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Abstract

Introduction—Cystic renal cell carcinoma (cystic RCC) is thought to carry an improved 

prognosis relative to clear cell RCC (CCRCC); however, this is based on small case series. We 

used a population-based tumor registry to compare clinicopathologic features and cancer-specific 

mortality (CSM) of cystic RCC with those of CCRCC.

Materials and methods—The Surveillance, Epidemiology, and End Results database was 

queried for all patients diagnosed and treated for cystic RCC and CCRCC between 2001 and 2010. 

Clinical and pathologic factors were compared using t tests and chi-square tests as appropriate. 

Kaplan-Meier survival analysis compared CSM differences between cystic RCC and CCRCC.

Results—A total of 678 patients with cystic RCC and 46,677 with CCRCC were identified. The 

mean follow-up duration was 52 and 40 months, respectively. When compared with CCRCC 

patients, those with cystic RCC were younger (mean age 58 vs. 61 y, P < 0.001), more commonly 

black (22% vs. 9%, P < 0.001), and female (45% vs. 41%, P = 0.02). Cystic RCCs were more 

commonly T1a tumors (66% vs. 55%, P < 0.001), well differentiated (33% vs. 16%, P < 0.001), 

and smaller (mean size 3.8 vs. 4.5 cm, P < 0.001). Cystic RCC was associated with a reduction in 

CSM when compared with CCRCC (P = 0.002). In a subset analysis, this reduction in CSM was 

seen only for those with T1b/T2 tumors (P = 0.01) but not for those with T1a RCCs lesions (P = 

0.31).

Conclusions—We report the largest series of cystic RCC and corroborate the findings of 

improved CSM when compared with CCRCC for larger tumors; however, no difference was noted 

in smaller tumors, suggesting that tumor biology becomes more relevant to prognosis with 

increasing size. These data may suggest a role for active surveillance in appropriately selected 

patients with small, cystic renal masses.
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1. Introduction

It is estimated that up 15% of renal cell carcinomas (RCCs) may have a cystic component 

[1] that can be benign or malignant in nature (e.g., simple cyst vs. cystic degeneration with 

necrosis). Postulated mechanisms for cyst formation include intrinsic multilocular growth, 

intrinsic unilocular growth, cystic necrosis, or growth from the wall of a preexisting simple 

cyst [1].

A distinct subset of RCC, described as “cystic RCC,” accounts for <5% of all renal cell 

carcinomas [2]. The World Health Organization defines this as a “tumor composed of 

numerous cysts, the septa of which contain small groups of clear cells indistinguishable 

from grade I clear cell carcinoma” [3]. On gross examination, these tumors are typically well 

circumscribed, composed entirely of cysts, and separated from adjacent parenchyma by a 

fibrous wall [2–5]. Microscopically, the cysts are generally lined by epithelial cells, single-

celled or multilayered, with some forming papillary structures [3,5]. In the existing 

literature, the cystic component required for a cystic RCC diagnosis has varied from 75% to 

90% among studies by different authors [4,6–11].

Overall, RCC remains a surgical disease with variant histology that is predictive of survival 

[12]. Cystic RCC is considered to have a favorable prognosis when compared with that of 

clear cell RCC (CCRCC); however, this perception is based on small retrospective series 

[4,6–11,13,14], which may not represent the true natural history. To further clarify the 

prognosis of cystic RCC, we accessed the population-based Surveillance, Epidemiology, and 

End Results (SEER) database to delineate the clinicopathologic features of cystic RCC as 

well as compare cancer-specific mortality (CSM) between patients with cystic and CCRCC.

2. Materials and methods

2.1. Data source

Cases were identified from the SEER database, which comprises 17 cancer registries and 

accounts for approximately 26% of the U.S. population. We queried cancer incidence and 

survival data and restricted the analysis to the years 2001 to 2010, as reporting of cystic 

RCC was minimal before 2001.

2.2. Study population

Cases were identified using International Classification of Diseases for Oncology (third 

edition, ICD-O-3) site codes for the kidney (C649). Cystic RCC cases were identified by the 

ICD-O-3 histology code (8316). The comparison CCRCC cohort was identified using ICD-

O-3 histology codes 8310 (Clear Cell Adenocarcinoma NOS) and 8312 (Clear Cell 

Adenocarcinoma, and Renal Cell Carcinoma). We limited the analysis to those with organ-

confined RCC (pT1a/b, pT2, N0/x, and M0/x) to limit misclassification bias of larger tumors 

(e.g., CCRCC with cystic degeneration). We also limited the analysis to those undergoing 

surgical excision with radical or partial nephrectomy to ensure pathologic confirmation of 

histology rather than rely on radiographic and biopsy diagnoses.
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2.3. Data collection and coding

Demographic data included patient age, sex, and race. Age was categorized in 10-year 

increments ranging from younger than 50 to greater than 80 years old. Race was categorized 

as white, black, or other. Surgery (partial or complete nephrectomy) and year of treatment 

were also recorded. Pathologic data include tumor size, pathologic T category classification, 

and tumor grade (well differentiated, moderate, poorly/undifferentiated, or missing). 

Fuhrman grade, chemotherapy, immunotherapy, and comorbidity data are not available in 

the SEER database. CSM stratified by pT1a vs. pT1b/T2 tumors was calculated from date of 

diagnosis to date of death due to kidney cancer. Patients were censored at the date of last 

follow-up if alive or a non–kidney cancer–related death had occurred. Pathologic staging 

was based on the TNM classification from the American Joint Committee on Cancer 

(Chicago, IL), seventh edition.

2.4. Statistical analysis

Demographic and pathologic data comparing cystic RCC with CCRCC are presented using t 
tests for continuous variables and chi-square tests for categorical variables as appropriate. 

Unadjusted survival experience between cystic RCC and CCRCC was compared with 

Kaplan-Meier curves using log-rank tests. As there was a low overall event rate, multivariate 

analysis was not performed. All statistical analyses were conducted using Stata, version 13 

(Stata, Inc., College Station, TX).

3. Results

Demographic and pathologic data are shown in Table 1. A total of 678 patients were 

identified as having cystic RCC and 46,677 patients had CCRCC. The mean follow-up 

duration was 52 and 40 months, respectively. There were 1,760 deaths (3.8%) due to 

CCRCC and 12 deaths (1.8%) due to cystic RCC. Patients with cystic RCC were younger 

and were more commonly black and female. Patients with cystic RCC were also more likely 

to present with lower stage disease, well-differentiated tumors, and to receive nephron-

sparing surgery. There were no differences in tumor laterality between the 2 groups.

Kaplan-Meier survival curves for cystic RCC vs. CCRCC are shown in Fig. 1. Using the 

log-rank test, survival was significantly better for patients with cystic RCC when compared 

with CCRCC patients (P = 0.002). In Fig. 2, Kaplan-Meier survival curves stratified by stage 

category (T1a vs. T1b/T2) are shown. We found a nonsignificant reduction in CSM in 

patients with T1a tumors (P = 0.31); however, in patients with T1b/T2 tumors, cystic RCC 

histology predicted a significant reduction in CSM (P = 0.01).

4. Discussion

In this study, we report the largest series of patients with cystic RCC to date and describe the 

clinical features and survival experience compared with CCRCC. We confirm the findings 

from small case series of improved survival in cystic RCC, although this appears to be 

driven by the survival benefit in larger (pT1b or T2) tumors specifically.
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Cystic RCC is an uncommon variant of RCC accounting for <5% of all RCCs [2]. The 

knowledge of its presenting characteristics and outcomes is derived from small case series, 

all with fewer than 100 patients and most with fewer than 30 cases (Table 2). In this 

population-based series, we report on almost 700 cases of cystic RCC, finding that patients 

were more commonly younger, women, and black when compared with those with CCRCC.

These demographic differences may relate to underlying tumor biology. In a review of 

patients with renal masses <7 cm, Snyder et al. [15] found female sex to be the only 

significant variable associated with benign histology. Furthermore, in a study of younger 

patients (younger than 45 y, mean age = 37 y), Eggener et al. [16] found that women were 

significantly more likely to have non-CCRCC histology or a benign tumor. This is consistent 

with our data in that female sex was more common in patients with cystic RCC. There are 

minimal available data on the relationship between race and cystic RCC in existing 

literature. However, it is well described that black race is associated with younger age at 

presentation and higher incidence and mortality in CCRCC when compared with other races 

[17]. Despite the higher proportion of patients with cystic RCC who were black at 

presentation, we still found a decrease in CSM when compared with that of patients with 

CCRCC.

Our finding of excellent cancer-specific survival among patients with cystic RCC 

corroborates other reports (Table 2). Interestingly, for the smaller T1a tumors, CSM was not 

statistically different between the 2 histologic subgroups (P = 0.31). However, with larger 

tumors (pT1b/T2), patients with cystic RCC experienced improved survival (P = 0.01). This 

suggests that patients treated surgically in the early stages of both cystic RCC and CCRCC 

have excellent survival, but as tumor size increases, tumor biology may become more 

important to overall prognosis. Although increasing tumor size is an established risk factor 

for metastases [18] and CSM in CCRCC [18–21], metastases in cystic RCC are exceedingly 

rare [6–11,13,14,22,23], consistent with a more benign natural history. Given the established 

importance of nephron-sparing surgery to decrease the risk of chronic kidney disease 

[24,25], improved insight into tumor biology may therefore support nephron-sparing surgery 

in well-selected patients with larger cystic masses. Furthermore, the excellent survival 

observed with cystic RCC may represent a clinical scenario where active surveillance of 

cystic masses is appropriate, with several authors describing preoperative imaging features 

suggestive of cystic RCC with correspondingly benign tumor histology and behavior 

[1,11,22]. Considering the growing literature on active surveillance for small renal masses 

[26,27], these data can inform selection criteria for vigilant observation, particularly in those 

with significant comorbidity.

Limitations to this analysis include those inherent to the SEER database, including lack of 

comorbidity, chemotherapy, or immunotherapy data and the retrospective nature of the study. 

Importantly, the rate of cystic RCC diagnoses was similar throughout the years studied, 

indicating internal consistency within the dataset. There is variability in the existing 

literature regarding cyst predominance required for diagnosis (75% [4,6–9], 80% [14], or 

90% [28]), and as there is no central pathologic review in the SEER database, this may lead 

to disease misclassification. Furthermore, cystic predominance is key to this benign 

histology and excellent survival, and although this is most often defined by authors as > 
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75%, this cut off can be debated and “any” cystic component may not provide the same 

prognostic benefit. Therefore, caution when interpreting preoperative imaging and 

subsequent counseling of patients is required. We attempted to correct for this possibility by 

focusing on smaller tumors (to exclude misdiagnosis of cystic degeneration in larger 

CCRCC tumors) and limited the analysis to those undergoing surgical excision to ensure 

pathologic confirmation of histology rather than rely on radiographic and biopsy diagnoses. 

Finally, give the described low event rate in this population, we were unable to perform 

meaningful multivariate analyses which may have provided further prognostic insight.

5. Conclusion

Cystic RCC commonly presents at a lower stage and grade with improved cancer-specific 

survival when compared with solid CCRCC. Demographic factors including younger age, 

female sex, and black race are also associated with cystic RCC. We found improved cancer-

specific survival when compared with CCRCC for larger tumors; however, no difference was 

noted in smaller tumors, suggesting that tumor biology becomes more relevant to prognosis 

with increasing size. These data may suggest a role for active surveillance in appropriately 

selected patients with cystic renal masses.
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Fig. 1. 
Kaplan-Meier cancer-specific survival curves for cystic and CCRCC. P value calculated 

from the log-rank test.
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Fig. 2. 
Kaplan-Meier cancer-specific survival curves for cystic and CCRCC by stage.
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Table 1

Demographic and pathologic data for pT1/T2 cases of clear cell and cystic renal cell carcinoma

Clear cell RCC,
N = 46,677 (%)

Cystic RCC,
N = 678 (%)

P value

Age, y

 <50 9,413 (20) 208 (31) <0.001

 51–59 12,025 (26) 157 (23) 

 60–69 12,798 (27) 161 (24) 

 70–79 9,547 (20) 119 (18) 

 >80 2,894 (6)   33 (5)   

 Age, mean (SD), y 61 (14) 58 (13) <0.001

Race

 White 39,535 (85) 495 (74) <0.001

 Black 4,245 (9)   150 (22) 

 Other 2,547 (6)   26 (4)   

Sex

 Male 27,679 (59) 372 (55)   0.02

 Female 18,998 (41) 306 (45) 

Pathologic category

 pT1a 25,644 (55) 446 (66) <0.001

 pT1b 14,232 (31) 134 (20) 

 pT2 6,801 (15) 98 (15) 

 Tumor size, mean (SD), cm 4.5 (2.7) 3.8 (2.9) <0.001

Tumor grade

 Well differentiated 7,257 (16) 222 (33) <0.001

 Moderately differentiated 22,762 (49) 219 (32) 

 Poorly differentiated 9,342 (20) 53 (8)   

 Missing 7,316 (16) 184 (27) 

Surgical intervention

 Partial nephrectomy 13,276 (28) 272 (40) <0.001

 Radical nephrectomy 33,401 (72) 406 (60) 

All numbers within parentheses are percentages unless otherwise noted. Percentages may not add up to 100% because of missing data. The P 
values calculated from 2-sided t tests for continuous variables and chi-square tests for categorical variables as appropriate.
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