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The aim of this study was to investigate the performance of Chinese Thyroid Imaging Reporting and Data System
(C-TIRADS) category combined with contrast-enhanced ultrasound (CEUS) in diagnosing thyroid cancer.

From October 2020 to March 2021, 116 thyroid nodules from 113 patients who underwent conventional ultra-
sound and CEUS examinations at the General Hospital of Northern Theater Command were reviewed. In the
conventional ultrasound examination, thyroid nodules were categorized by C-TIRADS. The nodules were re-
classified based on CEUS scoring, then a combined diagnosis was made. The pathological results were taken
as the criterion standard. To compare the diagnostic performance of the 3 methods according to the receiver
operating characteristic curves produced for thyroid nodules.

After chi-square test, the 7 characteristics of enhancement patterns, internal homogeneity, wash-in, wash-out,
ring enhancement, morphology, and contrast agent retention characteristics (CAR) were statistically different
between malignant and benign tumors; A high diagnostic performance was demonstrated by C-TIRADS com-
bined with CEUS in diagnosing thyroid cancer. The area under the curve (AUC), the sensitivity, and the speci-
ficity of C-TIRADS combined with CEUS for diagnosing thyroid cancer were 0.918 (95% Cl: 0.852-0.961), 80.9%
(95% Cl: 69.1-89.8%), and 90.6% (95% Cl: 79.3-96.9%), respectively. The AUC of C-TIRADS alone was signifi-
cantly lower than that of C-TIRADS combined with CEUS (P=0.0056), while there was no significant difference
between CEUS and C-TIRADS combined with CEUS (P=0.59).

The combined method of C-TIRADS and CEUS, with reduced rate of thyroid nodule biopsy and clinical applica-
tion value, has higher diagnostic accuracy than the single diagnosis method.

TI-RADS ¢ Contrast-Enhanced Ultrasound ¢ Thyroid Nodules

C-TIRADS - Chinese Thyroid Imaging Reporting and Data System; CEUS — contrast-enhanced ultrasound;
FNA - fine-needle aspiration; AUC — area under the curve; Se — sensitivity; Sp — specificity
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Background
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Material and Methods

Thyroid nodules are one of the most common endocrine dis-
eases in the world. In the normal population, 47% are found
through physical examination, while 30-67% are found through
ultrasound examination [1]. The vast majority of thyroid can-
cer, which occurs in 7-15% of patients with thyroid nodules,
is papillary cancer [2], and thyroid cancer has become the
fourth most common cancer in women [3]. The number of
new cases of thyroid cancer among Chinese people in 2015
was 90 000 [4], while the number of new cases of thyroid can-
cer in the United States in 2019 was 52070 [5]. How to accu-
rately identify thyroid cancer before surgery remains a chal-
lenge [6,7]. Ultrasound is the most commonly used method
for evaluating thyroid nodules and has become the imaging
method of choice for thyroid nodule screening, preoperative
diagnosis, and postoperative follow-up [8,9]. To standardize
the diagnosis and classification criteria of thyroid nodules,
and exclude subjective factors in the interpretation of results,
Horvath et al [10] published the Thyroid Imaging Reporting
and Data System (TIRADS) for the first time after drawing on
the Breast Imaging Reporting and Data System (BI-RADS). In
2020, the Superficial Organ and Vascular Ultrasound Group of
the Society of Ultrasound in Medicine of the Chinese Medical
Association released a simple and practical risk stratification
system for thyroid nodules called C-TIRADS [11]. However, the
overlapping of ultrasound signs of benign and malignant thy-
roid nodules, especially for TIRADS 3 and 4 thyroid nodules,
reduces the accuracy of conventional ultrasound in diagnosing
thyroid nodules [12,13]. Fine-needle aspiration biopsy (FNA) is
considered to be an accurate and effective method for preop-
erative diagnosis of thyroid nodules. However, at least 50% of
needle biopsy nodules are benign [14], and about 20-30% of
the results are uncertain [15]. Therefore, there may be overdi-
agnosis of benign nodules. Therefore, a new technique is ur-
gently needed to improve the diagnostic accuracy of thyroid
cancer, thereby reducing unnecessary FNA for benign nodules.

Contrast-enhanced ultrasound (CEUS) enables radiologists to
make dynamic, real-time, non-invasive, and continuous ob-
servation of hemodynamics and microvascular perfusion in
thyroid disease. CEUS has the ability to evaluate microvas-
cular blood flow changes in thyroid lesions [16,17], and is
an effective supplement to conventional ultrasound. Studies
have confirmed that the diagnostic accuracy of thyroid can-
cers can been improved by conventional ultrasound combined
with CEUS [18,19]. However, as far as we know, there is no
research report on the differential diagnosis of C-TIRADS 3-5
nodules using C-TIRADS combined with CEUS so far. Therefore,
we sought to show that CEUS can supplement the insufficien-
cy of conventional ultrasonography in diagnosing thyroid nod-
ules, while improving the diagnostic accuracy of thyroid be-
nign and malignant tumors.

Ethics

Institutional review board approval was obtained from the Ethics
Committee of the General Hospital of Northern Theater Command
for this retrospective study, and informed consent was waived.

Research Design

This was a retrospective study. Between October 2020 and
March 2021, a total of 139 thyroid nodules from 131 patients
were recruited at the General Hospital of Northern Theater
Command in this study.

Inclusion Criteria

1. Solid nodules classified into 3-5 categories by conventional
ultrasound; 2. Nodules with complete clinical, conventional ul-
trasound and contrast-enhanced ultrasound data; 3. Nodules
clearly confirmed by surgery or needle biopsy; 4. The largest
diameter was greater than 1.0 cm;

Exclusion Criteria

1. Nodules with surrounding calcification or coarse calcification
(Because surrounding calcification or coarse calcification af-
fected the visualization of microbubbles inside the nodule, no
real blood perfusion information could be observed); 2. Nodules
without surrounding normal parenchyma for contrast. Nineteen
cases were ruled out because the nodule had surrounding cal-
cification, and 4 cases were ruled out because of its oversize.
In the end, 116 thyroid nodules of 113 patients were enrolled
in the study. Figure 1 shows the flow chart of this study.

Inspection Method

GE LOGIQ E20 (E20; GE Medical Systems Ultrasound & Primary
Care Diagnostics, LLC, Wauwatosa, USA) or Samsung RS80A
(RS80A; Samsung Madison Co., Ltd., Seoul, Korea) ultrasound
diagnostic system was used for conventional ultrasound and
CEUS. Conventional ultrasound inspections used 10-15 MHz lin-
ear array transducers, and CEUS inspections used 7-9 MHz lin-
ear array transducers. The examination was performed by a ra-
diologist with 10 years of experience in thyroid ultrasound and
3 years of experience in CEUS. The patient was in a supine posi-
tion, with head tilted back, and the inspection area was fully re-
vealed. To obtain the best image quality, the patient was asked
not to swallow and breathe to calmly during the examination.
The probe should be in close contact with the skin with enough
coupling agent to ensure that the target thyroid nodule imaging
signal is not lost. The image settings included focus, filter, gain
and color gain, and adjusted until the best image was obtained.
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Figure 1. The flowchart of patients with thyroid
nodules selection. N — number of
patients; n — number of thyroid
nodules. The Figure 1 was produced
by PowerPoint version 2016 (Microsoft
corporation, WA, USA).

Nodules underwent US and CEUS
(N=131,n=139)

l—»

The final inclusion
(N=113,n=116)

! !

Benign nodules
(N=51,n=53)

Excluded (N=18, n=23)

1. Nodules with surrounding calcificationor ~:
multiple coarse calcifications (N=15,n=19) i

2. Large nodules without perinodular normal
parenchyma as a reference (N=3, n=4)

Malignant nodules
(N=62, n=63)

Table 1. The CUES thyroid nodules scores.

CEUS qualitative analysis indicators

Patterns of enhancement Centrality/centrifugal

Wash-in Synchronous Earlier/later
Cwashout synchronous | Earlier/later
Ringenhancement  Yes N
~ Morphology Regulr regular
SR N Yes

CEUS - contrast enhanced ultrasound; CAR — contrast agent retention.

In the dual-frame contrast enhancement mode, the best section
of the nodule was selected for CEUS. Five ml of normal saline
was injected into the contrast medium (SonoVue, Bracco, Milan,
Italy) and mixed until a homogeneously mixed suspension was
produced. An intravenous access was created in the anterior cu-
bital fossa, and 1.5 mL of microbubble suspension was rapidly
injected. Then, the test tube was rinsed with 5 mL of normal sa-
line. At the same time, the timer was started to dynamically re-
cord the process of CEUS (at least 2 minutes). During the CEUS,
the patient was told to maintain posture and breathe calmly.

Image Analysis and Diagnostic Criteria

Blind review was performed by 2 radiologists with more than
10 years of experience in ultrasound diagnosis of thyroid dis-
eases. All differences of opinion were resolved through discus-
sion and negotiation. Conventional ultrasound was classified
in TIRADS according to the protocol of the Superficial Organ
and Vascular Ultrasound Group of the Society of Ultrasound
in Medicine of the Chinese Medical Association [10]. The fol-
lowing ultrasound features of thyroid nodules were assessed:
the composition of the nodule, internal echo, aspect ratio, mor-
phology, and calcification. The C-TIRADS category criteria of
this study are shown in Supplementary Table 1.

The qualitative indicators of CEUS analysis of thyroid target nod-
ules included enhancement intensity (hypo-enhancement, iso-
enhancement, hyperenhancement, no enhancement); patterns

of enhancement (centrality, diffuse, centrifugal); internal ho-
mogeneity (homogeneity, heterogeneity); wash-in (earlier, syn-
chronous, later); wash-out (earlier, synchronous, later); ring en-
hancement (yes or no), boundary (clear, unclear); morphology
(regular, irregular); CAR [16] (yes, no).The CEUS features that
were significant in differentiating benign and malignant thy-
roid nodules were scored, and the score for each thyroid nod-
ule was calculated. One point was subtracted for each benign
feature, and 1 point was added for each malignant feature.
Nodules with a score of <0 were classified as benign, and with
a score of >0 as malignant (Table 1).

The diagnostic criteria for C-TIRADS category combined with
CEUS were as follows: Nodules with a CEUS score of 0 point
were the same as TIRADS category; if nodules with a CEUS
score of <0 point, the TIRADS category will be down-graded.
When the nodule score was above 0 point, the TIRADS cate-
gory was up-graded (for instance, if the nodule of C-TIRADS4b
scored 3 points, the TIRADS was up-graded to TIRADS 4c). In
this study, when the nodule was C-TIRADS 3 or 5, even if the
CEUS score was less than or greater than 0, the category of
the nodule remained unchanged.

Statistical Analysis
Statistical analysis was performed using the SPSS 20.0 soft-

ware package (SPSS, Inc, Chicago, IL) and MedCalc version
11.4.2.0 (MedCalc Software, Ostend, Belgium). Count data were
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Table 2. Patient clinical data.

Benign (n=53)

Gender
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The value of C-TIRADS and contrast-enhanced ultrasound category in diagnosis...
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Malignant (n=63) P-value

Histologic result 11

expressed as means (percentage) and analyzed with the chi-
square test or Fisher’s exact test. Measurement data were ex-
pressed as mean+standard deviation, and independent sample
t test was used. Pathological results were used as the criterion
standard. Pearson y? test or likelihood ratio y? test was used
to compare and analyze the qualitative indexes of malignant
and benign nodules, and to calculate the AUC value, sensitiv-
ity (Se), specificity (Sp), and accuracy of C-TIRADS, CEUS, and
C-TIRADS +CEUS, respectively. The McNemar chi-square test
was used to compare the diagnostic effects of the 3 methods,
and the ROC curve was drawn. The confidence interval of the
area under the ROC curve (Az) value was estimated at the 95%
confidence level. P values less than 0.05 were considered sta-
tistically significant. The level of agreement for Cohen’s kappa
was defined as follows: <0.20, slight agreement; 0.21-0.40, fair
agreement; 0.41-0.60, moderate agreement; 0.61-0.80, sub-
stantial agreement; and »>0.80, good agreement.

Results

General Information About Patients and Nodules

Atotal of 113 patients with an average age of 47.2+12.2 (22-
84) years old were recruited in this study, including 37 males
(37 cases of nodules) and 76 females (79 cases of nodules).
There was a total of 116 cases of thyroid nodules, the average
size of the nodules was 1.7+0.6 (1.0-5.1) cm, of which 53 cas-
es were benign nodules, the average size was 1.6+0.7 (1.0-5.1)
cm, 63 cases were malignant nodules, the average size was
1.8+0.6 (1.0-3.3) cm. All benign nodules consisted of 38 nodu-
lar goiters, 5 follicular adenomas, and 10 inflammatory lesions;
while among the malignant tumors, 59 were papillary carcino-
ma, 2 were medullary carcinoma, 1 was follicular carcinoma, 1

was thyroid sarcoma. See Table 2 for details. Benign and ma-
lignant thyroid nodules had significant differences in marked-
ly hypoechoic, vertical orientation, microcalcifications, regular,
and C-TIRADS classification (Table 3).

Analysis of the Characteristics of CEUS in Diagnosing
Thyroid Cancer

After chi-square testing, the 7 characteristics of patterns of
enhancement, internal homogeneity, wash-in, wash-out, ring
enhancement, morphology, and CAR were statistically differ-
ent in benign and malignant tumors (Table 4). Please refer to
Table 1 for the scoring method of CEUS differentiation of thy-
roid malignant and benign nodules.

Analysis of Diagnostic Efficacy of C-TIRADS, CEUS and
C-TIRDS Combined with CEUS in the Diagnosis of Thyroid
Cancer

The AUC value of C-TIRADS in the diagnosis of thyroid can-
cer was 0.845 (95% Cl: 0.766-0.905), the Se was 85.7% (95%
Cl: 74.6-93.3%), the Sp was 73.6% (95% Cl: 59.7-84.7%), and
the accuracy was 80.2%. The AUC value of CEUS in diagnos-
ing thyroid cancer was 0.908 (95% Cl: 0.840-0.954), the Se
was 79.8% (95% Cl: 67.3-88.3%), the Sp was 88.7% (95% Cl:
77.0-95.7%), and the accuracy was 83.6%. The AUC value of
C-TIRADS combined with CEUS in the diagnosis of thyroid can-
cer was 0.918 (95% Cl: 0.852-0.961), the Se was 80.9% (95%
Cl: 69.1-89.8%), the Sp was 90.6% (95% Cl: 79.3-96.9%), and
the accuracy was 85.3%. Compared to C-TIRADS, the AUC val-
ue of C-TIRADS combined with CEUS in the diagnosis of thyroid
cancer was higher(P=0.0056), while there was no significant
difference between C-TIRADS combined with CEUS and CEUS
in diagnosing thyroid cancer(P=0.59). See Table 5 and Figure 2.
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Table 3. The examination results on thyroid nodules by conventional ultrasound.

Benign

Malignant P-value

The Interobserver Agreement Analysis Between 2
Radiologists

The interobserver agreement of C-TIRADS and internal homo-
geneity, wash-in, wash-out, patterns of enhancement, ring en-
hancement, morphology, and CAR of CEUS between the 2 radi-
ologists were 0.868, 0.921, 0.931, 0.947, 0.896, 0.963, 0.944,
and 0.967, respectively.

Discussion

Due to its advantages of being convenient, cheap, non-invasive,
and non-radiation, ultrasound examination has become the
most important method clinical examination of thyroid diseas-
es. In conventional ultrasound, the TIRADS category is a classifi-
cation method that helps diagnose malignant nodules and pro-
vides guidance for clinical treatment [9,20,21]. This also helps
the communication between radiologists and clinicians so as

to reduce the effect of subjective factors. The TIRADS category
was originally proposed and evaluated by Horvath et al [10].
In 2020, China officially released the TIRADS category based
on China’s national conditions [11]. Zhou et al [22] reported
a total of 2141 cases of thyroid nodules were included, and
thyroid nodules were evaluated by quantitative scoring meth-
od. For classification, the AUC value for the diagnosis of thy-
roid cancer could reach 0.913, the Se was 92.7%, and the Sp
was 71.2%. In this study, the AUC value of C-TIRADS in the di-
agnosis of thyroid cancer was 0.845, the Se was 85.7%, and
the Sp was 73.6%. This shows that C-TIRADS has a high di-
agnostic value. However, in actual clinical work, the C-TIRADS
category and diagnostic criteria are not perfect, and there is
large variability in the AUC value, Se, and Sp of the diagno-
sis of thyroid cancer. Although the AUC value and Se in this
study were lower than those of Zhou et al, they are similar to
the results of Hu et al [23]. The diagnostic Se of thyroid nod-
ules above 1 cm is 85.3% and the Sp is 70.6% in the study of
Hu et al. The analysis may have the following reasons: (1) The
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Table 4. Comparison of CEUS characteristics of thyroid nodules.

Benign(n=53) Malignant(n=63) P-value
Enhancement intensity 0.067
"""" Noenhancement 4 0
"""" Hypo-enhancement 1w 20
"""" so-enhancement 34 o3
"""" Hyperenhancement 4 g
CPatterns of enhancement w0001
"""" Centralty w1 a0
"""" Difse & 16
"""" Centrifugal 0 7
Cinternalhomogeneity 001
"""" Homogeneity 26 a7
"""" Heterogeneity 21 a
CWashin w0001
"""" Barlier 5
"""" Synchronous 3 1g
"""" ater 10
CWeshout 0ol
"""" Barlier 03
"""" Synchronous 5339
"""" later o
CRingenhancement 0003
"""" N o aa e
"""" Yes 9
CMorphology w0001
"""" Regular a2
"""" megular 43
CBounday 006
"""" Cear a4 as
"""" Undear 7
SR w001
"""" N s s
"""" Ys o s

CEUS - contrast enhanced ultrasound; CAR — contrast agent retention.
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Table 5. Diagnostic performance of C-TIRADS and CEUS.

Method of examination

CLINICAL RESEARCH

+ 54
C-TIRADS -
- 9
+ 50
CEUS
- 13
+ 51
C-TIRADS+CEUS oo R
- 12

14 85.7% 73.6% 80.2% 0.845%
i ST B O SRR
6 798%  887%  836% 0908*
R
""" 5 809%  906%  853% 0918
o ST B B2 BB

# C-TIRADS vs C-TIRADS+CEUS: P<0.05; & C-TIRADS vs CEUS: P<0.05; * CEUS vs C-TIRADS+CEUS: P>0.05.

100k = v x
80}
2 60
W
A
007 — CTIRADS
& - CEUS
e R C-TIRADS-+CEUS
0 P P PRI R S
0 2 40 60 80 100
100-Speicifity

Figure 2. ROC curves for C-TIRADS, CEUS, and combined method.
The Figure 2 was produced by MedCalc version
11.4.2.0 (MedCalc Software, Ostend, Belgium).

proportions of malignant and benign nodules in the 2 stud-
ies are different, and the proportions of malignant and be-
nign nodules in this study are close 1 (53/63), while the ratio
of malignant and benign in the study of Zhou are close to 3
(1576/565); and (2) The ratio of inflammatory lesions in the 2
studies is also different (10/116 vs 21/2141). In addition, the
natural attributes of thyroid nodules cannot be determined
only by ultrasound imaging [24], and more methods are need-
ed to reduce or prevent missed diagnosis, misdiagnosis, de-
layed treatment, or over-treatment.

Recently, application of CEUS in thyroid diseases has turn into
a research hot spot. In China, CEUS has been applied in the dif-
ferential diagnosis of benign and malignant thyroid nodules.
CEUS can make up for the shortcomings of color Doppler and
better display the microcirculation conditions in the nodules
or tissues [16,25]. CEUS can not only display the perfusion
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intensity of the contrast agent, but also provide information
such as the wash-in or wash-out of the contrast agent into
the lesion [16,26], as well as the morphological and biological
characteristics of blood vessels. Some research analyses have
found that compared with conventional ultrasound, CEUS has
higher accuracy in detecting and identifying thyroid nodules
[18,27,28]. Our study showed that the Se, Sp, and AUC of CEUS
in the diagnosis of thyroid cancer were 79.8%, 88.7%, and 0.908,
respectively, which are consistent with results of the above-
mentioned research. These findings demonstrate that CEUS
has clinical value in diagnosing thyroid cancer. Previous stud-
ies have indicated that ring enhancement is strongly correlat-
ed with benign nodules, while hypo-enhancement and uneven
enhancement are malignant signs [12,29]. However, a single
CEUS feature does not seem to have good Se or Sp to discrim-
inate malignant and benign nodules. A previous meta-analysis
has concluded that CEUS qualitative indicators are better than
quantitative indicators in the discrimination of thyroid nod-
ules [30]. In this study, it was found that the 7 characteristics
of patterns of enhancement, internal homogeneity, wash-in,
wash-out, ring enhancement, morphology, and CAR were dif-
ferent in malignant and benign nodules. However, there was
no difference in the enhancement intensity between malignant
and benign nodules, which seemed to be inconsistent with the
results of the 2 above studies. Zhang et al [31] demonstrated
that as the volume of thyroid nodules increased, the CEUS of
the nodules showed mostly iso-enhancement or hyperenhance-
ment, rather than low enhancement. This was similar to the
results of this study. Among nodules > 1 c¢m, benign and ma-
lignant nodules mostly showed iso- enhancement or hyperen-
hancement, and the difference was not statistically significant.
Liu et al [32] demonstrated that the expansion and invasion
of malignant nodules outside the capsule led to irregular fea-
tures in CEUS. Heterogeneity enhancement showed inhomo-
geneous distribution of blood vessels inside malignant nod-
ules [33], and as the nodules grew, these 2 signs were more
obvious. The blood supply of malignant nodules can be divid-
ed into central and peripheral parts. The blood vessels in the
central part are relatively scarce, while the blood vessels in
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Figure 3. A inflammatory lesion in a 35-year-old woman. (A) Greyscale ultrasound showed that there was a solid very hypoechoic
lesion in the left lobe of the thyroid, with irregular margin and a wider-than-tall shape. The nodule was C-TIRADS category
4c.(B) Contrast-enhanced ultrasound showed diffused and synchronous enhancement within the nodule at the time of
the10t™ second after the injection of contrast agent. (C) Contrast-enhanced ultrasound showed hypo-enhancement and
heterogeneity at peak (the 15% second after the injection of contrast agent), with irregular morphology. The CUES score of
the lesion was -1. (D) The pathological image of the lesion, which was of subacute thyroiditis. Figure 3 was produced by
PowerPoint version 2016(Microsoft corporation, WA, USA).

the peripheral part are relatively dense. This causes the signs
of centripetal enhancement in most malignant nodules dur-
ing CEUS. The CAR is a recently discovered characteristic ma-
lignant nodules. This may be correlated with the increase in
tumor cells and volume of the malignant nodule, which op-
presses the interstitial tissue, especially the compression of
the microvessels, leading to the signs of microvascular con-
gestion in the nodules [17]. There were also differences in
wash-in and wash-out between benign and malignant nod-
ules, which might be caused by differences in microvascular
diameter, morphology, vascular branches, arteriovenous fistu-
las, microthrombosis, and fibrosis.

However, studies have found that the Se and Sp of TIRADS
classification and CEUS may vary greatly [34,35]. To improve
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diagnostic accuracy and reduce missed diagnosis and misdiag-
nosis, we combined C-TIRADS and CEUS to identify thyroid nod-
ules. We observed that the AUC value was the highest (0.918)
after the combination of C-TIRADS and CEUS, which was sig-
nificantly higher than the AUC value of C-TIRADS (0.845), and
slightly higher than the AUC value of CUES (0.908), but there
was no significant difference between the 2 methods. This
was line with the results of other studies [18,19,36]. These in-
dicate that the combined method is beneficial to reduce the
occurrence of misdiagnosis and missed diagnosis. C-TIRADS
alone misdiagnosed 23 cases of thyroid nodules, 16 of which
were corrected by CEUS, which showed that CEUS could play
a role in complementing C-TIRADS. In this study, there were
10 cases of inflammatory lesions and 8 cases of C-TIRADS
were misdiagnosed, but 7 of them were corrected by CEUS,
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which showed that CEUS could assist in the identification of
inflammatory lesions (Figure 3). However, this was not con-
sistent with the results of Zhang et al [19]. The discrepancies
may arise from the different methods used by CEUS in the 2
studies. Furthermore, the number of misdiagnosed cases of
thyroid nodules by CEUS alone was 19, of which 2 cases were
corrected by C-TIRADS, which showed that C-TIRADS had lim-
ited supplementary effect on CUES, which also caused there
to be no significant difference in AUC value between the com-
bined method and CEUS. (0.918 vs 0.908).

In addition, we analyzed the interobserver agreement between
2 radiologists and found that the 2 radiologists had a high
degree of agreement in the characteristics of C-TIRADS and
CEUS (0.868-0.967). This shows that C-TIRADS category and
CEUS features are less subjectively affected by the radiologist.

Our study has the following limitations: 1. This study was a ret-
rospective study, and the data were inevitably biased; 2. The
sample size of this study was not large enough, which might
have an effect on the results. In the future, the sample size
should be increased, and multi-center verification should be
carried out; 3. In this study, most of the malignant tumors were

Supplementary Table
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papillary carcinoma, and most of the benign tumors were nod-
ular goiters. 4. The proportion of benign and malignant nod-
ules in this study was lower than the actual proportion of be-
nign and malignant nodules, which may have influenced the
results of the study. Therefore, this result had limited diag-
nostic value for other types of malignant and benign nodules,
and further verification is needed in the future.

Conclusions

We found that CEUS has higher accuracy than C-TIRADS in the
diagnosis of thyroid cancer, and the diagnostic accuracy was
further improved after the combination of the 2. Therefore, the
combined method of C-TIRADS and CEUS for the diagnosis of
thyroid cancer should be promoted and applied.
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Supplementary Table 1. The C-TIRADS based on the counting method.

Nodule Score Malignancy rate (%) C-TIRADS category

Absent NA 0 1, no nodule
"""""" Preset 1 0 2berign
"""""""""""""""""""""""""" o <@  3probablybenign
1 20 4A low suspicon
B =32 1050 4B, moderate suspicion
""""""""""""""""""""""""" 34 5090  4Chighsuspicon
B s 500 5, highly suggestive of malignancy
""""""""""""""""""""""""" N\ NA 6 biopsyproved malignant
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