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Preoperative prediction of central lymph node metastasis in 
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Background: The most common metastatic site of follicular variant of papillary thyroid carcinoma 
(FVPTC) is the central lymph nodes, which may be associated with the prognosis and survival of patients. In 
the present study, we establish a combined model based on preoperative clinical and ultrasound (US) features 
of FVPTC to predict the risk of central lymph node metastasis (CLNM).
Methods: From January 2013 to December 2022, 315 patients with FVPTC were enrolled and randomly 
divided into the training and validation cohorts in a ratio of 7:3. The independent risk factors for CLNM in 
FVPTC were analysed using univariate and multivariate logistic regression analyses. Then, three different 
models were established based on clinical and US data. Subsequently, a nomogram was constructed to 
predict CLNM. Its predictive effect was evaluated via receiver operating characteristic and calibration curve 
analyses.
Results: Backward multivariate regression analysis revealed that age (P=0.001), thyroid peroxidase antibody 
(TPOAb) (P=0.11), diameter (P=0.047), irregular/lobulated margin (P=0.15), extrathyroidal extension 
(P=0.001), nodules with macrocalcifications (P=0.009), nodules with microcalcification (P=0.003) and 
Thyroid Imaging Reporting and Data System (ACR-TI-RADS) category 5 (P=0.33) were independent risk 
factors for CLNM in FVPTC. The areas under the curve of the matching nomogram in the training (N=221) 
and validation cohorts (N=94) were 0.841 [95% confidence interval (CI): 0.788–0.895] and 0.735 (95% CI: 
0.621–0.872), respectively.
Conclusions: Preoperative thyroid US provides useful features for prediction of CLNM. The nomogram 
constructed based on combining US and clinical features can better predict the risk of CLNM and may 
facilitate decision-making in clinical settings.
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Introduction

Thyroid nodules are extremely common manifestations 
and high-resolution sonography, the preferred method for 
detecting thyroid nodules, has considerably increased the 
number of cases of incidentally spotted thyroid nodules (1).  
Follicular epithelial cells are the most common site of 
thyroid carcinoma, with papillary thyroid carcinoma (PTC) 
being the most common pathological type; it accounts 
for approximately 80% of thyroid carcinoma and 85% of 
differentiated thyroid carcinoma cases (2). PTC can be 
divided into different subtypes, including the canonical 
subtype [classic variant of papillary thyroid carcinoma 
(CVPTC)], follicular subtype [follicular variant of papillary 
thyroid carcinoma (FVPTC)] and the highly invasive high-
cell subtype (tall cell variant). FVPTC is the most common 
subtype besides CVPTC, accounting for 30% of all PTCs (3). 
The most metastasis-prone lymph nodes in patients with 
FVPTC are the central lymph nodes.

The ultrasound (US) characteristics and size of the 
thyroid nodules determine the need for fine needle 
aspiration (FNA), and the cytological results can help decide 
the therapeutic strategies for patients. However, FVPTC 
can exhibit cytological features similar to those of follicular 

lesions; therefore, FNA alone cannot accurately distinguish 
between them (4,5). Based on the 2015 American Thyroid 
Association management guidelines for adult patients 
with thyroid nodules and differentiated thyroid cancer, 
preoperative US can detect suspicious cervical lymph nodes 
in 20–31% of patients (1). A previous study indicated that (5),  
compared to PTC, FVPTC has a lower rate of CLMN 
(26.3% vs. 8.3%). In case of definite lymph node or distant 
metastasis in clinical settings, total or near-total glandular 
resection should be performed. Therefore, an appropriate 
and non-invasive tool to quantify the risk of central neck 
lymph node metastasis (CLNM) is warranted and may 
help in optimally treating patients with FVPTC. However, 
studies on a unified standard to measure the advantages and 
disadvantages of routine central neck dissection (CND) are 
lacking.

Therefore, herein, we constructed and validated a 
nomogram model and a precise, simple and objective 
scoring system to preoperatively predict CLNM based 
on clinical and US features with a quantifiable probability 
of CLNM. We present this article in accordance with 
the TRIPOD reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-23-492/rc).

Methods

The study design and protocol were approved by both the 
Ethics Committee of the Zhejiang Cancer Hospital (No. 
IRB-2020-287) and the Ethics Committee of the Zhejiang 
Provincial People’s Hospital (No. QT-2024-023). The 
requirement for written informed consent was waived due 
to the retrospective nature of this study. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Patient selection 

In this study, 447 participants (92 men and 355 women) who 
were pathologically diagnosed with FVPTC at Zhejiang 
Cancer Hospital and Zhejiang Provincial People’s Hospital 
between January 2013 and December 2022 were enrolled. 

The inclusion criteria were as follows: (I) patients who 
underwent thyroid US at our hospitals 2 weeks before 
surgery; (II) those who presented with thyroid nodules and 
underwent CND or modified radical neck dissection and 
had a confirmed pathological diagnosis of FVPTC; and (III) 
those who did not receive any other treatment modalities 
for thyroid nodules before surgery.

Highlight box

Key findings
•	 Preoperative thyroid ultrasound (US) features, integrated with 

clinical characteristics, enhance the prediction of central lymph 
node metastasis (CLNM), offering a valuable nomogram for 
improved risk assessment in clinical decision-making.

What is known and what is new?
•	 The study presents a novel nomogram model incorporating age, 

thyroid peroxidase antibody (TPOAb), and various US features 
for predicting CLNM in follicular variant of papillary thyroid 
carcinoma (FVPTC).

•	 The combination of preoperative US and clinical features 
demonstrates enhanced predictive efficiency for CLNM, 
emphasizing the importance of risk assessment for potential neck 
lymph node dissection.

What is the implication, and what should change now?
•	 The study suggests improved prediction of lymph node metastasis 

in FVPTC with the developed nomogram, pointing to a potential 
shift in clinical practice towards more accurate preoperative risk 
assessment. The findings imply the need for an updated approach, 
emphasizing preoperative US and clinical features for better risk 
assessment in FVPTC patients, especially regarding neck lymph 
node dissection.

https://gs.amegroups.com/article/view/10.21037/gs-23-492/rc
https://gs.amegroups.com/article/view/10.21037/gs-23-492/rc
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The exclusion criteria were as follows: (I) patients with 
any other type of thyroid cancer; (II) those with incomplete 
clinical and thyroid US imaging data; and (III) those with 
discrepancy in the US images of the nodule and pathological 
diagnosis.

Based on the above-mentioned criteria, 315 patients  
(66 men and 249 women, mean aged 46.7±12.6 years) were 
finally included. From the screened patients, 221 (70%) and 
94 (30%) patients were randomly divided into the training 
and validation cohorts, respectively. Figure 1 illustrates the 
flowchart of the patients participating in the present study.

US examination and image analysis

The US images obtained from the picture archiving 
and communication system workstations adhered to the 
following requirements: (I) they encompassed most of the 
malignant tumour characteristics in both longitudinal and 
transverse planes; (II) they displayed the level of contact 
with the surrounding capsule; and (III) US revealed 
tumour characteristics such as size, location, presence 
of solid components, margin, echogenicity, echotexture, 
extracapsular invasion, calcifications and suspicious 
metastatic lymph nodes.

In a previous study (6), US images were retrospectively 
and independently reviewed by two experienced radiologists 
in performing thyroid US. The reviewers were blinded to 

the FNA results and final diagnosis.
The dimensions (diameter) of the largest lesion of 

multifocal FVPTCs were used to determine the tumour size 
in the patients. The nodules were assessed based on the US 
guidelines regarding composition, echogenicity, orientation, 
margin and echogenic foci (1). Finally, the nodules were 
classified based on the American College of Radiology 
Thyroid Imaging Reporting and Data System (ACR-
TI-RADS), which is based on the classification criteria 
developed by Kwak et al. (7).

The clinical characteristics, including sex, age, chronic 
lymphocytic thyroiditis, thyroid peroxidase antibody 
(TPOAb), thyroglobulin (TG), thyroid-stimulating 
hormone (TSH), triiodothyronine (T3), thyroxine (T4), 
free triiodothyronine (FT3), free thyroxine (FT4) and 
thyroglobulin antibody (TGAb) were retrieved from the 
electronic medical records of the patients. The thresholds 
set for TPOAb is 0.0–34.0 U/mL, TG is 1.4–78 ng/mL, 
TSH is 0.35–5.50 μg/dL, T3 is 0.60–1.81 ng/mL, T4 is 
4.50–10.90 μg/dL, FT3 is 2.30–4.20 pg/mL, FT4 is 0.89–
1.76 ng/dL and TGAb is 0.0–115.0 U/mL.

Statistical analysis

R software (version 4.2.0) was used to analyse the data. 
In case of normal distribution, continuous variables 
were represented as means and standard deviations. In 

Study sample  
(from 2013 to 2022)

	 96 with other Thyroid Cancer
	 26 no original ultrasound images
	 10 ultrasound image of nodules does not match 

the pathology

221 establishing clinical predictive model 94 internal validation cohort

447 cases of pathologically-confirmed FVPTC

This study ultimately included 315 cases

7:3 random split

Patients excluded (n=132)

Figure 1 Flowchart showing the composition of the training and validation cohorts. FVPTC, follicular variant of papillary thyroid 
carcinoma.
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contrast, if the distribution was not normal, data were 
provided using median and interquartile range (IQR). 
Furthermore, frequencies and percentages were used to 
report categorical variables. The Student’s t-test was used 
for comparison between groups of quantitative variables 
with normal distribution, whereas the Mann-Whitney  
U test was performed when the distribution was not normal. 
Additionally, qualitative variable groups were compared 
using the Chi-squared test or the Fisher exact test. The 
agreement between the two reviewers was assessed based on 
weighted k statistics for qualitative variables and Pearson’s 
correlation coefficient for quantitative variables.

A multivariate logistic model was constructed to 
assess the probability of CLNM in FVPTC. This model 
incorporated all relevant clinical and biological factors for 
CLNM in FVPTC. A P value of <0.20 was considered 
statistically significant and used for backward regression 
analysis. Another multivariate logistic regression model 
was constructed using the same methodology; however, it 
was limited to US-related variables. Finally, a third model 
was constructed by merging the clinical and US models. 
The performance of these multivariate models was assessed 
by calculating their areas under the curve (AUCs) and 
confidence intervals (CIs), which were determined using the 
bootstrap method with 500 bootstrap replicates. AUCs were 
compared using the DeLong test. A predictive nomogram 
model for CLNM in FVPTC was developed based on 
the most accurate multivariate model. The assessment of 
the nomogram model included both discrimination and 
calibration, which are significant attributes when evaluating 
the performance of multivariate models (8).

All tests were two-sided, and a P value of <0.05 was 
considered statistically significant.

Results

Characteristics of the study cohorts

From January 2013 to December 2022, 447 patients who 
were pathologically diagnosed with FVPTC were enrolled. 
After excluding 132 patients, 315 patients were included 
in this study. All patients were randomly divided into the 
training and validation cohorts in a 7:3 ratio (Figure 1).

The characteristics of both cohorts are presented in 
Table 1. Among the 315 participants included, 249 (79.0%) 
were women and 66 (21.0%) were men; their average age 
was 46.7 (±12.6) years. Furthermore, 50 patients (15.9%) 
exhibited Hashimoto’s thyroiditis (chronic lymphocytic 

thyroiditis).
Table 2 summarizes the US features. The maximum 

nodule diameter measured using the US images of patients 
with CLNM was higher than that of those without CLNM, 
with median values of 14.0 (IQR, 10.2–24.0) mm and 10.0 
(IQR, 6.0–14.5) mm, respectively (P=0.009). CLNM-
associated factors were multifocal nodules (P=0.04), 
nodule edge invasion of the thyroid capsule (P<0.001), 
microcalcifications within the nodule (P<0.001) and if the 
nodule belonged to ACR TI-RADS category 5 (P=0.01).

Multivariate analysis

Table 3 presents the results of multivariate analysis of clinical 
and US features. Based on the clinical multivariate model, 
age [odds ratio (OR), 0.961; 95% CI: 0.938–0.985; P=0.001) 
and TPOAb (OR, 1.001; 95% CI: 1.000–1.002; P=0.11) 
were significantly associated with CLNM. According to 
the US model, diameter (OR, 1.032; 95% CI: 1.009–1.065; 
P=0.047), irregular/lobulated margin (OR, 3.385; 95% 
CI: 0.647–17.714: P=0.15), extrathyroidal extension (OR, 
3.870; 95% CI: 1.720–8.707; P=0.001), nodules with 
macrocalcifications (OR, 6.854; 95% CI: 1.613–29.117; 
P=0.009), nodules with microcalcification (OR, 4.026; 95% 
CI: 1.617–10.023; P=0.003) and ACR TI-RADS category 5 
(OR, 2.484; 95% CI: 0.398–15.512; P=0.33) were associated 
with CLNM. The integration of both clinical and US 
variables in the model revealed that age, TPOAb, maximum 
nodule diameter, irregular/lobulated margin, extrathyroidal 
extension, nodules with macrocalcifications, nodules with 
microcalcification and ACR TI-RADS category 5 were the 
factors associated with CLNM. The above variables were 
used to develop the nomogram model (Figure 2).

Evaluation of the prognostic performance of the constructed 
models

For predicting CLNM in FVPTC, the AUC values were 
as follows: 0.841 (95% CI: 0.788–0.895), combined model; 
0.655 (95% CI: 0.580–0.744), clinical model and 0.811 (95% 
CI: 0.755–0.875), US model. This result suggests that the 
combined model exhibits a significantly better predictive 
performance than the clinical and US models (P<0.001 and 
P=0.072, respectively).

The net reclassification improvement of the combined 
model compared with the US model was 0.065 (95% CI: 
−0.057 to 0.187; P=0.30); the integrated discrimination 
improvement was 0.055 (95% CI: 0.017–0.093; P=0.004). 
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No evidence regarding differences between both reviewers 
and the consensus reading was discovered in the US or 
combination model.

Predictive nomogram model and internal validation

The ability of the combined model to predict CLNM in 
FVPTC was evaluated in the validation cohort comprising 
94 patients (Table 1 and Figure 3). The AUC values in the 
validation cohort were as follows: 0.735 (95% CI: 0.621–
0.872), combined model; 0.486 (95% CI: 0.349–0.642), 
clinical model and 0.750 (95% CI: 0.646–0.880), US model. 
The calibration plots illustrated in Figure 3 display a good 
agreement between the predicted and observed probabilities 
in both study cohorts.

In the prediction of CLNM in FVPTC, the accuracy 
(ACC) was 0.751 (95% CI: 0.749–0.753) for the training 
cohort and 0.745 (95% CI: 0.741–0.749) for the validation 

cohort; sensitivity (SEN) was 0.776 (95% CI: 0.669–0.883) 
and 0.636 (95% CI: 0.435–0.837); square prediction error 
(SPE) was 0.742 (95% CI: 0.675–0.809) and 0.778 (95% CI: 
0.682–0.874) and kappa was 0.446 (95% CI: 0.327–0.556) 
and 0.368 (95% CI: 0.165–0.571).

Figure 4 illustrates the decision curve and suggests that 
the combined model exhibits higher predictability than the 
clinical and US models, within a probability threshold range 
of 0.1–0.9. Figure 5 illustrates the instances of the clinical 
utilisation of the nomogram.

Discussion

In the present study, we constructed and validated 
a nomogram model based on the cl inical  and US 
characteristics of patients with FVPTC for customized 
preoperative prediction of CLNM. Compared with the 
clinical or US prediction models, the combined nomogram 

Table 1 Characteristics of the training and validation cohorts

Characteristic

Training cohort Comparison with validation cohort

No central lymph node 
metastasis (n=163)

Central lymph node 
metastasis (N=58)

P value
Training cohort 

(N=221)
Validation cohort 

(N=94)
P value

Sex 0.28 0.72

Men 32 (19.6) 16 (27.6) 48 (21.7) 18 (19.1)

Women 131 (80.4) 42 (72.4) 173 (78.3) 76 (80.9)

Age (years) 48.5±12.9 41.9±13.1 0.001 46.8±13.2 46.6±11.0 0.87

CLT 0.98 0.89

No 137 (84.0) 48 (82.8) 185 (83.7) 80 (85.1)

Yes 26 (16.0) 10 (17.2) 36 (16.3) 14 (14.9)

Blood tests

TGAb (U/mL) 17.9 (14.6–62.3) 23.5 (15.5–119) 0.03 18.6 (15.0–90.7) 19.0 (15.0–41.9) 0.77 

TPOAb (U/mL) 20.5 (12.0–35.8) 25.8 (12.8–151) 0.07 21.4 (12.3–42.1) 22.2 (12.6–41.9) 0.92

FT4 (ng/dL) 1.22 (1.14–1.37) 1.25 (1.18–1.35) 0.20 1.23 (1.15–1.37) 1.24 (1.15–1.33) 0.87

FT3 (pg/mL) 3.20 (2.98–3.54) 3.24 (3.03–3.63) 0.26 3.22 (3.00–3.56) 3.16 (2.95–3.40) 0.29

T3 (ng/mL) 1.08±0.19 1.07±0.19 0.64 1.07 (0.95–1.18) 1.06 (0.96–1.17) 0.71

TSH (μg/dL) 1.80 (1.18–2.48) 1.62 (1.08–2.83) 0.54 1.70 (1.14–2.53) 1.71 (1.10–2.52) 0.78

TG (ng/mL) 17.5 (6.75–44.5) 17.8 (3.27–38.5) 0.54 17.5 (5.91–42.9) 15.0 (5.85–34.6) 0.41

T4 (μg/dL) 8.53 (7.30–10.0) 8.89 (7.90–10.0) 0.50 8.70 (7.31–10.0) 8.45 (7.13–9.33) 0.13

Data are presented as number (percentage), mean ± standard deviation, or median (interquartile range). CLT, chronic lymphocytic 
thyroiditis; TPOAb, thyroid peroxidase antibody; TGAb, thyroglobulin antibody; FT4, free thyroxine; FT3, free triiodothyronine; T3, 
triiodothyronine; TSH, thyroid-stimulating hormone; TG, thyroglobulin; T4, thyroxine.
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model demonstrated a notable discriminatory ability for 
CLNM prediction in both the training and validation 
cohorts. Furthermore, the nomogram displayed a favourable 
concordance in calibration and exhibited the most optimal 
net benefit within a reasonable spectrum of the threshold 
probabilities. These findings substantiate the advantages of 

our radiomic nomogram model in aiding the personalised and 
preoperative prediction of CLNM in patients with FVPTC.

Preoperative imaging in patients with FVPTC to 
identify CLNM is critical for their preoperative planning 
and management. Among the various existing imaging 
modalities, US imaging is the preferred modality for 

Table 2 Ultrasound features of follicular variant of papillary thyroid carcinoma: univariate analysis

Characteristic
No central lymph node 

metastasis (N=163)
Central lymph node 
metastasis (N=58)

P value OR (95% CI)

Diameter (mm) 10.0 (6.0–14.5) 14.0 (10.2–24.0) 0.009 1.031 (1.008–1.056)

Multifocal tumor 0.04 2.622 (1.066–6.447)

No 151 (92.6) 48 (82.8)

Yes 12 (7.36) 10 (17.2)

Nodule location

Left lobe of thyroid gland 64 (39.3) 24 (41.4)

Right lobe of thyroid gland 91 (55.8) 29 (50.0) 0.61 0.850 (0.453–1.593)

Thyroid-isthmus 8 (4.91) 5 (8.62) 0.41 1.667 (0.496–5.600)

Composition 0.30 0.348 (0.048–2.528)

Mixed solid-cystic 2 (1.23) 2 (3.45)

Solid 161 (98.8) 56 (96.6)

Echogenicity

Isoechoic/hyperechoic 7 (4.29) 4 (6.90)

Hypoechoic 155 (95.1) 54 (93.1) 0.44 0.610 (0.172–2.164)

Very hypoechoic 1 (0.61) 0 (0.00) 0.99 0 (0–Inf)

Margin

Smooth 91 (55.8) 12 (20.7)

Irregular/lobulated 5 (3.07) 3 (5.17) 0.056 4.550 (0.963–21.498)

Extrathyroidal extension 67 (41.1) 43 (74.1) <0.001 4.867 (2.385–9.934)

Calcifications

None 83 (50.9) 8 (13.8)

Macrocalcification 8 (4.91) 5 (8.62) 0.006 6.484 (1.711–24.574)

Rim calcification 1 (0.61) 0 (0.00) 0.99 0 (0–Inf)

Microcalcification 71 (43.6) 45 (77.6) <0.001 6.576 (2.908–14.872)

ACR TI-RADS

3 19 (11.7) 2 (3.45)

4 98 (60.1) 20 (34.5) 0.40 1.939(0.418-8.991)

5 46 (28.2) 36 (62.1) 0.01 7.435(1.625-34.019)

Data are presented as number (percentage) or median (interquartile range). OR, odds ratio; CI, confidence interval; ACR, American College 
of Radiology; TI-RADS, Thyroid Imaging Reporting and Data System.
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Table 3 Multivariate analysis of the clinical and ultrasound features associated with central lymph node metastasis in follicular variant papillary 
thyroid carcinoma

Features
Clinical model US model Combined model (clinical + US)

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Clinical

Age 0.961 (0.938–0.985) 0.001 0.958 (0.931–0.986) 0.003

TPOAb 1.001 (1.000–1.002) 0.11 1.001 (1.000–1.002) 0.06

US

Diameter (mm) 1.032 (1.009–1.065) 0.047 1.031 (1.002–1.060) 0.03

Irregular/lobulated 3.385 (0.647–17.714) 0.149 4.246 (0.747–24.137) 0.10

Extrathyroidal extension 3.870 (1.720–8.707) 0.001 4.393 (1.851–10.423) 0.001

Macrocalcification 6.854 (1.613–29.117) 0.009 7.838 (1.839–33.399) 0.005

Microcalcification 4.026 (1.617–10.023) 0.003 3.690 (1.480–9.198) 0.005

ACR TI–RADS category 5 2.484 (0.398–15.512) 0.330 3.505 (0.540–22.745) 0.19

US, ultrasound; OR, odds ratio; CI, confidence interval; TPOAb, thyroid peroxidase antibody; ACR, American College of Radiology;  
TI-RADS, Thyroid Imaging Reporting and Data System.

Figure 2 Nomogram presenting a predictive model for CLNM in follicular variant of papillary thyroid carcinoma based on the combination 
of clinical- and ultrasound-related factors. Each factor was assigned a numerical score ranging from 0 to 100. The total score was determined 
by summing the scores for all factors. The probability of CLNM was determined by projecting the total score onto the risk axis located at 
the bottom of the nomogram. TPOAb, thyroid peroxidase antibody; ACR, American College of Radiology; TI-RADS, Thyroid Imaging 
Reporting and Data System; CLNM, central lymph node metastasis.
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assessing thyroid nodules and lymph nodes in patients 
suspected of having thyroid cancer. FVPTC, characterized 
by its follicular growth pattern, poses a challenge in 
preoperative imaging because of its potential for vascular 
invasion and distant metastasis. Therefore, imaging 
techniques play vital roles in determining the extent of the 
disease and identifying the presence of CLNM. In recent 
years, US imaging has garnered considerable popularity 
owing to its non-invasive nature, cost-effectiveness and 
ability to provide real-time imaging. Regarding the 
evaluation of lymph nodes in individuals diagnosed with 
thyroid cancer, US imaging possesses several advantages, 
including high-resolution imaging, practicability, sensitivity 

in identifying calcifications and capability to assess nodal 
vascularity. However, the effectiveness of US imaging relies 
on the expertise of the operator, and limitations exist in 
the evaluation of retropharyngeal and mediastinal lymph 
nodes. Regrettably, the detection rate of CLNM remains 
unsatisfactory.

In our dataset, 92 tumours exhibited CLNM; however, 
US imaging only identified 76.1% (70 of 92 tumours) of such 
cases as positive. The AUC for the imaging diagnosis alone 
was only 0.799. On the other hand, the clinical- and US 
feature-based nomogram model, developed by integrating 
six independent risk factors, including age, TPOAb, tumour 
diameter, margin, calcification and TI-RADS, exhibited 

Figure 3 Diagnostic performance of CLNM models in FVPTC cohorts. (A,B) AUCs of the clinical, US and combined models for 
diagnosing CLNM in FVPTC were evaluated in the training cohort (A) and validation cohort (B). The combined model demonstrated 
the highest diagnostic performance in predicting CLNM in FVPTC in both cohorts, with an AUC of 0.841 (95% CI: 0.788–0.895). (C,D) 
Calibration curves of the combined model were assessed in the training cohort (C) and validation cohort (D). CLNM, central lymph node 
metastasis; FVPTC, follicular variant papillary thyroid carcinoma; AUC, area under the curve; US, ultrasound; CI, confidence interval.
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a higher AUC value of 0.841. Differentiating between 
malignant and benign nodules based on morphological 
features continues to be difficult because of the limited 
number of lymph node metastasis cases and the presence of 
nonspecific inflammatory hyperplasia (9).

Although several studies have identified the independent 
risk factors that contribute to the development of a 
predictive model for lymph node metastasis in PTC  
(10-14), only a few studies have classified FVPTC as a 
separate category to predict the risk factors for CLNM. 
In the present study, we investigated FVPTC because it 
belongs to the follicular tumour type and has different US 
features from PTC. Hence, the construction and validation 
of a novel model, different from that of PTC, was necessary. 
Therefore, we constructed the prediction model based on a 
comprehensive assessment of preoperative clinical indicators 
and US imaging features as well as four independent US 
characteristics to provide a more precise evaluation of the 
risk of lymph node metastasis in FVPTC.

A study has reported that a ‘U-shaped’ association 
is present between age and probability of lymph node 
metastasis in PTC, suggesting that both younger and older 
patients are susceptible to lymph node metastasis (15). 
However, our results indicated that younger patients were 
more likely to develop CLNM, which is consistent with 
the results of Shukla et al. (16), Zhao et al. (17), and Xu  
et al. (18). This can be linked to the increased basal 
metabolic rate observed in younger patients and their 

propensity towards events such as genetic abnormalities (19).  
Many studies have consistently reported that there is no 
notable disparity in histological type between patients 
diagnosed with FVPTC exhibiting lymph node metastasis 
and those who do not (19,20); this is consistent with the 
results of our study. Previous studies have shown that the 
aspect ratio in ARC TI-RADS classification is not suitable 
for follicular tumors because of their large tumor diameter 
(21,22). Therefore, in our study, diameter was used to 
represent the shape of nodules. Furthermore, we found that 
maximum nodule diameter was an independent risk factor 
for FVPTC lymph node metastasis, which is consistent with 
the findings reported by Sun et al. (23) and Feng et al. (24). 
Many studies have investigated the association between 
CLNM and US features of tumours. In addition, the 
presence of calcification and a shorter distance between the 
tumour and capsule have been reported to be indicated of 
lymph node metastasis (25). Many studies have reported that 
the formation of microcalcifications is caused by the rapid 
proliferation of cancer cells and is significantly associated 
with the incidence of CLNM (25,26). The psammoma body 
is the main component of histological results in thyroid 
cancer. A study showed that there is a close relationship 
between the psammoma body and calcification (26), which 
makes calcified FVPTC nodules more likely to have the 
characteristics of PTC and more likely to produce CLNM. 
Microcalcification is positively linked to the invasiveness 
of PTC, our findings also suggested that calcification and 

Figure 4 DCAs of the clinical, US and combined models for diagnosing CLNM in FVPTC were evaluated in the training cohort (A) and 
validation cohort (B). DCA, decision curve analysis; US, ultrasound; CLNM, central lymph node metastasis; FVPTC, follicular variant 
papillary thyroid carcinoma.
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Figure 5 Illustrative instances showcasing the application of the nomogram in the field of clinical practice are provided in the figures. These 
figures demonstrate the step-by-step procedure for determining the risk scores related to (A) no central lymph node metastasis in FVPTC 
and (B) CLNM in FVPTC. (A) US images were obtained from a female patient aged 51 years, diagnosed with FVPTC, along with a serum 
TPOAb level measuring 28 U/mL. US features were analyzed as follows: diameter =16 mm, margin = “0”, calcifications = “3”, and ACR TI-
RADS category = “4”. The total score is 106, which corresponds CLNM risk of less than 0.1. (B) US images were obtained from a female 
patient aged 30 years, diagnosed with FVPTC, along with a serum TPOAb level measuring 1,300 U/mL. US features were analyzed as 
follows: diameter =30 mm, margin = “2”, calcifications = “3”, and ACR TI-RADS category = “5”. The total score is 230, which corresponds 
CLNM risk of 0.85. The red rectangles box in the image outlines thyroid nodules. FVPTC, follicular variant papillary thyroid carcinoma; 
CLNM, central lymph node metastasis; TPOAb, thyroid peroxidase antibody; US, ultrasound; ACR, American College of Radiology; TI-
RADS, Thyroid Imaging Reporting and Data System.
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nodules with extrathyroidal extension were associated with 
CLNM. Moreover, studies have demonstrated that in 
patients with PTC, the quantity and positioning of PTC 
can affect the occurrence of lymph node metastasis (27,28). 
However, in our study, the number of nodules and their 
location were not considered independent factors.

We aimed to establish a clinical- and US feature-based 
nomogram model to predict the preoperative occurrence 
of CLNM. We examined the correlation between CLNM 
and clinically accessible characteristics via univariate 
analysis. The independent risk factors for CLNM in 
patients with FVPTC were identified as US characteristics 
via multivariate logistic regression analysis. Subsequently, 
the nomogram model was constructed based on the 
results of multivariate analysis. The predictive ability of 
the nomogram model to generate a personalised CLNM 
probability was established. Both surgeons and radiologists 
can individually and preoperatively predict CLNM risk. 
This aligns with the contemporary trajectory of personalised 
precision medicine (28). Regarding the clinical application 
of the nomogram, we used decision curve analysis (DCA) to 
assess the potential advantages of using nomogram-assisted 
predictions for patient outcomes. DCA quantifies net 
benefit by considering threshold probability. The overall 
benefit is determined by summing the advantages (true 
positives) and subtracting the disadvantages (false positives) 
while considering the comparative harm caused by false-
positive and false-negative outcomes. In the present study, 
we observed that patients with a nomogram score of ≤240 
constituted the subset of patients with FVPTC with a low 
risk of CLNM. Subsequently, these patients may benefit 
from abstaining from CLNM dissection, indicating a 
favourable clinical utility.

Our study has three limitations. First, the study was 
retrospective in nature, and after applying the inclusion/
exclusion criteria, the sample size was relatively small (315 
patients). Second, a potential for variability was observed in 
the interpretation of histopathological examination results, 
specifically between observers or centres (namely SMC 
and SNUH). Third, our nomogram model solely relies 
on histopathologically verified postoperative data, thereby 
introducing a predisposition towards patients presenting 
with FVPTC-related aggressive features. 

Conclusions

We constructed a novel nomogram model based on 
age, TPOAb and US features, namely maximum nodule 

diameter, margin, calcifications and ACR TI-RADS, to 
predict CLNM. We have shown that preoperative US 
provides useful features for the prediction of CLNM 
in FVPTC. The combination of US and clinical model 
demonstrated the better predictive efficiency on CLNM. 
The risk assessment of CLNM is crucial as it may require 
neck lymph node dissection. Our developed model exhibits 
modest sensitivity and specificity for predicting CLNM in 
our patient cohort with FVPTC.
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