Integrazione di NGS e OGM per migliorare la
caratterizzazione genomica della LLA-B
BCR::ABL1 negativa nell’adulto
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ICC 2022 and WHO-HAEMS5: Toward a Genetlcally Driven CIassnflcatlon of B-ALL

Conventional technologies

G-banding (Chromosomal Karyotype)
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FISH (Fluorescent Probe Signals)

CMA (Microarray Heatmap)
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Adapted from Duffield, A.S. et al. Virchows Arch (2023).
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75-80% of adult cases are BCR::ABL1
negative

Molecular technologies
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Promising novel approach

Optical Genome Mapping (OGM)
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Study design

Retrospective analysis of 76 BCR::ABL1-negative B-ALL
adult patients (=18 years)

Diagnosed between 2009 and 2025
42 patients from ASST Papa Giovanni XXIIl, Bergamo

34 patients from Azienda Ospedaliero-Universitaria
Policlinico, Modena

Isolated RNA (-80 °C) and cryopreserved MNCs for
targeted RNA sequencing and OGM, respectively

Objective

Patient details

PARAMETER

PATIENTS

Integration of NGS and OGM to improve genomic
characterization of adult BCR::ABL1-negative B-ALL

Gender (n=76)

Male 39 (51%)
Female 37 (49%)

Age (n=76)

46 (IQR 27-64)

ECOG performance status (n=69)

Comorbidites (n=68)

Hypertension
Cardiac disease
Hepatic disease

Renal disease

42 (60.9%)
22 (31.9%)
4 (5.8%)
1(1.4%)

12 (18%)
6 (8.8%)
5 (7.4%)
4 (5.9%)

Hematologic parameters (n=72)

Bone marrow blasts
PB Blasts

WBC (x10°/L)
Hemoglobin (g/dL)
Platelets (x10°%/L)

CNS involvement (n=72)

90% (IQR 80-90%)
62% (1QR 23-80%)
8.7 (IQR 4.0-28.9)
10.5 (IQR 8.15-12.2)
66.5 (IQR 30.8-126.8)
2 (2.8%)
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Methods: targeted RNA-sequencing

ArcherDx® FusionPlex® Acute Lymphoblastic Leukemia
(ALL) panel

81 genes associated with ALL
Detection of sequence variants (SNVs & indels)
Detection of fusion genes with known/unknown partners

Anchored Multiplex PCR (AMP ™)-based library
preparation

Target gene Fusion partner
RNA T /A NAA

1. Reverse transcription,
cDNA synthesis
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2. End repair, phosphorylation
and dA-tailing
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l 3. MBC adapter ligation
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rcodeq Adapge, 5. Target-specific PCR2
w \ 4

Universal Primer
6. Sequencing-ready library

A 4

Target gene Unknown partner

From Zhu, G. et al.. Mod Pathol. (2019)
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Optical Genome Isolate Apply Transfer Labeled DNA

. Ultra-long DNA Label Pattern into Sapnyr Chip
Mapping

]
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High-throughput, High-resolution Imaging of Ultra-Long DNA Molecules

Load DNA in Nanochannels, Extract Digital Molecules Align Molecule Patterns to Reference Genome Aneuploidies
Image & Repeat from Images and ldentify Structural Varlants
- Insertions
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Adapted from Sahajpal NS, et al. Genes. (2021)
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Alterations identified by RNA sequencing * I "" I I I Aterations
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Alterations identified by RNA sequencing Aterations
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Added value of OGM compared with other methods

* 32cases analysed
P 66
Gains or losses

* Bionano Access Vv.1.8 software

Structural rearrangement I —— 3 *  30/32 patients with LP/P alterations
(93.8% positive yield )
Em OGM . . —
Aneuploidy Jemmt T o CBALFISH *  Median alterations per patient: 4
Bmm RNA-seq * Concordance with CBA/FISH= 88.9%

—— 8
Genomic complexity

6
Hyperdiploidy / Hypodiploidy =

. 6 CRLF2::IGH and ZNF384-rearrangements missed by RNA-seq
Fusion genes : »  KLF2:EPS15L1 intrachromosomal deletion missed by OGM

Sequence variants — 24
0 10 20 30 40 50 60 70 80
Number of alterations detected
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Improved B-ALL characterization by mtegrated genomic proflllng

Standard cytogenetic techniques Integrated cytogenomic analysis OGM+RNA-seq
CBA+FISH

t(1;19)(q23.3;p13.3)/TCF3::PBX1 (n=1)
KMT2A rearranged (n=6)

ZNF384 rearrangement (n=4)

t(1;19)(q23.3;p13.3)/TCF3::PBX1 (n=1) mom=m
ZNF384 rearrangement (n=1) ===
Low hypodiploid (n=1) ==

KMT2A rearranged (n=5) I:I

Hyperdiploid (n=7) .

B-ALL, NOS (complex karyotype) (n=7) .

PAX5-alterated (n=5)
Mutated RUNX1 (n=3)
Mutated PAX5 P8OR (n=4)
Low hypodiploid (n=3)

Hyperdiploid (n=8)

CDX2/UBTF (n=1)

BCR::ABL1-like (n=10)

B-ALL, NOS (complex karyotype) (n=5)

B-ALL, NOS (IGH-rearranged) (n=4)
B-ALL, NOS (FLT3 mutation) (n=3)

B-ALL, NOS (n=51)
69.9%

ICNEImIOIeE

B-ALL, NOS (n=16)
21.9%
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Improved B-ALL Classification by mtegrated genomlc proflllng

Standard cytogenetic techniques Integrated cytogenomic analysis OGM+RNA-seq
CBA+FISH

t(1;19)(q23.3;p13.3)/TCF3::PBX1 (n=1)
KMT2A rearranged (n=6)

ZNF384 rearrangement (n=4)
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ZNF384 rearrangement (n=1) ===
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Hyperdiploid (n=7) .

B-ALL, NOS (complex karyotype) (n=7) .

PAX5-alterated (n=5)
Mutated RUNX1 (n=3)
Mutated PAX5 P80OR (n=4)
Low hypodiploid (n=3)

Hyperdiploid (n=8)

CDX2/UBTF (n=1)

BCR::ABL1-like (n=10)

B-ALL, NOS (complex karyotype) (n=5)

B-ALL, NOS (IGH-rearranged) (n=4)
B-ALL, NOS (FLT3 mutation) (n=3)

B-ALL, NOS (n=51)
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B-ALL, NOS (n=16)
21.9%
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Structural variant with enhancer huacklng CDX2/UBTF

BE-30 O R v g g g T g * (1-2%) of B-ALL, higher in AYAs and females
o s - * CDX2 up-regulation
* Poor prognosis Kimura et al. 2022
s coX2 Enhancer hijacking
chr13 »*° o ot
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57kb deletion involving FLT3 / -
1 TS T T TN
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‘0 32IM GlIM QGIM |2‘0M |6IM 182M 22’4M ZSISM 23I8M :lZ:M 35‘2M 38I4M MISM &‘BN
—— EEE——
sv
UBTF ::ATXN7L3
ATXN7L3 UBTF < --
hg38 Genes
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BE-24
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Chromoanagenesis events
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Clustered gains and losses with
structural variants in one/few
chromosomes:

Chromoanasynthesis-like pattern
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Clustered losses with structural
variants in one/few chromosomes

Chromothripsis-like pattern
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Chained translocations involving
different chromosomes with related
gains and losses

Chromoplexy-like pattern
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Conclusions:

-> OGM: High concordance with conventional cytogenetics and detection of additional
structural alterations

-> RNA-sequencing: Relevant information on pathogenic sequence variants and gene fusions with

multiple partners

-> Integration of OGM and RNA-seq: Enhances genetic characterization of clinically relevant, rare,
and cryptic alterations in adult BCR::ABL1-negative ALL patients
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