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Background: Cervical lymphadenopathy is a symptom that is fre-
quently seen among outpatients, and it is important to differentiate
malignant lesions from reactive lymphoid hyperplasia. Fine needle
aspiration (FNA) cytology has been widely used for the diagnosis
of cervical lymphadenopathy. However, some limitations of the
diagnostic accuracy using conventional smear (CS) cytology have
been pointed out. The diagnostic value of liquid-based cytology
(LBC) with FNA specimens has not yet been fully proven.

Methods: Forty-two patients with cervical lymphadenopathy who
underwent FNA with CS cytology from 2007 to 2011 and 123
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patients who underwent FNA with LBC utilizing LBCPREP2™
from 2011 to 2015 were studied. Diagnostic values were com-
pared between the CS and the LBC groups.

Results: Of the total 165 patients representing the combined CS
and LBC groups, 81 (49.1%) were diagnosed as benign lymph
node and 84 (50.9%) were malignant diseases including 37
(224%) of metastatic carcinoma except for thyroid carcinoma,
30 (18.2%) of metastatic thyroid carcinoma, and 17 (10.3%) of
malignant lymphoma. The overall statistical values including
sensitivity, specificity, positive predictive value, negative predic-
tive value, and accuracy of the CS were 75%, 100%, 100%,
78.9%, and 87.1%, respectively, whereas those values for LBC
were 91.2%, 100%, 100%, 90.7%, and 95.3%, respectively. The
sensitivity of LBC for malignant diseases tended to be higher
than that of CS cytology (p = 0.081).

Conclusion: LBC with FNA specimens from cervical lymphade-
nopathy is a useful and reliable method for the diagnosis of
malignant diseases, especially of metastatic carcinomas, due to
its increased sensitivity compared with CS cytology. Diagn.
Cytopathol. 2016;44:169-176. © 2016 Wiley Periodicals, Inc.

Key Words: cervical lymph node; conventional smear; fine
needle aspiration cytology; head and neck squamous cell carci-
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Cervical lymph node (CLN) enlargement, which is fre-
quently seen in outpatients, is mainly caused by nonspecific
inflammation. However, head and neck squamous cell carci-
noma (SCC), thyroid carcinoma (TC), and thoracoabdominal
malignancies often metastasize to the CLN."? Furthermore,
malignant lymphoma (ML) sometimes shows CLN enlarge-
ment as the first symptom. In cases of CLN enlargement in
which clinical assessment imaging failed to find an obvious
primary site, but lymph node metastasis from carcinoma is

Diagnostic Cytopathology, Vol. 44, No 3 169


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Diagnostic Cytopathology DOI 10.1002/dc
BANDOH ET AL.

strongly suspected, excisional lymph node biopsy is consid-
ered. However, a biopsy is contraindicated as worsening the
rate of lymph node recurrence and distal metastasis for head
and neck SCC,” with a risk of seeding the cutaneous trajec-
tory.* Conversely, a biopsy is essential for the diagnosis of
ML with subtype classification.”®

Ultrasound (US)-guided fine needle aspiration (FNA)
cytology is easily performed on an outpatient basis without
anesthesia, and is a less-invasive, cost-effective diagnostic
procedure for breast, thyroid gland, salivary gland, and skin
tumors as well as for lymph nodes.””"* In the majority of
medical centers that perform FNA, conventional smear (CS)
cytology with alcohol fixation is the standard method for
processing FNA specimens. Liquid-based cytology (LBC) is
an alternative processing method in which the aspirated
material is immediately fixed in either an ethanol- or a
methanol-based solution and is then placed on LBC slides.
The LBC method is gaining popularity worldwide as the
method of choice for not only gynecological but also for
nongynecological smears.”™*'* Specific advantages of LBC
are rapid and proper fixation, reduced incidence of air-
drying artifacts, cleaner background by hemolysis, even
distribution of cells over a smaller slide area, and increased
cellularity.”>™'7 LBC allows the preservation of samples for
some time and makes residual samples available for further
investigations such as immunocytochemistry and even
molecular analysis.'® 2! These advantages result in more
objective diagnosis and greater diagnostic accuracy.'*

A large number of reports have shown the usefulness
of FNA with CS cytology for the analysis of CLN
lesions’'* while only a few reports, which lumped
together lymph node lesions located in different anatomic
sites, have shown the usefulness of LBC."3?223 Therefore
scanty information is available regarding the diagnostic
value of LBC with FNA specimens for patients with CLN
lesions as compared with CS cytology. Our aim in this
study was to demonstrate the diagnostic accuracy of a
newly developed and manual LBC method for processing
of FNA specimens from CLN lesions.

Patients and Methods

A retrospective study was conducted on 42 patients who
underwent FNA with CS cytology for cervical lymphadenop-
athy from April 2007 to May 2011 (20 males and 22
females; aged 15-85 years old, median age 62 years), and
on 123 patients who underwent FNA with LBC from June
2011 to March 2015 (67 males and 56 females; aged 21-96
years old, median age 63 years). For all the enrolled patients,
CLN enlargement was the first clinical manifestation.

FNA cytology criteria for selection included a CLN with
either a round shape, over 10 mm thick, loss of fatty
hilum, invasion into the adjacent structure, calcification, or
internal necrosis.>* CLN enlargements that were more than
3 cm in the longest diameter with benign US findings were
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also added to criteria. Cervical cyst or abscess was
excluded. US guided FNA with a 21-G needle attached to
a 20-mL disposable plastic syringe and aspirator that was
developed by Chiba University was performed by two
experienced head and neck surgeons. Aspirates for CS
cytology were immediately processed on a slide and fixed in
95% ethanol. Aspirates for LBC were processed according
to the manufacturer’s instructions. Briefly, aspirates were
washed out into a vial (LBCPREP2™: Muto Pure Chemi-
cals, Tokyo, Japan) that contained 15 mL of a methanol-
based fixation solution. The cells were fixed for 30 min, and
then centrifuged at 1660g for 5 min, and collected. After
discarding the supernatant, 5 mL of distilled water was
added to the vial, and then a coated LBC slide was inserted
into the top of the vial. The vial was reversed for 10 min,
and as a consequence cells adhered to the central area of the
slide (measuring 31.4 mm?) by spontaneous sedimentation.
The CS and LBC slides were stained using Papanicolaou
staining. The cytological diagnosis was classified into 4 cat-
egories including nondiagnostic or unsatisfactory, negative,
indeterminate, and positive. Differences in cytological diag-
nosis for each malignancy were taken into consideration as
follows*’: malignant, malignancy suspicious, class IV,
class V, and presence of malignant cells were regarded as
positive; indeterminate and class III were regarded as inde-
terminate; negative, benign, class I, class II, and presence of
reactive lymphoid cells were regarded as negative.

In cases of inconclusive cytological diagnosis in patients
whose FNA specimens were processed using LBC, immu-
nocytochemistry with several markers was applied to
stored liquid-based prepared cells. Antigens were retrieved
by boiling in the Immunosaver (diluted 1:200; Nissin EM
Corporation, Tokyo, Japan) in a kitchen electric kettle for
5 min. The following antibodies were used: (a) anti-
AE1,AE3 monoclonal antibody (mAb) (clone AE1/AE3;
Nichirei Bioscience Inc., Tokyo, Japan); (b) anti-p16™%*
mAb (clone E6H4, Roche, Basel, Switzerland); (c) anti-
cytokeratin mAb (clone CAM 5.2; BD Biosciences, San
Jose, CA); (d) anti-thyroid transcription factor (TTF)—1
mADb (clone SPT24; Nichirei Bioscience Inc.); (e) anti-
CD20 mAb (clone L26; Nichirei Bioscience Inc.); and (f)
anti-Bcl-2 mAb (clone 124; Dako, Glostrup, Denmark).
The sections were sequentially incubated with mAbs for
30 min at room temperature (RT) and then with universal
immune-peroxidase polymer (Histfine SAB-PO(R) kit;
Nichirei Bioscience Inc.) for 30 min at RT. The signals
were visualized by immersing the slides in freshly prepared
0.02% diaminobenzidine (DAB) solution for 10 min. The
sections were finally counterstained with hematoxylin and
mounted. The cytological diagnosis was assessed by three
cytotechnologists and a cytopathologist.

All the patients diagnosed as cytologically positive
then underwent an excisional biopsy for pathological
diagnosis or neck dissection for treatment. The surgical



specimens were fixed in 10% buffered formalin, embed-
ded in paraffin and 5-pum-thick sections were cut and
stained with hematoxylin and eosin. Pathological diagno-
sis was assessed by two experienced pathologists without
knowledge of the cytological diagnosis. For statistical
analyses, patients diagnosed cytologically as indetermi-

Table I. Final and/or Pathological Diagnosis of a Primary and/or
Lymph Node Lesion in Patients who Underwent FNA Cytology from
Cervical Lymph Node

Diagnosis CS LBC CS+LBC

Malignant: 84 (50.9%)
Metastatic ca.: 67 (40.6%)
Carcinomas except for thyroid: 37 (22.4%)
Head and neck: 24(14.5%)

Oropharynx SCC 3 6 9
Lymphoepithelial ca. 2 2
Mucoepidermoid ca. 1 1
Larynx Nee 4 4
Hypopharynx SCC 1 1 2
Oral SCC 2 2
Sinonasal SCC 2 2
Small cell ca. 1 1
Salivary gland Nee 1 1
Except for head and neck: 13 (7.9%)
Esophagus Nee 1 2 3
Lung Small cell ca. 1 1 2
SCC 1 1
Prostate Adenoca. 2 2
Skin SCC 2 2
Pancreas Invasive ductal ca. 1 1
Colon Adenoca. 1 1
Primary unknown SCC 1 1
Thyroid: 30 (18.2%)
Papillary ca. 10 19 29
Undiffemtiated ca. 1 1
Malignant lymphoma: 17 (10.3%)
DLBCL 4 8 12
Follicular lymphoma 3 3
Hodgkin lymphoma 1 1
T cell lymphoma 1 1
Benign: 81 (49.1%)
Reactive lymphadenitis 20 58 78
Lymph node tuberculosis 3 3
Total 42 123 165
CS: conventional smear (2007-2011); LBC: liquid-based cytology

(2011-2015); SCC: squamous cell carcinoma; DLBCL: diffuse large B-
cell lymphoma.
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nate and as nondiagnostic or unsatisfactory were
excluded. Comparison of categorical variables was per-
formed by y°d statistic, using Fisher’s exact test when
appropriate. A P value of <0.05 was considered to be
significant. Informed consent was obtained from all the
patients at the time of enrollment in this study.

Results

The final and/or pathological diagnosis of the primary
and/or lymph node lesion in patients who underwent FNA
from a CLN with both CS cytology and LBC are listed in
Table I. Out of the total 165 patients that were analyzed
from 2007 to 2015, which represents the combined CS
and LBC groups, 23 types of malignant diseases formed
lesions in the CLN including 37 (22.4%) patients with
metastatic carcinoma except for TC, 30 (18.2%) patients
with metastatic TC, and 17 (10.3%) patients with ML.
Metastasis of head and neck SCC to a CLN was found in
20 (12%) of 165 patients. Diffuse large B-cell lymphoma
(DLBCL) was the most common subtype in 12 (70.6%)
of 17 ML patients.

Representative cytological features of FNA specimens
from CLNs that were processed with LBC were shown
including metastatic oropharyngeal SCC (Fig. C-1), meta-
static prostate carcinoma (Fig. C-2), metastatic TC (Fig.
C-3), and DLBCL (Fig. C-4). Immunocytochemical analy-
ses on sequential cytological preparations of LBC were per-
formed in 10 (34.5%) of 29 patients with carcinomas
except for TC for either AE1,AE3 (Figs. C-1b and C-2b),
pl6 (Fig. C-1c) or CAMS.2 (Fig. C-2¢), in 3 (15%) of 20
patients with metastatic TC for either AE1,AE3 (Fig. C-3b)
or TTF-1 (Fig. C-3c), and in 6 (46%) of 13 patients with
ML for both CD20 (Fig. C-4b) and Bcl-2 (Fig. C-4c). Oro-
pharyngeal SCC metastasizing to the CLN was strongly
suspected in a patient without an obvious primary site by
physical examination because the carcinoma cells prepared
by liquid-based preparation with FNA specimens from
CLN were pl6 positive as shown in Fig. C-1. Ultimately

Fig. C-1. Cytological features of LBC with FNA specimens from a metastatic cervical lymph node from oropharyngeal squamous cell carcinoma. (a)
Clusters with moderate anaplasia, hyperchromatic nuclei, scanty dense cytoplasm, and orangeophilic cells were observed (Papanicolaou stain). (b) Posi-
tive staining was observed for AE1/AE3. (c) Positive staining was observed for p16 (40X).

Diagnostic Cytopathology, Vol. 44, No 3 171
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Fig. C-2. Cytological features of LBC with FNA specimens from a metastatic cervical lymph node from prostate carcinoma. (a) Clusters of atypical
cells with a polygonal shape and foamy cytoplasm were present (Papanicolaou stain). (b) Positive staining was observed for AE1/AE3. (c) Positive

staining was observed for CAMS5.2 (40X).
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Fig. C-3. Cytological features of LBC with FNA specimens from metastatic papillary thyroid carcinoma. (a) Sheets and papillary structures with irreg-
ular and hyperchromatic nuclei, intranuclear grooves, and pseudoinclusion were observed (Papanicolaou stain). (b) Positive staining was observed for

AE1/AE3. (c) Positive staining was observed for TTF-1 (40X).
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Fig. C-4. Cytological features of LBC with FNA specimens from diffuse large B cell lymphoma. (a) Large size lymphoma cells were present (Papani-
colaou stain). (b) Positive staining was observed for CD20. (c) Positive staining was observed for Bcl-2 (40X).

the primary site was pathologically proven from tonsillec-
tomy specimens.

The diagnostic rate of pathological malignancy using
CS cytology was 52.4% (Table II), and that of LBC was
50.4% (Table III). In the cytological diagnosis, 11.9% of
the CS samples and 7.3% of the LBC samples were con-
sidered as nondiagnostic or unsatisfactory samples, and
14.3% of the CS samples and 6.5% of the LBC samples
were considered as indeterminate. Conversely, 28.6% of
the CS samples and 42.3% of the LBC samples were con-
sidered as positive diagnosis. There were no statistically
significant differences between the indeterminate and the
positive rates for CS cytology and LBC. The overall sta-
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tistical values including sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy
of CS cytology were 75%, 100%, 100%, 78.9%, and
87.1%, respectively, whereas the values for LBC were
91.2%, 100%, 100%, 90.7%, and 95.3%, respectively
(Table IV). The sensitivity of LBC for malignant diseases
tended to be higher than that of CS cytology (p = 0.081).
The sensitivity of LBC for metastatic TC was signifi-
cantly higher than that of CS cytology (p = 0.015).

Discussion

The CLN is a common and main target of FNA cytology
for proper and rapid diagnosis in patients with variable
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Table II. Comparison of Histological and Cytological Diagnosis in Patients who Underwent CS Cytology from Cervical Lymph Nodes

Pathological diagnosis

Malignant 22 (52.4%) Benign 20 (47.6%)

Metastatic carcinomas

Cytotological diagnosis except for TC Metastatic TC ML Reactive
Nondiagnostic or unsatisfactory 5 (11.9%) 5 [5]
Negative 19 (45.2%) 1 2 1 15 [10]
Indeterminate 6 (14.3%) 1 3 2 0
Positive 12 (28.6%) 6 5 1 0
Total 8 (19%) 10 (23.8%) 4 (9.5%) 20 (47.6%)

CS: conventional smear; TC: thyroid carcinoma; ML: malignant lymphoma; []: number of patients diagnosed with clinical findings and imaging

studies.

Table III. Comparison of Histological and Cytological Diagnosis in Patients who Underwent LBC from Cervical Lymph Nodes

Pathological diagnosis

Malignant 62 (50.4%)

Benign 61 (49.6%)

Metastatic carcinomas

Cytological diagnosis except for TC Metastatic TC ML Reactive Tb
Nondiagnostic or unsatisfactory 9 (7.3%) 9 9]

Negative 54 (43.9%) 0 0 5 46 [44] 3 2]
Indeterminate 8 (6.5%) 1 1 3 3 0
Positive 52 (42.3%) 28 19 5 0 0
Total 29 (23.6%) 20 (16.3%) 13 (10.6%) 58 (47.2%) 3 (2.4%)

LBC: liquid-based cytology; TC: thyroid carcinoma; ML: malignant lymphoma; Tb: lymph node tuberculosis; []: number of patients diagnosed with

clinical findings and imaging studies.

carcinomas or ML.” CLN enlargement includes a certain
frequency of various types of malignant disease. The per-
centages of patients with malignant disease in reports that
analyzed FNA cytology of CLN ranges from 46% to
69.4%.''?* Our combined results of CS cytology and
LBC showed a similar rate of 50.1% of 165 patients ana-
lyzed with malignant disease. In addition, our results
showed that various malignancies that included 23 types
of malignant diseases formed CLN lesions. Garbar et al.*?
reported that 20 types of malignancies formed CLN
lesions in only 95 patients analyzed. It may not be well
known that thoracoabdominal carcinomas as well as head
and neck SCC often metastasize to the CLN.'? Not only
the diagnostic modality and treatment method, but also
prognosis differs widely for each malignant disease even
if CLN enlargement is the first or only symptom. The
most expected role for FNA cytology in analysis of CLN
enlargement is the differentiation of metastatic carcinoma
and ML from reactive lymphoid hyperplasia. If metastatic
carcinoma in the CLN is suspected cytologically, addi-
tional information with regard to pathological characteris-
tics and the primary site are useful for further examination.
If carcinoma cells are detected in FNA specimens from the
CLN in patients who do not show an obvious primary site,
then FDG-PET, but not an excisional lymph node biopsy,

Table IV. Statistical Comparison of CS and LBC in Patients who
Underwent FNA from Cervical Lymph Node

CS (%) LBC (%) p-value
Sensitivity 75 91.2 0.081
Specificity 100 100 —
PPV 100 100 —
NPV 78.9 90.7 0.178
Accuracy 87.1 95.3 0.105

CS: conventional smear; LBC: liquid-based cytology; PPV: positive pre-
dictive value; NPV: negative predictive value.

Diagnoses cytologically as indeterminate and nondiagnostic or unsatis-
factory were excluded for the statistical analysis.

has to be indicated. Otherwise, if ML is suspected cytolog-
ically, an excisional lymph node biopsy and serum
interleukin-2 receptor (IL-2R) measurement have to be
performed immediately.”'* Thus, FNA cytology for analy-
sis of the CLN plays an important role in the diagnosis of
human malignant diseases.” "'

We had previously diagnosed CLN lesions by FNA
with CS cytology until 2011. However, as shown in the
results, the nondiagnostic or unsatisfactory rate of CS
cytology was thought to be as high as 11.9%. In the liter-
ature, the unsatisfactory rate in FNA with CS cytology of
CLN ranges from 4.7% to 12%.”**° In some of the CS
slides we prepared, cytological features such as air-drying

Diagnostic Cytopathology, Vol. 44, No 3 173
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artifacts and unclear background of red blood cells
resulted in a higher nondiagnostic or unsatisfactory rate.
We have employed the LBC method as a routine exami-
nation for CLNs since 2011. Our results showed that the
nondiagnostic or unsatisfactory rate for CLN was likely
to be reduced from the 11.9% observed with of CS cytol-
ogy to 7.3% with LBC. Previous reports have shown a
diagnostic sensitivity of 83-97% and a specificity of 91—
100% in CLN with metastatic carcinoma for FNA with
CS cytology.g’13 Nasuti et al.** demonstrated that FNA
cytology of lymph nodes located at different anatomic
sites could be used effectively for staging a variety of
non-lymphoid malignancies, as evidenced by a 94% cor-
relation with the surgical pathology diagnosis. In this
study, the sensitivity for metastatic TC to a CLN
increased from the 71.4% obtained with CS cytology to
100% with LBC. In addition, the sensitivity for metastatic
carcinoma except for TC increased from 86% of the CS
to 100% of the LBC. Furthermore overall sensitivity
increased from the 75% obtained with CS cytology to
91.2% with LBC. These changes may be a result of the
decrease in the nondiagnostic or unsatisfactory and inde-
terminate rate in the cytological diagnosis and the
increase in the malignant (positive) rate due to the easily
diagnosable cytological features of LBC in terms of a
clearer background, monolayer cell preparation, and good
cellular preservation. There has only been a few reports
of the use of LBC for CLN.?*?*3'32 Garbar et al.??
reported that the accuracy of FNA cytology for general
lymph node enlargement was identical between CS cytol-
ogy and LBC. However, Rossi et al.? reported a higher
diagnostic value with a sensitivity of 98.6% and a speci-
ficity of 100%, of LBC combined with immunocytologi-
cal analyses in FNA specimens from general lymph nodes
compared with CS cytology. Mygdakos et al.'” showed
that LBC was greatly superior to CS cytology in all cases
with nongynecological lesions including CLNS.

LBC has been gaining popularity as the method of
choice for analysis of nongynecological areas over the
past 15 years.m’”_35 In the LBC method, the two most
commonly used systems, which are US Food and Drug
Administration (FDA)-approved systems, are ThinPrep ™
(Hologic, Marlborough, MA) and SurePath™ (BD Diag-
nostics. TriPath, Burlington, NC). In the ThinPrep™ sys-
tem, cells are collected in a methanol-based solution
(Cytolyt™) and are then transferred on to a positively
charged slide with a gentle positive pressure.”> In con-
trast, in the SurePathTM, cells are collected in an ethanol-
based solution (CytoRich™), centrifuged, and are then
slowly sedimented onto a poly-L-lysinated slide.’® These
systems are useful for the occasional processing of a large
amount of samples at large-scale medical centers. How-
ever, the initial investment cost is high for the purchase
of an automated processing machine with a computer-
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assisted device to obtain a thin layer of cells.
LBCPREP2™, which is a recently developed manual
LBC system, is just a vial that contains 15 mL of a
methanol-based fixation solution. A separate vial is used
for each sample and only a centrifuge is required to col-
lect the cells. Therefore, an expensive machine and a
computer-assisted device are not required, and this system
can be easily employed by small-scale hospitals. We had
analyzed and shown that the unsatisfactory or nondiag-
nostic rate, the sensitivity and specificity of LBC using
LBCPREP2™ in the diagnosis of TC were 9.1%, 95.2%,
and 100%, respectively (unpublished data). Previous
reports have shown a diagnostic sensitivity of 76.3-96.1%
and a specificity of 54.9-81% in thyroid nodule with TC
for FNA with LBC using either ThinPrep'™ or Sure-
Path™ system.>*> The unsatisfactory or nondiagnostic
rate of the LBC systems ranges from 8.2% to 22.5% in
the literature.’**">% Therefore, the diagnostic value of
LBCPREP2™ was thought to be comparable to that of
other major LBC systems. Some morphological changes
are noted in the LBC method using LBCPREP2™ com-
pared with CS cytology including altered, reduced, or lost
background material, smaller, and more fragmented cell
clusters, smaller cell size, well-preserved nuclear detail,
more prominent nucleoli, and more easily visualized cyto-
plasm. Therefore, cytopathologist should be cautious in
interpreting LBC results if this is the only methodology
employed. Several morphological differences were shown
and observed among LBCPREP2™, ThinPrepTM, and
SurePath™ preparations which reflect different sampling
devices, collection media, and processing techniques.'”-*%4
However, all the LBC methods have common and excellent
findings such as reduced incidence of air-drying artifacts,
cleaner background, even distribution of cells over a
smaller slide area, and increased cellularity.
Immunocytochemical markers of malignant cells in the
CLN may aid in delineating the epithelial nature of the
malignancy. For example, although up to 80% of oropha-
ryngeal SCC are caused by oncogenic high-risk human
papilloma virus (HPV), the detection of HPV in carci-
noma cells in the CLN strongly implicates the oropharynx
as the primary site.*' p16 is considered as one of the sur-
rogate markers for high-risk HPV infection, and pl6
immunochemistry is the most useful method for detection
of high-risk HPV as a routine laboratory examination. We
demonstrated that oropharyngeal carcinoma CLN metasta-
sis was suspected in a patient without an obvious primary
site in the oropharynx because pl6 was expressed in
liquid-based prepared carcinoma cells aspirated from the
CLN. After the detection of pl6 positivity by immunocy-
tochemical analysis, the primary site was pathologically
proven from tonsillectomy specimens. Markers for cyto-
keratin, including whole cytokeratin (AE1/AE3), CK5/6
(D5/16B4), CK7 (OV-TL 12/30), CK20 (Ks20.8), and



CK8/18 (CAMS.2), are useful for focusing on a primary
site of epithelial origin.*’ TTE-1 is one of the known
markers for TC. In this study, we were able to stain
stored cells, prepared by liquid-based processing, with
Bcl-2 and CD20, which was useful for the diagnosis of
ML. In comparison with CS cytology, LBC is more suita-
ble for immunocytochemical analysis of the expression of
several markers because a number of slides can be made,
and stored for about 6 months, from cells prepared by
liquid-based processing if sufficient amounts of cells are
aspirated and collected. LBC specimens were suitable for
molecular biological analysis for improving the diagnostic
accuracy of malignant tumors. v-Raf murine sarcoma
viral oncogene homolog B1 (BRAF) mutations were iden-
tified on LBC material from TC with high reproducibility,
feasibility, and informative results.*? LBC specimens
were also used to determine the physical status of HPV
DNA by in situ hybridization (ISH) and HPV genotyping
by polymerase chain reaction (PCR) for identifying
patients at high risk of cervical carcinoma® and of epi-
dermal growth factor receptor (EGFR) mutation for lung
carcinoma.** To search for immunoglobulin gene arrange-
ments, using PCR for ML was reported to be possible
with LBC specimens.*> Using LBCPREP2™ specimens,
we have already analyzed mRNA expression of several
genes by RT-PCR (unpublished data). In the future, the
combination of these technologies with cells prepared by
liquid-based processing could take the place of surgical
lymph node excision.

In conclusion, LBC with FNA specimens using
LBCPREP2™ was useful for the diagnosis of metastatic
carcinoma to a CLN with a higher diagnostic accuracy
than with CS cytology due to a decrease in the unsatisfac-
tory or nondiagnostic and indeterminate rate. The diag-
nostic value of LBCPREP2™ was almost identical to
that of other previously reported major LBC systems.

References

1. Bandoh N, Hayashi T, Kishibe K, et al. Prognostic value of p53
mutations, bax, and spontaneous apoptosis in maxillary sinus squa-
mous cell carcinoma. Cancer 2002;94:1968-1980.

2. Bandoh N, Ogino T, Katayama A, et al. HLA class I antigen and
transporter associated with antigen processing downregulation in
metastatic lesions of head and neck squamous cell carcinoma as a
marker of poor prognosis. Oncol Rep 2010;23:933-939.

3. McGuirt WF, McCabe BF. Significance of node biopsy before
definitive treatment of cervical metastatic carcinoma. Laryngoscope
1978;88:594-597.

4. Birchall MA, Stafford ND, Walsh-Waring GP. Malignant neck
lumps: A measured approach. Ann R Coll Surg Engl 1991;73:91-95.

5. Brandao GD, Rose R, McKenzie S, Maslak P, Lin O. Grading fol-
licular lymphomas in fine-needle aspiration biopsies: The role of
ThinPrep slides and flow cytometry. Cancer (Cancer Cytopathol)
2006;108:319-323.

6. Wakely PE, Jr. The diagnosis of non-Hodgkin lymphoma using
fine-needle aspiration cytopathology: A work in progress. Cancer
(Cancer Cytopathol) 2010;118:238-243.

Diagnostic Cytopathology DOI 10.1002/dc
LIQUID-BASED CYTOLOGY FOR CERVICAL LYMPH NODE

7. Steel BL, Schwartz MR, Ramzy I. Fine needle aspiration biopsy in
the diagnosis of lymphadenopathy in 1,103 patients. Role, limita-
tions and analysis of diagnostic pitfalls. Acta Cytol 1995;39:76-81.

8. Nasuti JF, Tam D, Gupta PK. Diagnostic value of liquid-based
(Thinprep) preparations in nongynecologic cases. Diagn Cytopathol
2001;24:137-141.

9. Layfield LJ. Fine-needle aspiration in the diagnosis of head and
neck lesions: A review and discussion of problems in differential
diagnosis. Diagn Cytopathol 2007;35:798-805.

10. Saha S, Woodhouse NR, Gok G, Ramesar K, Moody A, Howlett
DC. Ultrasound guided core biopsy, fine needle aspiration cytology
and surgical excision biopsy in the diagnosis of metastatic squa-
mous cell carcinoma in the head and neck: An eleven year experi-
ence. Eur J Radiol 2010;80:792-795.

11. Hafez NH, Tahoun NS. Reliability of fine needle aspiration cytol-
ogy (FNAC) as a diagnostic tool in cases of cervical lymphadenop-
athy. J Egypt Natl Canc Inst 2011;23:105-114.

12. Badoual C, Righini C, Barry B, et al. French Society of O. Pre-
therapeutic histological and cytological assessment in head and
neck squamous cell carcinomas. French Society of Otorhinolaryng-
ology Guidelines—2012. Eur Ann Otorhinolaryngol Head Neck Dis
2012;129:319-326.

13. Zhuang SM, Wu XF, Li JJ, Zhang GH. Management of lymph
node metastases from an unknown primary site to the head and
neck. Mol Clin Oncol 2014;2:917-922.

14. Rossi ED, Raffaelli M, Zannoni GF, et al. Diagnostic efficacy of
conventional as compared to liquid-based cytology in thyroid
lesions: Evaluation of 10,360 fine needle aspiration cytology cases.
Acta Cytol 2009;53:659-666.

15. Mygdakos N, Nikolaidou S, Tzilivaki A, Tamiolakis D. Liquid
based preparation (LBP) cytology versus conventional cytology
(CS) in FNA samples from breast, thyroid, salivary glands and soft
tissues. Our experience in Crete (Greece). Rom J Morphol Embryol
2009;50:245-250.

16. Tripathy K, Misra A, Ghosh JK. Efficacy of liquid-based cytology
versus conventional smears in FNA samples. J Cytol 2015;32:17—
20.

17. Suzuki A, Hirokawa M, Higuchi M, et al. Cytological characteris-
tics of papillary thyroid carcinoma on LBC specimens, compared
with conventional specimens. Diagn Cytopathol 2015;43:108-113.

18. Rossi ED, Raffaelli M, Minimo C, et al. Immunocytochemical eval-
uation of thyroid neoplasms on thin-layer smears from fine-needle
aspiration biopsies. Cancer (Cancer Cytopathol) 2005;105:87-95.

19. Hashimoto K, Morimoto A, Kato M, et al. Immunocytochemical
analysis for differential diagnosis of thyroid lesions using liquid-
based cytology. Nagoya J Med Sci 2011;73:15-24.

20. Pazaitou-Panayiotou K, Mygdakos N, Boglou K, Kiziridou A,
Chrisoulidou A, Destouni C. The immunocytochemistry is a valua-
ble tool in the diagnosis of papillary thyroid cancer in FNA’s using
liquid-based cytology. J Oncol 2010;2010:963926

21. Chang H, Lee H, Yoon SO, Kim H, Kim A, Kim BH.
BRAF(V600E) mutation analysis of liquid-based preparation-proc-
essed fine needle aspiration sample improves the diagnostic rate of
papillary thyroid carcinoma. Hum Pathol 2012;43:89-95.

22. Garbar C, Remmelink M, Mascaux C. Fine needle aspiration cytol-
ogy of lymph node: Experience of 2 university hospitals with con-
ventional smears and liquid-based cytology. Acta Cytol 2008;52:
418-423.

23. Rossi ED, Martini M, Straccia P, Bizzarro T, Fadda G, Larocca
LM. The potential of liquid-based cytology in lymph node cytologi-
cal evaluation: The role of morphology and the aid of ancillary
techniques. Cytopathology 2014 Dec 28. doi: 10.1111/cyt.12229.
[Epub ahead of print].

24. Jun HH, Kim SM, Kim BW, Lee YS, Chang HS, Park CS. Over-
coming the limitations of fine needle aspiration biopsy: Detection

Diagnostic Cytopathology, Vol. 44, No 3 175



Diagnostic Cytopathology DOI 10.1002/dc
BANDOH ET AL.

25.

26.

27.

28.

29.

30.

31.

32.

34.

35.

176

of lateral neck node metastasis in papillary thyroid carcinoma. Yon-
sei Med J 2015;56:182-188.

Papanicolaou GN. The cell smear method of diagnosing cancer.
Am J Public Health Nations Health 1948;38:202—-205.

Solomon D, Davey D, Kurman R, et al. The 2001 Bethesda Sys-
tem: Terminology for reporting results of cervical cytology. Jama
2002;287:2114-2119.

Baloch ZW, Cibas ES, Clark DP, et al. The National Cancer Insti-
tute thyroid fine needle aspiration state of the science conference:
A summation. Cytojournal 2008;5:6.

Campo E, Swerdlow SH, Harris NL, Pileri S, Stein H, Jaffe ES. The
2008 WHO classification of lymphoid neoplasms and beyond: Evolv-
ing concepts and practical applications. Blood 2011;117:5019-5032.

Kakudo K, Kameyama K, Miyauchi A, Nakamura H. Introducing
the reporting system for thyroid fine-needle aspiration cytology
according to the new guidelines of the Japan Thyroid Association.
Endocr J 2014;61:539-552.

Nasuti JF, Yu G, Boudousquie A, Gupta P. Diagnostic value of
lymph node fine needle aspiration cytology: An institutional experi-
ence of 387 cases observed over a 5-year period. Cytopathology
2000;11:18-31.

Ford L, Rasgon BM, Hilsinger RL, et al. Comparison of ThinPrep
versus conventional smear cytopreparatory techniques for fine-
needle aspiration specimens of head and neck masses. Otolaryngol
Head Neck Surg 2002;126:554-561.

Anderson CE, Duvall E, Wallace WA. A single ThinPrep slide may
not be representative in all head and neck fine needle aspirate
specimens. Cytopathology 2009;20:87-90.

Ljung BM. Thyroid fine-needle aspiration: Smears versus liquid-
based preparations. Cancer (Cancer Cytopathol) 2008;114:144—148.
Luu MH, Fischer AH, Pisharodi L, Owens CL. Improved preopera-
tive definitive diagnosis of papillary thyroid carcinoma in FNAs
prepared with both ThinPrep and conventional smears compared
with FNAs prepared with ThinPrep alone. Cancer (Cancer Cytopa-
thol) 2011;119:68-73.

Fischer AH, Clayton AC, Bentz JS, et al. Performance differences
between conventional smears and liquid-based preparations of thy-

Diagnostic Cytopathology, Vol. 44, No 3

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

roid fine-needle aspiration samples: Analysis of 47,076 responses in
the College of American Pathologists Interlaboratory Comparison
Program in Non-Gynecologic Cytology. Arch Pathol Lab Med
2013;137:26-31.

Geers C, Bourgain C. Liquid-based FNAC of the thyroid: A 4-year
survey with SurePath. Cancer (Cancer Cytopathol) 2011;119:58-67.

Cochand-Priollet B, Prat JJ, Polivka M, et al. Thyroid fine needle aspira-
tion: The morphological features on ThinPrep slide preparations. Eighty
cases with histological control. Cytopathology 2003;14:343-349.

Ardito G, Rossi ED, Revelli L, et al. The role of fine-needle aspira-
tion performed with liquid-based cytology in the surgical manage-
ment of thyroid lesions. In Vivo 2010;24:333-337.

Chang H, Lee E, Lee H, Choi J, Kim A, Kim BH. Comparison of
diagnostic values of thyroid aspiration samples using liquid-based
preparation and conventional smear: One-year experience in a sin-
gle institution. APMIS 2012;121:139-145.

Norimatsu Y, Sakamoto S, Ohsaki H, et al. Cytologic features of
the endometrial adenocarcinoma: Comparison of ThinPrep and BD
SurePath preparations. Diagn Cytopathol 2013;41:673-681.

Pusztaszeri MP, Faquin WC. Cytologic evaluation of cervical
lymph node metastases from cancers of unknown primary origin.
Semin Diagn Pathol 2015;32:3241.

Rossi ED, Martini M, Capodimonti S, et al. BRAF (V600E) mutation
analysis on liquid-based cytology-processed aspiration biopsies pre-
dicts bilaterality and lymph node involvement in papillary thyroid
microcarcinoma. Cancer (Cancer Cytopathol) 2013;121:291-297.
Fujii T, Saito M, Iwata T, et al. Ancillary testing of liquid-based
cytology specimens for identification of patients at high risk of cer-
vical cancer. Virchows Arch 2008;453:545-555.

Nakamura T, Sueoka-Aragane N, Iwanaga K, et al. A noninvasive
system for monitoring resistance to epidermal growth factor recep-
tor tyrosine kinase inhibitors with plasma DNA. J Thorac Oncol
2011;6:1639-1648.

Rossi ED, Larghi A, Verna EC, et al. Endoscopic ultrasound-
guided fine-needle aspiration with liquid-based cytologic prepara-
tion in the diagnosis of primary pancreatic lymphoma. Pancreas
2010;39:1299-1302.



