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INTRODUCTION

Thyroid nodules are common in clinical practice and are 
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detected by ultrasonography (US) in 10%–67% of patients 
[1-3]. Because the risk of malignancy in thyroid nodules 
is primarily assessed by US, clinical guidelines recommend 
US-based management. Both the US features of a thyroid 
nodule and its size determine the need for fine-needle 
aspiration (FNA), with the obtained cytologic results further 
contributing to patient management [1-3].

However, for follicular-patterned lesions, mainly benign 
follicular nodules (hyperplastic/adenomatoid nodule, BN), 
follicular adenoma (FA), follicular carcinoma (FC), and 
follicular variants of papillary thyroid carcinoma (FVPTC), 
the cytological features overlap, such that in some cases, 
they cannot be accurately distinguished by FNA alone [4,5]. 
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Diagnostic uncertainty exists in 15%–30% of aspirates, 
including the Bethesda System for Reporting Thyroid 
Cytology category atypia/follicular lesions of undetermined 
significance (AUS/FLUS) [4]. In such cases, the differential 
diagnosis of benign and malignant follicular-patterned 
lesions is a major clinical challenge [6-10]. 

Previous studies have examined the value of molecular 
testing and core-needle biopsy (CNB) in the differential 
diagnosis and surgical planning of follicular-patterned 
lesions [11,12]. However, these advanced methods are 
expensive and not widely available. Moreover, they do not 
resolve the problem of overlap. Consequently, repetitive 
FNAs or diagnostic surgeries are commonly performed to 
obtain a conclusive diagnosis [6,11]. The use of US in 
the differentiation between benign and malignant thyroid 
nodules has been evaluated, but the study populations 
have been small, and the studies have been conducted 
at a single hospital. Therefore, to aid in the differential 
diagnosis of follicular-patterned lesions, we investigated 
their clinicoradiological characteristics in this multicenter 
cohort. 

MATERIALS AND METHODS

Patient data were obtained from the Thyroid Imaging 
Network of the Korea Registry [13,14]. The Institutional 
Review Boards (IRBs) of the 26 participating centers 
approved the collection of anonymized data from the 
registry for research purposes. This retrospective study was 
approved by the IRB of Ajou University Medical Center, 
which waived the need for informed consent for the use of 
data (IRB No. AJIRB-MED-MDB-21-689).

Study Population
The 4787 nodules (obtained from 3610 female and 711 

male; mean age: 54.2 ± 12.2 years) included in this study 
had a final diagnosis of BN (n = 4461), FA (n = 136), FC 
(n = 62), and FVPTC (n = 128) and were collected from 
June to September 2015. All FA, FC, and FVPTC nodules 
were diagnosed based on histopathological results after 
surgery. BNs (n = 4461) were likewise diagnosed based on 
postoperative histopathological results (n = 258) as well as 
the results of two or more CNBs (n = 601) and one benign 
FNA or CNB result (n = 3602).

US Examination and Image Analysis
All US examinations were performed using a 10–12 MHz 

or 5–14 MHz linear probe. US images were retrospectively 
reviewed by one of 17 experienced radiologists with 8–22 
years of experience in performing thyroid US. After a 
meeting aimed at achieving consensus regarding image 
interpretation, image review was conducted using an online 
program (AIM AiCRO; https://study.aim-aicro.com) in which 
the nodules were assessed according to US guidelines 
with respect to composition, echogenicity, echotexture, 
calcification, margin, orientation, spongiform appearance, 
and halo [1,13,14]. If various types of calcifications (micro-, 
macro-, or rim-calcifications) were present in a nodule, it 
was considered positive for each category. All reviewers 
were blinded to the FNA results and final diagnoses. Finally, 
the nodules were classified according to the Korean Thyroid 
Imaging Reporting and Data System (K-TIRADS) [1,13,14].

Statistical Analysis
The clinical characteristics of the patients and the 

grayscale US features of the nodules were compared 
between the groups using the χ2 test or Fisher’s exact test. 
Student’s t test was used to compare quantitative variables. 
Differences in the clinicoradiological characteristics of the 
groups were analyzed using univariable and multivariable 
logistic regression analyses. Follicular-patterned lesions 
were classified as BN, FA, FC, or FVPTC. Follicular-patterned 
neoplasms included FA, FC, and FVPTC, while follicular-
patterned malignancies included FC and FVPTC. The least 
absolute shrinkage and selection operator (LASSO) was 
applied to determine the variables that best allowed nodule 
classification and minimize the potential collinearity 
between the variables in the multivariable logistic 
regression analysis [15]. p values were calculated using 
the Wald test [16]; a p < 0.05 was considered statistically 
significant.

A random forest model was used to investigate the 
relative importance of the clinical and US variables, and 
the random forest quantile classifier was used to address 
imbalances between groups [17-19]. The number of trees 
was inferred by minimizing the misclassification rate of 
out-of-bag samples. The relative importance of a feature is 
assigned based on the G-mean, defined as the geometric 
mean of the true-negative and true-positive rates [20].

RESULTS

Table 1 summarizes the clinicoradiological characteristics 
according to the type of follicular-patterned lesion. The 
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sex distribution of patients did not differ between the 
groups (p = 0.057). Patients with BN (54.7 ± 12.1) were 
significantly older than patients with FA (51.0 ± 12.0), FC 
(48.9 ± 13.7), or FVPTC (48.0 ± 11.5) (all p < 0.001). There 

were significant differences among the groups in terms 
of nodule size, composition, echogenicity, echotexture, 
calcifications, margin, spongiform appearance, halo, and 
K-TIRADS category (all p < 0.05), except for orientation  

Table 1. Clinicoradiological Characteristics according to the Type of Follicular-Patterned Lesion

Variables
Total

P
BN (n = 4461) FA (n = 136) FC (n = 62) FVPTC (n = 128)

Age, years < 0.001
Mean ± SD 54.7 ± 12.1 51.0 ± 12.0 48.9 ± 13.7 48.0 ± 11.5
Range 19–76 20–76 22–73 21–79

Sex 0.057
Female 3757 (84.2) 103 (75.7) 53 (85.5) 110 (85.9)
Male 704 (15.8) 33 (24.3) 9 (14.5) 18 (14.1)

Diameter, mm < 0.001
Mean ± SD 20.8 ± 10.5 29.4 ± 14.9 34.5 ± 14.4 22.9 ± 12.9
Range   10–100 10–90 10–75 10–71

Composition < 0.001
Solid 2107 (47.2) 76 (55.9) 39 (62.9) 93 (72.6)
Partially cystic 2354 (52.8) 60 (44.1) 23 (37.1) 35 (27.4)

Echogenicity < 0.001
Hypoechogenicity 1231 (27.6) 53 (39.0) 30 (48.4) 60 (46.9)
Iso-/hyper-echogenicity 3230 (72.4) 83 (61.0) 32 (51.6) 68 (53.1)

Echotexture < 0.001
Uniform 3480 (78.0) 97 (71.3) 39 (62.9) 87 (68.0)
Mixed 981 (22.0) 39 (28.7) 23 (37.1) 41 (32.0)

Calcifications* < 0.001
None 3485 (78.1) 108 (79.4) 36 (58.1) 80 (62.5)
Microcalcification 553 (12.4) 20 (14.7) 14 (22.6) 27 (21.1)
Macrocalcification 433 (9.7) 9 (6.6) 7 (11.3) 26 (20.3)
Rim calcification 133 (3.0) 3 (2.2) 11 (17.7) 7 (5.5)

Margin < 0.001
Smooth 3618 (81.1) 127 (93.4) 58 (93.6) 103 (80.5)
Non-smooth 843 (18.9) 9 (6.6) 4 (6.5) 25 (19.5)

Orientation 0.144
Parallel 4262 (95.5) 131 (96.3) 60 (96.8) 117 (91.4)
Nonparallel 199 (4.5) 5 (3.7) 2 (3.2) 11 (8.6)

Spongiform appearance 0.003
None 4287 (96.1) 131 (96.3) 62 (100.0) 127 (99.2)
Presence 174 (3.9) 5 (3.7) 0 (0.0) 1 (0.8)

Halo < 0.001
None 2847 (63.8) 59 (43.4) 25 (40.3) 65 (50.8)
Presence 1614 (36.2) 77 (56.6) 37 (59.7) 63 (49.2)

K-TIRADS < 0.001
Category 2 302 (6.8) 7 (5.1) 0 (0.0) 4 (3.1)
Category 3 2789 (62.5) 75 (55.2) 28 (45.2) 56 (43.8)
Category 4 1135 (25.4) 45 (33.1) 28 (45.2) 42 (32.8)
Category 5 235 (5.3) 9 (6.6) 6 (9.6) 26 (20.3)

Data in parentheses are the percentages. *If various types of calcifications were present in a nodule, they were considered as positive 
for each category. BN = benign follicular nodule, FA = follicular adenoma, FC = follicular carcinoma, FVPTC = follicular variant of papillary 
thyroid carcinoma, K-TIRADS = Korean Thyroid Imaging Reporting and Data System, SD = standard deviation
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(p = 0.144).

Distinction between BN and Follicular-Patterned 
Neoplasms (FA, FC, and FVPTC)

Table 2 shows the results of univariable and multivariable 
logistic regression analyses comparing BN and follicular-
patterned neoplasms (FA, FC, and FVPTC). With BN as the 
control group, multivariable logistic regression analysis 
after LASSO regularization for feature selection showed that 
patient age (odds ratio [OR], 0.969 per 1-year increase; 
95% confidence interval [CI], 0.959–0.978), maximal 
tumor diameter (OR, 1.054 per 1-mm increase; 95% CI, 
1.044–1.064), presence of solid composition (OR, 2.255; 
95% CI, 1.728–2.957), presence of hypoechogenicity (OR, 
2.181; 95% CI, 1.681–2.828), and presence of halo (OR, 
1.761; 95% CI, 1.368–2.271) were significant predictors 
of follicular-patterned neoplasms from BNs. Regarding 
calcifications, the presence of microcalcifications (OR, 
1.617; 95% CI, 1.009–2.511) and macrocalcifications 
(OR, 1.987; 95% CI, 1.228–3.115) were significant for 
differentiating FVPTC from BN, and the presence of rim 
calcifications (OR, 6.005; 95% CI, 2.639–12.751) was 
significant for differentiating FC from BN. 

Distinction between FA and Follicular-Patterned 
Malignancy (FC and FVPTC)

Table 3 shows the results of the univariable and 
multivariable logistic regression analyses comparing FA 
and follicular-patterned malignancy (FC and FVPTC). With 
FA as the control group, multivariable logistic regression 
analysis after LASSO regularization for feature selection 
showed that maximal tumor diameter (OR, 1.040 per 1-mm 
increase; 95% CI, 1.014–1.068) and rim calcifications (OR, 
17.054; 95% CI, 4.441–86.635) were significant factors 
for differentiating FC from FA, whereas patient age (OR, 

0.966 per 1-year increase; 95% CI, 0.943–0.989), maximal 
tumor diameter (OR, 0.975 per 1-mm increase; 95% CI, 
0.953–0.996), macrocalcifications (OR, 3.647; 95% CI, 
1.559–9.242), and non-smooth margins (OR, 2.538; 95% 
CI, 1.061–6.472) were significant factors for differentiating 
FVPTC from FA.

Distinction between BN/FA and Follicular-Patterned 
Malignancy (FC and FVPTC)

Supplementary Table 1 shows the results of the 
univariable and multivariable logistic regression analyses for 
BN/FA vs. follicular-patterned malignancies. With BN/FA as 
the control group, multivariable logistic regression analysis 
after LASSO regularization for feature selection showed that 
patient age (OR, 0.961 per 1-year increase; 95% CI, 0.949–
0.973), maximal tumor diameter (OR, 1.045 per 1-mm 
increase; 95% CI, 1.033–1.057), solid composition (OR, 
2.558; 95% CI, 1.809–3.657), hypoechogenicity (OR, 2.120; 
95% CI, 1.530–2.936), and presence of a halo (OR, 1.701; 
95% CI, 1.230–2.359) were significant for differentiating 
follicular-patterned malignancies from BNs/FAs. Regarding 
calcifications, rim calcifications (OR, 6.437; 95% CI, 2.853–
13.572) were significant for differentiating FC from BN/FA, 
and microcalcifications (OR, 1.600; 95% CI, 0.999–2.485) 
and macrocalcifications (OR, 2.074; 95% CI, 1.283–3.248) 
were significant for differentiating FVPTC from BN/FA. 

Relative Feature Importance by Random Forest Analysis
Figures 1 and 2 show the measures of relative importance 

for all the variables according to the random forest 
analysis. Maximal tumor diameter, solid composition, 
hypoechogenicity, non-parallel orientation, and age were 
the top five variables for differentiating follicular-patterned 
tumors (FA, FC, and FVPTC) from BNs. Rim calcification, 
microcalcification, maximal tumor diameter, age, and mixed 

Diameter

Composition

Echogenicity

Orientation

Age

0.00                                         0.01                                        0.02                                        0.03

Relative importance

Fig. 1. The top five features important for distinguishing follicular-patterned neoplasms (follicular adenoma, follicular 
carcinoma, and follicular variant of papillary thyroid carcinoma) from benign follicular nodule.
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echotexture were the top five variables for differentiating FC 
from FA, whereas macrocalcifications, non-smooth margin, 
mixed echotexture, sex, and maximal tumor diameter were 
the top five variables distinguishing FVPTC from FA. Solid 
composition, maximal tumor diameter, hypoechogenicity, 
age, and mixed echotexture were the top five variables for 
the differential diagnosis of BN/FA and follicular-patterned 
malignancies (FC and FVPTC).

DISCUSSION

Our multicenter cohort study showed that FA, FC, and 
FVPTC could be distinguished from BN based on their 
larger diameter, solid composition, hypoechogenicity, halo, 
and the younger age of patients associated with them. 

Compared to FA, FC tumors were of larger diameter and 
characterized by rim calcifications, whereas FVPTC had a 
smaller diameter and differed by their macrocalcifications, 
non-smooth margin, and younger age. Although follicular-
patterned lesions have overlapping clinical, radiological, 
and cytological features, the relative importance of these 
features, as assessed in a large clinical cohort, may provide 
valuable information for preoperative decision-making.

The term “follicular” refers to either thyroid parenchymal 
cells or the growth pattern of a thyroid lesion, that is, 
follicle formation or follicular patterning [5,6]. Follicular-
patterned lesions, including BNs, FAs, FCs, and FVPTCs, 
are commonly encountered in practice and are classified 
as benign or malignant based on the size of the follicles 
(microfollicular vs. macrofollicular) and the presence/

Fig. 2. The top five features important for distinguishing FC from FA (A), FVPTC from FA (B), and FC/FVPTC from BN/FA (C). BN = 
benign follicular nodule, FA = follicular adenoma, FC = follicular carcinoma, FVPTC = follicular variant of papillary thyroid carcinoma

Rim calcification

Microcalcification

Diameter

Age

Echotexture

0.00                                    0.01                                   0.02                                   0.03

Relative importanceA

Macrocalcification

Margin

Echotexture

Sex

Diameter

0.000                                0.005                               0.010                               0.015

Relative importanceB

Composition

Diameter

Echogenicity

Age

Echotexture

0.000                                           0.010                                           0.020                                       0.030

Relative importanceC
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absence of nuclear features of papillary thyroid carcinoma, 
as determined by FNA [5,6]. However, preoperative 
differentiation of follicular-patterned lesions based on 
cytology alone remains challenging [4-6,8-12,21]. After 
FNA, nodules with cytological/architectural atypia are 
commonly assigned to the AUS/FLUS category [4]. Because 
the estimated risk of malignancy is 10%–30%, repetitive 
FNAs and diagnostic lobectomy are usually performed [1-4]. 

The radiological distinction of definite BN from a 
follicular-patterned neoplasm, whether FA, FC, or FVPTC, 
is important to prevent repetitive FNA and diagnostic 
surgery [6-9,11,22-24]. Tumor diameter, solid composition, 
hypoechogenicity, halo, and younger patient age were 
significant for differentiating BN from follicular-patterned 
neoplasms. Compared to the mean diameter of BN (20.8 ± 
10.5 mm), those of FA (29.4 ± 14.9 mm), FC (34.5 ± 14.4 
mm), and FVPTC (22.9 ± 12.9 mm) were significantly larger. 
More than half of the follicular-patterned tumors had a solid 
composition, particularly in FC (62.9%) and FVPTC (72.6%). 
Although follicular-patterned neoplasms in isoechoic 
nodules cannot be ruled out, in our cohort, hypoechogenicity 
occurred significantly more often in follicular-patterned 
neoplasms (39.0%–48.4%) than in BNs (27.6%). Previous 
studies have suggested that echogenicity may correlate 
with pathological growth patterns [8]. Thus, tumors with a 
solid/trabecular, macrofollicular, or microfollicular growth 
pattern tend to be markedly hypoechogenic or mildly 
hypoechogenic, and those with a normofollicular pattern 
tend to be isoechogenic [8]. Although follicular lesions of 
the thyroid can have similar architectural growth patterns, 
a normofollicular growth pattern is commonly seen in BNs, 
whereas microfollicular and solid/trabecular growth patterns 
are more frequently found in follicular-patterned neoplasms. 
In addition, the presence of tumor necrosis, hemorrhage, 
or both could also account for hypoechogenicity in 
follicular-patterned neoplasm [8]. The detection of a halo 
also distinguished FA, FC, and FVPTC from BN (OR 1.927 
in our study). Histologically, the halo or hypoechoic rim 
surrounding a nodule comprises the nodule capsule or 
pseudocapsule of the surrounding capsular vessels, fibrous 
connective tissue, compressed thyroid parenchyma, and 
chronic inflammatory infiltrates [25-27]. In this study, 
the presence of a definite thin or thick halo in > 50% of 
the nodules accounted for the detection of a follicular-
patterned neoplasm in 56.6%–59.7% of FA/FC and 49.2% of 
FVPTC. These findings are consistent with the emphasis on 
the importance of obtaining the nodule-parenchymal border 

from CNB in the differential diagnosis of follicular-patterned 
lesions [28].

The radiological distinction of FA from follicular-patterned 
malignancies, such as FC or FVPTC, can lead to active 
surveillance in selected patients [1]. Although diagnostic 
lobectomy is the usual management for these nodules, US 
follow-up instead of immediate surgery can be considered 
depending on the size, US features, and clinical status of 
the nodule, as well as patient preference, thus reducing the 
risk of overtreatment [1]. In this study, FC was distinguished 
from FA by the presence of rim calcification (17.7% vs. 2.2%; 
OR: 16.692). Although rim calcifications in a thyroid nodule 
are generally not associated with malignancy [29], they can 
be explained by calcifications occurring in the thickened 
and/or hyalinized capsule [8]. This result is similar to that 
of Shin et al. [29], who reported that the frequency of rim 
calcification was significantly higher in FCs than in papillary 
thyroid cancers (14.3% vs. 1.4%), and that the presence 
of rim calcification significantly increased the risk of FCs 
(5.3% vs. 0.7%) in all nodules. Conversely, FVPTC differed 
significantly from FA by the presence of macrocalcifications 
(20.3% vs. 6.6%) and non-smooth margins (19.5% vs. 6.6%). 
Macrocalcifications can be secondary to tissue necrosis, 
hemorrhage, or both (dystrophic calcifications) and, thus, 
more common in FVPTC than in FA.

This study has several clinical implications. First, 
the US features highly predictive of malignant nodules 
(microcalcification, nonparallel orientation, irregular 
margin) in the current risk stratification systems were less 
helpful in differentiating follicular-patterned malignancies 
(FC and FVPTC) from benign lesions (BN and/or FA). As the 
current risk stratification systems are mainly focused on the 
prediction of papillary thyroid carcinomas, they may not be 
accurate in the prediction of follicular-patterned neoplasms 
or malignancies. These results are consistent with those of 
Lin et al. [30] that the current US-based malignancy risk 
stratification systems for thyroid nodules had low efficiency 
in the characterization of follicular neoplasms. Therefore, 
a different classification system may be necessary to 
stratify patients with follicular-patterned lesions who may 
benefit from or who should have a pathologic diagnosis 
[30]. In this regard, we consider that the malignancy risk 
of nodules with macrocalcifications or rim calcifications 
may be reconsidered when detecting follicular-patterned 
malignancies. Second, we showed that the malignancy risk 
of follicular-patterned lesions which do not present features 
such as solid hypoechogenicity or any of calcifications was 
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1.5% (35/2385) in nodules < 3.0 cm, 1.7% (44/2621) in 
nodules < 3.5 cm, and 2.0% (55/2806) in nodules  
< 4.0 cm. These patients should be carefully monitored and 
spared from surgery. However, further large-scale studies are 
needed to confirm the findings of this study.

This study had several limitations, including its 
retrospective design and the fact that the US images were 
not interpreted by the same person who conducted the 
examination, which may have biased the results. Only 
surgical cases of FA, FC, and FVPTC were included, which may 
have led to a selection bias. Owing to the lower incidence 
of FTCs, the number of study patients with these nodules 
was relatively low, such that the clinical and sonographic 
features may not have been fully representative. Since 
most BNs are diagnosed based on FNA or CNB results, there 
may be false-negative results. However, considering that 
BNs generally do not undergo surgery, these criteria were 
applied to reduce selection bias and reflect clinical practice. 
Among the surgically confirmed BNs (n = 258), there were 
hyperplastic or adenomatoid nodules (n = 245), thyroiditis 
(n = 8), and others (n = 5), including degenerating nodules. 
In addition, a new classification, non-invasive follicular 
thyroid neoplasm with papillary-like nuclear features, could 
not be applied in this study because the nodules included 
in this study were retrospectively collected from June to 
September 2015. Therefore, they may be included in FVPTC. 
There may also be inter-observer variations in cytological 
diagnoses in each institution. Finally, the study did not 
include color Doppler findings because of the retrospective 
interpretation of images. 

In conclusion, although follicular-patterned lesions 
have overlapping clinical and radiological features, the 
distinguishing features identified in our large clinical 
cohort may provide valuable information for preoperative 
distinction between them and decision-making regarding 
their management.
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