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Background: Sarcomatoid differentiation/histology of renal cell carcinoma (sRCC) in patients with metastatic renal cell carcinoma (mRCC) is still underresearched in current therapy regimes. We aimed to evaluate the impact of sRCC on outcomes in patients with mRCC treated with tyrosine kinase inhibitors (TKIs).

Methods: We collected complete data of 262 consecutive mRCC patients from our institutional database for this retrospective study. All patients were treated with TKIs within a single or multimodal treatment approach. All analyses were adjusted for the presence of sRCC. Descriptive statistics as well as uni- and multivariable outcome metrics, including progression-free (PFS) and overall survival (OS) as endpoints were performed.

Results: Overall, 18 patients had sRCC (6.9%). Patients with sRCC had more often clear-cell histology (p = 0.047), a higher T-stage (p = 0.048), and underwent cytoreductive nephrectomy more frequently (p < 0.001). The most common first-line TKIs were Sunitinib (65.6%), Sorafenib (19.5%), and Pazopanib (10.3%), respectively. At a median follow-up of 32 months, patients with sRCC had significantly reduced PFS (p = 0.02) and OS (p = 0.01) compared to patients without sRCC. In multivariable analyses that adjusted for the effects of standard mRCC predictors, the sarcomatoid feature retained its independent association with inferior PFS (HR: 2.39; p = 0.007) and OS (HR: 2.37; p = 0.001). This association remained statistically significant in subgroup analyses of patients with Sunitinib as first-line therapy (PFS p < 0.001; OS: p < 0.001).

Conclusion: Despite its rare occurrence, our findings confirm sRCC as a powerful predictor for inferior outcomes in mRCC treated with targeted therapies. This suggests a need for more tailored treatment strategies in patients harboring mRCC with sarcomatoid histology to improve oncological outcomes.
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INTRODUCTION

Disease management for metastatic renal cell carcinoma (mRCC) has changed since the introduction of tyrosine kinase inhibitors (TKIs). Histological subtypes and variants have shown prognostic value in mRCC (1, 2). However, specific treatment strategies for each histological variation to adapt to the differences in the underlying tumor biology of these phenotypic appearances are not available. Sarcomatoid differentiation/histology of renal cell carcinoma (sRCC) is a histological variant that can occur in the primary tumor, metastases, or both with an incidence of 5–12% in patients with mRCC (3–5). Initially classified as a separate malignancy of the kidney, sRCC is now treated as a histological alteration of carcinomas, that is suggested to replace the initial histological subtype of the malignancy (6). Its pathogenesis is still not fully discovered but chromosomal imbalances and an epithelial-to-mesenchymal transition seem to play a central role in its development and behavior (7, 8).

Sarcomatoid RCC is considered a relevant prognostic factor for unfavorable outcomes in patients with mRCC in the age of primary cytokine treatment as well as in the era of tyrosine kinase inhibitors (TKIs) (3, 5). However, the differential impact of sRCC has not been characterized sufficiently to allow a tailored decision-making pathway for sRCC patients. Therefore, we set out to assess the impact of sRCC on oncological outcomes in mRCC patients in a real-world scenario and to evaluate the differential efficacy of variable treatment algorithms.

We hypothesized that sRCC has a negative impact on survival in mRCC patients in the TKI era and that the currently used therapy regimes, in a real-world setting, are not efficacious enough to provide satisfactory survival outcomes in mRCC patients harboring sRCC.



MATERIALS AND METHODS


Patient Selection

For this retrospective cohort study, we gathered clinical and pathological information of 398 consecutive mRCC patients treated at our tertiary care center between 2005 and 2016. We only included patients with TKI treatment as primary systemic therapy. Patients with prior immunotherapy, metastasectomy only, or missing data were excluded. This left 262 patients for the analyses. Clinical data on the course of the disease as well as baseline characteristics including age, gender, Eastern Cooperative Oncology Group (ECOG) Performance status, Memorial Sloan Kettering Cancer Center (MSKCC) risk score, administered drug therapy and the number of therapy lines, tumor and nodal stage, and data on additional metastasectomy, radiotherapy, and cytoreductive nephrectomy as well as number and locations of metastases were collected and used for analysis.



Histological Assessment

Surgical specimens were processed according to standard pathological procedures. Tumors were staged and graded according to the American Joint Committee on Cancer–Union Internationale Contre le Cancer TNM classification and the 1998 WHO/International Society of Urologic Pathology consensus classification. Specimens from biopsies were defined as pTx, as the extent of tumor growth could not be specified. Assessment of the primary histology was performed by a dedicated uro-pathologist and classified as clear cell, papillary, or chromophobe RCC as the three predominant subtypes. The presence of sRCC was assessed during a routine pathological workup of the primary or metastasis specimen and defined as the presence of a malignant spindle cell component in the tissue. The proportion of sRCC of the overall specimen in percent was assessed whenever possible.



Follow-Up

Follow-up was performed according to the current guidelines and patients were seen regularly in our outpatient clinic as previously described (9). Briefly, all patients were seen 4-weekly for a clinical visit and laboratory work-up. Diagnostic imaging of the abdomen and pelvis as well as chest radiography were conducted quarterly. Additional radiographic evaluations (e.g., bone or brain imaging) were performed when clinically indicated. Disease progression was assessed according to the current Response Evaluation Criteria in Solid Tumors (RECIST) version at the time of evaluation (10). Patients who died before recurrence as well as those alive at the end of follow-up were censored for analysis.



Statistical Analysis

Continuous variables were reported as median, range, and interquartile range (IQR) when non-normal distributed, or as mean and standard deviation when normally distributed. Nominal variables were reported in absolute number and percentage. Baseline patient characteristics were reported and imbalances between patients with and without sRCC were analyzed with a Chi-square test or Fisher's exact-test for nominal and t-test for continuous variables. The primary outcome endpoints were progression-free (PFS) and overall survival (OS). We performed survival analyses of global PFS and OS in sRCC compared to non-sRCC patients. Unadjusted Kaplan–Meier estimates were performed to visualize survival outcomes and significant differences in outcomes analyzed with the Log rank test. Uni- and multivariable analyses were performed with a Cox-regression model. Subgroup analyses stratified for the presence of sRCC in different treatment options. First- and second-line therapies were analyzed to evaluate systemic treatment options of sRCC. In the light of the recent debate about cytoreductive nephrectomy, we further analyzed this type of surgical intervention, its association with sRCC, and the resulting impact on survival. Next, we performed subgroup analyses on patients that underwent additional metastasectomy or additional radiotherapy as these treatments are used for symptom control and/or reduction of metastatic burden. Finally, we performed subgroup analyses only in the cohort of patients with sRCC presence, stratifying for the before mentioned treatment options to assess potential effects. Analyses were performed in R 3.4.0 (The R Foundation for Statistical Computing, Vienna, Austria). All results were double-sided and a p-value < 0.05 was considered as significant.




RESULTS


Baseline Characteristics

Patient characteristics are presented in Table 1. Overall, 193 patients (73.7%) were men and the median age was 64 years (IQR: 57–71 years). Histology in the entire study cohort were clear cell (n = 214; 81.7%), papillary (n = 35; 13.4%), and chromophobe RCC (n = 7; 2.7%), respectively. Sarcomatoid histology was present in 18 patients (6.9%) and the mean percentage of sarcomatoid features was 41% (5–95%) (Figure 1). In sRCC patients, the underlying RCC histology was clear cell RCC in 15 patients (83.3%), papillary RCC in one patient (5.6%), one patient (5.6%) had complete sarcomatoid differentiation, and one patient (5.6%) mixed histology (clear cell and papillary RCC). Sunitinib was administered as first-line therapy in 172 patients (65.6%), Sorafenib in 51 (24.0%), and Pazopanib in 27 (10.3%), respectively. The most frequent second-line therapies were Everolimus in 53 patients (42.1%), Sunitinib in 30 (23.8%), and Sorafenib in 20 patients (15.9%), respectively. One hundred and four patients (39.6%) underwent cytoreductive nephrectomy, 143 (54.6%) metastasectomy, and 105 underwent additional radiotherapy (40.1%). In general, there was no difference in first- or second-line therapy, or treatment with cytoreductive nephrectomy, metastasectomy, or radiation therapy between patients with or without sRCC histology. In the subgroup of patients with sRCC histology, there was no statistical difference in the type of first-line or second-line therapy, number of treatment lines, metastasectomy, or additional radiotherapy. Patients with sRCC had more often clear cell histology (p = 0.047), a higher pT-stage (p = 0.017), and underwent cytoreductive nephrectomy more frequently (p < 0.001).


Table 1. Demographic and clinical characteristics of patients.
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FIGURE 1. Percentage of sarcomatoid tissue in the histological specimen of 18 patients with sRCC and their according overall survival (OS) and progression-free survival (PFS) in months. Missing values in OS and PFS are censored patients at the end of Follow-up. Values in circles are representing patients with percentage of sarcomatoid features unavailable. Mean percentage of sarcomatoid features in histology (41%; dotted line).




Overall Survival

Median Follow-Up was 23 months and the median survival of the cohort was 35 months. The presence of sarcomatoid histology was significantly associated with inferior OS in Kaplan–Meier estimation (p = 0.001; Figure 2A). In multivariable analysis (Table 2) that adjusted for ECOG performance status, underlying histology, tumor stage and nodal status, cytoreductive nephrectomy, and MSKCC score, respectively, sRCC was an independent predictor for unfavorable OS (HR: 2.37; 95%CI = 1.36–4.11; p = 0.001). In addition, higher ECOG Performance status, an undefined pT-stage, presence of nodal metastasis, and an unfavorable MSKCC prognostic score were independent factors for worse OS (all p ≤ 0.03). The proportion of sarcomatoid features did not affect the OS in patients with sarcomatoid histology (p = 0.3; Figure 1).


[image: Figure 2]
FIGURE 2. Kaplan Meier estimates of Overall survival (A) and Progression-free survival (B) of patients with metastatic renal cell carcinoma treated with TKI with and without sarcomatoid features in histology.



Table 2. Multivariable analyses of overall and progression-free survival in patients with mRCC treated with TKIs†.
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Progression-Free Survival

In Kaplan–Meier analysis, the presence of sRCC was associated with worse PFS (p = 0.002; Figure 2B). In a multivariable analysis that adjusted for ECOG performance status, underlying histology, T-stage, nodal status, performed cytoreductive nephrectomy, MSKCC score, and the number of therapy lines, sRCC was an independent predictor for inferior PFS (HR: 2.39; 95%CI = 1.28–4.50; p = 0.007). In addition, ECOG performance status, non-clear cell histology, and the number of therapy lines were associated with worse PFS (Table 2).



Survival Outcomes in Patients With or Without sRCC According to Different Treatment Patterns

Table 3 displays the results of various uni- and multivariable subgroup analyses based on the entire patient population. sRCC was an independent predictor for inferior OS (HR: 2.89; 95%CI = 1.51–5.53; p = 0.001) and PFS (HR: 3.94; 95%CI = 1.92–8.09; p < 0.001) in multivariable analyses in the subgroup of patients with Sunitinib first-line therapy. In the subgroup of patients undergoing Sorafenib first-line therapy, no multivariable analyses were performed since there was no association between sRCC and outcomes in univariable analyses. In the subgroup of patients with Pazopanib treatment, sRCC was associated with OS and PFS in univariable analysis (both p ≤ 0.002), but not an independent predictor in multivariable analyses.


Table 3. Uni- and multivariable analyses of association of sRCC and survival endpoints stratified by most common therapy modalities in patients with mRCC treated with TKIs.
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In the subgroup analysis of patients with different second-line therapies, sRCC was an independent factor for worse OS (HR: 7.37; 95%CI = 2.51–21.66; p < 0.001) and PFS (HR: 3.66; 95%CI = 1.29–10.33; p = 0.014) in patients treated with Everolimus. sRCC was not associated with both endpoints in patients treated with Sunitinib in the second-line therapy.

sRCC was not associated with any endpoint in the subgroups of patients that underwent cytoreductive nephrectomy, additional metastasectomy, or additional radiotherapy (all p > 0.05), respectively.



Outcomes of Different Therapeutic Parameters in the Subgroup of sRCC Patients

Figure 3 displays the results of Kaplan–Meier estimations for overall and PFS in the 18 patients with sRCC. Kaplan–Meier estimates showed a difference in OS and PFS (both p ≤ 0.04; Figures 3A,B) between patients treated with Sunitinib, Sorafenib, and Pazopanib. Due to the small patient number, no multivariable Cox regression was performed. There was no difference for each endpoint in any other treatment subgroup analysis (all p ≥ 0.05; Figures 3C–K).
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FIGURE 3. Kaplan Meier estimates of Overall and Progression-free survival in patients with sarcomatoid features in histology stratified by first-line therapy (A,B); MSKCC prognostic risk score (C,D), Gender (E,F), performed metastasectomy (G,H), cytoreductive nephrectomy (I,J) and additional radiotherapy (K). Progression-free survival was not analyzed for additional radiotherapy due to its main use after progression of the disease.





DISCUSSION

We found that sRCC is a strong, independent predictor of inferior OS and PFS in mRCC patients treated with TKIs, despite the rare incidence of this histological variant. Our findings are in congruence with the literature, that supports the role of sRCC as unfavorable outcome prognosticator in mRCC (3, 11–16). Zhang et al. reported worse CSS outcomes when sarcomatoid features were present, with a 6% increase in the risk of cancer-specific mortality for every 10% increase in the proportion of sarcomatoid features (13). However, the impact of the sRCC amount in contrast to its presence is still a point of controversial discussion (14, 15). The mean proportion of sarcomatoid features was 41% in our cohort. A recent meta-analysis of Zhi et al. further confirms the prognostic role of sarcomatoid histology with worse OS, CSS, and PFS in pooled analysis when sarcomatoid histology was present (16). We found a broad range without any clear correlation between the amount and outcomes. Interestingly, variable cut-offs of sRCC amount were reported in the literature to be associated with survival outcomes (11, 12). Due to the small number of patients, in-depth analysis of the impact of sRCC amount on survival was not possible.

Response rates and subsequently outcomes may be associated with the administered systemic therapy (11). We found that sRCC was an independent predictor for inferior survival outcomes in patients treated with Sunitinib. In contrast, we did not find sRCC being an outcome predictor in patients treated with Sorafenib or Pazopanib. This differential effect may be due to group imbalances, variability in sRCC amount, or other factors we could not adjust our analyses for. However, our data are also hypothesis generating, as not all systemic therapies may be equally effective in sRCC patients. When analyzing only patients with sRCC, there was no statistical difference in outcomes between the different first-line therapies, but numbers in this subgroup were very low. Despite representing the same group of drugs, TKIs have inherent differences in their targeting profile (17, 18). In fact, TKIs represented the first-line gold standard therapy in mRCC for almost a decade, but the treatment landscape rapidly expanded in the past few years. A recent post-hoc analysis of all the sRCC patients of the Checkmate 214 trial showed a significantly higher overall response rate and a better OS and PFS in intermediate or poor-risk sRCC patients when treated with a checkpoint-inhibitor combination of Nivolumab and Ipilimumab compared to Sunitinib, extending the armamentarium for the treatment of sRCC patients (19). Thus, we need further, large, multi-institutional studies with prospectively collected real-world data that feature the most contemporary landscape.

Literature on second-line therapy in sRCC patients is sparse, and clinical practice usually adheres to the general guideline recommendations. We found that sRCC was an independent factor for worse OS and PFS in patients treated with Everolimus, but not Sunitinib, supporting the role of targeted therapy for sRCC in second-line as well. Despite both drugs being standard of care in the past, also second-line therapy has emerged alongside other contemporary drugs (i.e., Cabozantinib or Nivolumab), that demonstrated survival advantage compared to Everolimus (18, 20). sRCC features differential mutation profiles with a higher mutational burden compared to standard histologies (21, 22). A high mutational burden has been associated with response to targeted therapy (23). A higher PD-L1 expression was an independent predictor for worse survival in patients with mRCC treated with vascular endothelial growth factor (VEGF), as reported by Shin et al. (24). Nevertheless, several biomarkers were analyzed for their impact on survival in both VEGF and MTOR inhibitors by Tantravahi et al., but none showed a significant association (25). Future development of treatment strategies will have to focus on biomarkers and genomic profiles of patients with sRCC to individualize therapy to account for interpatient variability of drug response in any targeted mRCC therapy.

Clinically, the impact of sRCC is of tremendous importance for patients and clinicians alike, as the presence of sRCC is associated with unfavorable tumor biological features (3, 4) and a relevant proportion of >30% in mRCC is attributed to distant spread of the disease (26). We found that sRCC histology was significantly associated with more advanced tumor stages in patients who underwent previous nephrectomy, which is in accordance with the literature (4, 27). In addition, sRCC patients underwent cytoreductive nephrectomy more frequently in our cohort, which is similar to that of a report by Ged et al. (28). Since the CARMENA trial challenged the role of cytoreductive nephrectomy in the TKI era (29), a heterogeneous debate on indications of cytoreductive nephrectomy is ongoing. Shuch et al. reported that patients with sarcomatoid features are less likely admitted for systemic therapy after cytoreductive nephrectomy (27). Nevertheless, according to Alevizakos et al., patients with sRCC had improved CSS when cytoreductive nephrectomy was performed, regardless of tumor stage (30). Further, Ji et al. reported in a recent SEER study that patients, especially those with T1 or T2 sRCC profit in survival outcomes when cytoreductive nephrectomy is performed (31). We did not find any difference in OS or PFS in sRCC patients when cytoreductive nephrectomy was performed; however, the number of patients in the subgroup analyses was very limited which may have masked any association. Due to the more aggressive tumor nature, limited efficacy of systemic TKI therapy and subsequently inferior outcomes in sRCC, intuitively cytoreductive nephrectomy and surgery of metastases seem reasonable in carefully selected patients with a limited metastatic burden. However, these assumptions need to be validated in a larger cohort especially also other systemic treatments including checkpoint inhibition or combination therapies.

Our study is not devoid of inherent limitations due to the retrospective design, potentially introducing an unadjustable selection bias. Due to the low incidence of sRCC, the overall number of sRCC patients in our cohort is small, thus limiting the generalizability of the subgroup analyses results. Unfortunately, the sarcomatoid proportion in the tissue was unavailable for three patients. In addition, objective response to treatment was not present in our retrospective database.

Our findings underscore the rare nature of sRCC as a histological variant in mRCC. sRCC is a strong predictor for unfavorable PFS and OS; however, we observed differences in outcomes according to the administered first- or second-line therapy. These findings support the imperative need for further, contemporary investigations in larger, ideally multicentric, sRCC patient cohorts, for better individually tailored treatment strategies to improve oncological outcomes in a continuously growing treatment landscape.
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