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Abstract: Fine needle aspiration biopsy (FNAB) is a simple yet accurate diagnostic procedure. However, the role of
FNAB in lymphoma diagnosis and classification remains controversial. This study aimed to evaluate the value of
FNAB cell blocks in the diagnosis and classification of lymphoma using our patented aspirator in a pencil-grip opera-
tion manner and a simplified cell block preparation method. We retrospectively reviewed 177 cases of lymph node
and extranodal lymphoproliferative disorders that were diagnosed with cytomorphology, morphology, and immuno-
histochemistry of cell blocks. Of these, 83 were primary lymphoma; 14 were recurrent lymphoma; 8 were suspected
as lymphoma, and 72 were benign reactive hyperplasia (BRH). Our analysis indicated 99.0% sensitivity, 95.9%
specificity, 97.1% positive predictive value, and 98.6% negative predictive value in discriminating among primary/
recurrent lymphoma and BRH. The diagnostic accuracy for sub-classification of lymphoma was 86.6% (84/97),
with 77.8% (7/9) for classical Hodgkin’s lymphoma and 87.5% (77/88) for non-Hodgkin’s lymphoma. Our results
implicated cell blocks as a reliable and useful adjunct to FNAB for the diagnosis and classification of lymphoma.
Cytomorphology, morphology, and immunohistochemical studies of cell blocks offered very high accuracy in the di-
agnosis of lymphoma and allowed further sub-classification in many cases. Thus, patients with a definitive diagnosis

and classification might avoid invasive and expensive surgical biopsy procedures.
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Introduction

Fine needle aspiration (FNA) biopsy (FNAB) is a
simple, inexpensive, less traumatic, safe, and
fast diagnostic procedure with high accuracy. It
is usually the first choice to diagnose superfi-
cial lumps. However, the role of FNAB in lym-
phoma diagnosis and classification remains
controversial. Additionally, cytological diagno-
sis of lymphoma via FNAB is followed by surgi-
cal biopsy in most cases. Over the last decade,
several studies have reported the value of
FNAB combined with flow cytometry immuno-
phenotyping in the diagnosis and classification
of lymphoma [1-10]. However, to our knowl-
edge, there are no published studies on the
diagnosis of lymphoproliferative disorders
using cell blocks in a large patient cohort. Our
extensive analysis on the efficiency of cytomor-
phology, morphology of cell blocks, and immu-
nohistochemical studies using cell block sec-
tions in lymphoma diagnosis and sub-classifi-

cation have highlighted the applicability of cell
blocks.

The latest World Health Organization (WHO)
classification of tumors of hematopoietic and
lymphoid tissues [11] emphasizes a multipara-
metric approach to include morphological, phe-
notypic, and genetic features, as well as clinical
syndromes. Morphology and immunophenotyp-
ing are sufficient for the diagnosis of most lym-
phoid neoplasms. We often perform FNAB as a
preferred procedure for patients with superfi-
cial lumps at our hospital. In the past few years,
we have routinely processed residual materials
from cytological smear into cell blocks, which
are composed of random cells and tissue frag-
ments. They could provide morphology and par-
tial histological structures, and can be sec-
tioned forimmunohistochemical staining, which
offers reliable and stable results. From this per-
spective, cytological features, morphology, and
immunophenotype of cell blocks represent fun-
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Figure 1. Fine needle aspiration using our patented
aspirator (Youyi type aspirator) was performed in a
patient with lymph node enlargement in the right
neck. The pencil-grip operation manner improved
the sense of finger tips, whereas the automatically
retained vacuum helped sample more tissue.

damental tools in the diagnosis and classifica-
tion of lymphoma. In recent years, there have
been an increasing number of lymphoma cases
diagnosed by this approach at our hospital, and
cell blocks have gradually been adapted as a
routine ancillary technique to evaluate lym-
phoid lesions. The present study summarized
our experience using cell blocks for the diagno-
sis of lymphoproliferative diseases and dis-
cussed the value and limitation of the method
as well as its technical aspects.

Materials and methods
Case selection

We selected 177 cases of lymphoproliferative
disorders diagnosed by cell block analysis from
the database of Beijing Friendship Hospital,
which is affiliated with the Capital Medical
University Department of Pathology, between
January 2010 and December 2013. Inclusion
criteria included primary lymphoma, recurrent
lymphoma, and suspected lymphoma with
available surgical biopsy as controls. Either sur-
gical biopsy or clinical follow-up data were used
as controls for benign reactive hyperplasia
(BRH) cases. All cases in our series were reeval-
uated, and the initial diagnosis was recon-
firmed.

FNA and cell block preparation procedures

FNAB was performed without anesthesia using
our patented 21 G (0.8 mm) aspirator (Youyi
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aspirator), which had a slot in the plunger and a
latch on the bottom of the tube (Figure 1), in a
pencil-grip operation manner. FNA specimens
were collected by cytopathologists in more
than 10 needle insertions, followed by direct
smear and hematoxylin and eosin (H&E) stain-
ing. The remaining cells and tissue fragments
were routinely processed into cell blocks using
ethanol coagulation and formaldehyde fixation
as previously described [12]. The procedure
details are presented in Figure 2. All cell blocks
were treated similarly to surgical biopsy speci-
mens, including formalin fixation, paraffin
embedding, and sectioning at 4-5 um thick-
ness, followed by H&E staining and immuno-
histochemistry.

Main diagnostic criteria for morphology and
immunohistochemistry

The main diagnostic criteria for cytological
smears and cell blocks were as follows: (1)
BRH: smears mainly contained small lympho-
cytes and lymphocytes at different transforma-
tion stages; morphological analysis of cell
blocks could include multiple round, semi-circu-
lar, or irregular lymphoid follicles with germinal
centers and mantle zones; (2) Hodgkin’s lym-
phoma: reactive background cells (including
small lymphocytes, eosinophils, histiocytes,
and plasma cells, etc.) were scattered among
Reed-Sternberg cells and their mutant deriva-
tives; morphology of cell blocks was the same
as that of smears, but showed different levels
of fibrosis; (3) non-Hodgkin’s lymphoma (NHL):
smears demonstrated monomorphic and
immaturely differentiated lymphocytes; mor-
phology of cell blocks showed relatively uniform
cells and nuclear atypia. Additionally, follicular
structures could be observed in follicular lym-
phoma (FL), whereas some marginal B-cell lym-
phoma/marginal zone lymphoma of mucosa-
associated lymphoid tissue (MZL/MALT) cases
might exhibit monocytoid cells.

A preliminary diagnosis was made on the basis
of the diagnostic criteria of lymphocyte popula-
tion cell size in the smear proposed by Koss et
al. [13] and morphological characteristics of
cell blocks. A panel of appropriate antibodies
was then selected from the following for immu-
nohistochemical staining: CD3, CD5, CD10,
CD15, CD20, CD21, CD23, CD30, CD38,
CD138, CD56, B-cell ymphoma (BCL)-2, BCL6,
multiple myeloma oncogene (MUM)-1, Cyclin
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Figure 2. Flow chart of fine needle aspiration biopsy cell block preparation. A. Place the specimen from needle aspi-
ration on a slide; B. Gather the sample using an aspirator; C. Immerse the slide in 95% ethanol for 30 to 60 seconds
and set aside; D. Further trim the sample using an aspirator; E. Place the specimen in formalin fixative for 2 to 8
hours and remove the specimen from the slide using a razor blade; F. Wrap the specimen in lens cleaning paper,
place it into a dehydration box, and it was ready for paraffin embedding.

Table 1. Correlation among diagnoses by fine
needle aspiration biopsy, surgical biopsy, and
follow-up

No. of patients Surgical
biopsy and follow-up

FNAB diagnosis (%) Lymphoma BRH
r-lymphoma 14 (7.9) 14 0
p-lymphoma 83 (46.9) 83 0
Suspicious lymphoma 8 (4.5) 5 3
BRH 72 (40.7) 1 71
Total 177 (100) 103 74

Abbreviations: FNAB, fine needle aspiration biopsy;
r-lymphoma, recurrent lymphoma; p-lymphoma, primary
lymphoma; BRH, benign reactive hyperplasia.

D1, anaplastic large-cell lymphoma (ALCL),
T-cell-restricted intracellular antigen (TIA)-1,
Granzyme-B, terminal deoxynucleotidyl trans-
ferase (TdT), and Ki-67.

Cytomorphology, morphology of cell blocks,
and corresponding immunohistochemistry
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results were evaluated by both cytopatholo-
gists and hematopathologists to achieve a final
diagnosis based on the latest WHO classifica-
tion. The diagnostic results were divided into
three categories, including a definitive diagno-
sis of lymphoma, suspected lymphoma, or
BRH.

Statistical analysis

Using surgical biopsy or clinical follow-up data
as controls, cases in which a definite diagnosis
of BRH or lymphoma with or without further
classification was made were considered truly
negative and truly positive, whereas suspected
lymphoma cases were considered positive.
Statistical analysis was performed to deter-
mine the sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value
(NPV) of this method in diagnosing lymphoma
and benign reactive lymphoid hyperplasia, and
to calculate the diagnostic accuracy of lympho-
ma sub-classification.

IntJ Clin Exp Pathol 2014;7(11):7717-7725
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Figure 3. Follicular lymphoma. A. A cell smear contained medium-sized and a few scattered large-sized cells. Me-
dium-sized cells were slightly larger than mature lymphocytes with an irregular nuclear membrane and unobvious
nucleolus. Two to three nucleoli could be observed in the few scattered large-sized cells (hematoxylin and eosin
[H&E] stain, 400x magnification). B. Sections from cell blocks demonstrated multiple small tissue fragments in low
maghnification (H&E stain, x12.5). C. Sections from cell blocks demonstrated follicle-like structures constituted by
centrocytes in high magnification (H&E stain, x200). D. Immunohistochemistry of cell block sections demonstrated
CD20 positivity (x200). E. Immunohistochemistry staining of CD21 in cell block sections demonstrated follicular
dendritic cell network (x200). F. Immunohistochemistry of cell block sections revealed BCL-2 positivity (x200).

Results

The study cohort included 76 women and 101
men with an average age of 49 years (range,
2-83 years). The tissue samples consisted of
164 superficial lymph nodes and 13 superficial
extra-lymph node lesions, which included the
skin (5 cases), soft tissue (5 cases), tonsil (2
cases), and parotid gland (1 case). All patients
were able to tolerate the procedure without
anesthesia, allowing the cytopathologists to
successfully perform FNA. Bleeding during
aspiration was about 0.1-0.2 ml. During clinical
follow-up of 96 patients after aspiration, only 1
had infection within 1 week after aspiration,
and 2 experienced transient local swelling.

We performed aspiration using our patented
aspirator in a pencil-grip operation manner,
which enabled us to obtain more specimens for
successful cell block preparation. The cell
blocks had a diameter of 0.4-1.2 cm and a
thickness of 0.2 cm. Tissue deformation was
observed in only one cell block, whereas all oth-
ers maintained adequate tissue structure and
cellular morphology, allowing for morphological
observation and immunohistological evalua-
tion.
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Of 177 FNAB cases, 83 (46.9%) were primary
lymphoma, 14 (7.9%) were recurrent lympho-
ma, 8 (4.5%) were suspected as lymphoma,
and 72 (40.7%) were BRH. All primary and
recurrent lymphoma cases were confirmed by
surgical biopsy with an accuracy of 100%. Of 8
suspected lymphoma cases, 5 were confirmed
as NHL (3 FL, 1 MALT, and 1 peripheral T-cell
lymphoma, not otherwise specified [PTL-NOS]),
and 3 were BRH (2 florid follicular hyperplasia
and 1 monocytoid B-cell hyperplasia). There
were 11 BRH cases with available surgical
biopsy results as controls, and 61 without sur-
gical biopsy but available clinical follow-up
data. Of 11 cases with surgical biopsy results,
10 were BRH and 1 was MZL (false negative).
The results are summarized in Table 1.

In this study, 97 cases of lymphoma were defin-
itively diagnosed by cell block analysis, includ-
ing 9 classical Hodgkin’s lymphoma (CHL)
cases and 88 NHL cases. Using surgical biopsy
results as controls, the accuracy of lymphoma
sub-classification by cell block analysis was
86.6% (84/97), with 77.8% (7/9) accuracy for
CHL subtype and 87.5% (77/88) for NHL, which
included diffuse large B-cell ymphoma (DLBCL),
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Fine needle aspiration biopsy and diagnosis and classification of lymphoma

Figure 4. Mantle cell lymphoma. A. A cell smear consisted of monomorphic small- to medium-sized cells, similar
to centrocytes (H&E stain, x400). B. Cell block sections demonstrated medium-sized cell infiltration diffusely (H&E
stain, x200). C. Immunohistochemistry of cell block sections revealed CD20 positivity (x200). D. Immunohisto-
chemistry of cell block sections demonstrated Cyclin D1 positivity (x400).

FL (Figure 3), mantle cell lymphoma (MCL,
Figure 4), small lymphocytic lymphoma (CLL),
ALCL, plasmacytoma, Burkitt lymphoma (BL),
lymphoblastic lymphoma (LBL), and natural
killer/T-cell lymphoma (NK/T). Of the 11 cases
that could not be sub-classified, 6 were B-cell
lymphoma (1 case, diagnosed as DLBCL by sur-
gical biopsy, could not be sub-classified due to
technical problems leaving the tissues
deformed and unable to be evaluated by immu-
nohistological markers; 5 cases were diag-
nosed as MZL/MALT by biopsy), and 5 were
T-cell ymphoma (2 PTL-NOS cases and 3 angio-
immunoblastic T-cell lymphoma [AITL] cases).
The distribution of NHL sub-classification by
FNAB and surgical biopsy is shown in Table 2.

Statistical analysis revealed 99.0% sensitivity,
95.9% specificity, 97.1% PPV, and 98.6% NPV
for the discrimination among primary lympho-
ma, recurrent lymphoma, and BRH (Table 3).
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Discussion

The major difference between surgical biopsy
and FNAB is that FNAB yields smaller amounts
of sample with partial or complete loss of histo-
logical structure, potentially causing its diag-
nostic limitations. We believe that improving
the FNA technique and cell block preparation
procedure has significant impacts on broaden-
ing the scope of applications for FNAB. Cell
blocks are very useful not only for performing
additional immunohistochemical studies to fur-
ther sub-classify lymphomas but also for visual-
izing tissue architecture [14]. We herein sum-
marize the clinical application of cell blocks in
lymphoma diagnosis and classification, analyze
the accuracy of diagnosis and possibility of
classification, and discuss the application
value of cell blocks in FNA diagnosis.

With regard to the efficiency of the method, we
obtained very high sensitivity (99.0%), specific-
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Table 2. Distribution of non-Hodgkin lymphoma sub-classification diagnosed by fine needle aspiration

and surgical biopsy

Surgical biopsy

FNAB p:ﬁéﬁ:s DLBCL FL MCL CLL ALCL PCT T-LBL B-LBL BL NK/T PTLNOS AITL Milé
DLBCL 28 28

FL 11 11

CLL 9 9

MCL 8 8

ALCL 7

PCT 3 3

T-LBL 4 4

B-LBL 3 3

BL 2 2

NK/T 2 2

Unclassifiable 11 1 2 3 5
Total 88 29 11 9 8 3 4 3 2 2 2 3 5

DLBCL, diffuse large B-cell ymphoma; FL, follicular lymphoma; CLL, small lymphocytic lymphoma; MCL, mantle cell lym-
phoma; ALCL, anaplastic large-cell ymphoma; PCT, plasmacytoma; T-LBL, T-lymphoblastic lymphoma; B-LBL, B-lymphoblastic
lymphoma; BL, Burkitt lymphoma; NK/T, natural killer/T-cell ymphoma; PTL-NOS, peripheral T-cell ymphoma not otherwise
specified; AITL, angioimmunoblastic T-cell ymphoma; MZL/MALT, marginal B-cell ymphoma/marginal zone lymphoma of

mucosa-associated lymphoid tissue.

Table 3. Diagnostic reliability of fine needle
aspiration biopsy as compared with surgical
biopsy and follow-up

Surgical biopsy

FNAB diagnosis and follow-up Total
Positive ~ Negative

Positive 102 3 105

Negative 1 71 72

Sensitivity 99.0%, specificity 95.9%, positive predictive
value 97.1%, and negative predictive value 98.6%.

ity (95.9%), PPV (97.1%), and NPV (98.6%) for
the discrimination between lymphoma and
BRH, and we were able to accurately classify
7/9 CHL and 77/88 NHL cases. These findings
were quite similar to the results of other studies
confirming the accurate diagnosis and classifi-
cation of lymphoma using FNAB combined with
flow cytometry immunophenotyping [2, 4].
Therefore, cell blocks are a reliable and useful
method to be utilized with FNAB for establish-
ing a definitive lymphoma diagnosis.

Previous studies [15-17] suggested that diag-
nosis of CHL using cytomorphology alone was
highly accurate (> 85%). However, the method
yields relatively low accuracy for subtype diag-
nosis owing to the requirement of histological
structure information. In our study, we exam-
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ined CD30 and CD15 expression by immuno-
histochemical staining of cell block sections
from CHL patients to establish a definitive diag-
nosis and distinguish CHL from morphologically
similar conditions such as poorly differentiated
carcinoma, melanoma, and ALCL. Although cell
blocks could provide some structural informa-
tion, subtype diagnosis might still be challeng-
ing as the overall structure cannot be observed
in cell blocks. In this study, 2 of 9 CHL cases
could not be accurately classified.

For B-cell NHL, diagnostic methods combining
morphology and cell block immunohistochem-
istry offer high accuracy for lymphoma sub-
types with characteristic morphology and spe-
cific immunophenotype, such as DLBCL, B-cell
CLL, MCL, plasmacytoma, BL, and B-cell LBL.
However, it is difficult to diagnose nonspecific
lymphoma subtypes such as MZL/MALT. In our
study, 5 cases of B-cell ymphoma, which could
not be classified due to non-technical reasons,
were proved to be MZL/MALT by surgical biop-
sy. In addition, we were able to confirm 10/11
BRH cases with surgical biopsy results. The
remaining 1 case was misdiagnosed as BRH
and subsequently confirmed by biopsy as MZL.
Therefore, it remains challenging to diagnose
MZL/MALT by FNAB even with the help of cell
block immunohistochemistry.

Int J Clin Exp Pathol 2014;7(11):7717-7725
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In the classification of B-cell lymphoma by
FNAB, the most challenging subtype is FL due
to the need to observe follicular structure. One
of the advantages of cell blocks is the ability to
provide partial histological structure, which, in
combination with immunohistochemistry find-
ings (i.e. BCL-2 positivity in the germinal cen-
ter), contributes to the diagnosis of FL. However,
in clinical practice, as only part of the structure
can be observed, it is sometimes difficult to dis-
tinguish between florid follicular hyperplasia
and FL (especially when BCL-2 is negative). We
encountered such a potential pitfall in our study
when two cases of suspected lymphoma were
confirmed as florid follicular hyperplasia by sur-
gical biopsy. From the cytomorphological per-
spective, as Mendon deduced [18], if the aspi-
ration of the reactive node is derived from the
large germinal center, the proportion of large
cells (centroblasts and dendritic cells) and
number of mitoses might be impressive enough
to suggest malignant lymphoma. From the cell
block structure perspective, small tissues aspi-
rated in the cell blocks may be part of the
enlarged germinal center, thus mantle zones
usually could not be seen. During cell block
preparation, these small tissues are artificially
gathered, leading to easily misdiagnosed lym-
phoma. As 10-15% of FL cases, especially
those of high grade, are BCL-2 negative [19-21],
it is difficult to distinguish between florid follicu-
lar hyperplasia and FL based on morphological
and immunophenotypical findings. Therefore,
the best way to confirm florid follicular lesions
indicated by FNAB is via surgical biopsy.

It is worthy of note that except for ALCL, NK/T,
and T-cell LBL, which have characteristic immu-
nophenotypes, other T-cell ymphomas present
with significant morphologic and immunophe-
notypic variation. Although FNAB combined
with cell block immunophenotyping helps the
diagnosis of T-cell ymphoma, further classifica-
tion remains difficult.

The cell block technique is not new [22] and
has been used by many researchers in the past
20 years. However, its utilization is far from uni-
versal, probably owing to insufficient sample
collection and complicated preparation proce-
dure. There are two important technical aspects
in our study. First, the aspirator was modified.
We used our patented aspirator in a pencil-grip
operation manner, which offers considerable
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benefits [23]. One of such advantages is the
maintenance of sufficient negative pressure for
the collection of more cells and tissue frag-
ments, allowing for not only routine cytological
smear but also cell block preparation. The
other aspect is our cell block preparation pro-
cedure. Traditional cell block preparation meth-
ods include agar embedding, HistoGel, and
plasma thrombin techniques [24]. However,
these are relatively complicated procedures,
requiring reagents that are inconvenient to pre-
pare and preserve. We have attempted to sim-
plify the cell block preparation procedures and
reagents since 2008, and such an effort has
resulted in our current ethanol coagulation and
formaldehyde fixation method.

In the United States, 22-27G (0.5-0.65 mm)
aspirators are usually used in FNAB, whereas
20-23G (0.6-0.9 mm) aspirators are commonly
used in Sweden (Northern Europe) and our
country. In this study, we used modified 21G
(0.8 mm) aspirators, which are relatively thicker
than those used in the United States, in a pen-
cil-grip operation manner. One of the concerns
was whether patients could tolerate the proce-
dure without excessive bleeding in the absence
of anesthesia. Our observations showed that
all patients could tolerate the pain, especially
those with lymphadenopathy, who only felt sub-
tle pain when needles were inserted into the
skin. Not too much pain was felt when needles
were inserted into the lymph nodes, probably
due to the absence of nerves there. FNAB is a
minimally invasive procedure, usually with a
trace amount of bleeding during aspiration with
almost no effect on the human body. Koss et al.
[13] suggested that the procedure should be
terminated once bleeding started for optimal
results. However, based on our experience,
quick insertion of the needle several times
when a small amount of bleeding appears may
allow more specimens to reach the shank and
the tube, thus ensuring the collection of suffi-
cient amount of sample. Furthermore, traces of
blood are very important for lymphocyte smear
because it ensures appropriate smear thick-
ness, uniform cell distribution, and clear
cytomorphology.

Another concern of FNAB is whether it has any
impact on the pathological diagnosis of subse-
quent surgical biopsy (such as infarction, hem-
orrhage, and structural damages, etc.). In our
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study, none of the cases with surgical biopsy
data were affected by FNAB or had any difficul-
ties in subsequent pathological diagnosis.
Therefore, as shown in a prior study [25], such
complications are rare in clinical practice.

Flow cytometry is currently the most common
and effective adjunct to FNAB for establishing
lymphoma diagnosis. Compared with flow
cytometry, cell block immunohistochemistry
has several advantages. First, it is relatively
easy and inexpensive to prepare cell blocks
and perform immunohistochemistry studies
without extensive training. Second, histological
morphology could be directly observed in cell
block immunohistological staining slides.
Furthermore, cell block immunophenotyping
offers higher diagnostic accuracy for Hodgkin’s
lymphoma and some T-cell lymphomas, which
could not be diagnosed by flow cytometry.
Finally, an issue with flow cytometry is the loss
of archival tissue for complementary analyses,
reclassification, and research purposes, where-
as cell block specimens allow for preservation
and further study in the future.

In summary, our retrospective analysis sug-
gested that the use of FNAB morphology analy-
sis and cell block immunohistochemistry
offered high diagnostic accuracy for primary
and recurrent lymphoma and enables further
classification in many cases. Achieving a defini-
tive diagnosis and classification using this
method could help avoid more invasive and
expensive surgical biopsy procedures. Despite
its limitation and pitfalls, cell blocks should be
considered as a reliable and useful adjunct to
FNAB for establishing a definitive lymphoma
diagnosis. Besides immunohistochemistry, cell
blocks could also be used for cytogenetic and
molecular biology detection, and samples can
be preserved for any future correlative scientif-
ic studies.
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