- s
"'”’:,'mewogy ‘”" HEMATOPATOLOGIA

Molecular aspects of precursor lymphoma/leukemia
In the bone marrow

Julia T Geyer, MD

Associate Professor

Division of Pathology and Laboratory Medicine
Welll Cornell Medicine

New York, USA

APOYO

N\, RECORDATI e Agent

Y RARE DISEASES ~ AstraZeneca 2 b NOVARTIS 42 nT ® Gnmoete  Dako

Vil



gz

m”

o

=

s

o w

6

Bk
3=

i

“3 X

)

V 9 T,
©8° 0o 2%’
00!000 8¢

Dako

ACCy
pnssen | @ ZLUEN

%
Qa% ¢
83030

§oo2

L@

zeeci? ) NOVARTIS

N TR e

S
@ SiEm:

OB P
s

SOLAHP23.COM.BR



Cy7-A

CD13 PE

CD7 APC-A

Flow cytometry ~45 hours

All Cells

cCD79a PE-A

All Cells_

CD34 PerCP-Cy5-5-A

All Cells

Cy7-A

E[HE!F'E

CD34 PerCP-Cy5-5-4

All Cells_

cMPO FITC-A

" CD19 PE-Cy7-A

cCD3 Pacific Blue-A

cMPO FITC-A

All Cells

All Cells_

" CD7 APC-A

cCD3 Pacific Blue-A

cMPO FITC-A

All Cells

"sCD3 APC-H7-A

All Cells_

CD34 PerCP-Cy5-5-4



FISH (82 days) and karyotype (1 wee
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Heme Fusion RNA NGS 10 days

RNAseq 1-2 weeks
Targeted DNA NGS panel 2-3 weeks

WGS/WES 1-2 months
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Gene-expression profiling and genetic alteration analysis (RNA-seq)
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HEMATOPATOLOGIA

A Primarily in children (75% in s@arolds)
AB-ALL comprises ~80 of all ALLs, but only ~10% of lymphoblastic lympha

ALeukemia vs lymphoma distinction is based on the site of involvement and the bon
marrow blast count

A Cytopenias, lymphadenopathyrganomegalybone pain
AMost frequent sites of involvement are skin, soft tissue, bone and lymph nodes
A Flow cytometry: CD19+, CD79a+, CDT0F:, no light chain expression

A Immunohistochemistry: PAX5+, CD79a+
A Excellent prognosis in children, improving outcomes in adults
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A ~15% of childhood ALL and 25% of adult ALL

A~90% of lymphoblastic lymphoma
A More common in teenage males

A Clinical res ntation: large anteriof mediastinal mass, lymphadenopathy,
organonﬁ’ega ,commongp?euraﬁ usions ymp pathy

A Flow cytometryTd T, CD1a+, CD2, CD3, CD5, CD7

A lmmunohistochemistry: CD99, CD34, CDla

A >75% hav&OTCHpathway activation

A Longterm response rates approach 85% in children and 60% in adults

AThe o tsl%nlflcant predictor of outcome iIs MRD at the end of
consolidatio
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B-lymphoblastic leukemia/lymphoma
B-lymphoblastic leukemia/lymphoma, NOS GiA

D g

10 su btype S B-lymphoblastic leukemia/lymphoma with recurrent genetic abnormalities
A or ovisional B-Iymphoblastfc Ieukemfaflymphoma W!th t(9.;22)(q34.1. :q11.2);BCR-ABL1
B-lymphoblastic leukemia/lymphoma with t(v;11923.3);KMT2A rearranged
B-lymphoblastic leukemia/lymphoma with t(12;21)(p13.2;022.1); ETV6-RUNX1
B-lymphoblastic leukemia/lymphoma with hyperdiploidy
B-lymphoblastic leukemia/lymphoma with hypodiploidy
B-lymphoblastic leukemia/lymphoma with t(5;14)(g31.1;932.3) IL3-IGH
B-lymphoblastic leukemia/lymphoma with t(1;19)(q23;p13.3); TCF3-PBX1
Provisional entity: B-lymphoblastic leukemia/lymphoma, BCR-ABL 1-like
Provisional entity: B-lymphoblastic leukemia/lymphoma with IAMP21
T-lymphoblastic leukemia/lymphoma
Provisional entity: Early T-cell precursor lymphoblastic leukemia

soLanpascomer € Provisional entity: Natural killer (NK) cell lymphoblastic leukemia/lymphoma -
_ . e v e v amn s s . Jeikl)



WHO Classification, 5™ edition

B-cell lymphoblastic leukaemias/lymphomas

B-lymphoblastic leukaemia/lymphoma, NOS

B-lymphoblastic leukaemia/lymphoma with high hyperdiploidy
B-lymphoblastic leukaemia/lymphoma with hypodiploidy
B-lymphoblastic leukaemia/lymphoma with iIAMP21
B-lymphoblastic leukaemia/lymphoma with BCR:ABL1 fusion

B-lymphoblastic leukaemia/lymphoma with BCR:ABL1-like
features

B-lymphoblastic leukaemia/lymphoma with KMT2A
rearrangement

B-lymphoblastic leukaemia/lymphoma with ETVé:
RUNXT fusion

B-lymphoblastic leukaemia/lymphoma with ETV6:RUNX1-like
features

B-lymphoblastic leukaemia/lymphoma with TCF3:PBX1 fusion
B-lymphoblastic leukaemia/lymphoma with IGH::IL3 fusion
B-lymphoblastic leukaemia/lymphoma with TCF3:HLF fusion

B-lymphoblastic leukaemia/lymphoma with other defined
genetic abnormalities

Precursor T-cell neoplasms

T-lymphoblastic leukaemia/lymphoma

T-lymphoblastic leukaemia / lymphoma, NOS

Early T-precursor lymphoblastic leukaemia / lymphoma
(Entity deleted)

WHO Classification, revised 4" edition

(Same)

B-lymphoblastic leukaemia/lymphoma with hyperdiploidy

(Same)

(Same)

B-lymphoblastic leukaemia/lymphoma with t(9;22)(g34;911.2); BCR-ABLT
B-lymphoblastic leukaemia/lymphoma, BCR-ABL1-like

B-lymphoblastic leukaemia/lymphoma with t(v;11q23.3); KMT2A-rearranged
B-lymphoblastic leukaemia/lymphoma with t(12;21)(p13.2;22.1); ETV6-RUNX1
Not previously included

B-lymphoblastic leukaemia/lymphoma with t(1;19)(g23;p13.3); TCF3-PBX1
B-lymphoblastic leukaemia/lymphoma with t(5;14)(g31.1;932.1); IGH/IL3
Not previously included

(Same)

T-lymphoblastic leukaemia/lymphoma
Early T-cell precursor lymphoblastic leukaemia

NK-lymphoblastic leukaemia/lymphoma



WHO Classification, 5™ edition

B-cell lymphoblastic leukaemi

B-lymphoblastic leukaemia/lym -

B-lymphoblastic leukaemia/lymphoma wi Igh hyperdiploidy

B-lymphoblastic leukaemia/lym

B-lymphoblastic leukaemia/lym 15 SUbtypeS
O provisional

B-lymphoblastic leukaemia/lym

B-lymphoblastic leukaemia/lym
features

B-lymphoblastic leukaemia/lymphoma with KMT2A
rearrangement

B-lymphoblastic leukaemia/lymphoma with ETVé:
RUNXT fusion

B-lymphoblastic leukaemia/lymphoma with ETV6:RUNX1-like
features

B-lymphoblastic leukaemia/lymphoma with TCF3:PBX1 fusion
B-lymphoblastic leukaemia/lymphoma with IGH::IL3 fusion
B-lymphoblastic leukaemia/lymphoma with TCF3:HLF fusion

B-lymphoblastic leukaemia/lymphoma with other defined
genetic abnormalities

Precursor T-cell neoplasms

T-lymphoblastic leukaemia/lymphoma

T-lymphoblastic leukaemia / lymphoma, NOS

Early T-precursor lymphoblastic leukaemia / lymphoma
(Entity deleted)

WHO Classification, revised 4" edition

(Same)

B-lymphoblastic leukaemia/lymphoma with hyperdiploidy

(Same)

(Same)

B-lymphoblastic leukaemia/lymphoma with t(9;22)(g34;911.2); BCR-ABLT
B-lymphoblastic leukaemia/lymphoma, BCR-ABL1-like

B-lymphoblastic leukaemia/lymphoma with t(v;11q23.3); KMT2A-rearranged

B-lymphoblastic leukaemia/lymphoma with t(12;21)(p13.2;22.1); ETV6-RUNX1

Not previously included _

B-lymphoblastic leukaemia/lymphoma with t(1;19)(g23;p13.3); TCF3-PBX1
B-lymphoblastic leukaemia/lymphoma with t(5;14)(g31.1;932.1); IGH/IL3

Not previously included _

(Same)

T-lymphoblastic leukaemia/lymphoma
Early T-cell precursor lymphoblastic leukaemia

NK-lymphoblastic leukaemia/lymphoma
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The classification remains largel unchangller_pm the preyious WHO and has _
similar terminologyiea -t e YLIK2 0t I aUA O  SdzZl] SYAIl kKt e YL

Al 6 0 NS OAIFALSRT [ & € & .
Most entities based on broadigvailable cytogenetic testing

The rare BALL with TCF3::HLF fusion has been added as it is distinct##din B
with TCF3::PBX1 fusion and is characterized by a particularly aggressive behavior

B-ALL with BCR::ABlike features is now an entity (previousgl a provisional entity),
as it is prevalent and shows significant benefit from targeted therapies
dﬂ#[_éKGKHZGKSNJQSTAySQ ISYSUGAO Foy2N
genetic drivers identified by recent gene expression and sequencing studies

A B-ALL with DUX4, MEF2D, ZNF384 or NUTM1 rearrangements; 1G::MYCPRXait or
PAX5 p.P80R abnormalities

A May beseparated in the future as potential novel entities
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A Genetic abnormalities are now the fundamental basis for subclassificatic
of B-ALL

A The category B\LL/LBL, NOS should only be used for cases lacking defi
genetic abnormalities aftetomprehensive testing

A In the absence of complete testing for genetic abnormalities, definitive
diagnosignay not be possible and the categonABL/LBL, NFC (not
further classified) should be used
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B-acute lymphoblastic leukemia (B-ALL)
B-ALL with recurrent genetic abnormalities
B-ALLwith t(9;22)(q34.1;q11.2)/BCR::ABL1
with lymphoid only involvement
with multilineage involvement
B-ALLwith t(v;11923.3)/KMT2A rearranged
B-ALL with t(12;21)(p13.2;022.1)/ETV6::RUNX1
B-ALL, hyperdiploid
2 5 S u btyp e S B-ALL, low hypodiploid

B-ALL, near haploid
B-ALL with t(5;14)(gq31.1;q32.3)/IL3::IGH

14 p rOVI S I O n aI B-ALL with t(1;19)(g23.3;p13.3)/TCF3::PBX1
B-ALL, BCR::ABL1-like , ABL-1 class rearranged _
_
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SAQ PAUVLO | 2

ICC

B-ALL, BCR::ABL1-like , JAK-STAT activated
B-ALL, BCR::ABL1-like , NOS
B-ALL with iAMP21

B-ALL with MYC rearrangement
B-ALL with DUX4 rearrangement

B-ALL with MEF2D rearrangement
B-ALL with ZNF384(362) rearrangement
B-ALL with NUTM1 rearrangement
B-ALL with HLF rearrangement

B-ALL with UBTF::ATXN7L3/PAN3,CDX2 (“CDX2/UBTF”) _
B-ALL with mutated IKZF1 N159Y =
B-ALLwith mutated PAX5 P80OR
Provisional entity: B-ALL, ETV6::RUNX1-like
Provisional entity: B-ALL, with PAX5 alteration
Provisional entity: B-ALL, with mutated ZEB2 (p.H1038R)/IGH::CEBPE
Provisional entity: B-ALL, ZNF384 rearranged-like
Provisional entity: B-ALL, KMT2A rearranged-like
B-ALL, NOS
T-ALL
Early T-cell precursor ALLwith BCL11B rearrangement _
Early T-cell precursor ALL, NOS
- T-ALL, NOS

BAdF \ Provisional entities (see Supplemental Table 7) y AC.Camargo lor
SOLAHP23.COM.BR A d S M NOVARTIS  BNssen J et ih™
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ICC

25 subtypes

14 provisional
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B-acute lymphoblastic leukemia (B-ALL)
B-ALL with recurrent genetic abnormalities
B-ALLwith t(9;22)(q34.1;q11.2)/BCR::ABL1
with lymphoid only involvement
with multilineage involvement

B-ALLwith t(v;11923.3)/KMT2A rearranged

B-ALL with t(12;21)(p13.2;022.1)/ETV6::RUNX1

B-ALL, hyperdiploid
B-ALL, low hypodiploid
B-ALL with t(5;14)(gq31.1;q32.3)/IL3::IGH
B-ALL with t(1;19)(q23.3;p13.3)/TCF3::PBX1
B-ALL, BCR::ABL1-like , JAK-STAT activated
B-ALL, BCR::ABL1-like , NOS
B-ALL with MYC rearrangement
B-ALL with DUX4 rearrangement
B-ALL with UBTF::ATXN7L3/PAN3,CDX2 (“CDX2/UBTF”) _
B-ALL with mutated IKZF1 N159Y
B-ALLwith mutated PAX5 P80OR
Provisional entity: B-ALL, with PAX5 alteration
Provisional entity: B-ALL, with mutated ZEB2 (p.H1038R)/IGH::CEBPE
Provisional entity: B-ALL, KMT2A rearranged-like
B-ALL, NOS
Early T-cell precursor ALLwith BCL11B rearrangement _
Early T-cell precursor ALL, NOS

B-ALL, near haploid

B-ALL, BCR::ABL1-like , ABL-1 class rearranged _

B-ALL with iIAMP21

B-ALL with MEF2D rearrangement

B-ALL with ZNF384(362) rearrangement

B-ALL with NUTM1 rearrangement

B-ALL with HLF rearrangement
Provisional entity: B-ALL, ETV6::RUNX1-like
Provisional entity: B-ALL, ZNF384 rearranged-like

T-ALL
T-ALL, NOS

Provisional entities (see Supplemental Table 7) —

aZeneca AL

Provisional entity: Natural killer (NK) cell ALL
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T-ALL/LL provisional entities

Subtype Frequency Partner genes/other
HOXA 15-25% HOXATRB/TRGMT
dysregulated PICALMMLLT10SET
SPI1 <5%, children | STMN1TCF7BCL11l
rearrangement
TLX1 5-10% TCR
rearrangement | children; near
30% adult
TLX3 20-25% TCRBCL11BCDK®6
rearrangement | children <5%
adult
NKX2 <5% children | NKX2.1/NKX2.2/NK>
rearrangement
TALT2 30-40% TRA/D; TREALY; 1p
rearrangement | (TAL2 rare) intergenic SNV (supe
LMOZ12 LMOZXR-5% TCR,; cryptic deletior
rearrangement [ LMO2R 10% | mutations
BHLH other <2% LYLITRB
OLIG2/BHLHBICR
I, Novartis prsen ) (@GS A




Fig. 1 Gene expression cluster-
ing of B-ALL cases. The figure
depicts two dimensional cluster-
ing using t-distributed stochastic
neighbor embedding of whole
transcriptome sequencing data
from 2041 leukemia samples
collected at diagnosis from chil-
dren or adults with ALL. Cases
are color coded by subtype. This
approach, and much of the data,
was first reported by Gu, et al.
[3], and has been updated to
include additional CDX2/UBTF
cases following recent definition
of this subtype

Duffield AS, et aVirchowsArchiv2022
Gu Z, et al. Nat Genet 2019
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A Inco_gacfratesr cent C|iniCﬁ|, cytogenetic, and molecular data, witha .
glartl ular emphasis on whole transcriptome analysis and gene expressi
ustering studies
AwSYl YSRdTh Odzi S f eYLIK2o6flFadgAoO f Sdz
A Abbreviated as B\LL or IALL, same as the WHO
A 9 new BALL categories, including 7/9 with distinguishi ene
ANa 2/9 Character 2ific Sing

rearrangements, 2/9 characterized by a spetific s gene mutatic
A gtﬁa?é/ésional BALL entities are included, that require gene expression

A 1 new subtype of early-ell precursor ALL
A 8 new provisional ALL entities are added
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AThe incidence increases with age, more common in adults

AThe main differential diagnosis is with blast phase CML

A Most childhood ALLs have a p19@@RABL Iprotein product, while most adults with CML have
a p210kd fusion protein

AICC divides into 2 distinct subsets distinguished by FISH
A With lymphoid only involvement (translocation only in lymphoblasts) DE NOVO

A With multilineage involvement (translocation detected in neutrophils) akin to CML in blast phas
A Prognosis and treatment may differ

AImmunophenotypefrequently express myelotdssociated markers, such as CD13,
CD33, CD66¢c and expression of CD25 is common in adults

AMolecular diagnosiskaryotyping, FISH, PCR, DNA or RNA sequencing is required
APrognosis: historically low, but improving with use of targeted therapies
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21-yearold, previously healthy woman

77.43 103/uL
2.97 105/uL
8.6 g/dL
26.6 %

89.6 fL

37 103/uL
2/100 WBC

J PERIPHERAL BLOOD DIFFERENTIAL CELL COUNT: 300 CELLS:

%

NEUTROPHILS 58
BAND 8
META 8
MYELOCYTE 11

PROMYELOCYTE 1
BLAST 4

HEMATOPATOLOGIA

LYMPHOCYTES 5
MONOCYTES 2
2
|

EOSINOPHILS
BASOPHILS
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All Cells
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CD19 PE-Cy7-A
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CD13 PE-C

-

" CD66c PE-A

Karyotypeon peripheralblood: 46,XX,t0;22)(g34;911.2)[20]
FISHbn peripheralblood: BCRABLL generearrangementsn 92%of 200nuclel
PCRBCRABLL (e13a2 or el4a2) fusiontranscriptscodingfor p210positiveat 84.98%
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