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Abstract

Background: Thyroid nodules with follicular neoplasm-like ultrasound features
(FNLUF-TNs) are frequently misdiagnosed due to their inconspicuous malignant
manifestations. We aimed to develop and validate a clinical-ultrasound nomogram for
predicting malignancy risk in FNLUF-TNs, and to compare its diagnostic performance
with conventional TIRADS.

Methods: This retrospective study included patients with 458 FNLUF-TNs (defined as
oval, solid/predominantly solid, well-circumscribed nodules) who underwent
preoperative ultrasound and surgical resection. Univariate and multivariate analyses
were conducted to screen out independent predictors of benign and malignant nodules,
and a nomogram model based on clinical and ultrasonic features was constructed. The
diagnostic performance of the nomogram was assessed by calculating sensitivity,
specificity, accuracy, and AUC, and further compared with the corresponding
performance of four TIRADS. Calibration, clinical utility, and interobserver agreement
were also evaluated.

Results: Malignancy was confirmed in 127 of 458 nodules (27.7%). Independent
predictors of malignancy included younger age, male gender, smaller transverse
diameter, hypoechogenicity, calcification, trabecular formation, and irregular
interrupted halo (all p < 0.05). The nomogram achieved an AUC of 0.824 (95% CI
0.786—0.858), accuracy of 87.55%, specificity of 93.96%, significantly outperforming
all four TIRADS systems (all p < 0.001). Calibration curves showed good consistency

between predicted and actual malignancy risk. Decision curve analysis demonstrated



favorable net clinical benefit. Interobserver agreement for key ultrasound features was
excellent (all x> 0.81).

Conclusion: This clinical ultrasound nomogram provides accurate and individualized
malignancy risk stratification for FNLUF-TNs, outperforming conventional TIRADS
in diagnostic performance while showing good reproducibility and clinical value,
which may help optimize management and minimize unnecessary interventions for this
challenging subgroup.

Trial registration: Not applicable.

Keywords Ultrasound, Thyroid nodule, Follicular neoplasm, Nomogram, TIRADS

Background

Thyroid carcinoma is the most prevalent malignant tumor of the endocrine system,
accounting for approximately 90% of all endocrine malignancies(1, 2). Ultrasound
stands as the preferred imaging modality for differentiating benign from malignant
thyroid nodules, and several ultrasound risk stratification systems (RSSs) have been
developed to further enhance their diagnostic performance in accurately assessing the
malignant risk of such lesions(3). Among these, the American College of Radiology
Thyroid Imaging Reporting and Data System (ACR-TIRADS)(4), the Korean Society
of Thyroid Radiology Thyroid Imaging Reporting and Data System (KSThR-
TIRADS)(5), and the Chinese Thyroid Imaging Reporting and Data System (C-

TIRADS)(6) are representative thyroid reporting systems from different geographical



regions that have proven highly valuable in the diagnosis of papillary thyroid carcinoma.

However, preoperative differentiation of follicular thyroid neoplasm (FTN) —
encompassing follicular thyroid carcinoma (FTC) and follicular thyroid adenoma
(FTA)—remains challenging, as these lesions share overlapping clinical manifestations
and sonographic features(7, 8). Notably, even fine needle aspiration cytology (FNAC)
fails to reliably distinguish benign from malignant entities within FTN(1).
Histopathological examination is the only gold standard for distinguishing an FTA from
FTC(9). The advent of Follicular Thyroid Imaging Reporting and Data System (F-
TIRADS) has, to a certain extent, facilitated the differentiation between FTC and FTA

and outperformed existing RSSs(10).

Nevertheless, F-TIRADS was established based on a retrospective analysis of the
features of nodules pathologically diagnosed as FTA or FTC postoperatively. Moreover,
most previous studies have focused primarily on differentiating FTA from FTC(1, 11).
In clinical practice, a substantial number of nodules with similar sonographic features
are actually of other pathological types, such as nodular goiter, papillary thyroid
carcinoma, and medullary thyroid carcinoma. It remains a major challenge to make an

accurate preoperative diagnosis of such nodules(12).

In this study, we innovatively defined nodules presenting with an oval shape, solid or

solid-predominant composition, and well-defined borders as thyroid nodules with



follicular neoplasm-like sonographic features (FNLUF-TNs). We then analyzed their
sonographic features and compared the diagnostic performance of four TIRADS for
these lesions, with the aim of improving preoperative diagnostic efficacy for this subset

of thyroid nodules.

Methods
This retrospective study was approved by the ethics committee. Informed consent was

waived due to retrospective design.

Patients

Thyroid sonographic images were consecutively collected at the First People's Hospital
of Changzhou between January 2023 and August 2025. The inclusion criteria were (1)
histopathological results were obtained, (2) thyroid nodules demonstrated features of
FNLUF-TNs, (3) no history of thyroid surgery or preoperative treatment like thermal
ablation therapy. The exclusion criteria were (1) duplicate examinations, (2) absence of
definitive diagnosis, (3) unclear ultrasound images. Based on the above criteria, a total
of 442 patients with 458 thyroid nodules were finally enrolled, including 331 benign
and 127 malignant surgically confirmed nodules. The flowchart in Fig. 1 illustrates the

detailed process of patient inclusion and exclusion.
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Fig. 1 Flowchart of the included patients

Image acquisition and evaluation

Conventional ultrasound examinations were performed using various models of color
Doppler ultrasound systems (Philips Epiq7, Philips Epiq5, GE Logiq E9, Mindray
Resona E9 Elite, SUMSUN XRS85 et al) equipped with 5—12-MHz linear array
transducers. Two radiologists with 5 and 12 years of experience in thyroid,
independently analyzed the images, recorded the grayscale features of nodules, and
classified them according to ACR, K, C, and F TIRADS criteria. They were all blinded

to the patients’ clinical information and pathological diagnosis.

Ultrasound features of the nodules included shape (wider-than-tall or taller-than-wide),
composition (predominantly solid or solid), echogenicity (hyperechoic, isoechoic or
hypoechoic), calcification (none, macrocalcification, microcalcification or rim
calcification), trabecular formation (absent or present), halo (absent, regular complete

or irregular interrupted) and diffuse lesions (absent or present). Microcalcification was
6



defined as a punctate echogenic focus measuring <1 mm, with or without posterior
acoustic shadowing within the solid component. Macrocalcification was defined as an
echogenic focus >1 mm accompanied by posterior acoustic shadowing. Rim
calcification was defined as a peripheral curvilinear hyperechoic line (complete or
incomplete) (13). The trabecular formation refers to a radial central scar or reticularly

extending hypoechoic bands within the nodule on ultrasound images(14).

Blood flow within nodules was evaluated using color Doppler flow imaging and graded
semi-quantitatively according to the Adler criteria(15): grade 0 (no flow), grade 1 (1-2
dot like signals), grade 2 (3—4 dot like or one long vessel), and grade 3 (=5 dot like or

=2 long vessels).

Statistical analysis

Statistical analyses were performed using SPSS 22.0 software (IBM Corp, Chicago,
[llinois, USA), MedCalc 18.2.1 software (MedCalc Software, Ostend, Belgium), and R
software (Version 4.3.3; R Foundation for Statistical Computing, Vienna, Austria).
Cohen’s Kappa was used interobserver agreement of ultrasound features with values
0.01-0.20 slight agreement, 0.21-0.40 fair agreement, 0.41-0.60 moderate agreement,
0.61-0.80 substantial agreement and 0.81-0.99 almost perfect agreement(16, 17).
Quantitative data with a normal distribution were presented as mean + standard
deviation and compared using the independent-samples ¢ - test. Non-normally

distributed continuous data were expressed as median (interquartile range) and



analyzed with nonparametric tests. Qualitative data were reported as frequencies
(percentages) and compared using the chi-squared test or Fisher’s exact test. Variables
with statistically significant results in univariate analysis were further included in
multivariate logistic regression analysis, and a clinical-ultrasound nomogram model
was constructed based on the identified independent predictive variables. For each
TIRADS system, the optimal cut-off value was determined via receiver operating
characteristic curve (ROC) analysis at the maximum Youden index. Sensitivity,
specificity and area under the ROC curve (AUC) were calculated for all models. ROC
curves were plotted to evaluate the diagnostic discriminatory ability of the nomogram
model, and the Delong test was used to compare AUC differences between the
nomogram model and the four distinct TIRADS. The Hosmer-Lemeshow test and
calibration curves were employed to assess the calibration performance of the models.
The nomogram underwent internal validation with 1,000 bootstrap resamples;
calibration curve was used to evaluate model consistency. Additionally, decision curve
analysis (DCA) was conducted to evaluate the clinical utility of the models at different
threshold probabilities by quantifying the net benefit across the entire study cohort. A

two-sided P value < 0.05 was considered statistically significant.

Results
Demographic and pathology data
In this study, a total of 442 patients were included, comprising 322 benign and 120

malignant cases. Significant differences were observed between the two groups in terms



of gender distribution and age. The proportion of male patients was higher in the
malignant group than in the benign group (36.7% vs. 22.7%, p = 0.003). The mean age
of patients in the malignant group was significantly lower than that in the benign group

(44.79 + 16.02 years vs. 52.58 + 14.39 years, p <0.001).

A total of 458 thyroid nodules were histopathologically examined. Among them, 331
nodules were benign, including 132 nodular goiters, 153 follicular adenomas, 2
oncocytic adenomas, 4 parathyroid adenomas, and 36 adenomatous goiters. The
remaining 127 nodules were malignant, consisting of 98 papillary thyroid carcinomas,
22 follicular carcinomas, 6 medullary thyroid carcinomas, 2 anaplastic thyroid

carcinomas, 2 lymphomas, and 1 squamous cell carcinoma.

Ultrasound features and model construction

The ultrasound features of the FNLUF-TNs in the malignant and benign groups are
compared in Table 1. Univariate analysis showed that maller transverse diameter,
isoechoic and hypoechoic echogenicity, microcalcification, macrocalcification, rim
calcification, trabecular formation, absence of a halo, and irregularly interrupted halo
were more frequently observed in the malignant group (all p < 0.05).There were no
significant differences in nodule location or Alder blood flow grade between the two

groups (all p > 0.05).

Table 1 Ultrasound features of nodules

Benign Malignant /7 p
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nodules nodules value
(n=331) (n=127)
Size, cm
(mean+SD)
Super-inferior diameter 3.05+1.20 244+1.14 4.95 0.000
Transverse diameter 3.99+1.65 3.07+1.44 5.51 0.000
Anter-posterior diameter ~ 2.32+0.98 2.00+0.90 3.22 0.001
Maximum diameter 3.99+1.65 3.09+1.43 541 0.000
Mean diameter 3.13£1.23 2.50+1.13 4.96 0.000

Location 3.45 0.178
Right lobe 165 (49.8%) 75 (59.1%)

Isthmus 9 (2.7%) 4 (3.1%)
Left lobe 157 (47.4%) 48 (37.8%)

Shape 10.12  0.002
Wider-than-tall 321 (97.0%) 114 (89.8%)
Taller-than-wide 10 (3.0%) 13 (10.2%)

Composition 16.82  0.000
Predominantly solid 117 (35.3%) 20 (15.7%)

Solid 214 (64.7%) 107 (84.3%)

Echogenicity 62.27  0.000
Hyperechoic 15 (4.5%) 1 (0.8%)

Isoechoic 283 (85.5%) 73 (57.5%)
Hypoechoic 33 (10.0%) 53 (41.7%)

Calcification 97.14  0.000
None 292 (88.2%) 59 (46.5%)
Macrocalcification 16 (4.8%) 14 (11.0%)
Microcalcification 19 (5.7%) 50 (39.4%)

Rim calcification 4 (1.2%) 4 (3.1%)

Trabecular 36.21  0.000

formation
Absent 251 (75.8%) 59 (46.5%)
Present 80 (24.2%) 68 (53.5%)

Halo 59.07  0.000
Absent 239 (72.2%) 70 (55.1%)

Regular complete 71 (21.5%) 14 (11.0%)
Irregular interrupted 21 (6.3%) 43 (33.9%)

Diffuse lesions 17.359 0.000
Absent 322 (97.3%) 111 (87.4%)

Present 9 (2.7%) 16 (12.6%)

Blood flow 2.524  0.471
Grade 0 16 (4.8%) 9 (7.1%)

Grade 1 69 (20.8%) 24 (18.9%)
Grade 2 115 (34.7%) 37 (29.1%)
Grade 3 131 (39.6%) 57 (27.7%)
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Multivariate logistic regression analysis was performed to identify independent
predictors of malignant FNLUF-TNs. Older age (OR = 0.973, 95%CI: 0.955-0.991, p
< 0.05), female gender (OR = 0.420, 95%CI: 0.232-0.760, p < 0.05), and larger
transverse diameter (OR = 0.722, 95%CI: 0.598-0.872, p < 0.05) were associated with
a decreased risk of malignancy. Conversely, hypoechogenicity (OR = 4.978, 95%CI:
2.672-9.274, p < 0.05), presence of calcification (OR = 1.466, 95%CI: 1.277-1.683, p
< 0.05), trabecular formation (OR = 5.116, 95%CI: 2.821-9.277, p < 0.05), and
presence of a irregular interrupted halo (OR = 2.156, 95%CI: 1.509-3.080, p < 0.05)
were identified as independent risk factors for malignant nodules(Fig. 2 and 3). Among
these, trabecular formation and hypoechogenicity exhibited the strongest predictive
effects, conferring a more than 5-fold and 4.9-fold increased risk of malignancy,

respectively.
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Fig. 2 Grayscale ultrasound image of a benign thyroid neoplasm. A and B Oncocytic

adenoma, C Follicular thyroid adenoma, D Nodular goiter
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Fig. 3 Grayscale ultrasound image of a malignant thyroid neoplasm. A and B
Papillary thyroid carcinoma, C Follicular thyroid carcinoma, D Medullary thyroid

carcinoma

Based on the above independent factors, a clinical-ultrasound nomogram model was
established (Fig. 4). Internal validation was performed using the bootstrap method with
1000 resamples. The calibration curve of the nomogram showed good consistency
between the predicted probability and the actual probability, suggesting favorable
calibration. The DCA demonstrated that the model had a favorable net clinical benefit

within a wide range of threshold probabilities, confirming its clinical practicability (Fig.

5).
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FIGURE. 4 Nomogram prediction model for follicular neoplasm-like thyroid nodules

on ultrasonography
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Comparison of the diagnostic performance

The nomogram model demonstrated superior diagnostic performance compared with
the four TIRADS systems. It achieved the highest AUC of 0.824 (95%CI: 0.786-0.858),
accuracy of 87.55%, specificity of 93.96%, and Youden index of 0.648, significantly
outperforming ACR-TIRADS, KSThR-TIRADS, C-TIRADS, and F-TIRADS (Z =
3.288,3.389, 6.073 and 6.406, respectively; all p <0.001). Among the TIRADS systems,
ACR-TIRADS demonstrated the best overall diagnostic performance (AUC = 0.748,
95%CI: 0.705-0.787), followed by KSThR-TIRADS (AUC = 0.738, 95%CI: 0.695—
0.778). C-TIRADS and F-TIRADS showed lower diagnostic efficacy, with AUCs of
0.677 and 0.624, respectively (Figure. 6, Table 2). These findings indicate that the
clinical-ultrasound nomogram model is a more reliable and accurate tool for predicting

malignant follicular neoplasm-like thyroid nodules, providing better individualized risk
14



stratification than conventional TIRADS systems.
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FIGURE. 6 The ROC curves comparison of four TIRADS and nomogram model.

TIRADS Thyroid Imaging Reporting and Data System, ACR-TIRADS American

College of Radiology TIRADS, KSThR-TIRADS Korean Society of Thyroid

Radiology TI-RADS, C-TIRADS Chinese TI-RADS, F-TIRADS Follicular TI-RADS

Table 2 Diagnostic performance of the four TIRADS and nomogram model

Cut off Sensitivity ~ Specificity Accuracy AUC(95%  Youden z" P*
value (%) (%) %) cn index
ACR- =4 66.14 83.38 78.60 0.748(0.705- 0.495(0.405- 3.288 0.001
TIRADS 0.787) 0.579)
KSThR- =4a 60.63 87.01 79.69 0.738(0.695- 0.476(0.379- 3.389 0.000
TIRADS 0.778) 0.566)
C-TIRADS =4b 41.73 93.66 79.26 0.677(0.632- 0.354(0.273- 6.073 0.000
0.720) 0.449)

15



F-TIRADS =6 55.07 72.35 70.52 0.624(0.578- 0.274(0.144- 6.406 0.000

0.668) 0.397)
Nomogram > 0.476 70.87 93.96 87.55 0.824(0.786- 0.648(0.566- —  —
model 0.858) 0.719)

TIRADS Thyroid Imaging Reporting and Data System, ACR-TIRADS American College of
Radiology TIRADS, KSThR-TIRADS Korean Society of Thyroid Radiology TI-RADS, C-
TIRADS Chinese TI-RADS, F-TIRADS Follicular TI-RADS, AUC the area under the receiver
operating characteristic curve, *Comparison with the nomogram model by DeLong test

Observer agreement of ultrasound features

Table 3 presents the interobserver agreement between the two observers regarding the
ultrasound features of thyroid nodules. Composition, echogenicity, calcification,
trabecular formation, halo, diffuse lesions, and blood flow all showed almost perfect
interobserver agreement (x = 0.813, 0.813, 0.909, 0.859, 0.913, 0.933, and 0.929,

respectively; all p <0.001).

Table 3 Interobserver variation in the evaluation of the main ultrasound features of thyroid

nodules
Features Composition Echogenicity Calcification Trabecular Halo Diffuse  Blood
formation lesions flow
kK value 0.813 0.813 0.909 0.859 0.913 0.933 0.929
Pvalue <<0.001 <0.001 <<0.001 <0.001 <0.001 <<0.001 <<0.001
Discussion

Preoperative differentiation of FNLUF-TNs remains challenging, mainly due to
overlapping morphological features between benign and malignant lesions and the

unsatisfactory diagnostic performance of FNAC for follicular neoplasms(18). In
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clinical practice, conventional TIRADS were primarily developed for papillary thyroid
carcinoma, which exhibits typical ultrasound features such as taller-than-wide,
microcalcifications, and irregular margins (19, 20). However, these systems yield
relatively low accuracy for the diagnosis of follicular neoplasms. Moreover, several
other pathological types of thyroid nodules—including nodular goiter and medullary
thyroid carcinoma—can exhibit ultrasound features resembling those of follicular
neoplasms, as illustrated by our defined FNLUF-TNs, further complicating

preoperative diagnosis.

The present study established a clinical ultrasound nomogram model for the
preoperative individualized prediction of malignancy risk in FNLUF-TNs. Our results
demonstrated that the nomogram model achieved significantly higher diagnostic
performance than ACR-TIRADS, KSThR-TIRADS, C-TIRADS, and F-TIRADS, with
favorable calibration and clinical net benefit, supporting its clinical utility in risk
stratification and management optimization. Multivariate logistic regression identified
seven independent predictors for malignant FNLUF-TNs, including younger age, male
gender, smaller transverse diameter, hypoechogenicity, presence of calcification,
trabecular formation, and irregular interrupted halo sign. Consistent with previous
finding(21), patients with malignant nodules were younger than those with benign
nodules. FNLUF-TNs thyroid nodules in female patients tended to be benign.
According to the study by Li et al(10), a larger mean diameter of follicular neoplasms
correlates with a higher malignant potential, and =35 cm is highly suggestive of

17



malignancy (assigned 8 points). In the present study, nodules with a smaller transverse

diameter were more likely to be malignant, in line with the conclusions of Yang et al(22).

Hypoechogenicity is considered to be attributable to nodule compaction, and its marked
high cellularity strongly suggests malignancy(23), which is consistent with our findings.
Although isoechogenicity and hyperechogenicity usually indicate benign lesions, the
present study found that isoechoic FNLUF TNs may also be malignant. Calcification is
an important feature of thyroid nodules, as microcalcification is strongly associated
with papillary thyroid carcinoma but has limited diagnostic value for other pathological
types of malignant nodules(24, 25). The diagnostic significance of macrocalcification
and rim calcification remains controversial(26-28). Among them, a study by Li et al(10)
regarded rim calcification as a strong indicator of FTC (assigning a score of 6), while
the positive predictive value of macrocalcification was 13.2% — 64.8% for
malignancy(24). Hwa et al(13) reported that among all thyroid nodules, the presence of
macrocalcification was significantly associated with an elevated risk of papillary
thyroid carcinoma (PTC), whereas rim calcification conferred a significantly higher
risk of follicular thyroid carcinoma (FTC). By contrast, macrocalcification did not
significantly increase the risk of FTC, nor did rim calcification raise the risk of PTC. In
our study, the presence of any calcification indicated an elevated malignant risk of
FNLUF TNs, with microcalcification showing the strongest predictive effect, followed
by macrocalcification. This may be attributed to the relatively high proportion of
papillary thyroid carcinoma in our sample. Jeh et al(23) found that about 83% of the

18



FTC had no calcifications suggesting that calcification should not be overemphasized
in the diagnosis of follicular neoplasms. Trabecular formation is a recently recognized
feature of follicular neoplasms, characterized by trabecular cell arrangement on
microscopic examination(14). Li et al(10) first incorporated this feature into their
stratification guideline for follicular neoplasms, considering it a predictor of malignant
risk with an assigned score of 2. In the present study, this feature indicated a moderate
malignant risk. A halo sign is highly prevalent in FNLUF TNs. The prevailing view of
the halo composition is that it consists of compressed vessels around thyroid nodules(29,
30). Previous studies have regarded a halo as a feature of malignant nodules,
particularly an irregularly thickened halo(31). However, the present study found that a
regular and complete halo is characteristic of benign FNLUF TNs, whereas an
interrupted or irregular halo indicates malignant FNLUF TNs. These findings confirm
that comprehensive evaluation of clinical and ultrasound features can improve the

identification of high-risk FNLUF-TNs.

Notably, blood flow grade was not identified as an independent risk factor. This may be
explained by the generally rich vascularity seen in FNLUF-TNs, implying that
evaluating blood flow adds little to diagnostic performance and can be excluded from

predictive models.

The nomogram model achieved an AUC of 0.824, accuracy of 87.55%, specificity of

93.96%, and Youden index of 0.648, all of which were significantly higher than those
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of the four TIRADS systems. Conventional TIRADS rely heavily on
macro-calcification, taller-than-wide shape, and marked hypoechogenicity, which are
less common in FNLUF-TNs. In contrast, our model was specifically developed and
validated for FNLUF-TNs, incorporating unique features such as trabecular formation
and halo regularity, thus filling the diagnostic gap for this specific subgroup. Calibration
curves showed excellent consistency between predicted and actual probabilities, and
decision curve analysis confirmed obvious net clinical benefit within a wide range of
threshold probabilities, indicating that the model can help clinicians avoid unnecessary
biopsies and surgeries while reducing missed diagnoses. Interobserver agreement for
key ultrasound features was excellent (x > 0.81), suggesting high reproducibility in

routine clinical settings.

This study has several limitations. First, this is a retrospective single-center study,
which may lead to potential selection bias. Second, external wvalidation in
multi-institutional cohorts is needed to verify the generalizability of the nomogram.
Third, in clinical practice, most follicular nodules are only followed up with observation
rather than undergoing surgery, resulting in a disproportionately high proportion of
suspicious malignant lesions in the study. Despite these limitations, our model still

provides a reliable and practical tool for FNLUF-TNss.

Conclusions
In conclusion, the clinical-ultrasound nomogram based on age, gender, transverse

20



diameter, echogenicity, calcification, trabecular formation, and halo sign enables
accurate and individualized malignancy risk stratification for FNLUF-TNs. The model
outperforms conventional TIRADS with high diagnostic performance, good
reproducibility, and favorable clinical utility, and is expected to be widely used in
preoperative evaluation to optimize clinical decision-making and reduce unnecessary

interventions.
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