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Abstract

Objective: To assess which patients respond best following cytoreductive nephrectomy for renal 

cell carcinoma (RCC) with sarcomatoid dedifferentiation (sRCC) and whether outcomes are 

improving over time.

Methods: We identified 562 patients with metastatic RCC treated between 1989–2018 with 

cytoreductive nephrectomy. We reviewed baseline clinical and pathological characteristics, 

including the presence of sRCC, and metastatic sites at time of nephrectomy. The primary study 

endpoint was overall survival (OS). Univariate and multivariate Cox-regression analyses were used 

to identify significant predictors of OS.

Results: The study cohort had 192 sRCC patients, with a median age of 59 years. Frequently 

involved metastatic locations were lung (n=115), retroperitoneal nodes (n=63) and axial skeleton 

(n=43). Lung metastasis were more prevalent in clear cell histology (p=0.0017) whereas nodal 

involvement was associated with non-clear cell subtypes (p=0.0064).

Median follow-up was 14 months. Estimated 2- and 5-year OS were 34.1% and 14.8%, 

respectively. On multivariate analysis, metastases to the liver (HR=1.64; 95% CI 1.02–2.63; 

p=0.04), lung (HR=1.50; 95% CI 1.05–2.14; p=0.03), retroperitoneal nodes (HR=1.52; 95% CI 

1.03–2.25; p=0.04) and non-clear cell histology (HR=1.61; 95% CI 1.10–2.35; p=0.01) were 

associated with worse OS in the sRCC cohort.

Conclusion: OS after cytoreductive nephrectomy for sRCC and non-sRCC is improving over 

time. In patients with sRCC, presentations with unifocal metastasis not involving the liver or lung, 
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clear cell histology and node negative disease have better outcomes following cytoreductive 

nephrectomy and may yield greater benefit from the procedure.
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Cytoreductive nephrectomy; Sarcomatoid Dedifferentiation; Histology; Metastatic locations; 
Renal Cell Carcinoma

Introduction

Renal cell carcinoma (RCC) with sarcomatoid dedifferentiation (sRCC) is an aggressive 

tumor variant, occurring in approximately 5% of all RCC and 15–20% of patients presenting 

with metastatic RCC 1–3. Typically presenting as advanced disease across multiple 

histological subtypes 4, 5, sRCC is an independent predictor of worse outcomes including 

disease progression, cancer-specific and overall mortality 6, 7. Prior to the introduction of 

targeted therapy, Shuch et al. reported that cytoreductive nephrectomy in sRCC had a 

median survival of 5–6 months compared with 17.7–22 months for non-sRCC 2. With the 

expansion of newer, more effective systemic therapy options since 2006, outcomes following 

cytoreductive nephrectomy for sRCC compared with non-sRCC may have improved.

The CARMENA trial has recently questioned the benefit of cytoreductive nephrectomy in 

general, emphasizing the importance of appropriate patient selection for the procedure 8, 9. 

Despite the aggressive nature of sRCC and poor survival associated with it, the CARMENA 

study did not report the impact of sRCC on the trial’s survival outcomes. In patients with 

sRCC undergoing cytoreductive nephrectomy, clear cell histology and a lower percentage of 

sarcomatoid features predict for improved overall survival 2. Studies not restricted to sRCC 

also found that metastatic disease in retroperitoneal nodes, liver and supra-diaphragmatic 

nodes at the time of nephrectomy predict worse overall outcomes 10, 11. However, whether 

the sites of metastases at the time of cytoreductive nephrectomy has a similar effect on 

outcomes in sRCC requires further exploration.

Therefore, we aimed to determine whether outcomes of cytoreductive nephrectomy for 

sRCC have improved over time and whether granular details including sites of metastases 

are associated with survival outcomes.

Methods

Following Institutional Review Board approval, we searched our prospectively collated 

kidney cancer database and identified 562 patients with metastatic RCC treated with a 

cytoreductive nephrectomy between the years 1989 and 2018. Of these patients, 192 had 

sarcomatoid features within their pathology reports and were included in the final study 

cohort.

Baseline clinical characteristics including age, sex, race, body mass index (BMI), Karnofsky 

Performance Status (KPS), smoking history and preoperative systemic therapies were 

collected for all patients. All surgical specimens were reviewed by dedicated genitourinary 

pathologists to verify the presence of sarcomatoid differentiation, although the percentage of 
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sarcomatoid features was not available. Tumor histology, size and stage were noted. The 

total number and location of metastatic sites at the time of surgery, identified by imaging 

studies with or without histological confirmation, were systematically annotated. Disease 

involving the vertebrae, skull, facial bones, ribs and sternum were defined as involving the 

“axial skeleton”; all other bone metastases were classified as “appendicular bone”. Nodal 

involvement was assessed as a whole and categorized into supra-diaphragmatic, 

retroperitoneal and atypical nodal sites for metastatic site evaluation. Sites which were 

involved in <10% of patients were categorized as “other”.

Baseline clinicopathological characteristics were summarized with the median and 

interquartile range (IQR) for continuous variables and the frequency and percentage for 

categorical variables. These variables were compared by the presence of sarcomatoid 

features across the 562 patients and by histology (clear cell vs. non-clear cell) within the 

sRCC cohort using the Fisher Exact test for categorical variables and Mann-Whitney U test 

for continuous variables. We further evaluated the association of metastatic sites with tumor 

histology, and the presence of multiple metastases, using the Fisher Exact test. Patient 

outcomes within the sRCC cohort and across the entire sRCC and non-sRCC groups were 

compared between therapeutic eras: cytokine (pre-2005), targeted (2006 – 2014) and 

immunotherapy (2015 – 2018).

The primary study endpoint was overall survival (OS) defined as the time from nephrectomy 

to death. The Kaplan-Meier method was used to estimate overall survival with survivors 

censored at their last follow-up date. The log-rank test was used for between group 

comparisons. Univariate Cox regression analyses of clinicopathological factors including 

metastatic sites was undertaken to identify significant predictors of OS. A multivariate 

analysis of significant findings from the univariate model was performed to identify 

independent predictors of outcome. A p-value < 0.05 was considered statistically significant. 

All statistical analyses were conducted using R version 3.5.1 (R Core Development Team, 

Vienna, Austria).

Results

From the initial 562 patients, the cohort included 192 patients with sRCC, 153 of whom 

were men (80%) (Supplemental Table 1). The median age at the time of nephrectomy was 

59 years (IQR, 52–66). Approximately half the sRCC cohort had a history of previous 

cigarette smoking and most patients (85%) had a KPS ≥80. Clear cell histology was 

apparent in 139 patients (72%). Fourteen patients received systemic therapy prior to 

consolidative nephrectomy. Patients with clear cell RCC were more often males (84% vs. 

70%, p=0.045) and patients with non-clear cell histology were more likely to have nodal 

involvement (64% vs. 42%, p=0.016). Baseline clinicopathological characteristics stratified 

by tumor histology are outlined in Table 1.

There were 392 metastatic sites at the time of nephrectomy, with a median of 2 involved 

sites per patient (range 1–5, IQR 1–3). Seventy-two (37.5%) patients had unifocal 

metastases (one site of metastatic disease) and 120 (62.5%) patients had multifocal 

metastases (>1 site). There was no significant difference in the number of metastatic sites 
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between clear cell and non-clear cell tumors (p=0.74). The lung (n=115, 59.9%), 

retroperitoneal lymph nodes (n=64, 33.3%) and axial skeleton (n=42, 21.9%) were the most 

common metastatic sites. Distinct patterns of metastatic distribution were noted in the 

different histological sub-groups; clear cell tumors preferentially metastasized to the lung 

(OR 2.83, p=0.0017) and non-clear cell to retroperitoneal nodes (OR 2.04, p=0.040) (Figure 

1).

Median follow up of survivors was 14 months (IQR 6.7 – 38.6) (Supplemental Figure 1). Of 

the total cohort, 142/192 patients died, 136 (95.8%) from cancer specific causes, with a 

median time for any-cause mortality of 11 months. The median OS was 13.5 months (95% 

CI: 11.8 – 19.1) and the estimated 2- and 5-year OS was 34.1% (95% CI: 27.5–42.3%) and 

14.8% (95% CI: 9.7–22.6%), respectively. The sRCC cohort had significantly worse survival 

compared with non-sRCC patients (p<0.0001) (Figure 2A), even after adjusting for 

differences among patients with complete baseline characteristics (HR 1.96; 95% CI: 1.50 – 

2.57 p<0.001) (Supplementary Figure 2).

Non-clear cell histology and multifocal metastases were predictive for worse OS. The 

number of disease sites was a significant predictor when evaluated as a continuous variable 

or categorized into unifocal vs multifocal (Figure 2B). Metastatic disease involving the liver, 

retroperitoneal nodes and the lung also conferred inferior survival outcomes. When all 

significant variables were combined into a multivariable analysis, the locations and 

histology, but not metastatic focality, were statistically significant (Table 2).

Nodal involvement was more common in non-clear cell histology, driven by a non-clear cell 

propensity for retroperitoneal nodal metastases (p=0.041). Nodal involvement was also 

significantly associated with OS, however when analyzing the association between the 

different metastatic sites and outcome, retroperitoneal nodal involvement was the only nodal 

site that independently predicted for worse OS. We therefore included retroperitoneal nodal 

involvement in the multivariate analysis.

Lung metastases were significantly associated with multifocal disease (p=0.0024), however 

after adjusting for the number of metastatic sites as a continuous variable or as unifocal vs 

multifocal, the presence of lung metastases remained a significant predictor of worse OS. 

Lung metastases also significantly potentiated clear cell histology outcomes, with the 

absence of lung involvement and clear cell histology otherwise representing the most 

favorable presentation for lengthened survival following cytoreductive nephrectomy (Figure 

2C).

In terms of preoperative management, there was no survival benefit for the 14 patients who 

received systemic therapy prior to cytoreduction. Preoperative biopsy occurred in 44 

patients, with 63.6% sensitivity for sRCC. Undertaking a preoperative biopsy was not 

associated with a statistically significant difference in OS (p=0.19). Furthermore, of the 

patients with a preoperative biopsy, a positive biopsy finding was not predictive for worse 

OS (p=0.52).

There was a significant improvement in survival between the sRCC groups and non-sRCC 

groups when separated by therapeutic eras (p<0.0001) (Figure 2D). Within just the sRCC 
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cohort, despite advancements in technology and therapy, there has not been a statistically 

significant improvement in patient outcomes across the cytokine (n=48), targeted (n=92) and 

immunotherapy eras (n=52) (p=0.45). Nonetheless, the median OS has increased for sRCC 

across each of the therapeutic eras, from 10.9 months pre-2006 to 20.7 months in patients 

treated from 2015–2018.

Discussion

In the current study, we report the results of the largest single institution series evaluating 

outcomes from cytoreductive nephrectomy for sRCC. Similar to previous publications, we 

observed that patients with sRCC experienced generally poor outcomes, with a median 

survival of 13.5 months, and 95.8% of deaths due to cancer-specific causes. However, 

outcomes from cytoreductive nephrectomy for sRCC and non-sRCC improved over time. 

Within the sRCC cohort, non-clear cell histology and multifocal disease were associated 

with worse OS, as were retroperitoneal, lung and liver metastases.

Studies evaluating patients with metastatic RCC in the cytokine therapy era showed a benefit 

from utilizing a cytoreductive nephrectomy 12–14. Retrospective studies in the targeted era 

also found a benefit 15, 16. However, the recently published CARMENA trial, a randomized 

control trial, showed non-inferiority for Sunitinib alone vs upfront nephrectomy followed by 

Sunitinib (HR 0.89; 95% CI 0.71 – 1.10) 8. This outcome, possibly reflecting the high 

proportion of poor risk patients recruited to the trial, emphasizes the importance of patient 

selection for cytoreductive nephrectomy 9. Moreover, the CARMENA trial did not explore 

the impact of sRCC on their results. Several studies evaluating the outcome of cytoreductive 

nephrectomy have included sarcomatoid dedifferentiation as a reportable variable. Most 

studies showed a significantly elevated risk for worse survival on multivariate analysis, with 

a hazard ratio ranging from 1.69 – 2.14 1, 17–19. In two other studies, sRCC was significant 

in univariate, but not multivariate analysis 20, 21. One study found a reduced hazard ratio on 

multivariate analysis, although not statistically significant, which may be due to including 

tumor grade in the same model 22.

Shuch et al directly compared 62 sRCC cytoreductive nephrectomies with 355 non-sRCC 

cases, demonstrating a significantly worse overall survival of 4.9 vs 17.7 months (HR 1.66; 

95% CI 1.31 – 2.11). In addition to sarcomatoid features, the paper reported that gender, 

performance status, the number of metastatic sites and tumor size also impacted outcomes 2. 

Notably, patients in the study with sRCC were less likely to receive any systemic therapy 

than patients with non-sRCC and those that did mostly received either Interleukin-2 or 

Gemcitabine/Doxyrubicin. Thomas et al also explored matched sRCC patients undergoing 

cytoreductive nephrectomy with and without metastasectomy 23. The researchers 

demonstrated that positive lymph nodes on pathology doubles risk of death (HR 2.1 95% CI 

1.1 – 4.0, p=0.03) from sRCC, but did not see a statistically significant benefit from 

metastasectomy in this population. The median overall survival was 8.3 months. Our sRCC 

cohort had a median survival of 13.5 months, with the difference possibly explained by a 

higher proportion of patients with a better performance status (KPS ≥90: 51% vs 23% vs 

23%) and a more contemporary cohort. Nonetheless, we also noted a significant difference 

between postoperative outcomes of patients with sRCC compared with non-sRCC.
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In order to improve patient selection for cytoreductive nephrectomy, Culp et al evaluated 

predictors of survival among all patients undergoing cytoreductive nephrectomy 10, 11. A 

preoperative risk criteria was reported consisting of low serum albumin, elevated serum 

lactate dehydrogenase, liver metastasis, retroperitoneal adenopathy, supra-diaphragmatic 

adenopathy, clinical stage ≥T3 disease and symptomatic metastasis. Despite the fact that 

sarcomatoid dedifferentiation was associated with outcome, it was not included in the final 

criteria due to the difficulties in reliably detecting sRCC on the preoperative biopsy. 

Similarly, in the current cohort focused on patients with sRCC, we found an association 

between liver and retroperitoneal metastatic sites and adverse outcome. While we did not 

find an association between supra-diaphragmatic metastases and outcome, lung metastases 

were associated with inferior survival. This may be the result of a different coding system.

We found a high rate of lung (60%) and nodal (48%) metastases in our cohort. Previous 

studies of metastatic sRCC have reported similar rates of lung (63% – 70%) and nodal 

disease (27% – 55%) 23, 24. However, in addition to this finding, we observed an association 

between these metastatic sites and histology, with clear cell histology associated with lung 

metastases and non-clear cell histology associated with retroperitoneal metastases. This 

association has not been described in patients with sRCC before. Interestingly, a similar 

pattern has been reported between primary tumor histology and the location of asynchronous 

metastases after nephrectomy for localized RCC 25. Potentially, patients with non-clear cell 

histology may benefit from lymph node dissection at the time of surgery. Furthermore, when 

combining location with histology there was an effect on OS. Patients with clear cell 

histology without lung metastases had significantly greater survival after cytoreductive 

nephrectomy.

While outcomes for sRCC are poor with systemic therapy or surgery 24, 26, the optimal 

timing for surgery in metastatic sRCC remains equivocal 27. The argument against upfront 

cytoreductive nephrectomy is that not all patients will be able to receive systemic therapy 

following surgery. However, a population-based study demonstrated that patients with 

metastatic RCC receiving an upfront cytoreductive nephrectomy are more likely to 

ultimately receive targeted therapy plus surgery and this was subsequently associated with 

an improved OS 28. We did not find an association between treatment sequence and 

outcome, however only 14 patients were treated with systemic therapy prior to surgery 

limiting the power of this analysis.

Despite not directly testing the systemic therapy used, we explored outcomes between 

patients operated on in the cytokine, targeted and early stages of the immunotherapy eras 

and observed an increase in the median OS. Although this did not reach statistical 

significance in the sRCC group alone, when comparing the sRCC and non-sRCC cohort 

there was a statistically significant improvement in survival across these eras. This 

improvement may be due to better perioperative care, systemic treatment, or patient 

selection. We did not explore changes in patients determined as non-operative candidates. 

Researching whether patient selection for cytoreductive nephrectomy has changed over this 

period is important to understand potential reasons for improved outcomes. In terms of 

systemic therapy, previous publications have shown a high rate of PD-1 and PD-L1 receptor 

expression in tumors with sarcomatoid dedifferentiation, suggesting that they may be more 
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sensitive to immunotherapy 29. With new immunotherapy options available, the question 

will arise as to whether cytoreductive nephrectomy should be delayed until after systemic 

therapy.

There are limitations to this analysis. Due to the retrospective design of the study, we did not 

have accurate data regarding percentage of sarcomatoid features, the presence of rhabdoid 

features nor hematological parameters of patients, which were included in some previous 

studies. When available, these parameters should be included in future studies. Furthermore, 

we could not accurately account for all systemic treatments given to the patients. The 

evaluation of sites of metastases does not address the volume of disease burden; this has 

previously been demonstrated to be important 30 and was not explored in this analysis.

Conclusion

Our study confirmed a poorer survival outcome of patients with sRCC undergoing 

cytoreductive nephrectomy compared with non-sRCC, with a 2-year overall survival of 34%. 

Among these patients, those with clear cell histology and non-lung metastases had 

significantly greater OS. This information could help select patients for cytoreductive 

nephrectomy in the presence of sarcomatoid histology.

While outcomes for sRCC and non-sRCC have improved over time, the approval of new 

immunotherapy agents will necessitate a re-evaluation of how to optimally deliver 

multimodal care for the management of metastatic sRCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CARMENA Cancer du Rein Metastatique Nephrectomie et Antiangiogéniques

CI Confidence interval

HR Hazard ratio

IMDC International Metastatic Renal Cell Carcinoma Database Consortium

IQR Interquartile range

KPS Karnofsky Performance Status

OS Overall survival

RCC Renal cell carcinoma

sRCC Renal cell carcinoma with sarcomatoid dedifferentiation
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Figure 1. 
Distribution of sRCC metastatic sites
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Figure 2. 
Survival plots of:

A) OS of sRCC by histology and lung metastases

B) OS of sRCC by metastatic focality

C) OS of non-sRCC vs sRCC

D) OS of non-sRCC vs sRCC stratified by era
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Table 1.

Baseline clinicopathological characteristics, stratified by histology

Clear Cell (n=139) Non-Clear Cell (n=53) p-value

Gender; Male (%) 116 (83.5) 37 (69.8) 0.045

Race (%) 0.167

 Asian 6 (4.3) 0 (0.0)

 Black 2 (1.4) 3 (5.7)

 White 112 (80.6) 44 (83.0)

 Unknown 19 (13.7) 6 (11.3)

BMI (median [IQR]) 26.60 [24.22, 30.71] 24.80 [21.92, 29.95] 0.075

Age (median [IQR]) 60.25 [51.82, 67.41] 58.67 [49.65, 63.89] 0.182

Smoking History; Yes (%) 77 (55.4) 26 (50.0) 0.519

No. of Metastatic Organs (median [IQR]) 2.00 [1.00, 3.00] 2.00 [1.00, 3.00] 0.528

Primary Tumor Stage (%) 0.474

 T1 / T2 21 (14.5) 5 (9.4)

 T3 / T4 118 (85.5) 48 (90.6)

Tumor Size (median [IQR]) 10.00 [8.00, 11.90] 9.40 [6.50, 14.00] 0.871

Node Status (%) 0.016

 Involved 59 (42.4) 34 (64.2)

 Nx 39 (28.1) 12 (22.6)

 Not Involved 41 (29.5) 7 (13.2)

Pretreated; Yes (%) 11 (7.9) 3 (5.7) 0.761

KPS < 80 16 (14.4) 4 (9.8) 0.593
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Table 2.

Univariate and multivariate factors predicting OS for sRCC

Univariate OS Analysis Multivariable OS Analysis

Covariate Category (Ref.) HR 95% CI p-value HR 95% CI p-value

Age at Nephrectomy Age (Years) 1.0049 0.99–1.02 0.5392

Gender Male (Ref. Female) 1.0444 0.69–1.57 0.8356

Karnofsky Performance 
Status <80 (Ref. ≥80) 1.3476 0.78–2.32

0.2822

Smoking Status Smoking History (Ref. Non-smoker) 1.0598 0.76–1.48 0.7327

Prior Systemic Therapy Pretreated (Ref. Treatment naïve) 0.8359 0.45–1.55 0.5691

Tumor Size Maximum Size (cm) 1.0320 0.99–1.07 0.1130

Tumor Stage T3/T4 (Ref. T1/T2) 1.5475 0.94–2.55 0.0855

Histology Non-Clear Cell (Ref. Clear Cell) 1.5196 1.06–2.17 0.0216 1.6116 1.10–2.35 0.0134

Metastatic Focality Multifocality (Ref.Unifocality) 1.6257 1.15–2.31 0.0066 1.265 0.84–1.91 0.2623

Retroperitoneal Adenopathy Involved (Ref. Not Involved) 1.8286 1.29–2.60 0.0008 1.5211 1.03–2.25 0.0350

Supra-diaphragmatic 
Adenopathy Involved (Ref. Not Involved) 1.1621 0.78–1.74

0.4664

Lung Metastases Involved (Ref. Not Involved) 1.4308 1.02–2.01 0.0393 1.4974 1.05–2.14 0.027

Appendicular Bone 
Metastases Involved (Ref. Not Involved) 0.9472 0.61–1.48

0.8119

Axial Skeleton Metastases Involved (Ref. Not Involved) 0.9532 0.64–1.41 0.8117

Liver Metastases Involved (Ref. Not Involved) 1.9121 1.21–3.02 0.0055 1.6383 1.02–2.63 0.0413

Rare Site Metastases Involved (Ref. Not Involved) 1.1763 0.82–1.69 0.3833
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