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Introduction

Renal cell carcinoma (RCC) is the most common type 
of kidney cancer in adults (1). The incidence of bilateral 
RCC varied from 1% to 5% of all patients with RCC 
(2,3). Approximately 25% of patients with unilateral RCC 
reportedly develop severe preoperative renal dysfunction 

(4,5). Lowrance et al. (2) hypothesized that patients 
with bilateral RCC have more severe preoperative renal 
dysfunction than those with unilateral RCC. Balancing 
preservation of renal function and oncological efficacy is a 
challenge for urologists managing individuals with bilateral 
RCC (6). 
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Identifying the differences between bilateral and 
unilateral RCC is important in facilitating provision of 
more effective therapeutic strategies and making a definitive 
and timely diagnosis in patients with bilateral RCC. Klatte 
et al. (7) reported that patients with bilateral RCC had 
Fuhrman grade 2 more often and Fuhrman grade 1 less 
often than those with unilateral RCC. Qi et al. (3) reported 
that the prognoses of patients with unilateral and bilateral 
RCC are comparable, which conflicts with Lowrance et al.’s 
conclusions (2). Thus, whether bilateral RCC adversely 
affects survival outcomes compared with unilateral RCC is 
controversial.

Because few studies have focused on the differences 
between bilateral and unilateral RCC, we evaluated the 
clinicopathological features and prognoses of these two 
groups in a large cohort. 

Methods

Statement of ethics approval

SEER*Stat version 8.3.4 was used to generate a case listing. 
All information from the SEER database has been de-
identified. Informed consent is not required for use of 
SEER data.

Patients

Inclusion criteria were as follows: year of diagnosis from 
2004 to 2014; RCC the first and only cancer diagnosis; 
had undergone radical nephrectomy (patients with 
bilateral RCC to have undergone left- or right-sided 
radical nephrectomy); pathologically confirmed papillary 
renal cell carcinoma [not otherwise specified (ICD-O-3 
8260/3)], or clear cell carcinoma renal cell carcinoma 
[not otherwise specified (ICD-O-3 8310/3)], or renal cell 
carcinoma [(ICD-O-3 8312/3)]. Patients with insufficient 
documentation of age at diagnosis, sex, or race/ethnicity 
were excluded from this study. Patients who were diagnosed 
with bladder cancer at autopsy only or at death, and 
those with other first primary cancers were also excluded. 
Duration of follow-up was calculated from 1 January 2004 
to 31 December 2014.

Statistical analysis

The χ2 test was used to compare relevant characteristics 
between the RCC and unilateral RCC groups. Survival 
curves were generated by the Kaplan-Meier method and the 

log-rank test was used to compare overall survival (OS) and 
cancer-specific survival (CSS). Cox proportional hazards 
regression analysis was used to determine the risk factors for 
OS and CSS. OS was defined as the time from the date of 
diagnosis of RCC to the date of death from any cause. OS 
was censored at the date of last follow-up or 31 December 
2014 for patients who were still alive. CSS was defined as 
the time from the date of diagnosis to the date of death 
from RCC. Data on patients who died of causes other than 
RCC were censored at the time of their death. 

The relationships between age and OS and CSS after 
RN were explored by constructing smoothing plots. A two-
piecewise linear regression model was used to examine the 
threshold effect of age on OS and CSS according to the 
smoothing plot. Tests for linear trend were performed by 
entering the median values for age, and T, N, and M stage 
as continuous variables in the modes. Statistical analyses 
were performed utilizing R, version 3.4.1. Two-sided 
P<0.05 was considered to denote statistical significance. 

Results

Patient characteristics

A total of 41,573 patients met the eligibility criteria in this 
study, including 41,542 with unilateral and 31 with bilateral 
RCC. Relevant patient characteristics were stratified by 
laterality (Table 1). There were significant differences 
between the groups in sex, race, and T, N, and M stage, 
but no significant differences in age category, grade, or 
tumor pathology. Compared with patients with unilateral 
RCC, there was a greater proportion of male patients with 
bilateral RCC (male, 63.478% vs. 80.645%, respectively; 
P=0.047). There was a higher portion of individuals 
classified as white in the unilateral than the bilateral RCC 
group (white, 88.634% vs. black, 75.862%, respectively; 
P=0.040). Compared with patients with unilateral RCC, 
those with bilateral RCC had higher T stage (T3, 48.387% 
vs. 27.902% and T4, 16.129% vs. 1.100%, respectively; 
P<0.001), higher N stage (N1, 13.333% vs. 2.788%, 
respectively; P=0.009), and higher M stage (M1, 29.032% 
vs. 8.615%, respectively; P<0.001). 

Nonlinear relationship between age and OS and CSS

A nonlinear relationship between age and OS (Figure 1A, 
Table 2) and CSS (Figure 1B, Table 2) was identified. The 
risk of poor OS increased with age to the turning point of 
54 years (HR 1.045, 95% CI: 1.038–1.052; P<0.001), after 
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which the risk of poor OS decreased slightly with age from 
54 years to a second turning point at 74 years (HR 1.031, 
95% CI: 1.028–1.034; P<0.001). Thereafter, the risk of poor 

OS again increased with age (HR 1.082, 95% CI: 1.077–
1.088; P<0.001). The risk of poor CSS also increased with 
the age to the turning point of 54 years (HR 1.046, 95% 

Table 1 Relevant patient characteristics stratified by laterality

Laterality Unilateral Bilateral Total P value

N 41,542 (99.925%) 31 (0.075%) 41,573 (100%)

Gender 0.047

Female 15,172 (36.522%) 6 (19.355%) 15,178 (36.509%)

Male 26,370 (63.478%) 25 (80.645%) 26,395 (63.491%)

Age classification 0.938

<54 11,577 (27.868%) 9 (29.032%) 11,586 (27.869%)

≥54, <74 23,492 (56.550%) 17 (54.839%) 23,509 (56.549%)

≥74 6473 (15.582%) 5 (16.129%) 6,478 (15.582%)

Race 0.04

Black 4,397 (11.366%) 7 (24.138%) 4,404 (11.375%)

White 34,290 (88.634%) 22 (75.862%) 3,4312 (88.625%)

Grade 0.211

Grade I 3,666 (8.825%) 3 (9.677%) 3,669 (8.825%)

Grade II 18,074 (43.508%) 7 (22.581%) 18,081 (43.492%)

Grade III 11,788 (28.376%) 13 (41.935%) 11,801 (28.386%)

Grade IV 3,140 (7.559%) 3 (9.677%) 3,143 (7.560%)

Unknown 4,874 (11.733%) 5 (16.129%) 4,879 (11.736%)

T stage <0.001

T1 22,284 (53.642%) 6 (19.355%) 22,290 (53.617%)

T2 7,210 (17.356%) 5 (16.129%) 7,215 (17.355%)

T3 11,591 (27.902%) 15 (48.387%) 11,606 (27.917%)

T4 457 (1.100%) 5 (16.129%) 462 (1.111%)

N stage 0.009

N0 39,647 (97.222%) 26 (86.667%) 39,673 (97.214%)

N1 1,133 (2.778%) 4 (13.333%) 1,137 (2.786%)

M stage <0.001

M0 37,963 (91.385%) 22 (70.968%) 37,985 (91.369%)

M1 3,579 (8.615%) 9 (29.032%) 3,588 (8.631%)

Pathology 0.074

Papillary adenocarcinoma, NOS 4,100 (10.482%) 5 (16.129%) 4,105 (10.486%)

Clear cell adenocarcinoma, NOS 27,178 (69.481%) 16 (51.613%) 27,194 (69.466%)

Renal cell carcinoma 7,838 (20.038%) 10 (32.258%) 7,848 (20.048%)
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CI: 1.037–1.054; P<0.001), after which the risk of poor CSS 
also decreased slightly to a second turning point of 74 years 
(HR 1.015, 95% CI: 1.011–1.018; P<0.001). Thereafter, the 
risk of poor CSS again increased with age (HR 1.078, 95% 
CI: 1.071–1.086; P<0.001). 

After adjusting for factors potentially associated with 
OS and CSS, including laterality, sex, tumor pathology, 
race, grade, and T, N, and M stage, nonlinear relationships 
between age and OS (Figure 1C, Table 2) and CSS (Figure 1D, 
Table 2) were identified. However, the risk of poor OS and 
CSS did not decrease in patients aged from 54 to 74 years.

Prognostic factors for OS and CSS of patients with RCC 

Unilateral Cox regression analysis revealed that laterality, 

sex, age category, race, grade, T, N, and M stage, and 
tumor pathology were prognostic factors for CSS and OS 
in patients with RCC. Multivariate Cox regression analysis 
revealed that laterality was not associated with OS or CSS 
of patients with RCC whereas age category, race, grade, 
and T, N, and M stage were identified as prognostic factors 
for OS and CSS (Figure 2). However, only sex and tumor 
pathology were significantly associated with CSS of RCC 
patients according to multivariate Cox regression analysis. 
Increasing age was significantly associated with higher risk 
for both OS (P for trend <0.001) and CSS (P for trend 
<0.001). Furthermore, higher tumor grade was significantly 
associated with higher risk for both OS (P for trend <0.001) 
and CSS (P for trend <0.001). In addition, the higher tumor 
T stage was also significantly associated with higher risk for 

Figure 1 Relationships between age and overall survival (OS) and cancer-specific survival (CSS). A nonlinear relationship between age and 
OS (A) and CSS (B) was identified and was still present after adjusting for factors potentially associated with OS (C) and CSS (D), including 
laterality, sex, tumor pathology, race, grade, and T, N, and M stages.
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both OS (P for trend <0.001) and CSS (P for trend <0.001). 

Comparison of survival stratified by laterality, age, grade, 
and T stage between unilateral and bilateral RCC patients 

Differences in OS (Figure 3A) and CSS (Figure 3B) 
according to laterality were assessed using Kaplan-Meier 
analysis, as were differences in OS and CSS stratified by 
age, grade, and T stage between patients with unilateral 
and bilateral RCC. Although patients with bilateral 
RCC had worse OS and CSS than those with unilateral 
RCC (P<0.001), multivariate Cox regression analysis 
demonstrated that laterality was not an independent 
prognostic factor for OS or CSS. Differences in OS stratified 
by age and T stage were identified, as shown in Figures 4 
and 5A, respectively. Differences in CSS stratified by age 
and T stage were also identified, as shown in Figures 4B  
and Figure 5B, respectively. 

Subgroup analysis of OS and CSS stratified by laterality

Multivariate Cox regression analysis revealed that laterality 
was not associated with OS or CSS in patients with RCC. 
We therefore examined associations with other confounders 
using multivariate Cox regression and survival stratified by 
laterality (Figure 6). As shown in Figure 6, there were no 
significant differences in OS and CSS for age ≥74 years, 
female sex, T1, T4, N1, or M1 when hazard ratios for 
unilateral and bilateral RCC were determined, suggesting 
that these variables are confounding factors of laterality. 

Discussion

In this study, we investigated of survival outcomes in 
patients with bilateral and unilateral RCC. The main 
finding was that these two patient groups have equivalent 
OS and CSS. Age category, race, grade, and T, N, and M 
stage were significant prognostic factors for OS and CSS 

Table 2 Threshold effect analysis of age and overall survival and cancer-specific survival using a piecewise linear regression model

Turning point of age CSS CSS adjusted OS OS adjusted

<54 1.046 (1.037, 1.054)* 1.012 (1.000, 1.024) 1.045 (1.038, 1.052)* 1.020 (1.010, 1.030)*

≥54, <74 1.015 (1.011, 1.018)* 1.018 (1.012, 1.023)* 1.031 (1.028, 1.034)* 1.034 (1.030, 1.039)* 

≥74 1.078 (1.071, 1.086)* 1.061 (1.044, 1.079)* 1.082 (1.077, 1.088)* 1.074 (1.063, 1.086)* 

*P<0.001. Adjusted: laterality, gender, pathology, race, grade, T stage, N stage, M stage. CSS, cancer-specific survival; OS, overall survival.

Figure 2 Multivariate Cox regression analysis of risk factors associated with overall survival and cancer-specific survival of RCC was 
performed and forest plots of hazard ratios generated.
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in all patients with RCC. Additionally, sex and tumor 
pathology were significantly associated with OS in these 
patients. 

In this study, we identified a nonlinear relationship 
between age and OS and CSS. Two turning points in age (54 
and 74 years) were identified by threshold effect analysis. 
 To validate the effects of these two age turning points, 
we added age category to the multivariate Cox regression 

model and then identified that age category was significantly 
associated with OS and CSS of the study patients. Several 
studies have already investigated the effects of age at 
diagnosis of RCC. However, most of these studies focused 
on the young adults (8-10) and very few investigated 
analyzed in older individuals (11-13). The studies cited 
above mainly focused on clinical and pathologic variables in 
distinct age categories. In this study, we looked for a distinct 

S
ur

vi
va

l p
ro

ba
bi

lit
y

1.00

0.75

0.50

0.25

0.00

P<0.0001

Survival
25 50 75 100 1250

S
ur

vi
va

l p
ro

ba
bi

lit
y

1.00

0.75

0.50

0.25

0.00

P<0.0001

Survival
25 50 75 100 1250

Survival
25 50 75 100 1250

La
te

ra
lit

y

Unilateral

Bilateral 31 12 6 3 2 0

41542 29127 20069 12314 5823 1063

Number at risk

Survival
25 50 75 100 1250

La
te

ra
lit

y

Unilateral

Bilateral 31 12 6 3 2 0

41542 29127 20069 12314 5823 1063

Number at risk

Laterality BilateralUnilateral Laterality BilateralUnilateralA B

Figure 4 Overall survival (A) and cancer specific survival (B) of patients with renal cell carcinoma according to age category.

Figure 3 Overall survival (A) and cancer specific survival (B) of patients with renal cell carcinoma according to laterality.
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turning point in age in a cohort of patients with RCC of all 
ages. Verhoest et al. (13) reported that the maximum rate 
of incidental RCC occurs between 60 and 80 years of age. 
A potential explanation for the slightly lower risk of poor 
OS and CSS in the 54 to 74 years age group than in the 
under 54 and over 74 years age groups is that patients in 
the 54 to 74 years age group may undergo more radiologic 
investigations for various comorbidities and thus receive 
more timely treatment. 

Most RCCs are unilateral, bilateral RCCs occurring more 
frequently in patients with hereditary RCC syndromes (3).  
Although the prognoses of unilateral and bilateral RCC 
have been compared in several studies, they are still 

controversial. Simmons et al. (14) reported 5-year-OS rates 
of 86% and 10-year-OS rates of 71% in 220 patients with 
bilateral RCC. Several groups (15-18) have reported 5-year-
CSS as 80% to 87% and 10-year-CSS from 70% to 82% 
in patients with bilateral RCC. In this study, multivariate 
analysis demonstrated that patients with bilateral RCC had 
comparable oncological outcomes to those with unilateral 
RCC, which is consistent with the studies cited above.

Additionally, Volpe et al. (19) reported that TNM stage 
is the strongest independent prognostic factor for localized 
RCC. In this study, multivariate Cox regression analysis also 
indicated that TNM stage is the strongest risk factor for OS 
and CSS in patients with RCC. It is well known that higher 
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Figure 6 Subgroup analysis was performed to determine potential confounding factors of laterality and forest plots of hazard ratio 
generated.

Figure 5 Overall survival (A) and cancer specific survival (B) of patients with renal cell carcinoma according to T stage.
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T, N, and M stages are associated with worse prognoses and 
shorter OS and CSS (20-22). Sex has also been established 
as an independent risk factor for patients with RCC (23). 
In this study, male patients were at a 1.121-fold higher risk 
of poor OS than female patients, which is consistent with 
previous studies (24,25). However, there was no significant 
difference between male and female patients in terms 
of poor CSS. Berndt et al. (26) have reported that OS is 
poorer in black than in white individuals after adjustment 
for demographic variables and prognostic factors; these 
findings are consistent with those of the present study. 
Another study of 39,432 patients with RCC also identified 
a poorer OS in black than in whites individuals (23). 
Schrader et al. (27) found that the long term prognoses of 
papillary RCC and clear cell RCC are comparable. Waalkes 
et al. (28) reported that papillary RCC has a significantly 
better prognosis than clear cell RCC, which is inconsistent 
with our findings; there was no significant difference in 
pathological classification.

This study has some limitations. First, bilateral RCC 
can develop synchronously or metachronously, and there 
is evidence that multifocality is more common in sporadic 
bilateral RCC than in unilateral RCC. Siemer et al. (29) 
reported that the prognosis of patients with metachronous 
bilateral RCC is poorer. In contrast, BoorJian et al. (15) 
found no difference between metachronous and synchronous 
bilateral RCC. Several studies (7,30) have also found that 
multifocality is not associated with survival outcomes in 
patients with RCC. Because information about synchronicity 
is not available from the SEER database, we were unable 
to include this variable in our multivariate Cox regression 
model of OS and CSS. Second, bilateral RCC occurs more 
frequently in patients with hereditary RCC syndromes than 
in those with sporadic RCC. Because these variables are 
also not obtainable from the SEER database, we could not 
investigate them. Additionally, because of its retrospective 
nature, the study has selection bias and lacks randomization, 
the effects of which we minimized by performing subgroup 
analyses to determine potential confounding factors of 
laterality, thus strengthening the statistical power of our 
analysis of risk factors.

Conclusions

Bilaterality does not influence OS or CSS of patients with 
RCC who have undergone RN. The risk of poor OS and 
CSS is associated with increasing age category, tumor grade, 
and T stage. Patients in the age categories of <54, 54 to 

<74, and ≥74 years) may require individualized assessment 
and therapeutic strategies.
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