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Abstract
Background—While nephron-sparing surgery has been advocated for patients with bilateral
renal masses, the long-term functional and oncological outcomes are lacking.

Objective—To determine the outcomes of patients with bilateral renal masses (BRM) and a
minimum of 10 years of follow-up.

Design, Setting, and Participants—Patients with BRM evaluated at the National Cancer
Institute who underwent their initial surgical intervention at least 10 years ago and had
interventions on both renal units were included in our analysis. The data collected included
demographics, hereditary diagnosis, number of renal interventions, renal function, and mortality
status.

Intervention(s)—Bilateral renal surgery.

Outcome Measurements and Statistical Analysis—Overal and RCC specific survival was
assessed. Comparisons of renal function and overall survival between groups containing both renal
units and solitary kidneys were performed using the student T-test and Kaplan-Meier analysis.

Results and Limitations—128 patients met our inclusion criteria. The median follow-up of our
cohort was 16 years (10-49), mean 17 years. The median number of surgical interventions was 3
(2-10). Eighty-seven patients (68%) required repeat interventions on their ipsilateral renal unit at
last follow-up, with a median time between interventions of 6.2 years (0.7-21). Overall and RCC-
specific survival of the cohort was 88% and 97%, respectively. Six patients (4.7%) ultimately
underwent bilateral nephrectomies.

Although renal function was better preserved in patients with both kidneys (70 vs. 53 mL/min/
1.73m2, P=0.0002) there was no difference in overall survival between those with bilateral or
solitary kidneys (mean 21.5 vs. 20.8 years, respectively). Limitations of the study are in its
retrospective design and inclusion of closely surveilled patients.

Conclusions—At a minimum of 10 years follow-up after initial surgery, nephron-sparing
surgery allows for excellent oncologic and functional outcomes. Despite the need for repeat
surgical interventions, employing NSS allows for avoidance of dialysis in over 95% of patients.
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Introduction
The management of patients with bilateral renal masses (BRM) presents unique challenges.
The goal of any surgical renal intervention is two-fold: to perform oncologically sound
operations while simultaneously preserving maximal renal function to avoid the need for
renal replacement therapy (RRT) and its associated morbidity and mortality. Surgical
treatment options upon presentation with BRM include bilateral radical nephrectomy with
subsequent RRT as a bridge to renal transplantation, unilateral radical nephrectomy with
contralateral partial nephrectomy, or bilateral nephron-sparing surgery (NSS). Pre-operative
treatment considerations include tumor characteristics such as size, number, location, and
patient factors such as medical comorbidities and baseline renal function.[1]

Recognizing that decreased post-operative renal function is associated with an increased
incidence of cardiovascular disease, hospitalization, and overall mortality, NSS has become
the treatment of choice for tumors less than 7cm when technically feasible.[2-7] However,
evidence demonstrating the long-term renal functional and oncologic outcomes of using
NSS for the management of bilateral renal masses is limited.[8-10]

While sporadic BRM are rare and occur in approximately 3-5% of patients with renal cell
carcinoma (RCC), the growing incidence of RCC will likely result in a greater number of
patients being diagnosed BRM, creating more challenging management questions.[11-13]
The National Cancer Institute (NCI) experience in managing these complex patients
emerged from the ongoing evaluation and treatment of individuals with bilateral mutifocal
renal masses and those with familial renal cancer (FRC) syndromes such as von Hippel-
Lindau (VHL), hereditary papillary renal carcinoma (HPRC), hereditary leiomyomatosis and
renal cell carcinoma (HLRCC), and Birt-Hogg-Dubé (BHD).[14] Patients with FRC tend to
present at a younger age than the sporadic kidney cancer population and have a greater
incidence of bilateral multifocal tumors. Despite these differences, however, FRC have
similar pathologic features to their sporadic counterparts and make an informative BRM
model.[15]

Having a unique opportunity to evaluate the long-term oncologic and functional outcomes of
patients with BRM, we describe the NCI experience managing FRC patients who required
bilateral renal surgeries and had a minimum of 10 years of post-operative follow-up.

Material (Patients) and Methods
All patients were evaluated on a NCI institutional review board-approved research protocol.
A prospectively maintained urologic oncology database was queried to identify all patients
who underwent renal tumor surgery prior to December 2000 to allow for at least 10 years of
follow up (n = 407). This cohort was then limited to those patients requiring bilateral renal
surgery for either synchronous or metachronous BRM (n = 132). Ninety-seven percent of
patients had complete records available at the NCI (n = 128) and constitute the final cohort
used for analyses in this study. Patient demographics, FRC diagnosis, type and number of
renal interventions, most recent renal function, presence of metastatic disease, and mortality
status were recorded.
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Oncologic outcomes were evaluated by overall and renal cell carcinoma-specific survival.
Overall survival (OS) was determined by chart review with death from any cause verified
using the Social Security Death Index. RCC-specific survival (RCCSS) was attributed to
patients with documented evidence of RCC progression as the cause of death. Survival data
were obtained on the entire cohort (n=128) and no patient was lost to follow-up. Recurrence-
free survival was not assessed because of multifocality of renal masses and inability to
differentiate local tumor recurrence from de novo tumor formation in patients with FRC.

Estimated GFR (eGFR) was calculated using the Modification of Diet in Renal Disease
(MDRD) formula using the most recent serum creatinine value available.[16] Comparisons
of renal function and overall survival between groups containing both renal units and
solitary kidneys were performed using the student T-test and Kaplan-Meier analysis. P value
<0.05 was considered significant.

Results
The demographics of the study cohort are summarized in Table 1. Men constituted 57%
(n=73) of the sample size. The mean age at initial surgery was 38 years (range 17 to 64) and
at last follow-up was 55 years (range 34 to 79). The most common FRC diagnosis seen in
our cohort was VHL (n=89, 70%). The median follow-up of our cohort was 16 years (range
10 to 49), mean 17 years.

The median number of surgical interventions per patient was 3 (range 2 to 10). Eighty-seven
patients (68%) required repeat interventions on the same renal unit, with a median time
between interventions of 6.2 years (range 0.7 to 21).

Among the 15 deaths in the cohort, 4 were due to RCC. A total of 11 patients were alive
with metastatic disease. OS of the cohort was 88%, but RCCSS survival was 97%. (Figures
1 and 2) Metastasis-free survival was 88%.

The most recent calculated median eGFR was 57 mL/min/1.73m2 (range 8 to 196). Six
patients (4.7%) ultimately underwent bilateral nephrectomies and were noted to have
significantly shorter OS compared to patients with one or both renal units (median 19 years
vs. median not reached; P=0.008). (Figure 3) The median follow-up for patients with
bilateral and solitary renal units was 14 years (range 10-37) vs. 17 years (range 10-48),
respectively. Although there was no difference in OS between those with bilateral or solitary
kidneys (21.5 vs. 20.8 years, respectively; P=0.85), eGFR was better preserved in patients
with both kidneys (70 vs. 53 mL/min/1.73m2, respectively; P=0.0002). (Figure 4).

Discussion
As the number of patients with the diagnosis of RCC increases, the number of patients
presenting with BRM will likely increase as well. The old dogma of multifocality as an
indication for radical nephrectomy is no longer true with several studies demonstrating
oncologic efficacy and acceptable functional outcomes at early or intermediate follow up.
[10, 17-20] The present study was undertaken to evaluate long-term outcomes with the
follow up of at least 10 years in a cohort with a severe phenotype of BRM requiring bilateral
renal surgeries.

Our study highlights several significant findings that may aid in the management of patients
with BRM. Despite requiring bilateral renal interventions in all cases the RCCSS was 97%
at a median follow-up of 16 years (mean 17 years). Such high RCCSS was observed despite
the recurrent nature of the RCC in these patients (with two thirds of the cohort requiring
repeat renal surgeries). RCCSS in excess of 90% is consistent with earlier studies from our
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institution evaluating outcomes of either primary renal surgery, repeat renal surgery, or even
salvage procedures (three or more times on the same kidney) after early and intermediate
follow up.[18-21]

The present study also provides encouraging long-term renal functional results. The median
eGFR of the entire cohort was 57 mL/min/1.73m2. This is approximately the same eGFR
seen 1-5 years status post renal transplant.[22] However, unlike transplant patients who have
a 30% risk of dying or losing their graft within the 5 years and nearly a 60% risk at 10 years,
more than 95% of our patients remained free from renal replacement therapy (RRT) after a
median follow-up of 16 years.[23] Even after a median of 3 surgical interventions, we
observed the eGFR of 57 mL/min/1.73m2 in our cohort.

Our data suggest that the use of serial NSS to treat BRM provides excellent renal functional
outcomes. When the OS of the current study cohort (88% at a median of 16 years) is
compared to that of a cohort of VHL patients who were rendered anephric for localized RCC
and underwent RRT followed by renal transplantation (65% at 5 years post-transplant), it
becomes clear that serial NSS provides a substantial survival benefit.[24] Only six patients
(4.7%) from the present study ultimately underwent bilateral nephrectomies and required
RRT.

It is important to note that the use of re-operative NSS is challenging and is associated with
higher rates of perioperative morbidity when compared to case series of surgically naïve
patients.[25] Complications such as increased intra-operative blood loss, longer operative
times, urine leak, prolonged hospitalization, loss of the renal unit, rhabdomyolysis, and post-
operative death have been encountered.[18-19, 26] Despite these risks, however, the OS of
the cohort approaches 90% and is far beyond that which RRT can offer.[24]

The 10 year OS of 88% seen in this cohort exceeds that of 71% from a cohort of 220
patients treated with NSS for synchronous BRM at the Cleveland Clinic.[8] This could be
partially attributable to the younger age of our cohort. Most importantly, however, is the fact
the 10 year RCCSS specific survival was nearly identical between the two studies,
measuring 97% and 96%. Although there was no difference in OS between those with
bilateral or solitary kidneys in this study (21.5 vs. 20.8 years, respectively; P=0.85), eGFR
rate was better preserved in patients with both kidneys (70 vs. 53 mL/min/1.73m2,
respectively; P=0.0002) in the present study. This degree of eGFR preservation is similar to
that seen in the patients who had undergone bilateral NSS at the Cleveland Clinic (59 mL/
min/1.73m2).[8]

The etiology for the lack of a difference in OS between those patients with bilateral (n=64)
and solitary (n=58) renal units is unclear. It may be partially explained by the small number
of deaths in this cohort, the good preservation of renal function seen in both groups, and the
younger age of our cohort. Additionally, it is possible that while there was a significant
difference in eGFR between patients with bilateral kidneys or solitary kidneys, the observed
difference in eGFR of less than 20 mL/min/1.73m2 may not be enough to effect the survival
of these two groups. Finally, the statistical power to detect a difference in OS may be
insufficient in subgroups of this size.

When comparing the findings of this study to the largest single-institution series on sporadic
BRM (n=310), the 10 year OS of this cohort is better than that seen in either the
synchronous or metachronous Mayo Clinic subgroups (48% vs. 51%, respectively).[9] The
97% 10-year RCCSS from the current study also exceeded both Mayo temporal subgroups
(71% vs. 69%, respectively).
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It is likely that a high RCCSS observed in the present study is explained by the fact that the
majority of patients in our cohort were managed with active surveillance until the largest
tumor reached 3 cm.[21, 27-28] Nevertheless, the patients in this study had their original
surgery before the year 2000, and the first publication of the “3cm rule” was in 1999,
suggesting that some patients were not treated for small tumors exclusively. Notably, the
“3cm rule” was utilized long before the data was initially published in 1999. Unfortunately,
due to the large number of resected tumors and many historic records of our cohort, we were
unable to determine the number and size of the tumors treated at the time of prior (older)
surgeries. We, therefore, are unable to reliably comment on the size of the tumors resected
in this cohort. Considering the data from our recent publications describing outcomes on
similar patient cohorts we can point out that some surgeries were likely performed for as
many as several dozen tumors.[10, 29]

We recognize that the limitations of this study are its retrospective nature, the inclusion of
many patients who were closely surveilled, and that it comes from a single institution with a
special interest in the management of BRM. However, the strengths of this project are its
large sample size, the completeness of the medical records (97% of patients treated for BRM
were eligible for inclusion), recent follow-up data (median time from last visit was 6
months), and, to our knowledge, the longest follow-up of patients with BRM managed with
surgical intervention (median of 16 years). This study provides a compelling argument for
the use of NSS to manage patients with BRM.

Conclusions
At a minimum of 10 years after initial surgery, NSS allows for excellent oncologic and
functional outcomes. RCCSS of 97% and RRT-free survival of more than 95% further
support the role of aggressive surgical intervention in the management of patients presenting
with BRM.
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Figure 1. Kaplan-Meier Overall Survival (OS)
Overall Survival = 88% at a median follow-up of 16 years.
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Figure 2. Kaplan-Meier RCC-Specific Survival (RCCSS)
Renal cell carcinoma-specific survival (RCCSS) = 97% at a median of 16 years of follow-
up.
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Figure 3. Kaplan-Maier Overall Survival (OS) of Anephric vs. Non-Anephric Patients
OS for patients who ultimately became anephric was significantly shorter (median 19 years
vs. median not reached; P=0.008) when compared to those who had one or both renal units.

Singer et al. Page 10

J Urol. Author manuscript; available in PMC 2013 October 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4. Kaplan-Meier OS Comparing Solitary to Bilateral Renal Units
There was no difference in overall survival between those with bilateral or solitary kidneys
(21.5 vs. 20.8 years, respectively; P=0.85). However, estimated glomerular filtration rate
(eGFR) was better preserved in patients with both kidneys (70 vs. 53 mL/min/1.73m2,
respectively; P=0.0002).
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Table 1

Patient Characteristics

Patient number 128

Total renal surgeries of the cohort 437

Male (%) 73 (57)

Mean age at first surgery, years (range) 38 (17-64)

Mean age at last follow-up, years (range) 55 (34-79)

Median number of total renal surgical
interventions per patient (range) 3 (2-10)

Median number of left renal surgeries 1 (1-5)

Median number of right renal surgeries 2 (1-6)

Median time between ipsilateral surgical
interventions, years (range) 6.2 (0.7-21)

Number of patients with solitary kidney at
most recent follow-up (%) 58 (45.3)

Number of patients with bilateral kidneys at
most recent follow-up (%) 64 (50.0)

Number of patients who were anephric at
most recent follow-up (%) 6 (4.7)

Median follow-up of patients with a solitary
kidney, years (range) 17 (10-48)

Median follow-up of patients with bilateral
kidneys remaining, years (range) 14 (10-37)

Median follow-up of anephric patients,
years (range) 17 (16-20)

Median total follow-up, years (range) 16 (10-49)

Familial cancer diagnosis, number (%)*

  VHL 89 (70)

  BHD 7 (5)

  HPRC - Type 1 6 (5)

  FRC - Clear 4 (3)

  FRC - Other 3 (2)

  FRO 2 (2)

  RCC - Sporadic 1 (1)

  SDHC 1 (1)

  TS 1 (1)

  BMF with Neg. or Unknown Fam Hx 14 (11)

Abbreviations: VHL - Von Hippel-Lindau, BHD - Birt-Hogg-Dubé, HPRC - Hereditary Papillary Renal Carcinoma, FRC – Familial Renal Cancer,
FRO - Familial Renal Oncocytoma, RCC - Renal cell carcinoma, SDHC - Succinate Dehydrogenase C, TS - Tuberous Sclerosis, BMF - Bilateral
Multifocal Renal Cancer

*
Familial cancer diagnosis percentages sum to greater than 100% because of rounding.
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