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ABSTRACT 
 

Introduction: Cytopathologists are frequently confronted with lymphocyte-rich effusions, and 
definite decision of reactive lymphocytosis or indolent lymphoma may be extremely difficult based 
on microscopy alone, where small proportions of malignant cells can be detected by flow 
cytometry. The study aimed to confirm the diagnosis of leukemia or lymphoma in body fluids and 
fine needle aspirate (FNA) specimens using multiparametric flow cytometry (MFC) 
immunophenotyping, which is a powerful tool for detecting hematologic malignancies.  
Methods: Body fluids and FNA specimens simultaneously obtained for MFC, cytologic analysis 
and Real time PCR from 30 patients were submitted to flow cytometry laboratory from January 
2017 to September 2019. The samples were 16 body fluids (11 pleural fluids; 5 ascetic fluids) and 
14 FNA samples (13 lymph nodes; 1 lung mass). A panel of fluorochrome monoclonal antibodies 
against lymphoma and leukemia markers were used. The cases were diagnosed as leukemia or 
lymphoma according to the revised WHO classification of tumors of hematopoietic and lymphoid 
tissues (2016) guideline.  
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Results: Among 30 cases, 27(90%) showed immunophenotype consistent with malignancy. 
Mycobacterium tuberculosis DNA was positive in 3(10%) cases. Pleural fluid (n=11) samples were 
positive for 4 diffuse large B-cell lymphoma (DLBCL), 4 angioimmunoblastic T-cell lymphoma 
(AITL), 1 T-lymphoblastic lymphoma (T-LbLy), 1 thymoma, 1 tuberculosis. Ascetic fluid (n=5) 
samples showed positivity for 4 AITL and 1 DLBCL. FNA (n=14) were positive for 2 T-LbLy, 2 AITL, 
3 DLBCL, 1 Classical Hodgkin lymphoma, 1 nodular lymphocyte predominant Hodgkin lymphoma, 
1 peripheral T-cell lymphoma (NOS), 1 splenic B-cell marginal zone lymphoma, 1 neuroendocrine 
malignancy, 2 tuberculosis. Both immunophenotype and cytomorphology positive for malignancy 
were in 19/30(63.33%) cases. Cytomorphology was negative/ suspicious in 11/30(36.67%) cases, 
of which immunophenotype positive cases were 8/30(26.67%).  
Conclusion: Multiparametric flow cytometry is invaluable tool to diagnose hematologic 
malignancies in SCEs/FNA as malignant cells can be missed out by cytomorphology. 
 

 
Keywords: Flow cytometry; body fluids and FNA; cytology; lymphoma; leukemia. 
 

1. INTRODUCTION 
 

The treatment decision of malignant lymphoma 
depends on precise diagnosis of serous cavity 
effusion (SCE) which is part of staging procedure 
[1,2]. Specific categorization of subtypes of non-
Hodgkin lymphoma (NHL) becomes difficult if 
there are any degenerative changes in some 
SCE specimens [3].  
 

“Cytopathologists are frequently confronted with 
lymphocyte-rich effusions, and the definite 
decision of whether the lymphocytosis is of a 
purely reactive nature, or a presentation of an 
indolent lymphoma may be an extremely difficult 
based on microscopy alone” [4]. Moreover, 
“small proportions of malignant cells that may be 
missed out by routine morphology can be 
detected by flow cytometry” [5].  
 

“Flow cytometry is an indispensable tool for 
detecting hematologic malignancies in a variety 
of patient specimens including body fluids and 
lymph node aspirates. It has been accepted that 
flow cytometry acts as an adjunct to 
cytomorphologic diagnosis for NHL in SCEs” [6].  
 

“Previous study recommends multiparameter 
flow cytometry (MFC) immunophenotyping as a 
useful tool for rapid and reliable diagnosis of 
pediatric non-Hodgkin lymphoma and 
neuroblastoma in SCE samples” [3].  
 

The study aimed to confirm the diagnosis of 
leukemia or lymphoma in serous cavity effusions 
and FNA specimens using MFC 
immunophenotyping, which can be missed out by 
cytomorphology. 
 

2. METHODS 
 

This retrospective study was done by obtaining 
data from flow cytometry and PCR laboratory of 

Microbiology and Immunology department of 
Bangabandhu Sheikh Mujib Medical University 
(BSMMU), where Body fluids and FNA 
specimens obtained from 30 patients were 
submitted for MFC immunophenotyping and Real 
time PCR from January 2017 to September 
2019. There were 16 males and 14 females. The 
mean age of the cohort was 12 (range 1year to 
18 year). The clinical indications for MFC 
analysis was presence of serous cavity effusion 
with suspicion of malignant lymphoma by 
cytospin. Cytopathologic diagnosis was done by 
Hemato Oncologists. The cytospin slides were 
stained by Papanicolaou method. The 
cytopathologic diagnosis was incorporated with 
MFC analysis, reviewed and categorized them 
into benign and malignant categories. MTB Real-
time PCR positivity/negativity was noted. 
 
The samples studied were 16 body fluids (11 
pleural fluids and 5 ascetic fluids) and 14 fine 
needle aspirate (FNA) samples (13 enlarged 
lymph nodes and 1 lung mass). Four color MFC 
immunophenotyping was performed and the 
following fluorescent monoclonal antibodies were 
used: CD45, CD19, CD5, CD20, CD22, CD23, 
CD79b, FMC7, Kappa and Lambda light chains, 
CD200, CD123, CD10, CD11c, CD2, CD1a, 
CD3, CD5, CD7, CD4, CD8, TdT, CD52, CD25, 
CD30, CD40, CD56, CD95, BCL2, CD34. The 
antibodies were conjugated with fluorescein 
isothiocyanate (FITC), phycoerythrin (PE), 
PerCP cy5.5, and R Phycoerythrin-Texas Red-X 
(ECD). Using lysing solution, red blood cells 
were lysed after staining. After lysing, vortexing 
and incubating, permeabilizing solution was 
added and incubated in dark at room 
temperature.  
 
The mature lymphocyte gating strategy included 
using dot plots of CD45 expression versus side 
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scattering (SSC) and CD19 versus SSC and also 
a second gating strategy using forward 
scattering. A total of 30,000 events were 
acquired in target gate. Any antigen marker was 
considered positive if 20% or more of the cells 
reacted with a particular antibody.  
 

MFC analysis was done on a Beckman coulter 
cytomics FC500 flow cytometer using software 
CXP to analyze data. The cases were diagnosed 
as leukemia or lymphoma according to the 
revised WHO classification of tumors of 
hematopoietic and lymphoid tissues (2016) 
guideline.  
 

Real time PCR [Anyplex MTB/MDR/XDR 
multiplex Real-time PCR kit; CFX96 (Bio-Rad)] 
was done for detecting Mycobacterium 
tuberculosis (MTB) DNA to exclude tuberculosis.  
 

This retropesctive study was approved by the 
Institutional Review Board of Bangladesh 
Bioethics Society. Data was extracted from the 
database and anonymized. A password-
protected folder was created to store the data. 
Proper permission was taken from the institute 
for this study.  
 

Data analysis- Collected data was analyzed with 
Graph Pad Prism Version 8.3.0. p value < 0.05 is 
considered as significant. 
 

3. RESULTS 
 

Among 30 cases 27(90%) showed 
immunophenotype positivity for malignancy, of 
which 25(83.33%) were hematologic 
malignancies and 2(6.67%) other malignancies. 
MTB DNA was positive in 3(10%) cases (Fig. 
1A). Pleural fluid (n=11) samples were positive 
for diffuse large B-cell lymphoma (DLBCL) (4 
cases), angioimmunoblastic T-cell lymphoma 
(AITL) (4 cases), T-lymphoblastic lymphoma (T-
LbLy) (1 case), thymoma (1case), tuberculosis (1 
case) [Fig. 1B]. Ascetic fluid (n=5) samples 
showed positivity for AITL (4 cases) and DLBCL 
(1 case) [Fig. 1C]. FNA of lymph nodes (n=13) 
were positive for T-LbLy (2 cases), AITL (2 
cases), DLBCL (3 cases), Classical Hodgkin 
lymphoma (CHL) (1case), nodular lymphocyte 
predominant Hodgkin lymphoma (NLPHL) (1 
case), peripheral T-cell lymphoma, not otherwise 
specified [PTCL (NOS)] (1 case), splenic B-cell 
marginal zone lymphoma (SMZL) (1 case), 
tuberculosis (2 cases). One FNA of lung mass 
were neuroendocrinre malignancy (NEM) (Fig. 
1D). Both immunophenotype and 
cytomorphology positive for malignancy were in 

19/30(63.33%) cases (Table 1). Using this 
combined approach, out of 19 cases 
immunophenotypic diagnosis identified 6 DLBCL 
cases (2 pleural fluids,1 ascitic fluid, 3 FNA 
samples); 8 AITL cases (3 pleural fluids, 3 ascitic 
fluids, 2 FNA samples); 2 T-LbLy (1 pleural fluid, 
1 FNA sample); one PTCL(NOS), one CHL and 
one NLPHL in FNA samples (Table 1). 
Cytomorphology was negative/ suspicious in 
11/30(36.67%) cases, of which both 
cytomorphology and immunophenotype negative 
were 3 cases but MTB DNA was detected in 
these cases 3/30 (10%). Of 3 MTB DNA positive 
cases, one case was detected in pleural fluid and 
2 cases in FNA samples (Table 2). 
 
Cytomorphology negative but immunophenotype 
positive cases were 8/30 (26.67%). In these 
cytomorphologically negative cases flow 
cytometry detected malignant cells of lymphoid 
origin which changed the diagnosis from 
negative to positive for malignancy. Of 8 cases, 
MFC analysis classified 2 DLBCL cases in 
pleural fluid; 2 AITL (1 in pleural fluid, 1 ascitic 
fluid); one SMZL, one T-LbLy and one NEM in 
FNA sample of lung mass, one thymoma in 
pleural fluid (Table 3). 
 
Group 1 represents those patients who were 
Cytomorphology and Immunophenotype Positive 
for Malignancy but MTB RT-PCR Negative for 
Tuberculosis (n= 19). In group 2 those patients 
who were Cytomorphology Negative and 
Immunophenotype Positive for Malignancy but 
MTB RT-PCR Negative for Tuberculosis (n=8) 
and in group 3 Cytomorphology and 
Immunophenotype Negative for Malignancy but 
MTB RT-PCR Positive for Tuberculosis (n=3). 
Group1 was compared with group2 and group3. 
Also group2 was compared with group3. 
[Group1, group2 and group3 were compared with 
each other.] Which are statistically significant (p 
value = < 0.05) (Fig. 2).  
 

The immunophenotypic features of body fluids 
and FNA in 27 malignancy positive cases are 
depicted in Table 4 and examples are illustrated 
in Figs. 3-10. Among 27 malignancy positive 
cases most of the cases (18/27, 66.66%) were 
AITL (10/27, 37.03%) and DLBCL (8/27, 
29.63%). Fulfilling the diagnostic criteria, out of 
eight DLBCL cases identified, four cases were 
detected in pleural fluid, one in ascitic fluid and 
three in FNA. These cases showed positive 
expression of CD45, CD19, CD20, CD79a, 
CD79b, FMC7, CD22, Light chain restriction 
(kappa or lambda) but negative expression of 
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CD5 and CD23. Expression of BCL2 and CD10 
were variable (Table 4; Fig. 3).  
 

Among ten Angioimmunoblastic T-cell lymphoma 
(AITL) cases identified, four cases were detected 
in pleural fluid, four in ascitic fluid and two in 
FNA. These cases showed positive expression of 
CD45, CD19, CD79a, CD3, CD4, CD5, CD7, 
CD8, but negative expression of CD30 and 
CD56. Expression of BCL2 and CD10 were 
variable (Table 4; Fig. 4). 
 

Three T-lymphoblastic lymphoma (T-LbLy) cases 
(3/27, 11.11%) were identified, of which one case 
in pleural fluid and two in FNA of lymph node. 
The immunophenotypic features of these cases 
showed positive expression of CD45, CD1a, 
cytCD3, CD2, CD5, CD7, TdT but negative 
expression of CD52, CD56, CD30. Expression of 
CD4 and CD8 were variable (Table 4; Fig. 6). 
 

One splenic B-cell marginal zone lymphoma 
(SMZL) (1/27, 3.70%) diagnosed in FNA sample 
showed positive expression of CD45, CD19, 
CD20, CD22, CD11c, CD79b, FMC7, Light chain 
restriction (kappa or lambda) but negative 
expression of CD23, CD5, CD25, CD123                 
(Table 4). 
 

Peripheral T-cell lymphoma, not otherwise 
specified [PTCL (NOS)] (1/27, 3.70%) identified 
in one FNA sample showed bright expression of 
CD45, CD3, CD4 and moderate expression of 
CD5, CD7. Characteristic immunophenotypic 
features of [PTCL (NOS)] are negative 
expression of Perforin, Granzyme, CD30, CD56, 
CD8, CD19, CD79a (Table 4; Fig. 7). 

Classical Hodgkin lymphoma (CHL) (1/27, 
3.70%) was diagnosed in one FNA sample. The 
gated cell population were CD45 negative which 
were also negative for CD19 and CD3, CD79a, 
CD20, CD10, CD2, CD56, BCL6. These cells 
showed bright expression of CD30 and moderate 
expression of CD40, CD15 which is diagnostic 
criteria for Hodgkin lymphoma (Table 4; Fig. 9).  
 
One nodular lymphocyte predominant Hodgkin 
lymphoma (NLPHL) {1/27, 3.70%} identified in 
FNA sample fulfilling the diagnostic criteria which 
detected bright expression of CD45 and 
moderate expression of CD19, CD20, CD79a, 
BCL6 but negative expression of CD3, CD30, 
CD15, CD40, CD10, CD2, CD56 (Table 4;                
Fig. 10). 
 
One Thymoma (1/27, 3.70%) was identified in 
pleural fluid depicted characteristic 
immunophenotypic features showing bright 
expression of CD45, CD3, CD5, CD7, CD4, CD8 
and moderate expression of CD10, CD95. These 
cells showed negative expression of CD19, 
CD56 and CD30. These populations also 
showed double positive T cell (CD4+CD8+) 
[Table 4; Fig. 8]. 

 
Neuroendocrine malignancy (NEM) was detected 
in one (1/27, 3.70%) FNA sample of lung                   
mass showed CD45-/ CD56++ phenotype and 
negative expression of other markers like CD3, 
CD4, CD5, CD7, CD8, CD10, CD95, CD19, 
CD30, BCL2 which allowed to suggest neural cell 
tumor (neuroendocrine malignancy) [Table 4; 
Fig. 5]. 
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Fig. 1. Diagnosis of different types of diseases in different body fluids & FNA (n=30). 1A. 
overall diagnosis where n= 30. 1B. pleural fluid analysis where n=11. 1C. ascitic fluid analysis 

where n=5. 1D. FNA analysis where n=14. Figure in parenthesis indicate percentage 
 
Table 1. Both Cytomorphology and Immunophenotype Positive for Malignancy: MTB RT-PCR 

Negative for Tuberculosis (n=19) 
 

Case no. Specimen origin Cytomorphology FCI diagnosis MTB RT-PCR 

1 Pleural fluid Positive DLBCL Negative 
2 Pleura Fluid Positive DLBCL Negative 
3 Pleural fluid Positive AITL Negative  

4 Pleural fluid Positive AITL Negative 

5 Pleural fluid Positive AITL Negative 
6 Pleural fluid Positive T-LbLy Negative 
7 Ascitic fluid Positive AITL Negative 
8 Ascitic fluid Positive AITL Negative 

9 Ascitic fluid Positive AITL Negative 
10 Ascitic fluid Positive DLBCL Negative 
11 FNA Positive  T-LbLy Negative 
12 FNA Positive AITL Negative 
13 FNA Positive AITL Negative 
14 FNA Positive PTCL(NOS) Negative 
15 FNA Positive HL Negative 
16 FNA Positive NLPHL Negative 
17 FNA Positive DLBCL Negative 
18 FNA Positive DLBCL Negative 
19 FNA Positive DLBCL Negative 

FCI: flow cytometric immunophenotyping, DLBCL: diffuse large B-cell lymphoma, AITL: angioimmunoblastic T-
cell lymphoma, T-LbLy: T- lymphoblastic lymphoma, PTCL(NOS): peripheral T-cell lymphoma (not otherwise 

specified), HL: Hodgkin lymphoma, NLPHL: nodular lymphocyte predominant Hodgkin lymphoma, MTB RT-PCR: 
Mycobacterium tuberculosis Real time-Polymerase chain reaction 

 
Table 2. Both Cytomorphology and Immunophenotype Negative for Malignancy; MTB RT-PCR 

Positive for Tuberculosis (n=3) 
 

Case no. Specimen origin Cytomorphology Immunophenotype MTB RT-PCR 

1 Pleural fluid Negative Mature T-cells/reactive Positive 
2 FNA Negative Mature monocytes/reactive Positive 
3 FNA Negative Mature T-cells/reactive Positive 

FNA: fine needle aspirate, MTB RT-PCR: Mycobacterium tuberculosis Real time -Polymerase chain reaction 

 

4(80) 
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0% 0% 

Diagnosis in ascitic fluid (n=5) 

AITL 

DLBCL 

C 

2(14.28) 

2(14.28) 
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Table 3. Cytomorphology Negative for Malignancy: Immunophenotype Positive for Malignancy: MTB RT-PCR Negative for Tuberculosis (n=8) 
 

Case no. Specimen origin Cytomorphology Immunophenotype MTB RT-PCR 

1 Pleural fluid  Negative DLBCL Negative 
2 Pleural fluid Negative DLBCL Negative 
3 Pleural fluid Negative AITL Negative 
4 Pleural fluid Negative Thymoma Negative 
5 Ascitic fluid Negative AITL Negative 
6 FNA Negative SMZL Negative 
7 FNA Negative T-LbLy Negative 
8 FNA Negative Neuroendocrine malignancy Negative 
FNA: fine needle aspirate, DLBCL: diffuse large B-cell lymphoma, AITL: angioimmunoblastic T-cell lymphoma, SMZL: Splenic B-cell marginal zone lymphoma, T-LbLy: T- 

lymphoblastic lymphoma, MTB RT-PCR: Mycobacterium tuberculosis Real time- Polymerase chain reaction 
 

 
 

Fig. 2. Comparison of Cytomorphology and Immunophenotype for malignancy and MTB RT-PCR for Tuberculosis 
Note: p value * <0.05, ** <0.005, *** <0.0005, **** <0.0001 are compared to Cytomorphology Negative : Immunophenotype Positive for Malignancy: MTB RT-PCR Negative for 

Tuberculosis and Cytomorphology and Immunophenotype 
Negative for Malignancy: MTB RT-PCR Positive for Tuberculosis; p value # <0.05, 

##
 <0.005, 

###
 <0.0005, 

####
 

<0.0001 are compared to Cytomorphology : Immunophenotype Positive for Malignancy: MTB RT-PCR Negative for Tuberculosis and Cytomorphology and Immunophenotype 
Negative for Malignancy: MTB RT-PCR Positive for Tuberculosis; p value  <0.05,  <0.005,  <0.0005,  <0.0001 compaired between Cytomorphology: 

Immunophenotype Positive for Malignancy: MTB RT-PCR Negative for Tuberculosis and Cytomorphology Negative and Immunophenotype Positive for Malignancy: MTB RT-
PCR Negative for Tuberculosis (ANOVA followed by Bonferroni multiple comparision test) 
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Table 4. Immunophenotypic features of body fluids and FNA in malignancy positive cases 
 

FCI 
Diagnosis 

Immunophenotypes 

 DLBCL CD45 
 +++ 

CD19 
+++ 

CD5 
 - 

CD23 
 - 

CD22 
 ++ 

CD20 
 +++ 

CD79a 
 ++ 

CD79b 
 +++ 

CD10 
 +/- 

FMC7 
 ++ 

K/L 
clonal 

Bcl-2 
+/- 

 SMZL CD45 
+++ 

CD19 
+++ 

CD5 
 - 

CD23 
 - 

CD22 
 ++ 

CD20 
 ++ 

CD79b 
 ++ 

CD11c 
 ++ 

CD123 
 - 

FMC7 
 ++ 

K/L 
clonal 

CD25 
 - 

 AITL CD45 
 +++ 

CD3 
 +++ 

CD4 
 +++ 

CD8 
 + 

CD5 
 + 

CD7 
 + 

CD10 
 -/+ 

CD30 
 - 

CD56 
 - 

CD19 
 + 

CD79a 
 + 

Bcl-2 
 + 

 T-LbLy CD45 
 +++ 

CD3 
Cy++/ 
Mem- 

CD2 
 ++ 

CD1a 
 + 

CD4 
 +/- 

CD8 
 -/+ 

CD5 
 + 

CD7 
 + 

TdT 
 + 

CD52 
 - 

CD56 
 - 

CD30 
 - 

 
PTCL(NOS) 

CD45 
+++ 

CD3 
 +++ 

CD4 
+++ 

CD8 
 - 

CD5 
 + 

CD7 
 + 

CD30 
 - 

CD56 
 - 

Perforin 
 - 

Granzyme 
 - 

CD79a 
 - 

CD19 
 - 

 CHL CD45 
 - 

CD19 
 - 

CD3 
 - 

CD30 
 +++ 

CD15 
 + 

CD40 
 ++ 

CD79a 
 - 

CD20 
 - 

CD10 
 - 

CD2 
 - 

CD56 
 - 

Bcl-6 
 - 

 NLPHL CD45 
 +++ 

CD19 
 ++ 

CD3 
 - 

CD30 
 - 

CD15 
 - 

CD40 
 - 

CD79a 
 + 

CD20 
 + 

CD10 
 - 
 

CD2 
 - 

CD56 
 - 

Bcl-6 
 + 

 Thymoma CD45 
 +++ 

CD3 
 +++ 

CD4 
 ++ 

CD8 
 ++ 

CD5 
 +++ 

CD7 
 +++ 

CD4+ 
CD8+ 
 ++ 

CD10 
 ++ 

CD95 
 + 
 

CD19 
 - 
 

CD56 
 - 
 

CD30 
 - 
 

NEM CD45 
 - 

CD3 
 - 

CD4 
 - 

CD8 
 - 

CD5 
 - 

CD7 
 - 

CD56 
 ++ 

CD10 
 - 

CD95 
 - 

CD19 
 - 

CD30 
 - 

Bcl-2 
 - 

FCI: flow cytometric immunophenotyping, DLBCL: diffuse large B-cell lymphoma, AITL: angioimmunoblastic T-cell lymphoma, T-LbLy: T- lymphoblastic lymphoma, 
PTCL(NOS): peripheral T-cell lymphoma (not otherwise specified),CHL:Classical Hodgkin lymphoma, NLPHL: nodular lymphocyte predominant Hodgkin lymphoma, FNA: fine 

needle aspirate. NEM: Neuroendocrine malignancy 
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Fig. 3. Flow cytometric immunophenotypic findings in a patient with Diffuse large B-cell 
lymphoma (DLBCL) 
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Fig. 4. Flow cytometric immunophenotypic findings in a patient with Angioimmunoblastic T- 
cell lymphoma (AITL) 

 

  
 

 
  

 

 
 

 
Fig. 5. Flow cytometric immunophenotypic findings in a patient with Neuroendocrine 

malignancy 
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Fig. 6. Flow cytometric immunophenotypic findings in a patient with T lymphoblastic 
lymphoma (T-LbLy) 
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Fig. 7. Flow cytometric immunophenotypic findings in a patient with Peripheral T Cell 
Lymphoma, Not otherwise specified 
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Fig. 8. Flow cytometric immunophenotypic findings in a patient with Thymoma 
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Fig. 9. Flow cytometric immunophenotypic findings in a patient with Classical Hodgkin 
lymphoma 

 

  
 

 
  



 
 
 
 

Tarafder and Haque; IJR2H, 5(2): 215-231, 2022; Article no.IJR2H.91395 
 
 

 
228 

 

   

 
Fig. 10. Flow cytometric immunophenotypic findings in a patient with Nodular Lymphocyte 

Predominant Hodgkin Lymphoma 
 

4. DISCUSSION 
 
Cytomorphology alone often can accurately 
diagnose malignant lymphoma in cytologic 
specimens such as FNA.7 It may be difficult to 
detect small proportion of malignant lymphoid 
cells by light microscope if admixed with reactive 
lymphoid cells especially in effusions. Application 
of MFC immunophenotyping is not well 
investigated in SCE diagnosis despite it has 
been accepted in FNA specimens for analysis of 
cytomorphology as an adjunct [7-13]. Immature 
or undifferentiated blast cells of B lymphocytes or 
T lymphocytes can be classified based on the 
expression of their cluster of differentiated 
antigens by MFC immunophenotyping [14]. 
Mature B cell neoplasms is determined by 
monoclonality (light chain restriction, i.e. kappa 
or lambda) which can differentiate it from normal 
and reactive population by FCM [15]. Expression 
of CD5, CD7, CD2 or aberrant antigens can 
identify T cell and Natural Killer (NK) cell 
neoplasms [16].

 

 
In this study, we have evaluated the utility of 
MFC immunophenotyping in the diagnosis and 
classification of malignancies in serous cavity 
effusions and FNA specimens.  
 
Our study group consisted of 16 body fluids (11 
pleural fluids and 5 ascitic fluids) and 14 fine 
needle aspirate (FNA) samples (13 enlarged 
lymph nodes and 1 lung mass). Overall diagnosis 
was hematologic malignancy (83.33%), other 
malignancy (6.77%) and tuberculosis (10%). 
Among mature B-cell malignancies two types of 
B-cell non-Hodgkin lymphoma were identified in 
this study, these were diffuse large B-cell 
lymphoma (DLBCL) and splenic B-cell marginal 
zone lymphoma (SMZL). Out of eight DLBCL 

cases identified, four cases were detected in 
pleural fluid, one in ascitic fluid and three in FNA 
of lymph node. “DLBCL are a group of mature B-
cell malignancies accounts for 30-35%, present 
as a rapidly growing mass in any lymph node 
group or non-lymphoid organ. The 
cytomorphology of DLBCL is highly variable, sub-
division and prognostic assessment is based on 
the immunophenotype and chromosomal 
abnormalities in conjunction with International 
Prognostic Index (IPI)” [17]. “The subtype of 
DLBCL may arise as primary effusion lymphoma 
(PEL), typically presents as a pleural, ascitic or 
pericardial effusion without an accompanying 
tumor mass” [18].

 
“Primary effusion lymphoma is 

typically highly aggressive and is commonly 
refractory to therapy” [19].

 
DLBCL showed CD5 

and CD23 negativity with strong expression of 
CD19, CD20, CD79a, CD79b, FMC7, CD22. 
Monoclonality was determined by light chain 
restriction. CD5 negativity differentiates DLBCL 
from CLL/SLL and Mantle Cell Lymphoma (MCL) 
which express CD5.  
 
Only one SMZL was identified in FNA of lymph 
node in which there is usually marked 
splenomegaly, tiny lymphadenopathy. It showed 
characteristic morphology of polar villous 
lymphocytes in peripheral blood. SMZL showed 
monoclonality, expressed CD11c but didn’t 
express CD123 which differentiates it from Hairy 
cell leukemia which express both CD11c and 
CD123.  
 
Among mature T-cell malignancies, in this study 
two types of T-cell non-Hodgkin lymphoma were 
diagnosed which were Angioimmunoblastic T-cell 
lymphoma (AITL) and Peripheral T-cell 
lymphoma, not otherwise specified [PTCL 
(NOS)]. Most of the AITL were identified in 
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serous cavity effusions. Out of ten cases, four 
cases were detected in pleural fluid, four in 
ascitic fluid and two in FNA. “The characteristics 
of this lymphoma is effacement of nodal 
architecture by a polymorphous infiltrate of 
atypical lymphocytes and vascular proliferation, 
and the reactive cellular proliferation can make it 
difficult to determine if the lesion is of B-cell or T-
cell lineage” [17]. Immunophenotype of AITL 
showed expression of pan T-cell markers on 
neoplastic cells, reactive B-cell markers (CD19, 
CD20, CD79a without light chain restriction). 
There was predominance of CD4+ T-cells over 
CD8+ T-cells.  
 

Peripheral T-cell lymphoma, not otherwise 
specified [PTCL (NOS)] is mature T-cell 
neoplasm that do not fit into other recognizable 
subtypes of T-cell lymphoma. About half of the 
peripheral T-cell lymphomas in this group have 
multiple morphological subtypes [17]. In this 
study, PTCL (NOS) was identified in only one 
FNA of lymph node. The characteristic 
immunophenotypic features of PTCL (NOS) are 
negative expression of CD30, perforin, granzyme 
and CD56, which differentiates it from other 
mature T-cell lymphomas as these markers are 
usually expressed by these neoplasms. 
 

“T-LbLy and T-ALL are neoplasms of precursor 
(thymic) T-lymphoid cells. The white blood cell 
count in T-ALL may be very high with circulating 
blasts while it is normal in T-LbLy. T-ALL is 
considered to be the leukemic form of T-Lbly 
where blast cells involve peripheral blood and 
bone marrow while lymph nodes architecture is 
usually replaced by lymphoblasts in T-LbLy. 
Serous cavity effusions may contain neoplastic 
cells which can be demonstrated by 
immunophenotyping” [17]. Three T-lymphoblastic 
lymphoma (T-LbLy) cases were diagnosed in this 
study of which one in pleural fluid and two in FNA 
of lymph node. Expression of Cytoplasmic CD3, 
CD1a, TdT and negative expression of CD52 
differentiates it from T-cell prolymphocytic 
leukemia (T-PLL) which is a mature T-cell 
neoplasm usually CD1a and TdT negative but 
strongly express CD52.  
 

One classical Hodgkin lymphoma (CHL) and one 
nodular lymphocyte predominant Hodgkin 
lymphoma (NLPHL) were identified in FNA of 
lymph node. Classical Hodgkin lymphoma (CHL) 
is a B-cell neoplasm usually arise in lymph nodes 
where the neoplastic cell population designated 
as Hodgkin and Reed-Sternberg (HRS) cells 
often be recognized morphologically by large cell 
size are either multinucleated or have a bilobed 

nucleus with prominent eosinophilic inclusion      
like nucleoli resembling an “owl’s eye” 
appearance. The HRS cells despite originates 
from mature B- cell, fail to express B-cell markers 
because of severe impairment of B-cell 
transcription factor network. “The diagnosis of 
CHL currently relies on a combination of 
morphological and immunohistochemical 
findings. Multiparameter flow cytometry (MFC) 
appears to be ideally suited for the detection of 
lymphomas where the malignant cells are rare 
and most of the background cells are of benign 
origin such as Classical Hodgkin lymphoma 
(CHL), nodular lymphocyte predominant Hodgkin 
lymphoma (NLPHL) and T-cell rich large B-cell 
lymphoma” [20]. This study diagnosed only one 
case of Classical Hodgkin lymphoma (CHL) by 
MFC analysis that detected a small malignant 
CD45 negative population of cells that was also 
negative for CD19, CD20, CD79a, CD3, CD56 
but did express CD30, CD40 and CD15, fulfilling 
the diagnostic criteria for CHL by MFC. In 
contrast NLPHL which is a monoclonal mature B-
cell neoplasm characterized by presence of 
popcorn or L&H cells, didn’t express CD30, 
CD40, CD15 but expressed CD19, CD20, 
CD79a, CD45, BCL6 by MFC analysis which 
differentiates it from CHL in this study.  

 
Two non- hematologic malignancies identified in 
this study were thymoma and tumor of neural cell 
origin (neuroendocrine malignancy). We 
conducted MFC analysis on city guided FNA 
sample from lung mass and detected CD56+/ 
CD45- population, this population didn’t express 
markers of B-cells (CD19, CD20, CD79a) and 
markers of T-cells (CD3, CD2, CD5, CD7, CD4, 
CD8) which allowed us to suggest small cell lung 
carcinoma. A study reported similar findings who 
diagnosed neuroendocrine malignancy in serous 
effusions using panel of monoclonal antibodies 
comprising CD45, CD56 and markers of B-cell 
and T-cell [3]. Other studies evaluated the 
usefulness of MFC in diagnosing neuroendocrine 
malignancies by detection of CD56+/CD45- 
phenotype in peripheral blood and bone marrow 
[21,22].

 
The utility of MFC is very limited for the 

diagnosis of these malignancies due to lack of 
specific markers. One thymoma was identified in 
pleural fluid in this study, expressing double 
positive T-cells (CD4+CD8+) with expression of 
other T-cell markers but didn’t express CD19, 
CD56. Morphophologically, the immature 
thymocytes in a thymoma may resemble the 
immature cells in T-LbLy. Immunophenotype 
pattern of T-LbLy by MFC can efficiently 
differentiate it from thymoma.  
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Tuberculosis was diagnosed in three cases, one 
in pleural fluid and two in FNA of lymph node by 
detecting Mycobacterium tuberculosis DNA using 
RT-PCR. Immunophenotype of pleural fluid and 
FNA sample in these cases detected mature/ 
reactive T-cells or monocytes. MFC analysis of 
these cases could not detect malignancy but 
Mycobacterium tuberculosis DNA was detected 
by RT-PCR. This finding suggest us to apply 
techniques for detecting tuberculosis in SCEs 
and FNA sample where there is lymphocytosis 
which arises suspicion of either tuberculosis or 
malignancy; It will also help physicians to plan for 
proper treatment.  
 

In this study out of 30 cases, 19/30(63.33%) 
cases were both immunophenotype and 
cytomorphology positive for malignancy. Both 
Cytomorphology Negative and MTB RT-PCR 
Negative for Tuberculosis but immunophenotype 
Positive for Malignancy were 8/30 (26.67%) 
cases. The findings of this study revealed that 
MFC immunophenotyping detected eight more 
malignancy cases (29.63%) which could be 
missed out by cytomorphology. 
 

The findings of this study has shown that the 
distribution of T-cell and B-cell malignancies in 
ascites and pleural effusions is different. T-cell 
malignancies detected more in ascitic fluid, while 
B-cell malignancies in pleural effusions. A study 
by Shen et al. reported the distribution of T-cell 
and B-cell malignancies in SCEs where they 
identified T-cell malignancies more in pleural fluid 
and B-cell malignancies in ascites which is not 
consistent with this study [3]. When lymphoma is 
clinically suspected, it can help the physicians to 
initially plan for emergency treatment according 
to ascites or pleural effusions. 
 

5. CONCLUSION 
 

Multiparameter flow cytometry using 
comprehensive panel of monoclonal antibodies is 
an invaluable tool to diagnose hematologic and 
non-hematologic malignancies in body fluids or 
FNA as it can demonstrate small malignant 
populations that may be missed out by routine 
cytomorphology. To our knowledge, this is the 
first study in Bangladesh to describe the utility of 
MFC analysis in diagnosing Hodgkin and non-
Hodgkin lymphomas as well as neuroendocrine 
malignancy in serous cavity effusions.  
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