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Background: To assess the role of nodal involvement in stage III renal cell carcinoma (RCC) according to the American Joint Committee on Cancer (AJCC) 8th staging system. We compared the survival outcomes of RCC patients with pT1−3N1M0 disease and those with pT3N0M0 or stage IV (stratified as pT4NanyM0 and pTanyNanyM1) disease in a large population-based cohort.

Methods: A cohort of 3,112 eligible patients with RCC was identified from the Surveillance, Epidemiology, and End Results (SEER) database, registered between January 2004 and December 2015. Kaplan-Meier and Cox proportional hazards models were used to evaluate the overall survival (OS), and cancer-specific survival (CSS). The prognostic value of the modified stage for pT1−3N1M0 disease was assessed by nomogram-based analyses. Propensity score matching (PSM) was used to adjust for potential baseline confounding.

Results: Patients with pT1−3N1M0 disease showed similar survival outcomes (median OS 41.0 vs. 38.0 months, P = 0.77; CSS 45.0 vs. 39.0 months, P = 0.59) to pT4NanyM0 patients, whereas the significantly better survival outcome was found for pT3N0M0 patients. After PSM, comparable survival rates were observed between pT1−3N1M0 group and pT4NanyM0 group, which were still significantly worse than the survival of pT3N0M0 patients. The modified stage IIIA (pT3N0M0), IIIB (pT1−3N1M0, pT4NanyM0), and IV (pTanyNanyM1) showed higher predictive accuracy than AJCC stage system in the nomogram-based analyses (concordance index: 0.70 vs. 0.68, P < 0.001 for OS; 0.71 vs. 0.69, P < 0.001 for CSS).

Conclusions: The pT1−3N1M0 RCC might be reclassified as stage IIIB together with pT4NanyM0 disease for better prediction of prognosis, further examination and validation are warranted.
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INTRODUCTION

Renal cell carcinoma (RCC) ranks the third most common genitourinary malignancy in men and fourth among women, with an estimated 403,262 new cases and 175,098 deaths worldwide (1). Lymph node (LN) involvement accounts for 6% to 20% in patients diagnosed with RCC (2, 3). The 5-years overall survival (OS) was significantly worse in node-positive patients ranging from 11 to 38% compared to 65 to 87% relative to those without nodal disease (2, 4, 5). Positive node disease has been frequently shown to have an independent adverse effect on survival, regardless of other prognostic factors (6, 7). However, even though the determinant prognostic role of LN involvement might exist in the survival of RCC patients, the current 8th version of the American Joint Committee on Cancer (AJCC) staging manual classifies both the pT1−3N1M0 disease and pT3N0M0 disease as stage III disease (8).

Several studies suggested that RCC patients with pT1−3N1M0 disease were associated with poor survival compared with RCC patients with pT3N0M0 disease (9, 10). Furthermore, the survival between RCC patients with M1 disease (N0M1) and patients with node-positive only (N+M0) disease was similar (11). The recent MD Anderson Cancer Center (MDACC) study reported that RCC patients with pT1−3N1M0 disease by the AJCC 8th staging should be reclassified as having stage IV disease (12). Meanwhile, another large cohort from China also suggested that T1−3N1M0 disease should be reclassified to be combined with T4N0M0 rather than T3N0M0 disease (13).

Therefore, given the heterogeneity of survival outcomes using the current AJCC staging system, we sought to analyze the RCC cohorts of patients from the Surveillance, Epidemiology, and End Results (SEER) registry to improve stratification of survival outcomes, including pT3N0M0, pT1−3N1M0, pT4NanyM0, and pTanyNanyM1 patient populations.



METHODS


Study Populations and Data Sources

Patient consent was not required because the study was a retrospective database research in nature, there was no direct patient contact. Institutional Review Board approval was not required according to our institution policy. The SEER program of the National Cancer Institute is an authoritative source on cancer incidence and survival in the US covering approximately 34.6% of the US population, which routinely collects basic demographics and some clinical characteristics (14). SEER*Stat software (version 8.3.5) was queried to identify patients from SEER-18 database if they were diagnosed with RCC (International Classification of Disease for Oncology, 3rd edition [ICD-O-3], C67.0–C67.9) between January 2004 and December 2015 (n = 76,743). The study cohort was then limited to patients with stage III disease or pTanyNanyM1 and pT4NanyM0 disease according to the AJCC 8th Staging Manual using the collaborative stage information (n = 17,969). The eligible criteria included in the study were participants with one primary only, pathologically confirmed RCC, and contained complete data of age, race, gender, surgery records, pathological information, and with active follow up; and all patients underwent radical or partial nephrectomy with LN dissection which guaranteed the specimen and harvested LNs were sent for pathology in SEER (15). As a result, the study included a total of 3,112 patients—1,554 patients with pT3N0M0 disease, 446 patients with pT1−3N1M0 disease, 105 patients with pT4NanyM0 disease, and 1,007 patients with pTanyNanyM1 disease (Figure 1).
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FIGURE 1. The flowchart of study population selection.




Description of Covariates

Baseline characteristics include age (continuous variable), sex (male, female), race (white, non-white), tumor site (left, right), and histological subtypes (clear cell, papillary, and chromophobe). Grade in SEER is coded according to the ICD-O-3. The number of examined and positive LNs is queried from collaborative stage information and presented as a continuous variable. Since information of invasion beyond capsule, fuhrman nuclear grade, and sarcomatoid features are only applicable after 2010, these covariates are not examined in χ2-test (16).



Propensity Score Matching (PSM)

PSM is a tool to reduce selection bias in observational studies (17). PSM with 1:1 matching was performed in our study to reduce the selection bias and ensure baseline balance among study groups. The covariates selected for matching were based on prior literature reports, known clinical prognostic factors, and statistical differences in the multivariate analysis. The variables were first forced into univariate analysis based on the prior literature reports and clinical significance. Then, variables that remained significant in the univariate analysis entered into multivariate Cox regression models. Variables left in the final multivariate analysis were used to generate the propensity score. Selected variables included age (18, 19) stage (8), grade (20), and histology (21) (Figure S1).



Statistical Analysis

Overall survival (OS) was defined as the time from diagnosis to death from any cause; cancer-specific survival (CSS) was defined as the time from diagnosis to death related to RCC. Frequencies and proportions, as well as means were reported for categorical and continuous variables, respectively. General linear models or χ2-test were performed to compare the distribution of baseline characteristics. The survival curves were estimated by the Kaplan-Meier method and compared by the log-rank test. The univariate and multivariate analyses and hazard ratios (HR) were evaluated by Cox proportional hazards regression model to find its independent prognostic risks. Significant variables in univariate analysis were entered into a multivariate model, and variables that remained significant were further entered into the final multivariate regression model. P ≤ 0.05 (2-sided probability) was considered statistically significant.

A nomogram consisted of modified stage based on the multivariate analyses was established using the rms packages in R (22). The concordance index (C-index) and calibration curve were performed to assess the discriminatory powers of the nomogram. The larger the C-index was, the more accurate the prognostic prediction demonstrated (23). Comparisons between the nomogram and current AJCC stage were performed with the survcomp packages in R (24). The predictive performance of model was further examined in the randomly 1 to 1 ratio selected internal validation cohort (25). Although validated in an internal cohort, the predictive accuracy of the modified staging system might be still suffer from some unmeasured confounding. All analyses were conducted using R software (version 3.5.3). Sensitivity analyses were conducted to investigate the potential for bias due to the existence of comorbidities by including and excluding deaths occurring during the first 6 months of follow-up.




RESULTS

Between January 2004 and December 2015, 3,112 eligible patients were identified and categorized into pT3N0M0 group (n = 1,554), pT1−3N1M0 group (n = 446), pT4NanyM0 group (n = 105), and pTanyNanyM1 group (n = 1,007). Tables 1, 2 summarize the baseline characteristics for study groups before and after matching (for more information, please see Table S1). Before matching, slightly more non-white patients were included in pT1−3N1M0 group (19.5 vs. 12.9%, P < 0.001), patients in pT1−3N1M0 group are more likely to have undifferentiated tumors (22.9 vs. 17.7%, P < 0.001) and papillary adenocarcinoma (31.2 vs. 4.3%, P < 0.001) than those in pT3N0M0 group. After PSM, all variables between the study groups were balanced, except for those variables that were only applicable after 2010.


Table 1. Baseline characteristics of pT3N0M0 and pT1−3N1M0 groups before and after matching, SEER 2004-2015.
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Table 2. Baseline characteristics of pT1−3N1M0 and pT4NanyM0 groups before and after matching, SEER 2004-2015.
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Table 3 summarizes the independent risk factors for survival of stage III RCC patients. Patients with higher tumor grade (P < 0.001), higher fuhrman grade (P < 0.001), presence of sarcomatoid features (P < 0.001), and presence of node disease (P < 0.001) were associated with remarkably worse OS and CSS among stage III RCC patients before matching. After matching, similar outcomes were observed for stage III RCC patients (Table S2). Moreover, patients with the chrompohobe type RCC was associated with better OS (P = 0.002) and CSS (P = 0.001) compared to patients with clear cell type RCC, which indicated the potential survival benefit of chrompohobe type RCC (Figure S2). In the multivariate analysis, pT1−3N1M0 group was found to be associated with poor outcome compared to the pT3N0M0 group both before (HR = 2.5, 95% CI = 2.1–2.9 for OS, HR = 2.6, 95% CI = 2.2–3.2 for CSS) and after matching (HR = 2.5, 95% CI = 1.9–3.1 for OS, HR =2.5, 95% CI = 2.0–3.3 for CSS).


Table 3. Univariate and multivariate analyses of overall survival and cause-specific survival to pT3N0M0 and pT1−3N1M0 groups before matching, SEER 2004-2015.
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We further used the Kaplan-Meier curves to demonstrate that the nodal involvement was associated with worse survival. The highest OS and CSS was observed in pT3N0M0 group (median OS = 102.0 months, median CSS = 110.0 months, P < 0.001 compared with other groups), whereas the similar survival was found for pT1−3N1M0 group and pT4NanyM0 group (P = 0.91 for OS, P = 0.82 for CSS). Moreover, significantly worse survival (median OS = 27.0 months, median CSS = 28.0 months, P < 0.05 compared with other groups) were found for pTanyNanyM1 group (Figure 2). After matching, significantly better survival was found for pT3N0M0 patients (median OS = 91.0 months, median CSS = 119.0 months, P < 0.001) compared with those of pT1−3N1M0 group (Figure 3). In addition, the survival of pT1−3N1M0 group didn't show remarkable difference compared to pT4NanyM0 group (Figure S3). However, both pT1−3N1M0 group and pT4NanyM0 group were associated with better survival than pTanyNanyM1 group (Figure S4). Moreover, for those patients diagnosed after 2010, the survival for pT1−3N1M0 group and pT4NanyM0 group remained stable both before and after matching (Figure S5).
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FIGURE 2. Kaplan-Meier estimation of overall survival curves (A) and cancer-specific survival curves (B) relative to each group before matching.
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FIGURE 3. Kaplan-Meier estimation of overall survival curves (A) and cancer-specific survival curves (B) relative to stage III-N0 (pT3N0M0) and stage III-N1 (pT1−3N1M0) groups after matching.


Given the above results, pT1−3N1M0 and pT4NanyM0 disease were regrouped into stage IIIB according to the OS and CSS of each subgroup without changing the definition of TNM. pT3N0M0 disease was classified as stage IIIA and pTanyNanyM1 were classified as stage IV. The prognostic nomogram for modified stage group that integrated significant independent factors for CSS in the primary cohort was shown in Figure 4 (OS shown in Figure S6). The observed probability of 1-, 3-, and 5-years CSS in the primary cohort and 1-, 3-, and 5-years CSS in the validation cohort showed optimal consistency with the nomogram-predicted CSS (Figures 4B–G), the similar results for nomogram-predicted OS were also observed. The C-index for the modified stage group were improved significantly (0.70, 95% CI: 0.68–0.71 vs. 0.68, 95% CI: 0.66–0.69, P < 0.001 for OS; 0.71, 95% CI: 0.69–0.73 vs. 0.69, 95% CI: 0.68–0.72, P < 0.001 for CSS) compared to the AJCC 8th stage group in the primary cohort as well as the validation cohort (0.71, 95% CI: 0.69–0.73 vs. 0.70, 95% CI: 0.68–0.72, P = 0.002 for OS; 0.73, 95% CI: 0.71–0.74 vs. 0.70, 95% CI: 0.69–0.72, P < 0.001 for CSS), which indicated the higher discriminatory power of the modified stage.
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FIGURE 4. Prognostic nomogram, calibration curves of cancer-specific survival (CSS) for the modified stage of study patients. (A) The nomogram predicts 1-, 3-, and 5-years CSS in patients with renal cell carcinoma (RCC). The calibration curves predict CSS at 1-year (B), 3-years (C), and 5-years (D) in the primary cohort and at 1-year (E), 3-years (F), and 5-years (G) in the validation cohort.




DISCUSSION

To the best of our knowledge, the present study is the first population-based analysis using the PSM method to assess the impact of LN involvement on survival in stage III RCC patients. In the current study, LN involvement, in general, was associated with remarkably poor survival in patients with stage III disease in the AJCC 8th staging system in both multivariate regression and PSM analyses. We found that RCC patients with pT3N0M0 disease could be reclassified as stage IIIA, while pT1−3N1M0 RCC together with pT4NanyM0 disease could be classified as stage IIIB for better prediction of prognosis.

LN involvement in RCC patients has been decreasing over years, from 30% in historical series to approximately 6%-20% in more recent studies (2, 11, 26–28). Despite the early detection of nodal disease, survival is still poor for those node-positive RCC patients (4, 29, 30). Previous studies consistently showed that node-positive disease was associated with worse survival compared to node-negative disease (4, 6, 7). Capitanio et al. examined the stage-specific effect of nodal involvement in non-metastatic RCC patients based on the 12 institutional databases (4). Of the 2,023 patients enrolled, 165 (4.7%) patients presented with nodal disease. The 5-years CSS rate was 87% for node-negative patients and 38% for node-positive patients (HR = 7.1, P < 0.001). Srivastava et al. found the consistent outcomes for node-negative and positive group in their NCDB cohort (median OS, 79.5 vs. 18.6 months) (31). A more recent population-based analysis compared the survival between node-positive disease and node-negative disease patients in the absence of distant metastasis, the 5-years OS rate was 72.7% for pN0 disease patients and 38.1% for pN1 disease patients (P < 0.001) (13). Comparable outcomes were observed in our study (5-years OS rate was 78.1, 40.8% for pT3N0M0 groups and pT1−3N1M0 groups, respectively), and thus reinforcing these findings.

LN involvement as well as distant metastasis contributed to the recurrence and progression of disease in RCC patients, resulting in poor survival among advanced RCC patients (11, 21). Pantuck et al. directly compared the survival between 43 (4.8%) patients with pN0M1 disease and 236 (26%) with pN+M0 disease, among the 900 study patients (11). No difference was found for OS between the two groups (P = 0.59). MDACC study compared the pT1−3N1M0 disease with pT1−3N0M1 disease in OS and CSS, and found that pT1−3N1M0 disease was not different in both OS (median OS, 2.4y vs. 2.4y, P = 0.62) and CSS (median CSS, 2.8y vs. 2.4y, P = 0.10) relative to pT1−3N0M1 diseases (12). Meanwhile, in a large cohort analysis of 2,120 patients with RCC from China (13), Shao et al. suggested that T1−3N1M0 disease should be separated from T3N0M0 disease and reclassified as same stage disease with T4N0M0 disease in the AJCC 8th staging system. T4N0M0 disease accounted for almost 79.3% for T4M0 groups in this study, only 85 T4N1M0 patients were included, while 10,382 patients with M1 disease were enrolled, it is not convincing that T4N1M0 groups should be combined with M1 disease. However, these studies including this current one indicated that node-positive stage III RCC might need to be separately classified from node-negative stage III disease. In our study, we found the survival of pT1−3N1M0 patients was similar to that of pT4NanyM0 patients, and the modified stage that combined pT1−3N1M0 and pT4NanyM0 showed improved discriminatory power than 8th AJCC stage. These findings suggest that these two groups might be re-staged together as the same stage.

Pathologic staging of RCC is essential for guiding clinical treatment decision-making process and selecting patients for potential adjuvant therapy (32). High-risk stage II and stage III RCC patients with clear cell histology are considered candidates for adjuvant therapy according to the National Comprehensive Cancer Network (NCCN) guidelines (33). However, two randomized controlled trials compared the adjuvant therapy for non-metastatic RCC patients, and contrary results were found. ASSURE trial showed no differences between sunitinib group and placebo group for stage III/IV patients in disease-free survival (34). Whereas the S-TRAC trial found favorable disease-free survival for sunitinib group in stage III/IV patients (35). In the subset analyses of S-TRAC trial (36), no survival benefit was found in both the low-risk group and high-risk group of T3N0M0 patients by receiving sunitinib. On the contrary, even combined with high-risk group of T3N0M0 patients, T1−3N1M0 patients and T4NanyM0 patients were associated with improved survival (HR = 0.74, 95% CI = 0.55–0.99, P = 0.04). Given the better survival of T3N0M0 disease in the current study, these controversial findings indicated that T3N0M0 may not significantly benefit from adjuvant therapy similar to T1−3N1M0 and T4NanyM0 disease. The poor survival observed for pT1−3N1M0 and pT4NanyM0 disease in our study might partly support the necessity of adjuvant therapy. Thus, it might be appropriate to regroup the pT1−3N1M0 disease together with pT4NanyM0 disease for better guiding adjuvant therapy.

Over years, the AJCC staging system has aimed to improve its prognostic accuracy by publishing revisions. As a heterogeneous group, locally advanced RCC underwent several staging revisions. The AJCC 7th staging manual reclassified the ipsilateral adrenal invasion into pT4 disease for the similar CSS between ipsilateral adrenal invasion and pT4 disease (37). Moreover, Anderson et al. (38) showed the similar survival between RCC patients with urinary collecting system invasion (UCSI) and patients with pT4 disease, but tumor with UCSI was classified as pT3a in the AJCC 8th staging system. Patel et al. discussed multiple proposed classification systems, and suggested that the understanding and re-evaluation for stage III and IV RCC should be further discussed and validated (39). In the current AJCC 8th cancer staging manual, node-negative disease and node-positive disease in stage III were integrated together into the same stage III disease without further categorization such as stage IIIA and stage IIIB. The higher discriminatory power for our modified stage group in this SEER cohort might also indicate that the current staging system still has room for improve the RCC staging. Nevertheless, the consistency between MDACC results and the current study, and the validation from the large Chinese cohorts and other studies warrants a reexamination of the heterogeneity of the stage III disease defined by the current AJCC 8th cancer staging system in prospective studies.

Our findings must be interpreted within the context of several known limitations. Firstly, as previously described (40), information of invasion beyond capsule, fuhrman nuclear grade, and sarcomatoid features were only applicable after 2010, and not examined in the initial analysis. Nevertheless, subsequent analyses were conducted among cases after 2010, similar results were found among the study groups (Figure S5). Secondly, some important information is not available in SEER database such as performance status (e.g., Eastern Cooperative Oncology Group or Karnofsky performance status), staging methods for patients, comorbidities, and treatment details. These may introduce biases. However, such limitations were also observed in the previous SEER-based analyses (41, 42). Thirdly, there were still some small sample groups in our study, although we could not rule out the biases from unmeasured factors, using PSM methods, well-balanced comparisons might somewhat reduce the biases in our results. It is preferable to obtain more details, however, the remarkable survival difference by nodal status and consistent findings from other cohorts highlighted the future direction for RCC re-staging. We sought to include only the pathologically staged patients and used the pTNM stage throughout the study. Obviously, this may introduce selection bias because we confined our study population to these highly selected patients. However, these highly selected cases represented patients with high-quality medical documentation. It is unlikely the quality of documentation might differ among patients with different stages; therefore, confining our study population to those patients with explicit information should not significantly bias our conclusion. Nevertheless, the present results should be interpreted as preliminary. Further studies, especially large prospective studies, are required to clarify the heterogeneity of the current stage III RCCs classified by AJCC 8th staging system.

In conclusion, the present study suggested that the current AJCC 8th staging system for stage III RCC should be further discussed and validated for the better prediction of prognosis. If validated, patients with pT1−3N1M0 disease might be separated from pT3N0M0 disease (which might be classified as stage IIIA) and classified as stage IIIB together with pT4NanyM0 disease. Further researches and independent cohort validations are warranted to address the heterogeneity of the stage III RCCs.
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