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Objective: This study aimed to evaluate the performance of an integrated risk stratification system (RSS) based on
ultrasound (US) RSSs, nodule size, and cytology subcategory for diagnosing malignancy in thyroid nodules initially identified
as Bethesda category III on fine-needle aspiration.

Materials and Methods: This retrospective study was conducted at two institutions and included consecutive patients with
Bethesda category III nodules, and final diagnoses confirmed by repeat biopsy or surgery. A total of 320 Bethesda category
III nodules (>1 cm) from 309 patients (223 female and 86 male; mean age, 50.9 + 12.0 years) were included. The malignancy
risk of Bethesda category III nodules and predictors of malignancy were assessed according to US RSSs, nodule size, and
cytology subcategory. The diagnostic performances of US-size cytology (USC) RSS and US RSS alone for malignancy were
compared.

Results: The intermediate or high suspicion US category independently increased the malignancy risk in all US RSSs (P <
0.001). Large nodule size (>3 cm) independently increased the malignancy risk of low- or intermediate suspicion US category
nodules. Additionally, the atypia of undetermined significance cytology subcategory independently increased the malignancy
risk of low suspicion US category nodules in most US RSSs. The area under the receiver operating characteristic curve of the
USC RSSs was greater than that of the US RSSs alone (P < 0.048). Malignancy was not found in the very low risk category of
USC RSS.

Conclusion: The diagnostic performance of USC RSS for malignancy was superior to that of US RSS alone in Bethesda category
III nodules. Malignancy can be ruled out in the very low-risk category of USC RSS.
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INTRODUCTION

Ultrasound (US)-guided fine-needle aspiration (FNA) is
the standard procedure for primary diagnosis of thyroid
nodules. However, this method is limited by high rates of
inconclusive results, including Bethesda category I (non-
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diagnostic) and Bethesda category III (atypia/follicular
lesion of undetermined significance [AUS/FLUS]). The
reported rate of Bethesda category III cases ranges from
3.0% to 20.5%, depending on the institution [1-7], and
these cases show higher rates of inconclusive results (up to
65.4%) on repeat FNA [8-10]. As a result, a considerable
number of patients diagnosed with Bethesda category III
on initial FNA undergo unnecessary diagnostic surgery
following inconclusive results on repeat FNA. The estimated
malignancy risk for this category is 13% to 30% according
to a recent Bethesda System report [11] and approximately
27% to 34% according to systematic reviews and meta-
analyses [12,13].

The management of nodules initially diagnosed as
Bethesda category III remains controversial and includes
observation with US surveillance, repeat FNA or core
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needle biopsy (CNB), molecular tests, or diagnostic
surgery, depending on the US features, clinical risk
factors, and patient factors [14-19]. Therefore, researchers
have investigated the estimation and stratification of
individual malignancy risks for Bethesda category III
nodules to optimize patient management. Previous studies
have consistently reported that US features or US risk
stratification systems (RSSs) can stratify the malignancy
risk of Bethesda category III nodules [20-23] and that
AUS nodules with nuclear atypia tend to have a higher
malignancy rate than FLUS nodules with architectural atypia
[11,24,25,26]. Although the predictive role of nodule size
for malignancy in Bethesda category III nodules is unclear
[26,27], nodule size may stratify malignancy risk in the
mutation-negative subgroup [28]. However, the integrated
RSS based on these three predictors of malignancy has
rarely been investigated in Bethesda category III nodules.
Therefore, this study aimed to evaluate the performance
of an integrated RSS based on the US RSSs, nodule size,
and cytology subcategory for diagnosing malignancy in
Bethesda category III nodules on FNA.

MATERIALS AND METHODS

Study Design and Patient Characteristics

This retrospective observational cohort study was
approved by the Institutional Review Boards of Seoul
National University Hospital and the Human Medical
Imaging and Intervention Center (IRB No. 2010-028-1162
and HI2020-01, respectively). Furthermore, the requirement
for informed consent was waived owing to its retrospective
nature. This study was performed in accordance with the
Standards of Reporting of Diagnostic Accuracy Studies
statement [29]. This study was conducted at two institutions
from January 2010 to December 2014, and included
consecutive patients with thyroid nodules initially identified
as Bethesda category III by FNA, with final diagnoses
confirmed by repeat biopsy or surgery. Thyroid nodules
were excluded based on the following criteria: 1) nodules
less than 1 cm, 2) nodules without a follow-up biopsy, or
3) nodules without a final diagnosis.

The final diagnosis of malignancy was determined by
the histopathology obtained from surgical resection
or a malignant result (category VI) on FNA or CNB.
Final diagnoses of benign nodules were determined by
histopathology obtained from surgical resection or at least
one benign diagnosis (category II) on repeat FNA or CNB
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without a diagnosis of follicular neoplasm, suspicious for
malignancy, or malignancy on additional repeat FNA or CNB.

From January 2010 to December 2014, 798 thyroid nodules
(10.4%) were initially diagnosed as Bethesda category III
among 7657 consecutive nodules that underwent FNA at the
two institutions [30]. Of the 798 nodules, sub-centimeter
nodules (n = 297), nodules with no follow-up repeat FNA or
CNB (n = 95), and nodules with no final diagnosis (n = 86)
were excluded. Therefore, 320 consecutive thyroid nodules
(>1 cm) with final diagnoses, from 309 patients (223 female
and 86 male; mean age, 50.9 + 12.0 years) were finally
included in this study (Fig. 1).

US Examination and Image Analysis

A high-resolution color Doppler US with a 10-12 MHz
or 5-14 MHz linear array transducer (Aplio XG, Toshiba,
Otawara, Japan; iU22, Philips Medical Systems, Bothell,
WA, USA) was used. All US images were retrospectively
assessed by two radiologists (D.G.N. and H.S.A.) who had
22 and 7 years of experience, respectively, in performing
thyroid US, who were unaware of the FNA results or final
diagnoses. The radiologists independently evaluated the
US features of thyroid nodules: composition, echogenicity,
margin, orientation (taller-than-wide), echogenic foci
(calcification) and the US features of discrepant cases were
determined by a consensus of the two reviewers. Thyroid
nodules were assessed and classified according to the US
RSSs of four societies: the American College of Radiology
(ACR) Thyroid Imaging Reporting and Data System (TI-RADS),
American Thyroid Association (ATA) system, European

‘ 798 thyroid nodules initially diagnosed as Bethesda category III by FNA

* 297 nodules <1 cm
> * 95 nodules without follow-up biopsy
* 86 nodules without final diagnosis

\4
320 Bethesda category III thyroid nodules (309 patients)
with final diagnoses (=1 cm)

A\
Malignancy (n = 66)

* Surgery (n = 62)

* rFNA or CNB (n = 4)

\ 4
Benign (n = 254)

* Surgery (n = 62)

* rFNA or CNB (n = 192)

Fig. 1. Flow diagram of patient enrollment. FNA = fine-needle
aspiration, rFNA = repeat FNA, CNB = core needle biopsy
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(EU)-TIRADS, and Korean (K)-TIRADS [14,16,31,32]. The
nodules classified as benign, very low suspicion, or low
suspicion according to the US RSSs were categorized into
the same low-suspicion US category to develop the RSS
for the Bethesda category III nodules. The 38 unclassified
nodules (12.6%), including three entirely calcified nodules
and 35 isoechoic nodules with suspicious features, were
categorized as intermediate suspicion nodules according to
the ATA system. Moreover, the three unclassified, entirely
calcified nodules (0.9%) were categorized as intermediate
risk nodules for this study, considering the estimated
intermediate malignancy risk of these nodules [33,34].

US-Guided FNA Procedure and Cytology Analysis

During the study period, US-guided FNA was routinely
performed as a first-line assessment for suspicious or
indeterminate thyroid nodules measuring >1 c¢cm [35].
A conventional freehand method was used and at least
two samples were obtained from each nodule [30]. FNA
interpretation was based on the Bethesda System for
Reporting Thyroid Cytopathology [36]. Two endocrine
pathologists retrospectively subcategorized the Bethesda
category IIT cytology into two subcategories: AUS and
FLUS. The AUS subcategory included nodules with nuclear
atypia, but not enough atypia to be considered suspicious
for malignancy. The FLUS subcategory included nodules with
architectural atypia but not enough to be diagnosed as a
follicular neoplasm or as suspicious for a follicular neoplasm
[36,37].

Development of Integrated RSS for Bethesda Category III
Nodules Based on US Category, Nodule Size, and Cytology
Subcategory

The malignancy rates of Bethesda category III nodules
were assessed according to the US category, nodule size, and
cytology subcategory in all nodules, and subgroup analysis
was performed according to the classified US categories.
The associations of US categories, nodule size, and cytology
subcategories with malignancy were assessed in Bethesda
category III nodules and subgroups of the classified US
categories. The integrated RSS for Bethesda category III
nodules was developed based on the estimated malignancy
rates according to the classified US categories, nodule size,
and cytology subcategory, and the predictors for malignancy
were identified according to the classified US categories.
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Data Analysis and Statistics

Continuous variables are presented as mean + standard
deviation or median (interquartile range) according to
parametric or nonparametric distribution, respectively.
Categorical variables are reported as frequencies and
percentages. The unpaired t-test or Mann-Whitney U test
was used to compare continuous variables between benign
and malignant nodules. The chi-square test or Fisher’s exact
test was used to compare categorical variables among the
categories of nodule size and cytology subcategories in
all categories and subgroups of the three US categories.
The Mantel-Haenszel chi-square trend test was used to
investigate the trend of the malignancy rate as the scores of
the US RSSs and the developed integrated US-size-cytology
(USC) RSS increase. Multivariable logistic regression analyses
were performed to determine the independent predictors
of malignancy among the US categories, nodule size, and
cytology subcategories. The performance of US RSSs and USC
RSS in diagnosing malignancy was compared using receiver
operating characteristic (ROC) analysis. Test positivity was
defined as intermediate or high risk in the USC RSS and
intermediate or high suspicion in the US RSSs. Sensitivity
and specificity were compared between the USC RSS and
US RSSs using the McNemar test. In addition, interobserver
agreement for the classified US categories of the four US
RSSs were assessed using Cohen’s « statistics (0.81-1.00,
almost perfect agreement; 0.61-0.80, substantial agreement;
0.41-0.60, moderate agreement; 0.21-0.40, fair agreement;
and 0.00-0.20, slight agreement) [38]. Statistical analyses
were performed using SPSS version 28.0 for Windows (IBM
Corp., Armonk, NY, USA) and MedCalc 19.3.1 software
(Ostend, Belgium). Statistical significance was defined as a
P-value <0.05.

RESULTS

Demographic Data and the Characteristics of Thyroid
Nodules

Table 1 shows the patients’ demographic data and
characteristics of the Bethesda category III nodules. The
malignancy rate of the Bethesda category III nodules was
20.6%. The maximum nodule diameter did not significantly
differ between benign and malignant nodules (P = 0.123),
however, the number of large nodules (>3 cm) was higher
among malignant nodules than among benign nodules (P =
0.013). The number of AUS subcategory nodules was higher
among malignant than among benign nodules; however,
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Table 1. Demographic data and the characteristics of Bethesda category III thyroid nodules

Parameter Benign Malignant All P
Patient data
No. of patients 246 63 309
No. of female patients 177 (72.0) 46 (73.0) 223 (72.2) 0.866
Age, yrs, mean + SD 51.3 £ 11.9 49.3 + 12.0 50.9 + 12.0 0.238
Nodule data
No. of nodules 254 (79.4) 66 (20.6) 320
Maximal nodule diameter, cm, 1.4 (1.1-1.9) 1.6 (1.2-2.5) 1.4 (1.1-2.0) 0.123
median (IQR)
Nodule size category 0.013
<3 cm 234 (81.2) 54 (18.8) 288
>3 cm 20 (62.5) 12 (37.5) 32
FNA cytology subcategory 0.145
AUS 190 (74.8) 55 (83.3) 245 (76.6)
FLUS 64 (25.2) 11 (16.7) 75 (23.4)
Final diagnosis
By surgery 62 (24.4) 62 (93.9)

Nodular hyperplasia: 42
Follicular adenoma: 18
Benign fibrotic nodule: 1
Hyalinizing trabecular tumor: 1
192 (75.6)

At least two benign diagnoses: 87
One benign diagnosis: 105

By FNA or CNB

Papillary thyroid carcinoma: 51
(28 conventional and 23 follicular variants)
Follicular thyroid carcinoma: 10
Medullary thyroid carcinoma: 1
4 (6.1)
Papillary thyroid carcinoma: 3
Lymphoma: 1

Data show the number of patients or nodules, with percentages in parentheses, unless otherwise indicated.
SD = standard deviation, IQR = interquartile range, FNA = fine needle aspiration, AUS = atypia of undetermined significance, FLUS =
follicular lesion of undetermined significance, CNB = core needle biopsy

the difference was not statistically significant (P = 0.145).
The proportion of papillary thyroid carcinoma (PTC) among
malignant tumors was lower in larger (>3 cm) than in smaller
(<3 cm) malignant tumors (50.0% vs. 88.9%, P = 0.005);
however, the proportion of non-PTC malignant tumors was
higher in larger (=3 cm) than in smaller (<3 c¢cm) malignant
tumors (50.0% vs. 11.1%, P = 0.005). While the risk of PTC
was not associated with nodule size (P = 0.598), the risk of
non-PTC malignant tumors increased with increasing nodule
size (P < 0.001), and this risk was significantly higher in
larger nodules (>3 cm) than in smaller (<3 cm) nodules
(18.8% vs. 2.1%, P = 0.001). Out of 12 large malignant
tumors (=3 cm), 9 to 11 (75.0% to 91.7%) were categorized
as low or intermediate suspicion according to the US RSSs.
Interobserver agreement for classified US categories
of nodules was substantial for all four RSSs, as shown by
Cohen’s kappa value (ACR TI-RADS, 0.72, 95% confidence
interval [CI], 0.66, 0.78; ATA system, 0.77, 95% CI, 0.71,
0.82; EU-TIRADS, 0.78, 95% CI, 0.72, 0.84; and K-TIRADS,
0.73, 95% (I, 0.67, 0.80).

kjronline.org https://doi.org/10.3348/kjr.2024.0292

Malignancy Rate of Bethesda Category III Nodules
According to US Category, Nodule Size, and Cytology
Subcategory

Table 2 shows the malignancy rates of Bethesda category
III nodules according to the US categories classified
by US RSSs. In all US RSSs, there was a trend toward an
increasing malignancy rate with increasing US scores for
overall Bethesda category III nodules (P < 0.001) and for
each AUS and FLUS subcategory nodule (P < 0.026). Larger
nodules (=3 cm) showed a higher malignancy rate than
smaller (<3 c¢m) nodules in all Bethesda category III nodules
(37.5% vs. 18.8%, P = 0.013), and in each AUS and FLUS
subcategory nodule (P = 0.057 and 0.050, respectively).
However, there was no difference in the malignancy rate
between the 1-1.9-cm and the 2-2.9-cm nodules (18.9%
and 18.0%, respectively; P = 0.881) in all Bethesda category
III nodules. The larger (=3 cm) nodules showed significantly
higher malignancy rates than smaller (<3 cm) nodules in the
low suspicion US categories of all US RSSs (P < 0.035) and
intermediate suspicion US categories of the ATA system (P =
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Table 2. Malignancy rates of Bethesda category III nodules according to US categories classified by four US RSS
US RSS : Final dlagnoses. All (n = 320) Malignancy rate, % P*
(score) Benign (n = 254) Malignancy (n = 66)
ACR TI-RADS <0.001
1 2 2 0
2 42 5 47 10.6
3 103 111 7.2
4 87 32 119 26.9
5 20 21 41 51.2
ATA system <0.001
2 56 7 63 11.1
3 100 10 110 9.1
4 79 30 109 27.5
5 19 19 38 50.0
EU-TIRADS <0.001
3 142 15 157 9.6
4 58 24 82 29.3
5 54 27 81 33.3
K-TIRADS <0.001
2 2 0 2 0
3 154 17 171 9.9
4 87 30 117 25.6
5 11 19 30 63.3

*P-values represent the trend toward an increasing malignancy rate with increasing RSS score.
US = ultrasound, RSS = risk stratification system, ACR TI-RADS = American College of Radiology Thyroid Imaging Reporting and Data
System, ATA = American Thyroid Association, EU-TIRADS = European-Thyroid Imaging Reporting and Data System, K-TIRADS = Korean-

Thyroid Imaging Reporting and Data System

0.025) and K-TIRADS (P = 0.017) (Supplementary Table 1).
However, there were no significant differences in malignancy
risk between larger (>3 cm) and smaller (<3 c¢m) nodules in
the high suspicion US categories of all US RSSs (P > 0.395).
The AUS subcategory nodules showed higher malignancy
rates than the FLUS subcategory nodules only in the low
suspicion US categories; however, the observed differences
did not reach statistical significance in all US RSSs (10.2%-
12.4% vs. 2.3%-2.4%, respectively; P = 0.084-0.146).

Association of US Categories, Nodule Size, and Cytology
Subcategory With Malignancy in Bethesda Category III
Nodules

Multivariable logistic regression analyses showed that the
intermediate- and high-suspicion US categories of all RSSs
and larger nodule size (=3 cm) independently increased
malignancy risk in all Bethesda category III nodules (P <
0.001 for all) (Supplementary Table 2). The AUS subcategory
was not significantly associated with malignancy in all
US RSSs (P > 0.062) except the EU-TIRADS (P = 0.049).
Subgroup analysis showed that nodule size (>3 cm) was

928

independently associated with malignancy in the subgroup
of low suspicion US categories of all US RSSs (P < 0.010)
and in the subgroup of intermediate suspicion US categories
of the ATA system (P = 0.030) and K-TIRADS (P = 0.020).
However, there was no association between large nodule
size (=3 c¢m) and malignancy in the high suspicion US
categories of all US RSSs (P > 0.128) in multivariable
analyses. Subgroup analysis of cytology subcategory showed
that the AUS subcategory was independently associated
with malignancy only in the low suspicion US categories of
all RSSs (P < 0.049) except the ACR TI-RADS (P = 0.089).
However, the AUS subcategory was not predictive of
malignancy in intermediate- and high suspicion categories
of all US RSSs, according to multivariable analyses (P >
0.069).

Development of Integrated Risk Stratification System
for Bethesda Category III Nodules Based on US Category,
Nodule Size, and Cytology Subcategory

The four-tiered USC RSS for Bethesda category III nodules
was developed based on the US category, nodule size, and

https://doi.org/10.3348/kjr.2024.0292 kjronline.org
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cytology subcategory (Table 3). The malignancy risk of
low suspicion US category nodules was further stratified
into three risk categories: very low risk (size <3 cm and
FLUS), low risk (size <3 cm and AUS), and intermediate
risk (size >3 cm and AUS or FLUS). The malignancy risk of
intermediate suspicion US category nodules was stratified
into two categories based on nodule size: intermediate
risk, size <3 c¢m, and high risk, size >3 cm. The observed
malignancy risk increased as the USC RSS score increased
in all US RSSs (P < 0.001) (Table 4): very low risk, 0%; low
risk, 8.3%-10.2%; intermediate risk, 22.8%-26.0%; and
high risk, 35.6%-62.5%. For nodules categorized as very
low risk, US surveillance was proposed without additional
diagnostic tests, considering their very low malignancy risk
and relatively small size (<3 cm).

Performance of Ultrasound-Size-Cytology Risk
Stratification System for Diagnosing Malignancy in
Bethesda Category III Nodules: Comparison With US Risk
Stratification Systems

The area under the ROC curve of the USC RSS was
significantly greater than that of all US RSSs (0.708-0.763
and 0.674-0.731, P < 0.048) (Table 5). The diagnostic odds
ratios of the USC RSS were also higher than those of the
US RSSs (USC RSS, 5.60-7.07; US RSS, 4.31-5.60). In all
Bethesda category IIT nodules, the sensitivity of the USC
RSS for malignancy was 81.8%-86.4%, and the specificity
was 50.0%-55.5%. The USC RSS increased the sensitivity by
6.1%-7.6% compared with the US RSSs. In the subgroup of
large (=2 cm) Bethesda category III nodules, the sensitivity
of the USC RSS for malignancy was 90.5%-95.2%, and the
specificity was 37.7%-42.6%. The USC RSS increased the
sensitivity by 19.0%-23.8% compared with the US RSSs.

DISCUSSION

Our study demonstrated that the intermediate or high
suspicion US categories independently increased the
malignancy risk of Bethesda category III nodules in all US
RSSs. A large nodule size (>3 cm) independently increased
the malignancy risk of low and intermediate suspicion US
category nodules, while the AUS cytology subcategory
independently increased the malignancy risk of low suspicion
US category nodules in most US RSSs.

Our study validated that the US RSSs could stratify the
malignancy risk of Bethesda category III nodules in the ACR
TIRADS [22,23,39,40], ATA system [21,23,39,40], EU-TIRADS
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Table 4. Estimated malignancy risks of categories classified by USC risk stratification system for Bethesda category III nodules

 UsC risk : Final diagnosts All(n=320)  Malignancy risk, % (95% CI)  P*
stratification system  Benign (n = 254) Malignant (n = 66)
ACR TI-RADS <0.001
1 (very low) 35 35 0.0 (0, 0)
2 (low) 99 108 8.3 (3.1, 13.6)
3 (intermediate) 95 29 124 23.4 (15.9, 30.8)
4 (high) 25 28 53 52.8 (39.3, 66.2)
ATA system <0.001
1 (very low) 35 0 35 0.0 (0, 0)
2 (low) 106 12 118 10.2 (4.7, 15.6)
3 (intermediate) 90 29 119 24.4 (16.7, 32.1)
4 (high) 23 25 48 52.1 (37.9, 66.2)
EU-TIRADS <0.001
1 (very low) 32 0 32 0.0 (0, 0)
2 (low) 95 10 105 9.5 (3.9, 15.1)
3 (intermediate) 71 25 96 26.0 (17.3, 34.8)
4 (high) 56 31 87 35.6 (25.5, 45.7)
K-TIRADS <0.001
1 (very low) 35 0 35 0.0 (0, 0)
2 (low) 106 12 118 10.2 (4.7, 15.6)
3 (intermediate) 98 29 127 22.8 (15.5, 30.1)
4 (high) 15 25 40 62.5 (47.5, 77.5)

*P-values represent the trend toward an increasing malignancy rate with an increasing classified risk score.
USC = ultrasound-size-cytology, CI = confidence interval, ACR TI-RADS = American College of Radiology Thyroid Imaging Reporting and
Data System, ATA = American Thyroid Association, EU-TIRADS = European-Thyroid Imaging Reporting and Data System, K-TIRADS =

Korean-Thyroid Imaging Reporting and Data System

[39,40], and K-TIRADS [20,23,39,40]. Previous studies have
reported that the malignancy risk of Bethesda category III
nodules can be stratified by a combination of US features
and cytological subcategories [27,40,41]. However, our
study showed that the AUS subcategory independently
predicted malignancy only in low suspicion US category
nodules and the impact of AUS subcategory on malignancy
risk may differ according to US category. The impact of
nodule size on malignancy risk may depend on the histology
type of malignant tumors and US pattern of nodules. The
large nodule size (=3 cm) increased malignancy risk in low
or intermediate suspicion US category nodules, in which the
proportion of non-PTC malignant tumors among malignant
tumors was higher compared with the high suspicion US
category [42]. This finding may explain why nodule size
predicted malignancy in Bethesda category III nodules with
the low or intermediate suspicion US categories according
to our results.

Our results provide several insights into the management
of Bethesda category III nodules. First, malignancy can
be ruled out in the very low risk category of the USC RSS,

930

which was categorized by stratifying the malignancy risk

of nodules with a low suspicion US category and FLUS
subcategory according to nodule size (cutoff, 3 cm). The
estimated malignancy rates (3.9%-20.9%) of nodules in the
low suspicion US category and FLUS subcategory [27,40,41]
are not deemed suitable for US follow-up, especially in
cases of large nodules. This is due to the potential risk of
aggressive local invasion or distant metastasis [43,44].
Therefore, US surveillance can be confidently allowed
without repeat biopsy or molecular study for very low risk
category nodules stratified by the USC RSS. This avoids
additional unnecessary diagnostic intervention in 12.6%-
13.8% of benign nodules and 10.0%-10.9% of all Bethesda
category III nodules. Second, large (=3 cm) nodule size
was a predictor of malignancy in the subgroup of Bethesda
category III nodules in the low or intermediate suspicion
US category, and it was associated with the increased

risk of non-PTC malignant tumors in Bethesda category

III nodules. Third, our study showed that the estimated
diagnostic performance of the USC RSS was similar across
the four widely used US RSSs.
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Table 5. Performance of USC RSS for diagnosing malignancy in Bethesda category III nodules: comparison with US RSSs

US/USCRSS  Sensitivity* Specificity* PPV* NPV* DOR AUROC

ACR TI-RADS  80.3 (53/66) 57.9 (147/254)  33.1(53/160)  91.9 (147/160) 5.60 0.718
[70.7, 89.9] [51.4, 64.0] [25.9, 41.0] [86.5, 95.6] [2.90, 10.79] [0.665, 0.766]

ACR USCRSS  86.4 (57/66) 52.8 (134/254)  32.2 (57/177)  93.7 (134/143) 7.07 0.759
[75.7, 93.6] [46.4, 59.0] [25.4, 39.6] (88.4, 97.1] [3.36, 14.89] [0.709, 0.805]

ATA RSS 74.2 (49/66) 61.4 (156/254)  33.3 (49/147)  90.2 (156/173) 4.59 0.706
[62.0, 84.2] [55.1, 67.4] [25.8, 41.6] [84.7, 94.2] [2.50, 8.42] [0.653, 0.755]

ATA USCRSS  81.8 (54/66) 55.5 (141/254)  32.3 (54/167)  92.2 (141/153) 5.62 0.746
[70.4, 90.2] [49.2, 61.7] [25.3, 40.0] (86.7, 95.9] [2.87, 11.00] [0.695, 0.793]

EU-TIRADS 77.3 (51/66) 55.9 (142/254) 313 (51/163)  90.4 (142/157) 4.31 0.674
[65.3, 86.7] [49.6, 62.1] [24.3, 39.0] [84.7, 94,6] [2.30, 8.07] [0.620, 0.725]

EU-USCRSS  84.8 (56/66) 50.0 (127/254)  30.6 (56/183)  92.7 (127/137) 5.60 0.708
[73.9, 92.5] [43.7, 56.3] [24.0, 37.8] [87.0, 96.4] [2.74, 11.46] [0.655, 0.757]

K-TIRADS 74.2 (49/66) 61.4 (156/254)  33.3 (49/147)  90.2 (156/173) 4.59 0.731
[62.0, 84.2] [55.1, 67.4] [25.8, 41.6] [84.7, 94.2] [2.50, 8.42] [0.679, 0.779]

K-USC RSS 81.8 (54/66) 55.5 (141/254)  32.3 (54/167)  92.2 (141/153) 5.62 0.763
[70.4, 90.2] [49.2, 61.7] [25.3, 40.0] (86.7, 95.9] [2.87, 11.00] [0.712, 0.808]

Data in square brackets are 95% confidence intervals. The cutoff for the diagnosis of malignant tumors were the intermediate risk
category in the USC RSS and the intermediate suspicion category in the US RSSs.

*Data are percentage with the raw data in parentheses.

USC = ultrasound-size-cytology, RSS = risk stratification system, US = ultrasound, PPV = positive predictive value, NPV = negative
predictive value, DOR = diagnostic odds ratio, AUROC = area under the receiver operating characteristic, ACR TI-RADS = American College
of Radiology Thyroid Imaging Reporting and Data System, ATA = American Thyroid Association, EU-TIRADS = European-Thyroid Imaging
Reporting and Data System, K-TIRADS = Korean-Thyroid Imaging Reporting and Data System

This study had several limitations. First, it was
retrospective, and the exclusion of patients who did not
undergo repeat biopsy or those that had no final diagnosis
might have introduced a selection bias. Second, the
reference standard for benign diagnosis was based on one
benign FNA or CNB in 41.3% of benign nodules to reduce
selection bias, which may have resulted in false-negative
results in rare cases. However, this possibility may not have
significantly affected the results because the malignancy
risk was very low in Bethesda category III nodules with
one benign result on repeat FNA [45]. Third, the diagnostic
performance of the USC RSS needs to be validated in further
studies.

In conclusion, the malignancy risk of Bethesda category
IIT nodules can be stratified by the USC RSS based on the US
category classified by the US RSS, nodule size, and cytology
subcategory. The performance of the USC RSS for diagnosing
malignancy was superior to that of the US RSS alone in
Bethesda category III nodules, and very low risk category
nodules classified by the USC RSS can be conservatively
managed with US surveillance, avoiding unnecessary
diagnostic intervention.
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