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Objectives

Clear cell renal cell carcinoma (ccRCC) is highly prevalent, prone to metastasis, and has a poor prognosis after metastasis. Therefore, this study aimed to develop a prognostic model to predict the individualized prognosis of patients with metastatic clear cell renal cell carcinoma (mccRCC).



Patients and Methods

Data of 1790 patients with mccRCC, registered from 2010 to 2015, were extracted from the Surveillance, Epidemiology and End Results (SEER) database. The included patients were randomly divided into a training set (n = 1253) and a validation set (n = 537) based on the ratio of 7:3. The univariate and multivariate Cox regression analyses were used to identify the important independent prognostic factors. A nomogram was then constructed to predict cancer specific survival (CSS). The performance of the nomogram was internally validated by using the concordance index (C-index), calibration plots, receiver operating characteristic curves, net reclassification improvement (NRI), integrated discrimination improvement (IDI), and decision curve analysis (DCA). We compared the nomogram with the TNM staging system. Kaplan–Meier survival analysis was applied to validate the application of the risk stratification system.



Results

Diagnostic age, T-stage, N-stage, bone metastases, brain metastases, liver metastases, lung metastases, chemotherapy, radiotherapy, surgery, and histological grade were identified as independent predictors of CSS. The C-index of training and validation sets are 0.707 and 0.650 respectively. In the training set, the AUC of CSS predicted by nomogram in patients with mccRCC at 1-, 3- and 5-years were 0.770, 0.758, and 0.757, respectively. And that in the validation set were 0.717, 0.700, and 0.700 respectively. Calibration plots also showed great prediction accuracy. Compared with the TNM staging system, NRI and IDI results showed that the predictive ability of the nomogram was greatly improved, and DCA showed that patients obtained clinical benefits. The risk stratification system can significantly distinguish the patients with different survival risks.



Conclusion

In this study, we developed and validated a nomogram to predict the CSS rate in patients with mccRCC. It showed consistent reliability and clinical applicability. Nomogram may assist clinicians in evaluating the risk factors of patients and formulating an optimal individualized treatment strategy.





Keywords: metastatic clear cell renal cell carcinoma, Surveillance, Epidemiology, and End Results (SEER), nomogram, prognosis, survival analysis



Introduction

Renal cell carcinoma (RCC), referred to as renal cancer, is one of the most common malignant tumors of the urinary system (1). According to the latest statistics of the World Health Organization, there were 431,288 new cases of RCC worldwide in 2020, with an incidence rate of 2.2%, including 179,368 deaths and a mortality rate of 1.8%. In addition, there were 271,249 new male cases and 160,039 new female cases. The male incidence rate was 1.7 times higher than the women. RCC accounts for about 90% of all renal malignancies. The main pathological types include clear cell renal cell carcinoma (ccRCC), papillary carcinoma, and chromophobe cell carcinoma. ccRCC is the most common pathological subtype, accounting for about 70% of all RCC (2, 3).

Previous studies have reported that about 18%-30% of patients with RCC have systemic metastasis at the initial diagnosis, and about one third of patients develop metastatic RCC (mRCC) during long-term follow-up after radical nephrectomy (4, 5). Generally, patients with mRCC have a poor prognosis, with a median overall survival of about 13 months (6). Among clear cell carcinoma, papillary carcinoma, and chromophobe cell carcinoma, ccRCC has the most patients, the worst prognosis, and the most prone to distant metastasis (7, 8). The lung is considered to be the most common metastatic site in patients with ccRCC, followed by bone. The ccRCC can also be transferred to liver, brain, adrenal gland (9, 10). Although with the development of targeted drugs and immunotherapy, the 5-year survival rate of patients with mccRCC has increased from 7.3% to 12.3% (8, 11), the prognosis is still poor. As a consequence, it is necessary to study the prognostic factors of patients with mccRCC and establish a prediction model.

The traditional treatment decision-making and prognosis evaluation of malignant tumors are mainly determined according to the American Joint Committee on Cancer (AJCC) TNM staging system. It only considers the AJCC clinical staging obtained by TNM and does not consider the factors related to the prognosis of patients, such as age, surgery, radiotherapy, transfer site, number of transferred organs, histological grade and so on. The TNM staging system of AJCC is also the most commonly used prognostic evaluation system for RCC (12). Nevertheless, in clinical practice, significant survival differences were observed in patients with mccRCC with the same TNM stage. Therefore, another prognostic tool is needed to better predict the prognosis of patients with mccRCC. Nomogram is a graphical representation of the multivariate model. Compared to the traditional TNM staging system, nomogram can integrate more prognostic factors and is more accurate in predicting the survival of patients with some malignant tumors (13–16). Nomogram is also a visible and reliable statistical prediction tool. It is widely used to provide tailored individual prognosis information. The nomogram consists of basic variables such as demographics, tumor characteristics, and treatment characteristics (17). In the past few years, several prognostic nomograms have been developed for RCC patients (18), some of which are based only on data from patients with mRCC. However, for the nomogram of distant metastasis of ccRCC, we only found a prognostic nomogram of lung metastasis of ccRCC (18). The nomogram of prognosis of ccRCC patients with metastasis of other organs or multiple organs has not been found yet. There are significant differences in survival among mRCC patients with different pathological types. Therefore, the previous nomogram based on mRCC patient data may show low accuracy when used in patients with mccRCC. It is necessary to establish a prognostic nomogram model of mccRCC patients to improve the prediction accuracy. As we know, this study is the first time to establish the prognostic nomogram model of patients with mccRCC based on SEER database and to compare the nomogram with the TNM staging system using the NRI and IDI. This study aims to provide a more accurate prognostic prediction for patients and provide a reference for clinicians to manage patients.



Patients and methods


Data source and patients selection

Data of patients diagnosed with mccRCC were collected from the Surveillance, Epidemiology, and End Results (SEER) database (https://seer.cancer.gov/) according to the International Classification of Tumor Diseases Third Edition (ICD-O-3). The inclusion criteria were as follows (1): The first diagnosis was primary clear cell renal cell carcinoma; (2) Distant organ metastasis, including lung, liver, brain, and bone metastases; (3) Unilateral primary clear cell renal cell carcinoma; (4) The age of diagnosis was 18 years or older; (5) The registration information is complete. The exclusion criteria were as follows: (1) Non primary clear cell renal cell carcinoma; (2) Bilateral or lateral unclear primary metastatic clear cell renal cell carcinoma; (3) Other organ metastases (non-lung, non-liver, non-brain, non-bone, and other organ metastasis); (4) Race, T-stage, N-stage or histological grade were unknown; (5) Cases with incomplete information. After screening, 1790 eligible mccRCC patients were finally included in the cohort. The process of data was shown in Figure 1. Patients were randomly divided into two sets (training set, n = 1253, and validation set, n = 537) based on the ratio of 7:3. Since SEER is a publicly available database, studies using the SEER database do not require ethical board approval and patient consent.




Figure 1 | Flowchart showing the selection of patients from the SEER database, based on the inclusion and exclusion criteria outlined above; 1,790 patients were included in this study.





Data collection and end point

The variables in this study included diagnostic age, gender, race, laterality, T-stage, N-stage (TNM stage according to the seventh edition of the American Joint Commission on Cancer staging system), lung metastases, liver metastases, brain metastases, bone metastases, chemotherapy, radiotherapy, surgery, histological grade, survival status (survival and death), and survival time. The primary endpoint in this study was Cancer specific survival (CSS), which related to the death of mccRCC. Survival time was calculated from the date of diagnosis to the date of the last follow-up or until the date of death due to cancer and its complications.



Statistical analysis

The included patients were randomly divided into a training set (n = 1253) and a validation set (n = 537) based on the ratio of 7:3. The Student’s t-test and Chi-square test were performed for continuous and categorical variables, respectively, to explore the baseline characteristics of patients in the two sets. Continuous variables were reported as median with range, and categorical variables as frequencies and proportions. The optimal cutoff values for age were evaluated using the X-tile software. In the training set, the univariate Cox regression analysis was performed to identify the significant prognostic factors. Afterwards, they were incorporated into the multivariable Cox proportional hazards regression model to further determine the relationship between each variable and survival outcomes of patients with mccRCC when their p-value was under 0.05. All results were shown as hazards ratios (HR) and 95% confidence intervals (95%CI). The influencing factors was used to screen in the multivariable Cox regression model, and a nomogram for predicting CSS in 1-, 3- and 5-years was constructed. The predictive discriminative ability of the nomogram was determined by Harrell’s concordance index (C-index) and the receiver operating characteristics (ROC) curves, the area under the curve (AUC). The accuracy of the nomogram in predicting 1 -, 3 - and 5-year CSS was evaluated by Calibration plots. In addition, the net reclassification improvement (NRI) and integrated discrimination improvement (IDI) were used to assess whether the nomogram was more accurate than the AJCC TNM staging system or not. And decision curve analysis (DCA) was used to evaluate the clinical utility of the nomogram.

In addition, we calculated the total score for each patient based on the nomogram. According to the total score, we constructed a risk stratification model, which divided the total cohort into two different risk groups (low-risk group and high-risk group). The best cut-off value was analyzed by X-tile software. The survival differences between low-risk and high-risk groups were assessed by Kaplan Meier survival analysis.

All analyses were performed using the spss27.0 and the statistical package R 4.1.2 (http://www.R-project.org). The two-sided p-value of less than 0.05 was considered statistically significant. All procedures involving human participants in this study met the ethical standards described in the 1964 Declaration of Helsinki and its subsequent amendments.




Results


Patients’ baseline characteristics

In total, 1,790 patients with mccRCC were enrolled in this study. 1,253 patients (70%) were distributed into the training set while 537 patients (30%) into the validation set. Baseline demographical and clinical characteristics of the study population are shown in Table 1. The majority of patients were male (1261, 70.45%), white (1537, 85.87%), and under 66 years of age (1233, 68.88%). In terms of treatment, most patients underwent surgery (1468, 82.01%), while fewer patients received radiotherapy (556, 31.06%). The mean survival time was 28.41 ± 25.36, 28.80 ± 25.85, and 27.51 ± 24.15 months in the total cohort, training set, and validation set, respectively. The difference between the training and validation sets was not statistically significant in all variables (p > 0.05).


Table 1 | Baseline demographic and clinical characteristics of patients in the training set and validation set.





Screening for prognostic factors of CSS

The univariate and multivariate Cox proportional risk regression analyses were performed to demonstrate the association between the selected variables and oncologic outcomes, the univariate and multivariate Cox regression analysis of included variables for CSS in training set are shown in Table 2. The univariate Cox regression analysis identified nine variables (T-stage, N-stage, brain metastases, liver metastases, lung metastases, chemotherapy, radiotherapy, surgery, and histological grade) as factors associated with CSS. Although the statistical analysis showed that age and bone metastases were not statistically significant, they were included in the multivariate analysis together, considering their influence on patient prognosis in terms of professional significance. Multivariate Cox regression analyses showed that statistically significant risk factors associated with CSS included age at diagnosis, T-stage, N-stage, bone metastases, brain metastases, liver metastases, lung metastases, chemotherapy, radiotherapy, surgery, and histological grade. For example, patients with higher T-stage or regional lymph node metastasis may have a poorer prognosis. Kaplan-Meier curve analysis visualized the different survival outcomes stratified by each variable included in this study. Log-rank test showed significant differences in CSS between subgroups for T-stage, N-stage, brain metastasis, liver metastasis, lung metastasis, chemotherapy, radiotherapy, surgery, and histological grade (p < 0.05) and no significant differences for age, sex, race, laterality and bone metastasis(p<0.05) (Figures 2A–N).


Table 2 | Univariate and multivariate Cox regression analysis of included variables for CSS in training set.






Figure 2 | Kaplan–Meier curves of cancer specific survival in patients with metastatic clear cell renal cell carcinoma stratified by age (A), sex (B), race (C), laterality (D), T-stage (E), N-stage (F), bone metastases (G), brain metastases (H), liver metastases (I), lung metastases (J), chemotherapy (K), radiotherapy (L), surgery (M) and histological grade (N).





Prognostic nomogram construction for CSS

A nomogram was built using the significant prognostic factors for 1-, 3-, and 5-year CSS (Figure 3), which was then validated internally using data from the validation set. Each variable in the nomogram was given a corresponding score of 0 to 100 based on the hazard ratio. Each patient could obtain a total score by adding a score in each variable and placed on the total subscale to obtain the probabilities of 1-, 3- and 5-year CSS. For example, age ≤66 years with a score of 0; T4 with a score of 44; N1 with a score of 37; pulmonary metastases with a score of 35; surgical treatment with a score of 0; histological grade of moderately differentiation with a score of 30, the scores corresponding to all variables are added to the total score, which is 146. Then the 1-,3-, and 5-year survival rate is 65%, 35%, and 22%, respectively.




Figure 3 | Nomogram model was constructed using the independent prognostic factors predicting the 1-, 3- and 5-year CSS for patients with mccRCC.CSS, Cancer-Specific Survival; mccRCC, metastatic clear cell renal cell carcinoma.





Calibration and validation of the nomogram

In the training set, the C-index of the nomogram was 0.707, and in the validation set, the C-index was 0.650, respectively. The data indicated that the nomogram has a good discriminatory ability. Meanwhile, the calibration plots of the nomogram for probabilities of 1-year, 3-year, and 5-year CSS in the training and validation sets displayed consistency between the observed and predicted results (Figures 4A–F).




Figure 4 | Calibration plots for the nomogram. Calibration plots of 1-year (A), 3-year (B), and 5-year (C) CSS in the training set; Calibration plots of 1-year (D), 3-year (E), and 5-year (F) CSS in the validation set. CSS, Cancer-Specific Survival.





Comparison of the nomogram and AJCC TNM staging system

ROC curve analysis showed that the AUC of the 1-, 3-, and 5-year CCS of the nomogram was superior to the TNM staging both in the training and validation sets. (Figures 5A–F).




Figure 5 | ROC curves of the nomogram for CSS compared with TNM staging. ROC curves comparation of the nomogram and TNM staging for 1-year (A), 3-year (B) and 5-year (C) CSS in the training set. ROC curves comparation of the nomogram and TNM staging for 1-year (D), 3-year (E) and 5-year (F) CSS in the validation set. AUC: area under the curve; ROC, receiver operating characteristic; CSS cancer specific survival.



The nomogram performed better than the TNM staging system in the NRI and IDI analyses (Tables 3, 4). In the training set, the 1-, 3-, and 5-year NRI of the nomogram compared to the TNM staging system was 54.5% (95% CI 0.449-0.663), 58.4% (95% CI 0.467-0.701), and 56.3% (95% CI 0.425-0.692), respectively. And the 1-, 3-, and 5-year IDI for the nomogram compared to TNM staging system was 9.0% (p < 0.01), 9.5% (p < 0.01), and 8.2% (p < 0.01), respectively. In the validation set, the 1-, 3-, and 5-year NRI for the nomogram compared to the TNM staging system was 42.5% (95% CI 0.211-0.646), 47.5% (95% CI 0.220-0.626), and 53.8% (95% CI 0.284-0.706), respectively. And the 1-, 3-, and 5-year IDI for the nomogram compared to TNM staging system was 3.0% (p < 0.01), 4.0% (p < 0.01), and 5.7% (p < 0.01).


Table 3 | NRI of the nomogram in survival prediction for mccRCC patients compared with TNM staging.




Table 4 | IDI of the nomogram in survival prediction for mccRCC patients compared with TNM staging.



Compared to the AJCC TNM staging system, DCA analysis showed a significant improvement in the net benefit of the nomogram and has a wide range of threshold probabilities both in the training and validation sets (Figures 6A–F). This indicated that a new nomogram is more beneficial than the TNM staging system for clinical applications in predicting individual survival outcomes.




Figure 6 | DCA of the nomogram and AJCC TNM staging for 1-year (A), 3-year (B) and 5-year (C) CSS in training set, and for 1-year (D), 3-year (E) and5-year (F) CSS in the validation set. The red line represents the nomogram. The orange line represents AJCC TNM stage. CSS, cancer specific survival; DCA, decision curve analyses; AJCC, American Joint Committee on Cancer.





Ability of nomogram to stratify patient risk

The cut-off value between the high-risk and low-risk groups was determined as 257 by X-tile analysis. The 1790 patients in the total cohort were divided into a high-risk group (total score > 257) and a low-risk group (total score ≤ 257). By Kaplan-Meier analysis, the CSS of 1520 low-risk patients had significantly higher than 270 high-risk patients (p< 0.0001) (Figure 7).




Figure 7 | Kaplan–Meier survival analyses to test the risk stratification system within the total cohort. The blue line represents low-risk group, and the yellow line represents high-risk group. Low-risk group (score≤ 257); high-risk group (score >257).





The impact of metastases sites and burden on the outcomes of interest

As shown in Figure 8, in terms of the CSS, as the number of metastases increased in patients with distant metastasis, the long-term CSS probabilities decreased significantly (Figure 8A). Besides, patients with multiple metastatic sites had worse CSS than those with single metastatic site (Figure 8B), and the same in the comparisons between two metastatic sites and more (Figure 8C). Among all metastatic sites, those with single liver or lung liver metastasis had the worst CSS (Figure 8D). Moreover, survival curves of patients with two metastatic sites are shown those with brain + liver or bone + liver metastasis had the worst CSS (Figure 8E). And no significant differences were identified in CSS (Figure 8F) for various metastatic patterns among patients with three metastatic sites.




Figure 8 | The Kaplan-Meier curves of CSS in ccRCC patients according to metastatic status: 1 site versus 2 sites verses ≥3 sites (A), 1 site versus >1 sites (B), 2 sites versus >2 sites (C). The Kaplan-Meier curves of CSS in ccRCC patients according to metastatic status: with single site (D), with two sites (E) , with three sites (F).






Discussion

The three common pathological types of RCC are clear cell carcinoma, chromophobe cell carcinoma, and papillary cell carcinoma. The ccRCC is most prone to distant metastasis (7, 8), and distant metastasis is considered to be an important factor in poor prognosis of patients with ccRCC, with a median survival time of fewer than 2 years (6). Riccardo Campi’s study has also indicated ccRCC is with worse prognosis and a higher risk of relapse (19). However, most patients with mccRCC can benefit from cytoreductive nephrectomy (CN). In addition, with the development of treatment methods for patients with mRCC, many new treatment methods have emerged, such as targeted therapy and immunotherapy (20). This enables patients with mRCC to obtain a better prognosis. The TNM staging system of AJCC is the most commonly used prognostic evaluation system for RCC (12). However, in clinical practice, significant survival differences were observed in patients with mccRCC with the same TNM stage. Therefore, it is necessary to establish an accurate and appropriate survival prediction model for patients with mccRCC. In this study, a large number of data were collected from the SEER database to establish and validate the survival and prognosis nomogram of patients with mccRCC. This study is the first time to use the SEER database to establish a survival and prognosis prediction model for patients with mccRCC and compared the nomogram with the TNM staging system using the NRI and IDI, aiming to better predict the survival and prognosis of patients at the population level.

This study comprehensively explored the impact of relevant factors in the SEER database on the survival of patients with mccRCC. At the same time, we combined the variables screened by a multivariable Cox regression model, and constructed and internally validated a relatively accurate nomogram to predict the CSS of patients with mccRCC. This approach produces a relatively simple and accurate tool that contains only important variables related to survival outcomes without sacrificing accuracy. The final survival nomogram produced good accuracy of survival prognosis, which far exceeded the traditional TNM staging model (21). In addition, different risk groups can be constructed according to the nomogram score and patient individualized consultation and follow-up arrangements can be tailed for different risk groups (22).

In recent years, nomograms have been widely used. Martini’s nomogram applied to the prediction of significant renal function decline after open, laparoscopic, and robotic partial nephrectomy and the result show that the robot-assisted partial nephrectomy have excellent oncologic and functional outcomes (23). Moreover, martini’s nomogram is a valid tool for predicting the decline in renal function at 6 and 12 months after robot-assisted partial nephrectomy and laparoscopic partial nephrectomy (24). The nomograms developed using the SEER database have been widely used to predict the prognosis of various malignant tumors, such as Ewing sarcoma, penile cancer, and cardiac sarcoma (25). Our current study constructs an internally validated nomogram for patients with mccRCC for the first time. It can intuitively and effectively predict the survival and prognosis of patients. The variables in the nomogram are independent factors affecting CSS, which can better predict the survival rate of patients with mccRCC. Using this nomogram, we will be able to more accurately predict the future survival rate of patients. Although the C-index and AUC of nomograms in the training set and validation set are not high enough, the prediction ability of the model is more accurate than using the current TNM staging to predict the prognosis. In addition to C-index and AUC, NRI and IDI are also used to compare the prediction ability of nomogram and TNM staging system, which is specially used to compare the prediction ability of old and new models. Further analysis of DCA proved that it was significantly superior to the TNM staging system in clinical application. The risk stratification model based on this nomogram can effectively divide the patients in the total cohort into two risk groups (high-risk group and low-risk group), and can distinguish CSS. The results of this study may be particularly helpful in predicting postoperative survival in patients with mccRCC.

The nomogram for predicting the prognosis of patients with mccRCC has ten prognostic factors, including diagnostic age, T-stage, N-stage, bone metastases, brain metastases, liver metastases, lung metastases, radiotherapy, surgery, and histological grade. In terms of age, several studies have shown that the prognosis of elderly patients is worse than that of young patients (26, 27). This may be related to the higher resistance of young people. Lymph node metastasis means a poor prognosis. Previous studies have shown that lymph node metastasis is associated with reduced survival in patients with locally advanced RCC (28). In a recent study, Yu and his colleagues found that the prognosis of patients with lymph node involvement was significantly worse than the patients without lymph node involvement (29). Other studies have found that the 10-year overall survival (OS) of patients with RCC lymph node metastasis is between 15% and 26% (30, 31). Distant metastasis indicates a poor prognosis. Previous studies have pointed out that lung metastasis is not an independent risk factor for the prognosis of RCC patients, but the inclusion of a large number of patients with multiple distant metastases will also affect the prognosis of patients to a certain extent (32, 33). Other studies (34) found that compared with RCC patients with lung metastasis alone, patients with bone, brain, and liver metastasis had an increased risk of disease-specific death, which were 1.524, 1.664, and 1.355 times respectively. Patients with distant metastases can benefit from CN. Pooja Ghatalia (35) reported in the study of Urology in the United States that CN benefits significantly in patients with mRCC. In addition, compared with systemic treatment alone, patients receiving CN and systemic treatment have greater survival benefits. Jack R Andrews (36) found that after RCC patients received CN, regardless of whether they received systemic treatment or not, about half of the patients may avoid systemic treatment within 1 year in the long-term follow-up, and some of the metastases achieved long-term survival without systemic treatment. Therefore, CN is an appropriate and meaningful treatment for patients with mccRCC. Radiotherapy is a risk factor for patients with mccRCC, which may be related to the side effects of radiotherapy. It reminds us that patients with mccRCC should avoid radiotherapy as much as possible.

In the past 20 years, with our further understanding of the molecular drivers of RCC, significant progress has been made in the targeted therapy and immunotherapy of metastatic renal carcinoma. The research mainly focus on the histology of clear cell RCC (ccRCC), which accounts for more than 75% of all cases (37). Within ccRCC, the von Hippel Lindau (VHL) and hypoxia-induced factor (HIF) pathways have been identified as important drivers of pathogenesis. Perhaps the most notable among these is sunitinib, a first-in-class tyrosine kinase inhibitor of VEGF receptor, which demonstrated its superiority over interferon alpha in overall survival (OS), progression-free survival (PFS), and response rate (RR) in a landmark trial published in 2007. Sunitinib has since become the standard-of-care comparator for clinical trials in RCC. The mechanistic target of rapamycin (mTOR) inhibitors temsirolimus and everolimus have also been shown to be clinically effective and are approved as largely second-line agents (20). The effect of targeted therapy is useful, but there are also side effects. This nomogram evaluates the CSS of patients for 1, 3 and 5 years. If the CSS of patients is too low, taking into account the side effects of targeted therapy and the poor physical condition of patients, targeted therapy may not be considered. In addition, patients identified as high-risk group through nomogram may also consider not to carry out targeted treatment if their physical condition is poor. The practical role of this nomogram in targeted therapy needs further prospective research.

As for immunotherapy, modern immune checkpoint inhibitors (ICI) targeting programmed cell death 1 (PD-1),programmed cell death ligand 1 (PD-L1) and cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) have renewed the promise of immunotherapy in the treatment of RCC and show potential for achieving durable remission. PD-1 and CTLA-4 are both expressed on activated T cells and act to down-regulate T cell response when in contact with their ligands (20).Cancer cells have leveraged this mechanism to evade immune surveillance by expressing PD-L1 (38). Indeed, PD-L1 can be significantly overexpressed in RCC (39). The treatments acting on this pathway include the PD-1 inhibitors nivolumab and pembrolizumab, the PD-L1 inhibitors avelumab and atezolizumab, and the CTLA-4 inhibitor ipilimumab. The nomogram in our study can be used to determine whether to receive immunotherapy according to the survival rate and risk stratification predicted by the nomogram, and observe the effect of immunotherapy with different survival rates and risk stratification

There are several significant advantages to note in this study. First, to our knowledge, this is the first study to predict CSS by prognostic nomogram in patients with mccRCC. Then, the number of patients in this study was relatively large enough to construct a prognostic nomogram with good performance (n = 1790). In addition, the variables in the nomogram are easy to obtain in most hospitals, and have good applicability in our nomogram. Finally, the ROC curve, DCA, NRI and IDI analysis of this study shows that the nomogram can more accurately predict the CSS of patients with mccRCC and has clinical applicability. These findings are consistent with the internal validation results of nomogram prediction. The prediction ability of this model is more accurate than using the current TNM stage system to predict the prognosis. At the same time, we divided the study population into two risk groups according to the prognostic nomogram, which makes it easier to find patients with poor survival results.

However, there are some limitations in this study. First, this is a retrospective study based on the SEER database, which means that the results of this study are inevitably affected by selection bias. In addition, we excluded patients with unknown variable information, which is also an important source of selection bias. Secondly, the SEER database has some limitations. For example, the SEER database lacks some factors that are also important for the prognosis of patients with mccRCC, such as laboratory results and new therapies such as targeted therapy. Finally, although internal validation was performed in the validation set, the results of this validation method were not perfect because the patients in the training and validation sets were from the same database. Therefore, large prospective clinical trials are needed for external validation.



Conclusion

In this study, we developed and validated a nomogram to predict the CSS rate in mccRCC patients, which showed consistent reliability and clinical applicability. Nomogram may assist clinicians in evaluating the risk factors of patients and formulating an optimal individualized treatment strategy. However, further evaluation of other patient groups is needed to determine the external validity of our findings.
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557 (31.12)

1261 (70.45)
529 (29.55)

1537 (85.87)
103 (5.75)
150 (8.38)

910 (50.84)
880 (49.16)

246 (13.74)
327 (18.27)
1008 (56.31)
209 (11.68)

1368 (76.42)
422 (23.58)

628 (35.08)
1162 (64.92)

219 (12.23)
1571 (87.77)

242 (13.52)
1548 (86.48)

1304 (72.85)
486 (27.15)

1037 (57.93)
753 (42.07)

556 (31.06)
1234 (68.94)

1468 (82.01)
322(17.99)

476 (26.59)
776 (43.35)
538 (30.06)

training set (n = 1253)

1253
28.80 + 25.85

858 (68.48)
395 (31.52)

888 (70.87)
365 (29.13)

1073 (85.63)
78 (6.23)
102 (8.14)

618 (49.32)
635 (50.68)

170 (13.57)
236 (18.83)
690 (55.07)
157 (12.53)

966 (77.09)
287 (22.91)

438 (34.96)
815 (65.04)

157 (12.53)
1096 (87.47)

178 (14.21)
1075(85.79)

913 (72.87)
340 (27.13)

731 (58.34)
522 (41.66)

383 (30.57)
870 (69.43)

1017(81.17)
236(18.83)

345(27.53)
530(42.30)
378(30.17)

validation set (n = 537)

537
27.51 + 24.15

375 (69.83)
162 (30.17)

373 (69.46)
164 (30.54)

464 (86.41)
25 (4.66)
48 (8.94)

292 (54.38)
245 (45.62)

76 (14.15)
91 (16.95)

318 (59.22)
52 (9.68)

402 (74.86)
135 (25.14)

190 (35.38)
347 (64.62)

62 (11.55)
475 (88.45)

64 (1192)
473 (88.08)

391 (72.81)
146 (27.19)

306 (56.98)
231 (43.02)

173 (32.22)
364 (67.78)

451 (83.99)
86 (16.01)

131 (24.39)
246 (45.81)
160 (29.80)

p-value

0323

0.570

0.549

0.383

0.050

0.205

0.307

0.863

0.560

0.195

0.981

0.594

0.490

0.155

0.289
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