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Objective: We aimed to identify the clinical factors associated with lymph node

metastasis (LNM) based on ultrasound characteristics and clinical data, and

develop a nomogram for personalized clinical decision-making.

Methods: A retrospective analysis was performed on 252 patients with papillary

thyroid carcinoma (PTC). The patient’s information was subjected to univariate

and multivariate logistic regression analyses to identify risk factors. A nomogram

to predict LNM was established combining the risk factors. The performance of

the nomogram was evaluated using receiver operating characteristic (ROC)

curve, calibration curve, cross-validation, decision curve analysis (DCA), and

clinical impact curve.

Results: There are significant differences between LNM and non-LNM groups in

terms of age, sex, tumor size, hypoechoic halo around the nodule, thyroid

capsule invasion, lymph node microcalcification, lymph node hyperechoic

area, peak intensity of contrast (PI), and area under the curve (AUC) of the time

intensity curve of contrast (P<0.05). Age, sex, thyroid capsule invasion, lymph

node microcalcification were independent predictors of LNM and were used to

establish the predictive nomogram. The ROC was 0.800, with excellent

discrimination and calibration. The predictive accuracy of 0.757 and the Kappa

value was 0.508. The calibration curve, DCA and calibration curve demonstrated

that the prediction model had excellent net benefits and clinical practicability.

Conclusion: Age, sex, thyroid capsule invasion, and lymph node

microcalcification were identified as significant risk factors for predicting LNM

in patients with PTC. The visualized nomogram model may assist clinicians in

predicting the likelihood of LNM in patients with PTC prior to surgery.
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1 Introduction

According to the latest global cancer statistics, thyroid cancer is

responsible for 586,000 cases worldwide and ranks in 9th place for

incidence in 2020 with an estimated annual mortality of 44,000 (1).

PTC is the most common histologic subtype of thyroid cancer and

has a rapid increase in incidence globally over recent decades (2).

PTC are prone to early metastasizes to lymph nodes with a reported

incidence from 30 to 80% at initial diagnosis. LNM has been

confirmed to be a significant risk factor affecting the survival rate

of PTC patients, and is closely related to distant metastasis,

recurrence, and poor prognosis (3).

Currently, surgery remains the primary treatment option for

PTC, however, controversy persists regarding lymph node

management (4). LNM preoperatively strongly correlates with

distant metastasis, high locoregional recurrence, and enhanced

death risk (5). Early implementation of appropriate surgical

approaches and complete dissection of metastatic lymph nodes

can reduce the probability of a second operation, and improve the

prognosis and survival rate of the patient (6). Nevertheless, by

reducing unnecessary prophylactic lymph node dissection, the

occurrence of surgery-related complications can be minimized,

such as hypoparathyroidism, recurrent laryngeal nerve damage,

nerve injury to the voice, etc (7). Preoperative accurate assessment

of whether there is lymph node metastasis in PTC is crucial for

clinical decision-making and patient prognosis.

However, there are limited preoperative methods available for

assessing LNM in PTC. US is the preferred diagnostic method for

LNM with a high accuracy and sensitivity in identifying LNM (8).

The additional use of contrast-enhanced ultrasound (CEUS) could

provide qualitative and quantitative blood perfusion information

and improve the diagnostic accuracy of thyroid nodules (9).

Qualitative and quantitative Contrast-Enhanced Ultrasound

analysis demonstrated a high diagnostic accuracy for the

preoperative diagnosis of metastatic lymph nodes in patients with

PTC. However, most sonographic features of metastatic lymph

node are atypical, especially in early stages. Even under contrast-

enhanced ultrasound, the early metastatic lymph nodes are not easy

to detect (10). The assessment of LNM in patients with PTC before

surgery presents significant difficulties and challenges for

clinical radiologists.

Our study aimed to investigate risk factors associated with LNM

and develop a user-friendly nomogram incorporating clinical and

ultrasound features for quantitative prediction of LNM risk in PTC.
Abbreviations: PTC, papillary thyroid carcinoma; LNM, lymph node metastasis;

ROC, receiver operating characteristic; DCA, decision curve analysis; PI, peak

intensity of contrast; AUC, area under the curve; CEUS, contrast-enhanced

ultrasound; 2D-US, two-dimensional ultrasound; FT4, free thyroid hormone;

FT3, free triiodothyronine; TSH, hypersensitive thyroid stimulating hormone;

TG, thyroglobulin; TGA, antithyroglobulin antibody; TPOAB, thyroid

peroxidase antibody; PTH, parathyroid hormone; CEA, carcinoembryonic

antigen; BI, Base Intensity; AT, Arrival Time; TTP, Time to Peak; PI, Peak

Intensity; AS, Ascending Slope; ROI, region of interest; GOF, highest goodness

of fit.
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The approach will aid clinicians in making informed therapeutic

decisions, thereby improving patient prognosis.
2 Materials and methods

2.1 Participants

This prospective study was approved by the Ethics Committee

of our Hospital (No. 202206140) and conducted in accordance with

guidelines for good clinical practice. The study included 252

consecutive patients who underwent thyroidectomy and lymph

node dissection for PTC at our institution from May 2019 to

March 2022. Prior to surgery, all patients underwent preoperative

serological examination, two-dimensional ultrasound (2D-US) and

CEUS of the thyroid. The pathological results of LNM were served

as the gold standard. The patients were classified into two groups

based on the post-dissection pathological results of the lymph

nodes. One group had lymph node metastases (LNM, n=139),

while the other group did not (non-LNM, n=113).

The inclusion criteria were as follows: (a) Primary surgical

resection was performed with a pathological diagnosis of PTC. (b)

The patient underwent partial or total thyroidectomy and lymph

node dissection as the surgical procedure. (c) Confirmation of

lymph node metastasis was based on postoperative pathology; (d)

Preoperative serological examination, 2D-US and CEUS of the

thyroid were performed before surgery with complete

clinicopathological information. (e) The date between serological

examination, ultrasonography and surgery did not exceed

one month.

The exclusion criteria were as follows: (a) Other types of thyroid

cancer or PTC with other types of thyroid cancer was confirmed

through surgical pathology. (b) History of previous neck surgery.

(c) Age <18 years old.
2.2 Assessment of variables

The baseline clinical information of patients included age, sex

(male, female). Biochemical indicators included free thyroid

hormone (FT4), free triiodothyronine (FT3), hypersensitive

thyroid stimulating hormone (TSH), thyroglobulin (TG),

antithyroglobulin antibody (TGA), thyroid peroxidase antibody

(TPOAB), parathyroid hormone (PTH), carcinoembryonic

antigen (CEA). The results of FT4, FT3, TSH, TG, TGA, TPOAB,

PTH, and CEA were detected within one month before surgery.

According to the clinical experience, the thresholds set for FT4,

FT3, TSH, TG, TGA, TPOAB, PTH, and CEA were as follows: FT4

12-22 pmol/L, FT3 2.8-7.1 pmol/L, TSH 0.27-4.2 uIU/ml, TG 3.5-77

ng/ml, TGA 0-115.00 IU/mL, TPOAB 0-34.00 IU/mL, PTH 15-65

pg/ml, CEA <5.0 ng/mL. (Table 1 for details).

2D-US and CEUS indicators for thyroid nodule included the

following characteristics: thyroid diffuse lesions, multifocality,

tumor size, location, echogenicity, shape, aspect ratio (A/T, wider

and tall ratio), boundary, margin, hypoechoic halo (Substantial, not

the annular vessel surrounding the nodules), posterior attenuation,
frontiersin.org
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calcification, blood flow, thyroid capsule invasion, enhancement

level, enhancement mode, enhancement uniformity and perfusion

defect (Table 2 for details).

2D-US indicators of lymph node included the following

characteristics: lymph node morphology, microcalcification,
TABLE 1 Variables of patients’ clinical data in univariate analysis.

Variables LNM
non-
LNM

P-
value

OR

Age (mean ± SD,
years)

41 ±
10

46 ± 12 <0.001* 0.958

Sex (n) 0.002* 0.395

Male 49 20

Female 90 93

FT4 (n) 0.178

Normal 122 105

High 6 5

Low 10 2

FT3 (n) 0.344

Normal 127 108

High 7 2

Low 4 2

TSH (n) 0.689

Normal 119 91

High 15 16

Low 5 4

TG (n) 0.345

Normal 93 79

High 13 5

Low 27 23

TGA (n) 0.575 1.179

Normal 100 86

High 37 27

TPOAB (n) 0.834 0.938

Normal 107 87

High 30 26

PTH (n) 0.107

Normal 124 104

High 11 3

Low 3 6

CEA (n) 0.295 3.254

Normal 134 109

High 4 1
F
rontiers in Endocrino
logy
*P-value < 0.05 was regarded as statistically significant.
03
TABLE 2 Variables of thyroid nodule 2D-US and CEUS in univariate analysis.

Variables LNM
non-
LNM

P-
value

OR

Thyroid
diffuse lesions
(n)

0.966 1.012

Yes 36 29

No 103 84

Multifocality
(n)

0.454 1.223

Multifocal 96 73

Unifocal 43 40

Tumor size 12.00
± 7.60

9.79 ±
7.85

0.031* 1.043

(mean ± SD,
mm)

Horizontal
position (n)

0.976

Left lobe 66 55

Isthmus 8 6

Right lobe 65 52

Vertical
position (n)

0.063

Upper 35 26

Middle 46 55

Lower 50 26

Isthmus 8 6

Echogenicity
(n)

0.82

Hypoechoic 115 93

Very hypoechoic 14 8

Isoechoic 1 1

Mixed echo 2 3

Strong and weak
echo

7 8

Shape (n) 0.663

Regular 25 22

Slightly reguilar 35 23

Irregular 79 68

A/T (n) 0.161 0.698

≤1 86 60

>1 53 53

Boundary (n) 0.536

Clear 51 43

Slightly clear 59 41

Fuzzy 29 29

(Continued)
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hyperechoic change, dermatomedullary boundary and blood flow.

(Table 3 for details).

Qualitative and quantitative Contrast-Enhanced Ultrasound

analysis of thyroid nodule included Base Intensity (BI), Arrival

Time (AT), Time to Peak (TTP), Peak Intensity (PI), Ascending

Slope (AS), Area Under Curve (AUC). (Table 4 for details).
2.3 US images acquisition and analysis

The US examination was independently performed by one of

the two experienced radiologists with more than 20 years of

experience in thyroid ultrasound diagnosis. All conventional US

and CEUS examinations were performed by Resona R9 & 7S

(Mindray Medical, Shenzhen, China) and Acuson Sequoia

(Siemens, Erlangen, Germany). The ultrasound contrast agent

used in thyroid contrast-enhanced ultrasound was the pure

blood-pool contrast agent sulfur hexafluoride microbubble

(SonoVue, Bracco, Italy).

Inclusion criteria for quantitative analysis of contrast-enhanced

ultrasound of thyroid nodules: (a) CEUS recording lasted longer than

one minute. (b) Thyroid nodule appeared in the observation screen

completely. (c) Thyroid nodules were not significantly displaced.

Quantitative analysis of contrast-enhanced ultrasound: the

region of interest (ROI) was delineated along the edge of the

thyroid nodule, and the ROI was delineated no less than three

times. Finally, the highest goodness of fit (GOF) was selected.
TABLE 2 Continued

Variables LNM
non-
LNM

P-
value

OR

Margin (n) 0.381

Rough 76 62

Angulation 46 34

Burr 11 15

Differential leaf 6 2

Hypoechoic
halo

0.009* 2.364

around the
nodule (n)

Yes 39 16

No 100 97

Posterior
attenuation
(n)

0.858 0.931

Yes 15 13

No 124 100

Calcification
(n)

0.127

Microcalcification 89 57

Coarse calcification 4 2

Micro-coarse
calcification

13 14

No calcification 33 40

Blood flow
(n)

0.87

No blood flow 14 13

One-two spots of
blood flow

32 30

Three-four spots or
two strips of blood
flow

41 32

More than two
strips of

52 38

blood flow

Thyroid
capsule
invasion (n)

<0.001*
4.04

Yes 84 31

No 55 82

Enhancement
level (n)

0.062

Hypo-enhancement 83 78

Iso-enhancement 27 24

Hyper-enhancement 29 11

(Continued)
TABLE 2 Continued

Variables LNM
non-
LNM

P-
value

OR

Enhancement
mode (n)

0.962

Diffuse
enhancement

96 81

Centripetal
enhancement

41 32

Centrifugal
enhancement

2 0

Enhancement
uniformity
(n)

0.437 0.776

Homogeneous
Enhancement

23 23

Heterogeneous
Enhancement

116 90

Perfusion
defect (n)

0.104 1.648

Yes 22 37

No 117 76
frontier
*P-value < 0.05 was regarded as statistically significant.
sin.org

https://doi.org/10.3389/fendo.2023.1287593
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Lu et al. 10.3389/fendo.2023.1287593
2.4 Statistical analysis

Statistical analysis was performed using SPSS 22 software and R

software. Univariate and multivariate analyses were conducted for

screening risk factors significantly associated with LNM. The

statistically significant variables in the univariate analysis were

subsequently included in the multivariate logistic regression

analysis to construct a risk prediction model-nomogram. The

discriminative power and consensus degree of our predictive

model were assessed using the receiver operating characteristic

(ROC) curve and the calibration curve. The training cohort (70%

of patients) and the validation cohort (30% of patients) were

randomly sampled for cross-validation. were used to evaluate The

consistency of the results was assessed using the accuracy and

Kappa values. Decision curve analysis (DCA) and clinical impact

curve were applied to assess the feasibility and application value of

the model in clinical practice.
Frontiers in Endocrinology 05
3 Results

3.1 Patients’ clinical data univariate analysis

A total of 252 patients with PTC were enrolled in this study.

They were divided into LNM and non-LNM groups in accordance

with LNM or not. In the LNM group, there were 90 female and 49

male patients. The age of the patients ranged from 18 to 63 years,

with a mean age of 41 ± 10 years. In the non-LNM group, there were

93 female and 20 male patients. The age of the patients ranged from

22 to 70 years, with a mean age of 46 ± 12 years.

At univariate analysis, age (OR=0.958, P<0.001), sex

(OR=0.395, P=0.002) were found as the potential risk factors

associated with LNM in PTC patients. However, the p values of

FT4, FT3, TSH, TG, TGA, TPOAB, PTH, and CEA were all higher

than 0.05, and there was no significant difference between the two

groups (Table 1).
3.2 Thyroid nodule 2D-US and CEUS
univariate analysis

At univariate analysis, tumor size (OR=1.043, P=0.031),

hypoechoic halo around the nodule (OR=2.364, P=0.009), thyroid

capsule invasion (OR=4.040, P<0.001) were found as the potential

risk factors associated with LNM in PTC patients (Table 2).
3.3 Lymph node 2D-US univariate analysis

At univariate analysis, lymph node microcalcification

(OR=10.966, P<0.001), lymph node hyperechoic change

(OR=9.625, P=0.031) were found as the potential risk factors

associated with LNM in PTC patients (Table 3).
3.4 Qualitative and quantitative
CEUS analysis of thyroid nodule
univariate analysis

Quantitative analysis results will be affected by patient’s cough,

speech, swallowing or other reasons which will lead to a significant

displacement of the lesion. There were some of the videos that were

less than a minute tall. Therefore, a total of 151 patients with PTC

were included in the final quantitative analysis, including 82

patients with LNM (54%) and 69 patients without LNM (46%).

At univariate analysis, PI (OR=0.954, P=0.029), AUC

(OR=0.999, P=0.011) were found as the potential risk factors

associated with LNM in PTC patients (Table 4).
3.5 Multivariate logistic regression analyses

The nine variables selected by univariate analysis (age, sex, size,

hypoechoic halo around the nodule, thyroid capsule invasion,
TABLE 3 Variables of lymph node 2D-US in univariate analysis.

Variables LNM
non-
LNM

P-
value

OR

Morphology (n) 0.122

Regular 130 105

Irregular 6 5

Round 3 3

Microcalcification
(n)

<0.001* 10.966

Yes 34 5

No 105 108

Hyperechoic
change (n)

0.031* 9.625

Yes 7 5

No 132 108

Cystic change (n) 0.286 3.319

Yes 2 3

No 137 110

Dermatomedullary
boundary (n)

0.102 1.23

Clear 133 112

Obscure 6 1

Blood flow (n) 0.771

Normal
portal blood
flow

116 106

No blood
flow

11 7

Rich blood
flow

12 0
*P-value < 0.05 was regarded as statistically significant.
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lymph node microcalcification, lymph node hyperechoic change, PI

and AUC were entered into the regression model for multivariate

logistic regression analysis. The results showed that age (P=0.024),

sex (P=0.021), thyroid capsule invasion (P<0.001), and lymph node

microcalcification (P=0.005) were found as risk factors highly

associated with lymph node metastasis in PTC (Table 5).
3.6 Development of prediction
model and nomogram for
predicting LNM in PTC patients

Based on the results of the multivariate logistic regression analysis,

the logistic prediction model was developed as follows: logit (P) =

2.380-1.037* sex-0.044 * age +1.627* thyroid capsule invasion +2.009*

lymph node microcalcification (0 for male, 1 for female; 0 for no

thyroid capsule invasion, 1 for thyroid capsule invasion; 0 for no lymph

node microcalcification, 1 for lymph node microcalcification).

In order to facilitate the clinical application and make the model

become convenient and visual, we use R software and “rms” software

package to construct the nomogram and make various forms of

nomogram. Finally, we apply and register the web nomogram:

https://juenomogram.shinyapps.io/DynNomapp/ (Figures 1, 2).
Frontiers in Endocrinology 06
3.7 Evaluation of clinical prediction model

The ROC curve was drawn by R language. The nomogram

yielded the AUC (0.800; 95% CI: 0.747-0.853, p < 0.001) which

indicated that the prediction model was good and had good clinical

predictive ability.The calibration curve was drawn by bootstrap

1000 resampling method. The calibration curve showed that a

mostly agreement between the predicted and actual results of the

nomogram model, indicating that the calibration degree of the

model was good (Figure 3).
3.8 Validation of clinical prediction model

The R language was used for operation. 176 cases (70%) were

selected as the training set, 76 cases (30%) were selected as the

validation set. The number of iterations was 1. The results were:

accuracy =0.757, Kappa=0.508.

The accuracy is greater than 0.7, indicating that the prediction

result is good. Kappa is used to measure the stability of the model.

The higher the Kappa value, the better the consistency. When the

Kappa value is between 0.4 and 0.6, the consistency is acceptable.
TABLE 4 Variables of qualitative and quantitative CEUS analysis in univariate analysis.

Variables LNM non-LNM P-value OR

BI (mean ± SD) 5.99 ± 4.64 7.24 ± 5.99 0.154 0.956

AT (mean ± SD) 2.78 ± 3.69 2.71 ± 3.26 0.154 0.956

TTP (mean ± SD) 16.71 ± 5.82 17.05 ± 5.09 0.703 0.989

PI (mean ± SD) 27.13 ± 8.09 30.08 ± 7.93 0.029* 0.954

AS (mean ± SD) 1.28 ± 0.50 1.20 ± 0.32 0.284 1.524

AUC (mean ± SD) 1096.64 ± 466.16 1317.45 ± 540.54 0.011* 0.999
frontier
*P-value < 0.05 was regarded as statistically significant.
TABLE 5 Nine variables selected by univariate analysis in multivariate analysis.

Variables B S.E. W Multivariate OR (95% CI) P-value

Age -1.037 0.458 5.127 0.355 (0.145-0.870) 0.024*

Sex -0.044 0.019 5.367 0.957 (0.922-0.993) 0.021*

Tumor size -0.017 0.026 0.414 0.983 (0.934-1.035) 0.52

hypoechoic halo 0.673 0.509 1.748 1.960 (0.723-5.314) 0.186

thyroid capsule invasion 1.627 0.439 13.717 5.086 (2.151-12.030) <0.001*

LN microcalcification 2.009 0.72 7.786 7.456 (1.818-30.576) 0.005*

Hyperechoic change 1.949 1.166 2.796 7.022 (0.715-68.972) 0.095

PI 0.019 0.038 0.241 1.019 (0.946-1.097) 0.623

AUC -0.001 0.001 2.274 0.999 (0.998-1.000) 0.132
*P-value < 0.05 was regarded as statistically significant.
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3.9 Evaluation of clinical decision-making
ability and practical application

The DCA curve showed that the nomogram curve had a higher

net benefit than the extreme curve and other ultrasound indexes,

suggesting that the model had a good clinical application value for

the occurrence of LNM in PTC. The clinical impact curve of this

study suggested that the nomogram model had good clinical

practicability (Figure 4). Representative examples of dynamic

web-based nomogram prediction for LNM in PTC patients are

shown in Figures 5, 6.
4 Discussion

PTC is among the most frequently occurring types of cancer

(11). While the mortality rate of PTC is not high, LNM significantly

impacts the patient prognosis. Early detection of lymph node
Frontiers in Endocrinology 07
metastasis allows for lymph node dissection, which improves

patient survival rates (12). If there is no LNM, unnecessary

operations can be reduced. In more extensive surgery,

interventions are influenced by more severe complications.

Complications may arise in a significant number of patients, even

in the most skilled hands and in high-volume centers (13).

Postoperative hypocalcemia is observed in up to one third of

thyroidectomy patients (14). There are other complications, such

as hypoparathyroidism, injury to the recurrent laryngeal nerve,

cervical hematoma, and wound infection (13, 15). These

complications result in a decrease in the patients’ quality of life

and increased costs for healthcare systems (13).

The present study identified nine variables, including gender,

age, size, hypoechoic halo around the nodule, invasion of the

thyroid capsule, microcalcification in lymph nodes, hyperechoic

change in lymph nodes, PI, and AUC, which are associated with a

high volume of CLNM in PTMC patients during the binary

univariate logistic regression analysis.
B

A

FIGURE 1

(A) Concise nomogram for predicting LNM in PTC patients. (B) Dynamic nomogram for predicting LNM in PTC patients.
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While the incidence of papillary thyroid cancer is higher in

women compared to men, men have a great risk of LNM than

women in this type of cancer (16). Currently, the specific

mechanism is unknown, but relevant studies suggested that it

may be related to gender genes and hormone (17). Although

some studies have shown that BRAF mutation and estrogen were

not equally distributed between the sexes, whether they affect the

occurrence of LNM in PTC needs to be further confirmed (18). Men

have a higher basal metabolic rate compared to women, leading to

accelerated tumor cell growth. Consequently, men face a higher risk

for thyroid capsule invasion and LNM.

Previous studies used the TNM stage of AJCC thyroid cancer

was used as a reference, with a cut-off age of 45 or 55 years (19).

However, some scholars argue that age is negatively correlated with

LNM in PTC and that there is no optimal cut-off value for age (20).

While the incidence of PTC increases with age, the rate of LNM

decreases (21). Our hypothesis is that the younger individuals have

higher the metabolic rate and provide a more favorable
Frontiers in Endocrinology 08
environment for tumor cells. Therefore, younger patients with

PTC are more likely to have LNM than older patients with PTC.

In this study, age was included in the quantitative measures. The

prediction model could give higher accurate individual LNM risk

probability for each patient at different ages. Chan et al. (22). found

that a distance from the capsule < 1.9 mm was associated with

CLNM in cN0 PTC pa t i en t s . A Me t a -Ana l y s i s o f

clinicopathological significance of PTC located in the isthmus

showed that isthmus PTC was associated with an increased risk

of central LN metastasis (23). We conclude this for two reasons:

first, the closer the lesion is to the thyroid capsule, the shorter the

path for cancer cells to metastasize through the lymph nodes;

second, the faster the cancer cells grow, the easier it is for them to

invade the thyroid capsule, indicating that the malignant biological

behavior of cancer cells is active.

Microcalcification is usually defined as calcification less than

1mm in diameter, which is a characteristic feature of PTC (24). This

may be attributed to tumor thrombus from lymphatic or blood
B

A

FIGURE 2

(A) Dynamic web-based nomogram for predicting LNM in PTC patients (screen shot 1). (B) Dynamic web-based nomogram for predicting LNM in
PTC patients (screen shot 2).
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vessels. Or the glycoproteins and mucopolysaccharides produced by

cancer cells leading to the formation of microcalcifications (25). The

metastatic lymph nodes may have the characteristic features of the

primary lesion, so it is inferred that the microcalcification in lymph

nodes may originate from PTC. It has been demonstrated that

hyperechoic changes in lymph nodes are caused by aggregates of

thyroglobulin. Metastatic cancer cells are able to synthesize

thyroglobulin but they lack an intact follicular structure. The

synthesized thyroglobulin cannot be utilized and clumps form,

presenting as hyperechoic change (26).

Zhang et al. (27) found that the maximum diameter of the

nodule was the most important variable based on the study of 337

patients who had undergone the surgery on lymph node metastasis

of PTC. Xue et al. (28) showed in their study that the risk of CLNM

is greater when tumor size ≥1 cm. The maximum diameter of the

nodule is related to tumor growth and proliferation, indicating

tumors are more aggressive and prone to lymph node metastasis.

The larger the nodule, the closer it is to the thyroid capsule. Larger

nodules are prone to lymph node metastasis.

The hypoechoic halo may result from a progressing

desmoplastic reaction or fibrosis of the capsule after the presence

of microscopic capsular invasion (29). Some previous studies

showed that the halo around thyroid nodules was caused by the
Frontiers in Endocrinology 09
rapid growth of the lesions and the extrusion of surrounding tissues

(30). Our study showed that there was significant differences

between LNM and non-LNM groups in terms of hypoechoic halo

around the nodule. Hypoechoic halo may be associated with LNM,

but it’s not a risk factor highly associated with LNM in PTC. This

result corresponds with the relevant literature (31–33). We

speculate that the appearance of hypoechoic halo indicates the

malignant biological behavior of PTC cancer cells, which means

that the tumor has a relatively strong ability to grow and infiltrate,

which may be an important reason for its association with lymph

node metastasis.

PI means maximum dose of microbubbles filling the ROI within

a certain period of time, and AUCmeans total dose of microbubbles

filling the ROI within a certain period of time, compared with those

of adjacent tissue (34). Fast growing tumors are easy to ischemic

necrosis and lack of nourishing blood vessels. The blood vessels of

the high malignant tumors are messy and tortuous, which are easily

blocked by tiny emboli and lead to stenosis (35). Therefore, the low

values of PI and AUC have reference significance in predicting

LNM of PTC.

The prediction model was developed through univariate and

multivariate logistic regression analyses. And the model was

evaluated and validated by ROC, calibration curve, cross-
BA

FIGURE 3

(A) ROC curve analysis to predict LNM in PTC patients. (B) Calibration curve of the nomogram. The calibration curve illustrates the calibration of the
nomogram in terms of the agreement between the predicted risk of LNM and the observed outcomes of LNM. The 45° dotted gray line represents a
perfect prediction, and the solid black line represents the predictive performance of the nomogram. The solid line has a closer fit to the dotted line,
which indicates better predictive accuracy of the nomogram.
BA

FIGURE 4

(A) Decision curve analysis for the nomogram. The y-axis measures the net benefit. The x-axis measures the threshold probability. (B) Clinical impact
curve of prediction model.
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FIGURE 5

(A–D) Title: Representative example of dynamic web-based nomogram 520 prediction for a 36-year-old female PTC patient with LNM. (A) US
images showed the maximum diameter of hypoechoic thyroid nodule was 23.8mm in left lobe with thyroid capsule invasion. (B) US images showed
there was microcalcification in the left lymph node. (C) Dynamic web-based nomogram predicted that the risk of LNM in this patient was 0.965.
(D) Pathology showed PTC in left lobe with thyroid capsule invasion and LNM.
FIGURE 6

(A–D) Title: Representative example of dynamic web-based nomogram prediction for a 48-year-old female PTC patient without LNM. (A) US images
showed the maximum diameter of hypoechoic thyroid nodule was 5.4mm in left lobe with no thyroid capsule invasion. (B) US images showed there
was no microcalcification in the left lymph node. (C) Dynamic web-based nomogram predicted that the risk of LNM in this patient was 0.217.
(D) Pathology showed PTC in left lobe with no thyroid capsule invasion and no LNM.
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validation, DCA, and clinical impact curve. The results showed the

prediction model was good and had favorable clinical practicability.

We applied and registered our nomogram prediction model online.

This model can be used to predict LNM through mobile phone,

computer and other network login, which is convenient for

clinical application.

Despite the predictive ability of our nomogram, there are still

several limitations. Firstly, the number of cases for qualitative and

quantitative CEUS analysis was insufficient. Therefore, the sample

size can be expanded in the future. Secondly, indicators of gene

mutations associated with PTC, such as BRAFV600E mutation (36)

should be also involved in future analyses. The model can be further

improved by incorporating ultrasound elastography, CT and other

imaging techniques, as well as computer-aided diagnosis, to

enhance its diagnostic ability.
5 Conclusion

Our study identified that male sex, younger age, hypoechoic

halo around the nodule, thyroid capsule invasion, lymph node

microcalcification, lymph node hyperechoic change, PI and AUC

are associated with an increased risk of LNM in patients with PTC.

Nomogram based on sex, age, thyroid capsule invasion, lymph node

microcalcification has the potential for preoperative LNM risk

assessment. The nomogram serves as a valuable clinical tool for

aiding in clinical decision-making. It conveniently provides for

individual preoperative prediction and might potentially improve

the survival outcome in PTC patients with LNM.
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thyroglobulin assays and their impact on the management of differentiated thyroid
cancers. Ann Biol Clin (Paris) (2016) 74(1):21–7. doi: 10.1684/abc.2015.1106

27. Zhang C, Cheng L, Zhu W, Zhuang J, Zhao T, Li X, et al. Construction of a
diagnostic model for lymph node metastasis of the papillary thyroid carcinoma using
preoperative ultrasound features and imaging omics. J Healthc Eng (2022)
2022:1872412. doi: 10.1155/2022/1872412

28. Xue T, Liu C, Liu JJ, Hao YH, Shi YP, Zhang XX, et al. Analysis of the relevance
of the ultrasonographic features of papillary thyroid carcinoma and cervical lymph
node metastasis on conventional and contrast-enhanced ultrasonography. Front Oncol
(2021) 11:794399. doi: 10.3389/fonc.2021.794399

29. Zhang F, Chen W. Sonographic features of follicular variant of papillary thyroid
carcinoma (FV-PTC) and diagnostic performance of the 2017 ACR TI-RADS in FV-
PTC. Endocrine (2020) 67(2):379–86. doi: 10.1007/s12020-019-02184-5

30. Ng SC, Kuo SF, Hua CC, Huang BY, Chiang KC, Chu YY, et al. Differentiation of
the follicular variant of papillary thyroid carcinoma from classic papillary thyroid
carcinoma: an ultrasound analysis and complement to fine-needle aspiration cytology. J
Ultrasound Med (2018) 37(3):667–74. doi: 10.1002/jum.14377

31. Sun G, Xie YD, Xu CL, Yang B. Clinical value of a nomogram based on
ultrasonic and clinical features for predicting central and lateral cervical lymph node
metastases of thyroid papillary carcinoma. Chin J Med Ultrasound (Electronic Edition)
(2023) 20:734–42. doi: 10.3877/cma.j.issn.1672-6448.2023.07.012

32. Zhou J, Zhou SC, Li JW, Wang Y, Chen YL, Wang F, et al. Risk factors of
predicting lateral neck lymph node metastasis following solitary papillary thyroid
carcinoma. Chin J Ultrasonography (2019) 28:971–5. doi: 10.3760/cma.j.issn.1004-
4477.2019.11.009

33. Lan Y, Song Q, Jin Z, Zhang Y, Lin L, Luo YK. Correlation of routine ultrasound
features and BRAFV600E gene to the cervical lymph node metastasis of thyroid
papillary carcinoma. Med J Chin People's Liberation Army (2019) 44:747–52.
doi: 10.11855/j.issn.0577-7402.2019.09.06

34. Fang F, Gong Y, Liao L, Ye F, Zuo Z, Li X, et al. Value of contrast-enhanced
ultrasound for evaluation of cervical lymph node metastasis in papillary thyroid
carcinoma. Front Endocrinol (Lausanne) (2022) 13:812475. doi: 10.3389/
fendo.2022.812475

35. Jiang W, Wei HY, Zhang HY, Zhuo QL. Value of contrast-enhanced
ultrasound combined with elastography in evaluating cervical lymph node
metastasis in papillary thyroid carcinoma. World J Clin cases (2019) 7(1):49–57.
doi: 10.12998/wjcc.v7.i1.49

36. Siraj AK, Parvathareddy SK, Pratheeshkumar P, Divya SP, Al-Sobhi SS, Al-Dayel
F, et al. PD-L1 is an independent prognostic marker in middle eastern PTC and its
expression is upregulated by BRAFV600E mutation. Cancers (2021) 13(3):555.
doi: 10.3390/cancers13030555
frontiersin.org

https://doi.org/10.3389/fendo.2021.613974
https://doi.org/10.3390/biomedicines10010179
https://doi.org/10.3389/fendo.2022.874396
https://doi.org/10.3390/jcm8101675
https://doi.org/10.1055/a-0659-2350
https://doi.org/10.1002/jum.15074
https://doi.org/10.1016/j.ultrasmedbio.2022.04.004
https://doi.org/10.1016/j.ultrasmedbio.2020.10.003
https://doi.org/10.3390/cancers14102472
https://doi.org/10.1186/1471-2482-13-S2-S11
https://doi.org/10.1007/s13304-020-00728-3
https://doi.org/10.1093/annonc/mdz400
https://doi.org/10.2174/156800908785133150
https://doi.org/10.1159/000505496
https://doi.org/10.1016/j.ijsu.2018.05.023
https://doi.org/10.1186/s12885-020-6675-0
https://doi.org/10.1007/s00268-014-2630-z
https://doi.org/10.1371/journal.pone.0200166
https://doi.org/10.1007/s00268-021-06178-1
https://doi.org/10.1016/j.ultrasmedbio.2019.09.005
https://doi.org/10.3390/ijms21207718
https://doi.org/10.3390/ijms21207718
https://doi.org/10.1684/abc.2015.1106
https://doi.org/10.1155/2022/1872412
https://doi.org/10.3389/fonc.2021.794399
https://doi.org/10.1007/s12020-019-02184-5
https://doi.org/10.1002/jum.14377
https://doi.org/10.3877/cma.j.issn.1672-6448.2023.07.012
https://doi.org/10.3760/cma.j.issn.1004-4477.2019.11.009
https://doi.org/10.3760/cma.j.issn.1004-4477.2019.11.009
https://doi.org/10.11855/j.issn.0577-7402.2019.09.06
https://doi.org/10.3389/fendo.2022.812475
https://doi.org/10.3389/fendo.2022.812475
https://doi.org/10.12998/wjcc.v7.i1.49
https://doi.org/10.3390/cancers13030555
https://doi.org/10.3389/fendo.2023.1287593
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Risk factor analysis and prediction model for papillary thyroid carcinoma with lymph node metastasis
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Assessment of variables
	2.3 US images acquisition and analysis
	2.4 Statistical analysis

	3 Results
	3.1 Patients’ clinical data univariate analysis
	3.2 Thyroid nodule 2D-US and CEUS univariate analysis
	3.3 Lymph node 2D-US univariate analysis
	3.4 Qualitative and quantitative CEUS analysis of thyroid nodule univariate analysis
	3.5 Multivariate logistic regression analyses
	3.6 Development of prediction model and nomogram for predicting LNM in PTC patients
	3.7 Evaluation of clinical prediction model
	3.8 Validation of clinical prediction model
	3.9 Evaluation of clinical decision-making ability and practical application

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


