
or COND1 | x | MYC (blastoid) IGH (IGH::MALT1 and
| x | CCND2 (D1-neg) x | 7q32 (x SMZL) || 1GH=BCLIO in EMEL)
CCND3 (DI-neg) x | BCL6E (x SMZL) I Other:
|| CONDZ-iGKenh(DI-neg) MALT {x EMZL)
|| CONDZiGLenh{DI-neg) {BIRC3-MALTI
| | CCND3::IGKenh(D1-neg) X | & IGH-MALT1) Other:
|| CCND3IGLenh{D1-neg) Mo recibimos [ Mo estudiamas
] Other: Multiple myeloma {3-6) 1 (47)
Mo recibimos / Mo estudiamos X TP53 | x| MY (if 1GH+} |
Burkitt's lymphoma (1-4) (1-9) | X 1p/1g H Other-
H IGHMYC L Other: X IGH {if +:} | Other:
¥ or MYC | Other: [x) tf11;14} | Other:
% BCL2 L Other: %) tfd-14}
X BCLE ] Other: [x) t{14:16}
Mo recibimos / No estudiamos Mo recibimaos [ Mo estudiamos
- . /




TAKE HOME MESSAGES

» FISH is a very useful technique for the analysis of B-NHL

» FISH has high specificity and high resolution

» FISH is simple (no instrumentation needed) and rapid (results in 3-12h)

» FISH is easy to analyze and available in every lab

» FISH is part of the integrated diagnostic approach for B-NHL

» FISH results have diagnostic and prognostic impact in B-NHL

» Will WGS, GEP, OGM, NGS (SV) replace FISH in diagnostic?

> As a cooperative Group should we elaborate guidelines for FISH testing and

interpretation in B-NHL? Please, fill the questionnaire...
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Main contribution of gene expression techniques in B- NHL L

el alé agnos UCO de Ias hemopatias malignas

NanoString Barcode Chemistry

Expression microarrays
(hybridization)

Nanostring
(RNA digital quantification)

Germinal Centre

B cell

— Samples from Pationts with de novo DLBCL (A = 67) ————————2

B Activated B cell

B Tcen
I Proliferation
I Lymph node

I Pan B cell

d

|
1 2

—:a

(Scott DW, et al. Blood. 2014)

IIII- IIII LEnr II 1 0l B0L2 Tanslocaod

MYC Translocated
Mean z-score of genes 1

e sl W DLBCL/ HGBCL
sl Double-hit

HGBL-DH! TH BCLZ
-15

(Alizadeh A et al. Nature 2000)

Double Hit Signatur

weeowmecz —— (Fnnishi D et al J Clin Oncol 2018)

Whole Genome Sequencing

. MCL

: proliferation
ABC DLBCL o

Mcu; ) (S€0tt DW, JCO 2017)

(Rosenwald A et al N Engl J Med 2001)



Group

Examples HERVCEP1? HER2

,
W13 g

delines 2018 guided

1a

1b

0 >60
520 }:'jzt)nd
>20 <40

0 >60

0 |20

0 <40

positive

positive

positive

positive

equivocal

negative

positive

positive

negative f THC
15 0-2+,
positive if IHC
15 3+

negative if [HC
sOorl+,
posstive of THC
152+ or 3+

negative of THC
15 0.2+,
positive 1f IHC

" 3

neganhve

VvV CINDNOCIN
A Ol f\./] [: Uo [ U

The differences of clinicopathologic
characteristics among subgroups of
reclassified HER2 fluorescence in situ
hybridization (FISH) according to the
ASCO/CAP 2018 breast cancer HER2 testing
guidelines. Yang L, J Clin Pathol 2018.



