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Acute lymphoblastic leukemia
◦ Pediatric ALL

◦ Most common childhood malignancy: 25% of all cancer diagnoses

◦ ~3000 cases annually

◦ Approximately 85% B-ALL and 15% T-ALL

◦ Adult ALL

◦ Less common cancer type

◦ Slightly less than 3000 cases annually

◦ <1% of all adult cancer diagnoses

◦ Approximately 75% B-ALL and 25% T-ALL



History
Treatment for pediatric ALL is a success story of 
modern oncology

◦ 1950s: fatal

◦ Today: ~90% survival for children

◦ While overall survival has improved, ALL is still one of the 
leading causes of cancer deaths in children

Adult survival has also improved

◦ ~40-50% survival for adults (age dependent)

◦ AYA patients benefit from pediatric-inspired regimens

Progress through improved understanding of 
ALL biology

◦ Advances in diagnosis, prognosis and therapy

Outcome improvement in pediatric 
lymphoblastic leukemia

Inaba H, Mullighan CG. Haematologica. 2020 Nov 1;105(11):2524-2539.

Combination chemotherapy

CNS directed therapy

Risk-adapted therapy

Intensification and increased duration



What does “targetable” mean?

• Diagnosis

• Prognosis

• Therapy
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Diagnosis

DRAFT



Classification of acute leukemias is 
increasingly complex

• French-American-British classification of 1976 

• Morphology

• Cytochemistry

• WHO classifications of 2001 and 2008 

• Morphology 

• Clinical features 

• Immunophenotype

• Genetics

•2016 revision of WHO classification

• Includes substantial new genetic knowledge

2016 WHO classification of ALL
13 subtypes of lymphoblastic leukemia, 
including

◦ 10 types of B-ALL, including 2 new provisional 
subtypes

◦ B-ALL, BCR-ABL1-like

◦ B-ALL with iAMP21

◦ 1 new provisional subtype of T-ALL

◦ Early T-cell precursor lymphoblastic leukemia

◦ New provisional entity of NK cell lymphoblastic 
leukemia

9 subtypes, all B-ALL, include specific 
genetic alterations

Arber DA et al. Blood. 2016 May 19;127(20):2391-405.
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1988 cases; 23 subtypes

1223 cases; 14 subtypesLi JF, et al. Proc Natl Acad Sci U S A. 2018 Dec 11;115(50):E11711-E11720.

Gu Z, et al. Nat Genet. 2019 Feb;51(2):296-307.



Recently described ALL rearrangements
DUX4 rearranged

◦ Often IGH-DUX4 rearrangement

◦ Loss of ERG function, either via deletion or expression of dominant negative isoform

◦ Patients seem to do well with standard therapy despite frequent IKZF1 deletions

MEF2D rearranged

ZNF384 rearranged

Two PAX5-related groups:
◦ PAX5 p.Pro80Arg, typically with loss-of-function of the other allele

◦ PAX5-altered, with rearrangements, other sequence mutations, or focal intragenic 
amplifications

BCR-ABL1-like
◦ Multiple subcategories

MYC/BCL2/BCL6 rearranged

NUTM1 rearranged

Prognosis
Fusion identification can be used for risk-adapted therapy in ALL



Gu Z, et al. Nat Genet. 2019 Feb;51(2):296-307.Paietta E, et al. Blood 2021 Apr 25;blood.2020010144.

Adult BCR-ABL1-negative B-ALL Pediatric B-ALL

Inaba H, Mullighan CG. Haematologica. 2020 Nov 1;105(11):2524-2539.



BCR-ABL1-like (Ph-like) B-ALL

•Defined by expression pattern similar to BCR-ABL1 rearranged B-ALL, but 
without BCR-ABL1 rearrangement

• Originally described in 2009

•Approximately 15% childhood B-ALL overall, with increasing incidence by age

• From 10% (standard risk children) to ~20% (adolescents) to ~25% (young adults)

•Approximately 20% of adult B-ALL

BCR-ABL1-like B-ALL: biology
Activation of kinase signaling pathways via many different alterations

ABL1-class rearrangements

◦ ~15-20% BCR-ABL1-like

◦ Rearrangements of ABL1, ABL2, CSF1R, PDGFRB (“ABL1-class”)

◦ Diverse partners with common result of kinase signaling activation

CRLF2 rearrangements leading to CRLF2 overexpression

◦ ~50% of BCR-ABL1-like

◦ Cytokine receptor-like factor 2 located in pseudo-autosomal region of the X and Y chromosomes

◦ Rearrangement with IGH (chromosome 14) or P2RY8 (Xp22/Yp11)

◦ Many of these cases also have activating alterations in the JAK/STAT pathway, particularly JAK2 
point mutations

Activating rearrangements of JAK2 or EPOR

◦ ~10-15% BCR-ABL1-like

◦ Diverse partners with common result of signaling pathway activation



BCR-ABL1-like B-ALL pathways

Mullighan CG. Best Pract Res Clin Haematol. 2019 Dec;32(4):101095.

BCR-ABL1-like B-ALL: biology/therapy

Tasian SK et al. Blood. 2017 Nov 9;130(19):2064-2072.

ABL-class fusions

JAK/STAT 
activating fusions



Therapy: targetable fusions

DRAFT

B-ALL with BCR-ABL1 (Ph+)
Investigation of imatinib in Ph+ B-ALL began shortly after its activity was shown in CML

Unlike CML, monotherapy with imatinib was only transiently effective in ALL

 investigation of imatinib with combination chemotherapy

Schultz KR. Leukemia. 2014 Jul;28(7):1467-71Schultz KR. J Clin Oncol. 2009 Nov 1;27(31):5175-81.



BCR-ABL1-like B-ALL: ABL class fusions
Fusions of ABL1, ABL2, CSF1R, LYN, PDGFRA, and PDGFRB with various partners

In vitro and in vivo  xenograft studies have demonstrated sensitivity to imatinib and/or dasatinib

Case reports  and now small cohorts combining TKIs with combination chemotherapy in patients

Larger studies ongoing

Moorman AV. Br J Haematol. 2020 Dec;191(5):844-851.Tanasi I. Blood. 2019 Oct 17;134(16):1351-1355

Pediatric patients;
13 in TKI group

Adult and pediatric patients;
19 treated with TKI; 

EFS without TKI historically ~25%

BCR-ABL1-like B-ALL: JAK/STAT activating
Fusions of CRLF2, JAK2, EPOR, TYK2, TLSP, and IL2RB with various partners

Possible sensitivity to JAK inhibitor ruxolitinib

Some promising results in vitro, in patient-derived xenografts, and scattered case studies

Clinical studies ongoing

Patient-derived 
mouse xenograft

Bohm JW. Leukemia. 2021 Apr 24. doi: 10.1038/s41375-021-01248-8. Online ahead of print



KMT2A-rearranged ALL
KMT2A (previously known as MLL) can rearrange with numerous different partner genes

◦ Most commonly in B-ALL, but also T-ALL as well as de novo AML, therapy-related AML, and mixed phenotype acute 
leukemia

◦ Most common in infants, but second peak in adults

◦ KMT2A rearrangement leads to epigenetic dysregulation through activity of multi-protein complex

◦ Inhibitors in development for multiple proteins in this complex: Menin inhibitors, DOT1L inhibitors, bromodomain
inhibitors, lysine-specific demethylase-1 inhibitors, polycomb repressive complex inhibitors

Winters AC and Bernt KM. Front Pediatr. 2017 Feb 9;5:4.

T-ALL

The only WHO subtype of T-ALL is a provisional entity: early T precursor T-ALL

◦ Defined by immunophenotype

◦ positive for CD3 (usually cytoplasmic) and CD7, negative for CD8 and CD1a, co-expression of 
myeloid/stem cell markers, and expression of CD5 on less than 75% of blasts

◦ Mutational pattern – not diagnostic

◦ Less frequent alterations of NOTCH1 and CDKN2A

◦ More frequent alterations in signaling, transcriptional, and epigenetic pathways



Common genetic findings in T-ALL 
◦ Rearrangements between T cell receptor loci and various partner genes are 

most common

◦ Alterations in NOTCH1 and/or FBXW7, both of which result in NOTCH1

pathway activation

◦ Deletions of CDKN2A/B

◦ JAK-STAT, PI3K-AKT, RAS-MAPK pathway activation

Recurrent T-ALL rearrangements

Liu Y et al, Nat Genet. 2017 Aug;49(8):1211-1218.



Fusion detection strategies
Diversity of underlying genetic alterations makes detection complex!

Expression analysis

◦ Can identify category as a whole, but not specific alteration

◦ Possible screening tool

◦ Children’s Oncology Group (COG) uses a low density array (LDA) for BCR-ABL1-like 
screening

Targeted fusion analysis

◦ Multiplex FISH

◦ Multiplex RT-PCR

◦ Targeted RNA sequencing panels

Comprehensive analysis

◦ Whole transcriptome sequencing

◦ Whole genome sequencing

Increasing role for molecular testing


