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Abstract

(1) Background and Objectives—Patients with metastatic RCC can undergo metastasectomy 

to improve survival time. Our goal was to provide and compare characteristics and oncological 

outcomes of RCC patients who underwent complete metastasectomy at a single organ site.

(2) Methods—138 RCC patients were identified as undergoing complete metastasectomy at a 

single organ site including adrenal, lung, liver, pancreas, or thyroid. Competing risk regression 

analysis was used to assess RFS and CSS adjusting for several covariates.

(3) Results—In this highly selected cohort, RFS and CSS was 27% and 84% at five years 

following metastasectomy, respectively. Univariate analysis revealed that removal of multiple 

tumors, younger age, and a shorter interval between nephrectomy and metastasis was associated 

with worse RFS. Larger tumors and sarcomatoid histology at nephrectomy was associated with 

worse CSS. We found no evidence that metastases at the time of RCC diagnosis influenced 

recurrence or survival. Tumor size, number of metastases resected and time from nephrectomy to 

first recurrence was significantly different, but recurrence rates were not found to be significantly 

different, when compared across all organ sites.

(4) Conclusions—These findings inform clinical and surgical management of select RCC 

patients with isolated metastasis to one of several organ sites.
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Introduction

Metastatic RCC (mRCC) has a median survival time of 6 to 12 months and a 5-year survival 

rate of less than 20%.[1,2] About 25% of patients with RCC will present with metastatic 

disease and another 25% will develop metastatic disease following nephrectomy. Surgical 

resection of metastatic sites or metastasectomy has been associated in retrospective 

comparative studies with prolonged survival time. Five-year survival rates of at least 30% to 

45% have been reported for patients receiving metastasectomy.[3–5] This increase in 

survival is seen even when mRCC patients are stratified using a prognostic scoring system 

and metastasectomy patients are compared with their counterparts within the same risk 

category.[6] The European Association of Urology recently recommended in their guidelines 

that metastasectomy should be considered for most metastatic sites with the exception of 

brain and possibly bone.[7]

Further prognostic factors have been reported that significantly influence survival of patients 

who undergo metastasectomy. In one of the original studies to investigate the significance of 

complete surgical resection of metastatic sites, complete, incomplete, and no surgical 

resection 5-year survival rates of 44%, 14%, and 11%, were reported, respectively.[4] 

Numerous retrospective studies presented in a recent systemic review had similar survival 

rates.[8] Complete resection has further been shown to improve survival if analyzed for liver, 

lung, or pancreas resections alone compared with incomplete or no resection at the specific 

metastatic site.[9–18]

Survival and recurrence data for individual organ sites has been presented in previous studies 

with the exception of adrenal. Previously reported 5-year survival rates following 

metastasectomy include 38–62% (liver),[10–12] 33–44% (lung),[14–17] 45–88% 

(pancreas),[13,18] and 51% (thyroid).[19,20] Although not necessarily compared with their 

non-resected counterparts, these survival rates are superior to overall mRCC five-year 

survival rates. In addition to this associated survival benefit, more studies describing 

individual organ sites of metastasectomy are important because RCC pathology represents a 

large percentage of all metastatic resections and represents the largest percentage at the 

adrenal, pancreas and thyroid in multiple studies.[13,21–25] To this end, we selected for 

patients from a single institution who underwent complete metastasectomy at a single organ 

site including adrenal, liver, lung, pancreas, and thyroid. The goal was to provide and 

compare patient and disease characteristics, as well as survival data, for the entire cohort and 

across these multiple organ sites to inform patient care.

Materials and Methods

After obtaining institutional review board approval, we identified patients who had 

previously undergone nephrectomy for RCC, had an RCC recurrence, and subsequently 

underwent metastasectomy at Memorial Sloan Kettering Cancer Center. The year of initial 

nephrectomy ranged from 1976 to 2012, and the year of metastasectomy ranged from 1990 

to 2013. From this cohort we selected for patients who underwent complete metastasectomy 

at an isolated organ site. Complete was defined as no evidence of disease following 

metastasectomy. Isolated was defined as metastatic disease confined to one organ site. 
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Patients who underwent previous metastatic resections, had widespread metastatic disease at 

time of metastasectomy, or had residual disease following resection were excluded. We 

further defined patients as having synchronous disease as those patients who had distant 

metastases at nephrectomy or within 6 months after nephrectomy or metachronous disease 

(all others). Recurrence was considered to be any new metastatic disease after nephrectomy 

or metastasectomy, determined by imaging or biopsy. Several patients underwent 

metastasectomy shortly before nephrectomy, and for these patients we considered time from 

nephrectomy to recurrence and metastasectomy as 0 days. With these definitions, all 

analyzed patients had a complete metastasectomy of an isolated tumor from the adrenal 

gland, lung, liver, pancreas, or thyroid.

Using five organ-based databases from a single institution, we identified a total of 179 

patients who underwent metastasectomy for mRCC. Further selection of the final analyzed 

cohort is described in Figure I. Seven patients with previous metastatic resections were 

excluded, and 34 patients with widespread metastatic disease at time of metastasectomy or 

residual disease following resection were also excluded from the original cohort. After 

exclusions, 138 patients with complete metastasectomy at an isolated organ site were 

included in this study, with 32 patients having synchronous disease and 106 having 

metachronous disease.

Our goal was to determine which patient and disease characteristics were associated with 

recurrence free survival (RFS) and cancer specific survival (CSS). We used competing risk 

regression, with death that is not caused by cancer as a competing risk for recurrence and 

death from disease, to examine the association between RFS and CSS and our covariates of 

interest: metastasis at time of RCC diagnosis, age at metastasectomy, time from 

nephrectomy to metastasis, time from metastasis to metastasectomy, number of tumors 

removed at metastasectomy (single or multiple), maximum tumor size at metastasectomy, 

sarcomatoid histology, Karnofsky Performance Score (KPS), and site of metastasectomy. 

Log rank tests were used to test for differences in RFS based on site of metastasis. Reported 

KPS scores were within 1 year of metastasectomy. The association between site of 

metastasectomy and CSS was not assessed because of a limited number of events. We also 

compared these covariates by site of metastasis to determine whether there were differences 

in disease characteristics or patient selection. A sensitivity analysis using univariate Cox 

models without adjustment for competing risks was also performed. Kaplan-Meier (KM) 

methods were used to estimate RFS and CSS for the entire cohort. All analyses were 

completed using Stata 13.0 (StataCorp, College Station, TX).

Results

Characteristics of our patient cohort are reported in Table I. In this cohort of 138 patients, 89 

patients experienced recurrence after metastasectomy, and 54 patients died from any cause, 

with 19 (14%) of these reported deaths caused by RCC (Table I). The median follow-up 

period was 3.0 years after metastasectomy (interquartile range [IQR] 1.6, 5.8) for survivors. 

Regarding systemic therapy, treatment at our institution was confirmed in 54% of the cohort. 

Performing temporal analysis on our cohort we found no evidence that having a 

nephrectomy before 2005 (N=43) or after 2005 (N=95) was associated with risk of RFS 
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(p=0.11), OS (p>0.9), or CSS (p=0.5). RFS and CSS rates from metastasectomy were 48% 

(95% confidence interval [CI] 39%, 57%) and 93% (95% CI 86%, 96%) at 2 years, and 27% 

(95% CI 19%, 36%) and 84% (95% CI 75%, 90%) at 5 years, respectively. The Kaplan-

Meier RFS and CSS curves for the entire cohort are shown in Figure II.

On univariate analysis, patients who had more than one tumor removed from a single organ 

site at the time of metastasectomy had a higher risk of recurrence (hazard ratio (HR) 1.95, 

95% CI 1.26, 3.03, p=0.003), whereas older patients and those patients with a longer interval 

between nephrectomy and metastasis were at decreased risk of recurrence after 

metastasectomy (HR 0.74 per 10 years, 95% CI 0.59, 0.94, p=0.012, and HR 0.95 per 10 

years, 95% CI 0.90, 0.99, p=0.023, respectively). Larger tumors at metastasectomy (HR 1.18 

per 1 cm, 95% CI 1.07, 1.29, p=0.001) and the presence of sarcomatoid histology (HR 3.70, 

95% CI 1.09, 12.62, p=0.037) were significantly associated with worse CSS (Table II). 

Although time from nephrectomy to metastasis was significantly associated with RFS, we 

found no evidence of an association with CSS. We also found no evidence that metastases at 

the time of RCC diagnosis or time from diagnosis of metastasis to metastasectomy was 

associated with either RFS or CSS. KPS was also not significantly associated with either 

oncologic outcome. However, our cohort is highly selected, composed of patients who were 

deemed healthy enough for metastasectomy. As such, there was little variation in KPS, with 

75% of patients in this cohort having a KPS ≥90. A sensitivity analysis using univariate Cox 

models without competing risks led to similar results.

We further compared clinicopathological variables across separate organ sites in Table III. 

The lung was the most common site of metastasectomy (n=78, 57%) followed by adrenal 

(n=27, 20%), liver (n=12, 9%), pancreas (n=15, 11%), and thyroid (n=6, 4%). We found a 

significant difference between sites regarding tumor size, number of metastases resected, 

and time from nephrectomy to first recurrence. Despite a difference in tumor and disease 

characteristics by site, there was not a significant difference in RFS between the sites. The 5-

year RFS probabilities by site were 32%, 27%, 22%, and 43% for adrenal, liver, lung, and 

pancreas sites, respectively (p=0.14; Table III).

Discussion

In this study, we observed a CSS rate of 93% at 2 years and 84% at 5 years for a carefully 

selected group of patients who underwent metastasectomy. The selection factors included 

isolated organ metastasis and complete metastasectomy. Regarding timing of metastatic 

disease, we found no evidence that metastases at the time of RCC diagnosis (synchronous 

disease) or time from nephrectomy to metastasis affects survival. A longer disease-free 

interval following nephrectomy has been previously shown to be a positive prognostic factor.

[4,15] These previous studies, however, did not involve the same selection criteria used in 

this study. Our findings suggest that resection should be attempted at a single organ site if 

complete resection can be achieved regardless of the length of the disease-free interval.

In this cohort, having multiple tumors at an organ site was associated with worse RFS, while 

RFS was better for older patients and patients with a longer interval between nephrectomy 

and metastasis. Larger tumor size and sarcomatoid histology was associated with reduced 
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CSS. Sarcomatoid histology is an extremely aggressive histologic variant of RCC with a 

median survival of only 4 to 12 months.[26] Previously reported predictors of survival 

following metastasectomy include a single site of first recurrence following nephrectomy, 

complete resection of first metastasis, a long disease-free interval following nephrectomy 

and a metachronous presentation with recurrence.[4] All patients in our cohort had a 

complete resection of metastasis at a single site, and we found no evidence that a longer 

disease-free interval from nephrectomy or metachronous presentation provided additional 

survival benefit in these patients. Although there was no evidence of a difference in RFS by 

site, clinicopathological features described here give insight into organ site-specific selection 

factors and provide further guidance in patient selection.

Our study had several limitations. Considerable selection bias in this study affects the ability 

to determine whether metastasectomy truly alters the natural history of this favorable group 

of patients and the heterogeneous biology of mRCC. Lymph node metastasis and resections 

were not analyzed in this study, as the focus was on solid organ metastasis and resection. 

There were a limited number of patients and cancer related deaths in certain organ resection 

groups. The lung patient group represented 57% of the combined cohort; thus, the results in 

this study are biased toward the outcomes for lung metastasectomy patients. These factors 

further influenced our ability to create an appropriate multivariable model or perform 

univariate analyses by site of metastasectomy.

Systemic therapy could not be reliably recorded because many patients underwent treatment 

at other institutions. When performing temporal analysis on our cohort we found no 

evidence of a difference in RFS or CSS between patients who were treated before and after 

2005, when the use of systemic therapy became more common. Since 2005 the FDA has 

approved several agents that target angiogenesis or the mTOR pathway. This cutoff year has 

been used in two studies utilizing Survival, Epidemiology, and End Results (SEER) data that 

compared survival of patients prior to and after 2005.[27,28] It must be noted that many of 

these agents have only improved OS marginally, rarely cause complete response and are not 

curative.[29] Although encouraging, the moderate increases in survival following the 

introduction of targeted therapies further stress the importance of metastasectomy as part of 

the treatment algorithm for mRCC.

Conclusions

This study presents a select group of mRCC patients with prolonged survival who underwent 

complete metastasectomy. We describe disease characteristics and selection factors 

associated with recurrence and survival and further differentiate these characteristics across 

several organ sites. The information in this study informs clinicians in selecting patients who 

are appropriate for metastasectomy and in guiding further patient care following resection.
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Abbreviations list

RCC renal cell carcinoma

mRCC metastatic renal cell carcinoma

RFS recurrence free survival

CSS cancer specific survival

KPS Karnofsky performance score

KM Kaplan-Meier

IQR Interquartile range

CI confidence interval

HR Hazard Ratio
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Synopsis

Carefully selected renal cell carcinoma patients with isolated metastases undergoing 

metastasectomy can experience prolonged survival time. This study describes a 

competing risk analysis in patients undergoing complete metastasectomy from 5 organ 

sites.

Jakubowski et al. Page 8

J Surg Oncol. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure I. 
Cohort selection schematic.
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Figure II. 
A. Kaplan-Meier survival estimates with 95% CI for RFS after metastasectomy. B. Kaplan-

Meier survival estimates with 95% CI for CSS after metastasectomy.
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Table I

Patient characteristics, n = 138. Data reported as median (interquartile range (IQR)) or frequency (percent 

(%)).

Female sex, n (%) 48 (35%)

Age at metastasectomy, y (IQR) 64 (56, 70)

Any clear cell histology at nephrectomy, n (%) 108 (78%)

Only clear cell histology at nephrectomy, n (%) 97 (70%)

Sarcomatoid histology at nephrectomy, n (%) 8 (5.8%)

Synchronous disease, n (%) 30 (22%)

Site of metastasectomy, n (%)

 Adrenal 27 (20%)

 Liver 12 (8.7%)

 Lung 78 (57%)

 Pancreas 15 (11%)

 Thyroid 6 (4.3%)

Multiple tumors removed at metastasectomy, n (%) 51 (37%)

Karnofsky Performance Score (n = 89), n (%)

 ≤75 3 (3.3%)

 80 17 (19%)

 85 2 (2.2%)

 90 58 (65%)

 100 9 (10%)

Confirmed systemic therapy, n (%) 74 (54%)
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