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Abstract
Purpose—Despite aggressive screening, patients with hereditary renal cancers can present with
large, multifocal tumors. We present oncologic outcomes in hereditary renal cell carcinoma
patients treated with partial nephrectomy for multifocal solid tumors with the largest lesion greater
than 4 cm.

Materials and Methods—Between 1995 and 2008, we identified 58 patients with hereditary
RCC treated at our institution with partial nephrectomy for solid tumors greater than 4cm. The
data collected included demographic parameters, tumor size, tumor pathology, and laterality.
Overall survival and metastasis-free survival were calculated based on the information from the
most recent follow up evaluation and imaging.

Results—The cohort included 58 patients consisting of 41 (71%) patients with VHL, 10 (17%)
patients with BHD, and 7 (11%) with HPRC. The mean age was 43.7 (range 18–63) and the mean
largest tumor size was 5.3 cm (range 4–13). The mean number of resected kidney tumors was 6.4
(range 1–44). There was a predominance of nuclear grade 2 tumors 51 (85%) and a predominance
of clear cell histology 44 (73%), followed by papillary type I histology 7 (11.7%). Overall survival
of the cohort was 93% and metastasis-free survival was 96.5% at the median follow up of 45
months (range 2–163).

Conclusions—The metastasis-free and overall survival of our patients is similar to those
reported in the literature series for patients undergoing partial nephrectomy for T1B tumors in the
sporadic population. The presence of multifocality does not affect oncologic outcomes at an
intermediate follow up. Partial nephrectomy can be offered to hereditary patients presenting with
multifocal tumors greater than 4 cm.
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The management of renal cell carcinoma in patients with multifocal renal tumors and
hereditary syndromes predisposing to formation of RCC is challenging. Not only are these
patients predisposed to develop synchronous bilateral multifocal tumors in the kidneys at an
early age, most patients will manifest a recurrence or de novo tumor formation even after an
aggressive partial nephrectomy.1–3 In order to avoid the surgical morbidity of repeat renal
interventions and to decrease the likelihood of the development of metastatic disease, an
approach has been developed in this patient population to recommend surgical removal of
renal tumors with partial nephrectomy when the largest tumor reaches 3 cm in size.4,5

However, despite aggressive screening, some of these patients will present with larger
tumors due to delayed diagnosis or co-morbidities. While recent data have demonstrated that
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partial nephrectomy for T1b tumors is oncologically equivalent to radical nephrectomy and
may even confer a survival benefit in the sporadic population, to our knowledge, there are
no studies that evaluated oncologic outcomes for clinical T1b renal masses in the presence
of multifocal disease.6–9

Our ongoing clinical experience and aggressive nephron sparing approach to patients with
multifocal and hereditary kidney cancer has provided a unique opportunity to evaluate the
oncologic outcomes of partial nephrectomy in patients with clinical T1b or greater RCC in
presence of multifocal disease.

Material and Methods
Between 1995 and 2008, 60 planned partial nephrectomies were performed at our institution
on 58 patients who presented with multifocal renal masses with the largest solid renal
tumors greater than 4cm. All patients were evaluated on a National Cancer Institute
Institutional Review Board (NCI IRB) approved protocol. All patients had known germline
mutations of VHL, BHD, or Met genes, leading to clinical diagnosis of VHL, BHD or
HPRC, respectively. The data analyzed included demographics, admission history and
physical, operative reports, discharge summaries, progress notes, records of all subsequent
operative interventions, and most recent imaging. Pathology reports were reviewed for
number of tumors resected, pathologic stage, highest grade, and histology of the largest
tumor removed.

All patients underwent pre-operative evaluation with computerized tomography of chest as
well as CT or MRI of the abdomen and pelvis. At the time of surgery no patients had
preoperative or intraoperative suspicion of locally advanced or metastatic disease.
Regardless of the tumor size and multifocality, all planned NSS were successfully
performed in all patients.

All patients were followed at regular intervals following surgery, starting at 3 months after
the procedure and at least once yearly after the first visit. Each visit included clinical and
laboratory examination with complete blood count, routine chemistries, liver function tests,
as well as imaging with computerized tomography of the chest, and either contrasted CT or
MRI of the abdomen and pelvis.

Oncologic outcomes were evaluated by overall survival, cancer-specific survival,
metastasis-free survival, and need for subsequent surgical intervention on the operated renal
unit. Overall survival was determined by chart review and telephone contact, and death from
any cause was verified using the Social Security Death Index. Cancer specific mortality and
metastasis-free survival was attributed to patients with documented evidence of cancer
progression as the cause of death. Survival data was obtained on the entire cohort and no
patient was lost to follow up. Probabilities of overall and cancer specific survival were
depicted using the Kaplan-Meier method.

Results
Patient characteristics are shown in Table 1. A total of 60 operations were performed on 58
patients. Two patients presented with T1b tumors bilaterally and underwent staged bilateral
partial nephrectomy. Eight patients underwent prior partial nephrectomy on the ipsilateral
kidney while 20 patients underwent prior partial nephrectomy on the contralateral kidney.
Twenty patients underwent subsequent partial nephrectomy on the contralateral kidney and
only one underwent subsequent radio frequency ablation. Of note, none of the prior or
subsequent interventions were performed for tumors larger than 4cm. The mean age of the
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patients was 44 years (range 19 to 64) and the majority of patients were affected with VHL.
The majority of patients were women and more surgeries were performed on the right side.

Tumor pathologic characteristics are shown in table 2. The patients had up to 44 tumors
removed and the largest tumor size ranged from 4.1 to 18 cm (mean 5.3 cm). The majority
of surgeries (87%) were performed for pathologic stage T1b and most tumors were clear cell
RCC (73%). Fuhrman nuclear grade 2 was the most predominant (85%).

Median follow up for the entire cohort was 45 months (range 2 to 163). Figure 1 shows the
overall, cancer specific and metastasis free survival in all 58 patients. The overall survival of
the cohort was 93.3% at 5 years. Two patients (3.5%) had died of non-tumor related causes
and 1 (1.7%) died of advanced metastatic disease. Cancer specific survival of the cohort was
96.7% and metastasis free survival was 96.5% at 5 years. Of the 58 patients, 2 (3.4%)
developed distant metastasis. The details of patients with metastatic disease are shown in
Table 3. Five patients (8.6%) required repeat intervention by open partial nephrectomy at a
median time to re-intervention of 55 months (range 48 to 101). No patient underwent
subsequent nephrectomy for any reason.

Discussion
While the initial indications for NSS were limited to patients with solitary kidney and
chronic kidney disease, a number of investigators have shown the oncologic equivalency of
NSS for T1b disease with that of radical nephrectomy.8–14 One of the main reasons for
continued expansion of the role of NSS is our ongoing recognition of the importance of the
preservation of renal function.6 As the role of nephron sparing surgery is continuously being
expanded, it is imperative to meticulously evaluate oncologic efficacy. The current study
evaluates oncologic outcomes of patients with two potentially adverse risk factors:
multifocality and tumors larger than 4cm.

While the overall survival of our cohort was similar to other reports of partial nephrectomy
for T1b RCC in the sporadic population, the metastatic rate in our cohort was the lowest
when compared to other series (Table 4). There are several potential explanations for this
observation. First, it is possible that the shorter follow up in our study did not allow enough
time for the development of metastatic disease. While this is possible, most of the oncologic
failures with RCC are typically observed in the first two years, although late development of
metastatic disease may occur years after initial surgery.13,15 Consistent with the notion of
early failures, two patients in our cohort developed metastatic disease within the first year
after the surgery. The second explanation for the slightly lower metastatic rate in our cohort
may be due to less biologically aggressive tumors with multifocal or hereditary RCC.
Although it may be a reasonable explanation, the rate of metastatic events for tumors under
3 cm in our population is similarly low as a rate in a sporadic population with the same
tumor size.16 Additionally, RCC used to be the most common cause of death in hereditary
patients with as many as 46% dying from metastatic RCC.17 Of importance, as many as
21% of patients with tumors between 4–6cm and 50% of those with tumors between 6–
10cm developed metastatic disease in our earlier study of the hereditary cohort.18 Therefore,
attributing a lower rate of metastatic disease to a low aggressiveness of RCC in multifocal or
sporadic population is unlikely to be the case. A third possible explanation for the lowest
metastatic rate may come from the histological distribution of tumors in our cohort, with
27% consisting of non-clear histology. Nevertheless, Table 2 demonstrates that the overall
percentage of pathologic diagnosis in our population is similar to those observed in the
sporadic population.
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There are likely two reasons why the metastatic rate in our study is lower than in other series
listed in Table 4. One reason may be due to meticulous pre-operative assessment for
metastatic disease, including a dedicated chest CT. Presence of suspicion for metastatic
disease would preclude the entry criteria in this study. The second reason may be due to the
absence of the most aggressive variants of familial renal cancer syndromes, such as
Hereditary Leiomyomatosis and Renal Cell Carcinoma (HLRCC), TFE3 or TFE-3B in our
cohort. These patients are likely to develop metastatic disease earlier or may not have been
offered a partial for larger lesions with the suspicion of aggressive histology. Of note,
among the patients with clear cell carcinoma in our cohort, the rate of metastatic disease was
similar to other studies for T1b tumors (2 out of 41; 5%).

Most importantly, however, is the finding that the presence of both larger tumors and
multifocality did not worsen the oncologic outcomes in this patient population. As
mentioned earlier, many investigators have reported on the oncologic equivalency of NSS
for T1b disease with that of radical nephrectomy.8–14 Additionally, Memorial Sloan
Kettering Cancer Center and the Mayo Clinic groups have demonstrated no effect on
recurrence or survival in patients with multifocal RCC treated with radical
nephrectomy.19,20 The current study combines the two adverse risk groups of larger lesions
and multifocality and demonstrates similar oncologic control to other published series for
patients with either large solitary tumors or multifocal RCC.9–14,19,20

We also compared the outcomes between patients treated for miltifocal lesions with tumors
greater than 4 cm by partial or radical nephrectomy in our institution. In review of the NCI
patients over the same time period, among patients with VHL, BHD and HPRC without
evidence of metastatic or locally advanced disease, we identified only 3 patients that
underwent radical nephrectomy. Because of such a small number of events the comparison
would not be appropriate. Nevertheless, it should be noted that at last follow up, all three are
alive and have no evidence of locally advanced or metastatic disease.

Evaluating oncologic outcomes in patients with hereditary or multifocal RCC is challenging.
Metastasis-free and cancer-specific survival provides the best measures of oncologic
efficacy, since local recurrence in this population is impractical to assess. In fact, it is not
possible to differentiate between a true local recurrence due to a persistence of a previously
resected tumor, development of a new tumor(s), or finally detecting those tumors that were
present at the time of surgery but were too small to appreciate with present pre- and
intraoperative imaging modalities. Only if the new tumor is detected in a location
completely remote from the resection site and the genetic studies confirm the absence of a
common clonal origin of the recurrent tumor, can one comfortably conclude that the so-
called “recurrence” is actually a reflection of multifocality. In our patients we have
performed a partial nephrectomy with resection of as many as 44 tumors, and therefore
found it impractical to make definitive conclusions on the reason for recurrence. Most likely,
however, it is the presence of multifocality and the propensity to form renal lesions that is
responsible for “local recurrence” in this patient population. Indeed, it has been shown that
as many as 600 solid tumors and 1100 cysts may be found at the time of nephrectomy in
patients with VHL, 2,400 tumors in patients with HPRC, and dozens of tumors in BHD
patients.4,21,22

Five patients (8.6%) required subsequent intervention in the form of ipsilateral repeat partial
nephrectomy at a median of 55 months (range 48 to 101). No patients experienced loss of a
renal unit at the time of the most recent follow-up. Interestingly, the median time to
subsequent surgery in this cohort is similar to our previously reported re-intervention
interval of 50 months for similar patients with multifocal RCC.2 It appears that the presence

Gupta et al. Page 4

J Urol. Author manuscript; available in PMC 2011 October 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of the largest lesion greater than 4 cm in the cohort of this study did not influence the
interval for repeat intervention (55 vs 50 months).

The necessity and risks for repeat intervention must be carefully weighed against the risks of
renal replacement therapy. Johnson et al reported a 19.6% major perioperative complication
rate in a cohort of hereditary patients undergoing repeat partial nephrectomy. Of 47 patients
in that study, only 2 required long term hemodialysis and there were 3 losses of the renal
unit. In a study evaluating outcomes of salvage partial nephrectomy in patients who had
undergone a minimum of 2 prior partial nephrectomy we reported a 46% major complication
rate with a renal unit loss rate of 23%.23 Most important, however, is the fact that in the
above two studies more than 95% of patients were alive and metastasis-free at 56 and 25
months, respectively. Contrary to outcomes of our patients, Goldfarb et al reported a 5 year
survival rate of only 65% in VHL patients who were treated with bilateral nephrectomy and
renal replacement therapy.24 The average ages of our cohort and patients reported by
Goldfarb were similar (43.7 vs 36, respectively). The significant morbidity, mortality, and
effects on quality of life, associated with dialysis makes this form of renal replacement
therapy a last resort. In addition, options for kidney transplantation in hereditary patients
may be limited due to the presence of renal carcinoma or other co-morbidities. In the general
population, when a transplant is performed the graft survival is 73.9% at 5 years, and patient
survival is 85.8% at 5 years.25 These results further underscore our aggressive surgical
management strategy for bilateral recurrent RCC.

The present study has inherent limitations. It is a retrospective study and oncologic
outcomes analyses are based on intermediate follow up data. We could not compare this
cohort to patients who underwent radical nephrectomy for T1b due to the limited number of
radical nephrectomies in this cohort performed at our institution. Also, since this paper
predominantly focuses on oncologic outcomes of the management of multifocal RCC and
the cohort spanned a time period of 13 years, the surgical techniques and perioperative
outcomes have not been reported. We have previously described our technique,
perioperative outcomes, operative time, clamp time, transfusion requirements in prior
publications.2,4,5,23Nevertheless, our data support utilization of partial nephrectomy in
patients with multifocal RCC and clinical stage T1B.

Conclusion
Nephron preservation is increasingly used in patients with T1B lesions with acceptable
oncological outcomes. Our study supports utilization of NSS in hereditary patients who
present with T1b or larger tumors even in the setting of tumor multifocality. The metastatic
rate and cancer specific survival of patients with multifocal RCC and T1b lesions are similar
to their sporadic counterparts.
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Figure 1.
Overall, cancer specific and metastasis free survival of 58 patients treated with NSS
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Table 1

Patient Characteristics

No. pts 58

No kidneys 60

Mean age (range) 43.7 (18.5 – 63.3)

Sex (%)

 Male 22 (38)

 Female 36 (62)

Distribution of Hereditary RCC patients (%)

 VHL 41 (71)

 BHD 10 (17)

 HPRC 7 (12)

Laterality (%)

 Right 35 (58)

 Left 25 (42)
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Table 2

Tumor Pathologic Characteristics

Mean no. of tumors resected (range) 6.4 (1–44)

Mean cm largest tumor size (range) 5.3(4–13)

Fuhrman nuclear grade of the largest tumor (%)

 1 3 (5)

 2 51 (85)

 3 6 (10)

Distribution of histological subtype of RCC (%)

 Clear cell 44 (73.3)

 Papillary, type1 7 (11.7)

 Chromophobe 5 (8.3)

 Hybrid 3 (5)

 Oncocytic 1 (1.7)

TNM Staging

 T1b(%) 52 (87)

 T2 (%) 8 (13)
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Table 3

Follow-up of 2 patients with metastasis after NSS

Patient # 1 2

Hereditary Classification VHL VHL

Time until mets after NSS (mo) 6 4

Largest tumor size (cm) 4.5 5.8

Pathologic type clear cell clear cell

Nuclear Grade 3 2

Localization of metastasis lung, scalp, retroperitoneum lung (3 Mets)

Treatment TKI Metastatectomy for all 3 lesions

Follow up time (mo) 41 60

Outcome Death due to cancer progression Alive, no evidence of metastatic disease
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Table 4

Results after NSS for RCC greater than 4cm in published series

Reference No. Pts Follow up (mos) % Metastasis % Overall Survival

Hafez et al13 175 47 16 86

Leibovich et al9 91 106 4.4 98

Carini et al12 71 74 14.9 85.1

Becker etal11 69 74 5.8 94.9

Patard et al26 65 62.5 7.1 93.8

Peycelon et al14 61 70.7 19.7 92

Antonelli et al10 52 54 5.3 93

Present series 58 44 3.5 93.3
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