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Purpose: This study aimed to investigate the alteration trends and overlaps of positive features in benign and malignant thyroid
nodules of different sizes based on the Chinese Thyroid Imaging Reporting and Data System (C-TIRADS).

Patients and Methods: 1337 patients with 1558 thyroid nodules were retrospectively recruited from November 2021 to
December 2023. These nodules were divided into three groups according to maximum diameter: A (<10 mm), B (10-20 mm), and
C (220 mm). C-TIRADS positive features were compared between benign and malignant thyroid nodules of different sizes. In
addition, the trends of positive features with changes in nodule size among malignant thyroid nodules were analyzed.

Results: The incidence of positive features in malignant thyroid nodules was higher than that in benign. As benign nodules grow, the
incidence of all positive features showed a linear decreasing trend (Z values were 72.103, 101.081, 17.344, 33.909, and 129.304,
P values < 0.001). With the size of malignant thyroid nodules increased, vertical orientation, solid, marked hypoechogenicity, and ill-
defined/irregular margins/extrathyroidal extension showed a linear decreasing trend (Z = 148.854, 135.378, 8.590, and 69.239,
respectively; P values < 0.05), while suspicious microcalcifications showed a linear increasing trend (Z = 34.699, P<0.001). In
terms of overlapping characteristics, group A had a significantly higher overlapping rate than the other two groups, and the
overlapping rate of solid indicators remained the highest among all three groups (P < 0.05).

Conclusion: Differences in positive features were observed between thyroid nodules of different sizes. Except for suspicious
microcalcifications, the incidence of other four positive features decreased with increasing nodule size. In addition, a negative
correlation was observed between the overlap rate and nodule size. These results may provide a basis for sonographers to upgrade
or downgrade thyroid nodules based on their own experience.

Keywords: size, thyroid, C-TIRADS, ultrasound

The thyroid gland, consisting of two connected lobes, is one of the largest endocrine glands in the human body, weighing
20-30 g in adults. Thyroid lesions are often found on the gland, with a prevalence of 4%—7%. Most of them are
asymptomatic, and thyroid hormone secretion is normal.! Approximately 19—68% of the general population has thyroid
nodules worldwide, most of which are benign, and malignant nodules account for about 7-15%.%"> Studies have shown
that the global incidence of thyroid cancer is growing,>® mainly due to the detection of papillary thyroid carcinoma
(PTC) with the increasing application of ultrasound in thyroid examination.

With the advantages of convenience and high resolution, the value of ultrasound in the detection and evaluation of
thyroid nodules has gradually been recognized, thus becoming the preferred examination modality in clinical settings. To
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standardize the diagnosis and treatment of thyroid nodules, a variety of thyroid imaging reporting and data system
(TIRADS) have been promulgated worldwide, such as American College of Radiology (ACR) TIRADS, Korean (K)
TIRADS and European (EU) TIRADS.” ¥ In 2020, under the support of the Superficial Organ and Vascular Ultrasound
Group of the Society of Ultrasound in Medicine of the Chinese Medical Association, as well as the Chinese Artificial
Intelligence Alliance for Thyroid and Breast Ultrasound, the Chinese TIRADS (C-TIRADS) was developed in line with
China’s national conditions and medical status.'” Research has indicated that C-TIRADS has a high diagnostic efficacy
for thyroid nodules, with sensitivity and negative predictive value over 90% and 95%, separately.'' Meanwhile,
compared to other TIRADS, C-TIRADS is easier and more convenient and has been widely used in China.

Previous studies have reported different diagnostic values of ultrasound for thyroid nodules, which are related to the
imaging features of nodules of different sizes.'*'*> However, no known research has focused on the changing mode of the
positive features with increasing nodule volume. Based on the C-TIRADS, this study aimed to investigate the changing
trend of positive features in 1558 different-sized benign and malignant thyroid nodules.

Materials and Methods

General Information

The ethics committee of Affiliated Hospital of Jiangnan University approved this retrospective study, and waived the
requirement for informed consent. In our study, we recruited 1337 patients diagnosed with thyroid nodules pathologically
from November 2021 to December 2023 at the Affiliated Hospital of Jiangnan University, Huai’an Cancer Hospital, and
Zhongda Hospital Southeast University. There were 315 males and 822 females, with an overall mean age of 49.58
+13.82 years (range from 19 to 84 years). A total of 1558 thyroid nodules were observed, with an average maximum
diameter of 19.79+15.43 mm (range, 3—78 mm). The inclusion criteria were as follows: (1) initial diagnosis of thyroid
nodules; (2) thyroid nodules confirmed by surgery and pathology; and (3) complete and clear ultrasound imaging data
and clinical information. Patients were excluded if they (1) underwent puncture or treatment that might affect the
ultrasound characteristics of thyroid nodules and (2) had no confirmed diagnosis by pathology or fine needle puncture.

Apparatus and Methods

Color Doppler ultrasound imaging instruments such as SonoScape S60 (SonoScape Medical Corp.), Logiq E9 (General
Electric Co.), and Resona R7 (Mindray Medical Inc.) were used with probe frequencies of 7.8—15 MHz, 7.8—15 MHz and
7.8—-15 MHz, respectively. During the examination, the patient was placed in a supine position with the bilateral neck
fully exposed. The thyroid was scanned using a combination of cross-and longitudinal sections to investigate the nodules
in multiple sections and at multiple angles. Evaluation of nodules was based on the C-TIRADS classification, including
location, orientation, margin, acoustic halo, structure, echo, focal hyperechoic, rear echo, and size. All cases were
examined and evaluated by qualified sonographers with > 10 years of experience. C-TIRADS positive features were
identified, including vertical orientation, solid, marked hypoechogenicity, microcalcifications, and ill-defined/irregular
margins/extrathyroidal extension.'® Thyroid nodules were divided into three groups according to its maximum diameter:
group A (<10 mm), group B (1020 mm) and group C (>20 mm), and ultrasonic image feature was then evaluated based
on C-TIRADS classification.

Evaluation of C-TIRADS Positive Features

According to the C-TIRADS system,'® vertical orientation, solid composition, marked hypoechogenicity, microcalcifica-
tions, ill-defined/irregular margins, or extrathyroidal extension were regarded as positive features. Vertical orientation
indicates that the long axis of the nodule and the skin tend to be perpendicular when evaluating the transverse or
longitudinal section, and the anterior-posterior diameter of the nodule is greater than the left-right or upper-inferior
diameter. A solid nodule is composed entirely of solid tissue and contains no cystic components. Marked hypoecho-
genicity nodules have lower echogenicity than the strap neck muscles. Microcalcification refers to the presence of a <
1 mm punctate strong echo in the nodule, and acoustic shadows may or may not appear in the rear. Nodule margin
assessment depends on clarity and regularity. Irregular margins are spiculated, angular, or microlobulated; ill-defined
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margins denote that the border of the nodule is difficult to distinguish from the surrounding thyroid parenchyma; and
extrathyroidal invasion represents nodules invading the thyroid capsule, damaging the capsule.

Statistical Analysis

Continuous variables are expressed as mean + standard deviation or median and interquartile range (IQR) for normally
and non-normally distributed variables, respectively. Categorical variables were presented as counts (%). Numerical
differences between the two groups were assessed using the chi-square test or Fisher’s exact test for categorical variables,
and the independent #-test or Mann—Whitney U-test for continuous variables. Multi-group comparisons were performed
using one-way ANOVA or nonparametric tests, and pairwise comparisons were conducted when an overall significant
difference was observed. The threshold for significance was set at P<0.05. All statistical analyses were performed using
SPSS, Version 23.0 (SPSS Inc., Chicago, IL, USA).

Results

The Basic Data

A total of 1558 thyroid nodules were observed, including 507 (32.54%) benign nodules, 17 (1.09%) low-risk nodules and
1051 (67.46%) malignant nodules, the incidence of positive features in malignant nodules was higher than that in benign
nodules. In group A, a total of 1016 nodules from 863 patients (male, n=324; female, n=539) aged from 19 to 74 years
(mean age, 47.33+£11.40 years) were included. In group B, a total of 301 nodules from 253 patients (male, n=91; female,
n=162) aged from 16 to 77 years (mean age, 51.41+12.63 years) were included. In group C, a total of 241 nodules from
221 patients (male, n=88; female, n=133) aged from 16 to 79 years (mean age, 50.39+12.79 years) were included.

Pathological Results

According to the 5th edition of the World Health Organization (WHO) Classification of Endocrine Tumors,'*!> the
pathological findings in each group are shown in Table 1. In this study, we assigned low-risk thyroid nodules to the
malignant classification.

Positive Features of Benign and Malignant Thyroid Nodules in Three Groups
There were significant differences (P<0.05) in the positive features between the benign and malignant thyroid nodules of
different sizes (Table 2). Typical images of thyroid nodules of different sizes are shown in Figure 1.

Table | Pathological Results in Each Group n (%)

Pathological results Group A | Group B | Group C
1. Benign 185 (11.87) | 151 (9.69) | 171 (10.98)
2. Nodular goiter 153 (9.82) | 120 (7.70) | 137 (8.79)
3. Follicular adenoma Il (0.71) 17 (1.09) 30 (1.93)
4. Oncocytoma 0 (0) 4 (0.26) 2 (0.13)
5. Lymphocytic thyroiditis 13 (0.83) 8 (0.51) 2 (0.13)
6. Granulomatous thyroiditis 8 (0.51) 2 (0.13) 0 (0)
7. Low-risk 0 (0) 6 (0.39) Il (0.71)
8. Non-invasive follicular thyroid tumor with papillary-like nuclear features 0 (0) 2(0.13) 3 (0.19)
9. Thyroid tumor with undetermined malignant potential 0 (0) 4 (0.26) 8 (0.51)
10. Malignant 831 (53.34) | 144 (9.24) 59 (3.79)
I'1. Papillary carcinoma 827 (53.08) | 138 (8.86) | 47 (3.02)
12. Follicular thyroid cancer 4 (0.26) 5(0.32) 4 (0.26)
13. Lymphoma 0 (0) 0 (0) 2(0.13)
14. Anaplastic carcinoma 0 (0) 0 (0) 2(0.13)
15. Medullary carcinoma 0 (0) 1 (0.06) 3 (0.19)
16. Metastatic carcinoma 0 (0) 0 (0) | (0.06)
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Table 2 Positive Features in Each Groups

Group Vertical Solid Marked Suspicious lll-defined margins/

orientation Hypoechogenicity Microcalcifications irregular
margins/ extrathyroidal
extension

I. Group A

2. Benign (185) 29.73 (55) 75.68 (140) 12.43 (23) 22.70 (42) 60.00 (111)

3. Malignant (831) 76.05 (632) 99.76 (829) 29.12 (242) 34.78 (289) 97.23 (808)

4.9 148.290 193.504 21.860 10.044 242.895

5. P value <0.001 <0.001 <0.001 0.002 <0.001

6. Group B

7. Benign (151) 5.96 (9) 52.98 (80) 3.97 (6) 11.26 (17) 15.89 (24)

8. Malignant (150) 44.67 (67) 95.33 (143) 24.67 (37) 58.00 (87) 88.67 (133)

9.9 59.732 70.308 26315 72.702 159.701

10. P value <0.001 <0.001 <0.001 <0.001 <0.001

1. Group C

12. Benign (171) 0(0) 2222 (38) 1.75 (3) 2.34 (4) 5.85 (10)

I3. Malignant (70) 1571 (11) 75.71 (53) 12.86 (9) 58.57 (41) 75.71 (53)

14. 2 60.472 10.700 99.752 125.570

I5. P value <0.001 <0.001 0.001 <0.001 <0.001

Changing Trend of Benign and Malignant Thyroid Nodules in Three Groups

As the benign thyroid nodules grew, the incidence of vertical orientation (x*=79.864, P<0.001), solid (3*=101.970,
P<0.001), marked hypoechogenicity (x*=19.166, P<0.001), suspicious microcalcifications (x*=38.172, P<0.001), and ill-
defined/irregular margins/extrathyroidal extension (y°=144.611, P<0.001) decreased gradually. In addition, all positive
features showed a linear decreasing trend (Z = 72.103, 101.081, 17.344, 33.909, and 129.304; P < 0.001), further details

Figure | Typical features of different-sized benign and malignant thyroid nodules (A) benign thyroid nodule <10 mm (B) benign thyroid nodule 10-20 mm (C) benign thyroid

nodule 220 mm (D) malignant thyroid nodule <10 mm (E) malignant thyroid nodule 10-20 mm (F) malignant thyroid nodule 220 mm.
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are provided in Figure 2. With an increase in the size of the malignant thyroid nodules, the incidence of vertical
orientation (3°=149.060, P<0.001), solid (x*=81.424, P<0.001), marked hypoechogenicity (x*=9.243, P=0.01), and ill-
defined/irregular margins/extrathyroidal extension (3*=70.195, P<0.001) decreased gradually, with a linearly decreasing
trend (Z = 148.854, 135.378, 8.590, and 70.195, P values less than 0.05). The incidence of suspicious microcalcifications

(x*=38.817, P<0.001) increased gradually with a linearly increasing trend (Z=34.699, P<0.001), further details are
provided in Figure 3.
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Figure 2 Alteration trend in positive features of different-sized benign thyroid nodules.
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Figure 3 Alteration trend in positive features of different-sized malignant thyroid nodules.
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Overlap Analysis in Positive Features of Benign and Malignant Thyroid Nodules in
Three Groups

The overlap analysis of the positive features of benign and malignant thyroid nodules in the three groups is shown in
Figure 4. In group A, the overlapping rates of benign and malignant nodules, from high to low, were solid, ill-defined
/irregular margins/extrathyroidal extension, vertical orientation, suspicious microcalcifications, and marked hypoechogeni-
city. In Group B, the overlapping rate of benign and malignant nodules, from high to low, was solid, ill-defined/irregular
margins/extrathyroidal extension, suspicious microcalcifications, vertical orientation, and emarked hypoechogenicity. In
group C, the overlapping rate of benign and malignant nodules from high to low was solid, ill-defined/irregular margins/
extrathyroidal extension, suspicious microcalcifications, marked hypoechogenicity, and vertical orientation. In all three
groups, the overlapping rate of solids was significantly higher than that of other positive features (P<0.05).

Discussion
The C-TIRADS system developed by Zhou et al was in line with China’s national conditions and medical status, which
defined vertical orientation, solid, marked hypoechogenicity, microcalcifications, and ill-defined/irregular margins/extra-
thyroidal extension as positive features. Thyroid nodules with 0, 1, 2, 3—4 and 5 positive features were classified as class
3,4A, 4 B, 4C, and 5, respectively.'® C-TIRADS is easy and convenient and has been widely used in China. The current
study reported the varied diagnostic value of ultrasound for thyroid nodules, which is related to the imaging features of
nodules of different sizes. However, no systematic research has focused on the distribution of positive features along with
increasing nodule volume based on C-TIRADS. The Bethesda classification system for reporting thyroid cytopathology
is the standard for interpreting fine needle aspirate (FNA). However, Mulita F et al suggested that incidental malignancy
was found in 1.53% (8/522) and 19.19% (66/344) in Bethesda II and III thyroid nodules, so they hold the opinion that
FNA categorized as Bethesda category IT and III may have a higher risk of malignancy than traditionally believed.'®!”
The current study demonstrates that incidental thyroid carcinoma can be diagnosed after thyroidectomy even in patients
with an FNA categorized as Bethesda II. Total thyroidectomy can be safely performed in patients with differentiated
thyroid carcinoma without increasing the risk of early complications.'® Both LigaSure vessel (LS) and harmonic scalpel
(HS) exhibit identical safety profiles in thyroidectomies specifically regarding major bleeding complications that require
reoperation. Additionally, HS was found to be more effective at achieving haemostasis, especially in the subgroup of
patients with thyroid carcinoma.'® So our study take surgical pathology as the gold standard, we retrospectively analyzed
1558 different-sized benign and malignant thyroid nodules and found that, except for suspicious microcalcifications, the
incidence of vertical orientation, solid, marked hypoechogenicity, and ill-defined/irregular margins/extrathyroidal exten-
sion significantly decreased with increasing nodule size.

As benign thyroid nodules grew, the incidence of all positive features in C-TIRADS showed a linear decreasing trend,
which had an impact on nodule scores to a certain extent. Specifically, the score gradually decreased with an increase in
benign nodule volume, and the misdiagnosis rate also decreased. In contrast, the smaller the nodule, the greater its score,
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Figure 4 Overlap analysis of different-sized benign and malignant thyroid nodules.
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especially for thyroid micronodules (< 10 mm) because the incidence of positive features of benign nodules was higher,
which also increased the misdiagnosis rate of thyroid micronodules. In this study, the pathological types of thyroid
micronodules included nodular goiter, follicular adenoma, granulomatous thyroiditis, and chronic lymphocytic thyroidi-
tis, especially the latter two. When the nodules were small, their ultrasonographic features were similar to those of

. . . 20.21
thyroid micronodular carcinoma,””

which also led to positive features of thyroid micronodular nodules. Follicular
adenoma mostly present as solid hypoechoic nodules on ultrasound when the size is small, and are less frequently
accompanied by vertical orientation, marked hypoechogenicity, suspicious microcalcifications, and ill-defined/irregular
margins/extrathyroidal extension.”? As the size became larger, the probability of cystic degeneration gradually increased,
with decreased incidence of positive features. In terms of nodular goiter, typical ultrasonographic features are thyroid
nodules with well-defined margins, mostly accompanied by cystic degeneration. However, in our study, a small nodular
goiter always formed highly suspicious nodules if interstitial collagenases, hemorrhage, calcification, multinucleated
giant cell aggregation, and cholesterol crystallization were observed.”*2® The above statements explained that benign
nodules in this study could present as solid, hypoechoic, and punctate hyperechoic nodules, which made it difficult to
differentiate them from thyroid microcarcinoma. Therefore, the overlap rate of positive features between benign and
malignant thyroid micronodules also increased to some extent.

Differences in the incidence of vertical orientation (solid and marked hypoechogenicity) were found among thyroid
nodules of different sizes, and the incidence decreased linearly with increasing nodule size. The majority of thyroid
microcarcinomas in this study were PTC, which may include one or more positive features. In addition, cystic
degeneration may occur in some PTC cases with an increase in nodule volume; however, the incidence of positive
ultrasound features is significantly higher than that of benign nodules. In addition, for large malignant thyroid nodules,
the ultrasonographic features of ATC and MTC are typical, both of which are solid with a large volume.?”*® The
ultrasonographic features of FTC were similar to those of follicular thyroid tumors, mostly accompanied by a peripheral
acoustic halo,?’ some without other positive features, and some with cystic degeneration, which increased the difficulty
of ultrasonographic diagnosis. However, thyroid follicular tumors and nodular goiters were predominant in the large
benign and malignant thyroid nodules, and their ultrasonographic characteristics remained more typical. Nodular goiter
mostly presented as cystic and solid nodules with well-defined margins, and at this time, for large thyroid nodules, the
overlapping rate of positive features in C-TIRADS also reduced to some extent.

Among all positive features, the overlapping rate of solid indicators remained the highest in all three groups (£<0.05),
but this might be overinterpreted because statistical analysis results from the counting method showed that among all
evaluation indicators, the odds ratio of solid nodules was the highest, and the solid nodules must be 100% solid. ill-
defined/irregular margins/extrathyroidal extension is the second most common positive indicator, which might be
associated with a greater overlap in small-sized benign and malignant thyroid nodules. In addition, although statistical
differences were found in the overlapping rates of vertical orientation and marked hypoechogenicity and suspicious
microcalcifications among different-sized benign and malignant thyroid nodules, the rates were relatively low. Based on
the decreasing trend and reduced overlapping rate of positive features, nodule scores also varied significantly. Our results
indicated that the C-TIRADS scores for benign and malignant thyroid nodules were negatively correlated with volume;
specifically, the scores for thyroid micronodules were the highest, which confirmed the difficulty in diagnosing micro-
nodules in clinical practice. The smaller the nodules, the more suspicious are the benign and malignant nodules
and vice versa. Therefore, we propose the following three suggestions: First, for smaller suspicious thyroid nodules,
sonographers can appropriately downgrade their classification; for example, class 5 in C-TIRADS for nodules less than
10 mm can be assessed as class 4C, and for nodules with a score of 4, it can be improved to class 5. Second, for larger
suspicious thyroid nodules, sonographers can appropriately upgrade their classification; for example, the score of 4C
nodules in C-TIRADS is 3 or 4 points, and for those with a score of 4, it can be improved to class 5, which is also based
on the varied positive features of different-sized thyroid nodules. Third, for larger thyroid nodules, the incidence of
vertical orientation, solid, and marked hypoechogenicity nodules is the lowest, which underestimates the classification of
malignant thyroid nodules.
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Our study had several limitations. First, our study is a multicenter retrospective study, there may be bias in evaluating
C-TIRADS positive features. Besides, there are three centers participating in the study, which is still relatively small.
Third, the sample of patients was small,especiall for thyroid nodules>10mm.

Conclusion

Differences in the positive features were found among thyroid nodules of different sizes. Except for suspicious
microcalcifications, the incidence of vertical orientation, solid, marked hypoechogenicity, ill-defined/irregular margins/
extrathyroidal extensions decreased with increasing nodule size. In addition, a negative correlation was found between
the overlap rate and nodule size, and solid indicators had the highest overlap rate among all indicators. These results may
provide a basis for sonographers to upgrade or downgrade thyroid nodules based on their own experience.
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