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ABSTRACT
Background: Immunophenotyping has become an
inseparable tool for precise characterization of acute leukemia
(AL), which is the corner stone of therapeutic success in these
cases. There is paucity of data regarding immunophenotypic
profile of adult acute leukemia in Bangladeshi population. This
study was carried out to see the immunophenotypic pattern of
different types of AL in our population and also to compare
between results of flow cytometric immunophenotyping and
cytomorphologic assessment.
Methods: A total of seventy (70) morphologically diagnosed
adult AL cases (age≥ 18 years) from Bangabandhu Sheikh
Mujib Medical University (BSMMU), Dhaka Medical College &
Hospital (DMCH), Sir Salimullah Medical College & Mitford
Hospital (SSMC & MH), and National Institute of Cancer
Research & Hospital (NICRH) were analyzed by 4-color flow
cytometry for immunophenotyping using a predefined panel of
antibody. All the samples were reviewed for morphologic
features by light microscope before flow cytometric
assessment.
Results: Flow cytometry could assign lineage to 64 cases out
of 70. Among the 64 cases 31 (48.4%) cases were Acute
Myeloblastic Leukaemia (AML), 31 (48.4%) cases were Acute
Lymphoblastic Leukaemia (ALL), and 2 (3.12%) were mixed
phenotype acute leukemia. CD13 and CD117 were the mostly

INTRODUCTION
Acute leukemia is a heterogeneous group of hematologic
malignancies affecting blood and bone marrow cells. The disease
follows mostly a poor prognosis but some specific types have
better prognoses with specific therapeutic options.1 Flow cytometry
can reliably made distinction between lymphoid and myeloid
leukemia, which is crucial for its management. Leukemic blast
shows distinct pattern of antigenic phenotype that reflects the
pattern of antigen acquisition seen in normal hematopoietic
differentiation, yet invariably demonstrate distinct aberrant
immunophenotypic features. Detailed understanding of these
phenotypic patterns of differentiation, particularly in myeloid
leukemia, allows for more precise classification of leukemia than
does morphology alone.2 Multi-parameter flowcytometry is a
useful adjunct to morphology and cytochemistry and it is an
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expressed markers (96.8%) in the AML cases while CD19 was
most frequent (100%) in B-ALL, and CD3 was mostly
expressed (100%) in T-ALL. Aberrant antigen expression was
found in 39.1% of the acute leukemia cases. Complete lineage
agreement rate was higher in AML (89.7%) than that of ALL
(80.6%). Complete Discordance was found in 9.4% cases
between the results of flow cytometry and cytomorphology.
Conclusion: Inclusion of flow cytometry in routine diagnostic
workup of acute leukemia ensures proper characterization as
well as management of these cases.
Keywords: Immunophenotypic Profile, Flow Cytometry, Adult
Acute Leukemia, Cytomorphology.
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invaluable tool in the diagnosis of Acute Leukaemia.3
Flowcytometry of leukemic cells plays an essential role in
identification of leukemia cell line, maturation staging and residual
disease detection. Several advances in flowcytometry, including
availability of an expanded range of antibodies and fluorochromes,
improved gating strategies, and multi-parameter analytic
techniques, have all dramatically improved our ability to identify
different normal cell populations and recognized phenotypic
aberrancies, even when present in a small proportion of the cells
analyzed.4 The distribution of leukemia type varies with age of the
patient. This study was done to see various types, subtypes,
aberrant antigen expression pattern of acute leukemia in adult
patients in Bangladeshi population and also to compare the
results between flow cytometry and microscopic morphology.
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MATERIALS AND METHODS
This cross sectional prospective study was conducted from March,
2015 to February, 2016.
Blood and bone marrow samples were collected from Department
of Hematology of Bangabandhu Sheikh Mujib Medical University
(BSMMU), Dhaka Medical College & Hospital (DMCH), Sir
Salimullah Medical College & Mitford Hospital (SSMC & MH) and
National Institute of Cancer Research and Hospital (NICRH)
Dhaka. Morphologic features of all the samples were reviewed by
qualified hematologist of Department of Clinical pathology,
BSMMU. Rest of the laboratory works were done in the
Department of Microbiology & Immunology, BSMMU.
The protocol was approved by the Institutional Review Board
(IRB) of BSMMU.
Study Population
Seventy adult patients aged 18years or above, attending the
Department of Hematology of BSMMU, DMCH, SSMC & MH and
NICRH who were newly diagnosed as acute leukemia by
cytomorphology, were included in the study. Informed written
consent was taken from all patients. Consecutive sampling
procedure was followed for this purpose. Patients who were
suffering from chronic myeloid leukemia with blastic crisis,
myelodysplastic syndrome, and other myeloproliferative disorders
or have received chemotherapy for acute leukemia were excluded
from the study.
Sample Collection
Preferred sample was bone marrow aspirate and in case of
unavailability peripheral blood was collected. 2 ml of bone marrow
aspirate was collected from 29 patients. Collection was performed
by experienced personnel of the Hematology Department of the
respective institutes from posterior superior iliac spine after
ensuring strict asepsis and necessary precautions. 2 ml of
peripheral blood from41 patients were collected mostly from
antecubital vain with aseptic precautions. All the samples were
collected in EDTA tubes.
Morphologic Assessment
All specimens were obtained and prepared for morphologic
examination using standard techniques. Smears were air dried &
stained by Leishman stain followed by light microscopy.
Immunophenotyping
Sample collected in EDTA tube was immediately transported to
the lab for immunophenotyping. Measured amount of sample
was taken in previously marked tubes to ensure approximate
cell concentration of 106 per ml. Pre titrated volume of specific

antibodies or antibodycocktails were added to specific tubes
followed by incubation in dark for 20 minutes. Lysing solution BD
FACSLyseTM (1X) was added and incubated further for 10-12
minutes. Then temperature regulated centrifugation was done at
200-300g for 5 minutes at 250 C and supernatant discarded.
Washing &centrifugation process was repeated once. Cells were
finally re-suspended in 0.5ml sheath fluid or PBS with 2%
paraformaldehyde. This was done for surface markers. But for
staining of intracellular markers 0.5ml of permeabilizing solution
Perm2TM (1X) was added to the tubes after centrifugation and
incubated for 10 minutes in the dark. Then cells were washed by
sheath fluid and centrifuged at 300g for 5 minutes and
supernatant discarded. Addition of pre titrated volume of
antibodies or antibody cocktail against intracellular antigens was
done followed by incubation in dark for 10-15 minutes. Then the
steps are same as for extracellular markers as washing,
centrifugation, and final preparation in sheath fluid or PBS.
Following marker combinations of fluorochrome tagged
monoclonal antibodies (MoAb) were added to different tubes for
detection of various cellular markers by flow cytometry
For T – cell: cytoplasmic (cy) CD3, CD5, CD7
For B – cell: CD19, CD10, cyCD79a
For Myeloid cells: CD13, CD33, CD117, CD14, CD15, CD64 and
cytoplasmic myeloperoxidase (cyMPO)
Pan leukocyte marker: CD45
Precursor marker: CD34, TdT, HLA-DR
Four color FCM immunophenotyping was performed on BD
FACSVerseTM by collecting 10,000 ungated list mode events. The
blast gating strategy included using dot plots of CD45 expression
versus side scattering (SSC) and also a second gating strategy
using forward scattering (FSC). Back gating was also done when
required. Analysis of different parameters of the gated cells were
done by standard method. Any antigenic marker was considered
positive if 20% or more of the blast cells reacted with a particular
antibody.
Statistical Analysis
All data after collection by data sheet were checked, edited
analyzed by using computer based SPSS (Statistical Package of
Social Science, version 20) software. Results were presented in
the form of tables and figures. Descriptive analysis of all relevant
variables was done by using proportion, central tendency and
dispersion. P value was calculated by Chi square test. P value &
lt; 0.05 was considered as minimum level of significance.

Table I: Distribution of Acute leukemia cases according to types and sub types (n=64)
Acute leukemia type

No.

%

Acute Myeloblastic Leukemia (AML)
Acute lymphoblastic Leukemia (ALL)

31
31

48.4
48.4

Mixed phenotype acute leukemia (MPAL)

2

3.12

Total

64

100

158 | P a g e

Int J Med Res Prof.2018 Sept; 4(5); 157-63.

Acute leukemia
subtype

No

%

B-ALL
T-ALL
B+My
B+T

21
10
1
1

67.7
32.3
50
50
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Markers
CD13
CD33
CD117
cyMPO
CD34
HLA-DR
CD14
CD15
CD64
CD235

Markers

CD34
TdT
HLA-DR
cyCD79a
CD19
CD10
CD3
CD5
CD7

Table II: Immunophenotypic pattern of acute myeloblasticleukemia (n=31)
No.
%
30
96.8
28
90.3
30
96.8
25
80.6
23
74.2
23
74.2
02
6.5
02
6.5
14
45.2
01
3.2
Table III: Immunophenotypic pattern of patients with ALL (n=31)
B – ALL
T – ALL
21/31
10/31
n ( %)
n (%)
17 (80.9)
03 (30)
10 (47.6)
05 (50)
19 (90.5)
02 (20)
20 (95.2)
21 (100)
17 (80.1)
05 (50)
10 (100)
08 (80)
09 (90)

Table IV: Comparison between cytomorphology and flow cytometric results (n = 70)
Cytomorphology report
No.
Flow cytometric results
No.
AML
31
AML
26
B – ALL
02
T – ALL
00
MPAL
01
Undetermined*3
02
ALL
35
B – ALL
17
T – ALL
08
AML
05
MPAL
01
Undetermined*3
04
*1
MPAL
01
B- ALL
01
Unclassified*2
03
B – ALL
01
T – ALL
02
2
* Unclassified: By cytomorphology presence of only blast cells not specified as myeloblast/ lymphoblast
*3 6 cases were undetermined by flow cytometry as the blast count was < 20% in the sample.
Table V: Concordance and discordance between results of cytomorphology and flow cytometry (FCM) n=64
Concordance/Discordance
No.
%
Complete concordance
52
81.2
Partial concordance
06
9.4
Discordance
06
9.4
Total
64
100
Concordance: Similar result between cytomorphology and FCM
Discordance: Different result in cytomorphology and FCM
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Table VI: Distribution of acute leukemia (AL) patients according to age group (n = 64)
Acute Leukemia cases
Age in years
(≥18 – 20)
21- 40
41 – 60
61 – 80
No. (%)
No. (%)
No. (%)
No. (%)
AML
8 (25.8)
11 (35.5)
08 (25.8)
04 (12.9)
B – ALL
14 (66.7)
4 (19.04)
3 (14.3)
0
T – ALL
4 (40.0)
6 (60)
0
0
MPAL
01 (50)
01 (50)
0
0
Median age= 25.5 years
RESULTS
A total of 70 morphologically diagnosed adult patients with acute
leukemia were enrolled in this study. Among them 64 (91.4%)
could be characterized by flow cytometry (FCM) while 6 (8.6%)
cases remained undetermined as blast cell population was <20%.
Out of 64 acute leukemia cases, 31 (48.4%) cases were AML, 31
(48.4%) cases were ALL& 2(3.12%) were of mixed phenotype
acute leukaemia (MPAL). Among the ALL cases 21 (67.7%) cases
were B – ALL and 10 (32.3%) cases were T – ALL.(Table I)
Among the cases of AML highest expression rate was found
96.8% for both CD13 and CD117 followed by 90.3 % for
CD33.cyMPO was positive in 80.6% cases. Markers of immaturity
HLA-DR and CD34 were found in 74.2% cases. Among the AML
cases 2/31 (6.5%) were both CD34&HLA-DR negative & both
were provisionally diagnosed as acute promyelocytic leukemia
(APL) by flow cytometry. (Table II)
All of the 21 cases of B – ALL cases were positive for CD19.
Expression rate for cyCD79a was 95.2% (20/21) cases, 90.5%
(18/21) for HLA-DR. Of the 10 T – ALL cases CD3 is positive in

Total
No. (%)
31 (48.4)
21 (32.8)
10 (17.2)
02 (3.12)

100% cases, CD7 in 9(90%) cases, CD5 in 8 (80%) cases. TdT,
and CD10 were positive in 5 (50%) cases. (Table - III)
Expression of mixed phenotypic markers were found in 3.1%
cases (2/64). Between them one was diagnosed as B + My MPAL
while the other as B + T MPAL (Table II).
Overall calculation was done on 64 samples as 6 samples have
blast count < 20%. Among 31 morphologically diagnosed AML
cases 26 were confirmed as AML by FCM while in ALL group 26
cases among 35 were confirmed as ALL by both method. (Table
IV) Out of 64 cases 90.6 (58) cases showed total concordance
that includes both complete and partial concordance (Table V).
Out of 31 AML patients 35.5%) (11/28) were in 21 – 40 years age
group, followed by 25.8% (8/28) in both ≥18 – 20 years and 41 –
60 years age group. Of the 20 B-ALL patients 14 (66.7%) were in
≥18 – 20 years age group, 19.04% (04/21) in 21 – 40 years age
group. Out of the 10 T – ALL patients 60% (6/10) were in 21-40
years age group and remaining. Only 02(3.13%) patients were
diagnosed as MPAL each of which fell in the ≥18-20 years and 21
– 40 years age group (Table VI).

Fig I: Flow cytometric immunophenotypic pattern of Acute Myeloblastic Leukaemia
showing positivity for CD34, CD117, CD13, &cyMPO

Fig II: Flow cytometric immunophenotypic pattern of acute lymphoblastic leukaemia
showing positive CD34, CD19, CD79a & CD10 markers indicating a B-ALL
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DISCUSSION
The acute leukemias (AL) are a heterogeneous group of diseases
characterized by the rapid expansion of a malignant clone of early
hematopoietic progenitors that ultimately replace normal bone
marrow tissue resulting in marrow failure. Timely intervention can
minimize morbidity in AL they are usually highly responsive to
chemotherapy in the initial phase.5,6 Earlier classification system
for acute leukemias was based solely on cytomorphology and
cytochemical examination. World Health Organization’s in its 2008
Classification of Tumours of Haematopoietic and Lymphoid
Tissues incorporated immunophenotyping along with other
parameters for best patient outcome. For immunophenotyping of
leukemia flow cytometry is the most preferred and convenient
method as large number of cells can be assessed accurately
within a very short period of time.
This study included 70 adult patients (age ≥18) with acute
leukemia diagnosed by cytomorphology. Immunophenotyping was
carried out by flow cytometry (FCM) from 29 bone marrow and 41
peripheral blood samples.
Among the 70 samples studied, 64 could be assigned a given
lineage indicating that FCM was able to type an acute leukemia in
91.4% cases which is similar to the findings of Feki et al. in 2000
(93.9% cases). In this study, 6 (8.6%) cases were undetermined
by FCM as blast count was <20%. Among the 6 samples 5 were
peripheral blood and 1 bone marrow. In all these undetermined
samples respective bone marrow sample were again sought but
not available. It is suggested that ≥30% blast in the peripheral
blood in morphology is a prerequisite for a good correlation with
FCM findings.7 The bone marrow sample had 20% blast in the
morphologic examination. This variation may be due to errors in
sample collection, processing, or due to dilution done during flow
cytometric sample processing.
In this study, 64 acute leukemia (AL) cases were diagnosed by
flow cytometry (FCM) of which 31 (48.4%) were AML, 31 (48.4%)
were ALL and 2 (3.2%) were mixed phenotype acute leukemia
(MPAL). But different studies reported the incidence of AML & ALL
were 70% & 30%; 53% & 47%; and 60% & 40% respectively.1,2,8
So this study differs from other studies. In this study 27/64
(42.2%) cases were in ≥18-20 years age group where ALL was
66.7% (18/27). But in the rest 37 cases aged ≥21years AML were
found in 23/37 (62.8%) cases and ALL in 13/37 (35.1%) cases.
Various studies reported ALL to be the predominant type of acute
leukemia in early years of life and this trend continues up to 20
years, incidence of AML rises with age that mainly affects the
adult & elderly population.3,9 So this variation regarding the
distribution of leukemia types may be explained in part by younger
age of acute leukemia patients.
Expression rate of both CD13 and CD117 were found to be
highest (96.8%) among the AML patients which were nearly
similar to the results of other studies as CD13 (100% and 95%);
andCD117 (100% and 73%) respectively.10,11 These markers are
specifically useful for the identification of morphologically
undifferentiated AML cases.12
Expression of CD33, an important myelomonocytic marker, was
found 90.3% in the AML cases which is consistent with other
studies.1,2
Cytoplasmic MPO, a very crucial marker for diagnosis of myeloid
leukemia, was detected in 80.3 % AML cases. A study done in
2000 showed the positivity of 73%.13 So the findings of the study is
161 | P a g e

a bit higher than those studies which may be due to very small
sample size.
Combination of CD14, CD15 and CD64 is important for
differentiation of monocytic origin AML. Combination of any two of
these three markers was found in 3/31(9.7%) cases that defines a
specific type of AML (AML-M5) which is slightly higher than Harani
et al., 2005 (6%).
Hematopoietic progenitor cell markers CD34 and HLA-DR were
expressed in 74.2% of AML cases which is nearly similar to this
study.13
It was found that 6.45% (2/31) AML cases were suggestive of
APML by flowcytometric profile which is similar to these studies
that showed the incidence was nearly 10%. 2,15APML has a
different therapeutic protocol as well as prognosis.
In the current study 48.4% (31/64) cases were diagnosed as ALL
by FCM. Among these ALL cases 67.7% (21/31) cases were BALL and the rest 32.3% (10/31) were T-ALL. Findings from these
studies showed nearly similar percentage of B-ALL and TALL(76% & 24%; 64% & 34% and 75% & 25% respectively).2,3,16
Expression of CD19 in B-ALL cases was found 100% in this study
which is consistent with other studies.1,10 CD19 reactivity, for all
purpose, is very important for detecting B- lineage leukemia.
Expression rate of cyCD79, very important for lineage assignment
in B-ALL, was found 95.2% & that is nearly similar to other studies
that reported 100% expression rate.1,10,16
CD34 is normally expressed in immature hemopoietic cells or
blasts so is an excellent marker for monitoring blast population.17
CD34 expression was found 80.9%. But variable expression rate
were found in different studies as 61.2%, 58.8%, 76.3%
respectively.18,1,10 So the result was within the range.
Expression of HLA-DR in B-ALL cases was 90.5% in this study
which is almost similar to the findings of other studies with result
around95%.10,1,18
TdT, a nonspecific immaturity marker of lymphoid series, was
expressed in 47.6% of B-ALL which is similar to this study
(51.1%).10
T-ALL comprises 32.3% (10/31) of ALL cases. cyCD3, CD5, and
CD7 were detected to define these cases.
Expression of cyCD3 in 100% cases of T-ALL was consistent with
the findings of these studies.1,10,2,19 cyCD3 is the most sensitive
and specific marker for T-ALL.
Expression of CD7 was 90% (9/10) among the T-ALL cases which
is within the range found in these studies (100%, 92.3%, and
85.7% respectively).10,1, 20
Expression of CD5 was found in 80% (8/10) of the T-ALL cases
which is nearly similar to these study results (84.6%, and 86%
respectively).1,10
HLA-DR was expressed in 2/10 (20%) of cases which is a bit
higher than other studies (14% and 14.2% respectively).10,20 Small
sample size may be responsible for this discrepancies.
CD34 was expressed in 3/10 (30%) of the T- ALL cases which is
consistent with the findings of these studies.19,21
Expression of TdT was 50% (5/10) in T-ALL cases. Most of the
studies showed the expression ranging 80-100% which is higher
than current study findings.1,10,21 Lahjouji et al. reported TdT
expression in adult T-ALL was reported 50% in Oman by which is
similar to current study.22 It is well established that TdT expression
in T-ALL decreases with maturation and more mature T-ALL don’t
express this marker. So discrepancy of the current result with
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most of the studies may be due to the patients in the current study
suffering from more mature T-ALL, which could have been
categorized precisely by using extensive panel of monoclonal
antibodies. Or it may be due to smaller sample size of the study
giving a false impression.
CD10 expression was observed in 50% of the cases in the current
study which is nearly similar (43.1%) to this study done in India.2
In the study out of 2/64 (3.12%) cases showed the features of
MPAL which is consistent with the these studies.2,10 Flow
cytometric assessment is unique in these cases as MPAL
diagnosis by morphology is very critical in most of the cases.23
Flow cytometric analysis is critical for specific diagnosis of acute
leukemia. Concordance between morphology and flow cytometric
findings was 90.6 % (58/64) that included both complete and
partial similar results. Discordant result was found in 9.4% (6/64)
cases where flow cytometry was essential for lineage assignment.
Among the 58 concordant cases 81.2% (52/64) had complete
concordance and 9.4% (6/64) had partial concordance. Partial
concordance was considered when blast type could not be
confirmed morphologically or in MPAL cases where additional
information regarding the phenotype of the blast lineage was
found by FCM. These studies reported similar results regarding
concordance between morphology and immunophenotyping
(93.9% and 97% respectively).3,25
Out of the 64 cases, 31 were diagnosed as AML by
cytomorphology. By flow cytometry (FCM), 3 cases were
undetermined as there was <20% blast in the collected sample.
The complete and partial lineage agreement in case of AML were
92.8% and 3.8% respectively.
Flow cytometric lineage assignment was not possible in 3 out of
35 morphologically diagnosed ALL cases as blast count was
<20%. Complete and partial lineage agreement in case of ALL
were 81.3% and 3.1% respectively.
1(1.56%) case of morphologically diagnosed MPAL was confirmed
as B-ALL by FCM.
Finally complete lineage agreement between cytomorphology and
flow cytometry were 92.8% for AML and 81.3% for ALL. A study in
India showed concordance between cytomorphology and FCM
was 86% and lineage agreement between 2 modalities was 91.6%
for AML and 66.7% for ALL.17 Another study showed concordance
rate between morphology and FCM was 95.8%; and lineage
agreement for AML and ALL were 89.2% and 80% respectively.26
Higher concordance rate for AML in these studies is similar to the
current study.
In the current study 49/64 (76.6%) acute leukemia cases were 18
– 40 years age group that form the major portion of the study
population. Most of the (61.3%) AML patients are in <41 years
age. Among the ALL patients 18/31 (58.1%) fall in the 18-20 years
age group. These findings are also consistent with these studies
that showed AML predominance is seen in <40 years age group
and ALL is predominant in <20 age group respectively. 3,9So the
result of the current study regarding age distribution in acute
leukemia types is nearly similar to these studies. Median age at
the diagnosis of the acute leukemia in adult patients was found
25.5 years in this study. A study in Bangladesh showed that point
to be 31 years.9 An Indian study found the value to be 26 years in
India.27 Various studies done is US and European population
revealed median age at diagnosis of acute leukemia in adults is
around 55 years.28,29,30Difference in result is present with the
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western studies regarding the age at diagnosis of AL cases which
may be possibly explained in part by the different structure of our
population as nearly 2/3 of the Bangladeshi population are under
30 and the median age of entire population is 23.4 years.31 Or it
might be due to some environmental factors that needs to be
established by further study.

CONCLUSION
AML was the predominant form of leukemia in adults aged more
than 20 years. CD13 & CD 117 were the mostly positive marker
for AML while for B-ALL and T-ALL they were CD19 & cyCD79a,
and CD3 & CD7 respectively. Flowcytometric immunophenotyping
could precisely delineate different forms of Acute Leukaemia and
is especially important for confirming cytomorphologically
diagnosed acute lymphoblastic leukemia.
ACKNOWLEDGEMENTS
I pay my heartfelt gratitude to the Department of Microbiology of
BSMMU for the extensive laboratory support and also to the
BSMMU authority for financial grant both of which made my path
smoother.
REFERENCES
1. Salem DA, Abd El-Aziz SM. Flowcytometric immunophenotypic
profile of acute leukemia: mansoura experience. Indian J Hematol
Blood Transfus. 2012;28:89–96.
2. Gujral S, Badrinath Y, Kumar A, et al. Immunophenotypic
Profile of Acute Leukemia: Critical Analysis and Insights Gained at
a Tertiary Care Center in India. Cytometry B Clin Cytom. 2009
May;76(3):199-205. doi: 10.1002/cyto.b.20451.
3. Feki S, El Omri H, Laatiri MA, Ennabli S, Boukef K, Jenhani F.
Contribution of flow cytometry to acute leukemia classification in
Tunisia. Dis Markers. 2000;16(3-4):131-3.
4. Casasnovas RO, Slimane FK, Garand R, et al. Immunological
classification of acute myeloblastic leukemias: relevance to patient
outcome. Leukemia. 2003 Mar;17(3):515-27.
5. Pulte D, Jansen L, Gondos A, et al. Survival of Adults with
Acute Lymphoblastic Leukemia in Germany and the United
States. PLoS ONE. 20149(1): e85554.
https://doi.org/10.1371/journal.pone.0085554
6. Venkateswaran SP, Jojo A, Unni M. A Clinicopathological
Correlation of Acute Leukaemias in relation to
Immunophenotyping and Cytogenetics. International Journal of
Collaborative Research on Internal Medicine & Public Health
2012. 4 (10):1713-1737
7. Rezaei A, Adib M et al. Leukemia markers expression of
peripheral blood vs bone marrow blasts using flow cytometry. Med
Sci Monit. 2003 Aug; 9(8):CR359-62.
8. Kaleem Z, Crawford E, M. Pathan H, et al. Flow Cytometric
Analysis of Acute Leukemias Diagnostic Utility and Critical
Analysis of Data. Arch Pathol Lab Med 2003; 127(1), 42-48
9. Hossain MS, Iqbal MS, Khan MA, et al. Diagnosed
hematological malignancies in Bangladesh - a retrospective
analysis of over 5000 cases from 10 specialized hospitals, BMC
Cancer. 2014 Jun 14;14:438. doi: 10.1186/1471-2407-14-438.
10. MukdaE, Pintaraks K, Komvilaisak P and Wiangnon S.
Cytochemistry and Multi-color Flow Cytometric Immunophenotype
for Diagnosis of Childhood Acute Leukemia. J Hematol Transfus
Med.2011;21:23-31.

Int J Med Res Prof.2018 Sept; 4(5); 157-63.

www.ijmrp.com

Asif Rashed et al. Flow Cytometric Immunophenotyping of Acute Leukaemia & Comparison with Cytomorphology
11. Grimwade D, Walker H, Harrison G, et al. The predictive value
of hierarchical cytogenetic classification in older adults with acute
myeloid leukemia (AML): analysis of 1065 patients entered into
the United Kingdom Medical Research Council AML11 trial. Blood
2001; 98:1312-1320; doi: doi.org/10.1182/blood.V98.5.1312
12. Casasnovas RO, Slimane FK, Garand R, et al. Immunological
classification of acute myeloblastic leukemias: relevance to patient
outcome. Leukemia. 2003; 17: 515–527
13. Greiner J, Ringhoffer M, Simikopinko O, et al. Simultaneous
expression of different immunogenic antigens in acute myeloid
leukemia. Experimental Hematology.2000Dec; 28(12): 1413-1422
14. Harani, M.S., Adil, S.N., Shaikh. M.U., et al. Frequency of
FAB Subtypes in Acute Myeloid Leukemia Patients at Aga Khan
University Hospital Karachi. Journal of Ayub Medical College
Abbottabad. 2005. 17, 26-29.
15. Quintás-Cardama A, Ravandi F, Liu-Dumlao T, et al.
Epigenetic therapy is associated with similar survival compared
with intensive chemotherapy in older patients with newly
diagnosed acute myeloid leukemia. Blood. 2012 Dec 6; 120(24):
4840–4845.
16. Saxena R, and Hema A. Flow cytometry in acute leukemia.
Indian J. Hematol. Blood Transfus 24(4):146–150
17. Belurkar S, Mantravadi H, Manohar C, & Kurien A. Correlation
of morphologic and cytochemical diagnosis with flowcytometric
analysis in acute leukemia. JCRT. 2013, 9(1): 71-79
18. Noronha EP, Marinho HT, Thomaz EB, Silva CA, Veras GL,
Oliveira RA.. Immunophenotypic characterization of acute
leukemia at a public oncology reference center in Maranhão,
northeastern Brazil. Sao Paulo Med. J. 2011; 129 (6), 392-401.
19. Paredes-Aguilera R., Romero-Guzman L., Lopez-Santiago N.,
Burbano-Ceron L., Camacho-Del Monte O., Nieto-Martinez S.
Flow cytometric analysis of cell-surface and intracellular antigens
in the diagnosis of acute leukemia. Am. J. Hematol. 2001;68:69–
74.
20. Tiensiwakul P, Lertlum T, Nuchprayoon I, & Seksarn P.
Immunophenotyping of Acute Lymphoblastic Leukemia in
Pediatric Patients by Three-color Flow Cytometric Analysis. Asian
Pacific Journal of Allergy and Immunology. 1999: 17: 17-21
21. Conde-Sterling DA, Aguilera NSI, Nandedkar MA, and
Abbondanzo SL. Immunoperoxidase Detection of CD10 in
Precursor
T-Lymphoblastic
Lymphoma/Leukemia
A
Clinicopathologic Study of 24 Cases. Arch Pathol Lab Med. 2000
May, 124: 704-8
22. Lahjouji A, Bachir F, Bennani S, Quessar A, Amzazi S. The
immunophenotype of adult T acute lymphoblastic leukemia in
Morocco. Exp Oncol 2015 Mar;37(1):64-69.

163 | P a g e

23. Weinberg OK & Arber DA. Mixed-phenotype acute leukemia:
historical overview and a new definition. Leukemia.
2010,24:1844–1851
24. Mazher N, Malik N, Imran A, Chughtai O, and Chughtai A.S.
Aberrant Expression of CD Markers in Acute Leukemia. Ann. Pak.
Inst. Med. Sci. 2013; 9(2): 99-102
25. Khalil SH, Qari MH, Jackson JM, Pyle RH, el-Solh H, alNasser A. Immunophenotyping of childhood acute lymphoblastic
leukemia in Saudi Arabia: second look. Leuk Res. 1994
Dec;18(12):881-3.
26. Kheiri SA, MacKerrell T, Bonagura VR. Fuchs A, and Billett
HH. Flow cytometry with or without cytochemistry for the diagnosis
of acute leukemias? Journal of Pediatric Hematology/Oncology.
2001 FEB, 23(2):89-92.
27. Bhutani M, Vora A, Kumar L, and Kochupillai V. Lymphohemopoietic malignancies in India. Med Oncol. 2002;19(3):14150.
28. Pulte D, Barnes B, Jansen L, et al. Population level survival of
patients with chronic myelocytic leukemia in Germany compared
to the US in the early 21st century. Journal of Hematology &
Oncology 2013, 6:70: 2-7
29. Sant M, Allemani C, Tereanu C, et al. Incidence of
hematologic malignancies in Europe by morphologic subtype:
results of the HAEMACARE project. Blood. 2010 Nov
11;116(19):3724-34. doi: 10.1182/blood-2010-05-282632.
30. Deschler B, Lübbert M. Acute myeloid leukemia: epidemiology
and etiology. Cancer. 2006 Nov 1;107(9):2099-107.
31. Bangladesh Population Census 2011, 2012; BG Press,
Bangladesh.
[

Source of Support: Nil.

Conflict of Interest: None Declared.

Copyright: © the author(s) and publisher. IJMRP is an official
publication of Ibn Sina Academy of Medieval Medicine &
Sciences, registered in 2001 under Indian Trusts Act, 1882.
This is an open access article distributed under the terms of the
Creative Commons Attribution Non-commercial License, which
permits unrestricted non-commercial use, distribution, and
reproduction in any medium, provided the original work is properly
cited.
Cite this article as: Asif Rashed, Shirin Tarafder, Humayun
Sattar, Sadia Hossain. Flow Cytometric Immunophenotyping of
Acute Leukaemia in Adult and Its Comparison with
Cytomorphology. Int J Med Res Prof. 2018 Sept; 4(5):157-63.
DOI:10.21276/ijmrp.2018.4.5.037

Int J Med Res Prof.2018 Sept; 4(5); 157-63.

www.ijmrp.com

