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Abstract

Purpose of the Review—Despite the controversy surrounding the benefits of nephron sparing 

surgery (NSS), multiple absolute indications for NSS still exist including the classic indications of 

hereditary and bilateral kidney tumors.

Recent Findings—Multiple genetic mutations have been identified that lead to hereditary 

kidney cancer conditions. These are briefly reviewed because the surgical management of 

hereditary kidney tumors depends on the genetic and histologic subtypes involved. Clear 

understanding of these hereditary conditions is crucial for proper surgical management of these 

tumors.

Summary—Complex partial nephrectomy for multiple renal tumors, or multiplex partial 

nephrectomy, requires not only exceptional surgical skill but expertise of numerous non-surgical 

methodologies such as hands-on intraoperative ultrasonography and interpretation of multiple 

imaging modalities. In addition, multi-disciplinary management is crucial for optimal outcomes in 

patient care. This review evaluates the most advanced surgical techniques and peri-operative 

management required to successfully care for these challenging cases.
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Introduction

Partial nephrectomy is a well-established elective surgical technique for the management of 

small renal masses (SRMs) and is a mainstay in the care of patients with bilateral multifocal 

(BMF) renal tumors, solitary kidney or a hereditary renal cancer syndrome. Unique surgical 

challenges exist in this patient population and these require special care and expertise to 

successfully navigate. In order to best manage these patients, it is extremely helpful to 

establish a multi-disciplinary team that includes expert uroradiologists, nephrologists, 

medical geneticists, anesthesiologists and social workers.
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Defining Multifocal and Bilateral Disease

The vast majority of patients with renal tumors present with a unilateral mass and no family 

history of renal cell carcinoma (RCC). However, patients who either present with multiple 

masses or develop them metachronously are not uncommon with an incidence of 4.3–25% 

in patients who present initially with sporadic ipsilateral renal masses.(1) In patients who 

present with bilateral renal masses the reported incidence of multifocality may be greater 

than 50%.(2) Multifocal RCC indicates more than one tumor in a single kidney or in both 

kidneys. Bilateral kidney cancer specifies that at least one of the multifocal lesions affects 

each kidney and this may occur simultaneously which is termed synchronous or separately 

over time which is referred to as metachronous. While multifocality and bilaterality do not 

define the same clinical scenario, they do often occur together; bilateral renal masses are 

seen in up to 90% of patients found to meet the definition for multifocality. Moreover, 

greater than 50% of patients with bilateral tumors will have multifocal RCC.(2–4)

Multiple published series demonstrate that the incidence of synchronous bilateral renal 

tumors comprises about 2% of patients who are found to have renal masses.(2;4) In addition 

to this baseline rate of synchronous bilaterality, approximately 1–2% of patients who 

initially present with a solitary unilateral renal mass will go on to develop a contralateral 

metachronous tumor.(5–7) In addition, multifocality of renal tumors has been reported to be 

as high as 25% of patients with a significant percentage of those patients also demonstrating 

bilaterality.(4;8;9) To further complicate the issue, greater than 75% of multifocal lesions 

may be missed on preoperative cross-sectional imaging due to the frequent small size of the 

accompanying “satellite” lesions.(10) As a result, estimated incidence of multifocality 

ranges from 3–11% clinically whereas pathologically it is estimated to be as high as 25%.

(8;11–15) Furthermore, all histologic subtypes of RCC have been shown to a clinically 

relevant incidence of multifocality although papillary RCC seems to have the highest 

incidence. (6;7;16;17)

Hereditary Renal Cancer Phenotypes

Hereditary RCC is thought to comprise up to 4% of all renal tumors. Although many 

hereditary conditions have been well described including von Hippel Lindau (VHL), Birt-

Hogg-Dubé (BHD), Hereditary Leiomyomatosis and Renal Cell Cancer (HLRCC), 

Hereditary Papillary Renal Cell Carcinoma (HPRC); several are only very recently 

discovered(18–21) and still more have a genetic etiology that has yet to be identified and 

characterized. These conditions share the common manifestation of bilateral, multifocal 

RCC; but the tumor histology, prevalence of renal cysts and associated organ manifestations 

differ dramatically and it is important to understand these differences.

Von Hippel-Lindau

Von Hippel-Lindau (VHL) is caused by a mutation in the VHL tumor suppressor gene found 

on chromosome 3, locus 3p25.1 and is transmitted via an autosomal dominant inheritance 

pattern. The renal tumors found in VHL patients are clear cell RCC (ccRCC) and the renal 

phenotype includes solid tumors, complex cysts and simple cysts. Other clinical 

manifestations of VHL include retinal angiomas, adrenal pheochromocytomas, cerebellar 
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and spinal hemangioblastomas, pancreatic cysts and neuroendocrine tumors as well as 

cystadenomas of the epididymis and mesosalpinx. RCC is found in 25–60% of patients with 

a germline VHL gene mutation and tumors are generally bilateral and multifocal.(22) Prior 

to the development of rigorous screening guidelines, median survival for VHL patients was 

around 40 years old and metastatic RCC was the leading cause of death among patients with 

known germline mutation of the VHL gene.(23;24) In VHL, renal tumors are managed by 

active surveillance until the largest solid kidney tumor reaches 3 cm at which point surgical 

intervention is recommended to prevent metastasis.(25)

Birt-Hogg-Dubé

Birt-Hogg-Dubé (BHD) was initially described as a dermatologic disorder when the 

eponymous authors reported a series of 70 patients with fibrofolliculomas, trichodiscomas 

and acrochordons.(26) Patients affected with BHD have also found to be at risk for the 

development of bilateral, multifocal RCC (27) as well as lung cysts and spontaneous 

pneumothoraces.(28) In 2001, Schmidt et al reported that the gene mutation responsible for 

the clinical manifestations of BHD had been found on chromosome 17 and was later 

identified as the folliculin (FLCN) gene.(29;30) The incidence of this germline mutation is 

thought to be approximately 1:200,000(31) and the renal tumor histology tends to be more 

variable in BHD than is seen in VHL. The most common types of tumors associated with 

BHD are hybrid oncocytic (50%) and chromophobe RCC (35%) although ccRCC tumors 

have been seen as well.(32) BHD patients who are found to have renal masses are managed 

in a fashion similar to those affected with VHL, the renal tumors are followed with active 

surveillance until the largest tumor reaches 3 cm, at which time surgical intervention is 

recommended.(32)

Hereditary Papillary Renal Cell Carcinoma

Hereditary papillary renal carcinoma (HPRC) is a highly penetrant autosomal dominant 

hereditary cancer syndrome in which affected individuals are at risk for the development of 

bilateral, multifocal type 1 papillary kidney cancers.(33) Unlike many other hereditary 

kidney cancer conditions, HPRC appears to be associated only with renal tumors, no other 

physiologic manifestations have been reported to date. The gene coding for the receptor 

tyrosine kinase, MET, found on chromosome 7 at locus 7p31, has been shown to be mutated 

in the germline of patients affected with HPRC and trisomy 7 has been found in tumors from 

patients with this condition as well.(34;35) HPRC is truly a rare disease; to date, only about 

20 families have been identified. Although an early onset form has been identified,(36) the 

mean age of onset tends to be later in HPRC than, for example, VHL. HPRC renal tumors 

are uniformly papillary RCC type 1.(37) Surveillance with cross-sectional imaging is 

recommended until the largest tumor reaches 3 cm, at which time surgical intervention is 

recommended.(38)

Cowden Syndrome (CS)

Germline mutations in PTEN have also been linked to an increased risk for renal cancer.

(21;39) Phenotypically Cowden’s patients are noted for the development of numerous 

hamartomas, dermatologic manifestations including acral keratosis and facial 

Metwalli and Linehan Page 3

Curr Opin Urol. Author manuscript; available in PMC 2015 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



trichilemmomas as well as macrocephaly. In addition, CS patients are at an increased risk 

for breast cancer, endometrial neoplasms and thyroid malignancy. Histologic variation in CS 

has been reported as well with papillary, chromophobe and ccRCC tumors found in affected 

patients.(21;39)

Hereditary Leiomyomatosis and Renal Cell Cancer

Hereditary leiomyomatosis and renal cell cancer (HLRCC) is an autosomal dominant 

hereditary cancer syndrome in which affected individuals are at risk for the development of 

cutaneous and uterine leiomyomas and kidney cancer.(40) Like BHD, HLRCC was 

originally identified as a dermatologic condition characterized by familial cutaneous lesions, 

in this case leiomyomas.(41) Subsequently, early onset uterine fibroids and renal tumors 

were associated with this condition and familial linkage analyses mapped the germline 

mutation to 1p42 which codes for the Krebs Cycle enzyme fumarate hydratase. However, 

unlike the other described hereditary conditions, HLRCC is characterized by extremely 

aggressive papillary type II RCC which has demonstrated the propensity to infiltrate renal 

parenchyma and metastasize at very small tumor size.(42;43) Consequently, the 3 cm rule 

does not apply to HLRCC. All at-risk individuals undergo annual visceral imaging to detect 

renal tumors and early surgical intervention is recommended as soon as any suspicion for a 

solid renal tumor arises.

Succinate Dehydrogenase B, C, & D Deficiency kidney cancer (SDH-RCC)

Another Krebs cycle enzyme gene mutation that has been linked to hereditary kidney cancer 

is the succinate dehydrogenase (SDH).(44) Like HLRCC, SDH-RCC lesions can be 

aggressive and may metastasize then the primary tumors are small,(20) and surgical 

intervention is recommended when renal lesions are detected. SDH germline mutations are 

also associated with pheochromocytoma and paraganglioma and screening for these 

manifestations is critical in the management of SDHRCC. Familial SDHB-deficient tumors 

demonstrate an oncocytic histology whereas SDHC and SDHD tumors have been reported 

as ccRCC.(19) Histologic variation notwithstanding, SDH-related kidney tumors may 

demonstrate an aggressive metastatic profile. Full phenotypic characterization is ongoing in 

this recently identified hereditary form of kidney cancer.

Other Hereditary Renal Cancer Conditions

Several other germline mutations have been associated with familial kidney cancer including 

Bap1 and MITF.(18;45;46) Interestingly, for both Bap1 and MITF germline mutations have 

been linked not only to RCC but also to melanoma.(47;48) Patients harboring hereditary 

Bap1 mutations are also at increased risk for mesothelioma.(49) For any patient who 

presents with bilateral and/or multifocal renal tumors, a family history is obtained in order to 

identify any previously unrecognized familial component. Even if no known germline 

cancer syndrome is identified, the presence of bilateral and/or multifocal tumors more than 

likely increases that patient’s risk for developing future renal tumors. In addition, recent data 

suggests that early onset RCC before the age of 46 is likely to arise from an unrecognized 

underlying genetic etiology.(50) Consequently, nephron sparing approaches should be 
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considered in patients who present at an early age or with bilateral and/or multifocal renal 

tumors.

Surgical Management of Multifocal and Hereditary Renal Tumors

The goal of surgical therapy in patients with bilateral, multifocal and hereditary renal tumors 

is not only to prevent metastases but also to maximize and prolong native renal function as 

long as possible. Secondary aims include minimizing the number of surgical procedures and 

morbidity whenever feasible. This is a departure from historical approaches which largely 

consisted of bilateral nephrectomy and hemodialysis.(51) The purpose of historical 

strategies was to facilitate renal transplantation and this was a common plan of care for 

patients with VHL for many years.(52–57) However, the combination of better 

understanding of the natural history of hereditary kidney cancer, increasing skill and 

application of nephron sparing surgical techniques, and the longstanding shortage of 

available kidneys for transplant ultimately resulted in a change of the surgical paradigm to 

primary, repeat and salvage partial nephrectomies. In addition, accumulating data regarding 

the cardiovascular morbidity and mortality associated with chronic renal insufficiency and 

hemodialysis further support this change in surgical management.(58;59) Finally, from a 

heath resource allocation perspective, cost-effectiveness modeling indicates that repeat renal 

surgery even with a high complication rate not only preserves renal function in the vast 

majority of patients but is favorable financially less than one year postoperatively compared 

to nephrectomy, hemodialysis and transplant.(60)

A management algorithm for patients with BMF and hereditary RCC has been developed 

over more than two decades of treating these patients at the National Cancer Institute. At 

initial presentation, if the patient has an unknown condition, genetic evaluation can be a 

guide future management. Without obvious evidence of a clinically identifiable hereditary 

condition, percutaneous renal biopsy of the largest tumors prior to surgical intervention may 

provide histological data that can direct subsequent genetic testing. Prior to surgery, nuclear 

Mag-3 renogram is obtained to establish a baseline prior to surgical insult to either renal unit 

and may help guide the order of surgical intervention if an unexpected disparity in split renal 

function is identified early. In the setting of synchronous, bilateral renal masses requiring 

bilateral surgical intervention, the approach is a matter of surgeon and institutional 

preference. At some institutions, simultaneous bilateral partial nephrectomies are a common 

strategy in this clinical scenario. At others, a staged approach is preferred over simultaneous 

partial nephrectomies due to the potential risk of postoperative renal dysfunction requiring 

hemodialysis as well as the added blood loss and prolonged operative time associated with 

simultaneous renal surgeries. When a staged surgical strategy is employed, often the kidney 

with the largest tumor is treated first since the likelihood of high grade malignancy and 

metastatic potential of large lesions is greater.(25;61;62) However, others perform nephron 

sparing surgery on the less complicated side; this approach mitigates the likelihood of 

subsequently performing a complex partial nephrectomy on a solitary kidney if radical 

nephrectomy is ultimately required for the kidney with the largest tumor.
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Nephron Sparing Surgery: Enucleation vs Margins

In order to prolong the interval between ipsilateral renal surgeries, as mentioned previously, 

the “3cm rule” is applied to many of the known hereditary renal cancer conditions. When 

the largest solid renal tumor reaches 3cm, nephron sparing surgery with tumor enucleation is 

the treatment strategy of choice. Surgical margin status in small renal masses is of marginal 

importance in sporadic RCC and enucleation has been shown safe.(63–66) In patients with a 

known or suspected germline renal cancer predisposition, the risk of ipsilateral de novo 

tumor recurrence may be higher than for sporadic solitary tumors and, therefore, 

preservation of unaffected renal parenchyma becomes an even greater clinical imperative. 

Furthermore it is not technically feasible to achieve a wide margin for every tumor and leave 

a functional kidney in place in the setting of numerous renal tumors which is very common 

in this patient population.(67)

The 3 cm rule was developed in the VHL population and has been applied to patients with 

HPRC, BHD. In HLRCC and SDH-related renal tumor syndromes, active surveillance is not 

recommended. Surgical intervention and excision with wide margins is recommended as 

these tumors have a propensity to metastasize very early as well as infiltrate the surrounding 

renal parenchyma. In HLRCC and SDH-related renal tumors, intraoperative frozen sections 

are utilized to ensure negative margins. Due to the exceptionally aggressive nature of these 

tumors, renal biopsy is not recommended in this patient population and tumor violation is 

avoided at all costs.

The management of hereditary and BMF renal tumors is a delicate challenge for urologists 

that requires not only excellent diagnostic and surgical skills but also finding the right 

balance between oncologic control and renal functional preservation. The role of the 

urologic oncologist is vital to the appropriate care of these patients; despite the dramatic 

advances in the treatment of metastatic RCC, cures remain largely elusive so the best 

strategy is to prevent progression to the metastatic disease state if at all possible. Prompt and 

appropriate surgical intervention is still the optimal treatment approach for bilateral 

multifocal and hereditary renal cancer patients.

Nephron Sparing Surgery: Renal Hilar Dissection and Ischemia

Our approach is to rarely employ ischemia of any sort during nephron sparing surgery for 

BMF and hereditary renal tumors. The vast majority of tumors are removed without hilar 

occlusion because not only is bleeding substantially reduced with enucleation but also 

because multiple tumors would require excessively long ischemic periods to remove them 

completely which is clinically impractical even with cold ischemia. In addition, 

understanding the increased likelihood of future ipsilateral renal surgeries, we aim to 

minimize the accumulation of unnecessary insults to the kidney over a lifetime. A single 

episode of ischemia to a given kidney may confer minimal long term damage almost 

irrespective of duration.(68–72) However, while the long term combined impact of repeat 

renal surgeries with repetitive renal hilar occlusion is unknown, we feel that it is likely to 

result in impaired renal function and is best avoided if possible. Repeat renal hilar clamping 

of the same kidney is undesirable and is reserved for exceptional situations such as 
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unexpected and significant hemorrhage. As such, the vast majority of complex partial 

nephrectomies performed at our institution are completed without hilar occlusion for both 

open and minimally invasive approaches. During a no-clamp partial nephrectomy, an 

experience surgical assistant is invaluable to provide adequate suction and retraction to 

enable enucleation of the tumor rapidly. Arterial bleeding and large caliber venous bleeding 

is oversewn with 3-0 vicryl sutures once the tumor is removed. Smaller generalized venous 

oozing is controlled with hemostatic agents such as thrombin-soaked gelatin sponges or 

oxidized cellulose bolsters. Non-specific suturing along the base of the renal defect may 

compromise important segmental vascular supply to surrounding parenchyma and is 

avoided.

Since renovascular occlusion is rare and future reoperation(63) is not uncommon, dissection 

around the renal artery and vein is kept to a minimum. En bloc hilar dissection allows for an 

unclamped Cosgrove vascular pedicle clamp to be placed around the renal hilum. Medial 

mobilization is performed so that the artery pulsation is palpable and the jaws of the 

Cosgrove clamp can be placed completely across the hilar vessels. The Cosgrove is placed 

across the hilum but not closed. While this provides the option of rapid hilar control in case 

uncontrolled bleeding in encountered, in practice it is very rarely deployed. En bloc 

dissection also minimizes the development of peri-hilar adhesions and scarring which makes 

future renal mobilization less perilous by reducing the likelihood of renal hilar vascular 

complications.(73;74)

Nephron Sparing Surgery: Technical Considerations

Before embarking on surgical treatment of BMF renal tumors, it is important to recognize 

that repeat ipsilateral surgery is likely in the future. While complete removal of Gerota’s 

fascia from the renal capsule is imperative for partial nephrectomy in a patient with 

hereditary or BMF renal masses, preservation of Gerota’s fascia, if possible, is equally 

important because reapproximating Gerota’s fascia after completion of the complex partial 

prevents adhesion of the kidney directly to other surrounding viscera. In addition, restoring 

Gerota’s fascia provides an additional tissue layer between the multiple renorraphy defects 

and surrounding structures thus reducing the risk of fistula formation. Therefore, Gerota’s 

fascia is incised in a clamshell fashion and the sub-fascial perirenal fat is mobilized off the 

renal capsule along the natural crevices within the perirenal fat which minimizes bleeding. 

This careful incision of Gerota’s fascia and mobilization of the peri-renal fat facilitates 

easier reconstruction of Gerota’s fascia when the partial nephrectomy is complete.

Minimally invasive approaches to complex partial nephrectomies may reduce peri-renal and 

intraperitoneal adhesions in some patients, making subsequent renal surgeries somewhat less 

challenging and morbid. Both laparoscopic and robotic primary and repeat partial 

nephrectomies for BMF and hereditary renal tumors have been reported.(75–77) However, it 

is extremely important to understand that minimally invasive techniques should not be 

employed at the expense of an oncologically sound nephron-sparing procedure.

For open surgical approaches, our preferred incision is the flank incision, as we attempt to 

remain extraperitoneal throughout the case if possible. Preserving the integrity of the 
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peritoneum is helpful in the post-operative period since drain output volumes are not 

augmented by peritoneal fluid. Furthermore, postoperative urine leaks or bleeding are 

contained if the surgery is completed extraperitoneally. As noted previously, attempting to 

preserve Gerota’s fascia is important to prevent direct adhesion of the renal capsule and/or 

renal defects to the surrounding viscera.

Intraoperative ultrasound is utilized to enable a thorough partial nephrectomy in patients 

with BMF and hereditary renal tumor conditions. Frequently the ultrasound probe, when 

placed directly on the renal surface, will identify many more tumors than are seen on 

standard cross-sectional imaging modalities. Particularly for VHL and other BMF conditions 

that are associated with renal cysts, intraoperative ultrasound is critical for detecting 

complexity within cysts that predict occult malignancy. In patients with cystic-predominant 

renal phenotypes, ultrasound is the primary tool used to determine which lesions are 

resected and which are simple or hemorrhagic cysts that have a low likelihood of becoming 

tumors. Use of intraoperative ultrasound is invaluable as in many of these kidneys it is not 

feasible to remove every simple cyst without excessive damage to the remaining renal 

parenchyma. In our experience with HLRCC, intraoperative ultrasound has been critical for 

identifying small complex cysts and sub-centimetric solid tumors that are not seen on 

preoperative high resolution imaging. A meticulous ultrasound survey of the entire kidney 

both the anterior and posterior surface is invaluable for the successful conduct of these 

extremely challenging cases.

Long Term Outcomes

The renal functional and oncologic outcomes for patients managed at the NCI using the 

techniques described above have been published over the past decade. For patients with 

BMF or hereditary renal tumors undergoing repeat or salvage renal surgery, the percentage 

of patients requiring permanent hemodialysis was 3% or less.(73;74) More encouraging, no 

patients who required 20 or more tumors removed during a single surgery required dialysis 

during followup.(67) In 2011, Singer et al reported a cohort of 128 patients with BMF renal 

tumors who had undergone a median of 3 operations each and all had bilateral renal surgery 

with a minimum follow up of 10 years.(78) Nearly 70% needed repeat renal surgery at a 

median of 6.2 years. Yet, overall survival and metastasis-free survival was 88% and RCC-

specific survival was 97% at a median follow up of 16 years. The median estimated 

glomerular filtration rate for the entire group was 57mL/min/1.73m2 at most recent follow 

up. Less than 5% of the patients progressed to dialysis during follow up indicating that this 

approach provides excellent oncologic and renal functional outcomes for patients with BMF 

and hereditary renal cancer conditions.

Conclusion

The clinical incidence of bilateral and multifocal renal masses is not uncommon. Surgical 

management of BMF and hereditary kidney cancer is both technically and clinically 

challenging and the complexity of management strategies is increasing as new genetic 

alterations are being identified and characterized. Knowledge of hereditary renal cancer 

syndromes is provides the clinician with the ability to quickly and accurately distinguish 
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among them and apply appropriate surgical techniques to provide optimal care. Careful 

clinical decision making and surgical techniques are required to manage HLRCC and SDH-

related tumors. When appropriately applied, these strategies can be associated with a long 

life expectancy with long term maintenance of renal function for most patients with 

bilateral, multifocal and hereditary RCC.
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ABBREVIATIONS

NSS nephron sparing surgery

VHL Von Hippel Lindau

BHD Birt-Hogg-Dubé

HPRC Hereditary Papillary Renal Cell Carcinoma

HLRCC Hereditary Leiyomyomatosis and Renal Cell Carcinoma

BMF Bilateral MultiFocal

SRM small renal mass

RCC renal cell carcinoma

References

1. Walther MM, Lubensky IA, Venzon D, Zbar B, Linehan WM. Prevalence of microscopic lesions in 
grossly normal renal parenchyma from patients with von Hippel-Lindau disease, sporadic renal cell 
carcinoma and no renal disease: clinical implications. J Urol. 1995 Dec; 154(6):2010–4. [PubMed: 
7500446] 

2. Klatte T, Wunderlich H, Patard JJ, Kleid MD, Lam JS, Junker K, et al. Clinicopathological features 
and prognosis of synchronous bilateral renal cell carcinoma: an international multicentre 
experience. BJU Int. 2007 Jul; 100(1):21–5. [PubMed: 17433034] 

**3. Bratslavsky G, Linehan WM. Long-term management of bilateral, multifocal, recurrent renal 
carcinoma. Nature Reviews Urology. 2010 May; 7(5):267–75. This paper summarizes the NCI 
experience with management of patients with bilateral, multifocal renal cell carcinoma. 

4. Wunderlich H, Schlichter A, Zermann D, Reichelt O, Kosmehl H, Schubert J. Multifocality in renal 
cell carcinoma: A bilateral event? Urol Int. 1999; 63(3):160–3. [PubMed: 10738186] 

5. Klatte T, Patard JJ, Wunderlich H, Goel RH, Lam JS, Junker K, et al. Metachronous bilateral renal 
cell carcinoma: risk assessment, prognosis and relevance of the primary-free interval. J Urol. 2007 
Jun; 177(6):2081–6. [PubMed: 17509291] 

6. Lau WK, Blute ML, Weaver AL, Torres VE, Zincke H. Matched comparison of radical 
nephrectomy vs nephron-sparing surgery in patients with unilateral renal cell carcinoma and a 
normal contralateral kidney. Mayo Clin Proc. 2000 Dec; 75(12):1236–42. [PubMed: 11126830] 

7. Rabbani F, Herr HW, Almahmeed T, Russo P. Temporal change in risk of metachronous 
contralateral renal cell carcinoma: influence of tumor characteristics and demographic factors. J 
Clin Oncol. 2002 May 1; 20(9):2370–5. [PubMed: 11981010] 

8. Whang M, O’Toole K, Bixon R, Brunetti J, Ikeguchi E, Olsson CA, et al. The incidence of 
multifocal renal cell carcinoma in patients who are candidates for partial nephrectomy. J Urol. 1995 
Sep; 154(3):968–70. [PubMed: 7637103] 

Metwalli and Linehan Page 9

Curr Opin Urol. Author manuscript; available in PMC 2015 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



9. Baltaci S, Orhan D, Soyupek S, Beduk Y, Tulunay O, Gogus O. Influence of tumor stage, size, 
grade, vascular involvement, histological cell type and histological pattern on multifocality of renal 
cell carcinoma. J Urol. 2000 Jul; 164(1):36–9. [PubMed: 10840419] 

10. Schlichter A, Schubert R, Werner W, Zermann DH, Schubert J. How accurate is diagnostic 
imaging in determination of size and multifocality of renal cell carcinoma as a prerequisite for 
nephron-sparing surgery? Urol Int. 2000; 64(4):192–7. [PubMed: 10895084] 

11. Cheng WS, Farrow GM, Zincke H. The incidence of multicentricity in renal cell carcinoma. J Urol. 
1991; 146:1221–3. [PubMed: 1942266] 

12. Minervini A, Serni S, Giubilei G, Lanzi F, Vittori G, Lapini A, et al. Multiple ipsilateral renal 
tumors: retrospective analysis of surgical and oncological results of tumor enucleation vs radical 
nephrectomy. Eur J Surg Oncol. 2009 May; 35(5):521–6. [PubMed: 18640001] 

13. Mukamel E, Konichezky M, Engelstein D, Servadio C. Incidental small renal tumors 
accompanying clinically overt renal cell carcinoma. J Urol. 1988 Jul; 140(1):22–4. [PubMed: 
3379689] 

14. Nissenkorn I, Bernheim J. Multicentricity in renal cell carcinoma. J Urol. 1995 Mar.153(3 Pt 1):6. 
1995 Mar; 153(3 Pt 1): 6-2. 

15. Rabbani F, McLoughlin MG. Parameters predictive of multicentricity in renal cell carcinoma. Can 
J Urol. 1997 Sep; 4(3):406–11. [PubMed: 12735819] 

16. Kletscher BA, Qian J, Bostwick DG, Andrews PE, Zincke H. Prospective analysis of multifocality 
in renal cell carcinoma: influence of histological pattern, grade, number, size, volume and 
deoxyribonucleic acid ploidy. J Urol. 1995 Mar; 153(3 Pt 2):904–6. [PubMed: 7853571] 

17. Dimarco DS, Lohse CM, Zincke H, Cheville JC, Blute ML. Long-term survival of patients with 
unilateral sporadic multifocal renal cell carcinoma according to histologic subtype compared with 
patients with solitary tumors after radical nephrectomy. Urol. 2004 Sep; 64(3):462–7. [PubMed: 
15351571] 

*18. Farley MN, Schmidt LS, Mester JL, Pena-Llopis S, Pavia-Jimenez A, Christie A, et al. A Novel 
Germline Mutation in BAP1 Predisposes to Familial Clear-Cell Renal Cell Carcinoma. Mol 
Cancer Res. 2013 Sep; 11(9):1061–71. First report of an association between BAP1 germline 
mutations and hereditary kidney cancer. [PubMed: 23709298] 

19. Ricketts C, Woodward ER, Killick P, Morris MR, Astuti D, Latif F, et al. Germline SDHB 
mutations and familial renal cell carcinoma. J Natl Cancer Inst. 2008 Sep 3; 100(17):1260–2. 
[PubMed: 18728283] 

**20. Ricketts CJ, Shuch B, Vocke CD, Metwalli AR, Bratslavsky G, Middelton L, et al. Succinate 
dehydrogenase kidney cancer: an aggressive example of the Warburg effect in cancer. J Urol. 
2012 Dec; 188(6):2063–71. This paper reports management of largest experience to date with 
patients affected with SDHB-, SDHC- and SDHD-associated kidney cancer. [PubMed: 
23083876] 

*21. Shuch B, Ricketts CJ, Vocke CD, Komiya T, Middelton LA, Kauffman EC, et al. Germline 
PTEN Mutation Cowden Syndrome: An Under-Appreciated Form of Hereditary Kidney. Cancer 
J Urol. 2013 Jun 10. Description of a series of patients with PTEN germline mutations and 
associated renal cell carcinoma. 

22. Lonser RR, Glenn GM, Walther MM, Chew EY, Libutti SK, Linehan WM, et al. von Hippel-
Lindau disease. Lancet. 2003 Jun 14; 361(9374):2059–67. [PubMed: 12814730] 

23. Maher ER, Yates JR, Harries R, Benjamin C, Harris R, Moore AT, et al. Clinical features and 
natural history of von Hippel-Lindau disease. Q J Med. 1990 Nov; 77(283):1151–63. [PubMed: 
2274658] 

24. Maddock IR, Moran A, Maher ER, Teare MD, Norman A, Payne SJ, et al. A genetic register for 
von Hippel-Lindau disease. J Med Genet. 1996 Feb; 1996 Feb; 3333(2)(2):1. 120–7.

**25. Duffey BG, Choyke PL, Glenn GM, Grubb RL, Venzon D, Linehan WM, et al. The 
Relationship Between Renal Tumor Size and Metastases in Patients with von Hippel-Lindau 
Disease. J Urol. 2004 Jul; 172(1):63–5. This paper provides the foundation for the development 
of the current clinical management approach for VHL-associated kidney cancer. [PubMed: 
15201738] 

Metwalli and Linehan Page 10

Curr Opin Urol. Author manuscript; available in PMC 2015 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



26. Birt AR, Hogg GR, Dube WJ. Hereditary multiple fibrofolliculomas with trichodiscomas and 
acrochordons. Arch Dermatol. 1977 Dec; 113(12):1674–7. [PubMed: 596896] 

27. Zbar B, Alvord WG, Glenn GM, Turner M, Pavlovich CP, Schmidt LS, et al. Risk of renal and 
colonic neoplasms and spontaneous pneumothorax in the Birt-Hogg-Dube syndrome. Cancer 
Epidemiol Biomarkers Prev. 2002 Apr; 11(4):393–400. [PubMed: 11927500] 

28. Toro JR, Pautler SE, Stewart L, Glenn GM, Weinreich M, Toure O, et al. Lung Cysts, Spontaneous 
Pneumothrorax and Genetic Associations in 89 Families with Birt-Hogg-Dubé Syndrome. Am J 
Respir Crit Care Med. 2007 Feb 22; 175(10):1044–53. [PubMed: 17322109] 

**29. Nickerson ML, Warren MB, Toro JR, Matrosova V, Glenn GM, Turner ML, et al. Mutations in 
a novel gene lead to kidney tumors, lung wall defects, and benign tumors of the hair follicle in 
patients with the Birt-Hogg-Dube syndrome. Cancer Cell. 2002 Aug; 2(2):157–64. This paper 
reported the discovery of FLCN, the Birt-Hogg-Dubé gene. [PubMed: 12204536] 

30. Schmidt LS, Warren MB, Nickerson ML, Weirich G, Matrosova V, Toro JR, et al. Birt-Hogg-
Dube syndrome, a genodermatosis associated with spontaneous pneumothorax and kidney 
neoplasia, maps to chromosome 17p11.2. Am J Hum Genet. 2001 Oct; 69(4):876–82. [PubMed: 
11533913] 

31. Shuch B, Singer EA, Bratslavsky G. The surgical approach to multifocal renal cancers: hereditary 
syndromes, ipsilateral multifocality, and bilateral tumors. Urol Clin North Am. 2012 May; 39(2):
133–48. v. [PubMed: 22487757] 

**32. Pavlovich CP, Grubb RL, Hurley K, Glenn GM, Toro J, Schmidt LS, et al. Evaluation and 
Management of Renal Tumors in the Birt-Hogg-Dube Syndrome. J Urol. 2005 May; 173(5):
1482–6. This paper provided the initial description of management of Birt-Hogg-Dubé-
associated kidney cancer. [PubMed: 15821464] 

33. Zbar B, Tory K, Merino MJ, Schmidt LS, Glenn GM, Choyke P, et al. Hereditary papillary renal 
cell carcinoma. J Urol. 1994 Mar; 151(3):561–6. [PubMed: 8308957] 

34. Zhuang Z, Park WS, Pack S, Schmidt LS, Pak E, Pham T, et al. Trisomy 7 – harboring non-
random duplication of the mutant MET allele in hereditary papillary renal carcinomas. Nature 
Genetics. 1998; 20(September):66–9. [PubMed: 9731534] 

35. Schmidt LS, Duh FM, Chen F, Kishida T, Glenn GM, Choyke P, et al. Germline and somatic 
mutations in the tyrosine kinase domain of the MET proto-oncogene in papillary renal carcinomas. 
Nature Genetics. 1997 May; 16(1):68–73. [PubMed: 9140397] 

36. Schmidt LS, Nickerson ML, Angeloni D, Glenn GM, Walther MM, Albert PS, et al. Early onset 
Hereditary Papillary Renal Carcinoma: germline missense mutations in the tyrosine kinase domain 
of the Met proto-oncogene. J Urol. 2004 Oct; 172(4, Part 1 Of 2):1256–61. [PubMed: 15371818] 

37. Lubensky IA, Schmidt LS, Zhuang Z, Weirich G, Pack S, Zambrano N, et al. Hereditary and 
sporadic papillary renal carcinomas with c-met mutations share a distinct morphological 
phenotype. Am J Pathol. 1999 Aug; 155(2):517–26. [PubMed: 10433944] 

38. Herring JC, Enquist EG, Chernoff A, Linehan WM, Choyke PL, Walther MM. Parenchymal 
sparing surgery in patients with hereditary renal cell carcinoma: 10-year experience. J Urol. 2001 
Mar; 165(3):777–81. [PubMed: 11176466] 

39. Mester JL, Zhou M, Prescott N, Eng C. Papillary renal cell carcinoma is associated with PTEN 
hamartoma tumor syndrome. Urol. 2012 May.79(5):1187. [PubMed: 22381246] 

40. Launonen V, Vierimaa O, Kiuru M, Isola J, Roth S, Pukkala E, et al. Inherited susceptibility to 
uterine leiomyomas and renal cell cancer. Proc Natl Acad Sci U S A. 2001 Mar 13; 98(6):3387–2. 
[PubMed: 11248088] 

41. KLOEPFER HW, KRAFCHUK J, DERBES V, BURKS J. Hereditary multiple leiomyoma of the 
skin. Am J Hum Genet. 1958 Mar; 10(1):48–52. [PubMed: 13520698] 

**42. Grubb RL III, Franks ME, Toro J, Middelton L, Choyke L, Fowler S, et al. Hereditary 
leiomyomatosis and renal cell cancer: a syndrome associated with an aggressive form of 
inherited renal cancer. J Urol. 2007 Jun; 177(6):2074–80. This paper described the mangement 
approach for HLRCC-associated kidney cancer. [PubMed: 17509289] 

**43. Merino MJ, Torres-Cabala C, Pinto PA, Linehan WM. The morphologic spectrum of kidney 
tumors in hereditary leiomyomatosis and renal cell carcinoma (HLRCC) syndrome. Am J Surg 

Metwalli and Linehan Page 11

Curr Opin Urol. Author manuscript; available in PMC 2015 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Pathol. 2007; 31(10):1578–85. **This paper described the pathologic phenotype of the type 2 
papillary kidney cancer associated with HLRCC. [PubMed: 17895761] 

44. Vanharanta S, Buchta M, McWhinney SR, Virta SK, Peczkowska M, Morrison CD, et al. Early-
onset renal cell carcinoma as a novel extraparaganglial component of SDHB-associated heritable 
paraganglioma. Am J Hum Genet. 2004 Jan; 74(1):153–9. [PubMed: 14685938] 

**45. Bertolotto C, Lesueur F, Giuliano S, Strub T, de L M, Bille K, et al. A SUMOylation-defective 
MITF germline mutation predisposes to melanoma and renal carcinoma. Nature. 2011 Oct 19; 
480(7375):94–8. This paper provided the initial description of MITF germline mutations and 
kidney cancer. [PubMed: 22012259] 

46. Popova T, Hebert L, Jacquemin V, Gad S, Caux-Moncoutier V, Dubois-d’Enghien C, et al. 
Germline BAP1 Mutations Predispose to Renal Cell Carcinomas. Am J Hum Genet. May 
16.92:974–80. 13 A.D. [PubMed: 23684012] 

*47. Pilarski R, Cebulla CM, Massengill JB, Rai K, Rich T, Strong L, et al. Expanding the clinical 
phenotype of hereditary BAP1 cancer predisposition syndrome, reporting three new cases. Genes 
Chromosomes Cancer. 2014 Feb; 53(2):177–82. Description of 3 new cases of germline BAP1 
mutations associated with familial cancer syndromes including uveal melanoma, cutaneous 
melanoma, mesothelioma and suggesting a possible link between BAP1 germline mutations and 
cholangiocarcinoma and breast cancer. [PubMed: 24243779] 

48. Yokoyama S, Woods SL, Boyle GM, Aoude LG, MacGregor S, Zismann V, et al. A novel 
recurrent mutation in MITF predisposes to familial and sporadic melanoma. Nature. 2011 Dec 1; 
480(7375):99–103. [PubMed: 22080950] 

49. Testa JR, Cheung M, Pei J, Below JE, Tan Y, Sementino E, et al. Germline BAP1 mutations 
predispose to malignant mesothelioma. Nat Genet. 2011 Oct; 43(10):1022–5. [PubMed: 
21874000] 

**50. Shuch B, Vourganti S, Ricketts CJ, Middleton L, Peterson J, Merino MJ, et al. Defining Early-
Onset Kidney Cancer: Implications for Germline and Somatic Mutation Testing and Clinical 
Management. J Clin Oncol. 2013 Dec 30. This paper highlighted the potential genetic basis of 
early-onset kidney cancer. 

51. Black J, Rotellar C, Rakowski TA, Winchester JF. Bilateral nephrectomy and dialysis as an option 
for patients with bilateral renal cancer. Nephron. 1988; 49(2):150–3. [PubMed: 3288889] 

52. Calne RY. Treatment of bilateral hypernephromas by nephrectomy, excision of tumour, and 
autotransplantation. Report of three cases. Lancet. 1973 Nov 24; 2(7839):1164–7. [PubMed: 
4127546] 

53. Clark JE. Transplantation for bilateral renal tumors. JAMA. 1970 Feb 23.211(8):1379. [PubMed: 
4904720] 

54. Fetner CD, Barilla DE, Scott T, Ballard J, Peters P. Bilateral renal cell carcinoma in von Hippel-
Lindau syndrome: treatment with staged bilateral nephrectomy and hemodialysis. J Urol. 1977 
Apr; 117(4):534–6. [PubMed: 850326] 

55. Goldfarb DA, Neumann HP, Penn I, Novick AC. Results of renal transplantation in patients with 
renal cell carcinoma and von Hippel-Lindau disease. Transplantation. 1997 Dec 27; 64(12):1726–
9. [PubMed: 9422410] 

56. Jochimsen PR, Braunstein PM, Najarian JS. Renal allotransplantation for bilateral renal tumors. 
JAMA. 1969 Dec 1; 210(9):1721–4. [PubMed: 4310651] 

57. Mullin EM, White RD, Peterson LJ, Paulson DF. Bilateral renal carcinoma in von Hippel-Lindau 
Disease. Urol. 1976 Nov; 8(5):475–8. [PubMed: 982734] 

58. de Jager DJ, Grootendorst DC, Jager KJ, van Dijk PC, Tomas LM, Ansell D, et al. Cardiovascular 
and noncardiovascular mortality among patients starting dialysis. JAMA. 2009 Oct 28; 302(16):
1782–9. [PubMed: 19861670] 

59. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the risks of 
death, cardiovascular events, and hospitalization. N Engl J Med. 2004 Sep 23; 351(13):1296–305. 
[PubMed: 15385656] 

*60. Agochukwu NQ, Metwalli AR, Kutikov A, Pinto PA, Linehan WM, Bratslavsky G. Economic 
burden of repeat renal surgery on solitary kidney–do the ends justify the means? A cost analysis. 
J Urol. 2012 Nov; 188(5):1695–700. A cost analysis model comparing the economics of the costs 

Metwalli and Linehan Page 12

Curr Opin Urol. Author manuscript; available in PMC 2015 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of repeat renal surgery and the significant complications and morbidity associated with it 
compared to uncomplicated nephrectomy, dialysis and transplant. This modeling demonstrated 
cost savings in favor of repeat renal surgery realized in under one year. [PubMed: 22998899] 

61. Serrano MF, Katz M, Yan Y, Kibel AS, Humphrey PA. Percentage of high-grade carcinoma as a 
prognostic indicator in patients with renal cell carcinoma. Cancer. 2008 Aug 1; 113(3):477–83. 
[PubMed: 18484589] 

62. Delahunt B, Kittelson JM, McCredie MR, Reeve AE, Stewart JH, Bilous AM. Prognostic 
importance of tumor size for localized conventional (clear cell) renal cell carcinoma: assessment 
of TNM T1 and T2 tumor categories and comparison with other prognostic parameters. Cancer. 
2002 Feb 1; 94(3):658–64. [PubMed: 11857297] 

63. Permpongkosol S, Colombo JR Jr, Gill IS, Kavoussi LR. Positive surgical parenchymal margin 
after laparoscopic partial nephrectomy for renal cell carcinoma: oncological outcomes. J Urol. 
2006 Dec; 176(6 Pt 1):2401–4. [PubMed: 17085113] 

**64. Borghesi M, Brunocilla E, Schiavina R, Martorana G. Positive surgical margins after nephron-
sparing surgery for renal cell carcinoma: incidence, clinical impact, and management. Clin 
Genitourin Cancer. 2013 Mar; 11(1):5–9. This paper highlights the clinical impact of positive 
surgical margins after nephron-sparing surgery. [PubMed: 23083800] 

65. Lapini A, Serni S, Minervini A, Masieri L, Carini M. Progression and long-term survival after 
simple enucleation for the elective treatment of renal cell carcinoma: experience in 107 patients. J 
Urol. 2005 Jul; 174(1):57–60. [PubMed: 15947577] 

66. Carini M, Minervini A, Lapini A, Masieri L, Serni S. Simple enucleation for the treatment of renal 
cell carcinoma between 4 and 7 cm in greatest dimension: progression and long-term survival. J 
Urol. 2006 Jun; 175(6):2022–6. [PubMed: 16697790] 

**67. Fadahunsi AT, Sanford T, Linehan WM, Pinto PA, Bratslavsky G. Feasibility and Outcomes of 
Partial Nephrectomy for Resection of at Least 20 Tumors in a Single Renal Unit. J Urol. 2011 
Jan.185:49–53. This paper hightlights the feasibility and outcomes of partial nephrectomy for 
resection of 20 or more tumors in a single kidney. [PubMed: 21074206] 

*68. Mir MC, Campbell RA, Sharma N, Remer EM, Simmons MN, Li J, et al. Parenchymal volume 
preservation and ischemia during partial nephrectomy: functional and volumetric analysis. Urol. 
2013 Aug; 82(2):263–8. Important study showing that percent of normal parenchyma spared in 
partial nephrectomy is the primary predictor of post-operative renal function more so than 
duration of ischemia during surgery. [PubMed: 23791213] 

69. Lane BR, Russo P, Uzzo RG, Hernandez AV, Boorjian SA, Thompson RH, et al. Comparison of 
cold and warm ischemia during partial nephrectomy in 660 solitary kidneys reveals predominant 
role of nonmodifiable factors in determining ultimate renal function. J Urol. 2011 Feb; 185(2):
421–7. [PubMed: 21167524] 

70. Thompson RH, Lane BR, Lohse CM, Leibovich BC, Fergany A, Frank I, et al. Renal function after 
partial nephrectomy: effect of warm ischemia relative to quantity and quality of preserved kidney. 
Urol. 2012 Feb; 79(2):356–60. [PubMed: 22310752] 

71. Simmons MN, Hillyer SP, Lee BH, Fergany AF, Kaouk J, Campbell SC. Functional recovery after 
partial nephrectomy: effects of volume loss and ischemic injury. J Urol. 2012 May; 187(5):1667–
73. [PubMed: 22425124] 

*72. Parekh DJ, Weinberg JM, Ercole B, Torkko KC, Hilton W, Bennett M, et al. Tolerance of the 
human kidney to isolated controlled ischemia. J Am Soc Nephrol. 2013 Feb; 24(3):506–17. 
Clinical study looking at renal functional outcomes and corresponding renal biopsies with 
electron microscopy changes associated with various durations of ischemia generally showing 
that the human kindey is more tolerant of ischemia on an ultrastructural level than previously 
shown. [PubMed: 23411786] 

73. Bratslavsky G, Liu JJ, Johnson AD, Sudarshan S, Choyke PL, Linehan WM, et al. Salvage Partial 
Nephrectomy for Hereditary Renal Cancer: Feasibility and Outcomes. J Urol. 2008 Jan.179:67–70. 
Jan. [PubMed: 17997447] 

74. Johnson A, Sudarshan S, Liu J, Linehan WM, Pinto PA, Bratslavsky G. Feasibility and outcomes 
of repeat partial nephrectomy. J Urol. 2008 Jul; 180(1):89–93. [PubMed: 18485404] 

Metwalli and Linehan Page 13

Curr Opin Urol. Author manuscript; available in PMC 2015 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



75. Boris R, Proano M, Linehan WM, Pinto PA, Bratslavsky G. Initial experience with robot assisted 
partial nephrectomy for multiple renal masses. J Urol. 2009 Oct; 182(4):1280–6. [PubMed: 
19683275] 

76. Flum AS, Wolf JS Jr. Laparoscopic partial nephrectomy for multiple ipsilateral renal tumors using 
a tailored surgical approach. J Endourol. 2010 Apr; 24(4):557–61. [PubMed: 20218895] 

77. Steinberg AP, Kilciler M, Abreu SC, Ramani AP, Ng C, Desai MM, et al. Laparoscopic nephron-
sparing surgery for two or more ipsilateral renal tumors. Urol. 2004 Aug; 64(2):255–8. [PubMed: 
15302473] 

**78. Singer EA, Vourganti S, Lin KY, Gupta GN, Pinto PA, Rastinehad AR, et al. Outcomes of 
Patients with Surgically Treated Bilateral Renal Masses and a Minimum of 10 Years of 
Followup. J Urol. 2012 Dec; 188(6):2084–8. This paper highlights the safety and efficacy of 
partial nephrectomy in patients with bilateral, multifocal kidney cancer. [PubMed: 23083858] 

Metwalli and Linehan Page 14

Curr Opin Urol. Author manuscript; available in PMC 2015 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



KEY BULLET POINTS

• Hereditary RCC comprises 4% of all renal tumors whereas multifocal renal 

tumors are found in 3–11% of patients clinically and up to 25% pathologically.

• The “3cm rule” developed for managing VHL patients can also safely be 

applied to patients with BHD, HPRC.

• The “3cm rule” is NOT appropriate for patients with suspected renal masses and 

known germline HLRCC or SDH mutations.

• Enucleation of tumors is appropriate for VHL, BHD and HPRC; wide margins 

are required for HLRCC and SDH-related kidney tumors.

• Long term oncologic control and renal functional preservation is excellent at 

more than 10 years follow up using this approach.
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