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Background

The effect of lymph node resection on the prognosis of bladder cancer (BLCA) patients receiving radical cystectomy should not be ignored. Our aim was to explore the prognostic value of the log odds of negative lymph nodes/T stage (LONT) and construct a more effective nomogram based on LONT to predict cancer-specific survival (CSS) in postoperative BLCA patients.



Methods

Patients diagnosed with BLCA after radical cystectomy between 2004 and 2015 in the Surveillance, Epidemiology, and End Results (SEER) database were enrolled. We randomly split (7:3) these patients into the primary cohort and internal validation cohort. 86 patients from the First Affiliated Hospital of Nanchang University were collected as the external validation set. Univariate and multivariate cox regression analyses were carried out to seek prognostic factors of postoperative BLCA patients. According to these significantly prognostic factors, a simple-to-use nomogram was established for predicting CSS. Their performances were evaluated by using calibration curves, the concordance index (C-index), the receiver operating characteristic (ROC) curves, and decision curve analysis (DCA). In addition, different risk groups were tested by Kaplan-Meier curves and log-rank tests.



Result

Whether in cancer-specific survival (CSS) or overall survival (OS), LONT was an independent and significant prognostic factor. Through further screening, the ultimate nomogram of CSS was composed of nine independent prognostic factors including LONT, age, race, tumor size, histologic type, T stage, N stage, summary stage and chemotherapy. The C-index of nomogram in the primary cohort, internal and external validation cohort were 0.734, 0.720 and 0.728, respectively. The AUC of predicting CSS at 3 and 5 years were 0.783 and 0.774 in the primary cohort and 0.781 and 0.781 in the validation cohort. The results of calibration and DCA showed good concordance and clinical applicability. Significant differences (P < 0.05) were displayed in CSS among different risk groups.



Conclusion

LONT was regarded as a novel and reliable prognostic factor. Compared with the AJCC staging system, the established nomogram based on LONT can more effectively predict the prognosis of BLCA patients after radical cystectomy.
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Introduction

Bladder cancer (BLCA) is the second most common urinary tract malignancy worldwide, whose incidence rate is increasing year by year. According to the global cancer statistics, an estimated 573,278 new BLCA cases and almost 212,536 BLCA deaths occurred in 2020 (1). For muscle-invasive nonmetastatic (MIBC) and high-risk non-muscle-invasive BLCA, radical cystectomy (RC) and pelvic lymph node dissection are often recommended (2). Accurate survival prediction after RC is essential, which is instrumental in guiding postoperative therapy and follow-up. As the most common staging system for evaluating tumor prognosis, the eighth edition of the American Joint Committee on Cancer (AJCC) staging system is based on the primary tumor (T) status, regional lymph node (N), and distant metastasis (TNM) stage (3). However, there is a certain degree of inadequacy, such as neglect of the influence of lymph node dissection (LND), which can lead to the different prognosis of patients with the same TNM.

In recent years, many studies have been devoted to exploring the impact of lymph node dissection on tumor prognosis (4–8). A meta-analysis showed that extended pelvic lymph node dissection (ePLND) brought recurrence-free survival (RFS) benefits compared with non-ePLND. Not only did patients with lymph node positive and pT3-4 diseases benefit from ePLND, ePLND also provided better RFS for patients with lymph node negative (9). Wright et al. thought that the increased number of lymph nodes removed (ELNs) during cystectomy was related to the improvement of the survival rate of patients with positive-lymph node cancer (10). Similarly, Wang et al. found that the number of LND may be an independent factor related to the survival of patients receiving RC (11). In addition, Jin et al. believed that LODDS defined as the log ratio between the number of metastatic lymph nodes and the number of negative lymph nodes had a significant prognostic value for MIBC patients (12). However, the lack of information on individualized tumor characteristics were their common limitation.

In fact, the T stage is a powerful risk factor for BLCA and represents the major tumor features. An increasing number of studies have suggested that T stage is closely associated with prognosis and tumor biological features (13–15). T stage can represent the biological characteristics of tumor. Xie et al. used the combination of negative lymph nodes (NLNs) and T stage (log (NLNs+1)/T stage) as a new prognostic factor to reflect the degree of individualized LND in gastric cancer patients (16). However, whether this novel indicator can be applied to bladder cancer remains unknown.

Here, in this study, we obtained the BLCA receiving RC cohort from the Surveillance, Epidemiology and End Results (SEER) database to explore the prognostic value of this new factor (log (NLNs+1)/T stage) in BLCA patients. And Based on this factor, a more accurate prognostic model for BLCA after radical cystectomy was constructed.



Materials and Methods


Population Selection

The SEER database was utilized to obtain all patient records, which is an open-access database covering about 35% of the U.S. population. All patients were enrolled if they met the following criteria: (a) BLCA patients diagnosed from 2004 to 2015. (b) histological subtype: Transitional cell carcinoma. (c) receiving radical cystectomy and lymph node dissection patients. (d) BLCA was the only first primary malignancy. The following exclusion criteria were used: (a) number of lymph nodes removed and positive unknown. (b) T stage and Grade unknown. (c) race and marital status unknown. (d) unclear tumor size. (e) cause of death and follow-up time unknown. The detailed screening process was displayed in Supplementary Figure 1.

The external validation cohort was composed of 86 BLCA patients receiving radical cystectomy and lymph node dissection at the First Affiliated Hospital of Nanchang University between 2010 and 2020. The inclusion and exclusion criteria are in accordance with the SEER database. The last follow-up time was February 2022. And our study was approved by the Ethics Committee of the First Affiliated Hospital of Nanchang University.



Variables Collection

The information of variables collected in this study included the following aspects: demographic characteristics (age, sex, race and marital status), cancer characteristics (T stage, N stage, AJCC stage, Grade, histological type and tumor size), treatment characteristics (radiotherapy and chemotherapy) and other characteristics (regional nodes positive and regional nodes examined). For continuous variables such as age and tumor size, we utilized X-tile software to obtain the best cutoff value (17). The optimal age cutoff values were 63 and 76 years old, which were divided into three groups: <63 years, 63-76 years and >76 years. The optimal tumor size cutoff values were 30 and 64 mm, which were divided into three groups: <30mm, 30-64mm and >64mm (Supplementary Figure 2). cancer-specific mortality (CSM) represented the main endpoint, which referred to the death due to bladder cancer.



Statistical Analysis

In our study, T1, T2, T3, T4 were designated as 1, 2, 3, 4, respectively. LONT was regarded as a continuous variable and defined as log (NLNs + 1)/T stage, where NLNs is the count of regional nodes examined minus the count of regional nodes positive. In order to avoid the phenomenon of zero, we added 1 to NLNs (18). Categorical variables were expressed as totals and percentages, while continuous variables were expressed as medians and interquartile range (IQR). Univariate and multivariate Cox regression models were utilized to determine variables independently related to CSS and OS. Based on these significant variables, we constructed the final nomogram. The performance of the model was evaluated by C-index, the receiver operating characteristic (ROC) curves with the calculated area under the curve (AUC), calibration curve and decision curve analysis (DCA). According to the score of the nomogram, we calculated the cut-off value through X-tile and divided the patients into high-risk, medium-risk and low-risk groups. The difference between the three groups was evaluated by Kaplan-Meier (K-M) curves and log-rank test. All statistical analyses were carried out by R software (version 4.1.0) and SPSS 22.0 (IBM). We considered P-value <0.05 (two-sided) as statistical significance.




Results


Patient Characteristics

We enrolled a total of 4610 BLCA receiving RC patients from the SEER database, which included 3227 patients in the primary cohort and 1383 patients in the internal validation cohort. The baseline characteristics of the included population were exhibited in Table 1. There was no statistical difference in the clinical variables between the primary cohort and internal validation cohort. Among all BLCA patients receiving RC, the median ELN, NLN and LONT count (IQR) were 14 (8-24), 13 (7-23) and 0.7 (0.5-1.0), respectively. The majority of them were between 63 and 76 years old (44.6%), male (66.7%), white (86.8%) and married (61.1%). Moreover, the most common histologic type and Grade were transitional cell carcinoma (66.1%) and Grade IV (67.7%). Most of the BLCA patients presented with T2/3 (76%) and N0 (69.5%). In terms of treatment, there were 2092 (45.4%) patients who received chemotherapy and 130 (2.8%) patients who received radiotherapy.


Table 1 | Baseline clinical characteristics of patients.



In the external validation cohort from our medical center, the median ELN, NLN and LONT count (IQR) were 17 (12-25), 16 (11-24) and 0.8 (0.6-1.0), respectively. In addition, the majority of them were between 63 and 76 years old (59.3%), male (81.4%), and married (62.8%). Most of them presented with Grade III/IV (94.2%), T2/3 (81.4%) and N0 (62.8%). Regarding the treatment, the vast majority of people did not receive radiotherapy (97.7%), and about a quarter received chemotherapy (24.4%). Clinical data of patients from our medical center are listed in Table 2.


Table 2 | Demographics and clinical characteristics of the 86 BLCA patients from our medical center.





Effect of LONT on the Prognosis of OS and CSS in Primary Cohort

In order to determine the prognostic factors of BLCA patients after RC, univariate and multivariate COX regression models were carried out. Our results showed that LONT was statistically significant in both univariate and multivariate Cox regression analysis. In addition to LONT, age, race, histologic type, T stage, N stage, summary stage, tumor size and chemotherapy were independent prognostic factors in CSS (Table 3). Similar results were also found in OS cohort (Table 4). Then we used X-tile software to calculate the cut-off value of LONT and divide it into three groups: LONT1 (-0.6≤LONT ≤ 0.4), LONT2 (0.4<LONT<0.9) and LONT3 (0.9≤LONT ≤ 2.0) (Supplementary Figure 3). Kaplan-Meier survival analysis and log-rank test displayed that the prognosis of BLCA patients after RC could be significantly stratified by LONT whether in CSS or OS cohorts (p < 0.001, Figure 1). All these results showed that the lower the LONT value, the worse the prognosis of patients.


Table 3 | Univariate and multivariate Cox regression analyses for overall survival in the primary cohort.




Table 4 | Univariate and multivariate Cox regression analyses for cancer-specific survival in the primary cohort.






Figure 1 | Kaplan-Meier curves of OS (A) and CSS (B) stratified by the LONT stage.





Development and Validation of Nomogram

Based on the above 8 independent risk factors, we constructed a simple-to use nomogram to predict BLCA patients’ CSS. As shown in the nomogram, LONT had the greatest impact on patients’ survival outcome, followed by summary stage, N stage and T stage (Figure 2). We can add the scores of each variable in the nomogram to obtain the total score, so as to calculate the survival probability. In addition, we further evaluated the performance of nomogram through C-index, AUC, calibration curve and DCA. The C-index of the primary group, the internal and external validation group were 0.734 (95% CI 0.720 – 0.748), 0.720 (95% CI 0.698 – 0.741) and 0.728 (95% CI 0.655-0.800), respectively. The 3‐, and 5‐year AUC values were 0.783 and 0.774 in the primary cohort (Figures 3A, C), 0.781 and 0.781 in the internal validation cohort (Supplementary Figures 4A, C) and 0.722 and 0.741 in the external validation cohort (Supplementary Figures 5A, C), respectively. At the same time, the discrimination between nomogram and other independent prognostic factor were compared, showing a better discriminative ability than the other independent factors at 3 and 5 years, both in the primary cohort (Figures 3B, D), the internal validation cohort (Supplementary Figures 4B, D) and the external validation cohort (Supplementary Figures 5B, D). These results demonstrated the good discrimination of nomogram. The calibration curves of primary cohort and validation cohort showed a good consistency between the predicted values of nomogram and the observed values (Figure 4). And the DCA curve displayed that the clinical prediction ability of our model was better, compared with AJCC stage and SEER summary stage (Figure 5).




Figure 2 | Nomogram for predicting 3-, and 5-year cancer-specific survival rate of bladder cancer patients after radical cystectomy.






Figure 3 | Time-dependent ROC curves of the nomogram predicting 3-years (A), and 5-years (C) CSS in the primary cohort. Comparison of the ROC curves between nomogram and other independent factors at the 3-years (B), and 5-years (D) CSS in the primary cohort.






Figure 4 | The calibration curves of CSS nomogram at 3- (A), and 5-years (B) in the primary cohort, at 3- (C), and 5-years (D) in the internal validation cohort and at 3 (E), and 5-year (F) in the external validation cohort.






Figure 5 | The decision curve analysis (DCA) of CSS nomogram at 3- (A), and 5-years (B) in the primary cohort, at 3- (C), and 5-years (D) in the internal validation cohort and at 3 (E), and 5-year (F) in the external validation cohort.





Risk Stratification by Nomogram

In order to improve the management of postoperative patients with bladder cancer, we developed a risk stratification system based on the points of nomogram. The best cut-off value was determined by X-tile and patients were divided into three groups: low-risk group (total scores<147), intermediate-risk group (147≤total scores ≤ 225), high-risk group (total scores>225) (Supplementary Figure 6). The Kaplan-Meier curves displayed that whether in the training set or the validation set, the prognosis of the three risk groups was significantly different (P < 0.0001, Figure 6).




Figure 6 | Kaplan-Meier curves of cancer-specific survival for patients in the low-, intermediate-, and high-risk groups in the primary cohort (A), the internal validation cohort (B) and the external validation cohort (C).





Online Application of Nomogram

To make it easier to apply our nomogram, we established a web calculator which can be accessed at https://chentao.shinyapps.io/BLCA_DynNomapp/. We can obtain the corresponding survival probability by just entering the available raw data.




Discussion

Because of the high incidence rate of BLCA, the risk stratification of bladder urothelial carcinoma after RC has essential clinical significance (19). It is conducive to follow-up consultation, postoperative treatment and clinical trials. For BLCA patients receiving RC, the prognosis not only correlates with T stage and biological characteristics (14, 15), but also with the degree of lymph node dissection (5, 11). However, so far, effective and objective indicators to evaluate the impact of individualized lymph node resection are still lacking.

In this study, we defined LONT as the log of the ratio between the NLN counts plus one and the T stage, where NLNs represents the degree of LND and T stage represents tumor characteristics and the disease severity of tumor (16). Compared with the simple application of ELNs (11) and LODDS (12) to represent the degree of LND, LONT took into account the characteristics of individualized tumor. It can be understood as the NLNs adjusted by T stage, representing the relative number of negative lymph nodes removed for postoperative BLCA patients. A higher value of LONT indicates a larger relative number of negative lymph nodes, and a lower value indicates a smaller relative number of negative lymph nodes. The same LONT value may represent the same degree of risk even if the patient’s T stage and the number of negative lymph nodes are different, which was conducive to comparing the individualized degree of LND in patients with different TNM stages. In addition, we further established a simple and effective prognostic model based on LONT. The model was composed of nine prognostic factors, including LONT, age, race, tumor size, histologic.type, T.stage, N.stage, summary.stage and chemotherapy, which were obtained based on univariate and multivariate Cox regression analysis. We also compared our model with the AJCC stage and SEER summary stage on clinical performance, the results of C-index, AUC and DCA proved that our nomogram had a better prediction value. Moreover, we further constructed a risk stratification system to divide patients into low-, middle- and high-risk groups, which was instrumental in the choice of patients’ treatment.

To our knowledge, only one study had explored the role of LONT in the prognosis of postoperative patients with gastric cancer (16). Similar to its research, we found that this new indicator was an independent prognostic factor in postoperative BLCA patients. The result of univariate Cox regression analysis suggested that the HR of NLNs in OS and CSS was 0.983 and 0.984, respectively. Interestingly, when we combined T stage with NLNs, its HR decreased significantly to 0.354 and 0.339. Similar results also occurred in the multivariate Cox regression and validation cohort. At the same time, the prognosis of BLCA patients after RC could be significantly stratified by LONT both in CSS and OS cohorts. The proportion of LONT in our nomogram was also largest. In addition, this prognostic factor had strong clinical availability and can be obtained through a simple calculation of postoperative pathology. All these results indicated the importance of LONT in predicting postoperative bladder cancer, which can further improve the accuracy of prediction.

In recent years, many researchers have been devoted to establishing a predictive model for postoperative bladder cancer (19–23). Although these models had been well validated externally, they may not be universally applicable. Because some included variables were usually unavailable, such as adjuvant radiotherapy and lymphatic vascular invasion, and the calculation is relatively complicated (24). In addition, Yang et al. constructed a prognostic model to assess the cancer-specific survival for BLCA patients after RC (24). The final model consisted of five variables including T stage, marital status, N stage, tumor size and chemotherapy. The C index of our model is significantly higher than them, whether in the primary cohort (0.734 vs 0.718) or validation cohort (0.720 vs 0.707). Compared with the above models, our study may have the following advantages. Firstly, we were the first to introduce a novel and significant factor (LONT) to predict CSS in BLCA patients receiving RC. This variable took full account of the individual LND effect. Secondly, we further developed a risk stratification system according to the nomogram score, which may help clinicians identify high-risk groups in time.

Indeed, some shortcomings should be acknowledged in our study. Firstly, it may be inaccurate for us to only represent the characteristics of tumor by T stage, because the known important biological characteristics of tumor also include pathological type, grade, genotyping, etc. Secondly, some potentially important prognostic factors were not included in our study, such as complications and lymphatic vascular invasion. In addition, the SEER database lacks specific information about surgery and chemotherapy. The sequence of chemotherapy and the choice of surgical methods and chemotherapy drugs may have different effects on the prognosis (25–27). Lastly, even if we carried out external validation, further prospective studies were required to verify our conclusions.



Conclusion

As a novel prognostic indicator, LONT can fully reflect the degree of individualized lymph node dissection in different patients. Based on LONT, a more effective nomogram was developed and validated to predict 3- and 5- CSS probabilities, which is conducive for clinicians to formulate individualized treatment plans.
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Supplementary Figure 1 | Patients selection flowchart.

Supplementary Figure 2 | The optimal cutoff values of age and tumor size were estimated by Kaplan-Meier curves utilizing X-tile software. (A, B) The optimal cut-off values of age were 63 and 76 years old. (C, D) The optimal cut-off values of tumor size were 30 and 64mm.

Supplementary Figure 3 | The optimal cutoff values of LONT were estimated by Kaplan-Meier curves utilizing X-tile software.

Supplementary Figure 4 | Time-dependent ROC curves of the nomogram predicting 3-years (A), and 5-years (C) CSS in the internal validation cohort. Comparison of the ROC curves between nomogram and other independent factors at the 3-years (B), and 5-years (D) CSS in the internal validation cohort.

Supplementary Figure 5 | Time-dependent ROC curves of the nomogram predicting 3-years (A), and 5-years (C) CSS in the external validation cohort. Comparison of the ROC curves between nomogram and other independent factors at the 3-years (B), and 5-years (D) CSS in the external validation cohort

Supplementary Figure 6 | The optimal cutoff values of the score calculated by the nomogram were estimated by Kaplan-Meier curves utilizing X-tile software.
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