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Abstract
Background: Acute leukemias are a result of a sequence of somatic mutations in a multipotent primitive
hematopoietic cell. It forms a major proportion of haematopoietic neoplasms that are diagnosed worldwide.
Acute Myeloid Leukemia (AML) in adults accounts for 80-90% of cases of acute leukemias. Acute Lymphoid
Leukemia (ALL), though common in childhood comprises 12% of all leukemias. Incidence rises again in the
sixth decade but this age peak is absent in developing countries. Subtypes of AML and ALL differ in response
to therapy, clinical course and prognosis. Leukemias have varied presentation. There is limited comprehensive
assessment of clinical and laboratory profile of acute leukemias in Indian population. The diagnosis of leukemia
only by morphological examination of peripheral blood films, is grossly inadequate. Bone marrow study and
advanced diagnostic procedures like cytogenetic analysis, immunophenotyping, cytochemical staining and
molecular genetics are yet to be fully incorporated in the workup of leukemias. The aim was to study the clinical
and laboratory parameters of acute leukemias with special reference to flow cytometry
Methods: The study was conducted in St. John’s Medical College Hospital from October 2014 to March 2016.
Consecutive patients diagnosed with acute leukemias were included in the study. Details were collected as per
proforma regarding demographic factors, symptoms, signs, laboratory parameters. The morphological typing
and sub-typing of leukemia was based on peripheral smear examination, bone marrow studies (aspiration and
biopsy) employing the FAB criteria, flowcytometry and cytogenetics.
Results: In our study of 100 patients with acute leukemia, 70 had AML, 27 had ALL and 3 remained as unclassified
acute leukemia. Male preponderance is seen in the patients studied, with 55% males and 45% females with
male:female ratio of 1.2:1. Fever is the most common symptom. Pallor is the most common sign. Anemia is the
most common haematological abnormality 98% (n=98) followed by thrombocytopenia in 93% (n=93). More
than 30% blasts in peripheral smear is seen more commonly in ALL than AML. Coagulopathy, DCT positivity,
spontaneous tumor lysis syndrome, deranged renal and liver parameters are more common in ALL than AML.
Though 22% remained unclassified by peripheral smear, 13% could be classified by bone marrow study and 6%
by flow cytometry. Thus only 3% remained unclassified after bone marrow and flow cytometry analysis of the
same.
Conclusion: Diagnosis of leukemia is not only by morphological examination of peripheral blood films alone, but
also requires bone marrow study, advanced diagnostic procedures like flow cytometry and cytogenetic analysis.
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Introduction
Acute leukemias are a result of a sequence of somatic
mutations in a multipotent primitive hematopoietic
cell[1]. It forms a major proportion of haematopoietic
neoplasms that are diagnosed worldwide.
Acute Myeloid Leukemia (AML) in adults accounts for

80-90% of cases of acute leukemias. Acute Lymphoid
Leukemia (ALL), though common in childhood
comprises 12% of all leukemias[2]. Incidence rises
again in the sixth decade but this age peak is absent in
developing countries.
Leukemias have varied presentation. There is
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limited comprehensive assessment of clinical
and laboratory profile of acute leukemia in Indian
population. Because of population growth, aging and
urbanization, changing dietary habits, better control
of infections, and increasing tobacco consumption,
developing countries like India are anticipated to bear
greater cancer burden, including lympho-hemopoietic
malignancies.
In many hospitals in developing countries,
the diagnosis of leukemia is by morphological
examination of peripheral blood films. This is grossly
inadequate. Bone marrow study and advanced
diagnostic procedures like cytogenetic analysis,
immunophenotyping, cytochemical staining and
molecular genetics are yet to be fully incorporated in
the workup of leukaemias.
Subtypes of AML and ALL differ in response to therapy,
clinical course and prognosis[3].
According to GLOBOCAN 2008, the worldwide
estimates of cancer incidence and mortality produced
by the International Agency for Research on Cancer
(IARC) for developing countries in 2008, revealed
116,500 and 93,400 new cases of leukemia in males
and females respectively. Of these, the estimated
deaths were 95,100 and 75,100 in males and females
respectively[4].
The predisposing factors are:
a. Hereditary as seen in leukemias associated with
congenital disorders like Down’s syndrome,
Fanconi’s anemia, Bloom’s syndrome, Kostman
syndrome, Diamond-Blackfan syndrome, WiskottAldrich syndrome.
b. Acquired factors like ionizing radiation due to
nuclear fall-out, therapeutic irradiation for other
neoplasms, chemical agents like benzene[5],
chemotherapeutics like alkylating agents,
topoisomerase II inhibitors[6], tobacco smoke[7],
viral infections like human lymphotropic virus type
I, Epstein-Barr virus infections, acquired conditions
like myeloproliferative syndrome, aplastic anemia
have been implicated[8].
Different mechanisms of leukaemogenesis:
1. Activation of a proto-oncogene to an oncogene
when it is translocated to a transcriptionally active
site: Translocation may cause a proto-oncogene
to be brought closer to a transcriptionally active
gene; this can cause activation of proto-oncogene
and neoplastic transformation.
Ex: Translocation (8; 14) places the protoMedica Innovatica

oncogene, C-MYC located at Chromosome 8 close
to transcriptionally active immunoglobulin locus
on Chromosome 14. This causes activation and
increased transcription of C-MYC and abnormal
cellular proliferation in pre B-ALL[8].
2. Formation of a chimeric transcription factor: This
is the major mechanism in the pathogenesis of
AML.
Ex: t (15;17) in acute promyelocytic leukemia
(APML) that leads to fusion of genes for Retinoic
acid receptor alpha (RARA) on chromosome 15 with
the promyelocytic leukemia gene on Chromosome
17. In APML, PML-RARα fusion protein represses
retinoic acid inducible genes, which prevent
appropriate maturation of promyelocytes.9
Administration of all-trans-retinoic acid normalizes
RARα signaling by releasing the transcription
repressors and allowing normal maturation and
differentiation of promyelocytes[8].
3. Formation of a fusion protein with enhanced
tyrosine kinase activity: In few precursor B-ALL, t
(9; 22) causes formation of a fusion protein BCR/
ABL that has enhanced tyrosine kinase activity.
These abnormalities are insufficient by themselves
to induce leukemia. Additional genetic alterations
are required to cause leukemic transformation.
Examples of second mutations area) Activation of FLT3, a receptor tyrosine kinase
in both ALL and AML which turns on signal
transduction pathways and contributes to
neoplastic transformation.
b) Inactivation of tumor suppressor gene pathway
controlled by RB1 or p53 occurs in a proportion of
cases of ALL[8].
Foetal origin of ALL: Some ALL may arise in utero.
Leukemia specific fusion gene sequences (MLL/
AF4, TEL/AML1) have been identified in blood
spots from neonates who developed ALL after a
latent period and their leukemic cells contained
the identical fusion gene sequences[9]. Another
mechanism is thought to be in-utero exposure to
X rays[10].
The French-American-British (FAB) classification
of AML (Table 1) and ALL (Table 2) is shown below.
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Table 1: FAB Classification of Acute Myeloid
Leukemia
Type

Name
Undifferentiated acute
M0
myeloblastic leukemia
Myeloblastic leukemia
M1
without maturation
Myeloblastic leukemia
M2
with maturation
Acute promyelocytic
M3
leukemia
Acute myelomonocytic
M4
leukemia
Acute myelomonocytic
M4 E0 leukemia with bone
marrow eosinophilia
Acute Monocytic
M5
leukemia
Acute erythroid
M6
leukemia
Acute megakaryocytic
M7
leukemia

Cytogenetics

t(8;21)(q22;q22)
t(6;9)
t(15;17)
inv16(p13;q22)
del(16q)
inv16, t(16;16)
del(11q), t(9;11),
t(11;19)

t(1;22)

Table 2: FAB Classification of Acute Lymphoblastic
Leukemia
Immunologic
Subtype

% of
Cases

Pre-B ALL

75

T cell ALL

20

B cell ALL

5

FAB
Cytogenctic
Subtype Abnormalities
t(9;22), t(4;11),
L1, L2
t(1;19)
L1, L2
14q11 or 7q34
t(8;14), t(8;22),
L3
t(2;8)

Need for the study: Due to the rising incidence of
acute leukemias in a developing country like India,
the clinical profile of these diseases must be identified
in order to facilitate early recognition, timely
diagnosis and appropriate treatment. The various
types and subtypes of acute leukemias are identified
using advanced diagnostic techniques such as flow
cytometry which are vital in prognostication and
choosing treatment modalities
Hence, the aim was to study the clinical and laboratory
parameters of acute leukemia with special reference
to flow cytometry studies.
Materials and Methods
This was a cross sectional study including all adult
patients diagnosed as acute leukemia. Patients
with myelodysplastic syndromes transformed to
12
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leukemias; Patients diagnosed as acute leukemias
following chemotherapy for other malignancies;
and Chronic Myeloid Leukemia with blast crisis were
cluded from the study.
Consecutive patients diagnosed with acute leukemias
admitted from October 2014 were included in the
study after obtaining informed consent. Data was
collected over a period of 18 months from October
2014 to March 2016. A total of 100 patients were
included in the study.
Details were collected as per proforma regarding
demographic factors, symptoms, signs, laboratory
parameters. The morphological typing and subtyping of leukemia was based on peripheral smear
examination, bone marrow studies (aspiration and
biopsy) employing the FAB criteria, flow cytometry
and cytogenetics.
Cytochemical stains
The cytochemical stain myeloperoxidase is most
sensitive and specific for granulocytes, therefore it
is useful to differentiate AML from ALL. Periodic Acid
Schiff stain shows typical block- like or coarse granular
positivity of lymphoblasts in ALL and sometimes in
AML (Monocytic, Erythroleukemia, Megakaryoblastic).
The reaction and non-reaction with sudan black blue
stain are both practically significant, as the former
refers characteristically to AML and the latter is highly
supportive of the diagnosis of ALL.
Flow cytometry
Immunophenotyping by flow cytometry identifies the
specific antigens on the membrane or in the cytoplasm
or nucleus of leukemic cells and differentiates them
into lymphoid or myeloid lineage. The various cellular
antigens are identified by incubating anticoagulated
whole blood with monoclonal antibodies that identify
specific cell population (phenotype) and then red
blood cells are removed by adding lyzing reagent.
The antibodies are conjugated to fluorescent tags
that emit light of a certain frequency when excited
by a laser beam. The specimens are analyzed on a
flow cytometer to determine the population of cells
of a particular phenotype (that emit light of the right
wavelength). CD 33, CD13 antigens are good markers
for AML and one or both are present in over 90% of
cases. CD14 is seen on M4/M5 subtype of AML and
CD41 in M7 subtype. CD10, CD19, CD22 antigens are
present on the blasts of ALL.
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Cytogenetics
Acute leukemia is a complex disease with considerable
phenotypic and genotypic heterogeneity reflecting the
complexities of myeloid cell differentiation. There are
more than 100 recurring cytogenetic abnormalities
and numerous point mutations observed in AML
and ALL. Cytogenetic translocations result in the
formation of fusion proteins, which are a common
pathway in leukemogenesis. Cytogenetic evaluation
of cells from leukemia patients has resulted in better
understanding of the specificity of some of the
abnormalities observed in tumor cells. There is a close
association of specific chromosomal abnormality with
particular types of human leukemia. In addition they
are the best prognostic indicators.
Data analysis
Data was analysed using SPSS 24 version. All
continuous variables have been expressed as mean ±
SD (when normally distributed) or median ± IQR (when
not normally distributed). All categorical variables
have been expressed as frequency and percentage.
Categorical variables were analysed by Chi square
test or Fischer’s exact test. Continuous variables
were analysed by independent t test (when normally
distributed) and Mann Whitney U test (when not
normally distributed). One- way ANOVA was used for
3 or more independent variables and Kruskall Wallis
was used for non parametric data. p value of <0.05 was
considered to be significant.
Definitions:
As per WHO anemia is defined as hemoglobin level
<13g/dl for males and <12g/dl for females (Table 3).
Table 3:WHO Grading of Anemia[11,12]

Grading
Mild
Moderate
Severe

Haemoglobin level (g/dl)
11-normal
8-10.9
<8

Leucocytosis was grouped into 11,000-50,000 cells/cu
mm, 50,000-1,00,000 cells/cu mm, and >1,00,000 cells/
cu mm categories.
According to Common Terminology Criteria for
Adverse Events v3.0 (CTCAE), thrombocytopenia was
classified as (Table 4):
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Table 4: CTCAE Grading Of Thrombocytopenia [13,14]

Grades
Grade1
Grade 2
Grade 3
Grade 4

Platelet count (cells/cu mm)
75,000-1,50,000
50,000-75,000
25,000-50,000
<25,000

Spontaneous tumor lysis is tumor lysis syndrome in
the absence of cytotoxic therapy. Laboratory tumor
lysis syndrome (LTLS) as per Cairo Bishop classification
must contain 2 or more of the following criteria[15,16]:
• Uric acid ≥8.0 mg/dL or 25% increase from baseline
• Potassium ≥6.0 mmol/L or 25% increase from
baseline
• Phosphorus ≥4.5 mg/dL or 25% increase from
baseline
• Calcium ≤7.0 mg/dL or 25% decrease from baseline
Results
100 patients of acute leukemia were studied in detail
and evaluated for clinical and laboratory features
(Figure 1).

Uncla
ssied
3%

ALL
27%

AML
70%

ALL
AML
Unclassied acute leukemia

Figure 1: Types of leukemias
The mean age of study population was 41 years (SD
17.26), with minimum age of 18 years and maximum
age being 83 years. Though the acute leukemias was
distributed throughout all age groups, the peak age
was 41-50 years(21%) while minimum belonged to 5160 years (12%).
There
was
male
preponderance
in
the
patients
studied,
with
55%
males
and
45% females. Male: Female ratio is 1.2:1.
Fever was the most common symptom seen in 71%,
followed by fatigue in 44% (Figure 2).
Pallor was the most common sign seen in 79%, followed
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by splenomegaly in 30% and lymphadenopathy in
28% (Figure 3).
Anemia was the most common haematological
abnormality 98% (n=98) followed by thrombocytopenia
in 93% (n=93) (Figure 4).
Based on the WHO classification of anemia, 66% of the
patients had severe anemia, 29% had moderate, 3%
had mild and 2% had no anemia.
49% of the patients had leukocytosis at presentation,
32% had leukopenia while 19% presented with a
normal total count.
Minimum total count was 280 and maximum was
490,480 with a median of 10,365 with an IQR of 30,280.
93% of the patients had thrombocytopenia with
median platelet count was 31,500 with an IQR of 64,000.
Minimum platelet count was 4000 and maximum was
2,46,000
Out of 100 patients, 35 were diagnosed to have AML, 5
with ALL, 22 remained as unclassified acute leukemia
by peripheral smear. The other 38 patients had

80%
70%
60%
50%
40%
30%
20%
10%
0%

peripheral smear reported as NCNC, pancytopenia,
macrocytic, leucoerythroblastic, and both macrocytic
and leucoerythroblastic blood picture.
48% had blasts more than 30% in peripheral smear.
It was more common in ALL than AML which was
statistically significant with p=0.036 by chi square test.
Peripheral smear of ALL patients showed a median
blast percentage of 48% with an IQR of 56 while,
peripheral smear of AML patients showed a median
blast percentage of 16.5% with an IQR of 61 with
p=0.135 by chi square test.
Coagulopathy was more commonly seen in
females(95.6%) than males(92.7%) with p value
of 0.688 by chi square test. 6% had features of
coagulopathy which was more common in ALL than
AML with p=0.669 by chi square test.
Direct Coomb’s Test (DCT) was positive in 26 patients.
Among them 16 were ALL and 10 were AML. Thus, being
more common in ALL than AML, with a statistically
significant p value of 0.001 by chi square test.

71%
44%
24%
11%

11%

8%

6%

5%

1%

FIGURE 2: SYMPTOMS
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79%
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30%

28%
20%
12%
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FIGURE 3 : SIGNS
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FIGURE 4 : HAEMATOLOGICAL ABNORMALITY
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FIGURE 5. SUBTYPES ON FLOWCYTOMETRY
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Table 5: Comparison of bone marrow versus flow cytometry findings

Not done
ALL
B ALL
T ALL
AML
AML M0
AML M3
AML M4
AML M5
AML M6
Unclassified Acute leukemia
TOTAL

ALL

AML

0
4
13
7
0
0
0
0
0
0
0
24

1
0
0
0
32
0
1
3
5
1
0
43

AML
M3
6
0
0
0
0
0
4
0
0
0
0
10

Tumor lysis was preset in 80% of the patients. Tumor
lysis was more common in ALL (84.3%) than AML
(70.4%) though the p value was not statistically
significant (p=0.122) by chi square test.
Blood urea was high in 19% of patients. It was more
common in ALL(37%) than AML(11.4%) which was
statistically significant(p=0.004) by chi square test.
16% of study group had abnormal creatinine which
was more common in ALL(22.2%) than AML(11.4%)
which was statistically significant(p=0.02) by chi
square test.
By bone marrow, 67 patients were diagnosed to have
AML, 24 as ALL and 9 were unclassified.
Flow cytometry was done in 93% of the patients
by which 27 had ALL, 63 had AML, 3 remained as
unclassified. Among the remaining 7% of study
population in whom flow cytometry was not done,
bone marrow study of 6 patients was consistent with
AML M3. 1 patient of AML did not consent for flow
cytometry, hence it was not done (Figure 5, Table 5).
Cytogenetics was done in 20% only, due to financial
constraints. Cytogenetics was done in all 11 APML
patients, among which 9 were PML RAR positive, 2
were negative. Among the others, 1 was AML M4 inv16
positive.1 case of AML with aberrant CD10 was t (8,21)
(15,17), inv16, FLT3, NMP1 mutation negative. 5 cases
of AML,1 AML M4,1 AML M6 were inv16, CBFB MYH11,
FLT3-ITD mutation negative.
Finally, with the aid of peripheral smear, bone marrow
and flow cytometry, 70 were diagnosed to have AML,
27 ALL, and 3 remained unclassified.
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AML
M4
0
0
0
0
0
0
0
3
0
0
0
3

AML
M5
0
0
0
0
0
0
0
0
7
0
0
7

AML
M6
0
0
0
0
0
0
0
0
0
4
0
4

Unclassified
TOTAL
acute leukemia
0
7
0
4
1
14
2
9
2
34
1
1
0
5
0
6
0
12
0
5
3
3
9
100

Discussion
The mean age of patients in our study was 41 years (SD
17.26) which is similar to Makkar et al who noted it to
be 46.8 years[17].
Though acute leukemia has been observed in all
age groups, the peak decade is 41-50 years (21%) in
our study while minimum number of patients was
in 6th decade (51-60 years). Study done by Kusum
et al demonstrated the peak decade to be 51-60
years (18.4%)[18]. For most of the hematological
malignancies, lower age standardized incidence rates
have been observed as compared to the West[19].
Of the 100 patients in our study, 55% were males
and 45% were females which was similar to studies
by Nwaandi et al[20] and Shahab et al[21]. Male
preponderance in acute leukemias can be attributed
to exposure to environmental and occupational
carcinogens. According to a study by Bhutani et
al, average age standardized (world population)
incidence rate of lymphoid malignancies in Bangalore
was 1.2 in males and 0.8 in females, that of myeloid
malignancies was 1.8 in males and 1.7 in females.
In most of the studies including ours, fever is the most
common symptom. Fever (71%) is followed by fatigue
(44%), bleeding (24%), weight loss (11%), abdomen
pain (11%), bone pain (8%), jaundice (6%), swelling in
the neck and axilla (5%) and gum hypertrophy (1%).
Nwannadi et al showed that fatigue (82.2%) was the
most common symptom, followed by fever (78.5%),
weight loss (54.6%), lymph node enlargement (53.4%),
bone pain (31.9%), and bleeding (10.4%)[20].
Fever was seen in 77% and bleeding in 23% in a study
by Shahab et al, which was similar to our study[21].
Medica Innovatica
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Bleeding has been observed in 24%, with
gastrointestinal bleeding being most common, in
the form of malaena and haematochezia in our
study. Ghosh et al also observed bleeding in 21.9% of
patients similar to our study, however both Ghosh et
al and Rathee et al showed mucocutaneus bleeding to
be the most common[22,23].
Pallor is the most common sign similar to previous
studies. It was followed by splenomegaly (30%),
lymphadenopathy (28%), hepatomegaly (20%),
icterus (12%), edema (8%), cyanosis (1%) and
clubbing (1%). Nwannadi et al showed that pallor was
the most common physical sign (71.2%), followed by
splenomegaly (66.3%) and hepatomegaly (47.8%)[20].
In our study hepatomegaly and splenomegaly were
seen in 20% and 30% respectively. In studies conducted
by Shome et al[24], hepatomegaly was seen in 73% and
splenomegaly in 52% while Mathur et al[25], noted it to
be in 76% and 73% respectively. Sharma et al[26], found
that 7.59% presented with hepatomegaly and 39.24%
patients presented with splenomegaly.
Incidence of lymphadenopathy in our study is 28%
which correlates with the studies of Shome et al[24],
and Mathur et al[25] but, in a study by Advani et al[27],
lymphadenopathy was seen in only 4%.
Organomegaly was seen more commonly in ALL
than AML in our study which was similar to a study
by Shimizu et al[28]. Shahab F et al[21], in his study also
showed that enlargement of liver, spleen and lymph
nodes were more commonly associated with ALL
compared to AML.
In our study anemia is the most common
haematological abnormality 98% (n=98) followed by
thrombocytopenia 93% (n=93) which has also been
illustrated by Rathee et al[23]. Study done by Preeti
et al[29], showed thrombocytopenia to be the most
common haematological abnormality, followed by
anemia and leukocytosis. In a study by Manisha B et
al[30], anemia was the most common (50%), followed
by leukocytosis (60%) and thrombocytopenia (75%).
Study by Burn CP et al[31], showed that 50% had
leukopenia, 25% had normal leukocyte count and
25% had leukocytosis, while in our study 32% had
leukopenia, 19% had normal leucocyte count and 49%
had leukocytosis.
Sharma et al[32], showed that prothrombin time was
prolonged in 62 acute leukemia patients (39.24%)
which is similar to our study (35%). Dixit et al[33],
showed that coagulation abnormalities were more
common in ALL than AML which has been observed in
Medica Innovatica

our study also. Dixit et al found that 64.2% of ALL and
35.8% of AML had coagulation abnormalities.
Direct Coomb’s test is positive more commonly in ALL
(59.3%) than AML (14.3%). Autoimmune hemolytic
anemia (AIHA) is well known to be associated with
lymphoproliferative disorders. Anecdotal reports
reveal the possibility of positive DAT in cases of
acute leukemia as seen by Solal et al[34], and Gurlek
et al[35]. Autoantibody against erythrocytes has
occasionally been observed in patients with de novo
acute myelocytic leukemia (AML) as demonstrated by
Tamura et al[36].
16% patients had deranged renal function tests. It has
been observed more commonly in ALL (22.2%) than
AML(11.4%). Barcos et al, in an autopsy study of 1200
acute leukemia cases, showed that the prevalence of
kidney infiltration was 54% in ALL, and 33% in AML[37].
Lanore et al[38], showed that 43% of patients with
hematologic malignancies had AKI. In a study done by
Medonca et al[39], patients with lymphoma or leukemia
had the greatest risk for AKI (odds ratio 2.23) relative
to other factors, including infection, cirrhosis, and
cardiovascular disease.
Tumor lysis syndrome is seen in 80% of our study
population. Amita et al showed that hyperuricemia,
hypocalcemia, hyperkalemia, and hyperphosphatemia
were more common in ALL, similar to our study[40]. In
a study by Coiffier et al incidence of life-threatening
complications from tumour lysis syndrome was as
high as 13% in patients with hematologic malignancies
than other malignancies[41].
Median peripheral smear blast percentage in our
study is 48% in ALL and 16% in AML. In bone marrow
it is 78% in ALL and 55% in AML. In a study by Rathee
et al[23], median blast percentage was 45% in AML and
38% in ALL. Ghosh et al[22], demonstrated mean values
and range for peripheral blood blasts in AML as 41.4%
(5-77%) and bone marrow blasts as 57.6% (34-96%).
Preethi et al[29], noted a mean blast percentage of 62%
in AML correlating with the study conducted by Mathur
et al[26].
66.7% of ALL and 42.9% of AML in our study show
peripheral blood blast >30%. It was recommended by
Cheson et al that the diagnosis of AML can be made
when the percentage of blasts in peripheral blood
samples is 30% or more, even if the blast count in the
BM is less than 30%[42,43].
By peripheral smear 35 patients had AML, 5 had ALL, 22
were unclassified acute leukemia. Peripheral smears
of 38% patients were not suggestive of leukemia,
Jul - Dec 2017, Volume 6 - Issue 2
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and were diagnosed to have acute leukemia by bone
marrow study and flowcytometry. Rabizadeh et al
in his study diagnosed 75% (72 of 96) to have acute
leukemia by peripheral smear while in our study it is
62%[44]. In a study by Rathee et al on peripheral smears
of acute leukemia patients, 33.8% were affected with
AML, and 17.2% with ALL[23].
Bone marrow was done in all patients, after which, 67%
were confirmed to have AML, 24% ALL and 9 remained
unclassified. It was almost similar to a study done by
Kusum et al where 25.4% had ALL while 37.7% had
AML[18]. Pradhan et al in his study noted that 35.95%
were ALL and 21.9% were AML, thus ALL being more
common than AML[45].
Among 9 patients who still remained as unclassified
acute leukemia after bone marrow biopsy, could be
grouped into either AML or ALL by flow cytometry.
Andoljsek et al, showed that immunophenotyping
is of great use to distinguish between AML and
lymphoid leukemia, as well as when defining hybrid
and biphenotypic leukemia where leukemic cells are
atypical[46].
Sazawal et al showed that CD13, 33 were the most useful
markers in diagnosis of AML similar to our study. CD14
and CD36 were most often seen in monocytic(38%)
and myelomonocytic (44%) leukemias[47].
Lymphoid antigen expression was seen in 15% of
cases in a study done by Ghosh et al[22] and the highest
positivity was seen in case of CD7 at 11%. However
in our study it is seen in 4% and CD10 is the most
common. Lymphoid antigen positivity has been
reported between 16-22% and CD7 appears to be the
most commonly expressed marker (28.4%) according
to Launder et al, Bradstock et al, and Ball et al[48-50].
Cytogenetics was done in 20% only, due to financial
constraints. But all patients who had acute
promyelocytic leukemia(11%) had cytogenetics done
for RARA- t[15,17] out of which 9 were PML RARA positive,
2 were negative. 1 patient was AML M4 inv16 positive
and remaining 8 patients had cytogenetics reported as
negative. Zheng et al noted that t (8; 21), t[15,17], inv[16]
were exclusively found in M2, M3, M4 respectively[51].
With the aid of peripheral smear, bone marrow and
flowcytometry, in our study AML is seen in 70%, ALL is
seen in 27%, and 3 patients remained as unclassified
acute leukemia.
Shahab F et al[21], demonstrated that among 92
patients who had acute leukemias, ALL constituted
46%, AML 38% and undifferentiated acute leukemia
16%.
18
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Among patients with AML, M5 subtype is the most
common in our study, while Ghosh et al[22], and Advani
et al[27], observed it to be AML M2 with 37% and 35%
respectively. Shome et al[24], also found that AML M2
was the most common followed by M4. Sudha et al[52],
showed AML M3 (57%) was the most common, and
Shahab et al found AML-M4 was the most common
sub-type. Preeti et al[29], found that AML M1 was seen
in 10 (20%), M2 in 22 (44%), M3 in 3(6%), M4 in 11
(22%), AML M5 in 4 (8%) patients. No patients of M0,
M6 and M7 subtypes were seen. In our study AML M0
was seen in 1%, M3 in 11%, M4 in 6%, M5 in 12%, M6
in 5%. No patients of AML M2 and M7 were seen. 35%
were unclassified AML.
In our study, among patients who had ALL, 9% had T
cell ALL, 14% had B cell ALL, 4% were unclassified ALL.
Shahab et al[21], showed that T cell ALL and pre B cell
ALL was more common.
In our study initially by peripheral smear though 22%
remained unclassified, among them, 13% could be
classified by bone marrow and 6% by flow cytometry.
Thus only 3% remained unclassified after bone
marrow and flow cytometry analysis of the same.
Thus peripheral smear alone may miss the diagnosis
of acute leukemia. Both bone marrow study and flow
cytometry not only help to classify acute leukemias but
also subtype both myeloid and lymphoid leukemias,
which are essential for prognosis and treatment.
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