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Management of locally advanced renal cell carcinoma
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Abstract: With the increased use of cross-sectional imaging, renal masses are increasingly detected when
they are still clinically localized. However, a large portion of patients still have locally advanced or metastatic
disease at the time of diagnosis. This includes both locally invasive disease as well as vena caval thrombus
extension. Currently, surgical management offers the only chance of cure for tumors with direct invasion
into adjacent structures and vena caval thrombus. This chapter will discuss this management including the
surgical approach and techniques in these procedures, which can sometimes require a multidisciplinary
approach and even bypass. Though surgical management might present the only chance for cure, frail
patients might not be suitable candidates therefore not benefit from invasive intervention. The role of
cytoreductive nephrectomy in metastatic disease is uncertain in the immunotherapy era, though it may offer
benefit to some patients with good-risk features. This chapter will discuss the treatment of locally advanced
renal cell carcinoma, risk assessment to reduce unnecessary morbidity and mortality, the role of lymph node
dissection, caval thrombectomy, renal mass biopsy, and the changing landscape with the advent of targeted
therapy and immunotherapy.
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Background
In the United States, there are approximately 74,000 new
cases and almost 15,000 deaths from renal parenchymal
and pelvis cancer each year with the majority of these cases
attributed to renal cell carcinoma (RCC) (1). RCC is more
common in men than women and typically presents in older
patients with an average age of 64 years (1). At presentation,
the incidence of clinically localized RCC accounts for
65% of cases, while 16% had regional spread and 16% had
distant metastatic disease. Extension into the renal vein or

inferior vena cava (IVC) has been reported in 4–10% of
cases. The 5-year survival rate for kidney cancer, between
2005 and 2015, was just over 75%. When separated by stage
at diagnosis, the 5-year survival rate was 92% for localized,
68% for regional, and 12% for distant spread (2).
The triad of hematuria, flank pain, and flank mass are
historically associated with renal cell carcinoma, but fewer
than 10% of cases present with all three symptoms and
even in the pre-CT era over 40% presented with none of
the three (3). Currently, a large number of these cancers are

^ ORCID: 0000-0002-6338-6284.

© AME Medical Journal. All rights reserved.

AME Med J 2021;6:5 | http://dx.doi.org/10.21037/amj-20-79

Page 2 of 18

detected incidentally due to increasing use of cross sectional
abdominal imaging. In a review of 3,001 patients without
symptoms imaged by computed tomography colonography,
14% of patients harbored a renal mass greater than 1 cm
in size (4), and another review of patients surgically treated
for renal masses showed that 15% presented without
symptoms, and were diagnosed via findings on incidental
scans. Those patients who were incidentally diagnosed
on cross-sectional imaging had less advanced lesions and
a longer 5-year specific survival rate (5). However, nearly
25% of contemporary patients are still diagnosed with
advanced disease, which includes either distant or nodal
metastases (NM) (6).
Renal cell carcinoma is the most common cause of renal
cancer but it is a non-specific term utilized for a number of
different cancers arising in the kidney. This classification
includes the three most common histologic types, clear cell
(ccRCC), papillary (pRCC), and chromophobe (chRCC) as
well as other less-common histologic types that arise from
the renal parenchyma and collecting system (7). While
these cancers are commonly lumped into a group and
treated similarly, they in fact arise from distinct cell types
within the kidney and as a result have different behavior and
progression patterns. Most of these cancers have a genetic
syndrome associated with non-sporadic cancer etiology.
Clear cell RCC is associated with von Hippel Lindau
disease, pRCC is subdivided into type 1 and type 2 which
are associated with germline mutations in MET, Hereditary
Leiomyomatosis, and fumarate hydratase mutations, and
chRCC is associated with Birt-Hogg-Dube disease (8).
These cancers are typically characterized histologically, but
recent studies have shown genetic alterations in addition
to those seen in their genetic syndromes (9) highlighting
the possibility of tailored treatments based on patient and
tumor-specific genotype.
Cancer staging considers size of the original tumor as
well as the extent of that tumor’s local invasion and distant
spread. At this time, the American Joint Committee on
Cancer (AJCC) tumor-node-metastasis (TNM) staging
is the most commonly used and universally accepted
staging system for cancer (10). The TNM system defines
locally advanced RCC as having any of the following
characteristics: extending into major veins, invading the
adrenal gland, extending into the peri-renal or peri-pelvic
fat, or invading beyond the Gerota fascia (11). In addition
to TNM staging, recurrence risk scoring is also commonly
used in RCC following surgical intervention. The two
commonly used systems are the SSIGN or Leibovich
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score which uses the tumor stage, size, grade, and level of
necrosis (12) as well as the UISS/UCLA which uses stage,
grade, and ECOG performance status (13). These two
scoring systems classify the risk of recurrence following
surgical resection and classify patients with ccRCC into low,
intermediate, and high-risk groups for recurrence and have
both been independently validated (14,15).
Renal cell carcinoma, and more specifically the most
common subtype clear cell, does not follow the same
progression as many other cancers. It is unique in that it is
relatively resistant to radiotherapy and does not respond to
classical chemotherapy (16). In addition, previous studies
have shown hematogenous spread is common in ccRCC
while lymphatic involvement less commonly precedes
metastatic disease (17). For these reasons, management
of locally advanced renal cell carcinoma presents unique
difficulties and its management is fraught with several
controversial topics. Uncertainties surround the role of
lymphadenectomy in treatment and work continues to best
define the role of biopsy prior to surgical intervention,
especially in higher stage malignancy. Meanwhile, the role
of performance status and metabolic predictors of outcome
continue to evolve as the timing and sequencing of targeted
agents, immunotherapy and surgery is better understood.
Despite the historical ineffectiveness of adjuvant
therapies, new agents have shown great efficacy. Prior to
the targeted therapy era interventions were cytokine-based
immunotherapy in the form of INF-a and/or IL-2. First
described in 2001 by Flanigan (18), these therapies showed
only modest improvements in outcomes (ORR 5–31%) (19)
and with them came a host of harsh side effects. With
advances in the understanding of cellular mechanisms in
ccRCC, specifically induction of hypoxia-induced factor
(HIF) and consequent overexpression of vascular endothelial
growth factor (VEGF) and platelet-derived growth factor
(PDGF) (20) a large number of new interventions targeting
this pathway have emerged. Multiple agents against VEGF,
PDGF, related receptors and inhibitors of the mammalian
target of rapamycin (mTOR), as well as the MET and AXL
tyrosine-protein kinase receptors, have been approved
based on significant activity in RCC (20). Studies have been
carried out with antiangiogenic drugs such as bevacizumab,
sunitinib, sorafenib, and pazopanib in the adjuvant setting
with promising results (20). Immunotherapy has also
changed the role of role nephrectomy in locally advanced
disease, and the sequence of treatment may differ due to
recent studies that will be discussed later in this chapter
(21,22). However, despite these significant advancements
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in medical management, the initial treatment of localized
and locally advanced RCC remains surgical extirpation of
disease.
Lymphadenectomy (LND)
LND has been shown to have staging, prognostic, and
potentially therapeutic roles in prostate, bladder, penile,
and testicular cancers (23-26). However, the role of LND
in renal cancer remains very poorly defined. Two concepts
form the rationale for a theoretical benefit to LND: in the
non-metastatic setting, resection of all sites of disease which
may include lymph nodes would be expected to be curative,
while in the metastatic setting, cytoreduction of nodal
disease might improve response to systemic therapy (27).
To date, neither of these hypotheses have been adequately
tested.
A few retrospective evaluations (28-31) and only one
randomized trial (32) have been conducted on RCC in
attempts to elucidate the value of LND. Treatment bias
likely contributes greatly to the distortion of these data
in the same fashion as for any oligometastatic disease:
LND is only able to be contemplated in the setting of
relatively limited disease and it is arguable that any benefit
attributable to the procedure may be due to the selection of
lower volume and less-aggressive disease (oligometastatic as
opposed to widespread).
These retrospective studies suggested improved overall
survival attributable to LND, but the subsequent Blom et al.
randomized trial (EORTC 30881) found no benefit. A
systematic review of a number of these retrospective studies
and the RCT concluded that the evidence for LND was low
due to the retrospective studies being underpowered and
the variability of their results (33). One of the challenges
in interpretation of EORTC 30881 has been that the study
group was enriched with low risk patients, underpowering
it to detect the benefit in higher risk patients (34). EORTC
30881 was a randomized, controlled trial that separated
patients with clinically localized (N0M0), resectable renal
mass consistent with RCC to radical nephrectomy alone
or to radical nephrectomy plus a complete lymph node
dissection. Primary endpoint was duration of survival.
Target number of patients was 276 (138 in each arm),
but due to rapid accrual this number was increased to
approximately 700 to detect a 10% difference in an
intention-to-treat analysis (30). Out of 346 patients who
underwent lymph node dissection, only 14 (4%) were found
to have lymph node metastases. This included 10 out of
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51 patients with palpably enlarged lymph nodes and 4 out
of 311 patients without palpable lymph nodes. Of the 365
patients who did not receive a formal LND, 33 had palpable
lymph nodes which removed or biopsied, and 4 were found
to have lymph node metastases. Overall, the event rate
of lymph node metastasis in this predominantly low-risk
study population was found to be low (30). A sub-analysis
focusing only on cT3 tumors showed a 15% overall survival
benefit at 5 years for LND recipients, although again the
data was underpowered for this analysis (33). A more recent
analysis of the value of LND on data from the ECOG
2805 adjuvant chemotherapy randomized trial by Ristau
et al. also noted no improvement in OS in patients who
underwent more aggressive surgical procedures, including
LND (34). Most of the previously noted retrospective
studies have been small and underpowered, but a more
recent retrospective study from Gershman et al. had a much
larger cohort of over 1,600 patients, and also revealed no
improvement in OS or CSS, complementing the findings
of Blom et al. and Ristau et al. In addition, the Gershman
et al. study also attempted to identify a high-risk patient
population for which LND was of benefit and were unable
to do so (35). These findings suggest that at this time we
have not clearly identified a patient group in which LND
has shown a survival benefit. In the 2019 update of the EUA
guidelines the authors did not make recommendations for
the usage of LND (35,36). However, at this time the AUA
guidelines recommend LND in the setting of clinically
positive nodes either by imaging or palpable nodes during
surgery (37). This recommendation can be attributed to the
staging benefits of LND in patient selection for adjuvant
treatment as well as persistent uncertainty in the setting of
non-clear cell histology (38).
The absence of demonstrable benefit to LND in RCC
may be the consequence of a few factors: LND is applied
to the wrong patients, LND is being applied to the wrong
nodes anatomically, or it truly lacks significant benefit.
Lymphatic mapping studies have shown lympho-venous
communications to the renal vein and IVC may exist, but
even in the absence of this, the retroperitoneal lymphatic
drainage is variable and not well understood (39). An
aggregate review of 25 datasets of varying methodology
found significant heterogeneity in templates; right sided
LND typically included the renal hilar, paracaval, and
precaval nodes, from the crus of the diaphragm to the
aortic bifurcation. Left sided LND included the renal
hilar, preaortic, and paraaortic nodes, from the crus of the
diaphragm to the aortic bifurcation. This is demonstrated in
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Figure 1 Commonly used left and right lymphadenectomy templates. Yellow area denotes standard template and blue area denotes extended
lymphadenectomy. SMA, superior mesenteric artery; LRV, left renal vein; RRA, right renal artery; IVC, inferior vein cava; RCIV, right
common iliac vein; RCIA, right common iliac artery; LCIV, left common iliac vein; LCIA, left common iliac vein; IMA, inferior mesenteric
artery; LRA, left renal artery.

Figure 1. Extended LND for both sides generally included
the inter-aortocaval/retroaortic nodes and the affected side’s
common iliac nodes (40).
While effectively all of the studies reported above
document the number of LNs removed and the proportion
of positive LNs at the time of surgery, very few described
the specific anatomic location (and number) of positive
nodes. Subsequent data has demonstrated great variance in
the location of positive nodes, underscoring the challenges
of assessing LND benefit (40,41). One study specifically
designed to evaluate lymphatic drainage from RCC via
sequential lymphoscintigraphy and sentinel node biopsy
showed right-sided tumors predominantly drained into
inter-aortocaval and retrocaval sentinel nodes and left
sided tumors predominantly drained into para-aortic
LNs (42). While these studies affirm the most common
sites of nodal spread from RCC, they also highlight the
immense variability of lymphatic drainage from the kidney.
While a templated approach to LND may resect the most
common nodes affected, the use of SPECT/CT sequential
lymphoscintigraphy for a more specific approach may
prove to be an effective tool to discerning an effective LND
resection template.
LND is not without morbidity. Several studies assessing
the value of LND have included peri-operative morbidity
with complications occurring in 17% to 26% of cases (43),
however several of these studies failed to find increased
rate of peri-operative morbidity (34,35). These findings
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suggest that that LND probably carries an acceptable risk
in patients during renal surgery performed by experienced
retroperitoneal surgeons (34).
The possibility remains that even with technical and
anatomic issues managed, LND simply may not add benefit.
Early cadaver studies found that hematogenous spread
is common and suggested lymphatic involvement almost
never precedes metastatic disease (17). Mapping studies
have shown direct lympho-venous communications to the
renal vein and IVC, and some renal lymphatics have been
shown to drain directly into the thoracic duct, facilitating
distant spread (39). More recent studies have also found that
lymph node involvement in clinically nonmetastatic RCC
patients is less than 5% (44-46) and the incidence of nodal
involvement in cT3 disease in the EORTC 30881 trial was
only 6.3% (32). In addition, distant metastases are present
in approximately 58–67% of patients with node positive
disease (47,48).
RCC is a heterogenous group of cancers and non-clear
cell histologies likely behave quite differently. A review
assessing the survival outcomes in 1377 metastatic RCC
patients with lymph node metastases separated ccRCC
from non-ccRCC and found that non-ccRCC was more
likely to have positive lymph nodes (67.3% vs. 54.4%) and
were more likely to have isolated subdiaphragmatic lymph
node metastases (34.0% vs. 16.9%) (49). These findings
suggest that non-ccRCC may be a better candidate for
lymphadenectomy; however, studies on the value of LND
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in non-ccRCC are lacking and further evaluation is needed
to better delineate the differences between cc and nonccRCC.
Evolving role of cytoreductive nephrectomy
While the majority of RCC is caught prior to metastasis,
32% of cases are metastatic upon presentation (2). Since
the early 2000’s, the era of cytokine based chemotherapy,
cytoreductive nephrectomy had been the standard of
care for these patients due to two large case-controlled
randomized trials indicating prolonged survival with
upfront nephrectomy (18,50). A combined analysis of both
studies demonstrated a significant median overall survival
(OS) improvement of 5.8 months with CN and interferon
compared with interferon alone (51). New understanding
of the molecular mechanisms underlying renal cancer (52)
has brought us inhibitors of vascular endothelial growth
factor (VEGF) signaling. Adding the recent advent of
immunotherapy agents, two randomized trials utilizing
sunitinib in conjunction with cytoreductive nephrectomy
in the setting of mRCC have been conducted. The first
trial, Immediate Surgery or Surgery After Sunitinib Malate
in Treating Patients With Metastatic Kidney Cancer
(SURTIME), was a phase 3 RCT of immediate vs. deferred
CN in patients with mRCC receiving sunitinib (21). The
trial failed to achieve its objectives because of poor accrual.
Of those patients that the study was able to evaluate, higher
OS was observed in the group that underwent deferred
CN, but the study was underpowered to draw any definitive
conclusions (53). The second trial, the Clinical Trial to
Assess the Importance of Nephrectomy (CARMENA) was
a phase 3 noninferiority trial in intermediate- or poorrisk patients with mRCC randomized to CN followed by
sunitinib vs. sunitinib alone. This trial also failed to meet
its accrual goals but was able to demonstrate noninferiority
for the non-CN experimental arm. Sunitinib-alone was
favored compared to CN followed by sunitinib (OS 18.4
vs. 13.9 months), but this finding failed to reach statistically
significance (22). To date, there have been no trials to inform
the ideal treatment for good-risk mRCC. Furthermore, the
study population of the CARMENA trial had significant
heterogeneity. Patients with a low burden of metastatic
pulmonary disease, with the majority of disease in the
kidney, might still benefit from CN (54). Since that time,
trials with newer therapies have shown Cabozantinib (55)
as well as Nivolumab plus Ipilimumab (56) to be better first
line agents in intermediate and poor risk mRCC patients.
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Given that CN might still benefit a certain subgroup of
patients with mRCC, it is important to note the morbidity
and mortality associated with CN. Roussel et al. (2020)
retrospectively analyzed data from 736 patients with
mRCC undergoing CN and reported on the complications
associated with the procedure. They found that 29.5%
of patients had complications of any grade while 6.1%
suffered a high-grade complication (Clavien-Dindo
classification 3–5), and 1.4% died. Both low and high-grade
complications were positively associated with estimated
blood loss (EBL), suggesting that the complexity of surgery
is associated with complications. Surgical volume was
associated with significantly decreased odds of high-grade
complications, suggesting that centralization of complex
surgery for CN might decrease this morbidity (57).
In addition to these studies altering the sequence of
multimodal therapy in some patients, they also suggest a
value of identifying “responder” patient-tumor phenotypes
and perhaps avoidance of non-beneficial CN. Previous
retrospective studies of deferred CN reported that tumor
shrinkage and reduction of neovascularization may facilitate
resection (58,59) but have also raised concern of increased
surgery-related adverse events following VEGF-targeted
therapy (60,61). Review of the data produced by SURTIME
showed that patients undergoing delayed nephrectomy
had similar adverse event incidence to those undergoing
initial nephrectomy 53% and 52% respectively (62).
These findings have been echoed in the current treatment
guidelines (63) although the benefit of CN in “responders”
remains to be found.
In metastatic disease, surgical and targeted radiotherapeutic
treatment of sites of metastasis is of unclear benefit. The
literature has benefitted from systematic review of the
available data on multiple modalities of treatment of sitespecific metastasis, and while a benefit was suggested the data
suffered from significant biases, are of entirely retrospective
nature and in general represent the aggregation of many
variable and non-controlled small series (64).
The role of CN is evolving, and the next areas of
research should focus on identifying the clinical and
pathologic features that can better select patients for the
sequence of multimodal therapy.
Assessment of surgical suitability
Multiple approaches have been developed to assess patient
readiness for major surgery. The concept of frailty has
emerged over the past decade and has been found to be a
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significant predictor of surgical morbidity and mortality (65).
The challenge in aggressive malignancy is the competing
factors of disease progression and fatality, cast against
this backdrop of often-advanced age and poor health. In
general, 10–20% of the population over the age of 65
meets a definition of frailty, and as primary risks for RCC
include obesity and smoking it is likely higher in those
individuals (66,67). While there is no consensus definition
of frailty, assessment has a role and can particularly
factor into discussions where up-front chemotherapy or
immunotherapy is being considered, as well as appropriate
discussion of surgical risk.
The Fried frailty index is a validated 5-point measure
that encompasses weight loss over 10 lbs, weakness of
grip, subjective exhaustion, slow walking speed and low
baseline activity; in general it can be administered in under
15 minutes (68). The so-called FRAIL scale consists of 5
direct questions that can be documented in under 5 minutes
that includes the following: patient reports fatigue, patient
cannot climb one flight of stairs, patient cannot walk one
block, patient has greater than five illnesses, patient has lost
over 5% of body weight (69). Given the time limitations and
complex data management required to perform preoperative
clearance in the elderly and comorbid patient, the most
rapid assessments are the most likely to be used. Results
should form the basis for a more informed discussion of
surgical risk with the patient and family, as well as tumor
board and high-risk committee meetings when appropriate.
Renal cell prognostic models
Two commonly used metric-based assessments of RCC
prognosis are the International Metastatic Renal Cell
Carcinoma Database Consortium (IMDC) and the somewhat
older Motzer/Memorial Sloan Kettering criteria (70,71).
These may be inappropriately used as assessments of surgical
suitability; in fact, they are prognostic instruments for
survival after treatment with targeted agents in the setting of
metastatic disease. Specifically, they do not asses likelihood
or significance of benefit from CN in the setting of locally
advanced or metastatic disease. Neither do they integrate
all factors that are comprise surgical frailty, although there
is some overlap in the factors. The IMDC model’s negative
predictors include low Karnofsky Performance Status (KPS)
as well as time from diagnosis to first targeted therapy of over
a year, low serum hemoglobin, high neutrophil and platelet
counts, and elevated serum calcium levels. Patients possessing
3 or more of these factors fall into the poor-risk group, and
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in the initial report were found to have a median survival
of 5.4 months, compared to intermediate risk patients with
1–2 risk factors (median survival 16.6 months) and good risk
who enjoyed a median survival of 35.3 months. Interestingly,
this model is predictive in non-clear cell histologies as well,
and has also been shown to predict survival after second
line treatment as well as initial therapy (72). Low serum
sodium has been shown to predict poor outcomes in those
treated with targeted therapy, although not necessarily
immunotherapy (73).
Renal mass biopsy
Kidney cancer spans a spectrum from benign to aggressive
disease and the malignant potential of a renal mass dictates
clinical care. Size alone is a strong predictor of malignancy
with one series of 2,770 patients who underwent resection of
a solitary solid renal mass reporting that 46% of tumors less
than 1 cm were benign, but only 6% of tumors greater than 7
cm were benign (74). In general, multiphasic cross-sectional
imaging is the best modality to characterize renal masses
and can help differentiate malignancy from common benign
masses. CT and MRI assess for locally advanced features and
intra-abdominal metastases (75). Given the fact that a large
portion of renal masses are benign, renal mass biopsy can
help direct care for these patients. Larger masses can also
benefit from biopsy, because the histologic subtype can direct
treatment. This can also be helpful in patients who are can’t
tolerate or are reticent to pursue upfront surgery.
Percutaneous biopsy of renal masses can reveal the
histology of indeterminate lesions. As such it may prove a
valuable tool for patients considering resection, ablation or
surveillance. In addition to masses in the kidney, biopsy can
also identify distant metastatic lesions and quadrant biopsy
of metastatic renal masses may inform chemotherapeutic
planning (76). Historical concerns of limited diagnostic
accuracy, risk of malignant seeding of the biopsy tract,
and bleeding risk have been largely allayed. Several
retrospective assessments of these questions have endorsed
the safety of biopsy: a meta-analysis of 5,228 patients
showed spontaneously resolving subcapsular/perinephric
hematomas in 4.3% of cases in a pooled analysis, but
clinically significant bleeding was unusual (0–1.4%/0.7% in
the pooled analysis) and generally self-limited (77).
Percutaneous sampling can be performed under local
anesthesia with needle core biopsy and/or fine needle
aspiration (FNA) with either US or CT guidance. Both
modalities provide a similar diagnostic yield (78). A coaxial
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technique allowing multiple biopsies through a coaxial
cannula should always be used and eighteen-gauge needles
are ideal for core biopsies, as they result in low morbidity
and provide sufficient tissue for diagnosis (79). The same
meta-analysis showing the safety of biopsy also showed
that sensitivity and specificity of diagnostic core biopsies
for the diagnosis of malignancy are 99.1% and 99.7%,
respectively (77). However, 8% of samples in the metaanalysis were non-diagnostic and other studies have shown
non-diagnostic rates as high as 20% (78). In the event
of non-diagnostic sampling in a patient that has a mass
on imaging concerning for malignancy, re-biopsy should
be considered if the results would change management.
Repeat biopsies have been reported to be diagnostic in a
high proportion of cases with the lowest repeat diagnostic
rates being over 80% (78). Larger masses have been
shown to have significant heterogeneity, which can lead to
sampling error with single core biopsy (80,81). This can
be improved by the four-quadrant biopsy technique, in
which four separate, solid, enhancing areas of the tumor
are each biopsied. In one series which evaluated quadrant
biopsy (76) versus standard biopsy (46) in 116 patients,
standard biopsy was nondiagnostic in 5/46 biopsies, while
multiquadrant biopsy was nondiagnostic in 0/76 biopsies
(P=0.007) (76). This technique also had higher sensitivity
for identifying sarcomatoid features, thus allowing the
avoidance of unhelpful therapy.
Renal mass biopsy can be a valuable tool for evaluation
of small renal masses as well as metastatic renal cancer to
guide management. Patients should, however, be counseled
that the biopsy is nondiagnostic in approximately 14% of
cases. This can be improved with repeat biopsy. Biopsy
should be employed only when it has the potential to
change management. Biopsy should not be used in cases of
young, healthy patients who cannot accept the uncertainties
of biopsy, or in frail, older patients who will be managed
conservatively regardless of findings. The use of biopsy
is safe with minimal complication rates and has a high
sensitivity and specificity for histologic typing when samples
are diagnostic. Non-diagnostic rates are relatively low,
and repeat biopsy can often provide diagnostic samples; of
note, biopsy generally does not provide accurate grading of
malignant lesions.
Surgical indications and preoperative
considerations
Locally advanced disease may present a variety of surgical
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challenges, from invasion of adjacent structures to the
increased risk of significant blood loss. Operating on
large masses, especially via laparoscopic technique, can be
challenging due to a lack of free space in which to maneuver
as well as distorted anatomic relationships.
Preoperative renal artery embolization (PRAE) has
been studied primarily in the setting of open surgery, with
mixed results. A more recent RCT of PRAE vs. no-PRAE
for complex tumors and including roughly half of patients
undergoing laparoscopic surgery showed a decrease of
150 cc in blood loss in the group that underwent
preoperative embolization, with no significant difference
in surgical time, complication rate or length of stay (82).
Another study reviewed cases of radical nephrectomy
with IVC thrombectomy, and did not find any benefit to
PRAE (83). Both of these studies were largely negative
and found little, if any, benefit from PRAE. There were no
complications specific to PRAE in either of these studies,
though adjacent organ damage, coil migration, and PRAErelated death are potential complications from embolization
procedures and may occur with higher volume.
Renal cell carcinoma, especially the more aggressive
types, can invade directly into adjacent organs including
liver, spleen, bowel and diaphragm. In the absence of clear
metastasis and good surgical suitability, wide resection of
all involved structures is warranted if within the abilities of
the treating hospital and the patient is appropriately fit for
surgery. The frequency of these scenarios is low enough
that there are few validated strategies, and we recommend
assessing each patient in a multispecialty setting. En-bloc
resection of all involved structures appears desirable, but
data has not progressed beyond isolated reports.
In the current era of effective targeted and immune
therapies, neoadjuvant downstaging with subsequent
surgery has been contemplated. This approach was first
reported in 9 patients treated with sorafenib or sunitinib
in 2008 (84). It suggested promising results both from
notable simplification of subsequent surgery in some cases
and a good side effect profile. A subsequent study of 19
patients that were felt to be unsuitable for surgery found
a 24% shrinkage of primary tumor in 8, but 9 patients
progressed while on therapy. Four of the original 19 (21%)
ultimately did become resectable and underwent surgery,
while 5 died of progressive cancer inside 6 months (60).
Surgical complications did not appear higher in these
series. Multiple experiences have been reported since
and it appears that neoadjuvant therapy, generally 2
cycles of sunitinib, will result in 25–30% of unresectable
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tumors becoming resectable while nearly that amount will
experience cancer progression on therapy. More than 2
cycles of sunitinib is associated with an undesirable increase
in operative adhesions. There is no data currently available
suggesting that neoadjuvant therapy and completion of
nephrectomy has an impact, either positive or negative, on
cancer-specific outcomes (85).
Surgical management of locally advanced
kidney cancer
While the management of complex and invasive kidney
cancer may be accomplished via either open or laparoscopic
techniques, large masses provide additional complications
and complexities that must be within the capacity of the
surgical team and institution to manage. The routine
performance of a bowel prep is not necessary unless colonic
resection is felt likely; however we will administer oral
magnesium citrate in patients that may be experiencing
significant constipation, such as from pain medication, in
order to decompress the colon. Aggressive DVT prophylaxis
via both mechanical and pharmacologic means is important.
Open surgical options
Classic flank subcostal and supracostal incisions are, in
general, poorly suited to the extirpation of large or complex
masses, and less favorable to lymphadenectomy if indicated.
Wide exposure and clear visualization are key, and usage
of retractors such as the Omni-tract or Bookwalter is
important to allow unhindered access to key areas. Anterior
and transperitoneal incisions are likely best suited to
extensive dissections.
Radical nephrectomy, as classically described, includes
removal of all the contents of Gerota’s fascia. Routine
adrenalectomy is not generally necessary unless there is
suspicion of direct invasion or metastatic suspicion on
imaging. That said, large or invasive masses that abut
the adrenal region but without clear evidence of invasion
are likely most safely treated with aggressive radical
nephrectomy including adrenalectomy.
Best selection of incision should be based on surgeon
familiarity and patient specifics.
Midline incision: This approach has the benefit of
reproducibility, lack of positioning challenges and related
complications such as rhabdomyolysis which are more
common in flank positions. It affords excellent access to
midline vascular structures. Additionally, when operating
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on a difficult right sided mass, this position supports arterial
control in the interaortocaval space, which can simplify the
direct dissection of the right renal hilum. Access to upper
poles may be difficult depending on habitus, and vigorous
retraction is often necessary. Patients with higher BMI or
large antero-posterior dimension may be more challenging,
but the midline incision reserves the option to be extended
inferiorly or cranially into the chest when necessary.
Closure is relatively direct and no significant muscle groups
are divided, which may contribute to rapid recovery.
Chevron incision: Essentially an expansion of the
anterior subcostal incision, this incision allows excellent
exposure of all midline vascular structures and facilitates
liver mobilization which is necessary for extended vena caval
exposure and tumor thrombectomy. The incision is made
beginning roughly at the tip of the 11th rib on the affected
side and mirrors the costal margin roughly two fingers
below. The extent of the incision on the contralateral side
may extend fully to the tip of the opposite 11th rib or may
be minimized if unnecessary.
Thoracoabdominal Incision: This incision is significantly
morbid but provides the experienced surgeon outstanding
access to upper pole tumors and especially liver or splenic
involvement as well as access to the thoracic vena cava.
The patient is placed in mild flank or semi-oblique position
but with the pelvis essentially flat or nearly flat on the gelpadded bed. Incision is carried through multiple muscle
groups, often resulting in significant postoperative pain and
frequently the need for a chest tube. Preoperative epidural
placement should be considered, and adequate pulmonary
reserves are important on the patient’s part.
Development of the nephrectomy
In large and invasive carcinoma, the surgeon may discover
the usual tissue planes are poorly defined, inflamed and
adhesive, and often occupied by parasitic vessels. The
anterior pararenal space especially is prone to challenges
as a consequence of the adjacent mesocolon, and care
must be taken not to devitalize this structure. Progression
postero-medially on right sided tumors will bring one to
the duodenum, which usually requires wide and athermal
medialization via the Kocher maneuver, and the inferior
vena cava. Injury to either of these structures can be
catastrophic. Splenic injury on the left side is generally
a result of vigorous traction that tears the capsule of the
organ via the ligamentous attachments of the kidney and
colon; all attempts should be made to release this structure
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early in the dissection to mitigate the risk of injury, bleeding
and unnecessary splenectomy. Generally, we prefer to defer
vascular control of the kidney until the later portions of the
case during open surgery, or at least until enough mobility
of the kidney is present such that hilar challenges can be
addressed with relative ease. Damage to unrecognized
lumbar or parasitic vessels can result in significant bleeding
and is best managed in a setting where the kidney is mostly
free or easy to remove.
Operations on large masses carry increased risk of
disorientation and a surgeon may follow the contour of a
particularly large mass to reach the wrong aspect of the
great vessels; this risk is even greater during laparoscopic
surgery. This can result in misidentification of renal
artery and damage to the superior mesenteric artery or
contralateral renal artery. Surgical planning and attention
to non-hilar dissection during the early development of the
case may be key.
Laparoscopic and robot-assisted radical nephrectomy
Minimally invasive surgery of the kidney is ever-more
common and has been shown to be perfectly useful on
complex masses, including caval thrombectomy in the hands
of the highly experienced. The risks of disorientation are
higher with this approach, due to the up-close perspective
of the camera operating in a smaller space. Liberal use of
intraoperative ultrasound may help to diminish these risks.
Patients must be fit enough and possess adequate pulmonary
reserves to exchange the CO 2 load of laparoscopy, and
unnecessarily prolonged surgery in the flank position,
especially on men or high BMI patients, should be avoided
to minimize risk of rhabdomyolysis.
Adrenalectomy
Adrenalectomy is not a necessary part of radical
nephrectomy, but in the presence of a large upper pole mass
or any suspicion of invasion adrenalectomy can be necessary
for oncologic purposes. Preoperative imaging should be
assessed for the presence of a viable contralateral gland.
Routine ipsilateral adrenalectomy has not been shown to
provide better cancer control, and some studies suggest
it may be associated with worse overall survival (86,87).
Routine ipsilateral adrenalectomy also puts patients at risk
for asynchronous adrenal metastasis in a solitary gland.
Given these findings, ipsilateral adrenalectomy should only
be performed in patients with radiographic or intraoperative
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evidence of adrenal involvement (86,87).
Caval thrombectomy
Involvement of the renal venous system occurs in 4–10%
of cases of RCC (88,89). However, this does not necessarily
portend a fatal prognosis: 40–70% of patients with venous
involvement can be cured with aggressive surgical resection
(90,91). The tumor thrombus can be staged using the
following system: level 0 thrombi are confined to the renal
vein, level I thrombi extend no more than adjacent to the
ostium of the renal vein, level II thrombi extend to below
the hepatic veins, level III extend intra-hepatically but
below the diaphragm, and level IV thrombi extend superior
to the diaphragm (92).
Tumor level is generally assessed by MRI, though CT can
be adequate. Though patients with locally advanced disease
can be cured surgically, higher level is associated with poorer
outcomes. Two large multi-institutional cohort studies
revealed this: Martinez-Salamanca et al. (2011) showed
that the 5-year survival after radical nephrectomy with
thrombectomy for tumor thrombi involving the renal vein
only was 43.2%, involving the IVC below the diaphragm was
37%, and fell to 22% for thrombi above the diaphragm (91).
Smaller studies show conflicting data (93). A multiinstitutional cohort study in the US found that tumor
thrombus level is a significant predictor of recurrence (94).
Surgical technique varies by thrombus level and becomes
more involved with increasing level. Level IV and even level
III thrombi can require vascular bypass. Level IV thrombi
often require a combined abdominal and thoracic approach.
Still, many patients with level IV thrombi can be cured
surgically, making IVC thrombectomy an in important
operation for these patients. This has been shown in
multiple series (95-98).
In general, care should be taken to preserve at least 50%
of the IVC lumen, but oncologic control is paramount,
and the IVC must be resected if there is thrombus
extension into the IVC wall. Repair may require prosthetic
interposition grafts or patch repair. These techniques will
be discussed later in the chapter. Some patients with a
completely occluded IVC may have completely developed
collaterals and do not require reconstruction (99,100).
Robot assisted laparoscopic radical nephrectomy with
IVC thrombectomy is an emerging practice. Abaza (2011)
described the first series of 5 patients with level I and level
II thrombi (101). Other case series have described outcomes
of patients with up to level IV thrombi with 1 year follow

AME Med J 2021;6:5 | http://dx.doi.org/10.21037/amj-20-79

Page 10 of 18

AME Medical Journal, 2021

Figure 2 Level I IVC thrombus, isolated with Satinski clamp. Mass with thrombus removed en bloc. IVC, inferior vena cava.

up. These studies have shown reasonable perioperative
outcomes with one year follow up, but long term oncologic
outcomes are not yet available and the broad adoption of
this technique is yet unclear (102,103).
Patients with level I-IV thrombi have been shown to
have acceptable rates of morbidity and mortality, and long
term survival is possible in a large portion of patients (104).
RCC with IVC involvement is a surgically managed disease.
It provides a chance for cure for those patients without
evidence of metastatic disease, and can prevent devastating
complications such as pulmonary emboli, intractable edema,
ascites, and cardiac dysfunction in patients with metastatic
disease.
Surgical technique
Surgical technique (105,106) does vary by thrombus level,
but generally begins with ligation of the arterial blood
supply, and the kidney is carefully mobilized leaving the
renal vein as the only attachment. Incision selection is as
reviewed above, and the surgeon should strive to achieve
wide and unimpaired exposure.
Level I
For level I thrombi, the colon is reflected, the duodenum is
athermally Kocherized (if tumor is on the right side), and
the anterior pararenal space is broadly developed cranially
and caudally to expose the great vessels. The renal artery
is ligated but generally not divided using silk ligature or
clips when accessible. The kidney is carefully mobilized
above and below the renal vein, ureter is divided, and IVC
© AME Medical Journal. All rights reserved.

freed up superior and inferior to the renal vein, leaving the
renal vein as the only attachment remaining. The IVC may
be milked to the ostium of the renal vein, and a C-shaped
Satinsky clamp is then placed around the ostium of the
renal vein after ensuring the thrombus is entirely within
the jaws of the clamp before closing (Figure 2). The renal
ostium is then sharply incised and thrombus extracted in its
entirety and wrapped in gauze. Though vascular control of
the IVC and contralateral renal vein is usually unnecessary
in level I thrombi, it can be useful if there is any doubt as
to the level of the thrombus. The contralateral renal vein
is isolated with a vessel loop, then the same is performed
for the suprarenal and infrarenal IVC. The vessel loops
can be passed through an 18F red rubber catheter to create
Rummel tourniquets. Manually pinch the IVC closed as
cranially as possible, then apply Rummel tourniquets in
the following order: infrarenal IVC, contralateral renal
vein then suprarenal IVC (this is displayed in Figure 3).
The ostium of the renal vein is then clamped and incised
to extract the thrombus as described above. The IVC is
carefully inspected for residual thrombus, irrigated with
heparinized saline solution, then closed using 4-0 Prolene.
Before tying the knot, anesthesia should apply positive
airway pressure, the infrarenal IVC is pinched closed and
the Satinsky clamp is released allowing ~10 mL blood to
discharge which flushes out any residual thrombus. The
suture is then pulled tight and tied closed.
Level II
Level II caval thrombectomy follows a similar pattern
as described above for level I thrombi but requires more
AME Med J 2021;6:5 | http://dx.doi.org/10.21037/amj-20-79
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1

Figure 3 Level 2 IVC thrombus. Vascular control is obtained by ligating the ipsilateral renal artery, then Rummel tourniquets are clamped
in the following order: 1. Infrarenal IVC, 2. Contralateral renal vein, 3. Suprarenal IVC. Mass with thrombus removed en bloc. IVC,
inferior vena cava.

extensive dissection often including ligation and division of
lumbar veins. Midline and chevron incisions provide best
access for left sided tumors as the ascending and descending
colons must be mobilized to gain exposure to the IVC in
addition to the affected kidney. For left sided tumors, ligate
and divide the gonadal, adrenal, and lumbar branches of the
renal vein as needed. As above for level I tumors, the kidney
is carefully mobilized and ureter divided. If not already
performed (in the case of left sided tumors), the ascending
colon is mobilized along the white line of Toldt, Kocher
maneuver performed and the right anterior pararenal
space is developed to expose the great vessels. The IVC
is dissected from the liver to its bifurcation, ligating the
gonadal vein in the process. During this portion of the
procedure, it can be beneficial to dissect the lymphatics off
of the IVC. At this stage in the procedure, vascular control
is attained in the following order (similar technique as
described above for level I thrombi): ipsilateral renal artery
is ligated, the infrarenal IVC is clamped, then contralateral
renal vein followed by the suprarenal IVC (Figure 3).
IV heparin can be given prior to clamping to prevent
thrombosis. For left sided tumors, the right renal artery can
be clamped to avoid renal engorgement which may occur
due to the paucity of collateral venous circulation available
to decompress the kidney on the that side.
Once vascular control is obtained, the renal vein ostium
is excised sharply (Potts scissors), and extended along the
anterior aspect of the IVC exposing the thrombus. Open
lumbar veins should be ligated as needed at this stage. The
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tumor is carefully extracted and removed en bloc with the
kidney. As above the IVC lumen is flushed with heparinized
saline then inspected for signs of invasion with biopsy of
suspicious areas. The defect is closed with 4-0 Prolene
and flushed in the same fashion as above, ensuring that
the IVC lumen is greater than 50% of its original size.
The contralateral renal clamp followed by the suprarenal
IVC clamps are released and lymphadenectomy may be
performed.
Level III and IV
Level III thrombi can either be accessed via an abdominal
or combined abdominal and thoracic approach. This
decision must be made after the renal artery is ligated and
the liver is mobilized to allow for assessment of the cranial
extent of the IVC. The venous circulation from the liver
is substantial. That being said, it is ideal if the IVC can be
clamped below the hepatic veins. If the thrombus extends
above the hepatic veins, which should be assessed by TEE,
bypass will be required if the thrombus is partially occlusive.
However, if the thrombus is completely occlusive, then
adequate collaterals have usually been formed and these
patients will tolerate clamping without bypass.
Exposure of the kidney is performed as per level I and
II thrombi and renal artery is performed. A preoperative
plan regarding assistance, if needed, from vascular or
liver/transplant surgeons should be established. As the
case proceeds, Rummel tourniquets are placed around
the infrarenal IVC and contralateral renal vein. The
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hepatic veins, then it is usually safe to proceed without bypass.
This is displayed in Figure 4. If suprahepatic IVC clamping is
required, then a clamping trial will determine whether or not
bypass will be required (if cardiac output drops more than
50% or if MAP drops more than 30%). One series describing
78 patients who underwent IVC thrombectomy found that
8 requiring suprahepatic control of the IVC were completed
without the need for bypass (104).
Level IV will often require a combined thoracic and
abdominal approach. The clamping sequence is as follows:
infrarenal IVC, contralateral renal vein, porta hepatis then
suprahepatic IVC. The remainder of the procedure is for
extraction of the mass and closure of the defect similar to
level II thrombi.
Figure 4 Level III IVC thrombus. The liver is mobilized to allow
for exposure of intrahepatic IVC, superior IVC clamp is placed
inferior to hepatic veins. If superior IVC clamp must be placed
above the hepatic veins, then a Pringle maneuver is employed to
occlude hepatic blood flow, which may necessitate bypass. IVC,
inferior vena cava.

ligamentum teres is divided to begin mobilization of the
liver. The falciform ligament is divided superiorly to
the bifurcation into the coronary ligament and the left
triangular ligament. The superior, then inferior layers of
the coronary ligament are divided, paying close attention
to avoid injury of the IVC or liver. Next, the left triangular
ligament is divided anteriorly, then the posterior portions
are divided toward the IVC. The liver can now be rotated
toward midline to allow for inspection of the IVC. Tumor
thrombus can also extend into the right, middle and left
hepatic veins causing Budd-Chiari syndrome. These exist
in a plane between the posterior liver and anterior IVC and
should be inspected if there is concern for involvement.
This group of veins cannot be ligated, however, the lower
accessory hepatic veins can be ligated. Ligation of lumbar
veins between the IVC and posterior abdominal wall
completes the mobilization of the IVC.
If the IVC must be clamped above the major hepatic
veins, then the Pringle maneuver (clamping of the porta
hepatis) must be performed to prevent major blood loss.
Though the porta hepatis can be clamped up to one hour,
it is recommended to limit clamping to 20 minutes to
minimize risk of hepatic ischemia, portal vein thrombosis
and splenic engorgement.
As stated above, if the IVC can be clamped below the

© AME Medical Journal. All rights reserved.

Bypass considerations
In cases that have extensive IVC tumor or thrombus,
adjunctive measures must be taken to preserve venous
return from below the area of resection. The goal is to
prevent hemodynamic instability from cross-clamping
while preserving visualization in the absence of bleeding.
Two of the potential methods to minimize these issues
include venovenous bypass (VVB), and cardiopulmonary
bypass (CPB).
VVB is a well-established technique developed for
orthotopic liver transplantation, which has since been
applied to radical nephrectomy with IVC thrombectomy.
VVB necessitates a cannula below the level of resection or
clamping, usually in the infrarenal IVC or femoral vein.
This cannula will be connected to the inflow of the bypass
machine to drain the venous return from the lower body.
The outflow or return to the right side of the heart will
arise from cannulation of either the internal jugular vein,
axillary vein, subclavian vein, innominate vein, or if the
chest cavity is open, the right atrium. If the portal vein is
clamped, further drainage can be obtained from another
cannula in the superior mesenteric vein. Of note, VVB
does not require full heparinization or an oxygenator. Some
reviews have suggested decreased operative time, length
of hospitalization, intraoperative blood loss, and need for
blood transfusions in VVB relative to CPB (97).
However, VVB is not an option with extensive level IV
tumor thrombus that extends into or potentially embolizes
into the pulmonary vasculature. Furthermore, VVB is not
without risk, as there is an estimated complication incidence
of 10% to 30% in VVB during liver transplantation (107),
and as high as 30% in radical nephrectomy (97). However,
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complications in radical nephrectomy are also attributable
to other procedural factors, and this number is further
influenced by patient selection and surgical technique.
These complications include bleeding, air, tumor or clot
embolus to the lungs, hypothermia, bypass circuit and vessel
thrombosis, vascular and nerve injury at the access site, and
infection (107).
Full cardiopulmonary bypass may be necessary when
the tumor extends either into the supradiaphragmatic
intrapericardial IVC, or into the right atrium and beyond
necessitating atriotomy (level IV tumor thrombi) (108).
CPB is initiated with ascending aortic cannulation, a venous
cannula placed into the SVC, and a second venous cannula
placed either below the palpable thrombus in any vein in
direct communication with the IVC. Depending on the
extent of the tumor or thrombus, the extent of cooling can be
tailored. In cases where the tumor can be controlled, isolation
of the liver with a Pringle maneuver may allow resection
of the tumor at normothermia while on bypass. Further
extension of the tumor may require further cooling with
cardiac arrest and aortic cross-clamping. The most extensive
cases may require deep hypothermia and circulatory arrest to
remove extension of embolus into the pulmonary arterial tree.
Important to consider is although cardiopulmonary
bypass may provide temporary control of bleeding,
bleeding following the bypass run can be significant due to
coagulopathy intrinsic to the anticoagulation, hypothermia
and the bypass circuit interaction to clotting factors. This
will result in a higher rate of overall blood loss, and longer
operative times (109).
Other potential complications of cardiopulmonary bypass
can be minimized with preoperative and postoperative
planning. Neurologic injury may occur as a result of aortic
cannula placement, resulting in seeding of aortic plaque. If
a patient has significant history of atherosclerotic disease,
it may merit preoperative aortic imaging, or intraoperative
transesophageal ultrasound. In spite of cardioplegia,
subclinical myocardial injury can still occur. Immediate cardiac
dysfunction may occur as a result of myocardial stunning,
which is influenced by preoperative ventricular function,
metabolic acidosis, and reperfusion injury. Optimizing
electrolytes, temperature, and pH can help to reduce
arrhythmia and improve stunning. Acute respiratory distress
syndrome can be present due to the effects of CPB, and
could be exacerbated by anesthesia-induced atelectasis. It is
important to consider lung protective strategies in ventilation
pre- and post-operatively. Lastly, acute kidney injury can
occur as a result of inflammatory response and hypotension,
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especially in cases of prolonged bypass. Maintaining a high
perfusion pressure is essential, especially given the need to
preserve remaining kidney after tumor resection (109).
Overall, CPB during radical nephrectomy has a nonsignificant difference in total complication rate and five year
mortality compared to VVB (97). Furthermore, a recent
retrospective multi-institutional analysis found no significant
difference in surgical complications, intraoperative and 30day mortality, and hospital LOS in CPB versus non-CPB
for level III/IV tumor thrombectomy. The decision on CPB
usage should be made by a multispecialty team on the basis
of surgical experience, perioperative imaging, and patient
comorbidities (110).
As a whole, both of these methods pose significant
perioperative and postoperative risks, however, it is far
better to err on the side of caution, as initiation of bypass in
a hemodynamically unstable patient significantly exacerbates
these risks.
IVC reconstruction with patch or graft
As stated above, care should be taken to preserve at least
50% of the IVC lumen, but oncologic control is paramount,
and the IVC must be resected if there is thrombus extension
into the IVC wall. A double row of 4-0 Prolene sutures can
be used for primary repair. If the IVC cannot be repaired
primarily to preserve at least 50% of the IVC lumen and
there is not adequate collateral flow, then a patch or graft
can be used for reconstruction.
Material for patch reconstruction includes bovine and
autologous pericardium, Dacron, PTFE and autologous
saphenous vein. The patch can be either parachuted into
place or sewn in by tacking the apices. Generally, a doublearmed 5-0 Prolene on a BB needle is used, and care is taken
to avoid inversion of the patch which can be thrombogenic.
The inferior IVC clamp should be released prior to tying
the last knot to allow for approximately 10cc blood to leak
from the cavotomy, which clears the lumen of clot, air and
debris prior to releasing the superior clamp.
Grafting may be required if the caval defect is too large
for patching or is a circumferential resection of the IVC was
performed. PTFE grafts are commonly, and are typically
16-20 mm in diameter. The superior anastomosis should
be performed first. The superior portion of the graft is
then clamped and the suprahepatic IVC clamp is released
to test this anastomosis. The inferior anastomosis is then
performed, trimming the graft to be as short as possible
to avoid redundancy and promote laminar flow. Before
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tying the knot, the clamp on the graft should be released
to allow 10cc blood to leak from the cavotomy. This is reclamped and the infrarenal IVC clamp is released to allow
an additional 10cc blood to leak from the cavotomy which
clears the lumen of clot, air and debris. The final knot can
then be tied and all clamps released. Retroperitoneal fat
or omentum can be used to cover the graft, and hepatic
ligaments reapproximated. Lifelong anticoagulation is
indicated for these patients.
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