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Morphology ~1 hour



Flow cytometry ~4-5 hours
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FISH (1-2 days) and karyotype (1 week)



Gene-expression profiling and genetic alteration analysis  (RNA-seq)

Heme Fusion RNA NGS 10 days

RNAseq 1-2 weeks

Targeted DNA NGS panel 2-3 weeks

WGS/WES 1-2 months



B-lymphoblastic leukemia/lymphoma

ÅPrimarily in children (75% in <6-year-olds)
ÅB-ALL comprises ~80 of all ALLs, but only ~10% of lymphoblastic lymphomas

ÅLeukemia vs lymphoma distinction is based on the site of involvement and the bone 
marrow blast count

ÅCytopenias, lymphadenopathy, organomegaly, bone pain

ÅMost frequent sites of involvement are skin, soft tissue, bone and lymph nodes 

ÅFlow cytometry: CD19+, CD79a+, CD10+, TdT+, no light chain expression
ÅImmunohistochemistry: PAX5+, CD79a+
ÅExcellent prognosis in children, improving outcomes in adults







T-lymphoblastic leukemia/lymphoma

Å~15% of childhood ALL and 25% of adult ALL

Å~90% of lymphoblastic lymphoma

ÅMore common in teenage males 
ÅClinical presentation: large anterior mediastinal mass, lymphadenopathy, 

organomegaly, common pleural effusions
ÅFlow cytometry: TdT+, CD1a+, CD2, CD3, CD5, CD7
ÅImmunohistochemistry: CD99, CD34, CD1a
Å>75% have NOTCH1pathway activation
ÅLong-term response rates approach 85% in children and 60% in adults
ÅThe most significant predictor of outcome is MRD at the end of 

consolidation







WHO4
10 subtypes
4 provisional





WHO5

15 subtypes
0 provisional



WHO Classification 5thedition

The classification remains largely unchanged from the previous WHO and has 
similar terminology, ieά.-ƭȅƳǇƘƻōƭŀǎǘƛŎ ƭŜǳƪŜƳƛŀκƭȅƳǇƘƻƳŀέ

Å!ōōǊŜǾƛŀǘŜŘ ŀǎ ά.-ALL or T-![[έ

Most entities based on broadly-available cytogenetic testing

The rare B-ALL with TCF3::HLF fusion has been added as it is distinct from B-ALL 
with TCF3::PBX1 fusion and is characterized by a particularly aggressive behavior

B-ALL with BCR::ABL1-like features is now an entity (previously a provisional entity), 
as it is prevalent and shows significant benefit from targeted therapies

ά.-![[ ǿƛǘƘ ƻǘƘŜǊ ŘŜŦƛƴŜŘ ƎŜƴŜǘƛŎ ŀōƴƻǊƳŀƭƛǘƛŜǎέ ƛƴŎƻǊǇƻǊŀǘŜǎ ǎŜǾŜǊŀƭ ƴƻǾŜƭ 
genetic drivers identified by recent gene expression and sequencing studies

ÅB-ALL with DUX4, MEF2D, ZNF384 or NUTM1 rearrangements; IG::MYC fusion;PAX5alt or 
PAX5 p.P80R abnormalities

ÅMay be separated in the future as potential novel entities



WHO Classification 5thedition

Å Genetic abnormalities are now the fundamental basis for subclassification 

of B-ALL

Å The category B-ALL/LBL, NOS should only be used for cases lacking defined 

genetic abnormalities after comprehensive testing 

Å In the absence of complete testing for genetic abnormalities, definitive 

diagnosismay not be possible and the category B-ALL/LBL, NFC (not 

further classified) should be used



ICC

25 subtypes
14 provisional



ICC

25 subtypes
14 provisional

T-ALL/LL provisional entities
Subtype Frequency Partner genes/other rearrangements
HOXA 

dysregulated

15-25% HOXA::TRB/TRG; KMT2A

PICALM::MLLT10; SET::NUP214
SPI1

rearrangement

<5%, children STMN1; TCF7; BCL11B

TLX1

rearrangement

5-10% 

children; near 

30% adult

TCR

TLX3

rearrangement

20-25% 

children <5% 

adult

TCR; BCL11B; CDK6

NKX2

rearrangement

<5% children NKX2.1/NKX2.2/NKX2.5::TCR; 

TAL1-2

rearrangement

30-40% 

(TAL2 rare)

TRA/D; TRB (TAL2); 1p32 deletion (

intergenic SNV (super enhancer)
LMO1-2

rearrangement

LMO1-R -5%

LMO2-R 10%

TCR; cryptic deletion; enhancer/promoter 

mutations

BHLH, other <2% LYL1::TRB

OLIG2/BHLHB1::TCR 



Duffield AS, et al. VirchowsArchiv2022
Gu Z, et al. Nat Genet 2019



International Consensus Classification (ICC)

Å Incorporates recent clinical, cytogenetic, and molecular data, with a 
particular emphasis on whole transcriptome analysis and gene expression 
clustering studies

ÅwŜƴŀƳŜŘ ά.- and T-ŀŎǳǘŜ ƭȅƳǇƘƻōƭŀǎǘƛŎ ƭŜǳƪŜƳƛŀέ

ÅAbbreviated as B-ALL or T-ALL, same as the WHO

Å 9 new B-ALL categories, including 7/9 with distinguishing gene 
rearrangements, and 2/9 characterized by a specific single gene mutation

Å 4 provisional B-ALL entities are included, that require gene expression 
studies

Å 1 new subtype of early T-cell precursor ALL

Å 8 new provisional T-ALL entities are added



B-ALL with t(9;22)(q34;q11.2) / 
BCR::ABL1

ÅThe incidence increases with age, more common in adults

ÅThe main differential diagnosis is with blast phase CML

ÅMost childhood ALLs have a p190kd BCR-ABL1 protein product, while most adults with CML have 
a p210kd fusion protein 

ÅICC divides into 2 distinct subsets distinguished by FISH

ÅWith lymphoid only involvement (translocation only in lymphoblasts)  DE NOVO

ÅWith multilineage involvement (translocation detected in neutrophils)  akin to CML in blast phase

ÅPrognosis and treatment may differ

ÅImmunophenotype: frequently express myeloid-associated markers, such as CD13, 
CD33, CD66c and expression of CD25 is common in adults

ÅMolecular diagnosis: karyotyping, FISH, PCR, DNA or RNA sequencing is required

ÅPrognosis: historically low, but improving with use of targeted therapies



Clinical example

21-year-old, previously healthy woman



Karyotypeon peripheralblood: 46,XX,t(9;22)(q34;q11.2)[20]

FISHon peripheralblood: BCR::ABL1 generearrangementsin 92%of 200nuclei

PCR: BCR-ABL1 (e13a2 or e14a2) fusiontranscriptscodingfor p210positiveat 84.98%

3% of all
events





PAX-5

TdT CD10



PAX-5

TdT CD10

The patient was treated with prednisone/ponatinib/blinatumumab 
per MDACC protocol



Bone marrow biopsy 5 weeks following the diagnosis




