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Abstract

Background: Leukemias are classified as lymphoid or myeloid, dependent on the type of
stem cell that is affected. In addition, leukemia is classified as chronic or acute. Acute
leukemia is a production of bone marrow-derived immature cells (blasts), include solid
organs or peripheral blood. The FAB Cooperative Group original classification scheme
proposed to dividel ALL into three subtypes (L1 - L3). Currently, the world health
organization (WHO), modify FAB classification depending on immunophenotype.
Symptoms presence of anemia, splenomegaly, and thrombocytopenia, and those are naturally
present at diagnosis, indicating the degree to which leukemic lymphoblasts have replaced the
bone marrow and the first mark to an ALL diagnosis is typically an abnormal complete blood
count result.

Objective: To introduce causes of acute lymphocytic leukemia, recent classification
methods, diagnosis, and symptoms and diagnosis.

Conclusion: Acute lymphocytic leukemia occurs due to a defect in the bone marrow and is
classified into several types. The most important classification by the World Health
Organization is depending on immunophenotype. The main symptoms are the increase in
white blood cells with anemia and thrombocytopenia.
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Introduction

Abnormal production of blood cells in the
bone marrow and blood-forming organs leads
to a malignant disease usually referred to as
leukemia, which can be categorized
according to the rate progression [1].
Leukemia etiology is poorly described, with
most authors finding it to be multifactorial.
Thus, viral infections (Epstein Barr),
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ionizing radiation exposure, chromosomal
abnormalities (Down syndrome), chemical
compounds (benzene), or families with
leukemic history/ members constitute the risk
factors [2].

Classification
Leukemia is a
hematologic disorder

class of malignant
with  mesenchymal
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(lymphoid or myeloid) origin arising from
the bone marrow, produces a high number of
abnormal hematopoietic cells in terms of
their proliferation, differentiation, and cell
death  programming (apoptosis)  [3].
Leukemias are classified as lymphoid or
myeloid, dependent on the type of stem cell
that is affected. In addition, leukemia is
classified as chronic or acute [4].
Acute Leukemia

Acute leukemia is a production of bone
marrow-derived immature cells (blasts),
include solid organs or peripheral blood.
Lymphoid leukemia is derived from the
lymphoid stem cells, which normally give
rise to the lymphocytes (T-cells, B-cells,
dendric cells, natural killer cells, and plasma
cells) [5]. For several forms of leukemia, the
ratio of blast cells essential for acute
leukemia diagnosis is greater than twenty
percent, and don’t need any minimum
percentage of blast cell when certain
morphological and cytogenetic characteristics
are present [6].
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Types of Acute Leukemia

Acute leukemia is divided into two main
types acute lymphoblastic leukemia and acute
myeloid leukemia dependent on the origin of
whether the blasts are present to be
lymphoblasts or myeloblasts [7].
Acute Lymphoblastic
(ALL)

Acute lymphoblastic leukemia. “Acute”
means leukemia will develop rapidly and will
be lethal within a few months if untreated.
"Lymphoblastic” means that it develops from
early immature forms of lymphocytes, a type
of leukocytes [8].

Classification of ALL

The classification of ALL by French-
American-British is based on morphology
and cytochemical staining of blasts [9] Figure
(1). The FAB Cooperative Group original
classification scheme proposed to dividel
ALL into three subtypes (L1 - L3) [10].
Table 1 explains the characteristics of three
subgroups of ALL as reported by Conter et
al., 2004 [11].

Leukemia

Table (1): Characteristics of Acute Lymphoblastic Leukemia

Subtypes of ALL

Characteristics

L1 lymphoblast .

cleft.

The small cells with a high nucleus-to-cytoplasm ratio.
e Pale blue cytoplasm is rare, and confined to a tiny portion of the perimeter.
e The cells have unclear nuclei and membranes of nuclei vary from round to

L2 lymphoblast .

Larger cells with a lower nucleus-to-cytoplasm

ratio, particularly in a more heterogeneous population

e Prominent nuclei (often with perinuclear chromatin condensation) and
membranes of nuclear may be irregular or reniform.

L3 lymphoblast .

Heterogeneous group of cells similar to Burkitt’s-like leukemia, with deep
basophilic cytoplasm and prominent cytoplasmic vacuolization
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Figure (1): FAB morphological classification of lymphoblasts
A: L1, B:L2,and C: L3 lymphoblasts [12]

Currently, the World Health Organization
(WHO), modify FAB classification
depending on immunophenotype as follows:
[13].
 Acute Lymphoblastic Leukemia in B-cell
e Early pre-B  Acute  Lymphoblastic
Leukemia (named pro B  Acute
Lymphoblastic Leukemia) - around 10% of
cases.
« Common Acute Lymphoblastic Leukemia -
around 50% of cases. « Mature B-cell Acute
Lymphoblastic Leukemia (Burkitt's
leukemia) - around 4% of cases.
 Acute Lymphoblastic Leukemia in T-cell.
» Pre-T Acute Lymphoblastic Leukemia -
around 5-10% of cases.
« Mature-T  cell Acute Lymphoblastic
Leukemia - around 15-20% of cases.

Recent years have seen tremendous
progress in uncovering genetic lesions that
influence the biology of ALL. In recognition
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of these advances, 2008 WHO classification
incorporated the category of B-lymphoblastic
leukemia/lymphoma with recurrent genetic
abnormalities into the classification of
precursor lymphoid neoplasms. Based on the
knowledge available at the time, genetic
lesions associated with distinct clinical
features, immunophenotype, prognosis, or
other unique biological characteristics were
included in this category [14].
Immunophenotyping is an important
adjunct to diagnosis and is helpful in
confirming the diagnosis as well as lineage
allocation to leukemia. When interpreting the
immunophenotype data, one should keep in
mind that no single antigen is specific for any
neoplasm and that combining morphologic
features and a panel of antigenic markers is
necessary to obtain a correct diagnosis Table

D).
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In addition, the combinations of markers
expressed are to some extent reflective of the
normal B- and T-cell development and can be
used to determine the stage of development
at which the leukemia transformation
happened Table (2). In B-ALL this stage of
maturation frequently correlates with the
underlying cytogenetic abnormality. In T-
ALL, the stage of maturation has been shown
to correlate with survival in some studies.
Finally, it must be pointed out that the
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expression of myeloid antigens is seen
frequently in B- and T-ALL and does not
preclude the diagnosis of ALL. Similarly, B-
lineage antigens can be expressed in T-ALL
and vice versa. The criteria for making the
diagnosis of acute leukemias of ambiguous
lineage have been extensively revised in the
2008 World Health Organization (WHO)
classification. The requirements for assigning
more than 1 lineage to given leukemia are
summarized in Table (3).

Table (2): Prevalence of migraine among obese versus non-obese individuals

Commonly positive Variable expression
B-ALL CD19* CD20
cCD22* CD34
cCD79a* CD45
PAX5T CD13
CD10 CD33
sCD22 slgMi
CD24
TdT
T-ALL cCD38 CDla
TdT CD2
CD7 sCD3
CD4q
CD5
CD8{
CD10
CD34
CD99
CD19
CD33
CD79a
CD117
CD56
Antigens are listed approximately in order of frequency.
Abbreviations: ¢, cytoplasmic; s, surface.
*Almost always positive.
TMost specific for B lineage, but can be positive in t(8;21) AML.
fRarely present.
§Only marker considered lineage specific.
1 Maybe co-expressed.
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Table (3): Immunophenotype of B and T lymphocyte progenitors

B lineage CD10 CD19 CD22 CD79a Tdt Ig
Early precursor (pro-B) - + + + + -
Intermediate (common) + + + + + -
Pre-B * + + + + C-mu
T lineage CD1la CD2 CD3 CD4 CD7 CD8 CD34
Pro-T - - C - + R +
Pre-T - + C - + +
Cortical T + + C + + + -
Medullary T + C,S * * -
Abbreviations: C, cytoplasmic; S, surface.
*Medullary T lymphocytes are positive for either CD4 or CD8, but not both.

Table (4): Criteria for Ambiguous Lineage Assignment

Lineage Markers

Myeloid Myeloperoxidase staining or At least 2 markers of monocytic differentiation
e NSE

e CDllc

e CDI14

e CD64

e Lysozyme

T lymphocyte Cytoplasmic CD3 demonstrated by flow cytometry using antibody specific to the epsilon
chain

e Surface CD3

B lymphocyte Strong CD19 with at least 1 additional marker or Weak CD19 with at least 2 additional
markers

e CD79a

e Cytoplasmic CD22

e CDI10

indicating the degree to which leukemic
lymphoblasts have replaced the bone marrow

Clinical features of ALL
Symptoms and signs of acute leukemia are

caused by blasts cells infiltrating the bone
marrow or extramedullary [10]. The signs
are anemia, splenomegaly, and
thrombocytopenia [1]. Others common
symptoms and signs include fever, fatigue,
weight loss, loss of appetite, malaise,
palpitations, shortness of breath, dizziness,
cold sensitivity, paleness, bleeding and easy
bruising, sore throat, problems in vision, pain
in joints, nausea, night sweats, heaabdominal
abdominal discomfort, Feeling of fullness in
the abdomen [15].

Diagnosis of ALL
Abnormal leukocyte, thrombocytopenia
and anemia are naturally present at diagnosis,
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[16]. The first mark to an ALL diagnosis is
typically an abnormal complete blood count
result. A raised leukocyte (WBC count more
than 10.000/mm3) [12]. Peripheral blood
smears show  blasts cells. Present
thrombocytopenia (platelet count less than
100.000/mm3), and also anemia is present
(hemoglobin less than 10g/dL), which is
typically normocytic and normochromic with
decrease reticulocytes number[17].
Conclusions

Acute lymphocytic leukemia occurs due to
a defect in the bone marrow and is classified
into several types. The most important
classification by the World Health
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Organization IS depending on
immunophenotype. The main symptoms are
the increase in white blood cells with anemia
and thrombocytopenia.

Recommendations

For classification of acute leukemia, it’s
better to involve many parameters including
morphology  and immunophenotyping
markers.
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