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INTRODUCTION

Renal cell carcinoma (RCC) has been acknowledged as a 
significant global health challenge with rising incidence and 
mortality. It is estimated that the number of newly diagnosed 
RCC cases and cancer-caused deaths from RCC in 2018 were 
403,262 and 175,098, respectively [1]. While a growing number 
of patients with early-stage RCC are diagnosed using modern 
imaging techniques, 25–30% of RCC patients present with dis-
tant metastasis at initial diagnosis [2]. Liver is one of the most 
common metastatic sites of RCC, presenting in 23.6% of cases 
of newly diagnosed metastatic RCC (mRCC) [3]. 

The optimal treatment strategy for mRCC has not been 
established yet [4]. Comprehensive treatment including 

surgery, targeted therapy, and immunotherapy has provided 
more options for mRCC patients, which brings a significant 
survival benefit [5-11]. The role of cytoreductive nephrectomy 
(CN) has been debated without resolution. CN was consid-
ered as a viable therapeutic strategy for RCC patients with liver 
metastasis (LM) in some studies [12-16]. By contrast, some lit-
erature showed RCC patients with LM might not be suitable 
candidates for CN. According to the National Comprehensive 
Cancer Network (NCCN) clinical practice guidelines of kid-
ney cancer (version 2.2020), CN is recommended for patients 
diagnosed with primary RCC and distant metastasis including 
the lung, bone, and brain but not the liver [17]. In addition, a 
previous study regarded LM as a contraindication to CN [18]. 
Since LM from RCC usually portends a poor prognosis [19] 
and is a predictor of widespread metastases [20], CN is sel-
dom performed in this setting. 

The Surveillance, Epidemiology, and End Results (SEER) 
database was built by the American National Cancer Institute 
(NCI), covering approximately 34.6% of the U.S. population. 
This representative database is suitable to correct problems 
inherent in single-center studies that use small sample sizes. In 
this study, we aim to explore the value of CN on prognosis of 
renal cell carcinoma with liver metastasis (RCCLM) patients.

MATERIALS AND METHODS 

Source of data

Patient data were retrieved from the SEER database 
between 2010 and 2017, since the sites of metastases in RCC 
patients were not recorded until 2010 and the latest date 
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It is widely accepted that renal cell carcinoma (RCC) with liver metastasis (LM) carries a dismal prognosis. We aimed to explore the value 
of cytoreductive nephrectomy among these patients. Patients were extracted from the Surveillance, Epidemiology, and End Results (SEER) 
database between 2010 and 2017. The univariate and multivariate Cox proportional hazards models were conducted to select the prognostic 
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were applied to reduce the above factors’ differences between the groups. Overall survival (OS) was compared by Kaplan–Meier analyses. 
Data from 683 patients were extracted from the database. The univariate Cox regression and multivariate Cox regression revealed that 
factors including age, histologic type, T and N stages, lung metastasis, brain metastasis, and nephrectomy were significant predictors of 
survival in the patients. After the PSM analyses, we found that nephrectomy prolonged OS. Nephrectomy can prolong OS in eligible RCC 
patients with LM. 
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available was 2017. Data extracted for each record include 
age, gender, race, histologic type, laterality, T stage, N stage, 
grade, synchronous distant metastatic sites involving bone, 
brain, liver and lung, surgery of primary site, survival time, 
the reason why surgery was not performed, vital status, and 
cause-specific death classification. The SEER*Stat software 
version 8.3.6 (NCI, US; https://seer.cancer.gov/seerstat/) 
was utilized to achieve this. Histologic types were limited 
to the following four variants according to the International 
Classification of Diseases for Oncology, 3rd edition 
(ICD-O-3) standard: (I) clear cell (ccRCC) [8310/3: clear-cell 
adenocarcinoma, not otherwise specified (NOS); 8322/3: 
water clear-cell adenocarcinoma; 8313/3: clear-cell adenocar-
cinoma]; (II) papillary (pRCC) [8260/3: papillary adenocar-
cinoma, NOS]; (III) chromophobe (chRCC) [8317/3: RCC, 
chromophobe type; 8270/3: chromophobe carcinoma]; (IV) 
collecting duct (CDC) [8319/3: collecting duct carcinoma]. 
The primary endpoint of this study was overall survival (OS), 
which was calculated from the date of diagnosis to the date of 
death from any cause. 

The inclusion and exclusion criteria are summa-
rized in Figure  1. The inclusion criteria were defined 
as: 1) histologically confirmed RCC with a primary site 
labeled as “C64.9 Kidney, NOS”; 2) complete follow-up 
information; 3) complete tumor-node-metastasis (TNM) 
classification data; and 4) complete partial nephrectomy 
or radical nephrectomy information (site-specific surgery 
codes: 30, 40, 50, 70, and 80). 

The exclusion criteria in this study were as follows: 1) 
tumor was diagnosed solely on autopsy or death certificate or 
source information unknown; 2) missing or incomplete sur-
vival time (i.e., survival at 0 day); 3) multiple primary cancers; 
and 4) unknown race and tumor metastatic location.

Ethical statement

Since the data released from the SEER database did 
not include any private information that could identify the 
patients, obtaining approval of this study by the institutional 
review board was not required.

Statistical analysis

Baseline characteristics between different cohorts were 
compared using the Chi-squared test or Fisher’s exact test for 
the categorical variables. All data were obtained using SEER*Stat 
Software version 8.3.6. As a continuous variable, age was cate-
gorically divided based on the optimal cut-off value generated by 
X-tile software version 3.6.1 (Yale University School of Medicine, 
US). The univariate and multivariate Cox proportional hazards 
models were used to find the variables that may affect prognosis. 
All variables with a p value <0.1 in the univariate analysis were 
entered into the multivariate analysis. To reduce the heterogene-
ity of the clinicopathological characteristics between the groups, 
propensity score-matching (PSM) analyses at a 1:1 ratio by using 
the “nearest neighbor” method was applied to eliminate the 
effect of selection bias between the groups according to prognos-
tic factors revealed from the multivariate analysis. The survival 
analyses before and after PSM were estimated by Kaplan–Meier 
(K–M) method. Two-tailed values of p < 0.05 in the multivariate 
analysis were considered significant. All statistical analyses were 
performed using R software version 3.6.1 [21]. 

RESULTS

Baseline characteristics and prognostic factors

A total of 683 eligible patients from 2010 to 2017 were 
identified from the SEER database (Table 1). The median age 

FIGURE 1. The flowchart of data screening. SEER: Surveillance, Epidemiology, and End Results; TNM: Tumor-node-metastasis.
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of all patients was 62 years, while the majority of cases were 
male and white (67.9% and 81.0%, respectively) and the median 
OS was 6 months. Based on the optimal cut-off value in age 
(age <55, age 55–73, and age >73), nearly a quarter of RCCLM 
patients (24.6%) were under 55 years old. The most common 
histologic type was ccRCC (85.8%), followed by pRCC (10.1%) 
and chRCC (2.6%). RCCLM patients were more likely to have 

additional lung metastasis (66.2%), but not brain (11.1%) or bone 
(34.1%) metastasis. Interestingly, in patients with RCCLM, there 
were more cases of T3 stage (44.1%), compared with T4 stage 
(23.6%). In addition, a minority of patients (43.0%) underwent 
surgery. Among 389 patients who did not undergo CN, 371 
(95.4%) patients were not recommended for CN. Other rea-
sons for not undergoing CN include that the death of patient 

TABLE 1. Patient characteristics of the total cohort and Cox regression analyses in the training cohort

Variables Total cohort, n (%) Univariate analysis Multivariate analysis
HR (95% CI) p HR (95% CI) p

Age, years
<55 168 (24.6) Reference Reference
55–73 423 (61.9) 1.307 (1.062, 1.609) 0.011 1.3641 (1.098, 1.694) 0.005 
>73 92 (13.5) 1.767 (1.329, 2.349) <0.001 1.8333 (1.360, 2.471) <0.001

Gender
Female 219 (32.1) Reference
Male 464 (67.9) 1.018 (0.849, 1.221) 0.847 

Race
White 553 (81.0) Reference
Black 85 (12.4) 1.155 (0.895, 1.489) 0.267 
Other† 45 (6.6) 1.036 (0.734, 1.462) 0.841 

Histologic type
ccRCC 586 (85.8) Reference Reference
pRCC 69 (10.1) 1.311 (0.997, 1.723) 0.053 1.352 (1.012, 1.806) 0.041 
chRCC 18 (2.6) 1.094 (0.631, 1.900) 0.749 1.154 (0.634, 2.101) 0.640 
CDC 10 (1.5) 1.293 (0.691, 2.421) 0.422 1.213 (0.635, 2.316) 0.558 

Laterality
Left 382 (55.9) Reference
Right 298 (43.6) 0.889 (0.748, 1.056) 0.181 0.901 (0.755, 1.075) 0.248 
Bilateral 3 (0.4) 2.708 (0.866, 8.465) 0.087 1.982 (0.623, 6.309) 0.247 

T
T1 78 (11.4) Reference Reference
T2 143 (20.9) 0.927 (0.674, 1.274) 0.064 0.735 (0.527, 1.025) 0.047 
T3 301 (44.1) 0.925 (0.694, 1.235) 0.060 0.877 (0.648, 1.187) 0.394 
T4 161 (23.6) 1.062 (0.781, 1.445) 0.070 0.951 (0.688, 1.316) 0.762 

N
N0 401 (58.7) Reference Reference
N1 282 (41.3) 1.892 (1.590, 2.251) <0.001 1.650 (1.377, 1.979) <0.001

Grade
Grade I 10 (1.5) Reference Reference
Grade II 89 (13.0) 0.453 (0.215, 0.952) 0.037 0.605 (0.283, 1.290) 0.193 
Grade III 151 (22.1) 0.650 (0.317, 1.334) 0.241 1.161 (0.550, 2.441) 0.694 
Grade IV 125 (18.3) 0.721 (0.351, 1.482) 0.374 1.488 (0.692, 3.202) 0.309 
Unknown 308 (45.1) 0.949 (0.469, 1.919) 0.884 0.856 (0.419, 1.746) 0.669 

Lung Met
No 231 (33.8) Reference Reference
Yes 452 (66.2) 1.418 (1.179, 1.705) <0.001 1.437 (1.176, 1.757) <0.001

Brain Met
No 607 (88.9) Reference Reference
Yes 76 (11.1) 1.251 (0.9992, 1.566) 0.001 1.345 (1.026, 1.764) 0.032 

Bone Met
No 450 (65.9) Reference Reference
Yes 233 (34.1) 1.406 (1.178, 1.679) <0.001 1.045 (0.865, 1.262) 0.647 

Nephrectomy
No 389 (57.0) Reference Reference
Yes 294 (43.0) 0.459 (0.383, 0.548) <0.001 0.393 (0.302, 0.511) <0.001

HR: Hazard ratio; CI: Confidence interval; †American Indian/AK Native: Asian/Pacific Islander; ccRCC: Clear cell renal cell carcinoma; 
pRCC: Papillary renal cell carcinoma; chRCC: Chromophobe renal cell carcinoma; CDC: Collecting duct carcinoma; TNM: Tumor-node-
metastasis; SEER: Surveillance, Epidemiology, and End Results; grade I to grade IV represent “well differentiated,” “moderately differentiated,” 
“poorly differentiated,” “undifferentiated; anaplastic,” respectively; Met: Metastases
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TABLE 2. Characteristics of all RCCLM patients and propensity score-matching analysis for nephrectomy and non-nephrectomy 
groups

Variables All patients PSM patients
Non-nephrectomy 

(n=389), n (%)
Nephrectomy 
(n=294), n (%)

p Non-nephrectomy 
(n=208), n (%)

Nephrectomy 
(n=208), n (%)

p

Age, years <0.001 0.191
<55 76 (19.5) 92 (31.3) 53 (25.5) 39 (18.8)
55–73 251 (64.5) 172 (58.5) 134 (64.4) 141 (67.8)
>73 62 (15.9) 30 (10.2) 21 (10.1) 28 (13.5)

Histologic type 0.222 0.451
ccRCC 335 (86.1) 251 (85.4) 176 (84.6) 175 (84.1)
pRCC 43 (11.1) 26 (8.8) 26 (12.5) 21 (10.1)
chRCC 7 (1.8) 11 (3.7) 3 (1.4) 7 (3.4)
CDC 4 (1.0) 6 (2.0) 3 (1.4) 5 (2.4)

T <0.001 0.247
T1 56 (14.4) 22 (7.5) 22 (10.6) 19 (9.1)
T2 117 (30.1) 26 (8.8) 33 (15.9) 21 (10.1)
T3 128 (32.9) 173 (58.8) 95 (45.7) 111 (53.4)
T4 88 (22.6) 73 (24.8) 58 (27.9) 57 (27.4)

N <0.001 0.375
N0 206 (53.0) 195 (66.3) 120 (57.7) 111 (53.4)
N1 183 (47.0) 99 (33.7) 88 (42.3) 97 (46.6)

Lung Met <0.001 0.353
No 107 (27.5) 124 (42.2) 67 (32.2) 76 (36.5)
Yes 282 (72.5) 170 (57.8) 141 (67.8) 132 (63.5)

Brain Met <0.001 0.705
No 329 (84.6) 278 (94.6) 192 (92.3) 194 (93.3)
Yes 60 (15.4) 16 (5.4) 16 (7.7) 14 (6.7)

RCCLM: Renal cell carcinoma with liver metastasis; PSM: Propensity score-matched; ccRCC: Clear cell renal cell carcinoma; pRCC: Papillary 
renal cell carcinoma; chRCC: Chromophobe renal cell carcinoma; CDC: Collecting duct carcinoma; TNM: Tumor-node-metastasis; 
SEER: Surveillance, Epidemiology, and End Results; Met: Metastases

happens before the recommended surgery, etc. Factors that 
were statistically associated with OS in the univariate analysis 
were age, histologic type, laterality, T stage, N stage, grade, lung 
metastasis, brain metastasis, bone metastasis, and nephrec-
tomy. A multivariate analysis was carried out on the above sta-
tistically significant factors. Finally, age, histologic type, T stage, 
N stage, lung metastasis, brain metastasis, and nephrectomy 
were revealed as significant independent predictors of OS.

PSM analyses

After PSM, 208 patients undergoing CN matched 208 
patients that did not undergo surgery. A caliper width of 
0.005 was adopted. Basic characteristics were well balanced 
across all confounding factors (Table  2). Whether before or 
after PSM, the OS of patients who underwent nephrectomy 
was significantly longer than those without surgery (median 
OS before PSM: 9 months vs. 4 months, p < 0.0001, Figure 2A; 

FIGURE 2. Kaplan–Meier analyses for cancer-specific survival in patients with or without nephrectomy before matching (A) and 
after matching (B).
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and median OS after PSM: 9 months vs. 4 months, p < 0.0001, 
Figure 2B, respectively).

DISCUSSION

Therapy options for metastatic RCC have evolved signifi-
cantly over the past decade [22-25]. However, there is no con-
sensus on the optimal clinical strategy to treat RCCLM [26]. As 
mentioned in the introduction section, surgery at the primary site 
is not recommended for RCCLM by the NCCN guideline [17] 
and a study from the U.S. [18]. The potential reasons are as fol-
lows. First, this American study evaluated patients who received 
interleukin-2, making its utility in the current targeted therapy 
era unknown. Second, LM is one of the negative predictors of 
survival in patients who undergo CN [27]. Third, LM is asso-
ciated with the early postoperative complications of CN and 
prolonged length of stay [28]. In addition, evidence supporting 
the role of CN in RCCLM patients comes from two small-scale 
case-control studies [12,13] and case reports [14-16], which may 
lack persuasion. The shortage of relevant research evidence also 
makes it difficult in selecting candidates for CN in RCCLM. 
Although more than half of the patients (54.3%) in our study 
were not recommended for CN, it is noteworthy that CN can 
bring significant survival benefits in eligible patients as shown in 
our study. There is no doubt that patient selection in our study 
likely drives the survival outcomes. However, CN appears to be 
a feasible therapy in carefully selected RCCLM patients.

Prognostic factors for OS of RCCLM were identified 
in our study. Hence, tailored clinical interventions can be 
planned based on these factors. Interestingly, we found that 
nearly a quarter of RCCLM patients were under 55 years old 
and that the proportion of RCCLM patients with N1 stage was 
less than those with N0. These findings should be treated with 
reservation because of the relative lack of patients in each sub-
group, and further studies should be conducted to confirm our 
results. Our data suggest that patients younger than 55 years 
old and who present with N0 stage also need close follow-up. 

There are several limitations in our study. Firstly, we do not 
have information regarding patient performance status, sys-
temic therapy given, or local treatment status of LM. Secondly, 
due to the limitations of the SEER database, information such 
as details of the surgery and distant organ metastasis could not 
be obtained, which hindered further prognostic analyses.

CONCLUSION

To the best of our knowledge, this is the largest study to 
date exploring the role of CN in RCCLM. We conclude that 
CN represents a valid option for well-selected patients with 
RCCLM. 
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