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Ricorrenza elevata di geni di fusione 
nei pazienti Ph -like

con Leucemia Linfoblastica Acuta pediatrica



Molecular characterization of BCP-ALL

Mullighan C., Sem. in Hemat. 2013

� Ph-like (or BCR/ABL-like) ALL subtype encompasses 10 -15% of BCP-ALL pts.
� High incidence of relapses.
� Potentially candidate subgroup for targeted treatmen t.



Ching-Hon Pui et al, 2017 Clinical Lymphoma, Myeloma &  Leukemia, Vol. 17, No. 8, 464-70

Ph-like in different clinical trials



• Identify the Ph-like expression signature in AIEOP 
Childhood cohort.

• Characterize :
• Treatment Response and clinical features
• Genetics:

• Copy Number Variation (e.g. to identify IKZF1plus).
• Fusion genes, setting up a simplified and validated 

diagnostic assay to up-front recognize patients.
• Novel recurrent fusion genes and their targeting.

Aims of this study



1. Ph-like signature in AIEOP BCP -ALL cohort

• Italian cohort of BCP-ALL patients enrolled into AIEOP-BFM ALL 
2000 protocol treatment.

• ‘B-others’ cases are classified by the GEP (MILE study):   
138 B-ALL patients

no known translocations

no High hyperdiploids (DNA index<1.16) 

no Down Syndrome patients.

• Likelihood to be closest to the Ph positive signature by GEP

Haferlach, et al. J Clin Oncol 28:2529-2537

59/138 patients have been identified as ‘Ph-like’
43% B-others, � 15 % total BCP-ALL

N� 36/138 GP=Good Progonosis=ERG-related
N� 43 B-others/others

Vendramini et al., Oncotarget 2017



2. Ph-like clinical features
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57.6% 38%

no difference



3. Outcome of Ph -like vs. no Ph -like/B -others
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Outcome excluding HIGH RISK
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No Ph-like 77%
Ph-like 76% 

Outcome HIGH RISK only

p-value=0.06

p-value=0.15

No Ph-like 23%
Ph-like 24% 



4. Distribution of genomic aberrations within Ph-li ke 
(N=58/59 candidate analyses by MLPA)
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5. Genomic aberrations in Ph-like vs B-others no Ph- like
(N=133/138 candidate analyses by MLPA )



Analyses by Trusight Pancancer Illumina RNA target cap ture or by FISH

6. Identification of candidate fusion genes in Ph-like p ts

We identified N=33/59 patients positive for fusion genes = 57%

N=9

N=7 (+2 in 
common 
with PAX5)

N=7

N=1

N=2

N=3 N=3

N=1

N=1



������� �	��������

� % � %

����# &' ('
&��������
'���"�(#'

�
� ���

�
�

��������
� ��
� ���
� �� !"#
$

)*
��

�
�

���� +,
�
�
�

����

'���"����))&
� %&"
$��'(�)
� %&"
$�'��*

,
�
�

��� �

��# � � ���
���-���
���� ,& ���� .& ����

7. Relapsed patients and candidate fusion genes: 
Is there a correlation?

14/20 are POS fusion gene
� 3/20 IKZF1-plus
� 2/20 BTG1del
� 1/20 PAX5amp

5/13 are POS fusion gene
� 1/13 IKZF1-plus

� 1/13 IKZF1del only
� 1/13 IKZF1del, ETV6del, RB1del

� 1/13 ETV6del only
� 3/13 PAX5del

� 1/13 EBF1amp
� 1/13 neg

Intragenic amplification of PAX5: a novel subgroup in B-cell precursor 
acute lymphoblastic leukemia?. Schwab, Nebral… Fazio et al.Blood Adv
2017, 14;1(19):1473-1477



Conclusion and Perspectives

High frequency of fusion genes

Need of studies to identify if fusion genes are targetable

and by which inhibitors

We dissected the Ph-like signature subgroup in the Italian cohort of 
children with BCP-ALL Ph-like patients.

Independently of other known risk features, these patients have a poor 

outcome and can be considered eligible for alternative treatments.
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