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Background

Bladder cancer (BCa) ranks among the most prevalent cancers in men, with a subset of patients developing distant metastases (DM), resulting in poor prognosis. This study aims to develop and validate a nomogram to predict DM in patients with BCa, utilizing machine learning techniques to identify potential biomarkers.





Methods

Clinical data from patients with BCa diagnosed between January 2010 and December 2015 were retrospectively retrieved from the Surveillance, Epidemiology, and End Results (SEER) database and randomly split into a training cohort (n = 1,619) and an internal validation cohort (n = 694). An external validation cohort (n = 112) was obtained from the Affiliated Hospital of Guangdong Medical University between January 2021 and December 2023. Independent risk factors for DM were identified using univariate and multivariate logistic regression analyses and incorporated into the nomogram. Predictive accuracy was evaluated using calibration curves, and the nomogram's discriminative ability was compared with traditional staging systems by calculating the area under the curve (AUC). 





Results

Tumor size ≥ 3 cm, N stage (N1–N3), and lack of surgery were found to be independent risk factors for DM, all of which were included in the nomogram. ROC curve analysis demonstrated robust predictive performance, with AUC values of 0.732 in the training cohort, 0.750 in the internal validation cohort, and 0.968 in the external validation cohort. Additionally, calibration curves consistently showed good predictive accuracy across all cohorts. Machine learning methods, including LASSO and Random Forest, identified ADH1B as a potential biomarker for BCa, displaying exceptional diagnostic and prognostic performance (AUC = 0.983). 





Conclusion

This study, based on the SEER database and an external validation cohort, identified independent risk factors for DM in BCa and revealed ADH1B as a novel biomarker, offering new perspectives for clinical prediction and personalized treatment. 





Keywords: nomogram, distant metastasis, bladder cancer, seer database, machine learning, biomarker





Introduction

Bladder cancer (BCa) is among the most prevalent malignant tumors of the urothelial system, with increasing morbidity and mortality rates globally (1). According to the American Cancer Statistics Report, BCa ranks as the fourth most common malignancy in men (2). In 2024, there were 83,190 new cases of BCa worldwide, resulting in 16,840 deaths from the disease (3). BCa is categorized into non-muscle invasive bladder cancer (NMIBC) and muscle-invasive bladder cancer (MIBC) based on tumor invasion depth (4). Urothelial carcinoma (UC) is the predominant pathological type of BCa, comprising approximately 90% of cases, while squamous cell carcinoma (SCC) and adenocarcinoma each account for only 2%-3% (5). Risk factors such as smoking, prolonged exposure to industrial chemicals, and chronic bladder infections are associated with BCa pathogenesis (6). BCa often presents insidiously, with early-stage symptoms being subtle, and only 2%-5% of patients show microscopic hematuria (7). Lymphatic spread is one of the primary metastatic pathways for BCa (8), with common sites of distant metastasis (DM) including lymph nodes (25.4%), bone (24.7%), urethra (23.5%), lung (19.4%), liver (18.1%), and brain (3.1%) (9). Transurethral resection of bladder tumor (TURBT) is the standard treatment for NMIBC. However, 40%-80% of patients with NMIBC experience tumor recurrence, and 10%-25% develop metastases (10). Although the BCa is responsive to chemotherapy, prognosis worsens once DM occurs (11).

Clinical prediction models, also known as risk scores, are built on analyzing multiple etiological factors to construct statistical frameworks that estimate the likelihood of specific outcomes in populations with defined characteristics (12–14). Although the risk factors for DM in BCa have been explored, consensus on the exact determinants remains elusive. To address this gap, this study conducted research based on the SEER database and an external cohort.

Multi-omics technologies have generated extensive biological data, presenting both opportunities and challenges for analysis (15). Moreover, machine learning techniques have proven effective in mining omics data to identify prognostic biomarkers and elucidate disease mechanisms, contributing to biomarker discovery and enhancing our understanding of the biological underpinnings of various diseases (16). Biomarkers are also crucial for predicting cancer types, survival rates, and staging (17). The present study integrated statistical analysis with machine learning methods to enhance the stability and interpretability of biomarker identification in BCa.

Thus, this study aims to develop a predictive model for DM in patients with BCa using the SEER database. Clinical data from patients with BCa diagnosed between January 2021 and December 2023 were extracted from the SEER database, and a clinical prediction model was constructed using R software. To validate the model’s accuracy, clinical data from patients with BCa admitted to the Department of Urology at the Affiliated Hospital of Guangdong Medical University from January 2021 to December 2023 were employed. Additionally, potential biomarkers for BCa were identified by integrating multiple BCa datasets and applying various machine learning methods.





Materials and methods




Patients and inclusion criteria

Patient data were retrieved from the Surveillance, Epidemiology, and End Results (SEER) database, supported by the National Cancer Institute, as of May 1, 2023. Clinicopathological information was obtained using SEER*Stat software (version 8.4.3). The SEER-18 registries database (November 2022 Submission), covering approximately 28% of the U.S. population, was used. The study period spanned from January 2010 to December 2015, with the 2015 cutoff ensuring a minimum of 5 years of follow-up for all patients.

Patients with BCa were selected based on the histological code from the International Classification of Diseases for Oncology, Third Edition (ICD-O-3). Inclusion criteria included: a) a pathological diagnosis of UC and b) BCa as the primary cancer. Exclusion criteria were: a) diagnoses outside the study period, b) incomplete basic information (e.g., surgery, chemotherapy, tumor size, metastasis), and c) the presence of other tumors. The SEER data used in this study are publicly available and exempt from Ethics Committee approval. The patient selection flowchart is shown in Figure 1.

[image: Flowchart depicting a selection process from a database. Initially, 27,484 bladder cancer patients from the SEER database (2010-2015) were identified. After excluding 8,267 with other cancers and 16,904 lacking detailed information, 2,313 patients were included for analysis. These were split into a training cohort (1,619 patients) and an internal validation cohort (694 patients).]
Figure 1 | Specific flow chart of the SEER analysis.

Additionally, demographic data and clinical characteristics of patients with BCa admitted to the Department of Urology at the Affiliated Hospital of Guangdong Medical University from January 2021 to December 2023 were collected. The inclusion and exclusion criteria for the Chinese cohort mirrored those applied to the SEER cohort. Informed consent was obtained from all participants. This retrospective study adhered to the Declaration of Helsinki and was approved by the Clinical Research Ethics Committee of the Affiliated Hospital of Guangdong Medical University (ethical approval number: PJKT2024-105).





Study factors

This study incorporated factors such as age, gender, race, tumor size, tumor grade, T stage, N stage, M stage, radiotherapy status, chemotherapy status, and surgery. To ensure cross-database compatibility, all variables were harmonized between SEER and the external cohort using standardized coding. Tumor size was categorized as < 3 cm or ≥ 3 cm based on preoperative imaging (CT/MRI) or pathological reports.

Treatment variables (surgery, chemotherapy, and radiotherapy) were classified as “Yes” if any modality was administered, regardless of specific regimens, due to limitations in SEER data. Metastasis status (M stage) was confirmed via imaging (CT/MRI/PET-CT) or biopsy according to AJCC 8th edition criteria. Data processing was standardized: continuous variables (e.g., age) were categorized before analysis, and missing data led to exclusion based on the inclusion criteria. Bone, brain, and lung metastases were used as the primary outcome factors.





Construction and validation of nomograms

Continuous variables were converted into categorical variables for analysis. For nomogram construction, enrolled patients were randomly divided into a training group and a validation group in a 7:3 ratio. Univariate logistic regression analysis was performed to identify risk factors for predicting DM in patients with BCa. Factors with a P-value < 0.05 from the univariate analysis were further assessed using multivariate logistic regression to identify independent risk factors. These independent risk factors were then used to develop a predictive model for DM risk in patients with BCa using R software, with the results visualized in a nomogram. A calibration curve was generated to depict the relationship between actual and predicted probabilities. Additionally, the receiver operating characteristic (ROC) curve was plotted, and the area under the curve (AUC) was calculated to evaluate the model’s prediction accuracy. An independent external validation cohort was used to calibrate and validate the prediction model.





Comparison with published research

PubMed was searched for studies on BCa utilizing the SEER database to investigate DM. The final outcomes and predictive models from these studies were extracted for comparison with the current research. Six relevant studies were identified.





BCa transcriptome data acquisition

Four BCa transcriptomic datasets (GSE13507, GSE37817, GSE166716, GSE256292) were obtained from the GEO database (https://www.ncbi.nlm.nih.gov/geo/). After batch effect removal and data normalization, these datasets were used as the training cohort. Additionally, the latest TCGA-BCa transcriptomic data from the TCGA-BLCA database (https://portal.gdc.cancer.gov/) was acquired to serve as the validation cohort.





Constructing a machine learning model to screen BCa biomarkers

To identify robust biomarkers for BCa prognosis, a comprehensive computational pipeline was developed, integrating multiple transcriptomic datasets and advanced machine learning. Rigorous preprocessing and harmonization of all datasets ensured data quality and comparability. For microarray-based GEO datasets, background correction and quantile normalization were performed using the Robust Multi-array Average (RMA) algorithm in R. Batch effects across different studies and platforms were corrected using the ComBat algorithm from the sva package. RNA-seq data from TCGA were processed through a standardized pipeline, which included quality control with FastQC, adapter trimming with Trim Galore, and alignment to the GRCh38 reference genome with STAR. Gene-level counts were generated using featureCounts and normalized via the DESeq2 variance stabilizing transformation. Quality control was verified through PCA, which demonstrated that the corrected biological factors accounted for over 80% of the variance.

For feature selection, LASSO regression was applied via the glmnet package, analyzing all 18,543 genes from batch-corrected data against binary metastasis status using 10-fold cross-validation to determine the optimal λ parameter at 1 standard error from the minimum mean squared error. Genes with non-zero coefficients at this threshold were considered candidate biomarkers, and their stability was validated through 100 bootstrap iterations. Only genes selected in more than 80% of the iterations were advanced.





Potential biomarker validation and functional analysis

The final validation incorporated a random forest implementation via the ranger package, with 1,000 trees and a node size of 5, ranking features by permutation-based importance scores. The integration framework prioritized consensus genes that appeared in multiple algorithm outputs, requiring consistent directional effects and validation in the independent TCGA cohort with AUC > 0.75. Biological relevance was further assessed through KEGG pathway analysis, protein-protein interaction networks, and literature verification of cancer associations.





Statistical analysis

Statistical processing was conducted using R software. Count data were expressed as numbers or percentages, while continuous variables following a normal distribution were presented as mean ± standard deviation. Categorical variables were expressed as percentages. Univariate and multivariate logistic regression analyses were performed on SEER database data to identify significant risk factors (P < 0.05). These risk factors were used to construct a predictive model for DM in patients with BCa. The model’s calibration curve, ROC curve, and AUC were generated using Hmisc and ROCR packages in R.

For external validation, the identical nomogram scoring algorithm from the SEER training cohort was applied to the external cohort without recalibration. Model performance, including AUC and calibration curves, was evaluated consistently across all cohorts to eliminate methodological bias. A P-value < 0.05 was considered statistically significant.






Results




Patient characteristics

A total of 27,484 patients with BCa from January 2010 to December 2015 were sourced from the SEER database for this study. After excluding 8,267 patients with other cancers and 16,904 patients with incomplete information, 2,313 eligible cases were selected. These cases were randomly divided into a training cohort of 1,619 cases and an internal validation cohort of 694 cases. The external validation cohort data (n = 112) were sourced from the Affiliated Hospital of Guangdong Medical University, covering the period from January 2021 to December 2023, based on the same inclusion and exclusion criteria.

No statistically significant differences were observed in the demographic and clinical characteristics between the training and internal validation cohorts, as shown in Table 1. The majority of patients were aged 65 years or older, comprising 61.05% of the sample. In terms of T stage, patients with T2-T4 tumors accounted for 94.16%, while those with Tis, Ta, or T1 tumors made up only 5.84%. The training cohort included 63 patients diagnosed with DM, and the internal validation cohort had 27 such patients. A substantial proportion of patients underwent surgery (99.78%), and a significant portion received chemotherapy (52.75%).


Table 1 | Demographic and pathological characteristics of patients with BCa.
	Variable
	Training cohort
	Internal validation cohort
	External validation cohort
	χ2
	P-value


	(n = 1619) (%)
	(n = 694) (%)
	(n = 112) (%)
	
	



	Age
	 
	 
	 
	0.577
	0.448


	 < 65 years
	622 (38.42)
	279 (40.20)
	15 (13.39)
	 
	 


	 ≥ 65 years
	997 (61.58)
	415 (59.80)
	97 (86.61)
	 
	 


	Sex
	 
	 
	 
	0.001
	0.977


	 Female
	422 (26.07)
	182 (26.22)
	28 (25.00)
	 
	 


	 Male
	1197 (73.93)
	512 (73.78)
	84 (75.00)
	 
	 


	Race
	 
	 
	 
	0.077
	0.962


	 Black
	124 (7.66)
	51 (7.35)
	0 (0.00)
	 
	 


	 White
	1405 (86.78)
	605 (87.17)
	0 (0.00)
	 
	 


	 Others
	90 (5.56)
	38 (5.48)
	112 (100.00)
	 
	 


	Tumor size
	 
	 
	 
	0.399
	0.139


	 <3 cm
	480 (30.09)
	196 (26.34)
	75 (66.96)
	 
	 


	 ≥3 cm
	1139 (69.91)
	498 (73.66)
	37 (30.04)
	 
	 


	Grade
	 
	 
	 
	5.496
	0.154


	 Well
	9 (0.56)
	2 (0.29)
	4(3.58)
	 
	 


	 Moderate
	30 (1.85)
	12 (1.73)
	15(13.39)
	 
	 


	 Poor
	345 (21.31)
	177 (25.50)
	39(34.82)
	 
	 


	 Anaplastic
	1235 (76.28)
	503 (72.48)
	54(48.21)
	 
	 


	T stage
	 
	 
	 
	0.037
	0.847


	Tis Ta T1
	93 (5.74)
	42 (6.05)
	71 (63.39)
	 
	 


	 T2-T4
	1526 (94.26)
	652 (93.95)
	41 (36.61)
	 
	 


	N stage
	 
	 
	 
	2.921
	0.404


	 N0
	1029 (63.56)
	460 (66.28)
	53 (47.32)
	 
	 


	 N1
	241 (14.88)
	89 (12.83)
	28 (25.00)
	 
	 


	 N2
	300 (18.53)
	120 (17.29)
	17 (15.18)
	 
	 


	 N3
	49 (3.03)
	25 (3.60)
	14 (12.50)
	 
	 


	M stage
	 
	 
	 
	2.274
	1.000


	 M0
	1556 (96.11)
	667 (96.11)
	92 (82.14)
	 
	 


	 M1
	63 (3.89)
	27 (3.89)
	20 (17.86)
	 
	 


	Radiotherapy
	 
	 
	 
	1.190
	0.275


	 No
	1540 (95.12)
	668 (96.25)
	88 (78.57)
	 
	 


	 Yes
	79 (4.88)
	26 (3.75)
	24 (21.43)
	 
	 


	Chemotherapy
	 
	 
	 
	1.102
	0.294


	 No
	753 (46.51)
	340 (48.99)
	35 (31.25)
	 
	 


	 Yes
	866 (53.49)
	354 (51.01)
	77 (68.75)
	 
	 


	Surgery
	 
	 
	 
	4.459
	1.000


	 No
	4 (0.25)
	1 (0.14)
	34 (30.36)
	 
	 


	 Yes
	1615 (99.75)
	693 (99.86)
	78 (69.64)
	 
	 







In the external validation cohort, 15 cases (13.39%) were in the < 65 years group, and 97 cases (86.61%) were in the ≥ 65 years group. Regarding T stage, 71 cases (63.39%) were in the Tis, Ta, T1 group, while 41 cases (36.61%) were in the T2-T4 group. Of the cohort, 35 cases (31.25%) did not undergo chemotherapy, while 77 cases (68.75%) received chemotherapy. In terms of surgery, 34 cases (30.36%) did not undergo surgery, and 78 cases (69.64%) did.





Univariate and multivariate analyses

Univariate and multivariate logistic regression analyses were performed on the training cohort to assess each prognostic factor, as shown in Table 2. The univariate analysis identified grade, T stage, N stage, radiotherapy, chemotherapy, and surgery as significant factors (P < 0.05). In the multivariate regression analysis, a maximum tumor diameter of ≥ 3 cm, N1-N3 stage, and the absence of surgery (P < 0.05) emerged as independent prognostic factors. These factors were subsequently included in the nomogram, as depicted in Figure 2.


Table 2 | Univariate and multivariate analyses of the clinicopathological parameters using the SEER training cohort.
	Variable
	Univariate
	Multivariate


	HR
	95%CI
	P
	HR
	95%CI
	P



	Age
	 
	 
	 
	 
	 
	 


	<65 years
	Reference
	 
	 
	 
	 
	 


	≥65 years
	1.014
	0.660 - 1.581
	0.957
	 
	 
	 


	Sex
	 
	 
	 
	 
	 
	 


	Female
	Reference
	 
	 
	 
	 
	 


	Male
	0.809
	0.516 - 1.303
	0.451
	 
	 
	 


	Race
	 
	 
	 
	 
	 
	 


	Black
	Reference
	 
	 
	 
	 
	 


	White
	0.771
	0.394 - 1.714
	0.556
	 
	 
	 


	Others
	0.915
	0.290 - 2.678
	0.893
	 
	 
	 


	Tumor size
	 
	 
	 
	 
	 
	 


	< 3 cm
	Reference
	 
	 
	Reference
	 
	 


	≥ 3 cm
	2.605
	1.483 - 4.966
	0.009
	2.165
	1.218 - 4.168
	0.037


	Grade
	 
	 
	 
	 
	 
	 


	Well
	Reference
	 
	 
	 
	 
	 


	Moderate
	2.783
	2.504 - 4.142
	0.052
	 
	 
	 


	Poor
	5.592
	4.871 - 6.158
	0.006
	 
	 
	 


	Anaplastic
	4.311
	3.197 - 6.231
	0.034
	 
	 
	 


	T stage
	 
	 
	 
	 
	 
	 


	Tis Ta T1
	Reference
	 
	 
	 
	 
	 


	T2-T4
	3.896
	1.031 - 37.331
	0.180
	 
	 
	 


	N stage
	 
	 
	 
	 
	 
	 


	N0
	Reference
	 
	 
	Reference
	 
	 


	N1
	2.644
	1.217 - 4.551
	0.009
	2.534
	1.326 - 4.716
	0.015


	N2
	4.387
	3.001 - 8.417
	<0.001
	3.819
	2.239 - 6.566
	<0.001


	N3
	8.408
	2.382 - 13.770
	<0.001
	8.145
	3.551 - 17.447
	<0.001


	Radiotherapy
	 
	 
	 
	 
	 
	 


	No
	Reference
	 
	 
	Reference
	 
	 


	Yes
	2.576
	1.220 - 4.906
	0.024
	1.701
	0.760 - 3.412
	0.240


	Chemotherapy
	 
	 
	 
	 
	 
	 


	No
	Reference
	 
	 
	Reference
	 
	 


	Yes
	1.777
	1.146 - 2.813
	0.035
	1.217
	0.765 - 1.970
	0.494


	Surgery
	 
	 
	 
	 
	 
	 


	No
	Reference
	 
	 
	Reference
	 
	 


	Yes
	0.039
	0.007 - 0.226
	0.001
	0.028
	0.004 - 0.196
	0.002







[image: Nomogram displaying scoring for tumor size, N stage, and surgery. Tumor size is divided into less than three centimeters and greater than or equal to three centimeters. N stage includes N0, N1, N2, and N3. Surgery is marked as yes or no. Points range from zero to one hundred, with total points extending from zero to one hundred eighty. Risk is indicated from zero to 0.5.]
Figure 2 | Nomogram prediction model of BCa distant metastasis.





Nomograms construction and validation

Three independent risk factors—maximum tumor diameter ≥ 3 cm, N1-N3 stage, and absence of surgery—identified through logistic regression analysis were used as the final predictors in this study. A clinical prediction model, developed using R software, was presented as a nomogram to predict DM in patients with BCa (Figure 2). Surgery had the most significant contribution to prognosis, followed by N stage and tumor size. In the nomogram, each factor is aligned with a fractional axis, and a vertical line is drawn to obtain the corresponding score. The total score is derived by summing the scores of each factor on the total axis, reflecting its influence on the progression of DM in BCa.

ROC curve analysis showed that the optimal diagnostic cut-off point for the training group was 0.045, with a sensitivity of 66.70% and specificity of 69.00%. For the internal validation group, the cut-off point was 0.058, with sensitivity at 63.00% and specificity at 80.70%. The external validation group showed a cut-off point of 0.070, with sensitivity and specificity at 95.70% and 93.30%, respectively. Calibration curve and standard curve fitting for the training group were moderate, with an AUC of 0.732, indicating strong discriminative ability of the prediction model. The predicted calibration curve for the internal validation group closely matched the standard curve, indicating the nomogram’s robust predictive capacity. The AUC for the internal validation group was 0.750, and for the external validation group, it was 0.968 (Figure 3).

[image: Composite image of six graphs labeled A to F. Graphs A, B, and C show calibration curves comparing actual versus predicted probabilities with lines for apparent, bias-corrected, and ideal models. Graphs D, E, and F show ROC curves with sensitivity versus specificity. Areas under the curve (AUC) are 0.732 for D, 0.750 for E, and 0.968 for F.]
Figure 3 | Calibration plots of the constructed nomogram for predicting distant metastasis risk in the training cohort (A), internal validation cohort (B), and external validation cohort (C). Receiver operating characteristic (ROC) curves for discrimination of distant metastasis risk in the training cohort (D), internal validation cohort (E), and external validation cohort (F). AUC, area under the curve; SEER, Surveillance, Epidemiology, and End Results.





Analysis of external validation performance

The external validation cohort demonstrated a higher AUC (0.968) compared to the training (0.732) and internal validation (0.750) cohorts. This discrepancy is likely due to the distinct clinicopathological profile of the external cohort (Table 1), which included a significantly larger proportion of non-muscle invasive tumors (Tis/Ta/T1: 63.39% vs. 5.84% in SEER), a higher rate of DM (M1: 17.86% vs. 3.89% in SEER), and a substantially lower surgery rate (non-surgical: 30.36% vs. 0.25% in SEER).

Given that the absence of surgery and advanced N stage were the strongest predictors in our nomogram, the higher concentration of these high-risk features in the external cohort likely enhanced the model’s discriminative power. Although the sample size was limited (n = 112), the rigorous inclusion criteria ensured data quality. These differences reflect real-world patient allocation and provide a robust test of the model’s performance across diverse settings.





Comparing multiple research models

The predictive performance of our model for DM in BCa was compared with several recently published models developed using SEER data. As summarized in Table 3, the internally validated C-index for our model, incorporating the predictors tumor size ≥ 3 cm, nodal stage N1-N3, and non-receipt of surgery, was 0.750. This performance is comparable to, or exceeds, the predictive accuracy of several SEER-based studies on BCa DM, which reported C-indices/AUCs ranging from 0.688 to 0.722 (Table 3).


Table 3 | Comparison of the predictive power of exposure factors for BCa DM between this study and other studies.
	Research
	Outcomes
	Exposure
	C-index/AUC
	PMID



	This research (internal validation group)
	BCa With DM
	T ≥ 3 cm, N1-N3, not undergo surgery
	0.750
	/


	This research (external validation group)
	BCa With DM
	T ≥ 3 cm, N1-N3, not undergo surgery
	0.968
	/


	Liangjun Tao, et al.
	BCa With DM
	Marital Status
	0.722
	33194738


	Xin Chang Zou, et al.
	BCa With DM
	non-regional lymph nodes, age, and chemotherapy
	0.877
	39735606


	Jiafeng Shou, et al.
	BCa With DM
	different distant metastases pattern
	/
	34028594


	Ping Wang, et al.
	BCa With DM
	significance of histology type and metastatic pattern
	0.711
	33107706


	Qian Deng, et al.
	BCa With DM
	T2-T4 MIBC patients aged > 18 years old
	0.688
	40189676


	Jiaxiang Ji, et al.
	BCa With DM
	efficacy of cystectomy
	/
	39974803







Notably, when externally validated using our independent, prospectively collected cohort, the predictive power of our model significantly improved, achieving an outstanding C-index of 0.968. This result far surpasses the performance metrics of all other SEER-based studies, including the highest previously reported AUC of 0.877. This comparative analysis highlights the robust discriminatory power of our model, especially its exceptional performance in the external validation cohort, suggesting strong generalizability beyond the derivation cohort.





Machine learning explores potential biomarkers of BCa

PCA demonstrated excellent data quality across datasets, with corrected biological factors explaining more than 80% of the variance (Figure 4A). Batch effect analysis identified 253 differentially expressed genes in BCa that met the criteria of logFC > 1 and P < 0.05 (Figure 4B). Integrated machine learning approaches, including LASSO regression and Random Forest algorithms, identified 15 and 6 potential BCa biomarkers, respectively, with SRPX and ADH1B emerging as consensus candidates from both methods (Figures 4D, E). Comparative expression analysis revealed that both SRPX and ADH1B were significantly downregulated in tumor tissues compared to normal bladder tissues (P < 0.05) across both training and validation cohorts, suggesting their potential protective roles in BCa pathogenesis (Figure 4C). ROC curve analysis demonstrated robust diagnostic performance, with AUC values exceeding 0.7 for both biomarkers in all cohorts (Figures 4F, G). These findings position SRPX and ADH1B as promising diagnostic biomarkers with potential clinical utility for BCa prognosis prediction. Notably, ADH1B exhibited particularly strong performance in the validation cohort (AUC = 0.983 in the TCGA dataset), highlighting its potential as a superior biomarker candidate.

[image: A series of charts and graphs depict statistical analyses and results. Panel A shows PCA plots before and after batch correction. Panel B displays a volcano plot with significant genes highlighted. Panel C includes violin and box plots comparing gene expression levels in control and treatment groups as well as normal and tumor types. Panel D presents a lasso regression plot and a random forest error graph. Panel E is a Venn diagram showing overlap between LASSO and Random Forest selected variables. Panels F and G feature ROC curves for ADH1B and SRPX genes, indicating predictive accuracy with AUC values and confidence intervals.]
Figure 4 | Machine learning screening for potential biomarkers of BCa: (A, B) PCA and BCa volcano plots of differentially expressed genes. (C) Expression levels of SRPX and ADH1B. (D) LASSO and Random Forest analysis. (E) Intersection gene Venn plot. (F, G) ROC curves for the training and validation groups. *P < 0.05, **P < 0.01, ***P < 0.001.

GO enrichment analysis of ADH1B-associated genes in BCa revealed significant functional associations across biological processes, cellular components, and molecular functions. The most prominent findings were centered around muscle system-related activities, with strong enrichment for muscle contraction, actomyosin structure organization, and smooth muscle contraction (Figure 5). Cellular component analysis showed notable associations with contractile fibers, myosin filaments, and focal adhesions, while molecular function analysis revealed ADH1B’s involvement in calmodulin binding and actin binding. ADH1B may influence BCa progression through modulation of muscle-related functions and extracellular matrix organization, potentially affecting tumor stiffness and metastatic potential.
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Figure 5 | Functional analysis of GO and KEGG mediated by ADH1B in BCa.

KEGG pathway enrichment analysis of ADH1B-associated genes revealed significant involvement in several key biological pathways related to the BCa progression. The most significantly enriched pathway was cytoskeletal organization in muscle cells, with four genes (FHL1, MYH11, DES, ACTG2) showing strong associations. Vascular smooth muscle contraction and motor protein function also demonstrated significant enrichment, further supporting ADH1B’s potential role in muscle-related cellular processes (Figure 5). Additionally, the regulation of the actin cytoskeleton pathway was notably represented, suggesting that ADH1B may influence cancer cell motility and metastasis.






Discussion

BCa ranks as the second most common malignancy within the urothelial system (18). At the time of diagnosis, 10%-15% of patients typically present with disease progression or metastasis (19). For patients with BCa without DM, surgical intervention is the preferred first-line treatment. In contrast, patients with DM are more commonly managed with chemotherapy (20–22), immunotherapy (23), or targeted therapy (24), commonly recommended (25). Despite aggressive surgical resection, over 50% of patients with BCa will develop distant micro-metastases postoperatively (26). Patients with DM from BCa can still benefit from interventions following the resection of both metastases and primary tumors (27). Platinum-based chemotherapy remains the cornerstone of treatment for metastatic UC (mUC), but the median overall survival (mOS) rarely exceeds 3 to 6 months (28). While surgical and chemotherapeutic approaches can manage BCa effectively and improve OS rates (29), the high recurrence and metastasis rates post-surgery contribute to a 5-year survival rate of only 50%-60% for patients with BCa (19).

Currently, the diagnosis of tumor-derived DM primarily depends on computed tomography (CT), magnetic resonance imaging (MRI), and positron emission tomography (PET). While PET offers superior sensitivity compared to CT and MRI, its high cost restricts its routine clinical use (30). Thus, there is a pressing need for the development of novel diagnostic methodologies capable of more sensitively and effectively identifying high-risk individuals for DM prior to surgery. The nomogram, a multivariate prediction model based on individual patient characteristics, serves as a valuable tool. It not only estimates disease risk but also assists clinicians in identifying high-risk groups and tailoring more appropriate treatment strategies (31).

Among the patients in the SEER database, 2,223 (96.11%) did not have DM, while 90 (3.89%) were diagnosed with DM. In the external validation group, 92 patients (82.14%) had no DM, and 20 patients (17.86%) had DM. Ten factors were evaluated: age, sex, race, tumor size, grade, T stage, N stage, radiotherapy, chemotherapy, and surgery. Univariate logistic regression revealed that tumor size, N stage, radiotherapy, chemotherapy, and surgery significantly influenced DM in patients with BCa. Multivariate logistic regression further identified the maximum tumor diameter of ≥ 3 cm, N1-N3 stage, and absence of surgical intervention as independent risk factors for DM in BCa. A nomogram prediction model was then developed based on these three independent risk factors. Model’s predictive performance was assessed, with the calibration and standard curves of the training group aligning well, yielding an AUC of 0.732, indicating good discriminative ability. The calibration curve for the internal validation group closely matched the standard curve, with an AUC of 0.750, demonstrating the model’s strong predictive capability. The external validation group achieved an AUC of 0.968. The prediction model developed in this study outperforms those based on single factors, aiding clinicians in promptly and accurately identifying high-risk patients with BCa and informing clinical intervention strategies.

Epidemiological studies of BCa indicate a predominant impact on elderly male patients, with a median age of diagnosis of 70 years (32–34) and a male-to-female ratio of approximately 77% to 23% (35). Research supports the higher incidence in men compared to women (32). Additionally, a study demonstrated that age and pathological grade influence the progression of NMIBC (34). Another study identified age and gender, particularly women aged 40–60 years, as independent risk factors for DM in BCa (27).

In this study, the training and internal validation groups consisted of 901 patients (38.95%) under 65 years and 1,412 patients (61.05%) aged 65 years or older. The male-to-female ratio was approximately 74% male to 26% female, consistent with the existing literature. The external validation group reflected similar proportions. However, univariate logistic regression analysis did not find age to be a significant factor for DM in BCa, possibly due to the classification of age groups in this study. More detailed age stratification may be required to fully understand its impact.

The data from this study identified a maximum tumor diameter ≥ 3 cm and N1-N3 stage as independent risk factors for DM in patients with BCa. Interestingly, tumor stage and tumor grade did not significantly influence DM in BCa in the univariate logistic regression analysis, despite other studies demonstrating associations between these factors and DM in patients with BCa (36, 37), including lymph node infiltration and TNM stage. In a SEER database analysis, Shou et al. also found that BCa individuals with advanced tumor stages, positive lymph node metastasis, and high histological grades were susceptible to DM (38). As tumor stage advances, the degree of tumor cell differentiation decreases, weakening the adhesion between tumor cells and promoting metastasis. Furthermore, T stage, tumor grade, and tumor size significantly influence lymph node metastasis in BCa (39). Additional research has confirmed that higher T and N stages, as well as lower tumor differentiation, are independent risk factors for DM in BCa (40).

Surgical resection remains a critical aspect of BCa treatment. Several clinical studies have shown that transurethral resection can reduce the risk of recurrence and DM in patients with T2 BCa (41). The radical resection decreases recurrence and metastasis, thereby improving the survival rate of patients with BCa (42). The nomogram prediction model in this study suggests that patients who undergo surgery have a lower risk of DM compared to those who do not, which is consistent with findings from related studies. However, due to the lack of specific surgical methods and non-surgical data in the SEER database, patients were categorized solely based on whether they had surgery. Notably, some patients who did not undergo surgery may have been ineligible due to DM at the time of treatment, rather than opting out of surgery as early-stage patients. Univariate logistic regression analysis in this study revealed significant differences in the effects of radiotherapy and chemotherapy on DM in patients with BCa. One study reported that arterial perfusion combined with bladder perfusion chemotherapy can slow the progression of MIBC, reduce the recurrence rate of postoperative metastasis, and improve patients’ quality of life (43). Radiotherapy, a non-invasive treatment, has been shown to decrease the likelihood of postoperative recurrence and metastasis in patients with BCa (44). Additionally, radiotherapy serves as a palliative treatment for BCa individuals with DM (45), with improvements in pain typically observed within 2–6 weeks post-treatment (40).

Through comprehensive screening using the LASSO and Random Forest algorithms, SRPX and ADH1B were identified as potential biomarkers for BCa. Subsequent ROC curve and Kaplan-Meier survival analyses consistently demonstrated that ADH1B is the most promising novel biomarker for BCa, exhibiting exceptional diagnostic performance (AUC = 0.983 in the TCGA cohort, AUC = 0.881 in the GEO cohort) and significant prognostic value (P < 0.05). The protein encoded by ADH1B is a member of the alcohol dehydrogenase family, characterized by high ethanol oxidation activity and involvement in ethanol metabolism (46). In pan-cancer tissues, ADH1B expression is significantly downregulated (47). ADH1B activity levels in the serum of patients with BCa are significantly elevated, with higher activity potentially linked to metastatic tumors (48). A study by Masaoka et al. revealed that ADH1B is significantly associated with an increased BCa risk, with individuals carrying the ADH1B Arg+ variant having the highest risk of developing the disease (49). However, the molecular mechanisms through which ADH1B regulates and mediates BCa progression remain unclear. Our study demonstrates that ADH1B is downregulated in BCa tissues, where it functions as a protective factor. KEGG pathway analysis suggests that ADH1B primarily regulates complement and coagulation cascades, actin cytoskeleton organization, and muscle cell cytoskeletal functions. Nonetheless, its precise biological roles warrant further exploration through in vitro functional studies.

Although the prediction model developed in this study shows strong predictive capability, several limitations must be acknowledged. Firstly, this model relies on the SEER database, which lacks specific clinical details such as chemotherapy regimens, laboratory indicators, surgical methods, and critically, patient behavioral factors like smoking status and history. The absence of smoking data, a known risk factor for BCa progression, limits the ability to fully assess metastatic risk profiles. Additionally, the tumor size thresholds used in the model were derived from prior studies, which may not fully align with current clinical data, potentially introducing selection bias. As with any large-scale registry database, retrospective analyses using SEER data are subject to inherent limitations in data granularity and the potential for unmeasured confounding factors.

Secondly, while external validation was conducted, it relied on a cohort from a single institution with a relatively limited sample size (n = 112). The SEER training data covered the period from January 2010 to December 2015, whereas the external validation cohort comprised patients with BCa treated at the Affiliated Hospital of Guangdong Medical University between January 2021 and December 2023. The combination of a single-center validation cohort and the temporal gap between datasets raises concerns about the model’s generalizability. Variations in race, regional healthcare practices, diagnostic methodologies, and evolving treatment strategies over time may influence the model’s performance across different populations and contemporary clinical settings, highlighting the need for further validation.

Thirdly, to enhance broader applicability and robustness, future efforts should focus on expanding the dataset and incorporating validation across multiple regional hospitals. The model’s performance could also be enhanced by integrating additional clinically relevant variables, such as smoking history and detailed molecular markers, where available.

In summary, this study analyzed clinical data from 2,313 patients with BCa in the SEER database and 112 patients with BCa from the Affiliated Hospital of Guangdong Medical University. The study identified tumor size, N stage, and surgery as independent risk factors for DM in patients with BCa. The resulting nomogram prediction model demonstrated strong predictive performance, outperforming models based on single factors. To enhance the clinical applicability of the prediction model, future work should address the identified limitations and focus on improving relevant clinical indicators. Additionally, our research suggests that ADH1B may serve as a novel biomarker for BCa, exhibiting high sensitivity for its diagnosis.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Clinical Research Ethics Committee of Affiliated Hospital of Guangdong Medical University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

QT: Writing – original draft. YL: Writing – original draft. KL: Writing – review & editing, Data curation. GH: Writing – review & editing, Data curation. LG: Writing – review & editing, Data curation. YT: Data curation, Writing – review & editing. HL: Writing – original draft, Supervision, Funding acquisition.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This study was supported by Guangdong Basic and Applied Basic Research Foundation (2022A1515012195, 2024A1515012742), Guangdong Medical University Undergraduate Innovation and Entrepreneurship Training Program (GDMU2023231, GDMUCX2024017, GDMUCX2024268), the high-level talents scientific research start-up funds of the Affiliated Hospital of Guangdong Medical University (GCC2024021), and the Big Data Platform of Affiliated Hospital of Guangdong Medical University.




Acknowledgments

We extend our gratitude to all the staff of the SEER database for their contributions to data collection, maintenance, and distribution. Their efforts are critical to advancing research and improving public health outcomes. Additionally, we thank Bullet Edits Limited for the linguistic editing and proofreading of the manuscript.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





References

	 Comperat E, Amin MB, Cathomas R, Choudhury A, De Santis M, Kamat A, et al. Current best practice for bladder cancer: A narrative review of diagnostics and treatments. Lancet. (2022) 400:1712–721. doi: 10.1016/S0140-6736(22)01188-6, PMID: 36174585


	 Lopez-Beltran A, Cookson MS, Guercio BJ, Cheng L. Advances in diagnosis and treatment of bladder cancer. Bmj. (2024) 384:e076743. doi: 10.1136/bmj-2023-076743, PMID: 38346808


	 Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. Cancer J Clin. (2024) 74:12–49. doi: 10.3322/caac.21820, PMID: 38230766


	 Li F, Zheng Z, Chen W, Li D, Zhang H, Zhu Y, et al. Regulation of cisplatin resistance in bladder cancer by epigenetic mechanisms. Drug Resist Update. (2023) 68:100938. doi: 10.1016/j.drup.2023.100938, PMID: 36774746


	 Dong Y, Xu C, Su G, Li Y, Yan B, Liu Y, et al. Clinical value of anoikis-related genes and molecular subtypes identification in bladder urothelial carcinoma and in vitro validation. Front Immunol. (2023) 14:1122570. doi: 10.3389/fimmu.2023.1122570, PMID: 37275895


	 Mikhaleva LM, Pechnikova VV, Pshikhachev AM, Rogov KA, Gusniev MA, Patsap OI, et al. Bladder cancer: update on risk factors, molecular and ultrastructural patterns. Curr Med Chem. (2021) 28:8517–33. doi: 10.2174/0929867328666210309111731, PMID: 33687878


	 Awiwi MO, Vikram R. Radiologic diagnosis and staging of bladder cancer: an update. J Comput Assist Tomogr. (2022) 46:530–44. doi: 10.1097/RCT.0000000000001322, PMID: 35723651


	 Xu T, Gu W, Wang X, Xia L, He Y, Dong F, et al. Distant metastasis without regional progression in non-muscle invasive bladder cancer: case report and pooled analysis of literature. World J Surg Oncol. (2022) 20:15–21. doi: 10.1186/s12957-022-02664-5, PMID: 35794571


	 Kapoor A, Niazi T, Noonan K, Rendon RA, Alimohamed N, Kassouf W, et al. American society of clinical oncology (ASCO) genitourinary cancers symposium: meeting highlights. Can Urol Assoc J. (2022) 16:125–31. doi: 10.5489/cuaj.7875, PMID: 35358413


	 Rhea LP, Mendez-Marti S, Kim D, Aragon-Ching JB. Role of immunotherapy in bladder cancer. Cancer Treat Res Commun. (2021) 26:100296. doi: 10.1016/j.ctarc.2020.100296, PMID: 33421822


	 Cathomas R, Lorch A, Bruins HM, Comperat EM, Cowan NC, Efstathiou JA, et al. The 2021 updated european association of urology guidelines on metastatic urothelial carcinoma. Eur Urol. (2022) 81:95–103. doi: 10.1016/j.eururo.2021.09.026, PMID: 34742583


	 Cheng H, Xu J, Kang X, Liu X, Wang H, Wang Z, et al. Nomogram for predicting the preoperative lymph node metastasis in resectable pancreatic cancer. J Cancer Res Clin Oncol. (2023) 149:12469–77. doi: 10.1007/s00432-023-05048-8, PMID: 37442865


	 Zhang X, Chang L, Zhu Y, Mao Y, Zhang T, Zhang Q, et al. Establishment and validation of nomograms to predict survival probability of advanced Malignant pleural mesothelioma based on the SEER database and A chinese medical institution. Front Endocrinol. (2023) 14:1139222. doi: 10.3389/fendo.2023.1139222, PMID: 37124752


	 Zhang JY, Wang X. Analysis of clinicopathological features and prognostic factors of rectal signet ring cell carcinoma based on SEER database. Chongqing Med. (2023) 52:15–21. doi: 10.3969/j.issn.1671-8348.2023.01.004


	 Yin H, Xie J, Xing S, Lu X, Yu Y, Ren Y, et al. Machine learning-based analysis identifies and validates serum exosomal proteomic signatures for the diagnosis of colorectal cancer. Cell Rep Med. (2024) 5:101689. doi: 10.1016/j.xcrm.2024.101689, PMID: 39168094


	 Kong J, Ha D, Lee J, Kim I, Park M, Im SH, et al. Network-based machine learning approach to predict immunotherapy response in cancer patients. Nat Commun. (2022) 13:3703. doi: 10.1038/s41467-022-31535-6, PMID: 35764641


	 Li Y, Zuo L, Song X, Huang Y, Zou K, Dong X, et al. Developing angiogenesis-related prognostic biomarkers and therapeutic strategies in bladder cancer using deep learning and machine learning. Sci Rep. (2025) 15:25534. doi: 10.1038/s41598-025-08945-9, PMID: 40665008


	 Lenis AT, Lec PM, Chamie K, Mshs MD. Bladder cancer: A review. Jama. (2020) 324:1980–91. doi: 10.1001/jama.2020.17598, PMID: 33201207


	 Dong F, Shen Y, Gao F, Xu T, Wang X, Zhang X, et al. Prognostic value of site-specific metastases and therapeutic roles of surgery for patients with metastatic bladder cancer: A population-based study. Cancer Manag Res. (2017) 9:611–26. doi: 10.2147/CMAR.S148856, PMID: 29180897


	 Forde PM, Spicer J, Lu S, Provencio M, Mitsudomi T, Awad MM, et al. Neoadjuvant nivolumab plus chemotherapy in resectable lung cancer. N Engl J Med. (2022) 386:1973–985. doi: 10.1056/NEJMoa2202170, PMID: 35403841


	 Funt SA, Lattanzi M, Whiting K, Al-Ahmadie H, Quinlan C, Teo MY, et al. Neoadjuvant atezolizumab with gemcitabine and cisplatin in patients with muscle-invasive bladder cancer: A multicenter, single-arm, phase II trial. J Clin Oncol. (2022) 40:1312–22. doi: 10.1200/JCO.21.01485, PMID: 35089812


	 Martinez Chanza N, Carnot A, Barthelemy P, Casert V, Sautois B, Van den Brande J, et al. 659MO avelumab (A) as the basis of neoadjuvant chemotherapy (NAC) regimen in platinum eligible and ineligible patients (pts) with non-metastatic muscle invasive bladder cancer (NM-MIBC). Ann Oncol. (2021) 32:S683. doi: 10.1016/j.annonc.2021.08.055


	 Peyrottes A, Ouzaid I, Califano G, Hermieu JF, Xylinas E. Neoadjuvant immunotherapy for muscle-invasive bladder cancer. Medicina (Kaunas). (2021) 57:769. doi: 10.3390/medicina57080769, PMID: 34440975


	 Gao J, Navai N, Alhalabi O, Siefker-Radtke A, Campbell MT, Tidwell RS, et al. Neoadjuvant PD-L1 plus CTLA-4 blockade in patients with cisplatin-ineligible operable high-risk urothelial carcinoma. Nat Med. (2020) 26:1845–51. doi: 10.1038/s41591-020-1086-y, PMID: 33046869


	 van Dijk N, Gil-Jimenez A, Silina K, Hendricksen K, Smit LA, de Feijter JM, et al. Preoperative ipilimumab plus nivolumab in locoregionally advanced urothelial cancer: the NABUCCO trial. Nat Med. (2020) 26:1839–44. doi: 10.1038/s41591-020-1085-z, PMID: 33046870


	 Soave A, Riethdorf S, Pantel K, Fisch M, Rink M. Do circulating tumor cells have a role in deciding on adjuvant chemotherapy after radical cystectomy? Curr Urol Rep. (2015) 16:46. doi: 10.1007/s11934-015-0520-z, PMID: 26025496


	 Wang P, Zang S, Li G. The role of surgery on the primary tumor site in bladder cancer with distant metastasis: significance of histology type and metastatic pattern. Cancer Med. (2020) 9:9293–302. doi: 10.1002/cam4.3560, PMID: 33107706


	 Lobo N, Mount C, Omar L. Landmarks in the treatment of muscle-invasive bladder cancer. Nat Rev Urol. (2017) 14:565–74. doi: 10.1038/nrurol.2017.82, PMID: 28675174


	 Facchini G, Cavaliere C, Romis L, Mordente S, Facchini S, Iovane G, et al. Advanced/metastatic bladder cancer: current status and future directions. Eur Rev Med Pharmacol Sci. (2020) 24:11536–1552. doi: 10.26355/eurrev_202011_23795, PMID: 33275220


	 Zhang T, Ke CX. Advances in the diagnosis of pelvic lymph node metastasis of bladder cancer. J Med Res. (2021) 50:14–7. doi: 10.11969/j.issn.1673-548X.2021.01.004


	 Balachandran VP, Gonen MP, Smith JJ, DeMatteo RP. Nomograms in oncology: more than meets the eye. Lancet Oncol. (2015) 16:e173–80. doi: 10.1016/S1470-2045(14)71116-7, PMID: 25846097


	 Mancini M, Righetto M, Baggio G. Spotlight on gender-specific disparities in bladder cancer. Urologia. (2020) 87:103–14. doi: 10.1177/0391560319887327, PMID: 31868559


	 Wang QC, Cao JY, Wang G. Age factors on the efficacy of patients with bladder cancer after radical surgery and related factors analysis. J Clin Urol. (2020) 35:358–60. doi: 10.13201/j.issn.1001-1420.2020.05.006


	 Zhang ZW, Yang S, Chen JY. Analysis of risk factors for prognosis of bladder carcinoma in situ and construction of nomogram. Modern Med Health. (2024) 40:753–8. doi: 10.3969/j.issn.1009-5519.2024.05.007


	 Siegel RL, Miller KD, Fuchs HE. Cancer statistics, 2021. CA Cancer J Clin. (2021) 71:7–33. doi: 10.3322/caac.21654, PMID: 33433946


	 Jin Y, Li JS, Li B. Relationship between peripheral blood circulating tumor cells and clinical characteristics, recurrence and metastasis of bladder cancer patients. Cancer Progression. (2019) 17:847–50. doi: 10.11877/j.issn.1672-1535.2019.17.07.29


	 Zhang JY. Prognostic factors of postoperative patients with bladder cancer. Chin J Geriatrics. (2022) 42:830–3. doi: 10.3969/j.issn.1005-9202.2022.04.018


	 Shou J, Zhang Q, Zhang D. The prognostic effect of metastasis patterns on overall survival in patients with distant metastatic bladder cancer: A SEER population-based analysis. World J Urol. (2021) 39:4151–8. doi: 10.1007/s00345-021-03721-6, PMID: 34028594


	 Tian Z, Meng L, Wang X, Diao T, Hu M, Wang M, et al. Predictive nomogram and risk factors for lymph node metastasis in bladder cancer. Front Oncol. (2021) 11:690324. doi: 10.3389/fonc.2021.690324, PMID: 34222019


	 Yi L, Ai K, Li X, Li Z, Li Y. Bone metastasis in bladder cancer. J Pers Med. (2023) 13:54. doi: 10.3390/jpm13010054, PMID: 36675715


	 Liu HJ, Xu ZQ, Su CQ. Effect of comprehensive bladder-sparing therapy based on TURBT on postoperative complications and disease recurrence in patients with stage T-2 muscle-invasive bladder cancer. Med Theory Pract. (2023) 36:3663–665. doi: 10.19381/j.issn.1001-7585.2023.21.022


	 Zhou XY, Hou YK, Mulati R. Survival analysis of patients after radical resection of bladder cancer. West Med. (2023) 35:1679–83. doi: 10.3969/j.issn.1672-3511.2023.11.022


	 Feng DS, Zhang YQ, Zhou DF. Effects of different chemotherapy methods on GQOLI-74 score and recurrence rate after bladder-sparing surgery for muscle-invasive bladder cancer. J Med Forum. (2022) 43:78–80. doi: 10.3969/j.issn.1674-4659.2022.06.0869


	 Dove A, Ryckman J, Chhabra A, Beckta J, Chowdhary M. American society of clinical oncology 2022 annual meeting highlights for radiation oncologists. Adv Radiat Oncol. (2023) 8:101107. doi: 10.106/j.adro.2022.101107, PMID: 36711066


	 Basile G, Bandini M, Gibb EA. Neoadjuvant pembrolizumab and radical cystectomy in patients with muscle-invasive urothelial bladder cancer: 3-year median follow-up update of PURE-01 trial. Clin Cancer Res. (2022) 28:5107–114. doi: 10.1158/1078-0432.CCR-22-2158, PMID: 36190522


	 Koyanagi YN, Nakatochi M, Namba S, Oze I, Charvat H, Narita A, et al. Genetic architecture of alcohol consumption identified by a genotype-stratified GWAS and impact on esophageal cancer risk in Japanese people. Sci Adv. (2024) 10:eade2780. doi: 10.1126/sciadv.ade2780, PMID: 38277453


	 Zhang GH, Mai RQ, Huang B. Meta-analysis of ADH1B and ALDH2 polymorphisms and esophageal cancer risk in China. World J Gastroenterol. (2010) 16:6020–5. doi: 10.3748/wjg.v16.i47.6020, PMID: 21157980


	 Orywal K, Jelski W, Werel T, Szmitkowski M. The activity of class I, II, III and IV alcohol dehydrogenase isoenzymes and aldehyde dehydrogenase in the sera of bladder cancer patients. Acta Biochim Pol. (2017) 64:81–4. doi: 10.18388/abp.2016_1289, PMID: 27718498


	 Masaoka H, Ito H, Soga N, Hosono S, Oze I, Watanabe M, et al. Aldehyde dehydrogenase 2 (ALDH2) and alcohol dehydrogenase 1B (ADH1B) polymorphisms exacerbate bladder cancer risk associated with alcohol drinking: gene-environment interaction. Carcinogenesis. (2016) 37:583–8. doi: 10.1093/carcin/bgw033, PMID: 26992901







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Tang, Li, Liu, Huang, Gao, Tang and Liu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-15-1607173-g005.jpg
—log10(pvalue)

3.43 4.025 5.14

—log10(pvalue)

1.34 2.54571428571429 5.75

Gene Ontology

I elastic fiber assembly

~ myosin filament

 actomyosin structure organization
[ contractile fiber

B extracellular matrix assembly

[ intercalated disc

[ muscle contraction

B cell-cell contact zone

KEGG pathway

I Cytoskeleton in muscle cells

] Vascular smooth muscle contraction

~ Motor proteins

B Regulation of actin cytoskeleton

~ Virion - Lassa virus and SFTS virus
 Arrhythmogenic right ventricular cardiomyopathy
[l Complement and coagulation cascades






OEBPS/Images/cover.jpg
, frontiers | Frontiers in Oncology

Development and validation of a risk
prediction model for distant metastasis
in muscle-invasive bladder cancer: a
retrospective study integrating
SEER data with external validation
cohort and biomarker analysis





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-15-1607173-g001.jpg
Patients with BCa diagnosed in the SEER database between 2010
and 2015 (n=27,484)

Internal Validation

Cohort (n=694)






OEBPS/Images/fonc-15-1607173-g003.jpg
Actual probability

Sensitivity

0.4

1.0

0.8

0.6

0.2

0.0

0.15

0.10

0.05

0.00

112

1.0

0.05

0.10

Nomogram predicted probability

0.8

0.6

0.4

Specificity

0.2

Apparent

Bias-corrected

|deal

0.15

0.0 -0.2

Sensitivity

0.4

Actual probability

1.0

0.8

0.6

0.2

0.0

0.15

0.10

0.05

0.00

1.2

1.0

0.05

0.8

0.10

Nomogram predicted probability

0.6 0.4 0.2
Specificity

Bias-corrected

Ideal

0.15

0.0

Sensitivity

0.4

Actual probability

1.0

0.8

0.6

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.2

1.0

0.2

0.8

04

0.6

Bias-corrected

0.6 0.8

Nomogram predicted probability

04 0.2

Specificity

0.0

1.0





OEBPS/Images/fonc-15-1607173-g002.jpg
Points

Tumor size

N stage

Sugery

Total points

Risk

0 10 20 30 40 50 60 70 80 90 100

23cm
<3cm
N1 N3
NO N2

No

Yes

0 20 40 60 80 100 120 140 160 180

| I I IR B |

01 02 03 04 05





OEBPS/Images/fonc-15-1607173-g004.jpg
A

PC2

PC2

Binomial Deviance

Sensitivity

Before batch correction

. Control - Treat

Control

:
- 304
50 ® GSE166716 [W FAMIOZA
* GSE256292 FOXF1 CLEC3B
° GSE37817 - %  ° 10
e
-100 @ .'. oo
' T
= ACTG2 ‘ e c
R S, » ") - 0 Sig ke
0 200 400 600 800 X 2 & ‘ cDC20 1]
o . 2
et = o0 © Down ©
3 % Vepes =3
After batch correction < 'a.. oo™ et g
g eom ...o‘ WOR72 e Un 9 8
0 1 A
tifa 3 5) 2
[ 104 ‘a
; - )
3 0' g 0 3.5.. o GSE13507 -
. iy T h L))
=8 L © GSE3TBIT 6
. o
N -50 rot 0 -3 -I2 -l1 (.) 'i
logFC
110 106 104 99 86 69 32 15 9 4 1 0 82 93 102 105 105 109
w
N
<t
o
Nl
R2) N
c
0
=
o | =
A g o
O
o | T
: <
| T T | T : T | T | T | T
-10 -8 -6 -4 -2 0 20 40 60 80 100 120
Log(A) L1 Norm
ADH1B SRPX
<
g - 6.715 (0.899, 0.842)
8.032 (0.910, 0.774)
©
© - z
s
AUC: 0.881 ‘@ AUC: 0.892
< | Cl: 0.835-0.919 3 Cl: 0.852-0.927
o
N
S -
o
S

T T T 1 1 1

0.0

0.2

0.4 0.6
1 - Specificity

0.8 1.0

0.0

0.2 0.4 0.6

1 - Specificity

0.8

1.0

Hkk

Error

Sensitivity

. Control . Treat

3
12
5 82
I 7]
a )
[0 et
5 9 S
>3 x
) [0]
x =
I
o
2 2
1
6
0
Treat Control Treat
Random forest
& 4
o v
[}
[Te]
N
841
1
8 : L‘ Ll ‘v\j 'n‘ _—
; SN & T 1 Lk,
S | it 5 st e e .
|3\
[Ye)
o
e
(=)
3 %
S T | | | |

2.238 (1.000, 0.908)

AUC: 0.983
Cl: 0.968-0.994

0.0 0.2 0.4 0.6

1 - Specificity

0.8

1.0

Normal

Sensitivity

0.4

1.0

0.8

0.6

0.2

0.0

N

SRPX expression

Normal

LASSO Random Forest

SRPX

3.385 (1.000, 0.796)

AUC: 0.946
Cl: 0.916-0.972

T T T 1T 1T 71
0.0 0.2 0.4 0.6 0.8 1.0

1 — Specificity





