
Laboratory and ALL in 
Pediatrics
Edited By: Gr. Bahoush

Pediatric Hematologist/Oncologist/HSCT

Ali-Asghar Children Hospital

Iran University of Medical sciences



Introduction

• clonal expansion and arrest at a specific stage of myeloid or lymphoid 

hematopoiesis. 

• They constitute 97% of all childhood leukemias and consist of the following types:

• Acute lymphoblastic leukemia (ALL)—80%: 

• of which 85% are B-ALL 

• 15% are T-ALL

• (AML), also known as acute nonlymphocytic leukemia—15% 

• Acute leukemias of ambiguous lineage—<2% 

• Chronic myeloid leukemias constitute 3% 

• Philadelphia chromosome-positive (Ph+) myeloid leukemia 

• Juvenile myelomonocytic leukemia



Clinical presenting features in acute 
lymphoblastic leukemia

Percentage of patients

Symptoms and physical findings

fever 61

Bleeding (e.g., petechiae or purpura) 48

Bone pain 23

Lymphadenopathy 50

Splenomegaly 63

Hepatosplenomegaly 68



laboratory presenting features in acute lymphoblastic leukemia Percentage of patients

Leukocyte count (mm 3 )

<10000 53

10000-49000 30

>50000 17

Hemoglobin (g/dL)

<7 43

7-11 45

>11 12

Platelet count (mm 3 )

<20000 28

20000-99000 47

>100000 25

Lymphoblast Morphology

L1 84

L2 15

L3 1



Diagnosis

• Laboratory studies

• CBC

• PBS

• Bone Marrow

• Immunophenotyping by Flow cytometry

• Cytogenetics—karyotype and molecular studies

• Blood chemistry

• Cerebrospinal fluid (CSF)



Diagnosis and biological characterization of ALL



Immunophenotypic classification





Representative medications used in the treatment of patients with acute lymphoblastic
leukemia and the year of US Food and Drug Administration approval





Prognostic factors
Factor Favorable UNfavorable

Age (years) 1-9 <1 or >10

WBC (10^9/L) 50 50

Immunophenotype B-precursor cell T-cell

Sex girl boy

Genetics Hyperdiploidy >50
chromosomes or DNA index >1.16

Trisomies 4 and 10
t(12;21)/ ETV6–RUNX1

Hypodiploid <44
chromosomes or DNA index <0.81

MLL rearrangement
t(9;22)/ BCR–ABL1

Ph-like/BCR–ABL-like
iAMP21

CNS status Absent Present

MRD B cell ALL—end of induction
day 29 MRD<0.01%

B cell—end of induction day
29 MRD>0.01%

T cell—positive MRD at end
consolidation >0.1%



Levels of detection of minimal residual disease in leukemia

Method Lowest levels of detection
(Number of leukemic cells per number of normal 
bone marrow cells)

Morphology 5/100

Conventional cytogenetics 2/100

Fluorescent in situ hybridization (FISH) 1/1000

Multicolor flow cytometry 1/10000

Polymerase chain reaction (PCR) 1/100000

Next-generation sequencing 1/1000000



Cytogenetics and molecular genetics of ALL

• The cytogenetic and molecular abnormalities observed in leukemia have 

• biologic and prognostic significance, 

• with implications in treatment stratification

• Up to 75% of childhood ALL cases have evidence of chromosomal gains/losses 

and/or translocations



Distribution of genetic subtypes



WHO classification of ALL



Summary of risk group definitions
pB-ALL (or unknown immunophenotype)

• early High Risk (early HR)

• no complete remission on day 33 or

• positivity for KMT2A-AFF1 (MLL-AF4) [t(4;11)] or

• positivity for TCF3-HLF (E2A-HLF) [t(1;19)] or

• hypodiploidy or

• FCM-MRD in BM on day 15 ≥ 10% and not ETV6-RUNX1 (TEL-AML1) [t(12;21) positive or

• IKZF1plus and PCR-MRD at TP1 positive or inconclusive and not positive for ETV6-RUNX1, 

TCF3-PBX1 or KMT2A rearrangement other than KMT2A-AFF1 or

• PCR-MRD at TP1 ≥ 5x10-4 or

• age <1 year and any KMT2A (MLL) rearrangement



Summary of risk group definitions
pB-ALL (or unknown immunophenotype)

• High Risk (HR)

• no complete remission on day 33 or

• positivity for KMT2A-AFF1 (MLL-AF4) or

• positivity for TCF3-HLF (E2A-HLF)8 or

• hypodiploidy or

• FCM-MRD in BM on day 15 ≥ 10% and not ETV6-RUNX1 (TEL-AML1) positive or

• IKZF1plus and PCR-MRD at TP1 positive or inconclusive9 and not positive for ETV6-RUNX1, TCF3-

PBX1 or KMT2A rearrangement other than KMT2A-AFF1 or

• PCR-MRD at TP1 ≥ 5x10-4 and positive < 5x10-4 at TP2 (PCR-MRD SER) or

• PCR-MRD at TP2 ≥ 5x10-4 or

• age <1 year and any KMT2A (MLL) rearrangement



Summary of risk group definitions
pB-ALL (or unknown immunophenotype)

• Standard Risk (SR)

• no HR criteria and

• PCR-MRD at TP1 negative for all investigated markers with at least one marker with a 

quantitative range of ≤ 10-4 or

• inconclusive PCR-MRD result9 at TP1 and PCR-MRD not positive at TP2 and FCM-MRD in 

BM on day 15 < 0.1%

• Medium Risk (MR)

• no HR criteria and

• no SR criteria



T-ALL

• early Standard Risk (early SR)
• complete remission on day 33 and

• FCM-MRD in BM on day 15 <10% and

• Prednisone Good-Response and

• PCR-MRD at TP1 negative for all investigated markers with at least one marker with a 
quantitative range of ≤ 10-4 or

• inconclusive PCR-MRD result10 at TP1 and FCM-MRD in BM on day 15 < 0.1%

• High Risk (HR)
• No complete remission on day 33 or

• FCM-MRD in BM on day 15 ≥ 10% or

• Prednisone Poor-Response or

• PCR-MRD at TP2 ≥ 5x10-4

• - non-High Risk (non-HR)
• No HR criteria









Representative medications used in the treatment of patients with acute lymphoblastic leukemia 
and the year of US Food and Drug Administration approval



Algorithm of basic genetic diagnostics









Immunotherapy in acute lymphoblastic leukemia



Representative medications used in the treatment of patients with acute lymphoblastic
leukemia and the year of US Food and Drug Administration approval



Overall survival of pediatric patients with acute lymphoblastic 
leukemia treated in the St.  Jude Total  Therapy studies




