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Background: Papillary thyroid carcinoma (PTC) generally has a good prognosis, but distant metastasis (DM) significantly reduces
survival. Existing predictive models for DM have limited accuracy. This study aimed to identify independent risk factors for DM in
PTC and develop a clinical prediction model using routine pathological parameters.

Methods: We retrospectively analyzed a cohort of 4127 PTC patients who underwent surgery between 2017 and 2022. Patients were
divided into DM (n = 30) and non-DM (n = 4097) groups. Key variables, including sex, age, pathological subtype, tumor size,
bilaterality, multifocality, extrathyroidal extension (ETE), and lymph node metastasis (LNM), were collected. We used univariate and
multivariate logistic regression to identify independent predictors. A nomogram model was built and its performance was evaluated
using ROC curves and other metrics.

Results: Univariate analysis identified male sex (OR = 0.362, p = 0.006), solid variant (OR = 36.509, p < 0.001), Multifocal (OR =
0.247, p < 0.001), bilaterality (OR = 2.847, p = 0.004), and ETE (OR = 4.360, p = 0.016) as significant risk factors. Multivariate
analysis confirmed male sex (OR = 0.434, p = 0.029), solid variant (OR = 23.483, p < 0.001), bilaterality (OR = 1.309, p = 0.047), and
ETE (OR =3.094, p = 0.012) as independent predictors. The nomogram model showed a moderate discriminative ability with an AUC
of 0.737, a sensitivity of 66.7%, and a specificity of 68.7%.

Conclusion: In this large-scale Chinese cohort study, we identified male sex, solid variant, bilaterality, and ETE as independent risk
factors for PTCDM. The resulting model offers a practical tool for postoperative risk assessment, which can help guide customized
surveillance and treatment for high-risk patients. Future research should focus on validating this model with external and multicenter
cohorts and incorporating molecular biomarkers to further improve its predictive accuracy.
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Introduction

Papillary thyroid carcinoma (PTC) is the most common pathological type of thyroid malignancy, accounting for 80-90%
of all thyroid cancers.'* In recent years, the global incidence of PTC has shown a significant upward trend.® Although
most PTC patients achieve favorable prognoses (10-year survival rate > 95%) through surgical resection and Radioactive
Iodine (RAI) therapy, approximately 5-10% of cases exhibit aggressive biological behavior, developing Distant
Metastasis (DM). The most common sites of metastasis are the lungs, bones, and brain, with brain metastasis carrying
the worst prognosis.*® The 10-year survival rate for patients with DM is less than 20%, and their sensitivity to RAI is
significantly reduced, posing significant challenges in clinical management.”® Therefore, the early identification of PTC
patients at high risk for DM is of great clinical importance for developing individualized surveillance strategies and

optimizing adjuvant treatment plans.
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PTC exhibits high pathological heterogeneity. According to the 2022 World Health Organization (WHO) classifica-
tion criteria, PTC can be divided into more than ten subtypes, including the classic variant, follicular variant, solid
variant, tall cell variant, and diffuse sclerosing variant.’ The solid variant is more aggressive than the classic variant, with
a 3- to 5-fold higher risk of DM. This is likely due to its unique biological behavior, which includes a lack of typical
papillary structures and frequent association with BRAF V600E mutations or RET gene fusions.”'® Conversely, the
follicular variant typically presents with larger tumor sizes but lower rates of Extrathyroidal Extension (ETE), lymph
node metastasis (LNM), and recurrence, resulting in a relatively better prognosis.''"'? Furthermore, pathological para-
meters such as tumor multifocality, ETE, and LNM status have been confirmed to correlate with disease progression.'*'
The predictive value of these risk factors is debated; for example it’s unclear whether multifocality, for instance, reflects
a tumor’s invasive potential or simply multiple origins.'®

Currently, risk prediction models for PTC primarily rely on preoperative clinical parameters (eg, ultrasonographic
features, serological markers) and intraoperative frozen section results, with a predominant focus on predicting cervical
LNM."""'® The risk stratification system proposed in the 2015 ATA (American Thyroid Association) guidelines
incorporates indicators such as tumor size, LNM, and vascular invasion; however, its predictive efficacy for DM remains
limited.>*! Existing models often fail to adequately assess risk because they do not fully use postoperative pathological
data. Additionally, high-risk variants like the solid variant are often underrepresented in study cohorts, leading to an
underestimation of their true risk. Recent studies have begun exploring molecular markers (BRAF, TERT mutations), but
molecular testing remains costly and clinically inaccessible in many regions, particularly low- and middle-income
countries.”” Therefore, there is a critical need for an applicable clinical tool that uses standard pathological data to
predict PTCDM and optimize risk-based management.

This study retrospectively analyzed a single-center cohort of 4127 PTC patients from Renmin Hospital of Wuhan
University. Our goal was to identify independent risk factors and develop a diagnostic model that incorporates a wide
range of clinicopathological features. While PTC generally has a favorable prognosis, DM remains a leading cause of
mortality. Existing predictive models often rely on a limited number of pathological parameters, which restricts their
clinical utility. To address this, we conducted a rigorous pathological review to comprehensively explore the relationship
between postoperative pathological characteristics and metastatic risk. The final model is presented as a user-friendly
nomogram for straightforward clinical application. This work not only complements current risk stratification systems
but also provides valuable phenotypic anchors for future molecular mechanistic research, ultimately contributing to
improved long-term outcomes for PTC patients.

Materials and Methods
Study Design and Ethics

This study was a retrospective study conducted in Renmin Hospital of Wuhan University. Patient data were collected
from January 1, 2017, to December 30, 2022 (Figure 1). Inclusion criteria were age > 18 years; preoperative diagnosis by
ultrasonography and FNAB; completion of primary tumor surgical resection at our institution; postoperative paraffin-
embedded histopathology confirming PTC with complete pathological records. Exclusion criteria: 1) Coexistence of
other thyroid malignancies; 2) Preoperative DM; 3) Postoperative follow-up duration < 6 months; 4) Missing critical
patient parameters (eg, tumor size, capsular invasion, personal/family history). Grouping: Patients were stratified into two
groups based on postoperative follow-up: 1) DM group: Metastasis to distant organs (eg, lung, bone) confirmed by
surgical pathology, CT-guided CNB (Core Needle Biopsy), or RAI whole-body scintigraphy; 2) non-DM group: Patients
without metastasis or with cervical LNM only. Clinicopathological features were compared between DM and non-DM
groups to evaluate whether primary tumors in DM patients exhibited greater aggressiveness. Medical equipment and
clinical protocols remained consistent throughout the six-year study period. The study was approved by the Institutional
Ethics Committee (Approval No.: WDRY2024-K038; Date: February 6, 2024) and conducted in accordance with the
Helsinki Declaration. As a retrospective observational study, informed consent was waived by the Ethics Committee. All
patient data were anonymized to protect privacy.
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Figure | Research flowchart.

Data Collection

Two researchers collected data using a predefined pathology report form. Data were extracted from the Hospital
Information System (HIS), including basic patient information, clinical presentation, pathological data, ultrasonographic
and imaging data, laboratory indices, and surgical/postoperative status. Diagnostic criteria for comorbidities were as
follows: Hashimoto’s thyroiditis (HT) was diagnosed based on serology (positive TPOAb) and ultrasonographic features;
Nodular goiter (NG) was confirmed by postoperative pathology; and FA (Follicular adenoma) was confirmed by
postoperative pathology. Lesions were evaluated and graded according to the American College of Radiology Thyroid
Imaging, Reporting and Data System (TI-RADS).>* All data underwent dual verification before storage in the hospital

database. For samples with missing data, we excluded them from the study.

Statistical Analysis

In the statistical analysis, categorical data were presented as number of patients (percentage), and continuous data were
presented as mean + standard deviation. The Shapiro—Wilk test was used to assess normality. For group comparisons,
categorical variables were analyzed using Pearson’s chi-square test or Fisher’s exact test (when expected frequencies
were < 5). Continuous variables conforming to a normal distribution with homogeneous variances were analyzed using
the #-test or analysis of variance (ANOVA); otherwise, the Mann—Whitney U-test was used. Risk factor analysis
employed univariate logistic regression to screen potential risk factors (p < 0.05), followed by multivariate logistic
regression to identify independent risk factors (p < 0.05). A diagnostic model was constructed based on the multivariate
analysis results, presented as a Nomogram. In order to evaluate the performance of the model more rigorously, we have
internally validated the model using the stratified bootstrap. The “validate()” function of the rms package performs
stratified sampling by default when processing the categorical endings, ensuring that the sample proportions of the DM
group and the non-DM group in each repetition of the sampling are consistent with the original dataset. This effectively
solves the bias problem that may be caused by the difference in sample size, thus ensuring the robustness and reliability
of the validation results. The R package pROC was used to plot the ROC (Receiver Operating Characteristic) curve and
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calculate the Area Under the Curve (AUC) to evaluate diagnostic performance. All analyses were performed using
R language (version 4.3.2). A two-sided p-value < 0.05 was considered statistically significant.

Results

Patient Baseline Information and Clinical Characteristics

As of December 30, 2022, a total of 4,127 pathologically confirmed PTC patients were included in this study. Based on
postoperative follow-up, all patients were categorized into either the DM group or the non-DM group. Females constituted
75.8% of all hospitalized patients. In the non-DM group, females accounted for 75.9% of patients, whereas in the DM group,
females accounted for 53.3%, demonstrating a statistically significant difference (p = 0.008). The mean age and standard
deviation were 45.471 and 11.902 years, respectively, with no significant difference observed (p = 0.410). Among the enrolled
subjects, 11.3% had concomitant HT, 16.3% had concomitant NG, and 1.3% had FA; no significant differences were observed
in these three comorbidities. Overall, 12.3% of the study subjects had a family history of malignant tumors or a personal
history of non-thyroid malignancies. Within the DM group (n = 30), 2 patients (6.7%) were diagnosed with the solid variant of
PTC. In contrast, only 8 patients (0.2%) in the non-DM group (n = 4,097) had this pathological subtype, representing
a statistically significant difference. Significant differences were also observed in PTC maximum diameter, unilateral/bilateral
involvement at diagnosis, unifocality/multifocality, and the presence of capsular invasion. LNM status was analyzed only in
patients who underwent central/lateral compartment lymph node dissection. The presence of central lymph node metastasis
(CLNM), the number of CLNM, and the number of lateral lymph node metastasis (LLNM) all showed statistically significant
differences between the two groups (Table 1).

Table | Basic Information and Pathological Characteristics of Patients with DM/non_DM

Variable Total Non-DM DM P value
Sex, female (%) 3127(75.8) 3111(75.9) 16(53.3) 0.008**
Age

Mean (SD) 45.471(11.902) | 45.488(11.874) | 43.100(15.257) | 0.410

< 50y (%) 2608(63.2) 2587(63.1) 21(70.0) 0.558
Comorbidities (%) 1158(28.1) 1152(28.1) 6(20.0) 0.434

Hashimoto’s Thyroiditis (%) 468(11.3) 467(11.4) 1(3.3) 0.246

Nodular Goiter (%) 673(16.3) 669(16.3) 4(13.3) 0.808

Follicular Thyroid Adenoma (%) 52(1.3) 51(1.2) 1(3.3) 0.317

Familial or Personal History of Cancer (%) | 506(12.3) 504(12.3) 2(6.7) 0.573
Subtype

Classic Variant 2667(64.6) 2644(64.5) 23(76.7) 0.233

Follicular Variant 896(21.7) 887(21.7) 9(30.0) 0.377

Solid Variant 10(0.2) 8(0.2) 2(6.7) 0.002%*

Tall Cell Variant 21(5.1) 20(4.9) 1(3.3) 0.142

Columnar Cell Variant 6(1.5) 6(1.5) 0(0.0) |

Diffuse Sclerosing Variant 3(0.7) 3(0.7) 0(0.0) |

Hobnail Variant 2(0.5) 2(0.5) 0(0.0) |

Warthin-like Variant 7(1.7) 7(1.7) 0(0.0) |

Oncocytic Variant 1(0.2) 1(0.2) 0(0.0) |
Maximum (SD) 0.994(0.804) 0.986(0.792) 2.087(1.461) <0.00 | #k*
Bilateral (%) 1080(26.2) 1065(26.0) 15(50.0) 0.006%*
Multifocal (%) 2752(66.7) 2742(66.9) 10(33.3) <0.00 | ks
Extrathyroidal extension (%) 2787(67.5) 2760(67.4) 27(90.0) <0.00 | #k*
CLNM (%) 1609(39.0) 1589(38.8) 20(66.7) 0.00 | **
LLNM (%) 360(8.7) 340(8.3) 20(66.7) 0.240
CLNM positive number (SD) 2.344(3.340) 2.317(3.296) 5.667(6.126) <0.00 | #k*
LLNM positive number (SD) 5.729(5.101) 5.503(4.898) 10.000(6.890) 0.00 | **

Notes: **p < 0.01, ***p < 0.001. Bold font indicates statistically significant differences. The hospitalization period of the patients was
from January |, 2017 to December 30, 2022, with a total of 4127 patients. Central and lateral lymph node positivity were calculated in
2609 and 395 patients with corresponding data, respectively.
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Table 2 Univariable Logistic Regression of Patients with DM/

non_DM
Variable OR LowerCl | UpperCl | P value
Sex, female 0.362 | 0.176 0.755 0.006%*
Solid variant 36.509 | 5.353 153.858 <0.00 | %
Bilateral 2.847 1.377 5.888 0.004%*
Multifocal 0.247 | 0.111 0517 <0.00 | %
Extrathyroidalextension | 4.360 1.537 18.280 0.016*

Notes: *p < 0.05, *p < 0.0l, **p < 0.00], OR (Odds Ratio). Bold font indicates
statistically significant differences.

Construction of the Scoring System

Univariate regression analysis was performed to assess correlations between DM and patient baseline characteristics/
pathological data. Sex (OR = 0.362, p = 0.006), solid variant of PTC (OR = 36.509, p < 0.001), bilateral involvement
(OR = 2.847, p = 0.004), multifocality (OR = 0.247, p < 0.001), and ETE (OR = 4.360, p = 0.016) were significantly
associated with DM (Table 2 and Figure 2).

Variables demonstrating statistical significance in univariate analysis were subsequently included in multivariate
logistic regression. The analysis revealed that sex, solid variant, bilateral involvement, and ETE were independent risk
factors for PTC DM. Female patients exhibited significantly lower risk of DM compared to males (OR = 0.434, p =
0.029). Patients with the solid variant had substantially elevated DM risk (OR = 23.483, p < 0.001). Bilateral
involvement (OR = 1.309, p = 0.047) and ETE (OR = 3.094, p = 0.012) were also significantly associated with increased
DM risk. Multifocality did not reach statistical significance (p = 0.071) (Table 3 and Figure 3).

Development and Validation of the Prediction Model
The four variables—sex, solid variant, bilateral involvement, and ETE—were incorporated into the prediction model.
The prediction formula was constructed as follows:

Prediction Score = —6.496691 + Female * (—0.9639) + Solid * 3.2888 + Bilateral * 0.8075 + ETE * 1.2987.

A nomogram was developed to visualize this fitted model. The predictive performance was evaluated using the AUC
(0.737) of ROC curve. At the optimal cutoff value of 0.009, the model demonstrated maximum predictive accuracy with
sensitivity, specificity, and Youden’s index of 0.667, 0.687, and 0.354, respectively (Figures 4 and 5).

Variable P_Value

Sex b---@---1 0.01

i
1
1
1
1
|
1
Solid variant ' [ — @----—-—-- q 0.00
1
|
1
Bilateral '
i b @ 0.00
1
1
|
1
Multifocal ----®---1 ! 0.00
1
|
1
Extrathyroidal extension (A TS ®------- q 0.02
i
|

TT T
-3 =2

o

-1 1 2 3 4 5
log2(0Odds Ratio(95%CI))

Figure 2 Univariable logistic regression of patients with DM/non_DM. The red dots represent the log2(Odds Ratio), with the dashed lines indicating the 95% CI. A log2
(Odds Ratio) less than 0 suggests a protective effect, while a value greater than 0 suggests a risk factor.
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Table 3 Multivariable Logistic Regression of Patients with DM/non_DM

Variable B OR LowerCl | UpperCl | P value
Sex, female —0.96 | 0.434 0.205 0.931 0.029*
Solid variant 3.29 23.483 | 2.922 129.004 <0.00 | ***
Bilateral 0.8l 1.309 0.541 3.248 0.047*
Multifocal - - - - 0.071
Extrathyroidal extension | 1.3 3.094 1.049 13.265 0.012%

Notes: *p < 0.05, **p < 0.00l, OR (Odds Ratio). Bold font indicates statistically significant
differences.

Discussion
Despite PTC having the most favorable prognosis among thyroid malignancies, predicting its DM remains crucial. This
retrospective cohort study of 4,127 PTC cases identified sex, solid variant, bilateral involvement, and ETE as indepen-
dent predictors of PTC DM. We developed a prediction model incorporating routine clinical data and postoperative
pathological parameters (AUC = 0.737), which holds significant importance for understanding the aggressive behavior of
PTC and enabling individualized high-risk stratification.

This study revealed a significant impact of sex on PTC DM. Although females constituted 75.8% of the total cohort,
they represented only 53.3% of the DM group. Multivariate analysis further confirmed that female patients had a reduced

risk of metastasis compared to males (OR = 0.434). This finding aligns with previous studies,***>

though the underlying
mechanisms are not fully elucidated. Some literature suggests that downregulation of SLC545 in male PTC individuals
correlates with poorer prognosis.”® Estrogen may inhibit tumor cell migration by activating sex- or reproduction-related
pathways, while androgens may promote metastasis by upregulating epithelial-mesenchymal transition (EMT)-related
genes (eg, TNNTI). Suppression of the androgen-androgen receptor axis may also be associated with high-risk PTC
manifestations.”**"-*® Notably, despite the relatively better prognosis in females, their higher incidence leads to an
increased absolute number of DM cases. Future research should investigate the distinct mechanisms of PTC metastasis
across sexes to identify sex-specific therapeutic targets.

Regarding pathological subtypes, the solid variant of PTC (SVPTC) exhibited a remarkably high risk of DM (OR =
23.483). Although SVPTC accounted for only 0.2% of the total cohort, it represented 6.7% of the DM group. This result

strongly corresponds to the known aggressive nature of the solid variant. Molecular studies indicate that the
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Figure 3 Multivariable logistic regression of patients with DM/non_DM. The red dots represent the log2(Odds Ratio), with the dashed lines indicating the 95% CI. A log2
(Odds Ratio) less than 0 suggests a protective effect, while a value greater than 0 suggests a risk factor.

5414 https: International Journal of General Medicine 2025:18



Wang et al

0 10 20 30 40 50 60 70 80 90 100

POIntS L 1 1 1 1 1 1 1 1 1
0
Sex , )
1
1
Solid variant , .
0
2
Bilateral . :
1
1
Extrathyroidal.extension | '
0

Total Points

0O 20 40 60 80 100 120 140 160 180 200 220

Linear Predictor T T . . . T . . . . . . . . )

Predicted Probability . : .
Figure 4 Nomogram based on patient’s basic information and pathological features. To use the nomogram, locate the patient’s value for each variable (Sex, Solid variant,
Bilateral, Extrathyroidal extension). Draw a vertical line from the corresponding value to the “Points” scale to get the score for that variable. Sum the points for all variables
to get the “Total Points.” The “Total Points” can then be used to predict the “Predicted Probability” of overall survival by drawing a vertical line down to the corresponding

scale. The numbers on the lines for Sex, Solid variant, Bilateral, and Extrathyroidal extension represent different categories or levels of the variables. For example, for “Sex”,
“0” represent male and “|” might represent female.

immunohistochemical expression of common PTC markers CK19 and HBME-1 is reduced within the solid nests of
SVPTC.'? Furthermore, SVPTC is frequently associated with RET rearrangements and BRAF V600E mutations.'® These
alterations collectively lead to sustained MAPK (Mitogen-Activated Protein Kinase) pathway activation and upregulated
telomerase activity, driving genomic instability and metastatic phenotypes. They can also activate nuclear factor kappa-B
(NF-kB), increasing inflammatory mediator expression and promoting metastasis.””'**° However, limited by the small
sample size (n = 10), this study may underestimate the true risk of this variant. In clinical practice, intensified
management is recommended for such patients,*® including consideration of prophylactic RAI therapy and shortened
imaging surveillance intervals to detect occult metastases early, even with small primary tumors or absence of LNM.
Given its extremely high odds ratio, our findings provide strong evidence that identifying the solid variant in pathological
reports should immediately flag a patient for heightened clinical attention, regardless of other low-risk features. This
knowledge empowers clinicians to consider more aggressive initial treatment strategies or accelerated follow-up
schedules to mitigate the high risk of DM.

Bilateral involvement demonstrated independent predictive value (OR = 1.309), suggesting it may not simply be
a manifestation of multifocality. While bilateral involvement was significantly associated with metastatic risk in multi-
variate analysis, multifocality itself did not reach statistical significance (p = 0.071). This phenomenon is common in
multifactor analyses, and it usually indicates that Multifocality is strongly associated with other variables in the model,
especially those that are significant in the final model. In other words, Multifocality’s independent predictive value is
diluted or explained by its effect when it is included in the model at the same time as other, more potent predictors.
Specifically, we hypothesized that Multifocality is likely to be confounded or covariate with factors such as Bilateral or
Extrathyroidal extension. This paradox may stem from the distinct biology of bilateral tumors: they might represent more
aggressive monoclonal subclones rather than the multiclonal origins often seen in multifocal disease.’’ In addition, the
difference in the distribution of left and right cervical lymph nodes may provide an anatomical pathway for tumor cells to
enter the systemic circulation.*” This finding suggests clinicians should reassess the role of bilateral involvement in risk
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Figure 5 ROC curve of prediction model based on patient’s basic information and pathological features. The red dot on the curve indicates an optimal cut-off point,
balancing sensitivity and specificity for the model. The blue line represents the ROC curve, plotting the sensitivity (True Positive Rate) against the | - Specificity (False
Positive Rate) at various threshold settings. The dashed gray line represents a random classifier (AUC = 0.5).

stratification. Enhanced postoperative surveillance is warranted for patients with bilateral PTC, even in the absence of
other high-risk features (eg, LNM, aggressive variants).

This study also identified ETE as an independent risk factor for PTC DM (OR = 3.094). Although the AJCC
(American Joint Committee on Cancer) staging system classifies ETE as minimal or gross invasion, ETE status alone
(without distinguishing extent) effectively predicts PTC DM.** Current pathology reports often simplify ETE to
“present” or “absent”, without reporting minimal or gross invasion. Therefore, a predictive model focusing solely on
ETE presence/absence remains clinically relevant and practical for risk assessment. Our model provides a clinically
pragmatic tool for risk assessment. This allows for the seamless integration of ETE status into routine clinical risk
stratification, guiding decisions on the extent of surgery and the necessity of adjuvant radioactive iodine therapy for DM
prevention.

Multifocality was associated with reduced DM risk in univariate analysis (OR = 0.247) but lost significance in
multivariate analysis, indicating confounding by other variables. A possible explanation is heterogeneity within multi-
focal tumors: some arise from multiclonal origins, while others represent intra-thyroidal spread of a single aggressive
clone. Thus, multifocality does not guarantee safety. High-risk multifocality should be stratified based on relevant
molecular markers (eg, BRAF mutation status) or spatial distribution (bilateral vs unilateral).

Our prediction model integrates four factors: sex, solid variant, bilateral involvement, and ETE, achieving an AUC of
0.737, with sensitivity and specificity of 66.7% and 68.7%, respectively. While this performance demonstrates predictive
capability for PTC DM, improvement is possible. LNM burden (presence and number) showed potential predictive value
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but was excluded from the model as some patients did not undergo lymph node dissection. Previous studies indicate that
the number of lymph node metastases correlates positively with tumor angiogenic capacity.** Tumor cells achieving
lymphatic metastasis can promote regulatory T cell (Treg) differentiation, fostering an immune-suppressive microenvir-
onment conducive to distant metastasis.’>*® However, several studies have shown that only extensive LNM or large
metastases with extra-lymph node invasion have a stronger correlation with distant metastasis, and the mere presence of
LNM is not effective in differentiating high-risk populations.’” The absence of molecular markers (eg, BRAF V600E,
TERT promoter mutations) may limit the model’s discriminative power. A two-step strategy could optimize future
models: initial screening using routine pathological parameters, followed by supplemental molecular testing for high-risk
patients, balancing cost and performance.

Limitation

The limitations of this study warrant acknowledgement. Single-center data limits generalizability. Regional variations in
PTC incidence and BRAF V600E mutation rates ultimately lead to differences in metastatic rates.’® Insufficient sample
size may also affect risk assessment for rare variants (eg, solid, hobnail). Future multi-center collaboration is needed to
enhance model applicability. Some patients may develop metastasis during extended follow-up, potentially leading to
underestimated risk. The strengths lie in rigorous data quality control, comprehensive exploration of postoperative
pathological parameters, and the provision of a clinically applicable decision-making tool.

Conclusion
In summary, this study established a database for PTC patients at our center and developed a clinical prediction model for
PTC DM using basic clinical data and pathological parameters.

This study demonstrated that male sex, solid variant, bilateral involvement, and ETE are independent risk factors for
PTC DM. ETE retains significant predictive value for DM even without distinguishing between minimal and gross
invasion. Furthermore, LNM is also a risk factor for DM. Although LNM was not incorporated into the model due to the
absence of lymph node dissection in some patients, its potential association with DM risk should be considered in clinical
practice. The proposed model assists clinicians in assessing the risk of DM in PTC patients following initial surgery. This
model will contribute to better management of PTC patients and help mitigate the risk of DM in high-risk individuals.
However, there are some limitations of this study, and prospective, multicenter validation is needed in the future; in
addition, molecular markers can be incorporated into the model in the future for more accurate prediction.
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