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Surgical Treatment for Renal Cell

Carcinoma

Dae Y. Kim, Jose A. Karam, and Christopher G. Wood

Abstract Systemic therapies for renal cell carcinoma have made modest improve-

ments in patient survival but rarely offer durable cure. Thus, surgical excision of

renal cell carcinoma is an integral component of oncologic management. The

spectrum of renal cell carcinoma presentation from small renal masses, locally

advanced disease, and in the presence of metastasis varies with the surgical

armamentarium needed to treat this diverse group of patients. In general for small

renal masses, a nephron-sparing approach is preferred if it can be completed safely

with negative margins, and for locally advanced tumors, radical nephrectomy is

preferred with excision of the affected kidney, lymph nodes, and venous thrombi if

present. With metastatic disease, cytoreductive nephrectomy has been shown to

prolong survival in carefully selected patients, usually with good performance

status and with oligometastasis. The surgical nuances, indication, and motivation

for each surgical technique will be discussed in this chapter.
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8.1 Introduction

The surgical management of kidney disorders was first described by Hippocrates

(B.C. 460) where in his works, he mentions “small stones like sand” cause pain and

by incising into the kidney the evacuation of pus can be undertaken to relieve the

kidney of the abscess and the inciting matter [1]. The first modern surgical removal

of the kidney or nephrectomy is credited to Gustav Christoph Jakob Friedrich

Ludwig Simon of Germany who performed the first successful procedure on

Margaretha Kleb on August 1869. She had a ureteral-vaginal fistula that was unable

to be closed on three previous attempts, and a nephrectomy was performed using

lumbar access. She was able to leave her bed on day 28 and was discharged after
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2 months [2]. Thereafter from 1870–1879, it is documented that 12 nephrectomies

for “tumor” were performed with 7 mortalities. Since the first description of the

radical nephrectomy, refinements in surgical technique and technological advances

have evolved the treatment of the renal mass. Robson et al. in 1969 described a

series of 88 patients with removal of the kidney, overlying fat, and regional lymph

nodes with 5-year survival rates reported as 66 % when confined to the kidney and

42 % with lymphatic involvement [3]. With nephron-sparing surgery and the

introduction of minimally invasive techniques, progressive improvements in

patient mortality and morbidity have been observed, heralding the current manage-

ment of the renal mass. This review will focus on the surgical management of renal

cell carcinomas (RCCs) from small renal masses (SRMs) and localized disease to

locally advanced and in the setting of metastasis.

The classical presentation of RCC described as flank pain and hematuria with a

palpable mass is now uncommon in developed countries with a stated incidence of

less than 10 % [4]. A variety of findings may signify RCC, but there is not one

pathognomonic finding that defines an RCC diagnosis. Furthermore, the wide-

spread use of cross-sectional abdominal imaging with computed tomography

(CT), magnetic resonance imaging (MRI), and ultrasound (US) has propagated

the detection of SRMs that is usually performed for symptoms unrelated to RCC.

Currently, most SRMs are discovered incidentally [5] and account for over half of

all RCC diagnosis, and while the majority are malignant, between 7 and 33 % have

been reported as benign [6]. SRMs are generally defined as �4 cm, corresponding

to tumor stage T1a according to the 2010 TNM staging system for kidney cancer

(AJCC) [7]. The distribution of RCC stage at presentation has migrated mainly due

to the increased use of cross-sectional imaging, and while the majority are discov-

ered as localized disease, approximately 20 % are stage IV disease [8]. This mixed

group of patients require careful risk-benefit counseling as the goals of treatment

and complication profile are varied for active surveillance, partial nephrectomy

(PN), and radical nephrectomy (RN).

Locally advanced RCCs describe a stage where the tumor may extend beyond

the kidney continuously, as with venous thrombus (VT), local nodal involvement,

and extension through Gerota’s fascia with or without invasion of adjacent struc-

tures. As tumors progress from localized disease to locally advanced and metastatic

disease, there may be an increased manifestation of clinical signs and symptoms.

For locally advanced disease with VT, lower extremity edema and varicoceles may

be present due to obstruction of venous return. It is estimated that 4–10 % of RCC

[9] will demonstrate venous involvement in RCC, and the level of VT as a

prognostic marker has been controversial [10], motivating the reclassification of

the TNM staging system in 2010. The current TNM staging system divides VT

level involving the renal vein as T3a, VT within the infradiaphragmatic inferior

vena cava (IVC) as T3b, and VT within the supradiaphragmatic IVC or invading the

IVC wall as T3c. The 5-year survival is reported as 43.2 %, 37 %, and 22 % for T3a,

T3b, and T3c, respectively [11]. The surgical management of locally advanced

RCC especially with VT above the diaphragm may require additional surgical
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expertise including vascular, hepatobiliary, and cardiothoracic surgeons with

bypass to facilitate the safe and complete removal of VT.

It is estimated that as high as one-third of patients will have RCC metastasis at

initial presentation and 40 % will have RCC recurrence after treatment of their

localized primary [12, 13]. The common sites of RCC metastasis are in the lung,

bone, lymph nodes, liver, brain, pancreas, and thyroid [14]. These deposits may

manifest symptoms such as seizures and also as pathological fractures for bony

involvement. RCC may also secrete endocrine factors causing paraneoplastic

syndromes such hypercalcemia and polycythemia and symptoms such as fever

and cachexia. The removal of the RCC primary in the setting of metastasis is

termed cytoreductive nephrectomy (CN) and has been motivated by two prospec-

tive randomized trials demonstrating a survival benefit of CN and interferon-

alpha2b versus interferon-alpha2b alone [15, 16]. The selection of patients who

would benefit from CN is based on prognostic risk stratification and markers in

metastatic RCC (mRCC), details of which are covered in the next chapter. The

discovery of metabolic pathways altered in RCC has paved the foundation for

therapies that target the vascular endothelial growth factor (VEGF) and the mam-

malian target of rapamycin (mTOR) pathways. Although objective responses are

seen with targeted therapy, complete responses are exceedingly rare, and the

management of RCC in the setting of metastasis still remains a surgical disease

when feasible.

8.2 Small Renal Masses

Since SRMs are a heterogenous group of benign or pathological masses, the

concern for malignancy may motivate further diagnostic imaging, biopsy, and

ultimately treatment. In general, SRMs are defined as �4 cm and confined to the

kidney. The benefits of US include the absence of nonionizing radiation, the ability

to perform in the office or outpatient setting, and the ability to differentiate between

simple cysts and solid, vascular masses – a sign of malignancy. However, further

anatomic detail of the tumor landscape is rather limited with US, and CT with

contrast is able to characterize the internal enhancement along with details of the

vascular anatomy of the kidney. MRI provides similar advantages to CT in provid-

ing SRM characterization and the adjacent landscape of structures for the contrast

adverse. As many patients with RCC need serial imaging, thereby increasing the

potential risk for secondary malignancies, cross-sectioning imaging in the absence

of nonionizing radiation may be of benefit.
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8.3 Renal Mass Biopsy

The role of renal mass biopsy (RMB) is currently being investigated, and its role in

the management of SRM remains controversial. RMB is usually reserved for

patients contemplating life-prolonging treatment dictated by the histopathological

characterization of the biopsy via targeted therapies, local ablation, and surgical

extirpation. In the setting of metastatic disease, RMB will confirm primary RCC

versus a nonrenal origin of neoplasm. Patients should have adequate functional

status and life expectancy, whereby the benefits of treatment outweigh the risk of

RMB. Contemporary series report a low complication rate with risks of bleeding

and hematoma, pneumothorax, and pseudoaneurysm formation and the potential

risk of needle tract seeding with tumor [17–19]. Several technical points should be

considered in RMB such as potential for a nondiagnostic sample with a reported

range between 3 and 22 % [20, 21], with marked improvement in diagnostic ability

in recent years. Repeat RMB may be advocated or surgical excision can be

considered if the ability to obtain a diagnostic sample would be difficult secondary

to the location of the mass or if repeat biopsy is considered to be a continued

challenge. Another consideration is the diagnostic accuracy of the RMB with the

final pathology with accuracies greater than 90 % reported in recent series [22]. In

summary, RMB has a low complication rate and should be considered if the biopsy

results would radically alter management of the renal mass.

8.4 Management of SRM and Localized RCC

The current management for SRM and localized RCC include (1) active surveil-

lance, (2) partial nephrectomy, (3) radical nephrectomy, and (4) ablation. A broad

spectrum of risk and benefit with variable rates of cancer control and cure rates are

seen with each option. The natural history of SRMs and the role of active surveil-

lance are covered in the previous chapter. Surgical excision is currently the

recommended treatment of choice for localized RCC with partial nephrectomy

when technically feasible and radical nephrectomy reserved for larger tumors that

are central in location and adjacent to hilar structures, if not amenable to partial

nephrectomy. Partial nephrectomy is also recommended for genetic disorders such

as von Hippel-Lindau syndrome which predispose to RCC and where repeated

surgical treatments are needed. Ablative techniques with various modes of energy,

including cryo-, radiofrequency, and microwave ablation, are generally reserved for

patients with comorbidities prohibiting or unwilling to undergo surgical removal of

the tumor. These techniques are generally performed percutaneously with general

and even local anesthesia, best suited for posteriorly located SRMs.
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8.4.1 Partial Nephrectomy

PN is performed using open, laparoscopic, or robotic techniques. The 10-year

metastasis-free estimates have been reported to be greater than 90 % for T1 tumors

with both open and laparoscopic approaches [23]. On multivariable analysis,

factors associated with metastasis were larger tumor size, an absolute indication

for PN, and comorbidity with no significant difference noted between open and

laparoscopic PN (p¼0.32) [23]. The benefit of PN is the preservation of nephrons

leading to a decreased risk of renal insufficiency, as renal insufficiency is associated

with other secondary morbidity and mortality-causing events. In a retrospective

series of 662 patients, the probability of freedom from new-onset renal insuffi-

ciency after PN was 80 % versus 35 % after RN with RN identified as an

independent risk factor for new-onset renal insufficiency [24]. The renal function

outcomes were recently reported for a prospective, randomized study comparing

RN and nephron-sparing surgery (NSS) [25]. The estimated glomerular filtration

rate (eGFR)<60 for NSS was reached in 64.7 % compared to 85.7 % in RN patients

after a median follow-up of 6.7 years.

PN can be performed using a retroperitoneal or transperitoneal approach

depending on the location of the tumor and surgeon preference. The technique

that is traditionally described for open partial nephrectomy is a flank approach with

the patient positioned in the lateral decubitus position or full flank position and an

incision extending from the tip of the 11th rib providing safe and adequate exposure

to the retroperitoneum. The hilum is dissected, and vascular structures are identified

for clamping the artery and/or vein to decrease bleeding during tumor excision. For

smaller, exophytic tumors, a clampless technique can be potentially utilized. If the

collecting system is entered, absorbable sutures are used to close the collecting

system, and figure-of-eight absorbable sutures are used for small vessels. The

renorrhaphy is completed by closing the capsule with figure-of-eight absorbable

sutures, and dependent on surgeon preference, a hemostatic agent can be applied.

Other incisions used in open partial nephrectomy are subcostal, midline,

thoracoabdominal, and dorsal lumbotomy approaches which are dictated by

tumor location and patient body habitus.

The first laparoscopic PN is credited to Winfield et al. in 1992 in a woman

presenting with a calyceal diverticulum and stone [26]. This technique was then

first reported for renal tumors by Mcdougall et al. in 1993 with a wedge resection of

an oncocytoma using laparoscopy [27]. Since these initial reports, minimally

invasive procedures have shown varied benefit and, in general, have decreased

analgesic requirements, less estimated blood loss, and shorter hospital stays while

demonstrating similar cancer-specific survival [28, 29]. The context of these ben-

efits must be weighed with the cost-effectiveness and capital investment of mini-

mally invasive approaches along with specialized training and learning curve

needed to become adept at approaching complex tumors with equal oncologic

control as the open approach.
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As for the surgical approach, the patient is positioned in a modified flank

position with the camera port placed laterally or through the umbilicus. Working

ports are placed in the subcostal area (1) and the other lateral and caudal (2) to the

camera port to triangulate around the affected kidney. The assistant ports are placed

in the periumbilical area, and a third assistant or laparoscopic/robotic port can be

placed either lateral or medial to port 2. The operative steps are similar to the

tranperitoneal approach to open PN. The large bowel is reflected medially, and the

ureter/gonadal vessel can be used to assist in identifying the hilum. For right-sided

tumors, the Kocher maneuver mobilizes the duodenum away from the medial

kidney to expose the hilar structures. Ultrasonography is typically used to localize

the tumor and mark out the margins for resection. Hilar clamping is performed

using laparoscopic bulldogs, and after clamping, the tumor is excised using cold

shears. For closure, interrupted figure-of-eight suturing can be used; however,

techniques and tools such as Lapra-Tys and the sliding-clip renorrhaphy using

hemolock clips have been developed for laparoscopic and robotic surgery to close

the excised tumor bed [30, 31]. The developments of these techniques have

facilitated decreasing ischemia time and blood loss. Laparoscopic and robotic PN

via a retroperitoneal approach has also been described and may be suited for

posteriorly located renal tumors or in patients with multiple abdominal surgeries.

8.4.2 Renal Scoring System (Nephrometry)

The variability of tumor location (anterior/posterior, upper/lower pole) and its

proximity to hilar structures dictate the anatomic complexity and difficulty in

performing a PN. Contemporary scoring and descriptive systems that have been

developed to describe these features include mainly the following (Table 8.1):

(1) RENAL nephrometry score [32], (2) PADUA classification [33], (3) C-index

[34], (4) DAP system [35], and the (5) zonal NePhRO scoring system [36]. The

RENAL nephrometry score uses radius of tumor, exo-/endophytic properties,

nearness to collecting system/sinus, anterior/posterior location, and location to

polar line to quantify a score of complexity as low, medium, and high. The

PADUA classification scores tumor size, renal sinus and collecting system involve-

ment, exophytic rate, polar location, and tumor (lateral/medial) rim location. The

C-index is a centrality scoring system calculated using the Pythagorean theorem to

determine tumor distance to kidney center. The DAP system integrates (D)iameter

of tumor, (A)xial distance, and (P)olar distance to report nephrometry. The zonal

NePhRO system uses four components, (N)earness to collecting system, (Ph)ysical

location (lower, lateral, collecting system location), (R)adius of tumor, and (O)

rganization (exo-/endophytic) to describe complexity of renal tumor. Although

each nephrometry scoring system measures the anatomic location of kidney

tumor to the complexity of excision using its own unique method, validation with

clinical variables and survival characteristics is yet to be determined in large multi-

institutional cohorts.
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Table 8.1 Major renal nephrometry scoring methodologies

System Variables 1 pt 2 pts 3 pts

RENAL Radius (maxi-

mal diameter)

R � 4 cm 4 < R � 7 cm R � 7 cm

Low complex-
ity: 4–6

Exo-/

endophytic

�50 % <50 % Endophytic

Moderate com-
plexity: 7–9

Nearness to

collecting sys-

tem/sinus

N � 7 mm 4 < N < 7 mm �4 mm

High complex-
ity: 10–12

Anterior/poste-

rior: a, anterior;

p, posterior; x,

not determined

– – –

h suffix if mass

touches the

renal artery/

vein

Location rela-

tive to polar line

Entirely

above or

below

polar line

Crosses polar

line

>50 % of mass is across

polar line or mass crosses

the axial midline, or mass

is between polar line

PADUA Tumor size �4 cm 4.1–7 cm >7 cm

Low complex-
ity: 6–7

Renal sinus

involvement

Not

involved

Involved –

Moderate com-
plexity: 8–9

Collecting sys-

tem

involvement

Not

involved

Involved –

High complex-
ity: �10

Exophytic rate �50 % <50 % Endophytic

Polar location Superior/

inferior

Middle –

Tumor rim

location

Lateral Medial –

DAP Diameter of

tumor

<2.4 cm 2.4–4.4 cm >4.4 cm

Axial distance >1.5 cm �1.5 cm Overlap

Polar distance >2 cm �2 cm Overlap

Zonal NePhRO Nearness to

collecting

system

Mass

touches

cortex

Mass touches

medulla

Mass touches collecting

system or crosses renal

sinus

Low risk: 4–6 Physical

location

Lower

pole below

collecting

system

Lateral to but

not touching

collecting

system

Upper pole or touches

collecting system

Intermediate
risk: 7–9

Radius of tumor

(diameter)

<2.5 cm 2.5 � R < 4 cm �4 cm

High risk:
10–12

Organization

(exo-/

endophytic)

>50 %

exophytic

50 % endo-

phytic 75 %

exophytic

>75 % endophytic

(continued)
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8.4.3 Radical Nephrectomy

Complete excision by PN is preferred for SRMs in healthy individuals. In 2009, the

American Urological Association (AUA) presented guidelines for clinical T1 renal

masses listing radical nephrectomy (RN) as a viable treatment option for patients

where PN is not technically feasible. In a multi-institutional study (EORTC 30904)

[29], patients randomized to either nephron-sparing surgery (NSS) or RN for renal

tumors �5 cm showed that the 10-year overall survival (OS) was 75.7 % for NSS

compared to 81.1 % for RN (p ¼ not significant). The 10-year progression rate for

NSS was 4.1 % and for RN was 3.3 % (p ¼ 0.48). The NSS group had a slightly

higher rate of complications with pleural and splenic injury, bleeding, and urine

leaks. Approximately 85.7 % of patients who underwent RN had renal dysfunction

with an estimated glomerular filtration rate (eGFR) <60, compared to 64.7 % of

patients after NSS at a median follow-up of 6.7 years. For advanced kidney disease

(defined as eGFR <30), 10 % of RN and 6.3 % of NSS patients reached this point,

and about 2 % of patients in each group demonstrated extreme renal dysfunction

(eGFR <15). Thus, the decreased moderate renal dysfunction seen with NSS did

not demonstrate a survival benefit in this group of patients for this follow-up time

period.

The removal of the whole kidney for a peripherally located/exophytic SRM

theoretically seems to remove an excess amount of normal kidney parenchyma

unnecessarily. The surgeon should consider patient age and comorbidities, life

expectancy, and oncologic goals of treatment when considering RN versus a

nephron-sparing approach. Although, EORTC 30904 did not demonstrate a sur-

vival benefit in patients with clinical T1 masses who had NSS during follow-up, the

higher rates of moderate renal dysfunction in RN patients may increase progressive

renal insufficiency requiring dialysis along with its associated risk factors such as

cardiovascular events after longer follow-up time periods [24, 25]. From a technical

Table 8.1 (continued)

System Variables 1 pt 2 pts 3 pts

C-index score: Centrality index

scoring

No point system but calculation of centrality index by the

following:

0 ¼ mass con-
centric to kid-
ney center

Cross-sectional imaging and Pythagorean theorem to cal-

culate distance from tumor center to kidney center. Divi-

sion with tumor size to obtain centrality index

1 ¼ periphery
touching kid-
ney center

Larger index
¼ increased
distance to
kidney center
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approach, RN for SRMs can be performed by laparoscopic or open surgery with

similar steps as described above for PN with hilar vessel control and division. In

general, RN should be reserved for masses whereby NSS is not easily possible and

where the expeditious removal of the kidney facilitates recovery in patients with

marginal surgical candidacy.

8.5 Locally Advanced Disease

Surgical excision of locally advanced RCC requires careful planning, patient

optimization, and coordination of medical specialists and urologic surgeons. As

in SRMs, the oncologic goals of locally advanced RCC are identical, to provide the

greatest survival benefit with palliation of clinical symptoms, with the lowest

morbidity possible. The definition of locally advanced RCC is typically defined

as �T3 in the absence of distant metastasis [37]. For the surgical excision of RCC

with concomitant thrombectomy in M0 (nonmetastatic) patients, the reported

median survival range from 35 to 116 months with the 5-year CSS ranging between

40 and 65 % [38, 39]. For metastatic and T4 disease, the 5-year CSS is significantly

lower ranging between 6.5 and 19 % [39, 40]. In comparison, the natural course or

untreated RCC with VT is rather dismal with a recent Surveillance, Epidemiology,

and End Results (SEER) database study reporting a median survival time of

5 months and a 1-year DSS as 29 % [41]. In this study, patients are of advanced

stage and of poor performance status prohibiting primary surgical treatment. How-

ever, a subset analysis of nodal and metastasis-free (N0, M0) patients in this study

demonstrate a significantly longer median survival of 14 months. Thus, the com-

plete excision of RCC with concomitant VT removal may significantly increase

survival [42].

The surgical excision of locally advanced RCC is more invasive compared to

techniques developed for SRMs with surgical maneuvers performed to optimize

exposure and removal. Due to the varying scope of locally advanced RCC, open,

laparoscopic, and robotic techniques have been described with transabdominal and

retroperitoneal approaches with different types of surgical incisions such as mid-

line, subcostal/bilateral chevron, flank, and thoracoabdominal incisions. The mid-

line incision allows exposure to the affected renal hilum as well as the contralateral

renal vasculature and when extended to the thorax, the retrohepatic inferior vena

cava, and the cardiac vasculature. Similar exposure can be obtained with bilateral

chevron with an extended midline/thorax incision and with a flank incision

extended to the thorax (a thoracoabdominal incision). Hepatic mobility may be

facilitated by transection of the left triangular and coronary ligaments to provide

exposure to the retrohepatic IVC.

The surgical steps for excision of RCC with associated venous thrombus

(VT) include the isolation of the renal hilum with control of the renal artery first.

The renal vein, IVC, and the contralateral renal vein are isolated and sequentially

clamped cephalad and caudal to the VT. The VT can be visualized and monitored
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for extraction using transesophageal echocardiography. The VT is extracted with a

cavotomy en bloc with the affected renal vein. The IVC can then be reconstructed

primarily, or if the diameter is less than 50 % of the original diameter, a graft can be

utilized. The VT may also directly invade the IVC; in this instance, the IVC may be

removed en bloc with reconstruction using vascular grafts as needed. For VT above

the diaphragm and into the cardiac vasculature, cardiopulmonary (CPB) and

venovenous (VVB) bypass may be used to facilitate VT removal. In general,

VVB is not used for VT involving the right atrium and, due to the shorter bypass

circuit, may provide shorter operative times compared to CPB.

8.6 Lymphadenectomy

The EORTC 30881 was a randomized trial examining therapeutic benefit of RN

with and without lymph node dissection (LND) [43]. A total of 772 patients were

selected for randomization with 383 patients in the LND group and 389 in the

non-LND group. The majority (~70 %) of these patients were of lower-stage tumors

(�T2). Pathological analysis of the LND dissections revealed an absence of LN

metastasis in 332 patients out of 346 (96 %). Palpably enlarged LNs during surgery

did not demonstrate LN metastasis as the majority (80 %) were negative and only

1 % with non-palpable nodes were positive. In the patients that did not undergo a

LND, 9 % of patients had enlarged LNs. These LNs were excised for staging

purposes or biopsied with 12 % demonstrating LN metastasis. In all, 96 % of the

resected group did not show LN metastasis, and there were no significant differ-

ences in all survival parameters (overall, time to progression, or progression-free

survival) at a median follow-up period of 12.6 years. The main criticism of this

study was that the majority of patients were of low-risk disease, and benefits of a

formal LND would not demonstrate much of a survival benefit.

LND may be of limited benefit for low-stage renal tumors as noted previously.

On the contrary, it is hypothesized that LND may benefit higher-stage tumors

and/or renal tumors with adverse pathological features. As retrospective studies

have shown LN metastasis to be stage dependent ranging between 12 and 37 % for

T3–4 tumors [44, 45]. At our institution, the borders of a formal LND are ipsilateral

hilar LNs and para-aortic LNs from the crus of the diaphragm to the aortic

bifurcation for left-sided tumors. For right-sided tumors, the interaortocaval and

para-caval LNs are removed from the crus of the diaphragm to the large vessel

bifurcation [46].
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8.7 Cytoreductive Nephrectomy

Approximately 25 % of RCC patients will initially present with metastatic disease

with treatments mainly focused on systemic therapies [47]. In 2001, two phase III

randomized clinical trials reported a statistically significant survival benefit when

radical nephrectomy was combined with interferon-alpha2b. In EORTC 30947

[16], 42 participants were randomly assigned to the RN before interferon-alpha2b

and 43 to the interferon-alpha2b alone. The time to progression was 5 months

versus 3 months (HR 0.60, 95 % CI 0.36–0.97) and median survival of 17 versus

7 months (HR 0.54, 95 % CI 0.31–0.94) with favorable survival observed when

combined with RN. The Southwest Oncology Group (SWOG) randomized 121 to

interferon alone versus 120 to RN plus interferon-alpha2b [15]. When combined

with surgery, there was a 3-month (P¼ 0.05) improvement in median survival (11.1

vs. 8.1 months), independent of performance status and site of metastatic spread.

Although these two trials used immunotherapies, they have continued to moti-

vate cytoreductive nephrectomy (CN) in the contemporary targeted therapy era.

Targeted agents such as the tyrosine kinase inhibitors (sorafenib, sunitinib, and

axitinib), mTOR inhibitors, and VEGF antibodies have been explored as agents

used after CN [48–53]. These studies examined CN in subgroup analysis with the

primary end point of progression-free survival to show promising trends in survival

improvement. There are two ongoing randomized trials accruing to examine CN

with targeted therapies. The EORTC 30073 (SURTIME trial, NCT 01099423) is a

randomized phase III trial comparing immediate versus delayed (after receiving

two cycles of sunitinib) nephrectomy in patients with synchronous metastatic RCC.

The trial is still accruing with an expected enrollment of 458 patients. The

CARMENA trial (NCT 00930033) randomizes to RN and sunitinib versus sunitinib

alone with the primary end point of overall survival. The estimated accrual is

576 patients. It is expected that the results of these two trials will refine the role

and timing of CN with targeted agents.

8.8 Conclusion

The spectrum of renal masses from SRMs to locally advanced and metastatic

disease varies the management from active surveillance to invasive procedures

including surgery. Due to the variability in biology and relative resistance to

systemic therapies of RCC, surgery remains an important component of treatment.

Since the first modern description of radical nephrectomy for tumor was described

in the late 1800s, refinements in surgical technique have evolved to remove the

kidney, perinephric fat, and regional lymph nodes for primary oncologic control.

With partial nephrectomy, the removal of the whole kidney is not necessary for

SRMs, and the development of laparoscopy and robotic techniques have advanced

the treatment paradigm. As patients present in different stages of disease each with
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their own unique clinical factors, informed counseling is paramount to meet their

expectations. Furthermore, as many treatment methodologies are based on retro-

spective and observational studies, enrollment in clinical trials should be encour-

aged. As we await the conclusion of current trials with the introduction of new

systemic therapies, the role of surgical excision is evolving.

References

1. Nickel JC (2005) Management of urinary tract infections: historical perspective and current

strategies: part 1–Before antibiotics. J Urol 173(1):21–26. doi:10.1097/01.ju.0000141496.

59533.b2

2. Gustav S (1870) Extirpation einer Niere am Menschen. Dtsch Klin 22:137–138

3. Robson CJ, Churchill BM, Anderson W (1969) The results of radical nephrectomy for renal

cell carcinoma. J Urol 101(3):297–301

4. Sunela KL, Kataja MJ, Kellokumpu-Lehtinen PL (2010) Changes in symptoms of renal cell

carcinoma over four decades. BJU Int 106(5):649–653. doi:10.1111/j.1464-410X.2010.09241.x

5. Smaldone MC, Corcoran AT, Uzzo RG (2013) Active surveillance of small renal masses. Nat

Rev Urol 10(5):266–274. doi:10.1038/nrurol.2013.62

6. Corcoran AT, Russo P, Lowrance WT, Asnis-Alibozek A, Libertino JA, Pryma DA, Divgi CR,

Uzzo RG (2013) A review of contemporary data on surgically resected renal masses–benign or

malignant? Urology 81(4):707–713. doi:10.1016/j.urology.2013.01.009

7. SB E, American Joint Committee on Cancer, American Cancer Society (2010) AJCC cancer

staging handbook: from the AJCC cancer staging manual, 7th edn. Springer, New York

8. Siegel R, Ma J, Zou Z, Jemal A (2014) Cancer statistics, 2014. CA Cancer J Clin 64(1):9–29.

doi:10.3322/caac.21208

9. Hatcher PA, Anderson EE, Paulson DF, Carson CC, Robertson JE (1991) Surgical manage-

ment and prognosis of renal cell carcinoma invading the vena cava. J Urol 145(1):20–23;

discussion 23–24

10. Ficarra V, Novara G, Iafrate M, Cappellaro L, Bratti E, Zattoni F, Artibani W (2007) Proposal

for reclassification of the TNM staging system in patients with locally advanced (pT3-4) renal

cell carcinoma according to the cancer-related outcome. Eur Urol 51(3):722–729; discussion

729–731. doi:10.1016/j.eururo.2006.07.010

11. Martinez-Salamanca JI, Huang WC, Millan I, Bertini R, Bianco FJ, Carballido JA, Ciancio G,

Hernandez C, Herranz F, Haferkamp A, Hohenfellner M, Hu B, Koppie T, Martinez-

Ballesteros C, Montorsi F, Palou J, Pontes JE, Russo P, Terrone C, Villavicencio H,

Volpe A, Libertino JA (2011) Prognostic impact of the 2009 UICC/AJCC TNM staging

system for renal cell carcinoma with venous extension. Eur Urol 59(1):120–127. doi:10.

1016/j.eururo.2010.10.001

12. Flanigan RC (2004) Debulking nephrectomy in metastatic renal cancer. Clin Cancer Res Off J

Am Assoc Cancer Res 10(18 Pt 2):6335s–6341s. doi:10.1158/1078-0432.CCR-sup-040026

13. Kenney PA, Wood CG (2012) Integration of surgery and systemic therapy for renal cell

carcinoma. Urol Clin North Am 39(2):211–231, vii. doi:10.1016/j.ucl.2012.01.005

14. Kim DY, Karam JA, Wood CG (2014) Role of metastasectomy for metastatic renal cell

carcinoma in the era of targeted therapy. World J Urol 32(3):631–642. doi:10.1007/s00345-

014-1293-6

15. Flanigan RC, Salmon SE, Blumenstein BA, Bearman SI, Roy V, McGrath PC, Caton JR Jr,

Munshi N, Crawford ED (2001) Nephrectomy followed by interferon alfa-2b compared with

interferon alfa-2b alone for metastatic renal-cell cancer. N Engl J Med 345(23):1655–1659.

doi:10.1056/NEJMoa003013

232 D.Y. Kim et al.

http://dx.doi.org/10.1097/01.ju.0000141496.59533.b2
http://dx.doi.org/10.1097/01.ju.0000141496.59533.b2
http://dx.doi.org/10.1111/j.1464-410X.2010.09241.x
http://dx.doi.org/10.1038/nrurol.2013.62
http://dx.doi.org/10.1016/j.urology.2013.01.009
http://dx.doi.org/10.3322/caac.21208
http://dx.doi.org/10.1016/j.eururo.2010.10.001
http://dx.doi.org/10.1016/j.eururo.2010.10.001
http://dx.doi.org/10.1007/s00345-014-1293-6
http://dx.doi.org/10.1007/s00345-014-1293-6
http://dx.doi.org/10.1056/NEJMoa003013


16. Mickisch GH, Garin A, van Poppel H, de Prijck L, Sylvester R (2001) Radical nephrectomy

plus interferon-alfa-based immunotherapy compared with interferon alfa alone in metastatic

renal-cell carcinoma: a randomised trial. Lancet 358(9286):966–970

17. Veltri A, Garetto I, Tosetti I, Busso M, Volpe A, Pacchioni D, Bollito E, Papotti M (2011)

Diagnostic accuracy and clinical impact of imaging-guided needle biopsy of renal masses.

Retrospective analysis on 150 cases. Eur Radiol 21(2):393–401. doi:10.1007/s00330-010-

1938-9

18. Volpe A, Cadeddu JA, Cestari A, Gill IS, Jewett MA, Joniau S, Kirkali Z, Marberger M, Patard

JJ, Staehler M, Uzzo RG (2011) Contemporary management of small renal masses. Eur Urol

60(3):501–515. doi:10.1016/j.eururo.2011.05.044

19. Volpe A, Mattar K, Finelli A, Kachura JR, Evans AJ, Geddie WR, Jewett MA (2008)

Contemporary results of percutaneous biopsy of 100 small renal masses: a single center

experience. J Urol 180(6):2333–2337. doi:10.1016/j.juro.2008.08.014

20. Schmidbauer J, Remzi M, Memarsadeghi M, Haitel A, Klingler HC, Katzenbeisser D,

Wiener H, Marberger M (2008) Diagnostic accuracy of computed tomography-guided percu-

taneous biopsy of renal masses. Eur Urol 53(5):1003–1011. doi:10.1016/j.eururo.2007.11.041

21. Shannon BA, Cohen RJ, de Bruto H, Davies RJ (2008) The value of preoperative needle core

biopsy for diagnosing benign lesions among small, incidentally detected renal masses. J Urol

180(4):1257–1261; discussion 1261. doi:10.1016/j.juro.2008.06.030

22. Halverson SJ, Kunju LP, Bhalla R, Gadzinski AJ, Alderman M, Miller DC, Montgomery JS,

Weizer AZ, Wu A, Hafez KS, Wolf JS Jr (2013) Accuracy of determining small renal mass

management with risk stratified biopsies: confirmation by final pathology. J Urol 189

(2):441–446. doi:10.1016/j.juro.2012.09.032

23. Lane BR, Campbell SC, Gill IS (2013) 10-year oncologic outcomes after laparoscopic and

open partial nephrectomy. J Urol 190(1):44–49. doi:10.1016/j.juro.2012.12.102

24. Huang WC, Levey AS, Serio AM, Snyder M, Vickers AJ, Raj GV, Scardino PT, Russo P

(2006) Chronic kidney disease after nephrectomy in patients with renal cortical tumours: a

retrospective cohort study. Lancet Oncol 7(9):735–740. doi:10.1016/s1470-2045(06)70803-8

25. Scosyrev E, Messing EM, Sylvester R, Campbell S, Van Poppel H (2014) Renal function after

nephron-sparing surgery versus radical nephrectomy: results from EORTC randomized trial

30904. Eur Urol 65(2):372–377. doi:10.1016/j.eururo.2013.06.044

26. Winfield HN, Donovan JF, Godet AS, Clayman RV (1993) Laparoscopic partial nephrectomy:

initial case report for benign disease. J Endourol/Endourol Soc 7(6):521–526

27. McDougall EM, Clayman RV, Anderson K (1993) Laparoscopic wedge resection of a renal

tumor: initial experience. J Laparoendosc Surg 3(6):577–581

28. MacLennan S, Imamura M, Lapitan MC, Omar MI, Lam TB, Hilvano-Cabungcal AM,

Royle P, Stewart F, MacLennan G, MacLennan SJ, Dahm P, Canfield SE, McClinton S,

Griffiths TR, Ljungberg B, N’Dow J (2012) Systematic review of perioperative and quality-

of-life outcomes following surgical management of localised renal cancer. Eur Urol 62

(6):1097–1117. doi:10.1016/j.eururo.2012.07.028

29. Van Poppel H, Da Pozzo L, Albrecht W, Matveev V, Bono A, Borkowski A, Colombel M,

Klotz L, Skinner E, Keane T, Marreaud S, Collette S, Sylvester R (2011) A prospective,

randomised EORTC intergroup phase 3 study comparing the oncologic outcome of elective

nephron-sparing surgery and radical nephrectomy for low-stage renal cell carcinoma. Eur Urol

59(4):543–552. doi:10.1016/j.eururo.2010.12.013

30. Benway BM, Cabello JM, Figenshau RS, Bhayani SB (2010) Sliding-clip renorrhaphy pro-

vides superior closing tension during robot-assisted partial nephrectomy. Journal of

endourology / Endourological Society 24(4):605–608. doi:10.1089/end.2009.0244

31. Hayn MH, Guru KA, Kim HL (2011) Simplified laparoscopic partial nephrectomy using a

single-layer closure and no bolsters for renal tumors. Urology 77(2):344–349. doi:10.1016/j.

urology.2010.03.038

8 Surgical Treatment for Renal Cell Carcinoma 233

http://dx.doi.org/10.1007/s00330-010-1938-9
http://dx.doi.org/10.1007/s00330-010-1938-9
http://dx.doi.org/10.1016/j.eururo.2011.05.044
http://dx.doi.org/10.1016/j.juro.2008.08.014
http://dx.doi.org/10.1016/j.eururo.2007.11.041
http://dx.doi.org/10.1016/j.juro.2012.09.032
http://dx.doi.org/10.1016/j.juro.2012.12.102
http://dx.doi.org/10.1016/s1470-2045(06)70803-8
http://dx.doi.org/10.1016/j.eururo.2013.06.044
http://dx.doi.org/10.1016/j.eururo.2012.07.028
http://dx.doi.org/10.1016/j.eururo.2010.12.013
http://dx.doi.org/10.1089/end.2009.0244
http://dx.doi.org/10.1016/j.urology.2010.03.038
http://dx.doi.org/10.1016/j.urology.2010.03.038


32. Kutikov A, Uzzo RG (2009) The R.E.N.A.L. nephrometry score: a comprehensive standard-

ized system for quantitating renal tumor size, location and depth. J Urol 182(3):844–853.

doi:10.1016/j.juro.2009.05.035

33. Ficarra V, Novara G, Secco S, Macchi V, Porzionato A, De Caro R, Artibani W (2009)

Preoperative aspects and dimensions used for an anatomical (PADUA) classification of renal

tumours in patients who are candidates for nephron-sparing surgery. Eur Urol 56(5):786–793.

doi:10.1016/j.eururo.2009.07.040

34. Simmons MN, Ching CB, Samplaski MK, Park CH, Gill IS (2010) Kidney tumor location

measurement using the C index method. J Urol 183(5):1708–1713. doi:10.1016/j.juro.2010.01.

005

35. Simmons MN, Hillyer SP, Lee BH, Fergany AF, Kaouk J, Campbell SC (2012) Diameter-

axial-polar nephrometry: integration and optimization of R.E.N.A.L. and centrality index

scoring systems. J Urol 188(2):384–390. doi:10.1016/j.juro.2012.03.123

36. Hakky TS, Baumgarten AS, Allen B, Lin HY, Ercole CE, Sexton WJ, Spiess PE (2014) Zonal

NePhRO scoring system: a superior renal tumor complexity classification model. Clin

Genitourin Cancer 12(1):e13–e18. doi:10.1016/j.clgc.2013.07.009

37. Margulis V, Wood CG (2007) Update on staging controversies for locally advanced renal cell

carcinoma. Expert Rev Anticancer Ther 7(7):909–914. doi:10.1586/14737140.7.7.909

38. Klatte T, Pantuck AJ, Riggs SB, Kleid MD, Shuch B, Zomorodian N, Kabbinavar FF,

Belldegrun AS (2007) Prognostic factors for renal cell carcinoma with tumor thrombus

extension. J Urol 178(4 Pt 1):1189–1195; discussion 1195. doi:10.1016/j.juro.2007.05.134

39. Sweeney P, Wood CG, Pisters LL, Slaton JW, Vaporciyan A, Munsell M, Carpenter S,

Putnam J, Swisher SG, Walsh G, Swanson D, Dinney CP (2003) Surgical management of

renal cell carcinoma associated with complex inferior vena caval thrombi. Urol Oncol 21

(5):327–333

40. Haferkamp A, Bastian PJ, Jakobi H, Pritsch M, Pfitzenmaier J, Albers P, Hallscheidt P, Muller

SC, Hohenfellner M (2007) Renal cell carcinoma with tumor thrombus extension into the vena

cava: prospective long-term followup. J Urol 177(5):1703–1708. doi:10.1016/j.juro.2007.01.

039

41. Reese AC, Whitson JM, Meng MV (2012) Natural history of untreated renal cell carcinoma

with venous tumor thrombus. Urol Oncol. doi:10.1016/j.urolonc.2011.12.006

42. Lawindy SM, Kurian T, Kim T, Mangar D, Armstrong PA, Alsina AE, Sheffield C, SextonWJ,

Spiess PE (2012) Important surgical considerations in the management of renal cell carcinoma

(RCC) with inferior vena cava (IVC) tumour thrombus. BJU Int 110(7):926–939. doi:10.1111/

j.1464-410X.2012.11174.x

43. Blom JH, van Poppel H, Marechal JM, Jacqmin D, Schroder FH, de Prijck L, Sylvester R

(2009) Radical nephrectomy with and without lymph-node dissection: final results of

European Organization for Research and Treatment of Cancer (EORTC) randomized phase

3 trial 30881. Eur Urol 55(1):28–34. doi:10.1016/j.eururo.2008.09.052

44. Blute ML, Leibovich BC, Cheville JC, Lohse CM, Zincke H (2004) A protocol for performing

extended lymph node dissection using primary tumor pathological features for patients treated

with radical nephrectomy for clear cell renal cell carcinoma. J Urol 172(2):465–469. doi:10.

1097/01.ju.0000129815.91927.85

45. Capitanio U, Jeldres C, Patard JJ, Perrotte P, Zini L, de La Taille A, Ficarra V, Cindolo L,

Bensalah K, Artibani W, Tostain J, Valeri A, Zigeuner R, Mejean A, Descotes JL,

Lechevallier E, Mulders PF, Lang H, Jacqmin D, Karakiewicz PI (2009) Stage-specific effect

of nodal metastases on survival in patients with non-metastatic renal cell carcinoma. BJU Int

103(1):33–37. doi:10.1111/j.1464-410X.2008.08014.x

46. Margulis V, Wood CG (2008) The role of lymph node dissection in renal cell carcinoma: the

pendulum swings back. Cancer J Sudbury, Mass 14(5):308–314. doi:10.1097/PPO.

0b013e31818675eb

47. Delacroix SE Jr, Wood CG (2009) The role of lymphadenectomy in renal cell carcinoma. Curr

Opin Urol 19(5):465–472. doi:10.1097/MOU.0b013e32832f0c48

234 D.Y. Kim et al.

http://dx.doi.org/10.1016/j.juro.2009.05.035
http://dx.doi.org/10.1016/j.eururo.2009.07.040
http://dx.doi.org/10.1016/j.juro.2010.01.005
http://dx.doi.org/10.1016/j.juro.2010.01.005
http://dx.doi.org/10.1016/j.juro.2012.03.123
http://dx.doi.org/10.1016/j.clgc.2013.07.009
http://dx.doi.org/10.1586/14737140.7.7.909
http://dx.doi.org/10.1016/j.juro.2007.01.039
http://dx.doi.org/10.1016/j.juro.2007.01.039
http://dx.doi.org/10.1016/j.urolonc.2011.12.006
http://dx.doi.org/10.1111/j.1464-410X.2012.11174.x
http://dx.doi.org/10.1111/j.1464-410X.2012.11174.x
http://dx.doi.org/10.1016/j.eururo.2008.09.052
http://dx.doi.org/10.1097/01.ju.0000129815.91927.85
http://dx.doi.org/10.1097/01.ju.0000129815.91927.85
http://dx.doi.org/10.1111/j.1464-410X.2008.08014.x
http://dx.doi.org/10.1097/PPO.0b013e31818675eb
http://dx.doi.org/10.1097/PPO.0b013e31818675eb
http://dx.doi.org/10.1097/MOU.0b013e32832f0c48


48. Abel EJ, Wood CG (2009) Cytoreductive nephrectomy for metastatic RCC in the era of

targeted therapy. Nat Rev Urol 6(7):375–383. doi:10.1038/nrurol.2009.102

49. Hudes G, Carducci M, Tomczak P, Dutcher J, Figlin R, Kapoor A, Staroslawska E, Sosman J,

McDermott D, Bodrogi I, Kovacevic Z, Lesovoy V, Schmidt-Wolf IG, Barbarash O,

Gokmen E, O’Toole T, Lustgarten S, Moore L, Motzer RJ (2007) Temsirolimus, interferon

alfa, or both for advanced renal-cell carcinoma. N Engl J Med 356(22):2271–2281. doi:10.

1056/NEJMoa066838

50. Margulis V, Matin SF, Wood CG (2008) Cytoreductive nephrectomy in metastatic renal cell

carcinoma. Curr Opin Urol 18(5):474–480. doi:10.1097/MOU.0b013e32830a4f21

51. Motzer RJ, Escudier B, Tomczak P, Hutson TE, Michaelson MD, Negrier S, Oudard S, Gore

ME, Tarazi J, Hariharan S, Chen C, Rosbrook B, Kim S, Rini BI (2013) Axitinib versus

sorafenib as second-line treatment for advanced renal cell carcinoma: overall survival analysis

and updated results from a randomised phase 3 trial. Lancet Oncol 14(6):552–562. doi:10.

1016/s1470-2045(13)70093-7

52. Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, Rixe O, Oudard S,

Negrier S, Szczylik C, Kim ST, Chen I, Bycott PW, Baum CM, Figlin RA (2007) Sunitinib

versus interferon alfa in metastatic renal-cell carcinoma. N Engl J Med 356(2):115–124.

doi:10.1056/NEJMoa065044

53. Yang JC, Haworth L, Sherry RM, Hwu P, Schwartzentruber DJ, Topalian SL, Steinberg SM,

Chen HX, Rosenberg SA (2003) A randomized trial of bevacizumab, an anti-vascular endo-

thelial growth factor antibody, for metastatic renal cancer. N Engl J Med 349(5):427–434.

doi:10.1056/NEJMoa021491

8 Surgical Treatment for Renal Cell Carcinoma 235

http://dx.doi.org/10.1038/nrurol.2009.102
http://dx.doi.org/10.1056/NEJMoa066838
http://dx.doi.org/10.1056/NEJMoa066838
http://dx.doi.org/10.1097/MOU.0b013e32830a4f21
http://dx.doi.org/10.1016/s1470-2045(13)70093-7
http://dx.doi.org/10.1016/s1470-2045(13)70093-7
http://dx.doi.org/10.1056/NEJMoa065044
http://dx.doi.org/10.1056/NEJMoa021491

	Chapter 8: Surgical Treatment for Renal Cell Carcinoma
	8.1 Introduction
	8.2 Small Renal Masses
	8.3 Renal Mass Biopsy
	8.4 Management of SRM and Localized RCC
	8.4.1 Partial Nephrectomy
	8.4.2 Renal Scoring System (Nephrometry)
	8.4.3 Radical Nephrectomy

	8.5 Locally Advanced Disease
	8.6 Lymphadenectomy
	8.7 Cytoreductive Nephrectomy
	8.8 Conclusion
	References


