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Background: Conventional ultrasound (US) has been routinely used for differential diagnosis of thyroid
nodules, but its discriminatory performance remains unsatisfactory. This study aimed to develop and validate
a prediction nomogram model based on conventional US and contrast-enhanced ultrasound (CEUS) features
for differentiating malignant from benign thyroid nodules.

Methods: A total of 815 thyroid nodules with surgical pathology results and complete conventional US and
CEUS data were retrospectively collected from the First People’s Hospital of Qinzhou between January 2019
and July 2023. The nodules were grouped into a training cohort (n=571) and a validation cohort (n=244) at
a 7:3 ratio. Independent risk factors of malignancy were selected by stepwise multivariate logistic regression
analysis, and a prediction nomogram model was subsequently constructed. The diagnostic performance of
the model was evaluated by the area under the receiver operating characteristic curve (AUC) in both the
training and validation cohorts. The unnecessary fine-needle aspiration biopsy (FNAB) rate was calculated.
Results: Multivariate logistic regression analysis identified irregular margin, aspect ratio >1, and
microcalcification from conventional US images, as well as hypo-enhancement intensity and ring
enhancement from CEUS images, as independent predictors for malignancy. The AUC, sensitivity,
specificity, and accuracy of the prediction nomogram model were 0.947 [95% confidence interval (CI):
0.928-0.966], 90.4%, 88.8%, and 89.8% in the training cohort, and 0.957 (95% CI: 0.928-0.986), 94.5%,
86.4%, and 91.8% in the validation cohort, respectively. Using the prediction model, the unnecessary
FNAB rates reduced from 29.6% to 6.1% in the training cohort and from 29.3% to 6.7% in the validation
cohort compared to the Chinese Thyroid Imaging Reporting and Data System. Decision curve analysis
demonstrated good clinical utility of the nomogram model.

Conclusions: The prediction nomogram model incorporating conventional US and CEUS features could
effectively distinguish between malignant and benign thyroid nodules and reduce unnecessary FNAB rates.
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Introduction

With the widespread application of conventional ultrasound
(US), the incidence of thyroid nodules has gradually
increased worldwide (1). The prevalence of thyroid nodules
is estimated to be up to 70% in the general population,
with malignancies observed in only 5-15% of cases (2,3).
Fine-needle aspiration biopsy (FNAB) is routinely used
for definitive diagnosis of thyroid malignancies but is
limited by its invasive nature and low detection rate (4-6).
Therefore, it is critical to develop non-invasive and more
accurate methods to differentiate malignant from benign
thyroid nodules, aiming to avoid unnecessary FNAB or
overtreatment such as surgery.

Conventional US is the first choice for thyroid imaging
and the differential diagnosis of thyroid nodules. Malignant
nodules exhibit several sonographic characteristics, including
a solid component, irregular margins, hypo-echogenicity,
microcalcification, and a taller-than-wide shape (7). However,
no single sonographic feature has sufficient sensitivity and
specificity to detect malignant thyroid nodules accurately (8).
Based on these conventional US features, the American
College of Radiology (ACR) established a risk stratification
system, the Thyroid Imaging Reporting and Data System
(ACR-TIRADS), to provide an easy-to-use risk evaluation
method and to facilitate appropriate clinical management of
thyroid nodules (9). Similar classification systems have also
been proposed by other scientific communities, such as the
American Thyroid Association (ATA) guideline (10), the
Korean Society of Thyroid Radiology (K-TIRADS) (11), the
European Thyroid Association (EU-TIRADS) (12), and the
Chinese Medical Association (C-TIRADS) (13). FNAB is
subsequently recommended for definitive diagnosis according
to the nodule’s TIRADS risk level and maximum diameter.

Nevertheless, the discriminatory performance of
conventional US-based models remains unsatisfactory.
TIRADS 4-5 nodules have a broad spectrum of potential
malignancy rate greater than 5%, which results in a favorable
sensitivity of 89% but an inferior specificity of 70% (14).
Under these risk stratification systems, the rate of unnecessary
FNAB, ranging from 21.2% to 58.3%, remains considerably
high (15,16). Therefore, new techniques that improve
diagnostic accuracy with high sensitivity and specificity are
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warranted for the management of thyroid nodules.
Contrast-enhanced US (CEUS) enables real-time
evaluation of microvascular perfusion in thyroid lesions
following the administration of microbubble contrast
media (17). In recent years, CEUS has increasingly been
used to complement conventional US for the differential
diagnosis of thyroid nodules (18). Several meta-analyses
have demonstrated that CEUS achieves a sensitivity of
84-87% and a specificity of 82-84% in distinguishing
malignant from benign thyroid nodules (19-22). We
assumed that integrating conventional US and CEUS
images would further improve the diagnostic accuracy of
malignant thyroid nodules. Therefore, this study aimed to
develop a predictive nomogram combining conventional
US and CEUS features to facilitate the risk stratification
and clinical management of thyroid nodules. We present
this article in accordance with the STARD reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-24-1796/rc).

Methods
Study design and patient selection

"This retrospective, single-center study was approved by the
Ethics Committee of the First People’s Hospital of Qinzhou
(No. A-20240111) and conducted in accordance with the
Declaration of Helsinki and its subsequent amendments.
The requirement for informed consent was waived due
to the study’s retrospective nature. All participants had
provided written informed consent for preoperative CEUS
examinations. A total of 997 nodules from consecutive
patients who underwent surgery for thyroid nodules at this
hospital between January 2019 and July 2023 were enrolled.
The inclusion criteria for thyroid nodules were as follows:
(I) definitive surgical pathology results of thyroid nodules;
(IT) maximum nodule diameter >0.5 cm; (III) complete
clinical information; and (IV) complete conventional
US and CEUS data within 1 month before surgery. The
exclusion criteria were as follows: (I) age younger than
18 years; (II) previously treated thyroid nodules; and (III)
lack of surrounding normal parenchyma as a reference.
Ultimately, a total 815 nodules from 689 patients (mean
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997 surgically confirmed thyroid nodules
between January 2019 and July 2023

Maximum nodule diameter <0.5 cm (n=99);
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Figure 1 Flowchart of patient selection.

age: 43.6x12.6 years, range, 18-83 years; 129 males and
560 females) were included in this study. There were 538
malignant nodules and 277 benign nodules. Malignant
nodules included 532 papillary thyroid carcinomas, 4
medullary thyroid carcinomas, 1 thyroid metastatic
carcinoma, and 1 thyroid squamous cell carcinoma. Benign
nodules included 248 nodular goiters and 29 thyroid
adenomas. All nodules were randomly divided into a
training cohort (n=571, 375 malignant and 196 benign
nodules) and a validation cohort (n=244, 163 malignant
and 81 benign nodules) at a 7:3 ratio. The patient selection
procedure is illustrated in Figure 1.

Image acquisition

Both conventional US and CEUS images were acquired
with the Canon Aplio 1800 system (Canon Medical System
Corporation, Tochigi, Japan) equipped with a linear array
probe (i8LX5, frequency range, 5-18 MHz). All patients
were examined in a supine position with their necks fully
exposed and were instructed to avoid swallowing and
talking during the examination. After the conventional US
examination, the mode was switched to CEUS. SonoVue
(Bracco, Milan, Italy) was injected as contrast agent with
a volume of 1 mL via the median cubital vein, followed by
a bolus of 5 mL normal saline. The mechanical index of
CEUS was 0.06-0.08. Dynamic images were observed for
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90 seconds and stored on a hard disk for further analysis.

Image analysis

All conventional US and CEUS images were retrospectively
reviewed by 2 independent radiologists with over 10 years
of experience in thyroid imaging, who were blinded to
the clinical information and pathological outcomes of all
patients (Figure 2). For conventional US (Figure 2A4,2C),
the following features of each nodule were recorded:
nodule size (maximum diameter), location (left lobe, right
lobe, isthmus), echogenicity (hyper-echoic, iso-echoic,
hypo-echoic relative to surrounding thyroid parenchyma),
homogeneity (heterogeneous, homogeneous), aspect ratio
(>1, <1), margin (regular, irregular), and microcalcification
(present, absent). For the qualitative parameters of
CEUS (Figure 2B,2D), the enhancement intensity (hyper-
enhancement, iso-enhancement, hypo-enhancement
relative to adjacent thyroid parenchyma at peak),
enhancement pattern (heterogeneous, homogeneous), and
ring enhancement (present, absent) of each nodule were
recorded. In case of disagreement between the radiologists,
a consensus was reached through discussion.

Statistical analysis

Continuous variables were presented as mean * standard
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Figure 2 Ultrasound images of benign and malignant nodules. For a nodular goiter, conventional US showed iso-echoic echogenicity,

aspect ratio <1, and regular margin (A), and CEUS showed iso-enhancement and presence of ring enhancement (arrows) (B). For a papillary

thyroid carcinoma, conventional US showed hypo-echoic echogenicity, aspect ratio >1, microcalcification (red arrow), and irregular margin

(C), and CEUS showed hypo-enhancement and centrifugal enhancement direction (arrows) (D). CEUS, contrast-enhanced ultrasound; US,

ultrasound.

deviation or median with interquartile range (IQR), and
were compared by using Student’s z-test or Wilcoxon
rank-sum test, respectively. Categorical variables were
expressed as frequency with percentage and compared
using the chi-square test or Fisher’s exact test when
necessary. Independent predictive factors were identified
by multivariate logistic regression analysis employing a
stepwise backward method. A nomogram predicting the
risk of malignant thyroid nodules was constructed based
on the independent factors in the training cohort. The
predictive performance of the constructed prediction
model was evaluated by receiver operating characteristic
(ROC) curve analysis and area under the curve (AUC)
in the training and validation cohorts. The optimal cut-
off value of the prediction model was determined by
maximizing the Youden index, followed by the calculation
of sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and accuracy. DeLong test
was used to compare the diagnostic performance between
different models. The unnecessary FNAB rates, evaluated as
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the percentage of benign nodules among the recommended
biopsied nodules, were compared between the constructed
nomogram model and the established C-TIRADS (13). A
calibration curve was plotted and the Hosmer-Lemeshow
test was performed to assess the calibration effect of the
prediction model. Decision curve analysis (DCA) was used
to evaluate the clinical usefulness of the prediction model
by quantifying the net benefits at different risk thresholds.
All the statistical analyses were conducted using Stata 16.0
(StataCorp, College Station, TX, USA). A P value <0.05

was considered statistically significant.

Results
Clinical, conventional US, and CEUS characteristics

The clinical, conventional US, and CEUS characteristics
of thyroid nodules in the training and validation cohorts
are summarized in Table 1. No significant differences
were observed in sex, nodule size, location, and pathology
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Table 1 Comparison of characteristics between the training and validation cohorts

Characteristics Training cohort (n=571) Validation cohort (n=244) P value

Sex 0.28
Male 101 (17.7) 51 (20.9)

Female 470 (82.3) 193 (79.1)

Age, years 42.5+12.2 44.5+13.1 0.04
>45 244 (42.7) 118 (48.4) 0.14
<45 327 (57.3) 126 (51.6)

Thyroid nodule 0.76
Malignant 375 (65.7) 163 (66.8)

Benign 196 (34.3) 81 (33.2)

Nodule size, cm 1.4 (0.89, 2.58) 1.5 (0.83, 2.90) 0.69
>1.0 387 (67.8) 159 (65.2) 0.47
<1.0 184 (32.2) 85 (34.8)

Location 0.60
Left lobe 241 (42.2) 94 (38.5)

Right lobe 295 (51.7) 133 (54.5)
Isthmus 35 (6.1) 17 (7.0

US features

Echogenicity 0.57
Hyper-/iso-echoic 108 (18.9) 42 (17.2)
Hypo-echoic 463 (81.1) 202 (82.8)

Homogeneity 0.64
Homogeneous 20 (3.5) 7 (2.9)
Heterogeneous 551 (96.5) 237 (97.1)

Aspect ratio 0.12
>1 208 (36.4) 75 (30.7)
<1 363 (63.6) 169 (69.3)

Margin 0.69
Regular 219 (38.4) 90 (36.9)
Irregular 352 (61.7) 154 (63.1)

Microcalcification 0.82
Present 113 (19.8) 50 (20.5)
Absent 458 (80.2) 194 (79.5)

CEUS features

Enhancement intensity 0.19
Hyper-/iso-enhancement 267 (46.8) 102 (41.8)
Hypo-enhancement 304 (53.2) 142 (58.2)

Table 1 (continued)
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Characteristics Training cohort (n=571) Validation cohort (n=244) P value
Enhancement pattern 0.88
Homogeneous 96 (16.8) 40 (16.4)
Heterogeneous 475 (83.2) 204 (83.6)
Ring enhancement 0.62
Present 104 (18.2) 48 (19.7)
Absent 467 (81.8) 196 (80.3)

Categorical variables are presented as n (%) and continuous variables are presented as mean + standard deviation or median (interquartile

range). CEUS, contrast-enhanced ultrasound; US, ultrasound.

outcomes between these 2 cohorts. Additionally, the
conventional US features and CEUS features were
comparable between the training and validation cohorts.

Correlation analysis of conventional US and CEUS
features with nodule pathology

Univariate analyses of correlations between imaging features
and nodule pathology in the training and validation cohorts
are presented in 7able 2. There were more male patients
in the malignant group than there were in the benign
group of the training cohort, whereas the sex distribution
was similar between both groups in the validation cohort.
Malignant nodules were significantly smaller than benign
nodules (median size: 1.20 vs. 2.54 cm in the training
cohort, P<0.001; 1.17 vs. 2.90 c¢m in the validation cohort,
P<0.001). In the training cohort, patients with malignant
nodules were significantly younger than those with benign
nodules (P=0.03), but no significant difference was found in
the validation cohort (P=0.22). Malignant nodules exhibited
higher proportions of hypo-echoic feature, aspect ratio >1,
irregular margin, and microcalcification compared to benign
nodules in both cohorts. Regarding CEUS features, hypo-
enhancement intensity and heterogeneous enhancement
patterns were more prevalent in malignant nodules than
in benign nodules (P<0.001). Ring enhancement was more
frequently found in benign nodules compared to malignant
nodules.

Prediction model construction

Multivariate logistic regression analysis in the training
cohort identified irregular margin, aspect ratio (>1),
presence of microcalcification, hypo-enhancement intensity,
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and absence of ring enhancement as independent predictive
factors for malignant thyroid nodules (7zble 3). These 5
factors were incorporated into a prediction model, which
was presented as a nomogram predicting the malignancy

risk of thyroid nodules (Figure 3).

Performance of prediction model

The ROC curves of the prediction model and individual
feature (margin, aspect ratio, microcalcification,
enhancement intensity, ring enhancement) were plotted
to illustrate the performance in differentiating malignant
from benign thyroid nodules in both the training cohort
(Figure 4A4) and validation cohort (Figure 4B). The AUC,
sensitivity, specificity, PPV, NPV, accuracy, and cut-off value
of prediction model were 0.947 [95% confidence interval
(CI): 0.928-0.966], 90.4%, 88.8%, 93.9%, 82.9%, 89.8%,
and 0.683 in the training cohort, and 0.957 (95% CI:
0.928-0.986), 94.5%, 86.4%, 93.3%, 0.88.6%, 91.8%, and
0.615 in the validation cohort, respectively. The DeLong
test demonstrated that the AUC of the prediction model
was significantly higher than that of any single conventional
US and CEUS feature (all P<0.001, Table 4), indicating
superior performance in discriminating malignant nodules
from benign nodules. Using the prediction model, the
unnecessary FNAB rates reduced from 29.6% to 6.1%
in the training cohort and from 29.3% to 6.7% in the
validation cohort compared to C-TIRADS (7able 5).
Calibration plots and Hosmer-Lemeshow test showed
good agreement between the observed probability and the
probability predicted by the nomogram in the training
cohort (P=0.37, Figure 5A4) and validation cohort (P=0.59,
Figure 5B). The DCA curves of the prediction model and
individual conventional US and CEUS features in the
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Table 2 Comparison of characteristics between malignant and benign thyroid nodules

Characteristics Training cohort Validation cohort
Malignant (n=375) Benign (n=196) P value Malignant (n=163) Benign (n=81) P value

Sex 0.007 0.49
Male 78 (20.8) 23 (11.7) 32 (19.6) 19 (23.5)

Female 297 (79.2) 173 (88.3) 131 (80.4) 62 (76.5)

Age, years 41.7+11.5 44.1+13.2 0.023 43.7+12.7 45.9+13.9 0.22
>45 147 (39.2) 97 (49.5) 0.012 74 (45.4) 44 (54.3) 0.19
<45 228 (60.8) 99 (50.5) 89 (54.6) 37 (45.7)

Nodule size, cm 1.2 (0.79, 1.86) 2.54 (1.40, 3.73) <0.001 1.17 (0.76, 2.10) 2.9(1.3,4.2) <0.001
>1.0 223 (59.5) 164 (83.7) <0.001 91 (55.8) 68 (84.0) <0.001
<1.0 152 (40.5) 32 (16.3) 72 (44.2) 13 (16.0)

Location 0.53 0.008
Left lobe 156 (41.6) 85 (43.4) 52 (31.9) 42 (51.9)

Right lobe 193 (51.5) 102 (52.0) 97 (569.5) 36 (44.4)
Isthmus 26 (6.9) 9 (4.6) 14 (8.6) 3(3.7)
US features
Echogenicity <0.001 <0.001
Hyper-/iso-echoic 48 (12.8) 60 (30.6) 18 (11.0) 24 (29.6)
Hypo-echoic 327 (87.2) 136 (69.4) 145 (89.0) 57 (70.4)
Homogeneity 0.047 0.17
Homogeneous 9(2.4) 11 (5.6) 3(1.8) 4(4.9)
Heterogeneous 366 (97.6) 185 (94.4) 160 (98.2) 77 (95.1)
Aspect ratio <0.001 <0.001
>1 196 (52.3) 12 (6.1) 70 (42.9) 5(6.2)
<1 179 (47.7) 184 (93.9) 93 (57.1) 76 (93.8)
Margin <0.001 <0.001
Regular 50 (13.3) 169 (86.2) 20 (12.9) 70 (86.42)
Irregular 325 (86.7) 27 (13.8) 143 (87.7) 11 (13.6)
Microcalcification <0.001 <0.001
Present 106 (28.3) 7 (3.6) 49 (30.1) 1(1,2)
Absent 269 (71.7) 189 (96.4) 114 (69.9) 80 (98.8)

CEUS features

Enhancement intensity <0.001 <0.001
Hyper-/iso-enhancement 109 (29.1) 158 (80.6) 33 (20.3) 69 (85.2)
Hypo-enhancement 266 (70.9) 38 (19.4) 130 (79.7) 12 (14.8

Enhancement pattern <0.001 <0.001
Homogeneous 38 (10.1) 58 (29.6) 16 (9.8) 24 (29.6)
Heterogeneous 337 (89.9) 138 (70.4) 147 (90.2) 57 (70.4)

Ring enhancement <0.001 <0.001
Present 4(1.1) 100 (51.0) 1(0.6) 47 (58.0)

Absent 371 (98.9) 96 (49.0) 162 (99.4) 34 (42.0)

Categorical variables are presented as n (%) and continuous variables are presented as mean + standard deviation or median (interquartile
range). CEUS, contrast-enhanced ultrasound; US, ultrasound.
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Table 3 Multivariate logistic regression analysis for risk factors of malignant thyroid nodules in the training cohort

Variables B Odds ratio 95% Cl P value
Margin (irregular) 2.477 11.9 6.517-21.730 <0.001
Aspect ratio (>1) 1.702 5.487 2.486-12.109 <0.001
Microcalcification (present) 1.494 4.454 1.745-11.370 0.002
Enhancement intensity (hypo) 1.016 2.762 1.486-5.135 0.001
Ring enhancement (absent) 2.984 19.761 6.263-62.350 <0.001
Constant -4.218 0.015 0.005-0.046 <0.001
Cl, confidence interval.
Ring enhancement L !
Present Absent
Enhancement intensity L !
Hyper-/iso-enhancement Hypo-enhancement
Aspect ratio L |
<1 >1
Microcalcification L !
Absent Present
Margin L )
Regular Irregular
Score T T T T T T T T T T T T T T T T T T T T T
0 1 2 3 5 6 7 8 9 10 11
Risk r T T T T T T T T T T 1
0.05 0.1 02 03 04 05 06 07 08 0.9 0.95 0.99
Total score — T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
01 23 45 6 78 9 1011 1213 14 1516 17 18 19 20 2122 23 24 25 26 27 28 29 30 31 32 33

Figure 3 Predictive nomogram to assess the malignancy risk of thyroid nodules.

training and validation cohorts are plotted in Figure 6. The
prediction model conferred more clinical net benefits than
any single feature in predicting malignant nodules at all
threshold probabilities.

Discussion

In the present study, we developed and validated a
prediction model incorporating features from conventional
and CEUS images for the differential diagnosis of thyroid
nodules. These features encompassed aspect ratio, margins,
and microcalcification from conventional US modality,
and enhancement intensity and ring enhancement from
CEUS modality. The prediction model demonstrated
excellent diagnostic performance in both the training and

© AME Publishing Company.

validation cohorts, outperforming any single conventional
US and CEUS feature, as well as reducing the unnecessary
FNAB rates. An easy-to-use nomogram was subsequently
constructed to facilitate the individualized prediction of
malignant thyroid nodules in clinical practice.

The incidence of thyroid cancer has rapidly increased in
recent years, but the mortality rate has remained relatively
low and unchanged (23,24). In China, the extensive
utilization of imaging modalities, mainly conventional
US examinations, and the confusing use of various
TIRADS classification systems have led to overdiagnosis
and overtreatment of thyroid nodules (13,25). Recently,
a modified TIRADS, named as C-TIRADS, has been
established to fit China’s medical conditions for malignancy

risk stratification of thyroid nodules (13,26). C-TIRADS
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Figure 4 ROC curves of the prediction model and single ultrasound feature in the training cohort (A) and validation cohort (B). ROC,

receiver operating characteristic.

Table 4 Predictive performance of the prediction model in the training and validation cohorts

Model AUC (95% ClI) Accuracy Sensitivity Specificity

Training cohort
Prediction model 0.947 (0.928-0.966) 89.8% 90.4% 88.8%
Margin 0.865 (0.835-0.894) 86.5% 86.7% 86.2%
Aspect ratio 0.731 (0.700-0.761) 66.6% 52.3% 93.9%
Microcalcification 0.624 (0.597-0.650) 51.7% 28.3% 96.4%
Enhancement intensity 0.758 (0.722-0.794) 74.3% 70.9% 80.6%
Ring enhancement 0.750 (0.714-0.785) 82.5% 98.9% 51.0%

Validation cohort
Prediction model 0.957 (0.928-0.986) 91.8% 94.5% 86.4%
Margin 0.871 (0.826-0.915) 87.3% 87.7% 86.4%
Aspect ratio 0.684 (0.638-0.730) 59.8% 42.9% 93.8%
Microcalcification 0.644 (0.607-0.681) 52.9% 30.1% 98.8%
Enhancement intensity 0.825 (0.775-0.874) 81.6% 79.8% 85.2%
Ring enhancement 0.787 (0.733-0.841) 85.7% 99.4% 58.0%

AUC, area under the curve; Cl, confidence interval.

has shown good performance in differentiating between
malignant and benign nodules, especially with the
C-TIRADS 4B classification, which achieved a sensitivity
of 94% and a specificity of 70% (27). Comparisons
between C-TIRADS and other classification systems
such as ACR-TIRADS, K-TIRADS, EU-TIRADS, and

© AME Publishing Company.

the ATA guidelines have been conducted in the Chinese
population (16,28-30). Despite comparable discrimination
efficacy among these systems, C-TIRADS has shown
some advantages in reducing the unnecessary FNAB rate
(16,28,30). Nevertheless, the unnecessary FNAB rate of
C-TIRADS remains high at 20-60% (16,28,30). In our
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Table 5 Comparison of unnecessary FNAB rates of the nomogram model and C-TIRADS

Models No. of recommended No. of malignant No. of benign Unnecessary FNAB rates, P value
FNABs nodules nodules %

Nomogram model
Training cohort 361 339 22 6.1 (22/361) -
Validation cohort 165 154 11 6.7 (11/165) -
All 526 493 33 6.3 (33/526) -

C-TIRADS
Training cohort 382 269 113 29.6 (113/382) <0.001
Validation cohort 147 104 43 29.3 (43/147) <0.001
All 529 373 156 29.5 (156/529) <0.001

C-TIRADS, Chinese-Thyroid Imaging Reporting and Data System; FNAB, fine-needle aspiration biopsy.
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Figure 5 Calibration curves of the prediction model in the training cohort (A) and validation cohort (B).
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study, the unnecessary FNAB rates of C-TIRADS were
29.6% in the training cohort and 29.3% in the validation
cohort. When applying the constructed nomogram model,
the unnecessary FNAB rates decreased to 6.1% and 6.7%,
respectively.

TIRADS classification systems are established based
on conventional US features, whereas the emerging
CEUS technology provides additional information on
microvascular perfusion. The combined use of CEUS
and TIRADS has gained much attention, where nodules
of specific TIRADS categories were re-graded by CEUS
schedule and assigned a new CEUS-TIRADS level
or score (31-36). These studies demonstrated that the
combination of CEUS and TIRADS significantly improved
the diagnostic accuracy of malignant thyroid nodules
compared to TIRADS alone and reduced unnecessary
FNAB rate (31-36). Despite better performance, these
CEUS + TIRADS re-grading systems are more complex
than traditional TIRADS and may be challenging in clinical
implementation.

Recent studies have tried to construct effective and
easy-to-use nomogram models for predicting the risk of
malignant thyroid nodules by incorporating multi-model
US features. For instance, Yi et /. developed a nomogram
using conventional US, elastography (ES), and CEUS
data from 447 participants, incorporating features such
as shape, ES score, ring enhancement, and margin after
enhancement (37). This nomogram model achieved an
AUC of 0.936 in the training dataset and 0.902 in the
validation dataset. Similarly, Pang er a/. created a nomogram
that included the ACR-TIRADS category, ES score, and
enhancement pattern in ACR-TIRADS 3-5 nodules,
yielding an AUC of 0.93 in both training and validation
cohorts (38). However, the malignancy of some nodules in
these studies was confirmed by cytological evaluations after
FNAB, which potentially introduced false-negative results
(37,39).

In our study, all thyroid nodules were surgically
confirmed. We identified several high-risk conventional US
features for malignancy, consistent with previous studies
assessing the discriminative ability of sonographic features
in thyroid nodules (40). Features such as irregular margins,
aspect ratio >1, and presence of microcalcification were
identified as independent predictive factors for malignancy
and included in the final prediction model. In CEUS, the
hypo-enhancement intensity has been recognized as the
strongest and best-established indicator of malignancy.
Hypo-enhancement is often associated with inadequate
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neovascularization and insufficient blood supply in
malignant nodules, especially those with a maximum
diameter <1.0 cm (41,42). Our study found that malignant
nodules were significantly smaller than benign ones [1.2
(IQR: 0.78-1.9) vs. 2.7 (IQR: 1.4-3.9) cm, P<0.001]. In the
entire cohort, a markedly higher proportion of malignant
nodules had a size <1.0 cm compared to benign nodules
(41.6% vs. 16.2%, P<0.001). Among the 269 small nodules
(diameter <1.0 cm) in our study, hypo-enhancement
was present in 77.2% of malignant nodules but only
40.0% of benign nodules. The existence of calcification,
focal necrosis, and fibrosis in thyroid lesions may cause
a heterogenous enhancement pattern, another CEUS
risk feature for malignancy (43). In our study, 90.0% of
malignant nodules and 70.4% of benign nodules exhibited
a heterogeneous pattern (P<0.001). However, this feature
was excluded from the prediction model after multivariate
analysis. Therefore, our final prediction nomogram model
was constructed using 5 features—aspect ratio, margin,
microcalcification, enhancement intensity, and ring
enhancement—yielding an AUC of 0.947 in the training
cohort and 0.957 in the validation cohort.

Our study integrated key conventional US and CEUS
features into a single, easy-to-use nomogram. This
nomogram not only enhanced diagnostic accuracy but also
maintains simplicity for clinical application. The high AUC
values in both training (0.947) and validation (0.957) cohorts
indicated robust performance. Moreover, our prediction
model, based on conventional US and CEUS features,
showed a significantly better diagnostic performance in the
validation cohort than those established by other studies
incorporating additional ES scores (37,39).

There were several limitations in our study. Firstly, the
retrospective nature of the study may have introduced
selection bias. Secondly, all thyroid nodules were collected
from a single institution. The reproducibility of our
prediction model needs to be investigated through
prospective, multi-center studies in the future. Thirdly,
the features of conventional US and CEUS are subjective,
leading to unavoidable inconsistencies between radiologists.
With the progress in artificial intelligence, radiomics-based
nomogram models have shown promising outcomes in
more effectively and objectively differentiating malignant

from benign nodules (44,45).

Conclusions

Our study presents a validated prediction nomogram
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model that combines conventional US and CEUS features,
offering an accurate and practical tool for the differential
diagnosis of thyroid nodules. This model has the potential
to reduce unnecessary FNAB and improve the clinical
management of thyroid nodules.
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