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Abstract

The objective of this study was to evaluate the risk of malignancy (ROM) associated with atypia of undetermined significance
(AUS) and suspicious follicular neoplasm (SFN) core needle biopsy (CNB) categories after further sub-classification. Data from
2267 thyroid nodules evaluated by ultrasound-guided CNB, from January to December 2015, were retrospectively reviewed.
AUS nodules (7 =556) were sub-classified as follows: (1) architectural atypia (AUS-A; n =369, 66.4%), (2) cytologic atypia
(AUS-C; n =35, 6.3%), (3) cytologic/architectural atypia (AUS-C/A; n =85, 15.3%), or (4) oncocytic atypia (AUS-O; n=67,
12.1%). SFN nodules (n=172) were sub-classified as follows: (1) architectural atypia only (SFN-A; n =110, 64%), (2)
cytologic/architectural atypia (SFN-C/A; n =24, 14%), or (3) oncocytic atypia (SFN-O; n =38, 22%). Diagnostic surgery was
performed in 162 (30.2%) AUS cases and 105 (61%) SFN cases. The ROM of each sub-category was evaluated. The overall
ROM was 15.3-52.5% in AUS nodules and 35.5-58.1% in SFN nodules. The ROM was higher in the AUS-C (22.9-88.9%) and
AUS-C/A (32.9-90.3%) groups than AUS-A (11.9-40%) and AUS-O (7.5-41.7%). In the SFN category, ROM in the SFN-C/A
group was also higher than SFN-A or SFN-O (37.5-75%, 40-57.9%, and 21.1-47.1%, respectively). Our study shows that the
ROM was higher in AUS or SFN sub-categories with cytologic atypia than those without cytologic atypia. Because of the
heterogeneous nature of AUS and SFN categories, sub-classification may be a more effective approach for risk stratification,
allowing optimal management of patients with thyroid nodules.

Keywords Thyroid - Atypia of undetermined significance - Follicular neoplasm - Core needle biopsy - Risk of malignancy -
Sub-category

Introduction nodules because of its safety and diagnostic accuracy [1, 2].
The Bethesda System of Reporting Thyroid Cytopathology
Ultrasound (US)-guided fine needle aspiration (FNA) is wide- (TBSRTC), introduced in 2009, standardized the reporting
ly accepted as the gold standard for the diagnosis of thyroid  of thyroid FNA and introduced a six-tier system, which pro-
vides the risk of malignancy and appropriate management for
each category [3]. However, there is an indeterminate diag-
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[6-11]. The 2017 revised TBSRTC also recommends sub-
classification of the atypia into (i) cytologic atypia, (ii) archi-
tectural atypia, (iii) cytologic and architectural atypia, (iv)
Hurthle cell AUS/FLUS, and (v) atypia, not otherwise speci-
fied. Sub-classification of AUS/FLUS lesions may improve
the risk stratification of individual patients in order to achieve
better clinical management. In contrast to the AUS/FLUS cat-
egory, there are few studies investigating the sub-classification
of SFN/FN on FNA [12-14].

US-guided core needle biopsy (CNB) was first introduced
as an alternative to thyroid FNA in the 1990s [15] and is now
used for the evaluation of thyroid nodules with excellent re-
sults [16]. The advantages of CNB include the ability to sam-
ple a large amount of tissue, which can improve the diagnostic
rate and the ability to identifying malignancy compared with
FNA [17]. However, compared with FNA, only limited data
are available to describe the ROM of AUS and SFN sub-
categories for thyroid CNB. As an understanding of the
ROM associated with these sub-types would be useful for
patient management, this study aimed to evaluate and com-
pare the ROM of AUS and SFN CNB sub-categories.

Materials and Methods
Thyroid Nodules and Patients

From January to December 2015, 4281 thyroid nodules were
evaluated by US-guided CNB (rn=2267) or US-guided FNA
(n=2014) at the Asan Medical Center (Seoul, Korea). Among
the 2267 CNB specimens, AUS (Bethesda category I1I) and
SFN (Bethesda category IV) lesions were retrospectively
reviewed. This retrospective study was approved by the insti-
tutional review board. Informed consent was obtained from all
patients prior to thyroid CNB.

Ultrasound-Guided Core Need Biopsy Procedure

US examination was performed using either an iU22 unit
(Philips Healthcare, Bothell, WA, USA) or EUB-7500 unit
(Hitachi Medical Systems, Tokyo, Japan) equipped with a
linear high-frequency probe (5-14 MHz). All US examina-
tions and US-guided CNBs were performed by radiologists
under the supervision of faculty experts.

US-guided CNBs were performed using disposable 18-
gauge double action, spring-activated needles (1.1 or 1.6 cm
excursion; TSK Ace-cut; Create Medic, Yokohama, Japan)
under local anesthesia with 1% lidocaine [2, 18]. The tip of
the core needle was advanced to the edge or within the nodule
using a freehand technique, and the stylet and cutting cannula
of the needle were then fired sequentially. After CNB, firm,
local compression was applied to the biopsy site for 10—
20 min [19].

Pathologic Evaluation of Core Needle Biopsy
Specimens

All CNB specimens were diagnosed by an experienced pathol-
ogist in accordance with the criteria proposed by the Korean
endocrine pathology thyroid CNB study group [20]. According
to the original published criteria for the assessment of thyroid
CNBs [18], category III comprised indeterminate lesions, which
were sub-categorized as indeterminate follicular lesions with nu-
clear atypia and indeterminate follicular lesions with architectural
atypia. Category IIIA included follicular proliferative lesions
with focal and equivocal nuclear atypia or atypical follicular cells
embedded in fibrotic stroma, whereas category IIIB included
microfollicular/solid/trabecular proliferative lesions lacking a fi-
brous capsule or an adjacent non-lesional thyroid tissue.
Category IV included nodules diagnosed as “follicular neoplasm
or suspicious of a follicular neoplasm,” based on the presence of
a fibrous capsule and various follicular proliferative lesions that
differed from the adjacent thyroid parenchyma.

Cases of category Il indeterminate lesion and Category IV
SFN/FN specimens were retrospectively reviewed and the terms
were modified for better comparison with the corresponding
FNA categories of the TBSRTC. For category III, we used
AUS instead of indeterminate lesion and sub-classified them into
one of following: (1) architectural atypia only (AUS-A), (2)
cytologic atypia only (AUS-C), (3) both cytologic and architec-
tural atypia (AUS-C/A), and (4) oncocytic atypia (AUS-O).
AUS-A (Fig. 1a) was defined as microfollicular, macrofollicular,
mixed micro- and macrofollicular, solid, or trabecular prolifera-
tive lesions lacking a tumor capsule or an adjacent non-lesional
thyroid tissue and/or showing equivocal fibrotic capsule mim-
icking a tumor capsule. AUS-C (Fig. 1b) was the same category
IMA. AUS-C/A (Fig. 1c) was defined as the presence of mild
cytological atypia [21] in a background of microfollicular,
macrofollicular, mixed micro- and macrofollicular, solid, or tra-
becular proliferative lesions. A tumor capsule or adjacent non-
lesional thyroid tissue was lacking, and equivocal fibrotic cap-
sule mimicking a tumor capsule was occasionally observed.
AUS-O (Fig. 1d) was defined as the presence of predominant
proliferative oncocytic cells without a tumor capsule or adjacent
non-lesional thyroid tissue. An equivocal fibrotic capsule mim-
icking a tumor capsule was occasionally observed and lympho-
cytic thyroiditis background was absent. For category IV, only
the SFN term was used and sub-classified into one of following:
(1) architectural atypia only (SFN-A), (2) both cytologic and
architectural atypia (SFN-C/A), and (3) oncocytic atypia (SFN-
0). SFN-A (Fig. le) was defined as microfollicular,
macrofollicular, mixed micro- and macrofollicular, solid, and
trabecular follicular proliferative lesions with a definite tumor
capsule. SFN-C/A (Fig. 1f) was defined as the presence of mild
cytological atypia [21] in a background of microfollicular,
macrofollicular, mixed micro- and macrofollicular, solid, or tra-
becular proliferative lesions with a definite tumor capsule. SFN-
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Fig. 1 Histologic features of various sub-categories of atypia of unknown
significance (AUS; a—d) and suspicious follicular neoplasm (SFN, e and
f) at the border between lesion and non-lesional areas in core needle
biopsies of the thyroid (hematoxylin—eosin [H&E], original
magnification x 200). a The AUS-architectural atypia only specimen
shows microfollicular and trabecular proliferative follicular cells
without a definite tumor capsule. b The AUS-cytologic atypia only
specimen shows a few atypical follicular cells (arrow) in a background
of dense fibrotic stroma with suspicious psammoma body calcification. ¢
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The AUS-both cytologic and architectural atypia specimen shows
microfollicular proliferative follicular cells with mild nuclear atypia and
without a definite tumor capsule. d The AUS-oncocytic atypia specimen
shows trabecular proliferative oncocytic cells without adjacent non-
lesional thyroid tissue. ¢ The SFN-architectural atypia only specimen
shows microfollicular proliferative follicular cells with a thin definite
tumor capsule (arrow). f The SFN-both cytologic and architectural atypia
specimen shows microfollicular proliferative follicular cells with mild
nuclear atypia and a thin fibrous tumor capsule (arrow)
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O was defined as the presence of predominant proliferative
oncocytic cells with a definite tumor capsule. The lymphocytic
thyroiditis background was usually absent.

In addition, surgical specimens were reviewed for the di-
agnosis of the non-invasive encapsulated follicular variant of
papillary thyroid carcinoma (NI-EFVPTC) and diagnosed in
accordance with the 2017 WHO criteria [21]. Histological
diagnostic criteria of NI-EFVPTC included a follicular growth
pattern, encapsulation (completely or partially) with clear de-
marcation from the adjacent thyroid parenchyma, the presence
of mild nuclear atypia, and the absence of capsular or vascular
invasion in all tumor capsules, similar to the criteria reported
by Nikiforov et al. [22].

Estimation of Malignancy Risk

Considering the inherent bias in the estimation of ROM in
thyroid nodules, the ROM was determined as a range. The
“lower-bound estimate” was calculated by dividing the num-
ber of confirmed malignancies by the total number of each
sub-category. The assumption that all non-operated AUS or
SFN nodules were benign is subject to verification bias and,
therefore, underestimates the prevalence of malignancy. The
“upper-bound estimate” was calculated by dividing the num-
ber of confirmed malignancies by the number of AUS or SFN
nodules selected to undergo surgery.

Statistical Analysis

IBM SPSS Statistics for Windows v19.0 (IBM Corp., Armonk,
NY) was used for all statistical analyses. Continuous variables
are expressed as mean + standard deviation, and categorical
variables are shown as percentages. To evaluate differences in
demographic data and ultrasound features between the AUS
and SFN groups, the Student’s ¢ test was used for continuous
variables and the chi-square test or Fisher’s exact test was used
for binary variables. The comparison of ROM between AUS/
SFM category with cytologic atypia and without atypia was
performed using chi-square test.

Results

Diagnostic Rates According to the Bethesda
Categories

Table 1 shows a comparison of the diagnostic rates according
to the Bethesda categories of both FNAs and CNBs among the
4281 patients included in the analysis. For Bethesda category
III (AUS), the diagnostic rate was similar between FNA
(24.1%) and CNB (24.5%). However, for Bethesda category
IV (SFN), the CNB diagnostic rate was significantly higher
than FNA (7.6% vs. 0.9%, respectively; p <0.001). The rate

of non-diagnostic Bethesda category I was significantly lower
in the CNB than the FNA group (5.9% vs. 10.3%, respective-
ly; p<0.001).

Risk of Malignancy in CNB Specimens

Overall, 24.5% (556/2267) and 7.6% (172/2267) of all thyroid
CNB specimens were classified as AUS and SFN, respectively.
Patient demographic information showed that the AUS group
had a significantly higher proportion of female patients and a
higher median age (Table 2). Comparative analysis of ultrasound
features also showed some significant differences between the
two groups. In addition, FNA prior to CNB was performed in
222 patients of AUS group and 67 patients of SFN group, and its
previous FNA results were followed: Bethesda I (n =33),
Bethesda II (n = 76), Bethesda III (n = 104), Bethesda IV (n =
6), and Bethesda V (n = 3) in AUS group and Bethesda I (n =4),
Bethesda IT (n = 22), Bethesda III (n = 37), Bethesda IV (n =2),
and Bethesda V (n =2) in SFN group.

The final pathologic diagnosis was obtained by diagnostic
surgery in 162 cases (30.2%) of AUS and 105 cases (61%) of
SFEN. For nodules categorized as AUS, 38 cases were seen to
be non-neoplastic hyperplasia and 124 cases were neoplasms
(Table 3). Malignancy was diagnosed in 85 cases, which in-
cluded follicular thyroid carcinoma (FTC, n=26), NI-
EFVPTC (n=25), invasive encapsulated FVPTC (n=22),
classical type PTC (n=9), infiltrative FVPTC (n=5), and
other variants of PTC (n=3). For nodules categorized as
SEN, eight cases (7.6%, 8/105) were non-neoplastic hyperpla-
sias and 97 cases were neoplasms (Table 4). Malignancy was
diagnosed in 61 cases, which included infiltrative FVPTC
(n=24), FTC (n=18), NI-EFVPTC (n = 14), solid variants
of PTC (n=2), poorly differentiated thyroid carcinomas
(n=2), and metastasis from renal cell carcinoma (n=1).

The ROM of AUS and SFN nodules was 15.3-52.5% and
35.5-58.1%, respectively. When the ROM was recalculated
by removing NI-EFVPTC from the evaluation of malignan-
cies, the ROM diminished to 10.8-37% and 27.3-44.8%, re-
spectively (Table 5).

Risk of Malignancy According to Sub-classification
of AUS and SFN

The final pathologic diagnosis for each sub-category of AUS
and SFN is shown in Table 3. The ROM in the AUS category
differed according to the nature of the atypia. The ROM was
higher in AUS-C (22.9-88.9%) and AUS-C/A (32.9-90.3%)
sub-categories than the AUS-A (11.9—40%) and AUS-O (7.5—
41.7%) sub-categories. The ROM in the AUS category with
cytologic atypia was significantly higher than in the AUS
category without cytologic atypia (p value < 0.01). This trend
was similarly in the SFN category, as the ROM in the SFN-C/
A (37.5-75%) sub-category was higher than in SFN-A (40—
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Table 1 Comparison of
diagnostic rate of FNA and CNB
according to the Bethesda
categories

Bethesda categories FNA CNB Total p value
Bethesda I 208 (10.3%) 133 (5.9%) 341 (8.0%) <0.001*
Bethesda II 1019 (50.6%) 869 (38.3%) 1888 (44.1%) <0.001*
Bethesda III 485 (24.1%) 556 (24.5%) 1041 (24.3%) 0.735%
Bethesda IV 18 (0.9%) 172 (7.6%) 190 (4.4%) <0.001*
Bethesda V 97 (4.8%) 58 (2.6%) 155 (3.6%) <0.001*
Bethesda VI 187 (9.3%) 479 (21.1%) 666 (15.6%) <0.001*
Total 2014 2267 4281

FNA fine needle aspiration, CNB core needle biopsy

*Based on the Bonferroni correction, p <0.004 (= 0.5/12) refers to significant difference in distribution between
FNAs and CNBs in each Bethesda category

57.9%) and SFN-O (21.1-47.1%). NI-EFVPTCs accounted
for 4.5-15.4% of the AUS category and 8.1-13.3% of the
SFN category and were primarily found in the AUS-C/A
and SFN-C/A sub-categories. The ROM in the SFN category
with cytologic atypia was significantly higher than in the SFN
category without cytologic atypia (p value = 0.04).

Table 2 Patients demographics,
US, and histologic characteristics
of the thyroid nodules
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Discussion

In the current analysis of thyroid nodule CNB specimens, we
found that the ROM of AUS and SFN nodules was 15.3—
52.5% and 35.5-58.1%, respectively. The ROM differed
when specimens were further sub-classified according to the

Characteristics Total AUS SEN p value

Number 728 556 172

Age® (years) 52.2 (30-79) 52.7 (30-74) 50.5 (36-79) 0.046

Gender (male/female) 151/577 105/451 46/126 0.026

Size of nodule?® (cm) 23.0 (4-100) 21.9 (4-100) 26.7 (7-90) <0.001

Composition of nodule 0.905
Solid 519 397 (71.4%) 122 (70.9%)

Solid and cystic 209 159 (28.6%) 50 (29.1%)

Sonographic echogenicity 0.289
Hyper/isoechoic 462 347 (62.4%) 115 (66.9%)

Hypoechoic 266 209 (37.6%) 57 (33.1%)

Shape of nodule 0.159
Ovoid to round 709 538 (96.8%) 171 (99.4%)

Taller than wide 17 16 (2.9%) 1(0.6%)
Irregular 2 2 (0.4%) 0

Margin of nodule <0.001
Smooth 568 415 (74.6%) 153 (89.0%)

[1l-defined 125 109 (19.6%) 16 (9.3%)
Spiculated 35 32 (5.8%) 3 (1.7%)

Calcification 0.001
None 585 430 (77.34%) 155 (90.1%)
Microcalcification 48 43 (7.73%) 5(2.9%)
Macrocalcification/rim calcification 95 83 (14.93%) 12 (7.0%)

Biopsy needle size 0.001
1.1 cm 466 375 (67.4%) 91 (52.9%)

1.6 cm 262 181 (32.6%) 81 (47.1%)
Number of biopsy 1.2 (1-3) 1.2 (1-3) 1.2 (1-3) 0.509

#Data are expressed as the median with a range in the parenthesis

AUS atypia of unknown significance, SFN suspicious follicular neoplasm
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Table 3 Comparison of the risk

of malignancy according to sub- Sub-classification Nodular hyperplasia ~ Neoplasm Malignancy (ROM)  NI-EFVPTC

classification of atypia of categories (n = total, surgery)

undetermined significance,

category III for reporting thyroid AUS-A 31 79 44 13

CNBs (n=369, 110) (8.4-28.2%) (21.4-718%)  (11.9-40%) (3.5-11.8%)
AUS-C 1 8 8 1
(n=35,9) (2.9-11.1%) (22.9-889%) (22.9-88.9%) (2.9-11.1%)
AUS-C/A 2 29 28 10
(n=85,31) (2.4-6.5%) (34.1-93.5%)  (32.9-90.3%) (11.8-32.3%)
AUS-O 4 8 5 1
(n=67,12) (6.0-33.3%) (11.9-66.7%)  (1.5-41.7%) (1.5-8.3%)
Total AUS 38 124 85 25
(n=556,162) (6.8-23.5%) (22.3-76.5%)  (15.3-52.5%) (4.5-15.4%)

ROM risk of malignancy, AUS-A atypia of undetermined significance-architectural atypia only, AUS-C atypia of
undetermined significance-cytologic atypia only, AUS-C/A atypia of undetermined significance-both cytologic
and architectural atypia, AUS-O atypia of undetermined significance-oncocytic atypia, NI-EFVPTC non-invasive
follicular variant of papillary thyroid carcinoma

nature of the atypia. The ROM was higher in AUS or SFN
with cytologic atypia than those without cytologic atypia.
Therefore, sub-classification of the AUS and SFN category
in CNB specimens can provide valuable information,
allowing risk stratification of individual patients and
supporting the diagnostic or therapeutic management of inde-
terminate thyroid nodules.

Due to a high degree of heterogeneity, many studies of
FNA have proposed the use of sub-classifications of the
AUS/FLUS category to identify higher-risk sub-group and
to refine management protocols. Several studies have shown
an increased ROM in nuclear atypia sub-categories [6-8, 12,
23-26]. In our study, sub-classification of AUS on CNB, as
recommended by TBSRTC, showed similar results. The ROM
differed according to the nature of the atypia, with the ROM of
AUS with cytologic atypia being higher than that of AUS
without cytologic atypia (AUS-A and AUS-O).

In contrast to the AUS/FLUS category, there is a paucity of
literature investigating the sub-classification of SFN/FN on

FNA [12-14, 27]. Goldstein et al. found that follicular neo-
plasms with nuclear atypia had a significantly higher ROM of
44.4% compared with 6.8% in those without nuclear atypia
[13]. Ustun et al. sub-classified follicular neoplasms into three
categories: (i) microfollicular patterned neoplasm, (ii) Hiirthle
cell neoplasm, and (iii) follicular lesions with some features
suggestive of, but not diagnostic of, the FVPTC [14]. The
ROM was seen to be 29%, 26%, and 73%, respectively, indi-
cating that follicular neoplasms with even subtle nuclear
atypia had a high positive predictive value for malignancy.
Recently, Lim et al. sub-classified SFN/FN into follicular neo-
plasms with nuclear atypia and without nuclear atypia, and the
ROM was significantly higher in follicular neoplasms with
nuclear atypia (57.6% vs. 21.8%) [12]. Recent meta-analysis
reported that there is no significant difference in the preva-
lence of malignancy between nodules of SFN/FN with and
without nuclear atypia [25], although this study had some
limitation by its small sample sizes of the sub-groups. To
our knowledge, sub-classifications of SFN/FN on CNB have

Table 4 Comparison of the risk

of malignancy according to sub- Sub-classification Nodular hyperplasia ~ Neoplasm Malignancy (ROM)  NI-EFVPTC

classification of suspicious categories (n = total, surgery)

follicular neoplasm, category IV

for reporting thyroid CNBs SFN-A 6 70 44 8
(n=110, 76) (5.5-7.9%) (63.6-92.1%)  (40-57.9%) (7.3-10.5%)
SEN-C/A 1 11 9 4
(n=24, 12) (42-8.3%) (458-91.7%)  (37.5-75%) (16.7-33.3%)
SFN-O 1 16 8 2
(n=38, 17) (2.6-5.9%) (42.1-94.1%)  (21.1-47.1%) (5.3-11.8%)
Total SFN 8 97 61 14
(n=172,105) (4.7-7.6%) (56.4-92.4%)  (35.5-58.1%) (8.1-13.3%)

ROM risk of malignancy, SFN-A suspicious follicular neoplasm-architectural atypia only, SFN-C/A suspicious
follicular neoplasm-both cytologic and architectural atypia, SFN-O suspicious follicular neoplasm-oncocytic
atypia, NI-EFVPTC non-invasive encapsulated follicular variant of papillary thyroid carcinoma
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Table 5 Impact of reclassifying non-invasive encapsulated follicular
variant of papillary thyroid carcinoma on the risk of malignancy in the
atypia of undetermined significance and suspicious follicular neoplasm
categories for reporting thyroid CNBs

Diagnostic category ~ NI-EFVPTC = cancer =~ NI-EFVPTC # cancer
(ROM) (ROM)

AUS 85 (15.3-52.5%) 60 (10.8-37%)

SFN 61 (35.5-58.1%) 47 (27.3-44.8%)

NI-EFVPTC non-invasive encapsulated follicular variant of papillary thy-
roid carcinoma

not been investigated. The current study showed similar re-
sults to those performed in the thyroid FNA specimens, with
the ROM of SFN with cytologic atypia being higher than that
of SFN without cytologic atypia.

In the present study, the ROM of AUS with cytologic
atypia and AUS with both cytologic and architectural atypia
on CNB (22.9-88.9% and 32.9-90.3%, respectively) far
exceeded the implied ROM of 15-30% of the AUS/FLUS
category by TBSRTC [28]. Because the second edition of
TBSRTC [28] includes diagnostic lobectomy as an option
for standard management in the AUS/FLUS category, a diag-
nostic lobectomy can be an appropriate management approach
for AUS with cytologic atypia on CNB, after considering
other suspicious clinical features of indeterminate thyroid
nodules.

US-guided CNB is a safe and well-tolerated procedure with
distinct diagnostic advantages due to the ability to readily as-
sess histological architecture and growth patterns by obtaining
larger tissue sample than FNA. However, current guidelines
contain limited recommendations for thyroid CNB. The
National Cancer Institute, American Association of Clinical
Endocrinologists/American College of Endocrinology/
Associazione Medici Endocrinologi (AACE/ACE/AME), and
the Korean Society of Thyroid Radiology (KSThR) have pro-
posed CNB for thyroid nodules with previous non-diagnostic
FNA results [28-30]. The KSThR also recommends the use of
CNB as an alternative method for a repeated investigation of
nodules with AUS/FLUS on previous FNA evaluation [30].
However, data on the use of CNB for nodules with previous
AUS/FLUS FNA results are limited by the lack of a widely
accepted reporting system [28].

Recently, a CNB pathology reporting system based on the
six TBSRTC categories has been produced by the Korean
Endocrine Pathology Thyroid CNB Study Group [20].
While each diagnostic category in the TBSRTC has an im-
plied ROM and clearly recommended clinical management
steps, only limited data are available on the ROM in each
diagnostic category [16, 20]. Among the six categories of
CNB pathology, assessment of the ROM associated with cat-
egory Ill-indeterminate lesions and category IV-FN/SFN is
particularly important as these are highly heterogeneous
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groups comprising lesions that could not be confidently la-
beled as benign or malignant [12]. Therefore, we evaluated
the ROM for nodules diagnosed as category III or [IVon CNB
specimens. We used the term of “AUS” instead of
“indeterminate lesions” on CNB, which is considered to allow
better comparison with the same TBSRTC category.
Indeterminate lesions include TBSRTC categories III, IV,
and V in the thyroid FNA; therefore, the use of “indeterminate
lesions” on CNB can lead to some confusion among endo-
crine clinicians. Here, we used the term “SFN” rather than
“FN” because the tumor capsule can be observed at the tumor
interface of the CNB specimen; however, it is not possible to
be certain whether the observed tumor capsule is complete or
not. The ROM of AUS and SFN nodules was 15.3-52.5% and
35.5-58.1%, respectively, which is somewhat higher than that
with FNA (10-30% and 25-40%, respectively). In the current
study, the upper bound of ROM for AUS and SFN was similar
(58.1% and 52.5%, respectively) despite the difference in sur-
gery rates between two categories (30.2% and 61%, respec-
tively). One of the possible reasons for the higher ROM ob-
served in the AUS group could be associated with the fact that
most patients in this category were recommended for regular
follow-up and repeated CNB, rather than a diagnostic lobec-
tomy. Therefore, patients who underwent surgery for nodules
with AUS are more likely to have other clinically suspicious
features that may increase the final malignancy risk. The NI-
EFVPTCs constituted a substantial proportion of malignan-
cies in the categories of AUS and SFN. When NI-EFVPTCs
were omitted from the analysis, the ROM diminished to 10—
37% and 27.3—44.8%, respectively, which is still somewhat
higher than that of FNA, which is estimated to be 6—-18% and
10-40%, respectively.

There are several limitations to the current study. First, it
is a retrospective analysis. Secondly, referral bias for pa-
tients in a tertiary center should be considered and may
have led to a high malignancy rate for thyroid nodules in
this study. Thirdly, not all patients with AUS nodules
underwent surgery and therefore the true malignancy rate
may differ from the estimated rate seen in our study.
Therefore, lower- and upper-bound estimates of ROM were
used, as the upper-bound estimate is subject to selection
bias and a possible overestimation of the prevalence of
malignancy. The true prevalence is likely to lie between
the lower- and upper-bound approximations.

In conclusion, both AUS and SFN categories for
CNB showed higher ROM than those of the same cat-
egories in the second edition of TBSRTC. The ROM
was higher in sub-categories with cytologic atypia than
without cytologic atypia. Because of the heterogeneous
nature of AUS and SFN, sub-classification may help to
achieve appropriate risk stratification and therefore al-
low optimal clinical management of patients undergoing
CNB for various thyroid nodules.
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