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The survival benefit of metastasectomy (MSX) in patients with metastatic renal cell carcinoma (mRCC) remains unclear. A reliable model to predict an individuals’ risk of cancer-specific mortality (CSM) and to identify optimal candidates for MSX is needed. We identified 2,911 mRCC patients who underwent cytoreductive nephrectomy from the Surveillance, Epidemiology, and End Results database (2010–2015). Based on the Fine and Gray competing risks analyses, we created a nomogram to predict the survival of mRCC patients. Decision tree analysis was useful for patient stratification. The impact of MSX was assessed among three different subgroups. Overall, 579 (19.9%) cases underwent MSX. In the entire patients, the 1-, 2-, and 3-year cumulative incidence of CSM were 32.8, 47.2, and 57.9%, respectively. MSX was significantly associated with improved survival (hazard ratio [HR] = 0.875, 95% confidence interval [CI] 0.773–0.991; P = 0.015). Based on risk scores, patients were divided into three risk groups using decision tree analysis. In the low-risk group, MSX was significantly associated with a 12.8% risk reduction of 3-year CSM (HR = 0.689, 95% CI 0.507–0.938; P = 0.008), while MSX was not associated with survival in intermediate- and high-risk groups. We proposed a novel nomogram and patient stratification approach to identify suitable patients for MSX. The newly identified patient subgroup with a low-risk of CSM might benefit more from aggressive surgery. These results should be further validated and improved by the prospective trials.
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Introduction

Kidney cancer comprises approximately 2% of all malignant tumors and ranks 14th among the most common cancers in the world (1, 2). More notably, about 20–30% of patients present with synchronous metastatic disease at the time of diagnosis, with a poor prognosis (3). In the past decade, the use of targeted therapies against the VEGF and mTOR pathways has significantly improved the survival of patients with metastatic renal cell carcinoma (mRCC) (4). With the torrential increase in novel immunotherapies largely making these regimens obsolete, as the first-line treatment for mRCC (5).

In addition to modern systemic therapy, cytoreductive nephrectomy also has important value in treating mRCC, allowing a longer survival for well-selected patients with distant disease (6). Of note, metastasectomy (MSX) may also be thought as a potential treatment option to eliminate a large percentage of the tumor burden and sometimes achieve complete remission of the disease (7, 8). Several published studies have shown that surgical excision of the metastases could prolong survival and could be safely done in mRCC patients, even in the presence of multiple metastases (9, 10). Recently, a large hospital-based study based on the National Cancer Database analysis, also suggested that MSX-treated patients had a prolonged survival time when compared to non-MSX treated patients (11).

Obviously, some patients with distant disease may benefit from MSX, but now it is still unclear which subgroups may benefit from aggressive surgery. Proper patient selection strategy has been poorly explored. Therefore, developing a reliable model to identify ideal candidates for MSX is an important consideration. The nomogram is a convenient tool that can quantify survival prediction and has value in patient risk stratification. It has been proved that the prognostic model could provide precise risk prediction in several cancer entities (12, 13). Although several nomograms have been constructed for predicting survival of kidney cancer patients (14–16). The applicable models for guiding mRCC patient to choose MSX are still scant.

Given this background, we used a population-based database to build a prognostic model as a risk stratification strategy, and further determine a patient subgroup who may be more likely to benefit from MSX among mRCC patients.



Materials and Methods


Study Population

Data was derived from the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) database, which collects and publishes cancer-speciﬁc outcomes for approximately 28% of the American population. Using the SEER database, we identified patients diagnosed with metastatic RCC between 2010 and 2015.

Inclusion criteria included: (1) patients with renal cancer labeled as the ICD-O-3 site codes (C649, 8000-8980); (2) patients who underwent cytoreductive nephrectomy; (3) patients with pathological confirmation; (4) patients aged 18–90 years at initial diagnosis. Patients with missing data on race, distant sites (lung, liver, bone, or brain), T stage, N stage, tumor grade, or survival status were excluded from the cohort. Likewise, cases with bilateral tumors, and those with unknown surgical information were also excluded.

Excision of metastatic lesions included surgical resection to distant lymph nodes, regional and distant sites. Patients were grouped based on treatment type: MSX group versus non-MSX group.



Demographic and Clinical Variables

Study variables included age, sex, race, tumor stage, tumor location, distant site, tumor grade, treatment, survival months, vital status, and cause of death (based on the SEER cause-of-death classification).



Statistical Analysis

Differences in demographic and clinical characteristics were examined using the Chi-square test for categorical variables. A univariate and multivariate Fine and Gray’s competing risk analysis was performed to identify risk factors associated with cancer-specific mortality (CSM) and expressed as a hazard ratio (HR) with 95% confidence interval (CI). Non-kidney cancer-related death was considered as competing risk event for cancer-specific death.

The nomogram for predicting CSM was built in patients who did not receive MSX treatment. The factors with a p value < 0.05 in univariate analysis were further incorporated into multivariate analysis. Independent factors of survival were finally identified using the multivariable competing risks proportional hazards model. A nomogram to predict survival was established based on the factors that included in the final model. Internal validation of the nomogram was performed using the concordance index (C index) value, which was used to estimate the discriminative performance of the model. A calibration curve (1,000 bootstrap resamples) was graphically generated to assess the calibration of the nomogram.

According to the nomogram scores, decision tree analysis (Chi-Square automatic interaction detector) was utilized to identify the cutoff points for building risk classification system. The patients were divided into three prognostic groups: the low-, intermediate-, and high-risk groups.

All statistical analyses were performed with SPSS software version 23.0 (IBM, Armonk, NY, USA) and R software (version 3.5.1; R Foundation). A P value <0.05 in a 2-tailed test was determined as statistical signiﬁcance.



Ethics Statement

We signed the SEER Research Data Agreement (No. 12587-Nov2019) and further searched the data according to the approved guidelines. The SEER data is available to the public, and patients’ records are anonymous. Therefore, this study was deemed exempt from review by our institutional review board.




Results

Overall, 2,911 eligible patients with mRCC were enrolled in this study. Among them, 579 (19.9%) cases underwent MSX, while 2,332 (80.1%) patients received non-MSX treatment. The median age of the entire patients at first diagnosis was 61 years (interquartile range [IQR] 54–69 years). The baseline characteristics of all patients are summarized in Table 1. Patients with lower T stage and lymph node stage, or those with bone metastases and brain metastases were more likely to receive MSX. However, lung metastases were relatively less in the MSX (44.2%) patients and more in non-MSX group (60.6%).


Table 1 | Baseline demographic and clinical characteristics of the patients.



Among 2,911 eligible patients, 1,692 (58.1%) patients died of kidney cancer during follow-up period (median time: 17 [IQR 7–32] months). The 1-, 2-, and 3-year cumulative incidence of CSM for all patients were 32.8, 47.2, and 57.9%, respectively. In the non-MSX treated patients, the multivariate competing risks analysis identified T stage, N stage, tumor grade, and distant organs (bone, brain, liver, or lung) as independent factors for CSM (Table 2). All confirmed predictors were integrated to develop a prognostic model for survival (Figure 1). The C index of the novel nomogram was 0.710, reflecting the good discriminative ability of the predictive model. The calibration plots also showed favorable agreement in the 3-year cumulative incidence of CSM between the nomogram-predicted probabilities and the actual observations (Supplementary Figure 1). Each factor in the predictive model was assigned a risk score based on its contribution as presented in the nomogram (Figure 1). According to the sum of points, we can easily estimate the predicted probability of CSM for a patient at each time point.


Table 2 | Univariate and multivariate analysis for cancer-specific mortality in non-MSX treated patients.






Figure 1 | Nomogram predicting CSM for non-MSX treated patients with metastatic kidney cancer. CSM, cancer-specific mortality; MSX, metastasectomy.



Besides, based on the total risk scores of each patient in the non-MSX group produced by the novel nomogram, we determined two cut-off values (scores 10.1 and 19.3) by using decision tree analysis (Figure 2), to build a proper risk classification system. Then, all patients were classified into three prognostic groups: patients with a total score <10.1 were sorted into the low-risk group (n = 744), cases with a total score ≥19.3 were classified into the high-risk group (n = 691), and the remaining patients were assigned to the intermediate-risk group (n = 1,476). In the total cohort, these three risk subgroups had a distinct difference in the 3-year cumulative incidence of CSM: 35.6% in the low-risk group, 59.0% in the intermediate-risk group, and 80.4% in the high-risk group, respectively (P < 0.001; Supplementary Figure 2).




Figure 2 | Decision tree analysis according to the effect of nomogram score on cancer-specific mortality in non-MSX treated patients. CSM, cancer-specific mortality; MSX, metastasectomy.



For the entire patients, MSX was significantly associated with decreased CSM compared with non-MSX treatment (3-year cumulative incidence 52.6 vs 59.2%; HR = 0.875, 95% CI 0.773–0.991; P = 0.015; Table 3; Figure 3). In the subgroup analysis (Table 3; Figure 3), MSX was also correlated with a decrease in CSM in the low-risk group (3-year cumulative incidence 25.5 vs 38.3%; HR = 0.689, 95% CI 0.507–0.938; P = 0.008). However, MSX was not correlated with reduced CSM in the intermediate-risk group (3-year cumulative incidence 56.9 vs 59.5%; HR = 0.972, 95% CI 0.823–1.149; P = 0.602), and high-risk group (3-year cumulative incidence 75.6 vs 81.7%; HR = 0.825, 95% CI 0.661–1.030; P = 0.825).


Table 3 | Effect of MSX on cancer-specific mortality according to multivariate analysis in different groups.






Figure 3 | Cumulative incidence of CSM by MSX in the entire cohort (A), low-risk group (B), intermediate-risk group (C), and high-risk group (D). CSM, cancer-specific mortality; MSX, metastasectomy.





Discussion

Advances in contemporary systemic therapy, specifically since the introduction of targeted therapy, have shown a remarkable improvement in survival for patients with mRCC. However, it’s relatively rare to obtain complete remission with targeted agents alone (17), and many patients may suffer from side effects associated with pharmacotherapy. Moreover, the economic burden for mRCC patients is relatively heavy (18). Conversely, the survival benefit from MSX has shown encouraging results, providing a chance to achieve complete remission of the disease and improved survival (19). According to the study by Brecheteau et al., all 22 mRCC patients who experienced a complete remission were treated with cytoreductive nephrectomy. Among them, 21 patients underwent surgery for distant metastases (7).

However, the role of MSX in patients with mRCC remains unclear and has not been well-studied in the era of targeted therapy. Several previous studies on MSX in the targeted therapy era have shown the safety and feasibility of MSX in mRCC patients, and provided a long-term complete remission and favorable prognosis (20–22). However, these studies were considerably constrained by a small number of cases and only a specific group, which resulted in inhibiting their generalization. Indeed, given the absence of prospective clinical trials evaluating the role of MSX, large-scale cohort studies could be used to examine the value of MSX in patients with metastatic disease. A SEER-based analysis by Palumbo (23) showed that metastasectomy was associated with lower overall mortality risk (median survival 11 vs. 9 months, P = 0.002). Recently, a large hospital-based national study found that the significant increases in MSX utilization for metastatic kidney cancer, and patients undergoing MSX did benefit from a prolonging survival, with a 17% risk reduction of death, highlighting the potential value of MSX in the treatment management of mRCC (11). Similarly, in this population-based investigation, we found that MSX was significantly associated with a 6.6% risk reduction in the 3-year cumulative incidence of CSM for patients in the whole mRCC cohort, which further indicated that MSX is of great importance in improving the prognosis of patients with distant disease.

The key issue to consider next is to better understand how clinicians make a decision rationale in selecting patients to undergo MSX or not. In the present study, based on patients’ clinicopathological characteristics, we established a novel nomogram and risk classification system for predicting individuals’ risk of CSM, which can be useful in aiding decision-making of MSX in patients with mRCC. Our finding revealed that patients with favorable biological profile at a lower risk of CSM were more likely to benefit from MSX, with a 12.8% risk reduction of kidney cancer-specific death. However, MSX did not confer any survival advantage in the intermediate-risk, and high-risk groups compared with non-MSX treated patients. Likewise, data from a previous study suggested that the selected patients with favorable risk might benefit from MSX and achieve better survival (24). Notably, the first prospective phase III trial (CARMENA) in the targeted therapy era also showed that mRCC patients with intermediate and poor-risk could not benefit from cytoreductive nephrectomy (25). Therefore, the present predictive model can be used to improve the understanding of the potential role of MSX in the metastatic scenario, and has value in clinical decision-making, patient counseling, and clinical trial design.

From a clinical standpoint, our study showed that MSX could confer a survival benefit for the low-risk patients, rather than patients with an unfavorable oncological profile at higher risk of CSM, thereby avoiding over- or undertreatment for patients. In addition, all predictive factors included in the prognostic model can be easily extracted from clinical practices. Meanwhile, the C index of the present nomogram for predicting survival was 0.710, which is similar to the International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) model (C index = 0.70) (16), reflecting its great performance and favorable clinical effect. However, there are many elusive issues on this topic. For one, how to develop a multimodal strategy for mRCC patients by combining MSX with drug therapy. Given the disparate patterns of treatment modalities (26), and the lack of high-level evidence, current guidelines do not include specific recommendations on patient selection in the setting of mRCC (27). Notably, the important upside of our finding is that the potential benefits of MSX depend on patient’s health conditions and tumor characteristics.

In addition to the prediction model for survival, in the present study, risk classification is another pivotal step to identify suitable subgroups for MSX in patients with mRCC. Using decision tree analysis, we developed a proper risk classification strategy, which could satisfactorily separate all patients into three different risk groups with distinct CSM rates. Therefore, our approach included predictive model and decision tree analysis, and demonstrated its great performance in patient stratification, enabling clinicians to conveniently estimate individuals’ risk of CSM and select suitable patients who are more likely to benefit from MSX. This approach may be a meaningful and practical tool for helping tailor individualized treatment.

There are certain limitations in our study. First, although this study based on SEER database covers approximately 28% of the American population, the sample size of MSX group is relatively small, and is limited by the inherent bias of retrospective analysis. Second, there is a lack of information on patient performance status, comorbidities, complications of MSX, which may be used in treatment decision-making. Third, detailed information about targeted therapy and other distant sites are unavailable in the SEER database, which undoubtedly affect the survival of mRCC patients. Fourth, although the information of the metastatic organs was recorded, it was not clear that surgery was performed at that site, and we could not determine whether the patients underwent complete resection. Finally, in this cohort, we could not assess whether patients experienced recurrences or metachronous metastases after MSX. Despite these limitations, we first developed a prognostic nomogram for mRCC to identify suitable patients who could benefit from MSX, which can be conveniently perform in clinical practice.



Conclusion

Using the prognostic nomogram and decision tree analysis, we proposed a new approach for individuals’ risk prediction and corresponding risk classification system to identify optimal candidates for MSX among patients with mRCC. We found that patients at low risk of CSM might benefit more from MSX. Conversely, MSX did not confer any survival advantage in intermediate-, or high-risk patients. As a novel model, there is a definite need for a prospective trial to validate and improve the merits of our model.
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Supplementary Figure 1 | Calibration curves showing the probability of CSM between the nomogram prediction and the actual observation. A plot along the 45-degree line would indicate a perfect calibration model in which the predicted probabilities are identical to the actual outcomes. CSM, cancer-specific mortality.

Supplementary Figure 2 | Cumulative incidence of CSM for the entire patients in the low-, intermediate-, and high-risk groups. CSM, cancer-specific mortality.
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