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Incidenza annuale dei tumori 
dell’età pediatrica
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CHILDHOOD ACUTE LEUKEMIA

• ALL accounts for 80% of all childhood acute 
leukemia;

• Among childhood ALL, 80-85% of patients have 
BCP ALL, 15-20% T-ALL and 2-3% mature B-ALL;

• AML accounts for 20% of childhood acute • AML accounts for 20% of childhood acute 
leukemia;

• With the remarkable exception of Down-Syndrome 
patients, there is no genetic predisposition to 
develop acute leukemia;

• There is an heterogeneous distribution of 
childhood ALL according to patient’s age.



Leucemie acute-Distribuzione per età

PiccoPicco

2-6 anni

Lieve 
predominanza 

dei maschi 



Presentation of childhood acute 
lymphoblastic leukemia

• Hyperleukocytosis and huge 
organomegaly;

• Pseudoaplastic/single -bilinear cytopenia;• Pseudoaplastic/single -bilinear cytopenia;
• «Rheumatic disease»;
• Bone pain/swelling;
• Mediastinal involvement;
• «Leukemia» sarcoma;



LLA-Caratteristiche cliniche 
alla diagnosi

Caratteristica Percentuale di casi

Febbre 61

Petecchie/Porpora 48Petecchie/Porpora 48

Dolori osteo-articolari 25

Linfadenopatia 50

Splenomegalia 63

Epatomegalia 68



LLA-Caratteristiche di laboratorio 
alla diagnosi

Caratteristica Percentuale di casi

Conta leucocitaria

< 10,000 53

10,000-49,000 3010,000-49,000 30

> 50,000 17

Emoglobina (g/dl)

< 7 43

7 – 11 45

> 11 12

Conta piastrinica (mm3)

< 20K 28

20 - < 100K 47

> 100K 25



Five-year relative survival rates for selected prim ary 
cancers according to year of diagnosis (1975–2006) 

among children younger than 20 years of age 

Pui, C.-H. et al. Nat. Rev. Clin. Oncol. 2011;28;8:540-549 





MOD 1.01
Registro

44.024 casi

FUP
TCSE
Registro

7774 casi, 9543 TCSE

LAB
Analisi e diagnosi

centralizzate

Struttura delle Banche Dati AIEOPPortale AIEOP
Centri AIEOP

Schede malattia

Gruppi di lavoro

Protocolli non AIEOP
33% casi

Protocolli AIEOP
175 protocolli

67% casi

Altri dati:
BD centri,
BD pubblicazioni,
ecc…

AIEOP CLINICAL DATA WAREHOUSE

LAL
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LAM
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SE

301

LH
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ID
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ICL
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Dati aggiornati al 10 Marzo 2013

WCA
Area documentale

Forum di 

discussione
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RTB

15
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52

Coordinatori Data managers Centri Laboratori Statistici …



PROTOCOLLI AIEOP PER LEUCEMIE LINFOBLASTICHE ACUTE
Sopravvivenza per generazione di protocollo

89.8 (88-92)

Anni dalla diagnosiNumero di pazienti a rischio



Registro AIEOP Mod.1.01
Rapporto tra casi osservati e casi attesi per anno

29650 casi (0-19 anni) residenti in Italia nel periodo 1989-2010
(Attesi: AIRTUM 2008)

Registro AIEOP Mod.1.01
Rapporto tra casi osservati e casi attesi per anno

29650 casi (0-19 anni) residenti in Italia nel periodo 1989-2010
(Attesi: AIRTUM 2008)

DiagnosiDiagnosi 00--14 anni14 anni 1515--19 anni19 anni

LALLAL 0.940.94 0.270.27

LAMLAM 0.900.90 0.220.22

LHLH 0.650.65 0.110.11

LnHLnH 1.181.18 0.150.15

A
I

E

00--14 anni 14 anni 

0.73 0.73 

(89(89--99) 99) 

vs vs 

0.88 0.88 

(00(00--10)10)
LnHLnH 1.181.18 0.150.15

T.SNCT.SNC 0.640.64 0.190.19

OsteoOsteo 0.960.96 0.350.35

SESE 1.131.13 0.470.47

RMSRMS 1.171.17 0.360.36

TCGTCG 0.700.70 0.050.05

CarcinomiCarcinomi 0.240.24 0.020.02

TotaleTotale 0.810.81 0.120.12

E
O
P

Centro

Operativo

M: 0.92 (08M: 0.92 (08--10)10)

1515--19 anni 19 anni 

0.07 0.07 

(89(89--99) 99) 

vs vs 

0.18 0.18 

(00(00--10)10)

M: 0.25 (08M: 0.25 (08--10)10)



Probability of OS in adolescents treated in pediatr ic 
Institutions with pediatric protocols or in adult I nstitutions 

with adult protocols

Boissel N, et al. J Clin Oncol 2003



From bench to bedside, From bench to bedside, 

and back!and back!



Translational ResearchTranslational Research
Current DefinitionCurrent Definition

•• Translation fromTranslation from

basic science tobasic science to

T1T1

•• Translation from   Translation from   

human studies to human studies to 

T2T2

basic science tobasic science to

human studieshuman studies

Basic Basic 

BiomedicalBiomedical

human studies to human studies to 

clinical practice clinical practice 

healthcare decisionshealthcare decisions

Clinical Clinical 

ScienceScience

ResearchResearch

Improved Improved 

HealthHealth



Dall’oncologia organizzata ….......
all’oncologia personalizzata: 

la sfida dell’oggi che si proietta nel domanila sfida dell’oggi che si proietta nel domani



How Do We Achieve 
Personalized Medicine?

• Increase knowledge in the role of 
individuals’ genetic and biological 
characteristics in disease. 

• Use more informed selection and 
dosing for medication to improve 
efficacy and reduce side effects. 

• Develop more focused and targeted 
drugs.



Adequate Tumor Staging

PEDIATRIC ONCOLOGY

HistologyHistologyHistologyHistologyImagingImagingImagingImagingClinicClinicClinicClinic

� DiagnosisDiagnosisDiagnosisDiagnosis

Risk Definition Risk Definition Risk Definition Risk Definition ---- PrognosisPrognosisPrognosisPrognosis� Risk Definition Risk Definition Risk Definition Risk Definition ---- PrognosisPrognosisPrognosisPrognosis

� Risk Adapted Therapy / MRDRisk Adapted Therapy / MRDRisk Adapted Therapy / MRDRisk Adapted Therapy / MRD

� Molecular Target TherapyMolecular Target TherapyMolecular Target TherapyMolecular Target Therapy

� Personalized MedicinePersonalized MedicinePersonalized MedicinePersonalized Medicine
RNARNARNARNADNADNADNADNA ProteinProteinProteinProtein





The impact of a more sophisticated 
cytogenetic classification

Moorman, Lancet Oncology 2010



Concepts of Today for the 
Future:  Optimizing Therapy

Define the molecular specific response profile
Dx expression analysis

Responsive
genotype

Unresponsive
genotype genotype

“Conservative”
therapy

“Aggressive” 
therapy

MRD monitoring

“High-risk”

Courtesy of Jerry Radich, FHCRC





Event-free survival (A) and cumulative incidence of  relapse (B) according to PCR-MRD 
classification in 3184 pB-ALL patients

Conter V. et al. Blood 2010;115:3206 -3214



M

MR - 1

R2

III

MRD Timepoints

1 2 (3) (4) (5)

AIEOP-BFM ALL 2000

II
R1

SR°:
• no HR criteria
• MRD neg. at  
tps. 1+2

12 Gy*
only T-ALL

SR - 2

SR - 1

III
12 Gy*
only T-ALL

30/7/2000

1b

MR: 
• no HR 
criteria

no SR-

IIII A-D+

I -P+

I BR

1a

10 weeks interim
maintenance with 
6-MP / MTXMTX 

2 gr/sqm
5 gr/sqm

18 Gy*
only T-ALL >100,000 WBC

IT 
MTX

20 11

20 11

20 13

20 11

0 10 12

II
MR - 2

H
R
1'

H
R
2
'

H
R
3
'

BM sampling

12Gy*

* presymptomatic cranial irradiation (18[24] Gy for  CNS pos. pts only)
# selected indications for allo-BMT (in all strata of HR)
° SR: 2 molecular marker with a sensitivity of =<10-4 available 
(obligatory)

HR: 
MRD level at 
tp. 2  >=10 -3

HR: 
MRD level at 
tp. 2  >=10 -3

HR:
PRED-PR
t(9;22)
t(4;11)
NR d33

20

BFM

B M T #

22

criteria
• no SR-
criteria

III III III

II

2926

II
18Gy*

12Gy*

IIAIEOP

I A-P+

G-CSF

104w.52
+ + + + IIIIAAAA----D: Protocol I, Phase A with DEXAD: Protocol I, Phase A with DEXAD: Protocol I, Phase A with DEXAD: Protocol I, Phase A with DEXA

IIIIAAAA----P: Protocol I, Phase A with PREDP: Protocol I, Phase A with PREDP: Protocol I, Phase A with PREDP: Protocol I, Phase A with PRED

H
R
1'

H
R
2
'

H
R
3'

R3

HR - 1

HR - 2

H
R
1'

H
R
2
'

H
R
3'

6-MP/MTX
4 Wks.

6-MP/MTX
4 Wks.

18Gy*

20 11

10 10

10

13



How Do We Achieve 
Personalized Medicine?

• Increase knowledge in the role of 
individuals’ genetic and biological 
characteristics in disease.

• Use more informed selection and 
dosing for medication to improve 
efficacy and reduce side effects. 

• Develop more focused and targeted 
drugs.





The next revolution…

Pharmacogenetics and Pharmacogenomics

The study of genetic variation that gives rise 
to differing response to drugs.to differing response to drugs.



Treat all 
patients with 
the same 

diagnosis with 
the same 

diagnosis with 
the same 

medications





Cardiac toxicity and 
anthracyclines

Blanco JG, et al. J Clin Oncol May 2012



The role of carbonyl 
reductase polymorphisms

Blanco JG, et al. J Clin Oncol May 2012



� 7/769 Patients < 10 Years Developed AVN – 1%

� 126/1287 Patients ≥ 10 Years Developed AVN –
9.8%

AVN – CCG 1961

9.8%
�10-12 Years 32/505 7%
�13-15 Years 53/520 12.6%
�16+ Years 41/262 18.5%

� Incidence of AVN Twice As High In Females



0.2

0.25

0.3
Continuous DEX
(N=398)

Discontinuous DEX
(N=421)

CCG-1961 AVN by RER Groups
(Age 10+ Yrs)

5 Yr Rate RHR

Continuous DEX       14.6%       2.08

Discontinuous DEX         7.6%       Baseline

0

0.05
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0 1 2 3 4 5 6 7
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Log rank p = .002
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AVN Incidence In 16+ Patients
Continuous vs. Discontinuous Dexamethasone

Continuous Dex

P = .0003

Discontinuous Dex

P = .0003



How Do We Achieve 
Personalized Medicine?

• Increase knowledge in the role of 
individuals’ genetic and biological
characteristics in disease. 

• Use more informed selection and 
dosing for medication to improve
efficacy and reduce side effects. 

• Develop more focused and targeted
drugs.



Molecularly Targeted Therapy 
(MTT)

• Therapeutic approaches that target 
molecular alterations or pathways that are 
specifically (or at least selectively) 
important in the function/survival of important in the function/survival of 
cancer vs. normal cells

• Holds the promise of increased 
effectiveness and decreased toxicity 
compared to standard cytotoxic 
approaches (which affect global cellular 
processes)





Savage DG and Antman KH, N Engl J Med, 2002



Role of imatinib mesylate in 
good-risk Ph+ ALL





Factors influencing the prognosis 
of children with relapsed ALL

Major variables
• Duration of first CR
• Site of relapse
• Immunophenotype• Immunophenotype

Minor variables
• Sex
• Age
• PB blast count at time of relapse



BFM classification of relapsed 
childhood ALL

S1 (5%) 1. Late extramedullary relapses.                        (CR 99%)

S2 (55%) 1. Early extramedullary relapses;
2. Very early extramedullary relapses;                (CR 97%)
3. Non-T late bone marrow relapses;
4. Non-T combined early / late relapses.4. Non-T combined early / late relapses.

S3 1. Non-T early bone marrow relapses.              (CR 80-85%)

S4 1. Very early bone marrow relapses;
2. Very early combined relapses;                      (CR 70-75%)
3. T phenotype bone marrow relapses.

• Very early relapse : < 18 months from diagnosis.
• Early relapse: ≥ 18 months from diagnosis, but < 6 months from treatment discontinuation.
• Late relapse: ≥ 6 months from treatment discontinuation.

40%

Locatelli F et al. How I treat relapsed childhood A LL Blood 2012
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ALL in 2 nd CR – MUD HSCT
Disease-free survival by year of HSCT
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1995 – 1999 = 36% (22-51)

AIEOP BMT Registry January 2012



AntibodyAntibody--Based Based 

TherapyTherapy

for ALLfor ALLfor ALLfor ALL



Advantages of mAbs

•• Greater specificity in targeting tumour Greater specificity in targeting tumour 

cellscells

•• Mechanisms of action that are distinct Mechanisms of action that are distinct 

Barth M et al. Br J Haematol  2012Barth M et al. Br J Haematol  2012

•• Mechanisms of action that are distinct Mechanisms of action that are distinct 

from conventional chemotherapyfrom conventional chemotherapy

•• Their generally favourable safety Their generally favourable safety 

profileprofile



CD3

Act independently of
specificity of T Cell
Receptor (TCR)

TCR

How BiTE  Antibodies Work

(BiTE = Bi-specific T-Cell Engager)

Blina-

tumomab

Any T Cell

47

CD19

Do not require
MHC Class I and/or
peptide antigen

Allow T cells recognition of
tumor-associated
surface antigen (TAA)

Tumor Cell         



Modes of action

Nagorsen D, et al. Pharm Ther 2012; 136:334-342.



Bargou R, et al. 
Science 2008









Cytological and molecular remissions 
with blinatumomab treatment 

in second or later bone marrow 
relapse in pediatric acute 

lymphoblastic leukemia (ALL)

Lia Gore, Gerhard Zugmaier, Rupert Handgretinger, 
Franco Locatelli, Tanya M. Trippett, Susan R. Rheingold, 

Peter Bader, Arndt Borkhardt, Todd Michael Cooper, 
Maureen Megan O'Brien, Christian M. Zwaan, 

Anja Fischer, James Whitlock, Arend von Stackelberg



Best Response Within 2 Cycles

Dose Cohort  ( µg/m2/day)

Response (n)
5

(n=5)
15

(n=7)
30

(n=5)
15 / 30
(n=6)

Total
(N=23)

CR / CRi 3 3 2 1 9 (39%)
MRD(–) 3 3 2 1 9 (39%)

PR 1 ─ ─ ─ 1 (4%)PR 1 ─ ─ ─ 1 (4%)

SD 1 3 ─ 2 6 (26%)

PD 0 0 2 1 3 (13%)

Aplastic 0 0 0 1 1 (4%)

Not available* 0 1 1 1 3 (13%)

54

CR/Cri, complete remission/complete remission with incomplete hematological recovery
MRD(–), MRD <10-4 by PCR testing of individual rearrangements of Ig or TCR genes (central lab) 
PD, progressive disease; PR, partial remission;  SD, stable disease

*Data missing due to lacking bone marrow assessment (patient 
discontinued study after serious adverse event)



Now this is not the end. It is not even the beginni ng of the 

end, but it is, perhaps, the end of the beginning …….


