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ABSTRACT 

Background: Hematological malignancies are neoplasms that arise through malignant transformation of bone 

marrow derived cells. World Health Organization classification system (2008) has recognized over 60 different 

clinical and pathological disease subtypes. The current World Health Organization classification is based on lineage 

as demonstrated by antig en expression into lymphoid or myeloid malignancies. Within each lineage, distinct 

subtypes are defined based on clinical and morphologic features in conjunction with immunophenotyping. 

Aim of the study: To define, classify and reach the proper diagnosis of the hematological malignancies, and to 

compare the results obtained by immunophenotyping with the established diagnostic techniques. 

Methods: Patients included in this study are newly diagnosed cases as hematological malignancies (leukemias and 

lymphomas). The immunophenotyping analysis is done at the pathology laboratory of Al Sadir Teaching Hospital in 

Basrah. All cases were subjected for immunostaining for both myeloid and lymphoid markers to confirm the nature 

of the disease. In the present study, twelve monoclonal antibodies were used to recognize various hematopoietic cells 

based on their surface and cytoplasmic antigens.   

Results: Sixty three cases of newly diagnosed patients with hematological malignancies were investigated prior to 

treatment. By using leishman's stain, hematoxyline and Eosin stains and selected cytochemical stains, the included 

cases were diagnosed morphologically as lymphoid malignancies (acute and chronic), myeloid malignancies (acute 

type) and a group of undifferentiated hematological malignancies. Based on the pattern of reactivity to a panel of 

lineage associated antibodies (CD markers) the hematological malignancies were classified into two major types; 

lymphoid (precursor and mature type) and myeloid (acute myeloid type) with further sub classification. 

Conclusions: The diagnosis of the hematological malignancies is mainly based on morphology, but diagnostic yield 

is highly increased by the use of the immunophenotyping analysis.  
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   في تشخيص أورام الدم في البصرة الصبغة المناعية كتقنية تشخيصية مساعدة
اثناء التحول الخبيث للخلايا المشتقة من نخاع العظم. ان هناك تنوع كبير في هذه المجموعة من  أاورام لدم هي الاورام التي تنش :خلفية الدراسة

ى خلايا الدم الاضطرابات الذي يعكس التعقيد في العملية الطبيعية لتكوين خلايا الدم. يعتقد ان الخلل الاساسي يعود الى الانحراف الوراثي  في مستو 
حادة وممكن ان تؤدي الى الموت اذا لم تعالج و هناك الكثير من الاورام تتطور بمكر وتصبح مزمنة تؤدي الى الموت الجذعية. بعض اورام الدم تكون 

ورام أ كليا او جزئيا.المحتم. النوع الحاد يكون غالبا اورام  نابعه من الخلايا الطليعية بينما النوع المزمن تكون غالبا اورام ناشئة من الخلايا الناضجة  
ميز اكثر من  8002تعتبر تقليديا كسرطان الدم, سرطان الغدد اللمفاوية و سرطان الخلايا البلازمية. ان برنامج تصنيف منظمة الصحة العالمية الدم 
واسطة نوع مرضي مختلفة سرسريا و مرضيا. التصنيف الحالي لمنظمة الصحة العالمية لأورام الدم والنسيج اللمفي مبنيه على سلالات كما ظهرت ب 00

ع النمط اظهار الانتيجين )مولد المضاد( الى اورام اللمف و الدم. ضمن كل سلاله هناك انواع مختلفة عرفت بناء على الصفات السريرية والشكلية م
الشكلي اصبح واحدا الظاهري المناعي باستخدام الصبغات المناعية الخلوية, الصبغات المناعية النسيجية مع او مقياس مجرى الخلية.  النوع المناعي 

 من الطرق الضرورية  للتنصيف الصحيح لأورام الدم .
الهدف من هذه الدراسة هو لتعريف, تصنيف و الوصول للتشخيص الصحيح لأورام الدم وايضا لمقارنة النتائج التي حصلنا عليها  :الهدف من الدراسة

يعض الصبغات الخلوية و الايوسين و و تشمل صبغة ليشمان صبغة الهيماتوكسيلين بواسطة النمط الظاهري المناعي مع التقنيات التشخيصية الثابتة 
 الكيميائية المختارة.

المرضى المشمولين في هذه الدراسة هم المرضى المشخصين حديثا بإصابتهم بأورام الدم )سرطان الدم وسرطان الغدد  :طريقة اجراء الدراسة
في مختبر الباثولوجي في مستشفى الصدر التعليمي في البصرة. كل الحالات اخضعت لاجراء الصبغة اللمفاوية(. تحاليل الصبغة المناعية اجريت 
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اضداد وحيدة المنشأ استخدمت  لتمييز مختلف خلايا الدم  28المناعية الخلوية لاورام الدم والاورام اللمفاوية لتاكيد نوع المرض. في هذه الدراسة 
 B  CD19اثنان خاصان لخلايا من نوع و  MPOو   CD33السايتوبلازمي. اثنان خاصان لانواع اورام الدم اء على الانتيجين السطحي و بن
 . الاجسام المضادة السبعة تستخدم للتصنيف الثانوي للأورام اللمفاوية. Tيستخدم للخلايا من نوع   CD3جسم مضاد احادي النوع و   CD20و

م صبغة ليشمان, ستخداأضى المشخصين حديثا بأورام الدم اجريت لهم التحاليل قبل العلاج. بثلاثة وستون حاله من المر  :نتائج الدراسة
بعض الصبغات الخلوية الكيمائية المختارة, الحالات المشمولة شخصت شكليا كأورام لمفاوية حاده و مزمنة و اورام دم الهيماتوكسيلين والايوسين و 

 مايزه. حاده فقط و مجموعه  من اورام الدم اللامتا
ية )السلفية و اورام الدم تصنف الى نوعين رئيسين: اللمفاو  (CDبناء على النسق التفاعلي لهيئة السلالات المترابطة الاجسام المضادة )واسمات 

  Bناضجه من نوع و   Tسلفيه من نوع خلية و  B النقويه النخاعية من النوع الحاد مع تنصيف ثانوي اخر الى سلفيه من نوع خلية الناضجة النوع(  و 
 و سرطان الدم النقوي.   Tو ناضجة من نوع 

ان تشخيص اورام الدم يعتمد بشكل رئيسي على الفحص الشكلي ولكن الناتج التشخيصي يتزايد باستخدام تحليل النمط  :استنتاجات الدراسة
يمكن لاسرطان الغدد اللمفاويه مناعي. سرطان الدم و ط الظاهري الالظاهري المناعي. التشخيص لا يكتمل الا اذا جهز الفحص المظهري  بالنم

بنيا اكتشافه بواسم مناعي مفرد بدلا عن ذلك استخدام  هيئة الاضداد الوحيدة المنشأ لأجسام مضادة متعددة مطلوب ليساعد التشخيص المشروط  م
 على النتائج الشكلية. 

INTRODUCTION 

ematological Malignancies (HMs) are 

heterogeneous group of diverse 

incidence, prognosis and etiology; 

derived from a single cell in the bone marrow or 

peripheral lymphoid tissue which has undergone 

a genetic alteration.
[1,2]

 Hematological 

malignancies are the fourth most frequently 

diagnosed cancer in both males and females in 

developed regions of the world
[3] 

and the second 

leading cause of cancer-related death.
[4] 

Hematological malignancies may derive from 

either of the two  major cell lineages; myeloid 

and lymphoid cell lines.
[5]

 The Myeloid cell-line 

normally produces a number of 

morphologically, phenotypically and 

functionally distinct cell types including 

granulocytes (neutrophils, basophils, 

eosinophils), monocytes, macrophages, 

erythrocytes, megakaryocytes, and mast cells. 

The Lymphoid cell line produce B- cell, T- cell 

and Natural Killer cells (NK).
[6] 

Lymphomas, 

lymphocytic leukemias and myelomas are from 

lymphoid line while acute and chronic 

myelogenous leukemia, myelodysplastic 

syndromes and myeloproliferative diseases are 

myeloid in origin.
[7] 

The Classification systems 

of the HMs have changed over the years from a 

largely morphology-based system to one that 

incorporates clinical features, morphology, 

immunophenotyping, and cytogenetic/molecular 

genetic data into a single coherent diagnosis.
[3]

 

The current classification system was 

established by the World Health Organization 

(WHO) in the 2001 and more recently modified 

in 2008
[8] 

and updated in 2011.
[9] 

The basic  

principle of the WHO system is that the 

classification of hematopoietic and lymphoid 

neoplasm should utilize not only morphologic 

findings but also all available information 

including genetic, immunophenotypic, biologic 

and clinical features to define specific disease 

entities.
[10] 

The WHO classification of HMs 

stratifies these neoplasms primarily according to 

lineage: myeloid neoplasms, lymphoid 

neoplasms, mast cell disorders and histiocytic 

neoplasms, within each category distinct 

diseases are defined according to a combination 

of morphology, immunophenotype, genetic 

features and clinical syndromes.
[11] 

The 

diagnosis of the hematological malignancies is 

not complete unless morphological examination 

is supplemented by further studies like 

immunophenotyping, karyotyping (conventional 

cytogenetic) and/or molecular studies.
[12] 

H 



__________________________________________________________________________MJBU, VOL. 32, No.2, 2014 

85 

Morphology remains to be important and is the 

key front-line diagnostic technique which must 

not be ignored, in addition it is the foundation 

upon which decision about further scientific 

assessment are based.
[13]

 The standard sequence 

to morphological review is peripheral blood 

film, bone marrow aspiration smear and 

biopsy.
[14]

 Laboratory diagnosis in patients with 

a hematological malignancies has three major 

applications: establishing the diagnosis, 

prognostic classification and evaluation of 

treatment effectiveness. Immunophenotypic 

evaluation is currently recognized to provide 

essential information for all three applications. 
[15] 

Immunophenotyping utilizes the use of 

primary antibodies that are targeted against 

certain antigens in the cell. The primary 

antibodies can be divided into two categories 

polyclonal and monoclonal antibodies.
[16]

 

Antigens may be expressed on the surface of the 

cells within the cytoplasm or within the nucleus. 

Many monoclonal antibodies react with 

lymphoid or myeloid antigens have been 

characterized and are described by cluster of 

differentiation (CD) numbers. The CD number 

refers to a group of antibodies that recognize the 

same antigen and also refers to the antigen 

expressed.
[17] 

Immunophenotyping has become 

the essential method for proper classification of 

hematopoietic neoplasms, a wide range of 

monoclonal antibodies are available to 

recognize various hematopoietic cells based on 

their surface and cytoplasmic antigens. 

Leukemia and lymphoma cells usually cannot  

be detected with a single immunological marker 

so the use of a monoclonal antibodies panel 

consisting of multiple antibodies is required for 

supporting the provisional diagnosis.
[18]

 

 

PATIENTS AND METHODS 

Patients included in this study are newly 

diagnosed cases as hematological malignancies 

(HMs), leukemias and lymphomas, by 

hematological examination of peripheral blood, 

bone marrow aspirate and/or histopathological 

examination of tissue biopsy in Al Sadir 

Teaching Hospital, Basrah Specialized Children 

Hospital and Private Laboratory in Basrah. 

Bone marrow aspirate with or without biopsy 

from posterior iliac crest was performed for 

further evaluation. In acute leukemias bone 

marrow biopsy was made for cases with dry or 

diluted aspirate. Regarding myeloid leukaemias, 

chronic myeloid leukemia (CML) was not 

included in the present study since its diagnosis 

is based on the detection of the Philadelphia 

(Ph) chromosome by cytogenetic or molecular 

genetic studies.
[19] 

The morphological and 

immunophenotypic analysis was done in the 

laboratory of Pathology in Al Sadir Teaching 

Hospital in Basrah. Bone marrow aspirates 

and/or biopsies of all cases were subjected for 

immunostaining for both myeloid and lymphoid 

markers to confirm the myeloid or lymphoid 

nature of the disease. Immunostaining was 

performed on the peripheral blood smears when 

bone marrow aspirate is dry or diluted,  like in 

some cases of hairy cell leukemia, and also in 

cases of leukemias with good number of 

leukemic cells in the peripheral blood. Fresh 

blood and bone marrow aspirate with or without 

bone marrow biopsy were taken from cases of 

hematological malignancies prior to the 

initiation of treatment. Peripheral blood sample 

(2.5 ml) was withdrawn, 2 ml were transferred 

to Ethylene diaminetetra-acetic acid (EDTA) 

tube for complete blood counts, while 0.5 ml 

was used directly to prepare smears for routine 

hematology staining (Leishman’s stain) and 

immunocytochemical staining. Bone marrow 

aspirate (0.5 ml) was directly used for 

preparation of  marrow smears for Leishman's 

stain, cytochemical stains and 

immuocytochemical stains. Bone marrow 

biopsy was taken and sent for processing in the 

histopathology laboratory. For patients with 

lymph node biopsy, the histopathological  slides 

were reviewed and the paraffin blocks were 

used to prepare slides for immunostaining. All 

samples for immunocytochemistry (ICC) 

staining were fixed with absolute methanol and 
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all the tissues for immunohistochemistry (IHC) 

staining were fixed by formalin and then 

paraffin embedded (FFPE). All samples were 

stained according to Leica microsystems 

staining protocol (NovoLink Polymer detection 

system 250 tests, product No: RE7140-

K,Wetzlar, Germany); with some modification. 

Twelve monoclonal antibodies (CD3, CD5, 

CD10, CD19, CD20, CD33, CD34, Kappa, 

Lambda and anti-Myeloperoxidase (anti-MPO) 

from Leica microsystems, Wetzlar, Germany; 

and CD45 and Bcl2 from Dako A/S, DK-2600 

Glostrup, and Denmark) were used for 

immunostaining. 

In the present study, only ten cases, who are 

suitable for flowcytometric immunophenotyping 

(fresh and good sample size with good 

percentage of pathological cells) were referred 

for flowcytometry immunophenotypic analysis 

(BD Accuri™ C6 FlowCytometer, from BD 

Biosciences, USA) in a private laboratory to 

confirm the results of immunocytochemistry 

and immunohistochemistry. An informed 

consent was obtained from patient and / or one 

of parents before enrollment in the study. The 

work was approved by the Ethical committee of 

Basrah Medical College. 

Figure-1, explains how we dealt with different 

cases and how we used our panel of antibodies 

to reach the diagnosis. We followed a scheme 

that is similar to the WHO classification system 

of HMs in which we first tried to identify 

whether the case is myeloid, B-lymphoid or T-

lymphoid. 

 

 

 

 
 

 

Fig 1. The suggested scheme for the classification of the HMs. 
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First, we assessed morphology (Morph.), 

cytochemistry (cytochem.) in combination with 

primary panel of antibodies; CD3, CD19 for 

lymphoid lineage and CD33 and anti-MPO for 

myeloid lineage. Once the lineage has been 

determined, the second panel of antibodies was 

used. Each one of the cases will then be sub 

classified into precursor and mature depending 

on blast percentage in the peripheral blood or 

bone marrow (cut off point of 20% determined 

by morphology and/or reaction to CD34). If 

blasts cells constitute 20% of all nucleated cells 

or more the case is assigned as precursor or 

acute. Later on further sub-classification of 

cases is made according to the morphology, 

cytochemistry in addition to 

immunophenotyping (CD5, CD10, CD20, Bcl2, 

Kappa, Lambda), Figure (1). 

Figure (2) shows how sub classification of cases 

is made according to the morphology and 

immunophenotyping by immunocytochemistry 

and immunohitochemistry. Precursor B-

lymphoid malignancies can be classified 

according to the positivity and pattern of  

reactivity to CD10 and immunoglobuline light 

chain. Morphologically primitive cells that 

exhibit positive reaction to CD34 as well as 

CD10 and negative for immunoglobuline are 

usually  acute lymphoblastic leukemia (ALL) of 

the common type. Morphologically lymphoblast 

with characteristic features of Burkett type show 

positive reaction to immunoglobuline with 

surface expression pattern. This particular entity 

is regarded as mature type B lymphoid disorder 

according to the WHO classification. 

 

 
Fig 2. The suggested scheme for the sub classification of the HMs. 
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RESULTS 

The age and sex distribution of cases are shown 

in (Table-1). The age of the patients involved in 

this study ranged from 1-81 years. The mean 

age and the median were 38.63 ± 20.96 years 

and 40 year respectively. The cases were 

diagnosed by morphological examination as 

lymphoid malignancies in 43 (68.25%), the 

majority of which were of chronic type 

28(65.12%) while acute lymphoid malignancies 

were 15(34.88%) cases. The second type of  

HMs was the acute myeloid leukemia (AML) in 

14 (22.22%) patients. Six cases were diagnosed 

as undifferentiated HMs (uddx) (9.52%), Figure 

(3). 

 

Table 1. Age and sex distribution. 

 

Age groups in years 
Sex 

No. % 
Male female 

< 10 2 3 5 7.94 

10-20 8 3 11 17.46 

21-30 4 1 5 7.94 

31-40 7 3 10 15.87 

41-50 8 4 12 19.05 

51-60 8 0 8 12.70 

>60 4 8 12 19.05 

Total  41 22 63 100 

 

 
Fig 3. Morphological classification of HMs 

 

Based on the pattern of reactivity to a panel of 

lineage associated antibodies (CD markers), is 

shown in (Table-2), the HMs were classified 

into two major types; lymphoid 44 (69.84%) 

(precursor and mature type) and myeloid (acute 

myeloid type) in 15 (23.81%). The precursor 

lymphoid type represents 17 cases (38.64%) 

while mature type represents 27 cases (61.36%). 

Out of the 17 precursor lymphoid type, 

precursor B-acute lymphoblastic leukemia (B-

ALL) are 16 in number (94.12%) and only one 

(5.88%) precursor T-acute lymphoblastic 

leukemia (T-ALL) diagnosed in this study. The 

mature B-type are 27(61.36%) that show 

reactivity to pan-B markers e.g. CD19 and 

CD20, Picture, (1 and 2). No mature T- type  

malignancies diagnosed in this study, Figure-4. 
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Table 2. Immunostaining results in major types of HMs 

  

 

 
 

Fig 4. Immunophenotyping classification of the HMs 
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Pic 1. Immunocytochemical stain of PB for CD20, positive cells in case of HCL. x400. 

 

 
 

Pic 2. Immunohistochemical stain of BM biopsy for CD19, strong positive cells in patient with 

CLL. x400. 

 

The immunostaining for CD33 and anti- 

myeloperoxidase (myeloid cells markers) was 

positive in 15 patients (23.81%), as shown in 

Picture (3, 4). Correlations among morphology, 

cytochemistry and immunophenotyping of 

leukemic cells results in sub-classification of 

myeloid type of HMs (AML) into M1 through 

M5. The majority of cases were M4 (33.33%) 

and M5 (26.67%) followed by M2 (20%) while 

M1 and M3 represents (6.67%) and (13.33%) 

respectively. During the period of the study,  no 

cases of M0, M6 and M7 were diagnosed. The 

panel of available monoclonal antibodies were 

used to recognize and subtype cases that were 
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diagnosed as undifferentiated HMs by 

morphology and cytochemistry (six cases). By 

immunophenotyping two cases were found to be 

precursor B lymphoid malignancy (B-ALL) and 

one was assigned as acute myeloid leukemia. 

One case showed positive immunostaining for 

both B-lymphoid markers and one myeloid 

marker (CD33), this could be B-ALL with 

aberrant expression of myeloid marker or 

bilineage/biphenotypic leukemia. Two cases 

remained undifferentiated despite the use of 

immunological methods and were regarded as 

undifferentiated (Uddx), Figure (4). 

 

 

 
 

 Pic. 3. Immunocytochemical stain of BM with anti-MPO in patient with AML.x400. 

 

 
 

Pic. 4. Positive CD33 in BM aspirate of patient with AML, Immunocytochemical stain. x400. 
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DISCUSSION 

The cases of Hematological malignancies 

included in this study were divided into seven 

age groups. As with most other cancers, the 

possibility of being diagnosed with HMs 

increases markedly with age. However, HMs 

can be diagnosed at any age, with different 

subtypes predominating at different ages.
[22]

. In 

the present study the highest frequency of 

patients with HMs was recorded in the age 

group 41-50 years and more than 60 years 

(19.05% each). Cases among the age group 

below 10 years constitute 7.94% of all cases of 

HM, and are of acute leukemias, mostly of 

lymphoid type. These results are in agreement 

with Mckenzie SB and what was reported about 

the peak incidence of acute leukemias in the 

first decade and that chronic leukemias are rare 

in children.
[23] 

The percentage of males was 

higher than females in all types of HMs 

(65.07% compared to 34.92%) in this study. 

This finding is in agreement with Sant, et al 

who found that HMs incidence in Europe was 

generally lower in women than men; this is a 

well-known phenomenon and could be in part 

the result of lower exposure to environmental 

and occupational risk factors.
[1] 

This study has 

focused on the use of the manual 

immunocytochemistry and immunohisto-

chemistry in the diagnosis of the HMs. Once the 

diagnosis of leukemia or lymphoma has been 

established, antigen expression is evaluated with 

the available panel of monoclonal antibodies. 

The morphological results were correlated with 

immunophenotyping using the available 

monoclonal antibodies. Through identification 

of lineage-associated antigens, all mature 

lymphoid malignancies included in this study 

are of B- cell lineage. Abnormal mature B-

lymphoid cells can be distinguished from 

normal B-cells by the identification of 3 main 

types of immunophenotypic abnormalities: 

immunoglobulin light chain class restriction 

(expression of one class of immunoglobulin 

light chain; kappa or lambda), abnormal antigen 

expression (presence of antigens not normally 

expressed by B cells) or asynchronous 

expression pattern of markers (e.g. CD10 with 

late marker e.g. CD20). Depending on 

morphology only, 27(64.28%) cases were 

diagnosed as chronic (mature) lymphoid 

malignancies with no further categorization, 

figure (3). According to the reactivity to 

available panel of monoclonal antibodies in 

conjunction with morphology and 

cytochemistry, several diseases under the 

category of mature B-lymphoid HMs were 

recognized. These include: chronic lymphocytic 

leukemia (CLL), mantle cell lymphoma (MCL), 

Burkett lymphoma (BL), hairy cell leukemia 

(HCL), plasma cell myeloma (PCM) and B-cell 

type non-Hodgkin lymphoma (B-NHL). 

Precursor B-cell and T-cell lymphoid 

malignancies are derived from immature 

lymphocytes. The malignant precursor  

lymphoid cells (lymphoblasts) show aberrant 

marker expression and deviation from the 

normal arrangement of maturation that can help 

to differentiate them from normal progenitor 

cells depending on the pattern of expression of 

these markers.
[24]

 The lineage assignment and 

the level of differentiation was determined by 

the presence of the pan-lineage markers e.g. 

CD19 and CD20 for B-cell lineage and CD3 for 

the T-cell lineage. Accordingly the lymphoid 

malignancies are diagnosed as precursor (Acute) 

B-cell and T-cell lymphoid malignancies. In 

correlation to the morphological classification, 

the cases diagnosed morphologically as acute 

lymphoid type of hematological malignancies 

without determination of the cell lineage. The 

use of monoclonal antibodies as a diagnostic aid 

in acute myeloid leukemia (AML) has  

improved  the diagnosis of  cases in  which  the 

definitive diagnosis can't be reached by using 

morphological and cytochemical stains alone. In 

the current study, immunological markers are 

used to identify acute myeloid leukemia (AML) 

and distinguish it from acute lymphoblastic 
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leukemia (ALL) including reactivity with 

antibodies CD33 and anti-myeloperoxidase 

(anti-MPO). These markers show little 

difference between AML subtypes. So for more 

precise sub classification of AML, monoclonal 

antibodies that show some selectivity for 

immature cells, mature cells, granulocytic, 

monocytic, erythroid and megakaryocytic 

differentiation should be available. However, it 

was possible to make differentiation between 

the subtypes of AML using the CD33 and anti-

MPO in correlation with morphology and 

cytochemical stains in study group. Of the 63 

cases included in the study, 6  (9.52%) cases are 

classified morphologically as undifferentiated 

hematological malignancies, in which blast cells 

are determined morphologically and are further 

analyzed by immunophenotyping. The 

immunological analysis results in establishing 

the diagnosis of four cases; acute myeloid 

leukemia, B-cell type acute lymphoblastic 

leukemia, common B-ALL and one  case shows 

positive immunostaining for both lymphoid (B-

cell markers) and myeloid marker (CD33). This 

case could be either B-ALL with aberrant 

expression of myeloid marker (CD33) or 

bilineage / biphenotypic leukemia. Biphenotypic 

leukemia should not be diagnosed on the basis 

of the expression of a single in appropriate 

marker. A scoring system is usually followed in 

such cases. In this system, proposed by the 

WHO classification of hematological 

malignancies, the reactivity to several 

antibodies should be considered with points 

being counted according to the specificity of 

that antibody.
[25]

 Unfortunately this system 

could not be applied in this study because of the 

unavailability of some of these markers (TdT, 

CD13, CD79a, CD22, IgM, anti-TCR, CD2, 

CD8, CD117, CD65, CD24, CD7, CD1a, 

CD14, CD15 and CD64). So the 

immunological analysis results in reduction of 

the undifferentiated hematological malignancies 

from six to two cases. These two cases remain 

undifferentiated and are classified as acute 

undifferentiated leukemia. However,  markers 

for rare leukemias, e.g. acute megakaryoblastic 

leukemia or M7, were not available, and hence 

these rare entities cannot be excluded with 

certainty depending on morphological 

assessment alone. From this study it can be 

concluded that although the diagnosis of  

hematological malignancies is mainly based on 

morphology, but the diagnostic yield is highly 

increased by the use of the immunological 

methods. Leukemia and lymphoma cells cannot, 

usually, be detected with a single 

immunological marker. Instead, the use of 

monoclonal antibodies panels consisting of 

multiple antibodies is required for supporting 

the provisional diagnosis based on 

morphological findings. 

 

REFERENCES 

1. Sant M, Allemani C, Tereanu C,  Angelis RD,  

Capocaccia R, Visser O, et al. Incidence of 

Hematologic malignancies in Europe by 

morphologic subtype: result of the 

HAEMCARE project. Blood, by the American 

Society of Hematology, 2010; 116(19): 3724-3734. 

2. Hoffbrand AV, Moss PAH, Pettit JE. The 

aetiology and genetics of hematological 

malignancies; In: Essential Hematology. 5th 

edition. Blackwell Publishing Ltd, Oxford. 

2006: 129-145. 

3. Smith A, Roman E, Howell D, Jones R, Patmore 

R, Jack A. The Hematological Malignancy 

Research Network (HMRN): anew information 

strategy for population based epidemiology 

and health service research. British Journal of 

Hematology, 2010;  148(5): 739-753. 

4. Insight pharma Reports. Hematological Cancer 

therapeutics: Pipelines and competition. 

Available at: 

http:www.insightpharmareports.com/reports/20

05/53-Blood Cancer/overview.asp.Accessed 

November 16, 2010. 

5. Xueling GE, Wang X. Role of Wnt Canonical 

pathway in Hematological Malignancies. 

Journal of Hematology and Oncology, 2010; 

3(33):1-6. 

6. Iwasaki H, Akashi K. Myeloid lineage 

commitment from the Hematopoietic stem cell. 

Immunity, 2007; 26(6): 726-740. 

7. Weng Y, Lu L, Yuan G, Guo J, Zhang Z, Xie X, et 

al. P53 codon 72 polymorphism and 

http://bloodjournal.hematologylibrary.org/search?author1=Roberta+De+Angelis&sortspec=date&submit=Submit
http://bloodjournal.hematologylibrary.org/search?author1=Riccardo+Capocaccia&sortspec=date&submit=Submit
http://bloodjournal.hematologylibrary.org/search?author1=Otto+Visser&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patmore%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jack%20A%5Bauth%5D


MJBU, VOL. 32, No.2, 2014__________________________________________________________________________ 

94 
 

Hematological Cancer Risk: Un Update Meta-

analysis. PloS ONE, 2012; 7(9): e45820. 

8. Campo E, Swerdlow SH, Harris NL, Pileri S, 

Stein H,  JaffeES. The 2008 WHO classification 

of lymphoid neoplasms and beyond: evolving 

concepts and practical applications. Blood,2011; 

117(19): 5019-5032. 

9. Campo E, Pileri SA. The classification of 

lymphomas: updating the WHO classification. 

In: Hoffbrand AV, Catovsky D, Tuddenham E 

GD, Green AR(eds.). Postgraduate Hematology. 

6th edition. Willy Blackwell publisher, 2011: 614-

636. 

10. Vardiman JW, Harris NL, Brunning RD. The 

World Health Organization (WHO) 

Classification of the Myeloid neoplasms. 

Blood, 2002; 100(7): 2292-2302. 

11. Harris NL, Jaffe ES, Diehold J, Flandrin G, 

Muller-Hermelink H, Vardiman J, et al. The 

World Health Organization Classification of 

neoplastic diseases of the Hematopoietic and 

Lymphoid tissues: Report of the clinical 

Advisory Committee Meeting, Airlie House, 

Virginia, November, 1997. Journal of Modern 

pathology, 2000; 13(2): 193-207. 

12. Sultama TA, Mottalib A, Islam S, Khan MA, 

Choudhury S. rt- PCR method for diagnosis 

and follow up of hematological malignancies: 

first approach in Bangladesh. Bangladesh 

Medical Research Council, 2008; 34(1): 1-11. 

13. Erber WN. Morphology. In: Erber WN (eds). 

Diagnostic techniques in hematological 

malignancies. Cambridge University Press, 

New York, USA, 2010; part 1: 1-26. 

14. Nguyen DT, Diamond LW. Approach to the 

bone marrow. In: Diagnostic hematology: A 

pattern Approach. Arnold, London. 2003:259-

280. 

15. Van Dongen JJM, Orfao A. Euro flow 

cytometry. Resetting leukemia and lymphoma 

immunophenotypic. Basis for companion 

diagnostics and personalized medicine. 

Leukemia. 2012; 26(9): 1899-1907. 

16. De Matos LL, Trufelli DC, De Matos MGL, Da 

silvapinhal MA. Immunohistochemistry as an 

important tool in biomarkers detection and 

clinical practice. Biomarker Insights. 2010; 5: 

9-20. 

17. Bain BJ, Clark DM, Lampert IA, Wilkins BS. 

Special techniques applicable to bone marrow 

diagnosis. In: Bain BJ, Clark DM, Lampert IA, 

Wilkins BS. Bone marrow pathology. 3rd 

edition. Blackwell Science Ltd. 2001: 60-89. 

18. Nguyen AND, Milam JD, Johnson KA, Banez 

EI. A relational database for diagnosis of 

hematopoietic neoplasms using 

immunophenotypic by flow cytometry. 

American Journal of Clinical Pathologists, 

2000;113(1): 95-106. 

19. Orfao A, Schmitz G, Brando B, Ruiz-Arguelles 

A,  Basso G, Braylan R, et al. Clinically Useful 

Information Provided by the Flow Cytometric 

Immunophenotyping of Hematological 

Malignancies: Current Status and Future 

Directions. Clinical Chemistry,1999; 45(10): 

1708–1717. 

20. Leica microsystems. Novocastra TM 

Immunohistochemistry (IHC) and In Situ 

Hybridization (ISH) Product Range 2011/2012. 

21. Dako Denmark A/S, DK-2600 Glostrup, 

Denmark. 

22. Bagguley T, Blasé J, Painter D, Roman E, 

Smith A, Bolton E, et al. Hematological 

malignancies and cancer registration in 

England (2004-2008). Leukemia and 

Lymphoma research, Beating Blood Cancer. 

Final Report June 2012: 3-7. 

23. McKenzie SB. Introduction to Hematopoietic 

Neoplasms. In Zeibig E. (eds.) Clinical 

Laboratory Hematology, 2ndedition. Pearson 

Clinical Laboratory Science Series USA, 2010: 

423-439. 

24. Kansal R, Deeb G, Barcos M, Wetzler M, 

Brecher ML, Block AMW, et al. Precursor B 

Lymphoblastic Leukemia With Surface Light 

Chain Immunoglobulin Restriction. A Report 

of 15  Patients.  American Journal of  Clinical 

Pathology. 2004; 121: 512-525. 

25. Bain BJ. Acute leukemia: Immunophenotypic, 

Cytogenetic and Molecular Genetic Analysis 

in the Classification of Acute Leukaemia-the 

EGIL, MIC, MIC–M and WHO 

Classifications: In Leukemia diagnosis. 3rd 

edition.Blackwell Publishing Ltd. 2003: 57- 

140. 

 


