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Background: A considerable controversy over performing thyroidectomy and central lymph node 
dissection in patients with papillary thyroid microcarcinoma (PTMC) remained. However, accurate 
prediction of central lymph node metastasis (CLNM) is crucial for surgical extent and proper management. 
The aim of this study was to develop and validate a practical nomogram for predicting CLNM in patients 
with PTMC.
Methods: A total of 1,029 patients with PTMC who underwent thyroidectomy and central lymph node 
dissection at Tangdu Hospital (the Second Affiliated Hospital of Air Force Medical University) and Xijing 
Hospital (the First Affiliated Hospital of Air Force Medical University) were selected. Seven hundred and 
nine patients were assigned to the training set and 320 patients to the validation set. Data encompassing 
demographic characteristics, ultrasonography results, and biochemical indicators were obtained. Stepwise 
backward selection and multiple logistic regression were used to screen the variables and establish the 
nomogram. Concordance index (C-index), receiver operating characteristic (ROC) curve analysis, and 
decision curve analysis (DCA) were employed to evaluate the nomogram’s distinguishability, accuracy, and 
clinical utility.
Results: Young age, multifocality, bigger tumor, presence of microcalcification, aspect ratio (height divided 
by width) ≥1, loss of fatty hilum, high free thyroxine (FT4), and lower anti-thyroid peroxidase antibody 
(TPOAb) were significantly associated with CLNM. The nomogram showed strong predictive capacity, with 
a C-index and accuracy of 0.784 and 0.713 in the training set and 0.779 and 0.703 in the external validation 
set, respectively. DCA indicated that the nomogram demonstrated strong clinical applicability.
Conclusions: We established a reliable, cost-effective, reproducible, and noninvasive nomogram 
for predicting CLNM in patients with PTMC. This tool could be a valuable guidance for deciding on 
management in PTMC.
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Introduction

Papillary thyroid cancer (PTC) has been rapidly increasing 
and become the 11th most prevalent malignancy worldwide 
(1-8). A study using the Global Cancer Observatory 
(GLOBOCAN) database showed that the incidence rate of 
thyroid cancer in developed regions was higher than those 
in developing and underdeveloped legions; however, there 
was no significant difference in mortality because of high 
proportion of papillary thyroid microcarcinoma (PTMC) 
detected by fine needle aspiration with high resolution 
ultrasonography (US) (9). Furthermore, autopsies revealed 
that some patients who died from non-thyroid cancer 
already had PTMC in their lifetime (10). Therefore, 
PTMC is characterized by its indolent nature and have a 
tendency of slow growing. However, metastatic neck lymph 
node metastasis (LNM) was found in 24–64% of patients 
with PTMC (11). The earlier a surgery is performed, the 
lower the risk is; furthermore, for many patients who live 
in remote areas with limited transportation, it is simpler 
for them to go straight to surgery as opposed to active 
monitoring. Notably, as patients age, the incidence of 
postsurgical complications tends to increase. The issue 
of overdiagnosis centers primarily on whether PTMC 
cases are low-risk and whether central LNM (CLNM) 
is among the important criteria for diagnosis (11-13). To 
clarify, if the risk of CLNM is high, thyroidectomy and 

preventive central lymph node dissection (PCLND) are 
recommended. Conversely, if the risk of CLNM is low, 
active monitoring of disease progression or thyroidectomy 
without PCLND is recommended to significantly improve 
the patient’s prognosis and to reduce the surgery-related 
physiological and psychological complications. Given these 
circumstances, establishing a model that can accurately 
predict CLNM in patients with PTMC before surgery is 
crucial.

US is the primary method for evaluating the thyroid 
nodule and cervical lymph node as well (14-17). Despite 
the advantage of easy-accessible, cost effective, radiation-
free, and non-invasive modality, US is operator dependent. 
Furthermore, detecting suspicious CLN might be an 
obstacle compared to lateral lymph node because of the 
anatomical correlation such as trachea, esophagus, and 
clavicle. Numerous studies on predictive models for CLNM 
in thyroid cancer have focused on PTC rather than PTMC, 
which has been less targeted and cannot adequately address 
problems (18-30). Prediction of CLNM is crucial process 
for treatment strategy in PTMC. Hence, we developed the 
nomogram combining the US findings and clinical factors 
for predicting CLND in patients with PTMC. We present 
this article in accordance with the TRIPOD reporting 
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-24-154/rc).

Methods

Patients

Data were collected from patients with pathologically 
confirmed PTMC who had undergone thyroidectomy 
and CLND at Tangdu Hospital and Xijing Hospital from 
January 1, 2017 to December 31, 2022. The exclusion 
criteria for patients were as follows: (I) concurrent and 
relapsed tumors, (II) distant metastasis, (III) ongoing 
administration of neoadjuvant or translational therapy, 
and (IV) incomplete US and clinicopathological data. 
Seven hundred and nine patients from Tangdu Hospital 
were included in the training set, whereas 320 patients 
from Xijing Hospital were included in the validation 
set. Clinicopathological data were obtained from the 
institutions’ medical databases and the US results were 
obtained from the medical imaging databases (Picture 
Archive and Communication Systems). The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). This study met the requirements of the 
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Xijing Hospital Ethics Committee and Tangdu Hospital 
Ethics Committee for the waiver of ethical approval, and 
informed consent was taken from all the patients.

US examination and image analysis

All patients underwent examination with a US machine 
(Hitachi, Ltd., Tokyo, Japan) with a linear transducer 
operating in the 6- to 13-MHz frequency range. Each 
patient was placed in the supine position with the head 
tilted back and the neck completely exposed. Prior to 
the examination, we provided uniform training to the 
sonographers of both centers. During the examination, 
we sampled one-tenth of  the pat ients  from each 
center, performed the examination independently at 
the workstation of the other center, and compared the 
results to try to eliminate errors due to the operation of 
the sonographers. Two sonographers with over 5 years 
of thyroid US experience independently evaluated the 
patients’ US imaging characteristics. Both sonographers 
were blinded to the patient characteristics and findings. 
Any discrepancies between sonographers were resolved by 
a third sonographer with over 10 years of experience in the 
thyroid US, and a final report was generated. All US images 
and reports were stored in a hospital database. The imaging 
characteristics of each nodule were as follows: tumor shape 
was classified as regular or irregular; internal echo pattern 
was divided into heterogeneous or homogeneous; tumor 
margin was classified as smooth or ill-defined; multifocality 
was considered in cases where one or both lobes exhibited two 
or more foci; tumor size refers to the diameter of the largest 
tumor; color Doppler flow imaging (CDFI) in the article 
indicated peripheral or (and) internal blood flow signals, it was 
classified from 0 to 3; aspect ratio (height divided by width 
on transverse views, A/T); microcalcifications were defined 
as having a maximum diameter of less than 2 mm and were 
classified as present or absent, low-risk nodules’ means nodules 
classified as “1”, “2” and “3” according to Chinese Thyroid 
Imaging Reporting And Data System (C-TIRADS) (31);  
loss of fatty hilum was classified as yes or no.

Sample collection and laboratory evaluations

Blood samples were collected from patients between 6:30 AM  
and 8:30 AM on the day following admission and after an 
instructed 8-hour fasting period. Subsequently, the serum 
was immediately separated and preserved at −80 ℃ until 
examination. Triiodothyronine (T3), thyroxine (T4), free 

T3 (FT3), free T4 (FT4), thyroid-stimulating hormone 
(TSH), TPOAb, and thyroglobulin antibody (TgAb) were 
determined via electrochemical luminescent immunoassays 
using cobas® e 411 analyzers and their accompanying 
reagents and calibrators (Roche Diagnostics, Rotkreuz, 
Switzerland). These analyzers are functionally sensitive 
at levels <15 μIU/mL. All procedures were performed by 
strictly adhering to the manufacturers’ instructions.

Surgical treatment

The surgical extent of thyroid gland was determined by 
the number and location of tumor. Thyroid lobectomy was 
performed if the tumor(s) were in one lobe irrespective of 
numbers; while total thyroidectomy was performed if more 
than two tumors were in both lobes or tumor was infiltrated 
beyond the thyroid gland. The extent of CLND depended 
on the tumor location. Ipsilateral CLND was performed if 
the tumor(s) were limited in the one lobe, whereas bilateral 
CLND was performed if the tumors were presented in both 
lobes.

Statistical analysis and nomogram validation

Patients were classified as CLNM positive or CLNM 
negative according to the CLNM status in the pathology 
report. The categorical variables present count and 
percentage; while the continuous variables express median 
and interquartile ranges. Wilcoxon signed rank test for 
continuous variables and the Fisher exact test for categorical 
variables were used for comparison. Candidate variables 
identified with P<0.2 by univariate logistic regression 
analysis in the training set were selected for inclusion in 
the multiple regression model. To create the most efficient 
and compact model, we adopted backward stepwise 
selection with the Akaike information criterion (AIC) 
as the termination criterion. To accurately quantify the 
risk of CLNM in each patient with PTMC, a nomogram 
was developed in the training set via multivariate logistic 
regression analysis using the “rms” package in R version 
4.1.1 (The Foundation for Statistical Computing; http://
www.r-project.org). The overfitting bias was reduced by 
drawing a calibration curve with 1,000 bootstrap samples 
and calculating the concordance index (C-index). The 
predictive performance was measured through internal 
and external validations. We assessed the accuracy of 
the nomogram using likelihood ratios with specificity, 
sensitivity, and 95% confidence intervals (CIs) of the 
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receiver operating characteristic (ROC) curve. Decision 
curve analysis (DCA) was used to examine the net benefits 
of the nomogram at different thresholds. Stata (RRID: 
SCR_012763; Stata Corp, College Station, TX, USA) 
and R software were used for data processing. Statistical 
significance was set at a two-sided P value of <0.05.

Results

Clinicopathologic characteristics

Of the 1,397 patients preoperatively diagnosed with PTMC, 
1,029 met the inclusion criteria (Figure 1). The training set 
included 709 patients (318 CLNM positive and 391 CLNM 
negative) from Tangdu Hospital, while the validation set 
included 320 patients (147 CLNM positive and 173 CLNM 
negative) from Xijing Hospital. The sample size of this 
study met the criteria for each predictor variable of the 10 
outcome events. Table 1 showed the baseline characteristics 
in the training and validation sets. There were no significant 
differences in age, body mass index, tumor size, FT3, FT4, 
T3, T4, TSH, TPOAb, TgAb, or US variables between the 
training and validation sets.

The positivity rates for CLNM in the training and 
validation sets were 44.85% and 45.94%, respectively. The 
difference in the incidence of CLNM between the sets was 
not statistically significant (P=0.80). However, sex, tumor 

shape, age, multifocality, tumor size, loss of fatty hilum, 
microcalcification, aspect ratio, FT3, FT4, and TPOAb 
were significantly different between patients with and 
without CLNM (Table 2).

Nomogram development

Candidate indicators selection via logistic regression 
analysis
Univariate logistic regression analysis showed that the 
P values of sex (P<0.01), age (P<0.01), multifocality 
(P<0.01), internal echo (P=0.09), tumor shape (P=0.03), 
microcalcification (P<0.01), aspect ratio (P<0.01), 
tumor size (P<0.01), FT3 (P=0.01), FT4 (P=0.01), TSH 
(P=0.14), and TPOAb (P=0.04) were less than 0.2 of 
CLNM (Table 2). These variables were incorporated into 
the multivariate regression model as candidate predictors 
of CLNM risk. 

Stepwise backward selection and multivariate logistic 
analysis for nomogram construction 
Multivariate regression analysis presented that odds ratio 
(OR) of age (OR =0.968; 95% CI: 0.953–0.984), FT4 (OR 
=1.101; 95% CI: 1.039–1.166), tumor size (OR =3.570; 
95% CI: 1.361–9.363), multifocality (OR =1.755; 95% CI: 
1.188–2.593), TPOAb (OR =0.998; 95% CI: 0.997–1.000), 

2017.01.01–2022.12.31  
Patients with pathologically confirmed 
diagnosis of PTMC and treated with 
CLND at Tangdu Hospital (n=1,013)

Training set (n=709) Validation set (n=320)

CLNM (+) (n=318) CLNM (−) (n=391)

Excluded:
• Non-initial treatment (n=131)
• Distant metastasis (n=62)
• Combination of other tumors (n=9)
• Incomplete data (n=102)

Excluded:
• Non-initial treatment (n=48)
• Distant metastasis (n=33)
• Combination of other tumors (n=14)
• Incomplete data (n=98)

2017.01.01–2022.12.31  
Patients with pathologically confirmed 
diagnosis of PTMC and treated with 

CLND at Xijing Hospital (n=513)

CLNM (+) (n=147) CLNM (−) (n=173)

A B

Figure 1 Patients recruited in the training set (A) and the validation set (B). PTMC, papillary thyroid micropapillary carcinoma; CLND, 
central lymph node dissection; CLNM (+), pathologically positive lymph nodes; CLNM (−), pathologically negative lymph nodes. 
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Table 1 Baseline clinical features and US characteristics in the two sets

Characteristics Training data (n=709) Validation data (n=320) P value

Age (years) 46.0 (36.0, 53.0) 47.0 (36.5, 54.0) 0.47

BMI (kg/m2) 23.6 (21.7, 26.0) 23.6 (21.2, 26.0) 0.51

Tumor size (cm) 0.7 (0.6, 0.9) 0.7 (0.6, 0.9) 0.82

FT3 (pmol/L) 4.7 (4.3, 5.1) 4.6 (4.4, 5.1) 0.90

FT4 (pmol/L) 16.9 (15.0, 18.3) 16.7 (15.1, 18.4) 0.44

T3 (pmol/L) 1.7 (1.5, 1.9) 1.7 (1.5, 1.9) 0.59

T4 (pmol/L) 101.1 (90.1, 113.0) 100.0 (48.0, 155.0) 0.44

TSH (μIU/mL) 2.2 (1.6, 3.2) 2.1 (1.6, 3.4) 0.44

TgAb (U/mL) 97.5 (2.0, 224.5) 13.2 (10.0, 99.8) 0.03

TPOAb (U/mL) 12.8 (9.5, 20.4) 12.8 (9.2, 21.5) 0.55

Gender 0.64

Female 178 (25.1) 76 (23.8)

Male 531 (74.9) 244 (76.3)

C-TIRADS 0.89

4A 217 (30.6) 100 (31.3)

4B 297 (41.9) 128 (40.0)

4C 124 (17.5) 58 (18.1)

5 39 (5.5) 17 (5.3)

6 32 (4.5) 17 (5.3)

Multifocality 0.42

No 533 (75.2) 233 (72.8)

Yes 176 (24.8) 87 (27.2)

Tumor shape 0.43

Regular 312 (44.0) 144 (45.0)

Irregular 397 (56.0) 176 (55.0)

Tumor margin 0.15

Smooth 266 (37.5) 105 (32.8)

Ill-defined 443 (62.5) 215 (67.2)

Internal echo 0.77

Homogeneous 159 (22.4) 79 (24.7)

Heterogeneous 550 (77.6) 241 (75.3)

Microcalcification 0.16

Present 249 (35.1) 127 (39.7)

Absent 460 (64.9) 193 (60.3)

Table 1 (continued)
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microcalcification (OR =1.701; 95% CI: 1.166–2.482), loss 
of fatty hilum (OR =2.769; 95% CI: 1.385–5.536), and aspect 
ratio (OR =5.334; 95% CI: 3.783–7.520) were identified 
as independent predictors for CLNM risk (Table 3).  
These factors were used to establish a CLNM risk 
evaluation nomogram (Figure 2). 

Validation of the nomogram

Calibration of the nomogram
Bootstrapping was used to conduct the internal and 
external validations of the nomogram. The nomogram 
showed excellent accuracy in estimating CLNM risk, with 
a C-index of 0.784 (95% CI: 0.750–0.817) in the training 
set. Furthermore, the calibration curve showed good 
consistency between the risk estimates and tissue pathology 
results of the surgical specimens. In the validation set, the 
C-index of the nomogram for estimating CLNM risk was 

0.779 (95% CI: 0.729–0.830) (Figure 3).

Accuracy assessment of the nomogram
The internal and external validation results for the ROC 
curve are 0.784 and 0.779 respectively (Figure 4). When the 
cutoff score was set to 0.438, we obtained the maximum 
Youden index. Therefore, a value of 0.438 was used for 
further analysis. With 0.438 as the cutoff score, the training 
set demonstrated a 73.9% sensitivity, a 73.5% specificity, 
a 71.3% accuracy, a 27.7% positive predictive value, and 
a 77.5% negative predictive value. In the validation set, 
these metrics were 75.8%, 70.0%, 70.3%, 37.0%, and 
68.7%, respectively (Table 4). Our model can provide more 
benefit to patients with risk thresholds between 12% and 
89% in the training group and between 12% and 85% in 
the validation group, without taking into account any risk 
factors, than with an “all treatment” or “no treatment” 
approach (Figure 5).

Table 1 (continued)

Characteristics Training data (n=709) Validation data (n=320) P value

CDFI blood flow 0.97

0–1 108 (15.2) 49 (15.3)

2–3 601 (84.8) 271 (84.7)

Aspect ratio 0.75

<1 382 (53.9) 169 (52.8)

≥1 327 (46.1) 151 (47.2)

Number of low-risk nodules 0.98

0 353 (49.8) 155 (48.4)

1 172 (24.3) 89 (27.8)

≥2 184 (26.0) 76 (23.8)

Number of enlarged lymph nodes 0.71

0 317 (44.7) 139 (43.4)

1 131 (18.5) 60 (18.8)

≥2 261 (36.8) 121 (37.8)

Loss of fatty hilum 0.78

Yes 655 (92.4) 294 (91.9)

No 54 (7.6) 26 (8.1)

Data are presented as median (IQR) or n (%). Number of low-risk nodules: nodules defined on ultrasound as having a low likelihood of 
malignancy. US, ultrasonography; BMI, body mass index; FT3, free triiodothyronine; FT4, free thyroxine; T3, triiodothyronine; T4, thyroxine; 
TSH, thyroid-stimulating hormone; TgAb, thyroglobulin antibody; TPOAb, thyroid peroxidase antibody; C-TIRADS, Chinese Thyroid 
Imaging Reporting and Data System; CDFI, color Doppler flow imaging; IQR, interquartile range.
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Table 2 Results of the univariate logistic analysis in the training set

Variables OR (95% CI) P value

Age 0.97 (0.96–0.98) <0.01*

BMI 0.97 (0.93–1.02) 0.23

Tumor size 7.03 (3.09–16.02) <0.01*

FT3 1.54 (1.20–1.97) 0.01*

FT4 1.10 (1.04–1.16) 0.01*

T3 0.97 (0.86–1.09) 0.58

T4 1.01 (1.01–1.02) 0.97

TSH 0.92 (0.84–1.02) 0.10*

TgAb 1.00 (1.00–1.00) 0.39

TPOAb 1.0 (1.0–1.0) 0.04*

Gender (male vs. female) 1.68 (1.20–2.36) <0.01*

C-TIRADS

4B vs. 4A 0.73 (0.34–1.55) 0.41

4C vs. 4A 1.34 (0.64–2.81) 0.44

5 vs. 4A 2.24 (1.01–4.94) 0.05*

6 vs. 4A 1.02 (0.39–2.63) 0.97

Multifocality (multiple vs. single) 0.61 (0.44–0.86) <0.01*

Tumor shape (irregular vs. regular) 1.38 (1.02–1.87) 0.03*

Margin (smooth vs. ill-defined) 0.86 (0.63–1.12) 0.33

Internal echo (heterogeneous vs. 
homogeneous)

0.73 (0.51–1.05) 0.09*

Microcalcification (present vs. 
absent)

0.49 (0.36–0.68) <0.01*

CDFI blood flow (2–3 vs. 0–1) 1.07 (0.71–1.62) 0.74

Aspect ratio (<1 vs. ≥1) 0.19 (0.14–0.27) <0.01*

Number of low-risk nodules

1 vs. 0 1.26 (0.88–1.81) 0.21

≥2 vs. 0 1.13 (0.74–1.71) 0.58

Number of enlarged lymph nodes

1 vs. 0 0.99 (0.71–1.37) 0.94

≥2 vs. 0 1.57 (1.03–2.40) 0.04*

Loss of fatty hilum (no vs. yes) 0.29 (0.15–0.53) <0.01*

These factors were selected as candidate variables for 
establishing the nomogram. *, P<0.2. OR, odds ratio; 
CI, confidence interval; BMI, body mass index; FT3, free 
triiodothyronine; FT4, free thyroxine; T3, triiodothyronine; T4, 
thyroxine; TSH, thyroid-stimulating hormone; TgAb, thyroglobulin 
antibody; TPOAb, thyroid peroxidase antibody; C-TIRADS, 
Chinese Thyroid Imaging Reporting and Data System; CDFI, color 
Doppler flow imaging.

Risk stratification of CLNM based on the nomogram
As shown in Table 5, to more conveniently apply this 
nomogram to clinical practice, we determined two cutoff 
values through recursive partitioning based on the risk 
scores of all patients, thereby categorizing the risk of 
CLNM into three cohorts: (I) low risk (score <110), 
moderate risk (110≤ score ≤180), and high risk (score 
>180). In the training dataset, CLNM rates for the low-, 
moderate-, and high-risk cohorts were 11.8%, 41.4%, and 
82.2%, respectively (P<0.001). Meanwhile, in the validation 
dataset, these rates were 11.7%, 43.2%, and 79.2%, 
respectively (P<0.001). Furthermore, pairwise comparisons 
indicated significant differences in the risk among these 
groups (P<0.001). 

Discussion

Prediction of CLNM could be a challenge and might 
have impact on the management strategy in patients with 
PTMC. The present study developed the predictive model 
for CLNM as a highly accurate, distinguishing, simple, 
and convenient tool for clinical applications. Previous 
models for predicting the risk of CLNM in PTMC have 
ignored biochemical indicators (32,33), and most are 
based on postoperative histopathological findings and 
genetic screening. Notably, they did not perform external 
validation, which may affect the accuracy of models and 
limit their preoperative application in treatment decisions. 
Our research was based on demographic characteristics, 
US findings, serum indicators of thyroid function, and 
serological indicators of autoimmune thyroid systems. Our 
study found that young age, larger tumor size, high FT3 
and FT4 levels, low TPOAb levels, male sex, multifocality, 
microcalcification, an aspect ratio ≥1, and loss of fatty 
hilum were associated with increased CLNM in PTMC. 
Subsequently, using stepwise backward selection, we 
adopted AIC as the termination criterion to generate a 
nomogram with good accuracy and calibration. Additionally, 
this predictive model is a simple, easy-accessible and real-
time manageable method. Our nomogram could provide 
the quantification for predicting CLNM in patients with 
PTMC to clinicians and patients. 

Our findings corroborate previous studies, both 
indicating that young age is an important risk factor for the 
development of CLNM in PTMC (34,35). After reviewing 
2,930 cases, Lee et al. (36) suggested that sex is not a 
prognosticator of PTMC but is an independent predictor 
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Table 3 Results of the multivariate logistic analysis in the training set

Variables β† OR (95% CI) P value

Age −0.032 0.968 (0.953–0.984) <0.001

Multifocality‡ 0.563 1.755 (1.188–2.593) 0.005

Tumor size‡ 1.273 3.570 (1.361–9.363) 0.01

Microcalcification‡ (present vs. absent) 0.531 1.701 (1.166–2.482) 0.006

Aspect ratio‡ (≥1 vs. <1) 1.674 5.334 (3.783–7.520) <0.001

Loss of fatty hilum‡ (yes vs. no) 1.019 2.769 (1.385–5.536) 0.004

FT4 0.096 1.101 (1.039–1.166) 0.001

TPOAb −0.002 0.998 (0.997–1.000) 0.03

Constant −3.104 0.45 <0.001
†, unstandardized β coefficients were calculated using multivariate logistic regression analysis based on stepwise regression (Akaike 
information criterion: 807.96); ‡, variables based on ultrasonography results. OR, odds ratio; CI, confidence interval; FT4, free thyroxine; 
TPOAb, thyroid peroxidase antibody. 
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Figure 2 Nomogram to predict CLNM in patients with PTMC based on eight predictors. Adding up the total scores of each predictive 
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probability of CLNM. FT4, free thyroxine; TPOAb, thyroid peroxidase antibody; CLNM, central lymph node metastasis; PTMC, papillary 
thyroid micropapillary carcinoma. 

of PTC prognosis. Although our study demonstrated 
the opposite results, the findings confirmed that sex is an 
independent predictor of CLNM in PTMC.

US imaging is a powerful and reliable method for 

diagnosing PTMC and determining the risk of CLNM. 
Several US imaging findings were significantly associated 
with CLNM and were incorporated into our nomogram. 
There is a consensus indicating that maximal tumor size 
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Table 4 Accuracy of the nomogram for predicting the risk of CLNM

Variables Training set Validation set

AUC/C-index (95% CI) 0.784 (0.750, 0.817) 0.779 (0.729, 0.830)

Sensitivity (95% CI) 0.739 (0.738, 0.739) 0.758 (0.756, 0.760)

Specificity (95% CI) 0.735 (0.735, 0.735) 0.700 (0.699, 0.702)

Cutoff score 0.438 0.438

Accuracy (95% CI) 0.713 (0.713, 0.714) 0.703 (0.702, 0.703)

Positive predictive value (95% CI) 0.277 (0.277, 0.278) 0.370 (0.369, 0.371)

Negative predictive value (95% CI) 0.775 (0.775, 0.775) 0.687 (0.687, 0.688)

CLNM, central lymph node metastasis; AUC, area under the receiver operating characteristic curve; C-index, concordance index; CI, 
confidence interval. 



Gland Surgery, Vol 13, No 6 June 2024 1025

© Gland Surgery. All rights reserved. Gland Surg 2024;13(6):1016-1030 | https://dx.doi.org/10.21037/gs-24-154

0.4

0.3

0.2

0.1

0.0

0.5

0.4

0.3

0.2

0.1

0.0

Threshold probability Threshold probability

DCA of training set DCA of validation set

N
et

 b
en

ef
it

N
et

 b
en

ef
it

0.0   0.1   0.2   0.3  0.4   0.5   0.6   0.7   0.8    0.9 0.0   0.1   0.2   0.3  0.4   0.5   0.6   0.7   0.8    0.9

Treat all

Treat none

NOMO

Risk thresholds

Treat all

Treat none

NOMO

Risk thresholds

A B

Figure 5 Decision curve analysis of the nomogram in the training (A) and validation (B) sets. The yellow curve represents the hypothesis 
that all patients underwent CLND. The blue curve represents the hypothesis that none of the patients underwent CLND. The green curve 
represents the benefit of developing a treatment plan based on our prediction model. According to the decision curve, when the patient’s 
threshold was 12–85%, compared to using a treat-all or treat-none approach, using our predictive model to formulate treatment strategies 
yielded more benefit. DCA, decision curve analysis; NOMO, nomogram; CLND, central lymph node dissection. 

Table 5 Risk stratification of CLNM based on the nomogram

Nomogram LR (<110) MR (110–180) HR (>180) Total P value (total)

Training set <0.001

With CLNM 15 (11.8) 178 (41.4) 125 (82.2) 318

Without CLNM 112 (88.2) 252 (58.6) 27 (17.8) 391

Total 127 430 152 709

Validation set <0.001

With CLNM 7 (11.7) 79 (43.2) 61 (79.2) 147

Without CLNM 53 (88.3) 104 (56.8) 16 (20.8) 173

Total 60 183 77 320

Data are presented as n or n (%). CLNM, central lymph node metastasis; LR, low risk; MR, moderate risk; HR, high risk.

based on US imaging is an essential predictor of CLNM 
(37-40). In a study by Weng et al. (41), the proportion 
of jumping LNM in PTMC cases with a diameter 
greater than 0.5 was 2.26 times higher than those with 
a diameter less than 0.5 cm, which implies that PTMC 
with a large diameter have a potency of more invasiveness. 
Microcalcification showed white opaque specks scattered or 
partially concentrated on the US image. Characteristics of 
microcalcification of thyroid nodule on US image is mainly 
used to determine whether the nodule has a potential 
malignancy. Microcalcification is a critical characteristic 
of PTCs. It may be related to rapid tumor growth, active 
metabolism, or coagulation necrosis in some tissues. 
Previous studies have found a correlation between US-
detected microcalcification and LNM (42-44). In our 

model, the OR for microcalcification was 1.7, indicating 
that patients with calcified lesions are 1.7 times more 
susceptible to developing CLNM than are those without 
calcified lesions under similar conditions, which has not 
only been reported in previous thyroid cancers (29,45) but 
also in breast cancer (46,47).

Similar to our study, previous meta-analytic research 
described that multifocality was associated with CLNM 
(28,29,45,48,49). It is unclear whether multifocality is 
indicative of multiple newly developed tumors or lesions 
originating from a single thyroid tumor (50). There is 
evidence that multifocal lesions represent different tumors, 
as they often have different RET/PTC gene rearrangements 
and independent cloning sources. However, a study based 
on genome-wide allele genotypes have shown that over 
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80% of multifocal PTMC tumors may be monoclonal (51). 
This suggests that PTMCs develop from a single clone 
and then develop through intrathyroidal metastasis, in line 
with a theory that there is a rich network of microlymphatic 
tubes within the thyroid gland (52). PTMC spread through 
these lymphatic networks inside the thyroid gland and 
lymph nodes in the central region.

Limited reports exist regarding the relationship between 
LNM and the aspect ratio (53). The aspect ratio is an 
indicator that plays an important role in the judgment 
of the benign or malignant nature of thyroid nodules. 
It specifically refers to the ratio of the upper and lower 
diameters to the left and right diameters of a tumor lesion 
in longitudinal section, or the ratio of anterior-posterior to 
left-right diameters in transverse section. This ratio provides 
important clues about the morphology of the nodule, which 
in turn helps to determine its malignancy (22,54). Assessing 
the fatty hilum is a more intuitive means to determining 
the CLNM risk than are other US characteristics (55-60). 
However, due to the limitations of US susceptibility to 
interference and reliance on the skill of the practitioner, we 
had only 80 cases across 2 sets in which loss of fat hilum was 
present, accounting for 7.7% of the total cases.

TPO is the main antigen component of thyroid 
microsomes, and its function is related to thyroxine 
synthesis .  Tradit ionally,  TPOAb induces chronic 
inflammation of the thyroid gland and increases the risk of 
thyroid cancer. Therefore, TPOAb may be a promoting 
factor for the occurrence of CLNM (61,62). However, 
many reports have challenged this viewpoint (63-67), 
suggesting that TPOAb inhibits the occurrence of CLNM 
through complement- or antibody-mediated cytotoxicity. 
In our study, TPOAb emerged as a protective factor against 
CLNM, and we anticipate that this finding can be addressed 
in future research and applied in clinical practice. TgAb 
can cause chronic thyroid cell damage, may increase the 
risk of PTC (68-70), and may be associated with multifocal 
PTC, potentially leading to LNM (66). Compared to FT3 
levels, higher FT4 levels are negatively correlated with 
PTC prevalence (71). While no previous reports have 
demonstrated a relationship between high FT4 levels and 
CLNM in PTC, our study found there to be a significant 
association of high FT4 levels with CLNM incidence. 
In recent years, more and more studies have begun to 
focus on the potential link between thyroid hormones and 
tumorigenesis (72,73). It has been reported that high levels 
of free thyroid hormones may promote the malignant 
transformation of tumor cells by activating key signaling 

pathways such as ERK1/ERK2 and PI3K in cancer cells, 
which in turn enhances their invasive and proliferative 
abilities. This interesting phenomenon is not limited to the 
thyroid gland itself, but has also been demonstrated in other 
types of tumors. For example, in a study of lung cancer (74), 
Ma et al. found that high levels of FT3 and FT4 may be 
associated with the development of lung malignant tumors 
through an in-depth analysis of thyroid function-related 
indicators in 527 cases. 

In recent years, controversy over the treatment of 
PTMC has intensified due to its increasing detection rate. 
Several guidelines have suggested that active monitoring 
can be adopted for low-risk PTMC patients in place of 
traditional surgical treatment. As one of the important 
criteria for determining low-risk PTMC cases, the risk of 
CLNM is difficult to determine, and we applied logistic 
regression to analyze and organize the information of 1,023 
cases, and finally established a risk prediction model for 
predicting the occurrence of CLNM in PTMC patients. 
It was categorized according to the scores and divided into 
high-risk, moderate-risk and low-risk groups, which has the 
reference value of potentially reducing over-treatment and 
avoiding under-treatment.

Our study has several limitations that should be 
mentioned. First, the data of this study were generated up to 
the point of pathological confirmation. Therefore, we could 
not analyze the predictive factors for survival outcomes. 
Second, performing US is likely an operator-dependent 
modality. US characteristics such as tumor size and aspect 
ratio could be impacted by the operator. Third, TPOAb and 
FT4 levels may fluctuate, and blood samples obtained at 
different times may be biased and interfere with nomogram 
results. Fourth, although our model has some application 
prospects, the positive predictive values were 28% and 37% 
in the training and validation cohorts, respectively, which 
are relatively low. Therefore, it is necessary to develop more 
detailed, accurate, and uniform US evaluation standards; 
conduct studies with larger, multicenter sets to further 
improve the model evaluation capabilities; and perform 
prospective investigations into CLND to strengthen the 
reliability of the model.

Conclusions

We established a comprehensive multivariate nomogram, 
including age, multifocality, microcalcification, loss of fatty 
hilum, aspect ratio, FT4 level, TPOAb level, and tumor 
size for predicting CLNM in PTMC to aid clinicians and 
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patients. This tool could provide a valuable guidance for 
deciding on management in PTMC.
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