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A B S T R A C T

Context: Fine needle aspiration cytology (FNAC) is widely used in the investigation of lymphadenopathy.
A combination of FNAC and Flow cytometric immunophenotyping (FCI) can help to establish an accurate
diagnosis and classification in most cases of NHL (Non-Hodgkin lymphoma).
Aims: We evaluated the effectiveness of FNAC along with flow cytometry (FCM) with histopathology in
the diagnosis and classification of NHL by applying FCI on a sample obtained from the FNAC of lymphoid
tissue.
Settings and Design: A cross-sectional study was conducted in the Department of Pathology. Patients
of all ages presenting peripheral lymphadenopathy were screened on FNAC. All Cases suggested as NHL
were taken up for FCM as well as for excision biopsy.
Methods and Material: FCI of lymph node aspirate was performed by using four-color FCM
(FACScalibur; Becton Dickinson). The sections were processed in Shandon Citadel 2000 tissue processor
for histopathology.
Statistical analysis used: Descriptive statistics were used to describe the study sample. Data were analyzed
using SPSS.
Results: A total of 30 patients, 27 (90%) male, and 3(10%) female were included in the study. Generalized
lymphadenopathy (46.7%) was prominent followed by cervical lymphadenopathy(40%). Out of the 30
cases, eight cases were not analyzed due to the paucity of events. Out of 22 cases, a total of 18 cases
were diagnosed as B-cell lymphoma, two cases as T-cell lymphoma, and two cases as reactive lymphoid
hyperplasia.
Conclusions: FNAC in conjunction with FCI is a reliable method that can be used as a first-line
investigation to give rapid results, which can guide further investigation and facilitate cost-effective patient
management.
Key Messages: Excision biopsy and histopathological examination remain the gold standard for the
classification of NHL. However, the need for anesthesia and possible complications of excision biopsy
limits its role. FNAC in conjunction with FCI is a reliable method that can be used as a first-line
investigation to give rapid results.

© 2020 Published by Innovative Publication. This is an open access article under the CC BY-NC license
(https://creativecommons.org/licenses/by-nc/4.0/)
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1. Introduction

Non-Hodgkin lymphoma (NHL) is one of the commonest
malignant neoplasms of the lymphoreticular system.1

Lymphoma represents one of the major health problems
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all over the world and is one of the common cancer
in the urban population in India, Delhi has the highest
rates equivalent to 0.5 million cases per year.2,3 Fine
needle aspiration cytology (FNAC) is commonly used
in the investigation of lymphadenopathy and gives a
rapid primary diagnosis. FNAC is less invasive and
cost-effective.4,5 Unequivocal discrimination between low-
grade NHL and reactive hyperplasia by microscopic
observation is problematic in many cases; however, flow
cytometry (FCM) due to its ability to measure multiple
parameters on individual cells is ideal for the study of
lymphoproliferative disorders on cytological material.6 The
combination of flow cytometric immunophenotyping (FCI)
and FNAC have completely changed the approach to
the cytological diagnostic algorithm of lymph node and
lymphoid organs.7 The possibility of applying a complete
panel of antibodies and the diagnostic algorithm is the most
appreciated advantage of this technique.8 A combination
of FNAC and FCM allows further sub-classification in
most cases based on the new WHO classification.9 FNAC
and immunophenotyping by FCM are complementary
and eliminate the need to perform an open biopsy for
many patients with lymphadenopathy.10,11 Histopatological
examination (HPE) is considered the gold standard method
for the diagnosis and classification of lymphoma. However
the need for anesthesia and possible complication of
excisional biopsy limits its role, that’s why FNAC with FCM
is gaining importance and has shown high sensitivity and
specificity in the diagnosis of lymph node lesion, especially
NHL.12

In our study, we evaluated and compared the efficacy
of FNAC along with FCM with histopathology in the
diagnosis and classification of NHL by using FCI on a
sample obtained from the FNAC of lymph node tissue.

2. Materials and Methods

2.1. Study Population

Our study was a cross-sectional study, which was performed
in the Pathology Department. This study was accepted by
the Ethics Committee of our institute and written informed
consent was taken from every patient.

FNAC was done to screen all patients of peripheral
lymphadenopathy in all age groups. All Cases suggested
as NHL were taken up for FCM as well as for excisional
biopsy. Patients with non-neoplastic lesions of the lymph
node and metastatic or Hodgkin’s lymphoma (HL) on
FNAC were excluded from the study.

2.2. Methodology

2.2.1. FNAC and smear preparation
FNAC was done with a 23 gauge needle which was attached
to a 10 ml syringe. The type of aspirated material obtained
was noted. A thin and even film was made from the aspirated

material on a clean glass slide. For Giemsa staining first
air-dried smears were made and then fixed in methanol.
For Papanicolaou staining smears were immediately fixed
in alcohol and then staining was done.

2.2.2. Procedure for FCM
FCI of lymph node aspirate was performed by using
four-color FCM (FACScalibur; Becton Dickinson). The
instrument was calibrated each time a sample was run on
the FCM. Antibodies bought from BD Biosciences; surface
Ig kappa, surface Ig lambda, CD19, CD20 ,CD22, CD3,
CD5, CD7, CD79b, FMC7, CD10, CD23, CD45,CD34
were used. CD19 or CD20 was used in all tubes and
was used to identify the B cell population. A four-
color analysis was performed using antibody bound to
following fluorochrome FITC (Fluorescein isothiocyanate),
PE (Phycoerythrin), PerCP (Perdinin chlorophyll protein),
APC (Allophycocyanin).

Sample aspirated from fine-needle aspiration was
collected in 1 ml sheath fluid in EDTA vial. For staining 10
µl of four antibodies, each conjugated to one fluorochrome
was added to each tube. Tubes incubated in dark at room
temperature for 30 minutes. Lysing- 2 ml of lysing solution
(BD FACS lyse) in 1:10 dilution was added to each tube
and incubated in dark at room temperature for 15 minutes.
The centrifugation of tubes was done at 1200 rpm for
five minutes, the supernatant was discarded and the pellet
formed was broken by vortexing, then washing of the cells
was done with 2 ml of sheath fluid by centrifugation. Cell
suspension- the cells were then suspended in 0.5 ml of
sheath fluid.

FCM data was acquired using the cell quest pro software.
Instrument setting was done by opening the instrument
setting files before acquiring the data. Each tube was run
on an instrument one by one and events were acquired from
each tube in the form of dot plots.

2.2.3. Steps for histopathology
The sections were processed in an automatic tissue
processor (Shandon Citael 2000) at room temperature. A
rotary microtome (Shandon) was used to cut the paraffin-
embedded tissue blocks at 4µm thickness. Hematoxylin
and eosin stain was used for staining the sections.
Immunohistochemistry was performed on representative
sections using the Avidin-Biotin technique. The appropriate
precautions were taken during the handling of glassware,
chemicals, and performing procedures to make results
precise and accurate as well as diminish the personal threat.

3. Results

A total of 30 patients were taken in the study which includes
27 (90%) male and 3(10%) female patients. The maximum
numbers of patients were noted in the age between 41-60
years (Table 1). A maximum number of patients presented
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with Generalised lymphadenopathy (46.7%) followed by
cervical lymphadenopathy(40%) (Table 2). Nineteen (63%)
patients presented with bilateral and eleven (37%) patients
presented with unilateral lymph nodes. In all the cases FCM
was done and subsequently analyzed. Out of the 30 cases,
eight cases were not able to analyze because of the lack of
events. In this study, we found that out of 22 cases, 18 cases
were diagnosed as B-cell NHL, two cases as T-cell NHL,
and two cases as reactive lymphoid hyperplasia. Thirteen
out of 18 B-NHL (B-Non Hodgkin’s lymphoma) cases
presented with light chain restriction, eight cases showed
Kappa while five showed Lambda restriction.

Subclassification was possible in 17 out of 22 cases on
the basis of combined FNAC and FCM findings, three cases
were diagnosed as B-NHL, and two cases as RLH (Table 3).
The histopathology diagnosis was available in 29 out of
30 cases (Table 4). FCI with histopathology impression
and cross-tabulation represented a total of 17 true positive
cases, two true negative cases, seven false-negative cases,
and no false-positive case. Whereas four cases could not
be included because of two cases found to be inconclusive
on histopathology due to crush and fixation artifacts, one
case biopsy was not required as the case turned out to be
common acute lymphoblastic leukemia-associated antigen-
positive acute lymphoblastic leukemia (CALLA+ ALL) on
hematological examination, and one case diagnosed as HL
on histopathology while in this case, FCM was inconclusive
due to paucity of events and on cytology differentials
diagnosis of ALCL/HL (Anaplastic large cell lymphoma)
was given (Tables 5 and 6).

In our study 26 out of 30 cases were incorporated
for predicting the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) which
were found as 70.8%, 100%, 100%, and 22.2% respectively.

Table 1: Age distribution

Age range (Years) Frequency (%)
≤ 20 6(20)
21-40 6(20)
41-60 10(33.3)
>60 8(26.7)
Total 30(100)

Table 2: Type of Lymph node

Lymph node Frequency
Cervical 12(40)
Axillary 1(3.3)
Inguinal 3(10)
Generalized 14(46.7)
Total 30(100)

Fig. 1: Cytology smear of small lymphocytic lymphoma showing
small cells with clumped chromatin (Pap stain 10X).

Fig. 2: Case of small lymphocytic lymphoma showing lambda
light chain restriction, CD 19 and CD 5 positive cell population.
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Table 3: FNAC andFlowcytometry

FNAC FCI Small cell
type (4)

Small to Intermediate
cell type(8)

Intermediate
cell type (4)

Intermediate to
large cell type (6)

Large cell
type (6)

Polymorph
-ous cells (2)

SLL 4 2
MCL 2
DLBCL 2 4
B-LBL 1
PTCL 1 1
RLH 2
B-NHL 1 2
Not* analyzable 2 2 2 2

* 8 cases could not be analyzed due to the paucity of events.
Abbreviations: B-LBL (B-Lymphoblastic Lymphoma), B-NHL (B-Non Hodgkin’s lymphoma), DLBCL (Diffuse large B cell lymphoma), FNAC (Fine

Needle Aspiration Cytology), FCI (Flow cytometric immunophenotyping), MCL (Mantle cell lymphoma), PTCL (Peripheral T cell lymphoma), RLH
(Reactive lymphoid hyperplasia), SLL (Small lymphocytic lymphoma).

Table 4: Histopathology

Histopathology Number of cases (Total= 29)
SLL 6
DLBCL 6
MCL 2
FL 2
ALCL 2
PTCL 1
T cell histiocyte rich DLBCL 1
B-LBL 1
B-NHL 2
ALCL/HL 1
HL 1
RLH 1
Leukemic infiltration into LN 1
Inconclusive** 2

**Inconclusive results were due to crush and fixation artifacts.
Abbreviations: ALCL (Anaplastic large cell lymphoma), B-NHL (B-Non Hodgkin’s lymphoma), B-LBL (B-Lymphoblastic Lymphoma), DLBCL (Diffuse

large B cell lymphoma), FL (Follicular lymphoma), HL (Hodgkins Lymphoma), MCL (Mantle cell lymphoma), PTCL (Peripheral T cell lymphoma), RLH
(Reactive lymphoid hyperplasia), SLL (Small lymphocytic lymphoma).

Table 5: Comparison of combined FNAC and FCI with histopathology

FCI+ FNAC Histopathology
SLL MCL DLBCL ALCL PTCL FL Inconclusive** Others

SLL (6) (6)
MCL (2) (2)
DLBCL (6) (6)
PTCL (2) (1) (1)
RLH (2) RLH(1) B-NHL(1)
B-NHL (3) (1) (1) B-NHL(1)
Not
Analysable*
(8)

(2) (1) T cell/histiocyte rich DLBCL(1),ALCL/NSHL(1),
B-LBL(1), HL(1), Leukemic infiltrate into LN(1)

* 8 cases could not be analyzed due to paucity of events
**Inconclusive results were due to crush and fixation artifacts
Abbreviations: ALCL (Anaplastic large cell lymphoma), B-NHL (B-Non Hodgkin’s lymphoma)
, B-LBL (B-Lymphoblastic Lymphoma), DLBCL (Diffuse large B cell lymphoma), FCI (Flowcytometric immunophenotyping), FNAC (Fine Needle

Aspiration Cytology), FL (Follicular lymphoma), HL (Hodgkins Lymphoma), MCL (Mantle cell lymphoma), NSHL (Nodular sclerosis Hodgkin’s
lymphoma), PTCL (Peripheral T cell lymphoma), RLH (Reactive lymphoid hyperplasia), SLL (Small lymphocytic lymphoma).
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Table 6: Table 6: FCM diagnosis and histopathology impression cross-tabulation

FCM Diagnosis Histopathology impression Total
Positive Negative

Positive 17 0 17
Negative 7 2 9
Total 24 2 26

Fig. 3: Histopathology slide of small lymphocytic lymphoma
showing effaced architecture of lymph node comprising of small
lymphocytes with clumped chromatin (H &E stain 40X).

4. Discussion

In this study maximum number of patients presented with
generalized lymphadenopathy(46.7%) followed by cervical
lymphadenopathy(40%). In the present study, the age range
of patients was between 6 to 75 years which is comparable
to the age range seen in other studies. Age range reported
by Schmid et al. was 7 to 88 years and by Dey et al.was
between 6 to 78 years.6,13 However, Barrena et al.reported
the age range of 3 to 96 years in their study.14

On cytomorphology, the cases were classified as per
morphological classification given by Orell showed a
persistent number of small to intermediate, intermediate,
intermediate to large, large, and polymorphous cell type.15

In our study, 22 out of 30 cases could be analyzed on
FCM while 8 out of 30 cases could not be evaluated because
of the paucity of events. Meda et al. also reported that
inadequate material prevented proper FCM studies in 8.6%
cases.10 Failure to obtain adequate material was attributed
to tumor necrosis, peripheral blood contamination, or

Fig. 4: Cytology smear of diffuse large B cell lymphoma showing
large cells with coarse chromatin and prominent nucleoli (Pap stain
40x).

insufficient aspirated material Dey et al. FCM analysis was
done in 45 out of 48 cases while in 3 cases the material was
insufficient because of poor blood mixed aspirate.13

In the present study, 22 cases were analyzed by FCI.
Of these, 18 cases were diagnosed as B-NHL, two cases
as T-NHL, and two cases as reactive lymphoid hyperplasia
(RLH). B-NHL formed the major group and this was
consistent with other studies. Dey et al. reported 40 out of
45 cases as B-NHL, Siebert et al. reported 36 out of 36 cases
as B-NHL with no T-NHL, and Meda et al.reported 134 out
of 158 cases as B-NHL and 6 cases as T-NHL.10,13,16

In our study, the light chain restriction could be
established in 13 out of 18 cases of B-NHL (72%). It
correlates very well with the study done by Dey et al.
who could demonstrate light chain restriction in 75% cases,
however Sayed et al. reported a light chain restriction
in 100% of cases.13,17 This apparent lack of surface
immunoglobulin is postulated to be due to the post-
transcriptional defect of the immunoglobulin molecule.18
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Fig. 5: Case of Diffuse large B cell lymphoma showing Kappa
light chain restriction along with B cell markers positivity.

Fig. 6: Histopathology slide of diffuse large B cell lymphoma
showing diffuse growth pattern with large cells having basophilic
cytoplasm, vesicular chromatin and prominent nucleoli. (H &E
stain 40 X).

In this study, the majority of the cases which did not
express light chain restriction were reported as SLL (Small
lymphocytic lymphoma) (4/5 i.e. 80%) and one case was
reported as DLBCL (Diffuse large B cell lymphoma). It
correlates well with a study done by Pedro et al. who
documented that out of 485 cases with specific lymphoma
diagnosis, 46(9.5%) cases showed a discrepant light chain
expression, and this discrepancy was seen maximum with
the cases of SLL.18

In our study by using combined FNAC and FCM, 17
out of 30 cases i.e. 56.6% were subclassified. Fifteen out
of 18 cases of B-NHL and both cases of T-NHL were
classified. Dey et al. subclassified 79% cases, Siebert et
al. subclassified 76.3% of the cases while Meda et al.
demonstrated subclassification in 90% of the cases.10,13,16

The aforesaid variation in subclassification could be due
to the lesser number of cases analyzed on FCM in the
present study. In the subclassification, SLL cases showed
light chain restriction, CD19 positive cell population along
with an expression of CD5 and CD23 (Figure 1, Figure 2,
and Figure 3). MCL cases showed light chain restriction,
CD19 positive cell population along with CD5 positive, and
CD23 negative expression. However, it was not possible
to distinguish SLL and MCL cases by cytology alone.
Individual cells on cytology smear show round to oval
small nuclei and clumped chromatin with no nucleoli.
DLBCL cases showed light chain restriction along with
B cell marker positivity. On smear, DLBCL cases showed
a monomorphic population comprising of intermediate to
large cells or large cells showing coarse chromatin and
prominent nucleoli (Figure 4, Figure 5, and Figure 6).
There were four cases of SLL and one case of DLBCL
which did not show light chain restriction but considering
the cell morphology and predominant CD19 or CD20
expression, these cases were considered as B-NHL. This
was in accordance to a study done by Dey et al. did not find
light chain restriction in 10 out of the 40 cases of B-NHL
and these cases showed predominant CD19 and CD20 cell
population.13

On FCM of the two cases of T-NHL, one case of PTCL
(Peripheral T cell lymphoma) showed CD5 expression,
CD3 was heterogeneously expressed while CD7 showed
dim positivity. The second case of PTCL showed positive
expression of both CD5 and CD3 while CD7 was dim
positive. Both of these cases showed negative expression
of CD19. On cytology smear, these cases showed small
to an intermediate and intermediate cell population with a
round to oval nucleus, irregular nuclear membrane, coarse
chromatin, inconspicuous nucleoli, and a moderate amount
of cytoplasm. Based on cytomorphological features and
T cell marker aberrancy these cases were diagnosed as
PTCL. Similarly in the study done by Zeppa et al. reported
the phenotype CD5+, CD19-, CD4+/CD8-, CD2-/CD3-
and CD7+ or CD2+/CD3+ and CD7- in an appropriate
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cytomorphological setting was considered specific for the
diagnosis of PTCL.19

In our study, DLBCL and SLL subtypes of NHL formed
the majority comprising six cases each. Dey et al. found
17 out of 45 cases of DLBCL type, Sayed et al. reported
24 out of 45 cases of DLBCL type while Meda et al.
reported 35 out of 158 cases as large B cell lymphoma which
was maximum in, number in comparison to other types of
lymphomas.10,13,17

In the current study by using combined FNAC and FCM
in the diagnosis of NHL when it was compared with HPE,
sensitivity was found to be 70%, specificity 100%, Positive
predictive value 100%, and Negative predictive value 22%.
It was reported by Dey P et al. that the sensitivity of
combined FNAC and FCI was 83.8% (26/31) and specificity
was 100% (31/31)in the diagnosis of NHL however they
also considered HPE as the gold standard.13 Schmid et al.
also noted a sensitivity of 98% and a specificity of 100% in
their series.6 Bangerter et al. showed that sensitivity of the
combination of FNAC and FCM was 85.6%, specificity was
100%, the PPV was 100% and the NPV was 55.6%.9 The
low NPV in the present study could be due to small sample
size and suboptimal sampling in 8 cases. Those 8 cases were
included as false negative in statistical analysis.

In our study, two cases were diagnosed as RLH. On
histopathological examination, one out of these two cases
was diagnosed as RLH while discordance was noted in one
case which was diagnosed as B-NHL and this case was
taken as false negative in statistical analysis.

Three out of 22 cases analyzed on FCM could not be
compared with histopathology one of these cases turned
out to be CD10 positive acute lymphoblastic leukemia
on hematological examination, therefore, not biopsied. In
the remaining two cases results of histopathology were
inconclusive due to marked crush and fixation artifacts.

In this study FCM could not be done in 8 cases because
of a lack of events out of these, six cases were diagnosed
as NHL on cytology while in two cases the differential
diagnosis of anaplastic large cell lymphoma/Hodgkin
lymphoma was given. These cases on histopathology turned
out to be ALCL (two cases), FL (one case), T-cell histiocyte
rich DLBCL (one case), ALCL/HL (one case), B-LBL (one
case), HL (one case), leukemic infiltrate into LN (one case).

FCI in combination with cytomorphology can subclas-
sify most types of B–NHL but for large cell lymphomas like
ALCL and HL, FCI is not very helpful. Other upcoming
techniques like cell proliferation marker and molecular
markers may be helpful. Cytogenetics demonstrating
chromosomal translocations may be required for definitive
identification of the lymphomas.

Although for the diagnosis of NHL Biopsy and HPE is
a gold standard; FNAC combined with FCI is a quick, less
invasive, cost-effective, and reliable method that can be used
as a first-line investigation in the diagnosis of NHL.
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