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Background: Metastatic bladder cancer (MBC) is an incurable malignancy, which is prone to early death. We aimed to establish models to evaluating the risk of early death in patients with metastatic bladder cancer



Methods: The data of 1,264 patients with MBC registered from 2010 to 2015 were obtained from the Surveillance, Epidemiology, and End Results (SEER) database. We utilized X-tile software to determine the optimal cut-off points of age and tumor size in diagnosis. Univariate and multivariate logistic regression analyses were used to identify significant independent risk factors for total early death and cancer-specific early death, then we construct two practical nomograms. In order to validate our prediction models, we performed calibration plots, receiver operating characteristics (ROCs) curves, decision curve analysis (DCA) and clinical impact curve (CIC).



Result: A total of 1,216 patients with MBC were included in this study. 463 patients died prematurely (≤3 months), and among them 424 patients died of cancer-specific early death. The nomogram of total premature death was created by surgery, chemotherapy, tumor size, histological type, liver metastases, and nomogram of cancer-specific early death was based on surgery, race, tumor size, histological type, chemotherapy, and metastases (liver, brain). Through the verify of calibration plots, receiver operating characteristics (ROCs) curves, decision curve analysis (DCA) and clinical impact curve (CIC), we concluded that nomogram were a valid tool with excellent clinical utility to help clinicians predict premature death in MBC patients.



Conclusions: The nomograms derived from the analysis of patients with MBC, which can provide refined prediction of premature death and furnish clinicians with useful ideas for patient-specific treatment options and follow-up scheduling.
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Introduction

Bladder cancer is a malignancy disease that occurs widely throughout the world. Most of all diagnosed patients with this disease is non-muscle invasive. 30% have an initial diagnosis of muscle-invasive bladder cancer and 5% a metastatic bladder carcinoma (1). Approximately 550,000 people suffer from this disease each year, nearly 200,000 people died from bladder tumors just in 2018 alone (2). MBC is often accompanied with a high cancer-specific-death rate, and the prognosis of MBC patients tends to be poor (3). In addition, patients with MBC are still at high risk of early death for a variety of reasons. Exploring these risk factors associated with premature death can help clinicians to predict premature death, develop individualized treatment plans, reduce the incidence of premature death and develop follow-up programmes.

To date, studies on premature death in patients with MBC has not been reported. Therefore, there is a great demand to develop a simple-to-use and practical tool to identify the risk factors leading to early death in MBC patients. Nomogram is a useful statistical model of integrate relevant factors to predict individual tumor prognosis (4), which have been widely used to assist physicians in developing treatment plans and assessing the prognosis of various cancers. The National Comprehensive Cancer Network guidelines have already introduced many nomograms with excellent performance (5).

The data for our study were obtained from the Surveillance, Epidemiology and End Results (SEER) database, the definitive cancer population registry in the US, which collects incidence and survival data for approximately 34.6% of all cancers in the US cancer registry. We obtained data of 1,264 patients with metastatic bladder cancer registered between 2010 and 2015 in the SEER, and used these to create two practical nomograms to assess its premature death, with the aim of helping clinicians to better develop their clinical work.



Materials and methods


Patients

The data were extracted using SEER*Stat version 8.3.6.1. In the SEER database, patients with metastatic bladder cancer were registered from 2010 to 2015 according to the International Classification of Tumor Diseases Third Edition. The inclusion criteria were: (1) bladder cancer is the only one primary carcinoma and (2) Histology type is transitional cell carcinoma. Exclusion principles were: (1) unknown cause of death and survival time, (2) lack of metastatic site information, (3) unknown tumor size, (4) undetermined T and N stage and Grade, (5) unknown race and marital status, 6) lack of surgical information. The concrete screening process was shown in Figure 1.


[image: Figure 1]
FIGURE 1
The flowchart of patients selection.


Ultimately, we included the following variables: Age at diagnosis, gender, race, histological type, tumor size, grade, T-stage (AJCC 7th edition), N-stage (AJCC 7th edition), bone, lung, liver and brain metastases, surgery, radiotherapy, chemotherapy. Based on previous experience, we defined patients who dies within three months of diagnosis as early death (6, 7).



Nomogram construction and statistical analysis

For age and tumor size at diagnosis, we utilized the X-tile software to calculate the optimal cut-off points (Figure 2). The total cohort was randomly divided training and validation cohort in the ratio of 7 : 3, Univariate and multivariate logistic regression analyses were utilized to calculate the odds ratios (OR) and 95% confidence intervals (CI). Then, the identified risk factors were used to construct practical nomograms that can predict early death of MBC. Nomograms were evaluated by bootstrapping (1,000 resamples) to generate calibration plot (8) and the area under the curve (AUC) of the receiver operating characteristic curve (ROC) (9). The clinical benefit of nomograms was assessed by means of clinical decision curves (DCA) and clinical impact curve (CIC) (10). All statistical analyses were performed using SPSS (version 24.0; SPSS, Inc.), X-tile software, and software packages (rms, pROC, and rmda) in R software version 4.1.2. We measured two-tailed p values ≤ 0.05 to be statistically significant.


[image: Figure 2]
FIGURE 2
The appropriate cutoff values of age and tumor size was assessed by X-tile analysis. (A,B) The appropriate cutoff values of age were 67 and 80 years; (C,D) The appropriate cutoff values of tumor size were 45 and 73 mm.





Result


Patient characteristics

A total of 1,264 patients with metastatic bladder cancer were included in the SEER database according to the inclusion and exclusion criteria. Among them, 463 people died prematurely, and 424 people died of tumor specificity. The majority of those who died prematurely were white (86.6%) and between the ages of 67 and 80 (41.3%). The most common pathological type was transitional cell carcinoma (74.5%). And the more common sites of tumor metastasis are bone (38.9%) and lung (40.0%). Most patients with early death received transurethral resection of bladder tumor (78.3%), without radiotherapy (80.7%) and chemotherapy (80.4%). The concrete characteristics of patients with MBC are shown in Table 1.


TABLE 1 Characteristics with metastatic bladder cancer patients.
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Analysis of independent risk factors

Risk factors associated with early death of MBC patients were identified by univariate and multivariate logistic regression analysis. Five common factors were considered to be strongly associated with total and cancer-specific early death, including histological type, tumor size, liver metastasis, surgery, and chemotherapy. Differently, race and brain metastasis were independent risk factors for cancer-specific early death. Tables 2, 3 demonstrate the result of univariate and multivariate logistic regression analysis.


TABLE 2 The univariable and multivariate logistic regression analysis of total early death in the training cohort.

[image: Table 2]


TABLE 3 The univariable and multivariate logistic regression analysis of cancer-specific early death in the training cohort.
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Nomogram construction

After identifying relevant variables by univariate regression analysis and multivariate regression analysis, nomograms for total early death and cancer-specific early death were constructed. The incidence of early death in MBC patients can be predicted by calculating a sum of the scores for each risk factor (Figure 3).


[image: Figure 3]
FIGURE 3
The nomograms of early death in patients with metastatic bladder cancer. (A) The total early death; (B) The cancer-specific early death.




Nomogram validation

We used ROC curve, calibration plot, DCA and CIC to validate the nomograms. According to the ROC curves, the AUC value for total premature death in the training cohort was 0.859 and for cancer-specific premature death was 0.869; the AUC value for total premature death in the validation cohort was 0.827 and for cancer-specific premature death was 0.816 Figure 4). In the calibration curves for both total premature death and cancer-specific premature death, the solid lines were all close to 45° for both the training and validation cohorts (Figure 5), showing the reliability of the models. Finally, compared with other factors, the DCA and CIC of both the training and validation cohorts yielded excellent net clinical benefit (Figures 6, 7).


[image: Figure 4]
FIGURE 4
The receiver operating characteristic (ROC) curve for nomogram. (A) The training cohort of total early death; (B) The validation cohort of total early death; (C) The training cohort of cancer-specific early death; (D) The validation cohort of cancer-specific early death. AUC, area under the curve; ROC, receiver operating characteristic.
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FIGURE 5
Internal verification plots of nomogram calibration curves by bootstrapping with 1,000 resamples. (A) The training cohort of total early death; (B) The validation cohort of total early death; (C) The training cohort of cancer-specific early death; (D) The validation cohort of cancer-specific early death.
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FIGURE 6
The decision curve analysis (DCA) curve for nomogram. (A) The total early death; (B) The cancer-specific early death.
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FIGURE 7
The clinical impact curve (CIC) curve for nomogram. (A) The total early death; (B) The cancer-specific early death.





Discussion

Bladder cancer is a highly heterogeneous disease, which shows a difference in prognosis. The prognosis of non-muscle invasive bladder cancer is generally favorable, with a 5-year recurrence-free survival rate of 23% and a 5-year progression-free survival rate of 54% (11). In contrast, the prognosis is poorer for muscle-invasive bladder cancer, with an overall 5-year survival rate about 36%–48% (12). Due to patients' adherence and treatment limitations, surgical treatment of patients with muscle-invasive bladder cancer is often not as effective as it could be. As previous studies have shown that more than half of patients with muscle-invasive bladder cancer do not receive the radical treatment (13). Even in patients who have undergone radical treatment, 50% of patients will progress to metastatic bladder cancer (14, 15), In addition, previous predictive models have indicated that patients with non-muscle invasive bladder cancer with lymphovascular infiltration (16) and micropapillary tissue (17) are also susceptible to progression to metastatic disease, bringing a poor prognosis. Patients with MBC have a poor prognosis and are often prone to early death. Therefore, to predict early death in MBC patients is a crucial issue that need to be addressed. As far as we know, few people have explored the risk factors of early death in metastatic bladder cancer. In 2014, Aziz et al. established a nomogram predicting 90-day mortality in patients with bladder cancer after radical cystectomy. Their model included age, American Society of Anesthesiologists score, hospital volume, clinically lymphatic metastases and clinically distant metastases (18). Unlike their research, the target population of our study was metastatic bladder cancer patients, which were more prone to early death. The early mortality of metastatic bladder cancer was higher (37% vs. 9.0%). In addition, our research was based on a larger sample size (1,264 vs. 597). The prediction accuracy of our model was higher (0.859 vs. 0.788). Ultimately, our study showed that larger tumor size, transitional cell carcinoma, liver metastases, lung metastases, and patients who did not undergo surgery and chemotherapy had an increased probability of early death.

According to the latest European Association of Urology guidelines, cisplatin-based chemotherapy is till the first choice for appropriate patients with metastatic bladder cancer. For patients who do not meet the requirements of cisplatin, immunotherapy is recommended for patients with positive programmed death ligand 1 (PD-L1), or carboplatin therapy is recommended for patients with negative PD-L1 (19). Though the long-term results have not been so satisfactory (20), it has been demonstrated in many phase II/III clinical trials that chemotherapy regimens can provide a considerable benefit to patients. In our study, 80.7% of patients did not experience chemotherapy, and in the final nomograms, patients without chemotherapy received the highest risk scores. Our results demonstrated there were still many patients with MBC who neglect the importance of chemotherapy. In the future, clinicians need to strengthen the management of MBC patients with adjuvant chemotherapy. A systematic search of English language literature displayed that the surgical resection of metastatic tumors is technically feasible and can be carried out safely. It may help improve cancer control and ultimately improve the survival rate of specific patients with limited metastatic burden (21). Similar to this, we also found that surgery can improve the prognosis of patients with metastatic bladder cancer to a certain extent, but clinicians still need to strictly set the indications for surgery. In an analysis of metastatic patterns in MBC patients, Shou J, et al. found that patients with bone metastasis accounted for the majority, liver metastasis had the worst prognosis, and it has been demonstrated that there is no significant difference in the overall survival of patients with multiple metastatic sites compared to single metastatic site (22). In our study, bone metastasis and liver metastasis were significant risk factors of early death in MBC patients, which shows good agreement with the above findings.

In recent years, several studies have reported that bladder cancer is associated with the expression of certain genes and proteins, which can be used to determine metastasis, prognosis and treatment of bladder cancer (23), Currently, Smith, et al. has already established a 20 genetic models for identifying bladder cancer patients with high risk of lymph node metastasis (24), in addition, Karyopherin-a2 (KPNA2) interaction with Chromobox 8 (CBX8) has been suggested as an indicator that patients are at high risk of metastasis (25). Due to the SEER database lack the information of molecular markers, our study did not establish a model containing molecular markers. However, it is difficult to popularize the clinical application of molecular markers.

Our nomograms were built on the SEER database and had a large sample size, which ensures the reliability of our results. Through internal validation, our models perform perfect in terms of predictiveness and clinical benefits. As a practical tool, DCA and CIC can be used to check the validity of model-based clinical decisions (26), Our study showed that the net benefit of our nomograms was better than the other two conditions (all screening or no screening). The scores obtained from the analysis of the nomogram can be used to derive a patient's probability of early death, which can be used by clinicians for end-of-life care and by oncologists to design clinical trials. In addition, identifying patients at risk of early death is essential to reduce the burden on patients, because the side effects of treatment and the inconvenience of going to the hospital may outweigh the benefits of treatment.

However, there are some unavoidable limitations of this study. Firstly, a number of known correlated factors were not considered in the nomograms. For example, Karnofsky performance status, functional comorbidities, the aforementioned biomarkers, and some emerging biomarkers such as TNFRSF14AS1, AL354919.2, OCIAD1-AS1 (32) were thought to be associated with MBC prognosis, but SEER database does not include these data. Secondly, our study was developed retrospectively and potential selection bias could have adversely affected the conclusions. Thirdly, although our models were validated internally, our models have not been validated with external clinical data. Future researches could validate it with clinical data to assess its plausibility.



Conclusion

In summary, two comprehensive nomograms established in our study can accurately predict early death from MBC, which enable surgeons to develop targeted treatment, follow-up strategies and improve survival outcomes for patients with MBC.
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