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Differentiating Between Benign
Follicular Nodules and Follicular
Neoplasms in Thyroid
Liquid-Based Cytology
Preparations
Ayana Suzuki, C.T., I.A.C.,1* Mitsuyoshi Hirokawa, M.D., F.I.A.C.,2

Miyoko Higuchi, C.T., I.A.C.,1 Nami Takada, C.T., J.S.C.,1

Naoki Yamao, C.T., I.A.C.,1 Seiji Kuma, M.D.,2 and Akira Miyauchi, M.D.3

Background: The cytological morphology observed in liquid-
based cytology (LBC) preparations is dissimilar to that of con-
ventional preparations. The aim of this report is to clarify the
cytological differences between benign follicular nodules (BFNs)
and follicular neoplasms (FNs) in LBC preparations and identify
novel diagnostic criteria for LBC preparations.
Methods: A retrospective review of LBC preparations from 38
BFN and 74 FN (57 follicular adenomas and 17 follicular carci-
nomas) cases confirmed by histological examination was con-
ducted. LBC samples were obtained from the washout fluid in
aspiration needles, fixed with CytoRich-REDTM, and prepared
using the SurePathTM method.
Results: Fibrin was observed in 43.2% of FNs and in 23.7% of
BFNs. The incidences of intercellular spaces, distinct outer mar-
gin, and cytoplasmic process were significantly higher in BFNs
(P< 0.01, P< 0.01, and P< 0.05, respectively). Elongated
microfollicles were seen in 55.4% of FNs and 10.5% of BFNs
(P< 0.01). Membranous materials encircling the outer edge of
the follicles were observed only in BFN cases (5.8%). There

were no significant differences between follicular adenoma and
carcinoma.
Conclusion: Intercellular spaces, distinct outer margins of the
follicular clusters, cytoplasmic process, and membranous mate-
rials constitute indicators of BFN in LBC preparations. Fibrin
and elongated microfollicles point to FN. We believe that these
findings will improve the diagnostic accuracy of thyroid LBC
preparations. Diagn. Cytopathol. 2016;00:000–000. VC 2016
Wiley Periodicals, Inc.
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Liquid-based cytology (LBC) is a new and increasingly

popular technique for collecting cytological samples and

applying them in a thin layer to slides. Rossi et al.1

reported that inducing LBC to thyroid fine-needle aspira-

tion cytology (FNAC) decreases the number of inadequate

cases and promotes diagnostic sensitivity; the method

exhibits accuracy equal to that of conventional methods

because of its excellent cell preservation and the decrease

in blood components that mask follicular cells.1 However,

the cytological findings obtained by conventional and

LBC preparations are not identical.2–5 For instance, the

presence of abundant background colloid material,

which is one of the cytological findings characteristic of

benign follicular nodules (BFN), is obscured in LBC

preparations.6

Familiarity with the differences between conventional

and LBC preparations is required in order to ascertain a

diagnosis using thyroid LBC. Thus far, few reports focus-

ing on cytological findings in thyroid LBC preparations,
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in particular, BFN and its differential diagnosis, have

been described.2–4,6–9 The aim of this report is to clarify

the cytological differences between BFN and follicular

neoplasm (FN) in LBC preparations and to determine

novel diagnostic criteria for LBC preparations in order to

improve diagnostic accuracy.

Materials and Methods

LBC Preparations

This study involved a retrospective examination of LBC

preparations performed at Kuma Hospital from January

2013 to December 2014. FNAC was performed using a

22-gauge needle under ultrasound guidance for 20,775

thyroid nodules and LBC preparations were developed for

6,864 nodules (33.0%). Of these, we examined 112 follic-

ular lesions that underwent thyroidectomy a year follow-

ing FNAC and for which the diagnoses were confirmed

histologically. The lesions included 38 adenomatous goi-

ters, 57 follicular adenomas, and 17 follicular carcinomas.

Follicular variants of papillary thyroid carcinoma (PTC)

were excluded from our study. The LBC samples were

obtained by washing the needles after expressing the aspi-

rated materials onto the slides. The needles were rinsed

gently with 6 mL CytoRich RED collection fluid (Becton

Dickinson and Company, Franklin Lakes, NJ) with hemo-

lytic and proteolytic abilities. The LBC preparations were

prepared by the SurePath hand method5 and stained using

the Papanicolaou method.

Cytological Characteristics

The following cytological features were examined: (1)

background components (watery colloid, hyaline colloid,

foam cells, fibrin, naked capillaries, and collagenous

stroma), (2) cellular arrangements (tissue fragments, vari-

ably sized follicles, microfollicles, elongated microfol-

licles, trabecular arrangement, wide internuclear distance,

intercellular spaces, and membranous materials), and (3)

cellular morphology (distinct outer margin, cytoplasmic

process, anisonucleosis, and spindle-shaped nuclei). Vari-

ably sized follicles and anisonucleosis denoted a differ-

ence in follicular and nuclear sizes greater than 5-fold

and 2-fold, respectively. Microfollicles, elongated micro-

follicles, and trabecular arrangement were defined as a

cluster of <15 follicular cells arranged in a circle that is

at least two-thirds complete, microfollicles that are nota-

bly longer than wider, and a rod-shaped cluster without a

lumen, respectively. Wide internuclear distance was char-

acterized as an internuclear distance greater than the

nuclear size. Intercellular spaces appeared as windows in

the sheet-like cluster. The term “BFN” was used for ade-

nomatous goiter and “FN” was used for both follicular

adenoma and follicular carcinoma, according to the diag-

nostic categories described in “The Bethesda System for

Reporting Thyroid Cytopathology.”10

Statistical Analysis

The statistical significances of differences in the data

were assessed using the v2 test.

Results

Background

The background components for BFN and FN are detailed

in Table I. Colloid materials and blood components were

substantially decreased because of the use of a fixative with

proteolytic and hemolytic abilities; however, watery colloid

(film-like colloid) appeared in 57.9% of BFN cases. The

incidence of watery colloid in FN cases (20.3%) was signif-

icantly lower than in BFN cases (P< 0.01). There was no

significant difference in the level of hyaline colloids (small-

sized and spherical colloids) observed in the background or

within the microfollicles. Foam cells were more frequently

seen in BFN (23.7%) than FN (4.1%; P< 0.01). Fibrin

materials (Fig. 1) were discernible as faintly pale fibrils sur-

rounding the microfollicular clusters; fibrin was detected in

23.7% and 43.2% of BFN and FN cases, respectively

(P< 0.05). No significant differences were apparent for the

occurrence of naked capillaries and collagenous stroma in

BFN and FN cases.

Cellular Arrangements

The cellular arrangements for BFN and FN are detailed in

Table II. The incidences of variably sized follicles, wide

internuclear distance, and intercellular spaces (Fig. 2) were

Table I. Background Components of BFN and FN in Thyroid LBC
Preparations

BFN (n 5 38)

FN (n 5 74)

FA (n 5 57) FC (n 5 17)

Watery colloid 22 (57.9%) 15 (20.3%)*

11 (19.3%) 4 (23.5%)
Hyaline colloid 11 (28.9%) 15 (20.3%)

17 (29.8%) 4 (23.5%)
Foam cells 9 (23.7%) 3 (4.1%)*

0 (0%) 3 (17.6%)
Fibrin 9 (23.7%) 32 (43.2%)**

26 (45.6%) 6 (35.3%)
Naked capillaries 9 (23.7%) 17 (23.0%)

12 (21.1%) 5 (29.4%)
Collagenous stroma 14 (36.8%) 26 (35.1%)

19 (33.3%) 7 (41.2%)

BFN: benign follicular nodule, FN: follicular neoplasm, FA: follicular
adenoma, FC: follicular carcinoma.
*P< 0.01, **P< 0.05.
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significantly higher (P< 0.01) in BFN cases (44.7%,

57.9%, and 26.3%) than in FN cases (8.1%, 12.2%, 8.1%).

Conversely, the incidences of microfollicles, elongated

microfollicles, and trabecular arrangement were lower

(P< 0.01) in BFN cases (76.3%, 10.5%, 31.6%) than in FN

cases (97.3%, 55.4%, 86.5%). The incidence of tissue frag-

ments was not significantly different between the BFN and

FN cases. In two BFN cases (5.3%), membranous materials

encircling the outer edge of the follicles (Fig. 3) were iden-

tified, however, no such findings were observed in the FN

cases. The materials were translucent or faintly stained fol-

lowing Papanicolaou staining with a thickness of 10 to 30

lm.

Cellular Morphology

The cellular morphology for BFN and FN are detailed in

Table III. The cell membrane in BFN cases tended to be

Fig. 2. Benign follicular nodule; intercellular spaces appear as windows
in the sheet-like cluster (Papanicolaou stain, SurePath preparation, 403).
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Fig. 3. Benign follicular nodule; thick basement membranous materials
are observed on the basal side of the follicle (Papanicolaou stain, Sure-
Path preparation, 403). [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

Table II. Cellular Arrangements of BFN and FN in Thyroid LBC
Preparations

BFN (n 5 38)

FN (n 5 74)

FA (n 5 57) FC (n 5 17)

Tissue fragments 13 (34.2%) 32 (43.2%)
26 (45.6%) 6 (35.3%)

Variably sized follicles 17 (44.7%) 6 (8.1%)*

3 (5.3%) 3 (17.6%)
Microfollicles 29 (76.3%) 72 (97.3%)*

56 (98.2%) 16 (94.1%)
Elongated microfollicles 4 (10.5%) 41 (55.4%)*

28 (49.1%) 13 (76.5%)
Trabecular arrangement 12 (31.6%) 64 (86.5%)*

49 (86.0%) 15 (88.2%)
Wide internuclear distance 22 (57.9%) 9 (12.2%)*

6 (10.5%) 3 (17.6%)
Intercellular spaces 10 (26.3%) 6 (8.1%)*

5 (8.8%) 1 (5.9%)
Membranous materials 2 (5.3%) 0 (0%)

0(0%) 0 (0%)

BFN: benign follicular nodule, FN: follicular neoplasm, FA: follicular
adenoma, FC: follicular carcinoma.
*P< 0.01.

Fig. 1. Follicular neoplasm; fibrin is discernible as faintly pale fibrils
surrounding the microfollicles (Papanicolaou stain, SurePath preparation,
403). [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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more preserved than in FN. Distinct outer margins of the

follicles (Fig. 4) and cytoplasmic process (Fig. 5) were

more frequently observed in BFN (60.5%, 34.2%) than FN

(13.5%, 13.5%; Fig. 3), with P-values of P< 0.01 and

P< 0.05, respectively. The incidences of anisonucleosis

and spindle-shaped nuclei were significantly higher in BFN

cases (47.4% and 47.4%) than in FN cases (10.8% and

6.8%; P< 0.01, P< 0.01).

Follicular Adenoma vs. Follicular Carcinoma

There was no significant difference between FA and FC

for all observed cytological findings (Tables I–III).

Discussion

Cytological diagnosis differentiating between BFN and FN

is difficult on occasion since their cytological findings are

considerably similar; observer variation further hinders

diagnosis.11,12 Conventional preparations containing a large

amount of colloid material, foam cells, macrofollicular

arrangement, variably sized follicles, and anisonucleosis

are usually indicative of BFN.13,14 In contrast, low levels or

no colloid material, lack of foam cells, microfollicular pat-

tern, similarly sized follicles, trabecular pattern, and

crowded and overlapping nuclei indicate FN.13–15 Jing

et al. have shown that FN is associated with syncytial tissue

fragments, isolated microfollicles, follicles with scalloped

borders, scant cytoplasm, irregular nuclear membranes,

nuclear overlapping, coarse chromatin, and increased cellu-

larity. In contrast, honeycombing tissue fragments, back-

ground colloid, and histiocytes are correlated with

BFN.13As demonstrated in the present study, most of these

characteristics can be assessed using LBC preparations,

however, the cytological findings of conventional and LBC

preparations are dissimilar. In LBC preparations, the

amount of colloid material is diminished and the nuclei and

cytoplasm tend to shrink.2 In addition, the nuclear chroma-

tin is coarser, the nucleoli are more prominent, and the

cytoplasm is more deeply stained.3 Therefore, clarifying

the cytological differences between BFN and FN in LBC

preparations and identifying novel diagnostic criteria for

LBC preparations are of crucial importance.

Fadda and Rossi6 described that the presence of “fibrin

flakes” was characteristic of FN in LBC preparations.

However, detailed findings such as morphology and inci-

dence were not mentioned. The LBC preparations exam-

ined in that study were prepared using the ThinPrep

Fig. 4. Benign follicular nodule with distinct outer margins (Papanico-
laou stain, SurePath preparation, 403). [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]

Fig. 5. Benign follicular nodule; cytoplasmic process is observed on the
basal side of the follicular cells (Papanicolaou stain, SurePath prepara-
tion, 403). [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

Table III. Cellular Morphologies of BFN and FN in Thyroid LBC
Preparations

BFN (n 5 38)

FN (n 5 74)

FA (n 5 57) FC (n 5 17)

Distinct outer margins 23 (60.5%) 10 (13.5%)*

9 (15.8%) 1 (5.9%)
Cytoplasmic process 13 (34.2%) 10 (13.5%)**

9 (15.8%) 1 (5.9%)
Anisonucleosis 18 (47.4%) 8 (10.8%)*

8 (14.0%) 0 (0%)
Spindle-shaped nuclei 18 (47.4%) 5 (6.8%)*

3 (5.3%) 2 (11.8%)

BFN: benign follicular nodule, FN: follicular neoplasm, FA: follicular
adenoma, FC: follicular carcinoma.
*P< 0.01, **P< 0.05.
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method (Hologic); fibrin materials were also observed in

FNs examined using the SurePath method. In our study,

these materials were identified as faintly pale fibrils sur-

rounding the microfollicular clusters; the incidence of

fibrin in FN cases was 43.2%, significantly higher than in

BFN cases (P< 0.05). FN is a highly vascular tumor and

abundant blood is easily obtained by FNA, therefore,

fibrin precipitation could occur during the procedure.

Taken together, these results confirm that fibrin is one of

the cytological findings indicating FN in LBC prepara-

tions, regardless of LBC methodology.

Fadda and Rossi6 further reported that BFN exhibited

colloid globules, whereas FN showed scant or no colloid

material. However, no such differences were identified in

the present study. A possible explanation for this incon-

sistency is the LBC method used; their study was per-

formed with the ThinPrep method whereas we used the

SurePath method. Therefore, we believe that the observa-

tion of colloid droplets is not a reliable marker for the

diagnosis of BFN when using the SurePath method.

Our findings also demonstrate that elongated microfol-

licles are more frequently observed in FN (55.4%) than

BFN (10.5%). These findings have not been previously

observed in either conventional or LBC preparations. In

addition, elongated microfollicles are also detected in his-

tological sections of follicular adenoma and/or carcinoma.

These results indicate that elongated microfollicles consti-

tute an intermediate form between microfollicles and tra-

becular arrangement. Thus, the presence of elongated

microfollicles, regardless of cause, may constitute a novel

indicator of FN in LBC preparations.

The presence of the intercellular spaces appears to be

limited to LBC preparations. It is thought that they are

caused by shrinkage of the cytoplasm.5 Previously, we

reported that this phenomenon is apparent in 68.3% of

PTCs and 9.5% of FN cases and may be useful in distin-

guishing between PTC and FN.5 In the present study, the

incidence of intercellular spaces was 26.3% in BFN and

8.1% in FN. The cell border of FN is usually poorly

defined in both conventional and LBC preparations,

except for the oxyphilic cell variant.16,17 Therefore, inter-

cellular spaces may be rarer in FN than BFN and consti-

tute an indicator of BFN.

The cytoplasm tends to be better preserved in LBC

preparations than conventional ones.5,8 As mentioned

above, this phenomenon is more apparent in BFN than

FN. Our findings demonstrate that the outer margin of the

follicular clusters and cytoplasmic process were signifi-

cantly more visible in BFN than in FN. Additionally, we

observed membranous materials encircling the outer edge

of the follicular clusters in 5.3% of BFN cases. These

materials were translucent or faintly stained by Papanico-

laou staining and their thickness was 10–30 lm, morpho-

logically consistent with a thickened basement membrane.

The appearance of these membranous materials was also

enhanced by the superior LBC fixation methods. It should

be noted that these materials were not observed in FN

cases. Thus, we propose that distinct outer margins of the

follicular clusters, cytoplasmic process, and membranous

materials constitute novel indicators of BFN rather than

FN in LBC preparations.

It is generally accepted that cytomorphology alone can-

not distinguish FA from FC; thus, the diagnostic category

“follicular neoplasm” that includes both FA and FC is

used.10 Our current study using LBC preparations also

failed to identify any differences between FA and FC.

In conclusion, we propose that intercellular space, dis-

tinct outer margins of the follicular clusters, cytoplasmic

process, and membranous materials are indicative of BFN

in LBC preparations, whereas, fibrin and elongated micro-

follicles denote FN. We believe that these findings

obtained using thyroid LBC preparations will improve

diagnostic accuracy.
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