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Acute lymphoblastic leukemia (ALL) is the most common type of
neoplastic disorder diagnosed in childhood. It is the cause of one third
of all pediatric malignancies. ALL is characterized by the abnormal
production and proliferation of immature lymphoblasts in bone marrow
(BM). It seems that ALL occurs due to a genetic mutation in DNA structure
producing white blood cell (WBC) stem cells. Because ALL is a systemic
disease, its primary management is based on chemotherapy.

There are important risk factors responsible for the poor prognosis
of ALL in children less than 1 year old and greater than 10 years old,
such as: high WBC, mature T cell ,mature B cell, central nervous
system (CNS) involvement, DNA index < 1 (hypodiploid), triploidy,
tetraploidy, Mixed-Lineage Leukemia (MLL) gene re-arrangement
on 11q23, the Philadelphia chromosome t(9;22), reduction in
platelet count, hemoglobin>10 at diagnosis, no remission at the
end of induction therapy and Minimal residual disease at the end
of consolidation therapy. Complications might appear during the
treatment including tumor lysis syndrome, bleeding, renal failure,
sepsis, seizure, thrombosis, etc. Some consequences might identify
after a long-term follow-up such as learning impairment, growth
retardation, and secondary malignancies. It is estimated that up to
90% of pediatric ALL cases are curable.
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Introduction

Acute lymphoblastic leukemia (ALL) is
the most common type of neoplastic disorder

diagnosed in childhood. It is the cause of
one third of all pediatric malignancies. It is
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estimated that about 3000 children develop
ALL in USA each year. White children
are at higher risk compared to black ones
and males have a slight superiority (1).
Children with chromosomal disorders like
Down syndrome or cases with congenital
immune deficiency syndromes such as
ataxia telangectasia and Wiskott-Aldrich
syndrome might be affected more (2). ALL
is a heterogeneous disorder which can occur
in childhood and adolescence. The peak
age-specific incidence of disease in children
is between 2 and 5 and its other peak
incidence is in old ages. It is characterized
by abnormal production and proliferation
of immature lymphoblasts in bone marrow
(BM), accumulation of lymphoblasts in
lymphoid tissues and peripheral blood (3).
It seems that ALL occurs due to a genetic
mutation in DNA structure producing white
blood cell (WBC) stem cells. The two-hit
theory has been proposed for ALL, which
means that few children might be born with
an inherent potential for ALL and if they
are exposed to another trigger factor (e.g.
environmental factors) they would develop
ALL. Other possible causes of childhood
ALL might be electromagnetic or nuclear
radiation, infections and some chemical
agents (4).
Children with acute lymphoblastic
leukemia present bone marrow destruction
or extramedullary signs and symptoms.
Fever, fatigue, growth retardation,
petechiae, liver and spleen enlargement,
and lymphadenopathy are some of the most
common signs in ALL. Central nervous
system and testicular involvement are
rare. ALL might be suspected in children
with abnormal complete blood cell count
and impaired peripheral blood smear.
Biochemistry or coagulation test might
be helpful. Chromosome and cryptogenic
studies and immunophenotyping provide
data for ALL classification. Although
3

there are not any specific imaging tests
to diagnosis the ALL, chest radiography
might display mediastinal mass and
ultrasonography could be helpful in
testicular involvement condition. Bone
marrow aspiration and biopsy confirm
ALL diagnosis (5,6). Because ALL is a
systemic disease, its primary management
is based on chemotherapy. There are
various drugs and methods prescribed in
leukemic children. Some patients require
blood components or antibiotics after
complication
occurrence.
Nutritional
supplementations and intravenous fluids
might be needed in children with ALL
(4). Complications might appear during
treatment such as tumor lysis syndrome,
bleeding, renal failure, sepsis, seizure,
thrombosis, etc. Some consequences might
be identified after a long-term followup such as learning impairment, growth
retardation and secondary malignancies (7).
Chromosome changes and translocation are
the main pathology in acute lymphoblastic
leukemia. Translocation (8;14) (q11.2;q32)
is associated with Down syndrome and it is
a rare condition. Its prevalence in childhood
ALL is 0.7% (4). CD10, 19, 20, 21, 22, 24,
79 are suggestive of B-lineage ALL and
CD3 is specific for T-lineage ALL.
It is estimated that up to 90% of pediatric
ALL cases are curable. Traditional
prognostic factors in ALL include: age,
WBC count, cytogenesis and response to
treatment (2-9).

Discussion

Patient long-term remission depends on
clinical manifestation, laboratory results,
treatment response and method (10). It has
been confirmed that children aged younger
than 1 year have a poor prognosis. Although
recent advantages lead to a significant raise
in 5-year survival rates of pediatric ALL,
outcomes are not encouraging in developing
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and poor countries due to delayed diagnosis
(8). New adventures in flow cytometric
assessment and invention of lineageassociated monoclonal antibodies lead to
promote ALL diagnosis and determination
of its prognosis.
In 2005, the Mayo Clinic leukemia
database published a list of cryptogenic
risk factors such as hypodiploidy, triploidy,

Mixed-Lineage
Leukemia
(MLL)
translocations, t (5;14), t (17;19) and t (1;19)
in ALL. Poor diagnostic performance,
reduction in platelet count and MRD
(minimal residual disease) might influence
the patient prognosis. Nowadays, more
than 50 genetic abnormalities have been
detected in ALL, which are associated with
lymphoid developing or signaling proteins

Table1. Prognostic factor in ALL
Author

Publication
year

Prognostic factor

Result

Bhojwani (11)

2009

Ph chromosome

Poor prognosis in Ph+ and
T-cell ALL

Braoudaki (4)

2013

Khalid (3)

2010

Matutes (12)

1997

McGregor (13)

2012

CLUS, CERU, APOE, APOA4,
APOA1, GELS, S10A9, AMBP,
ACTB, CATA
Age and ALL phenotype
Hybrid or biphenotypic acute leuke)mia (BAL
MRD

Mi (14)

2012

CRLF2, IKZF1

Assumpção (5)
Kiyokawa (6)
Patkar (15)

2013
2013
2012

*

Settin (16)

2006

Hilden (17)
2006
Hashemi (18)
2008
Moorman (19)
2007
Minimal residual disease *

MRD
CD66c
CD20, CD10, CD45 and CD19
L2, organomegally, male, younger
than 5 years old
Negative CD10 and MLL/11q23
Male
iAMP21

such as IKZF1, EBF1, PAX5 and CD200,
etc. NR3C1 has been identified as drug
responsiveness determinant factor. Table1
shows some prognostic factors in ALL (8).
Cytogenetic and molecular measures are
important to predict the patient survival
and prognosis. They also play a crucial
role in choosing the best treatment method.
Bhojwani (11) showed that negative
CD10 has a great impact on the outcome
of infant with ALL. Rituximab might be
more effective in CD20 or Ph-positive
(Philadelphia-positive) ALL cases (8). Early

Increase aggressiveness
_____
Poor prognosis
_____
Detecting the prognosis of
Ph-negative ALL
Relapse is 8.5 times higher
No prognostic effect
Useful to diagnosis of MRD
Better prognosis
Poor prognosis
Better prognosis
Poor prognosis

CD34 presentation occurs in B-lineage ALL
(15).
WBC count over 50000 increases the death
risk about 22 times (18). Patients who are
positive for iAMP21 should be considered
as bone marrow transplant candidates in
first remission (19). Age is a crucial element
for ALL prognosis, but 11q23 translocation
does not have a prognostic value (17).
It seems that cytogenetic and molecular
analysis could open a new window to
predict ALL outcomes in children.
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Conclusion

With
appropriate
performing
of
cytogenetic and molecular tests for ALL
diagnosis, treatment strategies might be
modified and specified for each patient and
the efficacy of new therapeutic strategies
could be evaluated accurately. Genetic
polymorphism affects drug metabolism and
leads to different effective levels and drug
toxicity.
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