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Abstract: Objective: To study the accuracy of fine needle aspiration biopsy (FNAB) processed by smear cytology and 
cell block (CB) techniques for the diagnosis of lacrimal gland tumors (LGTs). Study Design: In a prospective study, 
we enrolled 48 consecutive patients with LGTs. Immediately after excision of LGTs, the tissues were underwent 
FNAB with 23-gauge needles. The FNAB samples were processed to produce cytologic smears and CB from which 
slides were cut for immunohistochemical staining. The remainders were submitted for routine histopathologic pro-
cessing. The diagnostic value of FNAB was assessed by comparing the FNAB diagnoses to those made by routine 
histopathology. Results: Cytopathologic evaluations based on smear cytology and CB with sections stained immuno-
histochemically can distinguish non-epithelial lesions from epithelial ones in all cases. The diagnostic sensitivities, 
specificities, and accuracies for distinguishing benign from malignant lesions were: cytologic smears--76%, 68%, 
and 71%, respectively; CB with immunohistochemical staining--88%, 87%, and 88%, respectively. The accuracy 
of the tissue diagnosis compared to routine histopathology was less for cytologic smears (58%) than for CB with 
immunohistochemistry (81%; P < 0.05). Conclusions: FNAB of LGT processed using a CB technique capable of pro-
ducing immunohistochemically stained slides results in a greater percentage of accurate tissue diagnoses than do 
cytologic smears, when compared to routine histopathology.
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Introduction

Lacrimal gland tumors (LGTs) consist of a 
diverse group of diseases that account for 9% 
of all orbital tumors. Three main types of lesions 
occur: inflammatory lesions, lymphoid disor-
ders and epithelial tumors [1]. The preoperative 
diagnosis is mainly based on the clinical symp-
toms and imaging data, but these findings are 
often insufficient to establish a reliable diagno-
sis due to the fact that many LGTs can show 
similar characteristics on imaging and may be 
misdiagnosed as other tumors [2-4]. Besides, 
the treatment for different lesions is quite dif-
ferent. For example, most inflammatory lesions 
and lymphoid disorders are usually treated 
medically with or without radiation therapy, 

while epithelial tumors are primarily treated sur-
gically with only adjunctive radiotherapy and/or 
chemotherapy [5-7]. Therefore, it is desirable 
and of great importance to build a reliable pre-
operative diagnosis technique.

Incisional biopsy, a common technique, has 
been wildly used in the diagnosis of orbital 
tumors other than LGTs [8-11]. The technique in 
LGTs has been doubted because it may increase 
the risk of tumor recurrence or malignant trans-
formation [12-14]. Moreover, this technique 
also troubled many orbital surgeons due to 
undesirable cosmetic problems [4]. Fine needle 
aspiration biopsy (FNAB), a minimally invasive 
method for obtaining pathologic material to 
arrive at a tissue diagnosis, has attracted much 
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attention. And this method as a safe, cost-
effective, rapid, and accurate diagnostic meth-
od, had been widely used in the diagnosis of 
breast tumors, thyroid tumors and orbital 
tumors [15-20].

Typically, the material is used to prepare cyto-
logic smears which, when stained convention-
ally, are interpreted to arrive at the diagnosis 
based on morphology and tinctorial character-
istics. Centrifugation of the FNAB material to 
form a cell block (CB) permits sectioning for 
routine pathologic staining and for immunohis-
tochemistry which is valuable in identifying dis-
tinctive immunoreactive profiles of various cell 
types, adding greatly to diagnostic accuracy. 
Heretofore, studies of FNAB processed by cyto-
logic smear and CB techniques for the diagno-
sis of LGT are rare. So we designed and per-
formed a prospective study in 48 patients to 
evaluate FNAB in the diagnosis of LGT.

standard FNAB by a pathologist using a 
23-gauge needle attached to a 10 ml plastic 
syringe (Becton Dickinson S.A. Spain). Each tis-
sue specimen was biopsied through the same 
perforation by four passes of the needle 
through the tissue with negative pressure was 
maintained on the syringe in order to obtain 
enough pathologic material for processing. The 
tissue adsorbed in the needle was pushed out 
on to glass slides for the preparation of cyto-
logic smears. And for preparation of CB, the tis-
sue was dispersed into 10% formalin in a 1.5 
ml of conical polypropylene centrifuge tubes. 
For a compare, the excised specimens were 
submitted for routine histopathological exami- 
nation.

Cytologic smears were immediately fixed by 
95% ethanol, and three glass slides were pre-
pared for Papanicolaou stain, Hematoxylin-
eosin (H&E) stain and Wright’s stain, respec-
tively. Two pathologists made cytological 

Table 1. Sources, type, clone, and dilutions of primary antibodies 
used for immunostaining
Antibody Source Type Clone/Code Dilution
CK DAKO, DK Mouse IgG1 AE1/AE3 1:200
S-100 DAKO, DK Rabbit anti- Z0311 1:400
P53 DAKO, DK Mouse IgG2b DO-7 1:100
Ki-67 DAKO, DK Mouse IgG1 MIB-1 1:100
CEA DAKO, DK Mouse IgG1 II-7 1:100
CD20 DAKO, DK Mouse IgG2a L26 1:200
CD3 DAKO, DK Mouse IgG1 F7.2.38 1:200
CD45RO DAKO, DK Mouse IgG2a UCHL1 1:200
κ Light Chain DAKO, DK Rabbit anti- A0192 1:100
λ Light Chain DAKO, DK Rabbit anti- A0193 1:100

Materials and methods

Patients

This is a single-center pro-
spective study performed 
at Eye & ENT Hospital of 
Fudan University. The inclu- 
sion criteria to be met 
were as follows: (1) age 
greater than 18 years and 
able to provide informed 
consent, (2) LGT diag-
nosed by the computer-
ized tomography or mag-
netic resonance imaging 
(3) need for surgery or 
biopsy to diagnose or treat 
the LGT. The patients with 
typical dacryoadenitis (pse- 
udotumor) were excluded.

Study design

Between December 2009 
and May 2012, 48 patients 
with LGT were studied. 
FNAB of excised tissue 
was performed after 
removal from the patient 
during the immediate post-
operative period. The 
removed tissue underwent 

Table 2. Diagnostic efficacies of smear cytology and CB method with 
immunostaining to distinguish benign lesions from malignant lesions

Final diagnosis
Smear cytology CB method with immunostaining

malignant benign malignant benign
Malignant 13 4 15 2
Benign 10 21 4 27

Smear cytology CB method with immunostaining P value
Sensitivity 76.47% (13/17) 88% (15/17) 0.65
Specificity 67.74% (21/31) 87% (27/31) 0.13
PPV 56.52% (13/23) 79% (15/19) 0.19
NPV 84.00% (21/25) 93% (27/29) 0.40
Accuracy 70.83% (34/48) 88% (42/48) 0.08
CB, cell block; PPV, positive predictive value; NPV, negative predictive value.
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diagnosis while simultaneously viewing the 
slides through the light microscope. Each diag-
nosis included information indicating the final 
diagnosis and comments as to whether the LGT 
was epithelial or non-epithelial and benign or 
malignant.

CB sections were made by a routine agar-paraf-
fin embedding technique. First, two CB sections 
were prepared from each CB for H&E staining 
upon which a diagnosis was rendered. Second, 
for epithelial LGT, CK, P53, Ki-67, S-100, and 
CEA immunostains were performed on CB sec-

Table 3. Diagnostic efficacies of smear cytology and CB method with immunostaining for final diagno-
sis

Final diagnosis cases Smear cytology  
(diagnostic accuracy)

CB method with immunostaining 
(diagnostic accuracy) P value

Epithelial lesions 31 71% (22/31) 81% (25/31) 0.55
PA 19 93% (18/19) 93% (18/19) 1.00
Carcinoma ex-pleomophic adenoma 4 25% (1/4) 50% (2/4) -
ACC 6 33% (2/6) 67% (4/6) 0.57
Primary adenocarcinoma 2 50% (1/2) 50% (1/2) -
Non-epithelial lesions 17 35% (6/17) 82% (14/17) 0.01
Lymphoma 4 100% (4/4) 100% (4/4) -
Inflammatory lesions 6 17% (1/6) 83% (5/6) 0.08
Lymphoid hyperplasia diseases 6 0% (0/6) 67% (4/6) 0.06
Fibrosarcoma 1 100% (1/1) 100% (1/1) -
SOLs of the lacrimal gland 48 58% (28/48) 81% (39/48) 0.03
CB, cell block; PA, pleomorphic adenoma; ACC, adenoid cystic carcinoma; SOLs, Space-occupying lesions.

Figure 1. Smears (A, B) and cell block sections (C, D) of pleomorphic adenoma stained with hematoxylin-eosin. 
(Original magnification: A and C, × 400; B and D, × 1000).
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tions; for non-epithelial lesions, immunostains 
for CD20, CD3, CD45RO, Ki-67, κ Light Chain, 
and λ Light Chain were made on CB sections. 
The sources, types, codes, and dilutions of 
these antibodies are shown in Table 1. The 
H&E and immunohistochemically stained sec-
tions were then evaluated by the same two 
pathologists simultaneously viewing them at 
the light microscope to render the final diagno-
sis with comments made on the epithelial or 
non-epithelial and benign or malignant nature 
of the LGT.

Statistical analysis

The accuracies of the cytologic smear and CB 
techniques were compared with the diagnosis 
rendered by routine histopathology of the 
excised specimen. Statistical analyses were 
performed by the χ2 test or Fish test or Fisher’s 
exact test where appropriate. Differences were 
considered significant when P < 0.05.

Results

A total of 48 LGT of 48 patients were analyzed.  
Histopathology of 31 LGT revealed epithelial 
lesions: 19 PAs, 6 adenoid cystic carcinomas 
(ACCs), 4 carcinomas ex-pleomorphic adeno-
ma, and 2 primary adenocarcinomas. Histo- 
pathology of 17 LGT revealed non-epithelial 
tumors: 6 inflammatory lesions, 6 lymphoid 
hyperplasias, 4 lymphomas and 1 fibrosar- 
coma.

Diagnostic values of cytologic smear and CB 
techniques

The accuracies of the cytologic smear and CB 
techniques with immunohistochemistry in dis-
tinguishing benign from malignant lesions when 
compared to routine histopathology are shown 
in Table 2. For cytologic smears, the sensitivity 
was 76%, but the specificity and accuracy were 
only 68% and 71%, respectively. In contrast, 

Figure 2. Smears (A, B) and cell block sections (C, D) of adenoid cystic carcinoma stained with hematoxylin-eosin. 
(Original magnification: A and C, × 400; B and D, × 1000).
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the sensitivity, specificity and accuracy of the 
CB with immunohistochemistry technique were 
88%, 87%, and 88%, respectively, and much 
higher than that of cytologic smears, indicating 
that this technique is better in distinguishing 
benign lesions from malignant lesions.

Then, the diagnostic efficacies from FNAB pro-
cessed by the two techniques were compared 

to the pathologic ones rendered by routine his-
topathology (Table 3). The accuracy of CB with 
immunohistochemistry was 81% and signifi-
cantly higher than that (58%) of cytologic 
smears (p < 0.05).

Cytopathological findings

The most common epithelial LGT was PA and 
the most common malignant epithelial LGT was 

Figure 3. Papanicolaou stained smear (A) and hematoxylin-eosin stained CB section (D) of inflammatory lesions; 
Wrigh’s stained smear (B) and hematoxylin-eosin stained CB section (E) of lymphoid hyperplasia diseases; hematox-
ylin-eosin stained smear (C) and CB section (F) of lymphoma. (All images, original magnification: × 1000).
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ACC [1]. PAs show typical cytopathologic char-
acteristics with uniform, cytologically bland epi-
thelial cells arranged in cohesive clusters, indi-
vidually or in tubular arrangements in 
extracellular myxoid stroma containing variable 
degrees of cellularity (Figure 1) [21]. In con-
trast, the malignant epithelial tumors exhibite 
basaloid cells arranged in cohesive clusters or 
individually, with dark round to oval nuclei with 
considerable variability in size and shape, in a 
scant extracellular myxoid stroma with high 
degrees of cellularity (Figure 2) [22, 23].

The non-epithelial LGT includes inflammatory 
and lymphoid lesions. The inflammatory lesions 
show mixed lymphoid population (Figure 3A, 
3B). In lymphoid hyperplasia leisons, there are 
numerous lymphocytes with tingible body mac-
rophages and phagocytosis (Figure 3C, 3D). 
While, the lymphoma lesions showed numer-
ous monomorphic lymphocytes (Figure 3E, 3F).

Discussion

The safety of FNAB for the diagnosis of LGT has 
been questioned due to the potential risk of 

tumor recurrence caused by disruption of the 
LGT pseudocapsule which leads tumor seeding 
along the needle track [13, 14]. However, there 
have been no reports of recurrence due to the 
use of FNAB [24] or evidence of tumor seeding 
upon serially sectioning the needle track [25, 
26]. In addition, Lai et al [27] in a systematic 
review of the literature concerning recurrence 
of LGT after incomplete excision or biopsy 
found that inadequate excision rather than 
FNAB led to greater risk of recurrence. 

We found that PAs can be distinguished from 
malignant epithelial tumors by their typical 
cytopathologic characteristics. However, only 
through the malignant cellular characteristics, 
it is difficult to distinguish carcinomas ex-pleo-
morphic adenoma from ACC or primary adeno-
carcinomas. The tumor histopathologic fea-
tures such as the cytomorphological features 
and histological growth patterns: the cribriform, 
solid and tubular forms in ACC were hardly 
observed in FNAB tissue. Besides the diagno-
sis accuracy was influenced by the limited num-
ber of cases and diagnosis experiences. In our 

Figure 4. Non-specific inflammation with positivity for CD3 (A), CD45RO (B), and CD20 (C), but lack of Ki-67 (D) im-
munopositivity. (Immunoperoxidase reaction, all images, original magnification: × 1000).
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study, 3 carcinomas ex-pleomorphic adenoma, 
4 ACC, and 1 adenocarcinoma were demon-
strated discrepancies based on FNAB com-
pared to routine histopathologic assessment. 

It has been reported that the usage of P53, 
Ki-67, S-100, and CEA in CB sections is helpful 
to distinguish epithelial tumors [28-30]. 
However, these usages have no obvious advan-
tages in rendering a diagnosis based on the 
FNAB in our study. For epithelial tumors, the 
diagnostic accuracy of the CB technique with 
immunohistochemistry (81%) was higher than 
that of the cytologic smear technique (71%), 
but the difference was not statistically signifi-
cant (P < 0.05). This may partly due to the lim-
ited cases and the selected markers (P53, 
Ki-67, S-100, and CEA) in our study, which may 
be insufficient to distinguish these tumors com-
pletely. We are still looking forward to discover-
ing some potential markers in distinguishing 
the epithelial tumors.

The diagnosis of non-epithelial lesions often 
depends on structural changes, including the 
presence and type of lymphoid follicles which 
can assist in distinguishing inflammatory or 
reactive lymphoid infiltrates from malignant 
lymphoid tumors. The patterns of infiltration by 
malignant lymphocytes are another feature 
that assists in this differentiation. However, 
samples obtained by FNAB cannot offer such 
structural information. In our series, there was 
a high false positive rate for the diagnosis of 
lymphoma due to the fact that LGT in which 
lymphocytes infiltrated fragments of lacrimal 
gland epithelium in the FNAB samples were 
diagnosed as lymphoma. Thus, 4 inflammatory 
LGT and 5 LGT due to lymphoid hyperplasia 
were misdiagnosed as lymphoma, resulting in 
low diagnostic accuracy of 17% and 0% for 
these two types of benign LGT. 

Immunohistochemistry is considered to be use-
ful in distinguishing benign inflammatory LGT 

Figure 5. Lymphoid hyperplasia with positivity for CD3 (A), CD20 (B), and Ki-67 (C). Immunopositivity for κ (D) and λ 
(E) light chains is seen. (Immunoperoxidase reaction, all images, original magnification: × 1000).
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from malignant lymphoma [31]. Ki-67 nuclear 
immunopositivity, a measure of cellular prolif-
eration, is useful in distinguishing inflammatory 
lesions which do not stain and lymphoid disor-
ders which show positive staining [32]. In as 
much as lymphoma is a monoclonal disease 
and lymphoid hyperplasia disease is a poly-
clonal disease, patterns for CD20, CD3, and κ 
and λ light immunoglobulin chain immunohisto-
chemical staining is often useful in rendering a 
pathologic diagnosis. In our study, 5 of 6 inflam-
matory LGT did not stain with Ki-67, and all 10 
LGT due to lymphoid disorders stained for 
Ki-67. All 4 LGT due to lymphoma show a pre-
ponderance of CD20 immunopositivity with lit-
tle or no CD3 positivity along with immunostain-
ing positive for λ light immunoglobulin chain 
rather than κ light immunoglobulin chain. While, 
all 6 LGT attributed to lymphoid hyperplasia 
show a diffused immunopositivity CD20 and 
CD3 along with immnustaing positive for both κ 
and λ light immunoglobulin chain. The typical 

results of FNAB immunostaining in CB sections 
for non-specific inflammation (Figure 4), lym-
phoid hyperplasia (Figure 5), and lymphoma 
(Figure 6) of the LGT are shown in our study. 
Hence, for 17 LGT of non-epithelial lesions, the 
diagnostic accuracy of the CB technique with 
immunohistochemistry (82%) was higher than 
that of the cytologic smear technique (35%) (P 
< 0.05). 

In our study, we did not perform cytologic 
smears with immunostaining because there 
are several problems in attempting to perform 
this type of analysis. First, many samples have 
a limited amount of cellular material. When dis-
tributed by smearing over several slides, results 
in loss of diagnostic material that may render 
the FNAB non-diagnostic. Second, antibodies 
may be trapped by the three-dimensional cell 
groups, leading to nonspecific immunostaining. 
Third, cellular disruption during the process of 
mechanically smearing the sample may result 

Figure 6. Lymphoma with positivity for CD20 (A) and Ki-67 (C), but lack of immunostaining for CD3 (B). Light chain 
restriction with positivity for λ light chains (E) and lack of staining for κ light chains (D). (Immunoperoxidase reaction, 
all images, original magnification: × 1000).
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in antigen leakage and either diffuse positivity 
or loss that is not localized to cells. Fourth, 
blood and necrotic material attached to cell 
surfaces in samples may cause a high back-
ground staining [33]. Therefore, cytologic 
smears were only used for Papanicolaou stain, 
H&E stain and Wright’s stain preparations.

The accuracy of FNAB, to some degree, 
depends on the experience of the cytopatholo-
gists [34]. As time goes on, the diagnosis accu-
racy of FNAB will be improved. In addition, lack 
of unique markers in distinguishing the epithe-
lial tumors is another limitation of our study. 
Once some potential unique markers are found, 
the accuracy of FNAB will be improved drama- 
tically.

In conclusion, we found that the diagnostic 
value of a CB technique with immunohisto-
chemistry to be superior to cytologic smears for 
the diagnosis of LGT and compares favorably to 
the pathologic diagnosis rendered by routine 
histopathologic techniques.
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