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Most common childhood cancers



New Cases of Blood Cancers
in Children Age 0-14
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overall survival
Improvement of overall survival at 5 years in pediatric patients (<15 years)
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Toxicities associated with ALL treatment 

MyellosuppressionMTX, 6-MP

Peripheral 
neurotoxicity

Cardiotoxicity

Bone morbidity 

Pancreatitis

Vincristine

Doxorubicin

Corticosteroids

Asparaginase Allergies

Thrombotic events

ALL treatment 
protocol 



ALL treatment protocol (DFCI)
Weekly vincristine (VCR), daily 
prednisone, doxorubicin (two 
doses) and HD-methotrexate 
MTX (one dose)

IT + CRT or IT

Induction - 28 days

CNS therapy 3 weeks

intensification
3 weeks cycles for 30 weeks

Cycle: VCR (one dose); dexa or pred
daily for 5 days; MTX weekly (HR- dox+ 
cardioprotectant); 6- mercaptopurine (6-
MP) daily for 14 days, Asparaginase
weekly

continuation - 3 weeks 
cycles until 2 years of CCR

VCR (one dose); dexa or pred daily for 
5 days, dose differs according to risk
groups; MTX weekly; 6-MP, daily for 14 
days



Pharmacogenetics of childhood leukemia
Patients genetics

Association 
study

Risk assessment  
(drug side effects)

Functional analysis

Treatment 
protocols 
and prognostic 
factors

Discovery QcALL and 
validation DFCI



Pharmacogenetics of childhood leukemia

Candidate gene approach Genome/exome-wide approaches



Candidate gene approach – example of corticosteroids



• one of the major complications of childhood ALL 
treatment 

• symptomatic ON causes severe pain, joint damage and 
articular collapse

• CS - change the number or function of 
osteoclasts/osteoblasts, leading to bone loss by 
increased bone resorption 

Candidate gene approach – Osteonecrosis



Candidate gene approach – example of Bim

• Microarray profiling in CS-induced apoptosis models has shown that 
CS exposure induces or represses the transcription of pro- or anti-
apoptotic genes including pro-apoptotic Bim encoded by BCL2L11 gene

• Differentially expressed between cells that are resistant or sensitive 
to CS

• SNPs in Bim gene have been shown to influence survival probabilities 
in ALL patients

• Bim has been also described as a key regulator of osteoblast 
apoptosis





Association analysis between Bim gene and ON

H R=2.4  (1.2 -4 .8 )
Time (weeks)

H R=5 .5  (1.5 -19 .8 )

p=0.01 p=0.003

QcALL cohort QcALL cohort/high risk
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The effect on in-vitro cellular viability 
and gene expression

12

0

20

40

60

80

100

120

12

(46,2)

14

(53,8)

36

(76,6)

11
(23,4)

Fr
eq

ue
nc

y

TT GT/GG

S I/R

p=0.01

In-house built library of CS IC50 for 70+ LCLs

C

(33,3)

(66,7)

(88,9)

(11,1)

2

4

16

2

TT

GT/GG

N T
Re

la
ti

ve
 B

im
γ

ex
pr

es
si

on
T

6

23

p=0.05

p=0.03

Bim γ in LCLs



Asparaginase –example of exome wide approaches

-catalyzes the conversion of L-asparagine to aspartic acid and ammonia 
depleting the circulating levels of asparagine
-the rationale behind ASNase treatment
-ALL leukemic cells synthesize low quantity of  Asn -dependent on 
circulating Asn levels which are depleted by ASNase treatment.

derived from E.coli or 
Erwinia species. PEG
ASNase - polyethylene 
glycosylation of the 
native E coli–derived 
enzyme



Whole Exome Sequencing-WES

Frequency
Predicted functional role
HWE

4519



Exome-Wide Association Study (EWAS)with asparaginase
complications
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rs3809849_MYBBP1A



rs3809849_MYBBP1A vs. Pancreatitis
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rs11556218_IL16 vs. Pancreatitis
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Combined effect model

QcALL

DFCI



Weighted genetic risk score (wGRS)
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ROC curves and wGRS

Cohort AUC ± SD. 95% CI P Sensitivity Specificity
Q cA LL 0 ,8 0  ± 0 ,0 6 2 6 8 ,1  ~  9 2 ,6 1 x1 0 -4 7 1 % 8 1 %

D FC I 0 ,7 8  ± 0 ,0 7 6 6 3 ,0  ~  9 2 ,9 3 x1 0 -3 7 0 % 7 7 %

C o m b in ed 0 ,8 0  ± 0 ,0 4 9 7 0 ,1  ~  8 9 ,1 1 x1 0 -6 7 1 % 7 9 %



They have pertinent function 

IL16 gene
§ encodes for a multifactorial cytokine
§ involved in inflammatory and autoimmune

diseases
§ cell cycle control and cancer
• rs11556218
associated with a wide range of conditions
(Coronary Artery Disease, Ischemic Stroke,
Systemic Lupus Erythematosus, Cancer risk)

MYBBP1A gene
§ encodes a nucleolar transcriptional

regulator (Myb-Binding Protein 1A)
§ plays a role in many cellular processes

-tumor suppression,
-cell cycle and mitosis
-co-repressor of the nuclear factor
kappaB



In-house built library of Asparaginase IC50 for 90+ LCLs

p = 0,02



Cell Based 
Functional 

Assays

Nalm6/PANC1
Cell-lines

Asparaginase Challenge 

Wild-type Gene
Knockout

IC50 determination
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Nalm6
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Panc1 Cells
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Difference in morphology

WT dMYBBP1A dIL16
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