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Abstract
Background Accurate preoperative evaluation for metastatic lesions is significant for PTC patients. However, the 
stratification systems revealed inconsistencies in the ultrasound (US) features of cervical metastatic lymph nodes 
(LNs). This study aimed to investigate and develop a risk stratification model based on US radiologic features for 
cervical metastatic lesions in PTC patients.

Methods This study retrospectively enrolled 1806 LNs from 1665 PTC patients who underwent US-guided fine-
needle aspiration biopsy for cervical LNs from January 2010 to December 2022. Univariable and multivariable logistic 
regression analyses determined and developed the independent risk US features and a risk stratification model for 
cervical metastatic LNs. The performance of the risk stratification model was assessed and validated by the Korean 
Society of Thyroid Radiology and the European Thyroid Association.

Results Among the 1806 LNs, 1411 LNs were pathologically diagnosed with malignant. Multivariate analysis 
indicated that the absence of fatty hilum, cystic components, round shape (SD/LD ≥ 0.5), abundant vascularity, 
hyperechogenicity (including hyper and hypo-echogenicity, and hyper-echogenicity), and calcifications (include 
microcalcification, and macrocalcification) were independent risk US features associated with malignant LNs. A risk 
stratification model for cervical metastatic LNs was developed based on these suspicious US features and showed 
well-predicted performance (C-index 0.840; 95% CI: 0.840–0.923).

Conclusion Our study proposed a new risk stratification system based on US radiologic features to predict cervical 
metastatic lymph nodes in PTC patients. We identified several risk factors for lymph node (LN) metastasis from PTC 
including the absence of fatty hilum, cystic components, round shape (SD/LD ≥ 0.5), abnormal vascularity, hyper-
echogenicity, hyper- and hypo-echogenicity, microcalcification, and macrocalcification. These features could serve as 
valuable indicators for surgeons to accurately assess the status of cervical LNs.
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Background
With the increase and the improvement of detec-
tion methods, the detectable rate of thyroid cancer has 
increased rapidly and thyroid cancer has become one of 
the fastest-growing cancers [1, 2]. Papillary thyroid car-
cinoma (PTC) is the most common subtype of thyroid 
cancer [3, 4]. Despite PTC being regarded as an indolent 
tumor [5], a considerable portion of PTC is prone to early 
cervical lymph nodes (LNs) metastases (approximately 
30–80%) [6, 7], which is an important factor affecting 
the prognosis of PTC patients. Adequate preoperative 
evaluation and tailoring of surgical resections for primary 
and metastatic lesions are the most important for PTC 
patients [8–10], and to minimize the possibility of meta-
static lesions residual and recurrence [11].

High-resolution ultrasound (US) of the neck is a nonin-
vasive imaging technique and has become the preferred 
method in the preoperative evaluation of cervical LNs 
in PTC patients [12, 13]. Although the validity of preop-
erative US in the diagnosis of cervical metastatic LNs in 
PTC patients has been verified, a considerable number of 
cases are still misdiagnosed or missed [14, 15]. On this 
basis, two risk stratification systems for cervical malig-
nant LNs have been proposed by the Korean Society of 
Thyroid Radiology (KSThR) [16, 17] and European Thy-
roid Association (ETA) [18, 19] to guide management for 
imaging-detected LNs in PTC patients. However, these 
classifications have not been fully verified, and show dif-
ferences partially in detail.

Hence, this study aimed to determine the risk of US 
features for cervical metastatic LNs and developed and 
validated a risk stratification model based on US radio-
logic features for cervical metastatic LNs in PTC patients.

Materials and methods
Patients and study design
This retrospective study collected electronic medical 
records of 1955 PTC patients who underwent ultrasound 
(US) guided FNA biopsy for neck lymph nodes (LNs) and 
radical neck LNs dissection (Level II-VI) from January 
2010 to December 2022 at the Xiangya Hospital, Central 
South University. This study followed the Declaration 
of Helsinki, and approved by the Ethics Review Com-
mittee of Xiangya Hospital, Central South University 
(20211245). The informed consent was waived because of 
the retrospective and anonymous nature of the study.

We conducted a comprehensive review of medical 
records to extract relevant data, including clinical char-
acteristics such as sex, age at diagnosis, thyroid hormone 
levels, ultrasonographic features of lymph nodes, and 
tumor pathological characteristics. 331 patients were 

excluded for the following reasons: 161 patients due to 
incomplete clinical information, 135 patients with a his-
tory of neck surgery, and 30 patients combined with 
other head and neck malignancies. Finally, a total of 1665 
PTC patients with 1806 diagnostic LNs were enrolled in 
this study.

Evaluation of ultrasonography features
All patients underwent high-resolution ultrasound of the 
neck imaging before surgery. Ultrasound images were 
generated utilizing a diverse array of equipment from 
11 distinguished manufacturers with a 5–15 MHz linear 
high-frequency probe, including Mindray and SonoScape 
from Shenzhen, China; Vinno from Suzhou, China; Hita-
chi and Canon from Tokyo, Japan; GE Healthcare from 
Chicago, Illinois, USA; Philips from Amsterdam, Neth-
erlands; Siemens from Munich, Germany; Esaote from 
Genoa, Italy; Aloka from Wallingford, Connecticut, USA; 
and Supersonic from Aix-en-Provence, France. The ultra-
sonographic features of the evaluated lymph nodes (LNs) 
are as follows:

Echogenicity
Lymph nodes are classified based on echogenicity into 
the following categories: anechoic, hypo-echogenicity, 
iso-echogenicity, hyper-echogenicity, and a combina-
tion of hyper- and hypo-echogenicity, with the anterior 
neck muscles serving as the reference standard. In this 
study, “hyper-echoic” refers to LNs exhibiting a uni-
formly hyperechoic appearance. The term “hyper- and 
hypo-echoic” indicates a non-uniform echo pattern, 
characterized by a combination of both hyperechoic and 
hypoechoic features. Additionally, both “hyperechoic” 
and the “combination of hyperechoic and hypoechoic” 
patterns are classified as hyperechoic.

Calcifications
LNs are categorized based on the presence of spot-
like strong echoes in the ultrasound images into three 
types: absent calcifications, microcalcifications, and 
macrocalcifications.

Fatty hilum
LNs are classified based on the presence or absence of a 
fatty hilum in the ultrasound images.

Cystic components
LNs are classified as either solid or cystic based on the 
presence of echoless regions observed in the ultrasound 
images.
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Longitudinal-to-transverse ratio
The shape of LNs is determined based on the longitudi-
nal-to-transverse ratio (short axis/long axis) in the trans-
verse plane of the ultrasound image. LNs are classified as 
flattened (short/long axis < 0.5) or rounded (short/long 
axis ≥ 0.5).

Vascularity
Vascular patterns are categorized into three types using 
color Doppler images: none, hilar pattern, and periph-
eral or diffuse pattern. The peripheral or diffuse pattern is 
considered indicative of abnormal vascularity.

Additionally, ultrasound images are evaluated to deter-
mine whether the lymph nodes have an irregular shape 
or indistinct margins.

Fine-needle aspiration (FNA) biopsy cytology and 
histopathological analysis serve as the benchmark for 
assessing lymph node metastasis. The diagnostic accu-
racy of our ultrasound examinations is determined by 

the percentage of cases in which the US findings regard-
ing LN metastasis align with these established correct 
results.

Statistical analysis
Categorical variables were presented as frequency and 
percentages (%) of cases, and the chi-square test or 
Fisher’s exact test was used to compare differences. Con-
tinuous variables were presented as either the mean and 
standard deviation or the median and interquartile range 
(IQR) of cases. Statistical analyses were conducted using 
either Student’s t-test or the Mann–Whitney U test, as 
appropriate. All statistical analyses were using SPSS 26.0 
for Windows (IBM SPSS, Inc. Chicago, IL, USA) and 
GraphPad Prism 9.5.0 for Windows (GraphPad software, 
San Diego, CA, USA). Univariable and multivariable 
logistic regression analyses determined the independent 
risk US features for cervical metastatic LNs. The thresh-
old for statistically significance was p < 0.05.

The risk stratification model for cervical metastatic LNs 
was developed using R version 3.6.3 and assessed through 
receiver operating characteristic (ROC) curve analysis 
with 5-fold cross-validation to determine discrimination 
ability. Additionally, calibration plots were used to evalu-
ate predicted probabilities, while decision curve analysis 
(DCA) and clinical impact curve (CIC) were employed to 
assess the model’s utility in applications.

Results
Clinicopathological characteristics of the candidates
A total of 1665 PTC patients were enrolled, including 373 
PTC patients without detected malignant LNs and 1292 
PTC patients with detected malignant LNs. Among the 
373 PTC patients without malignant LNs, there were 102 
males (27.3%) and 271 females (72.7%), with a median 
(IQR) age of these patients is 43 (range, 33–52), and 318 
patients (85.3%) were under 55 years. In contrast, it is 37 
(range, 30–47) in 1292 PTC patients with malignant LNs, 
including 440 males (34.1%) and 852 females (65.9%), and 
1155 patients (89.4%) are younger than 55 years (Table 1).

All the 1806 LNs from the 1665 PTC patients were 
detected, and the results exhibited that 394 cases were 
benign LNs and 1411 cases were malignant LNs. In the 
394 cases with benign LNs, the median (IQR) tumor 
size is 11 (mm) (range, 8–16), with195 cases (49.5%) ≤ 10 
(mm), whereas in the 1,411 malignant LNs, the median 
size was 17  mm (range, 11–25), and 292 cases (20.7%) 
were ≤ 10 (mm) (p < 0.001). Moreover, the ratio of mul-
tifocality (p = 0.006), bilateral tumor (p < 0.001), capsu-
lar invasion (p < 0.001), and extrathyroidal extension 
(p < 0.001) was significantly higher in malignant LN cases 
compared to benign LN cases, while the proportion of 
contrast-enhanced ultrasound was lower than that of 
benign LNs cases (p = 0.034). Additionally, the detected 

Table 1 Comparison of demographic and clinicopathologic 
characteristics among benign and malignant lymph nodes in 
PTC patients
Characteristic No. of (%) P valuea

Benign Malignant
Clinical Characteristic
No. of patients 373 (100.0%) 1292 (100.0%)
Sex
 Male 102 (27.3%) 440 (34.1%) 0.015
 Female 271 (72.7%) 852 (65.9%)
Age, year
 Median (IQR) 43 (33–52) 37 (30–47) < 0.001b

 < 55 (year) 318 (85.3%) 1155 (89.4%) 0.027
 ≥ 55 (year) 55 (14.7%) 137 (10.6%)
Hashimoto’s thyroiditis 167 (44.8%) 530 (41.0%) 0.196
TSH (M ± SD, uIU/ml) 2.67 ± 5.50 2.81 ± 5.02 0.666c

Pathological Characteristic
No. of diagnostic lymph nodes 394 (100.0%) 1411 (100.0%)
Tumor size, mm
 Median (IQR) 11 (8–16) 17 (11–25) < 0.001b

 ≤ 10 (mm) 195 (49.5%) 292 (20.7%) < 0.001
 > 10 (mm) 199 (50.5%) 1119 (79.3%)
Multifocality 52 (13.2%) 271 (19.2%) 0.006
Bilateral tumor 104 (26.4%) 544 (38.6%) < 0.001
Capsular invasion 174 (44.2%) 938 (66.5%) < 0.001
Extrathyroidal extension 49 (12.4%) 494 (35.0%) < 0.001
Contrast-enhanced ultrasound 71 (18.0%) 194 (13.7%) 0.034
Lymph node location
 Level II 17 (4.3%) 125 (8.9%) < 0.001
 Level III 98 (24.9%) 539 (38.2%)
 Level IV 274 (69.5%) 712 (50.5%)
 Level V 5 (1.3%) 35 (2.5%)
Abbreviations: PTC, papillary thyroid carcinoma; TSH, thyrotropin
a Chi-square test; b Mann-Whitney U test; c Student’s t test
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location of malignant LNs were extremely different from 
those of benign LNs, in which benign LNs were less fre-
quently detected in levels II and IV than malignant LNs, 
and more frequently detected in levels IV (p < 0.001).

Comparison of the US features of benign and malignant 
lymph nodes in PTC
Table 2 summarizes a comparison of US features among 
benign and malignant LNs in PTC patients. In unadjusted 
univariate logistic regression analysis, all features, except 
for indistinct marginal, showed an important link with 
malignancy. However, in adjusted multivariable logistic 
regression analysis, the absence of fatty hilum (odds ratio 
[OR], 9.62; 95% CI, 5.82–15.89; p < 0.001), cystic com-
ponents (OR, 4.96; 95% CI, 2.64–9.32; p < 0.001), round 
shape (SD/LD ≥ 0.5) (OR, 1.66; 95% CI, 1.25–2.19.1, 
p < 0.001), abnormal vascularity (OR, 7.03; 95% CI, 4.44–
11.13; p < 0.001), hyper and hypo-echogenicity (OR, 4.48; 
95% CI, 1.47–13.66; p = 0.008), hyper-echogenicity (OR, 
19.61; 95% CI, 2.17–177.40; p = 0.008), microcalcification 
(OR, 8.02; 95% CI, 5.16–12.46; p < 0.001), and macrocal-
cification (OR, 2.56; 95% CI, 1.53–4.30; p < 0.001) were 
malignancy features, showing risks of malignant LNs. 
These suspicious US features are shown in Fig.  1. LNs 
with these suspicious US features have a higher malig-
nancy risk.

Diagnostic efficacy of suspicious US feature for cervical 
metastatic lymph node in PTC patients
We evaluated the diagnostic efficacy of these suspicious 
US features for cervical metastatic LNs in PTC, and 
found that the majority of features had high specific-
ity (Table 3). The absence of fatty hilum had the highest 

sensitivity (98.16%) and accuracy (83.32%) among these 
features, but with the lowest specificity (30.20%). For 
specificity, all US features, except absence of fatty hilum 
and round shape, were high. In our study, all suspicious 
US features had high positive predictive values (PPV), 
of which the lowest (83.32%) was beyond 83.00%. These 
features had low negative predictive values (NPV), except 
absence of fatty hilum (82.07%). The false negative rates 
(FPR) of these features were under 20.00%, of which the 
highest was 16.68%. The FNRs of all features, except the 
absence of fatty hilum, were beyond 60.00%. Most of 
these features had a great accuracy and five of them were 
beyond 50.00%.

Diagnostic efficacy of non-suspicious US feature for 
cervical metastatic lymph node in PTC patients
We developed a predictive model based on suspicious US 
radiologic features for cervical metastatic lymph nodes 
in PTC patients (Seen in Fig.  2). The predictive model 
combined different and sophisticated situations to pre-
dict the metastatic risk of cervical LN by calculating the 
total score of suspicious US features in PTC patients. In 
a word, the greater number of suspicious US features, if 
PTC patients have, the higher metastatic risk of cervical 
LN.

To evaluate the performance of the predictive model, 
we use multiple evaluation methods for validation in 
Fig. 3. Seen from Fig. 3A, Mean ROC (area = 0.84) indi-
cated that this model correctly distinguishes patients with 
corresponding clinical outcomes from patients without 
clinical outcomes. We used calibration curve to evaluate 
the accuracy of this nomogram in predicting the prob-
ability of developing clinical outcomes in individuals. The 

Table 2 Comparison of US features among benign and malignant lymph nodes in PTC patients
US features Unadjusted Multivariable adjusted

Prevalence OR
(95% CI)

P value Prevalence OR
(95% CI)

P value

Absence of fatty hilum 23.05 (14.79–35.92) < 0.001 9.62 (5.82–15.89) < 0.001
Cystic components 9.67 (4.81–15.62) < 0.001 4.96 (2.64–9.32) < 0.001
Irregular shape 1.84 (1.28–2.63) < 0.001 1.03 (0.64–1.65) 0.908
Indistinct marginal 1.35 (0.81–2.24) 0.253 1.32 (0.67–2.57) 0.422
Round shape (SD/LD ≥ 0.5) 1.88 (1.50–2.36) < 0.001 1.66 (1.25–2.19) < 0.001
Echo-heterogeneity 2.04 (1.62–2.57) < 0.001 1.03 (0.77–1.38) 0.841
Abnormal vascularity 11.41 (7.45–17.47) < 0.001 7.03 (4.44–11.13) < 0.001
Echogenicity
 Hypo-echogenicity 1 [Reference] < 0.001 1 [Reference] < 0.001
 Iso-echogenicity 9.83 (1.34–72.22) 0.025 6.15 (0.79–47.86) 0.083
 Hyper- and hypo-echogenicity 8.88 (3.25–24.22) < 0.001 4.48 (1.47–13.66) 0.008
 Hyper-echogenicity 13.95 (1.92–101.57) 0.009 19.61 (2.17–177.40) 0.008
Calcifications
 Absent 1 [Reference] < 0.001 1 [Reference] < 0.001
 Microcalcifications 12.56 (8.31–19.00) < 0.001 8.02 (5.16–12.46) < 0.001
 Macrocalcification 4.87 (3.01–7.87) < 0.001 2.56 (1.53–4.30) < 0.001
Abbreviations: LD, long diameter; OR, odds ratio; PTC, papillary thyroid carcinoma; SD, short diameter; US, ultrasound
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Fig. 1 Eight US features of PTC patients. (A) absence of fatty hilum; (B) cystic components; (C) round shape (SD/LD ≥ 0.5); (D) abnormal vascularity; (E) 
hyper-echogenicity; (F) hyper and hypo-echogenicity; (G) microcalcification; (H) macrocalcification
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actual curve was basically close to the ideal curve, which 
indicated that the predicted risk of clinical events by this 
model were in good agreement with the actual condi-
tion in our cohorts (Fig. 3B). We performed the decision 
curve analysis (DCA) and clinical impact curve to assess 
the improvement the model brings to decision-making in 
Fig. 3C and D, showing that this model has a great appli-
cation value.

Improvement and verification of the risk stratification 
system based on US radiologic features for cervical 
metastatic lymph nodes in PTC patients
Based on the predictive model, we established a simpler 
risk stratification system for cervical metastatic LNs in 
PTC patients in Table  4. In our cohorts, except for 93 
cases with non-suspicious US features, we found only 
two of them had malignancy LNs. The actual malignancy 
rate was 2.2%, and the system predicted malignancy risk 
was 10.7%. For other cases with suspicious US features, 

Table 3 The diagnostic efficacy of suspicious US feature for cervical metastatic lymph node in PTC patients
Suspicious US feature Sensitivity Specificity PPV NPV FPR FNR Accuracy
Absence of fatty hilum 98.16% 30.20% 83.43% 82.07% 16.57% 17.93% 83.32%
Cystic components 21.40% 96.95% 96.18% 25.62% 3.82% 74.38% 37.89%
Round shape (SD/LD ≥ 0.5) 55.21% 60.41% 83.32% 27.36% 16.68% 72.64% 56.34%
Abundant vascularity 42.52% 93.91% 96.15% 31.33% 3.85% 68.67% 53.74%
Hyperechogenicity 11.06% 98.73% 96.89% 23.66% 3.11% 76.34% 30.19%
 Hyper- and hypo-echogenicity (non-uniformity) 8.19% 98.98% 96.55% 23.66% 3.45% 76.34% 28.47%
 Hyper-echogenicity (uniformity) 3.39% 99.74% 97.78% 23.66% 2.22% 76.34% 25.64%
Calcifications 54.93% 88.32% 94.40% 35.37% 5.60% 64.63% 62.22%
 Microcalcification 48.42% 93.05% 95.83% 35.37% 4.17% 64.63% 58.81%
 Macrocalcification 21.87% 94.57% 89.90% 35.37% 10.10% 64.63% 44.50%
Abbreviations: FPR, false positive rate; FNR, false negative rate; PPV, positive predictive value; NPV, negative predictive value; LD, long diameter; PTC, papillary 
thyroid carcinoma; SD, short diameter; US, ultrasonography

Fig. 2 A nomogram for all features with multiple conditions
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the risk stratification system predicted malignancy risk of 
having any one, two, three, four, five, or six of suspicious 
US features was 23.4 − 75.1%, 33.8 − 95.7%, 68.3 − 99.4%, 
91.2 − 99.9%, 98.6 − 100.0%, and 99.9 − 100.0%, respec-
tively, which in line with the actual conditions.

In addition, we made the comparison of predictive effi-
ciency for cervical metastatic LNs between risk stratifi-
cation system and K-TIRADS and ETA Category system 
in Table 5. According to the K-TIRADS Category system, 
there were three categories: normal, indeterminate, and 
suspicious. The actual malignancy rate of them was 8.7%, 

61.4%, and 93.2%, respectively, while the system pre-
dicted malignancy risk was 10.7 − 16.5%, 53.7 − 65.7%, 
and 33.6 − 100.0%. For the category of ETA criteria, the 
actual malignancy rates of categories, including prob-
ably benign, indeterminate, suspicious, and not specified, 
were 2.2%, 64.9%, 94.4%, and 29.8%, respectively, while 
the system predict malignancy risk was 10.7 − 23.6%, 65.7 
− 83.2%, 36.6 − 100.0%, 48.8%.

Fig. 3 Validation of the nomogram. (A) 5-fold ROC Curve; (B) Calibration Curve; (C) Decision Clinical Analysis (DCA) Curve; (D) Clinical impact Curve
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Discussion
This study identified eight suspicious ultrasound (US) 
features associated with cervical metastatic lymph nodes 
(LNs) in patients with papillary thyroid carcinoma (PTC). 
These features include the absence of fatty hilum, cystic 
components, round shape (SD/LD ≥ 0.5), abnormal vas-
cularity, hyper-echogenicity, a combination of hyper- and 
hypo-echogenicity, microcalcification, and macrocalcifi-
cation. Contrarily, irregular shape and indistinct margins 
did not significantly predict metastasis, despite being 
considered suspicious for metastatic LNs in previous 
studies [20–22]. Additionally, we developed a risk strati-
fication system based on these suspicious US features to 
predict cervical metastatic LNs in PTC patients, offering 
a more efficient and straightforward method for clini-
cians to assess LN status.

With the increasing detection rates of thyroid cancer, 
the age of affected patients is becoming younger. This 
trend has also led to more personalized approaches for 
diagnosing and treating thyroid cancer [23, 24]. While 
PTC generally has a favorable prognosis, it tends to 
metastasize to LNs early [25, 26], highlighting the impor-
tance of a risk stratification system that aids in timely 
intervention. We identified eight independent imaging 
features associated with metastatic LNs in thyroid can-
cer, which can be used to assess the risk of metastatic 
LNs based on these suspicious imaging features. In our 
results, these eight features demonstrated high positive 
predictive values for metastatic LNs (83.32-97.78%), with 
most also showing high predictive accuracy. Notably, the 
absence of a fatty hilum showed the highest sensitivity 
(98.16%) and accuracy (83.32%), though it had the lowest 
specificity (30.20%). Conversely, the hyper-echogenicity 
feature exhibited the highest specificity (99.74%), but the 
lowest sensitivity (3.39%) and accuracy (25.64%).

Previous studies have indicated five US features-the 
absence of a hilum, cortical hyperechogenicity, cystic 
changes, abnormal vascular patterns, and punctate echo-
genic foci-as independent ultrasound features sugges-
tive of metastatic LNs in thyroid cancer [27, 28]. In this 
study, we incorporated a larger sample size and analyzed 
more specific US imaging features. Our results revealed 
three additional suspicious US features associated with 
metastatic LNs that had not been reported in prior 
studies: a round shape (SD/LD ≥ 0.5), a combination of 
hyper- and hypo-echogenicity, and macrocalcification. 
While these features did not stand out in terms of their 
overall diagnostic performance for metastatic LNs, they 
were identified as independent predictors in multivari-
ate analysis. It is important to note that irregular shape 
has been regarded as a suspicious feature for metastatic 
LNs in several guidelines [29, 30]. However, our findings 
suggest that irregular shape is not an independent suspi-
cious feature for predicting metastatic LNs. Furthermore, 

Table 4 The predictive efficiency of the risk stratification system 
for cervical metastatic lymph node in PTC patients
Suspicious US features No. of

Cases
No. of
Malig-
nancy 
LNs

Actual
Malig-
nancy 
rate (%)

Predicted
Malig-
nancy 
risk (%)

None of suspicious US 
features

93 2 2.2% 0-10.7%

Any one of the following 
suspicious US features

278 149 53.6% 23.4 
– 75.1%

 Absence of fatty hilum 232 132 56.9% 53.7%
 Cystic components 1 1 100.0% 36.6%
 Round shape (SD/
LD ≥ 0.5)

34 9 26.5% 16.5%

 Hyperechogenicity
 Hyper and hypo-echo-
genicity (non-uniformity)

1 1 100.0% 33.6%

 Hyper-echogenicity 
(uniformity)

2 2 100.0% 69.8%

Calcifications
 Microcalcification 2 1 50.0% 48.5%
 Macrocalcifications – – – 23.6%
Abundant vascularity 6 4 66.7% 45.6%
Any two suspicious US 
features

569 433 76.1% 33.8 
– 95.7%

Any three suspicious US 
features

487 452 92.8% 68.3 
– 99.4%

Any four suspicious US 
features

267 264 98.9% 91.2 
– 99.9%

Any five suspicious US 
features

96 96 100.0% 98.6 
– 100.0%

All of six suspicious US 
features

15 15 100.0% 99.9 
– 100.0%

Abbreviations: PTC, papillary thyroid carcinoma; LD, long diameter; SD, short 
diameter; US, ultrasonography

Table 5 Comparison of predictive efficiency for cervical 
metastatic lymph node between the risk stratification system 
and K-TIRADS and ETA Category system
Category system No. of

Cases
No. of
Malignan-
cy LNs

Actual
Malig-
nancy 
rate (%)

Nomogram 
predicted
Malignancy 
risk (%)

Total 1805 1411 79.8%
K-TIRADS
 Normal 127 11 8.7% 10.7 – 16.5%
 Indeterminate 515 316 61.4% 53.7 – 65.7%
 Suspicious 1163 1084 93.2% 33.6 – 100.0%
ETA
 Probably benign 93 2 2.2% 10.7 – 23.6%
 Indeterminate 393 318 64.9% 65.7 – 83.2%
 Suspicious 1081 1020 94.4% 36.6 – 100.0%
 Not specified 238 71 29.8% 48.8%
Abbreviations: ETA, European Thyroid Association; K-TIRADS, Korean Thyroid 
Imaging Reporting and Data System; LN, Lymph Node
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in both unadjusted and multivariate regression analyses, 
indistinct margins were also not found to be an indepen-
dent feature of malignant LNs.

To assess the comprehensive diagnostic effectiveness 
of these ultrasound features for metastatic LN, we cat-
egorized suspicious US features based on the number of 
suspicious characteristics present: none (0-10.7%), any 
one (23.4-75.1%), any two (33.8-95.7%), any three (68.3-
99.4%), any four (91.2-99.9%), any five (98.6-100.0%), and 
all of six (99.9-100.0%). When four or more suspicious 
US features were present, the predicted risk of metastatic 
LNs was high. To more objectively and specifically esti-
mate the predictivity efficiency of these suspicious US 
features for metastatic LNs in PTC, we developed a risk 
stratification system. The results of a five-fold ROC analy-
sis showed a strong alignment between the predicted and 
actual results. Additionally, the calibration curve dem-
onstrated that the actual curve closely matched the ideal 
curve, confirming the system’s good calibration. Decision 
curve analysis (DCA) indicated that the risk stratification 
system has significant practical application. Our verifica-
tion showed that the predictions of the system were con-
sistent with actual outcomes. Given the high incidence of 
LN metastasis and its negative impact on prognosis, cli-
nicians should closely examine the suspicious ultrasound 
features of LNs and consider performing fine needle aspi-
ration (FNA) biopsies more proactively.

Additionally, we made a comparison of predictive effi-
ciency for cervical metastatic LNs between our model 
and K-TIRADS and ETA Category system. As far as we 
know, both the ETA guide and K-TIRADS Category sys-
tem provides effective risk stratification, with strong cor-
relation between them [17, 18]. While both categorize 
LNs into three risk categories, each category corresponds 
to different suspicious ultrasound features. Moreover, 
both systems classify LNs with the absence of fatty hilum 
as an indeterminate. Moreover, 29.8% of metastatic LNs 
in our study be classified to not specified by the ETA sys-
tem. These factors make it complicated in practical appli-
cation. Our study proposes a more personalized LNs risk 
classification system that allows clinicians to dynami-
cally calculate the cumulative risk of multiple suspicious 
ultrasound features. Compared to existing classification 
systems, our stratification system may help reduce the 
missed diagnosis of small and suspicious LN.

One of the limitations of this study is its retrospective 
design, which may introduce an unavoidable selection 
bias in the selection of lymph nodes (LNs) for ultra-
sound-guided biopsy. Furthermore, the use of differ-
ent ultrasound machines and operators could influence 
classification and biopsy outcomes, potentially lead-
ing to operator-related observational bias. Addition-
ally, the accuracy of ultrasound assessments based on 
static images from electronic medical records presents 

inherent limitations. Lastly, fine needle aspiration (FNA) 
was conducted in only a limited number of cases, which 
could lead to an overestimation of the malignancy risk for 
entire cohort, including both benign and uncertain LN 
groups. The ultrasound technique may also fail to detect 
smaller lymph nodes.

Conclusions
In summary, our study introduces a novel risk stratifica-
tion model based on ultrasound radiologic features to 
predict cervical metastatic lymph nodes in PTC patients. 
This model could assist surgeons in effectively assessing 
the status of cervical lymph nodes.
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FPR  False positive rate
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LND  Lymph nodes dissection
NPV  Negative predictive value
PPV  Positive predictive value
PTC  Papillary thyroid carcinoma
TC  Thyroid carcinoma
TT  Total thyroidectomy
US  Ultrasonography

Acknowledgements
We wish to thank all the patients who participated in this study.

Author contributions
H.L.T. and S.L.D. conceived and designed the study; H.L.T. and Q.H. carried 
out experiments; S.L.D. and Z.J.Z. analyzed the data; H.L.T., S.L.D., P.H., and S.C. 
made the figures; H.L.T. and S.L.D. drafted and revised the paper; H.L.T., P.H. 
and S.C. reviewed the paper; all authors approved the final version of the 
manuscript.

Funding
This work was supported by the National Natural Science Foundation of 
China (81974423, 81902729); the Special Funding for the Construction of 
Innovative Provinces in Hunan (2020SK4003); the China Postdoctoral Science 
Foundation (2020M672517, 2021T140749); the Natural Science Foundation 
of Hunan Province (2020JJ5904, 2020JJ4925); the Project Program of National 
Clinical Research Center for Geriatric Disorders (2021KFJJ03); the Research and 
Innovation Project Foundation for Graduate in Hunan Province (CX20230361); 
and the Fundamental Research Funds for the Central Universities of Central 
South University (CX20210354).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Review Committee of Xiangya Hospital, 
Central South University, and followed the Declaration of Helsinki (20211245). 
The informed consent was waived because of the retrospective and 
anonymous nature of the study.



Page 10 of 10Tan et al. World Journal of Surgical Oncology          (2025) 23:102 

Consent for publication
All authors gave consent for the publication of this study.

Generative AI and AI-assisted technologies in the writing process
During the preparation of this work the authors used no tools. The authors 
reviewed and edited the content as needed by themselves and take full 
responsibility for the content of the publication.

Competing interests
The authors declare no competing interests.

Author details
1Department of General Surgery, Xiangya Hospital Central South 
University, Changsha, Hunan 410008, P.R. China
2Clinical Research Center for Thyroid Disease In Hunan Province, 
Changsha, Hunan 410008, P.R. China
3Hunan Provincial Engineering Research Center for Thyroid and Related 
Diseases Treatment Technology, Changsha, Hunan 410008, P.R. China
4National Clinical Research Center for Geriatric Disorders, Xiangya 
Hospital, Changsha, Hunan 410008, P.R. China

Received: 10 October 2024 / Accepted: 16 February 2025

References
1. Kitahara CM, Sosa JAJNRE. The changing incidence of thyroid cancer. 2016, 

12:646–53.
2. Morris LG, Sikora AG, Tosteson TD, Davies LJT. The increasing incidence of 

thyroid cancer: the influence of access to care. 2013, 23:885–91.
3. Zhu J, Wang X, Zhang X, Li P, Hou HJD. Clinicopathological features of recur-

rent papillary thyroid cancer. 2015, 10:1–6.
4. Miranda-Filho A, Lortet-Tieulent J, Bray F, Cao B, Franceschi S, Vaccarella S, 

Dal Maso L. Thyroid cancer incidence trends by histology in 25 countries: a 
population-based study. Lancet Diabetes Endocrinol. 2021;9:225–34.

5. Nikiforov YE, Seethala RR, Tallini G, Baloch ZW, Basolo F, Thompson LD, 
Barletta JA, Wenig BM, Al Ghuzlan A. Kakudo KJJo: nomenclature revision for 
encapsulated follicular variant of papillary thyroid carcinoma: a paradigm 
shift to reduce overtreatment of indolent tumors. 2016, 2:1023–9.

6. Yeh MW, Bauer AJ, Bernet VA, Ferris RL, Loevner LA, Mandel SJ, Orloff LA, 
Randolph GW, Steward DL. American thyroid association statement on 
preoperative imaging for thyroid cancer surgery. Thyroid. 2015;25:3–14.

7. Stack BC Jr., Ferris RL, Goldenberg D, Haymart M, Shaha A, Sheth S, Sosa JA, 
Tufano RP. American thyroid association consensus review and statement 
regarding the anatomy, terminology, and rationale for lateral neck dissection 
in differentiated thyroid cancer. Thyroid. 2012;22:501–8.

8. Póvoa AA, Teixeira E, Bella-Cueto MR, Melo M, Oliveira MJ, Sobrinho-Simões 
M, Maciel J, Soares PJC. Clinicopathological features as prognostic predictors 
of poor outcome in papillary thyroid carcinoma. 2020, 12:3186.

9. Yu S-T, Ge J-N, Sun B-H, Wei Z-G, Xiao Z-Z, Zhang Z-C, Chen W-S, Li T-T, Lei 
S-TJOO. Lymph node yield in the initial central neck dissection (CND) associ-
ated with the risk of recurrence in papillary thyroid cancer: a reoperative CND 
cohort study. 2021, 123:105567.

10. Tan HL, Nyarko A, Duan SL, Zhao YX, Chen P, He Q, Zhang ZJ, Chang S, 
Huang P. Comprehensive analysis of the effect of Hashimoto’s thyroiditis 
on the diagnostic efficacy of preoperative ultrasonography on cervical 
lymph node lesions in papillary thyroid cancer. Front Endocrinol (Lausanne). 
2022;13:987906.

11. Feng J-W, Qu Z, Qin A-C, Pan H, Ye J, Jiang YJEJSO. Significance of multifocal-
ity in papillary thyroid carcinoma. 2020, 46:1820–8.

12. DeJohn CR, Grant SR, Seshadri MJC. Application of machine learning meth-
ods to improve the performance of ultrasound in head and neck oncology: A 
literature review. 2022, 14:665.

13. Cao Y, Zhong X, Diao W, Mu J, Cheng Y, Jia ZJC. Radiomics in differentiated 
thyroid cancer and nodules: explorations, application, and limitations. 2021, 
13:2436.

14. Wang Y, Nie F, Wang G, Liu T, Dong T. Sun YJCm, research: value of combining 
clinical factors, conventional ultrasound, and contrast-enhanced ultrasound 

features in preoperative prediction of central lymph node metastases of dif-
ferent sized papillary thyroid carcinomas. 2021:3403–15.

15. Zhang Y, Zhang X, Li J, Cai Q, Qiao Z, Luo YJER. Contrast-enhanced ultrasound: 
a valuable modality for extracapsular extension assessment in papillary 
thyroid cancer. 2021, 31:4568–75.

16. Lee MK, Na DG, Joo L, Lee JY, Ha EJ, Kim JH, Jung SL, Baek JH. Standardized 
imaging and reporting for thyroid ultrasound: Korean society of thyroid 
radiology consensus statement and recommendation. Korean J Radiol. 
2023;24:22–30.

17. Ha EJ, Chung SR, Na DG, Ahn HS, Chung J, Lee JY, Park JS, Yoo RE, Baek JH, 
Baek SM, et al. 2021 Korean thyroid imaging reporting and data system and 
imaging-Based management of thyroid nodules: Korean society of thyroid 
radiology consensus statement and recommendations. Korean J Radiol. 
2021;22:2094–123.

18. Leenhardt L, Erdogan MF, Hegedus L, Mandel SJ, Paschke R, Rago T, Russ G. 
2013 European thyroid association guidelines for cervical ultrasound scan 
and ultrasound-guided techniques in the postoperative management of 
patients with thyroid cancer. Eur Thyroid J. 2013;2:147–59.

19. Moon WJ, Baek JH, Jung SL, Kim DW, Kim EK, Kim JY, Kwak JY, Lee JH, Lee 
JH, Lee YH, et al. Ultrasonography and the ultrasound-based management 
of thyroid nodules: consensus statement and recommendations. Korean J 
Radiol. 2011;12:1–14.

20. He L, Chen X, Hu J, Meng Y, Zhang Y, Chen W, Fan Y, Li T, Fang J. Score based 
on contrast-enhanced ultrasound predict central lymph node metastasis in 
papillary thyroid cancer. Front Endocrinol (Lausanne). 2024;15:1336787.

21. Li F, Pan D, He Y, Wu Y, Peng J, Li J, Wang Y, Yang H, Chen J. Using ultrasound 
features and radiomics analysis to predict lymph node metastasis in patients 
with thyroid cancer. BMC Surg. 2020;20:315.

22. Min Y, Huang Y, Wei M, Wei X, Chen H, Wang X, Chen J, Xiang K, Feng Y, Yin G. 
Preoperatively Predicting the Central Lymph Node Metastasis for Papillary 
Thyroid Cancer Patients With Hashimoto’s Thyroiditis. Front Endocrinol (Laus-
anne). 2021;12:713475.

23. Tian T, Huang S, Dai H, Qi M, Liu B, Huang RJTJCE. Metabolism: Radioac-
tive Iodine-Refractory Pulmonary Metastases of Papillary Thyroid Cancer in 
Children, Adolescents, and Young Adults. 2023, 108:306–14.

24. Botta L, Dal Maso L, Guzzinati S, Panato C, Gatta G, Trama A, Rugge M, 
Tagliabue G, Casella C. Caruso BJJoAR: Changes in life expectancy for cancer 
patients over time since diagnosis. 2019, 20:153–9.

25. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, 
Pacini F, Randolph GW, Sawka AM, Schlumberger M, et al. 2015 American 
Thyroid Association Management Guidelines for Adult Patients with Thyroid 
Nodules and Differentiated Thyroid Cancer: The American Thyroid Associa-
tion Guidelines Task Force on Thyroid Nodules and Differentiated Thyroid 
Cancer. Thyroid. 2016;26:1–133.

26. Yu J, Deng Y, Liu T, Zhou J, Jia X, Xiao T, Zhou S, Li J, Guo Y, Wang Y, et al. 
Lymph node metastasis prediction of papillary thyroid carcinoma based on 
transfer learning radiomics. Nat Commun. 2020;11:4807.

27. Chung SR, Baek JH, Rho YH, Choi YJ, Sung TY, Song DE, Kim TY, Lee JH. Sono-
graphic Diagnosis of Cervical Lymph Node Metastasis in Patients with Thyroid 
Cancer and Comparison of European and Korean Guidelines for Stratifying 
the Risk of Malignant Lymph Node. Korean J Radiol. 2022;23:1102–11.

28. Yoo YH, Kim JA, Son EJ, Youk JH, Kwak JY, Kim EK, Park CS. Sonographic 
findings predictive of central lymph node metastasis in patients with 
papillary thyroid carcinoma: influence of associated chronic lymphocytic 
thyroiditis on the diagnostic performance of sonography. J Ultrasound Med. 
2013;32:2145–51.

29. Liang X-W, Cai Y-Y, Yu J-S, Liao J-Y, Chen Z-YJC. Update on thyroid ultrasound: 
a narrative review from diagnostic criteria to artificial intelligence techniques. 
2019, 132:1974–82.

30. Lee JY, Yoo R-E, Rhim JH, Lee KH, Choi KS, Hwang I, Kang KM, Kim J-hJC. 
Validation of ultrasound risk stratification systems for cervical lymph node 
metastasis in patients with thyroid cancer. 2022, 14:2106.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	A risk stratification model based on ultrasound radiologic features for cervical metastatic lymph nodes in papillary thyroid cancer
	Abstract
	Background
	Materials and methods
	Patients and study design
	Evaluation of ultrasonography features
	Echogenicity
	Calcifications
	Fatty hilum
	Cystic components
	Longitudinal-to-transverse ratio
	Vascularity


	Statistical analysis
	Results
	Clinicopathological characteristics of the candidates
	Comparison of the US features of benign and malignant lymph nodes in PTC
	Diagnostic efficacy of suspicious US feature for cervical metastatic lymph node in PTC patients
	Diagnostic efficacy of non-suspicious US feature for cervical metastatic lymph node in PTC patients
	Improvement and verification of the risk stratification system based on US radiologic features for cervical metastatic lymph nodes in PTC patients

	Discussion
	Conclusions
	References


