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Aim: The study aimed to compare the diagnostic performance of AI-SONICTM Thyroid System (AI-SONICTM) with six thyroid
nodule ultrasound risk stratification systems, as well as the interobserver agreement among different-year ultrasound examiners using
the same diagnostic approach.

Methods: This retrospective study included patients who underwent thyroid ultrasound examination and surgery between 2010 and
2022. Three ultrasound examiners with 2, 5, and 10 years of experience, respectively, used AI-SONICTM and six guidelines to risk-
stratify the nodules. The diagnostic performance and interobserver agreement were assessed.

Results: A total of 370 thyroid nodules were included, including 195 papillary thyroid carcinomas (PTC) and 175 benign nodules. For
physicians of varying seniority from low to high, AI-SONICTM had a moderate sensitivities of 82.56%, 83.08%, 84.62%, respectively, while
AACE/ACE/AME had the highest diagnostic sensitivities (96.41%, 95.38%, 96.41%, respectively); And relatively higher specificities were
85.14%, 85.71%, 85.71% for KSThR, while moderate specificities with values of 84.0%, 85.14%, and 85.71%, respectively were found for Al-
SONICTM,; The accuracy was highest for ATA (excluding non-classifiable nodules), with values of 87.26%, 87.93%, and 88.82%, respectively,
while the accuracy for AI-SONICTM were 83.24%, 84.05%, and 85.14%, respectively. The Kendall’s tau coefficient indicated strong or
moderate interobserver agreement among all examiners using different diagnostic methods (Kendall’s tau coefficient >0.6, P<0.001). Al-
SONICTM showed the highest interobserver agreement (Kendall’s tau coefficient=0.995, P<0.001). A binary probit regression analysis
showed that nodules with cystic components had a significantly higher regression coefficient value of 0.983 (P=0.002), indicating that Al-
SONICTM may have higher accuracy for nodules with cystic components.

Conclusion: AI-SONICTM and the six thyroid nodule ultrasound risk stratification systems showed high diagnostic performance for
papillary thyroid carcinoma. All examiners showed strong or moderate interobserver agreement when using different diagnostic
methods. AI-SONICTM may have higher accuracy for nodules with cystic components.
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Introduction

The thyroid gland, is one of the largest endocrine glands in the human body. The prevalence rate of thyroid lesions is
4%—7%, which is often found on the gland. Most of thyroid lesions are asymptomatic, and thyroid hormone secretion is
normal.! Thyroid cancer is one of the most common malignant tumors in the endocrine system. Approximately 5% of
adult thyroid nodule patients have no history of radiation exposure, and the proportion of malignant nodules is relatively
high.” Thyroid cancer, a prevalent malignant tumor, has been on the rise worldwide in recent years. Papillary thyroid
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cancer (PTC) accounts for approximately 90% of all thyroid malignancies,’ making it the most frequently encountered
malignant tumor of the thyroid gland. Ultrasonography, as the primary diagnostic modality for thyroid nodules, plays
a crucial role in the early detection and management of thyroid cancer.

To standardize thyroid ultrasound exams and reports, multiple professional associations have issued guidelines with
varying approaches to thyroid nodule risk stratification. These include six commonly recognized versions, namely the
2015 American Thyroid Association (ATA) guidelines,” the 2016 guidelines from the American Association of Clinical
Endocrinologists (AACE) and the American College of Endocrinology (ACE), as well as those from the Italian
Association of Clinical Endocrinologists (AME),” the 2017 American College of Radiology (ACR) guidelines,® the
2017 European Thyroid Association (ETA) guidelines,” and the 2020 guidelines from both the Chinese Medical
Association’s Ultrasound Medical Branch® and the Korean Society of Thyroid Radiology (KSThR).” These guidelines
provide reliable diagnostic tools for ultrasound physicians in effectively identifying thyroid cancer.

With the rapid advancement of artificial intelligence (Al) technology, its application in the medical field has been
increasingly recognized as a potential game-changer.'® Among them, medical imaging, particularly in the context of
thyroid nodule diagnosis, has emerged as a highly promising sub-specialty. A key example of this is the AI-SONICTM
Thyroid System (AI-SONICTM) developed by China’s DeShangYunXing Imaging Technology Co., Ltd."' which utilizes
deep learning techniques and an independently modified convolutional neural network (CNN) to demonstrate superior
performance in the diagnosis of thyroid nodules. The system was trained using a dataset of 200,000 thyroid nodules
expert-annotated and has shown the capability to accurately and rapidly identify lesions and evaluate their malignancy
using a large volume of data.'® This approach has significantly improved diagnostic speed and accuracy, potentially
filling the diagnostic gap left by human doctors. Thyroid ultrasound examination, a common screening tool in popula-
tion-based health checks, imposes a heavy workload on medical professionals. However, due to limitations in diagnostic
accuracy, workload demands, and fatigue, instances of misdiagnosis or missed diagnosis are not uncommon. The
objective, consistent, and efficient nature of Al diagnosis can effectively mitigate these challenges, enhancing diagnostic
accuracy and efficiency.

There have been many articles comparing the diagnostic efficacy of different guidelines, but very few comprehensive
comparisons of different guideline diagnostic tools with Al diagnostic tools, especially the interobserver agreement
among different-year ultrasound examiners using the same diagnostic tools. There are more than 20 thyroid ultrasound
risk stratification systems in clinical use. AI-SONICTM, as a new diagnostic tool, is newly applied in clinical practice.
Six representative diagnostic tools used by the vast majority of sonographers, which were by various professional
organisations and widely recognised, were selected to compare with AI-SONICTM in this study. Does AI-SONICTM, as
a new diagnostic tool, have the same diagnostic capabilities as the diagnostic tools currently used by human physicians?
Can AI-SONICTM be expected to make up for the shortcomings of human physicians and thus improve the efficiency
and accuracy of diagnosis?

Therefore, this study aimed to assess the utility of different thyroid nodule ultrasound risk stratification systems in
predicting nodule malignancy and compare their diagnostic efficacies, thus to evaluate the diagnostic accuracy of the Al-
SONICTM in thyroid nodule diagnosis. Moreover, we will evaluate the inter-observer consistency among doctors with
different experience levels using the same guidance in their diagnosis, in order to explore the impact of baseline and
ultrasound characteristics of the nodule on the Al system’s diagnostic accuracy.

Materials and Methods

Research Subjects

A retrospective selection of 370 thyroid nodule patients who underwent thyroid ultrasound examination and surgical
treatment at Fujian Provincial Hospital between 2010 and 2022 were included. Inclusion criteria: 1) Complete clinical
data and relevant examinations of the patients; 2) Complete, clear ultrasound images of thyroid nodules with accurate
ultrasound report descriptions; 3) Patients underwent thyroid surgery at our hospital with clear postoperative pathological
results, and the pathological types of malignant nodules only included papillary thyroid carcinoma; 4) For multiple
lesions, only one nodule was selected, and the selected thyroid nodule could be corresponding to its pathological results
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one by one. The exclusion criteria were as follows: (1) unclear thyroid ultrasound image data like unclear and incomplete
archival images; (2) no clear pathological diagnosis results; (3) incomplete relevant baseline data.

Data Collection

Initially, three ultrasound physicians with 2, 5, and 10 years of experience respectively jointly studied six guidelines,
proficiently grasping the similarities and differences of the “ultrasound feature dictionary” and risk stratification systems
of each guideline. The three physicians independently analyzed the ultrasound images of thyroid nodules, recording the
baseline and ultrasound characteristics of the nodules. Baseline characteristics included patient gender, age, presence or
absence of diffuse thyroid disease, nodule location, and size. Ultrasound characteristics encompassed nodule structure,
echo, margin, boundary, aspect ratio, calcification, and extrathyroidal extension. The six thyroid risk stratification
systems were used to stratify the risk of thyroid nodules. Subsequently, the three physicians individually selected
a representative ultrasound grayscale image for each nodule, imported it into the AI-SONICTM, which automatically
located and framed the thyroid nodule region in the image, promptly providing a benign or malignant probability value.
None of the three physicians were aware of the patient’s clinical data, pathological results, or the diagnoses made by
other physicians.

AI-SONICTM Thyroid System Operating Procedure

The AI-SONICTM Thyroid system was developed by Zhejiang DeShangYunXing Imaging Technology Co., Ltd.,
China,"" which utilizes deep learning techniques and an independently modified convolutional neural network (CNN)
to demonstrate superior performance in the diagnosis of thyroid nodules. The system was trained using a dataset of
200,000 thyroid nodules expert-annotated and has shown the capability to identify lesions and evaluate their malignancy
using a large volume of data accurately and rapidly.'? The three physicians collected and screened the 2D static images of
thyroid nodules in DICOM format that meet the inclusion criteria from the ultrasound working system of our hospital,
then opened the AI-SONIC™ Thyroid Diagnostic System, imported the images into the system. The interface of Al-
SONIC™ Thyroid Diagnostic System will display the images and identify each thyroid nodule lesion in the image
immediately and automatically. For example, the system framed each nodule along the edges of the nodule on the image,
and display the scores of the nodules on the top of the border. Scores of 0—-0.4 were considered as possibly benign, while
scores of 0.41-0.99 were considered as possibly malignant (with scores of 0.41-0.60 in a moderately suspicious state and
scores of 0.65-0.99 indicating a higher likelihood of malignancy). In a small number of cases, the Al detection system’s
automatic identification of thyroid nodules is not accurate enough, such as: The large size of the nodules, the blurred
boundary of the nodules, the extremely uneven internal echo of the nodules, the nodules breaking through the edge of the
thyroid envelope, the uneven echo of the thyroid parenchyma, the adjacent growth of multiple nodules, and the obvious
rear sound shadow caused by internal calcification may all lead to the inconsistency between the outline edge and the
actual edge of the nodules. In this case, the nodes automatically selected by the system were incorrect, the physician
could select “Manual Outline” from the system toolbar to re-outline the nodes along their edges, and the system will
automatically display the new scores.

The Definition and Meaning of the Image
Boundaries of the nodule: whether the nodule is well demarcated from the surrounding thyroid parenchyma is classified
as well demarcated or poorly demarcated.

Nodule margins: the shape of the margins of the thyroid nodule, either smooth or lobulated/irregular.

Thyroid nodule size: maximum width diameter measured in transverse section, maximum length and thickness
diameter measured in longitudinal section, measurement includes the acoustic halo of the nodule;

Nodule location: classified as left lobe, right lobe and isthmus

Structure: classified as cystic, solid, or cystic-solid (cystic: solid component <5%; solid: cystic component <5%;
cystic-solid: 5% < solid component <95%, different guidelines have different bases for classifying the structure of the
nodule, and the structure of the nodule in the grading of each guideline shall be based on that guideline;

Texture: homogeneous and heterogeneous echoes within the nodule;
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Internal echoes: classified as very hypoechoic, hypoechoic, isoechoic, and hyperechoic; very hypoechoic if the echoes
are lower than the cervical strap muscles, hypoechoic if the echoes are lower than the echoes of the thyroid parenchyma,
isoechoic if the echoes are the same as the echoes of the thyroid parenchyma, and hyperechoic if the echoes are higher
than the thyroid parenchyma echoes;

Boundaries: the boundary between the nodule and the thyroid parenchyma is clear or blurred;

Margins: regular: round and oval; irregular: lobulated or acicular margins;

Coarse calcification: rough and strong echoes within the nodule >1mm in diameter, may be accompanied by acoustic
shadows.

Microcalcifications: fine strong echoes <Imm in diameter scattered in the nodule;

Aspect ratio: assessed in transverse or longitudinal section, <1, >1 or =1;

Extrathyroidal extension: contiguous to the peritoneum: the nodule is adjacent to the thyroid peritoneum; encroach-
ment on the peritoneum: interruption of continuity where the thyroid peritoneum meets the nodule; disruption of the
periphery: the nodule breaks through the peritoneum and encroaches on the surrounding tissues;

Blood flow is typed by different guidelines and is summarised in Supplemental Table 1.

Equipment and Examination Methods

The equipment below were applied in this study: ultrasound diagnostic machine (Philips iU22, EPIQS5/EPIQ7, Siemens
ACUSON S2000, S3000), and 6~13MHz line array probe. The patients were examined by three sonographers in
accordance with the code of practice, and the isthmus and bilateral lobes of the thyroid gland are examined in transverse
and longitudinal views, and two-dimensional images of the largest sections of abnormal nodules and blood flow maps are
retained.

Statistics

Data analysis was performed using SPSS 26.0 and MedCalc 22.009 software. Normally distributed measurement data
were expressed as x+s, with comparisons between groups using one-way ANOVA; non-normally distributed measure-
ment data were represented by median and interquartile range, with comparisons between groups using Kruskal-Wallis
H-tests. Count data were expressed in case numbers and percentages, with comparisons between groups using Pearson’s
chi-square test or Fisher’s exact probability method. ROC curves were used to evaluate the diagnostic efficacy of various
diagnostic methods, selecting the point with the highest Youden index as the diagnostic cutoff value and calculating
sensitivity, specificity, positive predictive value, negative predictive value, accuracy, and the area under curve (AUC).
Kendall’s coefficient was used to test the consistency of different observers diagnosing PTC using the same method, with
a Kendall coefficient >0.8 indicating excellent consistency. Binary Probit regression analysis was used to investigate the
impact of different characteristics on the diagnostic accuracy of the AI-SONICTM. A P-value <0.05 was considered
statistically significant.

Results

Baseline Characteristics

A total of 370 thyroid nodules were included in this study, of which 195 were PTC and 175 were benign nodules, and the
pathological types of benign nodules included nodular goitre (147), follicular tumour (14) and adenoma (14). There were
52 patients with thyroid nodules combined with diffuse thyroid lesions (39 cases of PTC and 13 cases of benign nodules)
in this study, and the pathological types included Hashimoto’s thyroiditis (35 cases of PTC and 11 cases in the benign
nodules group), hyperthyroidism (3 cases in the PTC group and 1 case in the benign nodules group), hyperthyroidism
combined with Hashimoto’s thyroiditis (1 case in the PTC group), and subacute thyroiditis (1 case in the benign nodules
group). There was no significant difference in age and gender between the two groups in this study. Benign thyroid
nodules were larger in all diameters and volumes than PTC (P<0.001), and those located in the middle and lower parts of
the thyroid gland were more often benign (P<0.001), while PTC was more often combined with diffuse thyroid lesions,
as shown in Table 1.
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Table 1 Comparison of General Characteristics

Parameters PTC Group Benign Group P-value
Age (years) 46.83£12.03 48.22+12.62 0.276
Gender (female) 155(79.49) 128(73.14) 0.151
Nodule Location®

Upper 68(34.87) 60(34.48) 0.938
Middle 85(43.59) 132(75.86) <0.001*
Lower 63(32.31) 124(70.86) <0.001*
Isthmus 13(6.70) 10(5.71) 0.695
Nodule Dimensions (mm)

Length 8.700(5.7,15.9) | 28.750(17.5,38.4) | <0.001*
Width 7.875(5.4,13.2) | 22.300(14.9,29.7) | <0.001*
Height 8.520(5.9,11.6) | 16.600(11.522.1) | <0.001*
Nodule Volume® (cm?) 0.300(0.1,1.3) 5.745(1.6,12.5) <0.001*
Concomitant Diffuse Thyroid Disease | 39(20.00) 13(7.43) <0.001*

Notes: *P<0.05. If a nodule is large and involves multiple locations, each involved location is counted

once. *Nodule volume was estimated using the formula “Volume = Length x Width x Height x 0.52”.
Abbreviation: PTC, papillary thyroid carcinomas.

Ultrasonic Characteristics of Thyroid Nodules
In this study, the differences in ultrasound features were statistically significant (P < 0.001), except for gross calcification.

The PTC group was more likely to have grey-scale ultrasound features such as realistic structures, more homogeneous

echogenicity, hypoechoic or very hypoechoicity, indistinct borders, lobulated or acicular margins, aspect ratio > 1,

microcalcification, and extra-thyroidal extensions, than the benign nodule group. In terms of colour Doppler ultrasound

features, the PTC group was more likely to have a flow fraction with a lack of blood supply, see Table 2.

Table 2 Gray-Scale Ultrasonic Features and Blood Flow Patterns of Thyroid Nodules

Ultrasonic Features of Thyroid Nodules PTC Group (%) | Benign Nodule Group (%) | P-value
Structure Cyst-solid 3(1.54) 60(34.29) <0.001%
Cystic 0(0.00) 13(7.43)
Solid 192(98.46) 102(58.29)
Texture Heterogeneous 143(73.33) 156(89.14) <0.001%
Homogeneous 52(26.67) 19(10.86)
Echo Level Low 120(61.54) 44(25.14) <0.001*
None 0(0.00) 4(2.29)
Very low 52(26.67) 5(2.86)
Equal 23(11.79) 120(68.57)
High 0(0.00) 2(1.14)
Boundary Unclear 37(18.97) 8(4.57) <0.001%
Clear 158(81.03) 167(95.43)
Margin Lobulated/Spiculated 162(83.08) 22(12.57) <0.001%
Regular 33(16.92) 153(87.43)
Aspect Ratio <l 98(50.26) 159(90.86) <0.001*
=1 1(0.51) 0(0.00)
>| 96(49.23) 16(9.14)
*Extrathyroidal Extension | None 84(43.08) 149(85.14) <0.001*
Adjacent to capsule 58(29.74) 22(12.57)
Invasion of capsule 34(17.44) 3(1.71)
Disruption of surrounding area | 19(9.74) 1(0.57)
(Continued)
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Table 2 (Continued).

Ultrasonic Features of Thyroid Nodules PTC Group (%) | Benign Nodule Group (%) | P-value
Coarse Calcification Present 56(28.72) 38(21.71) 0.122
Absent 139(71.28) 137(78.29)
Microcalcification Present 97(49.74) 33(18.86) <0.001%
Absent 98(50.26) 142(81.14)
KSThR Blood Flow | 50(25.64) 26(14.86) <0.001%
2 55(28.21) 35(20.00)
3 53(27.18) 43(24.57)
4 37(18.97) 71(40.57)
ETA Blood Flow | 50(25.64) 26(14.86) <0.001%
1l 108(55.38) 78(44.57)
n 12(6.15) 6(3.43)
Unable to classify 25(12.82) 65(37.14)
C-TIRADS Blood Flow | 50(26.46) 26(14.94) <0.001%
2 55(29.10) 35(20.11)
3 15(7.94) 22(12.64)
4 12(6.35) 6(3.45)
5 57(30.16) 85(48.85)
Unable to classify 6(3.08) 1(0.57)

Notes: *Suspected extrathyroidal extensions include: adjacent to the peritoneum (suspected malignant nodule immediately adjacent to the thyroid
peritoneum), invasion of the peritoneum (suspected disruption of the continuity of the thyroid peritoneum adjacent to the nodule), and disruption of
the periphery (disruption of the structure of the thyroid tissue adjacent to the nodule). #P<0.05.

Abbreviations: KSThR, Korean Society of Thyroid Radiology; ETA, European Thyroid Association; C-TIRADS, Chinese Thyroid Imaging Reporting
and Data System; PTC, papillary thyroid carcinomas.

Comparison of Diagnostic Efficacy of Different Diagnostic Modalities Used by

Physicians of Varying Years of Experience

The efficacy of the different diagnostic modalities was higher for physicians of different years of experience (AUC >0.75),
with ACR, ATA (exclusion of unclassifiable nodules), KSThR, and Chinese Thyroid Imaging Reporting and Data System
(C-TIRADS) being better (AUC >0.85), and AI-SONICTM having higher diagnostic efficacy (AUC 0.84-0.85).
Diagnostic efficacy was similar across years of experience, with higher years of experience having slightly higher
diagnostic efficacy than lower years of experience.

For physicians of different years of experience from low to high, the highest diagnostic sensitivities were American
Association of Clinical Endocrinologists/ American College of Endocrinology/Italian Association of Clinical
Endocrinologists guidelines (AACE/ACE/AME) with 96.41%, 95.38%, and 96.41%, respectively, and the specificities were
C-TIRADS 88.57%, KSThR 85.71%, KSThR, and AI-SONICTM Thyroid 85.71%, respectively, and positive predictive values
were The highest were C-TIRADS 88.17%, KSThR 87.11%, KSThR 87.11%, respectively; the highest negative predictive
values were all AACE/ACE/AME, 93.75%, 92.56%, 94.62%, respectively, and the highest accuracy were all ATA (excluding
unclassifiable nodules), 87.26%, 87.93%, respectively, 88.82%, and the highest AUC were all C-TIRADS, 0.896, 0.894, and
0.900, respectively, as shown in Tables 35, and Figure 1A—C.

In this study, 24 and 27 thyroid nodules in the ultrasound images selected from low to high seniority physicians were
automatically recognised as abnormal by the AI-SONICTM Thyroid system and were outlined by the sonographers themselves.
Examples are shown in Figure 2A and B. Correct diagnosis examples using AI-SONICTM are shown in Figure 3A and B.

Consistency Comparison of Different Diagnostic Methods Used by Different-Yearly

Trained Doctors
Consistency in the use of different diagnostic modalities was strong or better among physicians of different years of
experience (Kendall concordance coefficient >0.6, P value <0.001), with the highest consistency in the use of Al-
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Table 3 Efficacy Comparison of Different Diagnostic Methods for 2-Year Experienced Physicians

Diagnostic approach | Threshold | Sensitivity | Specificity | PPV | NPV | Accuracy | AUC
ACR TR4 88.72 78.29 81.99 | 86.16 | 83.78 0.855
ATA* Moderate 95.38 77.30 83.76 | 93.16 | 87.26 0.869
AACE/ACE/AME Moderate 96.41 60.00 72.87 | 93.75 | 79.19 0.786
KSThR KTR4 83.59 85.14 86.24 | 82.32 | 84.32 0.869
ETA EUTR4 95.38 59.43 72.37 | 92.04 | 78.38 0.775
C-TIRADS C-TR4A 76.41 88.57 88.17 | 77.11 | 82.16 0.896
AI-SONICTM Moderate 82.56 84.00 85.19 | 81.22 | 83.24 0.846

Notes: * Excludes 56 thyroid nodules that were unclassifiable by the ATA guidelines, of which 22 were PTC and 34 were benign
nodules. [non-classifiable nodules: It is not possible to classify all thyroid nodules according to the ATA guidelines, eg solid or
cystic solid nodules are “unclassifiable” when the solid component is isoechoic or hypoechoic with suspected malignant features,
and the majority of studies have shown that the risk of malignancy for this type of nodule is approximately |6—18%].
Abbreviations: ACR, American College of Radiology; ATA, American Thyroid Association; AACE/ACE/AME, American
Association of Clinical Endocrinologists/ American College of Endocrinology/Italian Association of Clinical Endocrinologists;
KSThR, Korean Society of Thyroid Radiology; ETA, European Thyroid Association; C-TIRADS, Chinese Thyroid Imaging
Reporting and Data System; AI-SONICTM, AI-SONICTM Thyroid System; AUC, Area under curve.

Table 4 Efficacy Comparison of Different Diagnostic Methods for 5-Year Experienced Physicians

Risk Stratification System | Threshold | Sensitivity | Specificity | PPV | NPV | Accuracy | AUC
ACR TR4 87.18 81.71 84.16 | 85.12 | 84.59 0.867
ATA* Moderate 94.4| 79.86 85.35 | 92.00 | 87.93 0.880
AACE/ACE/AME Moderate 95.38 64.00 74.70 | 92.56 | 80.54 0.799
KSThR KTR4 86.67 85.71 87.11 | 8523 | 86.22 0.885
ETA EUTR4 94.87 64.57 7490 | 91.87 | 80.54 0.797
C-TIRADS C-TR4A 93.85 69.71 7754 | 91.04 | 8243 0.894
Al-SONICTM Moderate 83.08 85.14 86.17 | 81.87 | 84.05 0.850

Notes: *Excludes 47 thyroid nodules that were unclassifiable by the ATA guidelines, of which 16 were PTC and 31 were benign nodules.
[non-classifiable nodules: It is not possible to classify all thyroid nodules according to the ATA guidelines, eg solid or cystic solid nodules
are “unclassifiable” when the solid component is isoechoic or hypoechoic with suspected malignant features, and the majority of studies
have shown that the risk of malignancy for this type of nodule is approximately |6—18%].

Abbreviations: ACR, American College of Radiology; ATA, American Thyroid Association; AACE/ACE/AME, American Association of
Clinical Endocrinologists/ American College of Endocrinology/Italian Association of Clinical Endocrinologists; KSThR, Korean Society of
Thyroid Radiology; ETA, European Thyroid Association; C-TIRADS, Chinese Thyroid Imaging Reporting and Data System; AI-SONICTM,
AI-SONICTM Thyroid System; AUC, Area under curve.

Table 5 Efficacy Comparison of Different Diagnostic Methods for 10-Year Experienced Physicians

Risk Stratification System | Threshold | Sensitivity | Specificity | PPV | NPV | Accuracy | AUC
ACR TR4 88.72 80.57 83.57 | 86.50 | 84.86 0.868
ATA* Moderate 95.51 81.05 85.43 | 93.94 | 88.82 0.889
AACE/ACE/AME Moderate 96.41 70.29 78.33 | 94.62 | 84.05 0.835
KSThR KTR4 86.67 85.71 87.11 | 8523 | 86.22 0.883
ETA EUTR4 95.90 70.86 78.57 | 93.94 | 84.05 0.836
C-TIRADS C-TR4A 94.36 73.71 80.00 | 92.14 | 84.59 0.900
AI-SONICTM Moderate 84.62 85.71 86.84 | 83.33 | 85.14 0.865

Notes: *Excludes 39 thyroid nodules that were unclassifiable by the ATA guidelines, of which 17 were PTC and 22 were benign nodules.
[non-classifiable nodules: It is not possible to classify all thyroid nodules according to the ATA guidelines, eg solid or cystic solid nodules
are “unclassifiable” when the solid component is isoechoic or hypoechoic with suspected malignant features, and the majority of studies
have shown that the risk of malignancy for this type of nodule is approximately 16% - 18%.].

Abbreviations: ACR, American College of Radiology; ATA, American Thyroid Association; AACE/ACE/AME, American Association of
Clinical Endocrinologists/ American College of Endocrinology/Italian Association of Clinical Endocrinologists; KSThR, Korean Society of
Thyroid Radiology; ETA, European Thyroid Association; C-TIRADS, Chinese Thyroid Imaging Reporting and Data System; AI-SONICTM,
AI-SONICTM Thyroid System; AUC, Area under curve.
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Figure | (A) ROC curve comparing the diagnostic performance of AI-SONICTM Thyroid system versus six guidelines in thyroid nodule diagnosis by a two-year
experienced physician; (B) ROC curve comparing the diagnostic performance of AI-SONICTM Thyroid system versus six guidelines in thyroid nodule diagnosis by a five-year
experienced physician; (C) ROC curve comparing the diagnostic performance of AI-SONICTM Thyroid system versus six guidelines in thyroid nodule diagnosis by a ten-year
experienced physician.

Abbreviations: ACR, American College of Radiology; ATA, American Thyroid Association; 3A:AACE/ACE/AME, American Association of Clinical Endocrinologists/
American College of Endocrinology/Italian Association of Clinical Endocrinologists; KSThR, Korean Society of Thyroid Radiology; ETA, European Thyroid Association;
C-TIRADS, Chinese Thyroid Imaging Reporting and Data System; Al, AI-SONICTM, AI-SONICTM Thyroid System.

Figure 2 (A) 57-year-old male patient with a left thyroid nodule. Postoperative pathological examination revealed a nodular goiter. The AI-SONICTM Thyroid system
automatically identified an abnormality by “non-existent nodule”(box selected). The physician redrew the nodule contour, but the score remained unchanged; (B) 58-year-
old female patient with a left thyroid nodule. Postoperative pathological examination revealed papillary thyroid cancer with Hashimoto’s thyroiditis. The AI-SONICTM
Thyroid system automatically identified an abnormality by including the surrounding thickened and uneven thyroid parenchyma in the box selection. The physician redrew
the nodule contour, resulting in a change in Al score from benign to malignant. The box marks on the images and the scores above them are automatically generated by the
AI-SONICTM Thyroid system, which frames the nodules along their edges, with a green border for a score of 0-0.4 inclined to benign, an Orange border for a score of
0.41-0.60 moderately suspicious (no corresponding image provided), and a red border for a score of 0.65-0.99 inclined to malignant.

SONICTM Thyroid (Kendall concordance coefficient 0.995, P value <0.001), followed by C-TIRADS and ACR
(Kendall concordance coefficients of 0.952 and 0.951, respectively, p-value < 0.001), and ATA was slightly inferior to
the other guidelines (Kendall’s coordination coefficient of 0.787, p-value < 0.001), see Table 6.

Impact of Different Characteristics on Diagnostic Accuracy of AI-SONICTM

The number of nodules correctly determined to be benign or malignant by AI-SONICTM Thyroid was 315 (165 PTC and
150 benign nodules). The regression coefficient value of 0.983 (P=0.002) for nodules with cystic components in their
structure had a significant positive effect on the correctness of diagnosis by AI-SONICTM Thyroid, with a marginal effect
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Figure 3 (A) 44-year-old female patient with a right thyroid nodule. Postoperative pathological examination revealed papillary thyroid cancer. Due to the lack of typical
ultrasound features of malignancy, all six guidelines had low to intermediate suspicion, while the AI-SONICTM Thyroid system classified it as a malignant nodule; (B) 62-year-
old female patient with a right thyroid nodule. Postoperative pathological examination revealed nodular goiter. Due to the presence of ultrasound features suggestive of
malignancy such as an aspect ratio greater than |, all six guidelines had a high suspicion of malignancy, while the AI-SONICTM Thyroid system classified it as a benign nodule.
The box marks on the images and the scores above them are automatically generated by the AI-SONICTM Thyroid system, which frames the nodules along their edges, with
a green border for a score of 0-0.4 inclined to benign, an Orange border for a score of 0.41-0.60 moderately suspicious (no corresponding image provided), and a red
border for a score of 0.65-0.99 inclined to malignant.

of 0.154, ie, the proportion of nodules correctly diagnosed by AI-SONICTM Thyroid for nodules with cystic components
was 15.4% greater than that for solid nodules. The various baseline and ultrasound characteristics of the remaining thyroid
nodules did not have a significant effect on the correctness of the AI-SONICTM Thyroid diagnosis (p > 0.05, Table 7).

Needle Biopsies Avoided by Applying AI-SONICTM
By the data analyzed, unnecessary needle biopsies can be avoided by applying AI-SONICTM, as shown in Table 8. In

this study, the application of AI-SONICTM avoided 40.63—55.56% of the unnecessary needle biopsies that raised by

Table 6 Consistency Comparison of Different
Diagnostic Methods Used by Different-Yearly Trained

Doctors

Diagnostic Kendall Coordination | P-value
Method Coefficient

ACR 0.951 <0.001*
ATA 0.787 <0.001*
AACE/ACE/AME | 0.891 <0.001*
KSThR 0.949 <0.001*
ETA 0.885 <0.001*
C-TIRADS 0.952 <0.001*
Al-SONICTM 0.995 <0.001*

Note: *P<0.05.

Abbreviations: ACR, American College of Radiology; ATA,
American  Thyroid  Association; AACE/ACE/AME, American
Association of Clinical Endocrinologists/ American College of
Endocrinology/Italian  Association of Clinical Endocrinologists;
KSThR, Korean Society of Thyroid Radiology; ETA, European
Thyroid Association; C-TIRADS, Chinese Thyroid Imaging Reporting
and Data System; AI-SONICTM, AI-SONICTM Thyroid System.
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Table 7 Impact of Different Characteristics on Diagnostic Accuracy of Al-

SONICTM
Feature Regression | P-value Marginal
Coefficient Effect
Pathology: PTC 0.066 0.773 0.014
Isthmus 0.259 0.528 0.05
Upper 0.201 0.362 0.042
Middle 0.127 0.575 0.028
Lower 0.421 0.073 0.091
Volume (cm”3) —0.011 0.305 —0.002
Presence of thyroiditis 0.27 0.303 0.053
Cystic Component Present 0.983 0.002* 0.154
Homogeneous texture -0.318 0.182 —0.063
High/isoechoic 0.087 0.722 0.019
Indeterminate borders —0.173 0.484 —0.04
Irregular/microlobulated borders 0.268 0.326 0.059
Width-to-length ratio > 0.194 0.378 0.041
Microcalcifications —0.103 0.583 —0.023
Coarse calcifications —0.023 0910 —0.005
Suspected extrathyroidal 0.153 0.451 0.033
extension

Note: * P<0.05.
Abbreviation: PTC, papillary thyroid carcinomas.

Table 8 The Unnecessary Fine-Needle Aspiration Biopsies Avoided by Applying AI-SONICTM(n,%)

Guidelines Nodules Suggested of Malignant Nodules Avoided AI-SONICTM Missed

Needle Biopsies by Nodules by Unnecessary Needle Biopsies Nodules that Should
Guidelines Needle Biopsies by AI-SONICTM Needle Biopsies

ACR 171 (46.22) 80 (46.78) 83 (48.54) 15 (8.77)

ATA* 189 (57.10) 72 (38.10) 105 (55.56) 11 (5.82)

AACE/ACE/AME 201 (54.32) 87 (43.28) 103 (51.24) 20 (9.95)

KSThR 245 (66.22) 126 (51.43) 102 (41.63) 20 (8.16)

ETA 218 (58.92) 89 (40.83) 118 (54.13) 21 (9.63)

C-TIRADS 160 (43.24) 85 (53.13) 65 (40.63) 21 (13.13)

Notes:* Excludes 39 thyroid nodules that were unclassifiable by the ATA guidelines, of which 17 were PTC and 22 were benign nodules. [non-classifiable nodules: It is not
possible to classify all thyroid nodules according to the ATA guidelines, eg solid or cystic solid nodules are “unclassifiable” when the solid component is isoechoic or
hypoechoic with suspected malignant features, and the majority of studies have shown that the risk of malignancy for this type of nodule is approximately 16% - 18%.].
Abbreviations: ACR, American College of Radiology; ATA, American Thyroid Association; AACE/ACE/AME, American Association of Clinical Endocrinologists/ American
College of Endocrinology/Italian Association of Clinical Endocrinologists; KSThR, Korean Society of Thyroid Radiology; ETA, European Thyroid Association; C-TIRADS,
Chinese Thyroid Imaging Reporting and Data System; AI-SONICTM, AI-SONICTM Thyroid System; AUC, Area under curve.

other guidelines. At the same time, AI-SONICTM missed some nodules that should do needle biopsies, the rate was
5.22%-13.13%.

Discussion

The diagnostic efficacy of different models used by doctors with different experience was generally higher (all AUC >
0.75), and there was no significant difference in the diagnostic efficacy. The diagnostic efficacy of senior doctors was
slightly higher than that of junior doctors. The sensitivity of AACE/ACE/AME diagnosis is most advantageous for
experienced physicians. ACR, ATA (excluding unclassifiable nodules), KSTHR, and C-TIRADS performed better, and
the diagnostic value of AI-SONICTM for the thyroid was comparable to that of KSTHR and C-TIRADS. Previous
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studies have shown that the six guidelines and the AI-SONIC ™ system are of satisfactory value in distinguishing
between benign and malignant Thyroid nodule."® Yang et al finds the ATA and ACR guidelines and AI-SONIC™ system
can efficiently differentiate malignant from benign thyroid nodules and C-TIRADS exhibited the best performance.'’
This study found that physicians of different seniority demonstrated high diagnostic value and good concordance when
using these diagnostic methods, and that the AI-SONICTM could serve as an effective adjunct diagnostic tool, to
improve the accuracy and efficiency of diagnostic papillary thyroid cancer.

Guo et al'* conducted a study that included 1092 ultrasound images and compared the diagnostic time and value
between AI-SONICTM and human physicians using ACR guidelines as the diagnostic tool. The results showed that Al-
SONICTM had an average diagnostic time that was significantly shorter than that of human physicians (0.146s vs 2.8—
4.5 minutes, respectively).'* Moreover, AI-SONICTM demonstrated an overall diagnostic value comparable to that of
senior physicians, with values of 91.7% and 91.2%, respectively. Although AI-SONICTM had slightly lower sensitivity
(91.5% vs 96.7%, respectively), its specificity was significantly higher than that of human physicians (92.0% vs 79.2%,
respectively). Additionally, AI-SONICTM exhibited high diagnostic value even in studies on rare malignant tumors of
thyroid cancer, such as follicular carcinoma and medullary carcinoma.'’

Moreover, other thyroid artificial intelligence-assisted diagnosis systems, whether still in the development and testing

1617 most studies have

phase or widely used in the market (such as Afirma, ThyroSeq, Rosetta GX reveal, and Thyramid),
also shown that they have high diagnostic value. In another review, it was also suggested that in almost all studies
involving thyroid artificial intelligence-assisted diagnosis, artificial intelligence achieved better results than radiologists
with less than 5 years of experience. However, a recent meta-analysis on the application of artificial intelligence in
thyroid diseases stated that current challenges of available artificial intelligence applications include lack of prospective
and multi-center validation and utility studies,'® small and low-diversity training datasets, data source differences, lack of
interpretability, unclear clinical impact, insufficient stakeholder participation, and difficulties in using different research
environments for external use. These factors may limit its future adoption.

The pathological types of thyroid malignant nodules in this study only included the most common papillary thyroid
carcinoma (PTC). On one hand, the aim was to utilize artificial intelligence to address the most prevalent issues in
thyroid ultrasound screening and improve work efficiency. On the other hand, this was due to the fact that the largest
proportion of pathological types in the dataset used to train the Al was also PTC, and data volume is closely related to the
effectiveness of Al-assisted diagnosis systems. The application of these systems in other rare cancers will require
additional dataset support in the future. Similarly, for guidelines involving thyroid nodule risk stratification, they are
effective tools for diagnosing PTC.!” The combination of ultrasound and thyroid risk stratification systems yields a much
higher accuracy rate compared to using ultrasound alone. However, these methods may not perform as well in less
common pathological types.'®'"

In this study, AACE/ACE/AME had the highest sensitivity and negative predictive value, while C-TIRADS and
KSThR had higher specificity. In the study by Yang et al, papillary carcinoma accounted for 71% of all malignant
tumors.'' The Korean Thyroid Association and Korean Society of Thyroid Radiology (KTA/KSThR), National
Comprehensive Cancer Network (NCCN), and American Thyroid Association (ATA) guidelines had higher sensitivity
than other guidelines. In the study by EJ Ha et al, papillary carcinoma accounted for 85.5% of all malignant tumors. The
Korean Thyroid Association and Korean Society of Thyroid Radiology (KTA/KSThR, 94.5%), National Comprehensive
Cancer Network (NCCN, 92.6%), and American Thyroid Association (ATA, 89.6%) guidelines had higher sensitivity
than other guidelines.” In another meta-analysis,”' involving 49,661 patients, the most accurate risk category threshold
was AACE/ACE/AME system’s grade 3 (high risk), ACR TI-RADS’s TR5 (highly suspicious), EU-TIRADS’s EU-
TIRDS 5 (high risk), Kwak TIRADS’s 4c (moderate concern but not a typical malignancy), K-TIRADS grade 5 (highly
suspicious), and ATA system’s highly suspicious. At these thresholds, the system’s sensitivity was 64—77% and
specificity was 82-90%, with ACR TI-RADS having the highest sensitivity and specificity, followed by K-TIRADS.
These differences may be attributed to the higher proportion of malignant nodules included in this study, as all nodules
were surgically removed and had definitive postoperative pathological results.

The ATA system, consistent with the study by Sparano et al,*? exhibited the highest accuracy in our study. However,
it excluded 39 to 56 nodules that had a high risk of malignancy based on previous studies, which could pose challenges
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for less experienced physicians.>® The overall diagnostic performance of different-year physicians in our study was
similar, with higher-year physicians exhibiting only slightly higher diagnostic efficiency than lower-year physicians. This
may be attributed to the fact that prior to image interpretation, all physicians were provided with a uniform guideline-
based reading and nodule classification training, leading them to rely more on the guidelines and risk stratification
systems rather than their individual experiences.

Physicians of different seniorities adopt various approaches in diagnosis, yet they maintain a remarkable consistency.
Such consistency may stem from classification disagreements caused by non-classifiable nodules. A study involving
seven radiologists and endocrinologists from three major thyroid centers jointly conducted a consistency analysis on 100
ultrasound images.?* The study indicates that among single-center observations, there is moderate consistency among
observers; however, in multi-center studies, consistency performance is poorer. Specifically, the ATA consistency is the
lowest at 0.3, while the consistencies for AACE, ACR-TIRADS, and EU-TIRADS are 0.44, 0.42, and 0.39, respectively.
In a study by Koh et al*> four physicians of varying seniorities were involved. The findings reveal that when utilizing
TIRADS, the experienced physician group demonstrates higher consistency compared to the less experienced group;
however, when applying the ATA guidelines, the less experienced group exhibits higher consistency. Overall, this study
is a single-center investigation with only three participants who collectively explored various guidelines, potentially
explaining the higher consistency observed in this study compared to others. This phenomenon suggests that through
unified training and practice, consistency among observers can potentially be enhanced, thereby improving the repeat-
ability of risk stratification system applications.

The consistency exhibited by AI-SONICTM is nearly perfect, primarily attributed to two major factors. Firstly,
compared to human physicians, AI-SONICTM captures nodule features at the pixel level, achieving a level of refinement
beyond human capabilities and reducing inter-observer variations due to its objectivity. Secondly, the limited availability
of ultrasound images selected in retrospective studies, possibly due to the fact that physicians did not collect the images
themselves, contributes to minimal variability. In our study, we aimed to simulate real clinical scenarios by allowing
physicians to independently select ultrasound images. In this process, different sections of the same nodule can lead to
varying diagnoses, an issue that dynamic Al may effectively address. Hongxia Luo et al*® developed and validated a deep
learning method based on ultrasound videos (utilizing a Cascade Region-based Convolutional Network, R-CNN) for the
automatic detection and segmentation of the thyroid and its surrounding tissue. Separately, Wang et al*’ employed
Dynamic Al for comprehensive scanning of the thyroid, achieving real-time positioning, real-time tracing, and real-time
diagnosis during examinations, with an accuracy rate of 92.21% for malignant nodules and 83.20% for benign nodules.

Attempts to explain diagnostic accuracy through physician-observed baselines or ultrasound features have been
largely unsuccessful. This study has found that AI-SONICTM demonstrates a 15.4% increase in diagnostic accuracy for
nodules containing cystic components compared to solid nodules. However, no significant correlation was observed
between other ultrasound features and diagnostic accuracy. It remains unclear whether this is related to the machine
learning from a larger sample of cystic and solid nodules. Notably, features such as pathological type, nodule location,
nodule volume, combined diffuse lesions, texture, echo, boundary, margin, aspect ratio, microcalcification, macrocalci-
fication, and thyroid extension have minimal impact on the diagnostic accuracy of AI-SONICTM. In contrast to the
findings of the current study, Liu et al*® research revealed that the agreement between AI-SONICTM diagnosis and
pathological diagnosis is moderate in a diffuse background (x=0.417) and nearly perfect in a non-diffuse background
(x=0.81). Additionally, in non-diffuse backgrounds, AI-SONICTM demonstrates significantly higher sensitivity (96.2%
vs 73.4%, P < 0.001), specificity (82.9% vs 71.2%, P = 0.007), and negative predictive value (90.3% vs 53.3%, P <
0.001). Whether this situation is related to the type of diffuse lesion or the degree of destruction it causes to the thyroid
parenchyma requires further investigation to determine.

Regretfully, this study only observed that the Al showed abnormal nodules’ edge recognition when these sonograms
appeared, perhaps because its training set was less likely to include these nodules. But we have no way of knowing
exactly why and how the technological black-box-like Al detection system abnormal nodules. Abnormal nodules were
rare and not enough to be analysed in our study. And the physician’s re-sketched results were mostly in agreement with

the original results identified by Al in terms of their benign-malignant tendency, with very rare instances of inconsistent
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benign and malignant tendencies. Therefore, this study did not analyze the specially abnormal nodules that were
manually outlined by the physicians, which should be studied in further study with large scale samples.

The limitations of this study are mainly reflected in the following two aspects: (1) This study employed
a retrospective research design, where the images selected by each physician were obtained from those collected by
different physicians during their routine practice. Consequently, it was not possible to adequately simulate the impact of
variations in image acquisition among physicians of different experience levels on Al usage. This limitation may impose
some constraints on the interpretation and extrapolation of the results. (2) The pathological types of thyroid malignant
nodules included in this study were limited to PTC (papillary thyroid carcinoma), which does not comprehensively
represent the diverse pathological types that may be encountered in practical applications. However, our research team is
actively engaged in studying rare cancers and is committed to developing new artificial intelligence systems. To expand
the scope of Al application and enhance diagnostic accuracy, we will continue to collect more data and samples of
different types of malignant nodules.

Conclusion

AI-SONICTM and the six thyroid nodule ultrasound risk stratification systems showed high diagnostic performance for
papillary thyroid carcinoma, and showed strong or moderate interobserver agreement with examiners with different
experiences. AI-SONICTM may have higher accuracy for nodules with cystic components.
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