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Milestones in B-ALL molecular characterization

FIRST PHENOCOPIE

MRD Detection by NGS
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New molecular biomarker [3s]
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0, (e2-e5) is related with poor
" outcome.
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& ARIDSB (rs10821936) and IKZF1 (rs4132601)
CDKN2A (9p21.3) LOH at remission and are related with B-ALL predisposition.

. relapse. Treatment failure association Genes such as MTHFR SNPs are related SNP arrays aCGH @ DNA-seq RNA-seq
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GEP array @ FISH WES WGS @
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Ramirez Maldonado V, Cancers 2024
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How ‘omics’ have contributed to refine the molecular
subclassification of B-ALL over the past 2 decades

2008 2016

Table 1. (continued)

Table 2. WHO classification of myeloid neoplasms and acute

leukemia (continued) WHO myeloid neoplasm and acute leukemia classification
Acute leukemias of ambiguous lineage Blastic plasmacytoid dendritic cell neoplasm
Acute undifferentiated leukemia Acute leukemias of ambiguous lineage
Mixed phenotype acute leukemia with 1(9;22)(q34;q11.2); BCR-ABL1 Acute undifferentiated leukemia
Mixed phenotype acute leukemia with t(v;11q23); MLL rearranged Mixed phenotype acute leukemia (MPAL) with 1(9;22)(q34.1;911.2); BCR-ABL1
Mixed phenotype acute leukemia, B-myeloid, NOS MPAL with t(v;11923.3); KMT2A rearranged
Mixed phenotype acute leukemia, T-myeloid, NOS MPAL, B/myeloid, NOS
Provisional entity: natural killer (NK) cell lymphoblastic leukemia/lymphoma MPAL, T/myeloid, NOS
B lymphoblastic leukemia/lymphoma B-lymphoblastic leukemia/lymphoma
B lymphoblastic leukemia/lymphoma, NOS B-lymphoblastic leukemia/lymphoma, NOS

B-lymphoblastic leukemia/lymphoma with recurrent genetic abnormalities

B-lymphoblastic leukemia/lymphoma with t(9;22)(q34.1;q11.2);BCR-ABL1

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

B-lymphoblastic leukemia/lymphoma with t(12;21)(p13.2;922.1); ETV6-RUNX1

B-lymphoblastic leukemia/lymphoma with hyperdiploidy

B-lymphoblastic leukemia/lymphoma with hypodiploidy

B-lymphoblastic leukemia/lymphoma with t(5;14)(q31.1;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 iIAMP21
T-lymphoblastic leukemia/lymphoma

Provisional entity: Early T-cell precursor lymphoblastic leukemia
Provisional entity: Natural killer (NK) cell lymphoblastic leukemia/lymphoma

B lymphoblastic leukemia/lymphoma with recurrent genetic abnormalities
B lymphoblastic leukemia/lymphoma with t(9;22)(q34;911.2);BCR-ABL 1
B lymphoblastic leukemia/lymphoma with t(v;11923);MLL rearranged
B lymphoblastic leukemia/lymphoma with t(12;21)(p13;922) TEL-AML1
(ETV6-RUNXT)
B lymphoblastic leukemia/lymphoma with hyperdiploidy
B lymphoblastic leukemia/lymphoma with hypodiploidy
B lymphoblastic leukemia/lymphoma with t(5;14)(q31;932) IL3-IGH
B lymphoblastic leukemia/lymphoma with t(1;19)(q23;p13.3); TCF3-PBX1
T lymphoblastic leukemia/lymphoma

Vardiman JW et al Blood 2009

Arber D et al Blood 2016
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How ‘omics’ have contributed to refine the molecular

subclassification of B-ALL over the past 2 decades

International Consensus Classification (ICC) of B-ALL

2022

Provisional entities:

B-ALL, ETV6::RUNX1-like

B-ALL, with PAX5 alteration

B-ALL, with mutated ZEB2 / IGH::CEBPE
B-ALL, ZNF384 rearranged-like

B-ALL, KMT2A rearranged-like

B-ALL, NOS

B-ALL with recurrent genetic abnormalities
B-ALL with t(9;22)(q34.1;q11.2)/BCR::ABL1
with lymphoid only involvement
with multilineage involvement
B-ALL with t(v;11923.3)/KMT2A rearranged
B-ALL with t(12;21)(p13.2;922.1)/ETV6::RUNX1
B-ALL, hyperdiploid
B-ALL, low hypodiploid
B-ALL, near haploid
B-ALL with t(5;14)(9q31.1;932.3)/IL3::IGH
B-ALL with t(1;19)(q23.3;p13.3)/TCF3::PBX1
B-ALL, BCR::ABL1-like, ABL-1 class rearranged
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-ALL with mutated PAX5 P80OR

Arber D et al Blood 2022
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WHO classification, 5t edition

B-ALL, NOS
B-ALL with BCR::ABL1

B-ALL with KMT2A rearrangement
B-ALL with ETV6::RUNX1

B-ALL with ETV6::RUNX1-like features
B-ALL, hyperdiploid

B-ALL, hypodiploid

B-ALL with IL3::IGH

B-ALL with TCF3::PBX1

B-ALL with BCR::ABL1-like features

B-ALL with iAMP21

B-ALL with HLF rearrangement

B-ALL with other defined genetic abnormalities

Alaggio R et al Leukemia 2022
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Role of genetic alterations in the pathogenesis of B-ALL

LESION GENERATION
INITIATION Aberrant RAG activity
Initiating lesion
(e.g. ETV6-RUNX1
TCF3-PBX1 DEVELOPMENTAL ARREST
MLL rearrangement) Alterations in B-cell
Confers self renewal transcription factor genes
l PAXS, IKZF1 EBF1
’ ‘
HSC/ T pro- / pre-B Mature
'Ymph‘?g PREDISPOSITION  °ell B cell
Progenitor inherited variants COOPERATING EVENTS
;%,[I;;ZBFZDCESZE « Cell cycle / tumor suppressors (CDKN2A/B (INK4/ARF), TP53, RB1)
? « Cytokine receptor / kinases (CRLF2, JAK1/2, ABL1, PDGFRB)

« Ras signaling (NRAS, KRAS, NF1, PTPN11)

« Lymphoid signaling (BTLA, TOX, CD200)

« Transcription factors, co-regulators, coactivators
« Mutations in epigenetic regulators (CREBBP)

* Other

Selective pressure
(chemotherapy)
T >
Genetic alterations that
confer resistance to therapy ALL

(subclonal at diagnosis, or acquired)
DIAGNOSIS e.g. IKZF1, CREBBF, TP53 RELAPSE

Mullighan C, Hematology (ASH Annual Meeting Proceedings) 2012
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Subtype-defining lesions
primarily drive aberrant
transcriptional programs

e

Secondary alterations
CNAs and point mutations affecting B-lymphoid
factors (eg, IKZF1, PAX5, and EBF1), cell cycle
regulators (eg, CDKN2A and TP53), cell signaling
pathways (eg, NRAS, KRAS, FLT3, and JAK2), and
epigenetic factors (eg, CREBBP, SETD2, and KMT2D)

Maturation arrest

( Venezia | 20 novembre 2025 )
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B-ALL genomic subtyping

t-distributed stochastic neighbor embedding (t-SNE) of 2,041 B-ALL transcriptomes . .
. » > 20 B-ALL subtypes by gene expression profiles (WTS),
¢ cpsa%
o B L. o each defined by a specific driver lesion
, KMT2A-like A% ces'sy’ TCF3:PBX1 DUX4 y P
L '.“*u L
* it * NUTM1 Low hypodiploid CDX2/UBTF - . o . . .
* “we. o « Striking diversity in underlying driver alterations
& ‘0‘0'*" e
A Tl § = Other
°ee oo ZNF384-like 5 mPh-like
R ‘.’.-~.,BCR:':'ABL1 90% o mBCRABLY
- wed . mBCL2/MYC
PAX5 PBOR  FSiFivh &yr 5T :-'.“g: KA _ 505 £ |u CRLF2 non-Ph-lke
M . 853 eestu 0 ,""*s“..%x'. . ® Near haploid ° m CDX2/UBTF
\!&‘. LR ?:'&F?’,'::" N e tat me B = ZEB2/CEBPE
o W s ) 'C:':; p ) ':.... : -.‘ 3.; % 70% S W IKZF1 N159Y
® 3 °% o v, ° 2% ° 2
CRLF2 non fk'o\'!'f:i{:“;‘- KA T 2% 1 S DA EoR
BCR:ABLI-like  RSIIYL," o 00 %oy ;:‘,‘_g\ - 60% S lm NUTM1
BCR::ABL1-like Wit "o aw -‘3&«;1"' g 8 \wHLF
AMP21 TR TVl S Apns ¢ 50% S |"MEF2D
A N} + /13 2 [mZNF384-like
: & = ZNF384
. o 40% 2
High hyperdiploid S mDUX4
= im TCF3::PBX1
30% u KMT2A-like
. 'mKMT2A
X . 0% ETV6::RUNX1-like
. ° ETV6::RUNX1
X & im Near haploid
10% Z‘g ® Low hypodiploid
2 ImiAMP21
0% é Low hyperdiploid
Children AYA Adult < (= High hyperdiploid

Gu Z et al. Nat Genet 2019; Kimura et al Blood 2022; Arber D et al Blood 2022; Duncavage E et al Blood 2022; Alaggio R et al Leukemia 2022; Brady S et al. Nat Genet 2022; lacobucci | et al. J Clin Med. 2021
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B-ALL genomic subtyping

t-distributed stochastic neighbor embedding (t-SNE) of 2,041 B-ALL transcriptomes

QY7 V1)
ho

. KMT2A-like o "' TCF3:PBX1 * bux4 = Aneuploidies
I NUTM;,. Louypodpad  COC/VETE = Chimeric fusion oncoproteins and
" oty 3 cryptic rearrangements
.°'2: . :.".'.-.:\ ‘BCR ABU ZNF384-like u PhenOCOpieS

PAX5 PBOR <5 -::‘._-‘“.:. - "'f{& e oo ook - BCR::ABL1-like
LR i ...3: i - ETV6:RUNX1-like
géaiigs:-..kﬁ'::-i;f}ii?:’f‘- N i ~:g; - ZNF384-like
BCR:ABL1-like x> s'-’."o... : ’%}:f - KMT2A-like
2 ’ng’h s = Point mutations
- IKZF1 N159Y

- PAX5 P8OR

Gu Z et al. Nat Genet 2019; Kimura et al Blood 2022; Arber D et al Blood 2022; Duncavage E et al Blood 2022; Alaggio R et al Leukemia 2022; Brady S et al. Nat Genet 2022; lacobucci | et al. J Clin Med. 2021
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New insights into historical cytogenetic subtypes: aneuploidy

t-distributed stochastic neighbor embedding (t-SNE) of 2,041 B-ALL transcriptomes = Aneuploidy
IAMP21
High hyperdiploid (51-67 chrs)
, "*:;? Near haploid (24-31 chrs)
.,.;.s_y,-,;:_"-‘ Low hypodiploid (32-39 chrs)
40% m Near haploid
_ m Low hypodiploid
° Near haploid 30% = iAMP21
- .\~‘; .-:,.. % - Low hyperdiploid
ool .{.‘-4,}(,: 2a 0% = High hyperdiploid
s '. o oo .c";:. ‘.':'0‘ ‘.‘.go
'.‘: L LK .;‘.:a“*.. > ‘ 0 10%
IAMP21 « ety ° & 2
‘r . “M}‘l‘ 0%
ngh hyperdlpI0|d Children Adult
High hyperdiploid — Favorable prognosis
o Low hypodiploid — Dismal prognosis
. = TP53 biallelic alterations, typically consisting of 1 mutation and
1 copy loss related to monosomy 17, are the hallmark of low
hypodiploidy

" in adults with LH-ALL, TP53 mutations are somatic and thought
to originate from age-related CH

Gu Z et al. Nat Genet 2019; Kim R, Blood Cancer Discov 2023; Kitadze G, Blood 2023; Saygin C, Blood Cancer Discov 2024
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https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/monosomy

New insights into historical cytogenetic subtypes: Ph+ ALL

(%)

= |ncidence increasing with age, reaching up to half of B-ALL in individuals aged
>55 years

75 A

iAMP21

M MYC/BCL2

W CDX2/UBTF

W PAX5alt
PAXS P80R

W CEBP/ZEB2
DUX4-r

W ZNF384-r

W TCF3:PBX1
ETV6::RUNX1

M High hyperdiploidy
Low hypodiploidy

50

=  Comutations: IKZF1 intragenic deletions, monosomy 7, CDKN2A and PAX5
deletions, HBS1L deletions

25 A

= |karos+ pattern: IKZF1 deletion + PAX5 or CDKN2A/B deletion; confers dismal
outcome o]

100

KMT2A-r

=  Most common genetic subtype of B-ALL in adults

S IDH1/2

- IKZF1 N159Y
[ . NUTM1-r

15-24 25-39 40-54 >55  (y.0.)

W TCF3:HLF

160 5 IKZF1 isoform

== Dominant negative (n=29) A B

— Haploinsufficient (n=56) 100% 100%
78 | s ~— Miscellaneous (n=11) Ij

= WT(n=20) 86.4% (95% CI:73.1-100)

1 82.3% (95% C1:67.9-99.8) pp—————

50 ] l,.._,_,_,,_._,

Near haploidy
‘—v~—| 75% 74% (95% Cl:52.2-100) 75%

85.7% (95% C1:69.2-100)

= MEF2D-r

DFS probability (%)
0S probability (%)

2 2
p=0.039 p=0.166 2 § !
r 3 | m 1 49.9% (95% C1:26.2-94.9)
9/ a2
e o0 7z s+« s 108 120 B 4B A 8 ah @ ¥E BF W8, M08 g‘ 50% 1 45.5% (95% C1:23.8-86.8) S 50% H
T a
Months from CR Months [ »
e
C D 8 e

°
° 1z 2 e

- ., g D |
= AIKZFZ-only (nws3) = Alart-anly{me3) 2 } No IKZF1 = | No IKZF1
L AIKZFL+ COKN2A and Jor PAXS (n=d4) — AIKZF1 CDKN2A and for PAXS (n=44) - -

75 75 p=0.029 ' IKZF1 only p=0.094 i IKZF1 only

; I = IKZF1plus | = IKZF1 plus
P S T, e 0 ‘\—\__L‘ 0% . 0% .

0 12 24 36 48 60 72 0 12 24 36 48 60 72
Months from EOI Months

- | 25 24 18 17 13 1 0 - 25 25 21 18 16 3 0

p=0.026 p=0.02 13 12 9 7 3 0 0 14 13 1" 8 6 1 0
- 1 7 6 5 4 3 0 -1 9 7 6 4 3 0

DFS probability (%)
S probability (%)

° 0 72 8 s 108 120 © 12 24 3 48 60 72 84 9 w08 120
Months from CR o 0 12 24 36 48 60 72 0 12 24 36 48 60 72

Fedullo C, Haematologica 2019; Foa R J Clin Oncol 2023; Passet M, Kim R and Clappier E, Blood 2025
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‘Multilineage’ or 'CML-like’ Ph+ ALL

. . . ) : A B
= Multilineage involvement (‘CML-LIKE’) vs lymphoid , : — :
. lvement (’TYPlCAL ALL’) Typical B-ALL B-ALL with multilineage involvement
Invo Low hypodiploid ALL Ph+ ALL
= Accounts for 32% to 37% of patients with de novo Ph + ALL . ? rm—— @BCR”ABL”"“"
= Patients with multilineage BCR::ABL1 B-ALL are commonly | |
older with higher white blood cell count, neutrophil, and v W v v
immature myeloid cell counts o D, @ carmmmgments @
eloi LymphAoid Myeloid kﬁmg:iici)drs
= Patients with multilineage BCR::ABL1 B-ALL often e o ol f progenitord | progentors V/ prog
experience lineage switch following CD19-targeted l l g
immunotherapy N ,:j ’*’53
=  MRD monitoring using immunoglobulin or T-cell receptor & ¢ @e
(IG/TR) genes rearrangements, rather than BCR::ABL1 L ymphooytes | | 0 RCr e monesmd
quantification, better reflects the residual lymphoblast mene s mature cells carrying the driver lesion

bu rd e n a n d m O re accu rate Iy p red iCtS O utcom eS * First genomic lesion 5:,'3 Secondary genomic lesions \\(’ IG/TR gene rearrangements \)r/ B-cell receptors

Hovorkova L, Blood 2017; Zuna J, Leukemia 2022; Short NJ, Am J Hematol 2023; Kim R, J Clin Oncol
2024; Passet M, Kim R and Clappier E, Blood 2025
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Molecular subtyping of Ph+ ALL

Molecular subtypes

Gene expression BCR::ABLT+ ALL lymphoid-only
multilineage ©
BCR::ABL1 @ HBS1L del
monosomy 7 @ @
© © BCR::ABL1
° @ R @IKZH del .

< 7 CDKN2A del

S| S PAX5 del
other KZF1 . .
B-ALL 2A/P,

° ° 1 - e Myeloid cells
Myeloid cells UMAP 1
Distinct diagnostic entities within BCR::ABL1-positive acute lymphoblastic leukemia (ALL)

Clinical Qutcome are currently defined by the International Consensus Classification of myeloid neoplasms

% g 107 \ELEEQ perdipiod, 3y ¢ :::;I:‘I;lll::;;a_g:;;xs and acute leukemias (ICC): “lymphoid only”, with BCR::ABL1 observed exclusively in

g g 081 e b ikl adin BCR::ABL1 involvement | lymphatic precursors, vs “multilineage”, where BCR::ABL1 is also present in other hemato-

% % 0.6 Rl s OFS 75%a13%, e 13 and diSti']‘t poietic lineages. Here, we analyzed transcriptomes of 327 BCR::ABL 1-positive patients with

g 04 PNESEESESaE. g 04 O v R Z:::::‘?::Z:::"ts ALL (age, 2-84 years; median, 46 years) and identified 2 main gene expression clusters

Z 02 Z 02 expression in reproducible across 4 independent patient cohorts. Fluorescence in situ hybridization anal-

§ - p=53 g —_— P=.03 BCR::ABL1-positive ysis of fluorescence-activated cell-sorted hematopoietic compartments showed distinct

= 0 2 3 A s = 0 2 % 5 8 ALL BCR::ABL1 involvement in myeloid cells for these clusters (n = 18/18 vs n = 3/16 patients;

Timenyears Time Inyeats © Outcome with recent P < .001), indicating that a muktilineage or lymphoid BCR::ABL1 subtype can be inferred

Bastian L, Blood 2024 GMALL protocols is from gene expression. Further subclusters grouped samples according to cooperating

similar for BCR::ABL1 genomic events (multilineage: HBSTL deletion or monosomy 7; lymphoid: IKZF1~ or
lineage clusters, but

inferior for an IKZF1'- CDKN2A/PAXS5 deletions/hyperdiploidy). A novel HSB1L transcript was highly specific for
enriched “lymphoid” BCR::ABL1 multilineage cases independent of HBS1L genomic aberrations. Treatment on
subcluster. ) current German Multicenter Study Group for Adult ALL (GMALL) protocols resulted in
comparable disease-free survival (DFS) for multilineage vs lymphoid cluster patients (3-year
DFS: 70% vs 61%; P = .530; n = 91). However, the IKZF1"" enriched lymphoid subcluster was associated with inferior DFS,
whereas hyperdiploid cases showed a superior outcome. Thus, gene expression clusters define underlying develop-
mental trajectories and distinct patterns of cooperating events in BCR::ABL1-positive ALL with prognostic relevance.

‘ MEDICINA DI PRECISIONE NELLE

LEUCEMIE ACUTE LINFOBLASTICHE (LAL):

dove siamo e dove stiamo andando? Ospedale SS. Giovanni & Paolo




Other chimeric fusion oncoproteins and cryptic rearrangements

FONE 02,041 B-ALL franscriptomes ., B-ALL with t(v;11¢23.3)/KMT2A-Rearrangements
KMT2A“ MEF2D gg W‘
S, ¥ TCF3:PBX1 * bux4 " 5% to 10% of adult BCP-ALL
Al NUT'!'J.,. = Historically dismal outcomes in infants and adults
. = display lineage ambiguity and retain myeloid potential
. B BeR-ABLA = prognostic importance of specific comutations, namely TP53
i °-"~3:':.'-.‘.‘:*:':.g§’;?"§5§ point mutations and IKZF1 deletions, as well as
Ry ": R '.:"':"".',,4’.,-,'.. : postinduction MRD, enabling the identification of distinct
CRLF2 non fbr-"'s Ry T i KMT2A-r ALL subgroups with varying outcomes
BCR-ABLI-ike - A&smss © o .l i
BCR: ABL1 I|ke \... .:.::' Fo 3-():(Ie;r 3|-3y:sar 3-éesar
’ KMT2A ALL Q Diagnosis %% 7%  92.9% 92.9%
i @fé’;;”;ﬁzzzzi:f DF
? w? Prognost|cat|on . ik 1% so
= o MRDEOSIYIVIty
Thret MR @6

Response
assessment > o0 0 0 o 89% 11.1% 11.1%

Kim R, Blood 2023
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Other chimeric fusion oncoproteins and cryptic rearrangements

t-SNE of 2,041 B-ALL transcriptomes

29
KMT2A Nﬁ‘@““.‘
, 3g‘"TCFa ‘PBX1 *

sty > DUX4 = B-ALL with t(12;21)(p13.2;922.1)/ETV6::RUNX1
gt ¥ NuTMT = B-ALL with t(1;19)(q23;913)/TCF3::PBX1
: . = B-ALL with t(5;14)(q31.1;932.3)/IL3::IGH
7, . .-.: .BCR ABL1 " ZNF334-r
IR o 1 X . -
.' w%‘%?’ . MEF20
CRLF2 non J'&.a,\‘-*' ;: “‘{_“‘ : ool ’ = NUTM1-r
BCRABL1-like *4& : :
BCR:ABL 1-like *¥: . A = MYC-r
- " = CDX2/UBTF
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PAN3/CDX2, UBTF::ATXN7L3 (‘CDX2/UBTF’) B-ALL: enhancer hijacking

1. CDX2 Deregulation

Chr 13
v
O
; ++URAD PAN3 4ttt
iH —HH-—#H-+——— FLT3
CDX2
Allele frequency (%)
r . 0 50 100
“NLRRC4C CDX2 [ FE T A |
250 e s "
200 (1 X ] A B
g NTRK3 ° Ll
O 150 | ° L
Q & ! . .
wn 2 . ®oc® Am
<' 2100 \ \PREXZ
! CDH7
2 MME(CD10) pony ° ‘.
o 50 - e ®0 L]
SN A e DNA . Am
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* Focal deletion at chr 13912.2 including the PAN3
gene and the promoter region and exon 1 of FLT3

* Low FLT3 expression

* CDX2 upregulation

Kimura et al Blood 2022; Bastian et al. Leukemia 2022; Passet et al. Blood 2022
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Chromatin looping between the enhancer in PAN3 and CDX2
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PAN3/CDX2, UBTF::ATXN7L3 (‘CDX2/UBTF) B-ALL: enhancer hijacking
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* Focal deletion at chr 13g12.2 including the

promoter region and exon 1 of FLT3

 Low FLT3 expression
« CDX2 upregulation (homeobox gene)

Kimura et al Blood 2022; Bastian et al. Leukemia 2022; Passet et al. Blood 2022

= \ery poor response to treatment
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WGS

RNA-seq

2. UBTF::ATXN7L3

ATXN7L3 UBTF

100 200 300 400 500 600 700 800 900 1000

B 2 B s 1 1
i S B N [ 1
ATXN7L3 5UTR  ATXN7L3 (Exon 1-12)

UBTF (Exon 1-17)

>CCRPLCYE Q‘l RR\HKS\ ]MKM\ l MSI S GLD
GTT AL GCC GTGTT GCC GCC CGC T6TGCTATGAG (GCGCC T CT CCACAA GAGTTT To TSI GTCT6GCC TGOAT

\

I e

m \ I, ‘ f |
il o U e il M
WY M‘M. w\‘m\w “‘ 3" \‘M Mﬁ‘ “ el

i
Ty ”\\ i
H“““‘ M‘\“\ MH‘\ ‘ Wl I

* Focal deletion at chr 17921.3
e Chimeric fusion UBTF::ATXN7L3

* UBTF: ribosomal DNA transcription;
ATXNT7L3 transcriptional regulator

( Venezia | 20 novembre 2025 )

Distinct pattern of additional alterations, including 1q duplications and CXCR4 mutations
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Phenocopies: Ph-like ALL

EPO

= Similar gene expression profile of BCR::ABL1 ALL but
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Modified from lacobucci |, Mullighan CG. JCO 2017; Mullighan NEJM 2009; Den Boer ML, et al. Lancet Oncol 2009; Roberts Cancer Cell 2012; Roberts NEJM 2014; lacobucci Cancer Cell 2016; Roberts JCO 2017; lacobucci Genes 2021
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Phenocopies: Ph-like ALL

JAK-STAT pathway
alterations

® P2RY8::CRLF2

® IGH::CRLF2

* CRLF2 F232C

* JAK-STAT pathway
mutations/indels
o JAK1, JAK2, JAK3
o IL7R
o SH2B3
o IL2RB

* JAK2 fusions
* EPOR fusions

T

JAK inhibitors

Tran TH and Tasian SK, Blood 2025
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Ph-like ALL
\4

ABL-class
alterations

* ABL1 fusions

* ABL2 fusions

* CSF1R fusions

* PDGFRA fusions
* PDGFRB fusions
* GATA2D::.LYN

* G3BP2:KIT

T

ABL inhibitors

10-15%

Other alterations

y

Rare kinase
fusions

l

* NTRK3 fusions
* DGKH fusions
* PTK2B fusions

T

Specific kinase
inhibitors
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Ras pathway
mutations

® FLT3

* NRAS

* KRAS

* BRAF

* PTPN11
* NF1

T

FLT3 inhibitors
MEK inhibitors




Diagnostics of Ph-like ALL
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Risk stratification of B-ALL
FAVORABLE INTERMEDIATE
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Courtesy of llaria lacobucci
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Conclusions

= Bulk WTS and WGS and, lately, single cell
(proteo)genomics approaches have greatly advanced
our undestanding of the molecular heterogeneity of B- =
ALL, providing key information regarding pathogenesis, P
prognosis, susceptibility to therapeutic targeting, '
mechanisms of therapeutic escape

W PAXS5alt
W TCF3:PBX1

= This has transformed the classification and will
transform the management of B-ALL, underscoring the
integral role of molecular profiling

W CEBP/ZEB2

Il CDX2/UBTF

W MYC/BCL2
IDH1

2
ETV6:RUNX1
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= Due to the heterogeneous genomic landscape of ALL, Passet M, Kim R and Clappior E, Blood 2025
genome-wide sequencing, either as WTS, WGS or both,
is optimal to identify all alterations with diagnostic and
prognostic significance at once
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