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Original Article

Surgical intervention in renal cell carcinoma patients with lung 
and bronchus metastasis is associated with longer survival time: 
a population-based analysis
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Background: As the most common metastasis site in renal cell carcinoma (RCC) patients, lung and 
bronchus metastasis (LBM) represents a late stage and a poor prognosis. The purpose of our study is to 
determine the impact of surgical intervention on prognosis of RCC patients with LBM by means of analysis 
the data from the Surveillance, Epidemiology and End Results (SEER) database.
Methods: The population data of RCC patients with LBM was extracted from the SEER database 
[1973–2015]. For each patient, age, gender, race, region, tumor histology, cause of death to site record, 
tumor grade, surgical intervention, and overall survival time were extracted from SEER database. Baseline 
characteristics were compared using the χ2 test for the categorical variables. The survival analysis was 
estimated using the Kaplan-Meier (K-M) method and univariate comparison were performed using the log-
rank test and unadjusted Cox proportional hazards regression models. Multivariate Cox proportional hazards 
regression survival models were adjusted. A second multivariate Cox proportional hazards regression survival 
model was created using the dataset after propensity score-matching approach (PSM).
Results: A total of 1,190 RCC patients with LBM were included, of whom 1,087 patients underwent 
surgery and 103 patients unperformed surgery. The median survival time was 56 months (95% CI, 54 to 
59) for the surgery group, and 6 months (95% CI, 5 to 7) for non-surgery group. LBM patients underwent 
surgery had significantly longer survival time (log-rank test, P<0.001). In univariate analysis, the survival of 
RCC patients was significantly associated with surgery (P<0.001), grade II (P=0.014), grade III (P=0.001) 
and grade IV (P<0.001). Moreover, multivariate analysis indicated that surgery (P<0.001), grade II (P=0.018), 
grade III (P<0.001) and grade IV (P<0.001) were independent prognostic indexes for overall survival. Besides, 
in the subgroup of 1 years survival after diagnosis, longer survival times were seen in the surgery arms rather 
than non-surgery arms (P<0.001). In addition, longer survival times were observed in surgery arms in the 
subgroups of grade I, II, III and IV (all P<0.001).
Conclusions: RCC patients with LBM who have surgical intervention might obtain a significantly longer 
survival time than non-surgical options. In consequence, surgery should be the preferred choice for eligible 
patients.
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Introduction

Owing to the rising incidence and mortality, malignant 
neoplasms have become a global health problem. It is 
estimated that the number of new diagnosed kidney cancer 
cases and cancer-caused death cases will be 403,262 (2.2%) 
and 175,098 (1.8%) in 2018, respectively (1). Among those 
primary kidney neoplasms, renal cell carcinoma (RCC) 
represents 80–85% cases, which maintains an increasing 
trend in recent years (2). In this population, a number of 
patients (5–45%) are suffering from lung and bronchus 
metastasis (LBM) (3,4). As the most common metastasis 
site in metastatic RCC (mRCC) patients, LBM represents 
a late stage and a poor prognosis. In recent decades, the 
increasing frequency of LBM caused by the development 
of improved diagnostic techniques, increased survival rate, 
and life expectancy of cancer patients has gained increased 
traction.

To date, the most applicable management of RCC 
patients with LBM is a longstanding debate. In National 
Comprehensive Cancer Network (NCCN) clinical practice 
guidelines of kidney cancer (version 4.2018, April 23, 
2018), RCC with LBM is classified as stage IV in which 
nephrectomy and resection of lung metastases are first-line 
therapy. Cytoreductive nephrectomy (CN) is recommended 
for patients with multiple metastatic sites. For patients 
with surgically unresectable condition, molecular targeted 
therapy may bring survival benefits. In most of previous 
literature, the small patient population and the lack of 
existing studies lead to a limited understanding of clinical 
strategies. Therefore, exploring the impact of clinical 
intervention on the prognosis of LBM patients in RCC can 
provide a theoretical basis for the establishment of reliable 
prognostic indices of these patients. 

Surveillance, Epidemiology and End Results (SEER) 
database is a high-quality database with a rigorous quality 
assurance program, and thus it is suitable to tackle the 
problems of limited patients sample size. We conducted 
the present study to determine the impact of clinical 
intervention on prognosis of RCC patients with LBM by 
means of analysis the data from the SEER database.

Methods

We downloaded urinary cancer data [1973–2015] from the 
SEER database, which covers approximately 26% of the 
USA population (seer.cancer.org; download date: 2018-08-
20) (5). The malignant neoplasms of the kidney was classified 
was according to the International Classification of Diseases 
10 recode C64.9 and one of four clinically relevant RCC-
specific histologic subtype statuses: (I) clear cell (8310/3: 
clear-cell adenocarcinoma, not otherwise specified (NOS); 
8322/3: water clear-cell adenocarcinoma; 8313/3: clear-
cell adenocarcinoma); (II) papillary (8260/3: papillary 
adenocarcinoma, NOS); (III) chromophobe (8317/3: RCC, 
chromophobe type; 8270/3: chromophobe carcinoma); or 
(IV) collecting duct (8319/3: collecting duct carcinoma). 
We included patients with a diagnosis of RCC as the first 
diagnosis using histology codes in order to exclude patients 
diagnosed with urothelial carcinoma (supplementary 
Appendix, http://jurology.com/). For each patient, 
demographics characteristics, for instance, age, gender, race, 
region and cancer characteristics including histology, causes 
of death to site record, tumor grade, surgery, and overall 
survival (OS) time were extracted from SEER database.

Patients diagnosed with carcinoma in situ and benign 
tumor were excluded. Patients diagnosed at autopsy or 
through death certificate and who had an unknown LBM or 
follow-up status were also removed.

Statistical analysis

The primary objective was to compare OS for the RCC 
patients with LBM treated with surgery versus without 
surgery. Baseline characteristics were compared using the 
χ2 test for the categorical variables. The survival analysis 
was estimated using the Kaplan-Meier (K-M) method and 
univariate comparison were performed using the log-rank 
test and unadjusted Cox proportional hazards regression 
models. Multivariate Cox proportional hazards regression 
survival models were adjusted for factors including age, 
gender, race, region, grade of differentiation, and surgery. 

A second multivariate Cox proportional hazards 
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regression survival model was created using the dataset 
after propensity score-matching approach (PSM) (6). This 
model was constructed in the same manner as the first 
model. The PSM with a 1:1 ratio was performed comparing 
outcomes with surgery versus non-surgery using the 
nearest-neighbor match on the logit of the propensity score 
for following variables including age, gender, race, region, 
and grade of differentiation. The caliper width was 0.003 
times the standard deviation of the logit of the propensity 
score. Subgroup analyses were conducted for grade of 
differentiation and 1-year survival after diagnosis. 

Statistical tests were performed using Stata, version 13.1 
(StataCorp). The assumption of proportionality for all 
Cox proportional hazards regression models were verified 
graphically using log-log survival plots. All statistical 
tests were 2-sided and P<0.05 was considered statistically 
significant. 

Results

Patients’ characteristics

Carefully screening and analysis was performed for data 
extracted from the SEER database. Firstly, we extracted 
263,485 relevant patients from the database. Patients with 
primary site of kidney, survival months and LBM were 
included. However, Patients with primary site of renal 
pelvis, no survival months and other limited data were 
excluded. Finally, A total of 1,190 RCC patients with LBM 
were included, of whom 1,087 patients underwent surgery 
and 103 patients unperformed surgery (Figure 1). A PSM 

was performed matching 98 patients receiving surgery with 
98 patients unperformed surgery. Patients characteristics 
were well balanced across all covariates (Table 1). The 
surgical management of primary site was shown in Table S1. 

Survival outcomes

We analyzed the correlation of surgery and survival 
outcome of RCC patients with LBM. The median survival 
time was 56 months (95% CI, 54 to 59) for the surgery 
group, and 6 months (95% CI, 5 to 7) for non-surgery 
group. K-M analysis (Figure 2A) results revealed that LBM 
patients underwent surgery had significantly longer survival 
time (log-rank test, P<0.001). We comparing outcomes 
with surgery versus no surgery after the PSM. As shown 
in Figure 2B, longer survival time was observed in LBM 
patients underwent surgery demonstrated by K-M analysis 
(log-rank test, P<0.001). In univariate analysis (Table 2), the 
survival of RCC patients was significantly associated with 
surgery (P<0.001), grade II (P=0.014), grade III (P=0.001) 
and grade IV (P<0.001). Moreover, multivariate analysis 
indicated that surgery (P<0.001), grade II (P=0.018), grade 
III (P<0.001) and grade IV (P<0.001) were independent 
prognostic indexes for OS.

Subgroup analysis

Considering the limitation especially sample size of enrolled 
patients, all subgroup analyses were performed before 
PSM. In the subgroups of survival more than 1 year after 
diagnosis, longer survival times were seen in the surgery 
arms (Figure 3, P<0.001). In addition, longer survival times 
were observed in CN arms in the subgroups of grade I, II, 
III and IV (Figure 4A,B,C,D, all P<0.001). 

Discussion

With the improvement of diagnosis and treatment, the 
5-year survival rate of RCC has reached 69.2%. But about 
30% of RCC patients had distant metastasis at the time 
of initial diagnosis. About 30% of patients diagnosed with 
localized RCC who received nephrectomy would eventually 
emerge a distant metastasis. From the perspective of our 
existing clinical experience, mRCC has a poor prognosis, 
since the median survival time is only 6–10 months, and the 
2-year median survival rate is only 10% to 20%. The site of 
metastasis may be related to the histological type of RCC. 
Study has elaborated that the proportion of lung metastasis 

Figure 1 The flowchart of data screening.

Total No. of relevant patients
263,485

Primary site of kidney
245,191

Patients with survival months
241,005

Excluded for no survival months 
4,186

Excluded for not first tumor: 1,696
Excluded for no Grade: 1,373
Excluded for surgery relevant 
confounding factors: 17

Patients with lung and 
bronchus metastasis

4,276

Final included patients
1,190

Excluded for primary site of 
renal pelvis 18,294
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Table 1 Baseline characteristics before and after matching on the propensity score

Variables

Before matching After matching

Total No. 
Surgery,  
No. [%]

No surgery,  
No. [%]

P value Total No.
Surgery,  
No. [%]

No surgery,  
No. [%]

P value

All patients 1,190 1,087 [100] 103 [100] 196 98 [100] 98 [100]

Age 0.072 0.448

<65 504 469 [43] 35 [34] 65 30 [31] 35 [36]

≥65 686 618 [57] 68 [66] 131 68 [69] 63 [64]

Gender 0.008 <0.001

Male 809 751 [69] 58 [56] 143 86 [88] 57 [58]

Female 381 336 [31] 45 [44] 53 12 [12] 41 [42]

Race 0.139 1.000

White 1,008 923 [85] 85 [83] 162 81 [83] 81 [83]

Black 129 113 [10] 16 [16] 30 15 [15] 15 [15]

Other 53 51 [5] 2 [2] 4 2 [2] 2 [2]

Region 0.162 0.925

East 477 445 [41] 32 [31] 63 32 [33] 31 [32]

Northern plains 185 165 [15] 20 [19] 36 19 [19] 17 [17]

Pacific coast 475 432 [40] 43 [42] 85 42 [43] 43 [44]

Southwest 52 44 [4] 8 [8] 12 5 [5] 7 [7]

Alaska 1 1 0

Grade* <0.001 0.152

Grade I 247 230 [21] 17 [17] 27 10 [10] 17 [17]

Grade II 522 501 [46] 21 [20] 40 19 [19] 21 [21]

Grade III 339 292 [27] 47 [46] 85 41 [42] 44 [45]

Grade IV 82 64 [6] 18 [17] 44 28 [29] 16 [16]

*, grade I to grade IV represent ‘well differentiated’, ‘moderately differentiated’, ‘poorly differentiated’, and ‘undifferentiated; anaplastic’, 
respectively.

Figure 2 The Kaplan-Meier curve for overall survival. Before matching (A) and after matching (B). Seventeen and fourteen patients survived 
less than 1 month in the before matching population and after matching population, respectively.
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in clear cell carcinoma, papillary cell carcinoma and 
chromophobe cell carcinoma is 53.6%, 33.3% and 28.2%, 
respectively (7).

At present, there is no consensus on the best clinical 
strategy to manage RCC patients with LBM. However, 
comprehensive treatment including nephrectomy, surgical 
metastasectomy, local ablation techniques, CN and 
molecular targeted therapy is the a suitable and commonly 
option for most urologists and oncologists.

The primary aim of local ablation techniques is to 
protect organ functions and to maintain organ integrity 
without compromising the oncological outcome. It was 
reported that local ablation techniques are ideal treatments 
for selected RCC patients (8-10).

Figure 3 The Kaplan-Meier curve for subgroup of patients 
who survival more than 1 year after diagnosis.

Table 2 Overall survival analysis

Variables
Multivariate survival analysis Univariate survival analysis

HR 95% CI P value HR 95% CI P value

Surgery

Perform Reference Reference

Not perform 7.079 4.686 to 10.692 <0.001 4.730 3.407 to 6.568 <0.001

Age

<65 Reference Reference

≥65 1.174 0.839 to 1.644 0.350 1.202 0.864 to 1.672 0.274

Gender

Male Reference Reference

Female 0.876 0.603 to 1.271 0.485 0.858 0.597 to 1.233 0.407

Race

White Reference Reference

Black 1.058 0.696 to 1.611 0.790 1.048 0.696 to 1.578 0.823

Other 1.724 0.606 to 4.907 0.307 1.379 0.507 to 3.751 0.528

Region

East Reference Reference

Northern Plains 0.931 0.594 to 1.458 0.754 0.925 0.598 to 1.431 0.727

Pacific Coast 0.826 0.580 to 1.177 0.290 1.025 0.729 to 1.441 0.887

Southwest 1.283 0.653 to 2.520 0.469 1.518 0.788 to 2.925 0.212

Grade*

Grade I Reference Reference

Grade II 1.885 1.116 to 3.183 0.018 1.881 1.136 to 3.116 0.014

Grade III 2.464 1.508 to 4.024 <0.001 2.327 1.441 to 3.756 0.001

Grade IV 2.959 1.701 to 5.148 <0.001 2.890 1.702 to 4.906 <0.001

*, grade I to grade IV represent ‘well differentiated’, ‘moderately differentiated’, ‘poorly differentiated’, and ‘undifferentiated; anaplastic’, 
respectively.
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Figure 4 The Kaplan-Meier curve for subgroups of grade I (A), II (B), III (C) and IV (D). 
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CN refers to the surgical treatment of nephrectomy for 
mRCC patients (11). Early CN is a palliative treatment for 
mRCC patients to alleviate pain, hematuria, paraneoplastic 
syndrome, and tumor-related symptoms associated with 
adjacent organs (12). A large retrospective study from Japan 
included 164 patients with mRCC, including 133 (81.1%) 
with lung metastases. All patients underwent CN, followed 
by immunotherapy and/or targeted therapy with a median 
OS of 25.8 months. The authors believed that treatment 
with molecular-targeted agents following CN may 
contribute to improve the survival of patients with mRCC 
compared with immunotherapy alone (13). 

Due to the l imited sensit ivity to radiotherapy, 
chemotherapy, endocrine therapy and immunotherapy, 
surgical metastasectomy of LBM was the only effective 
treatment prior to the advent of molecular targeted therapy 
in mRCC (14-17). However, the deficiency of large-sample-
sized research evidence lead to the difficulties in definition 
and selection of indications in metastasectomy. Studies 
have yielded that the 5-year survival rate after metastases 

resection in mRCC patients with single lung metastases 
ranged from 21% to 83% (18,19). Additionally, a large 
retrospective study demonstrated that RCC patients who 
had lung-only metastases had a higher 5-year cancer-
specific survival rate with complete metastasectomy in 
comparison to incomplete metastasectomy (73.6% vs. 19%, 
P<0.001) (20). In terms of the comparison between surgical 
and non-surgical treatments, Dabestani and his colleagues 
have reported that the median survival of patients with lung 
metastases resection compared with molecular targeted 
therapy and immunotherapy is significantly improved 
(36.3 vs. 30.4 and 18.0 months, P<0.001) (21). In our study, 
surgery might bring significant survival benefits to RCC 
patients with LBM whether in the overall analysis or in the 
subgroup analyses, which was consistent with the above 
results. However, the limitation in patients of no-surgery 
arm could expand the bias in analysis. A remarkable fact is 
that the details of surgical intervention were not specifically 
described in our study. Considering the limitation of 
patients after stratification analysis, we did not stratify RCC 
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patients with LBM according to the surgical approach in 
the SEER database.

A large number of multi-center clinical retrospective 
studies  have confirmed that ,  in general ,  surgical 
intervention for RCC patients with LBM can significantly 
improve prognosis. In addition to considering prognostic 
improvements, the economic factor of patients also needs 
to be considered. The cost of surgery is much lower than 
that of molecular targeted therapy, especially in developing 
countries (22,23). Due to the high cost of molecular 
targeted therapy, surgery might be the only choice for a part 
of RCC patients with LBM, to whom the maximal resection 
of tumor lesions is essential. Surgery combined with 
molecular targeted therapy is the best choice for patients in 
selected. Besides, surgery monotherapy is also a reasonable 
choice for patients with economic burden. 

Noteworthily, limitations were existed in our study. 
Firstly, no clinical samples but only data from SEER 
database was enrolled. Secondly, data sources were based 
on SEER database. Because we were unable to fully access 
the patients’ information in other databases such as NCDB 
database and NPCR database (24,25), the data source was 
only extracted from SEER database in our study, which 
increased the bias, reduced the completeness and reliability 
of results. 

Conclusions

Comparing to non-surgical options, RCC patients with 
LBM who underwent surgery might have a significantly 
longer survival time. In consequence, surgery should be the 
preferred choice for eligible RCC patients with LBM.
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Table S1 The surgical management of primary site

No. of patients Surgical management

79 None; no surgery of primary site; autopsy only 

1 Local tumor destruction, NOS 

5 Cryosurgery 

3 Thermal ablation 

1 Local tumor excision, NOS 

9 Any combination of ‘Local tumor excision, NOS’ or ‘Polypectomy, Excisional biopsy’ with cryosurgery

1 Any combination of ‘Local tumor excision, NOS’ or ‘Polypectomy, Excisional biopsy’ with laser ablation

5 Excisional biopsy 

125 Partial or subtotal nephrectomy (kidney or renal pelvis) or partial ureterectomy (ureter)

Including but are not limited to: Segmental resection and Wedge resection

60 Complete/total/simple nephrectomy—for kidney parenchyma

Nephroureterectomy

Includes bladder cuff for renal pelvis or ureter

588 Radical nephrectomy

May include removal of a portion of vena cava, adrenal gland(s), Gerota’s fascia, perinephric fat, or partial/total ureter

9 Any nephrectomy (simple, subtotal, complete, partial, total, radical) in continuity with the resection of other organ(s)  
(colon, bladder)*

The other organs, such as colon or bladder, may be partially or totally removed

16 Nephrectomy, NOS

Ureterectomy, NOS

*, ‘In continuity with’ means that all of the tissues were removed during the same procedure, but not necessarily in a single specimen. 
NOS, not otherwise specified.
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