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Abstract: Objective: To investigate the predictive value of serum soluble T-cell immunoglobulin and mucin domain-3 
(sTIM-3), transforming growth factor-beta 1 (TGF-β1), and vasohibin-1 in the lymphatic metastasis of oral squamous 
cell carcinoma (OSCC). Methods: A total of 220 OSCC patients admitted to Shanxi Provincial Cancer Hospital be-
tween January 2022 and December 2024 were included in this retrospective study. The patients were divided into 
training and validation sets at a 7:3 ratio (154 and 66 patients, respectively). Baseline characteristics, blood test 
results, and tumor marker levels were compared between the two groups. Predictors were screened, and column-
line graphical models were constructed using Least Absolute and Residual Selection Operator (LASSO) regression 
and multifactorial logistic regression. The performance of the model was then evaluated using ROC curves, calibra-
tion curves, and decision curve analysis. Results: LASSO regression identified the following variables as predictors: 
clinical stage, tumor diameter, squamous cell carcinoma antigen (SCC-Ag), and carcinoembryonic antigen, sTIM-3, 
TGF-β1, and vasohibin-1. Multifactorial logistic regression analysis revealed that clinical stage, SCC-Ag, sTIM-3, 
TGF-β1, and vasohibin-1 were independent predictors of lymphatic metastasis. The AUC of the nomogram model 
was 0.868 in the training set and 0.863 in the validation set, indicating strong discriminatory ability. Calibration 
curves showed good agreement between predicted and actual values, with p-values for goodness of fit of 0.865 
(training set) and 0.872 (validation set). Decision curve analysis demonstrated significant clinical benefit, with maxi-
mum benefit rates of 39.41% in the training set and 37.80% in the validation set. Conclusion: sTIM-3, TGF-β1, and 
vasohibin-1, along with clinical stage and SCC-Ag, are independent predictors of lymph node metastasis in OSCC 
patients. The risk prediction model based on these variables demonstrates strong predictive ability.
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Introduction

Oral squamous cell carcinoma (OSCC), the 
most common malignant tumor of the head 
and neck, accounts for over 90% of oral malig-
nancies. It is characterized by aggressive be- 
havior, rapid growth, high recurrence rate, and 
poor prognosis [1]. According to the latest 
World Health Organization statistics, there are 
over 300,000 new OSCC cases globally each 
year, with incidence rates among the top ten 
malignant tumors in high-incidence regions, 
such as Southeast Asia [2]. Currently, OSCC 
treatment involves a multidisciplinary appro- 
ach, including surgical resection combined with 
radiotherapy, chemotherapy, and immunother-

apy. Surgical intervention alters local anato- 
my and facial appearance, affecting functions 
such as chewing, swallowing, and speech. Ra- 
diotherapy and chemotherapy often have se- 
vere side effects, while immunotherapy is ex- 
pensive. These factors contribute to poor pa- 
tient adherence to treatment and suboptimal 
prognosis. A major challenge is that current 
treatment options are only partially effective for 
advanced or metastatic OSCC, with drug resis-
tance and recurrence often complicating treat-
ment and limiting long-term survival benefits [3, 
4]. Lymph node metastasis is a key factor influ-
encing treatment outcomes and patient prog-
nosis in OSCC [5]. Clinical studies show that 
patients with OSCC who develop lymph node 
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metastasis have significantly higher recurren- 
ce rates after surgery, lower five-year survival 
rates, and diminished quality of life [6]. How- 
ever, early diagnosis of lymph node metastasis 
in OSCC lacks effective clinical indicators wi- 
th high specificity and sensitivity, leading to  
disease progression. Therefore, identifying reli-
able markers that can predict early lymph node 
metastasis in OSCC is crucial for improving sur-
vival rates and quality of life.

Pathological examination remains the gold 
standard for diagnosis due to its high accuracy. 
However, its invasive nature causes pain and 
trauma to the patient and limits its use for pre-
operative dynamic monitoring, thus failing to 
reflect timely changes in disease progression 
[7]. In recent years, advancements in molecu-
lar biology and immunology have made serum 
tumor markers a popular focus for predicting 
tumor metastasis, offering the advantages of 
convenience, minimal invasiveness, and re- 
peatability [8]. Various cytokines and immuno-
regulatory molecules play significant roles in 
tumor invasion and metastasis. For instance, 
soluble T-cell immunoglobulin mucin 3 (sTIM-3) 
accelerates tumor progression by suppressing 
the immune response and allowing tumor cells 
to evade immune surveillance [9]. Elevated 
sTIM-3 levels are associated with poor pro- 
gnosis in several cancers, including hepatocel-
lular carcinoma, renal carcinoma, and breast 
cancer [10, 11]. Transforming growth factor-
beta 1 (TGF-β1) contributes to tumor microenvi-
ronment remodeling, promoting angiogenesis 
and metastasis formation [12]. While TGF-β1 
has anti-proliferative effects in the early stages 
of OSCC, its immunosuppressive effects pre-
dominate in later stages, acting as a tumor pro-
moter [13]. Vasohibin-1 affects hematogenous 
metastasis by regulating angiogenesis [14]. Ov- 
erexpression of vasohibin-1 has been obser- 
ved in numerous human malignancies, influ-
encing various cellular functions, including cell 
proliferation, migration, and angiogenesis in 
both endothelial and cancer cells [14].

Given the complex nature of OSCC and its met-
astatic processes, it is essential to consider 
multiple biomarkers for a comprehensive un- 
derstanding of disease progression and me- 
tastatic potential. The combination of sTIM-3, 
TGF-β1, and vasohibin-1 was chosen due to 
their distinct roles in tumor biology. sTIM-3’s im- 
munosuppressive effects are critical for tumor 

evasion and progression, TGF-β1 reflects dy- 
namic changes in the tumor microenvironment 
with its dual role in tumor suppression and pro-
motion, and vasohibin-1 provides insight in- 
to vascular changes related to tumor spread. 
Combining these biomarkers may offer more 
reliable and multifaceted information for pre-
dicting lymph node metastasis in OSCC. The- 
refore, the present study aims to analyze the 
relationship between sTIM-3, TGF-β1, and vaso-
hibin-1 in OSCC metastasis by detecting their 
serum levels in OSCC patients, and to explore 
the efficacy of this combination for predicting 
OSCC metastasis. The goal is to provide a  
new combination of serological markers for risk 
assessment in OSCC metastasis and to offer a 
theoretical basis for clinical prediction.

Materials and methods

Sample size calculation

The sample size calculation was based on the 
requirement of at least ten events (cases of 
lymph node metastasis cases) per predictor 
variable, i.e., ten events per predictor variable 
[15]. Based on previous studies, the incidence 
of lymph node metastasis is estimated to be 
between 25% and 36% [16-18]. The total sam-
ple size required can be calculated using the 
following formula: Sample size=number of pre-
dictor variables × 10/incidence of events.

In this study, five predictive variables were 
planned for inclusion. Therefore, the sample 
size for the training set was calculated to be 
approximately 139 cases. Based on the 7:3 
ratio of the training to validation sets, the num-
ber of samples in the validation set was approx-
imately 60. Thus, a total of at least 199 cases 
needed to be included.

Study participants

This single-center cohort study included OSCC 
patients treated at Shanxi Provincial Cancer 
Hospital between January 2022 and Decem- 
ber 2024. Postoperative pathological examina-
tion of lymph node metastasis revealed that  
73 patients developed metastasis. The patient 
cohort was randomly divided into a training  
set (n=154) and a validation set (n=66). In the 
training set, there were 101 cases without ly- 
mph node metastasis and 53 cases with lymph 
node metastasis; in the validation set, there 
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were 46 cases without lymph node metastasis 
and 20 cases with lymph node metastasis 
(Figure 1).

The study was approved by the Ethics Com- 
mittee of Shanxi Provincial Cancer Hospital 
(Ethics Approval Number: KY2025166) and 
adhered to the ethical norms of the Declaration 
of Helsinki. As its retrospective nature, written 
patient consent was waived.

OSCC diagnostic criteria [19]: Microscopic pa- 
thological examination by cutting or excising 
diseased tissue remains the “gold standard” 

for diagnosing OSCC, showing typical features 
such as abnormal squamous epithelial proli- 
feration, keratinized bead formation, cellular 
anisotropy (large, deeply stained nuclei, patho-
logical nuclear division), and mesenchymal infil-
tration. The gold standard for diagnosing lymph 
node metastasis is pathological histological 
examination, which involves obtaining lymph 
node tissue through surgery or biopsy and per-
forming pathological analysis to check for can-
cer cell infiltration. This method is the ultimate 
diagnostic basis, relying on the microscopic ob- 
servation of cell morphology to confirm tumor 
cell metastasis in the lymph nodes.

Figure 1. Study flow chart. OSCC: oral squamous cell carcinoma.



sTIM-3, TGF-β1, Vasohibin-1 in OSCC lymph node metastasis

4661	 Am J Cancer Res 2025;15(11):4658-4675

Inclusion criteria: (1) The tumor originated in 
the oral cavity and was diagnosed as squa-
mous cell carcinoma. (2) Age between 18 and 
80 years. (3) Complete clinical data. (4) Treat- 
ment and examinations were performed at our 
hospital. (5) No prior tumor treatment before 
diagnosis and radical surgery.

Exclusion criteria: (1) Presence of hematologic 
or autoimmune diseases that could affect the 
inflammation index. (2) Presence of tumors in 
other parts of the body. (3) Undergoing surgery, 
chemotherapy, or radiotherapy before admis-
sion. (4) Presence of hematologic, rheumatic, 
or other autoimmune diseases, or other condi-
tions that could impact the inflammation index. 
(5) With tumors other than OSCC or secondary 
oral malignant tumors.

Data collection

Patients’ clinical information was obtained 
from the hospital’s electronic medical records. 
Baseline data included gender, age, clinical 
stage, depth of infiltration, histological grading, 
presence of extraperitoneal lymph node in- 
vasion, presence of nerve invasion, tumor si- 
te (tongue, buccal cavity, gingiva, floor of the 
mouth, palate), tumor diameter, history of oral 
disease, history of chronic conditions (e.g., hy- 
pertension, diabetes, heart disease, liver dis-
ease, kidney disease), smoking history, and 
alcohol consumption history.

Routine blood test data included white blood 
cell count, red blood cell count, platelet count, 
neutrophil count, total protein, albumin, globu-
lin, and blood glucose.

Serum tumor markers included sTIM-3, TGF-β1, 
vasohibin-1, squamous cell carcinoma antigen 
(SCC-Ag), cytokeratin 19 fragment antigen 21-1 
(CYFRA21-1), and carcinoembryonic antigen 
(CEA).

All serum samples were collected from patients 
after their initial OSCC diagnosis and before 
radical surgical treatment. The samples were 
tested simultaneously with routine blood tests 
and serum tumor markers. After collection, the 
serum was centrifuged and separated im- 
mediately. The samples were then dispensed  
and stored in an ultra-low-temperature free- 
zer at -80°C. All tests were performed within 
the same batch to reduce batch-to-batch vari- 
ation.

Serum levels of sTIM-3, TGF-β1, and vasohib-
in-1 were measured using electrochemilumi-
nescence immunoassay (ECLIA). The procedure 
was as follows: the kit instructions were strictly 
followed. Serum samples were mixed with mag-
netic beads coated with specific antibodies, 
and streptavidin magnetic beads were added 
to capture the complex. After washing, electro-
chemiluminescent substrate (tripropylamine) 
was added. The luminescence intensity was 
measured using an electrochemiluminescence 
immunoassay analyzer, and the concentration 
of each marker was determined based on the 
standard curve. The data for SCC-Ag, CYFRA21-
1, and CEA were obtained from the hospital’s 
laboratory department.

To ensure data quality, a standardized data col-
lection form was developed. The form clearly 
outlined the requirements and options for each 
item to ensure comprehensive data collection 
from all research subjects, adhering to a unified 
standard and preventing omissions or format 
inconsistencies. A double data entry and vali-
dation mechanism was established to ensure 
that the data in the electronic database ma- 
tched the original records, thereby improving 
the accuracy and completeness of the collect-
ed data.

Statistical analysis

Data analysis was conducted using the R 4.2.2 
statistical software package. For categorical, 
data presented as frequency counts, the differ-
ences between groups were tested using the 
chi-squared test or Fisher’s exact test. For con-
tinuous data, if the data followed a normal  
distribution, they were expressed as mean ± 
standard deviation (mean ± SD), and an inde-
pendent samples t-test was used for compari-
sons between groups. For non-normally distrib-
uted data, the median (interquartile range) was 
used, and the Mann-Whitney U-test was applied 
for group comparisons. Differences were con-
sidered statistically significant when the P-value 
was less than 0.05.

Variables were screened using the least abso-
lute shrinkage and selection operator (LASSO) 
regression method, and models were const- 
ructed using both univariate and multivariate 
logistic regression analysis. Column-line graphs 
were also plotted. Receiver operating charac-
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teristic (ROC) curves were generated for both 
the training and validation sets to assess pre-
diction accuracy. Calibration curves were used 
to evaluate the agreement between predicted 
and actual results, and clinical decision curve 
analysis (DCA) was performed to assess the 
clinical validity of the model.

Results

Comparison of baseline characteristics be-
tween training and validation sets

The baseline data of patients in the training 
and the validation sets were compared and an- 
alyzed, including both categorical data and con-
tinuous variables. The results indicated that 
there were no significant differences between 
the two groups in terms of categorical variables 
(e.g., gender, age, clinical stage, depth of inva-
sion, histological grade, extranodal lymph no- 
de invasion, neurological involvement, tumor 
site, tumor diameter, history of oral disease, 
history of chronic diseases, smoking history, 
and alcohol consumption) and continuous vari-
ables (e.g., white blood cell count, red blood 
cell count, platelet count, neutrophil count, to- 
tal protein, albumin, globulin, blood glucose, 
SCC-Ag, CYFRA21-1, CEA, sTIM-3, TGF-β1, Va- 
sohibin-1) (all P>0.05, Table 1). The baseline 
characteristics of both groups were balanced 
and comparable, ensuring the reliability of the 
subsequent model development and valida- 
tion.

Comparison of baseline characteristics be-
tween patients with and without lymph node 
metastases

In the training set, 51.49% (52/101) of non-
metastatic patients were in stage I-II, com-
pared to 28.30% (15/53) of metastatic pa- 
tients (χ²=7.601, P=0.006). In the validation 
set, 69.57% (32/46) of non-metastatic patients 
were in stage I-II, compared to 35.00% (7/20) 
of metastatic patients (χ²=6.889, P=0.009). 
Regarding tumor diameter, 57.43% (58/101) of 
non-metastatic patients in the training set had 
a tumor diameter<3 cm, compared to 32.08% 
(17/53) of metastatic patients (χ²=8.941, P= 
0.003). In the validation set, 71.74% (33/46) of 
non-metastatic patients had a tumor diame-
ter<3 cm, compared to 20.00% (4/20) of meta-
static patients (χ²=15.149, P<0.001). However, 
no significant differences were found between 

the two groups in terms of gender, age, depth of 
invasion, histological grade, extranodal lymph 
node invasion, neurological involvement, tumor 
site, history of oral diseases, chronic diseases, 
smoking history, and alcohol consumption (all 
P>0.05, Table 2).

Comparison of blood routine data between 
patients with and without lymph node metas-
tases

For white blood cell count, the training set 
showed 5.54±1.27 × 109/L in non-metasta- 
tic patients, compared to 5.98±0.62 × 109/L  
in metastatic patients (t=2.375, P=0.019).  
In the validation set, non-metastatic patients  
had 5.76±1.00 × 109/L, compared to 6.77±0.70 
× 109/L in metastatic patients (t=2.067, P= 
0.043). For red blood cell count, the training  
set had 4.26±0.36 × 10¹²/L in non-metastatic 
patients versus 4.39±0.33 × 10¹²/L in me- 
tastatic patients (t=2.190, P=0.030). In the 
validation set, non-metastatic patients had 
4.24±0.33 × 10¹²/L, compared to 4.43±0.36 × 
10¹²/L in metastatic patients (t=2.091, P= 
0.040). However, no significant differences 
were found between the two groups in platelet 
count, neutrophil count, total protein, albumin, 
globulin, or blood glucose levels in either set 
(all P>0.05, Table 3).

Comparison of serum tumor markers between 
patients with and without lymph node metas-
tases

In the training set, patients with lymph node 
metastasis had significantly higher levels of 
SCC-Ag, CYFRA21-1, and CEA compared to non-
metastatic patients (all P<0.001, Table 4 and 
Figure 2). Similarly, in the validation set, the 
metastatic group exhibited higher levels of the- 
se markers compared to the non-metastatic 
group (all P<0.001, Table 4).

LASSO regression screening of prognostic fac-
tors for the occurrence of lymphatic metasta-
ses in training set

A total of 27 variables, including baseline da- 
ta, blood routine data, and serum tumor mark-
ers, were included in the LASSO regression an- 
alysis for variable selection. The optimal param-
eter (lambda) for the LASSO regression was de- 
termined by cross-validation, with the value  
of lambda that produced the smallest mean-
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Table 1. Comparison baseline data between training and validation sets

Characteristic Training  
set (N=154)

Validation  
set (N=66) t/χ2 P

Gender, n (%) 0.979 0.323
    Female 59 (38.31%) 30 (45.45%)
    Male 95 (61.69%) 36 (54.54%)
Age, n (%) 0.008 0.930
    <60 years 76 (49.35%) 33 (50.00%)
    ≥60 years 78 (50.65%) 33 (50.00%)
Clinical stage, n (%) 4.494 0.034
    I-II 67 (43.51%) 39 (59.09%)
    III-IV 87 (56.49%) 27 (40.91%)
Depth of invasion, n (%) 0.153 0.926
    <5 mm 37 (24.03%) 15 (22.73%)
    5-10 mm 61 (39.61%) 28 (42.42%)
    >10 mm 56 (36.36%) 23 (34.85%)
Histological grade, n (%) 0.352 0.839
    I 48 (31.17%) 18 (27.27%)
    II 74 (48.05%) 33 (50.00%)
    III 32 (20.78%) 15 (22.73%)
Extranodal invasion of the lymph node capsule, n (%) 2.538 0.111
    Yes 88 (57.14%) 30 (45.45%)
    No 66 (42.86%) 36 (54.55%)
Neurological involvement, n (%) 0.171 0.680
    Yes 84 (54.55%) 34 (51.52%)
    No 70 (45.45%) 32 (48.48%)
Tumor site, n (%) 1.604 0.808
    tongue 42 (27.27%) 15 (22.73%)
    Buccal 27 (17.53%) 16 (24.24%)
    Gingiva 28 (18.18%) 11 (16.67%)
    Floor of mouth 31 (20.13%) 14 (21.21%)
    Palate 26 (16.88%) 10 (15.15%)
Tumor diameter, n (%) 1.001 0.317
    <3 mm 75 (48.70%) 37 (56.06%)
    ≥3 mm 79 (51.30%) 29 (43.94%)
History of oral disease, n (%) 0.458 0.499
    Yes 80 (51.95%) 31 (46.97%)
    No 74 (48.05%) 35 (53.03%)
History of chronic diseases, n (%) 0.571 0.450
    Yes 92 (59.74%) 43 (65.15%)
    No 62 (40.26%) 23 (34.85%)
Smoking history, n (%) 0.842 0.359
    Yes 101 (65.58%) 39 (59.09%)
    No 53 (34.42%) 27 (40.91%)
Alcohol history, n (%) 0.906 0.341
    Yes 85 (55.19%) 41 (62.12%)
    No 69 (44.81%) 25 (37.88%)
White blood cell count, (× 109/L) 5.74 ± 1.58 5.63 ± 1.90 0.396 0.693
Red blood cell count, (× 1012/L), 4.23 ± 0.55 4.09 ± 0.50 1.894 0.060

Platelet count, (× 109/L) 289.91 ± 89.25 294.83 ± 95.04 -0.358 0.721
Neutrophil count, (× 109/L) 3.54 ± 0.62 3.50 ± 0.63 0.453 0.652
Total protein, (g/L) 68.82 ± 19.66 71.52 ± 18.15 -0.985 0.326
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square error selected as the optimal model 
value (λ=0.0112772162210942). Based on 
the coefficients obtained from the LASSO re- 
gression analysis, the final selected variables 
were clinical stage, tumor diameter, SCC-Ag, 
CEA, sTIM-3, TGF-β1, and Vasohibin-1 (Figure 
3).

Univariate and multivariate logistic regression 
analyses in training set

The co-linearity test results indicated no collin-
earity among clinical stage, tumor diameter, 
SCC-Ag, CEA, sTIM-3, TGF-β1, and Vasohibin-1 
(Table 5). The optimal cutoff values for predict-
ing lymph node metastasis using SCC-Ag, CEA, 
sTIM-3, TGF-β1, and Vasohibin-1 were deter-
mined through ROC curve analysis (Table 6; 
Figure 4). The cutoff values were established 
using the Youden index (sensitivity specifici-
ty-1). The optimal cutoff values were as follows: 
SCC-Ag at 6.58 μg/L, CEA at 5.11 μg/L, sTIM-3 
at 7596.60 ng/L, TGF-β1 at 23.25 μg/L, and 
Vasohibin-1 at 611.40 ng/L. 

In the training set, the univariate analysis re- 
vealed that clinical stage (OR=2.688, 95% 
CI=1.317~5.489, P=0.007), tumor diameter 
(OR=2.856, 95% CI=1.420~5.745, P=0.003), 
SCC-Ag (OR=3.641, 95% CI=2.359~5.620, 
P=0.001), CEA (OR=8.313, 95% CI=4.181~ 
16.528, P=0.001), sTIM-3 (OR=1.001, 95% 
CI=1.001~1.001, P=0.006), TGF-β1 (OR=1.272, 
95% CI=1.157~1.399, P=0.001), and Vasohi- 
bin-1 (OR=1.007, 95% CI=1.003~1.011, P= 
0.001) were significantly associated with ly- 
mph node me-tastasis (Table 7). 

Multivariate analysis further identified clinical 
stage (OR=3.221, 95% CI=1.244~8.341, P= 
0.016), tumor diameter (OR=2.692, 95% CI= 
1.527~4.350, P=0.081), SCC-Ag (OR=5.298, 

95% CI=2.269~12.372, P=0.001), and TGF-β1 
(OR=2.633, 95% CI=1.209~5.376, P=0.015) 
as independent predictors of lymph node me- 
tastasis (Table 7).

Construction, performance evaluation and 
calibration of nomogram model

To further assess the clinical utility of the 
model, column-line plots were constructed ba- 
sed on multifactorial logistic regression (Fi- 
gure 5). In the training set, a predictive mo- 
del was developed using the five independent 
predictors identified through multivariate re- 
gression analysis: log(probability)=24.967 + 
1.170(clinical stageIII-IV) + 1.667(SCC-Ag≥ 
6.58) + 0.001(sTIM-3≥7596.60) + 0.968(TGF-
β1≥23.25) + 0.030(Vasohibin-1≥611.40). 

Compared to clinical stage I-II patients, stage 
III-IV patients had β=1.170, indicating a signifi-
cantly increased risk of lymph node metastasis 
(OR=3.221, 95% CI: 1.244~8.341, P=0.016). 
For SCC-Ag≥6.58 µg/L, patients had β=1.667, 
indicating a significantly increased risk of me- 
tastasis (OR=5.298, 95% CI: 2.269~12.372, 
P=0.001). Although sTIM-3 exhibited a smaller 
coefficient (β=0.001), it retained predictive  
significance beyond the threshold (≥7596.60 
ng/L). For every 1000 ng/L increase in sTIM-3, 
the risk of metastasis increased by approxi-
mately 2.718-fold (OR=1.001, 95% CI: 1.000~ 
1.002, P=0.045). For TGF-β1≥23.25 µg/L, β= 
0.968, indicating increased metastasis risk 
(OR=2.633, 95% CI: 1.209~5.376, P=0.015). 
For Vasohibin-1 ≥611.40 ng/L, β=0.030, indi-
cating a mild increase in metastasis risk (OR= 
1.030, 95% CI: 1.003~1.058, P=0.029). For 
every 100 ng/L increase in Vasohibin-1, the 
odds ratio for metastasis increased by approxi-
mately 1.030.

Albumin, (g/L) 41.66 ± 2.02 41.65 ± 1.99 -0.009 0.993
Globulin, (g/L) 25.84 ± 2.04 25.74 ± 2.06 0.342 0.733
Blood glucose, (mmol/L) 8.17 ± 0.69 8.17 ± 0.82 -0.031 0.975
SCC-Ag, (μg/L) 5.86 ± 1.69 5.86 ± 2.14 0.009 0.993
CYFRA21-1, (μg/L) 4.44 ± 1.16 4.26 ± 1.07 1.127 0.262
CEA, (μg/L) 4.68 ± 1.47 4.68 ± 1.34 0.012 0.990
sTIM-3, (ng/L) 6,531.75 ± 1,535.71 6,164.93 ± 1,628.26 1.557 0.122
TGF-β1, (μg/L) 22.38 ± 4.70 23.10 ± 4.63 -1.048 0.297
Vasohibin-1, (ng/L) 557.96 ± 95.03 570.56 ± 96.97 -0.888 0.376
Note: SCC-Ag, Squamous Cell Carcinoma Antigen; CYFRA21-1, Cytokeratin 19 Fragment Antigen 21-1; CEA, Carcinoembryonic Antigen; sTIM-3, 
Soluble T-cell Immunoglobulin and Mucin Domain–3; TGF-β1, Transforming Growth Factor-β1.
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Table 2. Comparison of Baseline data between patients with and without lymph node metastases

Characteristic
Training set (N=154) Validation set (N=66)

Without metastasis 
(N=101)

With metastasis 
(N=53) χ2 P Without metastasis  

(N=46)
With metastasis 

(N=20) χ2 P

Gender, n (%) 2.256 0.133 2.449 0.118
    Male 58 (57.43%) 37 (69.81%) 28 (60.87%) 8 (40.00%)
    Female 43 (42.57%) 16 (30.19%) 18 (39.13%) 12 (60.00%)
Age, n (%) 0.003 0.958 0.287 0.592
    <60 years 50 (49.50%) 26 (49.06%) 24 (52.17%) 9 (45.00%)
    ≥60 years 51 (50.50%) 27 (50.94%) 22 (47.83%) 11 (55.00%)
Clinical stage, n (%) 7.601 0.006 6.889 0.009
    I-II 52 (51.49%) 15 (28.30%) 32 (69.57%) 7 (35.00%)
    III-IV 49 (48.51%) 38 (71.70%) 14 (30.43%) 13 (65.00%)
Depth of invasion, n (%) 3.618 0.164 4.982 0.083
    <5 mm 28 (27.72%) 9 (16.98%) 9 (19.57%) 6 (30.00%)
    5-10 mm 35 (34.65%) 26 (49.06%) 17 (36.96%) 11 (55.00%)
    >10 mm 38 (37.62%) 18 (33.96%) 20 (43.48%) 3 (15.00%)
Histological grade, n (%) 0.034 0.983 0.976 0.614
    I 31 (30.69%) 17 (32.08%) 12 (26.09%) 6 (30.00%)
    II 49 (48.51%) 25 (47.17%) 22 (47.83%) 11 (55.00%)
    III 21 (20.79%) 11 (20.75%) 12 (26.09%) 3 (15.00%)
Extranodal invasion of the lymph node capsule, n (%) 3.836 0.050 2.449 0.118
    Yes 52 (51.49%) 36 (67.92%) 18 (39.13%) 12 (60.00%)
    No 49 (48.51%) 17 (32.08%) 28 (60.87%) 8 (40.00%)
Neurological involvement, n (%) 1.109 0.292 2.089 0.148
    Yes 52 (51.49%) 32 (60.38%) 21 (45.65%) 13 (65.00%)
    No 49 (48.51%) 21 (39.62%) 25 (54.35%) 7 (35.00%)
Tumor site, n (%) 1.686 0.793 3.334 0.503
    tongue 26 (25.74%) 16 (30.19%) 10 (21.74%) 5 (25.00%)
    Buccal 17 (16.83%) 10 (18.87%) 13 (28.26%) 3 (15.00%)
    Gingiva 21 (20.79%) 7 (13.21%) 8 (17.39%) 3 (15.00%)
    Floor of mouth 21 (20.79%) 10 (18.87%) 8 (17.39%) 6 (30.00%)
    Palate 16 (15.84%) 10 (18.87%) 7 (15.22%) 3 (15.00%)
Tumor diameter, n (%) 8.941 0.003 15.149 <0.001
    <3 mm 58 (57.43%) 17 (32.08%) 33 (71.74%) 4 (20.00%)
    ≥3 mm 43 (42.57%) 36 (67.92%) 13 (28.26%) 16 (80.00%)
History of oral disease, n (%) 0.025 0.874 0.864 0.353
    Yes 52 (51.49%) 28 (52.83%) 37 (80.43%) 14 (70.00%)
    No 49 (48.51%) 25 (47.17%) 9 (19.57%) 6 (30.00%)
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History of chronic diseases, n (%) 0.014 0.907 0.000 0.986
    Yes 60 (59.41%) 32 (60.38%) 30 (65.22%) 13 (65.00%)
    No 41 (40.59%) 21 (39.62%) 16 (34.78%) 7 (35.00%)
Smoking history, n (%) 0.007 0.932 0.981 0.322
    Yes 66 (65.35%) 35 (66.04%) 29 (63.04%) 10 (50.00%)
    No 35 (34.65%) 18 (33.96%) 17 (36.96%) 10 (50.00%)
Alcohol history, n (%) 0.065 0.799 0.618 0.432
    Yes 46 (45.54%) 23 (43.40%) 16 (34.78%) 9 (45.00%)
    No 55 (54.46%) 30 (56.60%) 30 (65.22%) 11 (55.00%)

Table 3. Comparison of blood routine data between patients with and without lymph node metastases

Characteristic
Training set (N=154) Validation set (N=66)

Without metastasis 
(N=101)

With metastasis 
(N=53) t P Without metastasis 

(N=46)
With metastasis 

(N=20) t P

White blood cell count, (× 109/L) 5.54 ± 1.27 5.98 ± 0.62 2.375 0.019 5.76 ± 1.00 6.77 ± 0.70 2.067 0.043
Red blood cell count, (× 1012/L) 4.26 ± 0.36 4.39 ± 0.33 2.190 0.030 4.24 ± 0.33 4.43 ± 0.36 2.091 0.040
Platelet count, (× 109/L) 298.18 ± 99.96 286.02 ± 50.20 1.005 0.317 262.11 ± 96.35 288.88 ± 59.39 -1.377 0.174
Neutrophil count, (× 109/L) 3.51 ± 0.57 3.61 ± 0.71 -0.942 0.349 3.40 ± 0.60 3.74 ± 0.66 -1.988 0.055
Total protein, (g/L) 69.48 ± 16.61 67.56 ± 24.59 0.508 0.613 71.85 ± 16.95 70.74 ± 21.11 0.208 0.837
Albumin, (g/L) 41.45 ± 2.04 42.06 ± 1.94 -1.843 0.068 41.79 ± 1.95 41.36 ± 2.09 0.797 0.431
Globulin, (g/L) 25.61 ± 1.98 26.28 ± 2.11 -1.928 0.057 25.69 ± 2.23 25.85 ± 1.65 -0.317 0.753
Blood glucose, (mmol/L) 8.17 ± 0.74 8.16 ± 0.58 0.130 0.897 8.32 ± 0.81 8.45 ± 0.78 0.606 0.546

Table 4. Comparison of serum tumor markers between patients with and without lymph node metastases

Characteristic
Training set (N=154) Validation set (N=66)

Without metastasis 
(N=101)

With metastasis 
(N=53) t P Without metastasis 

(N=46)
With metastasis 

(N=20) t P

SCC-Ag, (μg/L) 5.10 ± 1.00 7.30 ± 1.79 -8.283 <0.001 4.96 ± 0.87 7.92 ± 2.73 -4.753 <0.001
CYFRA21-1, (μg/L) 3.96 ± 0.81 5.37 ± 1.18 -7.803 <0.001 3.84 ± 0.78 5.22 ± 1.03 -5.368 <0.001
CEA, (μg/L) 3.89 ± 0.87 6.18 ± 1.19 -12.393 <0.001 4.09 ± 0.97 6.05 ± 1.06 -7.062 <0.001
sTIM-3, (ng/L) 6,282.60 ± 1,538.58 7,006.55 ± 1,427.04 -2.911 0.004 5,722.70 ± 1,480.63 7,182.06 ± 1,521.63 -3.610 <0.001
TGF-β1, (μg/L) 20.87 ± 4.20 25.25 ± 4.28 -6.066 <0.001 21.62 ± 3.87 26.49 ± 4.52 -4.199 <0.001
Vasohibin-1, (ng/L) 536.78 ± 85.23 598.32 ± 100.35 -3.803 <0.001 557.47 ± 89.01 605.67 ± 91.71 -2.004 0.049
Note: The serum tumor markers follow a normal distribution. SCC-Ag, Squamous Cell Carcinoma Antigen; CYFRA21-1, Cytokeratin 19 Fragment Antigen 21-1; CEA, Carcinoembryonic 
Antigen; sTIM-3, Soluble T-cell Immunoglobulin and Mucin Domain - 3; TGF-β1, Transforming Growth Factor-β1.
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In the training set, the area under the curve 
(AUC) of the ROC curve was 0.868, indicating 
high prediction accuracy as the value exceeded 
0.7. Similarly, in the validation set, the ROC 
analysis showed an AUC of 0.863, confirming 
the model’s robust predictive performance (Fi- 
gure 6).

Calibration curves were used to assess the 
consistency between the predicted probabili-
ties from the column-line plots and the actual 
observed frequencies. The calibration curves 
(Figure 7) demonstrate the model’s perfor-
mance across different probability thresholds. 
Ideally, all points should fall along a 45-degree 

Figure 2. Comparison of serum tumor marker levels between OSCC patients with and without lymphatic metastases. 
**P<0.01. ****P<0.001. OSCC: oral squamous cell carcinoma. A. Comparison of SCC-Ag expression levels between 
patients with and without lymph node metastasis in the training set. B. Comparison of CYFRA21-1 expression levels 
between patients with and without lymph node metastasis in the training set. C. Comparison of CEA expression lev-
els between patients with and without lymph node metastasis in the training set. D. Comparison of sTIM-3 expres-
sion levels between patients with and without lymph node metastasis in the training set. E. Comparison of TGF-β1 
expression levels between patients with and without lymph node metastasis in the training set. F. Comparison of 
Vasohibin-1 expression levels between patients with and without lymph node metastasis in the training set. Note: 
SCC-Ag, Squamous Cell Carcinoma Antigen; CYFRA21-1, Cytokeratin 19 Fragment Antigen 21-1; CEA, Carcinoembry-
onic Antigen; sTIM-3, Soluble T-cell Immunoglobulin and Mucin Domain-3, TGF-β1, Transforming Growth Factor-β1.
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diagonal line, indicating perfect calibration. In 
the training set, the model’s predictions were 
closer to the actual occurrences, and the cali-
bration curve was closer to the ideal line. In the 
validation set, the calibration curve remained 
relatively close to the ideal curve, demonstrat-
ing a high degree of agreement between pre-
dicted and actual values. The p-values for 
goodness of fit were 0.865 for the training  
set and 0.872 for the validation set, indicating 

strong agreement between predicted and actu-
al values.

Figure 8 presents the decision curve analysis, 
which plots threshold probability (x-axis) against 
net benefit (y-axis). The red line represents the 
net benefit of the predictive model. Clinical 
decision curve analysis showed that the net 
benefit values for both the training and valida-
tion sets were essentially the same. Both mod-
els provided significant net benefits for clinical 
decision-making at most thresholds. The analy-
sis demonstrated a significant clinical benefit, 
with maximum benefit rates of 39.41% for the 
training set and 37.80% for the validation set.

Discussion

This study developed a nomogram-based pre-
dictive model for lymph node metastasis in 
OSCC via LASSO and logistic regression analy-
ses, which exhibited promising utility in clinical 
risk assessment. Clinical stage, SCC-Ag, sTIM-
3, TGF-β1, and Vasohibin-1 were identified as 
independent risk factors for OSCC lymph node 
metastasis. The model demonstrated excellent 

Figure 3. LASSO regression screening of prog-
nostic factors for the occurrence of lymphatic 
metastases in the training set. A. 10-fold cross-
validation was applied to select the most suit-
able feature using the LASSO regression model 
(λ=0.0112772162210942). B. Plot of the LASSO 
regression coefficient profiles. C. LASSO-Selected 
Predictors and Corresponding Coefficients. Note: 
SCC-Ag, Squamous Cell Carcinoma Antigen; CY-
FRA21-1, Cytokeratin 19 Fragment Antigen 21-1; 
CEA, Carcinoembryonic Antigen; sTIM-3, Soluble T-
cell Immunoglobulin and Mucin Domain-3, TGF-β1, 
Transforming Growth Factor-β1.

Table 5. Co-linearity test (Training set)
Variables Tolerance VIF
Clinical stage 0.957 1.045
Tumor diameter 0.960 1.042
SCC-Ag 0.752 1.331
CEA 0.675 1.482
sTIM-3 0.950 1.053
TGF-β1 0.884 1.131
Vasohibin-1 0.950 1.053
Note: SCC-Ag, Squamous Cell Carcinoma Antigen; CEA, 
Carcinoembryonic Antigen; sTIM-3, Soluble T-cell Immu-
noglobulin and Mucin Domain-3; TGF-β1, Transforming 
Growth Factor-β1.
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discriminative power and calibration accuracy 
in both training and validation cohorts, confirm-
ing its clinical value for predicting OSCC lymph 
node metastasis. These findings clarify key 
high-risk factors, providing a scientific basis for 
individualized risk stratification and precise 
intervention to improve patient prognosis.

This study confirmed associations between 
clinical stage and tumor diameter with OSCC 
lymph node metastasis. Clinical stage, a well-
established indicator of overall tumor progres-
sion [20], correlates with lymph node metasta-
sis risk: advanced stages typically involve larger 
tumor volume and broader invasion, increasing 
lymphatic vessel infiltration [21]. Consistent 

with prior research [22], OSCC lymph node me- 
tastasis rates rise with advancing clinical stage. 
Tumor diameter ≥3 mm is also relevant, as it 
reflects progressive tumor cell proliferation and 
invasiveness-larger tumors cause greater com-
pression and infiltration of surrounding tissues, 
disrupting local lymphatic networks and faci- 
litating lymphatic invasion [23]. Routine blood 
analysis revealed significantly higher leukocyte 
and erythrocyte counts in the metastatic group, 
consistent with previous reports [24-26]. El- 
evated leukocytes may stem from tumor-in- 
duced systemic inflammation, as tumor cells 
stimulate the immune system to trigger inflam-
matory responses.

In terms of serum tumor markers, SCC-Ag, CY- 
FRA21-1, CEA, sTIM-3, TGF-β1, and Vasohibin-1 
were significantly elevated in the metastatic 
group compared to the non-metastatic group  
in both cohorts consistent with prior findings. 
SCC-Ag, a squamous cell carcinoma-specific 
marker, is closely linked to OSCC invasion and 
metastasis [27], while CYFRA21-1 and CEA-
broad-spectrum tumor markers [28] - were also 
upregulated in metastatic OSCC, suggesting 
potential roles in regulating metastasis. No- 
tably, the roles of sTIM-3, TGF-β1, and Vaso- 
hibin-1 in OSCC metastasis remain incomplete-
ly understood; this study provides novel evi-
dence for their involvement by characterizing 
their differential expression.

LASSO regression screened seven variables 
(clinical stage, tumor diameter, SCC-Ag, CEA, 
sTIM-3, TGF-β1, Vasohibin-1), and multivariate 
logistic regression identified clinical stage, SCC- 
Ag, sTIM-3, TGF-β1, and Vasohibin-1 as inde-
pendent predictors. Their respective roles in 
OSCC lymph node metastasis are elaborated 
as follows.

Table 6. The predictive value of variables for lymph node metastasis in OSCC patients
Variables AUC 95% CI Cutoff Value Sensitivity Specificity Youden index
Clinical stage 0.616 0.538~0.694 / 0.717 0.515 0.232
Tumor diameter 0.627 0.547~0.707 / 0.679 0.574 0.255
SCC-Ag 0.864 0.797~0.932 6.58 (μg/L) 0.642 0.951 0.592
CEA 0.936 0.893~0.978 5.11 (μg/L) 0.868 0.931 0.799
sTIM-3 0.645 0.553~0.736 7596.60 (ng/L) 0.415 0.832 0.247
TGF-β1 0.758 0.681~0.835 23.25 (μg/L) 0.623 0.743 0.365
Vasohibin-1 0.668 0.577~0.760 611.40 (ng/L) 0.472 0.832 0.303
Note: SCC-Ag, Squamous Cell Carcinoma Antigen; CEA, Carcinoembryonic Antigen; sTIM-3, Soluble T-cell Immunoglobulin and 
Mucin Domain-3; TGF-β1, Transforming Growth Factor-β1. AUC, Area Under the Curve.

Figure 4. The ROC curve for the predictive value of 
variables for lymph node metastasis in OSCC pa-
tients. OSCC: oral squamous cell carcinoma. Note: 
SCC-Ag, Squamous Cell Carcinoma Antigen; CEA, 
Carcinoembryonic Antigen; sTIM-3, Soluble T-cell Im-
munoglobulin and Mucin Domain-3, TGF-β1, Trans-
forming Growth Factor-β1.
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As a squamous cell carcinoma-specific marker, 
SCC-Ag exhibits high relevance in predicting 
lymph node metastasis. Elevated SCC-Ag levels 
often indicate active proliferation and enhanced 
invasiveness of tumor cells. Secreted into the 
bloodstream by tumor cells, its concentration 

increased tumor burden, and shortened patient 
survival [9, 30]. For instance, in non-small cell 
lung cancer, sTIM-3 shows higher diagnostic 
accuracy compared to other soluble immune 
checkpoint molecules like sLAG-3 and sPD-L1 
[31, 32]; in clear cell renal cell carcinoma, its 

Figure 5. Nomogram prediction model based on clinical stage, SCC-Ag, sTIM-
3, TGF-β1 and Vasohibin-1. Note: SCC-Ag, Squamous Cell Carcinoma Anti-
gen; CEA, Carcinoembryonic Antigen; sTIM-3, Soluble T-cell Immunoglobulin 
and Mucin Domain-3, TGF-β1, Transforming Growth Factor-β1.

Table 7. Univariate factor and multivariate factor Logistic regression analysis of training set

Variables
Univariate Multivariate

β S.E Z P OR (95% CI) β S.E Z P OR (95% CI)
Clinical stage

    I-II 1.000 (Reference) 1.000 (Reference)

    III-IV 0.989 0.364 2.716 0.007 2.688 (1.317~5.489) 1.170 0.486 2.407 0.016 3.221 (1.244, 8.341)

Tumor diameter (mm)

    <3 1.000 (Reference) 1.000 (Reference)

    ≥3 1.050 0.357 2.944 0.003 2.856 (1.420~5.745) 5.152 2.956 1.743 0.081 2.692 (1.527, 4.350)

SCC-Ag (μg/L)

    <6.58 1.000 (Reference) 1.000 (Reference)

    ≥6.58 1.292 0.221 5.835 0.001 3.641 (2.359~5.620) 1.667 0.433 3.873 0.001 5.298 (2.269~12.372)

CEA (μg/L)

    <5.11 1.000 (Reference) 1.000 (Reference)

    ≥5.11 2.118 0.351 6.040 0.001 8.313 (4.181~16.528) 2.566 1.445 1.776 0.056 1.247 (0.169~5.520)

sTIM-3 (ng/L)

    <7596.60 1.000 (Reference) 1.000 (Reference)

    ≥7596.60 0.001 0.000 2.727 0.006 1.001 (1.001~1.001) 0.001 0.000 2.362 0.045 1.001 (1.000~1.002)

TGF-β1 (μg/L)

    <23.25 1.000 (Reference) 1.000 (Reference)

    ≥23.25 0.241 0.048 4.984 0.001 1.272 (1.157~1.399) 0.968 0.397 2.438 0.015 2.633 (1.209~5.376)

Vasohibin-1 (ng/L)

    <611.40 1.000 (Reference) 1.000 (Reference)

    ≥611.40 0.007 0.002 3.642 0.001 1.007 (1.003~1.011) 0.030 0.014 2.143 0.029 1.030 (1.003~1.058)
Note: Cut-off values for continuous indicators were determined by ROC curve analysis with maximum Youden’s Index. OR: Odds Ratio, CI: Confidence Interval; SCC-Ag, 
Squamous Cell Carcinoma Antigen; CEA, Carcinoembryonic Antigen; sTIM-3, Soluble T-cell Immunoglobulin and Mucin Domain-3; TGF-β1, Transforming Growth Factor-β1.

directly reflects tumor burden 
and metastatic potential [27], 
providing a reliable basis for 
clinical assessment of lymph 
node metastasis risk.

sTIM-3 contributes to metas-
tasis primarily by mediating 
immune escape. It inhibits 
immune surveillance function 
through blocking the binding 
of TIM-3 to its ligands [29], 
creating favorable conditions 
for OSCC cells to evade im- 
mune attack during lymph 
node invasion. This molecule 
suppresses T cell immune 
activity via multiple pathways, 
a mechanism consistent with 
its role in other malignancies-
elevated serum sTIM-3 levels 
are commonly associated wi- 
th advanced tumor stages, 
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elevated expression correlates with advanced 
stage III disease and reduced survival, serving 
as a potential biomarker for disease severity 
and prognosis [33].

TGF-β1 drives lymph node metastasis mainly 
through inducing epithelial-mesenchymal tran-
sition. This biological process transforms polar-
ized, tightly adherent epithelial cells into mes-
enchymal-like cells with enhanced migration 
and invasion capabilities, enabling tumor cells 
to infiltrate surrounding tissues and reach 
regional lymph nodes [34]. Additionally, TGF-β1 

modulates the tumor microenvironment by pro-
moting fibrosis and immunosuppression, fur-
ther facilitating tumor cell dissemination-an 
effect that aligns with its association with poor 
prognosis in OSCC [35]. Consistent with previ-
ous research [36], this study observed increa- 
sed TGF-β1 expression in OSCC patients with 
lymph node metastasis, which may be attribut-
ed to its multifaceted pro-metastatic effects, 
including promoting tumor cell detachment, 
proliferation, angiogenesis, matrix metallopro-
teinase induction, and enhancing cell invasive-
ness and motility [37].

Figure 6. ROC curves for predictive modeling of occurrence of lymphatic metastases. A. Training set ROC curve. B. 
Validation set ROC curve.

Figure 7. Calibration curves for the prediction of lymphatic metastases by a column-line graph model. A. Training set 
calibration curve. B. Validation set calibration curve.
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Vasohibin-1, a negative regulator of angiogene-
sis, participates in metastasis by disrupting 
vascular homeostasis. Its abnormal expression 
disturbs the balanced regulation of tumor 
angiogenesis, leading to the formation of disor-
dered vascular networks. These structurally ab- 
normal vessels provide physical channels for 
OSCC cells to enter the circulatory system and 
colonize lymph nodes [38, 39]. Similar to its 
role in ovarian and breast cancers [40, 41], 
Vasohibin-1 dysregulation in OSCC affects not 
only angiogenesis but also lymphangiogenesis, 
collectively promoting the metastatic spread  
of cancer cells to lymph nodes. Its status as a 
poor prognostic factor in various malignancies 
further underscores its critical role in driving 
metastatic processes [42].

Notably, TGF-β1 levels were positively correlat-
ed with sTIM-3 levels in the metastatic group, 
suggesting a potential synergistic effect-TGF- 
β1 may upregulate sTIM-3 to enhance immuno-
suppression and invasiveness. Elevated Vaso- 
hibin-1 may further interact with sTIM-3-medi-
ated immune escape and TGF-β1-driven EMT, 
collectively promoting metastasis. These find-
ings highlight that sTIM-3, TGF-β1, and Vaso- 
hibin-1 contribute to OSCC lymph node metas-
tasis via distinct but potentially interactive me- 
chanisms, warranting further mechanistic ex- 
ploration.

The nomogram model based on these indepen-
dent predictors showed robust performance in 

both cohorts, with AUC values of 0.868 (train-
ing) and 0.863 (validation). Calibration curves 
confirmed good agreement between predicted 
and actual outcomes, and decision curve anal-
ysis verified clinical utility. Compared to existing 
models, our model strikes a balance between 
predictive performance and clinical feasibility. 
For example, Shen et al. developed a model 
with an AUC of 0.8736 [43], but it relies on in- 
traoperative or postoperative pathological indi-
cators such as lymphovascular invasion, which 
limits its application in pre-treatment risk strat-
ification. Wang et al.’s model, which integrates 
molecular markers (CDKN2A, PLAU) and clini-
copathological factors, achieved an AUC of 
0.807 [44], yet the detection of molecular bio-
markers requires specialized equipment and 
professional expertise, restricting its accessi-
bility in primary care settings. Xu et al. con-
structed a model combining metabolic vari-
ables (SUVmax of lymph nodes from 18F-FDG 
PET/CT) and pathological variables (T stage), 
with an AUC of 0.871 in the training cohort and 
0.809 in the validation cohort [45]; however, 
18F-FDG PET/CT is an expensive and special-
ized imaging modality that is not readily avail-
able in all healthcare institutions, especially in 
resource-limited regions. In contrast, our model 
utilizes easily detectable serum biomarkers 
and basic clinical indicators, enabling early 
identification of high-risk patients before sur-
gery and facilitating its integration into routine 
clinical practice. Limitations in comparative 

Figure 8. Clinical decision-making (DCA) curves for predicting lymphatic metastases by column-line diagram model-
ing. A. Training set DCA curve. B. Validation set DCA curve.
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analysis exist due to the heterogeneity and in- 
consistent reporting of study details in existing 
literature-many published models lack clear do- 
cumentation of variable overlap, sample size, 
or external validation status, which hinders a 
fully objective and comprehensive assessment 
of our model’s innovative value relative to the 
broader field. Nevertheless, the model’s reli-
ance on accessible and cost-effective variables 
ensures its practicality for pre-treatment risk 
assessment in clinical settings.

This study also has several limitations that 
should be acknowledged. First, it adopts a sin-
gle-center retrospective design, which may in- 
troduce selection bias and thus limit the gener-
alizability of the results to other populations. 
Second, although SCC-Ag, sTIM-3, TGF-β1, and 
Vasohibin-1 were identified as independent 
predictors alongside clinical stage, the specific 
molecular mechanisms underlying how these 
markers regulate OSCC lymph node metastasis 
remain poorly understood, requiring in-depth 
investigation. Third, the model has not under-
gone external validation, and its applicability 
across different ethnic groups or clinical set-
tings needs further evaluation. These limita-
tions highlight the need for future research to 
address these gaps and enhance the reliability 
and utility of the model.

To overcome the aforementioned limitations 
and build on the current findings, future res- 
earch should focus on several key directions. 
Prospective, multicenter studies with larger 
sample sizes are essential to reduce selection 
bias and improve the generalizability of the 
model. Conducting external validation in diver- 
se populations will help verify the model’s sta-
bility and applicability across different clinical 
contexts. Additionally, mechanistic studies are 
warranted to elucidate the interaction networks 
among sTIM-3, TGF-β1, and Vasohibin-1, which 
may reveal novel therapeutic targets for inhibit-
ing OSCC lymph node metastasis. By address-
ing these aspects, future research can further 
advance our understanding of OSCC metasta-
sis and translate these findings into improved 
clinical strategies.

Conclusion

Clinical stage, SCC-Ag, sTIM-3, TGF-β1, and Va- 
sohibin-1 are independent predictors of lymph 
node metastasis in OSCC. The nomogram mo- 
del constructed from these indicators exhibits 

excellent discriminative power, calibration ac- 
curacy, and clinical utility, effectively identifying 
high-risk patients for OSCC lymph node metas-
tasis. This study provides a solid basis for the 
early assessment of lymph node metastasis 
risk in OSCC patients and the formulation of 
personalized treatment plans, ultimately hold-
ing the potential to improve patient prognosis 
and clinical outcomes.
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