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Background

Non-clear cell renal cell carcinoma (ccRCC) includes histologically and molecularly distinct subtypes such as papillary, chromophobe, collecting duct, and sarcomatoid RCC, with an incidence ranging from 20% to 25%. Oncologic outcomes and the role of adjuvant systemic therapy [vascular endothelial growth factor inhibitor (VEGFi) or immunotherapy] for non-ccRCC are not well-described.



Objective

To assess the incidence and survival outcomes of non-ccRCC subtypes in comparison to ccRCC.



Methods

The National Cancer Database was utilized to identify patients with non-metastatic RCC (T1–T4, N0–N1) between 2004 and 2015. The non-ccRCC cohort was further stratified by histologic subtype: papillary, chromophobe, sarcomatoid, and collecting duct RCC. Multivariable Cox regression models were used to compare overall survival (OS).



Results

The 5-year OS for chromophobe, papillary, clear cell, collecting duct, and sarcomatoid RCC was 91%, 82%, 81%, 44%, and 40%, respectively. After adjusting for clinicopathologic and treatment characteristics, there was no significant difference in OS between papillary RCC and ccRCC (p = 0.17). Patients with collecting duct and sarcomatoid subtypes were at over two times increased risk of death compared to patients with clear cell (p < 0.01 and p < 0.01, respectively). Conversely, patients with chromophobe RCC were at 36% decreased risk of death compared to ccRCC (p < 0.01).



Conclusions

This hospital-based analysis confirms that collecting duct and sarcomatoid histologic subtypes are uncommon and associated with poor survival after surgery when compared to the other RCC subtypes. Further studies are needed to evaluate the role of neoadjuvant and adjuvant systemic therapies in these subtypes to improve oncologic outcomes.
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Introduction

While the majority of renal cell carcinomas (RCCs) are clear cell RCC (ccRCC), non-ccRCCs comprise up to 25% of RCCs. Non-ccRCCs are further divided into histologic subtypes, including papillary (10%), chromophobe (5%), collecting duct (1%), and translocation RCC (<1%) (1). Sarcomatoid differentiation can be found in any subtype (2). A systematic review of 49 studies in 2015 found that systemic therapies for primarily metastatic RCC conferred poorer progression-free survival and overall survival (OS) in patients with non-ccRCC compared to those in patients with ccRCC (3). However, robust data regarding oncologic outcomes in patients with non-ccRCC, particularly with respect to neoadjuvant and adjuvant therapy, are more limited.

Currently, the standard treatment algorithm for localized or locoregional non-ccRCC is surgery followed by surveillance, mirroring management for ccRCC (4). While oncologic outcomes and the role of adjuvant therapy have not been well studied for localized non-ccRCC, there have been trials comparing systemic therapies in advanced non-ccRCC. Notably, the ESPN, ASPEN, and RECORD-3 trials compared sunitinib and everolimus (5–7). A meta-analysis found that sunitinib may be more effective than everolimus, but the difference in outcomes was not statistically significant (8). However, these trials were limited by not differentiating between histologic subtypes.

Recent molecular profiling has increasingly shown non-ccRCC to be a heterogenous disease (9). MET mutations are frequently present in papillary RCC, whereas mitochondrial alterations are frequently found in the chromophobe subtype (10, 11). The collecting duct subtype appears to be immunogenic, with upregulation of genes associated with T-cell activity along with lymphocytic infiltration on biopsy (12). Sarcomatoid RCCs may have increased frequency of mutations in TP53, CKDN2A, and NF2 (13). These molecular differences suggest that different systemic therapies may be required for the various subtypes of non-ccRCC.

In light of the rarity and lack of robust data for localized non-ccRCC, we utilized a large hospital-based dataset to describe oncologic outcomes of papillary, chromophobe, collecting duct, and sarcomatoid subtypes of non-ccRCC in comparison to ccRCC.



Methods


Dataset

The National Cancer Database (NCDB) is an oncology database that represents more than 70% of newly diagnosed cancer cases nationwide. Data from more than 1,500 Commission on Cancer (CoC)-accredited programs contribute to patient demographics, treatments, and outcomes. These data represent more than 34 million historical records from 2004 to 2017.

The NCDB is a joint project of the Commission on Cancer of the American College of Surgeons and the American Cancer Society. The data used in the study were derived from a de-identified NCDB file. The American College of Surgeons and the CoC have not verified and are not responsible for the analytic or statistical methodology employed or the conclusions drawn from these data by the investigators.



Ethics Statement

Institutional review board (IRB) approval and informed consent were not acquired according to the institutional guidelines.



Patient Population

We identified patients with non-metastatic RCC (T1–T4, N0–N1) with histology including papillary, chromophobe, sarcomatoid, collecting duct, and ccRCC (primary site-specific codes: C649, C659) from 2004 to 2015 with age ≥18 years. We excluded patients with inadequate treatment and follow-up information, more than one cancer in a lifetime, and stage 0 or IV RCC. Patients were excluded if it was unknown whether they received radiation or chemotherapy or underwent surgery. In addition, patients without follow-up time beyond diagnosis or patients with unknown vital status were excluded.



Clinicopathologic Features

We described and analyzed the following characteristics in the NCDB: facility type (non-academic, academic), facility location (central, mountain and Pacific, New England vs. Atlantic), number of cases at the facility (<15 cases per year, ≥15 cases per year), sex, age (<65 years, ≥65 years), race/ethnicity, primary payor, median income per zip code (<$48,000, ≥$48,000), area (urban/rural, metro), distance to hospital (<50 miles, ≥50 miles), Charlson–Deyo score (0–1, 2–3), histology (chromophobe, collecting duct, papillary, sarcomatoid, clear cell), NCDB analytic stage (stages I, II, III), surgery (no surgery, ablation/excision, partial, simple, radical), regional lymph node surgery (yes, no), radiation, and chemotherapy.



Statistical Analysis

Baseline characteristics were summarized as frequency count and percentage. Cox regression models were used to assess the effect of patient and treatment factors with OS. Survival time was calculated from the date of diagnosis to death due to any cause; patients still alive were censored at last contact. To account for all discernible variables, including the possible dependency between patients seen at the same facility, a robust sandwich variance estimate was also used. In this model, patients are clustered within a facility; patients seen at the same facility will be more similarly treated than patients seen at different facilities. The failure times of patients within a cluster are then correlated, and the robust sandwich variance estimate adjusts for the intra-cluster correlation. Estimated effects are reported as hazard ratios (HRs) along with 95% confidence intervals. All tests were two-sided and assessed for significance at the 5% level using SAS v9.4 (SAS Institute, Cary, NC, USA). Because the patient, disease, and treatment characteristics under consideration are attempting to assess a latent variable process, it is necessary for the relationship between the covariates and OS to be evaluated jointly in the multivariable setting. In doing so, the unique contribution of each covariate to the hazard can be estimated while accounting for other confounding factors. Radiation is a component of some patients’ treatment regimen. Thus, it has been included in the multivariable model to ensure that the effect of each component of the treatment regimen is being uniquely estimated.




Results

Overall, 220,170 RCC patients were included in our analysis. A total of 178,066 patients were found to have non-metastatic ccRCC and 42,104 with non-ccRCC. The majority of the non-ccRCC cohort was composed of papillary and chromophobe subtypes, 27,510 (65.3%) and 12,760 (30.3%), respectively. There were notable differences in the distribution of demographic characteristics and tumor-specific information (Table 1). Patients with papillary histology were more commonly male (72.6% male vs. 27.4% female), and chromophobe histology was more likely to present in patients below age 65 years compared to those above 65 years of age (65.2% vs. 34.8%).


Table 1 | Patient demographics and treatment.



At the time of diagnosis or treatment, there were 73.8% collecting duct and 87.9% sarcomatoid RCC patients with poorly or undifferentiated histology. Conversely, only 37.2%, 30.1%, and 32.4% patients with chromophobe, clear cell, and papillary RCC had poorly or undifferentiated histology, respectively. Similarly, 49.1% and 55.2% of patients with collecting duct and sarcomatoid histology had stage III disease. While 12.2%, 16.0%, and 9.4% patients with chromophobe, clear cell, and papillary RCC had stage III disease, respectively.

A higher proportion of patients with collecting duct (63.0%) and sarcomatoid (71.7%) histology underwent radical surgery compared to patients with chromophobe, clear cell, and papillary histology. Similarly, regional lymph node surgery was performed in 28.9% and 35.1% patients with collecting duct and sarcomatoid histology. Regional lymph node surgery was less common in the remaining subtypes. In terms of radiation therapy, most patients with RCC did not receive radiation treatment. A higher proportion of patients with collecting duct (12.1%) and sarcomatoid (10.1%) RCC received chemotherapy compared to other histologies.


Survival Outcomes

Median follow-up for all histologies was 48.5 months. Chromophobe RCC was associated with favorable OS, with a 5-year OS of 91%. Clear cell and papillary subtypes had similar 5-year OS of 82% and 81%, respectively (Table 2). Collecting duct and sarcomatoid RCCs were associated with worse outcome, each having 44% and 40% 5-year OS, respectively.


Table 2 | The 5-year OS of non-ccRCC compared to ccRCC.





Multivariable Analysis

Multivariable analysis included 6,723 chromophobe, 188 collecting duct, 19,086 papillary, and 1,083 sarcomatoid RCC with stage I–III RCC (Table 3). Age ≥65 years was associated with worse survival compared to patients aged <65 years (HR = 1.75, 95% CI: 1.69–1.82). Male sex (HR = 1.16, 95% CI: 1.13–1.19) was associated with worse outcome compared to female sex. Black race (HR = 1.11, 95% CI: 1.06–1.16) was associated with lower OS compared to White patients, while Hispanic (HR = 0.76, 95% CI 0.72–0.81) and Other (HR = 0.82, 95% CI 0.75–0.90) were associated with greater survival. Facilities with <15 cases per year was associated with worse outcome (HR = 1.07, 95% CI: 1.03–1.10) compared to facilities that treat ≥15 patients per year.

  

Table 3 | Multivariable results for patient demographics and treatment.



Well-differentiated (HR = 0.71, 95% CI: 0.69–0.73) and moderately differentiated (HR = 0.70, 95% CI: 0.67–0.73) histologies were associated with better outcome. Compared to stage I analytic stage group, stages II (HR = 1.35, 95% CI: 1.31–1.40) and III (HR = 1.94, 95% CI: 1.88–2.00) were associated with worse outcome. In terms of surgical treatment, compared to radical resection, no surgical treatment (HR = 2.92, 95% CI: 2.68–3.18) and ablation/excision (HR = 1.19, 95% CI: 1.12–1.27) were associated with increased adverse outcome. Interestingly, partial resection was associated with improved OS (HR = 0.61, 95% CI: 0.58–0.63) compared to radical resection, while OS with simple resection was not significantly different from radical resection. Regional lymph node surgery was associated with worse survival outcome (HR = 1.24, 95% CI: 1.19–1.28) compared to no regional lymph node surgery. Radiation treatment (HR = 1.90, 95% CI: 1.58–2.29) was associated with adverse outcome, and patients who received chemotherapy had decreased survival (HR = 1.79, 95% CI: 1.64–1.95). Relative to clear cell, collecting duct (HR = 2.26, 95% CI: 1.82–2.82) and sarcomatoid (HR = 2.60, 95% CI: 2.33–2.91) were associated with poorer OS, chromophobe (HR = 0.64, 95% CI: 0.59–0.68) was associated with better OS, and papillary (HR = 1.03, 95% CI: 0.99–1.07) was not significantly different.




Discussion

We analyzed a large hospital-based dataset to demonstrate several key findings regarding non-ccRCC. Our results demonstrate that 1) patients with collecting duct and sarcomatoid RCC present with higher stage and have significantly inferior oncologic outcomes relative to other subtypes and 2) patients who received radiation or chemotherapy had worse OS, although they are likely some of the sickest patients with other unmeasured risk factors (genetic mutations) for poor outcomes for any non-ccRCC subtype. These findings highlight the unmet need for more effective therapies for non-ccRCC.

Our findings are consistent with the existing literature regarding presenting characteristics of non-ccRCC. As demonstrated in prior studies, patients with the collecting duct and sarcomatoid subtypes presented more commonly with clinical T3+ and metastatic than regional disease (14, 15). Additionally, case volume was associated with outcomes, as patients treated at facilities that treat <15 cases per year experienced worse survival in our analysis. Black race was associated with both worse presentation and worse outcomes relative to others. Nearly a quarter of collecting duct RCC was observed in the Black race and was found to have higher grade and stage. Also, carrying no health insurance or public insurance was associated with worse survival, and earning <$48,000 per residential zip code was associated with worse outcomes.

With respect to oncologic outcomes, our findings also confirm that collecting duct and sarcomatoid histologies are associated with worse survival compared to other types of RCC, with over two times increased risk of death compared to patients with ccRCC. Conversely, patients with chromophobe were at 36% decreased risk of death compared to the clear cell, which is consistent with prior literature (15). OS for papillary RCC was not found to be significantly different from RCC (Figure 1). Other findings may have been influenced by the small sample size and uncontrolled selection bias: 1) regional lymphadenectomy was associated with worse outcomes, 2) adjuvant radiation was not associated with improved survival, and 3) adjuvant chemotherapy was not associated with improved survival. Vascular endothelial growth factor (VEGF), mammalian target of rapamycin (mTOR), and immune checkpoint inhibitors have shown significant clinical benefit in metastatic RCC (16). These agents are being evaluated in the adjuvant setting for non-metastatic RCC. For patients with high-risk stage III ccRCC, adjuvant sunitinib was approved by the Food and Drug Administration (FDA) in 2017 based on the S-TRAC trial, which showed improved disease-free survival (DFS) relative to placebo (17). However, due to lack of OS benefit and concerns with toxicity, adjuvant sunitinib is infrequently administered in practice. In the ASSURE clinical trial, which assessed patients with resected RCC, of whom 21% had non-ccRCC, adjuvant sunitinib or sorafenib did not show DFS benefit in comparison to placebo (18). Due to these studies, adjuvant sunitinib for stage I–III non-ccRCC is not recommended.




Figure 1 | Overall survival by histology for stages I–III renal cell carcinoma (RCC).



Currently, the role of adjuvant immune checkpoint inhibitors is unknown. In the metastatic setting, the combination of nivolumab and ipilimumab has shown better progression-free survival and OS in comparison to sunitinib in patients with metastatic sarcomatoid RCC (19). Currently, there are multiple ongoing phase III clinical trials evaluating the role of immune checkpoint inhibitors in the adjuvant setting of RCC with or without sarcomatoid features (20). In the adjuvant study evaluating the efficacy of nivolumab, any RCC histologic subtype is allowed.

Our study has several limitations. Due to the rarity of collecting duct and sarcomatoid subtypes, despite our inclusion of more than 220,000 patients with stage I–III RCC, there were only 273 patients with collecting duct and 1,561 patients for sarcomatoid histology, and the number of patients for both subtypes decreased even further with multivariate analysis, as patients without matching variables were excluded from the multivariate analysis. Furthermore, the NCDB dataset is limited by additional unknown confounding variables and missing data. NCDB does not collect specific granular treatment-related information regarding systemic therapy such as chemotherapy, VEGF, mTOR inhibitors, or immunotherapy types, and hence, it was not feasible to derive more specific treatment-associated outcomes. Limited economic factors included in the NCDB are also adjusted for in the multivariable model. While the patient’s income is not collected by NCDB, the median income for the ZIP code the patient lives in is included. Additionally, primary payor, area, and distance to hospital can be considered proxies for access to care. After adjusting for these available metrics, black race was still significantly associated with increased risk of death relative to white race. However, the statistically significant result may not have practical implications given the smaller in magnitude HR evidenced (HR = 1.11). Lastly, renal medullary and translocation RCC were not available as distinct histologies on NCDB; therefore, they were not included in this study.



Conclusion

Collecting duct and sarcomatoid histologies were uncommon but were more likely to present with higher stage and have worse survival when compared to other RCC subtypes. Consistent with the current standard of care, surgical treatment for stage I–III RCC showed the greatest survival benefit compared to those without surgery or ablation procedures only. Further studies are needed to evaluate effective adjuvant treatment for non-ccRCC, particularly to improve outcomes for the collecting duct and sarcomatoid subtypes due to significantly worse survival compared to other subtypes.
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