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Background: Chemotherapy has been proven to bring survival benefit in patients with resected muscle-invasive bladder cancer (MIBC), which is increasingly recommended. Our objective was to establish an effective model for estimating the overall survival (OS) and cancer-specific survival (CSS) in these patients.



Methods: 2,030 patients diagnosed with resected MIBC receiving chemotherapy were acquired from the Surveillance, Epidemiology, and End Result (SEER) database, which were randomized 7:3 into a primary set (1,421 patients) and an internal validation set (609 patients). Significant predictors for OS and CSS were identified by Cox regression models, which were then utilized to develop prognostic nomogram. The performance of the model was assessed by utilizing calibration, area under the receiver operating characteristic curve (AUC) and decision curve analysis (DCA).



Results: Six independent prognostic factors, including age, race, histology, T stage, N stage and regional nodes examined, made up the nomogram. The AUCs of the primary cohort was 0.751 and 0.753 for 3- and 5- year OS and 0.751 and 0.754 for 3-and 5- year CSS, respectively. The calibration plots proved the nomograms' satisfactory discrimination. The results of DCA manifested that our models had an excellent clinical applicability. In addition, a risk stratification system was established according to the nomogram' risk score. Obvious difference was found in different groups (P < 0.001).



Conclusion: The established prediction nomogram provides a simple-to-use tool for estimating the survival probability of resected MIBC patients treated with chemotherapy, which can assist clinicians make individualized treatment plans.
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Introduction

As the ninth most common malignancy in the world, bladder cancer (BC) is characterized by high incidence rate and high mortality (1). In 2020, there were an estimated 573,278 new cases of BC and almost 212,536 cancer deaths (2). About 25% of initially diagnosed BC were discovered to intrude into muscle tissue. Muscle invasive bladder cancer (MIBC) presents a greatly poor prognosis, whose 5-year overall survival rate is 40%–50%. Radical cystectomy (RC) is regarded as the standard treatment for MIBC. However, 50% of the patients developed metastatic bladder cancer after operation (3). Simple surgical treatment can't achieve ideal results for MIBC patients. Therefore, systemic therapy is of great significance for ameliorating the prognosis of MIBC (4). At present, according several international guidelines and research, cisplatin-based neoadjuvant chemotherapy (NAC) before RC is recommended, while adjuvant chemotherapy is recommended for patients who have not treated with NAC (4–6). Therefore, in the real world, a large proportion of resected MIBC patients are receiving chemotherapy.

In recent years, many researchers have been devoted to exploring the prognostic factors of postoperative bladder cancer. Shariat et al. constructed multivariate model for estimating the overall survival and cancer-specific survival in bladder cancer patients receiving radical cystectomy (RC) (7). And the model had been well verified externally (8). In addition, Welty et al. developed a risk-stratification tool to estimate mortality after RC based a large population cohort (9). However, few people have explored the prognostic factors of MIBC patients who receive RC and chemotherapy. Considering the poor outcomes of treatment with RC alone, it is very essential to construct a predictive model to evaluate prognostic factors in these patients.

Nomogram is a sound and extensively employed tool for evaluating the prognosis of tumors, which can integrate clinical and demographic factors to provide individualized prognostic assessment (10). In this study, we obtained clinical data from the SEER database to determine significantly prognostic factors. According these factors, we constructed a comprehensive model for accessing the overall survival (OS) and cancer-specific survival (CSS) of MIBC patients who received RC and chemotherapy.



Methods


Patient selection

Clinicopathological data of patients with resected MIBC receiving chemotherapy were obtained from the SEER database utilizing SEER*Stat 8.3.9 software. The inclusion criteria were as follows: (1) diagnosed with MIBC from 2004 to 2015 as the first only malignancy; (2) histological type: Transitional cell carcinoma; (3) patients treated radical cystectomy and chemotherapy (Whether adjuvant chemotherapy or neoadjuvant chemotherapy). Exclusion criteria: (1) M stage: M1 or Mx; (2) patients receiving radiotherapy; (3) the information of N stage, grade, tumor size, race, marital status and regional nodes examined unknown. Our study was approved by the Ethics Committee of the First Affiliated Hospital of Nanchang University.



Variables defined

The following variables included in this study were age, gender, race, marital, histology, T stage, N stage, AJCC stage, grade, regional nodes examined, summary stage, survival months and survival status. In order to obtain the optimum cutoff points of age, tumor size and regional nodes examined, X-tile software was utilized (11). Age was divided into three subgroups: <60, 60–75 and >75. Tumor size was defined as ≤30 mm, 31∼73 mm and ≥74 mm. Regional nodes examined was classified into three categories: 0∼5, 6∼13 and >13 (Figure 1). The main endpoint was OS, which was regarded as the duration between the time of diagnosis and death for any causes.
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FIGURE 1
The appropriate cutoff values of age, tumor size and regional nodes examined were by X-tile analysis. (A–C) The appropriate cutoff values of age were 59 and 75 years. (D–F) The appropriate cutoff values of tumor size were 31 and 73 mm. (G–I) The appropriate cutoff values of regional nodes examined were 6 and 13.




Statistical analysis

All statistical analysis in this study were carried out by utilizing SPSS 25.0, X-tile and R software. Statistical testing was bilateral and P < 0.05 was considered statistically significant. First of all, the univariate and multivariate Cox regression were carried out to determine the significantly independent prognostic factors. According to these significant variables, a practical nomogram was established. The values of area under the receiver operating characteristic curve (AUC) were applied to assess the discrimination of the model. Calibration plot were utilized to estimate the difference between observed and predicted survival probabilities, and decision curve analysis (DCA) was applied to verify the model's clinical utility. In addition, according to the established nomogram risk score, we constructed a risk stratification system where we divided all patients into three categories: high-, medium- and low-risk groups. Kaplan-Meier curves and log-rank tests were applied to explore whether there were differences among different groups.




Result


Patient characteristics

In total, 2,030 patients diagnosed with MIBC and receiving radical cystectomy and chemotherapy were collected, including 1,421 in the primary cohort and 609 in the internal validation cohort (Supplementary Figure S1). Table 1 revealed the detailed baseline demographic and clinicopathological characteristics. The median survival time was 26.0 months (interquartile range: 1.00–155), 28.0 months (interquartile range: 1.00–155) in the primary set and internal validation set, respectively. In the SEER cohort, the 3- and 5-year OS rates were 54.3% (95%CI, 51.6% to 57.2%) and 47.2% (95%CI, 44.3% to 50.3%) in the primary set, respectively, while 56.5% (95%CI, 52.4% to 60.8%) and 44.8% (95%CI, 40.3% to 49.7%) in the internal validation set, respectively.


TABLE 1 Demographic characteristics of the primary cohort and the internal validation cohort.
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Identification of prognostic factors of OS and CSS in the primary cohort

In order to obtain independent prognostic factors related to OS and CSS, we completed univariate and multivariate Cox regression analysis. According to the results of this univariate Cox regression analysis, eight factors (age, race, histology, tumor size, T stage, N stage and regional nodes examined) were associated with the main outcome OS and CSS. In multivariate Cox regression analysis, six variables (age, race, histology, T stage, N stage and regional nodes examined) were determined as independent predictors, whether OS (Table 2) or CSS (Table 3) in resected MIBC patients treated with chemotherapy.


TABLE 2 Univariable and multivariate Cox proportional hazards regression analysis for OS in the primary cohort.
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TABLE 3 Univariable and multivariate Cox proportional hazards regression analysis for CSS in the primary cohort.
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Nomogram development

According to the result of Cox regression models, prognostic nomogram predicting the 3-and 5-year OS and CSS in resected MIBC patients receiving chemotherapy was established (Figure 2). We can add the scores of each patient's subgroups to acquire the total score, which can be utilized to predict the survival rate of patients. Nomogram exhibited that N stage was the most important contributor to the prognostic model.


[image: Figure 2]
FIGURE 2
Nomogram for predicting 3-, and 5-year overall survival (A) and cancer -specific survival (B) of resected MIBC patients receiving chemotherapy.




Validation of nomogram

In order to further examine the perfection of our model, AJCC staging system was applied to compare with our model. In the training group and the internal validation group, the C-index of the nomogram was 0.699 (95% CI: 0.679–0.719) and 0.703 (95% CI: 0.672–0.734) for OS and 0.705 (95% CI: 0.685–0.725) and 0.708 (95% CI: 0.677–0.739) for CSS, respectively. Compared with AJCC stage, our model' C-index had a slight advantage. The AUC values of 3- and 5-years for OS (Figure 3) and CSS (Figure 4) were further calculated, whose results stayed ahead of AJCC stage. The calibration plot manifested good agreement between the actual observations and the predicted results, whether OS (Figure 5) or CSS (Figure 6). DCA also revealed that the net return of our model exceeded the broad threshold rate of AJCC stage (Figures 7, 8).


[image: Figure 3]
FIGURE 3
ROC curves for predicting 3-, and 5-year OS in the primary group (A,B), and the internal validation group (C,D).
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FIGURE 4
ROC curves for predicting 3-, and 5-year CSS in the primary group (A,B), and the internal validation group (C,D).
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FIGURE 5
The calibration plot assessing the consistency between predicted and observed overall survival rates in 3-, and 5- years in the primary group (A,B) and the internal validation group (C,D).
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FIGURE 6
The calibration plot assessing the consistency between predicted and observed cancer-specific survival rates in 3-, and 5- years in the primary group (A,B) and the internal validation group (C,D).
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FIGURE 7
DCA to evaluate the 3-, and 5-year OS in the primary group (A,B) and the internal validation group (C,D).
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FIGURE 8
DCA to evaluate the 3-, and 5-year CSS in the primary group (A,B) and the internal validation group (C,D).




Risk stratification

Based on the established nomogram risk score, a risk stratification system was constructed. We utilized the X-tile software to obtain the best cutoff values of total risk score (Supplementary Figure S2). Then we divided all patients into three categories: high- (total score > 201), medium- (89 ≤ total score ≤ 201) and low-risk (total score < 89) groups. As seen in Figure 9, there were significant differences between the three risk subgroups (P < 0.001).


[image: Figure 9]
FIGURE 9
Survival curves stratified by the score calculated by the nomogram. low-risk group (score <89); medium group (score 89–201); high-risk group (score >201) for OS (A) and CSS (B).





Discussion

Muscle-invasive bladder cancer (MIBC) is usually a highly aggressive malignancy, characterized by early and most distant recurrence (12). Given the high recurrence rate and adverse results of RC alone in the treatment of MIBC, chemotherapy is essential to ameliorate the prognosis of MIBC patients (4, 13). At present, cisplatin-based neoadjuvant chemotherapy (NAC) and RC are the standard treatment for MIBC patients. International authoritative guidelines strongly recommend cisplatin-based NAC for the treatment of clinical T2–4a (cT2–4a) disease (5). In addition, in some meta-analysis and clinical research, the efficacy of adjuvant chemotherapy is affirmed for MIBC (14–16). Adjuvant chemotherapy is recommended for patients with pT3∼4 or lymph node metastasis. Considering the role of chemotherapy in the prognosis of MIBC and the increasing number of patients receiving chemotherapy, we established a practical model to access the prognosis of these patients.

Numerous previous studies have explored the effect of chemotherapy on MIBC. Lane et al. found that compared with RC alone, platinum NAC + RC treatment could bring the overall survival benefit but no CSS benefit in patients with persistent MIBC (17). Macoled et al. explored the trends and appropriateness of perioperative chemotherapy. They concluded that patients with lower complications, women, married status and lower disease stage were more likely to receive chemotherapy (18). In 2021, Maria et al developed a model predicting cancer-specific mortality in MIBC patients who received RC and NAC from an international consortium. Their established model consisted of lymph node metastasis, positive surgical margins and pathological stage (19). Compared with their study, our study was based on a larger population cohort. The target population of our study was not only patients receiving neoadjuvant chemotherapy, but also receiving adjuvant chemotherapy. In addition, we explored significantly prognostic variables such as age, number of lymph nodes removed, and pathological type, which are easily available in real world. Finally, the model we created was no less perfect than their nomogram, and had been well internally verified. We further created a risk stratification system according to the nomogram score, which helps clinicians identify high-risk groups in time for individualized treatment.

In our large-scale population study, age, race, histological type, regional nodes examined, N stage and T stage were identified as independent prognostic factors of OS. Several retrospective analyses had shown that whether in recurrence rate or survival rate, patients with positive lymph nodes were much higher than those without positive lymph nodes (20, 21). The 5-year overall survival rate and cancer-specific survival rate of lymph node positive patients were 25%∼35% and 31%, respectively (22). Consistent with their study, N stage had the greatest impact on patient survival outcomes in our model. T stage has been considered as an important prognostic factor for bladder cancer (23). The higher the stage, the more aggressive and malignant the tumor is. In addition, Fang etal explored the impact of race on the prognosis of bladder cancer. They found that the prognosis of black bladder cancer patients was worse than that of other races, which was consistent with our finding (24). The number of lymph node dissections has been shown to be an independent prognostic factor for many cancers (25, 26). Perera etal found increased lymph node harvest could provide oncological benefits in bladder patients (27). Similar to their study, we found that the increasing number of lymph nodes examined was related to a better prognosis.

In addition, we also compared our model with the AJCC TNM classification. The values of C-index and AUC of our model were higher than AJCC stage whether in training cohort or internal validation cohort. This showed that our model had excellent discrimination ability and accuracy. In DCA analysis, the net income of our model was also higher, indicating that our prognostic model had perfect clinical application value. A risk stratification system was also established based on the risk score of the nomogram, which may help clinicians identify high-risk groups for individualized treatment.

Some limitations existed in our study. First of all, this is a retrospective study, whose result may be affected by selection bias. Secondly, SEER database can't provide specific information about chemotherapy. the specific scheme and course of chemotherapy are lacking. In addition, we can't distinguish between adjuvant chemotherapy and neoadjuvant chemotherapy. Thirdly, some potential prognostic factors, such as surgical approach, any type of sexual sparing surgery, time from diagnosis to treatment and surgical margin status, were not included in our study which may have introduced non-negligible statistical bias when exploring survival outcome. Finally, although we have internally verified the established model, multicenter prospective studies are still required to further affirm the clinical effectiveness of the model in the future.



Conclusion

In short, a nomogram of resected MIBC patients receiving chemotherapy was established based on six significant prognostic factors identified by Cox regression model, which can assist clinicians to estimate the 3-and 5-survival probabilities and play an important part in risk stratification and treatment decisions.
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