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Kidney cancer has been re-energized by novel therapeu-
tics and innovative surgical advances. This clinical atlas
of Renal Cell Carcinoma (RCC) contains timely and
informative updates about all aspects of the diagnosis and
management of RCC. Front and center is the biology of
renal cell carcinoma, which has been greatly elucidated
over the last few years and has laid the groundwork for
discovery of therapeutically-relevant pathways. Both the
immunobiology of kidney cancer, which has been of
historic interest, as well as new pathways such as those
involving vascular endothelial growth factor (VEGF) and
mammalian target of rapamycin (mTOR), are extensively
detailed. Updates on ever-changing pathologic analysis of
RCC are discussed and are of clinical interest. The bulk
of the chapters in this Atlas deal with the practical man-
agement of the continuum of kidney cancer, ranging from
the dilemma of the small renal mass, through locally
advanced disease and finally, to the metastatic patient.

Different treatment approaches are discussed within the
context of each of these clinical scenarios, and surgical
and therapeutic advances are highlighted. In addition,
special populations such as patients requiring palliative
care, those with brain or bone metastasis and those with
inherited renal cell carcinoma are expertly discussed. 

We trust that you will find this atlas up-to-date and
informative. We wish to express our sincere appreciation to
a truly distinguished set of authors for sharing their time,
knowledge and skills in producing this volume which, ulti-
mately, attempts to achieve the goal of educating physi-
cians about renal cell carcinoma with the intent of
advancing the care of kidney cancer patients.

Brian I. Rini, MD

Steven C. Campbell, MD, PhD
November 2008
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Table 1. 2004 WORLD HEALTH ORGANIZATION

CLASSIFICATION OF RENAL CELL NEOPLASMS

Renal cell carcinoma
Clear cell renal cell carcinoma
Multilocular clear cell renal cell carcinoma
Papillary renal cell carcinoma
Chromophobe renal cell carcinoma
Carcinoma of the collecting ducts of Bellini
Renal medullary carcinoma
Xp11 translocation carcinomas
Carcinoma associated with neuroblastoma
Mucinous tubular and spindle cell carcinoma
Renal cell carcinoma, unclassified

Papillary adenoma/renal cortical adenoma
Oncocytoma

1

Different types of tumors have been described in the
kidney. Arising from the renal tubular epithelial cells,
renal cell carcinoma (RCC) makes up over 90% of the
primary tumors in adult kidneys. It comprises a group
of heterogenous diseases with divergent clinical,
pathologic, and molecular characteristics. Tradition-
ally, RCC has been classified based primarily on his-
tology. Specific genetic alterations in renal tumors
have been increasingly elucidated. Hence, 2004
World Health Organization (WHO) classification of
renal tumors (Table 1) also included these genetic
findings aiming to put forward a pathologic classifi-
cation scheme that combines both morphologic and
molecular features of RCC.1 Furthermore, the associa-
tion of several RCC subtypes with specific inherited
cancer syndromes was recognized. In this chapter, we
review the pathologic and molecular characteristics of
different histologic subtypes of RCC, as well as the
pathologic prognostic parameters.

1

Pathology of Renal Cell Carcinomas
MING ZHOU, MD, PHD

HISTOLOGIC SUBTYPES OF RCC

Clear Cell Type

Accounting for 60 to 70% of all RCCs, clear cell type
(clear cell RCC) is the most common histologic sub-
type. It predominantly affects male patients
(male:female ratio = 2:1), with a peak incidence in the
sixth and seventh decades of life.2 The majority of
clear cell RCC arises sporadically, with < 5% of the
cases presenting as part of the inherited cancer
syndromes,3 including von Hippel-Lindau syndrome,
tuberous sclerosis (TS), Birt-Hogg-Dube syndrome,
and constitutional chromosomal 3 translocation
syndrome. As a general rule, familial clear cell RCC
presents at a younger age and is more likely to be
multifocal and bilateral.

Pathology

Most clear cell RCC presents as a solitary and well-
demarcated mass. Hemorrhage, necrosis, cystic
degeneration, and calcification are frequently found,
especially in larger tumors. It is characteristically
golden yellow due to rich lipid content of the tumor
cells (Figure 1A). Multifocal and bilateral tumors
occur in < 5% of sporadic cases, but they are more
often associated with inherited cancer syndromes.

Microscopically, several architectural patterns,
including solid, alveolar, and acinar, and occasionally
cystic, tubular, or pseudopapillary, can be found in
clear cell RCC, and more than one pattern can be seen
in one tumor. The tumor cells have clear cytoplasm due
to the loss of cytoplasmic lipid and glycogen during tis-
sue processing and slide preparation (Figure 1B).4
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2 RENAL CELL CARCINOMA

It contains a regular network of thin-walled blood
vessels, a distinct and consistent feature that 
is diagnostically quite helpful. High-grade clear
cell RCC often lose the cytoplasmic clarity and
acquires more eosinophilic and granular cytoplasm
(Figure 1C). Such tumors were termed granular
cell–type RCC in the past. Although some RCCs
with granular cytoplasm are now classified as clear
cell RCC, many are of other histologic subtypes.
Therefore, granular cell RCC is not considered a
specific subtype. The term is antiquated, and its use
is discouraged.

Genetics

Chromosome 3p alterations are detected in vast
majority of sporadic clear cell RCC.5–7 At least three
different regions on 3p are implicated, including
3p25-6, which harbors, among others, von Hippel-
Lindau (VHL) gene; 3p21-22 (including RASSF1A
and DRR1); and 3p11-12 (FHIT). Duplication of
5q22~qter is the second most common cytogenetic
finding and may be associated with better prognosis.
Other cytogenetic alterations involve chromosomes
6q, 8p, 9, 11q, 14q, 17p, 18q, 19p.8

Mutations in VHL gene has been found in 22 to
71% of sporadic clear cell RCC9,10 Inactivation of
VHL gene by promoter hypermethylation is seen in
another 20% of cases. Together, inactivation of VHL
gene by different mechanisms occurs in > 70% of
sporadic clear cell RCC. Therefore, it seems that
inactivation of the VHL gene plays a critical role in
the development of clear cell RCC.

Multilocular Cystic RCC

Multilocular cystic RCC (MLCRCC) is an uncom-
mon (< 5%) variant of clear cell RCC.11,12 These
tumors form well-circumscribed, encapsulated, and
entirely cystic masses (Figure 2A). Microscopically,
it is composed of variably sized cysts that are lined
with one or several layers of flat or plump clear cells
(Figure 2B). No expansile cellular nodules are
allowed. The nuclei are almost always of low grade
with dense chromatin. If strict diagnostic criteria are
applied, MLCRCC has a favorable prognosis. No
local or distant metastasis has been documented
after complete surgical resection.11

Figure 1. Clear cell renal cell carcinoma (RCC) forms a mass with
distinctive yellow or light orange color due to rich lipid content in the
tumor cells (A). It is composed of compact nests of tumor cells with
clear cytoplasm separated by delicate arborizing vasculature (B).
High-grade component of a clear cell RCC has more eosinophilic
and granular cytoplasm (C), right half of the image.

A

B

C
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Pathology of Renal Cell Carcinomas 3

Papillary Type

Papillary type RCC (PRCC) accounts for 10 to 15%
of RCCs.2 The gender and age distributions are
similar to those of clear cell RCC. However, PRCC
has a better prognosis than the latter with a 5-year
survival approaching 90% in some series. However,
high-grade variants can behave in a highly aggres-
sive manner.

Pathology

Grossly, PRCC presents as a well-circumscribed
mass with a pseudocapsule. Hemorrhage and necro-
sis are frequently seen, and some tumors appear
entirely necrotic and friable (Figure 3A). Bilateral
and multifocal tumors are more common in PRCC

Figure 2. Multilocular cystic renal cell carcinoma is well
circumscribed with a fibrous capsule in this partial nephrectomy
specimen. It consists entirely of cysts of variable sizes (A). The cystic
septa are thin without solid component. Microscopically, the cysts
are lined with one or several layers of tumor cells with clear cyto-
plasm and uniformly small, dense, and low-grade nuclei (B).

than in other subtypes. Microscopically, PRCC has
variable proportions of papillae, tubulopapillae, and
tubules. The papillae characteristically contain
delicate fibrovascular cores expanded with foamy
histiocytes (Figure 3B). Necrosis, hemorrhage,
hemosiderin deposition in tumor cells, macrophages,
stromal cells, and psammomatous calcification are
common.

Two types of PRCC are recognized based on the
histology.13 Accounting for about two-thirds of
PRCC, type I tumor cells contains papillae that are
lined with single layer of tumor cells with scant pale
cytoplasm and low-grade nuclei (Figure 3B). In con-
trast, type II tumor cells have abundant eosinophilic
cytoplasm and large pseudostratified nuclei
with prominent nucleoli (Figure 3C). Patients with
type I PRCC have a better prognosis than those with
type II tumor.

Genetics

Chromosomal gain, including trisomy or tetrasomy
7 and 17, and loss of Y chromosome are the most
common cytogenetic changes in PRCC.5,14 Loss of
heterozygosity at 9p13 is associated with shorter
survival.15 Type I and II PRCCs have distinct
genetic features, with 7p and 17p gains more com-
monly seen in type I tumors.16 Patterns of allelic
imbalance also differ between type I and II
tumors.17

Chromophobe Type 

Chromophobe type RCC (chromophobe RCC)
accounts for approximately 5% of RCCs.2 The prog-
nosis is significantly better than that of clear cell
RCC, with mortality < 10%. Most cases are sporadic
although rare familial cases are associated with 
Birt-Hogg-Dube syndrome.3

Pathology

Chromophobe RCC is usually solitary and forms a
circumscribed and nonencapsulated mass with
homogenous light brown cut surface (Figure 4A).
The tumor cells are large and polygonal and have
finely reticulated cytoplasm due to numerous

A

B
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4 RENAL CELL CARCINOMA

Figure 4. Chromophobe renal cell carcinoma forms a circum-
scribed nonencapsulated mass with a homogenous light brown cut
surface (A). The large and polygonal tumor cells have finely reticu-
lated cytoplasm, prominent cell border, and irregular nuclei with
perinuclear clearing (B).

Figure 3. Papillary renal cell carcinoma has a tumor capsule and
is entirely necrotic (A). Type I tumors are composed of papillae
covered by a single layer of tumor cells with scant cytoplasm. The
fibrovascular cores are expanded with foamy histiocytes (B). In con-
trast, type II tumor cells have abundant eosinophilic cytoplasm and
large pseudostratified nuclei with prominent nucleoli (C).

Chromophobe RCC with these features is referred to
as classical type. Not infrequently the tumor com-
prises predominantly of cells with intensely
eosinophilic cytoplasm, hence termed eosinophilic
variant.18 However, there is no difference in the clin-
ical characteristics between the two variants, and
such distinction is purely for the purpose of patho-
logic diagnosis. Chromophobe RCC, especially the
eosinophilic variant, should be distinguished from
renal oncocytoma, a benign renal neoplasm with
similar, sometimes overlapping, histology. The
distinction can usually be made based on histologic
examination, although immunohistochemistry or
cytogenetic studies may be required in difficult
cases. One such test is Hale’s colloidal iron stain
that reacts with the mucopolysaccharide content

cytoplasmic microvesicles, prominent cell border
resembling plant cells, and irregular, often wrinkled,
nuclei with perinuclear clearing (Figure 4B).
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of microvesicles of tumor cells in chromophobe
RCC, but not in other neoplasms, including
oncocytoma.19

Genetics

Chromophobe RCC harbors extensive chromosomal
loss, most commonly involving chromosomes 1, 2,
6, 10, 13, 17, and 21.8 Occasionally, chromophobe
RCC can occur in Birt-Hogg-Dube syndrome,
an autosomal dominant disorder characterized
by mutations in Birt-Hogg-Dube (BHD) gene,
folliculin, on 17p11.2.20 However, BHD mutations
are rarely found in sporadic chromophobe RCC.

Carcinoma of the Collecting 
Ducts of Bellini

Carcinoma of the collecting ducts of Bellini
(CDC) is a rare (< 1% of renal tumors) and poorly
defined entity. Typically, it is centrally located
and forms a firm gray mass with infiltrative bor-
ders. The highly pleomorphic tumor cells form
irregular tubules and/or tubulopapillae that infil-
trate in a desmoplastic stroma (Figure 5). Only
very limited genetic data are available.21 The
diagnosis of CDC is one of exclusion as CDC
may morphologically resemble other poorly
differentiated carcinomas such as high-grade
RCC or urothelial carcinoma, and these entities

should be ruled out before rendering a diagnosis
of CDC.

Two recent studies from Japan and Europe reaf-
firmed that CDC is a highly aggressive disease with
grave outcomes.22,23 It usually presents at advanced
stage, with a high rate of distant metastasis at the
time of diagnosis. Standard gemcitabine- and carbo-
platin-based chemotherapy is ineffective for
metastatic or recurrent lesions. However, CDC is no
more lethal than the stage-matched clear cell RCC,
with similar cancer-specific survival in nephrec-
tomized patients.22

Renal Medullary Carcinoma

Renal medullary carcinoma (RMC) is an exceed-
ingly rare and highly aggressive renal tumor of renal
medulla, occurring in patients with sickle cell trait;
therefore, most patients are of African heritage in
the United States, and RMC is referred to as the
“seventh sickle cell nephropathy.”24a The tumor
comprises high-grade tumor cells arranged in solid
sheets or more commonly in a reticular pattern
with microcystic or yolk sac–like areas. The stroma
is desmoplastic (Figure 6) and resembles CDC
histologically, although the latter typically occurs
in older patients without sickle cell trait. RMC
also shares similarities with high-grade urothelial
carcinoma, given its central location, infiltrative
pattern, and high-grade cytology.24 Most RMCs do

Figure 5. Carcinoma of the collecting ducts consists of high-grade
tumor cells forming complex and angulated tubules or tubulopapillary
structures embedded in a remarkably desmoplastic stroma.

Figure 6. Renal medullary carcinoma comprises high-grade tumor
cells arranged in irregular nests with microcystic formation. The
stroma is desmoplastic.
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not respond to chemotherapy or radiation therapy.
However, two recent publications reported three
adolescent and young adult patients who responded
to cisplatin or carboplatin in combination with gem-
citabine and paclitaxel.25,26 The prognosis is dismal,
although rare cases of long-term survival have been
reported, raising the question whether young
patients with sickle cell traits should be surveyed
closely in order to facilitate early detection of RMC
in these patients.24

Mucinous Tubular and Spindle 
Cell Carcinoma

In contrast to the male predominance in other RCC
subtypes, mucinous tubular and spindle cell carci-
noma (MTSCC) predominantly affects female
patients, with a male to female ratio of 1:4. It has a
wide age range of 17 to 82 years (mean 53 years).
On gross examination, the tumor appears as well-
circumscribed, homogeneous, tan-white-pinkish
lesion, sometimes centered in the renal medulla. As
its name implies, microscopically, MTSCC is com-
posed of elongated cords and collapsed tubules with
slit-like spaces embedded in a lightly basophilic
myxoid background (Figure 7). The tumor cells are
usually spherical or oval with scant cytoplasm and
low-grade nuclear features.1,27,28 Tumors with
mucin-poor histology and either tubular- or spindle-
cell predominance may be mistaken for the solid

variant of PRCC.29 Immunohistochemically, it also
shares similar staining patterns of AMACR, CK7,
and EMA with PRCC.30 These findings initially
raised the possibility that MTSCC and PRCC are
related tumors. However, such speculation is not
supported by the limited cytogenetic results. A few
cases showed multiple numerical chromosome
aberrations, but no clear-cut karyotypic aberration
pattern is so far discernible.13 However, the chromo-
somal gains of 7 and 17 and loss of Y characteristic
of PRCC, and 3p alterations typical of clear cell
RCC,  have not been demonstrated in MTSCC.31,32

The prognosis seems favorable, with majority of the
patients free of disease after surgical resection. 

Renal Carcinoma Associated with Xp11.2
Translocations/TFE3 Gene Fusions 

RCC associated with Xp11.2 translocation/TFE3
gene fusion (Xp11.2 RCC) is a distinct clinico-
pathologic entity defined by the chromosomal
translocation involving TFE3 gene on chromosome
Xp11.2 that results in overexpression of the TFE3
protein.33 The translocation partner genes discovered
so far include PRCC on 1q21, ASPL on 17q26, and
PSL on 1p34, and NonO on Xq12.

Grossly, Xp11.2 RCC resembles clear cell
RCC. The morphology varies with different chro-
mosomal translocations; however, the most distinc-
tive histologic feature is clear cell–lined
pseudopapillary structures with hyaline nodules
and psammomatous calcification frequently present
within the fibrovascular cores (Figure 8A). A nested
pattern made up of cells with voluminous
eosinophilic cytoplasm is commonly seen. The
diagnosis can be confirmed by positive nuclear
immunostain for TFE3 (Figure 8B).

Xp11.2 typically affects children. Although
RCC accounts for < 5% of pediatric renal tumors,
Xp11.2 RCC makes up a significant proportion of
these cases. The RCC with ASPL-TFE3 transloca-
tion characteristically presents at advanced stage
and also with lymph node metastasis but often pur-
sues an indolent clinical course.34 Recent studies
show that Xp11.2 RCC also affects adult patients,
with a striking female predominance. Similar to its
pediatric counterpart, Xp11.2 RCC presents with

Figure 7. Mucinous tubular and spindle cell carcinoma is
composed of elongated cords and collapsed tubules with slit-like
spaces embedded in a lightly basophilic myxoid background
microscopically. The tumor has low-grade nuclear features.
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lymph node metastasis at advanced stage in majority
of the cases. Unlike its pediatric counterparts, the
adult disease often follows a very aggressive clinical
course, with a higher mortality within 2 years of
surgery.35,36

Carcinoma Associated with 
Neuroblastoma

Rarely, RCC occurs in the long-term survivors of
neuroblastoma.37 All affected children were diag-
nosed with neuroblastoma at 2 years of age or
younger, and the majority had advanced-stage neu-
roblastoma. RCC was diagnosed at age ranging from
5 to 14 years and occurred after a period of 3 to 11.5

years (average 9 years) following the neuroblastoma
diagnosis. Although some authors have attributed
this association to radiation or chemotherapy
prescribed for neuroblastoma, genetic predisposition
is also implicated since some patients had neither
therapy. Morphologically, many of these tumors are
typical clear cell RCC. However, some tumors have
solid and papillary architecture with oncocytoid
cells. Little is known about the molecular character-
istics of these tumors.

Unclassified Type

Two to 5% of RCCs do not fit into any of the sub-
types in the 2004 WHO classification; hence are
termed RCC, unclassified type. It is important to
understand that RCC of unclassified type is a
diagnostic category, rather than a true biologic
entity. It represents a heterogeneous group of
tumors with little in common in terms of clinical,
morphologic, or genetic features. As our under-
standing of RCC increases, this category is des-
tined to diminish and perhaps eventually will
disappear.

Papillary Adenoma

According to WHO definition, papillary adenomas
are epithelial neoplasms with papillary or tubular
architecture, < 5 mm in size, and with low-grade
nuclei. They are the most common renal cell neo-
plasm, frequently as incidental findings in nephrec-
tomy and autopsy specimens. Its incidence increases
with age and also in long-term dialysis patients with
acquired renal cystic disease or in scarred kidneys in
patients with chronic pyelonephritis or renal vascu-
lar disease. Papillary adenomas are benign.

Pathology

Papillary adenomas appear as small (< 5 mm), well-
circumscribed, yellow or white nodules in the renal
cortex. They have papillary, tubular, or tubulopapil-
lary architecture similar to PRCC (Figure 9).38 The
cells lining those structures have uniform small
nuclei and inconspicuous nucleoli similar to
Fuhrman grade 1 or 2 nuclei.

Figure 8. ASPL-TFE3 renal cell carcinoma with t(X;17)
(p11.2;q25) consists of nested to pseudopapillary structure–lined
tumor cells with abundant clear, sometimes eosinophilic, cytoplasm.
Psammomatous calcification is also present (A). The tumor cells are
positive for nuclear TFE3 protein by immunostain (B).
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8 RENAL CELL CARCINOMA

Genetics

The earliest genetic changes observed in papillary
adenomas are combined trisomy 7 and 17, and loss
of chromosome Y, changes that are also present in
PRCC.39 Additional genetic alterations have been
reported as they evolve into PRCC. The cytogenetic
findings support the hypothesis that papillary
adenoma is the precursor to PRCC.

Renal Oncocytoma

Renal oncocytoma accounts for approximately 5%
of renal cell neoplasms and occurs in a wide age
range, with a peak incidence in the seventh decade
of life. Most cases are sporadic, although familial
cases have been reported in association with Birt-
Hogg-Dube syndrome and familial renal oncocy-
toma syndrome.3

Pathology

Oncocytomas are typically solitary, well-circum-
scribed, nonencapsulated tumors with homogeneous
cut surface and a characteristic dark brown col-
oration (Figure 10A).4 A central stellate scar is seen
in one-third of the cases and is more common in
larger tumors.

Renal oncocytoma is characterized by bright
eosinophilic cells arranged in nested, microacinar, or
microcystic pattern associated with loose hypocellular
and hyalinized stroma (Figure 10B). The tumor cells
are round to polygonal and with granular,

Figure 9. Papillary adenoma comprises small collection of papillae
that are lined with cells with uniform small nuclei and inconspicuous
nucleoli.

Figure 10. Renal oncocytoma forms solitary, well-circumscribed,
nonencapsulated mass with homogeneous dark brown cut surface
(A). It consists of bright eosinophilic cells nested in a loose stroma.
The tumor cells are uniform, round to polygonal, with granular
eosinophilic cytoplasm and regular round nuclei (B).

eosinophilic, and mitochondria-rich cytoplasm, and
uniform round nuclei with evenly dispersed
chromatin. Mitoses are in general absent and should
raise the possibility of an RCC if present. Extension
of oncocytoma cells into the perinephric fat, or
rarely into vascular space, is well documented and
does not appear to adversely affect the prognosis.

When multiple oncocytomas are present, along
with oncocytic change in renal tubules, microcysts
lined with oncocytic cells, and clusters of neoplastic
oncocytes among renal tubules, the term oncocytosis

A
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is applied.40 It is often seen in Birt-Hogg-Dube
syndrome.41

Genetics

Most oncocytomas are composed of a mixed
population of cells with normal and abnormal kary-
otypes.42 Some cases demonstrate loss of chromo-
somes 1 and 14.43 Occasionally, t(5; 11) is observed.44

RCC IN INHERITED CANCER 
SYNDROMES

Only < 5% of the cases occur in the setting of inher-
ited cancer syndromes, including von Hippel-
Lindau disease (VHLD), hereditary PRCC (HP
RCC), hereditary leiomyomatosis/RCC (HLRCC),
Birt-Hogg-Dube syndrome, and TS. Each inherited
cancer syndrome predisposes patients to distinct
subtype(s) of RCC. Renal involvement can range
from solitary to bilateral and multifocal. Age of
onset is also variable although most cases seem to
occur at an earlier age.3

VHLD is caused by germ line mutations in VHL
gene, a tumor-suppressor gene that plays a critical
role in hypoxia-inducible signal transduction path-
way. Loss of VHL protein leads to the activation of
many hypoxia-inducible genes, including genes in
angiogenesis (vascular endothelial growth factor),
cell growth (platelet-derived growth factor β), and
transforming growth factor α), glucose transport
(Glut-1), acid–base balance (CA IX), and red cell
production (erythropoietin). These factors then acti-
vate many intracellular signal transduction pathways,
including PI3 kinase-Akt-mTOR and Ras-raf-erk-
mek pathways, and contribute to the carcinogenesis
of not only VHLD but also sporadic clear cell RCC.
Renal lesions in VHLD are always clear cell RCC
and tend to be bilateral and multifocal. In resected
specimens, hundreds of microscopic tumor foci can
be identified. VHLD-related RCC develops early,
with a mean age of onset of 37 years compared with
61 years for sporadic clear cell RCC. With improved
management of the central nervous system manifes-
tations of the syndrome, RCC is now the leading
cause of death. However, patients with VHLD with
renal involvement fare better in 10-year survival than
their sporadic counterparts.

HPRCC is associated with a germ line mutation
in the tyrosine kinase domain of the c-MET pro-
tooncogene on chromosome 7q31 and develops type I
PRCC.45 Gain-of-function mutations in c-MET
result in derangement of cellular processes that con-
tribute to carcinogenesis, including angiogenesis,
cell motility, proliferation, and morphogenic differ-
entiation. However, sporadic PRCC infrequently has
c-MET mutations.

HLRCC is an autosomal dominant disease and
contains mutations in fumarate hydratase (FH) gene
on chromosome 17.46 Patients are at risk for
cutaneous and uterine leiomyomas and PRCC of
type II histology. The histologic hallmark is the
prominent eosinophilic nuclei.37 RCC in this
syndrome can be particularly aggressive.

RCC is also part of the stigmata in Birt-Hogg-
Dube syndrome,47 an autosomal dominant disorder
characterized by benign skin tumors (fibrofolliculo-
mas, trichodiscomas of hair follicles and skin tag),
renal epithelial neoplasms, and spontaneous pneu-
mothorax. Renal neoplasms are often multifocal and
bilateral and present in the forms of hybrid onco-
cytic tumors, with features of both chromophobe
RCC and oncocytoma, chromophobe RCC, oncocy-
tomas, clear cell RCC, and, occasionally, PRCC.
BHD, the gene implicated in the syndrome, encodes
a potential tumor suppressor gene folliculin on
17p11.2. BHD mutations are rarely found in spo-
radic chromophobe RCC or renal oncocytoma.

HISTOLOGIC PROGNOSTIC 
FACTORS FOR RCC

Prognosis of RCC patients is influenced by many
clinical, pathologic, and molecular factors. The
pathologic parameters include histologic subtypes,
tumor size, nuclear grade, sarcomatoid differentia-
tion, tumor necrosis, vascular invasion, and status of
surgical margins. Many of these parameters, includ-
ing the tumor size and extent (whether it has spread
out of the kidney), vascular and adrenal gland
invasion, and lymph node metastasis, have been
incorporated into tumor–node–metastasis (TNM)
staging for RCC published by American Joint Com-
mittee on Cancer.48 Other parameters have also been
shown by many studies to be prognostically relevant
and important, and will be discussed below. 
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10 RENAL CELL CARCINOMA

Histologic Subtypes

Many studies have shown differences in survival
rates among patients with different subtypes of RCC.
Histologic subtypes often correlate with TNM stages
and other pathologic parameters. Clear cell RCC
usually demonstrates worse pathologic features com-
pared with PRCC and chromophobe RCC, including
larger tumor size, higher Fuhrman nuclear grade,
pathologic tumor stage, and likelihood to develop
distant metastasis. By univariate analysis, most stud-
ies found that clear cell RCC fares worse than PRCC
and chromophobe RCC. In a study by Cheville and
colleagues, the 5- and 10-year cancer-specific sur-
vival were 68.9 and 60.3% for clear cell RCC,
90.1 and 81.9% for PRCC, and 88.1 and 83.3%
for chromophobe RCC.2 By multivariate analysis,

Figure 11. Fuhrman grading system is based on the nuclear size, irregularity of the nuclear membrane, and nucleolar prominence. In grade
1 renal cell carcinoma (RCC), nuclei are uniformly small and dense (A). Grade 2 nuclei have smooth open chromatin but inconspicuous nucle-
oli (B). In grade 3 RCC, nuclei have open chromatin and prominent nucleoli that are visible at low magnification (C). Grade 4 nuclei are markedly
pleomorphic, hyperchromatic with single or multiple macronucleoli (D).

however, the histologic subtypes have not been found
to be independent predictors of the clinical out-
comes. Nevertheless, histologic classification of
RCC is still clinically important since different sub-
types may exhibit diverse therapeutic response. For
example, Upton and colleagues found that 20% of
clear cell RCC responded to interleukin 2–based
therapy compared with 6% of nonclear cell RCC.49

Fuhrman Nuclear Grading

Fuhrman grading system, the most widely used
grading system for RCC, is based on the nuclear
size, irregularity of the nuclear membrane, and
nucleolar prominence and is categorized into grades
1 to 4 (Figure 11). Most studies have confirmed that
Fuhrman nuclear grade is an independent prognostic

A B
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toid differentiation (Figure 12B). However, such classi-
fication may not be possible if the sarcomatoid element
entirely overruns the RCC component.

Sarcomatoid differentiation is an adverse
prognostic indicator, as RCC with sarcomatoid
differentiation often presents as a high-stage and
high-grade disease with frequent distant metastasis.
Sarcomatoid differentiation in RCC is associated
with poor clinical outcome independent of TNM
stage, nuclear grade, and tumor size in both univari-
ate and multivariate analyses.56

predictor for clear cell RCC and RCC, not otherwise
specified.50 Grades 1 and 2 may be grouped together
as low grade since the two are not significantly
different in prognosis in multivariate analysis.51

Furthermore, grouping Fuhrman grades into low
grade (grades 1 and 2) and high grade (grades 3 and
4) can improve the interobserver agreement and still
preserve its prognostic significance.52

The prognostic significance of Fuhrman grading
for PRCC and chromophobe RCC, however,
remains controversial. For PRCC, Fuhrman nuclear
grade correlates with clinical outcomes in univariate
analysis; however, there is no significant correlation
in multivariate analysis. One study demonstrated
that only the nucleolar component, but not other
components, of the Fuhrman grading system,
including nuclear size and shape, was significantly
associated with survival in both univariate and mul-
tivariate analyses.53 Only a few studies addressed the
prognostic significance of Fuhrman nuclear grade in
chromophobe RCC using univariate analysis.
A recent study found that Fuhrman grading does not
correlate with survival, therefore is not appropriate
for chromophobe RCC.54

Sarcomatoid Differentiation

Sarcomatoid differentiation is present in 1 to 6.5% of
RCCs and can arise in any subtype of RCC.55 There-
fore, sarcomatoid RCC is not considered a distinct
subtype of RCC by current WHO classification;
rather, it is thought to represent transformation to a
higher grade, more aggressive form of RCC.

RCC with sarcomatoid differentiation is typically
associated with other adverse pathologic features,
including large tumor size, extension into perinephric
fat and vessels, and presence of hemorrhage and necro-
sis. Sarcomatoid component appears as bulging lobu-
lated areas with white to gray, firm and fibrous cut
surface within the RCC (Figure 12A). Histologically,
the sarcomatoid component ranges from malignant
spindle cells to those resembling leiomyosarcoma,
fibrosarcoma, angiosarcoma, rhabdomyosarcoma, and
other sarcomas. The coexisting RCC component,
including clear cell, papillary, chromophobe RCC, and
sometimes, collecting duct RCC, can often be
identified and used to classify the RCC with sarcoma-

Figure 12. Renal cell carcinoma (RCC) with sarcomatoid differenti-
ation.The center of this renal tumor is golden yellow with hemorrhage
and necrosis, characteristic of clear cell RCC. The periphery of the
tumor, however, is replaced with sarcomatoid component that has
myxoid, fleshy cut surface (A). Next to the clear cell RCC component,
malignant spindle cells embedded in dense fibrous tissue constitute
the sarcomatoid differentiation (B), left half of the image.
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Rhabdoid Differentiation

RCC cells can also assume the so-called rhabdoid
morphology with large eccentric nuclei, macro-
nucleoli, and prominent acidophilic globular
cytoplasm (Figure 13). Approximately 5% of RCC
cases exhibit various amounts of rhabdoid compo-
nent. The presence of rhabdoid component is also
associated with high Fuhrman grade and tumor stage,
extrarenal extension, and poor outcomes.57,58

Tumor Necrosis

Tumor necrosis, identified either macroscopically or
microscopically, is an adverse pathologic factor and
is associated with worse clinical outcomes in both
univariate and multivariate analyses. In a Mayo
Clinic study, histologic necrosis is associated with
twice the risk of death from RCC compared to those
without necrosis.2 Several studies also reported that
the presence and extent of histologic necrosis in
RCC were independent predictors of survival in
localized but not metastatic cases.59,60 Therefore,
two outcome prediction models, SSIGN from Mayo
Clinic, and the postoperative outcome nomogram
from MSKCC, incorporate tumor necrosis in their
models.61,62 However, tumor necrosis is not prognos-
tically useful for PRCC since it is commonly
observed in this tumor type.

Invasion of Urinary Collecting System 

Involvement of the collecting system, including
renal calyces, pelvis, and ureter, occurs most
frequently in high-stage and high-grade RCC.
Uzzo and colleagues found that collecting system
invasion did not portend a worse prognosis in
high-stage (T3 or higher) tumor, whereas it was an
adverse pathologic feature in low-stage RCC.63

Several studies found that collecting system inva-
sion provides independent prognostic signifi-
cance, particularly in low-stage (I and II) patients,
associated with greater risk of death and shorter
recurrence-free survival compared with those
without collecting system invasion.64,65 However,
another study did not confirm the independent
prognostic value of the involvement of the collect-
ing system, although such a finding was associ-
ated with worse prognosis in the univariate
analysis.66

Microvascular Invasion

Microvascular invasion, defined as invasion of
small vessel, detected only microscopically, is
present in 13.6 to 44.6% of RCC and is more com-
mon in RCC of higher stage, nuclear grade, and
larger size. The current TNM staging does not take
into consideration the microscopic vascular inva-
sion; rather, it only recognizes the grossly identifi-
able involvement of vessels as T3b or T3c.
However, microscopic vascular invasion is associ-
ated with higher cancer-specific mortality and
higher likelihood of disease recurrence indepen-
dent of other prognostic parameters including
tumor grade and size.67,68

Renal Parenchymal Margin Status

Positive renal parenchymal margin in nephron-
sparing surgery indicates incomplete resection of
RCC and is associated with poor prognosis.
However, the width of the margins does not seem to
correlate with prognosis as long as the surgical
margins are free of tumor.69–71

Figure 13. Renal cell carcinoma with rhabdoid differentiation has
tumor cells with the so-called rhabdoid morphology with large
eccentric nuclei, macronucleoli, and prominent acidophilic globular
cytoplasm.
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In adults, renal cell carcinoma (RCC) accounts for
2% of all new cancer cases worldwide and nearly
80% of all primary malignant kidney tumors.1 In
2008 over 54,390 new cases of kidney cancer were
expected in the United States, and this malignancy
accounts for about 13,010 cancer-related deaths
each year.2 A small portion of kidney cancers arise
in the renal pelvis and are typically transitional
cell carcinomas, whereas more than 85% arise in
the renal parenchyma and these are usually adeno-
carcinomas.3 Less than 10% of  kidney cancers are
composed of rarer types including oncocytomas
and chromophobe carcinoma.4,5 The potential
etiologic factors for RCC are very diverse. This
chapter examines the risk factors for RCC and dis-
cusses the current guidelines for screening for this
neoplasm.

DESCRIPTIVE EPIDEMIOLOGY

From 1994 to 2003, incidence rates of kidney cancer
have continued to increase in both men and women
(Figure 1); in 2003, the age-adjusted incidence rate
in men (16.9 per 100,000 cases) was nearly twice
that in women (8.9 per 100,000 cases).6 From 2000
to 2003, in the United States, the mean age at diag-
nosis for all kidney cancers was 65 years and the
mean age at death was 71 years.7,8 From 1994 to
2003, incidence rates consistently increased with

age until a plateau is reached at about age 75 for
men and 80 for women (Figure 2).6 As incidence
rates of cancer have increased, mortality has overall
reached a plateau of about 4.2 deaths per 100,000
people (Figure 3).7

Fortunately, though the incidence of kidney
cancer has increased, the number of cancers that
present at an advanced stage has decreased. From
1995 to 2002, the number of cancers diagnosed at
a localized stage has increased by 12% compared
with 1975 to 1979 (Figure 4).9 This rise in total
incidence and particularly that of limited stage
disease is in part due to the higher sensitivity and
overall increase in abdominal imaging of
RCC.10,11

2
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Figure 1. Surveillance, Epidemiology, and End Results (SEER) age-
adjusted incidence rates by sex for kidney and renal pelvis cancer
(all ages, all races SEER 13 registries for 1994 to 2003).
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GENERAL POPULATION

Risk Factors and Risk Markers

As with all cancers, causes and risk factors for RCC
are continuously being analyzed. The majority of data
are from case–control studies and a few cohort stud-
ies. The largest study reported includes 1,732 cases
and 2,309 controls from a multicenter, multinational
investigation.12 Because of space constraints, not

Consistent with this relative decrease in
advanced disease, overall 5-year survival rates due
to kidney cancer have increased by 13.7% from
1975 to 2002 (51.7 vs 65.4%).9 By 2002, 10-year
survival for patients with kidney cancer was 83% for
localized disease and a dismal 7% for distant
disease.9 The high discrepancy between survival
rates helps spur the argument for generalized
screening in the hopes of continuing to decrease the
rate of patients diagnosed with distant disease.

Figure 3. Age-adjusted US death rates by year (Surveillance,
Epidemiology, and End Results Cancer Statistics Review 1975
to 2003).

Figure 2. Age-specific (crude) Surveillance, Epidemiology, and
End Results (SEER) incidence rates by sex for kidney and renal
pelvis cancer (all races SEER 13 registries for 1994 to 2003).

Figure 4. Surveillance, Epidemiology, and End Results (SEER) stage distribution by sex for
kidney and renal pelvis cancer (all ages, all races SEER 9 Registries for 1975 to 1979, 1985 to
1989, 1995 to 2002).
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every article published regarding RCC risk is cited,
but certain studies (mainly large-cohort studies) are
used to emphasize the major findings in the literature.

Cigarette Smoking

Cigarette use has been consistently described as a
risk for RCC.13 The use of cigarettes can account
for 20 to 30% of RCC in men and 10 to 20% in
women.12,13 In 2005, a meta-analysis showed a
relative risk for RCC of 1.54 and 1.22 and a dose-
dependent risk in heavy smokers (> 21 cigarettes
daily) of 2.03 and 1.58 in male and female smokers,
respectively.14 Cohort studies of US veterans
support an increased risk of RCC due to smoking
and also a clear dose–response relationship.15,16

Further support is shown by a significant decrease
(between 15 and 30%) in RCC risk after quitting
smoking for greater than 15 to 20 years.14

Obesity

Multiple studies have linked obesity to an increased
risk of RCC in both men and women.17–22 Two of
these studies showed a similar relative risk increase
of 1.07/U of rising body mass index.20,22 The
increase in incidence of obesity in Western culture
could account for part of the increased incidence of
RCC, and it has been estimated that more than 40%
of RCC in the United States and more than 30% of
RCC in Europe could be attributed to obesity.20,23

Multiple mechanisms (lipid peroxidation leading to
deoxyribonucleic acid adducts, increased estrogens,
increased insulin-like growth factor I, and increased
arterionephrosclerosis) have been proposed to
potentially link obesity and RCC.23–26

Hypertension and Antihypertensive
Medications

Many epidemiologic studies have examined the
possible link between hypertension and RCC and
have found excess risks ranging from 20% to almost
200%.27 Unfortunately, it is very difficult to disentangle
coincident risks from hypertension alone, the use of
antihypertensive medications, and the presence of
other related comorbid states. Further complicating

the analysis, early-stage RCCs can induce increased
blood pressures.28 The majority of epidemiologic
evidence suggests that it is hypertension and not
antihypertensive drugs that influence RCC, but a
recent comprehensive review of the literature by
Dhote and collegues suggest that there is not enough
evidence in the literature to support hypertension as
a risk factor—only a risk marker.27,29 The mechanisms
of lipid peroxidation (similar to obesity), increased
angiogenic factors, increased growth factors, and
subtle damage to the microtubules have all been
implicated as increasing RCC risk in patients with
hypertension.24,30–33 Regarding antihypertensive
medication, studies are inconsistent about this possible
link with RCC. Animal models have shown a link
between both loop and thiazide diuretics and kidney
tumors in rats.13 Two cohort studies that observed
patients who were admitted and treated with
diuretics showed a possible link with RCC, but more
recent studies that have carefully controlled for
hypertension seem to refute the earlier findings.34–37

Except diuretics, no other antihypertensive medica-
tions have been strongly associated with RCC.38

Occupation

Though some links between RCC and occupation
have been reported in the literature, RCC is not
generally considered an occupationally associated
tumor.13 Exposure to asbestos, polycyclic aromatic
hydrocarbons, solvents, gasoline/petroleum products,
metals (eg, cadmium), vinyl chloride, and pesticides
have all been associated with RCC, but none have
shown consistent risk in epidemiologic studies,
possibly due to small sample sizes, recall bias, and
short duration of follow-up.27 Interestingly, gasoline
has now been shown not to be a risk factor for RCC,
and that the animal models that had shown this link
developed RCC due to a unique sex- and species-
related compound (α2-microglobulin) irrelevant to
humans.39 The only chemical that might show a pos-
sible link with RCC is trichloroethylene (TCE)
based on three large studies conducted in Germany.40

Subsequent analysis of the original three studies and
newer inquiries have weakened the link between
TCE and RCC.41–43 One study did show a possible
mutation in the von Hippel-Lindau (VHL) gene only
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in patients exposed to TCE; thus, biologic plausibility
makes this chemical a possible risk factor.44

Reproductive and Hormonal Factors

There are reports in the literature of the possible link
between hormonal status and RCC. One large study
from Sweden showed that increased number of
births increased the risk of RCC by about 15%.45

Congruently, prolonged use of oral contraceptives
(greater than 10 years) in nonsmoking women
showed a moderate decrease in risk of RCC (odds
ratio [OR] = 0.4, 95% confidence interval [CI] =
0.1–1.0).46 After hysterectomy or oophorectomy,
population studies also showed an increase in RCC
(OR = 2.3, 1.7, 1.8).47–49 However, other population
studies conflict with these observations.50,51 Potential
mechanisms have been studied preclinically and
include the growth of renal adenomas and carcinomas
in rats exposed to estrogen and the discovery of sex
hormone receptors on renal tumors.52,53

Diet

As with many other cancers, diet is considered to be
important in RCC, but very little epidemiologic
evidence supports a firm link between any specific
food and RCC. Many studies have shown some
possible links to either greater or lesser risks of
RCC, specifically in women.54 Fruit and vegetable
consumption and alcohol intake seem to provide a
protective effect in large cohorts of women.55–57 In
particular, a large case–control study based on the
Iowa cancer registry noted a decreased risk of RCC
(OR = 0.5, 95% CI = 0.2–0.9) associated with three
servings of alcohol per week in women compared
with no association in men.58 Other studies had
linked increased protein consumption with RCC, but
a recent study failed to show this as a risk factor.59

Overall, evidence is lacking to support diet as a risk
factor for RCC.28

Other Risk Factors

In addition to the risk factors mentioned above, several
other potential risk factors for RCC have been studied.
First, patients with preexisting renal conditions like

kidney or ureteral stones have shown little or no
increase in RCC.27,29 Second, the link between kidney
malignancies and analgesics has not been clearly
shown in the literature except for phenacetin, which
has not been on the US market since 1983.27 In addition
to phenacetin, another discontinued carcinogen is thora-
trast, an α-particle–emitting radiologic contrast
medium. A 40-year Swedish follow-up study showed
that thoratrast increased the risk of RCC by 3.4 times
(95% CI = 1.4–7.0), but this risk was only statistically
significant in men.60 Finally, patients with a first-
degree relative may have a higher incidence of RCC
due to an unknown genetic polymorphism.61,62

Screening

The rationale for screening is the early identification
of a disease, allowing for more effective treatment.
The disease needs to be found prior to the critical
point when therapy becomes either less effective or
harder to apply.63 In addition, the disease must cause
substantial burden of suffering, and a good screening
test must be available that is inexpensive, safe,
highly sensitive and specific, and accepted by
patients and clinicians.64 Although the burden of
suffering from RCC is sufficient for screening, the
testing of asymptomatic individuals for RCC does
not yet meet other criteria.

In screening, it is important to remember that RCC
is generally only curable when diagnosed as localized
and amenable to surgical resection. Multiple studies
have shown that there is a survival advantage when it
is found early or incidentally. Thompson and Peek
showed that 87% of incidentally found tumors were
localized versus only 42% of symptomatic tumors,
and that 5-year survival was improved with early
detection.65 Another recent study confirmed that inci-
dental detection was also associated with improved
survival.66 Finally, in Iceland, incidental detection of
RCC showed a 76% 5-year survival versus 44% in
patients with symptomatic tumors.67

Though early detection can be beneficial, the
major problem with screening the general population
is the overall low incidence of RCC. As described
previously, RCC accounts for 2% of cancer cases
worldwide. A screening test would need to be 100%
sensitive and 100% specific to avoid a high number of
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unnecessary, potentially harmful, and expensive
tests.68 If the test’s specificity is even one or two points
off 100% in a low-incidence disease, the number of
false positives would outnumber true positives by a
factor of 10 or more. Because some patients could
have benign renal adenomas that can be initially diffi-
cult to differentiate from RCC, screening may not be
beneficial or cost effective. This is especially true due
to the anatomic location of the kidney, making it more
difficult to perform biopsy without possible excess
morbidity or mortality. Currently, there are no guide-
lines or medical society endorsements for screening
asymptomatic patients for RCC in any country. In the
United States, screening asymptomatic patients for
bladder cancer or RCC with a urinalysis for microhe-
maturia is also discouraged.69

Some authors have argued than on a comparative
basis, screening for RCC should still be considered.
Turney and colleagues report that the annual death
rate in the UK for RCC (0.6%) is similar to those for
breast cancer (2.2%) and abdominal aortic
aneurysm rupture (0.9%); the latter two disease
states have national screening programs in the UK.70

They postulate that cost-effectiveness could possibly
be reached by combining ultrasound screening for
RCC with that of abdominal aortic aneurysm. Two
other studies also advocate ultrasound screening but
found only 192 RCCs in 219,640 patients (0.09%)
and 15 RCCs in 6678 patients (0.22%).71,72 These
numbers are consistent with other studies that
have looked at confirmed RCC when using ultra-
sonography (Table 1). Even though ultrasonography
is relatively inexpensive, the cost of diagnostic pro-
cedures to find this small number of tumors would
be astronomical.73–75

Computed tomography (CT) has also been stud-
ied in the screening of RCC. Fenton and Weiss
reviewed the literature on screening CT.76 The use of
screening CT has increased in the United States, and
this study found that the pooled prevalence was
0.21%, similar to the numbers found in ultrasound
studies. As CT is considerably more expensive than
ultrasonography, this modality has an even lower
chance of gaining acceptance for general screening.
Of note, the study did conclude that the asympto-
matic RCCs found by CT are likely to progress to
being symptomatic or clinically relevant, refuting
some beliefs that the natural history of RCC found
incidentally is different from that of clinically
diagnosed cancer.75

Given the low incidence of RCC in the general
population and the preponderance of data against
generalized screening, most authors have recom-
mended focusing our efforts at early detection on
well-described target populations, such as patients
with end-stage renal failure and possible familial
etiologies.

END-STAGE RENAL DISEASE AND
ACQUIRED RENAL CYSTIC DISEASE

PATIENTS

Epidemiology

Over 260,000 individuals have end-stage renal
disease in the United States.77 Studies have shown
that the incidence of acquired renal cystic disease is
about 7% in patients with chronic renal failure and
22% in patients on maintenance dialysis.78 Greater
than 50 to 80% of patients may be affected after 10
or more years of dialysis.79,80 Studies have shown
a five-fold increase in RCC in patients with
acquired renal cystic disease, with the overall inci-
dence increasing linearly with time on maintenance
dialysis.81,82 As in other patients with RCC, dialysis
patients who have their cancer found by screening
have their risk of death reduced by 35%.83

Diagnosis of acquired cystic kidney disease can be
made by multiple imaging modalities including ultra-
sonography, CT, or magnetic resonance imaging.84

Interestingly, some studies suggest that RCC and
acquired renal cystic disease might be two separate

Table 1. PUBLISHED STUDIES OF CONFIRMED POSITIVE 
ULTRASOUND SCREENING TESTS FOR RENAL 

CELL CARCINOMA

Study No. of Patients % Confirmed RCC

Mihara et al.71 219,640 0.09

Malaeb et al.72 6,678 0.22

Fields et al.73 500 0.2

Tsuboi et al.74 60,604 0.02

Spouge et al.75 7,925 0.3

72Adapted from Malaeb et al.
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entities because some patients develop RCC while
on maintenance dialysis without any evidence of
cystic changes.85–87

Screening

Guidelines for screening patients on maintenance
dialysis are controversial. Yearly screening has been
suggested for patients who have been on maintenance
dialysis for more than 3 years.79,87–89 Because the
incidence is still relatively low, some authors
recommend only evaluating patients when they are
symptomatic (flank pain or hematuria) or screening
young patients who have acquired cystic kidney
disease or who may be on maintenance dialysis for a
long duration.84,90 Assuming an incidence of RCC of
0.9 percent per year, Sarasin and collegues calculated
a 1.6-year gain in life expectancy with screening,
specifically in young dialysis patients with a presumed
long life span and few comorbidities.91 These data
likely show that screening may be of little benefit in
older patients with frequent comorbidities, a population
similar to the majority of US dialysis patients. CT is
the imaging modality of choice at most centers for the
diagnosis of RCC in kidneys of patients with acquired
cystic kidney disease.92

RENAL TRANSPLANT PATIENTS

Epidemiology/Screening

RCC in transplant patients is a key consideration when
both transplanted and native kidneys are entered into
the mix. The incidence of transmitted RCC with a
transplanted kidney is low, and more commonly, RCC
arises from native kidneys.93,94 The US Renal Data
System reports a 3-year cumulative incidence of RCC,
in both native and transplanted kidneys, of 2.2%.95

Data suggest that the inherent immunosuppression in
transplant patients does not seem to affect risk of
RCC; instead, an inherent defect in the native kidney
associated with end-stage renal disease increases risk
of RCC.96 Screening of native kidneys annually or
biannually has been advocated by several authors, but
the benefits of screening this population has not been
demonstrated.97,98

VHL PATIENTS

Epidemiology/Screening

VHL disease is an autosomal-dominant disease
that affects multiple organ systems. In all, 25 to
40% of VHL patients develop RCC, and incidence
increases to over 60% if cystic lesions are present
in the kidney.99,100 Before the advent of CT, 13 to
42% of VHL patients died from metastatic
RCC.101 Renal involvement is typically multifocal
and bilateral, and tumors have clear-cell histology.102

Patients at risk of VHL should be offered genetic
counseling. VHL testing accuracy is as high as
100% in experienced laboratories.103 CT of the
abdomen and pelvis for both RCC and other
anomalies often commences at age 18 and is then
performed annually.104 Other authors recommend
starting in the same age range, with CT or ultra-
sonography performed biannually.105 Clearly, the
incidence of RCC and other abnormalities is high
enough to warrant frequent screening, and these
patients should also be carefully observed for the
other manifestations of this disease.

OTHER HIGH-RISK STATES

Epidemiology/Screening

In addition to VHL, other hereditary forms of
RCC are known. Hereditary papillary RCC
(HPRCC) is a familial syndrome consisting of acti-
vating mutations of the MET protooncogene and is
reported in several families.106–109 Because of the
small numbers, incidence and screening recom-
mendations are not available, but the disorder
appears to have a considerable malignant poten-
tial, with the earliest age of presentation of RCC
of 18, making frequent and early screening essen-
tial.106 In addition to HPRCC, patients with tuber-
ous sclerosis appear to have an increased risk of
RCC.110,111 Because of the rarity of RCC and of
tuberous sclerosis, it is difficult to show a strong
association between the two and therefore contro-
versy still exists in the literature.68 When patients
with tuberous sclerosis develop RCC, they have an
early age of onset and usually have multifocal
disease, suggesting an inherited predisposition.112
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Despite these associations, a recent meta-analysis
failed to demonstrate a clear association between
tuberous sclerosis and RCC.113 Most authors con-
tinue to recommend frequent screening with ultra-
sonography or CT for early detection of RCC and
to screen for another common renal occurrence:
angiomyolipoma.114–118

SUMMARY

Since 1994, the incidence of kidney cancer contin-
ues to rise, in part due to increased frequency and
accuracy of abdominal imaging. Cigarette smoking,
obesity, and hypertension have been linked to an
increased risk of developing RCC. Other risk factors
have either a weak or little association with an
increased incidence of kidney cancer.

In the general population, no current guidelines
recommend screening the asymptomatic patient for
RCC. The subpopulations of dialysis patients, trans-
plant patients, and those patients with familial forms
of RCC do have recommendations for asymptomatic
screening due to their increased risk of developing
RCC, although even in these subgroups, screening
should be performed selectively, taking into account
patient age and comorbidities.
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OVERVIEW OF INHERITED RENAL
CANCERS

Inherited renal cancer syndromes are estimated to
account for less than 3% of all renal cancers. The
identification and elucidation of these syndromes
have important implications not only for the man-
agement of the families with hereditary renal can-
cer but for our understanding of the biologic basis

of sporadic renal cancer. Familial renal cancer
syndromes are divided into two major groups
(Tables 1 and 2). We focus on genetic syndromes
in which adult-onset renal cancer is one of the
major manifestations of disease. These syndromes
include von Hippel-Lindau disease (vHL), autoso-
mal dominant inherited susceptibility to clear cell
renal cancer, hereditary papillary renal cell carci-
noma (HPRCC), hereditary leiomyomatosis and

3

Diagnosis and Management of 
Inherited Renal Cancer
KATHERINE L. NATHANSON, MD
ANDREW J. STEPHENSON, MD

Table 1. AUTOSOMAL DOMINANT CANCER-SUSCEPTIBILITY SYNDROMES ASSOCIATED WITH

A SIGNIFICANTLY INCREASED RISK OF RENAL CANCER

Syndrome Gene Chromosome Type of Renal Cancer Additional Features

von Hippel- VHL 3p25–36 Clear cell Central nervous-hemangio-
Lindau disease blastoma (brain, spine, retina);

adrenal-pheochromocytoma;
ear-endolymphatic sac tumors;
pancreas-cysts, neuroendocrine 
tumors

Familial clear cell renal ? Translocation Clear cell —
cancer with chromosome through 
3 translocation chromosome 3

Familial clear cell ? ? Clear cell —
renal cancer

Hereditary papillary MET 7q31 Type 1 papillary —
renal cell carcinoma

Hereditary leiomyo- FH 1q42 Type 2 papillary (large Skin-cutaneous leiomyomas;
matosis and renal cell nucleoli surrounded by a uterus-leiomyomas, leiomyosar-
carcinoma clear halo within the nuclei); coma

collecting duct cancer;
occasional clear cell

Birt-Hogg-Dube FLCN 17p11.2 Hybrid oncocytic tumors Skin-fibrofolliculomas;
syndrome (oncocytoma/chromophobe); lung-cysts, pneumothorax

occasional clear cell
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renal cell carcinoma (HLRCC), and Birt-Hogg-
Dube syndrome (BHD). Each of these inherited
diseases is associated with a specific type of renal
cancer—clear cell renal cell carcinoma (ccRCC),
type 1 papillary cancer, type 2 papillary cancer,
and hybrid chromophobe/oncocytoma cancer,
respectively. The identification of each of the
underlying genes for the inherited forms of renal
cancer has significantly increased our understand-
ing of the biology of their sporadic counterparts.
Furthermore, our understanding of the disrupted
pathways has lead to the development and use of
targeted therapeutics in renal cancer.

Each of the hereditary kidney cancer syndromes
is associated with varying risks of renal cell carci-
noma of specific histologic subtypes and varying
extrarenal manifestations. As such, successful man-
agement of the patients with the hereditary renal

cancer syndromes requires a multidisciplinary team
approach that is specific to each syndrome. The
management of renal cortical tumors that arise in the
setting of hereditary renal cancer syndromes differs
substantially from that of sporadic renal tumors
because of their earlier age of onset and their ten-
dency for multifocality, bilaterality, and local recur-
rence in retained kidneys. For patients with vHL and
HPRCC, thousands of tumors at different stages of
evolution may be observed upon histopathologic
evaluation of nephrectomy specimens.1,2 Given the
potential for the development of multiple bilateral
tumors over an individual’s lifetime, the primary
goal in the management of patients with hereditary
renal cancer syndromes is preventing the develop-
ment of distant metastases while preserving renal
function and minimizing the number of interven-
tions for the treatment of these lesions.

Table 2. GENETIC SYNDROMES IN WHICH RENAL CANCER HAS BEEN REPORTED AS AN OCCASIONAL FEATURE

Syndrome Gene Chromosome Type of Renal Cancer Major Disease Features

Papillary thyroid ? 1p21 Papillary —
cancer–papillary 
renal cancer

Cowden syndrome PTEN 10q23 Clear cell Breast, fibrocystic disease,
breast cancer; thyroid, multinodular
goiter, papillary thyroid cancer;
uterus, leiomyomas, endometrial
cancer; mucocutaneous,
trichilemmomas, papillomatous
papules, acral keratosis;
central nervous system, 
macrocephaly, Lhermitte-Duclos

Hereditary paraga- SDHB 1p36.1–p35 Clear cell Paraganglioma; extraadrenal 
nglioma/pheochro- pheochromocytoma; adrenal 
mocytoma syndrome pheochromocytoma

Tuberous sclerosis TSC1 9q34 Angiomyolipoma clear cell Central nervous system, cortical 
complex tubers, subependymal nodules, 

TSC2 16p13.3 subependymal astrocytoma;
renal, cysts, angiomyolipomas;
cardiac, rhabdomyomas;
mucocutaneous, angiofibromas,
ungal fibromas, hypomelanotic
macules, dental pits;
lung, lymphangiomyomatosis

Hyperparathyroidism– CDC73 1q25 — Parathyroid adenomas;
jaw tumor syndrome ossifying fibromas of the 

jaw; uterine tumors
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AUTOSOMAL DOMINANT CANCER-
SUSCEPTIBILITY SYNDROMES

ASSOCIATED WITH A SIGNIFICANTLY
INCREASED RISK OF RENAL CANCER

von Hippel-Lindau Disease

Genetics of vHL

vHL is an autosomal dominant cancer-susceptibility
syndrome in which patients develop hemangioblas-
tomas of the brain, spine, and retina; ccRCC;
pancreatic cysts; pancreatic neuroendocrine
tumors; endolymphatic sac tumors (ELSTs); and
pheochromocytomas. von Hippel first recognized
its familial nature3; Lindau recognized that the
retinal lesions were part of a larger heritable syn-
drome that affected the central nervous system.4 In
the modern scientific literature, Melmon and
Rosen were the first to describe a vHL family in
1964.5 vHL was the first of the hereditary renal
cancer syndromes delineated and was well
described prior to gene identification in 1993.6–9

vHL is prevalent in all ethnic groups and is esti-
mated to occur in 1 in 35,000 people.10 The pene-
trance of vHL is estimated at over 90% by age 65.
Prior to modern screening techniques, the median
age of death was less than 50 years.11 The mean age
of diagnosis is 24.7 years (median 22 years), with
patients presenting with clinical symptoms as early
as age 5.12

After the etiologic gene VHL on chromosome
3p25–26 was identified, a strong genotype–
phenotype correlation with mutational type predic-
tive of disease was observed (Table 3). Patients with
type 1 mutations (in general, truncating mutations)
have a decreased penetrance of pheochromocytoma
compared with those with type 2 mutations (in gen-
eral, missense mutations).12–17 Families with type
2 mutations have either a high (type 2A) or low (type
2B) risk of ccRCC; type 2C families only develop
pheochromocytoma.

Genetic testing for mutations in VHL, which
includes screening for point mutations and large
deletions, detects nearly 100% of individuals with
vHL.18 There have been several case reports on
mosaicism for a VHL mutation identified in parents
whose children were diagnosed with vHL.19,20 The
VHL gene is a classic tumor suppressor, and loss of
the wild-type allele is found in hemangioblastomas,
pancreatic neuroendocrine tumors, renal cysts, and
ccRCC in patients with vHL.21–24 Somatic point
mutations within and hypermethylation of VHL
have been identified in 40 to 70% and 5 to 20%
of clear cell renal cancers, respectively.25–29 The
most comprehensive study of sporadic ccRCC
found somatic biallelic inactivation of VHL in
74%.30 However, somatic mutations found in
VHL differ from those found in vHL, with mis-
sense mutations distributed throughout the gene
rather than clustered in the α-domain.12,30 Thus, the

Table 3. RISK OF MAJOR MANIFESTATIONS OF VHL BY MUTATION STATUS

Risk of Tumor Types Observed in vHL Families

vHL Disease Type HB RCC PHEO Germline VHL Mutation Types

1 High High Low Full gene deletions, partial 
gene deletions, nonsense
mutations, and splice
acceptor mutations

2A High Low High Missense mutations
(Tyr98His, Tyr112His)

2B High High High Partial gene deletions, non
sense mutations, and mis
sense mutations

2C No No High Missense mutations
(Ser80Leu, Val84Leu,
Leu188Val)

HB = hemangioblastoma; PHEO = pheochromocytoma; RCC = renal cell cancer; vHL = von Hippel-Lindau disease.

Chapter-03.qxd  10/10/08  5:27 PM  Page 27



28 RENAL CELL CARCINOMA

majority of sporadic ccRCC have inactivated VHL
and thus loss of pVHL function.

The protein from the VHL gene (pVHL) con-
tains two functional domains, the α- and β-domains,
which are involved in binding to elongin C and
pVHL substrates, respectively.31–34 pVHL partici-
pates in a complex containing elongin C, elongin B,
CUL2, and Rbx1, the main function of which is to
ubiquinate the alpha regulatory subunits of the
hypoxia-inducible factor (HIF) family and target
them for degradation.35 HIF functions as a transcrip-
tion factor that regulates adaptation to tissue
hypoxia.36–39 pVHL also regulates additional genes,
independent of HIF; however, the role of those tar-
gets is not as well understood.40–43

Renal Cancer in vHL

Thirty-five percent of patients with vHL are diag-
nosed with ccRCC, with a mean age at diagnosis of
39.7 ± 10.7 years.12 With the advent of genetic test-
ing, the frequency of renal cancer diagnosis has
increased and average age of diagnosis has
decreased compared with older series.11 Renal
cysts are observed in over 60% of patients. The
wild-type allele of VHL is lost consistently in renal
cysts, suggesting that the loss is an important initi-
ating event in tumorigenesis.24 Frameshift and non-
sense mutations confer a high penetrance of
ccRCC, with risk of 70% at age 50.12 Full and par-
tial gene deletions confer a lower risk, with risk of
ccRCC of 40% at age 50. As discussed above, type
2A missense mutations confer a high risk of
ccRCC, whereas other missense mutations, types
2B and 2C, do not appear to be associated with
renal cancer.37 Type 2B mutations impair binding
of elongin C to pVHL, and type 2A mutations are
within the HIF-binding site (β-domain).44 Type 2A
mutations have been associated with the retention
of HIF2α activity and increased growth compared
with type 2B mutations.45,46 These results implicate
a biologic difference accounting for the variability
risk of renal cancer associated with different types
of mutations.

ccRCC is the only type of renal cancer found in
patients with vHL. Given the multifocality and
bilaterality of renal cell carcinomas in vHL (Figure 1)

and the propensity for the interval development of
metachronous tumors, nephron-sparing approaches
(partial nephrectomy, thermal ablative therapies, or
observation) should be used in the management of
these lesions whenever possible. Prior to the institu-
tion of familial screening, abdominal computed
tomography (CT), and an aggressive surgical
approach to ccRCC, tumors were often diagnosed at
an advanced stage, necessitating radical nephrectomy.
As such, renal manifestations were a major cause of
morbidity and mortality; 13 to 42% of patients died
from ccRCC and 25 to 33% developed end-stage
renal disease.47–49

Novick and Streem reported the results of partial
nephrectomy in nine patients with vHL between
1981 and 1986.47 Despite successful partial nephrec-
tomy in all patients, distant metastases developed in
two patients, six patients developed local recur-
rences (three of whom required renal-replacement
therapy after treatment), and one patient was contin-
uously disease free over a median follow-up of
7 years. The authors concluded that bilateral
nephrectomy and renal transplantation may be a
more acceptable alternative to nephron-sparing
approaches, conferring the highest probability of
cure. Steinbach and colleagues reported a 33%
cancer-specific mortality rate at 10 years among
65 patients diagnosed with vHL prior to 1993.49

Over a short-term follow-up (median 68 months),
only 44 patients (32%) retained both kidneys, and 15

Figure 1. Axial enhanced CT scan in a 33-year-old man shows
both renal cysts and cystic renal cell carcinoma in the right kidney.
A left nephrectomy had been performed previously for ccRCC.
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(23%) developed end-stage renal disease requiring
transplantation or dialysis.

Goldfarb and colleagues reported the outcome
of bilateral nephrectomy and renal transplantation in
32 patients with vHL between 1974 and 1996 in a
multicenter study.50 There was no difference in over-
all survival, graft survival, or renal function between
the patients with vHL and a matched cohort of
32 patients without vHL undergoing renal transplan-
tation. The 5-year survival of the patients with vHL
was 65%, and three patients (9%) died of metastatic
ccRCC despite bilateral nephrectomy and renal
transplantation.

In contemporary series, 85 to 90% of patients
with vHL are diagnosed with renal masses less
than 6 cm, and only in 11% of patients progression
to distant metastases.51 Given the low reported rate
of metastasis among patients with sporadic renal
cortical neoplasms less than 3 cm, investigators
have adopted a policy of initial observation for
ccRCCs less than 3 cm and immediate intervention
for lesions greater than 3 cm in patients with
vHL.51 Over a follow-up of 5 years, Walther and
colleagues reported no evidence of metastatic
disease progression and no requirement for renal
transplantation or dialysis in 52 patients with
ccRCCs less than 3 cm at diagnosis.51 In contrast,
distant metastases developed in 11 of 44 patients
(25%) with lesions greater than 3 cm, including 3
of 27 patients (11%) with lesions between 3 and
6 cm. In a recent update of this series, Duffey and
colleagues confirmed the safety of this approach.52

Over a median follow-up of 41 months, all 108
patients with lesions less than 3 cm remained free
of distant metastases and avoided renal transplan-
tation and dialysis: 37 (34%) remained on obser-
vation without intervention and 104 (96%)
retained both kidneys. For the 71 patients (66%)
who required intervention for interval growth of
lesions greater than 3 cm, an average of 1.7 proce-
dures per patient were performed, and 97% of
these were nephron-sparing procedures (partial
nephrectomy or percutaneous ablative procedures).
In contrast, for the 63 patients with lesions greater
than 3 cm who underwent treatment for renal
tumors, a nephron-sparing approach was success-
fully used in only 68% of instances, and only

34 patients (54%) retained both kidneys at their
last follow-up.

Other Manifestations of vHL

In addition to renal cancer, the most prevalent man-
ifestations of vHL include hemangioblastomas of
the retina and central nervous system and
pheochromocytomas. Retinal hemangioblastomas
have been reported in 37 to 73% of patients.12,54

The prevalence of cerebellar and spinal heman-
gioblastomas is reported at 57 and 25%, respec-
tively, with mean ages of diagnosis of 29.9 and
33.3 years.12,54 Cerebellar hemangioblastomas are
more common than spinal hemangioblastomas. The
growth pattern of hemangioblastomas is variable
and unpredictable; cysts associated with heman-
gioblastomas cause more acute issues as they
enlarge more quickly.54

Twenty percent of patients with vHL develop
pheochromocytomas, with the mean age of diagno-
sis of 20 years. Although the risk of pheochromocy-
toma is highest in patients with missense mutations
in surface amino acids (p =.004), pheochromocy-
tomas do develop in patients with other mutations,
with lower penetrance.12 The mean age of diagnosis
is highest in vHL patients with loss of function
mutations in VHL, 27.8 (± 9.7 years), compared
with those with surface missense mutations, 21.7 
(± 10.5 years). Individuals as young as 5 years with
vHL have been diagnosed with pheochromocy-
toma.55 Patients with vHL can develop extraadrenal
pheochromocytomas but do not develop paragan-
gliomas of the head and neck.

Other less common manifestations of vHL
include ELSTs (11 to 16% of patients), pancreatic
cysts (35 to 70% of patients), pancreatic neuroen-
docrine tumors, and epididymal or broad ligament
cystadenoma.56,57 Pancreatic cysts are extremely
common and generally do not need to be treated.
Pancreatic neuroendocrine tumors are generally
nonsecreting but can cause problems due to obstruc-
tion of the biliary tree. ELSTs can cause sen-
sorineural hearing loss and vestibulopathy;
unfortunately, these can arise from very small
ELSTs, and as such, they need immediate treatment
when identified.57

Chapter-03.qxd  10/10/08  5:27 PM  Page 29



30 RENAL CELL CARCINOMA

Medical and Surgical Management of vHL

Standard screening recommendations for patients
with vHL include (1) annual retinal examination for
angiomas starting in infancy, (2) annual biochemical
screening for elevated catecholamines and
metanephrines starting at age 2, (3) baseline mag-
netic resonance imaging (MRI) of the craniospinal
axis and annual screening starting at age 11, and
(4) CT or baseline MRI of the abdomen, annual
ultrasound screening of the abdomen from age 8
to 18, and annual CT or MRI screening starting at
age 18.56 Additional screening recommendations
can include increased retinal screening to every
6 months from ages 15 to 30 and routine imaging for
ELSTs rather than targeted screening based on
symptoms of hearing loss and tinnitus.57,58 Despite
the known genotype–phenotype correlations,
patients with classic vHL are offered the same stan-
dard screening regimen because although the pene-
trance of different manifestations may vary, they are
still at risk. Patients with type 2C vHL (pheochro-
mocytoma only) continue to have the same screen-
ing as other patients with vHL but biannually or
even every 3 years rather than annually. Patients
with bilateral nephrectomies continue to have
abdominal imaging for pancreatic cysts, neuroen-
docrine tumors, and pheochromocytomas.

The mainstay of current therapy for vHL is surgi-
cal management of tumors. The technique of partial
nephrectomy differs in vHL-related tumors compared
with sporadic tumors because of the high probability
of recurrent tumors within retained renal units. Given
the frequent need for treatment of local recurrences
within retained renal units, hilar dissection is mini-
mized and tumors are removed without clamping of
the renal vessels wherever possible.59 Gerota’s fascia
is preserved and reapproximated at the end of the pro-
cedure to facilitate future exploration. vHL tumors
are often surrounded by a pseudocapsule, and a tech-
nique by which tumors are enucleated without wedge
resection by dissecting within this pseudocapsule has
been described.60 Resection of large cysts is
attempted, small cysts are unroofed, and the cyst
wall is ablated with the argon-beam coagulator. Intra-
operative ultrasonography is used as up to 25% of
small renal masses may be missed on preoperative

imaging.61 No attempt is made to resect deep intra-
parenchymal cysts. Management of other intraab-
dominal manifestations of vHL also can be
performed safely at the same setting.62

Given that approximately 60% of lesions are less
than 3 cm at diagnosis in contemporary vHL series,
minimally invasive ablative procedures have been
explored as alternatives to observation for these
small lesions, but experience with these modalities
in patients with vHL is limited at this time.63,64

Shingleton and Sewell reported the results of percu-
taneous cryoablation in four patients with vHL with
tumors of 2.8 to 5.0 cm.63 They reported a reduction
in tumor size and no enhancement between 2 to 23
months after treatment although two patients
required re-treatment. Hwang and colleagues
reported the results of percutaneous or laparoscopic
radiofrequency ablation (RFA) for 24 tumors in
17 patients with hereditary renal tumors.62 After
1 year of follow-up, all lesions decreased in size, and
only one tumor exhibited enhancement on follow-up
CT evaluation. Concerns regarding incomplete
tumor destruction using RFA have been reported
when treated lesions have been subject to immediate
surgical resection.65,66 In a series of 264 patients
with small sporadic renal masses treated with percu-
taneous RFA (n = 88) or laparoscopic cryoablation 
(n = 176), the proportion of patients without evi-
dence of central enhancement on 6-month CT eval-
uation was 86 and 89%, respectively.67 However,
there was evidence of viable malignancy on routine
6-month biopsy in 35% of RFA-treated lesions
(including 25% of lesions without central enhance-
ment) compared with 7% of lesions treated by
laparoscopic cryoablation. All lesions without
enhancement were biopsy negative. Salvage surgery
for ablation-resistant lesions is frequently compli-
cated by extensive perinephric scarring (particularly
after cryoablation), and radical nephrectomy is often
necessary.68 On the basis of these results, ablative
procedures for patients with vHL must be consid-
ered investigational at this time.

Pheochromocytomas in patients with vHL tend
to be recurrent, bilateral, and benign.69 Because of
the morbidity associated with bilateral adrenalec-
tomy and steroid-replacement therapy, an approach
of observation for lesions less than 3.5 cm that are
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nonfunctional and asymptomatic has been adopted
for patients with vHL. Intervention (either open or
laparoscopic partial adrenalectomy) is reserved for
lesions greater than 3.5 cm or if there is evidence of
catecholamine hypersecretion.69

Novel chemotherapeutics, such as Sunitinib
(reviewed in other chapters), have been developed
that target many of the pathways perturbed in both
sporadic renal cancer and vHL. These drugs
currently are approved for metastatic sporadic
ccRCC and are in clinical trials for use in vHL and,
as such, may substantially change the way in which
patients with vHL are treated in the near future.

Autosomal Dominant Familial Clear Cell
Renal Cancer

Familial Clear Cell Renal Cancer

There have been two reports on familial clear cell
renal cancer, defined as ≥ two first-degree relatives
with ccRCC.70,71 Unlike classic hereditary renal can-
cer syndromes, the families had solitary lesions
diagnosed at variable ages. Chromosome 3 translo-
cations and mutations in VHL, MET, and CUL2
were excluded as causative. No gene has been iden-
tified that accounts for familial non-VHL ccRCC as
of yet. As these families were described prior to
identification of the causative genes for HLRCC
and BHD, it is possible that they had one of these
syndromes.

Familial Clear Cell Renal Cancer with
Chromosome 3 Translocation

Nine chromosome 3 translocations associated with
multifocal renal cancer have been reported.72–82

A preponderance of patients have bilateral ccRCC.
The age of diagnosis varies but is later than in clas-
sic hereditary renal cancer syndromes, with the aver-
age age of diagnosis ranging from the early forties
to late sixties.73–75,77,79,82,83 Although the earliest
reported age of diagnosis is 25, penetrance appears
to be incomplete, and not all translocation carriers
develop renal cancer.84 The translocation breakpoints
are at different points along both chromosomes;
several have been cloned, and no consistent genetic

change has been identified.78,80,82,85–88 Based on these
results, it has been hypothesized that there is
increased loss, through nondisjunction, of the deriv-
ative chromosome 3 during mitosis.72,77 With loss of
one allele, only one additional event, likely a muta-
tion in or loss of VHL, needs to occur to predispose
to the development of clear cell renal cancer.

Patients with multifocal, site-specific ccRCC,
particularly if they have a positive family history,
should be screened with a karyotype if they do not
carry a mutation in VHL. There are no standard
screening recommendations for carriers of a chro-
mosome 3 translocation, and recommendations are
based on expert opinion. Carriers of translocations
should have abdominal CT or MRI done annually,
noting that there are carriers who never develop
renal cancer. Given the youngest age of diagnosis
at 25, screening should start prior to that age.
Observation of ccRCC until they reach 3 cm, as in
patients with vHL, is a reasonable approach in this
patient population.

Hereditary Papillary Renal Cell Carcinoma

HPRCC is characterized by multifocal, bilateral,
type 1 papillary renal cell carcinomas. Unlike the
other hereditary kidney cancer syndromes, there are
no extrarenal manifestations of HPRCC, and renal
cysts are uncommon.89,90 The average age of onset of
renal tumors is 46.2 Ornstein and colleagues
described 1,000 to 3,000 microscopic papillary
tumors within the renal parenchyma of patients with
HPRCC.2 Through linkage studies, the region con-
taining the etiologic gene was narrowed down to
7q31.1–34, and the relevant gene is the Met
protooncogene.91 Subsequent studies have suggested
that mutations in the tyrosine kinase domain of MET
are present in a minority of sporadic type 1 papillary
renal cancers.92,93 No germ line mutations were
identified in series of patients with sporadic type 1
papillary renal cancer, suggesting that mutation
screening is only necessary for individuals with dis-
ease patterns consistent with hereditary disease.94

Annual screening with CT or MRI for the type 1
papillary renal cancers is recommended for individ-
uals with HPRCC as this type of renal cancers can
be isodense with the surrounding parenchyma and
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hence missed by ultrasound.95 In addition, as the
tumors are hypovascular, they can be mistaken for
renal cysts. The management of renal tumors in
patients with HPRCC follows a strategy similar to
that used for VHL.51

Hereditary Leiomyomatosis and 
Renal Cancer

Genetics of HLRCC

HLRCC is an autosomal syndrome characterized by
the development of cutaneous and uterine leiomy-
omas and renal cancer. An autosomal dominant syn-
drome with multiple cutaneous and uterine
leiomyomas (MCUL) was described in 1973 by
Reed and colleagues.96 In 2001, two families with
renal cancer  and MUCL were reported by
Launonen and colleagues, and they termed this
hereditary leiomyomatosis and renal cancer.97 They
also noted the aggressiveness and the distinct his-
tology of the renal cancers in patients with
HLRCC.98 The mutated gene in HLRCC is
fumarate hydratase (FH),99 which encodes the
enzyme that converts fumarate to malate in the
Krebs cycle. Although individuals with a single
mutation in FH develop HLRCC, those with
biallelic mutations (homozygous or compound
heterozygotes) develop fumarate hydratase defi-
ciency (FHD), in which patients develop fumaric
aciduria, progressive encephalopathy, hypotonia,
failure to thrive, and seizures.100–106 Relatives of
patients with FHD have been reported to develop
cutaneous and uterine leiomyomas and are at risk to
develop renal cancer.99,106

In a report on 56 HLRCC families seen at the
NCI, 52 (93%) were found to have mutations in
FH.107,108 All types of point mutations have been
reported in addition to large genomic dele-
tions.99,107,109 No genotype–phenotype correlations
have been reported. Consistent with a postulated role
as a tumor suppressor gene, loss of the wild-type
allele is observed in cutaneous and uterine leiomy-
omas, as well as in renal cancer in individuals with
FH mutations.97–99,109,110 Fumarate hydratase enzy-
matic activity is lower in patients with MCUL and
HLRCC and has been proposed as a screening rec-
ommendation for family members.111

Renal Cancer in HLRCC

In the series from the National Institutes of Health,
32% of families with MCUL and HLRCC had an
individual with renal cancer.109 In families ascer-
tained on the basis of multiple cutaneous leiomy-
omas, the frequency of renal cancer is low, at 1 to
2% and 16% in two series.108,109 However, in fami-
lies ascertained on the basis of either renal or cuta-
neous disease, the frequency of renal cancer is much
higher, at 62%, suggesting that the predisposition to
renal cancer is clustered in families. The standard-
ized incidence ratio (SIR) has been calculated at 6.5
for renal cancer in HLRCC in a study comparing
Finnish families with FH mutations and the general
population.110

The predominant pathologic type of renal cancer
associated with HLRCC is type 2 papillary cancer;
however, other types of renal cancers are observed,
including collecting duct and ccRCC. Patients also
can have predominantly cystic lesions, as well as the
more common solid tumors.110 Independent of
underlying architecture, cells in the renal cancers
associated with HLRCC have large nuclei with
inclusion-like orangiophilic or eosinophilic nucleoli
surrounded by a clear halo.112 Renal cancers associ-
ated with HLRCC tend to be early onset, high grade,
and aggressive. Metastatic renal cancers have been
reported in individuals as young as 17.113 The mean
age of diagnosis is 40, substantially less than that of
sporadic renal cancer, with 10 of 19 (53%) patients
either dead or living with advanced disease with a
median follow-up of 34 months.114 Thus, the natural
history of renal cancer in HLRCC is distinct from
other hereditary renal cancer syndromes, which tend
to exhibit multifocal disease with a relatively benign
natural history.

Other Manifestations of HLRCC

The most frequent nonrenal manifestation of
HLRCC is the uterine leiomyomas that develop in
75 to 98% of women.97,99,107 The leiomyomas tend to
be early onset and severe, with 68% diagnosed
before the age of 30.107 Most women have surgical
treatment of their leiomyomas, with many having
hysterectomies before the age of 30. Uterine
leiomyosarcomas have been observed in the European
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population and in Finland, the SIR being 71.110

Leiomyosarcomas have not been reported in the
North America population, potentially as hysterec-
tomy is more frequent.

Cutaneous leiomyomas are painful, pink-
purplish nodules that affect individuals in a dissem-
inated or segmental distribution. Cutaneous
leiomyomas are benign tumors that arise from the
piloerector apparatus.108 Not all patients with
HLRCC develop the cutaneous lesions, but most
families have at least one person with cutaneous
disease. Leydig cell tumors also have been reported
in patients with HLRCC. Screening of sporadic Ley-
dig cell tumors also identified a second male patient
with a germ line mutation, suggesting that patients
with Leydig cell tumors should be asked about
pertinent family history.115

Medical and Surgical Management of HLRCC

The increased risk of early-onset aggressive renal
cancer in HLRCC necessitates screening and quick
intervention. Although there are no standard guide-
lines for renal cancer screening, patients have been
diagnosed as young as 17. Thus, screening should
start at age 15, with abdominal/pelvic CT or MRI
annually. Given the aggressive nature of these
lesions, radical nephrectomy at diagnosis regardless
of tumor size is the recommended treatment strategy.

Birt-Hogg-Dube Syndrome

Genetics of BHD

BHD is an autosomal dominant syndrome character-
ized by the development of fibrofolliculomas, renal
cancer, predominantly hybrid oncocytic tumors,
lung cysts, and pneumothoracies.116,117 The gene for
BHD was mapped to 17p12q11.2.118,119 The gene in
which mutations are associated with BHD was iden-
tified and named folliculin (FLCN).120 The protein
has no homology to previously identified proteins
but was found to be conserved across species and
expressed in a wide range of normal tissues includ-
ing the skin, lung, and kidney. The function of the
protein remains largely unknown, but recent studies
implicate FLCN as acting in the mTOR pathway,
potentially as activating Tor2.121,122

Mutations in FLCN are found in 69 to 85% of
BHD families.123–125 Multiple groups have noted
that mutations are most frequently found within 
a C8 tract in exon 11, as either insertions or
deletions.123,126,127 When the most common muta-
tions, 1733insC and 1733delC, were compared,
1733insC was associated with a higher rate of renal
cancers (p = .03).123 More recent studies have sug-
gested an association of mutations in exon 9 with
lung cysts and thus pneumothorax (p = .0002).124

FCLN was validated as a tumor suppressor gene,
and, unusually, the second allele of FCLN is most
frequently inactivated by point mutation rather than
loss.128 Mutations in FLCN are infrequently identi-
fied in sporadic renal cancers.129,130

Renal Cancer in BHD

Although renal cancer was not included in the initial
descriptions of BHD, an association between renal
cancer and BHD was noted in 1993.131,132 In the
largest study of patients with BHD, 20% (38/187) of
individuals from 24 families, representing 45% of
families in total, had renal cancers.123 The renal can-
cers in each patient ranged from a solitary lesion to
multifocal bilateral cancers. Occurrence of renal
cancer in BHD was predominant in men (27 men
and 11 women), and the average age of diagnosis
was 48 (range 31 to 71).123

A wide range of renal cancers has been observed
in patients with BHD, even within the same kidney.
The most common type of tumor is an unusual
hybrid oncocytic tumor (mixed oncocytoma and
chromophobe tumor). Observation of a hybrid onco-
cytic tumor in any patient should prompt an evalua-
tion for BHD as it is so characteristic of this disease.
On the basis of studies of sporadic cancer, it has
been suggested that oncocytomas and chromophobe
tumors share a common cell of origin and have sim-
ilar gene expression profiles.133,134 In a series of 84
tumors from 10 patients with BHD, 67% were
hybrid oncocytic tumors, 23% chromophobe
tumors, 7% clear cell tumors, and 3% oncocy-
tomas.135 There can be multiple types of renal cancer
within a kidney and multiple cell types within a
BHD-associated renal cancer. Small nodules of
tumors similar to the large hybrid oncocytic tumors
have been observed throughout the kidney,
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consistent with cancer-susceptibility syndromes in
which all cells are predisposed to develop disease.136

Although the malignant potential of the hybrid
tumors has not been entirely elucidated, it appears to
be low.134,135,137 The various studies have not noted
features suggestive of metastatic behavior such as
the presence of distant metastases, vascular inva-
sion, or tumor necrosis. Unfortunately, the ccRCC
that arise in patients with BHD are aggressive and
prone to metastasis. The clear cell tumors have been
shown to have loss of 3p and/or mutations in
VHL.136 BHD accounts for familial oncocytoma in
some cases.132,138 In summary, patients with BHD
can develop multifocal, bilateral renal cancers, the
vast majority of which are oncocytic hybrid tumors.
However, patients are at risk of malignant disease
from ccRCC.

Other Manifestations of BHD

The other major manifestations of BHD are found
on the skin and in the lungs. Fibrofolliculomas of the
skin appear in the twenties to thirties and are con-
sidered characteristic of BHD (Figure 2).126,139

Patients can have from only a few fibrofolliculomas
on their cheeks to extensive involvement of the face,
neck, and upper back. Fibrofolliculomas are abnor-
mal growths of the hair follicles, with epithelial

strands extending into the surrounding stroma. The
lesions do not cause any problems for patients
beyond cosmetic.

Lung cysts and pneumothoracies also are a com-
ponent of BHD.132 The relative risks of pneumotho-
rax has been estimated to be 32 to 50%.125 Of 198
patients from 89 families, 177 (89%) had lung cysts
and 48 (24%) had pneumothoracies.124 Mutations in
FLCN also have been found in familial isolated
spontaneous pneumothorax and in patients with
multiple lung cysts.143–145 BHD likely is the most
common cause of familial pneumothorax.146

Medical and Surgical Management of BHD

Patients do not necessarily have all the three major
manifestations of BHD: renal cancer, lung
cysts/pneumothorax, or fibrofolliculomas; they can
have any combination of findings. This feature of
BHD is of particular importance to note when coun-
seling family members of a proband with BHD. All
family members need to have genetic testing for
mutations in FLCN, whether or not they have fibro-
folliculomas.

There are no standard screening recommenda-
tions or clinical care recommendations for the man-
ifestations of BHD in families with known disease.
The risk of renal cancer is the main concern. On the
basis of screening recommendations for other
hereditary renal cancers, annual screening of the
kidneys by CT starting in the early thirties seems
reasonable. Because the number and volume of
lung cysts are associated with risk of pneumotho-
rax, a baseline chest CT is important. Screening
after the initial study depends on the initial find-
ings, with those with multiple cysts requiring
annual CT scanning and pulmonary consultation.
On the basis of the risk of pneumothorax, patients
are advised to avoid scuba diving. A lower threshold
for pleurodesis may be warranted in patients with
pneumothorax. Intraoperative monitoring of
patients is important during surgery as they are at
increased risk of pneumothorax.

The treatment of renal masses in patients with
BHD follows a strategy similar to that used for VHL;
lesions smaller than 3 cm are observed, and those larger
than 3 cm are surgically removed immediately.135Figure 2. Fibrofolliculomas in a patient with BHD.
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GENETIC SYNDROMES IN WHICH RENAL
CANCER HAS BEEN REPORTED AS AN

OCCASIONAL FEATURE

Tuberous Sclerosis Complex

Tuberous sclerosis complex (TSC) is an autosomal
dominant syndrome, the main features of which are
cortical tubers and subependymal nodules, renal
angiomyolipomas and cysts, and cardiac rhabdomy-
omas.147 TSC is caused by mutations in two genes,
TSC1 and TSC2. The phenotype of TSC is quite vari-
able. Patients can be diagnosed with infantile
spasms and seizures during their infancy, or this syn-
drome cannot be detected until their adult years with
multiple renal cysts and angiolipomas. Angiomy-
olipomas cause morbidity based on their risk of
hemorrhage and are treated with embolization.148

There has been some controversy about an associa-
tion between a risk of renal cancer and TSC.149–151

Although the overall risk of renal cancer may not be
increased, patients with TSC appear to have an
earlier age of diagnosis of renal cancer.

Cowden Syndrome (PTEN Hamartoma
Tumor Syndrome)

Cowden syndrome is associated with an increased
risk of benign and malignant tumors of the thyroid,
breast, and endometrium and is caused by mutations
in PTEN.152 Dermatologic manifestations of
Cowden syndrome are very common, seen in essen-
tially all patients by their thirties, and include
trichilemmomas, papillomatous papules, and acral
and plantar keratoses.153 Clear cell renal cancer has
been reported in patients with Cowden syndrome,
but the frequency is unknown.154,155 A study of renal
cancers and cell lines has shown that mutations
in PTEN are present, particularly in late-stage
ccRCCs.156

Hereditary Paraganglioma/ 
Pheochromocytoma Due to

Mutations in SDHB

Several hereditary paraganglioma syndromes have
been identified due to mutations in three of the genes
encoding the proteins of succinate dehydrogenase

complex—SDHB, SDHC, and SDHD.157 Mutations
in SDHB are associated with malignant paragan-
gliomas and extraadrenal pheochromocytomas.158

Early-onset clear cell renal cancer also has been
reported in association with SDHB mutations.159

However, the prevalence of renal cancer due to SDHB
mutations is unknown. SDHB mutation carriers have
abdominal CT or MRI done anually, based on their
risk of extraadrenal and adrenal pheochromocytoma,
so renal cancer would be identified if present.

Hyperparathyroidism–Jaw 
Tumor Syndrome

The main features of hyperparathyroidism–jaw
tumor syndrome (HPT-JT), due to mutations in
CDC73 (HRPT2), are fibroosseus tumors of the jaw
and parathyroid adenomas.160 Renal cysts, hamar-
tomas, mesoblastic nephromas, late-onset Wilms’
tumors, and a single papillary renal cancer have
been described in HPT-JT.161–163

Papillary Thyroid Cancer with Associated
Papillary Renal Cancer

In a single, large three-generation family, multiple
cases of nodular thyroid disease and papillary thy-
roid cancer were reported.164 Two of the family
members had multifocal papillary renal cancers and
one had oncocytomas.
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The spectrum of genetic abnormalities that occur in
cancer ranges from single deoxyribonucleic acid
(DNA) nucleotide changes that affect the coding of a
single amino acid to chromosomal gains and losses
that disrupt transcription of hundreds of genes. Like-
wise, the molecular genetic defects that occur in spo-
radic adult renal cell carcinoma (RCC) are also as
extensive and complex. This chapter gives an
overview of the most common genetic abnormalities
that occur in the clear cell, papillary, and chromo-
phobe subtypes of RCC. Large chromosomal abnor-
malities that occur within RCC are discussed first,
followed by a discussion on specific molecular defects
that affect individual genes. Finally, a summary of the
epigenetic effects, manifested by changes in gene
expression, is presented within the context of the chro-
mosomal and molecular genetic abnormalities.

CYTOGENETICS OF RCC

Arguably, the most significant type of genetic dis-
ruption that gives rise to sporadic cancers are abnor-
malities in chromosome number and structure.1

A wealth of cytogenetic information specific for
RCC has been generated based on allelotyping stud-
ies, comparative genomic hybridization studies, and
fluorescence in situ hybridization studies.2–11

Included in the allelotyping studies are data gener-
ated from loss of heterozygosity, restriction
fragment length polymorphisms, and microsatellite
polymorphism studies. Taken together, these cytoge-
netic studies have revealed that the common
subtypes of RCC have unique and frequently
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occurring sets of chromosomal abnormalities.12 As
the cytogenetic defects occurring in RCC have been
observed so repeatedly, quantification of these
defects can assist in subclassification of the tumor
(Table 1). Moreover, the frequent appearance of
these cytogenetic abnormalities suggests that impor-
tant tumor-modifying genes are located within the
regions of frequent amplification or deletion.

The most prominent cytogenetic defect present
in sporadic RCC is the loss of the p-arm of chro-
mosome 3 in the clear cell subtype.2,13,14 This
abnormality occurs in approximately 70 to 80% of
clear cell tumors and only rarely occurs in the other
RCC subtypes. The deletion of chromosome 3p has
been linked to the presence of a fragile site on
chromosome 3; however, this association is not sup-
ported in all cytogenetic studies of this region.14–17

Irrespective of the fragile site association, loss of

Table 1. OVERVIEW OF CYTOGENETIC ABNORMALITIES
IN SPORADIC RCC

RCC Subtype Chromosomal Abnormality

Clear cell 3p loss; 5q gain; 14q loss*;
9/9q loss*; 20 gain*

Papillary
Type 1 7, 12, 16, 17 gain
Type 2 17q gain; 9/9p loss*; 8q gain*

Chromophobe
Typical 1, 2, 6, 10, 17, 21 loss
Eosinophilic 1, 2, 6, 10, 17, 21 loss 

(less frequent)

Translocation associated TFE3/B translocations

*Associated with tumor aggressiveness.
RCC = renal cell carcinoma.
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chromosome 3 often results from the formation of
an unbalanced translocation between the p-arm of
chromosome 3 and another chromosome. Pivotal
cytogenetic studies of RCC initially identified loss
of chromosome 3p by the presence of a transloca-
tion between chromosome 3 and chromosome 8.13

Subsequent studies have revealed that the most
common translocation partner of chromosome 3p is
the q-arm of chromosome 5. Similar to the chromo-
some 8 translocation, the formation of the t(3;5)
derivative chromosome results in a net loss of one
copy of chromosome 3p and a net gain of one copy
of chromosome 5q.7 As such, gain of the q-arm of
chromosome 5 is the second most common cytoge-
netic defect present within clear cell RCC and
occurs in approximately 50 to 60% of tumors.7

Although loss of chromosome 3p and gain of chro-
mosome 5q are common events in clear cell RCC,
this subtype is also associated with deletions of
chromosomes 6q, 8p, 9p, and 14q. In addition, sev-
eral chromosomal abnormalities have been associ-
ated with more or less aggressive tumor behavior.
Deletion of chromosomes 6q, 8p, or 14q is associ-
ated with higher stage tumors,18–20 although loss of
chromosome 9p/9 is associated with cancer recur-
rence and metastatic progression.7,9 Gains of chro-
mosomes 12 and 20 are associated with poor
prognosis in the clear cell subtype.18 In contrast,
retention of the extra copy of chromosome 5q has
been linked to overall good prognosis.7,21 Compara-
tive analysis of primary clear cell tumors with
derivative distal metastases suggests that the
metastatic lesions have a very high degree of cyto-
genetic similarity to the primary tumors. However,
deletions of chromosome 9, 10, 17, and 18 did occur
more frequently in some of the metastatic tumors.22

In contrast to clear cell tumors, loss of chromo-
some 3p and gain of chromosome 5q are rarely
found in papillary tumors. Rather, a distinct set of
cytogenetic defects have been identified in papillary
RCC. It is worth noting that papillary RCC can be
divided into two subtypes, type 1 and type 2, based
on morphologic and gene expression profiling dif-
ferences.23–25 The cytogenetic abnormalities that are
found in papillary RCC also support the partitioning
of these tumors into two subtypes. Type 1 papillary
RCCs are characterized by frequent gains of

chromosomes 3q, 7, 12, 16, 17, and 20. Type 2
papillary RCCs share some of these abnormalities,
but gains of chromosome 7, 12, and 17p are less fre-
quent and losses of chromosome 9/9p and gains of
chromosome 8q are more frequent. Moreover, the
amount of cytogenetic variability is also different
between type 1 and type 2 tumors. In type 1 papil-
lary RCC, the tumor cells are cytogenetically
homogenous, and it is rare to identify cells that con-
tain abnormalities outside of the set of common
abnormalities (ie, outside of defects in chromo-
somes 3q, 7, 12, 16, 17, and 20). In contrast, type 2
tumor cells often contain numerous additional cyto-
genetic abnormalities. Moreover, the additional
abnormalities are a more chaotic assortment of chro-
mosomes and do not seem to follow a particular pat-
tern. As such, the increased cytogenetic complexity
found in the type 2 tumor cells may be a reflection
of the advanced stage that is typically associated
with these tumors. Like clear cell RCC, in papillary
RCC, loss of chromosome 9/9p is also associated
with the more aggressive tumors.

Papillary RCC is also associated with several
structural chromosomal abnormalities. In addition to
occurring in young adults, both primary and sec-
ondary pediatric renal adenocarinomas26,27 are asso-
ciated with a translocation involving the TFE3 gene
located on Xp11.2.28–30 The TFE3 gene encodes a
protein that is a member of the helix-loop-helix tran-
scription factor family. Other translocations have
been described in papillary RCC that involve the
TFEB transcription factor. TFEB is in the same gene
family as TFE3, and inappropriate expression, either
the TFE3 or TFEB fusion protein, is likely involved
in tumor development. It is worth noting that tumors
containing the Xp11.2 abnormalities were initially
described as aggressive tumors displaying papillary
and/or alveolar patterns. Xp11.2 translocation
carcinomas are now considered a distinct subtype
of RCC.

Chromophobe RCCs contain different chromo-
somal abnormalities compared with either clear cell
or papillary RCC. Chromophobe RCCs contain fre-
quent losses of chromosomes 1, 2, 6, 10, and 17.
Indeed, chromophobe RCC cells have lost so much
genetic material, that these cells are considered to be
severely hypoploid. Interestingly, there does not
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appear to be a significant difference in the cytoge-
netics between the typical and eosinophilic variants
of chromophobe RCC. Related to chromophobe
RCC are renal oncocytomas. Renal oncocytomas are
benign tumors that are morphologically similar to
chromophobe RCCs.10 Gene expression profiling
studies have demonstrated that renal oncocytoma
and chromophobe RCC have very similar overall
patterns of gene expression.31,32 However, although
renal oncocytoma and chromophobe RCC share
gene expression and morphologic characteristics,
these tumors differ in the spectrum of cytogenetic
abnormalities that they contain.10 Unlike chromo-
phobe RCC, renal oncocytoma cells are either kary-
otypically normal or contain a limited number of
chromosomal abnormalities including loss of chro-
mosome Y,33 loss of chromosome 1,11,33 or translo-
cations involving chromosome 11.34

The unique pattern of cytogenetic abnormalities
within the RCC subtypes suggests that each of the
common abnormalities will have a prominent role in
renal tumor development. Therefore, it is critical to
develop a robust understanding of how each of these
abnormalities contributes to tumorigenesis. In general,
however, identification of specific tumor-modifying
genes that are located in regions of frequent cytoge-
netic change is lacking. This may be due, in part, to
the lack of high-resolution mapping studies that are
required to narrow the cytogenetic interval in which
to search for candidate genes. Addressing this issue
will require the application of several new technolo-
gies that have been developed for generating high-
resolution allelotyping and DNA copy number data
including hybridizing labeled DNA to complemen-
tary DNA,35 bacterial artificial chromosome,36

oligonucleotide,37 or single-nucleotide polymor-
phism (SNP) arrays.38 In the coming years, the
analysis of these high-resolution data will shed more
light on the role of these recurrent cytogenetic
abnormalities. Nevertheless, it is worth mentioning
that many cytogenetic abnormalities found in RCC
involve large intervals of amplification or deletion.
As such, it is possible that multiple genes within a
region of amplification or deletion contribute to the
cancer phenotype. For example, despite numerous
mapping attempts, a narrow region of amplification
for chromosome 5q has not been identified.5,39–41

Therefore, many challenges may still need to be
overcome before robust models are developed that
describe the contribution of each chromosomal
abnormality to tumor development.

MOLECULAR GENETICS OF RCC

Several hereditary syndromes include a predisposition
to develop renal tumors. One method to identify
molecular genetic defects that are present in
sporadic RCC has been to perform linkage analy-
sis on rare families that have inherited predisposi-
tions for these syndromes. Several oncogenes and
tumor suppressor genes that are associated with
the development of hereditary kidney cancer have
also been implicated in sporadic renal cancers.
The most prominent example, the VHL gene
located on 3p25, was identified by positional
cloning in families with autosomal dominant von
Hippel-Lindau (VHL) disease characterized by a
high frequency of clear cell RCC, cerebellar
hemangioblastoma, pheochromocytoma, and reti-
nal angioma.42 Inactivating sequence mutations
within the VHL gene were subsequently identified
in sporadic RCC and associated with clear cell
renal tumor development.43–45 The majority of spo-
radic clear cell RCCs contain somatic sequence
mutations in one allele of the VHL gene and loss
of the other wild-type allele by chromosome 3p
deletion. This mutational pattern follows the
classic “two-hit” hypothesis,46 in which inactivating
mutations in one allele of the VHL gene coupled
with the loss of the remaining wild-type VHL
allele through chromosome 3p deletion lead to inac-
tivation of VHL function. Although the VHL gene
affects many processes within the cell,47 the
process that has received the greatest attention in
RCC relates to the interaction between VHL and
the oxygen-responsive transcription factors known
as hypoxia-inducible factors (HIFs).48–51

HIFs are transcription factors that respond to
changes in the level of cellular oxygen.52 Under nor-
moxic conditions, HIF is expressed at low levels in
most cells. Under conditions of limited oxygen
(hypoxia), HIF expression is dramatically increased,
and this results in the change in gene expression of a
number of metabolic and angiogenic target genes
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including carbonic anhydrase IX (CA9), glucose
transporter 1 (SLC2A1), and vascular endothelial
growth factor A (VEGF). There are three well-
described HIF isoforms, HIF1, HIF2, and HIF3. The
HIFs consist of two subunits, HIFα and HIFβ, that
dimerize to form the functional transcription factor.53

As the β-subunits are constitutively expressed, the
amount of the HIF heterodimer present in cells is reg-
ulated in large part by changes in the amount of the
HIFα subunit. Specifically, at high oxygen concentra-
tions, HIFα is rapidly degraded and subsequently low
levels of the heterodimer form. In contrast, at lower
oxygen levels, the degradation of HIFα is not as
efficient, HIFα levels accumulate, and levels of the
functional HIF heterodimer rise.54

In normoxic cells, HIFα is rapidly targeted for
degradation by one or more of three oxygen-sensitive
prolyl hydroxylases, EGLN1/PHD2, EGLN2/PHD1,
and EGLN3/PHD3.50,51,55 Using cellular oxygen as a
substrate, EGLNs hydroxylate HIFα on either
Pro402 or Pro564. The addition of the hydroxyl group
enables binding of the VHL protein (Figure 1). VHL
is the recognition component of an ubiquitin E3
ligase complex, and VHL binding results in the
ubiquitylation and subsequent degradation of
HIFα.56 In clear cell RCC, without VHL to target
HIFα for degradation, hydroxylated HIFα levels accu-
mulate. Although hydroxylated, HIFα still binds with

HIFβ to induce transcriptional regulation of meta-
bolic and angiogenesis factors. As cells enter this
pseudohypoxic state, the associated change in metab-
olism and angiogenesis likely contributes to tumor
development.

Unlike clear cell RCC, sporadic papillary RCCs
have not been associated with VHL mutation. In con-
trast, hereditary papillary RCC syndrome and spo-
radic type 1 papillary tumors are associated with
activating mutations in the MET receptor tyrosine
kinase that maps to chromosome 7q31.57–59 Although
sequence mutations in MET are observed in a minor-
ity of the sporadic cases (15 to 20%), overexpression
of the MET receptor through amplification of chro-
mosome 7 is commonly observed. As a receptor
tyrosine kinase, MET possesses a highly glycosylated

Figure 1. Regulation of hypoxia-inducible factors (HIF) levels by
protein degradation. A schematic representation of the synthesis
and degradation cycle of the HIF1α subunit of the HIF1 transcrip-
tion factor. Key enzymes in this process are the EGLN/PHD prolyl
hydroxylases and the von Hippel-Lindau (VHL) ubiquitin ligase.
EGLNs use molecular oxygen as a substrate to add a hydroxyl 
(−OH) group to HIF1α. VHL then binds to hydroxylated HIF1α and
targets it for ubiquitin-mediated degradation. As EGLNs use mol-
ecular oxygen as a substrate, the rate of the hydroxylation reac-
tion is influenced by the molecular oxygen concentration inside
the cell.
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Figure 2. Clustering of renal cell carcinomas (RCCs) based on
similarities in gene expression. RCCs of several subtypes were
organized based on overall similarities in gene expression and
displayed as a tree diagram. Gene expression profiles derived
from 312 RCC tumors were analyzed. Each tree leaf represents
an individual tumor sample and is colored based on the histologic
diagnosis. Tumor samples with similar gene expression are found
in the same tree branch. Included for comparison are pediatric
Wilm’s tumors. For some cases, the histologic and gene expres-
sion–based classifications disagree. For this analysis, gene
expression data were obtained from three independent microarray
profiling studies of RCC.31,32,70 Following data normalization, log2-
transformed ratios between tumor expression values and non-
cancerous tissue expression values were constructed. A total of
7,163 genes were identified as being measured in common
between the studies, and 2,654 genes were identified as being
well measured (ie, present) in at least 70% of the samples.31 The
samples were then organized using hierarchical clustering (Pear-
son’s correlation and average linkage clustering) and plotted as
an unrooted tree dendogram.
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extracellular ligand binding region, a hydrophobic
membrane spanning region, and an intracellular
region that contains both a tyrosine kinase domain and
a C-terminal multisubstrate binding site.60,61 Activation
of receptor tyrosine kinases usually results from bind-
ing a protein growth factor. The growth factor that
activates MET is hepatocyte growth factor/scatter
factor, referred to as HGF/SF as it was identified
independently as both a growth factor for hepatocytes
(HGF) and as a fibroblast-derived cell motility factor,
scatter factor (SF).62–64 Since then, HGF/SF-Met
signaling has been implicated in a variety of cellular
responses including proliferation, motility, and
morphogenic differentiation. In both sporadic and
hereditary papillary renal carcinoma, missense muta-
tions located in the tyrosine kinase domain of the
MET produce a receptor that is active even in the
absence of HGF/SF binding. The constitutively active
receptor recruits and activates numerous signal trans-
duction proteins including, phosphotidylinositol-3-
OH kinase (PI3K), phospholipase C- γ, the GTPases
Ras, Rac1/Cdc42, and Rap1, and other signaling mol-
ecules. However, a specific mechanism that describes
how all, or a subset, of these downstream pathways
contribute to papillary tumor growth remains to be
developed. 

Sporadic type 2 papillary tumors have histologic
similarities with hereditary leiomyomatosis and
renal cell cancer (HLRCC). The fumarate hydratase
(FH) gene has been identified as the gene associated
with development of HLRCC.65–67 Fumarate
hydratase is one component of the tricarboxylic acid
(TCA) cycle, or Krebs cycle, and catalyzes the
formation of L-malate from fumarate. In addition to
defects in the Krebs cycle, inactivating mutations in
the FH gene leads to abnormally high levels of
fumarate in the cell. Recent work has demonstrated
that fumarate binds to and inhibits EGLN/PHD
activity.68,69 The less efficient EGLN/PHD hydroxy-
lation reaction causes HIFα levels to accumulate.
Therefore, like inactivation of VHL by mutation/chro-
mosome 3p deletion, in hereditary papillary RCC,
inactivation of EGLN/PHDs by increased fumarate
leads to abnormal upregulation of HIF. Analysis of
gene expression data suggests that the FH pathway
is also deregulated in sporadic type 2 papillary
RCCs.25 Although inactivation of FH is described in

the computational models, mutations within the
FH gene, or other genes involved in the TCA cycle,
have not been identified. Therefore, the role of
the FH remains unclear in the sporadic type 2
papillary RCC. Other molecular genetic defects,
such as deregulation of the MYC gene, may be asso-
ciated with development of this class of sporadic
tumors.70

The specific molecular defects that are responsible
for the development of chromophobe RCC remain
elusive. Patients with Birt-Hogg-Dube′ (BHD)
syndrome have a propensity to develop renal
oncocytoma and chromophobe RCC. This observa-
tion strongly suggests that defects in the gene respon-
sible for BHD (a gene commonly referred to as
“folliculin,” FLCN) would be involved in sporadic
cases of chromophobe RCC.71–73 However, sequence
mutations in the FLNC gene have not been identified
in sporadic chromophobe or in other types of renal
tumors.74 Evaluation of rare individuals with multi-
focal kidney tumors suggests that oncocytic neo-
plasms morphologically progress from oncocytomas
to hybrid tumors with chromophobe carcinoma char-
acteristics.75 Thus, there is the potential that genetic
mechanisms that give rise to renal oncocytoma may
also give insight into chromophobe RCC.

Clearly, linkage studies involving hereditary
syndromes have yielded significant insight into the
development of sporadic RCC. Although the genes
identified have given vital clues into the molecular
genetic defects present in sporadic RCC, it is likely
that these mutations are not the only mutations
found in sporadic tumors. Several lines of evidence
suggest that additional mutations may be required
for sporadic tumor development. As mentioned pre-
viously, several large chromosomal aberrations are
commonly found in sporadic RCC, suggesting a
role for these abnormalities in sporadic tumors. For
example, deregulation of other genes that map to
chromosome 3p, in addition to VHL, may be
required for clear cell RCC development. Mice that
lack the VHL gene form renal cysts, rather than kid-
ney tumors.76 Although the results in the mouse
model system may simply indicate that the model
does not faithfully mimic the human disease, this
observation may also suggest that additional factors
contribute to tumor formation. Mutational events in
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genes involved in different pathways (such as
RASSF1A and CA) have also been implicated in
clear cell RCC development and progression.77 In
addition, disruption in Wnt/ β-catenin signaling
also gives rise to renal cysts in the mouse.78

Although the linkage studies give valuable insight
into the potential pathways that are deregulated in
RCC, additional approaches will be required to
identify the specific molecular genetic defects that
are present in sporadic RCCs. One approach to
identify molecular genetic defects in RCC is the
large-scale screening for DNA sequence mutations
in sporadic tumors.79 Although the initial muta-
tional screens in clear cell RCC have not identified
frequent mutations in protein kinases, these large-
scale sequencing screens hold great promise to
identify tumor-modifying genes. An alternative
screening method that complements sequencing-
based approaches is the application of high-
resolution linkage analysis using SNP technology.
The clear advantage of this genome-wide linkage
analysis is the unbiased examination of thousands
to millions of genetic markers. However, the het-
erogeneity of kidney cancer may present additional
challenges. The cytogenetic complexity of RCC
suggests that markers of susceptibility in one sub-
type of RCC may not translate to other types of
RCC. As such, each subtype of RCC may have to be
examined independently of the other subtypes. 

EPIGENETICS OF SPORADIC RCC

In addition to mutation and cytogenetic screening,
comprehensive measurement of gene expression
using high-density nucleic acid arrays (ie, gene
expression microarrays) has become an important
tool for investigating the molecular genetic and
epigentic defects in sporadic RCC. There is now
strong evidence that global gene expression profiling

can reveal new information in sporadic RCC, includ-
ing the identification of cytogenetic abnormalities,
mechanisms of transformation, and differences in
cell lineage/differentiation state. Some of the most
straightforward results of the gene expression studies
have been the identification of either individual
genes or sets of genes that show differences in
expression between noncancerous renal tissue and
the various subtypes of RCC.31,32,80–87 Several studies
have demonstrated that the gene expression differ-
ences between tissue types can involve thousands of
genes (Table 2). Therefore, instead of a detailed dis-
cussion of the individual genes that are differentially
expressed, we will focus on some of the general
themes that have emerged from these studies. 

One central concept that has emerged is the use
of gene expression data to identify tumor cell lin-
eage and/or tumor subtype (Figure 2). This class of
gene expression analysis has revealed many poten-
tial diagnostic markers for the different subtypes of
RCC. Some of these genetic markers include
expression of α-methyacyl-CoA racemase for papil-
lary RCC, glutathione S-transferase for clear cell
RCC, and more recently the S100A1 gene as a
marker to discriminate between renal oncocytoma
and chromophobe RCC. Importantly, several other
genes such as vimentin, TIMP2, survivin, and adi-
pose differentiation-related have been identified as
potential prognostic indicators.80,88–94 As such, the
use of gene expression markers, either single gene
markers or multiplexed markers, can complement
and extend traditional patient stratification
approaches such as tumor–node–metastasis staging,
tumor grade, and functional status.95–98

In addition to identification of genes that are
associated with differences in tumor cell lineage or
tumor subtype, genetic markers have also been
identified from gene expression data that give insight
into the molecular genetic mechanisms of tumor

Table 2. NUMBER OF DIFFERENTIALLY EXPRESSED GENES BETWEEN TISSUES AND TUMORS*

Clear Cell Papillary Oncocytoma Chromophobe

Noncancerous 1,603 956 1,672 1,736
Kidney

Chromophobe 1,922 1,444 776 —
Oncocytoma 1,845 1,335 — —
Papillary 1,132 — — —

*Based on the intersection of three gene expression studies as described in Figure 2.
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development and progression. Analysis of gene
expression data derived from clear cell RCC
revealed an association between CXCR4 expression,
VHL inactivation, and poor tumor-specific sur-
vival.99,100 In this case, organ-specific metastasis of
RCC to the lung was in part regulated by expression
of chemokine receptors in tumor cells (CXCR4) and
expression of matching a chemokine (SDF-1) on the
distant organ site. The approach of using gene
expression data to quantify the activation or
deactivation of specific signal transduction path-
ways has been shown to be a valid experimental
approach in several studies.101–108 The general design
is that sets of genes that are deregulated following
overexpression of an oncogene or inactivation of an
oncogene are identified from tissue culture experi-
ments.104,105 The gene expression data derived from
a tumor sample is then examined to determine if the
same set of genes are also deregulated. A variety of
computational approaches, including gene set
enrichment analysis,104,107 singular value decompo-
sition,105 or parametric statistical tests,108 can be
used to perform this comparison. Using this general
experimental approach, several genes associated
with insulin-like growth factor 1 (IGF-1) signal
transduction were identified as being uniquely
expressed in RCC tumor samples versus nondis-
eased tissues.109 These data suggest that in addition
to VHL inactivation, activation of the IGF-1 path-
way may be important for tumor development. Other
tumorigenic pathways, such as activation of the
transforming growth factor-β pathway in clear cell
RCC110 and of the MYC pathway in type 2 papillary
RCC has been identified using similar approaches.25

Perhaps a more compelling use of gene expres-
sion data is to identify genetic markers that can pre-
dict response to treatment. Immunotherapy with
interleukin-2 (IL-2) results in a partial response rate
of approximately 15% with a smaller percentage (5
to 7%) exhibiting complete remission upon treat-
ment.111 Although the modest response rate is dis-
couraging, the small percentage of complete
responders suggests that identification of specific
markers that can predict responsiveness would be
highly desirable.112 Sets of genes have been identi-
fied in cell culture models that would predict sensi-
tivity to interferon-α.113 Other markers that would
indicate activation of receptor tyrosine kinases, such

as the VEGF receptor (and sensitivity to sorafenib or
sunitinib), or PI3K activation (and sensitivity
to temsirolimus or perifosine) have already been
identified.114,115 Although validation of these mark-
ers identified from gene expression profiling data is
still lacking, the overall experimental approach has
high value.

SUMMARY

We have witnessed tremendous progress in the elu-
cidation of the genetics of sporadic RCC and their
clinical implications. However, because of the het-
erogeneity of the tumors histologically, clinically,
and with respect to therapeutic response, further
work is warranted to provide even more accurate
molecular classification that will benefit the man-
agement of patients with RCC. In the coming years,
it will become more common to develop detailed
genetic portraits of individual tumors. These por-
traits will include not only cytogenetic and gene
expression information, but also much more detailed
gene sequence information. Current work is under-
way to use this molecular data to generate robust
diagnostic and prognostic information. In the near
future, given the increasing number of drugs
approved for RCC treatment, selection of the best
treatment for each individual patient will become
more important. Incorporation of molecular genetic
data can be used to stratify patients into different
treatment subgroups. For example, a clear cell tumor
with an IL-2–responsive gene expression signature
would be evaluated differently compared with a
clear cell tumor with activation of the PI3K/AKT
pathway due to an activating sequence mutation in
the AKT gene. In this way, molecular classification
could lead to a higher percentage of favorable
responses and more effective patient management.
Genetic stratification could also be applied itera-
tively to recurrent disease. Recent studies in lung
cancer have shown that one mechanism of resistance
to the receptor tyrosine kinase inhibitor gefitinib
(Iressa) was the result of upregulation of the MET
receptor tyrosine kinase.116 These results suggest
that resistance-mediated recurrence (ie, resistance to
gefitinib) may cause the tumor to be sensitive to a
different class of drugs (ie, sensitive to Met
inhibitors). Continued integration, evaluation, and
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refinement of gene expression and cytogenetic and
DNA sequence information will be essential for
accurate molecular classification of RCC. More-
over, the design and application of the required
infrastructure to accommodate this type of molecu-
lar-based stratification will be paramount for its suc-
cess in the future.

REFERENCES

1. Duesberg P, et al. Aneuploidy versus gene mutations as cause
of cancer. Curr Sci 2001;81:490–500.

2. Zbar B, et al. Loss of alleles of loci on the short arm of chro-
mosome 3 in renal cell carcinoma. Nature 1987;327: 721–4.

3. Kovacs G, et al. Consistent chromosome 3p deletion and loss
of heterozygosity in renal cell carcinoma. Proc Natl Acad
Sci U S A 1988;85:1571–5.

4. Bugert O, Kovacs G. Molecular differential diagnosis of renal
cell carcinomas by microsatellite analysis. Am J Pathol
1996;6:2081–8.

5. Bugert P, Von Knobloch R, Kovacs G. Duplication of two dis-
tinct regions on chromosome 5q in non-papillary renal-cell
carcinomas. Int J Cancer 1998;76:337–40.

6. Presti JC Jr, et al. Renal cell carcinoma genetic analysis by
comparative genomic hybridization and restriction frag-
ment length polymorphism analysis. J Urol 1996;
156:281–5.

7. Gunawan B, et al. Prognostic impacts of cytogenetic findings
in clear cell renal cell carcinoma: gain of 5q31-qter
predicts a distinct clinical phenotype with favorable prog-
nosis. Cancer Res 2001;61:7731–8.

8. Gunawan B, et al. Cytogenetic and morphologic typing of 58
papillary renal cell carcinomas: evidence for a cytogenetic
evolution of type 2 from type 1 tumors. Cancer Res 2003;
63:6200–5.

9. Moch H, et al. Genetic aberrations detected by comparative
genomic hybridization are associated with clinical out-
come in renal cell carcinoma. Cancer Res 1996;56:27–30.

10. Brunelli M, et al. Eosinophilic and classic chromophobe renal
cell carcinomas have similar frequent losses of multiple
chromosomes from among chromosomes 1, 2, 6, 10, and
17, and this pattern of genetic abnormality is not present in
renal oncocytoma. Mod Pathol 2005;18:161–9.

11. Paner GP, et al. High Incidence of chromosome 1 abnormali-
ties in a series of 27 renal oncocytomas: cytogenetic and
fluorescence in situ hybridzation studies. Arch Pathol Lab
Med 2006;131:81–5.

12. Kovacs G, et al. The Heidelberg classification of renal cell
tumours. J Pathol 1997;183:131–3.

13. Cohen AJ, et al. Hereditary renal-cell carcinoma associated with
a chromosomal translocation. N Engl J Med 1979;301:592–5.

14. Kovacs G, Brusa P. Recurrent genomic rearrangements are
not at the fragile sites on chromosomes 3 and 5 in human
renal cell carcinomas. Hum Genet 1988;80:99–101.

15. Glover TW, et al. Translocation t(3;8)(p14.2;q24.1) in renal
cell carcinoma affects expression of the common fragile
site at 3p14(FRA3B) in lymphocytes. Cancer Genet Cyto-
genet 1988;31:69–73.

16. Tajara EH, et al. Loss of common 3p14 fragile site expression
in renal cell carcinoma with deletion breakpoint at 3p14.
Cancer Genet Cytogenet 1988;31:75–82.

17. Shridhar V, et al. A gene from human chromosomal band
3p21.1 encodes a highly conserved arginine-rich protein
and is mutated in renal cell carcinomas. Oncogene
1996;12:1931–9.

18. Elfving P, et al. Prognostic implications of cytogenetic find-
ings in kidney cancer. Br J Urol 1997;80:698–706.

19. Schullerus D, et al. Loss of heterozygosity at chromosomes
8p, 9p, and 14q is associated with stage and grade of non-
papillary renal cell carcinomas. J Pathol 1997;183:151–5.

20. Herbers J, et al. Significance of chromosome arm 14q loss in
nonpapillary renal cell carcinomas. Genes Chromosomes
Cancer 1997;19:29–35.

21. Nagao K, et al. Allelic loss of 3p25 associated with alterations
of 5q22.3 approximately q23.2 may affect the prognosis of
conventional renal cell carcinoma. Cancer Genet Cyto-
genet 2005;160:43–8.

22. Junker K, et al. Genetic alterations in metastatic renal cell car-
cinoma detected by comparative genomic hybridization:
correlation with clinical and histological data. Int J Oncol
2000;17:903–8.

23. Delahunt B, Eble JN. Papillary renal cell carcinoma: a clini-
copathologic and immunohistochemical study of 105
tumors. Mod Pathol 1997;10:537–44.

24. Yang XJ, et al. A molecular classification of papillary renal
cell carcinoma. Cancer Res 2005;65:5628–37.

25. Furge KA, et al. Identification of deregulated oncogenic path-
ways in renal cell carcinoma: an integrated oncogenomic
approach based on gene expression profiling. Oncogene
2007;26:1346–50.

26. Bruder E, et al. Morphologic and molecular characterization
of renal cell carcinoma in children and young adults. Am J
Surg Pathol 2004;28:1117–32.

27. Argani P, et al. Translocation carcinomas of the kidney after
chemotherapy in childhood. J Clin Oncol 2006;24: 1529–34.

28. Weterman MA, Wilbrink M, Geurts van Kessel A. Fusion of
the transcription factor TFE3 gene to a novel gene, PRCC,
in t(X;1)(p11;q21)-positive papillary renal cell carcino-
mas. Proc Natl Acad Sci U S A 1996;93:15294–8.

29. Sidhar SK, et al. The t(X;1)(p11.2;q21.2) translocation in pap-
illary renal cell carcinoma fuses a novel gene PRCC to the
TFE3 transcription factor gene. Hum Mol Genet
1996;5:1333–8.

30. Meloni AM, et al. Translocation (X;1) in papillary renal cell
carcinoma. A new cytogenetic subtype. Cancer Genet
Cytogenet 1993;65:1–6.

31. Takahashi M, et al. Molecular sub-classification of kidney
cancer and the discovery of new diagnostic markers.
Oncogene 2003;22:6810–6818.

32. Higgins JP, et al. Gene expression patterns in renal cell carci-
noma assessed by complementary DNA microarray. Am
J Pathol 2003;162:925–32.

33. Brown JA, et al. Fluorescence in situ hybridization analysis of
renal oncocytoma reveals frequent loss of chromosomes
Y and 1. J Urol 1996;156:31–5.

34. Fuzesi L, et al. Cytogenetic analysis of 11 renal oncocytomas:
further evidence of structural rearrangements of 11q13 as
a characteristics of chromosomal anomaly. Cancer Genet
Cytogenet 1999;107:1–6.

Chapter-04.qxd  10/11/08  2:32 AM  Page 48



Genetics of Sporadic Renal Cell Carcinoma 49

35. Pollack JR, et al. Genome-wide analysis of DNA copy-number
changes using cDNA microarrays. Nat Genet 1999;23:41–6.

36. Snijders AM, et al. Assembly of microarrays for genome-wide
measurement of DNA copy number. Nat Genet 2001;29:263–4.

37. Barrett MT, et al. Comparative genomic hybridization using
oligonucleotide microarrays and total genomic DNA. Proc
Natl Acad Sci U S A 2004;101:17765–70.

38. Zhao X, et al. Homozygous deletions and chromosome ampli-
fications in human lung carcinomas revealed by single
nucleotide polymorphism array analysis. Cancer Res
2005;65:5561–70.

39. Bugert P, Pesti T, Kovacs G. The tcf17 gene at chromosome 5q
is not involved in the development of conventional renal
cell carcinoma. Int J Cancer 2000;86:806–10.

40. Bugert P, Kenck C, Kovacs G. A 33 bp minisatellite repeat
upstream of the ‘mutated in colon cancer’ gene at chromo-
some 5q21. Electrophoresis 1998;19:1362–5.

41. Sultmann H, et al. Gene expression in kidney cancer is associ-
ated with cytogenetic abnormalities, metastasis formation,
and patient survival. Clin Cancer Res 2005;11:646–55.

42. Latif F, et al. Identification of the von Hippel-Lindau disease
tumor suppressor gene. Science 1993;260:1317–20.

43. Iliopoulos O, et al. Tumour suppression by the human von
Hippel-Lindau gene product. Nat Med 1995;1:822–6.

44. Chen F, et al. Suppression of growth of renal carcinoma cells
by the von Hippel-Lindau tumor suppressor gene. Cancer
Res 1995;55:4804–7.

45. Kenck C, et al. Mutation of the VHL gene is associated exclu-
sively with the development of non-papillary renal cell
carcinomas. J Pathol 1996;179:157–61.

46. Knudson AG. Mutation and cancer: statistical study of
retinoblastoma. Proc Natl Acad Sci U S A 1971;68: 820–3.

47. Maynard MA, Ohh M. von Hippel-Lindau tumor suppressor
protein and hypoxia-inducible factor in kidney cancer.
Am J Nephrol 2004;24:1–13.

48. Maxwell PH, et al. The tumour suppressor protein VHL tar-
gets hypoxia-inducible factors for oxygen-dependent pro-
teolysis. Nature 1999;399:271–5.

49. Ohh M, et al. Ubiquitination of hypoxia-inducible factor
requires direct binding to the beta-domain of the von
Hippel-Lindau protein. Nat Cell Biol 2000;2:423–7.

50. Ivan M, et al. HIFalpha targeted for VHL-mediated destruc-
tion by proline hydroxylation: implications for O2 sensing.
Science 2001;292:464–8.

51. Jaakkola P, et al. Targeting of HIF-alpha to the von Hippel-
Lindau ubiquitylation complex by O2-regulated prolyl
hydroxylation. Science 2001;292:468–72.

52. Schofield CJ, Ratcliffe PJ. Oxygen sensing by HIF hydroxy-
lases. Nat Rev Mol Cell Biol 2004;5:343–54.

53. Wang GL, et al. Hypoxia-inducible factor 1 is a basic-helix-
loop-helix-PAS heterodimer regulated by cellular O2

tension. Proc Natl Acad Sci U S A 1995;92:5510–4.
54. Jiang B, et al. Hypoxia-inducible factor 1 levels vary expo-

nentially over a physiological relevant range of O2 tension.
Am J Physiol Cell Physiol 1996;271:1172–80.

55. Masson N, et al. Independent function of two destruction
domains in hypoxia-inducible factor-alpha chains activated
by prolyl hydroxylation. EMBO J 2001;20:5197–206.

56. Kaelin WG. The von Hippel-Lindau protein, HIF hydroxyla-
tion, and oxygen sensing. Biochem Biophys Res Commun
2005;338:627–38.

57. Lubensky IA, et al. Hereditary and sporadic papillary renal
carcinomas with c-met mutations share a distinct morpho-
logical phenotype. Am J Pathol 1999;155:517–26.

58. Schmidt L, et al. Germline and somatic mutations in the tyro-
sine kinase domain of the MET proto-oncogene in papil-
lary renal carcinomas. Nat Genet 1997;16:68–73.

59. Schmidt L, et al. Novel mutations of the MET proto-oncogene
in papillary renal carcinomas. Oncogene 1999;18:2343–50.

60. Cooper CS, et al. Molecular cloning of a new transforming
gene from a chemically transformed human cell line.
Nature 1984;311:29–33.

61. Park M, et al. Mechanism of met oncogene activation. Cell
1986;45:895–904.

62. Nakamura T, Nawa K, Ichihara A. Partial purification and
characterization of hepatocyte growth factor from serum
of hepatectomized rats. Biochem Biophys Res Commun
1984;122:1450–9.

63. Stoker M, Perryman M. An epithelial scatter factor released
by embryo fibroblasts. J Cell Sci 1985;77:209–23.

64. Bottaro DP, et al. Identification of the hepatocyte growth fac-
tor receptor as the c-met proto-oncogene product. Science
1991;251:802–4.

65. Tomlinson IP, et al. Germline mutations in FH predis-
pose to dominantly inherited uterine fibroids, skin
leiomyomata and papillary renal cell cancer. Nat Genet
2002;30:406–10.

66. Toro JR, et al. Mutations in the fumarate hydratase gene cause
hereditary leiomyomatosis and renal cell cancer in fami-
lies in North America. Am J Hum Genet 2003;73:95–106.

67. Pollard PJ, et al. Targeted inactivation of fh1 causes prolifera-
tive renal cyst development and activation of the hypoxia
pathway. Cancer Cell 2007;11:311–9.

68. Isaacs JS, et al. HIF overexpression correlated with biallelic
loss of fumarate hydrotase in renal cancer: novel role of
fumarate in regulation of HIF stability. Cancer Cell
2005;8:143–53.

69. Pollard PJ, et al. Accumulation of Krebs cycle intermediates
and over-expression of HIF1alpha in tumours which result
from germline FH and SDH mutations. Hum Mol Genet
2005;14:2231–9.

70. Furge KA, et al. Detection of DNA copy number changes and
oncogenic signaling abnormalities from gene expression
data reveals MYC activation in high-grade papillary renal
cell carcinoma. Cancer Res 2007;67:3171–6.

71. Nickerson ML, et al. Mutations in a novel gene lead to kidney
tumors, lung wall defects, and benign tumors of the hair
follicle in patients with the Birt-Hogg-Dube syndrome.
Cancer Cell 2002;2:157–64.

72. Pavlovich CP, et al. Renal tumors in the Birt-Hogg-Dube
syndrome. Am J Surg Pathol 2002;26:1542–52.

73. Schmidt LS, et al. Germline BHD-mutation spectrum and phe-
notype analysis of a large cohort of families with Birt-Hogg-
Dube syndrome. Am J Hum Genet 2005;76: 1023–33.

74. Khoo SK, et al. Inactivation of BHD in sporadic renal tumors.
Cancer Res 2003;63:4583–7.

75. Al-Saleem T, et al. The genetics of renal oncocytosis: a possi-
ble model for neoplastic progression. Cancer Genet Cyto-
genet 2004;152:23–8.

76. Rankin EB, Tomaszewski JE, Haase VH. Renal cyst develop-
ment in mice with conditional inactivation of the von Hippel-
Lindau tumor suppressor. Cancer Res 2006;66: 2576–83.

Chapter-04.qxd  10/11/08  2:32 AM  Page 49



50 RENAL CELL CARCINOMA

77. Ueki K, et al. Correlation of histology and molecular genetic
analysis of 1p, 19q, 10q, TP53, EGFR, CDK4, and CDKN2A
in 91 astrocytic and oligodendroglial tumors. Clin Cancer Res
2002;8:196–201.

78. Qian CN, et al. Cystic renal neoplasia following conditional
inactivation of apc in mouse renal tubular epithelium.
J Biol Chem 2005;280:3938–45.

79. Greenman C, et al. Patterns of somatic mutation in human
cancer genomes. Nature 2007;446:153–8.

80. Takahashi M, et al. Gene expression profiling of clear cell
renal cell carcinoma: gene identification and prognostic
classification. Proc Natl Acad Sci USA 2001;98:9754–9.

81. Gieseg MA, et al. Expression profiling of human renal carci-
nomas with functional taxonomic analysis. BMC Bioin-
formatics 2002;3:26.

82. Boer JM, et al. Identification and classification of differen-
tially expressed genes in renal cell carcinoma by expres-
sion profiling on a global human 31,500-element cDNA
array. Genome Res 2001;11:1861–70.

83. Jones J, et al. Gene signatures of progression and metastasis
in renal cell cancer. Clin Cancer Res 2005;11:5730–9.

84. Liou LS, et al. Microarray gene expression profiling and
analysis in renal cell carcinoma. BMC Urol 2004;4:9.

85. Yamazaki K, et al. Overexpression of KIT in chromophobe
renal cell carcinoma. Oncogene 2003;22:847–52.

86. Skubitz KM, Skubitz AP. Differential gene expression in
renal-cell cancer. J Lab Clin Med 2002;140:52–64.

87. Skubitz KM, et al. Differential gene expression identifies sub-
groups of renal cell carcinoma. J Lab Clin Med 2006;
147:250–67.

88. Moch H, et al. High-throughput tissue microarray analysis to
evaluate genes uncovered by cDNA microarray screening
in renal cell carcinoma. Am J Pathol 1999;154:981–6.

89. Li G, et al. S100A1: a powerful marker to differentiate chro-
mophobe renal cell carcinoma from renal oncocytoma.
Histopathology 2007;50:642–7.

90. Lin F, et al. Expression of S-100 protein in renal cell neo-
plasms. Hum Pathol 2006;37:462–70.

91. Rocca PC, et al. Diagnostic utility of S100A1 expression in
renal cell neoplasms: an immunohistochemical and quan-
titative RT-PCR study. Mod Pathol 2007;20:722–8.

92. Yao M, et al. Expression of adipose differentiation-related
protein: a predictor of cancer-specific survival in clear cell
renal carcinoma. Clin Cancer Res 2007;13:152–60.

93. Kosari F, et al. Clear cell renal cell carcinoma: gene expres-
sion analyses identify a potential signature for tumor
aggressiveness. Clin Cancer Res 2005;11:5128–39.

94. Zhao H, et al. Gene expression profiling predicts survival 
in conventional renal cell carcinoma. PLoS Med
2006;3:e13.

95. Tsui KH, et al. Prognostic indicators for renal cell carcinoma:
a multivariate analysis of 643 patients using the revised
1997 TNM staging criteria. J Urol 2000;163:1090-5; quiz
1295.

96. Gettman MT, et al. Pathologic staging of renal cell carcinoma:
significance of tumor classification with the 1997 TNM
staging system. Cancer 2001;91:354–61.

97. Han KR, et al. Validation of an integrated staging system
toward improved prognostication of patients with localized
renal cell carcinoma in an international population. J Urol
2003;170(6 Pt 1):2221–4.

98. Zisman A, et al. Improved prognostication of renal cell carci-
noma using an integrated staging system. J Clin Oncol
2001;19:1649–57.

99. Staller P, et al. Chemokine receptor CXCR4 downregulated
by von Hippel-Lindau tumour suppressor pVHL. Nature
2003;425:307–11.

100. Yao M, et al. Gene expression analysis of renal carcinoma:
adipose differentiation-related protein as a potential diag-
nostic and prognostic biomarker for clear-cell renal carci-
noma. J Pathol 2005;205:377–87.

101. Desai KV, et al. Initiating oncogenic event determines gene-
expression patterns of human breast cancer models. Proc
Natl Acad Sci U S A 2002;99:6967–72.

102. Ferrando AA, et al. Gene expression signatures define novel
oncogenic pathways in T cell acute lymphoblastic
leukemia. Cancer Cell 2002;1:75–87.

103. Huang E, et al. Gene expression phenotypic models that pre-
dict the activity of oncogenic pathways. Nat Genet
2003;34:226–30.

104. Sweet-Cordero A, et al. An oncogenic KRAS2 expression
signature identified by cross-species gene-expression
analysis. Nat Genet 2005;37:48–55.

105. Bild AH, et al. Oncogenic pathway signatures in human cancers
as a guide to targeted therapies. Nature 2005; 439:353–7.

106. Chi JT, et al. Gene expression programs in response to
hypoxia: cell type specificity and prognostic significance
in human cancers. PLoS Med 2006;3:e47.

107. Subramanian A, et al. Gene set enrichment analysis: a
knowledge-based approach for interpreting genome-wide
expression profiles. Proc Natl Acad Sci U S A 2005;
102:15545–50.

108. Kim S, Volsky DJ. PAGE: parametric analysis of gene set
enrichment. BMC Bioinformatics 2005;6:144.

109. Riss J, et al. Cancers as wounds that do not heal: differences and
similarities between renal regeneration/repair and renal
cell carcinoma. Cancer Res 2006;66:7216–24.

110. Copland JA, et al. Genomic profiling identifies alterations in
TGFbeta signaling through loss of TGFbeta receptor
expression in human renal cell carcinogenesis and pro-
gression. Oncogene 2003;22:8053–62.

111. Minasian LM, et al. Interferon alfa-2a in advanced renal cell
carcinoma: treatment results and survival in 159 patients
with long-term follow-up. J Clin Oncol 1993; 11:1368–75.

112. Atkins MB, Regan M, McDermott D. Update on the role of
interleukin 2 and other cytokines in the treatment of
patients with stage IV renal carcinoma. Clin Cancer Res
2004;10(18 Pt 2):6342S–6S.

113. Shimazui T, et al. Prediction of in vitro response to inter-
feron-alpha in renal cell carcinoma cell lines. Cancer Sci
2007;98:529–34.

114. Tiwari G, et al. Gene expression profiling in prostate cancer
cells with Akt activation reveals Fra-1 as an Akt-inducible
gene. Mol Cancer Res 2003;1:475–84.

115. Gerritsen ME, et al. Using gene expression profiling to identify
the molecular basis of the synergistic actions of hepatocyte
growth factor and vascular endothelial growth factor in
human endothelial cells. Br J Pharmacol 2003;140:
595–610.

116. Engelman JA, et al. MET amplification leads to gefitinib
resistance in lung cancer by activating ERBB3 signaling.
Science 2007;316:1039–43.

Chapter-04.qxd  10/11/08  2:32 AM  Page 50



51

CROSS-SECTIONAL IMAGING
TECHNIQUES AND THE APPEARANCE OF

RENAL CELL CARCINOMA

Cross-sectional imaging plays a critical role in the
diagnosis and characterization of renal masses.
Cross-sectional imaging is used to detect and charac-
terize renal masses, stage renal cell carcinoma
(RCC), and plan surgery. Renal masses are almost
ubiquitous on computed tomography (CT), magnetic
resonance (MR), and ultrasonography (US) because
benign renal cysts are so common. The difficulty
comes when trying to distinguish between a malig-
nant neoplasm and another etiology, such as a benign
cyst, neoplasm, vascular lesion, congenital anomaly,
or normal variant. Fortunately, because there is a
wealth of experience with renal imaging, there is
ample data to support the use of cross-sectional imag-
ing as a diagnostic tool for distinguishing between
clinically significant and insignificant renal lesions.
Clinical signs and symptoms are relegated to a sup-
plementary role in the diagnosis of RCC because
most renal lesions are asymptomatic and because
cross-sectional imaging has proven to have a high
sensitivity and specificity for renal malignancies. 

Computed Tomography

State-of-the-art CT is the gold standard for the
detection and characterization of renal masses. CT
of the kidneys always includes thin slices, preferably
no thicker that 3 mm slice width, reconstructed from
submillimeter collimated slices, and imaging before

and after intravenous (IV) contrast. The kidneys are
optimally scanned during peak concentration of
contrast by the tubules; this facilitates differentiation
between normal renal parenchyma, which concen-
trates contrast, and abnormal tissue, which does not
have functioning nephrons. This time period after IV
contrast is the nephrographic phase (NP) and
typically occurs 90 to 120 seconds after the initia-
tion of the IV contrast bolus.

A three-phase CT scan is considered the optimal
technique for detecting and characterizing renal
masses, as well as for staging RCC (Figure 1). This
includes an unenhanced scan, a vascular or corti-
comedullary phase (CMP) scan, and an NP scan.
Several studies have shown that the NP is the most
sensitive for the detection of renal tumors, and more
renal lesions can be seen when a combination of
unenhanced, CMP, and NP scans is used.1–6

The CMP occurs shortly after peak arterial
enhancement (typically 35 to 40 seconds after the
contrast bolus is initiated) and is useful for assessing
the renal vasculature and vascular renal lesions.3,4,7

The enhancement seen on the CMP can also be
useful for characterizing lesions.1 However, when
used alone, the CMP can result in lesions being
missed and false-positive diagnosis of medullary
lesions.8

Advantages of CT are high spatial resolution,
rapid scan times, easy access, and user familiarity.
Limitations to CT include the use of ionizing radia-
tion and risk of contrast nephropathy in patients
with renal insufficiency. Technical difficulties can
also occur in patients with metallic hardware in the
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to moderate renal insufficiency. At standard clinical
doses, MR contrast (gadolinium–DTPA) does not
appear to have any nephrotoxic effects in patients
with mild kidney disease, but at high doses in dialysis
patients, there are rare reports of nephrotoxicity and a
severe systemic fibrosis.9,10 As MR evolves, the spa-
tial resolution may match and even surpass that of CT.
Until then, and because of the relatively less frequent
use of MR in abdominal imaging, CT will remain the
gold standard.

Similar to CT, MR imaging must be performed
before and after contrast. T2-weighted imaging,
in-phase and out-of-phase imaging, and imaging
with and without fat saturation are performed
without contrast to characterize cystic and fatty
lesions (Figure 2). T1-weighted imaging, usually
with a fat-saturation breath-hold sequence, is per-
formed before and after contrast during several
time points; we scan at 0, 45, 90, and 120 seconds
after contrast, using both axial and coronal
planes.11,12 The lack of ionizing radiation allows
the more liberal use of scanning after contrast.

Advantages of MR include lack of ionizing radi-
ation and superior tissue characterization. MR is
highly sensitive for renal tumors, approaching 100%,
and has advantages over CT for the characterization

Figure 1. Renal cell carcinoma computed tomography (CT). Unenhanced (A), corticomedullary phase (CMP; B), and nephrographic phase
(NP; C) axial CT scans show an approximately 2.5-cm, left lower pole, enhancing solid renal neoplasm (arrows). Three scan phase techniques
are considered state of the art for the detection and characterization of renal cell carcinoma (RCC). Renal masses are often isodense to nor-
mal renal parenchyma on the unenhanced CT (A). On the CMP CT (B), hypervascular masses such as this enhance similar to the renal cor-
tex but on the NP (C), masses are hypodense to normal renal parenchyma because tumors lack functioning nephrons and do not concentrate
the contrast that has been filtered into the urine.

upper lumbar spine that can cause image artifacts at
the level of the kidneys.

MR Imaging

MR is also used to characterize and stage RCC and is
used to further characterize indeterminate lesions at
CT; MR is more contrast sensitive and tissue sensitive
than CT. MR is the test of choice in patients with mild

B C
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of subcentimeter cysts. The sensitivity and specificity
of CT and MR for the detection of RCC are nearly
equivalent, ranging between 80 and 100%.13–16

One limitation of MR is its inability to specify
enhancement criteria following contrast in order to
distinguish between cystic lesions and hypovascu-
lar solid masses. A 15% increase in signal inten-
sity has been advocated as a threshold to
determine enhancement in renal tumors.17

However, signal intensity in MR is based on a

relative scale, not on absolute density, as is the
Hounsfield unit (HU) scale.18 Therefore, an image
subtraction between pre- and postcontrast MR
exams can be used to eliminate the subjectivity of
determining enhancement after contrast on MR.19

A minor limitation of MR is difficulty in detecting
calcium in renal lesions because calcium appears
as a signal void.

Ultrasonography

RCC can be hypoechoic, isoechoic, or hyperechoic on
US. In general, renal tumors that are large, contour
deforming, or partially cystic can be detected sono-
graphically (Figure 3). US is ideal for distinguishing
between cystic and solid renal masses.20 However, US
is not the best test for the detection and characteriza-
tion of most renal tumors for several reasons.

Figure 2. Magnetic resonance (MR) techniques. T2 axial (A) and
contrast-enhanced T1 volume-interpolated breath-hold sequence
subtraction (B) images. The fluid in the gallbladder (thin arrow) is
bright on T2-weighted image (A) and dark on T1-weighted image (B).
A solid renal cell carcinoma (thick arrow) will enhance after contrast
(B) and typically has intermediate signal on T2-weighted images.

A

Figure 3. Cystic renal cell carcinoma (RCC) on ultrasonography
(US). Longitudinal (A) and axial (B) sonographic images. Both
anechoic and solid components are seen on this US, demonstrating
a complex cystic renal mass (arrow) that was RCC at pathology.
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First, small renal tumors are often isoechoic and
therefore can only be detected if there is a distortion
of the renal contour. Second, the detection of fat
within a lesion to identify angiomyolipoma (AML) is
less specific with US than with other cross-sectional
imaging. Third, US is more user dependent and
patient dependent in that body habitus can play a sig-
nificant role in the sonographic depiction of the kid-
neys. As a result, the sensitivity and specificity of
renal US for detection of renal masses are lower than
those of either CT or MR.18,19 The advantages of renal
US include the noninvasive nature of the exam with-
out the use of contrast agents or radiation.

US is performed with a 3- to 6-MHz transducer,
and images are obtained through each kidney in both
the axial and longitudinal planes. Tissue harmonic
imaging can be used to increase the sensitivity of US
for renal masses. Cysts will appear as round or oval
anechoic structures with a thin or imperceptible
wall. Solid and complex cystic masses will either
deform the renal contour or be distinguished from
the normal renal parenchyma by a difference in
echogenicity. The sensitivity of US for the detection
of RCC is also dependent on the size of the lesion.21

The sensitivity may improve with IV contrast agents
for US: in one study, sensitivity increased to 97%
compared with 70% for gray scale US.22 US contrast
agents are available for use with Doppler US sys-
tems but are not in general use in the United States.

The importance of contrast use for the CT and
MR detection and staging of RCC cannot be under-
stated. However, a full discussion of the different
types of contrast agents used for CT and MR and
their limitations and potential complications is
beyond the scope of the chapter.

Imaging Appearance of RCC

Primary neoplasms of renal epithelial origin can be
classified as follows: clear cell, granular cell, sarco-
matoid adenocarcinoma, chromophobe, papillary,
collecting duct, medullary, mixed cell types or as
adenocarcinoma not specified, oncocytoma, small
cell carcinoma, juxtaglomerular tumor, or
carcinoid.23–25

Clear cell RCC (CCRCC) is the most common
cell type and accounts for 70 to 80% of all RCC.

Clear cell carcinomas are typically hypervascular
on CT, with enhancement more avid than that dis-
played by other subtypes (Figure 4).26 A hyper-
vascular pattern is present in nearly 50% of clear
cell carcinomas compared with 15% of papillary
and 4% of chromophobe subtypes.26,27 Some
CCRCC are cystic. There is a large body of liter-
ature devoted to distinguishing between benign
cystic renal disease and cystic RCC with several
indeterminate lesion characteristics. We use the
Bosniak criteria to stratify risk of malignancy
based on appearance.28–30 Those cystic masses
with clearly solid enhancing elements at CT or
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MR are usually cystic RCC (Bosniak IV) 
(Figure 5). On MR, CCRCC is isointense on
T1WI and isointense to hyperintense on T2WI
(Figure 6).31 Clear cell carcinomas more com-
monly invade the renal collecting system.32 Cystic
degeneration is also more common in the clear
cell subtype than in the other subtypes (Figure 7).
This is true regardless of tumor size. The chromo-
phobe subtype shows homogeneous enhancement
in nearly 75% of cases, significantly more than
45 and 65% of clear cell and papillary subtypes,
respectively. Calcification occurs equally: in 21
to 25% of clear cell, papillary, and chromophobe
subtypes.

Papillary RCC (PRCC) accounts for approxi-
mately 10% of RCC and has a better prognosis than
CCRCC.33–35 PRCC can be bilateral and multiple.35

On CT, PRCC is typically a hypovascular solid mass
(Figure 8).27,36 PRCC rarely invades the collecting
system.32 On MR, PRCC can be hemorrhagic, lead-
ing to heterogeneous and increased signal intensity
on T1WI and decreased signal intensity on T2WI
(Figure 9).31,35 There are no sonographic features
specific for PRCC.

The chromophobe subtype accounts for only a
small percentage of RCC and is typically hypovas-
cular on CT, similar to PRCC (Figure 10).34,37

Collecting or Bellini duct carcinomas are uncom-
mon, accounting for only 1 to 2% of all RCC. Col-
lecting duct RCC (CDRCC) are of medullary origin
and typically infiltrate within kidney.38–42 Metas-
tases occur in approximately one-third of patients

Figure 4. Clear cell renal cell carcinoma (RCC) on computed
tomography (CT) Unenhanced (A), corticomedullary phase 
(CMP; B), and nephrographic phase (NP; C)—clear cell RCC
(CCRCC), the most common subtype, occurs in approximately
70% of patients. CCRCC (arrow) enhances avidly with intravenous
contrast, which is more pronounced on the CMP (B) than on
the NP (C).

Figure 5. Cystic renal cell carcinoma (RCC) on computed
tomography (CT). Noncontrast (A) and nephrographic (B) phase
images show a thick-walled cystic mass with a discrete, enhancing
nodule along the anterior wall (arrow). RCC can appear as solid,
complex cystic or infiltrating masses. Cystic renal masses that
contain clearly solid, enhancing elements are Bosniak IV complex
cystic lesions and almost always RCC.

C A

B

Chapter-05.qxd  12/30/08  1:47 PM  Page 55



56 RENAL CELL CARCINOMA

carcinoma of the renal pelvis, and non-Hodgkin’s
lymphoma (NHL) (Figure 11).38,42

Sarcomatoid RCC is highly aggressive. It typ-
ically has an infiltrating appearance on imaging
and is usually symptomatic at presentation.43

Renal sarcoma and sarcomatoid RCC should be
considered when there is an extensively infiltrat-
ing tumor with extension into the perinephric

Figure 6. Clear cell renal cell carcinoma on magnetic resonance
(MR). Axial subtraction MR volume-interpolated breath-hold image
shows a centrally necrotic left renal mass (arrow), a clear cell
carcinoma.

Figure 7. Centrally necrotic renal cell carcinoma (RCC). This RCC
(arrow) has mixed enhancement pattern with a low-attenuation
region centrally, which shows no enhancement; this represents
tumor necrosis at pathology.

with CDRCC and are more common at presentation
than with other RCC cell types. Bone metastases
from CDRCC are osteoblastic, in contrast to metas-
tases from CCRCC, which are osteolytic.15 CDRCC
tumors are hypovascular on CT and angiography.36

The differential diagnosis of CDRCC includes high-
grade transitional cell carcinoma, squamous cell

Figure 8. Papillary renal cell carcinoma on computed tomography
(CT) Axial (A) and sagittal (B) images demonstrate a hypovascular
mass (arrow). Note the large difference in density between the mass
and the normal parenchyma (arrowhead) on this nephrographic
phase scan. Most papillary renal cell carcinoma are hypovascular on
CT and angiography.
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Figure 9. Papillary renal cell carcinoma (PRCC) on magnetic
resonance (MR). PRCC (arrow), seen here in the upper pole of the
right kidney anteriorly, is frequently hyperintense to the normal renal
parenchyma in T1-weighted MR imaging.

space and adjacent organs (Figure 12). The differ-
ential diagnosis, similar to that for CDRCC,
includes TCC and NHL.44

Medullary carcinoma, although usually consid-
ered a distinct entity, may be an aggressive form of
CDRCC that occurs in younger patients. Medullary
renal carcinoma has been associated with sickle cell
trait but not with sickle cell disease.

Juxtaglomerular tumors are exceedingly uncom-
mon, and few specific imaging details are available.

Figure 10. Chromophobe renal cell carcinoma (RCC). Chrom-
ophobe RCC are hypovascular tumors (arrow) on unenhanced (A),
corticomedullary phase (B), and nephrographic phase (C) CT scans,
a pattern similar to papillary RCC. Chromophobe RCC rarely have
necrosis or hemorrhage and carry a better prognosis than CCRCC.
Histologically, they exhibit polyhedral tumor cells with abundant pale
cytoplasm and a solid pattern of growth.

Juxtaglomerular tumors are often associated with
hypertension and hypokalemia due to the production
of renin or renin analogues that activate the
renin–angiotensin system.23 This contrasts with the
majority of RCC that are now asymptomatic and
discovered incidentally.A
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Benign Renal Tumors

Benign primary renal tumors include oncocytoma
and AML (Figures 13 and 14). Oncocytoma is
hypervascular, similar to clear cell carcinoma. CT
cannot reliably distinguish between most RCC and

Figure 11. Renal non-Hodgkin’s lymphoma (NHL). This patient has
large bulky retroperitoneal lymphadenopathy (long arrow), out of pro-
portion to the size of the mass (short arrow). This patient has NHL.

Figure 12. Sarcomatoid renal cell carcinoma (RCC). This exo-
phytic sarcomatoid RCC invades into the left iliopsoas muscle com-
plex (arrow). Sarcomatoid tumors are more aggressive and have a
worse prognosis than the more common clear cell carcinomas.

Figure 13. Oncocytoma.This small right lower pole tumor is an onco-
cytoma (arrow). There are no computed tomographic, ultrasona-
graphic, or magnetic resonance features specific for oncocytoma,
although histologic features have been described that may allow for the
diagnosis of oncocytoma on percutaneous biopsy of larger lesions.

Figure 14. Angiomyolipoma. This right renal mass (arrow) shows
mixed fat and soft tissue density. Macroscopic fat is diagnostic of an
angiomyolipoma, with rare exceptions.

oncocytoma.45 The histopathologic features of
oncocytoma that allow differentiation from RCC
on biopsy have recently been described.46,47

However, it is still difficult to distinguish between
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RCC and oncocytoma on percutaneous core
needle biopsy. Most AML are able to be character-
ized by gross fat on CT identified by HU density
measurements less than 0 and on MR by fat-
suppression techniques. There are a small percent-
age of AML with minimal fat expression
macroscopically. Although these are easy to diag-
nose at pathology, these AML with minimal fat
can be difficult to distinguish from small solid
RCC on imaging.

STAGING OF RCC BY CT AND MR

Staging with CT and MR

The revised tumor–node–metastasis (TNM) stag-
ing criteria more accurately delineate differences in
survival rates between Stage I and Stage II dis-
ease.48 Overall, the accuracy of CT and MR for
staging is high, between 87 and 100%.49–54 The
major limitation is identifying T3 tumors: those
tumors that have spread beyond the renal capsule
without direct invasion of adjacent structures. The
difference between T1 and T3 or T2 and T3 tumors
theoretically has serious prognostic implications,
but understaging by CT may not affect the overall
prognosis: there was no difference in the 5-year
survival rate between patients with clinical stage
T1 disease and pathologic stage T1 disease when
compared with patients with clinical stage T1
disease and pathologic stage T3 disease.55 US is not
generally used to stage RCC.

Tumor Size

Tumor size in the TNM staging system is based on
the largest dimension at pathology, but clinical
staging is based on size at imaging. In general, there
is good correlation between CT size and pathologi-
cal size, but there are some discrepancies.53,54 Clear
cell tumors are typically smaller at pathology than at
CT; this may be due to the vascular nature of
CCRCC as there is no blood volume within the mass
at pathology.56

For expected low-stage disease with small
primary tumors, a normal chest radiograph will
likely suffice for pulmonary staging; for larger

tumors and patients with extensive regional disease
or pulmonary symptoms, chest CT is indicated
(Figure 15).57 Pelvic CT is not indicated for the
initial staging evaluation of RCC.58,59

Lymphadenopathy

Both CT and MR are highly sensitive for
lymphadenopathy (based on 1-cm short-axis diame-
ter), at 89 to 100%.48,51,52 The appearance of lymph
node metastases often mimics that of the primary
tumor; for example, lymph node metastases from
CCRCC are frequently hypervascular.

At the time of presentation, it is rare that RCC
involves the adrenal gland; this is true even more
so today with early detection and asymptomatic
presentation.60 Adrenal gland involvement ranges
from less than 1% to up to 8% in advanced dis-
ease.61 CT has a high negative predictive value for
adrenal involvement, between 94 and 100%.62,63

Positive predictive value of CT for adrenal
involvement is low, less than 30% in some reports
(Figures 16 and 17).62,63 MR is highly sensitive for
adrenal involvement and characterizing small
adrenal lesions that are commonly lipid-rich
adrenal adenomas (Figure 18).

Figure 15. Pulmonary metastases on chest radiograph. Multiple
round soft tissue masses (arrows) can be seen in this patient with
stage IV renal cell carcinoma.
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Figure 16. Normal adrenal gland on computed tomography.
Coronal reformation demonstrating the normal appearance of the
adrenal glands (long arrows) in this patient with a right upper pole
renal tumor (short arrow). Direct invasion into the ipsilateral adrenal
gland is uncommon, even with upper pole tumors. This patient has
bilateral tumors with a left lower pole mass (arrowhead).

Figure 17. Renal cell carcinoma (RCC) and adrenal mass on a
three-dimensional volume-rendered computed tomography (CT).
This patient has both a lower pole left renal mass (thick arrow) and
an adrenal mass (thin arrow). CT has a high specificity for adrenal
disease; however, most adrenal masses are usually benign, even in
patients with RCC.

Renal Vein and Inferior Vena Cava Tumor

The detection of renal vein invasion or tumor
thrombus and its cephalad extent into the inferior
venacava (IVC) is critical for proper staging and
for surgical planning in patients with RCC
(Figures 19–22).64,65 Briefly, level I tumor thrombus

Figure 18. Magnetic resonance normal adrenal gland and adrenal
adenoma. T1-weighted in-phase (A) and out-of-phase (B) images
showing a normal right adrenal gland (long arrow) and a left adrenal
adenoma (short arrow). The adrenal adenoma, because of high intra-
cellular lipid content, drops in signal intensity between the in-phase (A)
and out-of-phase (B) images as signals from lipid and water cancel.

extends only within the renal vein, or into the renal
vein and IVC within 2 cm of the renal vein ostia,
level II extends within the IVC more than 2 cm
from the renal vein ostia but not into the intrahep-
atic IVC, level III extends into the intrahepatic
IVC but not above the hepatic veins, and level IV
extends above the hepatic veins including into the
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right atrium.64–66 MR and CT are both highly sen-
sitive for renal vein involvement, with sensitivity
and specificity of 85 to 100%.67 Other methods for
imaging tumor thrombus in the IVC and right
atrium include transesophageal sonography and
angiography.67–71

Figure 19. Level 1 renal vein tumor thrombus. Level 1 renal vein
tumor (arrowhead) from renal cell carcinoma (arrow) either remains
within the renal vein, as in this case, or extends into the inferior
venacava no more than 2 cm from the renal vein ostium.

Figure 20. Level 2 renal vein tumor thrombus. The tumor and
thrombus (arrow) extend more than 2 cm from the renal vein ostia
but not within the intrahepatic inferior venacava.
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Metastatic Disease

Lymph nodes, lung, brain, and bone are the most
common sites of metastatic disease from RCC
(Figures 23–28). Other sites of metastatic disease
include soft tissues, musculature, and pancreas.72–73

Although rare, peritoneal carcinomatosis has also
been reported.74 As many as 30% of patients with
RCC have metastasis at presentation.75

Figure 21. Level 3 renal vein tumor thrombus. Axial computed
tomography (CT; A) showing the heterogeneous nature of the
enhancement pattern of the tumor (arrow), axial CT image (B) with
left renal vein tumor thrombus (arrow), and coronal reconstruction
(C) showing level 3 tumor thrombus (arrow) into the intrahepatic infe-
rior venacava below the hepatic veins. Axial (D) and coronal (E) T2-
weighted magnetic resonance image demonstrating the mass
(arrow) and vein thrombus (arrowhead).

Figure 22. Magnetic resonance (MR) of renal vein tumor throm-
bus. A large renal cell carcinoma (thick arrow) replaces most of the
left kidney, and tumor thrombus in the left renal vein (arrowheads)
extends into the inferior venacava (thin arrow). MR is slightly more
sensitive than computed tomography for renal vein tumor thrombus.

Figure 23. Metastatic disease from renal cell carcinoma (RCC).
A 65-year-old male, status-post right nephrectomy for RCC.This patient
has metastatic disease with (A) two left renal masses (arrowheads), a
pancreatic mass (arrow), and (B) mesenteric masses (arrows).
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Figure 24. Infiltrating renal cell carcinoma with regional
lymphadenopathy. Centrally located infiltrating renal tumors (short
arrow) include clear cell and medullary renal cell carcinoma, transi-
tional cell carcinoma, and lymphoma. A pathologically enlarged
lymph node (long arrow) makes this a stage IIIB tumor.

SURGICAL PLANNING

Nephron-sparing surgery (NSS) is now a highly
regarded treatment option for patients with RCC
and, in many instances, is preferred to radical
nephrectomy.76,77 Open extirpative NSS has proven
to be a safe and effective therapy for renal neo-
plasms in patients with a tumor in a unilateral kid-
ney, bilateral renal tumors, or renal insufficiency.
This success has expanded the use of NSS to include
small renal neoplasms.78 Laparoscopic partial
nephrectomy and ablative therapies, including
laparoscopic and percutaneous cryoablation and
radiofrequency ablation, are all now being used with
success in selective circumstances.79

The goal of NSS is to maximally preserve renal
function while still achieving the optimal cure or
control of RCC. NSS procedures require that the sur-
geon have a complete understanding of the position
of the tumor with respect to the normal parenchymal
and vascular anatomy (Figures 29 and 30).

Three-dimensional software image processing
using thin slice images from multidetector helical
CT acquisitions or state-of-the-art MR sequences
can provide anatomic definition to facilitate surgical
decision making when considering NSS. Informa-
tion that was not previously considered when inter-
preting CT and MR a decade ago is now routinely

Figure 25. Renal cell carcinoma with lymphadenopathy. Axial
computed tomography (CT) images show a (A) large right renal
mass (arrow) and (B) retroperitoneal lymphadenopathy (arrow). The
CT appearance of metastatic lymphadenopathy often mirrors that of
the primary tumor.

available, such as the arterial and venous anatomy,
the tumor position, and depth of extension into the
parenchyma or into the central renal sinus. The prox-
imity of the tumor to the vascular structures and the
pelvocalyceal system, and the number and course of
the arteries, veins, and ureters can also be delineated
by CT and MR (Figures 31–35).80–82 Accurate surgi-
cal planning information helps to minimize postop-
erative complications such as urinary leak or renal
infarct and, again, helps to maximize preserved
renal function.
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Figure 26. Hepatic metastatic disease from renal cell carcinoma
(RCC). Two hypervascular lesions from metastatic RCC (arrows) are
seen in the liver; the liver attenuation is lower than normal from fatty
infiltration.

Figure 27. Adrenal metastasis from renal cell carcinoma. Axial
computed tomography image shows a heterogeneously enhancing
left adrenal metastasis (arrow). Adrenal metastases are uncommon
at presentation but often resemble the primary tumor.

Figure 28. Pulmonary metastasis from renal cell carcinoma. Two
pulmonary metastases are seen in the right lower lobe (arrows) on
(A) wide (lung) and (B) soft-tissue windows. Multiple pulmonary
masses are common in patients with late-stage disease.
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Figure 29. Multiplanar reconstructions for surgical planning. Unen-
hanced (A), corticomedullary phase (B), and nephrographic phase
(C) axial images can be used to characterize this lesion (arrow) as a
solid enhancing mass. The addition of (D) coronal and (E) sagittal
images reconstructed from thin slice (0.75 or 1.0 mm) axial images
localizes the tumor (arrow) to the apical, anterolateral portion of the
kidney for the urologist.

Figure 30. Three-dimensional volume-rendered computed
tomography of tumor position. Volume-rendered image showing a
cystic renal cell carcinoma in the anterior midkidney (arrow).
Three left renal arteries (small arrowheads) and a retroaortic left
renal vein (large arrowhead) are identified. Renal venous anom-
alies are common, and retroaortic left renal veins (arrowhead)
occur in 5 to 10% of patients. Although venous anomalies do not
directly affect outcome, it is important for the surgeon to be aware
of these variants in order to control the renal blood supply during
surgery.

Figure 31. Three-dimensional volume-rendered computed tomog-
raphy showing multiple renal arteries.Two right renal arteries (arrow-
heads) arise from the aorta approximately 1 cm apart from each
other. The arteries are roughly the same size.
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Figure 32. Hilar renal cell carcinoma. This hilar tumor (arrow)
demonstrates mass effect on the proximal ureter (arrowhead); there
was no invasion of the ureter at surgery.

Figure 33. Exophytic peripheral renal mass. This mass is partially
exophytic, and the most intrarenal margin (arrow) does not extend to
the central sinus fat.

Figure 34. Three-dimensional volume rendering of renal tumor
displacing the renal collecting system. The left upper pole tumor can
be seen abutting and distorting the upper pole calices (arrow).

SUMMARY

Most RCC are now found incidentally, as part of an
exam performed for other abdominal complaints.
CT and MR are critical in the diagnosis, evaluation,
and management of patients with RCC. Some imag-
ing features suggest histologic subtypes. Imaging is
highly accurate for staging.

Figure 35. Three-dimensional magnetic resonance image of right
renal mass. Three-dimensional volume-rendered image from a pos-
terior projection shows a complex mass in the posterior upper pole
of the right kidney (arrow). The retrocaval course of the single right
renal artery is also seen (arrowhead).
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The treatment of renal cell carcinoma (RCC)
continues to evolve. A major impetus for this evolu-
tion has been the increasing incidence of asympto-
matic small renal masses (SRMs) found during
evaluation of unrelated abdominal complaints. This
has led to a more than two-fold increase in the age-
adjusted incidence of localized RCC from 1975 to
1995.1,2 Physicians are now often evaluating asymp-
tomatic patients with presumptively malignant renal
masses whose natural history has not been well
defined.

Surgical excision remains the gold standard man-
agement of RCC.3–5 However, some patients may be
poor surgical candidates due to their age and/or sig-
nificant comorbid conditions. In these patients, the
risks associated with treatment may be greater than
the risk of disease progression during active surveil-
lance. Moreover, longevity in the elderly may be
affected more by existing medical problems than
impacted by an incidentally detected RCC. Despite
this, there remains a strong bias to treat all SRMs
because the long-term outcome of untreated local-
ized RCC remains unknown and systemic therapies
for metastatic RCC (mRCC) have limited efficacy.

6a

MANAGEMENT OF SMALL RENAL MASSES

Active Surveillance of Sporadic 
Renal Masses
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Although the outcomes of treated RCC have
been well established for both localized and
mRCC,6–7 the behavior of untreated renal lesions
has only recently been examined. Initial results sug-
gest that many SRMs do not demonstrate uniformly
aggressive or malignant behavior. Here we review
the data on the epidemiology and pathology of the
SRM. We then examine the role of renal mass
biopsy; discuss indications and outcomes for active
surveillance and more recent information regarding
growth kinetics, rates, and predictors of cancer pro-
gression during active surveillance; and competing
causes of death. Last, we describe delayed manage-
ment strategies and the existing data comparing
excision, ablation, and surveillance of the SRM.

EPIDEMIOLOGY AND PATHOLOGY 
OF THE SRM

The rising incidence of kidney cancer over the past
three decades is primarily due to an increase in the
number of SRMs.1,2,8 Despite the lead-time and
length-time biases associated with earlier RCC detec-
tion, cancer-specific death rates have not changed

This publication was supported in part by grant #P30 CA006927. Additional funds were provided by Fox Chase Cancer Center via institutional support of
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Chapter-06a.qxd  10/11/08  12:53 AM  Page 70



Management of Small Renal Masses 71

appreciably.1,2,8 Hollingsworth and colleagues8 have
noted that despite a rise in RCC incidence and an asso-
ciated increase in SRM treatment, an unexpected
upward trend in kidney cancer-specific and overall
mortality rates has occurred. This treatment discon-
nect of generally earlier RCC detection with increased
numbers of patients treated yet paradoxically higher
kidney cancer–specific death rates suggests that inci-
dentally detected SRMs may not all be life limiting or
clinically meaningful, and a proportion might be
unnecessarily treated. These observations raise several
important questions, including whether some kidney
cancers are intrinsically indolent and do not require
treatment, and if so, can these cases be recognized and
unneeded intervention avoided.

Clinicians have historically regarded all enhanc-
ing renal masses as RCC until proven otherwise. This
assumes that all SRMs are equally malignant and
require prompt intervention. Unfortunately, this prac-
tice results in unnecessary intervention for nearly
20% of individuals in whom a benign lesion is found.
Frank and colleagues9 recognized the relationship
between tumor size and frequency of RCC. In their
review of 2,935 solid renal tumors, malignant pathol-
ogy was identified in 87.2% of all cases. The likeli-
hood of a renal lesion being benign was related to its
size at presentation (6.3% for tumors ≥ 7 cm, 21% for
tumors 2 to 4 cm, and 30% of tumors < 2 cm.) In their
series, the odds for finding cancer increased by 17%,
with each 1-cm increase in tumor diameter.9

The likelihood of an SRM being benign has also
been correlated to age and gender. Renal masses in
young women (< 45 years) are more often benign
(36 to 41%), whereas only 10 to 20% are benign in
similarly aged men.10,11 For renal masses ≤ 7 cm, the
relative risk (RR) of identifying a benign lesion
is 1.8 times more likely in women than in men.12

More recent data in patients with a ≤ 7-cm renal
mass also suggest the chance of benign pathology is
higher not only in younger women but also in older
men (> 75 years).13

Even though the majority of SRM may be con-
firmed as RCC, initial data from the active surveil-
lance literature suggest a heterogeneous biologic
behavior. In general, most are indolent lesions that
lack a highly aggressive or malignant phenotype.14

This finding is consistent with a recent analysis of a

cohort of clinical T1 tumors, where less than 30% of
RCC showed pathologic grade or stage suggestive of
potentially aggressive behavior.13

BIOPSY OF THE SRM

Enhancing renal lesions are generally not biopsied,
with the diagnosis of RCC confirmed only after
surgery. In comparison with other solid malignan-
cies, renal mass biopsy has not been used because
of concerns regarding its accuracy and reliability,
its risks, and its expected negligible impact on man-
agement. Because most enhancing renal masses are
RCC, urologists have erred on the side of possible
overtreatment for nonmalignant lesions. At present,
even the current 2007 National Comprehensive
Cancer Network Clinical Practice Guidelines for
Kidney Cancer considers renal mass biopsy a
nonessential option in the workup of RCC.15 The
main hesitation for routine renal mass biopsy
relates to its historic rate of failure and the possibil-
ity of an indeterminate or false-negative diagnosis.
There is a wide range in the reported accuracy of
biopsy outcomes (Table 1). Variability in results has
been attributed to differences in mass size and loca-
tion, the type of imaging used for targeting, the
number of biopsies obtained, and the manner of
pathologic assessment. In a recent review, renal
mass biopsy was found to be accurate in approxi-
mately 87% of tumors examined (range 40 to
100%), inadequate in roughly 7% (range 0 to 22%),
indeterminate in 8% (range 0 to 36%), false nega-
tive in 4% (range 0 to 24%), and false positive in
1% (range 0 to 3%).16

The risks of biopsy include hemorrhage,
pneumothorax, pseudoaneurysm formation, renal
parenchymal injury/kidney loss, and the possibility
of tumor seeding. Although with greater tissue sam-
pling, the potential of these complications may
increase, the rate of complications from contempo-
rary renal biopsy is low (< 5%),16 with kidney loss
exceedingly rare and mortality not reported.17,18

Hemorrhage is the most frequent adverse event,
with subclinical bleeding commonly identified
if routine postbiopsy imaging is performed.19

However, hemorrhage requiring blood transfusion
is infrequent. Although biopsy using smaller 
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Table 1. RESULTS OF MAJOR BIOPSY SERIES (1974–2000)

No. Inadequate No. Indeterminate No. False No. False Accuracy of
Reference Year No. Biopsy (%) Path (%) Negative (%) Positive (%) Diagnosis* (%) 

Kristensen 1974 34 1 (3%) 4 (12%) 1 (3%) 0 (0%) 28/33 (85%)

Karp 1979 23 5 (22%) 1 (6%) 1 (6%) 0 (0%) 16/18 (89%)

Murphy 1984 56 6 (11%) 7 (14%) 1 (2%) 1 (2%) 41/50 (82%)

Juul 1985 301 16 (5%) 0 (0%) 25 (9%) 0 (0%) 260/285 (91%)

Orell 1985 83 7 (8%) 0 (0%) 0 (0%) 1 (3%) 75/76 (99%)

Nadel 1986 30 0 (0%) 0 (0%) 1 (3%) 0 (0%) 29/30 (97%)

Pilotti 1988 132 8 (6%) 0 (0%) 0 (0%) 1 (1%) 123/124 (99%)

Leiman 1990 120 26 (22%) 0 (0%) 0 (0%) 2 (2%) 92/94 (98%)

Haubek 1991 169 8 (5%) 0 (0%) 17 (11%) 4 (3%) 137/161 (87%)

Cristallani 1991 79 7 (9%) 0 (0%) 4 (6%) 1 (1%) 67/72 (93%)

Mondal 1992 92 0 (0%) 4 (4%) 0 (0%) 2 (2%) 86/92 (93%)

Niceforo 1993 23 0 (0%) 0 (0%) 3 (13%) 0 (0%) 20/23 (87%)

Kelley 1996 43 1 (2%) 6 (14%) 0 (0%) 1 (2%) 35/42 (83%)

Campbell 1997 25 0 (0%) 9 (36%) 6 (24%) 0 (0%) 10/25 (40%)

Truong 1999 108 17 (16%) 11 (12%) 1 (1%) 0 (0%) 79/91 (87%)

Wood 1999 79 5 (6%) 0 (0%) 0 (0%) 0 (0%) 74/74 (100%)

Richter 2000 517 21 (4%) 103 (20%) 6 (1%) 1 (0%) 386/496 (78%)

Brierly 2000 49 8 (16%) 7 (14%) 7 (14%) 1 (2%) 26/41 (63%)

Lechevalier 2000 73 15 (21%) 2 (3%) 0 (0%) 0 (0%) 56/58 (97%)

Total 2036 151 (7%) 154 (8%) 73 (4%) 15 (1%) 1640/1885 (87%)

16Adapted From Lane.

*Accuracy of diagnosis = true diagnosis of total biopsies having adequate tissue for assessment.

(> 18-gauge) needles is thought to carry a lower risk
of complications, no studies have compared out-
comes with different-size needles. Because insuffi-
cient tissue yield or indeterminate findings are more
likely when using smaller needles for primarily
cytologic assessment,20,21 more recent studies rec-
ommend use of the 18-gauge, spring-loaded, auto-
matic biopsy guns and show equally low
complication rates obtaining core biopsies through
an introducer needle in a coaxial fashion.17,18 The
risk of pneumothorax relates to the location of nee-
dle passage, with a posterior and intercostal
approach to access the upper pole carrying the great-
est risk (14 to 29%) for pleural injury22; clinically
significant pneumothorax is uncommon. Pseudoa-
neurysm formation is also rare, typically asympto-
matic and therefore likely underdiagnosed.23,24

When indicated, treatment of pseudoaneurysm is
often successful via endovascular angioembolization.25

Although tumor seeding via the needle tract has
always been a concern, the risk is no greater for
RCC than for other malignancies (< 0.01%); with
only eight cases identified in the literature, and none
since 1994.16

Several points have been recommended to opti-
mize renal mass biopsy:

• The mass should be sampled from at least two
areas, avoiding obvious necrotic regions.
Additional passes show similar risks of compli-
cation as a single biopsy attempt.26

• Automatic core biopsy needles of 18-gauge allow
more reliable tissue retrieval with equal risk as
smaller gauge needles.17,20,21

• Needle guidance by ultrasound, computed tomog-
raphy, or magnetic resonance imaging is equally
effective. No single modality is universally
superior for targeting.21,27

Chapter-06a.qxd  10/11/08  12:53 AM  Page 72



Management of Small Renal Masses 73

INDICATIONS FOR SURVEILLANCE 
OF THE SRM

It is helpful to consider indications for surveillance
of the SRM as absolute, relative, or elective. An
absolute indication describes patients in whom
surgery is contraindicated due to severe medical
comorbidities as treatment that is anticipated to
carry excessive risk is not acceptable to most
patients or physicians. In the reported active surveil-
lance literature, “significant” comorbidity appears
to be the primary indication in 36 to 66% of
patients.35,36 Medical comorbidities and competing
health risks are major concerns when considering a
patient for intervention. Unfortunately, these com-
peting health risks may be difficult to measure and
are often poorly quantified. For patients with
chronic significant disease states that are unlikely to
improve, the indication for observation may appear
absolute, but given our ability to manage highly
complex medical conditions, patients with a true
absolute indication for observation are rare.

Relative indications for active surveillance
include the presence of concomitant but less severe
disease states.37 These conditions include incurable
but treatable illnesses such as renal, pulmonary, or
cardiac disease, or other concurrent malignancy. The
degree of medical comorbidity in patients can be
challenging to quantify, and it is often helpful to

• Predominantly cystic lesions have a higher
chance of sampling error, tumor spillage, and/or
seeding, and biopsy is less advisable.28

• Infiltrative lesions that are atypical for RCC and
may represent an upper tract urothelial cancer, or
sarcoma may have a higher risk for needle tract
seeding.

Modern renal mass biopsy results show
improved diagnostic accuracy, with sensitivity and
accuracy > 95%, (Table 2), and can also provide
prognostic information such as RCC subtype and
Fuhrman grade. Improved accuracy has occurred in
part from the application of newer immunohisto-
chemical and molecular methods of tissue analy-
sis.29–32 Therefore, refinements in biopsy technique
and tissue assessment are likely to further improve
the accuracy of renal mass biopsy in the future.

Renal mass biopsy is currently indicated for
select clinical scenarios such as suspected renal
metastasis, renal lymphoma, or renal abscess.
Additionally, patients with mRCC that is surgically
unresectable or patients who are poor operative
candidates for cytoreductive nephrectomy may ben-
efit from pathologic information obtained by biopsy.
The identification of RCC variant type and other
molecular features may guide modern targeted sys-
temic treatments and provide important prognostic
information.33,34

Table 2. RESULTS OF MODERN RENAL MASS BIOPSY (2001 TO PRESENT)

No. Inadequate No. Indeterminate No. False No. False Accuracy of
Reference Year No. Biopsy (%) Path (%) Negative (%) Positive (%) Diagnosis* (%) 

Johnson 2001 44 8 (18%) 0 (0%) 0 (0%) 0 (0%) 36/36 (100%)

Hara 2001 33 0 (0%) 0 (0%) 0 (0%) 0 (0%) 33/33 (100%)

Caoili 2002 26 0 (0%) 0 (0%) 0 (0%) 0 (0%) 26/26 (100%)

Neuzillet 2004 88 3 (3%) 5 (6%) 0 (0%) 0 (0%) 80/85 (94%)

Eshed 2004 23 1 (4%) 0 (0%) 1 (4%) 0 (0%) 21/22 (95%)

Volpe 2006 49 4 (8%) 0 (0%) 0 (0%) 0 (0%) 45/45 (100%)

Barocas 2006 77 3 (4%) 4 (5%) 0 (0%) 0 (0%) 70/74 (95%)

Maturan 2007 152 0 (0%) 6 (4%) 0 (0%) 0 (0%) 146/156 (96%)

Beland 2007 58 3 (5%) 3 (5%) 1 (1.7%) 0 (0%) 51/55 (93%)

Total 550 22 (4%) 18 (3%) 2 (0%) 0 (0%) 508/532 (95%)

16Adapted From Lane.

*Accuracy of diagnosis = true diagnosis of total biopsies having adequate tissue for assessment.
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solicit other medical opinions regarding the severity
of these competing risks. Too often the decision to
treat an SRM becomes a function of “can we inter-
vene” instead of “should we intervene.”

Last, some patients despite having low operative
risks may choose to pursue observation out of per-
sonal preference. In these elective circumstances, the
treating physician is obligated to inform the patient
of the limited data on the natural history of untreated
SRM, the uncertainty in estimating future tumor
growth, and the potential for disease progression
from untreated RCC. No matter what the indication
is for observation, it must be understood that the
patient and physician both accept a degree of risk due
to the heterogeneous and unpredictable behavior of
RCC. In all cases, the primary goal is to balance the
risks of treatment and risks of surveillance.

THE SURVEILLANCE LITERATURE

Initial reports on surveillance were first published
in 1995. In total, the outcomes are described for

fewer than 400 tumors from 11 documented single-
institutional series.14,35,36,38–47 The majority of these
cases were recently reviewed in a meta-analysis that
noted similar results between series.14

Most untreated SRMs show a slow consistent
growth rate, with a mean increase in diameter of
0.35 cm/yr (range 0.1 to 0.7 cm/yr). The incidence
of subsequent metastases during surveillance has
been a rare event (≤ 1%).14 With a mean follow-up
of nearly 3 years, most patients showed tumor
growth, but also avoided treatment and remained
without symptoms or evidence of cancer progres-
sion. Ultimately, nearly half of the observed masses
proceeded with treatment, usually because of inter-
val tumor growth or patient or physician anxiety.
In these cases, RCC was confirmed in 92% (range
80 to 100%) of those undergoing delayed manage-
ment14,46,47 (Table 3). The high incidence of RCC in
this series of initially observed small tumors may be
due in part to selection bias. Nonetheless, clear cell
RCC was the most common variant (91%), with the
remainder papillary RCC. Nuclear-grade data were

Table 3. PATHOLOGY OF RENAL LESIONS INITIALLY MANAGED BY OBSERVATION

Mean Pathology
Author No. lesions Lesion Size (cm) Available (%) Benign (%) RCC (%) Grade* Histology

Fujimoto45 6 2.47 6 (100%) 0 6 (100%) G2 = 5 Clear cell = 5

Bosniak41,42 40 1.73 26 (65%) 4 (15%) 22 (85%) G1 = 18, G2 = 4 NA

Oda44 16 2.0 16 (100%) 0 16 (100%) G1 = 6, G2 = 9, NA
G3 = 1

Kassouf39 26 3.27 4 (15%) 0 4 (100%) NA Clear cell = 3,
Papillary = 1

Volpe40 32 2.48 9 (28%) 1 (11%) 8 (89%) G2 = 4, G3 = 2, Clear cell = 8
G4 = 2

Wehle38 29 1.83 5 (17%) 1 (20%) 4 (80%) NA NA

Kato43 18 1.98 18 (100%) 0 18 (100%) G1 = 7, G2 = 8, Clear cell = 15, 
G3 = 3 Papillary = 3

Lamb36* 36 7.2 24 (67%) 1 (4%) 23 (96%) G1 = 3, G3 = 1 Clear cell = 18,
Papillary = 1

Sowery35 22 4.08 2 (9%) 0 2 (100%) NA NA

Kunkle47 106 2.6 42 (40%) 5 (12%) 37 (88%) NA Clear cell = 24,
Papillary = 12,
Coll. duct = 1

Kouba46 46 2.92 14 (30%) 2 (14%) 12 (86%) G1 = 1, G2 = 8,
NA

G3 = 2, G4 = 0

Total 377 2.99 166 (44%) 14 (8%) 152 (92%)

*Pathology presented for Lamb36 represents pathologic assessment of percutaneous biopsies.
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and pathologic and molecular markers in tissue from
patients who have had renal mass biopsy.

Patient age is suggested to correlate with aggres-
siveness. Kouba and colleagues46 reported a faster
mean growth rate in patients 60 years old or younger
in a series of 43 patients and noted a significant
inverse correlation between average age and growth
rate on meta-analysis of several series. However, in
our own cohort of 109 patients, patient age did not
correlate with or predict tumor growth.48

Symptoms may signify a worse tumor behavior.
Sowery and Siemens35 noted that symptomatic
tumors had a higher volumetric growth (45.03 cc/yr)
compared with asymptomatic lesions (16.12 cc/yr).
Unfortunately, initial tumor size was not examined,
and the difference in growth rates was not otherwise
significant. Recently, Kouba and colleagues46 found
a significantly higher growth rate in symptomatic
than in asymptomatic patients, with initial tumor
size and mean patient age similar in both groups.

Initial tumor size and degree of cystic compo-
nents have been examined as radiographic features
that might predict tumor growth. In multiple studies,
tumor size at presentation does not correlate with
growth rate.14,35,38,41,42,46,47 Even in the series by
Lamb and colleagues,36 where the mean presenting
tumor size was large (7.2 cm), the mean growth rate

reported in 74% of cases, with most tumors (88%)
being of low Fuhrman grade (grades 1 to 2). Only a
small percentage of tumors would be considered
pathologically aggressive based on pathologic grade
and stage.13

Although these studies have a relatively short
follow-up period, they indicate that SRMs are not
equally malignant. Even though tumor growth
kinetics may suggest the need for treatment, similar
growth rates have been shown for oncocytomas.14

Conversely, these studies also suggest that as many
as 30% of SRMs show a net zero growth during a
period of active surveillance47 and might be candi-
dates for long-term observation (Table 4).

PREDICTORS OF INTERVAL TUMOR
GROWTH

In considering active surveillance of an incidental
renal mass, identification of clinical or pathologic
predictors of future behavior, such as rapid tumor
growth or metastatic spread, is essential. Specifi-
cally, rapid tumor growth is believed to indicate an
aggressive malignancy. Multiple parameters have
been investigated as additional predictors of tumor
aggressiveness, including patient demographics,
tumor-related symptoms, imaging characteristics,

Table 4. MEAN GROWTH RATES OF CLINICALLY LOCALIZED ENHANCING RENAL LESIONS

Average Size on Size Range Duration of Follow-up Growth Rate Growth Rate
Author Year N Presentation (cm) (cm) (average months) Average Range (cm/yr)

Oda44 2001 16 2.0* 1.0–4.5 25* 0.54* cm/yr 0.1–1.35

Kato43 2004 18 1.98 0.8–3.4 27 0.42 cm/yr 0.08–1.60

Volpe40 2004 32 2.48 0.9–3.9 35 0.1 cm/yr NA

Kassouf39 2004 26 3.27 0.9–10.0 32 0.09 cm/yr 0–1.2

Bosniak41,42 1995 40 1.73 0.2–3.5 39 0.36 cm/yr 0–1.1

Wehle38 2004 29 1.83 0.4–3.5 32 0.12 cm/yr NA

Lamb36 2004 36 7.2 3.5–20.0 28 0.39 cm/yr 0–1.76

Sowery35 2004 22 4.08 2.0–8.8 26 0.86 cm/yr NA

Fujimoto45 1995 6 2.47 1.8–3.4 29 0.47 cm/yr 0.05–0.73

Kunkle47 2007 106 2.6 1.0–12.0 29 0.19 cm/yr −1.4–1.60

Kouba46 2007 46 2.93 0.7–6.6 36 0.35 0–5.3

N = number of lesions observed in each series.

*median values.
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(0.39 cm/yr) was similar to that seen for markedly
smaller renal masses.14 Comparison of solid versus
predominantly cystic lesions also shows similar
growth rates, even though a better prognosis is asso-
ciated with cystic RCC.35,40,49–52

Tumor nuclear grade has been investigated as a
predictor of growth; however, the association
between grade and growth kinetics is inconsis-
tent.43,44 Additionally, although histologic subtypes
of RCC have been implied to have intrinsically better
or worse clinical behaviors,9 the relationship between
RCC histology and growth rate has not been exam-
ined, despite the reported correlation between dis-
ease progression and tumor histology.53,54

Several authors have explored the relationship
between cellular and molecular markers and tumor
growth rate. AgNORs and PCNA are reported to be
inversely and significantly related to tumor doubling
time in localized tumors,45 Other parameters, such
as Ki-67 immunostaining, tissue microvessel den-
sity, or apoptosis as measured by TUNEL assay,
have not shown correlation with tumor growth.43,55

Although these areas of study remain investiga-
tional, identification of cellular and molecular mark-
ers correlating with tumor growth rate gives the
potential for predicting tumor behavior in the future
from analysis of tissue from renal mass biopsy.

PROGRESSION TO METASTATIC DISEASE

The greatest risk of observation of a localized
renal mass is development of metastases. It likely
rarely occurs, with a ~1% rate of metastatic dis-
ease progression documented during active sur-
veillance.14 Only three cases have been described,
and two were associated with significant tumor
growth and onset of hematuria; clinical informa-
tion was not detailed for the third.14,35,36 Several
factors may contribute to and bias the low reported
rate of progression in these series, including a rel-
atively short follow-up period; the uncommon use
of biopsy, likely allowing inclusion of benign
lesions; a small initial tumor size; treatment of
enlarging masses, selecting out potentially more
aggressive tumors; and selection bias due to their
retrospective nature. However, with few cases
reported, it is difficult to accurately estimate the

rate at which sporadic localized RCC progresses to
metastatic disease while under active surveillance.

The risk of progression for sporadic RCC has
been compared to the rate reported with familial
RCC in von Hippel-Lindau (VHL) disease. Patients
with VHL develop multifocal RCC of a more
aggressive phenotype than sporadic RCC.56 For
VHL-associated RCC, the risk of metastasis has
been correlated with tumor size. Metastatic disease
was not seen with a tumor ≤ 3 cm, whereas metas-
tases were recognized in 27.4% of patients when a
primary tumor exceeded 3 cm. The likelihood of
developing metastatic cancer for VHL-associated
RCC positively correlates with increasing tumor
size.57 These findings might serve as potential
guidelines and could be cautiously extrapolated to
SRMs under surveillance.

DELAYED MANAGEMENT AND 
COMPETING CAUSES OF DEATH

To minimize overtreatment of clinically insignifi-
cant renal tumors, active surveillance with selective
delayed intervention of tumors that reach a defined
threshold or endpoint might be appropriate for many
SRMs.58 A similar approach has been proposed for
men having low-risk prostate cancer.59 With RCC,
there are several obstacles to applying delayed man-
agement: (1) the perception that RCC has an inher-
ently aggressive biological behavior, (2) the inability
to predict future tumor growth or behavior, (3) the
concern for progression from localized to metastatic
disease during observation, (4) historically poorly
effective therapy for advanced RCC, and (5) imme-
diate definitive treatment of localized RCC usually
results in few and minor impacts on quality of life
and long-term function.

Nevertheless, as the natural history of the SRM
is increasingly shown to be relatively slow and indo-
lent, the option of delayed management may be rea-
sonable. In an initial report on delayed management
in 14 masses treated in a delayed fashion, no patient
was upstaged or had died of disease.46 In a larger
study of 87 SRMs managed in a delayed fashion
(median delay of 14 months, range 6 to 97) delayed
management did not limit or alter ultimate treat-
ment, and only 6% of patients were pathologically
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upstaged. The majority (84%) of tumors proved to
be RCC, of which only 26% demonstrated high-risk
pathologic features. The 3-year estimated cancer
recurrence–free survival following delayed treat-
ment was 99%; no systemic recurrences, no
metastatic progression, and no cancer-related deaths
occurred prior to or following intervention.58

Delayed management may serve not only to
identify potentially more aggressive tumors but also
to select out appropriate patients with substantial
competing risks of death. This strategy may poten-
tially avert unnecessary interventions for as many
as 85% of SRMs. For example, if nearly 20% of all
SRM are benign,9 30% of SRMs (of which over
80% are RCC) exhibit zero growth over a median of
29 months,47 and about 23% of SRM < 7 cm are
potentially aggressive,13 we can estimate that only
between 10 to 15% of SRMs will demonstrate
growth and have a significant biologic potential for
metastases in the short to intermediate term. In rec-
ognizing the competing causes of noncancer death
in patients of various ages, it is plausible that in the
elderly, an even smaller fraction of individuals are
at significant risk of death from RCC during a spec-
ified period of active surveillance. For example, for
patients aged 75 to 84 years the 5-year cumulative
noncancer death rate is roughly 20% (Table 5).
Although recognizing that these data have inherent
limitations and biases, a period of active surveil-
lance followed by selective delayed intervention
appears to be a reasonable strategy, especially in the
elderly and infirmed. A significant shortcoming of
this model is that it fails to take into account other
motivations for immediate intervention, including
social, cultural, legal, and economic concerns.

EXCISE, ABLATE, OR OBSERVE THE SRM?

Paralleling the increase in early detection and stage
migration of RCC has been the development of tis-
sue ablative therapies that afford less invasive and
less morbid treatment, shorter hospital stays, and
quicker recovery. These newer therapies have come
into favor with physicians, patients, and even insur-
ers. Conceptually, they offer an alternative treatment
option for the incidental SRM, balancing the benefits
of doing “something” against the uncertainty of

doing “nothing.” Unfortunately, they have not yet
convincingly demonstrated that they alter the inher-
ent natural biology of an SRM. In an effort to address
this question, we have recently completed a meta-
analysis of the world’s literature reporting outcomes
of SRM treatment. We analyzed 99 studies involving
over 6400 localized renal lesions managed by exci-
sion, ablation, or observation between 1980 and
2006. Only studies that examined the treatment of
clinically localized sporadic renal masses with infor-
mation pertaining to disease recurrence and progres-
sion were included. Patient age, tumor size, duration
of follow-up, available tumor pathologic data, and
oncologic outcomes were evaluated. In comparing
partial nephrectomy to ablation and observation,
significant differences in mean age (p < .001), tumor
size (p < .001), and length of follow-up (P < .001)
were detected. The incidence of unknown/indetermi-
nate pathology (p = .003) was significant for cryoab-
lation (19%), radiofrequency ablation (43%), and
observation (54%). Compared with excision by
partial nephrectomy, significantly increased local
recurrence rates were calculated for cryoablation
(relative risk = 7.45) and radiofrequency ablation
(RR = 18.23). However, no significant differences
were seen in the incidence of progression to metasta-
tic disease when comparing outcomes of excision,
ablation, or surveillance.60

Table 5. US POPULATION COMPETING CAUSES OF  
NONCANCER DEATH BY PATIENT AGE AT 1 AND 5 YEARS

Overall Cumulative 
Age Survival Noncancer Deaths

Age 45 to 54
1 year 99.6% 0.3%
5 year 97.9% 1.5%

Age 55 to 64
1 year 99.1% 0.6%
5 year 95.4% 2.9%

Age 65 to 74
1 year 97.7% 1.5%
5 year 89.2% 7.1%

Age 75 to 84
1 year 94.5% 4.2%
5 year 75.5% 18.7%

Age 85+
1 year 85.4% 12.9%
5 year 45.4% 48.2%
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These data emphasize important points when
evaluating the literature regarding the management
of an SRM. Specifically, they suggest that not all
SRMs are biologically lethal, and we are most likely
overtreating a number of these lesions. Moreover,
they underscore that the currently used endpoint to
assess recurrence following ablation (ie, enhance-
ment on cross-sectional imaging) is imperfect and
may not accurately measure the effectiveness of
therapy or the long-term survival risks. Therefore,
we are likely overestimating the benefit of these
modalities and must be aware of these limitations
and biases when assessing our own experiences and
the published reports of others, particularly when
using these data to counsel patients and recommend
intervention.

CONCLUSIONS

The natural history of incidental SRMs is actively
being defined. Contrary to traditional belief, the
intrinsic degree of malignant behavior and aggres-
siveness in renal tumors is variable, and although the
majority of asymptomatic tumors demonstrate a
slow incremental size increase, up to one-third show
zero net growth in the short to medium term.47 The
rate of development of symptoms or progression to
metastatic disease in untreated patients appears low.
Early surveillance data suggest that a proportion of
small renal tumors can be safely followed and car-
ries a low risk of morbidity or metastatic spread.
Moreover, treatment might be reasonably deferred
except for cases demonstrating more rapid growth or
onset of symptoms. Delayed intervention for SRMs
in initial retrospective studies suggests it to be nearly
as effective as immediate treatment, without com-
promise of treatment options or change in outcomes.
However, as there are no recognized and accurate
predictors of rapid tumor growth or disease progres-
sion, active surveillance should be considered with
caution and only following careful review of
expected benefits and inherent risks. As the current
clinical and radiographic assessment of a renal mass
is unable to predict tumor growth or risk of metasta-
sis, the discovery, development, and validation of
tumor markers to improve upon pretreatment prog-
nosis is imperative. Renal mass biopsy may be of

greater utility and more commonly performed in the
future to provide more accurate expectations regard-
ing tumor behavior.
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Advances in preoperative staging and modern
surgical techniques have led to the increasing popu-
larity of nephron-sparing surgery for small renal
tumors. Initial data have shown that partial nephrec-
tomy is as effective as radical nephrectomy for treat-
ing tumors less than 4 cm in size.1 This finding
provided the impetus for the use of nephron-sparing
surgery for selected tumors 4 to 7 cm in size.2

Minimally invasive forms of nephron-sparing
surgery have gained popularity in the treatment of
small, asymptomatic tumors, particularly for elderly
patients and patients with multifocal or familial
renal cell carcinomas (RCCs). In this climate,
nephron-sparing surgery has been integrated with
probe-based energy-ablative technologies (using
laparoscopic and percutaneous approaches) and this

6b

MANAGEMENT OF SMALL RENAL MASSES

Energy-Ablative Therapy for 
Small Renal Masses
SURENA F. MATIN, MD, FACS
KAMRAN AHRAR, MD

regimen has rapidly been incorporated into the
armamentarium of treatment options for renal
tumors.

The application of new technology into clinical
care generally involves a transition of that technol-
ogy from one stage of acceptance to another, that is,
the transition from the experimental stage to the
developmental stage and, finally, to its recognition
as a standard treatment (Figure 1). Current data thus
far support the application of cryoablation and
radiofrequency ablation (RFA) technology in
carefully selected, well-informed patients. In this
chapter, we describe the treatment options used for
renal tumors and we refer to them according to their
current status as an experimental, developmental, or
standard treatment option.

Experimental
Preclinical (animal) or
laboratory experience
only; initial human
clinical trials; absence
of standardization.
Safety unknown.

Developmental
Limited clinical
experience; no significant
follow-up data; some
standardization of
treatment parameters.
Safety generally
established.

Standard
Clinical experience
with significant 
(> 5 years) follow-
up of large cohorts;
standardized
approach. Safety
fully established.

Figure 1. Definition of standard, developmental, and experimental terminologies as used in
this chapter. Reproduced with permission from Copyright Matin SF2007.
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INDICATIONS FOR PROBE-BASED
ENERGY-ABLATIVE THERAPY

Patient Selection Criteria

About 80% of enhancing renal tumors removed at
surgery prove to be RCC.3 Surgical resection remains
the gold standard treatment for patients with RCCs
who are eligible for surgery.4 For some patients, how-
ever, surgery is not the ideal treatment option. For
example, the majority of incidentally detected renal
tumors are encountered in elderly patients with mul-
tiple medical comorbidities who may thus be subop-
timal candidates for surgical intervention. Some
patients have limited renal reserve, owing to renal
disease, previous infections, previous surgeries,
nephrosclerosis, or vascular disease, which would
render surgery for the renal mass a risky option with
the threat of hemodialysis. Similar renal functional
considerations may also apply to some patients with
genetic syndromes such as von Hippel-Lindau dis-
ease, who may have extensive multifocal disease.
Table 1 summarizes patient selection criteria for
probe-ablative therapy. One must consider not only
patient and renal function–related factors but also
tumor characteristics as well.

Tumor Selection Criteria

When selecting patients for probe-based energy-
ablative therapy, careful attention should be given

to several tumor-related factors, primarily tumor
size. Currently available probe-ablative technol-
ogy allows for complete eradication of most
tumors less than 4 cm in size.5 Larger tumors may
also be treated, if other options are inappropriate
because of imperative patient factors, but multiple
sessions and repeat ablations may be required, and
with the expectation of a lower success rate. Abla-
tive therapy can also be used to provide sympto-
matic relief, as has been shown in patients with
poor renal function suffering from tumor-related
hematuria for whom embolization is not an
option.6

Another consideration is tumor location. Exo-
phytic tumors yield the best chance of success.
When tumors extend to the central portion of the
kidney (central or mixed tumors), there is a lower
chance of treatment success.5 Ablative therapy has
also been used to treat recurrent tumors in the
nephrectomy bed when the location is favorable.7

Tumors located in the posterior or lateral aspect of
the kidney are ideally suited for a percutaneous
approach; however, positional maneuvering of the
patient and the use of various techniques to separate
adjacent vital structures are other options, such as
creation of an intentional pneumothorax to access
upper pole tumors, mechanical separation from
bowel using instillation of fluid or gas, or the use of
balloon catheters for more anterior tumors.8–11

However, a laparoscopic approach is probably most
ideal for anterior and anteromedial tumors. Cystic
tumors are not ideally suited to probe-based energy-
ablative approaches because tumor puncture has to
be performed before ablation, which poses a risk of
tumor seeding.

EVALUATION BEFORE, DURING,
AND AFTER PROBE-BASED 

ENERGY-ABLATIVE THERAPY

Preablation imaging with renal protocol computed
tomography (CT) or magnetic resonance imaging
(MRI) examination is the single most important
prerequisite for appropriate selection of patients
for ablation therapy. Similarly, characteristics such
as the size, consistency, pattern of enhancement,
location, and proximity to the ureter, bowel, and
other vulnerable organs, determine the feasibility of

Table 1. FACTORS CONSIDERED IN SELECTING
PROBE-ABLATIVE THERAPY OF A SMALL RENAL MASS

Patient factors
Age (physiologic rather than chronologic)
Performance status
Comorbidities
Critical need for anticoagulation
Coexistent or recently treated malignancy (other than RCC)
Acceptance of imperative need for radiographic 

follow-up regimen

Renal factors
Overall renal function
Contralateral kidney function
Previous ipsilateral renal surgery

Tumor factors
Number of tumors
Size of tumor
Symptoms
Tumor depth (central versus noncentral)
Tumor location (posterior, anterior, lateral)
Cystic tumor (contraindicated)
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ablative therapy and help to determine whether a
percutaneous or laparoscopic approach should be
used. The pretreatment discussion includes the risks
and benefits of ablation, standard proven therapies,
and the need for continued rigorous imaging fol-
low-up after ablation. The preablation laboratory
evaluation typically includes complete blood count,
serum creatinine level, and prothrombin time tests.
Some investigators advocate a preablation biopsy
for all patients, whereas others recommend a sepa-
rately scheduled biopsy only for lesions suspected
to not be of primary renal tumors. For patients with
a suspected metastasis to the kidney or a lym-
phoma, a separately scheduled percutaneous biopsy
can often prevent unnecessary therapy.12 As well,
recent studies indicate that 27 to 37% of patients
referred for percutaneous ablation of renal tumors
have benign disease.13,14 These same studies, how-
ever, show a nondiagnostic rate of 12 to 26%.13,14

Although there is no consensus about the use of
separately scheduled percutaneous biopsy in
advance of ablation, we recommend obtaining core
biopsy samples at the time of ablation for all tumors
because subtyping and grading of RCCs have
important prognostic implications.15 In addition,
cancer-specific survival (CSS) data cannot be
reported accurately without pathologic confirma-
tion of malignancy.

Imaging analysis is an integral part of both
pre, intra, and postoperative ablation therapy
(Table 2). During laparoscopy, ultrasonography
(US) is used to localize and characterize the
tumor, guide placement of the probe (RFA elec-
trode or cryo probe), and monitor the iceball
formation during cryoablation16; however, US is
limited in its ability to monitor the extent of
RFA.17 During RFA, gas microbubbles are gener-
ated within the ablation zone and are released into
the surrounding tissues. These echogenic bubbles
often degrade the quality of ultrasound images and
preclude its use for repositioning the RFA elec-
trode when creating overlapping areas of ablation.

The use of US, CT, and MRI has been described
in association with percutaneous approaches.18–20

US provides real-time imaging that facilitates tumor
targeting and placement of the applicator(s). Similar
to its use during laparoscopic procedures, the iceball
formation can be monitored by US, although the ice-
ball creates intense acoustic shadowing and pre-
cludes assessment of the deep margin of the ablation
zone. In most published reports of percutaneous
ablation of renal tumors, CT has been used to guide
placement of the applicator(s). In this capacity, CT
can localize the tumor and other vulnerable organs
in the vicinity of the tumor. Using CT guidance,
positional or mechanical maneuvers may be used to

Table 2. MODALITIES USED FOR IMAGING OF LAPAROSCOPIC
OR PERCUTANEOUS RFA/CRYOABLATION OF RENAL TUMORS

Laparoscopic

Intraprocedure
Imaging Preprocedure

Targeting Monitoring
Postprocedure

Ultrasound No Yes Yes* No

CT Yes No No Yes

MRI Yes No No Yes

Percutaneous

Intraprocedure
Imaging Preprocedure

Targeting Monitoring
Postprocedure

Ultrasound No Yes No No

CT Yes Yes Yes* Yes

MRI Yes Yes Yes Yes

*US is useful for monitoring the iceball during cryoablation, but not for RFA.

*With immediate procedural contrast study.
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usually a trigger for percutaneous biopsy to ensure
absence of residual or recurrent disease. However,
most institutions do not routinely perform percuta-
neous biopsy after ablation.23 A caveat with the use
of only imaging to define success is data suggesting
that lack of enhancement may not be the single best
surrogate for confirming oncologic efficacy. Gill
and colleagues25 reported two positive needle biop-
sies after cryoablation when MRI suggested no
enhancement. Generally, enhancement is more
clearly defined and more reliably obtained with CT
scan than with MRI; hence, although it is possible
that these findings are due to observer sensitivity,
they suggest that using enhancement on imaging as
the sole surrogate for determining treatment success
may need to be reconsidered.

PROBE-BASED ENERGY-ABLATIVE 
THERAPIES

Nearly every known form of energy has been used
or investigated in the treatment of small renal
masses (Table 3). At present, however, cryoablation
and RFA are the most widely used. These technolo-
gies can be applied either percutaneously or laparo-
scopically. The different technical approaches are
discussed in a separate section, but it will be impos-
sible to completely differentiate the topics because
of the uniqueness of each combination.

Injury to the collecting system is to be expected
with either form of energy or type of approach, even
with tumors that do not come in contact with the
collecting system, because the treatment margin has
to include a margin of normal tissue. It is expected
that for adequate therapy, with some of the deeper
infiltrating tumors, the collecting system will be
treated. The two primary concerns in these cases are
the development of urinary fistula and the poten-
tially reduced efficacy of the treatment. Studies
show that treatment of the collecting system by RFA
or cryoablation does not lead to any permanent
injury, so long as the collecting system itself is not
punctured, because it appears to heal by secondary
intent.26–29 Treatment of lesions close to the collect-
ing system, however, may be associated with a lower
efficacy because of a thermal sink from the collect-
ing system and segmental renal vessels as well as the

separate the tumor from neighboring vulnerable
structures, facilitating a safe ablation.8–11

During CT-guided cryotherapy, the iceball
appears as a well-defined area of low density.21

Unfortunately, noncontrast CT is limited in monitor-
ing the extent of ablation during RFA procedures.
Changes in CT density without iodinated contrast are
not predictable and are not characteristic of a suc-
cessful ablation. However, once the planned ablation
is completed, contrast-enhanced CT can be performed
allowing the operator to assess the extent of ablation.
If one or more of the margins appear inadequate, the
electrode can be reinserted into the residual tumor for
additional treatment. Delayed CT images may be used
to confirm patency of the ureter and the absence of
hemorrhage in the renal collecting system.

Interventional MRI suites are not yet widely
available, but the exquisite soft-tissue differentiation
and multiplanar imaging capabilities of MRI have
been exploited at a few centers for ablation of renal
tumors.20,22 During MRI-guided cryotherapy, the
iceball can be visualized as an area of decreased 
T2-signal intensity.22 Similarly, changes in the signal
intensity of the ablation zone are sufficiently char-
acteristic to indicate successful RFA of renal tumors
and the presence of any residual unablated tumor.20

With all energy-ablation therapies, a regimented
postoperative follow-up imaging schedule is
required to determine the effectiveness of treatment.
This is because neither pathology nor long-term data
are available to confirm cure. It is critical that
patients understand this issue up-front and adhere to
a systematic follow-up regimen after ablation.
Patients who are unwilling or unable to accept the
follow-up regimen should be considered poor candi-
dates for these approaches. On the basis of a recent
multi-institutional study, it is felt that a minimum of
three studies be performed in the first year—at
months 1, 3 or 6, and month 12 after treatment—and
then semiannually or annually thereafter.23 Follow-
up studies should consist of renal protocol CT or
MRI examinations, and the results should be
carefully reviewed and compared with earlier
results. Any new enhancement or enlargement of the
ablation zone should be viewed as residual unab-
lated tumor or recurrent disease.24 The absence of
shrinkage, even in the setting of no enhancement, is
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risk of hematuria with clot obstruction, a phenome-
non seen with both cryoablation and RFA.30,31

Cryoablation: Mechanism of Cell Death,
Current Technologies, and Results

Cell death from cryoablation occurs because of rapid
cooling crystallizing extracellular water and the shift
of super cooled intracellular water into the hyperos-
motic extracellular space, causing membrane and
organelle damage.32 Intracellular formation of ice
crystals subsequently occurs at −40ºC and is the
main mechanism of cell death during cryoabla-
tion.32,33 During thawing, smaller crystals fuse to
form larger ones at temperatures ranging from −25º
to −20ºC, causing mechanical cell damage.32,33

A slow thawing rate, therefore, leads to greater
destruction because of recrystallization.

Two factors influence cell death: the minimum
temperature reached and the rate of cooling.
Temperatures between −19ºand 0ºC result in only
80% cell death.34,35 Many consider the critical
nadir temperature for complete cell death to occur
at −20º to −40ºC,33–36 and possibly as low as −60º
to −84ºC.37,38 Because the edge of the iceball cor-
responds to 0ºC, it is critical to create an iceball
that goes beyond tumor borders by at least 5 to 10
mm to reach the critical nadir value.34 With respect
to the rate of cooling, in-vitro data have shown that
a slow cooling rate of 5ºC/min requires a nadir
temperature of −40ºC, whereas if the cooling rate

is increased to 25ºC/min, only a −19ºC nadir is
required for complete cell death.36 The rate of
cooling is generally a concern at the periphery,
where cooling is much slower.33,34 On the basis of
this collective data, the concepts of a rapid freeze,
slow thaw, and double freeze-thaw cycle have
become standard protocols in clinical practice.

Laparoscopic cryoablation was one of the first
energy-ablation technologies to be explored for the
treatment of small renal masses. The systematic
clinical use of laparoscopic cryoablation was
explored primarily by one center, using rigorous
selection criteria, follow-up imaging and biopsies,
with promising initial results.16 Overall published
success rates of cryoablation range from 84.3 to
100%21,22,25,39–46 (Table 4). Success in most of these
cases has been shown by nonenhancement on CT or
MRI, but in some cases postoperative biopsies have
also identified viable cancer cells.25,43 In one study
with a mean follow-up of 15 months, two of seven
patients (29%) with biopsy-proven RCC had recur-
rent cancer on postcryoablation biopsy.43 Gill and
colleagues47 have subsequently reported one of the
longest follow-up studies of laparoscopic cryoabla-
tion, with a CSS rate of 98% in patients with a uni-
lateral sporadic renal tumor and at least 3 years of
follow-up. Davol and colleagues40 reported the
results of both open and laparoscopic cryoablation
in 48 patients with 3-year radiographic follow-up,
showing a 84.3% CSS after one cryoablation, but up
to 96.8% after repeated intervention.

Table 3. FORMS OF ENERGY USED FOR THE TREATMENT OF SOLID TUMORS

Classification Name Energy/Technology Result Effect of energy on tissue

Probe-ablative Cryoablation Cold temperature Iceball Mechanical and cellular tissue
(invasive) disruption, denaturation, apoptosis

Radiofrequency Electrical Heat, dessication Protein denaturation
radiofrequency

Interstitial laser Light Heat, dessication Protein denaturation
coagulation

Microwave thermotherapy Microwave Heat, dessication Protein denaturation

Photodynamic therapy Light, photobiologic Singlet oxygen Oxidative damage, 
reaction apoptosis

Noninvasive High-intensity Sound waves Heat, cavitation Protein denaturation,
focused ultrasound mechanical tissue disruption

Radiation Gamma and Ionizing radiation Ionization, free radicals, DNA damage,
beta particles increased membrane permeability
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Table 4. RESULTS OF RFA AND CRYOABLATION OF  RENAL TUMORS

Size, cm Follow-up, months

Mean Range Mean Range

Cryoablation

Schwartz, 2006 85 84 2.6 1.2–4.7 10 (in 3–36 83/85 (97.6%); open cryo in
55 patients) 11 patients and unknown

approach in 4

Lawatsch, 2005 81 59 2.5 1.0–5.0 26.8 NR–61.1 57/59 (96.6%)

Gill, 2006 60 56 2.3 1.0–5.0 36 At least 36 for 54/56 (96.4%; 2 with positive
biopsies); 98% CSS for those

all patients with sporadic unilateral renal tumor

Davol, 2006 51 48 2.6 1.1–4.6 36* 36–110 27/32 (84.3% CSS) after one
cryoablation, 31/32 (96.8%)
after repeat cryo; open cryo
in 24 patients

Cestari, 2004 37 37 2.6 1.0–6.0 20.5 1–36 36/37 (97.3%)

Gupta, 2006 27 20 2.5 1.0–4.6 5.9 (in 1–10 15/16 (93.8%); CT-guided
12 patients) cryoablation

Silverman, 2005 26 23 2.6 1.0–4.6 14 4–30 24/26 (92.3%); MRI-guided
percutaneous cryo

Shingleton, 2001 22 20 3.0 1.8–7.0 9.1 3–14 19/20 (95%) after 1 treatment,
100% after retreatment;
MRI-guided percutaneous cryo

Lee, 2003 20 20 2.5 1.4–4.0 14.2 1.4–4.5 17/20 (85%) without enhancement

O’Malley, 2006 15 15 2.7 NR 11.9 NR 15/15 (100%)

Nadler, 2003 15 15 2.15 1.2–3.2 15.1 4.9–27 13/15 (87.7%, 2 with positive  
biopsies); all exophytic lesions

Hruby, 2005 11 11 1.9 0.9–2.7 11.3 NR 11/11 (100%); hilar tumors only

Radiofrequency ablation

Gervais, 2005 100 85 3.2 1.1–8.9 27 3.5–72 3 cm: 52/52 (100%); 3.1–5 cm:
36/39 (92%); > 5 cm: 2/8 (25%)

Farrell, 2003 35 20 1.7 0.9–3.6 9 1–13 35/35 (100%)

Su, 2003 35 29 2.2 1–4 9 1–23 33/35 (94%)

Mayo-Smith, 2003 32 32 2.6 1–5 9 1–36 31/32 (97%)

Ahrar, 2005 28 27 3.5 1.5–6.5 10 1–33 23/24 (96%)

Clark, 2006 26 22 2.2 1–4 11.2 1–31 26/26 (100%)

Pavlovich, 2002 24 21 2.4 1.5–3 NR NR 19/24 (79%)

Zagoria, 2004 24 22 3.5 1–7 7 1–35 3 cm: 11/11 (100%);
> 3cm: 9/13 (69%)

Veltri, 2004 18 13 2.5 1.5–7.5 14 3–34 3.5 cm: 16/17 (94%); > 3.5 cm,
embolized first

Mahnken, 2004 15 14 3 1–4.5 13.9 NR 15/15 (100%) Pre-RFA
embolization 
in 6 tumors > 3 cm

Ogan, 2002 13 12 2.4 1.4–3.6 4.9 1–13 12/13 (92%)

Roy-Choudhury, 2003 11 8 3 1.5–5.5 17 10–26 9/11 (82%)

Lewin, 2004 10 10 2.3 1–3.6 25 NR 10/10 (100%)

De Baere, 2002 5 5 3.3 3–4 NR 6–18 5/5 (100%)

Adapted from Expert Review in Anticancer Therapy, 6 (12):1735–1744, 2006, with permission of Future Drugs Ltd.

CSS = cancer-specific survival; MRI = magnetic resonance imaging; NR = not reported; US = ultrasound.

*Radiographic follow-up. Clinical follow-up was 64 months.

No.
Tumors

No.
PatientsFirst Author, Year Success Rates
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Overall, cryoablation is well tolerated. The most
common complication reported is hemorrhage, usu-
ally because of fracture of the cryolesion. Pancreatic
injury, ureteral injury, clot obstruction, and conver-
sion to open surgery or nephrectomy have also been
reported.30,40,42,46,48

Small cryoprobes (17 gauge) have recently
become available and may facilitate percutaneous
and laparoscopic approaches because of their
smaller diameter. In fact, several groups have
recently reported their early experience with MRI-
and CT-guided percutaneous ablation of renal
tumors using small cryoprobes.21,22,49,50 However,
the iceball size, which is 2 cm or less, is too small
for a single probe to treat a renal tumor—an
iceball of about 3 cm would be desired in this set-
ting. Thus, multiple probes must be placed as an
array to treat the entire tumor with a margin and
must be geometrically centered.49 Adding to the
complexity of whether a single probe is used or
multiple ones, is the angulation needed for access
to mid- and upper-pole tumors because of interfer-
ence from the rib cage. Percutaneously, access
between the ribs can be accomplished. However,
this is risky laparoscopically. Thus, the probes
have to be placed in an angulated fashion, which
punctures the tumor off the geometric center. The
presence of multiple probes can also raise the risk
of iceball fracture, which is facilitated by move-
ment of the kidney. Despite these limitations, the
initial results reported using new smaller probes
are promising but require additional validation.51

Because of the recently published 3-year 
follow-up data and the standardized approach,
laparoscopic cryoablation is now considered some-
what more than a developmental technique and, in
fact, could be considered a standard technique in
experienced hands for judiciously selected patients.
At present, the majority of experience with percuta-
neous thermal ablation of renal tumors involves the
use of RFA, but percutaneous cryoablation is being
investigated at some centers.21,49,52

RFA: Mechanism of Cell Death,
Current Technologies, and Results

RFA-induced cell death results from thermal energy
created by an alternating electrical current

(frequency range, 480–500 kHz) deposited into the
tumor via an electrode. The resulting ionic agitation
within the tissue creates frictional heating in the
immediate vicinity of the electrode, resulting in
ablation of a finite volume of tissue.53 As with
cryoablation, the ablation zone should encompass
the tumor and a margin of normal tissue. The size
and shape of the ablation zone will vary depending
on the amount of energy needed, the type of elec-
trode used, the duration of the ablation, and tissue
characteristics.54,55 One advantage of RFA is the
ability to perform multiple overlapping ablations
with a single electrode allowing the treatment of
irregularly shaped, noncircular tumors.

There are currently three monopolar RFA
devices capable of delivering up to 250 W of power
that are available for use in the United States: the
Cool Tip device (Tyco Healthcare, Valleylab,
Boulder, CO, USA), the LeVeen needle electrode
device (Boston Scientific, Natick, MA, USA), and
the RITA device (RITA Medical Systems, Fremont,
CA, USA). Monopolar RFA devices consist of three
components: a generator, an applicator (electrode),
and dispersive electrodes (grounding pads). The
energy delivery of each generator is modulated by
an internal feedback mechanism monitoring the
impedance in the ablated tissue (Valleylab and
Boston Scientific generators) or the target tempera-
ture in the tumor (RITA generator). All three devices
have been used in clinical practice and appear to be
equally effective.

The feasibility of RFA for the treatment of renal
tumors was established in 1997 in three patients
who underwent the procedure before surgical resec-
tion.56 RFA resulted in extensive localized necrosis
of the tumor with no damage to adjacent structures.
The first case report of successful percutaneous
RFA of a renal tumor was published in 1999.57

Since then, several case series of percutaneous RFA
have been published and have reported good suc-
cess rates determined by imaging studies5,18–20,58–67

(Table 4). In a study of 85 patients with 100 renal
tumors that ranged in size from 1.1 to 8.9 cm in
diameter, complete necrosis was achieved in 90% of
the cases.5 Tumor size and noncentral location were
found to be independent predictors of complete
necrosis after a single ablation session. Complete
ablation was achieved in all tumors 3 cm or smaller
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and 92% of tumors between 3 and 5 cm, but in only
25% of tumors larger than 5 cm. Other studies show
a recurrence-free survival rate of 95 to 100% from
2 to 4 years.68,69 In a study with the longest follow-
up available, 15 of 16 (94%) patients with biopsy-
proven RCC treated with curative intent were
successfully treated at 5 years.69

In general, RFA is well tolerated. Perinephric
hemorrhage after percutaneous RFA is almost always
self-limiting. In a series of 85 patients who underwent
renal RFA, only 2 (2.3%) required blood transfusion.5

In our own experience, RFA of renal tumors in more
than 100 patients resulted in two cases (2%) of per-
sistent bleeding: one patient required blood transfu-
sion and the other required blood transfusion and
embolization. Hematuria is most likely during RFA of
central tumors. Although usually self-limiting,
ureteral stent placement may be required to relieve
urinary obstruction.18 RFA of tumors in close prox-
imity to the ureteropelvic junction or the ureter can
lead to strictures.5,70 Other potential complications,
such as urine leak and tract seeding, are extremely
rare.5,61 Renal function is preserved when the treat-
ment is carefully applied.71 RFA is considered to be
beyond the developmental stage of clinical accep-
tance because of the published data, but because of
lingering concerns regarding its application (see
“RFA versus Cryoablation,” below), it is not yet con-
sidered a standard therapy. It is, however, a reasonable
alternative for carefully selected patients.

Access Techniques

From a purely anatomic perspective, tumors that are
posteriorly or laterally located are accessed percuta-
neously, whereas lesions that are anterior or in close
approximation to the ureter, bowel, or other critical
structures are accessed laparoscopically. From a
practical standpoint, however, the approach taken
often depends on available experience, personnel,
and technology. In centers or communities that do
not have an involved interventional radiologist, all
procedures will be performed laparoscopically,
whereas those without an involved urologist will
perform most procedures percutaneously. With
respect to cost, the percutaneous approach has been
shown to have an advantage over laparoscopy, but

this is generally not a consideration for most centers
choosing one technology over another.72,73

The percutaneous approach is performed by
some interventional radiologists under local anes-
thetic and heavy sedation, whereas others, including
our institution, use general anesthesia to minimize
patient discomfort, patient movement and to control
respiration to minimize renal excursion and opti-
mize targeting. Some surgeons consider the laparo-
scopic approach to be superior to the percutaneous
approach because it adds the ability to visually mon-
itor therapy; however, we are not aware of any direct
data supporting this opinion. The use of laparo-
scopic US (LUS) is critical during laparoscopic pro-
cedures because it allows for the accurate
positioning of the treatment probe, particularly in
the deep portion of the tumor where a margin of
treated normal tissue is usually desired; otherwise,
the utility of LUS during RFA has limited value
because of imaging artifacts that render the LUS
image of little value. The advantage of the percuta-
neous approach is that it is minimally invasive, it is
repeatable over time, and is associated with less
destruction of tissue planes. A limitation of the
laparoscopic approach is that tissue planes are vio-
lated, making secondary surgery more difficult
because of scarring. With cryoablation, LUS can be
used throughout the treatment to monitor progres-
sion of the iceball in the intrarenal portions. This
ability to monitor the treatment in real-time repre-
sents the single greatest advantage of cryoablation
over all other technologies discussed in this chapter
and represents an important limitation—indeed a
potential Achilles’ heel—for all other energy-based
technologies.

RFA versus Cryoablation

Comparisons between RFA and cryoablation are
inevitable, yet, as we describe below, a direct evalu-
ation using current data is difficult because of inher-
ent differences in how these technologies have been
applied, developed, and reported in retrospective
studies.

Several early ablate-and-resect studies of RFA
were initially performed and have suggested that this
technique achieves incomplete ablation.74,75 These
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studies were limited in their findings, however,
because of several technical factors. First, investiga-
tors used less-powerful, and thus less-effective,
generators. Newer generators deliver at least 200 to
250 W of energy—double or more the energy pro-
vided by older generators. Second, percutaneous
ultrasound was used solely for guidance in some
procedures, which is inferior to MRI or CT guid-
ance. Third, only a single ablation was performed,
whereas an advantage of RFA is the ability to
perform multiple overlapping ablations until satis-
factory results are achieved. The fourth factor
involves the pathologic evaluation. Simple hema-
toxylin and eosin (H&E) staining was used as a test
of viability, but in the acute period it does not accu-
rately reflect tissue necrosis or cells destined to
undergo apoptosis.76 H&E staining soon after
ablation is an unreliable measure of viability
because it shows preserved parenchymal architec-
ture with little cellular inflammation, poorly defined
cytoplasmic borders, decreased eosinophilia, and
viable-appearing nuclei.77,78 Several investigators
have instead advocated the use of NADH histo-
chemical staining as a test of viability.77,79 In two
small series, pathologic evaluation of resected
tumors shortly after ablation suggested the presence
of viable tumor.74,75 In another study, 10 tumors were
ablated shortly before resection.79 H&E and NADH
staining of pathology specimen showed complete
ablation in 8 of 10 tumors. At the present time,
pathologic evaluation of resected specimens after
ablation has not been standardized and remains a
subject of investigation.

No systematic ablate-and-resect studies have
been performed with cryoablation. Cryoablation was
initially championed largely by a single institution,
using technology from a single manufacturer in a
systematic and entirely laparoscopic application.
With strict patient selection criteria, rigorous techni-
cal application, and regimented follow-up, excellent
results followed.16,25 In comparison, RFA, probably
because of its ease of percutaneous application, was
applied by multiple centers, without uniform
patient/tumor criteria, using different manufacturers
and diverse form of follow-up regimens. Because
percutaneous therapy can be easily repeated, the
initial treatments were probably not sufficiently

aggressive, knowing that some centers follow the
strategy of repeating percutaneous therapy as neces-
sary over time, which is not a traditional surgical
mentality.5 With a laparoscopic approach, however, a
maximal therapeutic effect must be achieved at that
setting because repeat operation is not a feasible
option.

Attempted comparisons between cryoablation and
RFA have produced misleading findings. In a recent
evaluation of these two techniques at a single center,
cryoablation appeared to produce better results.80 A
closer look at the study, however, showed that patients
undergoing RFA were six times more likely to have
centrally located tumors and twice as likely to have a
solitary kidney. Patients undergoing RFA, therefore,
had adverse factors and were preselected for inferior
results in this uncontrolled, retrospective study. In a
recent multi-institutional study evaluating the timing
of residual or recurrent disease after ablative therapy
to determine effective follow-up imaging regimens,
Matin and colleagues23 described a failure rate of
3.9% in patients undergoing cryoablation versus
13.4% in those undergoing RFA. However, most of the
failures in percutaneous RFA occurred because of a
conservative treatment strategy that favored retreat-
ment rather than aggressive initial therapy.

Because of the absence of well-performed
prospective studies, or at the least well-controlled
retrospective studies, it would seem reasonable to
conclude based on current available data that small,
exophytic tumors can likely be treated efficaciously
with either cryoablation or RFA. Any further state-
ments regarding the superiority of one energy treat-
ment over another require controlled prospective
studies, with uniform patient selection and treatment
application and with defined objective endpoints.

Other Invasive 
Energy-Ablative Technologies

Interstitial Laser Ablation or Thermotherapy

Laser light causes tissue destruction by heat. The
amount of destruction depends on the power used
and the length of treatment, whereas the penetration
of light depends on the laser wavelength and tissue
pigmentation. The initial report of this technology,
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Microwave Thermotherapy

Microwaves are electromagnetic energy in the range
of 30 to 30,000 MHz. Tissue absorbs the microwave
energy, resulting in heat. For medical purposes,
microwaves are applied by a probe puncture, similar
to RFA, cryoablation, and laser therapies.
Microwave thermotherapy was first described in
1998 for the clinical setting.90–92 Since then, various
reports, all from Japanese institutions, have
described small cohorts of patients being treated
with this technology, primarily as an adjunct to
laparoscopic partial nephrectomy.91,93–96 These lim-
ited data suggest that microwave thermotherapy has
a coagulative effect and can result in reproducible
necrosis. However, multiple parameters, including
amount and timing of energy, probe configuration,
and treatment monitoring remain unanswered. The
role of microwaves as monotherapy with curative
attempt for RCC is unknown; thus, in this regard,
this technology is considered experimental.

NONINVASIVE ENERGY-ABLATIVE
THERAPIES

The ultimate promise of energy-ablative technology
is the evolution to noninvasive therapy. Given the
absence of a molecular marker for RCC and the
uncertainty of diagnosis when excision is not
performed, these novel technologies require greater
understanding of the biology of RCC than is cur-
rently available. Thus, in addition to technical limi-
tations, all the following described technologies
require continued careful experimental evaluation.

High-Intensity Focused Ultrasound

High-intensity focused ultrasound (HIFU) is deliv-
ered in the 1-MHz range. The use of HIFU was first
described in the treatment of neoplastic tissue in
1975 and in the treatment of kidney tumors in
1991.97,98 Similar to stone lithotripsy, ultrasonic fre-
quencies are focused by reflectors at a specified dis-
tance and onto a single point. The focused
ultrasound beam causes tissue destruction by coagu-
lative necrosis at the focal zone and by mechanical
tissue disruption.99,100 The individual ellipsoid

published by de Jode and colleagues81 in 1999, doc-
umented its use in three patients. A larger series,
reported by the same group in 2002, described its use
in nine high-risk patients who had undergone abla-
tion with an neodymium-yittrium-argon laser under
MRI guidance.81,82 After nearly 17 months of follow-
up, the lesions did not appear to have shrunk and
enhancing tumor volume was decreased by a mean of
only 45%.83 Gettman and colleagues84 described the
use of laser ablation with and without hilar occlusion
in an animal model. Viability staining showed the
presence of viable cells in the treated zone. 

There are many unknowns about the use of
laser ablation in the treatment of renal tumors.
Ideal wavelengths, power outputs, type of laser,
duration of treatment, and size and type of fiber are
parameters that have not been systematically stud-
ied. This is an experimental technology requiring
additional information before it can be applied to
patient care.

Photodynamic Therapy

Whereas in heat-based laser treatment, thermal energy
is used primarily for tissue ablation, photodynamic
therapy (PDT) relies on a photochemical reaction that
generates free radicals causing tissue injury via two
interacting components: drug and light. The drug is an
intravenously delivered photosensitizer. Laser light of
a specific wavelength directed at the tumor activates
the photosensitizer at a specific time interval after
drug administration. This generates reactive oxygen
species, primarily singlet oxygen, that causes mito-
chondrial, cellular, and microvascular damage.85,86

The first-generation porphyrin-based photosensitizers
had significant light absorption at 640 nm, this wave-
length does not penetrate tissues well because of
absorption by endogenous porphyrins. Other limita-
tions include a long half-life and significant, pro-
longed skin phototoxicity.87,88 Since this initial
development, a variety of other photosensitizers have
become available. To our knowledge, there is currently
one published study evaluating PDT for treatment of
renal tumors consisting of preclinical studies in an
animal model using a novel vascular-targeted PDT.89

This is still an experimental technology requiring fur-
ther preclinical work before any clinical application.
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lesions are quite small, ranging from 1 to 5 cm × 0.5
to 5 cm in size, and it takes about 4 seconds to
generate each lesion, and many of these have to be
generated. The kidney moves with respirations, lim-
iting treatment-zone targeting and, because of bone
and air (bowel) interference, also limiting access to
the lesion. The side effects of this approach are gen-
erally low, with skin burns occurring in about 5% of
patients and fever in up to 20% of patients.101–104

General anesthesia is required for treatment. The
HIFU unit allows for real-time imaging during treat-
ment (Figure 2). Two units are currently available,
one each from Storz Medical (Tuttlingen, Germany)
and Chongqing HAIFU (Chongqing, China). Clini-
cal experience with this technology is still quite
limited. Most results show incomplete tumor
destruction. Complete destruction has been reported
in only up to 21% of cases, which is clearly not up
to par with current standards.101–105 Currently, this
technology is deemed experimental.

Radiation Therapy with CyberKnife

Radiation therapy plays a role in the palliative treat-
ment of bony metastases from RCC as well as in the
treatment of brain and spinal tumors.106 Limitations on
the application of radiation to the primary renal lesion
include a relative radioresistance of RCC, the potential
damage to surrounding bowel, and renal movement,
which can make targeting difficult. Development of a
unit that enables tracking of a mobile organ, such as
the kidney, and delivery through multiple windows
could avoid these limitations and potentially deliver
lethally high doses to a small renal mass without dam-
aging surrounding organs. The CyberKnife (Accuray,

Sunnyvale, CA, USA) is such a unit. CyberKnife is a
frameless stereotactic radiation unit mounted on a
robotic arm. Ponsky and colleagues107 investigated the
utility of this technology for treatment of renal tissue
in a large animal model. Histologic evaluation has
shown relative sparing of surrounding normal tissue
with discrete necrosis in the area of treatment and a
sharp demarcation from surrounding normal renal
tissue. Because of these promising initial findings, a
phase 1 clinical trial consisting of treatment followed
by surgical resection is currently underway for this
experimental therapy.

CONCLUSIONS

RFA and cryoablation represent the two most mature
and well-developed energy-ablative technologies for
treatment of renal tumors. Either can be applied
laparoscopically or percutaneously. The current avail-
able literature consists of limited data that does not
convincingly prove the superiority of one approach
over another. Instead, individual physician prefer-
ences, experience, personal comfort with a technol-
ogy and technique, and institutional biases for a
particular technology have been the key drivers. RFA
and cryoablation are reasonable alternative options
for well-informed patients who are at high-risk for
standard surgical approaches. Noninvasive therapies
are still experimental and require additional develop-
ment before their incorporation into clinical care.
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Renal cortical tumors account for about 3% of all
solid neoplasms, with an incidence similar to that of
all forms of leukemia combined.1 The incidence of
renal cell carcinoma (RCC) has risen by 2.3 to 4.3%
each year during the last three decades, resulting in
an estimated 38,890 new diagnoses and 12,840
deaths in 2006 in the United States alone.1,2 RCC
most commonly presents as a unilateral, sporadic
tumor, but multifocal sporadic tumors can be present
in between 3 and 25% of patients,3–5 and an addi-
tional 1 to 2% of RCC can be attributed to known
familial syndromes, such as von Hippel Lindau
(VHL) disease.6

Wells first described the technique of partial
nephrectomy for excision of a renal tumor in 1884,
and Czerny was the first to treat a renal malignancy
using partial nephrectomy in 1897. Excessive post-
operative morbidity limited its application until the
1950s when Vermooten suggested that encapsulated,
peripheral renal neoplasms could be removed with
only a margin of normal parenchyma around the
tumor. Robson and colleagues challenged the onco-
logic safety of this approach by reporting in 1969
that early ligation of the renal vasculature, removal
of the perinephric fat, and excision of all regional
lymph nodes reduced the risk of hematologic
spread.7 Robson’s radical nephrectomy (RN), which
involved excision of the affected kidney outside of
its investing (Gerota’s) fascia along with the per-
inephric fat and ipsilateral adrenal gland, was the
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standard treatment for RCC for more than 50 years.
RN is still the best treatment for larger tumors,
which are more likely to invade the perinephric fat,
adrenal gland, or other neighboring organs, and is
the standard against which all the other treatments
for RCC must be judged.

Although RCC used to be referred to as the
internist’s tumor, it may now be more appropriate to
refer to it as the radiologist’s tumor because more
than 60% of renal tumors are detected incidentally
on abdominal imaging obtained for various reasons.
The small renal mass is, therefore, becoming an
increasingly common clinical scenario, with a wide
range of options for management. Incidentally
detected tumors are often small, unlikely to metasta-
size, and amenable to treatment with partial
nephrectomy.8,9 Recent findings suggest that this
approach is greatly underutilized in the United
States because only 9.6% of patients with surgically
treated renal tumors in a large nationwide hospital
database underwent partial nephrectomy.10

CURRENT INDICATIONS FOR 
PARTIAL NEPHRECTOMY

The increasing detection of small renal masses,
advances in CT and MR imaging of the kidney,
improved surgical technique and methods to prevent
ischemic renal injury, better postoperative manage-
ment including renal replacement therapy, and 
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long-term cancer-free survival data, have stimulated
the expanded usage of partial nephrectomy. Time
has shown that open partial nephrectomy (OPN) can
be performed safely, with low morbidity and high
patient satisfaction, and provides outstanding onco-
logic and renal functional outcomes at 10 years and
longer.11–14

Absolute indications for partial nephrectomy
include conditions that would render the patient
dialysis-dependent upon complete resection of
tumor-bearing kidneys, that is, bilateral tumors or
tumor in a solitary functioning kidney. Relative indi-
cations for partial nephrectomy include the presence
of any condition that poses a current or future risk to
renal function, such as calculus disease, renal artery
stenosis, chronic pyelonephritis, ureteral reflux, or
systemic diseases such as diabetes or hypertension.
Elective partial nephrectomy is defined as treatment
of a single, small (≤ 4 cm), clinically localized RCC
in a patient with a normal contralateral kidney.
Several reports have shown that partial nephrectomy
provides equivalent oncologic and superior renal
functional results to RN for these patients.15–18

The results of NSS have historically been
reported to be less satisfactory in patients with
larger (≥ 4 cm) or multiple localized RCCs, and RN
has been the treatment of choice in such cases when
the opposite kidney is normal.19 However, recent
data have suggested that partial nephrectomy can be
performed safely for a single tumor up to 7 cm, and
that elective partial nephrectomy may be a reason-
able option for any patient with a clinical T1
tumor.20–22 In one study, cancer-specific mortality
occurred in 6.2 and 9.0% of patients with pT1b
tumors treated with OPN (n = 65) or RN (n = 576),
respectively.21 In two other reports, Kaplan–Meier
estimates of distant metastasis-free survival were 92
to 94% and 83% following OPN (n = 91and 33) or
RN (n = 841 and 66) at 5 years, respectively.20,23 In
a fourth report, only 4 of 69 (5.8%) patients under-
going OPN for a pT1b tumor developed distant
metastases over a median follow-up interval of
5.8 years22 In each of these studies, a survival
advantage was observed with OPN; the most likely
explanation for these findings is the bias inherent in
selecting tumors amenable to partial nephrectomy.
Expanding the indications for elective partial

nephrectomy to include 4 to 7 cm tumors, therefore,
remains somewhat controversial because of the
increased likelihood of micrometastases, multicen-
tricity, and perioperative morbidity in patients with
larger tumors.

The importance of elective partial nephrectomy
is related to functional and quality of life advantages
associated with preservation of renal tissue, even in
the presence of a normal contralateral kidney.
Studies from our center and others have reported
that several quality of life parameters are enhanced
with preservation of more functioning renal
parenchyma.24 Patients with reduced renal function
are prone to develop hyperfiltration renal injury and
renal insufficiency.25 The risk of this problem is
directly related to the amount of remaining renal tis-
sue and it is a problem that develops over an
extended period of several years. Histopathologi-
cally, focal segmental glomerular sclerosis is the
hallmark of this lesion on renal biopsy. The clinical
harbinger of this problem is proteinuria, which,
when present, indicates the need for angiotensin-
converting enzyme inhibitor therapy to mitigate pro-
gressive loss of renal function.26

Several studies have now shown that patients
with RCC, who undergo an elective RN, are at
increased risk of developing long-term loss of renal
function, compared with those treated with partial
nephrectomy.18,27,28 In a recent study by Huang and
colleagues, the renal functional outcomes of radi-
cal versus partial nephrectomy were reviewed in
662 patients with a single, small (≤ 4 cm) renal
tumor, a normal serum creatinine level, and two
apparently health kidneys. Interestingly, estimated
glomerular filtration rate (EGFR) determinations
indicated that 26% of these patients had preexisting
renal dysfunction (EGFR < 60 mL/min/1.73 m2).
Three years following surgery, the probability
of freedom from renal insufficiency (EGFR 
< 45 mL/min/1.73 m2) was 95% in the partial
nephrectomy group and only 64% in the RN group
(p < 0.001).28 Although no patient in this study has
thus far required dialysis, other large population-
based studies have documented that chronic kidney
disease is significantly associated with increased
risks of hospitalization, cardiovascular morbid
events, and death.29 These data highlight that,
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unlike live donor nephrectomy patients, patients
with RCC have co-morbid problems that can
impact long-term renal function; nephron-sparing
surgery can mitigate adverse sequelae associated
with chronic kidney disease in this setting.

EVALUATION BEFORE 
PARTIAL NEPHRECTOMY

Complete evaluation of patients with suspected RCC
must include a complete history and physical exami-
nation, urinalysis or urine dipstick to screen for
hematuria and proteinuria, and laboratory evaluation,
including complete blood count, complete metabolic
panel, and coagulation factors. Radiographic evalua-
tion, including chest radiograph and abdominal CT
or MR imaging, can rule out locally advanced or
metastatic disease and aid in surgical planning.
Three-dimensional reconstruction of CT or MR
images is routinely performed by radiologists at our
Urological Institute before partial nephrectomy to
accurately delineate the vascular anatomy and rela-
tion of the tumor to normal parenchyma. This 2 to 4
minute videotape is reviewed immediately before
surgery; hence, the surgeon can anticipate the
subtleties of the anatomy.

OPN

Operative Technique

It is almost always possible to perform OPN for sus-
pected malignancy in situ by using an operative
approach that optimizes exposure of the kidney and
renal vasculature. At Cleveland Clinic, we generally
perform an extraperitoneal flank incision through
the bed of the eleventh or twelfth rib, and use a tho-
racoabdominal incision for very large, upper pole
tumors. After the kidney is fully mobilized, the sur-
geon has excellent exposure of the peripheral renal
vessels and can excise the tumor at skin level. The
surgical exposure using an anterior subcostal
transperitoneal incision is sub-optimal. Tumor
excision can be performed using polar (apical or
basilar) segmental excision, wedge resection, or
transverse resection. Each technique requires
adherence to the basic principles of early vascular

control, avoidance of ischemic renal damage,
complete tumor excision with free margins and a
small surrounding rim of grossly normal
parenchyma, precise closure of the collecting sys-
tem, careful hemostasis, and closure or coverage of
the renal defect with adjacent fat, fascia, peri-
toneum, or Oxycel. Although obtaining a negative
surgical margin around the tumor is imperative, the
width of this parenchymal margin does not affect
the likelihood of recurrence.30 Intraoperative ultra-
sound can be used to delineate tumor extension and
is especially useful for completely intraparenchy-
mal tumors. Animal models have shown that
ischemic intervals longer than 30 minutes are asso-
ciated with greater renal damage. In clinical prac-
tice, the use of hypothermia can reduce the surgical
ischemic insult and allow the ischemic interval to
be extended safely. In experienced hands, hypother-
mia has proven unnecessary because most OPN can
be readily accomplished with warm ischemic inter-
vals less than 20 to 30 minutes.

Clinical Outcomes

OPN is the gold standard for nephron-sparing ther-
apy because it is the technique with which the
largest experience has been obtained and regarding
which the longest follow-up data are available.
Several groups have reported oncologic results
following OPN for RCC at 5 or more years of fol-
low-up.11–18,31 A total of 84 (6.3%) distant and 43
(3.2%) local recurrences were detected when con-
sidering only the 1,336 patients in the largest series
from each institution (Table 1). Oncologic outcomes
for the subset of patients undergoing elective OPN
are particularly outstanding, with cancer-specific
survival rates at 10 years that range from 94.5 to
97%.12,14 Fergany and colleagues provided data
regarding 10-year outcomes in 107 patients who
underwent OPN, many of whom had adverse clinical
and pathologic features.12 Preoperative renal insuffi-
ciency was present in 39% of patients and NSS was
imperative in 90%.12 Recurrence was more common
in patients with systemic symptoms, larger tumors,
and advanced pathologic tumor state; cancer-
specific survival for the entire cohort was 88% at
5 years and 73% at 10 years.12
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laparoscopic instrumentation has enabled more reli-
able control of the renal hilum, without which
progress during LPN can be greatly impaired, and
the introduction of tissue sealants have resulted in
decreased postoperative bleeding complications.33

Even with such advances, LPN is a technique that
demands significant laparoscopic surgical experi-
ence and expertise. Techniques to enable cold
ischemia during LPN have not been widely
embraced; LPN, therefore, requires the surgeon to
complete a significant amount of intracorporeal
suturing within the time constraints of a safe interval
of warm ischemia.

Selection of cases appropriate for LPN should be
made carefully considering the individual tumor,
patient, and surgeon. In each surgical series, LPN has
initially been performed for small (≤ 4 cm), periph-
eral tumors. With increasing experience, the indica-
tions for LPN have been expanded at certain centers
to include patients with a centrally located tumor,
larger tumor (> 4 cm), tumor abutting the renal hilum,
or tumor in a solitary-functioning kidney.34,35 Never-
theless, increasing depth of invasion, increasing size,
proximity to the renal hilum, posterior location, and
anomalous renal anatomy makes LPN more chal-
lenging. In patients with multiple tumors, impaired
renal function, or tumor in a solitary kidney, OPN
should be strongly considered because a longer
period of warm ischemia in these high-risk patients
may lead to greater renal ischemic injury.

The most challenging patient candidates for par-
tial nephrectomy are those with cancer in a solitary
kidney because the risk of losing renal function is
greatest in this setting. I recently reported a personal
series of 400 patients who underwent OPN for local-
ized RCC in a solitary kidney between 1980 and
2002.13 Long-term preservation of renal function
was achieved in 95% of these patients, and the 
10-year cancer-specific survival rate was 82%.
These data lend further support to the efficacy of
OPN for RCC even in technically challenging and
high-risk patients.

Laparoscopic Partial Nephrectomy (LPN)

Technique

LPN attempts to duplicate the surgical principles of
OPN while offering the advantages of minimally
invasive surgery, that is, decreased postoperative
pain, shorter convalencence, and superior cosmesis.
Because LPN was first reported in 1993, more than
1,500 patients have now undergone LPN worldwide.
At our institution, LPN typically involves transient
en bloc renal vascular control, tumor excision with
cold scissors, sutured reconstruction of the pelvical-
iceal system, and sutured hemostatic suture repair of
the renal parenchymal defect over surgical bolsters,
performed through either a transperitoneal or
retroperitoneal approach.32 Currently available

Table 1. ONCOLOGIC OUTCOMES OF OPEN PARTIAL NEPHRECTOMY

Number Mean Tumor Follow-up
Survival Recurrence 

Reference of Patients Size (cm) (months) Overall Cancer-specific Distant Local

5-year Steinbach et al, 199531 110 3.3 51 94% 98% 3 (2.7%) 3 (2.7%)
outcomes Lerner et al, 199615 185 4.1 44 77% 89% 32 (17%) 11 (5.9%)

D’Armiento et al, 199716 19 3.3 70 95% 95% 1 (5%) 0 (0%)
Barbalias et al, 199939 41 3.5 59 NA 98% 1 (2.5%) 3 (7.3%)
Belldegrun et al, 199940 146 3.6 57 86% 93% 8 (5.5%) 4 (2.7%)
Hafez et al, 199919 485 2.7 47 81% 92% 28 (5.8%) 16 (3.2%
Lee et al, 200017 79 2.5 40 86% 96% 3 (3.8%) 0 (0%)
Lau et al, 200018 164 3.3 41 91% 98% 3 (1.8%) 5 (3.0%)

10-year Herr, 199911 70 3.0 120 93% 97% 2 (2.8%) 1 (1.4%)
outcomes Fergany et al, 200012 107 4.7 105 45% 73% 30 (28%) 11 (10%)

Fergany et al, 200613 400 4.2 44 77% 82% 69 (17%) 38 (9.5%)
Pahernik et al, 200614 381 3 81 69% 97% 11 (2.9%) 9 (2.3%)

Summary (5-year data) >1300 2.5 to 4.7 40 to 120 77 to 95% 89 to 98% 2 to 17% 0 to 10%
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Outcomes

The oncologic outcomes of LPN have been reported
by several groups to be excellent at between 1- and
3-year follow-ups (Table 2). Outcomes 5 years after
LPN have recently become available in a relatively
small number of patients. Of the 56 patients fol-
lowed at least 5 years after LPN, overall survival
was 86% and RCC was present in 39 patients.36

In these 39 patients, cancer-specific survival is
100% at 5 years, zero have distant metastases, 
and 1 (2.6%) has developed a de novo local
recurrence.35 In this series, no patient with normal
baseline creatinine undergoing elective LPN devel-
oped renal insufficiency.36 Clearly, while the
published oncologic and renal functional outcomes
of LPN are impressive, analysis of data from a
greater number of patients with longer follow-up
will be needed to clarify the oncologic efficacy of
this approach in comparison with OPN and RN.

COMPARISON OF OPEN (OPN) AND LPN

In a recent multicenter study, data regarding 1,800
consecutive OPN or LPN operations were collected
prospectively or retrospectively in tumor registries at
three large referral centers.37 These centers include
Cleveland Clinic, Mayo Clinic, and Johns Hopkins
University. Inclusion criteria for this study com-
prised patients with a single, localized, and sus-
pected sporadic RCC (≤ 7 cm in size), who were
treated with LPN or OPN between January 1998 and
September 2005. The primary focus of the study was
on perioperative parameters and early renal func-
tional outcomes with the two techniques.

OPN was performed in 1,029 patients, and LPN
was performed in 771 patients. Patients undergoing

OPN were a higher risk group as defined by a
greater percentage presenting symptomatically with
reduced performance status, impaired renal func-
tion, and tumor in a solitary kidney (p < 0.0001).
More tumors in the OPN group were > 4 cm and
centrally located (p < 0.0001), and more proved to
be malignant (84 vs 72%, p = 0.0003).

On the basis of multivariable analysis, LPN was
associated with shorter operative time (201 vs 266
minutes, p < 0.0001) and shorter hospital stay (3.3
vs 5.8 days, p < 0.0001). However, LPN was also
associated with longer warm ischemia time (WIT)
(31 vs 20 minutes, p < 0.0001) and more postopera-
tive renal/urologic complications (9.2 vs 5.0%, p =
0.0006), particularly postoperative hemorrhage (4.7
vs 1.6%, p = 0.0001). More patients in the LPN
group required a subsequent procedure compared
with the OPN group (6.9 vs 3.5%, p < 0.0001). The
odds of a postoperative renal/urologic complication,
hemorrhage, or a subsequent procedure were 2.14,
3.52, and 3.05 times higher after LPN compared
with OPN, respectively.

Renal functional outcomes were similar 
3 months after LPN and OPN, with 97 and 99% of
renal units retaining function. Loss of function in the
operated kidney occurred in 16 patients from the
LPN group (2.1%) and four patients from the OPN
group (0.4%), which was not statistically significant.
Three-year cancer-specific survival for patients with
a single pT1N0M0 RCC was 99.3 and 99.2% after
LPN and OPN, respectively; however, the median
follow-up interval was only 1.4 years for patients in
the LPN group.

In another recent study from the Cleveland
Clinic,38 we compared the postoperative and renal
functional outcomes of patients undergoing OPN or
LPN for tumor in a solitary-functioning kidney.

Table 2. ONCOLOGIC OUTCOMES OF LAPAROSCOPIC PARTIAL NEPHRECTOMY

Number of Number with Mean Tumor Mean Follow-up Major
Reference Patients RCC Size (cm) (months) Recurrence Complications

Lane et al, 200736 56 39 2.9 68 1 local 8 (14%)
Allaf et al, 200441 48 48 2.4 38 2 local 11%*
Abukora et al, 200542 78 65 2.3 24 0 15 (19%)
Seifman et al, 200443 40 29 2.3 24 0 6 (15%)
Jeschke et al, 200144 51 38 2 34 0 5 (10%)

*Reported percentage for first 223 cases in Line et al. J Urol 2205;173:1690–4.45
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Between 1999 and 2006, 169 OPN and 30 LPN were
performed for ≤ 7 cm tumor in a solitary-function-
ing kidney. Data were collected in an IRB-approved
registry; median follow-up was 2 years. Pre and
postoperative glomerular filtration rates (GFR) were
estimated by abbreviated MDRD equation. Postop-
erative dialysis was required acutely after one OPN
(0.6%) and three LPN (10%, p = 0.01), and dialysis-
dependent end-stage renal failure within 1 year
occurred after one OPN (0.6%) and two LPN (6.6%,
p = 0.06). In multivariate analysis, WIT was 
9-minute longer (p = 0.0001) and the chance of post-
operative complication was 2.54-fold higher 
(p < 0.05) with LPN. Longer WIT (> 20 minutes)
and preoperative GFR were associated with poorer
postoperative GFR in multivariate analysis.

The results of these studies suggest that LPN
can achieve early renal functional outcome compa-
rable with OPN when applied to select patients with
a single renal tumor ≤ 7 cm in size. LPN offers the
advantages of shorter operative time, reduced hospi-
tal stay, and more rapid convalescence. However,
LPN is associated with longer intraoperative
ischemia time, more postoperative renal/urologic
complications (particularly hemorrhage), and more
frequent need for a subsequent procedure. OPN
remains the preferred approach for more compli-
cated renal tumors such as those that are larger,
hilar/intrarenal in location, multicentric, and located
within a solitary kidney.

CONCLUSIONS

The incidence of small renal masses continues to rise
worldwide. With the acceptance of elective partial
nephrectomy for tumors > 4 cm and potentially for
those < 7cm, the percentage of tumors that will be
treated with this approach will continue to grow.
OPN has become the standard-of-care for tumors
amenable to local excision, with established 10-year
oncologic and renal functional outcomes. LPN is now
being offered at many centers, and 5-year outcomes
are available in small subsets of treated patients.
Urologists must be knowledgeable about the indica-
tions, limitations, and outcomes with each approach
so that they can help patients to select the one that
best fits the individual tumor, patient, and surgeon.
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A variety of clinical and pathologic factors are
known to be prognostic markers of tumor progres-
sion and influence cancer-specific survival in renal
cell carcinoma (RCC). Traditional prognostic factors
such as tumor size, grade, and histological features
are associated with RCC behavior. Clinical presenta-
tion and baseline laboratory studies also play a role
in determining outcome. Advancements in molecular
biology and genetics have provided insight into the
genetic alterations and molecular pathways involved
in renal cell carcinogenesis. Many of these molecular
changes appear to influence prognosis. Besides pro-
viding better understanding of the disease, knowl-
edge of the molecular changes may lead to the
development of new therapeutic modalities.

In this chapter, the current prognostic factors
important to localized RCC will be summarized, and
attention will be given to new markers that may be
important to future prognostic models and therapeu-
tic modalities.

ANATOMICAL FACTORS

T Stage

Tumor staging provides a common language to
stratify patient’s disease according to the size of the
primary tumor and the degree of distant spread.
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Staging is important to renal cell carcinoma, as it
helps treatment planning, is useful to estimate prog-
nosis, and serves as the primary basis for clinical
trial planning (Figure 1). The American Joint Com-
mittee on Cancer (AJCC) determines staging in
renal cell carcinoma by the tumor node metastasis
(TNM) classification system. The combination of
TMN variables is used to stratify patients into four
separate tumor stages (I–IV).

Figure 1. Cancer-specific survival based on the 2002 American
Joint Committee on Cancer primary tumor classification from 2,746
patients with renal cell carcinoma. Adapted from Frank I et al.3
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Prognostic Factors in Localized Renal Cell Carcinoma 103

77% compared with 82% for tumors less than 13 cm
in size.9 Both studies suggest creating T2a and T2b
subclasses to reflect these findings.

T3: Tumor Extension and Adrenal
Involvement

The 5-year cancer-specific survival for T3 tumors
has been shown to be 37 to 53%.3,7 This broad cate-
gory includes various clinical situations that involve
regional tumor extension.

T3a classification includes tumors that have
adrenal involvement or extend into the perinephric fat
but not beyond Gerota’s fascia. The 5-year cancer-
specific mortality for T3a tumors is 36 to 44%.3,10

Recent data question the prognostic accuracy of
including adrenal involvement into the T3a tumor
classification. Han and colleagues10 reported a 12.5
month median survival of patients with direct adrenal
extension compared to 36 months for patients with
perinephric fat and no adrenal involvement.10 Tumors
with adrenal involvement from direct extension
appear to have similar outcome to patients with T4
disease.10–12 No study has directly evaluated the
prognostic significance of ipsilateral adrenal involve-
ment due to direct invasion compared to those that
have spread hematogenously.

Perinephric Fat Involvement

T3a tumors with perirenal fat involvement may have
an improved outcome compared to their counter-
parts with adrenal extension; however, the mortality
of this group is significantly worse than those with
T2 disease. The presence of fat involvement appears
to almost double the risk of death from RCC.13 In
analyzing patients with T3b disease with renal vein
(RV) involvement, Leibovich13 demonstrated that
patients with concomitant perinephric fat invasion
have worse prognosis. This prompted the recom-
mendation of altering the T3b category to incorpo-
rate perinephric fat involvement in the setting of
simultaneous venous involvement.

Venous Involvement

Renal tumors commonly invade into the renal vein
and lead to more extensive tumor thrombus in 4 to

T1a versus T1b

The lowest T stage encompasses organ-confined
tumors less than 7 cm in size. However, even with
organ-confined tumors, tumor size appears to be an
important prognostic factor. The current concept of
distinguishing T1 tumors by size came from analysis
of which tumors are amenable to a partial nephrec-
tomy. Several studies demonstrated tumors larger
than 4 cm had worse outcome than smaller
tumors.1,2 These findings led to the revision of T1
tumors in the 2002 AJCC TMN system into two sub-
divisions, T1a (≤ 4 cm) and T1b (> 4 cm). The T1
criteria previously had been reserved for tumors 7.0
cm or less in the 1997 AJCC TMN classification and
tumors 2.5 cm or less in the 1987 version. Regard-
less of the type of therapy, the 5-year cancer-specific
survival rates based on the 2002 AJCC TMN system
is excellent with T1a and T1b tumors demonstrating
survival of 97% and 87%, respectively.3

The optimal size cutoff for T1 and T2 tumors is
still debated by different centers though there is a
uniform agreement that the current 7-cm cutoff is
too high. Several groups have reported improved
stratification with values anywhere from 4.5 to 5.5
cm, depending on the institution.4–6 In many of these
studies, the survival of patients above the cutoff was
similar to T2 patients, therefore, it may be better to
simply lower the T1/T2 cutoff rather than to con-
tinue a T1a/T1b subclassification.

T2

The TMN classification system for T2 tumors was
changed in 1997 to include tumors greater than 
7.0 cm. The T2 tumors demonstrate worse outcome
compared with T1 tumors with a 5-year cancer-
specific survival of 71%.7 Similar to what was seen
subdividing by size in T1 tumors, Frank and
colleagues8 further improved upon the prognostic
accuracy demonstrating T2 tumors larger than 10 cm
behave more aggressively than those of 7.0 to 10.0
cm. The 5-year cancer-specific survival for tumors
larger than 10.0 cm is 64.1 versus 77.1% for those
7.0 to 10.0 cm. Lam and colleagues9 determined that
tumor size cutoff of 13 cm could also discriniate
outcome. For patients with T2 tumors of 13 cm or
greater, the 5-year disease-specific survival was
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104 RENAL CELL CARCINOMA

9% of newly diagnosed patients with RCC.14,15

Whether the extent, as opposed to the presence, of
tumor thrombus affects overall survival has been a
controversial topic. Currently, the 2002 TMN system
distinguishes T3b (RV involvement and inferior
vena cava [IVC] involvement below diaphragm)
from T3c (IVC involvement above diaphragm). Kim
and colleagues14 evaluated 226 patients who under-
went radical nephrectomy and RV or IVC tumor
thrombectomy to determine how the level of tumor
thrombus impacted prognosis.14 For localized
tumors, the 3-year cancer-specific survival with
tumor thrombus in the RV, IVC below the
diaphragm, and IVC above the diaphragm was 76,
63, and 23%, respectively. On multivariate analysis,
patients with RV and IVC involvement below the
diaphragm had similar cancer-specific survival.
Moinzadeh and Blute both published data that
demonstrated that tumor thrombus contained within
the RV has improved survival versus all levels of
IVC involvement.15,16

Moinzadeh and Blute both proposed different
classifications than the current T3b and T3c defini-
tions. Consensus has not been reached on which of
the current classification systems are most useful at
stratifying patients. Larger cohorts of patients will
need to be analyzed to determine a more accurate
subclassification system to be incorporated into the
next AJCC TMN revision.

Lymph Node Involvement

Performing a regional lymphadenectomy during a
nephrectomy can accurately stage localized dis-
ease. The risk of lymph node metastasis is depen-
dent on the extent of the disease. For small,
localized tumors, the risk of lymph metastasis is
small, ranging from 2 to 9%. In the setting of
metastatic disease, the presence of lymph node
metastasis can approach 50%.17 The presence of
lymph node status has a significant impact on over-
all outcome with a 5-year disease-specific survival
of 11 to 35%.18–20

The most recent edition of the TMN classifica-
tion system distinguished nodal involvement based
on the number of lymph nodes involved (pN0 = 0,
pN1 = 1, pN2 = 2 or more involved nodes). This

system classifies nodal status after a formal
lymphadenectomy of eight lymph nodes or more as
analysis of a limited number of nodes can lead to
understaging. Whether patients with pN1 and pN2
disease have a statistical difference in overall sur-
vival is uncertain. If pN2 disease demonstrates
worse survival, it will be important to assess the
method of lymph node dissection as surgeons may
perform a more extensive lymphadenectomy in the
setting of more advanced disease.21

Terrone and colleagues22 analyzed patients
undergoing open radical nephrectomy and lymph
node dissection and determined the five-year
disease-specific survival with and without pN+
disease was 18% versus 74.4%.22 Analysis of
patients with positive lymph nodes demonstrated
that a cutoff of four positive nodes might impact sur-
vival rather than the current system. The concept of
lymph node density was also analyzed in this subset.
A lymph node density of less than 60% doubled the
risk of death and was an independent predictor of
survival.22

Canfield and colleagues23 at the M.D. Anderson
Cancer Center recently presented data that supports
the current subclassification system. In their analy-
sis of 40 patients who underwent nephrectomy for
M0N+ disease, 12 and 28 patients had N1 and N2
diseases. The patients with N2 disease had a signif-
icantly decreased rate of disease-free recurrence and
overall survival (Figure 2).23

Figure 2. Overall survival on M0N1 (solid) vs M0N2 (dashed).
Patients with N1 disease have improved survival compared to
patients with N2 disease. Adapted from Canfield SE et al.23
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TUMOR HISTOLOGY

The histological examination of renal neoplasms was
the only adjunct to anatomical information for most of
the past century. The cellular classification of subtypes
has evolved over that past two decades. Although
some older designations have fallen out of favor, other
histologic findings have been further characterized
and are now believed independent predictors of out-
come. The RCC is now best understood as a blanket
term to describe all malignant epithelial neoplasms
arising from the renal parenchyma. The current classi-
fication system was established by the International
Union Against Cancer and the AJCC and divides sub-
types by histologic appearance and cellular origin.24

Whether different histologic variants of RCC
display different clinical behaviors remain unclear.
The Mayo Clinic demonstrated a 5-year cancer-
specific survival of 68.9% for clear cell RCC,
87.4% for papillary RCC, and 86.9% for chromo-
phobe RCC. Clear cell RCC had a worse outcome
when controlling for TMN stage and Fuhrman
grade, whereas no difference in outcome was noted
between papillary and chromophobe RCC.25 More
recent studies have questioned these findings.
Patard and colleagues26 published the results from
a large international multicenter study that demon-
strated histologic subtype was not an independent
predictor of survival (Figure 3).

Papillary RCC has recently been divided into
two types (I and II) based on its histologic
appearance. Delahunt and colleagues27 have
demonstrated that type II is an independent
predictor of poor outcome.

Two additional subtypes arise from the collect-
ing duct rather than the convoluted tubule. Collect-
ing duct carcinoma is a rare variant with very poor
outcome.28 Renal medullary carcinoma, a subgroup
of collecting duct carcinoma, is found most fre-
quently in black men with sickle cell trait or disease
and also has a poor prognosis.

TUMOR GRADE

The Fuhrman grading system is the most commonly
used grading system for RCC. This system stratifies
tumors based on nuclear morphology, including

nuclear and nucleolar size, shape, and content.29 The
Fuhrman nuclear grade correlates with tumor stage,
size, metastases, lymph node involvement, renal
vein involvement, and perirenal fat involvement.30

The role of grade in prognosis has been exten-
sively studied. Tsui and colleagues confirmed the
prognostic role of tumor grade in outcome. Fuhrman
grade and TMN stage proved to be the most important
prognostic factors. The 5-year cancer-specific sur-
vival rates for grades 1, 2, and grade 3 or grade 4 are
89, 65, and 46.1%, respectively (Figure 4).7 Stratify-
ing the groups by stage, low-grade tumors have
improved survival compared to high-grade tumors.

Figure 3. Overall survival in 3,056 patients with localized renal cell
carcinoma according to histologic sub-type. Controlling for other
independent predictors of outcome, histologic sub-type does not
appear to be an independent predictor of outcome. Adapted from
Patard JJ et al.26
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Figure 4. Cancer-specific survival based on Fuhrman grade
demonstrates worse outcome for high-grade tumors. Adapted from
Tsui KH et al.7
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Several additional studies have demonstrated
that each Fuhrman grade demonstrates an increased
risk of disease-specific survival.31,32 However, each
subgroup stratified by Fuhrman grade may not be an
independent predictor of survival. Recently, Gudb-
jartsson and colleagues32 demonstrated that control-
ling for other prognostic factors, only Fuhrman
grade 4 demonstrated a worse outcome than grades
1 to 3. Similar findings increase the concern over a
four-tiered classification system. Lang and col-
leagues33 recently recommended collapsing the
grading system into a two-tier system.

TUMOR NECROSIS

Tumor necrosis is a histologic feature believed to be
associated with tumor aggressiveness, resulting
from rapid tumor enlargement with outgrowth of
blood supply. The presence of tumor necrosis is
associated with variables such as TMN stage, tumor
size, and Fuhrman grade.34 Its histological presence
is an independent predictor of poor outcome in clear
cell but not in papillary RCC.35 Lam and col-
leagues34 analyzed the presence of tumor necrosis in
both localized and metastatic tumors and deter-
mined that its presence is an independent predictor
of survival only for localized RCC. Frank and col-
leagues36 demonstrated a strong association with
risk of death (4.5 times) in clear cell carcinoma and
incorporated this finding into an outcome prediction
model (SSIGN).

MICROVASCULAR INVASION

Microvascular invasion is defined as the presence
of neoplastic cells in tumor microvessels. The pres-
ence of microvascular invasion is known to influ-
ence disease recurrence in other genitourinary
malignancies such as prostate cancer.37 As tumor
cells are directly accessible to the vasculature,
hematologic shedding may allow distant metastasis.
The incidence of microvascular invasion in RCC
has been estimated to be 25 to 28%.38,39 It was pre-
viously believed that microvascular invasion did not
play a prognostic role in RCC; however, recent data
suggest otherwise.

Van Poppel and colleagues38analyzed a cohort of
180 patients who undergone nephrectomy for local-
ized RCC and demonstrated that microvascular
invasion was the most important independent prog-
nostic factor in disease-free survival.38 Recently,
Goncalves 39 confirmed microvascular invasion is an
independent predictor of both recurrence and cancer-
specific survival and is associated with poor prognos-
tic features, such as tumor size, perirenal fat invasion,
Fuhrman grade, lymph node involvement, and sarco-
matoid features. Microvascular invasion has been
incorporated into a new prognostic nomogram.40

PRESENCE OF SARCOMATOID FEATURES

Farrow and colleagues41published the first report of
sarcomatoid RCC in 1968 describing it as a unique
RCC variant, which contained highly pleomorphic
spindle cells. Sarcomatoid features are now consid-
ered a high grade form of RCC that may be present in
association with any histological subtype, rather than
a distinct histologic subtype.42 Sarcomatoid features
are found in less than 5% of RCC.43 Frequently, these
tumors are locally advanced and have metastases at
diagnosis.43 Cangiano and colleagues43 demonstrated
one and two year overall survival was 48 and 34%,
respectively. Moch and colleagues35 demonstrated
that sarcomatoid characteristics were an independent
predictor of poor outcome for clear cell and papillary
RCC, however, it may have a greater prognostic value
in papillary subtypes.

The percentage of tumor with sarcomatoid fea-
tures may influence prognosis, with tumors display-
ing greater than 5% having worse prognosis.44

However, several studies have failed to demonstrate
a benefit in stratifying the tumor by percentage of
sarcomatoid involvement.43,45

Collecting System Involvement

The overall incidence of collecting system involve-
ment is 14%; however, for localized T1 and T2
tumors, this is an infrequent occurrence (3%).46

Tumors with collecting system involvement have
more frequent hematuria, higher T classification,
higher Fuhrman grade, positive lymph nodes, and
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metastatic disease.47 Uzzo46 demonstrated that for
T1 and T2 tumors only, collecting system involve-
ment was associated with poor prognosis. Palapattu
and colleagues48 confirmed this finding, and also
demonstrated that T3 collecting system invasion was
associated with a worse survival. A recent study by
Terrone and colleagues47 questioned the impact of
collecting system involvement on prognosis. Col-
lecting system invasion did not appear to be an inde-
pendent predictor of outcome.

LABORATORY ANALYSIS

Erythrocyte Sedimentation Rate

The ESR is elevated in 83% of patients with metasta-
tic RCC.49 Sengupta and colleagues50 analyzed preop-
erative values in patients with localized and metastatic
disease. Elevated ESR was found to be an independent
risk factor for death due to clear cell RCC. More data
are needed to evaluate whether ESR is an independent
risk factor for localized tumors only.

C-reactive Protein

C-reactive protein is a nonspecific protein marker of
inflammation if elevated after cytoreductive
nephrectomy is a marker of poor outcome.51 For
patients with localized RCC, elevated C-reactive
protein may also be a marker of poor outcome.
Komai and colleagues52 recently published a cohort
of patients with clinically localized disease. Ele-
vated CRP was an independent predictor of poor
outcome and more than doubled the risk of recur-
rence and disease-free survival.52

Thrombocytosis

The presence of thrombocytosis (platelets 
> 400,000/mm3) is an independent predictor of poor
outcome in patients with metastatic RCC.53 For
localized RCC, thrombocytosis may also indicate a
more aggressive disease. Gogus and colleagues54

discovered that thrombocytosis increased with
T stage and its presence had a worse disease-spe-
cific survival. Bensalah and colleagues55 found
thrombocytosis was associated with larger tumor

size, worse the Eastern Cooperative Oncology
Group performance scale (ECOG-PS), T stage,
Fuhrman grade, lymph node invasion, and distant
metastasis. For patients with localized disease,
thrombocytosis was strong predictor of worse
cancer-specific survival.55

Whether thrombocytosis is directly responsible
for worse prognostic features or the end result of
tumor-mediated inflammatory mechanisms is unclear.
Platelet-derived growth factor (PDGF) is an important
mechanism in the hypoxia cascade. It is possible that
increased production of PDGF could promote tumor
growth and lead to a more aggressive phenotype.

CLINICAL FACTORS

Incidental Versus Symptomatic Tumors

The widespread use of computed tomography and
magnetic resonance imaging scans has greatly
altered the presentation of RCC. In 1971, only 7% of
tumors were discovered incidentally.56 Most contem-
porary series demonstrate that between 40 to 60% of
renal tumors are discovered prior to the development
of symptoms.57–59 With more tumors being detected
incidentally, RCC has experienced an expected stage
migration to smaller and more frequently organ-
confined tumors. Tsui and colleagues7 reported inci-
dental tumors are of smaller size and have lower
stage and grade. Thompson and colleagues59 demon-
strated that 87% of incidentally discovered tumors
are clinical stage I.

Tumors that present incidentally may represent
more indolent disease and have been shown to influ-
ence disease-specific survival. The overall 5-year dis-
ease-specific survival of incidental tumors is 60 to
92% compared to 40 to 69% for symptomatic
tumors.7, 57–59 Whether the mode of presentation is an
independent predictor of outcome is debated in the lit-
erature. Several studies have demonstrated no differ-
ence in survival when controlling for stage.36 In
contrast to these findings, both Lee and Ficarra pub-
lished data that demonstrated that mode of presenta-
tion was a strong and independent predictor of
outcome (Figure 5).57,58 On the basis of these findings,
both the groups recommended inclusion of mode of
presentation into future prognostic nomograms.
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Performance Status

The ECOG-PS is a scale used to assess the impact of
disease on a patient’s overall health with higher scores
signifying worse status. The Karnofsky scale is a sim-
ilar system used to stratify patients. The ECOG-PS is
an independent prognostic factor of survival in
patients with metastatic RCC.60 As such, clinical tri-
als have incorporated low ECOG-PS score into the
inclusion criteria for interleukin-2 based therapy.61

The value of ECOG-PS in localized RCC is
uncertain. Tsui and colleagues7 evaluated the role of
ECOG-PS in all stages of RCC and found that
worse performance status was an independent pre-
dictor of poor outcome (Figure 6). Frank and col-
leagues36 reviewed patients with all stages of RCC.
In their analysis, they evaluated the role of ECOG-
PS and another clinical performance scale, the
Charlson score. Although they found a significant
association with risk of death, neither method
proved to be an independent predictor of cancer-
specific survival.

Cachexia-related Symptoms

Kim and colleagues examined patients with local-
ized and metastatic RCC and identified a collec-
tion of symptoms termed cachexia-related
findings. Presence of these features includes: (1)
hypoalbuminemia, (2) weight loss, (3) anorexia,
and (4) malaise. These features were independent
predictors of a poor prognosis.62 For localized dis-
ease, cachexia is presumably related to the parane-
oplastic effects of the primary tumor. Kim and
colleagues later analyzed a cohort of 250 patients
with localized T1 tumors. The overall incidence of
cachexia-related findings was 14.8%.63 The pres-
ence of cachexia-related findings in the setting of
localized disease was an independent predictor
of worse progression-free survival and disease-
specific survival.

Figure 5. Cancer-specific survival for incidental (red) versus
symptomatic (blue) localized renal cell carcinoma. While incidental
tumors demonstrate improved outcome, there is still a debate
whether mode of detection is an independent predictor of outcome.
Adapted from Ficarra VT et al58.
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COMPREHENSIVE INTEGRATED
PREDICTION MODELS

Counseling a patient regarding RCC can be chal-
lenging due to the complex interaction of multiple
factors that influence disease recurrence and sur-
vival. Several models have been designed to integrate
the anatomic, histologic, and clinical prognostic fac-
tors into outcome models. In addition, these prog-
nostic models can identify those at greatest risk of
recurrence for selection into adjuvant trials.

Kattan Nomogram

Recent models have focused on patients with local-
ized disease undergoing radical nephrectomy for
RCC. The Kattan nomogram was established to pre-
dict the probability of tumor recurrence within five
years after surgery. Clinical information including
TMN stage, histology, tumor size, and the presence
of symptoms for patients with clinically localized
RCC were modeled into a nomogram and statisti-
cally validated.64 In a recent study, the nomogram
did not accurately predict DFS.65 A new version of
nomogram proposed by Sorbellini and col-
leagues40included tumor size, T classification,
symptoms, grade, necrosis, and vascular invasion.
The nomogram demonstrated better predictive accu-
racy, and the authors believed it was an improvement
in their previous prognostic model.40

SSIGN score

The Mayo Clinic established a combined outcome
model for both localized and metastatic clear cell
RCC. In this cohort, TNM stage, tumor size of 5 cm
or greater, nuclear grade, and histologic tumor
necrosis were all found to be independent predictors
of poor survival.36 These characteristics were
assigned a score and incorporated into a scoring
algorithm, the SSIGN score. Decreased survival was
shown to correlate with increased SSIGN score.

UCLA Integrated Staging System (UISS)

UCLA designed a prognostic system, the UISS, to
predict survival in all histologic subtypes in both
localized and metastatic RCC. The UISS contained
low-risk, intermediate-risk, and high-risk groups

based on TNM stage, Fuhrman grade, and ECOG-
PS (Table 1).66–68 The UISS was later validated in a
large, multicenter, international study consisting of
4,202 patients.69 For localized RCC, the five-year
survival rate for low-risk, intermediate-risk, and
high-risk patients was 92, 67, and 44%, respectively
(Figure 7).

Model Validation

A recent multicenter retrospective study attempted
to externally validate each prognostic model in
patients with localized RCC previously treated with
nephrectomy. The patients were assessed with vari-
ous models including the initial Kattan nomogram,
the Yaycioglu model, the Cindolo model, and the
UISS.70 This study validated the ability of each of
the models to distinguish groups with different out-
come. The postoperative models (the Kattan nomo-
gram and the UISS) appeared to better predict
outcome compared with preoperative models (Yay-
cioglu and Cindolo models). For patients with local-
ized RCC, both the Kattan nomogram and the UISS
worked well, and the authors concluded “both mod-
els are most likely the same on practical grounds”.70

MOLECULAR MARKERS

Tissue and gene-array based technology allows the
simultaneous characterization of thousands of genes
and proteins in RCC. There are several molecular
markers of importance in RCC prognosis, including
hypoxia-inducible factors, cell-cycle regulators,
mediators of cellular proliferation, cellular adhesion
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Figure 7. Kaplan–Meier survival estimates for 3,119 patients with
localized renal cell carcinoma according to the UISS. Adapted from
Patard JJ et al.69
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molecules, and a wide variety of other molecules.
We will briefly review several known prognostic
markers for localized RCC.

Hypoxia Inducible Pathway

Hypoxia inducible factors (HIFs) regulate the produc-
tion of genes such as vascular endothelial growth fac-
tor (VEGF), PDGF, carbonic anhydrase IX (CAIX),
and transforming growth factor alpha (TGF-A).71,72

Its role in determining prognosis was recently exam-
ined in both metastatic and localized tumors.73 HIF1a
is differentially expressed between histological sub-
types with clear cell displaying greater expression
than either papillary or chromophobe RCC. For clear
cell RCC, decreased HIF1a expression was an inde-
pendent predictor of poor survival.

Carbonic Anhydrase IX

CA IX is a member of the carbonic anhydrase fam-
ily that regulates intracellular and extracellular pH
during periods of hypoxia. Bui and colleagues74

reported that 94% of clear cell RCC tumor samples
stained positive for CA IX. Low CA IX staining was
found to be an independent prognostic indicator of
poor survival in patients with metastatic RCC. For
patients with advanced nodal disease, decreased
expression of CAIX can also predict worse survival;
however, survival was not influenced in patients
with localized disease.74,75

VHL Status

A function of the VHL protein is to mark HIF1a and
HIF2a for proteosomal degradation and to down
regulate the hypoxia-induced pathway. The VHL
gene was identified as the gene associated with von

Hippel Lindau disease and sporadic clear cell
RCC.76, 77

Yao and colleagues78 explored the prognostic
capability of VHL alterations. The VHL alterations
were determined to be independent predictors of
improved progression-free survival and disease-spe-
cific survival for patients with Stage I-III RCC.78

Parker and colleagues re-examined the association
of VHL with prognosis. Immunohistochemistry, was
performed on tumor specimens from patients with
clear cell RCC. The VHL expression was not associ-
ated with any known prognostic factor including
tumor size, stage, grade, lymph node involvement,
and the presence of metastasis. VHL expression did
not alter cancer-specific survival; however, when
adjusting for SSIGN score and age, T1 and T2
tumors with no VHL expression were associated
with a decreased risk of death (hazard ratio = 0.4).
Why the loss of a tumor suppressor gene would lead
to improved outcome for localized tumors is unclear
at this time. It is possible that tumors that develop in
the absence of VHL alterations do so in the setting
of nontraditional molecular pathways that convey
worse prognosis and outcome.

REGULATORS OF CELL CYCLE 
AND APOPTOSIS

TP53

TP53 is a tumor suppressor gene, which has been
coined the “guardian of the genome.” The product of
this gene plays a vital role in regulating the cell
cycle and inducing apoptosis when DNA damage
occurs.79 Mutant forms of TP53 have extended half-
lives leading to accumulation and detection by
immunohistochemical staining.80 TP53 expression
is found in 16 to 57% of renal tumors and varies

Table 1. ASSIGNMENT OF N0M0 PATIENTS POSTNEPHRECTOMY INTO RISK GROUPS
ACCORDING TO AJCC T STAGE, FUHRMAN GRADE, AND ECOG PERFORMANCE SCALE

T Stage 1 2 3 4

Grade 1–2 3–4

↓
1 > 1

↓ECOG-PS 0 ≥ 1 0 ≥ 1 0 ≥ 1 0 ≥ 1

Risk Low Intermediate high

Adapted from Zisman A et al.67

AJCC = American Joint Committee on Cancer; ECOG-PS = Eastern Cooperative Oncology Group performance scale.
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with histologic type.80–82 Shvarts and colleagues82

examined the prognostic role of TP53 overexpres-
sion in localized RCC. TP53 staining was found in
57.5% of tumors, and its expression correlated with
tumor grade and was an independent predictor of
recurrence. The prognostic potential of TP53 was
confirmed by Kim and colleagues83 who incorpo-
rated it into a combined molecular and clinical prog-
nostic model.

p21

p21 is an important tumor suppressor gene that plays
an important role in cell-cycle control. p21 is able to
induce cell-cycle arrest by inhibiting the
cyclin/cyclin-dependent kinases 2 regulation of the
G1-S cell-cycle checkpoint.84 In addition, p21 has
an important role in activation of the apoptotic path-
way, and it expression is regulated by the tumor sup-
pressor gene TP53.85

Based on the important cell regulatory and sur-
vival aspects of p21, several investigators have tried
to correlate p21 expression to prognosis. Haitel and
colleagues86 analyzed nuclear staining of p21 in
clear cell RCC. Nuclear staining of p21 was
observed in nearly all cases. p21 staining was corre-
lated to related expression of cell-cycle regulators
p27 and pRb, both of which proved to be indepen-
dent predictors of outcome. However, p21 positivity
was not related to either grade or stage and did not
correlate with outcome.86 Weiss and colleagues87

recently reported the results of an immunohisto-
chemical analysis of a tissue array containing 366
patients with RCC. Nuclear p21 expression was
more frequently observed in aggressive renal
tumors, such as collecting duct carcinoma, and less
frequently in oncocytomas. In localized disease,
higher levels of nuclear p21 was strongly associated
with a better prognosis (hazard ratio = 0.27).87

p27

p27 is an important cell-cycle regulator that regu-
lates proliferation in the G1/S checkpoint by modu-
lating the action of cyclin-dependent kinases.
Migita and colleagues88 examined the role of p27
alterations in clear cell RCC. Decreased p27
expression was associated with larger tumor size

and was an independent predictor of poor disease-
specific survival.88 Hedberg and colleagues89

assessed p27 in a larger cohort including all histo-
logic subtypes. Low levels of p27 were associated
with higher tumor grade and larger size. Again,
decreased levels of p27 were found to be an indepen-
dent predictor of worse disease-specific survival.89

Cellular Adhesion Molecules

Epithelial Cell Adhesion Molecule

A wide variety of cellular adhesion molecules have
been studied in RCC and may affect prognosis.
Decreased expression of adhesion molecules are
believed to play a role in the acquisition of invasive
characteristics. Seligson and colleagues90examined
the role of EpCAM. The EpCAM is seen in normal
renal epithelium, however, its expression is fre-
quently absent in clear cell carcinoma. Expression of
EpCAM was an independent predictor of improved
disease-specific survival in localized RCC.90

EphA2

EphA2 is a different cellular adhesion molecule that
may have implications in RCC. Overexpression of
EphA2 has been shown to disrupt cell-cell contacts
and is believed to promote invasive characteristics of
tumor cells.91 Herrem and colleagues92 examined
EphA2 expression in nephrectomy specimens with
clinically localized disease. Higher levels of EphA2
were associated with larger tumor size and higher
grade, and overexpression was predictive of disease-
free recurrence and overall survival.92

FUTURE OF MOLECULAR PROGNOSTIC
MODELS

The next generation of prognostic models will incor-
porate the molecular biology and genetics of RCC.
Once specific genetic alterations are identified that
correlate with clinical prognosis, these markers will
be incorporated into new, more accurate models of
RCC. Incorporation of this information into future
staging systems will revolutionize the way the
disease process is understood. Kim and colleagues83

began this process developing a prognostic model
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for survival in patients with metastatic clear cell
RCC.83 Using molecular and clinical predictors, this
model was significantly more accurate than the clin-
ical predictions alone.

CONCLUSIONS

RCC is a complex disease comprising a family of
epithelial tumors that displays a wide variety of clin-
ical behavior. A variety of anatomic, histologic, lab-
oratory, clinical, and molecular markers of disease
aggressiveness can be used to understand the disease
and to predict disease aggressiveness. By using
these prognostic factors that influence outcome,
patients can be better counseled regarding their dis-
ease risk, surveillance strategies can be better tai-
lored to risk of recurrence, and high-risk patients
can be better identified for adjuvant trials.
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Despite impressive advances in the understanding of
the tumor biology of renal cell carcinoma (RCC)
and the development of medical therapies,1 surgery
remains the mainstay of treatment for cure. In 1969,
Robson and colleagues2 described the four crucial
components of a perifascial, radical nephrectomy,
including early ligation of the renal artery and vein,
removal of all contents of Gerota’s fascia, removal of
the ipsilateral adrenal gland, and performance of a
complete regional lymphadenectomy.2 This surgical
approach replaced the pericapsular nephrectomy and
has remained the standard of care for clinically
localized renal tumors until the last two decades, in
which elective partial nephrectomy challenged the
paradigm of complete renal excision. In this chapter,
we review the outcomes of conventional radical
nephrectomy and discuss the evolution of the proce-
dure to its current form.

OUTCOMES OF RADICAL NEPHRECTOMY

Oncologic Outcomes

In the review of eighty-eight patients having under-
gone radical nephrectomy at Toronto General Hospi-
tal from 1949 to 1964, Robson and colleagues2

found poor prognosis to be related to involvement of
adjacent structures or lymph nodes, gross invasion
of the renal vein or distant organs, and histologic
grade. The population of treated tumors consisted of

40.9% kidney-confined, 45.5% with perirenal fat
involvement, 5.7% with adrenal involvement, 0.1%
with extension into adjacent organs, 22.7% with
nodal positivity, 9.1% with distant metastasis, and
31% and 9.1% with renal vein and inferior vena cava
involvement, respectively. Even with including the
subjects lost to follow-up in the group which died of
disease, the survival advantage over simple nephrec-
tomy was evident. The 3-year, 5-year, and 10-year
survival of Robson’s group was 61, 52, and 49%,
compared with those of the reported series of simple
nephrectomy of the time at 45 to 56%, 33 to 48%,
and 18 to 27%, respectively.3

In the decades following Robson’s report, several
large series demonstrated the persistent survival
advantage of radical nephrectomy over simple
nephrectomy for localized disease (Tables 1 and 2).
The overall 5-year and 10-year survivals range from
37 to 73% and 24 to 35%, repectively.4–8 For organ-
confined disease, 5-year overall survival ranged from
65 to 93%.2,6–13 As pathologic stage is the most
important factor predictive of survival, outcomes
were poorer in those with high-stage disease, culmi-
nating in a bleak 0 to 12% 10-year survival for those
with metastatic disease.2,6–13 In a retrospective
comparison of patients who had undergone simple
nephrectomy or radical nephrectomy, the latter
showed significantly improved overall survival at
three, five, and ten years of follow-up among those
with low-stage disease.14
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Stage is the most important predictor of relapse
following radical nephrectomy. The fact that
locoregional recurrence is unusual in the setting of
radical nephrectomy for localized disease suggests
that relapse in most cases is more likely a function
of disease biology and stage than surgical technique.
Nonetheless, complete resection of the local tumor
with wide excision of the perinephric contents is
essential in avoiding locoregional recurrence. It
remains unclear if inadequate local excision results
in a higher risk of metastatic relapse.

The results of radical nephrectomy on the whole
have improved with stage migration and the increas-
ing detection of incidentally-detected, smaller
tumors.15 Downward size and stage migration have
also allowed the emergence of a number of nephron-

sparing treatments and has drawn into question the
necessity of all of the conventional components of
traditional radical nephrectomy as described by
Robson. Although no excessive morbidity or mortal-
ity has been attributed to ipsilateral adrenalectomy or
lymphadenectomy concurrently executed with radi-
cal nephrectomy,16,17 the demonstration of the safety
and effectiveness of nephron sparing and conse-
quently adrenal and lymph node sparing procedures,
in multiple large series,18–26 draws into question the
necessity of these procedures as standard practice in
the treatment of all organ-confined renal tumors.

Role of Ipsilateral Adrenalectomy

The incidence of adrenal involvement related to
RCC has been investigated in autopsy series and
noted to be 7 to 23% in disseminated cases, and 19%
if only ipsilateral disease is included.27 The inci-
dence in radical nephrectomy specimens has been
noted to be between 1.2 and 10%.28–36 The frequency
of solitary, synchronous, ipsilateral involvement is
much lower at 2.8 to 3.3% in autopsy series37 and
0.7 to 5% in radical nephrectomy series.28,29,33,34,38–42

The incidence of adrenal involvement has been
decreasing over time34 and will likely continue to do
so as the proportion of renal masses incidentally dis-
covered continues to increase.

In several retrospective direct comparisons, the
overall and cancer-specific survival of patients

Table 1. SURVIVAL IN LOW-STAGE DISEASE BY ROBSON STAGE

5-year Survival (%) 10-year Survival (%)

Total Number
Author of Patients Stage I Stage II Stage I Stage II

Robson et al,2 (1969) 88 66 64 60 67

Skinner et al,13 (1971) 203 68 50 65 17

McNichols et al,7 (1981*) 506 67 51 56 28

Selli et al,8 (1983) 115 93 63 NA NA

Golimbu et al,11 (1986) 326 88 67 66 35

Hermanek et al,12 (1990) 872 92 77 NA NA

Dinney et al,10 (1992) 251 73 68 NA NA

Chatelain (1980) 204 71 77 65 77

Guinan et al,6 (1995) 2,473 75 63 NA NA

NA = not available.

Table 2. SURVIVAL IN LOW-STAGE DISEASE 
BY AJCC TNM STAGE

5-year Survival (%)

Total 
Number

Author of Patients T1 T2

Guliani (1990) 200 80 68

Hermanek et al,12 (1990) 872 86 86

Giberti et al,4 (1997) 328 75 63

Dinney et al,10 (1992) 251 76 77

Selli et al,8 (1983) 115 95 92

AJCC = American Joint Committee on Cancer; TNM = tumor node metastasis.
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undergoing adrenalectomy at the time of nephrectomy
is similar to those whose adrenals were spared.34,38,43,44

There is a bias in that those with adrenal involvement
are shown to have higher overall stage, but upon
stage stratification, one large multicenter study still
found no survival advantage for adrenalectomy in
early-stage disease.38 In a retrospective series of
almost 400 patients, one-third of which underwent
adrenalectomy and two-thirds of which had adrenal-
sparing procedures, there were no recurrences in the
adrenal at a median follow-up of 69 months and there
was no demonstrable survival advantage afforded for
those whose adrenal was removed.45 The emerging
data from large series of nephron-sparing treatments
of RCC corroborate these findings, in that long-term
survival and long-term outcomes are similar to those
of traditional radical nephrectomy.26,29,46–49

Among patients with solitary adrenal involve-
ment, the majority (60 to 100%) have upper pole
renal tumors.50 Some series have failed to demon-
strate this association, but these series included
either patients with micrometastatic involvement of
the adrenal or patients with widespread disease else-
where.31,51 There is reasonable evidence to suggest
as some authors have proposed that upper pole
tumor location should be an indication to perform
ipsilateral adrenalectomy at the time of radical
nephrectomy.35,43,47,50 It has also been observed that
the majority of ipsilateral adrenal metastases (62 to
100%) occur on the left side,31,33,41,43,47,50 but on
multivariate analysis, this is not an independent risk
factor.29,33,38,52,53 Renal vein thrombus appears to
consistently predict a higher risk of adrenal dis-
ease.33,35,36 In those with adrenal metastasis, multifo-
cality of the renal primary has been found in 16 to
45% of patients in both radical nephrectomy speci-
mens and autopsy studies and is independently pre-
dictive.28,29,33,35,36,53 There are also considerable data
suggesting that lymph node metastasis indepen-
dently predicts adrenal involvement.36,51–53 Lymph
node involvement and multifocality are very diffi-
cult to predict preoperatively and are less relevant
when considering clinically localized disease.

In a review of multiple series encompassing over
3,500 patients, it was noted that 85% of those with
adrenal metastasis had stage T3a or higher 
stage disease.33 Multiple multivariate analyses have

demonstrated that stage is an independent predictor
of adrenal involvement, irrespective of size of
tumor.29,33,38,53 Those with adrenal involvement con-
sistently have larger average size of tumor, shown to
be significantly different from those without adrenal
disease in some series,34,53–55 but insignificant in
others.33,38 Many studies demonstrated that patients
with renal tumors less than 5 cm very rarely have
adrenal involvement.28,36,47,50,56 Using ROC curves,
Paul and colleagues51, defined a cutoff of 6 cm for
increased risk of adrenal metastasis.

As tumor size, stage, and location appear to be
the primary determinants of necessity for adrenalec-
tomy, presurgical imaging has become more relevant
in planning surgery. In a retrospective review of 157
patients who underwent radical nephrectomy, Gill
and colleagues30, noted that no adrenal that was
called normal on preoperative computed tomogra-
phy scan (CT) report contained cancer at the time of
surgery.30 There were, however, several false posi-
tive reports of abnormal adrenals found to have
benign disease at surgery, including hemorrhage,
adenomas, and hyperplasia. Similar findings are
echoed in many large series, demonstrating the
superb sensitivity and negative predictive value of
imaging techniques in evaluating the adrenal, with
values of 87 to 100% and 96 to 100 %, respectively,
in most studies.28–30,32,33,35,43,57 This is particularly
true when the protocol recommended by Gill and
colleagues30 consisting of overlapping or contiguous
0.8 to 1 cm axial images with a slice thickness of 0.5
to 1 cm after intravenous contrast is used.30

We do not routinely perform adrenalectomy at the
time of radical nephrectomy for clinically localized
disease. In patients with radiologic evidence of ipsi-
lateral adrenal metastasis, poor visualization of the
adrenal gland due to tumor size, or large upper pole
lesions abutting the adrenal gland, ipsilateral adrena-
lectomy should be performed. In the vast majority of
patients, prophylactic resection is not necessary.

Role of Lymphadenectomy

The reported overall incidence of lymph node
metastasis in RCC has been as low as 3.3% in surgi-
cal series and as high as 63% in autopsy series.58

There is a tremendous variation in the incidence due
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in part to differences in clinical stage and grade
among the populations assessed.5,17,59 Several series
have shown that the extent of the dissection, the site
of dissection, and the presence of gross lym-
phadenopathy cause variations in the detection of
occult lymph node metastases.60–62 Terrone and col-
leagues63 found a significant increase in the likeli-
hood of lymph node disease when excising thirteen
or more nodes. Current UICC recommendations
suggest resection of a minimum of eight lymph
nodes to determine an individual node negative
although evidence for this number is lacking.

In general, the pathways of lymphatic drainage of
the kidneys, first described by Parker64 in 1935, are
noted to be variable and unpredictable in both
anatomical studies64 and autopsy series.65 The exten-
sive neovascularization commonly associated with
RCC is believed to distort the normal anatomy and
render the lymphatic drainage unpredictable.59,66 In
the case of clinically localized disease, the para-
aortic nodes are most essential for left-sided tumors,
and the inter-aortocaval nodes are the most likely
drainage site of right-sided tumors.59

Most practitioners agree that suspicious or palpa-
ble nodes should be excised at the time of surgery,
but the predictive value of these nodes is surpris-
ingly low, with nodes up to 2.2 cm being inflamma-
tory in 56% of cases.67 In a prospective randomized
trial assessing the therapeutic benefit of lym-
phadenectomy, 16% of palpable nodes harbored
metastasis compared to 1% of palpably normal
lymph nodes.68

Overall survival and cancer-specific survival is
highly correlated with lymph node meatastasis.69

Blute and colleagues69 found cancer-specific sur-
vivals at 1, 5, and 10 years of 52%, 21%, and 11%,
respectively, with lymph node positive disease, as
compared with 96%, 83%, and 73% without lymph
node positive disease.69 Nonetheless, whether lymph
node dissection provides a survival advantage for all
patients is unclear. In evaluating N0M0 disease sub-
mitted to extended, regional or hilar lymph node dis-
section, Siminovitch and colleagues62 found no
relationship between survival and extent of dissec-
tion. Giuliani and colleagues5 demonstrated a 5-year
and 10-year disease-free survival of 48% and 32%,
respectively, among patients undergone extended

lymphadenectomy. This approximated the survival of
patients with pT3N0M0 disease.5 Another study
demonstrated improvements in 1-year and 5-year sur-
vivals with lymphadenectomy with rates of 87% ver-
sus 57% and 44% versus 26%, respectively.70 The
solitary prospective, randomized trial evaluating lym-
phadenectomy has failed to show an improvement in
survival when analyzing all stages combined.68 It is
likely that the failure to demonstrate improvement in
survival among individuals with clinically localized
disease relates to the extremely low prevalence of
lymph node metastasis in this group.

In a recent large series, the incidence of lymph
node metastasis was found to be 2%, 3%, and 20%
among those with T1, T2, and T3-T4 stage disease,
respectively.17 A comparison of the incidence of pos-
itive lymph nodes in Robson’s early series with the
more recent treatment arm of the EORTC protocol
30881,68 reveals a drop from 30 to 3.3%, likely rep-
resenting downward stage migration in the current
era and, perhaps, a less aggressive dissection.71,72 If
those with metastatic disease undergoing nephrec-
tomy for cytoreduction are excluded, the incidence
of lymph node disease is in the range of 3 to
10%.5,60,68

In a multivariate logistic regression model, Blute
and colleagues69 identified the following character-
istics that were associated with increased risk of
lymph node disease in nonmetastatic renal cancer:
stage (T3-T4), size of the tumor (greater than 10 cm),
tumor grade III-IV, presence of sarcomatoid differ-
entiation, and presence of necrosis. The presence of
two or more of these factors was associated with a
15-fold higher incidence of lymph node disease. In
clinically localized disease, these risk factors are
rare, making the standard inclusion of lymph node
dissection unnecessary for most patients.

Although several large retrospective series have
failed to demonstrate any increase in morbidity
when extended lymph node dissection is performed
at the time of radical nephrectomy,13,17,58,60,68,73–76 its
routine use does not appear justified in patients with
early-stage disease. When palpable nodes are
encountered during radical nephrectomy for organ-
confined disease or when preoperative high-risk fea-
tures can be identified, extended, complete
lymphadenectomy is warranted.
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Laparoscopic Outcomes

The introduction of laparoscopic nephrectomy for
the treatment of localized RCC by Clayman and col-
leagues77 in 1991 revolutionized renal surgery for
renal tumors. The technique has gained popularity
and acceptance secondary to decreases in postoper-
ative pain and analgesic requirements resulting in
shorter hospital stays and faster convalescence, as
well as improvements in cosmesis.78–80

In the absence of early randomized trials com-
paring open and laparoscopic radical nephrectomy,
various measures of oncologic efficacy were used.
Retrospective cohorts were compared to open series
on the basis of surgical margins, rates of local recur-
rence, distant metastasis, and survival with no obvi-
ous reduction in efficacy.81 Early series reported no
difference in the size or weight of the tumors
extracted81,82 or in the incidence of positive margins
when compared with open series.83–85

Recently, longer follow-up data has validated
early observations, with local recurrence rates and
survival data similar to that of traditional open
surgery. Several series have reported 5-year disease-
free and actuarial survival for patients with stage T1-
2N0M0, ranging from 91 to 95% and 81 to 95%,
respectively (Table 3).79,81–84,86 Concerns about
tumor spillage, particularly with morcellation and
the risk of port site recurrence were shown to be
unfounded as rates are equivalent with open surgery
(Table 4). There have been only nine reported cases
of port site metastases following laparoscopic
nephrectomy with an overall reported incidence

of 0 to 6.25% in the urologic literature for all
laparoscopic surgery and 0 to 2% for laparoscopic
nephrectomy specifically, which is similar to that of
open nephrectomy.80,83,87,88

Based upon the more rapid recovery from
surgery, low rates of surgical complication and the
absence of any evidence suggesting oncologic com-
promise, laparoscopic radical nephrectomy is
emerging as the standard of care for clinically local-
ized renal tumors. Training of urologists to provide
reproducible outcomes and high quality of care
remains a priority.

TECHNICAL CONSIDERATIONS

Preoperative Evaluation

Host Factors

Whether a renal mass is found incidentally or due
to a symptomatically provoked evaluation, initial
history and physical along with selective labora-
tory assessment and review of imaging will direct
further preoperative evaluation and subsequent
treatment. Upon determination of stage and
surgical resectability, the goals of preoperative
assessment are three-fold: (1) to optimize car-
diopulmonary and nutritional status for surgical
intervention, (2) to identify and stabilize paraneo-
plastic syndromes, and (3) to develop a treatment
plan specifically addressing timing and approach
of surgical intervention.

Table 3. ONCOLOGIC OUTCOMES OF LAPAROSCOPIC RADICAL NEPHRECTOMY

Total Number Clinical Port-site Local Follow-up 5-year 
Author of Patients Stage Approach Recurrence Recurrence (mo) CSS (%)

Cadeddu (1998) 157 T1-2N0M0 TP 0 0 19.2 91

Ono et al,99 (2001) 147 T1-3N0M0 TP 0 1 29 95

Chan et al,78 (2001) 67 T1-2N0M0 TP 0 0 35.6 95

Portis et al,81 (2002) 64 T1-2N0M0 TP 0 1 54 98

Stifelman (2002) 108 T1-3N0M0 HAL 0 1 14 93

Saika et al,100 (2003) 195 T1N0M0 TP 0 1 40 94

Permpongkosol et al,79 (2005) 67 T1-2N0M0 TP 0 0 73 97

CSS = cancer-specific survival; HAL = hand-assisted laparoscopic; TP = transperitoneal.
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Serum analysis including, hemogram, electrolyte,
renal and liver chemistries with serum calcium will
identify paraneoplastic phenomena, such as hyper-
calcemia, anemia, polycythemia, or Stauffer syn-
drome (reversible liver dysfunction), which may
require treatment prior to surgery. More commonly,
medical comorbidities requiring optimization are
discovered. Comorbidities may influence the selec-
tion of surgical approach. Flank incision should be
avoided in patients with substantial pulmonary dis-
ease, whereas transperitoneal approaches should be
avoided in individuals with substantial liver disease
and ascites. The presence of retroperitoneal varices
due to portocaval hypertension should be considered
in planning surgical approach. Those with poor pre-
operative nutritional status should be considered for
oral and in severe cases intravenous nutritional sup-
port prior to surgery to aid in more rapid recovery
and wound healing. Assessment of renal function
will help define those who are likely not able to tol-
erate radical nephrectomy without requiring postop-
erative dialysis. In these patients, nephron-sparing
approaches are warranted.

Staging

Staging of renal tumors should include a complete
history, physical examination, and laboratory analy-
sis. Routine chest imaging with radiograph or CT is
indicated for all patients. Bone scan is unnecessary
due to low yield, unless the serum alkaline phos-
phatase is elevated without other explanation

(hepatobiliary disease or Stauffer syndrome) or the
patient complains of skeletal pain.89 Imaging evalu-
ation of intracranial pathology can safely be omitted
in the absence of suggestive symptomatology or
overt metastatic disease.

Tumor Factors

The CT with intravenous contrast remains the
study of choice for staging and assessing renal
tumors due to its superior ability to provide details
allowing the differentiation of benign from malig-
nant lesions, definition of tumor extension, and the
identification and delineation of extent of venous,
lymph node, and visceral organ involvement.90 All
patients should have a CT prior to surgery unless
contraindicated, in which case magnetic resonance
imaging (MRI) is a suitable substitute. MRI is
superior to CT in defining the presence and extent
of venous involvement, as well as in defining
venous collateral circulation and should be consid-
ered in patients with large or centrally located
tumors as well as in those with suspicious or equiv-
ocal venous findings on CT.91 In planning laparo-
scopic surgery, we have found it extremely useful
to identify anomalous renal vasculature prior to
resection.

The current approach to individuals with local-
ized renal tumors is based in part upon tumor and
patient characteristics, and, in part, upon the experi-
ence of the surgeon. Many tumors falling in the T1
(smaller than 7 cm) designation are amenable to

Table 4. COMPARISON OF OPEN VERSUS LAPAROSCOPIC  

COMPLICATION RATESTNM

Laparoscopic Open

Total Total 
Number % Number %

Author of Patients Complications of Patients Complications

McDougall (1996) 12 36 12 40

Abbou (1999) 29 6.9 29 27.2

Walther (1998) 11 18 19 18

Ono (1999) 60 13 40 8

Dunn (2000) 61 37 33 54

Shuford (2004) 33 15 41 10

Adapted from Shuford et al.102
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partial nephrectomy. For tumors less than 4 cm,
there is extensive data supporting oncologic equiva-
lence between radical and partial nephrectomy.22,92,93

For T1b tumors (4 to 7 cm), there is emerging data
that partial nephrectomy may be appropriate for
selected tumors.94–96 Several controversies arise in
selecting patients for partial versus radical nephrec-
tomy, but in general, baseline renal function, the
presence of a contralateral normal renal moiety,
patient risk factors, and surgical experience are
likely the most important guiding factors. There is
considerable emerging data that patients who
undergo radical nephrectomy may be at higher risk
of long-term renal dysfunction and resultant nonon-
cologic risk of mortality.93 If this data is validated,
then the rationale for elective partial nephrectomy
will be much stronger in the future.

The decision to undertake a radical or partial
nephrectomy is primarily based on size and location
of the tumor. In cases of equivocal imaging, three-
dimensional cross-sectional imaging has been
shown to aid in the decision-making process.97

Three-dimensional imaging more accurately shows
the anatomic relationship of the tumor to the sur-
rounding tissues, including better predictions of
venous involvement, pelvicalyceal invasion, multi-
focality, and tumor extension, as well as superior
delineation of anomalous vascular anatomy.91

As the long-term impact of radical nephrectomy
on renal function is unclear in the absence of ran-
domized trials, we have generally advocated partial
nephrectomy for most lesions less than 4 cm in size
and select lesions in the 4 to 7 cm size range. We
recommend elective partial nephrectomy for tumors
less than 7 cm, with no involvement of the renal
sinus or collecting system, in individuals with a per-
ceived minimum 10-year life expectancy. Individu-
als with bleeding diathesis or a need for
postoperative anticoagulation may be better treated
by radical extirpation. The long-term benefit of par-
tial nephrectomy is unproven in older patients or
those with comorbidity limiting longevity. In such
patients, radical nephrectomy is warranted even for
small lesions, particularly those that are centrally
located within the kidney. The specific indications
for partial nephrectomy are discussed elsewhere in
the text.

Selection of Surgical Approach

Radical nephrectomy can safely be performed by
open or laparoscopic means. As previously dis-
cussed, the oncologic outcomes of laparoscopic rad-
ical nephrectomy, particularly for localized disease,
appear to be equivalent to open radical nephrectomy
(see Table 4).79,81,84,98–100 Individuals with extensive
previous surgery, local lymphadenopathy, bulky
hilar tumors, local organ involvement, retroperi-
toneal varices (portocaval hypertension), or vein
thrombus may be better treated through an open
approach. The vast majority of individuals with
clinically localized disease are candidates for
laparoscopic radical nephrectomy. This decision is
heavily based upon operator experience. Improved
convalescence, reduction of pulmonary morbidity,
reduction of postoperative pain, and the apparent
equivalence of oncologic outcomes make laparo-
scopic radical nephrectomy highly desirable. In our
program, individuals are generally offered laparo-
scopic radical nephrectomy first unless a con-
traindication exists.

Flank Approach

Open radical nephrectomy has historically been per-
formed by a variety of incisional approaches.
Extraperitoneal approaches commonly used include
retroperitoneal flank incisions, whereas transperi-
toneal approaches include subcostal, midline,
chevron, or transthoracic incisions (Figures 1 and 2).
The primary advantages of a flank approach include

Subcostal Midline

Chevron

Figure 1. Transabdominal incisions for radical nephrectomy.
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avoidance of ileus, bowel obstruction, or intraperi-
toneal visceral injury; early arterial access; and ease
of access to the kidney in obese patients. Disadvan-
tages of the flank approach include the necessity for
pleural mobilization and diaphragm release, postop-
erative pulmonary compromise, potential denervation
of flank musculature, and poor exposure of the medial
hilum in individuals with hilar tumor, lymphadenopa-
thy, or venous thrombus.

Flank incision can be carried out through the bed
of the eleventh or twelfth rib following excision of
the rib or through a supracostal incision by releasing
the intercostal ligament, incising the costovertebral
ligament, and disarticulating the rib (see Figure 2).
Rib disarticulation and early release of the
diaphragm at its insertion to the chest wall will
release tension from the pleura and avoid incidental
pleurotomy. In the event of pleurotomy, complete
mobilization of the residual pleura from the chest
wall generally allows repair and evacuation of the
pneumothorax without the need of a thoracostomy
tube. The peritoneum is then swept medially off the
anterior surface of Gerota’s fascia, and the renal
hilum is developed (Figure 3). In general, flank
exposure requires some mobilization of the upper or
lower pole of the kidney prior to hilar control, and
this is a theoretical disadvantage. Although many
surgeons prefer a twelfth-rib incision to avoid exten-
sive mobilization of the pleura, an eleventh-rib inci-
sions allows better exposure of the hilum, upper pole
tumors, and large tumors with perinephric venous
collateral circulation.

Thoracoabdominal incision is carried out through
the eighth to tenth intercostal space and involves
entry into the chest, division of the diaphragm over
the upper pole of the kidney, and entry into the peri-
toneal cavity (see Figure 2). Its primary advantage is
in the excellent hilar exposure and access to the vena
cava (right side), aorta (left side), and upper abdom-
inal organs. As such exposure is rarely required in the
setting of localized disease, this incision should not
be required for early-stage disease.

Transabdominal Approach

Transperitoneal exposure of the kidney can be
performed by subcostal or midline approaches.
A midline incision is typically used if radical

Pleura
Diaphragm

11th rib

12th rib

Kidney

Figure 2. Flank incisions for radical nephrectomy and positioning
of pleura, kidney and diaphragm relative to rib cage. Higher incisions
require more diaphragmatic release in order to reflect the pleura.
Lower incisions limit exposure of the upper pole of the kidney. Use of
a thoracoabdominal incision allows excellent exposure of the upper
pole of the kidney and the renal hilum, but it requires entry into the
chest and incision of the diaphragm.

Figure 3. Exposure of the left renal hilum through the flank
approach. Following release of the diaphragmatic insertion, the
pleura is reflected upward allowing exposure of the retroperitoneum
and complete division of the intercostal ligament. By disarticulating
the rib, the intercostal space can be widely spread. The peritoneum
is then reflected medially to expose the renal hilum.

Aorta

Renal
vein

Renal
artery

Peritoneum reflected
medically

Kidney

Spleen
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nephrectomy is performed concomitant with other
intra-abdominal procedures (see Figure 1). In such
cases, extension of the incision to the xyphoid will
allow adequate retraction to expose the upper pole
of the kidney on either side. In the supine position,
a roll placed beneath the ipsilateral rib cage can aid
in overcoming the depth of the renal fossa and help
deliver the kidney into the operative field.

The subcostal approach is generally preferred
when transperitoneal radical nephrectomy is per-
formed. Advantages of the approach include the
ability to control the renal hilum prior to renal mobi-
lization, access to retroperitoneal lymph nodes, and
avoidance of the diaphragm and pleural cavity. Dis-
advantages include disturbance of the intra-abdomi-
nal contents potentially leading to ileus, bowel
obstruction, or visceral injury. On the right, the liver
must be retracted cephalad, the right colon reflected
medially, and the duodenum rolled off the anterior
surface of the venal cava and renal hilum (Kocher
maneuver) (Figure 4). In cases of large upper pole

tumors, retro-hepatic kidney location, or very obese
patients, extension of the incision across the midline
(chevron incision) will allow better exposure.

On the left, the lateral splenic attachments must
be divided and the splenic hilum rolled medially
and cephalad off the surface of Gerota’s fascia
(Figure 5). Division of the splenocolic ligaments
will facilitate this maneuver by allowing the tail of
the pancreas to roll cranially. The splenic flexure
and left colon are reflected medially. Obvious con-
cerns of this exposure are the risk of splenic and
pancreatic injury. Early series of transperitoneal
nephrectomy reported an unacceptably high rate of
incidental splenectomy. Inadvertently, traversing
the left mesocolon during reflection can result in
a duodenal injury at the level of the ligament of
Treitz.

Once anterior exposure has been obtained, the
anterior surface of the renal vein is exposed, and the
vein is skeletonized and retracted cephalad. Lateral
distraction of the lower pole of the kidney allows

Right
kidney

Duodenum
reflected
medically

Liver reflected
superolaterally

Ascending colon
reflected medically

Figure 4. Transabdominal exposure of the right kidney. The right
colon is reflected medially by incising the paracolic gutter and
releasing the lateral attachments of the colon. Medial release of the
hepatic flexure of the colon allows exposure of the underlying duo-
denum. A wide Kocher maneuver exposes the underlying vena cava
and anterior renal hilum. Depending upon the position of the kidney,
release of the right lobe of the liver and cranial reflection of the tri-
angular ligament may be required to expose the upper pole and ipsi-
lateral adrenal.

Figure 5. Transabdominal exposure of the left kidney. The left
colon is reflected medially by incising the left paracolic gutter and lat-
eral colonic attachments. Division of the splenocolic attachments
facilitates downward reflection of the splenic flexure and cranial
reflection of the tail of the pancreas and splenic hilum. Release of the
lateral splenic attachments allows concomitant medial rotation of the
spleen and cranial reflection of the pancreatic tail, thereby exposing
the underlying renal hilum.

Spleen reflected
superolaterally

Tail of pancreas

Renal vein

Descending colon
reflected medically

Left
kidney
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surgeon to develop a plane of dissection medial to
the kidney and lateral to great vessels. In so doing,
dissecting in a cephalad direction allows exposure of
the renal artery dorsal to the renal vein. In cases of
multiple renal arteries, these vessels are usually
found at the lower or upper pole of the kidney and
should be divided prior to the renal vein. Venous
hemorrhage often occurs from the short lumbar vein
entering into the dorsal surface of the left renal vein,
the gonadal vein insertion in the left renal vein or
vena cava, or the short right adrenal vein. Knowl-
edge of anatomy is paramount in identifying these
vessels and anomalous vessels, such as retro-aortic
venous branches on the left.

Selection of open approach for radical nephrec-
tomy is highly dependent upon surgeon experience.
As mentioned previously, patient factors such as
underlying pulmonary disease, ascites, portocaval
hypertension, or previous intra-abdominal surgery
might influence the decision for a transperitoneal or
flank approach. Transperitoneal approaches are
desirable, but they require a good knowledge of
upper abdominal anatomic relationships.

Laparoscopic Approach

Laparoscopic radical nephrectomy can be performed
by either a transperitoneal or a retroperitoneal
approach. The advantages of a retroperitoneal
laparoscopic radical nephrectomy are similar to
those of the extraperitoneal open approach. Our
preference has been to use a transperitoneal
approach because of the larger working space. With
this approach, maneuvers on both the left and right
mimic the open transperitoneal approach.

The patient is positioned in a modified semi-
oblique flank (lateral decubitus) position allowing
exposure to the abdominal wall (Figures 6 and 7).
Medial reflection of the overlying bowel is essential
in an early approach to the hilum. Following reflec-
tion of the bowel, full medial rotation of the table
allows the bowel to fall forward, exposing Gerota’s
fascia overlying the renal hilum and the medial renal
attachments. It has been our preference to elevate the
lower pole of the kidney to distract the hilum for dis-
section. The lower pole and lateral renal attachments
must remain intact during hilar dissection to allow

stretch on the hilar vessels (Figures 8 and 9). We have
used a 30º angle laparoscopic lens through the upper
most port site (see Figures 6 and 7). Rotation of the
scope allows cephalad visualization of the renal
hilum while dissecting in line with the field of view
from the lower ports (Figures 8 to 10).

Right kidney

30� camera

Figure 6. Patient and instrument positioning in right laparoscopic
radical nephrectomy. Use of a 30º angle laparoscopic lens allows the
laparoscope to be placed in the cranial port. Use of the lower two
ports for instrumentation allows the surgeons hands to rest in a nat-
ural pronated position with elbows close to the body. We prefer a
paramedian alignment of the ports to allow the lower port instru-
ments to reach the upper pole attachments of the kidney.

Left kidney

30� camera

Figure 7. Patient and instrument positioning in left laparoscopic
radical nephrectomy. Use of a 30º angle laparoscopic lens allows the
laparoscope to be placed in the cranial port. Use of the lower two
ports for instrumentation allows the surgeons hands to rest in a nat-
ural pronated position with elbows close to the body. We prefer a
paramedian alignment of the ports to allow the lower port instru-
ments to reach the upper pole attachments of the kidney.

Chapter-08.qxd  10/11/08  12:41 AM  Page 124



Radical Nephrectomy for Localized Renal Cell Carcinoma 125

Large tumors (greater than 7 cm) can represent a
challenge for laparoscopic resection due to the ten-
dency of the kidney to fall over the hilum and the
presence of large peri-hilar collateral vascularity.

In approaching such tumors, an extra port placed
lateral to the working ports can allow assistant to
provide lateral distraction of the kidney during hilar
dissection.

Complications of Radical Nephrectomy

Historically, the complication rate of open radical
nephrectomy has been as high as 20% in the prela-
paroscopic era.101 The nature and frequency of com-
plication varied by surgical approach. In 1983,
Swanson and Borges101 reported on the outcomes of
193 patients treated by open transperitoneal radical
nephrectomy for all stages of disease. Splenic
injuries were noted in 12.4% of patients, whereas
vascular injuries were noted in 8.2%, including more
commonly the vena cava, lumbar veins, and hepatic
veins. Hemorrhage was also a significant complica-
tion in Swanson’s series with a mean estimated
blood loss of 2,683 mL. The rate of postoperative
complications was noted to be 19.1%, including
pleural effusions, infections, acute renal failure, vas-
cular thrombosis, as well as other general complica-
tions, such as myocardial infarction, congestive
heart failure, cerebrovascular accidents, and sepsis.
The mortality rate was 2.1%.101

Figure 8. Stretching of the left renal hilum via distraction of the
lower pole with a blunt instrument through the lower medial port dur-
ing renal artery stapling in laparoscopic radical nephrectomy.
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Figure 9. Stretching of the left renal hilum via distraction of the
lower pole with a blunt instrument through the lower medial port dur-
ing renal vein stapling in laparoscopic radical nephrectomy.
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Figure 10. Visualization of the renal hilum during laparoscopic
radical nephrectomy using a 30º laparoscope placed through the
upper (cranial) port. The laparoscope crosses beneath the working
ports and angles cranially to visualize the hilum in line with the work-
ing ports.
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Recently with shifts in patient characteristics and
advances in technique in addition to the advent of
laparoscopic techniques, the rate of complications
related to radical nephrectomy has decreased signifi-
cantly. Contemporary series comparing complica-
tions of laparoscopic (transperitoneal, retroperitoneal,
or hand-assisted techniques) and open radical
nephrectomy, have demonstrated that morbidity is
acceptable in the laparoscopic series, when compared
with the open approach.84,86,98,102,103 The rate of com-
plications reported in laparoscopic series ranges
between 16 to 37%, whereas in the open counterpart,
rates range from 8 to 54% (see Table 4). A recent
comparative study showed overall median rates of
15% and 10% for laparoscopic and open groups,
respectively.102 Differences in the estimated blood
loss and transfusion requirements were not signifi-
cant among the groups.102 The wide variation among
these studies is explained by differing criteria used to
define minor and major complications in various sub-
sets of patients along with the known selection bias of
the retrospective design.

CONCLUSIONS

Radical nephrectomy remains the standard of care
for patients presenting with clinically localized dis-
ease. The original paradigm of radical nephrectomy
set by Robson has been challenged in recent years.
Contemporary data would suggest that regional lym-
phadenectomy and adrenalectomy are not necessary
in the majority of individuals with localized disease.
The use of partial nephrectomy in tumors less than 4
cm in size has limited the use of radical nephrec-
tomy. In general, patients with tumors between 4 and
7 cm and reasonable longevity should be considered
for partial nephrectomy as a first-line treatment. In
those individuals with limited longevity, central
tumor location, contraindication to partial nephrec-
tomy, radical nephrectomy remains the appropriate
treatment in patients with a normal contralateral
moiety. The technique of radical nephrectomy can
be performed through a variety of approaches.
Laparoscopic radical nephrectomy has emerged as
the technique of choice owing to a more rapid con-
valescence, increasing surgeon experience, and
apparent equivalence of oncologic outcomes.
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INTRODUCTION

The incidence of renal cell carcinoma (RCC) has
risen at a rate of approximately 3% per year since
the 1970s and in 2006, approximately 12,840
patients died of RCC.1 In addition to increased
radiologic detection of “incidental” renal tumors,
the incidence of advanced tumors and death from
disease in patients with RCC has also increased.2

Tumor stage, as determined by the American Joint
Committee for Cancer (AJCC) primary tumor
classification system (Table 1), remains the most
important and widely utilized prognosticator of
progression-free survival and overall survival fol-
lowing surgical management of RCC.3 Contempo-
rary literature reveals that 5-year cancer-specific
survival after radical nephrectomy (RN) ranged
from 75–95% for patients with organ-confined
disease to 0–5% for patients with metastatic dis-
ease at presentation.4,5 Located between these clin-
ical extremes are patients with locally advanced
renal cell carcinoma (LARCC), considered to be at
significant risk for progression and death from
their renal tumors due to adverse pathologic
features.

Definitions of LARCC vary throughout the liter-
ature, however, authors of this text utilize the 2002
AJCC primary tumor classification to identify
LARCC as non-metastatic (M0) tumors in pT3-T4
and/or N+ categories, which include features of

perirenal fat and/or ipsilateral adrenal gland invasion
(pT3a), associated malignant venous thrombus
below (pT3b) and above (pT3c) the diaphragm,
extension beyond the Gerota’s fascia (pT4), and/or
involvement of locoregional lymph nodes by RCC
(N+). Modern series report 5-year disease-specific
survival rates of 65 to 80% for tumors with per-
inephric fat or adrenal involvement, 40 to 60% for
RCC with associated vena cava thrombus and 10 to
20% for RCC with concurrent locoregional lymph
node involvement.6–8

Since pioneering description by Robson and
colleagues, surgical removal of the primary tumor
with RN has remained the only available curative
option and continues to be the mainstay of treat-
ment for patients with LARCC.9 While basic surgi-
cal and oncologic principles established by Robson
and colleagues remain unchanged, the modern sur-
gical armamentarium for treatment of LARCC has
expanded with evolution of standard open, mini-
mally invasive and nephron-sparing techniques.
Marked advances in perioperative supportive man-
agement, coupled with improved and diversified
surgical approaches have allowed delivery of more
complex, yet safer surgical treatment options for
patients with LARCC.

In this context, we review general concepts, out-
comes and controversies of the current surgical
options available for management of patients with
LARCC.

9
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thoracoabdominal incision to allow abdominal
exploration for metastatic disease and early access
to the renal vessels with minimal manipulation of
the tumor. Smaller tumors and renal masses in obese
patients can be safely approached with extraperi-
toneal flank incision.10

Since introduction in 1990s, laparoscopic radical
nephrectomy (LRN) has gained wide acceptance for
management of low-volume, organ-confined RCC.11

This procedure is performed transperitoneally,
retroperitoneally or hand-assisted and offers the
advantages of decreased postoperative pain, shorter
hospital stay and convalescence, while maintaining
oncologic efficacy.12,13 Recently LRN has been
applied to patients with locally advanced and
metastatic RCC.14–16 Several investigators have
reported feasibility and oncologic efficacy of LRN,
when utilized in the management of large renal
tumors involving the perinephric fat.17,18 While the
maximum tumor size limit for LRN has been
debated, it is most likely a function of surgeon com-
fort rather than a limitation of the technique. Because
of a theoretically increased risk of intraperitoneal
tumor spillage and possibility of port site tumor
recurrence, the role of LRN has been questioned. To
date these concerns remain speculative and unsub-
stantiated, and despite thousands of LRN procedures
performed each year, only three cases of port-site
metastases are reported in the urologic literature.

Table 1. THE AMERICAN JOINT COMMITTEE ON CANCER 
STAGING SYSTEM FOR RENAL CELL CARCINOMA

Primary tumor (T)
TX Primary tumor cannot be assessed (information not

available)
T0 No evidence of a primary tumor
T1a Tumor is 4 cm in diameter or smaller, limited to the 

kidney
T1b Tumor is larger than 4 cm but smaller than 7 cm, limited

to the kidney
T2 Tumor is larger than 7 cm, limited to the kidney
T3a Direct tumor invasion into the adrenal gland, perinephric 

fat or renal sinus fat, tumor confined within Gerota’s
fascia

T3b Tumor invasion of the renal vein or the inferior vena 
cava below the diaphragm

T3c Tumor invasion of the vena cava above the diaphragm
T4 Tumor invasion beyond Gerota’s fascia

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis to one regional lymph node
N2 Metastasis to more than one regional lymph node

Distant metastasis (M)
MX Presence of distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis present; includes metastasis to non

regional lymph nodes and/or to other organs

Stage grouping
I T1a-T1b, N0, M0
II T2, N0, M0
III T1a-T3b, N1, M0 or T3a-T3c, N0, M0
IV T4, N0-N1, M0 or Any T, N2, M0 or Any T, Any N, M1

RCC WITH PERINEPHRIC FAT 
INVOLVEMENT

Modern nephrectomy series demonstrate that
approximately 20 to 30% of RCC are found to
extend into the perinephric fat (Figure 1).4,8 Because
of large tumor bulk and frequent collateral vascular-
ization, RCC with suspected extension into per-
inephric fat has traditionally been managed with
standard open RN. The basic principles of this pro-
cedure include early ligation of the renal vasculature
and en bloc removal of the kidney within the sur-
rounding perinephric fat and Gerota’s fascia, thus
assuring negative surgical margins, while minimiz-
ing vascular and intraperitoneal dissemination of
cancer cells.9

The surgical approach to open RN is determined
by the size and location of the tumor, body habi-
tus of the patient and surgeon preference. Larger
tumors are approached through a transperitoneal or

Figure 1. pT3a renal cell carcinoma (Red arrow – tumor within
perinephric fat).
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While elective indications for nephron-sparing
surgery continue to evolve, preservation of renal
function is essential, if feasible, in patients who
would otherwise be rendered functionally or
anatomically anephric following RN. Partial
nephrectomy (PN), performed openly or laparoscop-
ically, allows an oncologically complete local
excision of RCC, while preserving a functional renal
remnant. Oncologic efficacy of PN for small 
(< 4.0 cm) organ-confined renal tumors has been
clearly established in the literature.19 In addition,
there is emerging evidence that PN can safely be per-
formed for patients with locally advanced tumors,
provided an adequate surgical margin and sufficient
remaining renal parenchyma can be obtained.20

Investigators from the Cleveland Clinic have
reported 85 and 74% 5- and 10-year cancer-specific
survival rates following PN for pT3a RCC.19

Although these results compare favorably to the
oncologic outcomes achieved by RN, there was an
increased rate of local recurrence in the PN group,
necessitating intensive post-treatment surveillance.19

In summary, regardless of surgical approach,
RN remains the treatment of choice for RCC extend-
ing into the perinephric fat. LRN can safely be per-
formed for the majority of pT3a RCC patients, and
offers the advantage of reduced postoperative pain,
shortened length of hospitalization, reduced dura-
tion of convalescence, and improved cosmesis. In
select cases where nephron preservation is manda-
tory and feasible, PN can be performed, avoiding the
complications and cost of an anephric state.

RCC WITH IPSILATERAL ADRENAL
INVOLVEMENT

As originally advocated by Robson and colleagues,
the practice of routine adrenalectomy in conjunction
with RN has recently been questioned. Several
reports have documented relative rarity of isolated
ipsilateral adrenal metastases or direct adrenal inva-
sion by RCC in contemporary patient cohorts.
Specifically, in patients without evidence of
systemic metastatic disease, presence of adrenal
involvement by RCC has been demonstrated in only
1 to 5% of cases.21–25 Moreover, modern day imag-
ing modalities, such as computed tomography and

magnetic resonance imaging, have demonstrated 
> 99% specificity and nearly 90% sensitivity to
detect adrenal involvement preoperatively 
(Figure 2).23,26 A prospective study of 511 nephrec-
tomies performed by the investigators at UCLA
revealed no survival benefit to routine adrenalec-
tomy.23 These results suggest that the majority of
patients with RCC can be spared the potential mor-
bidity associated with an ipsilateral adrenalectomy.
However, because complete surgical removal of all
malignant tissue is essential to achieve a favorable
oncologic outcome, a number of predictive factors
have been studied in an attempt to identify patients
with a high probability of adrenal involvement. By
and large, tumors with clinical features of locally
advanced disease, such as large tumor bulk, pres-
ence of extrarenal tumor extension, and venous
tumor thrombus, have been associated with high risk
of ipsilateral adrenal involvement.23,25,27,28 In addi-
tion, several studies have associated the location of
the primary tumor in the upper pole of the kidney
with an increased incidence of adrenal involve-
ment.22,29,30 Based on the information available,
adrenalectomy should be performed if adrenal
involvement is suspected on preoperative imaging or
during surgical exploration and in all patients with
features of locally advanced disease.

Patients with direct adrenal involvement by RCC
are currently classified as pT3a, despite convincing

Figure 2. Renal cell carcinoma with ipsilateral involvement of the
adrenal gland (Red arrow).
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evidence from several large single center experiences
demonstrating significantly lower cancer-specific
survival for patients with direct adrenal invasion than
for other patients with pT3a RCC.7,31 Patients with
direct adrenal invasion have been shown to have sim-
ilar disease-specific survival to patients with adja-
cent organ invasion (pT4), prompting adjustment of
the current AJCC TNM classification.32–35 Five-year
disease-specific survival rates of 0 to 30% have been
reported for surgically treated non-metastatic
patients, with ipsilateral adrenal gland involvement
by RCC.32–35 While such dismal outcomes have led
some investigators to question the therapeutic bene-
fit of adrenalectomy, complete surgical excision of
the cancerous kidney and adrenal gland represent the
only realistic chance of cure in these patients.

Given the low prevalence of patients with ipsilat-
eral adrenal involvement and use of modern
advanced preoperative imaging, the vast majority of
patients with RCC can be spared the potential mor-
bidity associated with ipsilateral adrenalectomy.
Despite poor cancer specific outcomes associated
with ipsilateral adrenal involvement by RCC, a small
but significant proportion of patients can expect a
durable cure following complete surgical resection.
As such, patients with preoperative or intraoperative
evidence of adrenal involvement, as well as patients
with features of LARCC should undergo nephrec-
tomy with concomitant en bloc adrenalectomy.

RCC WITH VENOUS TUMOR THROMBUS

The incidence of venous tumor extension in patients
with RCC is reported to be between 4 and 10%.6,36,37

In up to 25% of patients, the tumor extends above
the confluence of the hepatic veins and in approxi-
mately 5%, the thrombi are supra-diaphragmatic or
intracardial (Figure 3A,B,C). The prognostic impli-
cation of the level of the tumor thrombus has been
extensively studied, with most studies reporting no
significant difference in survival based on the extent
of the tumor thrombus.6,38,39 Rather, oncologic out-
come of patients with venous tumor thrombus cor-
relates with biologic tumor aggressiveness, as
determined by tumor grade, perinephric fat invasion,
nodal and metastatic status. Most series report
30 to 70% 5-year cancer-specific survival following

complete resection of venous tumor thrombus in the
absence of nodal or distant metastases, clearly estab-
lishing a role for aggressive surgical resection in
these patients.36–38,40–42

Surgical management of patients with venous
tumor thrombus continues to epitomize one of the
most challenging genitourinary procedures, and
even in specialized surgical centers, operations of
this nature carry significant morbidity and mortality.
Nonetheless, continued improvements in intraopera-
tive monitoring, surgical technique, and prudent use
of sophisticated vascular bypass techniques have
lessened the incidence of profound hemodynamic
changes that can lead to death, visceral injury and

A

B
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coagulopathy, and have allowed progressively more
difficult thrombus cases to be managed with lower
complication rates.6,42–45

Basic oncologic principles of RN as set forth
by Robson and colleagues, apply to the manage-
ment of patients with a venous tumor thrombus and
include complete renal arterial control, early isola-
tion of the tumor thrombus within the venous sys-
tem, followed by removal of the kidney within the
Gerota’s fascia and complete extraction of the
neoplastic thrombus.9 Preoperative assessment of
the tumor thrombus extension is critical to
surgical planning and the success to the operation
(Table 2). The introduction and refinement of mag-
netic resonance imaging and transesophageal
echocardiography resulted in a shift away from
invasive procedures such as vena cavography, while
allowing safe and accurate assessment of thrombus
extent. Magnetic resonance imaging is 90 to 100%
accurate in determination of the venous tumor
thrombus extent, differentiates between benign and
neoplastic thrombus and allows simultaneous eval-
uation for presence of systemic metastatic dis-
ease.6,46 Transesophageal echocardiography is safe
and well tolerated by patients; preoperatively it can
be used, in equivocal cases, to confirm the extent
of the tumor thrombus, assess for invasion of the

caval wall by the thrombus and study the patency
of the intrahepatic veins.47

Accurate knowledge of the tumor thrombus
extent determines whether or not vascular bypass
techniques will be necessary for safe thrombus
extraction. Tumor thrombi with a definite infra
hepatic cranial margin can be safely managed with-
out the need for a vascular bypass. When a bypass is
unlikely, an anterior subcostal or midline abdominal
incision is utilized. In these cases, after the tumor
bearing kidney has been mobilized, the neoplastic
thrombus is isolated within the venous system by
sequentially controlling the infrarenal vena cava,
contralateral renal vein, and suprarenal vena cava.6,48

Following cavotomy and removal of the tumor
thrombus, the vena caval lumen is flushed and
inspected for residual tumor fragments or irregular-
ities that may require biopsy. In some instances the
tumor thrombus can be milked easily into the renal
vein and a vascular clamp or a staple line applied
proximally without extensive vena cava dissection.

In patients with retrohepatic or a more caudal
thrombus extent, surgery should be done in a loca-
tion and setting where the options of cardiopul-
monary bypass and deep hypothermic circulatory
arrest are readily available. When a vascular bypass
is indicated or possible, a midline abdominal and a
median sternotomy incision, a “chevron” incision or
a thoracoabdominal approach is necessary.37,42,43,49

With application of liver transplant and vascular
techniques, the majority of patients with high but
infradiaphragmatic venous thrombi may be man-
aged without utilizing cardiopulmonary bypass.37,45

After arterial ligation and renal mobilization, sur-
geons use liver transplant techniques for a complete
hepatic mobilization to expose and completely dis-
sect the retrohepatic vena cava and use the Pringle
maneuver to control the hepatic inflow.50 Once com-
plete caval control is established above and below

Figure 3. A, pT3b renal cell carcinoma. (Red arrow – tumor throm-
bus within the left renal vein). B, pT3b renal cell carcinoma (Red
arrow – tumor thrombus within the infradiaphragmatic vena cava).
C, pT3c renal cell carcinoma (Red arrows – tumor thrombus within
the supradiaphragmatic vena cava).

Table 2. VENOUS TUMOR THROMBUS CLASSIFICATION

Level Venous tumor thrombus extent

I Renal vein

II Infrahepatic vena cava

III Retrohepatic vena cava

IV Supradiaphragmatic vena cava, intracardiac

C
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the tumor thrombus, surgeons routinely assess
patient’s ability to tolerate caval cross-clamping, as
sudden occlusion of the vena cava can compromise
venous return with a subsequent decrease in cardiac
output, hypotension and hypoperfusion of vital
organs. During this portion of the procedure, trans-
esophageal echography provides a noninvasive
assessment of patient hemodynamics, while contin-
uously monitoring the tumor thrombus location. In
patients who cannot safely tolerate caval cross-
clamping, veno-venous bypass is initiated by cannu-
lating the vena cava below the distal aspect of the
tumor thrombus, and returning the effluent into the
right atrium or into the right brachial vein.

An alternative surgical approach to patients
with a high retrohepatic venous thrombus is com-
plete cardiopulmonary bypass with or without
circulatory arrest.43,44,51 The advantages of car-
diopulmonary bypass and circulatory arrest include
careful, controlled dissection in an essentially
bloodless surgical field. However, because of the
need for anticoagulation and the negative implica-
tions of hypothermic circulatory arrest on the coag-
ulation system, mesenteric perfusion and
neurologic function, surgeons reserve the use of
this technique for patients with broad tumor infil-
tration of the suprahepatic caval wall or patients
with atrial extension of the tumor thrombus.6,42 If
cardiopulmonary bypass is deemed necessary, the
kidney and tumor mass are completely mobilized
as previously described, so that the only remaining
attachment is through the vein and the thrombus.
When the renal tumor is extremely large, it is occa-
sionally useful to remove the kidney, improving
retroperitoneal exposure and access. The aortic
arch and right atrial appendage are cannulated, and
extracorporeal circulation is instituted. Once the
patient is cooled down to the core temperature of
18˚C, total circulatory exsanguination is accom-
plished, producing circulatory arrest. At 18˚C, 45
to 60 minutes of ischemia time are well tolerated
by the nervous system and is more than an ade-
quate time necessary for thrombus extraction in
well-planned procedures. An atriotomy and cavo-
tomy are made, and the tumor thrombus en bloc
with the renal mass and a large ellipse of vena cava
are removed. After closure of the atriotomy and

cavotomy and achieving meticulous hemostasis,
cardiopulmonary bypass is reinstituted. Once a
normal core body temperature is achieved, regular
sinus rhythm returns spontaneously or defibrilla-
tion is necessary.43,51

Occasionally, resection of the venous wall is
necessary when the tumor directly invades the wall
of the vena cava.52 A pericardial patch may be used
for reconstruction of the caval defect.53 Alterna-
tively, a total replacement of the IVC using an
expanded polytetrafluoroethylene tubular graft is a
feasible option, with acceptable long-term patency
rates.54

Patients with non-metastatic RCC and associ-
ated neoplastic venous thrombus can expect excel-
lent long-term survival, provided complete removal
of all malignant tissue can be achieved. Extent of the
venous thrombus does not carry significant prog-
nostic information, but dictates the surgical
approach and technical details. Marked advance-
ments in preoperative imaging, intraoperative moni-
toring and anesthetic techniques, and prudent
application of vascular bypass procedures have dra-
matically improved the feasibility and safety of sur-
gical management of patients with RCC-associated
venous tumor thrombi.

RCC WITH DIRECT INVASION OF
ADJACENT ORGANS

Tumor invasion beyond Gerota’s fascia into adjacent
organs (pT4), without concomitant metastatic dis-
ease, is a relatively unusual. Large retrospective
series report a 5 to 15% incidence of pT4 RCC, the
majority of which were associated with synchronous
metastases.4,33 Published literature addressing the
group of patients with non-metastatic RCC with
adjacent organ involvement is scant and contradic-
tory, but most reports suggest that < 5% of patients
survive 5 years after surgery.4,55,56 Invasion of liver,
spleen, and bowel mesentery by RCC have been
reported, however, colon, pancreas, and diaphragm
appear to be the most frequently involved viscera
(Figure 4).57

Because surgical removal of the primary tumor
remains the mainstay of treatment for localized
RCC, and a fundamental part of an integrated
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multi-modality treatment plan for patients with
advanced RCC, we evaluated oncologic efficacy of
an aggressive surgical approach in pT4 patients at
the M.D. Anderson Cancer Center. Several impor-
tant observations were made.57 First, a significant
proportion of patients were clinically overstaged, in
view of the fact that 60% of patients, thought to
have invasion of adjacent organs clinically, were
down-staged during final pathologic evaluation.
Second, neither preoperative radiologic imaging,
nor intraoperative surgical assessment could
accurately differentiate between true pathologic
involvement of adjacent viscera and benign desmo-
plastic adhesions. Moreover, 13 patients pathologi-
cally down-staged after surgical resection to < pT4
stage, demonstrated expected stage-appropriate dis-
ease-specific survival, and 5 (42%) pT4 patients
were alive at a median follow-up of 38 months.
Finally, compared to the RN series reported in the
literature, concomitant resection of adjacent organs
at the time of nephrectomy was associated with an
increased blood loss and hospital stay, however, all
patients in our series recovered from the procedure
with similar morbidity and no mortality.4,33

Based on the above observations, we advocate
aggressive surgical resection with en bloc removal
of all affected organs in patients with adjacent organ
involvement by RCC.

RCC WITH LOCOREGIONAL LYMPH 
NODE INVOLVEMENT

The original description of RN by Robson and col-
leagues included routine extensive lymph node dis-
section of the paraaortic and paracaval lymph nodes
from the crus of the diaphragm to the bifurcation of
the aorta.9 The applicability of this dictum, written
in the era of poor preoperative imaging and high
proportion of advanced disease at presentation, has
been questioned in the modern era of small inciden-
tally discovered RCC and sophisticated radiologic
staging modalities.

Nodal involvement is one of the main factors
influencing the prognosis of patients with cancer
and RCC is no exception. Life expectancy
decreases considerably when lymph node metas-
tases are present, with overall 5-year survival rates
of 11 to 35% reported in the literature.58–60 The
reported incidence of locoregional lymph node
metastasis associated with RCC varies significantly
throughout the modern literature, but largely
depends on the primary tumor stage, presence of
associated lymphadenopathy, and the extent of the
lymphadenectomy performed.61–63 In general,
lymph node dissection at the time of RN has
resulted in finding of metastatic lymph nodes in 5 to
22% of patients without associated systemic
metastatic disease.58,64 Up to 45% of patients with
LARCC disease have been found to have malignant
lymph node deposits, compared to 5% of patients
with organ-confined RCC.60,61,63,65 Moreover, with
modern imaging techniques, unsuspected nodal
involvement in patients with no radiologic or
clinical evidence of lymphadenopathy is extremely
rare (1 to 3%).60,61 As such, patients with organ-
confined RCC and no evidence of lymphadenopa-
thy are unlikely to have associated lymph node
metastasis and can be spared the potential morbid-
ity of lymphadenectomy at the time of RN. Con-
versely, patients with LARCC and patients with
radiologic or intraoperative finding of lym-
phadenopathy are at increased risk of harboring
metastatic lymph node deposits (Figure 5).

While the prognostic value provided by lymph
node dissection is unquestionable, the extent and
therapeutic benefit of lymphadenectomy at the time

Figure 4. pT4 renal cell carcinoma (Red arrows – tumor invasion
of the spleen).
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of RN have been debated. The anatomic boundaries
of lymph node dissection at the time of RN have not
been standardized and current AJCC TNM tumor
classification does not specify the minimal amount
of lymph nodes necessary for accurate staging.3 In
patients with non-metastatic RCC treated with
nephrectomy and lymph node dissection, Terrone
and colleagues63 have found that patients with < 13
lymph nodes recovered had a 3.4% risk of being
staged node positive, whereas patients with at least
13 nodes recovered had a 10.5% risk of being
staged node positive. These authors suggest that
limited lymph node sampling during RN is insuffi-
cient, and recommend removal of the paraaortic and
paracaval lymph nodes from the crus of the
diaphragm to the bifurcation of the aorta to ade-
quately stage patients.

Therapeutic benefit of lymph node dissection has
unequivocally been demonstrated in several urologic
malignancies, including bladder, testicular, and
penile carcinomas, but remains a matter of debate in
renal cancer.66–68 Several retrospective studies have
suggested a survival advantage to performing routine
lymph node dissection at the time of RN, whereas
other studies have revealed that routine lym-
phadenectomy does not improve survival.60,65,69–72

The only randomized prospective clinical study to
evaluate the role of routine lymphadenectomy at the

time of RN for RCC was conducted by European
Organization for Research and Treatment of Cancer
(EORTC 30881).61 In this trial, 772 patients with
clinical T1-3N0M0 RCC were randomized to RN
only or RN and lymph node dissection. Although the
study has not reached maturity, preliminary results
failed to demonstrate any significant differences in
cancer-specific survival between the study groups.
Because only 3% of patients who underwent lymph
node dissection at the time of RN had lymph node
metastases, and very few patients (17%) progressed
to died from RCC, conclusions about therapeutic
efficacy of lymph node dissection are difficult to
draw.61

Several recent reports presented a more con-
vincing evidence of therapeutic efficacy of lymph
node dissection in patients with clinically positive
lymph nodes. Numerous single center reports have
established that patients with suspected lymph
node involvement at the time of RN (TxN1-2M0),
who underwent lymph node dissection had signif-
icantly longer survival than node positive patients
whose nodal tissue was left in situ.58,59,73 Although
retrospective in nature, these studies suggest that
the biology and outcomes of lymph node positive
RCC patients can be altered by surgical removal of
cancerous lymph nodes, and make a strong case
for lymphadenectomy when nodal involvement is
suspected.

In conclusion, there is mounting evidence that
oncologic outcome of RCC can be altered by
removal of involved lymph nodes at the time of
RN. As such, RCC patients with clinical suspicion
of lymph node involvement should be managed
with RN and extended lymphadenectomy. On the
other end of the spectrum are the patients with
organ-confined RCC and no clinical evidence of
lymphadenopathy, who are unlikely to harbor
metastatic lymph nodes and in whom a lymph node
dissection can be safely omitted. In between these
extremes are patients with LARCC and no clinical
evidence of lymph node enlargement, large per-
centage of who harbor micro-metastatic lymph
node disease. The question of therapeutic relevance
of lymph node dissection in this group of patients
can only be answered in a context of prospective
randomized clinical study.

Figure 5. Renal cell carcinoma with locoregional lymph node
metastases (Red arrows – precaval and interaortocaval 
lymphadenopathy).
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CONCLUSION

Patients with LARCC harbor adverse pathologic
features and are at significant risk of disease
relapse. Despite the trend toward less invasive and
less extirpative approaches, complete resection of
all cancerous tissue is critical for long-term sur-
vival of LARCC patients. Significant advances in
anesthetic, radiologic, and surgical techniques have
empowered urologic oncologists to deliver more
complex, yet safer surgical treatment options for
patients with advanced RCC. Nonetheless, it is evi-
dent that aggressive surgical resection alone is not
sufficient to prevent disease recurrence in a signif-
icant number of patients with LARCC. As such,
there is a clear-cut need for improved ability to pre-
dict individual tumor’s behavior and for develop-
ment of effective systemic adjuvant therapies to
treat disease relapse. As we move into the future,
combined and structured analysis of clinical infor-
mation, histopathologic criteria, molecular and
genetic markers of disease will enable stratifica-
tion of LARCC patients into sophisticated risk
categories, and ultimately permit delivery of indi-
vidualized therapies for targeted patient
populations.74–77
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Renal cell carcinoma (RCC) is treated by curative
nephrectomy in early stage disease, but 20% of patients
will ultimately develop metastatic lesions.1 The median
time to relapse postnephrectomy is 15 to 18 months
and the 5-year survival rate for stage IV metastatic
RCC is estimated to be less than 10%.2,3 Thus, patients
who have a significant risk of relapse postnephrectomy
have a great need for effective adjuvant therapy to
improve disease-free and overall survival.

In this chapter, we will review the rationale and the
possible selection of patients for adjuvant treatment.
We then go on to discuss the spectrum of therapeutic
options and the current data supporting each of those
options. Some treatments that have been proven in the
advanced disease setting are now coming forward to
the adjuvant setting. Having outlined the current trials
portfolio, we will end by discussing other potential
adjuvant therapy strategies.

RISK STRATIFICATION

Any potential therapeutic option would need to bal-
ance the risk to benefit ratio in an asymptomatic

10

Adjuvant Therapy in Renal 
Cell Carcinoma
AHMAD RAHMAN, MB, BS
TIM EISEN, PHD, FRCP

patient with a significant risk of recurrence. To select
patients appropriately for adjuvant therapy, one must
identify the population with a significant risk of
recurrence. Different strategies have been used to
stratify patients’ risk, leading to the creation of a
number of nomograms. (Table 1) These are impor-
tant tools, aiding patient counseling, treatment deci-
sions, and entry into clinical trials.

For instance, the University of California Los
Angeles Integrated Staging System4,5 stratified
patients with metastatic and nonmetastatic disease
into low-, intermediate-, and high-risk groups.
Patients in the nonmetastatic high-risk group had a
high systemic failure rate. Validation of this 
algorithm6 was done using an international database
of more than 1,000 patients with localized RCC
(Table 1). In the future, it may be possible to use mol-
ecular biomarkers as an adjunct or even a replace-
ment for clinical prognostic indicators. Clearly, this
must remain entirely speculative at present. A num-
ber of good candidate molecular markers have been
identified, including proliferation and cell-cycle reg-
ulators, such as protein tyrosine phosphatase, P21

Memorial Sloan–Kettering Modified UCLA integrated
Cancer Center7 staging system 4,5,6 SSIGN score algorithm8 Mayo et al9

Table 1. RENAL CELL CARCINOMA PREDICTION NOMOGRAM VARIABLES

Tumor stage, Node stage,
metastasis stage, tumor 
size, Fuhrman nuclear 
grade, presence of necrosis

Stage, Fuhrman nuclear grade,
ECOG performance status

Symptoms, histology, tumor
size, tumor stage

clinical presentation,
grade, Stage,
tumor size

ECOG = Eastern Cooperative Oncology Group; SSIGN = Mayo Clinic stage, size, grade, and necrosis score; UCLA = University of California at Los Angeles.
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and P53; apoptosis markers, such as AKT1, BCL2,
and BACS; growth signals, such as SRC, TTF1β, and
epidermal growth factor; and perhaps most promis-
ingly at present, angiogenic markers, such as vascu-
lar endothelial growth factor (VEGF), VEGF
receptors, platelet-derived growth factor (PDGF),
PDGF receptors, and hypoxia-inducible factor (HIF).
The majority of data at present relate to VEGF and
the VEGF-signalling system. In this regard, the dis-
covery that Von Hippel-Lindau (VHL) protein
expression correlates with survival10 is notable. Sim-
ilarly, the discovery that VEGF levels appear to cor-
relate with survival in papillary and clear cell renal
cell carcinoma11 is consistent with the important role
of the VEGF-signalling system in renal cell carci-
noma. Whether these potential prognostic markers
will in fact prove useful clinically will depend on
prospective studies, preferably in the context of ran-
domized clinical trials.

RADIOTHERAPY

Theoretically, the concept of sterilizing the tumor
bed following resection of a high-risk renal cell car-
cinoma may be attractive. However, renal cell 
carcinomas may be very resistant to radiotherapy.
Three studies are worth noting in this context. The
first randomized 72 patients to observation of adju-
vant radiotherapy at 50 Gy in 20 fractions following
resection of a stage II or III tumor. Some 26 months
after follow-up, the survival in the radiotherapy
group was 50% compared with 62% in the observa-
tion group.12 The second study retrospectively
assessed the results for 186 patients who had
received a nephrectomy for locally advanced renal
cell carcinoma. In all, 114 patients received postop-
erative radiotherapy of 50 Gy to the renal bed,
72 patients received standard follow-up. In this ret-
rospective analysis, there was no statistically signif-
icant difference in overall disease-free survival
(overall survival 37.9 vs 35.5%, disease-free sur-
vival 29.5 vs 31.3% at 5 years). Of considerable
importance was the fact that local relapse was
evenly distributed between the two groups, suggest-
ing that radiotherapy had little effect in controlling
local relapse let alone distant metastases.13 There
was also a trial of neoadjuvant radiotherapy in

which 38 patients were randomized to 33 Gy of pre-
operative radiotherapy followed by nephrectomy
and 50 patients to nephrectomy alone. At 5-year 
follow-up, the overall survival in the radiotherapy
and nephrectomy group was 47%, whereas the over-
all survival in the nephrectomy alone group was
63%. Although this difference is not statistically
significant, there is clearly no evidence of any
radiotherapy benefits.14

CHEMOTHERAPY

RCC is a notoriously chemorefractory tumor.
Response rates in metastatic RCC are generally poor
varying between 2 and 6%.15 Multidrug resistance is
thought to be mediated by p-glycoprotein.16 Both
renal proximal tubules and renal cell carcinoma
express high levels of this peptide. Calcium-channel
blockers or other drugs that interfere with the func-
tion of p-glycoprotein can diminish resistance to vin-
blastine and anthracycline in human renal cell
carcinoma cell lines. However, these agents have
been shown to improve the efficacy of vinblastine in
metastatic RCC.

A phase II study17 combining gemcitabine and
fluorouracil (FU) in metastatic RCC showed a partial
response rate of 17% with a significantly longer mean
progression-free survival of 28.7 weeks compared
with historical controls. 5-FU has been shown to have
a response rate of 10% but when used in combination
with interferon (IFN)-α and prednisolone has had a
response rate of 23% in one study.18

The efficacy of chemotherapy has as also been
investigated in the adjuvant setting. One trial
looked at VAU therapy19 (vinblastine, adriamycin,
and tegafur-uracil [UFT]) given postoperatively to
31 patients with stage I, II, or III RCC. The 1-year
survival of patients was 100%, and the 3- and 
5-year survival values were 96%. These results
were significantly better (p < .01) than the respec-
tive values (81%, 72%, and 60%) obtained for the
historical controls. This trial has subsequently
been criticized for the low overall risk of patients
receiving adjuvant treatment and for the limited
sample size.

Currently, there is no evidence to support the use
of adjuvant chemotherapy in RCC.
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IMMUNOTHERAPY

Vaccine Therapy

The activity of interleukin (IL)-2 and IFN-α; in
renal cell carcinoma suggests that RCC may be sen-
sitive to immune-based strategies.

Cancer vaccine therapy aims to heighten antitu-
mor immunity, for example, by bolstering the num-
ber of tumor-reactive effector T lymphocytes through
immunization and stimulating a long-lasting T-cell
memory.

There appears to be a special immunological
window of opportunity after resection, when resid-
ual tumor mass is at its lowest and the host immune
system has been relieved of suppression related to
tumor bulk.20

However, harnessing the immune system to
achieve effective control still faces a number of chal-
lenges as tumor cells often evade immune surveil-
lance by a variety of mechanisms; not only are tumor
antigens downregulated but also most are immuno-
genically weak. The tumor microenvironment
inhibits T-cell activation and function, in addition to
accruing immunosuppressive cells. In addition,
patients with RCC characteristically exhibit gross
immunologic dysfunction,20 and proteins secreted in
RCC (granulocyte colony–stimulating factor, VEGF,
and IL-10) have immunoregulatory properties,
dampening the antitumor response.

Active Specific Immunotherapy

A prospective randomized trial21 investigated the
role of adjuvant active specific immunotherapy in
120 consecutive patients with RCC (pT1-3b pN0 or
pN+) after radical nephrectomy. Patients were ran-
domized to observation versus intradermal injection
of irradiated tumor cells either on a single agent or
were boosted with adjuvant Bacillus Calmette-
Guerin. Following a median follow-up of 61 months,
there was no statistical difference in overall or dis-
ease-free survival.

Autologous Renal Tumor Cell Vaccine

An adjuvant vaccine trial22 using an autologous cell
lysate incubated in tocopherol and IFN-γ demon-

strated a striking 5-year progression-free survival in
patients with T3 N0 M0 disease (vaccine arm 68.2%
vs historical controls 19.4%). Patients were injected
subdermally every 4 weeks for 6 months, and treat-
ment was well tolerated warranting further investiga-
tion. In a subsequent phase III trial,23 558 patients
scheduled for radical nephrectomy were randomized
to receive autologous renal tumor cell vaccine or
observation alone. At 5-year and 70-month follow- up,
the hazard ratios for tumor progression were 1.58
(95% confidence interval [CI] = 1.05 to 2.37) and 1.59
(1.07–2.36), respectively, in favor of the vaccine arm.
Progression-free survival at 5 years and 70 months
were 77.4% and 72%, respectively, in the vaccine
group, compared with 67.8% and 59.3%, respectively,
in the control group. Treatment was well tolerated and
was demonstrated by only 12 adverse events in the
vaccine arm. This study has been criticized for the sig-
nificant proportion of patients lost with randomization
(32%) particularly from the vaccine arm and with the
absence of overall survival rates in initial reports. An
intention to treat analysis may reduce the clinical sig-
nificance of this therapeutic approach and further con-
firmatory studies are required.

Heat-Shock Proteins

An alternative vaccine approach is to use heat-shock
proteins (HSP). They are ubiquitous proteins found
in all cells and defend the cell during injury. Acting
as chaperones, they guide newly synthesized cellular
proteins to fold into their functional conformations.
The antitumor possibilities stem from the complex
formed between HSP and the antigens they chaper-
one, which is highly immunogenic.24 This heat-shock
peptide–protein complex (HSPPC) can in turn direct
certain immune pathways to target malignant cells,
such as T- and natural killer (NK) cell activation,
maturation of dendritic cells, and cytokine secretion.

Laboratory mice vaccinated with attenuated
tumor cells exhibited specific future protection
against similar live tumor cells. Further experiments
showed HSP to play a role in protective immunity.
Mice tumor models demonstrated tumor shrinkage
when treated with HSPPCs, and in those with mini-
mal residual disease, there was long-lasting protec-
tion from recurrence.
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HSPPCs can be purified to extract the peptide
library corresponding to the tissue of origin. Autol-
ogous HSPPCs have the advantage of high speci-
ficity for tumors in individual patients and are able
to bypass the immune tolerance of certain tumors.

Oncophage, a HSPPC-96 vaccine, was the first
such autologous treatment in RCC made from surgi-
cally resected tumor. Phase I trials in patients with
pretreated metastatic RCC showed that Oncophage
was well tolerated, with low-grade fevers and
injection-site reactions most commonly being
reported. A phase II study25 of Oncophage with the
addition of IL-2 for those who progressed on vaccine
treatment, enrolled 61 patients with metastatic RCC.
From the 61 patients who received at least one
vaccine dose, there were two partial responses and
one complete response, and 18 had stable disease. Of
those who progressed, 7 of the 16 had stable disease
after receiving IL-2. Median progression-free sur-
vival was 18 weeks for the whole group and 25 weeks
in those who received both treatments.

A phase III multicenter, randomized, open-label
trial26 of Oncophage in patients with nonmetastatic
RCC at high risk of relapse following nephrectomy
has recently reported. Patients were randomized 1:1
to Oncophage postsurgery or surgery alone. In
March 2006, a provisional analysis of the trial data
suggested a trend toward Oncophage increasing
recurrence-free survival but against overall
survival. However, an independent review by the
trial’s Clinical Events Committee determined that
the study did not meet its end points and that the
number of events were insufficient for analysis. The
trial protocol had required patients to be disease-
free at baseline; however, it was brought to light that
124 of the 728 patients actually had identifiable dis-
ease at this point. Of the 218 events reported by
investigators, 92 were from this group, which was
ineligible for the trial. A subsequent review of the
data at an international expert panel meeting found
that in the full analysis set (representing the true
adjuvant patient population intended for the trial), a
trend toward recurrence-free survival and against
overall survival was demonstrated. As of May 2006,
there were 27 deaths in the observation arm and 33
in the Oncophage arm. However, there was a signif-
icant improvement in recurrence-free survival in a

subgroup of better prognosis patients. This group of
361 patients compromising 60% of the total full
analysis set included those whose disease was stage
I-II (high grade) and stage III T1-3a (low grade) as
defined by the American Joint Committee on Can-
cer. These patients showed the most significant
response to Oncophage versus observation with
respect to recurrence-free survival (hazard ratio =
0.567; p = .018). Treatment was generally well tol-
erated, with most adverse events related to the
actual injection or being constitutional in nature
(headache, fatigue, or rash).27

WX-G250 Monoclonal Antibody Therapy

Tumors in laboratory animals have been shown to
shrink after administration of serum derived from
immunocompetent animals immunized with tumor
antigens. Experiments have shown that antibodies
directed against tumors can guide toxic substances or
radionulides to it and promote antibody-dependent
cellular cytotoxicity. A number of monoclonal
antibodies have already been licensed for use in the
treatment of cancer.

Carbonic anhydrase (CA) IX is expressed in
94% of clear cell RCC cases but not in normal renal
tissue.28 Its normal function is to regulate intra- and
extracellular pH of cells by catalyzing the reversible
conversion of carbon dioxide and water to carbonic
acid29. It may also be a prognostic marker for
response to IL-2.

In vitro studies have shown potent and durable
immune effector activity when combining WX-
G250 and cytokines. This led to the hypothesis that
adding cytokines like IL-2 with WX-G250 might
have a synergistic effect in treating RCC. One such
trial30 in metastatic RCC had shown an overall clin-
ical benefit rate (objective response or stable disease
at 6 months) of 25 % and a median survival time of
22 months. WX-G250 in combination with IFN-α
showed a tumor response and/or disease stabiliza-
tion in 42% of the 26 evaluable patients.

WX-G250 (cG250, Rencarex) is a chimeric IgG
monoclonal antibody that binds to CA IX. Phase I
studies have demonstrated WX-G250 to be safe and
well tolerated both as monotherapy and in combina-
tion with IL-2 and IFN-α.
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In phase II studies, weekly intravenous WX-G250
was administered in patients with metastatic RCC.31

Stable disease was noted in 11 of the 36 patients, as
well as one complete response (CR) and partial
response (PR), and the treatment was well tolerated.

A multicenter phase III trial of adjuvant WX-
G250 versus placebo, Adjuvant Rencarex
Immunotherapy trail to Study Efficacy, is currently
enrolling. Its aim is to evaluate the disease-free sur-
vival and overall survival of patients treated with
WX-G250 who have nonmetastatic clear cell RCC
at high risk of relapse after nephrectomy and
lymphadenectomy. It aims to recruit more than
800 patients with an Eastern Cooperative Oncology
Group (ECOG) score of 0 and no macro- or micro-
scopic residual disease. Participants will receive a
once-weekly infusion of WX-G250 or placebo for
24 weeks. Those randomized to the treatment arm
will receive a loading dose of 50 mg WX-G250 in
week 1, followed by weekly doses of 20 mg during
weeks 2 to 24.

IFN

Interferons are known to have antiproliferative,
antiangiogenic and immunomodulatory properties.
They have been shown to have a direct antiprolifer-
ative effect on renal tumor cells in vitro and enhance
expression of major histocompatibility complex
molecules.

IFN-α has been shown to be active in metastatic
RCC unlike IFN-β and γ with an overall response
rate of 14.5% (range 0 to 30%) in a review32 of 648
patients with metastatic RCC.

A randomized trial investigated the efficacy of
adjuvant IFN-α postradical nephrectomy versus
nephrectomy only in Robson Stage II and III RCC.33

Over a 62-month surveillance period, 51 of the 123
patients in the treatment arm had a recurrence of
RCC compared with 38 of 124 patients in the con-
trol arm. At 5 years, the probability of event-free and
overall survival was 0.671 and 0.665, respectively,
for the control arm compared with 0.567 and 0.66,
respectively, for the treatment arm. The differences
were not statistically significant.

In a multicenter phase III trial,34 283 patients
with pT3-4a and/or node-positive disease were

randomized postradical nephrectomy and lym-
phadenectomy to IFN-α, administered daily for 5
days every 3 weeks for up to 12 cycles, or observa-
tion. After a median follow-up of 10.4 years, median
survival in the observation arm was 7.4 years and
5.1 years in the treatment arm (p = .09), and recur-
rence-free survival was 3.0 years in the observation
arm and 2.2 years in the IFN arm (p = .33). The
authors, therefore, concluded that treatment with
IFN did not confer survival or relapse-free survival
advantage in the adjuvant setting.

Preclinical studies have shown synergy between
IFNs and cytotoxic drugs, and the use of chemother-
apy in combination with IFN has also been investi-
gated in the adjuvant setting. A study of 32 patients
postnephrectomy receiving IFN-2α and vinblastine
found no statistical difference in progression-free
survival or death when compared with 30 patients
observed after nephrectomy alone.35 A trial of 10
patients with pT3N0M0 RCC who received radical
nephrectomy were randomly assigned to receive
treatment with either IFN-α alone or IFN-α and
vinblastine.36 There were no statistical differences in
time to progression and survival rate between the
two groups when compared with a nonrandomized
cohort. Despite its modest activity in metastatic
patients, it appears to have none in the adjuvant
setting.

IL-2

IL-2 is normally produced by the body during an
immune response and activates both T and NK
cells.37 Phase II studies using high-dose bolus intra-
venous IL-2 (600,000 to 720,000 IU/kg) in patients
with metastatic RCC showed an overall objective
response rate of 14%. In addition, there were 12
(5%) CRs and 24 (9%) PRs with a median duration
of response of 54 months in 255 assessable patients.
Median survival of all patients was 16.3 months.38,39

On the basis of these data, IL-2 was approved by the
food and drug administration (FDA) for use in
metastatic RCC. The only predictive prognostic fac-
tor for response was performance status. Treatment
was associated with severe acute toxicities, includ-
ing capillary leak, hypotension requiring inotropes
and oliguria and a significant number of patients
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will require intensive care unit support. In all, 4%
patients died of adverse events judged to be possi-
bly or probably treatment related.

A multicenter, prospective, randomized phase
III trial compared IL-2 (600,000 U/kg) versus
observation in patients with high-risk RCC follow-
ing nephrectomy, including resected locally
advanced (T3b-4 or N1-3) or metastatic (M1) RCC
and treatment naïve.40 This was discontinued early
as its interim analysis determined that the treatment
arm would fail to reach its 2-year survival goal of
30% improvement in disease-free survival despite
full accrual. At this time point, 15 of the 21 (71%)
patients in the treatment arm and 16 of the 23 (69%)
patients in the observation arm experienced relapse.
There was no difference in disease-free survival or
overall survival even when patients with metasta-
sectomy were included in the analysis.

IL-2, IFN-α 2a, 5-FU

A prospective randomized trial41 investigated the
efficacy of adjuvant immunochemotherapy in high-
risk patients following radical nephrectomy for
RCC. In all, 203 patients with RCC were stratified
into three risk groups:

1. tumor extending into renal vein/vena cava or
invading beyond Gerota’s fascia (pT3b/c pN0 or
pT4 pN0),

2. locoregional lymph node infiltration (pN+), and
3. complete resection of tumor relapse or solitary

metastasis (R0)

Subjects were then randomized to either 8 weeks
of IL-2, subcutaneous IFN-α2a, and intravenous 

5-FU or observation. Overall survival after a median
follow-up of 4.3 years was lower in the treatment arm
with 2-, 5-, and 8-year survival rates of 81%, 58%,
and 58%, respectively, and 91%, 76%, and 66% in
the observation arm (p = .0278). Relapse-free sur-
vival rates at 2, 5, and 8 years were calculated at
54%, 42%, and 39% in the treatment arm, and at
62%, 49%, and 49% in the observation arm 
(p = .02398), respectively. The authors concluded
that the overall survival was inferior in the combina-
tion arm and that there was no benefit seen in
relapse-free survival. A further randomized phase III
trial (EORTC 30955/HYDRA) compared observa-
tions with a single cycle of the Atzpodien regimen
and results are awaited.

The disappointing results produced during the
investigation of cytokine agents in the adjuvant set-
ting has led to investigators to shift attention to other
treatment modalities in the hope of demonstrating a
clinical benefit. (Table 2)

SIGNALLING INHIBITORS

Most sporadic clear cell renal cancers, accounting for
80% of all renal cell cancers, have hypermethylation
or silencing of the VHL gene.42–44 Its normal function
is to regulate intracellular hypoxia-induced factor-145

α by controlling the ubiquitination and subsequent
breakdown by the proteasome. In the absence of VHL
function, hypoxia-induced factor-1 α expression, as
well as activation of hypoxia-sensitive genes,
increases. The consequence is an increase in the levels
of VEGF, transforming growth factor–α (TGF-α),
platelet-derived growth factor–β (PDGF-β), and other
gene products.45,46 As overproduction of these growth
factors are thought to be integral to transformation,

Table 2. ADJUVANT CYTOKINE TRIALS IN RENAL CELL CARCINOMA

First Author Agent Result

Pizzocaro32 Interferon No clinical benefit

Messing33 Interferon No clinical benefit

Clark39 Interleukin-2 No clinical benefit

Migilari34 Interferon/vinblastine No clinical benefit

Jeon35 Interferon/vinblastine No clinical benefit

Atzpodien40 Interleukin-2, interferon α2a, No clinical benefit
5-fluorouracil
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growth, and dissemination of renal cell carcinoma, it
follows that inhibiting their activity may provide an
effective therapeutic option. (Figure 1)

Sorafenib (BAY 43-9006)

Sorafenib (Nexavar; Bayer) is an orally administered
small-molecule inhibitor of multiple tyrosine
kinases.47

Phase I studies resulted in a phase II dose of 400
mg twice daily continuously.48 At this dose, almost
complete inhibition of externally regulated kinases
(ERK) phosphorylation was reported in peripheral
blood lymphocytes, a marker for raf kinase inhibi-
tion, with partial inhibition at 200 mg twice daily.
The most significant dose-limiting toxicity was
hand-foot skin reaction with diarrhea, fatigue and

hypertension also being noted, all of which were
reversible with drug discontinuation.

A randomized phase II discontinuation study of
sorafenib was undertaken where 202 patients with
metastatic renal cell cancer received single agent
sorafenib for a 12-week run-in period.49 Those patients
with stable disease after this period were then
randomly assigned to sorafenib or oral placebo for
another 12 weeks. Patients who drew placebo were
switched to sorafenib if they progressed. During the
run-in period, 73 patients had tumor shrinkage of 
≥ 25%, and at 12 weeks, 65 patients had stable disease.
Median progression-free survival from randomization
was significantly longer in the sorafenib arm 
(24 weeks) versus placebo (6 weeks; p = .0087), in the
28 patients who had progressed on placebo, and to
whom sorafenib was readministered until progression,
for a median of 24 weeks. Most adverse events were
manageable (skin rash/desquamination, fatigue, and
hand-foot skin reaction), and hypertension responded
well to diuretics/β-blockers.

On the basis of these data, a large placebo-
controlled, double-blind, randomized phase III trial50

investigated the efficacy of sorafenib in patients who
had progressed on or after first-line treatment, usu-
ally immunotherapy. In all, 93% had prior nephrec-
tomies; 99% had received prior systemic therapies,
including IL-2 (44%), and an IFN (68%). A progres-
sion-free survival advantage was reported in treat-
ment arm of 24 versus 12 weeks (p < .000001) across
all patient subsets, as well as a 39% prolongation of
overall survival despite only a 2% response evalua-
tion criteria in solid tumors (RECIST)–defined
response rate. Once a progression-free survival was
shown in interim analysis, patients who drew placebo
were allowed to receive sorafenib thus confounding
overall survival data.

The most common adverse events were diarrhea,
rash/desquamation, fatigue, hand-foot skin reaction,
alopecia, and nausea/vomiting. The incidence of
grade 3/4 adverse events was reported as 38% for
sorafenib versus 28% for placebo. Grade 3 and 4
adverse events were unusual; only hand-foot skin
reaction occurred at 5% or greater frequency in the
sorafenib arm.

On the basis of the above trials, the FDA
approved sorafenib for the treatment of patients with
advanced renal cell carcinoma.

VHL Tumour
Supressor Gene  

Loss of function

No HIF-1α
breakdown 

↑HIF-1α
accumulation

Temsirolimus

↑Hypoxia
inducible genes  

↑VEGF ↑PDGF

Bevacizumab
Sorafenib
Sunitinib
axitinib

Thalidomide 

Sorafenib
Sunitinib
axitinib

MECHANISM OF ACTION OF TARGETED
AGENTS IN THE VHL/HIF PATHWAY 

Figure 1. Mechanism of action of targeted agents in the Von
Hippel-Lindau/hypoxia-inducible factor pathway.
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Sunitinib (Sutent)

Sunitinib malate (SU11248; Pfizer) is a novel, oral,
potent, and selective multitargeted tyrosine kinase
inhibitor. It inhibits vascular endothelial growth fac-
tor receptors (VEGFR), KIT, FLT-3, and platelet-
derived growth factor receptor (PDGFR). PDGF is
associated with growth stimulation by binding to
three different tyrosine kinase receptor isoforms, in
particular PDGFR α.51 In human RCC, higher levels
of expression of this receptor were found in grade 3
and 4 tumors and also correlated with tumor
progression.

A number of phase I trials have been conducted
with sunitinib.52–56 In most patients, therapeutic
plasma concentrations (50 to 100 ng/mL) were
achieved with daily doses ≥ 50 mg. Postdrug expo-
sure and increased levels of VEGF were noted.
Dose-limiting toxicity included fatigue, cytopenias,
diarrhea, and skin toxicity, which were reversible
upon discontinuation of treatment. A daily dose of
50 mg administered on a 4-weeks-on/2-weeks-off
schedule was taken forward into phase II trials.

Two phase II, single-arm, open-label, multicen-
ter trials have looked at the activity of sunitinib in
patients with cytokine-refractory metastatic RCC.57

The most common adverse events in both trials
were fatigue, diarrhea, stomatitis, neutropenia, ele-
vation of lipase, and anemia, the majority being
grade 1 or 2.

In an initial study58 of sunitinib in 63 cytokine-
refractory metastatic RCC, patients with all histo-
logical subtypes, 25 (40%) achieved partial

responses with another 17 (27%) demonstrated
stable disease lasting ≥ 3 months. Median time to
progression in the 63 patients was 8.7 months.

A further study59 enrolled 106 patients who had
undergone a prior nephrectomy with clear cell his-
tology who had radiological evidence of progression
by RECIST/ World Health Organization criteria dur-
ing or within 9 months of completion of one
cytokine treatment. Investigators reported a partial
response in 36 patients (34%) and a median pro-
gression-free survival of 8.3 months.

The US FDA approved sunitinib based on the
high response rate and duration of response as a result
of these trails for the treatment of metastatic RCC as
second-line therapy in patients who had progressed
after a trial of immunotherapy in January 2006.

A multicenter, open-label,60 phase III random-
ized trial of 750 patients comparing the efficacy of
sunitinib versus IFN-α as first-line therapy in
metastatic clear cell RCC has recently reported.
Patients received either sunitinib at 50 mg daily for
4 weeks followed by 2-weeks-off treatment per every
6 week cycle or IFN-α at a dose of 9 MU given sub-
cutaneously three times weekly. The primary end
point of the study was progression-free survival and
secondary points included overall survival, overall
response rate, safety, and patient-reported outcomes.
In a planned interim analysis assessed by a third
party independent review, the median progression-
free survival was greater in the sunitinib group (11
months) than the IFN-α group (5 months, hazard
ratio = 0.415; p < .0001). The response rate was cal-
culated at 31% in the sunitinib arm versus 6% for the

Table 3. ONGOING RENAL CELL CARCINOMA ADJUVANT TRIALS

Trial EAU STAR ECOG ASSURE MRC/EORTC SORCE MD ANDERSON ARISER

Study design Sunitinib vs Placebo vs  Sorafenib 3 yr vs Thalidomide vs WX-G250 vs
Placebo Sunitinib vs sorafenib 1 yr observation placebo

Sorafenib and placebo 2 yr vs 
placebo 3 yr

Class TKI TKI TKI Immunomodulatory Vaccine

1º End point DFS DFS DFS RFS DFS

Patient target 250 1,332 1,656 46+ 800

Risk Group High High High/intermediate High High

Inclusion Histology Not yet final All All All Clear Cell

Duration 1 yr 1 yr 3 yr 2 yr 24 weeks

ARISER = Adjuvant Rencarex Immunotherapy trail to Study Efficacy; TKI, tyrosine kinase inhibitor.
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IFN-α cohort (p < .001). Toxicities were similar to
phase II studies with the most common adverse
events including fatigue, hand-foot skin reaction,
skin rash, and diarrhea. Patients also reported a sig-
nificantly better quality of life in the sunitinib than
those receiving IFN-α. The authors of the study con-
clude that based on the results of the interim analysis
that sunitinib is standard therapy for first-line treat-
ment of metastatic RCC.

CURRENT ADJUVANT TRIALS WITH 
SIGNALLING INHIBITORS

MRC/EORTC SORCE Trial

The SORCE trial will investigate the utility of
sorafenib and optimal duration of response in the
adjuvant setting. Led by the Medical Research
Council (MRC), 1,656 patients with high or
intermediate risk resected RCC will be randomized
2:3:2 postnephrectomy to sorafenib for 3 years,
sorafenib for 1 year followed by placebo for 2 years
or placebo for 3 years. In addition investigators
will also search for biological parameters which
may predict which patients benefit from adjuvant
sorafenib, for example tumors that exhibit
deregulated VEGF/PDGF signalling.

ECOG ASSURE Trial

The ASSURE study is a randomized double-blind
multicenter phase III trial being conducted by the
ECOG Intergroup. The primary end point is to com-
pare disease-free survival. Overall survival is a sec-
ondary end point. Patients who are at high or
intermediate risk of recurrence following resection
of a primary RCC will be randomized into one of
three treatment groups:

1. once daily oral sunitinib for four weeks (days
1 to 28) and a twice daily oral placebo for
sorafenib for 6 weeks (days 1 to 42),

2. twice daily oral sorafenib for 6 weeks (days 1 to
42) and oral placebo for sunitinib (days 1 to 28),
and

3. oral placebo for sorafenib as in arm one and oral
placebo for sunitinib as in arm.

EAU STAR Trial

The STAR study will be run by the European Asso-
ciation of Urology and will randomize around 250
patients to placebo or to sunitinib 50 mg daily each
treatment for 1 year. This study will be confined to
patients at high risk of relapse following resection,
and the relatively small numbers of the trial may,
therefore, be adequate to detect a significant benefit
in a population who are extremely likely to relapse.
The primary end point will be disease-free survival,
and secondary end points will include overall sur-
vival and safety.

Tyrosine kinases inhibitors are sufficiently well
tolerated to be taken as adjuvant treatment for pro-
longed periods. Although they have been a welcome
addition to the armory in RCC, the duration of
response is limited with an average time to progres-
sion of 6 to 12 months. Further research into transla-
tional work is needed to select the most appropriate
targeted therapy based on an individual patient’s own
molecular markers and individual’s tumor and VHL
gene characteristics.

THALIDOMIDE

Angiogenesis is recognized to be a key factor in
tumor progression. Thalidomide is an immunomod-
ulatory agent61 that inhibits VEGF and cytokine pro-
duction (TNF α) and stimulates T-cell responses. It
has been shown to eradicate tumors in mice models,
to induce apoptosis of neovasculature, and is cur-
rently being used in the clinic to treat myeloma and
Kaposi’s sarcoma, a vascular tumor.

In a randomized phase II study comparing
thalidomide with medroxyprogesterone acetate,
there was no significant evidence of thalidomide
benefit, and there was significant toxicity.62 Interest
in thalidomide remains as the occasional good
response, and prolonged stabilization has been
noted. However, the lack of any randomized data
supporting activity in the advanced disease state is
not encouraging.

At present, a single-center trial comparing adju-
vant thalidomide with observation is enrolling
patients.63 Following nephrectomy, patients are ran-
domized to observation or thalidomide, 300 mg for
2 years. The trial includes all RCC histologies, and
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there were 23 patients in both the observation and
thalidomide arm. After a median follow-up of 18
months, there were seven recurrences and two dis-
ease-related deaths in the thalidomide arm com-
pared with six recurrences and five disease-related
deaths in the observation arm. No significant differ-
ence in recurrence-free survival was observed
between the thalidomide arm (mean 24.7 months)
and observation (31 months) (hazard ratio = 1.04,
95% CI = 0.34 to 3.14; p = .945). Of note however,
patients in the adjuvant thalidomide arm had a sig-
nificantly improved disease-specific survival (mean
40.1 months) compared with the observation arm
(mean 37.1 months) (hazard ratio = 0.086, 95% CI =
0.008 to 0.981; p = .048). These results must be
weighed against the toxicity of treatment. Only one
participant in the thalidomide arm tolerated treat-
ment for 2 years without dose reduction, and two
patients had to stop treatment with the first month
due to toxicity. Thalidomide derivatives are known
to have different toxicity profiles and may merit fur-
ther investigation in adjuvant therapy.

POSSIBLE ADJUVANT AGENTS IN RCC

Bevacizumab

Bevacizumab is a recombinant monoclonal anti-
VEGF antibody that binds and neutralizes all
biologically active isoforms of VEGF. It has shown
activity as a single-agent treatment. In a random-
ized phase II trial64 comparing 5 mg/kg with 
10 mg/kg bevacizumab and with placebo, patients
with refractory metastatic RCC in the treatment
arm had a significantly prolonged time to disease
progression in the high-dose bevacizumab group
compared with the placebo group (4.8 vs 2.5
months, hazard ratio = 2.55; p < .001), but this did
not translate into a survival benefit. Treatment
resulted in relatively minor toxic effects, with
hypertension and asymptomatic proteinuria pre-
dominating. The lack of an overall survival benefit
in this trial and the small size of the increase in the
time to progression may reflect the crossover
design and the rigorous indications for declaring
progression and removing a patient from the study
(an increase in diameter of any single lesion by as

little as 12% could constitute tumor progression).
A randomized phase III trial has recently finished
accrual and will investigate IFN-α as a single agent
or in combination with bevacizumab in treatment
naïve patients with metastatic RCC.

Mammalian Target of Rapamycin Inhibitors

The mammalian target of rapamycin (mTOR) path-
way (phosphoinositide 3-kinase/Akt pathway) plays
a key role in cell growth regulation, protein degra-
dation, and angiogenesis. Its dysregulation has been
implicated in cancer; therefore, inhibitors of this
pathway provide a novel therapeutic option in RCC.

There are at least four mTOR inhibitors cur-
rently in clinical development: rapamycin, RAD001,
temsirolimus, AP23573.

Rapamycin (Sirolimus; Wyeth Pharmaceuticals)
is a macrolide antibiotic, which was originally
developed as an antifungal agent. However, it was
abandoned when it was found that it had potent
immunosuppressive and antiproliferative properties.
It is already in current use for the prevention of
organ rejection in patients with kidney transplants
due to its ability to suppress T-cell activation.
Rapamycin also induces G1 cell cycle growth arrest
in certain tumor cell lines, which led to further
investigation of its anticancer potential.

CCI-779 (temsirolimus, Wyeth) is a derivative
of rapamycin with identical specificity and potency
for mTOR but with a longer half-life. Phase I stud-
ies showed partial responses and disease stabiliza-
tion in several patients with advanced RCC.
Interestingly, few immunosuppressive effects were
seen, and the maximum tolerated dose was not
reached specifying a high therapeutic index. A
phase II trial65 of 111 pretreated patients with
advanced renal cell carcinoma demonstrated a
median survival of 15 months and median time to
progression of almost 6 months. The objective
response rate was only 7%; however, disease stabi-
lization was noted in roughly 50% of patients. A ret-
rospective analysis of patients in a poor risk
category (low hemoglobin, multiple-organ metas-
tases sites, and high low-density lipoprotein–
cholesterol) found that temsirolimus-treated
patients had a 1.7-fold longer median overall
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survival (from 5 months to 8.2 months) than similar
risk patients treated with IFN-α.

A phase III trial66 in treatment naïve advanced
RCC with poor risk features and treatment naïve
were assigned patients to three arms. The first arm
received IFN-α up to 18 mg three times weekly sub-
cutaneously, the second intravenous temsirolimus
25 mg intravenously once weekly, and the last arm
received both drugs at lower doses (temsirolimus
15 mg intravenously weekly and IFN 6 mg subcuta-
neously thrice weekly) at the same schedule to limit
toxicity. An interim analysis showed a similar num-
ber of deaths across all study arms, but median over-
all survival was 7.3 months (IFN-α), 10.9 months
(temsirolimus), and 8.4 months in the combined
arm. Treatment with single agent temsirolimus
resulted in a 49% increase in median overall sur-
vival. The most common grade 3 and 4 toxicities
were shortness of breath, fatigue, and anemia,
observed in all arms.

Both bevacizumab and temsirolimus are intra-
venous agents and are therefore less attractive as
adjuvant therapies.

CONCLUSIONS

Although there are promising new therapeutic agents
in renal cell carcinoma, none have been clinically
proven in the adjuvant setting. The adjuvant investi-
gation of treatment in renal cell carcinoma has not
produced evidence of benefit to date. The field has
been made difficult by the proliferation of small
studies. Now the ability to conduct large randomized
trials in the adjuvant setting is being investigated, and
a number of large studies are currently recruiting
around the world. Data are awaited from completed
studies such as the EORTC30955-HYDRA study
comparing observation with a single cycle of the
atzpodien regimen. Looking ahead, gene array analy-
sis may enable the rapid acquisition of data relating
to molecular markers as correlates for disease pro-
gression, treatment efficacy, and overall survival.
This will aid the field and selection of patients for
adjuvant treatments. It should not be forgotten that
immunotherapy may well still have an important,
although limited, role to play in advanced disease,
and this role may also extend to the adjuvant setting.

Vaccines potentially hold great promise, and further
prospective randomized studies are warranted. It is
important to note that until there is robust long-term
evidence of efficacy and safety for any of these new
approaches, observation remains the standard of care
in patients at risk of relapse following radical
nephrectomy for renal cell carcinoma.
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The identification of prognostic factors in patients with
advanced renal cell carcinoma (RCC) represents an area
of expanding interest. Extensive data published in the last
20 years have led to the establishment of integrated clinical
models as the main tools used for disease prognostication.
The Memorial Sloan Kettering Cancer Center model
represents the most commonly used clinical model based
on the large number of patients included and its recent
external validation by the Cleveland Clinic group.
A group of international investigators are compiling a
comprehensive database of > 4,000 patients with metasta-
tic renal cell carcinoma to provide and validate a single
model that can be used to predict survival. Although
integrated staging systems have improved patient stratifica-
tion and risk-directed therapies in advanced RCC, the use
of molecularly targeted approaches in RCC has made
possible the discovery of potential tumor molecular markers.
The aim of the current review is to provide an overview,
an update and future directions on prognostic factors for
metastatic RCC.

Despite recent major therapeutic advances, the nat-
ural history of renal cell carcinoma (RCC) remains
variable, and an important consideration for the
evaluation of new treatments is the role of prognos-
tic factors (PF), which are loosely defined as patient
or tumor characteristics associated with clinical
outcome. It is acknowledged that prognostic factors
relate to the natural history of a disease (in the
absence of treatment and/or not affected by treat-
ment), and that predictive factors describe features
associated with outcome to a given therapy. The
term prognostic factors will be used here in a
general sense to describe factors associated with
clinical outcome in RCC. Knowledge of PF can
help direct treatment strategies to the patients who

are most likely to benefit from such treatment.
In addition, knowledge of PF can aid in the inter-
pretation of clinical trial results and help distinguish
the extent to which a certain therapy is altering the
natural history of the disease. A number of patient-
and disease-related factors are recognized as being
important PF in this disease. Several clinical, histo-
logic, immune, and, more recently, molecular mark-
ers have been identified. The following sections
summarize the factors that have been suggested to
be of important and independent prognostic value in
metastatic RCC.

PATIENT- AND DISEASE-RELATED
CLINICAL PROGNOSTIC FACTORS

Patient and disease characteristics are clinical factors
that have been extensively studied as potential PF in
metastatic RCC. These include demographics, pre-
senting symptoms, disease history, previous treat-
ment, sites and number of metastases, and laboratory
parameters. Only studies that used multivariate analy-
sis and provided independent information will be
cited. Table 1 summarizes the results of the main pub-
lished studies that have examined these factors.1–11

It is important to keep in mind that all the studies were
retrospective in nature and that many included data
from different agents, which were often investiga-
tional in nature at that time. However, most patients
included were initially part of well-designed prospec-
tive clinical trials, and the statistical methods were, in
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Table 1. SELECTED MULTIVARIATE ANALYSES OF PATIENT- AND DISEASE-RELATED PROGNOSTIC
IN METASTATIC RCC

Investigator (Institution) Treatment Period N Therapy Received Adverse Prognostic Factors

Elson et al1 (ECOG) 1975 to 1984 610 Chemotherapy ECOG PS > 1, recent weight 
loss, prior chemotherapy, DFI 
≤ 1 yr, >1 metastatic site

DeForges et al2 (IGR) 1971 to 1986 134 Unspecified Metastases at diagnosis, 
presence of liver metastases, 
lung lesions > 2 cm and/or ≥ 5, 
ESR ≥ 100, weight loss >10%

Palmer et al3 (CETUS corporation) 1986 to 1990 327 Interleukin-2 ECOG PS ≥ 1, DFI ≤ 2 yr, > 1
metastatic site

Fossa et al4 (multiinstitutional) 1975 to 1990 295 Immunotherapy ECOG PS > 1, weight loss 
Chemotherapy > 10%, DTI < 1 yr, elevated ESR

Motzer et al5 (MSKCC) 1975 to 1996 670 Immunotherapy ECOG PS > 1, absence of 
Chemotherapy nephrectomy, Low hemoglobin,

LDH > 300 U/L, corrected
calcium > 10 mg/dL

Motzer et al6 (MSKCC) 1975 to 1996 463 Interferon-α ECOG PS > 1, time from 
diagnosis to start of therapy 
< 1 yr, Low hemoglobin, 
LDH > 1.5 ULN, corrected 
calcium > 10 mg/dL

Negrier et al7 (Group 1970 to 1980 782 Immunotherapy Presence of liver metastases,
Francais d’Immunotherapie) > 1 metastatic site, DFI < 1 year, 

elevated neutrophils count 
> 7500 k/μL

Atzpodien et al8 (DGCIN) 1988 to 1998 425 Immunotherapy Neutrophil counts > 6500 
Chemotherapy k/μL, LDH > 220 U/L, CRP ≥ 11,

DFI < 3 yr, ≥ 3 metastatic 
sites, presence of bone 
metastases

Mekhail et al9 (Cleveland 1987 to 2002 353 Immunotherapy Time from diagnosis to therapy 
Clinic) Chemotherapy < 1 yr, low hemoglobin, LDH 

> 1.5 ULN, corrected calcium 
> 10 mg/dL, prior radiotherapy,
> 1 metastatic site

Choueiri et al10 (Cleveland 1987 to 2002 257 Immunotherapy Low hemoglobin, left kidney, > 2
Clinic) Chemotherapy metastatic sites, ECOG PS ≥ 1

Choueiri et al11 (Cleveland 2003 to 2006 120 Anti-VEGF agents Time from diagnosis to study 
Clinic) entry < 2 yr, > 2 metastatic sites

platelets count > 300 k/μL, 
Neutrophils count > 4.5
k/μL, abnormal serum calcium

Motzer et al84 (MSKCC) 2004 to 2005 375 Sunitinib ECOG PS 1, time from diagnosis
to treatment < 1 year, and
corrected calcium > 10 mg/dL

CRP = C-reactive protein; DFI = disease-Free interval; DGCIN = German Cooperative Renal Carcinoma Chemo-Immunotherapy Trials Group;
ECOG PS = Eastern Cooperative Oncology Group Performance Status; ESR = erythrocyte sedimentation rate; IGR = Institut Gustave Roussy; LDH = lactate
dehydrogenase; MSKCC = Memorial Sloan Kettering Cancer Center; N = number of patients; OS = overall survival; PFS = progression-free survival;
RCC = renel cell carcinoma; VEGF = vascular endothelial growth factor.
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general, based on sound analysis. In addition, not all
factors were tested in each study, and the evidence for
their relevance as a PF comes from a limited number
of published reports.

Demographics

Most studies have found that factors such as age and
race are not associated with survival in metastatic
RCC. Only 1 early study of 101 patients suggested
that men have a better prognosis than women, but
this conclusion has not been validated in larger and
more recent studies.12

Performance Status

Performance status (PS) is a measure of overall well
being and is used routinely as a selection criterion
for clinical trials. Most commonly used PS scales in
cancer are the Eastern Cooperative Oncology Group
(ECOG) score and the Karnofsky Performance Sta-
tus. ECOG score ranges from 0 to 5 (5 indicates
death) with asymptomatic patients having an ECOG
PS of 0 and completely bedridden patient have an
ECOG PS of 4. PS is the most consistently reported
factor associated with survival in advanced RCC
(see Table 1). Patients with good PS are reported to
have a median survival of 10 to 21 months as
opposed to 2 to 7 months in patients with poor
PS1,3,5,9 A few other studies did not find PS to be sig-
nificant on multivariate analysis when correcting for
other PF.13

Disease-related Factors

Several aspects of metastatic RCC have been studied
as potential PF. These include sites and number of
metastatic lesions, time from initial diagnosis to
metastatic disease, and location (right vs left) of the
primary tumor. Some studies have found the pres-
ence of visceral (lung, liver, and adrenals), bone, and
brain metastases to be associated with poor
survival,1,2,9,13,14 whereas others have found no rela-
tionship between these sites and prognosis.5,15

A more reliable finding is the number of metastatic
sites, which provides a rough estimate of tumor bur-
den. Most studies have found that patients with
higher number of metastatic sites (2 vs more than 2)

are independently associated with at least 2 fold
greater probability of death (see Table 1). Similarly,
patients with a short metastasis-free interval were
found to have twice the risk of death. However,
several different cut points were used in these studies
to define a short metastasis-free interval, with some
authors including metastases within 2 to 33,8 or 1 year
of diagnosis6,9 or synchronous metastases.2

In addition to the extent of metastatic disease
and metastasis-free interval, laterality of primary
tumor was also examined in few studies. One study
suggested that right-sided tumors may have 3-fold
survival benefit compared with left-sided tumors.10

No clear anatomic explanation for this finding
exists, and it may simply be due to an unknown con-
founding factor that was not accounted for on multi-
variate analysis. This has not been consistently
found in other analyses.

Prior Treatment

Factors such as prior chemotherapy, radiotherapy,
and nephrectomy were examined in several studies
as possible PF correlating with survival. Prior radio-
therapy was generally not found to be associated
with poor survival when considering other factors.
However, 1 recent study found that patients with
prior radiation had significantly lower survival rates
than patients with no history of radiation.9 Similarly,
prior chemotherapy was found to be of prognostic
significance in one large study.1 Another landmark
study found it also to be associated with poor sur-
vival but did not include it as a factor on multivari-
ate analysis.5

Although of favorable prognostic significance
in many studies,5 prior nephrectomy was not found
to be of major importance when adjusted for other
factors in several other studies.1–4 Nevertheless,
2 prospective randomized controlled trials have
shown a clear survival advantage for patients under-
going cytoreductive nephrectomy, and therefore,
nephrectomy has become a standard procedure in
advanced disease if the patient is medically fit to
undergo surgery.16

Finally, metastasectomy was found recently, even
if negative margins were not achieved surgically, to
be a powerful PF in metastatic RCC (median survival
of 27.2 vs 20.6 months in patients with vs without
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metastatectomy, respectively, p = .02). However,
most patients who underwent surgery had a good
performance status, suggesting a careful patient
selection for any surgical procedure at this stage of
the disease.17

Laboratory Parameters

Investigators have evaluated the effects of several
hematologic and biochemical parameters on sur-
vival in patients with advanced RCC. Erythrocyte 
sedimentation rate (ESR), C-reactive protein (CRP),
hemoglobin, and white blood cells / platelet parame-
ters were evaluated as markers of inflammation with
a potential role as PF. Elevated ESR and CRP were
found consistently to be independent poor PF
depending on the threshold value used.4,8,13,18

Anemia has also consistently been found to be an
independent PF for an adverse outcome. Patients
with pretreatment hemoglobin below the lower limit
of laboratory normal values were found to have
twice the risk of death than patients with normal
hemoglobin in several large studies.5,9 Patients with
thrombocytosis (defined as platelet counts >
400,000/µL), another potential marker of inflamma-
tion, have been reported to have a negative survival
outcome mostly in patients with localized RCC.
Overall, studies have been inconsistent in the
metastatic setting, especially when other markers of
inflammation were considered. However, a recent
large retrospective study of 700 patients showed that
thrombocytosis at study entry conferred a 2-fold
increase risk of death in patients with metastatic
RCC.19 The exact mechanism producing secondary
thrombocytosis (and anemia) in association with
RCC is unclear, but this could be a reflection of an
overproduction of interleukins (IL) and other growth
factors by the tumor.20,21 In turn, platelet overpro-
duction can enhance the adherence and penetration
of malignant cells through the endothelial wall,22

and platelet granules contain a variety of angiogenic
factors such as vascular endothelial growth factor
(VEGF), PDGF, transforming growth factor β, and
others that have been implicated in various steps of
tumor progression.23,24

Biochemical factors that have been studied
include pretreatment serum lactate dehydrogenase
(LDH) and serum calcium (corrected for albumin).

Several large studies found that these 2 parameters
impact survival. Corrected serum calcium > 10 mg/dL
and LDH > 1.5 times the upper limit of normal have
been associated with a 2 to 3 fold higher risk of
death.5,8,9 Other biochemical factors have been studied
and found not to be of prognostic value, including
serum alkaline phosphatase, creatinine, γ glutamyl-
transferase, and triglycerides.

CLINICAL PROGNOSTIC MODELS

Once PF are identified on multivariate analysis,
these factors can be used to stratify patients into sub-
groups that can be analyzed for survival, leading to
the development of prognostic survival models. Sev-
eral groups have developed prognostic models that
can be used to predict survival and stratify patients
into distinct risk groups.

Since the first large-scale comprehensive prog-
nostic model proposed by Elson and colleagues in
610 patients treated primarily with chemotherapy,1

numerous stratification models for metastatic RCC
have been defined. PS, nephrectomy status, disease-
free interval, hemoglobin, LDH, corrected calcium,
and inflammation markers were the most frequently
identified risk factors in major studies of previously
untreated RCC patients (see Table 1). To date, sev-
eral investigators favor the Memorial Sloan
Kettering Cancer Center (MSKCC) risk stratifica-
tion model proposed in 2002, which included over
400 patients treated with interferon-α based thera-
pies. This model was originally published in 1999
and included 670 patients treated with cytokines
(interferon-α and/or IL-2), chemotherapy, and hor-
monal therapy.5 The 2002 model6 attempted to
reduce heterogeneity caused by various therapies
and account for the role of cytoreductive nephrec-
tomy in the metastatic setting in patients with good
PS. In this model, LDH (> 1.5 times normal), high
corrected calcium, low serum hemoglobin, low
Karnofsky PS, and time from diagnosis to start of
therapy (less than 1 year) were found as indepen-
dent adverse prognostic factors for overall survival.
Subsequently, 3 risk groups with statistically signif-
icant survival differences have been described (30,
14, and 5 months for good, intermediate, and poor
risk, respectively) (Figure 1). This model was
recently externally validated in 353 patients treated
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on clinical trials at Cleveland Clinic.9 Investigators
from this institution identified 2 additional inde-
pendent PF (prior radiotherapy and number of
metastatic sites). Table 2 provides survival data
according to MSKCC and Cleveland Clinic models.

Two additional prognostic models in patients
receiving cytokines as first-line therapy have been
published. The French model (Group Francais d’Im-
munotherapie) analyzed 782 patients and validated
5 previously reported PF (PS, number of metastatic
sites, disease-free interval, biologic signs of inflam-
mation, and hemoglobin levels) associated with sur-
vival.7 In addition, 4 independent factors were
reported that were predictive of rapid disease pro-
gression while receiving cytokine therapy: presence
of hepatic metastases, less than 1 year interval from
renal tumor to metastases, more than 1 metastatic
site, and elevated neutrophil counts. Patients who
had ≥ 3 of these factors had > 80% chance of rapid
progression (within 3 months). The authors recom-
mended that these patients not receive cytokine
regimens. The second model proposed by Atzpodien
and colleagues reported a comprehensive prognostic
system of pretreatment clinical parameters in

425 patients.8 Neutrophil count was found to be the
major prognostic factor (hazard ratio = 1.9), whereas
serum levels of LDH and CRP, time between
diagnosis of tumor and onset of metastatic disease,
number of metastatic sites, and bone metastases
were significant but somewhat less important prog-
nostic variables within the multiple risk factor
model (hazard ratio ≤ 1.5).

Other authors have looked at long-term sur-
vivors (defined as ≥ 5 years since the diagnosis of
metastatic disease) to try to identify patient charac-
teristics associated with this particular outcome.
Comparing 31 long-term survivors with 226 patients
who died within 2 years of metastatic RCC diagno-
sis revealed similar parameters as associated with
good outcome: baseline hemoglobin level, number
of involved sites, and ECOG PS were found to be
predictors of long-term survival.10

As new therapies are being introduced and
major developments have been made in managing
this tumor, the treatment of metastatic RCC has
experienced a major shift. Therapy targeted against
the VEGF pathway is now a standard of care in
metastatic renal cell carcinoma. Although these

0
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1 2 3 4

YEARS FROM START OF INTERFERON– � THERAPY

P
R

O
P

O
R

T
IO

N
 S

U
R

V
IV

IN
G

0 risk factors (80 Patients, 21 Alive)

1 or 2 risk factors ( 269 Patients, 36 Alive)

3, 4, or 5 risk factors ( 88 Patients, 0 Alive)

5 6 7 8 9 10 11 12 13 14 15 16

Figure 1. Risk stratification according to Memorial Sloan Kettering Cancer Center criteria.6
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recent trials have enrolled patients and/or reported
results according to existing classification schemas,
such schemas have been developed from patients
treated with cytokines or other earlier therapies, and
it is unclear if the same factors previously reported
continue to be relevant to patients treated with cur-
rent VEGF-targeted therapy. Therefore, identifica-
tion of relevant clinical factors in the anti-VEGF era
is warranted. Studies of PF in this context are evolv-
ing. Potential presunitinib predictors of progression-
free survival (PFS) in 168 patients treated on 2
phase II trials with sunitinib were examined.25

Hemoglobin (< normal) was found to be the sole
independent PF. Similarly, a retrospective study of
43 patients treated with 3 anti-VEGF agents
reported a shorter time to progression (TTP) in
patients with low hemoglobin and liver metastases.26

More recently, 120 metastatic RCC patients who
received bevacizumab, sorafenib, sunitinib, or axi-
tinib on 1 of 8 prospective clinical trials at Cleveland
Clinic were examined. Multivariate analysis identi-
fied time from diagnosis to current treatment < 2
years, baseline platelet and neutrophil counts > 300
K/μL and > 4.5 K/μL, respectively, baseline cor-
rected serum calcium < 8.5 or > 10.0 mg/dL, and
initial ECOG performance status > 0 as independent
adverse PF for PFS. Using these factors, 3 prognos-
tic subgroups were formed based on the number of
adverse PF present. Median PFS in patients with
0 or 1 adverse PF was 20.1 months compared with
13 months in patients with 2 adverse PF and 3.9
months in patients with more than 2 adverse PF.11

Patient baseline characteristics ECOGPS (Ovsl),
time from diagnosis to treatment (≥ 1 year vs
< 1 year), and corrected calcium (≤ 10 vs > 10

mg/dL) were found to be independent pre-therapy
features associated with progression free survival
(PFS) in patients receiving frontline sunitinib ther-
apy. A nomogram (concordance index = 0.63) was
developed from pretreatment clinical features to pre-
dict the probability of acheiving 12-month progres-
sion-free survival.84 Further model development and
assessment of features predictive of overall survival
(as opposed to PFS) will be done when additional
follow-up for patients receiving anti-VEGF agents is
collected.

PREVIOUSLY TREATED PATIENTS

The clinical prognostic models that have been devel-
oped related to previously untreated patients but are
often applied to previously treated patients. Such
models may not apply uniformly in these 2 distinct
populations. Data are scant regarding prognostication
in previously treated patients and 1 study of 137
patients found adverse risk factors to include low
performance status, low hemoglobin level, and high
corrected calcium. Median survival was 22 months
in patients with zero risk factors, 11.9 months in
patients with 1 risk factor and only 5.4 months in
patients with 2 or more risk factors.27 Two other
studies, in this particular patient population, includ-
ing the largest experience in 300 patients who failed
immunotherapy are listed in Table 3.28,29

HISTOLOGIC PROGNOSTIC FACTORS

Several studies have examined the impact of histol-
ogy on survival. Tumors containing a sarcomatoid

Table 2. RENAL CELL CARCINOMA SURVIVAL BY RISK GROUPS IN PREVIOUSLY UNTREATED PATIENTS ACCORDING 
TO MEMORIAL SLOAN KETTERING CANCER CENTER AND CLEVELAND CLINIC MODELS6,9

MSKCC (N = 437) Cleveland Clinic (N = 308)

No. of Adverse No. of Adverse Factors
Factors (% of Median Survival (% of patients Median Survival

Risk Group patients included) (mo) included) (mo)

Favorable Risk 0 (18%) 30 0–1 (37%) 26

Intermediate Risk 1–2 (62%) 14 2 (35%) 14

Poor Risk > 2 (20%) 5 > 2 (28%) 7

MSKCC = Memorial Sloan Kettering Cancer Center.
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component appear to have a worse prognosis with
some studies reporting a 3-fold increase in the risk
of death.25,30,31 Other studies have found aneuploid
tumors to be negatively correlated with survival,32

although contradictory results have challenged this
view.33 Because RCC is a heterogeneous tumor, the
validity of determining that the tumor is aneuploid
or not depends largely on the number and quality of
samples taken.34 Investigations of tumor grade have
had mixed results. Earlier studies and 1 recent
study15,17 found patients with higher grade to have a
poorer prognosis than patients with well-differenti-
ated tumors. However, other studies showed no
effect when adjusted for other factors on multivari-
ate analysis.35 The problem with tumor grading
remains in the subjectivity associated with its evalu-
ation and the various systems used.36 Another issue
is the missing data on a significant numbers of
patients in many large studies leading to the evalua-
tion of tumor grade solely on univariate analysis.9

The presence of histologic necrosis in the
primary tumor of patients with RCC has been sug-
gested to be an important predictor of survival.
However, a recent study of more than 300 patients
showed that the presence of this histologic finding

was an independent predictor of poor survival
in patients with localized but not metastatic disease.37

Recent studies underscore the importance of his-
tologic classification of into clear cell and nonclear
cell subtypes. The majority of RCC are of clear cell
type (70 to 80%). The remaining cases consist of
papillary RCC, chromophobe RCC, collecting duct
carcinoma, and medullary carcinoma. When con-
fined to the kidney, papillary RCC and chromo-
phobe RCC generally have a better prognosis than
clear cell or collecting duct RCC. A retrospective
review of 64 metastatic nonclear cell RCC found a
median overall survival of 9.4 months. Survival was
longer for patients with chromophobe tumors com-
pared with other histologies. Overall, patients with
nonclear cell histologies appear to be resistant to
systemic therapies, which suggests that histology
should be considered in guiding treatment deci-
sions.38 A recent study reported that patients with
nonclear cell histology or with papillary or granular
features, and no alveolar features in the pathologic
specimen, respond poorly to IL-2.39 This concept of
divergent outcomes in different histologic subtypes
in RCC coupled with understanding the role of VHL
gene and the downstream signals in clear cell RCC

Table 3. STUDIES OF PROGNOSTIC FACTORS IN PREVIOUSLY TREATED RCC PATIENTS

Motzer et al27 Bou Merhi et al28 Escudier et al29

No. of patients 137 85 300

% of patients with 1 121/137 (88) 100 100
prior therapy only

% clear cell histology 83/90* (92) 85 93

% prior nephrectomy 74 85 94

Median survival (mo) 12.7 16.5 12.6

% pts with cytokines 80 NR 100

Time from nephrectomy/ − − +
diagnosis to metastases

Hemoglobin + + −

Alkaline Phosphatase + − +

Corrected Calcium + + +

LDH − − +

Performance Status − − −

No. of Metastatic Sites − − +

*Histology was reviewed for 90 patients.

+ = factors associated with an adverse outcome; − = factors not associated with an adverse outcome; LDH = lactate dehydrogenase;
NR = not reported; RCC = renal cell carcinoma.
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led to the development of novel anti-VEGF agents
most active in patients with clear cell histology.

IMMUNE FACTORS

The ability to mount an effective immune response to
RCC was shown to depend on the activation of T
lymphocytes following presentation of tumor-
associated antigens by antigen-presenting cells.40

A prospective study examined several specific and
nonspecific immune parameters in patients before
nephrectomy. Treated patients who relapsed during
the 3-year follow-up exhibited significantly reduced
proportion of CD80+ and CD10/80+ cells at diagno-
sis compared to those who are disease free.41 Other
investigators have found that the absolute numbers of
CD4+ and CD8+ B and T lymphocytes prior to start-
ing therapy and the CD4+/CD8+ ratio during treat-
ment to be an important PF.42,43 The prognostic
values of IL-6 and IL-10 (both secreted by RCC)
were also explored in several studies. IL-6 is a multi-
functional cytokine with several immunoregulatory
effects, and IL-10 is an immunosuppressive cytokine
with a direct effect on IL-2 production and an
inhibitory effect on the maturation of predendritic
cells. One study showed that high pretreatment
serum IL-10 levels (> 1pg/mL) are associated with
poor survival after correcting for the effects of ele-
vated ESR, LDH, and anemia.44 Three other studies
reported elevated serum IL-6 to have a negative
impact on survival.45,46,47 Donskov and colleagues
explored immunologic variables derived from blood
(neutrophil counts) and tumor analyses (intratumoral
neutrophils and CD57 (+) natural killer cell count)
and found them to significantly add to prognostic
models based on clinical risk factors only, in patients
treated with IL-2–based regimens.48

Recently, B7-H1 molecule has been implicated
as a potent negative regulator of T-cell–mediated
immunity, functioning as an inhibitor of antitumoral
immune response. RCC as well as many other tumor
types aberrantly express B7-H1, possibly contribut-
ing to cancer progression through impairment of host
T cell–mediated immunity.49 Investigators studied
B7-H1 expression in 196 primary metastatic RCC
tumors and found that patients with high expression
of B7-H1 (> 10%) on primary tumor cells and/or
lymphocytes were 4 fold more likely to die of RCC

compared with patients with low B7-H1 expression.
The risk persisted in multivariate analysis after
adjusting for tumor size, grade, and necrosis.50 One
can hypothesize that B7-H1 blockade may increase
immunotherapy response, including patients treated
for metastases after cytoreductive nephrectomy.

Overall, these markers of immune function are
considered to be of interest from research perspec-
tive only and are not currently used in patient man-
agement. The main limitation of all these analyses
is the nonspecific nature of the immune readouts;
the sometimes specialized assays needed and fur-
ther the diminishing role of immunotherapy in
metastatic RCC.

MOLECULAR MARKERS

The next generation of prognostic models expects to
incorporate the advancements of molecular biology
and genetics. Methods based on gene arrays, which
screen for differential expression of thousands of
genes, have identified large numbers of new, poten-
tially important prognostic markers.51 Similarly,
protein expression is a natural extension to the
efforts in molecular staging. Sections of the
microarray permit the rapid analysis of hundreds of
DNA, RNA, and protein molecular markers in the
same set of specimens, which can be correlated to
clinical data with respect to disease outcome.

Kim and colleagues have recently demon-
strated that molecular characterization improves
upon the UISS (UCLA integrated staging system),
which represents a purely clinical prognostic
model based on T category, histologic grade, and
performance status.52 Immunohistochemical
analysis of Ki-67, TP53, gelsolin, carbonic anhy-
drase (CA) IX, CA XII, PTEN (phosphatase and
tensin homologue deleted on chromosome 10),
epithelial cell adhesion molecule (EpCAM), and
vimentin was performed on a tissue microarray,
using clear cell RCC from 318 patients (localized
and metastatic RCC). Markers examined in this
study were selected based on previous reports
linking the markers to the development of malig-
nancies.52 However, these clinical/molecular
nomograms need to be validated on independent
patient populations prior to being applied to
patient care.
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Currently, there are a variety of molecular targets
that have been identified to be important in RCC
biology. Molecular markers of known importance
include hypoxia-inducible factors, cell cycle regula-
tors, mediators of cellular proliferation, cellular
adhesion molecules, and a variety of other molecules
(Table 4).

Hypoxia-inducible Factor

The hypoxia-inducible pathway plays a crucial role
in angiogenesis, epithelial proliferation, and apopto-
sis of common cancers and contributes to the ability
of cancers to adapt to hypoxic environment and resist
radiation and chemotherapy.53 Hypoxia-inducible
factor-1 (HIF-1) is a heterodimer of HIF-1α and
HIF-1β. Upregulation of HIF-α is significantly asso-
ciated with an upregulation of vascular endothelial
growth factor VEGF, PDGF, and others, which pro-
motes angiogenesis and tumor growth.54 The role of
HIF-1α in determining prognosis was recently exam-
ined in a cohort of 92 patients (36% with stage IV
disease) undergoing nephrectomy. HIF-1α was dif-
ferentially expressed between histologic subtypes,
with clear cell displaying greater expression com-
pared with either papillary or chromophobe sub-
types. For clear cell RCC, increased HIF-1α
expression was an independent favorable predictor of
survival.55 However, in a more comprehensive and
larger study specifically in stage IV disease, HIF-1
alpha “overexpression” was found to be an unfavor-
able independent prognostic factor for patients with
metastatic clear cell RCC.85 Patients with tumors
exhibiting high HIF-1 alpha expression (> 35% by
IHC) had significantly worse survival (median of 13
months) than patients with low expression (median
of 24 months, P = 0.005).

Additionally, Patel et al reported on the predictive
value of HIF expression in pre-treatment tumor spec-
imens by Western analysis in a small cohort of 43
clear-cell RCC patients treated with sunitinib.86

Patients with tumors exhibiting high HIF-2α expres-
sion had > 90% chance of responding to sunitinib
compared to 27% of patients whose tumors had low
expression and 13% of patients with tumors showing
no expression (p-value < 0.0001). Additional studies
are needed to confirm the predictive value of HIF-2
for sunitinib and other VEGF-targeted agents in
patients with metastatic RCC.

Carbonic Anhydrase IX

Carbonic anhydrase (CA) IX, a member of the car-
bonic anhydrase family, regulates pH during hypoxia
and is a product of the HIF complex overexpression.
Bui and colleagues reported that 94% of clear cell
RCC tumor samples stained positive for CA IX, and
that overall expression of CA IX decreased with
development of metastasis.56 High CA IX staining 
(> 85% staining by IHC) was found to be an inde-
pendent favorable prognostic indicator of survival in
patients with metastatic clear cell RCC. Further-
more, high CA IX may be associated with a better
response to IL-2–based therapy.57 Patients with high
CA IX expression were twice as likely to have a
response to treatment. This may explain the poor
response of papillary and chromophobe subtypes to
IL-2 immunotherapy because these 2 histologic sub-
types express low or no levels of CA IX.57

VHL Gene Alteration

The prognostic capability of VHL alterations was
studied in 187 patients and found that VHL alteration

Table 4. RECENTLY-INVESTIGATED PROGNOSTIC MOLECULAR MARKERS IN METASTATIC RENAL CELL CARCINOMA

VHL and Hypoxia-Inducible Factors Regulators of Apoptosis Regulators of Cell Cycle Adhesion Molecules

HIF-1α TP53 P27 EpCAM

CA IX bcl-2 PTEN EphA2

VHL alteration (mutation/methylation) Survivin — Vascular-cell adhesion
molecule-1

VEGF and VEGF receptors Smac/DIABLO — —

CA = carbonic anhydrase; EpCAM = epithelial cell adhesion molecule; HIF-1 = Hypoxia-inducible factor-1; PTEN = phosphatase and tensin; RCC = renal cell
carcinoma.
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was an independent predictor of cancer-free survival
and disease-specific survival for patients with stages
I to III but not stage IV RCC.58 Nevertheless, 1 study
with 88 clear cell RCC failed to demonstrate a sur-
vival impact from VHL mutational status,59 and the
other one also failed to detect an association between
VHL alteration and response to immunotherapy.60

However, only one study to date examined the pre-
dictive value of VHL status after VEGF-targeted
therapy. A study of 43 patients with metastatic RCC
patients receiving anti-VEGF therapies and showed
that VHL methylation or a mutation predicted to
truncate or shift the VHL reading frame had a
median TTP of 13.3 months vs 7.4 months in
patients with none of these features (p = .06).26

Choueiri et al reported on the VHL status of 123
patients with metastatic, clear-cell RCC with who
received VEGF-targeted agents.87 Based on VHL
status inactivation (mutated or methylated gene vs.
wild type), responses to VEGF-targeted agents were
not different. Interestingly, patients with “loss of
function” (LOF) mutations (defined as frameshift,
nonsense, splice and in-frame deletions/insertions)
had an improved response (p = .03) independent of
other prognostic variables. As VHL potentially medi-
ates hundreds of genes relevant to RCC biology and
response to therapy, gene status is likely only 1 fac-
tor in determining outcome. Further, the complex
biology of the VHL/HIF interaction and subsequent
gene transcription will require functional studies of
specific VHL gene mutations to correlate genotype
with phenotype. Additional large-scale studies are
ongoing to examine the impact of VHL gene alter-
ation in relation to the outcome of patients receiving
VEGF-targeted agents.

Vascular Endothelial Growth Factor

VEGF is a key regulator of endothelial cells derived
from arteries, veins, and lymphatics and is a down-
stream product of the HIF pathway.61 One study
found serum VEGF to be associated with cancer-
specific survival but not metastatic status or
histologic subtype.62 Another study found VEGF to
have a significant correlation with survival on
univariate analysis only.47 Investigators have evalu-
ated survival and metastatic pattern in clear cell RCC

and found that VEGFR-1 and VEGFR-2 (and not
VEGF) in the tumor-associated endothelium pre-
dicted hematogenous spread in multivariate analysis.
On contrary, low VEGFR-3 expression was retained
as an independent predictor of lymph node involve-
ment with a 4-fold increase in risk of lymphatic
spread. When evaluating disease-specific survival,
VEGF, VEGFR-1, and VEGFR-2 in the tumor
epithelium and low expression of VEGFR-3 in
tumor-associated endothelium were significant in
univariate analysis; nevertheless, only low endothe-
lial expression of VEGFR-3 was retained as an inde-
pendent predictor of survival in multivariate analysis.
These findings require independent validation but
may suggest that decreased expression of VEGFR-3
is an independent predictor of both nodal involve-
ment and poor disease-free survival.63 A biomarker
analysis from a phase II sunitinib trial in cytokine-
refractory metastatic disease found significantly
larger changes in VEGF, sVEGFR-2, and sVEGFR-3
levels at Day 28 in patients exhibiting a response
compared with stable disease or disease progres-
sion.88 Similarly, data from the a trial of pazopanib,
another potent VEGF receptor inhibitor, showed that
a more profound sVEGFR-2 levels decrease after 2
weeks of therapy of therapy predicted a better out-
come in terms of response and PFS.89

Several other molecular markers have been stud-
ied in RCC. Regulators of apoptosis such as
TP53,64–67 bcl-2,68–70 Survivin,71–74 and Smac/DIA-
BLO,75,76 have been cited as potential markers of
interest in this disease. Similarly, decreased expres-
sion (by IHC) of cell cycle regulators such as
p2777,78 and PTEN52,79,80 showed an association with
a poor outcome in RCC. Finally, adhesion molecules
such as EpCAM,81 receptor tyrosine kinase
(EphA2),82 and vascular cell adhesion molecule-183

were investigated in few studies and found to be
of prognostic value, although their particular
relevance to the metastatic setting is not well
established.

By better understanding the genetic alterations
at the molecular level, clinicians will be able to tai-
lor treatment type. These tumor-specific treatment
plans will be more effective at targeting the geno-
typic alterations unique to each cancer with less
systemic side effects.
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CONCLUSIONS

Metastatic RCC remains a largely incurable disease.
Prognostic models based on pretreatment clinical
characteristics are widely used in this disease. How-
ever, more recent advances in understanding the
underlying molecular mechanisms in RCC are being
accompanied by a gradual transition from the use of
solitary clinical factors as prognostic markers to
incorporation of molecular and genetic markers.
These markers will eventually enhance our ability to
predict the behavior of tumors in a patient and to
stratify individuals into more accurate risk cate-
gories. This may help select patients for new thera-
peutic strategies and continue to transform the
management of this malignancy in the future.
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There is accumulating evidence that the immune
system recognizes and can eliminate transformed
tumor cells and can thus contribute to the preven-
tion of clinically apparent cancer, as well as the
eradication of established tumors.1 Several cancer
types, including renal cell carcinoma (RCC), are
reported to have an increased incidence in patients
who are pharmacologically immunosuppressed.2,3

In fact, paraneoplastic autoimmunity in patients
with cancer receiving immunotherapy is associated
with an improved overall survival.4–6 Additionally,
CD8 effector T-cell subsets in the tumor microenvi-
ronment of several solid tumor cancers have been
linked to improve overall patient survival.7–10 RCC
is understood to be particularly immunogenic. The
curative potential of cytokine therapy in a small but
definite subset of patients reaffirms the potential
immunogenicity of this cancer.11 The unique biol-
ogy of RCC that allows the tumor to thrive in the
face of immune recognition will be the focus of
this chapter.

THE IMMUNE SYSTEM

Myeloid cells include those white blood cells that
are not lymphoid, namely, monocytes/macrophages,
dendritic cells (DCs), and granulocytes—all of
which have phagocytic capabilities. DCs are special-
ized antigen-presenting cells (APCs) that are pivotal
in directing antitumor immunity. They are required
to activate naive resting T cells against new

antigens because they express several costimulatory
molecules and cytokines necessary for such T-cell
activation (Figure 1). They are generated in the bone
marrow and mostly differentiate along the myeloid-
lineage pathway from common myeloid precursors.
This differentiation occurs under the control of
several soluble growth factors such as GM-CSF, 
IL-3, stem cell factor, and fms-related tyrosine
kinase-3 ligand. DCs emerge from the bone marrow
and are seeded throughout the body in a relatively
immature state that allows them to have strong
phagocytic antigen processing capabilities and weak
antigen presenting/T cell stimulating capabilities.

Macrophages and DCs process and present
phagocytosed materials on their cell surface along
with major histocompatibility complex (MHC)
molecules (see Figure 1). Once the DC contacts
these various foreign products in the tissues, it
becomes activated and matures such that it can no
longer uptake and process antigen. At this point, in
time, it migrates to draining lymph nodes and
strongly activates T cells.12 T-cell recognition of
MHC and these antigens allow for T-cell activa-
tion, thus, initiating the transition from an innate
to an adaptive immune response. The context in
which antigen is presented to T cells determines
the flavor of the adaptive immune response. This
can be described in terms of the T-helper (Th) cells
that direct it and the manner in which the response
attacks the immune insult. Th1 and Th2 responses
were the f irst described, and they generate a
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cell-mediated and humoral immune response,
respectively, with distinct cytokine profiles. The
emergence of the T regulatory (Treg) cell as a CD4
subset has gained momentum recently.13 Notably,
Treg cells are elevated in several types of cancer
and are thought to suppress an antitumor adaptive
immune response.14 Transforming growth factor
(TGF)-β has been shown to be a suppressor of Th1
and Th2 cell differentiation and to drive the
development of Treg cells.15

In tumor tissues, it is thought that debris from
dying tumor cells can be picked up by DCs and
presented on DC surfaces (see Figure 1). Necrotic
cells and cytokines present in the tumor microenvi-
ronment may activate these DCs and induce them to
stimulate an antitumor T-cell response. Indeed,
clones of T cells recognizing tumor-associated anti-
gens can be found in patients with cancer. Yet the
ineffectiveness of immune containment of cancer,
combined with several reported defects in T cells

and DCs in patients with cancer compared with
normal hosts, suggest that problems with tumor
immunity begin very early in the scheme of tumor
progression. These immune cell types and concepts
will be further explored in relation to the immunobi-
ology of RCC.

Overview of the RCC Immune 
Environment

Existing research has made general observations
relating to immune cell variations in patients with
RCC. Examination of TILs present within 25 RCC
tumors found that the lymphocytic infiltration was
composed of approximately 45% CD4/CD8
T cells, 29% CD14 macrophages, and 24% CD56
NK cells.16 Another study examining the periph-
eral blood and tumors of 47 patients with RCC
reported decreased circulating levels of
CD4/CD45RA naive and CD4/CD45RO memory

Figure 1. Basic tumor immunology: induction of T-cell responses against tumor cells. Renal cell carcinoma cells (RCCs) present their own
tumor antigen on major histocompatibility complex (MHC) I. It is believed that antigen-presenting cells (APCs), such as dendritic cells, ingest
and process either tumor cells and/or tumor antigens. These processed antigens can then be presented to naive CD4 and CD8 T cells and
induce an antitumor T-cell response, which is also called cross-priming. When an APC stimulates a CD4 helper T cell, it produces cytokines,
which result in the proliferation and differentiation of both CD4 and CD8 cells. The costimulator molecules, such as B7, expressed on the APCs
can also provide the second signal for the differentiation of T cells when they come into contact with CD28 on the T cell as shown in the mag-
nification view insert. The T-cell receptor in conjunction with either CD4 or CD8 depending on the cell type bind with either MHC II or MHC I,
respectively, on the APC. A suppressive costimulatory molecule includes cytotoxic T lymphocyte associated-4 on the T cell with B7 costimu-
lators on the APC. In addition, as discussed later in relation to RCC, T cells also express the programmed death receptor-1 that binds with
B7-H1 expressed on such cells as APCs and results in a negative signal. The CD8 cell differentiates into an activated tumor specific cytotoxic
T lymphocyte, which recognizes the tumor cell without any requirement for CD4 T cells or costimulation. This results in apoptosis of the tumor
cell. Although theoretically this process should allow a host to eradicate malignancies, numerous defects in the process occur and will be fur-
ther discussed in relation to RCC.
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T cells, CD16 NK cells, and DCs.17 In addition,
the study reported an increase in circulating lym-
phocytes expressing CD4 and CD8 antigens, as
well as activation of CD3/HLA-DR lymphocytes
and CD56 NK cells. Lastly, the tumor samples
were also found to be deficient in CD16/CD56 NK
and DCs.

Moving beyond this general characterization,
investigations into the presence of immune cells
within RCC tumors and outcome have been
reported. One study found that increased CD4 and
decreased CD8 cells in patient’s peripheral blood
with stage III and IV RCC was a favorable prog-
nostic factor.18 However, a study of 306 patients
with RCC nephrectomy found that patients whose
tumors were infiltrated with mononuclear cells
were at a significantly increased risk of dying
from RCC when compared with patients without
infiltration.16 A subsequent study found that intra-
tumoral CD4 T-lymphocyte infiltration to be asso-
ciated with poor cancer-specific survival.19 The
results of these initial reports characterizing RCC
tumor infiltrating leukocytes have been somewhat
counterintuitive and lead one to speculate that the
mere presence of cells is not sufficient for a true
understanding of the immunobiology (Figure 2).

Figure 2. Clear cell renal cell carcinoma cell (RCC) with CD3 and FoxP3 antibody staining. A, RCC clear cell tumor specimen at 200 mag-
nification stained with an antibody specific for CD3 exhibiting that the tumor specimen is diffusely infiltrated with CD3(+) lymphocytes.
B, RCC clear cell tumor specimen at 200 magnification stained with an antibody specific for FoxP3, a marker specific for natural T regulatory
cells, exhibiting the presence of scattered FoxP3(+) lymphocytes. However, although gathering this information is necessary, research has
revealed that the mere presence of immune cells such as these is not sufficient to truly understand the immunobiology of RCC. Instead, the
nature and function of the immune cells, such as the ability of the immune cell to be directed at RCC antigens, need to be understood.
(Picture compliments of Dr. Ming Zhou, Department of Pathology at the Cleveland Clinic Foundation).

Instead, the nature and function of these immune
cells must be characterized.

Evidence for Immune Dysfunction in
Patients With RCC

T-Helper 2 Cytokine Bias

CD4 helper T cells differentiate into 2 distinct
subsets of effector cells, referred to as Th1 and
Th2, which have characteristic cytokine profiles
and functions.20 Th1 cytokines include IFN-γ and
IL-12 and activate a cell-mediated immune
response. Conversely, Th2 cytokines include IL-4,
IL-5, IL-6, and IL-10 that lead to a humoral
immune response. Although a Th1 adaptive
immune response is the desired and appropriate
antitumor response, several studies have shown
that patients with RCC T cells are selectively
deficient in one or many of the functions neces-
sary for the generation of a Th1 response. Results
of several studies have shown that biasing toward
a Th2 T helper cell response takes place in the
presence of RCC tumors.21,22 This tendency also
correlated with stage and grade such that higher
staged/graded tumors were associated with a

A B

Chapter-12.qxd  12/30/08  10:54 PM  Page 169



170 RENAL CELL CARCINOMA

stronger Th2 bias. Further analysis of Th1 and
Th2 associated genes, cytokines/chemokines, and
their respective receptors revealed that patients
whose RCC tumor environments are biased
toward a Th1 immune response have a more favor-
able prognosis.23 Evaluations of peripheral blood
T-cell responses have produced similar results.24

In addition, patients with RCC T cells produce
markedly reduced levels of cytokines and prolif-
erate less in response to nonspecific T-cell activa-
tion as compared with normal blood donors.25

Thus, it appears that RCC creates a Th2 biased
milieu, which perpetuates the immunosuppressive
environment.

Increased Sensitivity of T Cells to Apoptosis

The reduction in the Th1 response in patients with
RCC may be partly explained by the demonstration
that Th1 CD4 T cells with specificity for tumor
expressed antigens display an increased sensitivity to
apoptosis. One study using MHC class II tetramers
and tumor peptides has demonstrated that although

Figure 3. The immunosuppressive environment in renal cell carcinoma (RCC). A few of the known mechanisms through which RCC tumor
cells generate an immunosuppressive environment are through the secretion of tumor secreted products and the expression of antigens. For
example, RCC produces vascular endothelial growth factor, which has been shown to induce myeloid-derived suppressor cells (MDSCs) from
myeloid progenitors. Subsequently, the MDSCs suppress T-cell function and promote natural T regulatory (Treg) cell formation. There is also
a bias toward a T-helper (Th) 2 cell response in poorer stages that diminishes the activity of cell-mediated, and thus tumor directed, immunity.
The cytokines produced by the Th2 cells further mediate the immunosuppressive activity of the MDSCs on T cells through the enzyme
arginase 1. In addition, one of the secreted factors that RCC produces is transforming growth factor-B, which induces the transformation of T
cells into natural Treg cells. The natural Treg cells in turn suppress T-cell function. It is currently not known if there is a secreted product or an
antigen by the tumor that promotes the development of the adaptive Treg cells in RCC. Tumor expression of cyclooxygenase-2 and produc-
tion of prostaglandin E2 is believed to contribute to the immunosuppression though the elucidation of that role is still under investigation. Lastly,
gangliosides and B7-H1 are both known to be inhibitory to T-cell function.

CD4 T cells specific for the RCC antigens, melanoma
antigenic epitope-6 and EphA2 were detectable in the
peripheral blood of patients with RCC; many of these
cells stained positive for annexin V suggesting that
they were undergoing apoptosis.26 In fact, a signifi-
cant number of the bulk T-cell population infiltrating
renal tumors appear to undergo apoptosis.27

Mechanism of Immune Suppression 
by RCC Tumors

Despite the expression of molecules that is capable
of activating the host immune response, RCC
tumors still grow to overwhelm their hosts. Studies
investigating tumor immune cell infiltrates suggest
that this may be partially due to tumor-induced
immune suppression mediated by soluble products
(eg, gangliosides) and costimulatory molecules
expressed by RCC. In addition, suppressive immune
cell types have been identified and found to be inter-
acting in this complex network. Figure 3 diagrams
the complex relationships believed to be present in
the RCC environment.
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Suppressive RCC Molecules

Gangliosides

Gangliosides can be defined as sialic acid containing
glycosphingolipids, and there are multiple species of
gangliosides, which are classified based on the num-
ber and location of the sialic acid subgroups.28,29

Gangliosides are ubiquitous and found in the lipid
raft portions of cell membranes where they play a
role in cell development, growth, and communica-
tion via the regulation of various signaling events.30

Renal tumor cells produce excessive amounts of gan-
gliosides (GM2, GM1 and GD1a), which are likely
shed into the tumor microenvironment.31–33 There
have been several immunosuppressive functions
attributed to gangliosides including T-cell apopto-
sis,34–36 inhibition of T-cell proliferation,37 suppres-
sion of T-cell production of IFN-γ,32,38 and
impairment of antigen presentation by DC.39

The RCC derived gangliosides that induce apop-
tosis and suppress a Th1 response have not been well
defined. However, recent findings suggest that GM2
is one tumor-derived ganglioside with immunosup-
pressive activity. This conclusion is supported by the
demonstration that many clear cell RCC tumors
express GM2 as do 5 RCC lines tested via immunos-
taining with anti-GM2 specific antibody.32 Further-
more, the addition of antibodies specific for GM2 to
the T-cell ganglioside cultures blocked the ability of
gangliosides isolated from RCC tissue to induce
apoptosis and inhibited IFN-γ production by greater
than 50%. Thus, it appears that GM2 is shed from
RCC tissue and can bind to T cells and initiate T-cell
apoptosis.

B7-H1

B7-H1 Expression and Immunoregulatory 
Properties

B7-H1 represents a cell surface glycoprotein
belonging to the B7 family of costimulatory mole-
cules that is known to have regulatory effects on
T and B cells.40,41 B7-H1 is normally restricted to
macrophage lineage cells yet has wide mRNA
expression in murine and human lines and has con-
stitutive expression on the human maternal-fetal
interface.42 Recently, B7-H1 has been observed in

both murine and human microvascular endothelial
cells (ECs) in basal states and induced and/or upreg-
ulated by cytokines in mice and humans.43,44 In addi-
tion, vascular endothelial growth factor (VEGF) has
been shown to upregulate B7-H1 on myeloid DCs.45

B7-H1 protein is also aberrantly expressed on a vari-
ety of human tumors including glioblastoma,
melanoma, and cancers arising from the lung, ovary,
colon, head and neck, and breast.40,41 Lastly, the
receptor for B7-H1 is programmed death receptor-1
(PD-1, CD279) and is expressed on T cells, B cells,
and myeloid cells.46,47 Although B7-H1 is reported
to either inhibit or simulate T-cell function, most
studies suggest that its interaction with the PD-1
receptor results in immune suppression.46,48

Clinical Significance of B7-H1 and B7-H4
Expression in RCC

In RCC, expression of B7-H1 has been found in
both primary and metastatic lesions and is associ-
ated with a poor prognosis.49–51 In a study of 196
tumors of clear cell RCC, over half of the tumors
express B7-H1, whereas normal renal cortex did
not. When total B7-H1 expression by tumors or
infiltrating lymphocytes was compared with
patient outcome (median follow-up of 2.1 years),
B7-H1 expression either on cell type or on both
cell types was associated with an increased risk of
death from RCC. Combined high-aggregate
intratumoral expression was most strongly associ-
ated with an increased risk of death (p ≤ .001) and
the association remained significant after adjusting
for various other histologic prognostic factors one
at a time.

In a similar study by the same group, B7-H4,
another negative T-cell regulator of the B7 family,
was found in over half of the RCC tumors ana-
lyzed. Expression was found on tumor cells and
tumor-associated ECs.52 B7-H4 expression was
also associated with adverse clinical and patho-
logic features (including lymphocytic infiltration),
as well as an increased risk of death from RCC and
disease progression after surgical removal of local-
ized RCC. Patients with B7-H4 and B7-H1 positive
tumors were over 4 times more likely to die from
RCC compared with patients with negative or
singly positive tumors. Interestingly, this study also
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showed that B7-H4 expression was found on over
80% of tumor vasculature versus 6.5% on adjacent
normal renal vessels. IL-10 typically present in the
tumor microenvironment was shown to induce 
B7-H4 on APCs,53 thus, providing a possible mech-
anism to further suppress T-cell function. Lastly,
TIL expression of PD-1 is also associated with
high-risk tumors and a greater risk of cancer spe-
cific death,54 suggesting that interactions between
immunosuppressive molecules on tumors and TILs
can and do take place to limit effector T-cell func-
tion. This could partly help to explain why CD4
tumor infiltration is associated with poor outcome
in patients with RCC, considering that these cells
are dysfunctional.9,55,56 Animal studies have shown
that administration of monoclonal anti-B7-H1 anti-
body can enhance the survival of mice previously
injected with B7-H1 tumors and also increase the
antitumor activity resulting from immunother-
apy.57–59 Thus, blocking B7-H1 may be a relevant
strategy for improving the development of an effec-
tive antitumor immune response in patients with
metastatic RCC.

Cyclooxygenase-2 and Prostaglandin E2

Cyclooxygenase-2 (COX-2) is an early response
gene that has been linked to carcinogenesis and
found to be induced by tumor promoters,
cytokines, growth factors, and hypoxia. The
enzyme has been identified in neoplastic cells,
microvascular ECs, and stromal fibroblasts.60 In
RCC, studies have reported COX-2 expression in
tumors ranging between approximately 50 to 100%
and have found correlations of COX-2 with para-
meters such as tumor cell proliferation, apoptosis,
angiogenesis, expression of matrix metallopro-
teinase-2, as well as increased MVD, stage and
grade, tumor progression, and survival.61–64 In
addition, it was reported that macrophages found in
cystic RCC regression, and in necrotic rims with
hypoxic endothelia, express COX-2. This suggests
that COX-2 could provide a mechanism via which
tumors are able to overcome hypoxia and continue
to compound immune suppression.65,66 One of the
well described downstream products of COX-2 is
prostaglandin E2 (PGE2), which has been shown to

stimulate tumor cell growth and migration, inhibit
tumor cell apoptosis, lead to neovascularization,
and increase EC migration.67,68 More specifically,
though it has been well accepted for some time that
PGE plays a role in the regulation of both cellular
and humoral immune responses.69 RCC has been
found to induce PBMCs, especially monocytes, to
produce PGE2.21,70,71 Clinical trial experience with
celecoxib in patients with RCC is limited, but early
interpretations thus far suggest that the selection of
patients based on an abundant expression of COX-
2 in their tumors (3+ score) is necessary to exam-
ine an effect.72 A further analysis of the
contribution of COX-2, and its downstream mole-
cule PGE2, to immunosuppression and tumor
escape is important, especially if celecoxib proves
effective in the subset of patients with 3+ COX2
expression.

SUPPRESSIVE IMMUNE CELLS

The 2 main suppressive immune cell types believed to
further compound suppression of the host immune
system against RCC are Treg cells and myeloid-
derived suppressor cells (MDSCs) (Table 1).

T Regulatory Cells

Phenotype and Function of Treg cells

Treg cells are potent inhibitors of T-cell immunity
that are first postulated back in the 1970s, faded
from popularity, and then had a resurgence of inter-
est as of late—especially in the field of cancer
research.13,73 Treg cells can be divided into 2 sub-
sets: natural/intrinsic and adaptive/induced subsets.
The natural subset, characterized as CD4(+), inter-
leukin (IL)-2 receptor-α or CD25(+), and nuclear
transcription factor forkhead box P3 (+) (FoxP3), is
believed to be a distinct T-cell lineage originating
from the thymus and to compose about 1 to 3% of
CD4(+) T cells in healthy humans.74,75 Once acti-
vated through T-cell receptor and IL-2 in an anti-
gen-specific manner, they are postulated to
suppress immune function through the antigen-
independent inhibition of IL-2 production in target
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T effector cells.76 This Treg subset is the most
characterized and understood of the Treg cells. The
adaptive subset is not characterized by a specific
marker but instead by a representative immunosup-
pressive cytokine profile.77 In a general sense, Tr1
Treg cells produce IL-10 but not IL-4, whereas Th3
Treg cells produce TGF-β. Adaptive Treg cells are
believed to originate from Th0 cells after interac-
tion with DCs. Studies using murine models have
supported the notion that Treg cells are immuno-
suppressive and that their removal improves
immunity against and rejection of tumors.78,79 In
mouse tumor models, Treg depletion in vivo can
enhance antitumor immunity resulting from vacci-
nation and blockade of the suppressive costimula-
tory molecule, cytotoxic T lymphocyte-associated
antigen 4.80

Importance of Treg Cells in Human 
Cancer and RCC

Accumulation of Treg cells in the tumor microen-
vironment has been shown to correlate inversely
with patient survival in several tumor types.10,81,82

In a study of ovarian cancer, an increase in Treg
numbers was associated with inhibition of tumor
specific cytotoxic T cell activity and cytokine pro-
duction.10 Patients with metastatic RCC have been
found to have a statistically significant increase in
CD4(+)CD25(high) Treg cells in their peripheral
blood.75,83 These Treg cells were confirmed to have
suppressive function by their ability to inhibit
T effector (CD4+CD25−) cell proliferation. Fur-
thermore, increased Treg (CD4+CD25+FOXP3+)
numbers in the peripheral blood of patients with

Table 1. MAJOR IMMUNOSUPPRESSIVE CELL TYPES 
RELEVANT TO RENAL CELL CARCINOMA

Mechanism of 
Cellular Effect/Cytokines 

Cell Type Markers Produced Relevant RCC Data

Natural Tregs CD3(+)/CD4(+) Immunosuppression mainly • Tumor derived TGF-β
CD25(hi+)/FoxP3(+) through intercellular contact produces Tregs112;

• Increased Treg levels in 
blood75,83;

• Decreased Treg levels in 
patients with objective 
response to high-dose IL-275;

• Increased Treg levels 
after high-does IL-2 without 
correlation to response85;

• Decreased Tregs with 
DAB389IL-286

Adaptive Tregs
Tr1 CD4(+) otherwise not IL-10(+), TGF-β Intratumoral cells that could

conclusively characterized (+) IL-2(−), IL-4(−) possibly be Tr1 cells vs
by markers activated T cells associated 

with poor outcome and death84

Th3 CD4(+) otherwise not TGF-β(+) Peripheral blood Th3 response 
conclusively not seen against MAGE-6 
characterized by markers peptides113

Myeloid-derived CD15(+), CDllb(+), CD33(+), Nitric oxide synthase 2 • Increased MDSCs in blood 
suppressor cells HLA-DR(−), CD14(−), Lin(−) (upregulated by Th1 cytokines), and increased arginase

and lack of other mature Arginase 1 (upregulated by Th2 activity25,71;
myeloid cell markers cytokines) • Mature DCs in tumor correlate

with improved survival110;
• Administration of 

ATRA decreases levels of 
MDSCs88

ATRA = all-trans-retinoic acid; CD = cytoplasmic domain; DC = dendritic cell; FOX = forkhead box; HLA = human leukocyte antigen; IL = interleukin; MAGE =
melanoma antigenic epitope; MDSC = myeloid-derived suppressor cell; RCC = renal cell carcinoma; TGF = transforming growth factor; Treg = T regulatory cell.
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metastatic RCC correlate with poor clinical out-
come. However, an increase in this cell population
within tumors was not found to be significantly
associated with poor outcome and death from RCC
in another study.84 Instead, it found infiltrating
CD4(+)CD25(+)FOXP3(−) in about 84% of the
tumor samples and a correlation of this cell type
with poor outcome. When these intratumoral cells
were analyzed by flow cytometry, they were seen to
have increased production of IL-10 suggesting that
they could possibly be Treg cells of the Tr1
phenotype.

Interestingly, the dependence of Treg cells on
high levels of IL-2 contradicts the fact that high-
dose IL-2 therapy is able to produce a complete
durable response in selected patients with metastatic
RCC. However, when this was analyzed further in
patients receiving high-dose IL-2 therapy, it was
found that patients who achieved an objective
clinical response had a statistically significant
decrease of Treg cells when compared with normal
donors.75 Another study reported opposing results
and found an increase in Treg levels after treatment
with high-dose IL-2 and reported no correlation
with response.85 Thus clarification is needed, and the
potential mechanism underlying this finding will
need further elucidation. 

Therapeutic avenues targeting Treg cells are
beginning to be examined. One study used
DAB389IL-2, a recombinant IL-2 diphtheria toxin
conjugate, to remove Treg cells in human cancer
patients and reported an effective decrease in
peripheral blood Treg cells.86 In the same study, it
was also shown that a reduction of Treg cells leads
to an augmented T-cell response to tumor antigens
following vaccination. Thus, the literature on the
involvement of Treg cells in RCC provides evidence
that they are directly contributing to the immuno-
suppressive environment that is allowing tumor
cells to thrive. Additional studies are needed to fur-
ther define strategies that may reduce Treg numbers
and Treg function and further assess the impact that
Treg reduction may have on promoting tumor
immunity and improved clinical outcome. Lastly,
there is some suggestion that sunitinib, which
blocks signaling through multiple receptor tyrosine
kinases including VEGF and PDGF, may decrease

the percentage of FoxP3(+) Treg cells within the
PBMC of patients with metastatic RCC. Addition-
ally, in 3 of 5 patients tested to date, the function of
Treg cells remaining after treatment may be
impaired as well (Finke and colleagues, manuscript
in preparation). In vitro studies exhibited that the
isolated cells had a decreased capacity to suppress
the proliferation of effector cells defined as
CD4(+)CD25(−). Whether sunitinib induced
changes in Treg cells correlate to improved immune
reactivity and clinical outcome is still under
investigation.

Dendritic Cell Dysfunction 

Several lines of evidence suggest that tumor
induced alterations in myeloid cell differentiation
lead to a reduction in functionally competent DCs,
as well as an accumulation of tolerogenic DCs and
suppressive myeloid cells.87 These cells ultimately
impair antitumor effector T-cell function indirectly
and directly. Patients with RCC have reduced
numbers of Lin(−)/HLA-DR(+) circulating DCs
with an associated increase in Lin(−)/
DR(−)/CD33(+) MDSCs.88 In addition, when DC
populations were examined in a series of RCC tis-
sues, mature DCs represented less than 1% of the
leukocytes and were more abundant outside of the
tumor than within. These immature DCs failed to
stimulate an allogeneic mixed leukocyte reaction
suggesting possible anergy at a minimum.89 Thus,
lack of mature DCs for the initiation of an appro-
priate antitumor adaptive immune response
appears to play a fundamental role in RCC
immunosubversion.

Additionally, tumors often secrete products that
either inhibit DC maturation or confer a mature but
regulatory phenotype to DCs. RCC tumors are
known to secrete several factors that could combine
to result in the accumulation of immature myeloid
DCs such as VEGF, IL-6, TGF-β, GM-CSF, M-CSF,
and gangliosides.90–97 TILs in the tumor microenvi-
ronment may also secrete IL-10 and IL-4, which then
become available to influence myeloid cell develop-
ment.22,92,98 Products, such as prostaglandins, IL-10,
TGF-β, and VEGF, in the tumor microenvironment
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can condition DCs to be regulatory and induce the
formation of adaptive Treg cells.99–101 In vitro
(human) and in vivo (mouse) studies have shown that
VEGF inhibits the formation of functionally mature
DCs101,102 and correlates with an increase in imma-
ture MDSCs.101,103

Myeloid-Derived Suppressor Cells

These cells collectively called MDSCs or immature
myeloid cells describe a heterogenous group that
includes all cells of myeloid lineage [CD33(+)]
that are not effective APC [HLA-DR(−) or low and
B7 (−) or low] and are capable of inhibiting T-cell
function.87 In the mouse tumor model, MDSCs are
identified by the coexpression of CD11b (Mac-1)
and GR-1 (Ly6G), and they inhibit CD8 T-cell pro-
duction of IFN-γ in response to MHC I presented
antigen in a cell-contact and reactive oxygen
species dependent manner.90,104 Thus, they are
macrophages, granulocytes, and DCs at various
levels of maturation and activation, which are
present in the bone marrow and spleens of normal
mice, yet accumulate excessively in the spleens and
lymph nodes of tumor-bearing mice.90 Lastly,
MDSCs may also lead to CD8 T-cell tolerance and
Treg formation in tumor-bearing mice.105,106

MDSCs have also been described in the periph-
eral blood of human cancer patients.25,88,107,108

MDSCs most closely resembling granulocytes have
been seen in patients with RCC peripheral blood.25

When MDSCs are activated by T cells, it is believed
they in turn inhibit T-cell proliferation through 2 dis-
tinct enzymes.109 The first is nitric oxide synthase 2,
which is upregulated by Th1 cytokines, and the sec-
ond is arginase 1, which is upregulated by Th2
cytokines and leads to a depletion of arginine and an
upregulation of ornithine. Thus, a study examining
the blood of 123 patients with metastatic RCC found
elevated levels of MDSCs with an associated
increase in arginase activity and decrease in CD3
ζchain expression.25 The MDSCs were shown to
nonspecifically impair T-cell function in vitro. This
was confirmed by a second study in mRCC, which
also reported elevated levels of MDSCs, lower lev-
els of mature DCs, and patient mononuclear cells

that had decreased ability to stimulate an allogeneic
T-cell response or autologous T cells to tetanus
toxoid.88 Lastly, another report that examined tumor
specimens of cytokine treated patients with RCC
and found that an increased infiltration of mature
DCs (CD83+) correlated with better survival.110

Means with which to eliminate MDSCs has been
examined, and all-trans-retinoic acid (ATRA) has
been reported in murine models to lead to the matu-
ration of MDSCs.111 This was used in one of the pre-
viously described human clinical trials and found
that some of the described deficits, including the
elevation of MDSCs, could be reversed with admin-
istration of ATRA.88

CONCLUSION

RCC is a prototypical model of a malignancy that
interacts heavily with its host’s immune system. The
current understanding of the immunobiology of
RCC overwhelmingly points to the complex inter-
play between RCC tumors and host immune cells
and suggests that the mere presence of immune cells
in renal cell tumors is likely to have little signifi-
cance when compared with the effector capacity of
those cells that are present. There are currently many
unanswered questions, and the mechanisms by
which immune dysfunction are created and perpetu-
ated are still being defined. The ability to character-
ize and individualize the specific mechanisms by
which each patient’s tumor is evading his or her
immune system will allow more directed and theo-
retically more efficacious therapy. In the age of
targeted therapy, understanding the intersection of
angiogenesis and immune function will be vital to
direct further combination treatment with other
methods of immunotherapy.
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RCC evokes an immune response, which has
occasionally resulted in spontaneous and dramatic
remissions.1–3 In an attempt to reproduce or accentuate
this response, various immunotherapeutic strategies
have been used, including nonspecific stimulators of
the immune system, specific antitumor immunother-
apy, adoptive immunotherapy, the induction of a graft-
versus-tumor response via allogeneic hematopoietic
stem cell transplantation, and the administration of
partially purified or recombinant cytokines.4–14

Although many such therapies display antitumor
activity, research over the past two decades has tended
to focus on various cytokines whose protein structure
and biologic properties are more clearly defined.

Although a number of cytokines have shown anti-
tumor activity in RCC, the most consistent results have
been reported with interferon-α (IFN-α) and inter-
leukin-2 (IL-2). Although IFN-α has produced modest
benefits in unselected patients, randomized clinical tri-
als have shown a small survival benefit with manage-
able toxicity when compared with nonIFN-α control
arms.15–23 High-dose bolus IL-2 was granted Food and
Drug Administration approval based on its ability to
produce durable complete responses in a small number
of patients with metastatic RCC. However, the sub-
stantial toxicity and limited efficacy that is associated
with IL-2 has narrowed its application to highly
selected patients treated at specialized centers.24–28

As we enter the era of targeted therapy, this
chapter will examine the evolving role of
immunotherapy in patients with RCC, with a partic-
ular focus on the phase III trials that have helped to

define the proper use of cytokine therapy. Given the
limitations of immunotherapy, this review will also
discuss improvements in patient selection and inves-
tigational approaches to immunotherapy that may
lead future improvements in patient outcome.

IFN-α

IFN-α is a naturally occurring glycoprotein produced
in response to viral infections and foreign antigens. It
has been investigated in a variety of diseases with pos-
tulated mechanisms of action including immunomod-
ulation, antiproliferative activity, and inhibition of
angiogenesis. In advanced RCC, both recombinant
IFN-α 2a (Roferon, Hoffmann-La Roche, Basel,
Switzerland) and IFN-α 2b (Intron A, Schering
Plough International, Kenilworth, NJ, USA) have
undergone extensive clinical evaluation. Results of
these investigations are thoroughly described in sev-
eral reviews.15–18 There is no clinically meaningful dif-
ference between these two IFNs, and thus the generic
IFN-α will be used to describe these data. Despite the
use of a variety of preparations, doses, and schedules,
most studies have shown modest antitumor activity,
with the overall response rate being approximately 10
to 15%. Responses are often delayed in onset, with
median time to response being approximately 4
months. Most responses are partial and short-lived
(median response duration, 6 to 7 months). Approxi-
mately 2% of patients have had complete responses,
with only an occasional patient having a response per-
sist in excess of 1 year after therapy. Although no
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Table 1. INTERFERON-α IN METASTATIC RENAL CELL CARCINOMA

Response Rate Advantage 
Author Trial Design Number of Patients for IFN-α (%) Overall Survival Impact

Ritchie6 IFN-α versus 335 10 2.5 months. Advantage 
medroxyprogesterone for IFN-α (p = .017)

Pyrhonen22 IFN-α plus vinbla stine 160 14 7.0 months. Advantage for 
versus vinblastine IFN-α (p = .0049)

Coppin23 Meta-analysis of 4216 (42 trials) 11 3.8 months. Advantage for 
randomized, controlled IFN-α (p = .0005)
trials of IFN-α

IFN-α = interferon-α.

clear dose–response relationship exists, daily doses in
the 5- to 10-MU range (MU = million units) appear to
have the highest therapeutic index. The toxicity of IFN
includes flu-like symptoms such as fever, chills, myal-
gias, and fatigue, as well as weight loss, altered taste,
depression, anemia, leucopenia, and elevated liver
function tests. Most side effects, especially the flu-like
symptoms, tend to diminish with time during chronic
therapy.15–23

To investigate a possible survival benefit to
IFN-α in RCC, several randomized trials have been
performed. Table 1 is a summary of randomized tri-
als that have investigated the effect of IFN-α on
overall survival (OS) in metastatic RCC patients.
One study randomized 350 patients with metastatic
RCC to receive IFN-α 10 MU 3×/week (TIW) × 12
weeks or medroxyprogesterone (MPA) 300 mg
daily × 12 weeks.21 Patients in each treatment arm
were well balanced with respect to prognostic char-
acteristics in RCC, including performance status,
time from first diagnosis of RCC to treatment, num-
ber of metastatic sites, and nephrectomy status. This
trial was closed at an interim analysis when the
stopping boundary for a survival advantage of IFN-α
had been reached. Intent-to-treat analysis reported a
significant OS advantage for patients randomized
to IFN-α, with a hazard ratio of 0.72 (p = .017). The
median OS was 8.5 months in the IFN arm and 6.0
months in the MPA arm.

Another study randomized 160 patients with
advanced, progressive RCC to receive IFN-α 18 MU
TIW plus vinblastine 0.1 mg/kg IV q3 weeks or the
same dose and schedule of vinblastine alone.22 The
primary endpoint of this trial was OS, with 80% power
to detect a difference in median OS of 12 months vs 8

months. Patients in each treatment arm were well
balanced with respect to characteristics known to be
prognostic for OS in RCC. A significant OS advan-
tage was reported for the IFN-α arm with a median
OS of 15.8 months vs 8.8 months for the vinblastine
arm (p = .0049). Significant differences in overall
response rates (16.5% vs 2.4%; p = .0025), complete
response rates (8.9% vs 1.2%), and median time to
disease progression (3 months vs 2 months; p = .0001)
were also observed, all favoring the IFN-α arm.

In addition, a meta-analysis reviewed 53 random-
ized controlled trials involving 6,117 patients treated
between 1995 and 2004 with IL-2 or IFN-α in
metastatic RCC.23 There were four trials (n = 644
patients) that randomized patients to IFN-α versus
a nonIFN-α control arm, including the two largest tri-
als noted above. The weighted median survival
improvement with IFN-α treatment versus control
was 3.8 months (p = .007) with an odds ratio for death
at 1 year of 0.56 for IFN-α (95% CI 0.40 to 0.77).
There was no evidence of dose–response relationship
and no correlation between response rate and OS.

More recent studies have delineated some limits
to the antitumor effects of IFN-α. For example, a
French Immunotherapy Group phase III trial
comparing IFN-α with both IL-2 and IL-2 plus 
IFN-α reported a response rate of only 7.5% for the
IFN arm with a 1-year event-free survival rate of
only 12%.29 In addition, a Southwest Oncology
Group (SWOG) study comparing IFN-α alone with
debulking nephrectomy followed by IFN-α reported
tumor responses in less than 5% of patients receiv-
ing either treatment approach.30

Given the modest survival impact of IFN-α seen
in phase III studies and its widespread application

Chapter-13.qxd  10/11/08  3:01 AM  Page 181



182 RENAL CELL CARCINOMA

worldwide, regulatory agencies have supported the
use of IFN as control arm for randomized trials inves-
tigating targeted therapies that are reported elsewhere
in this text. The results of these investigations will cer-
tainly narrow the future use of IFN as a single agent.

IL-2

IL-2 is an important member of a class of glycopro-
teins that regulate lymphocyte function and growth.
It is produced in response to infection and essential
for discriminating between self and foreign antigens.
Although the mechanism of action of IL-2 is not
completely understood, antitumor effects in murine
models have been linked to the direct killing of tumor
cells by activated T cells and natural killer cells.13,14

High-dose bolus IL-2 was granted Food and
Drug Administration approval based on its ability to
produce durable complete responses in a small
number of patients with metastatic RCC. However,
the substantial toxicity and limited efficacy that are
associated with IL-2 have narrowed its application
to highly selected patients treated at specialized
centers.24–28 In an attempt to reduce toxicity, several
investigators evaluated regimens that contained
lower doses of IL-2.31–33 Attempts were also made
to improve treatment efficacy by adding IFN-α 2b
(IFN-α) and then fluorouracil to lower-dose IL-2
regimens. These regimens were reported to produce
response rates and survival comparable with those
reported for high-dose IL-2 with much less toxicity
but possibly less durable benefit. In recent years,
the relative merits of these low- and high-dose IL-2
regimens have been clarified by the results of four
randomized trials. More significantly, laboratory
investigations associated with this clinical research
suggest that the potential exists for identifying pre-
dictors of response (or resistance) and thus limiting
IL-2 therapy to those most likely to benefit.

RANDOMIZED TRIALS OF IL-2 WITH
OR WITHOUT IFN-α

The French Immunotherapy Group conducted a
large-scale, phase III randomized trial that com-
pared intermediate-dose IL-2 administered by con-
tinuous intravenous (IV) infusion plus subcutaneous
IFN-α with either IL-2 or IFN-α administered

alone.29 A total of 425 patients were enrolled. The
three treatment groups were well balanced for age
and sex, as well as known predictors of response and
survival. The response rate and 1-year event-free
survival were significantly greater for the combined
IL-2 and IFN-α arm than for either of the single-
agent arms although there was no significant differ-
ence in OS among the three groups. Of note,
responses were seen in only 6.5 and 7.5% of patients
receiving IL-2 or IFN-α alone, respectively, with
only 2.9 and 6.1% of these patients still responding
at the week 25 evaluations. Although more antitu-
mor activity was seen with the combination arm, this
was largely due to the rather limited activity of the
single-agent regimens. How an intermediate-dose
combination of IL-2 and IFN-α would compare with
high-dose IL-2 alone remained to be established.

The National Cancer Institute Surgery Branch
investigators performed a randomized trial compar-
ing standard high-dose IV bolus IL-2 and a low-dose
IV bolus IL-2 regimen developed by Yang and col-
leagues.38 After randomizing 117 patients, a third
arm was added that involved subcutaneous IL-2
administered according to the regimen described by
Sleijfer and colleagues.31 Results were analyzed and
reported according to groups that were concurrently
randomized. Among the 306 patients concurrently
assigned to either high- or low-dose IV IL-2, the
response rate was significantly higher with high-dose
therapy (21% vs 13%), with a trend toward more
durable responses. Duration of response was superior
in patients who received the high-dose IV IL-2 com-
pared with those who received the low-dose IV IL-2.
There were no differences in OS. Although toxic
effects were also significantly greater in the high-dose
group (particularly hypotension), there were no
deaths attributable to IL-2 in either arm, and patient
assessments of quality of life were found to be
roughly equivalent. Among the patients concurrently
assigned to either subcutaneous IL-2 or high-dose IV
IL-2, a higher response rate was seen with high-dose
IV IL-2 (21% vs 10%), but the difference was of bor-
derline statistical significance. Once again, there
were no differences in OS.

In an effort to determine the value of outpatient
subcutaneous IL-2 and IFN-α relative to high-dose
IV IL-2, the Cytokine Working Group (CWG) per-
formed a phase III trial in which patients were
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randomized to receive either outpatient IL-2 and
IFN-α every 6 weeks or standard high-dose inpa-
tient IL-2 every 12 weeks.39 A total of 193 patients
were enrolled, and 192 patinets were evaluable for
toxicity and tumor response. The response rate for
high-dose IL-2 was 23% (22/96) vs 10% (9/96) for
IL-2 and IFN-α (p = .018). Eight patients achieved a
complete response receiving high-dose IL-2 versus
three patients receiving low-dose IL-2 and IFN-α.
The median response durations were 24 months for
high-dose IL-2 and 15 months for IL-2 and IFN-α
(p = .18). Median OSs were 17.5 and 13 months
(p = .12), favoring high-dose IL-2. Of note, responses
to high-dose IL-2 were seen with equal frequency
across the stratification criteria, whereas low-dose
IL-2 and IFN-α appeared to produce fewer
responses in patients with liver and/or bone metas-
tases and in those who had not undergone previous
nephrectomy to remove the primary tumor.

Last, a more recent phase III trial by the French
Immunotherapy Group studied the impact of low-
dose cytokine therapy on survival in patients
with intermediate likelihood of response to IL-2
and IFN-α40 as defined in previous studies with
these cytokines.29 Untreated patients with Karnof-
sky performance status of 80 or greater and more
than one site of metastatic disease were random-
ized to receive MPA (control group), subcutaneous
IFN-α, subcutaneous IL-2, or the combination of
IFN-α and IL-2. A total of 492 patients were ran-
domized, and the treatment groups were well bal-
anced for predictors of response and survival.
Although significant toxicity was more common in
the IL-2 and IFN-α arm, median OS did not differ
between the arms. The investigators concluded that
subcutaneous IFN-α and IL-2 should no longer be
recommended in patients with metastatic RCC and
intermediate prognosis. Investigators from the
CWG have reanalyzed the results of their phase III
trial in the subset of patients who would have fallen
into the “intermediate” prognosis group defined by
the French Immunotherapy Group (unpublished
data). Most patients treated in the CWG study
(80%) were in either the intermediate or poor prog-
nosis group. In this subset, high-dose IL-2 contin-
ued to produce a significant improvement in
response rate (25% vs 10%, p = .017) and durable
complete response (7 vs 0, p = .014) compared

with IL-2 and IFN-α. Furthermore, all 10 patients
taking high-dose IL-2 were progression free at 3
years in this intermediate-risk group, whereas three
intermediate-risk patients were progression free in
IL-2 and IFN-α group (p = .08).

Taken together, these studies suggest that high-
dose IV bolus IL-2 is superior in terms of response
rate and possibly response quality to regimens that
involve low-dose cytokines (Table 2). The superior-
ity of high-dose IL-2 is particularly apparent in
patients with tumor metastases in immune
sequestered sites, such as liver or bone, who have
their primary tumor in place, or who fall into the
intermediate- or poor-risk groups defined by the
French Immunotherapy Group. Consequently,
although low-dose cytokine therapy has a limited
role in metastatic RCC, high-dose IV IL-2 should be
a therapeutic option for appropriately selected
patients with access to such therapy. However, given
the toxicity and limited efficacy of high-dose IV IL-2
therapy, additional efforts should be directed at better
defining the patient population for whom this
therapy is appropriate.

OTHER CYTOKINES

In addition to IFN-α and IL-2, other immunothera-
peutic agents have been evaluated in patients with such
as IFN-γ, IL-4, IL-6, pegylated IFN, and GM-CSF,
have produced only occasional responses when
administered as single agents 1,41–46 Based on interest-
ing preclinical data, investigators have combined GM-
CSF with IL-2 and IFN-α, but this approach is yet to
lead to significant clinical benefit.47–48

A few durable responses have been observed in
phase I trials with recombinant human IL-12 (rhIL-12)
administered either intravenously or subcuta-
neously; however, in general, antitumor activity in
these studies has been less than predicted by pre-
clinical models. In two such studies that included 71
patients with advanced RCC, IL-12 produced one
complete and one partial response.49,50

A peculiar schedule dependency associated with
IL-12 whereby a single “test dose” increases a
patient’s tolerance to subsequent therapy and possibly
reduces antitumor effects has made clinical develop-
ment of this agent more complicated.51 Novel sched-
ules of IL-12 have been explored in an effort to sustain
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its biologic activity.52 These studies have shown a
correlation with the ability to sustain IFN-α produc-
tion and antitumor effects. Although the addition of
low-dose IL-2 to IL-12 has been able to sustain IFN-α
production in the majority of patients, the antitumor
effect of this combination has remained modest.53

Efforts are currently in progress to use IL-12 ± IL-2 as
immune adjuvants in combination with dendritic-
cell-based vaccines in patients with RCC.

ADJUVANT THERAPY

In an effort to apply the clinical activity observed
with cytokines to patients with earlier stages of dis-
ease, a variety of adjuvant trials have been per-
formed. The Eastern Cooperative Oncology Group
completed a trial comparing adjuvant IFN-α with
observation in patients with high-risk resected RCC.
Eligible patients were to be T3b-c, T4, and/or
N1-N3. Patients were randomly assigned to receive
either a year of IFN-α or routine observation. With
a minimum follow-up of 36 months and a mean of
68 months overall, no statistically significant differ-
ence in disease-free survival was observed between
the treatment arms.54 A similar study performed by
the EORTC also showed no benefit for the adjuvant
administration of IFN-α.55

The CWG performed a trial randomly assigning
patients who satisfied these high-risk staging criteria
(stage T3b-4, N1-3, or resected metastatic disease)

to either a single cycle of high-dose IL-2 or obser-
vation (with IL-2-based therapy at the time of
recurrence).56 This study took several years to accrue
69 patients and ultimately was closed early after
an interim analysis determined that the anticipated
30% improvement in disease-free survival for the
patients receiving high-dose IL-2 could not be
achieved.

Thus, there is currently no evidence to support
the use IFN-α or IL-2 in the adjuvant setting in
patients with high-risk renal cancer. These studies
have been compromised by the inability to clearly
define a population at high risk of recurrence and the
increasing lack of availability of such high-risk
patients. Furthermore, there is a growing uncertainty
as to whether the biology (in particular susceptibility
to cytokine-based therapy) of tumors metastasizing
to regional nodes is identical to that of tumors that
metastasize systemically.57 Until this crucial issue
can be sorted out, it will remain difficult to translate
advances in the treatment of patients with stage IV
disease to the adjuvant setting.

IMPACT OF NEPHRECTOMY BEFORE
CYTOKINE THERAPY

Historically, patients with metastatic RCC at the time
of initial presentation have not been routinely sub-
jected to resections of their primary tumor. However,
recent studies have suggested that the effectiveness of

Table 2. SELECTED RANDOMIZED TRIALS OF CYTOKINE THERAPY IN METASTATIC RENAL CELL CARCINOMA

Treatment Response Durable Complete Overall Survival Overall Survival 
Trial Regimens N Rate (%) p Value Response (%) (months) Difference

FIG19 CIV IL-2 138 6.5 < 0.01 1 12 NS

LD SC 147 7.5 < 0.01 2 13 NS
IFN-α

CIV IL-2 + 140 18.6 < 0.01 5 17 NS
IFN-α

NCI SB24 HD IV IL-2 156 21 0.05 8 NR NS

LD IV IL-2 150 13 0.05 3 NR NS

HD IV IL-2 95 23 0.05 7 17.5 NS

CWG25 LD SC IL-2/ — 10 0.02 NR 13 NS
IFN-α

HD IV IL-2 — 23 0.02 NR 17.5 NS

CIV = continuous IV infusion; CWG = Cytokine Working Group; FIG = French Immunotherapy Group; HD = high dose; IFN-α = interferon-α; IL-2 = interleukin-2;
IV = intravenous; LD = low dose; NCI SB = National Cancer Institute Surgery Branch; NS = not statistically significant; SC = subcutaneous.
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immunotherapy in patients with metastatic RCC may
be enhanced following cytoreductive nephrec-
tomy.30,58 For example, the SWOG randomly assigned
246 patients presenting with metastatic disease to
receive IFN-α either alone (5 MU/m2 TIW) or fol-
lowing debulking nephrectomy.30 Although few
responses to IFN-α were observed on either treatment
arm, the median OS was significantly longer for
patients undergoing cytoreductive nephrectomy (12.5
vs 8.1 months). Other investigators have confirmed
these results59–61 suggesting that bulky primary
tumors may facilitate disease progression at least in
part through immune suppression.

PREDICTORS OF CLINICAL BENEFIT
FROM CYTOKINE-BASED THERAPY

Many groups have attempted to determine reliable
predictors of response and survival for patients with
metastatic RCC who were receiving immunother-
apy.24,29,60–67 Factors that have been variably associated
with response to IL-2 include performance status,24

number of organs with metastases (one versus two or
more),29 absence of bone metastases, previous
nephrectomy,61 degree of treatment-related thrombo-
cytopenia, absence of previous IFN therapy,62 thyroid
dysfunction,63 lymphocyte count,64 rebound lympho-
cytosis,65 and erythropoietin production.66

It has been shown in patients receiving IFN-α
that poor survival is associated with low Karnofsky
performance status, high serum lactate dehydroge-
nase, low hemoglobin, high “corrected” serum cal-
cium, and time from initial RCC diagnosis to start of
therapy of less than 1 year. In a cohort of 453
patients who received IFN-α as initial therapy, the
median survival for the favorable- (no risk factors),
intermediate- (one or two risk factors), and poor
(three or more risk factors)-risk groups were 30, 14,
and 5 months, respectively. Negrier and colleagues20

also identified independent predictors of rapid dis-
ease progression, defined as progression within
10 weeks of initiation of therapy. These included
greater than one metastatic site, disease-free interval
of less than 1 year, and presence of liver metastases
or mediastinal nodes, as well as type of immunother-
apy used. Patients with liver metastases, more than
one site of disease, and disease-free interval of less
than 1 year had a lower response rate and a median

survival of only 6 months even though receiving
combination IL-2 and IFN-α therapy. Figlin and col-
leagues identified previous nephrectomy and time
from nephrectomy to relapse as important predictors
of survival in patients receiving IL-2-based ther-
apy.68 In their series, patients who received systemic
immunotherapy for metastatic disease more than
6 months after nephrectomy had the best median
survival and had a 3-year survival rate of 46%.
These clinical predictors may simply identify
patients with more rapidly progressing disease who
are unlikely to receive a long enough duration of
cytokines to realize a potential benefit. These clini-
cal factors offer little if any true biologic insight into
mechanisms of resistance.

PATHOLOGIC AND MOLECULAR
PREDICTORS OF RESPONSE TO IL-2

Influence of Histologic Subtype

Responses to immunotherapy are most frequently
seen in patients with RCC of clear cell histology.69–71

This observation was detailed in a retrospective
analysis of pathology specimens obtained from 231
patients (163 primary and 68 metastatic tumor spec-
imens) who had received IL-2 therapy on CWG clin-
ical trials.71 For patients with primary tumor
specimens available for review, the response rate to
IL-2 was 21% (30 of 146) for patients with clear cell
histology primary tumors compared with 6% for
patients with nonclear cell histology (1 responder in
17 patients). Among the patients with clear cell car-
cinoma, response to IL-2 was also associated with
the presence of alveolar features and the absence of
papillary or granular features. The response rate in
patients whose primary tumors had “good” predic-
tive features (eg, more than 50% alveolar and no
granular or papillary features) was 39% (14 of 36). In
addition, patients with primary tumors who
contained “intermediate” predictive features (eg,
alveolar but not papillary features and less than 50%
granular features) had a response rate of 19%
(15 of 77). Patients with tumors who contained
“poor” predictive features (eg, more than 50% gran-
ular or any papillary features) had a response rate of
3% (1 of 33). When this model was then applied to
the 68 patients with specimens from metastatic sites,
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those patients who were treated without resection of
their primary tumors, five tumor responses were seen
in the 20 patients with “good” predictive features,
whereas no tumor responses were seen in the 16
patients in the poor predictive group, thus, support-
ing the validity of the model developed from the pri-
mary kidney tumor specimens. Median survivals for
all patients with clear cell tumors by risk group were
2.87, 1.36, and 0.87 years, respectively (p < .001). As
a result of these data, it may be appropriate for
patients whose primary tumor is of nonclear cell
histology or of clear cell histology but with “poor”
predictive features to forgo IL-2-based treatment
altogether. However, given that even in the most
favorable predictive group more than 50% of patients
failed to respond to IL-2 therapy, additional investi-
gations into tumor-associated predictors of respon-
siveness to IL-2 are necessary.

IMMUNOHISTOCHEMICAL MARKERS

Some investigators have begun to examine tumor
tissue to identify immunohistochemical markers that
might predict the outcomes of patients with RCC.
Carbonic anhydrase IX (CAIX) has been identified
as one potential marker. Bui and colleagues72 used a
monoclonal antibody designed to detect CAIX
expression to perform an immunohistochemical
analysis of paraffin-embedded RCC specimens.
More than 90% of RCC tumors express CAIX, and
expression decreases with advancing stage. High
CAIX expression in primary tumors was seen in
79% of patients and was associated with improved
survival and possibly response to IL-2-based
therapy. In addition, all long-term responders to
IL-2-based treatment had high CAIX expression. In
this study, low CAIX expression was associated with
a worse outcome for patients with locally advanced
RCC and was an independent predictor of outcome
in patients with metastatic disease.

Building on this work, Atkins and colleagues73

performed a nested case-control study within the
larger cohort of patients whose pathology was ana-
lyzed. CAIX expression levels were correlated with
response to IL-2, pathologic risk categorization, and
survival. As in the report by Bui and colleagues72, the
percentage of CAIX-positive tumor cells was used to
separate high (> 85%) and low (< 85%) expressors. In

all, 27 (41%) of 66 selected patients had responded to
IL-2-based regimens, with 20 (30%) remaining alive
at a median follow-up of 2.6 years. In all, 24 (36%),
31 (47%), and 11 (17%) were classified into good-,
intermediate-, and high-risk groups, respectively,
according to the pathology model described above. In
all, 41 specimens (62%) had high CAIX expression.
In all, 21 (78%) of 27 responding patients had high
CAIX expression compared with 20 (51%) of 39 non-
responders (odds ratio = 3.3; p = .04). Median sur-
vivals were 3 years and 1 year for high and low CAIX
expressors, respectively (p = .04). Even though tumor
responses were seen in six patients with low CAIX
staining, survival greater than 5 years was only seen
in the patients with high CAIX-expressing tumors.
High CAIX staining was associated with better
pathology features noted above but remained an inde-
pendent predictor of response. A two-compartment
model was proposed in which one group of patients
with either good pathology or intermediate pathology
and high CAIX expression contained 26 (96%) of 27
responders compared with only 18 (46%) of 39 non-
responders (odds ratio = 30; p < .01). Significant sur-
vival benefit was also seen for this group (p < .01).

The fact that this analysis enriched for respond-
ing patients makes it inappropriate to report
response rates. However, if this model were applied
to an unselected population renal cancer patients
receiving IL-2 therapy, one would estimate that
approximately half of the patients would be in each
risk group and that the response rate would be 35 to
40% for the good-risk group and less than 5% for
the poor-risk group. Although this model and
these assumptions require prospective validation, it
emphasizes the potential for using pathologic and
molecular features of the tumor to identify optimal
patients to receive IL-2 therapy. Additional studies
to explain these preliminary observations and corre-
late results with previously described clinical fea-
tures are necessary.

MOLECULAR MARKERS

Gene expression profiling of tumor specimens to
identify new proteins or patterns of gene expression
that might be associated with IL-2 responsiveness
may eventually help to further narrow the application
of IL-2 therapy to those who will benefit the most.
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Using this approach, Pantuck and colleagues were
able to identify a set of 73 genes whose expression
distinguished complete responders from nonrespon-
ders after IL-2 therapy.74 In their hands, complete
responders to IL-2 have a signature gene and protein
expression pattern that includes CAIX, PTEN, and
CXCR4. Although this approach requires prospective
validation, it may become a powerful aid for clini-
cians in selecting appropriate treatment options.

CURRENT INVESTIGATION

As the list of effective therapies for metastatic RCC
grows, improvements in patient selection will be
necessary to ensure that patients who might attain a
durable remission with IL-2 will not miss this
opportunity. This year, the CWG launched the high-
dose IL-2 “Select” Trial. The primary objective of
this study is to determine, in a prospective fashion,
if the predictive model proposed by Atkins and col-
leagues73 can identify a group of patients with
advanced RCC who are significantly more likely to
respond to high-dose IL-2-based therapy (“good”
risk) than a historical, unselected patient population.
New factors (including baseline immune function,
immunohistochemical markers, and gene expression
patterns) that might be associated with response to
high-dose IL-2 therapy will also be explored in an
attempt to more narrowly limit the application of
IL-2 to those patients most likely to benefit.

Combination of cytokines with targeted ther-
apy may also have merit through additive or syn-
ergistic effects. Bevacizumab and IL-2 are being
combined in an ongoing CWG trial. Preliminary
results suggest that these two agents can be given
safely in combination, but efficacy data is pend-
ing. Sorafenib and IFN have been combined in two
separate single-arm phase II trials.75,76 These trials
reported objective response rates of 18 and 35%.
Toxicity observed was typical of that observed
with each single agent with a notable reduction in
hand foot syndrome compared with sorafenib
monotherapy data. The benefit/toxicity ratio of
this combination regimen awaits further investiga-
tion. In addition, two completed large phase III tri-
als of IFN plus bevacizumab versus IFN alone will
define the activity of this combination regimen
compared with cytokine monotherapy.

INVESTIGATIONAL IMMUNOTHERAPY

Metastatic RCC has long been a testing ground for
novel immunotherapy.77 Several such approaches,
including vaccination and allogeneic bone marrow
transplant, have been tested over the past two
decades. Vaccination therapy has shown generation
of potentially relevant immune responses although
clinical benefits and objective responses have not
been consistently observed.77–82 Allogeneic bone
marrow transplant attempts to induce a graft-versus-
tumor effect in the patient through transfer of sib-
ling’s bone marrow stem cells. Although initial
reports were encouraging, further clinical trials have
emphasized the potential toxicity and limited applic-
ability of this approach.11,12 Active investigation into
immunotherapeutic approaches in metastatic RCC
are still being pursued although it is clear that such
approaches must now be clinically developed
accounting for the clinical effectiveness and wide-
spread use of targeted therapy.

CONCLUSIONS

RCC has long been considered an immunologically
influenced malignancy and thus served as a platform
for the clinical testing of anticancer immunotherapy.
Based upon reported defects in immune function in
RCC, several immunotherapeutic approaches have
been investigated in this disease. The nonspecific
cytokines IL-2 and IFN-α have undergone the most
testing, producing modest benefits for unselected
patients. More significantly, investigations associ-
ated with these trials suggest that the potential exists
for identifying predictors of response (or resistance)
and limiting IL-2 therapy to those most likely to
benefit. When attempting to determine initial
therapy for a patient with metastatic RCC, the data
currently available suggest that patients with good or
intermediate clinical prognostic features, clear cell
histology, and high CAIX expression in their tumors
are more likely to benefit from high-dose IL-2 ther-
apy and should be presented with this treatment
option. Additional immunotherapeutic strategies
have been tested in metastatic RCC, but definitive
evidence of clinical benefit is lacking. It is clear that
further study to optimize the antitumor effect of
immunotherapy in metastatic RCC is needed.
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Angiogenesis has been considered to play a crucial
role in understanding the pathophysiology of cancer
growth in general, and renal cell carcinoma (RCC)
is a unique example of the importance of this hall-
mark of cancer. In the past 20 years, the pathophys-
iology of RCC has been investigated by many
researchers, dissecting the molecular and genetic
pathways of RCC. Investigations into the cancer
biology of RCC, in particular the importance of
angiogenesis in this tumor, have now led to the
development of several molecularly targeted agents
with efficacy in a disease historically resistant to
systemic therapy. This chapter will focus on the
molecular mechanisms of increased angiogenesis in
RCC. Special attention will be given to the activa-
tion of the hypoxia response pathway by mutations
of the von Hippel–Lindau (VHL) tumor suppressor
gene, which results in the transcriptional activation
of a variety of genes important in angiogenesis and
tumor progression, in particular, vascular endothe-
lial growth factor (VEGF) via the hypoxia-
inducible factors (HIF-1α and HIF-2α).

RCC: AN ARCHETYPE LESION FOR
TUMOR ANGIOGENESIS

Renal cell carcinoma, in particular the clear cell his-
tology subtype, almost universally develops highly
vascular features in both the primary and metastatic
sites of disease (Figure 1). This long-held observa-
tion led to the initial suggestion that liberation of an
angiogenic factor may be uniquely correlated with

this disease.1 The highly vascular nature of RCC
lesions makes them more prone to treatment-specific
complications, such as the risk of a bleeding diathe-
sis from surgical resection of the tumor itself or even
anticoagulation (because of its inherent high inci-
dences of venous thrombosis). More recently, how-
ever, this unique characteristic of RCC has launched
an explosion in research aimed at understanding
the genetics and biology of RCC. Most importantly,
the expanded appreciation of the distinctive
biology of RCC tumor angiogenesis has invited the
development of therapeutic agents targeting this
biology from several mechanistic approaches.
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Figure 1. Hypervascularity of renal cell carcinoma (RCC)
tumors. This angiogram acquired before renal mass embolization
shows the highly vascular nature of this right-sided RCC
compared with both the normal right kidney parenchyma and the
left kidney. Rathmell et al.91
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These developments, to be discussed in a later chap-
ter, have led to a revolution in the treatment of RCC.

VHL GENE INACTIVATION IN RCC

Inactivation of the VHL gene was first identified in
association with RCC through linkage studies in
patients with the autosomal dominant VHL syn-
drome, which predisposes to the development of
clear cell type RCC, as well as central nervous sys-
tem hemangioblastoma, retinal angiomas, and
pheochromocytoma.2–7 In sporadic (noninherited)
clear cell RCC, VHL gene allele deletion (loss of het-
erozygosity) has been reported in 84 to 98% of spo-
radic renal tumors, and examination of RCC tumors
for mutation in the remaining VHL allele has been
observed in 34 to 57% of clear cell RCC tumors.4,8–11

VHL gene inactivation in RCC may also occur
through gene silencing by methylation.10–13 Taken
together, the above data suggest that biallelic VHL
gene inactivation occurs in the majority of clear cell
RCC tumors. There is no evidence that nonclear cell
RCC tumors harbor mutations in the VHL gene.14

VHL Activity in Regulating Angiogenesis

The VHL gene encodes a 213 amino acid protein
(pVHL), which plays an integral role in regulating
the normal cellular response to oxygen (O2)

deprivation. In conditions of physiologic O2

availability and normal VHL gene function, pVHL is
the substrate recognition component of an ubiquitin
ligase complex that targets a family of protein tran-
scription factors, the hypoxia-inducible factors
(HIF-1α and HIF-2α) for proteasome-mediated
proteolysis (Figure 2A).15–17 Under conditions of
cellular hypoxia, the pVHL–HIF interaction is dis-
rupted, thus, leading to brisk stabilization of the HIF
transcription factors (Figure 2B). Elevated levels of
the HIF factors can be detected within minutes of a
hypoxic insult, and when O2 levels are restored,
pVHL-mediated HIF degradation clears the tran-
scription factor with similar efficiency, making this
molecular switch an effective method of transducing
a hypoxic event in real time. With defective VHL
gene and protein function, as in the vast majority of
clear cell RCC tumors, the interaction between
pVHL and HIF is disrupted even in the presence of
adequate O2 supplies. In this situation, HIF factors
are never subjected to proteolysis and are thus
constitutively activated (Figure 2B). Activated HIF
translocates into the nucleus and leads to the tran-
scription of a large repertoire hypoxia-inducible
genes.18 Several hypoxia-inducible genes induced by
this process have been identified as critical media-
tors of the tumorigenesis process, perhaps most
notably the VEGF.18
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Figure 2. Von Hippel–Lindau (VHL) pathway of hypoxia-inducible factors (HIF) regulation. A, Von Hippel–Lindau protein (pVHL) targets pro-
line-hydroxylated HIF factors for degradation when oxygen is available. B, In hypoxic conditions or when VHL is absent, HIF escapes
proteolysis and accumulates to high levels and functions to transcriptionally activate a large repertoire of hypoxia response genes, several of
which are critical mediators of angiogenesis. Reproduced with permission from Rathmell and Godley.91
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HIF ACTIVITY IN RCC

HIF-1α and HIF-2α: Transcriptional 
Activators of the Hypoxia Response

A key player in angiogenesis in RCC is the family
of hypoxia-inducible factors, HIF-1α and HIF-2α.
Transcriptionally active HIF is a heterodimeric
transcription factor that is activated by the stabi-
lization of the α-domain subunit of the complex
in response to hypoxia. The β-subunit is also called
the aryl hydrocarbon nuclear transferase (ARNT)
and is a stable and ubiquitously expressed nuclear
protein that participates with either HIF-α subunit
to activate transcription.19–21 When activated, the
HIF complex binds to a conserved hypoxic
response element (5′-RCGTG-3′ ) in the enhancer
regions of hypoxia-responsive genes resulting
in many effects besides angiogenesis, including
cell migration, energy metabolism, transcriptional
and translational regulation, and other processes
integral to survival in a hypoxic environment
(Figure 3).22–25

HIF is a member of the Per-ARNT-Sim (PAS)
family of heterodimeric basic helix-loop-helix tran-
scription factors and consists of an oxygen-sensitive
α-subunit and constitutively expressed β-subunit.26–28

The HIF α-subunits are subdivided into at least
three family members sharing homology including
HIF-1α, HIF-2α, and HIF-3α (The role of HIF-3α is

still being defined and will not be significantly
addressed in the scope of this discussion). HIF-1α has
been found to derive from chromosome14q21–q24,
and the β-subunit is mapped to human chromosome
1q21.24 Although HIF-1α is present throughout many
tissues, the expression of HIF-2α has been more
limited and may be restricted to certain tissues,
including hepatocytes, glial cells, and endothelial
cells.26,29

HIF-1α and HIF-2α: Oxygen-dependent
Regulatory Mechanisms

HIF-α subunits are dependent on the oxidative
state of the cell through an oxygen-dependent post-
transcriptional modification of HIF-α. HIF-α sub-
units have two independent subdomains in the
mid-portion of the molecule termed the oxygen-
dependent degradation domains (ODD), N-ODD
and C-ODD, respectively.27 Moreover, these
domains overlap two transactivation domains
called the NAD and CAD (N- or C-terminal trans-
activation domain, respectively) that show destabi-
lization in normoxia.30–32 Under conditions of
normoxia, a family of iron-dependent prolyl
hydroxylases (PHDs) hydroxylate two key proline
residues in the N-ODD and C-ODD region, Pro402
and Pro564 in HIF-1α and Pro405 and Pro531 in
HIF-2α.33,34 The dominant prolyl hydroxylase
activity has been mapped to the HIF prolyl hydrox-
ylase gene, Egl-9.35,36 Hydroxylation increases the
affinity of HIF-α to the pVHL complex, which
proceeds to undergo proteolysis via the ubiquitin–
proteasome pathway.16,27,37 The activity of the CAD
domain itself is also regulated by oxygen
conditions. In conditions of normoxia, an
asparagine (Asn) residue in the HIF-α subunit
(Asn803 in HIF-1α and Asn851 in HIF-2α)
is hydroxylated by the factor inhibiting HIF-1
(FIH-1) enzyme.27,38 This prevents the binding of
transcriptional co-activators p300 and cAMP
response element–binding protein.39–41 Therefore,
the regulation of HIF is dependent by two oxygen-
dependent mechanisms, Egl-9 and FIH-1. Thus, in
hypoxic conditions, HIF-α proteolysis is inhibited,
and the CAD domain is released from the Asn
hydroxylation permitting activity of the transcrip-
tional unit.
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Figure 3. Hypoxia-inducible factors (HIF) functional domains and
activities. The HIF factors are conventional bHLH/PAS domain tran-
scription factors. The stability of the protein is regulated by proline
residues located in a portion of the N-terminal activation domain
(NAD) subject to oxygen-dependent hydroxylation.The protein has an
additional C-terminal activation domain (CAD), which is further
regulated by posttranslational hydroxylation of a critical asparagines
residue. Stabilization and activation of this transcription factor induce
the transcription of genes involved in mediating multiple aspects of the
cellular response to hypoxia. One particularly critical aspect of this
response is the promotion of angiogenesis.
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HIF-1α and HIF-2α: Roles in Angiogenesis
and Tumor Development

The distinctions between the roles of the two dominant
HIF factors remain an active area of investigation.
The two major HIF proteins have not only different
tissue distributions but also have overlapping, but
not identical, patterns of transcriptional activation
and tumor promotion.42,43 Comparative studies have
shown that although HIF-1α is primarily responsible
for the normal cellular response to hypoxia, HIF-2α
is primarly responsible for the transactivation cyclin
D1, transforming growth factor-α (TGF-α), and
VEGF in the renal tumor setting.44,45

Ultimately, HIF factors along with transcriptional
co-activators function to induce the transcription of a
number of genes involved in promoting endothelial
cell growth in the tumor vicinity. The majority of this
chapter will focus on the activity of HIF at the VEGF
locus leading to the unregulated expression of
VEGF.38,46–48 VEGF performs much of its pro-
angiogenic effect through co-operative mechanisms
involving many other molecules, many of which are
additionally targets of HIF activation. These factors
contributing to renal tumor angiogenesis include
angiopoietin-1 (Ang-1) and angiopoietin-4 (Ang-4),
basic fibroblast growth factor (bFGF), and hepatocyte
growth factor, which are pro-angiogenic factors and
transcriptional target genes of HIF activity.49 Specifi-
cally, the angiopoietins collaborate with VEGF during
angiogenesis, with Ang-1 performing an antiapop-
totic role in vessel development and promoting vessel
stability.50 Angiopoietin-2 (Ang-2), however, antago-
nizes the role of Ang-1, and its expression in the
remaining internal vessels and in the angiogenic ves-
sels at the tumor margin suggests a critical role of this
destabilizing activity in facilitating the formation of
fresh vessel growth promoted by VEGF. Additionally,
erythropoietin is a well-established transcriptional
target of HIF activation and accounts for the parane-
oplastic polycythemia observed in RCC.22,51,52 In
addition to stimulating erythroid progenitor differenti-
ation, the erythropoietin receptor is also found in the
endothelial cells, and engagement of the receptor by
erythropoietin can promote endothelial cell growth
and vessel migration.53,54

Tumor vasculature is composed of a tubular
structure lined by endothelial cells, which form the

primary barrier between blood components and
tissues. This endothelial lining is maintained by sup-
porting cells, called pericytes, which provide the
structural integrity of the vessel, mediate the perme-
ability of the vessel, and provide critical survival
signals essential to maintain the endothelial network.
Although the leading edge of an angiogenic sprout is
purely endothelial, the growth and proliferation
of pericytes must extend along a newly formed vessel
to maintain the structure of the vessel, provide a barrier
to leakage, and afford the vascular tension necessary
in a functioning vessel. This complex process
requires the coordinated involvement of many
secreted factors to complete the essential steps of
endothelial cell stimulation and recruitment
(mediated by VEGF signaling), pericyte recruitment
(dependent on a titrated balance of Ang-1 and 
Ang-2, as well as platelet-derived growth factor
receptor (PDGF-R) activation on the pericytes them-
selves), and capillary wall remodeling (also primar-
ily mediated by VEGF signaling).

During the initial growth in angiogenesis, vessels
dilate and become more permeable in response to
VEGF, which must overcome the antagonistic effects
of Ang-1 and the junctional molecules VE cadherin
and platelet endothelial cell adhesion molecules. 
Ang-2 and proteinases mediate dissolution of the
existing basement membrane and the interstitial
matrix.55 Matrix metalloproteinases (MMPs) have
received a new focus on their importance in this
process, especially in pericyte recruitment. MMPs
have been shown to directly promote pericyte invasion
by extracellular matrix degradation, stimulation of
pericyte proliferation and protection against apoptosis,
activation of pericytes through the release of growth
factor bound to the extracellular matrix, and propaga-
tion of angiogenic signaling as a cofactor.56 Moreover,
other factors are also pivotal in this process. PDGF-B
has been found to recruit smooth muscle cells, and
TGF-b1 and Ang-1/Tie2 have been noted to stabilize
the interaction between endothelial and smooth mus-
cle cells. In addition, VEGF, Ang-1, and bFGF all have
roles that are important for endothelial survival.55

These events occur in an ordered and synchronized
manner in normal tissue angiogenesis. However, in
tumors, and in particular RCC, these events are
disorganized and result in the formation of a chaotic
tumor vasculature with highly permeable vessels
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because of failed capillary wall fusion, haphazard
endothelial branches, dilated caliber vessels, and
areas of disorganized pericyte participation.

ALTERNATIVE MECHANISMS OF HIF 
ACTIVATION IN RCC

Although one would assume that the loss of VHL is
the sole cause of angiogenesis in RCC, newer data is
showing that there are multiple mechanisms, which
could lead to the highly vascular characteristics of
RCC. HIF upregulation may, in fact, be a central
event in the tumorigenesis of all RCC subtypes
(Figure 4). An additional familial syndrome that
includes development of clear cell RCC as a compo-
nent of its spectrum is tuberous sclerosis.57 Mutation
in either of the genes that contribute to tuberous
sclerosis (TSC-1 or TSC-2) promotes the development
of clear cell RCC albeit with low penetrance.
Nonetheless, one effect of loss of TSC-1 or TSC-2 is
the disruption of the complex of these two proteins
and release of the inhibition of the mammalian
target of rapamycin (mTOR), an important regulator
of HIF-1α protein synthesis. The end effect is an
increase in HIF-1α in affected cells and renal
tumors.58–61 This important observation has led to
the development of inhibitors of mTOR as potentially
valuable therapeutic agents in RCC as is discussed
in a subsequent chapter.

Further, Kim and colleagues62 studied HIF
expression in small renal cortical tumors from
patients with a variety of familial forms of RCC.

Chromophobe and chromophobe/oncocytic
tumors from Birt–Hogg–Dube (BHD) syndrome
(patients with germline mutation in the BHD
gene) displayed consistent, strong HIF-2α expres-
sion, and many people also reported increased
expression of HIF-1α. Type 1 papillary tumors
from patients with germline activating muta-
tions of the MET oncogene additionally displayed
HIF-2α expression in roughly half of cases, with a
further half of these tumors also showing HIF-1α
expression. The findings in type 1 papillary
tumors are complemented by findings from Toro
and colleagues63 regarding type 2 papillary tumors
with mutation in fumarate hydratase. Loss of func-
tional fumarate hydratase leads to accumulation of
fumarate in the cell, which triggers the inhibition
of PHD enzymatic activity, thus, preventing
pVHL-mediated degradation of HIF-α.64 As
expected, clear cell tumors from patients with
germline VHL mutation showed consistent and
simultaneous expression of HIF-1α and HIF-2α. 

VEGF: BASIC PRINCIPLES

VEGF Activities Promoting Angiogenesis

The above data provide compelling evidence for VHL
gene inactivation in the majority of clear cell RCC
tumors leading to overexpression of VEGF and other
factors as a driving force in renal tumor angiogenesis.
In 1948, Michaelson65 reported on the finding of a sol-
uble “angiogenic factor X” that could promote the
growth of vessels in the developing retina. In his
seminal observation, regional tissues liberated a sub-
stance that promoted the expansion of existing blood
vessel networks (angiogenesis), supported the forma-
tion of new vessels (neovascularization), and directed
this process along a substrate gradient to reach a
region in need of vascular supply. The angiogenic fac-
tor identified promoting this process is VEGF.

VEGF is also referred to as VPF (vascular per-
meability factor) and functions as a critical regulator
of endothelial cell physiology. VEGF was identified
in 1989 as a secreted mitogen of endothelial
growth.66,67 This secreted ligand has attracted major
attention as the dominant factor regulating angio-
genesis in both normal development and tumor
growth. This factor exerts its mitogenic growth
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Figure 4. Genetic mechanisms of hypoxia-inducible factors (HIF)
activation in renal cell carcinoma (RCC). In heritable forms of renal
cell carcinoma, multiple genetic events converge in function to cause
increased levels of HIF factors. Reprinted with permission from
Rathmell, et al.92
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promoting influence not on the tumor cells
themselves (except in rare circumstances) but
instead on the vascular endothelial cells, promoting
both proliferation and new vessel formation. In
addition to effects on proliferation, the activity of
VEGF in promoting angiogenesis includes stimulat-
ing endothelial cell migration. This secreted ligand
has many functions. It initiates endothelial destabi-
lization, which results in increased permeability.
Moreover, it allows endothelial cells to proliferate
and migrate, or sprout, toward a localized focus of
VEGF production (Figure 5). This mitogenic
ligand–mediated response occurs in many physio-
logical processes in which expansion of blood and
nutrient delivery are necessary, including develop-
ment, wound healing, maternal–fetal placenta for-
mation, and uterine decidua formation, as well as
pathologic processes such as diabetic retinopathy,
tissue recovery from ischemic insult, and cancer.

In the development of cancer, because oxygen
diffusion is limited to little more than 1 mm of tissue
penetration, collections of cancer cells any larger
than this must recruit and acquire the means of
delivering oxygen and nutrients to deeper layers, and

HIF factor stabilization plays a critical role in
promoting this process (Figure 6A). In the context of
RCC, normoxic HIF activation is a central tenet of
the tumorigenesis process of this tumor; thus,
endothelial cell recruitment and vascularization are
promoted throughout the tumor without the usual
hypoxia directive (Figure 6B). The process of renal
tumor angiogenesis, like other processes that integrate
endothelial cell vascular network expansion, is
dependent on secreted VEGF to promote existing
vessel ingrowth into the tumor, as well as potentially
neovascularization.

Like enhanced cellular proliferation, evasion of
cell death, independence from growth factor require-
ment, insensitivity to antigrowth signals, and tissue
invasion, the ability of a tumor to promote its own
angiogenesis is one of the critical hallmarks of can-
cer.68 Because of the importance of VEGF in this
critical role, it has become a central player in the
arena of targeted drug development for many tumors,
particularly RCC. For years, the influence of angio-
genesis and the impact on oxygen and nutrient deliv-
ery to rapidly growing tumors has been a basic factor
of tumor biology as it impacts such key clinically rel-
evant factors such as drug delivery, surgical resection
strategies, and sensitivity to radiation therapy.

VEGF: Protein Structure and Isoforms

VEGF actually refers to a family of related peptides,
each with restricted tissue expression and receptor
specificity. VEGF-A is structurally related to the
platelet-derived growth factor family, sharing
homology with both PDGF-A and PDGF-B. The
original VEGF-A was identified as a secreted pep-
tide from bovine pituitary follicular cells as a 45 kD
protein although the apparent molecular mass is
approximately 20 kD under reducing conditions.69

A. VHL wt Tumor

B. VHL mutant tumor

HIF�

HIF�

O2

Figure 6. Vascular endothelial growth factor (VEGF) activities in
angiogenesis. VEGF-A promotes several diverse effects on vascular
development including increased proliferation, migration, and effects
on vessel permeability.

Figure 5. Hypoxia-inducible factors (HIF)-mediated promotion
of tumor angiogenesis. A, During periods of cellular growth, local
areas of regional hypoxia cause cellular upregulation of HIF fac-
tors. As HIF factors accumulate, they induce the expression of
genes such as vascular endothelial growth factor (VEGF), which
promotes angiogenesis into the affected areas. Upon revascular-
ization of these areas and the return of access to oxygen sup-
plies, HIF factors are destabilized and angiogenic factors decline.
In this setting, HIF factors play a role in promoting vascularization
of tumor tissue in areas of regional hypoxia, permitting continued
growth. B, In renal cell carcinoma (RCC), HIF activation occurs
independently of oxygen levels providing a constant stimulus for
tumor-related angiogenesis.

Endothelial Cell Proliferation

Endothelial PermeabilityVEGFA

Endothelial Cell Migration
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distinct roles in vascular patterning and arterial
development. Related family members, VEGF-B,
VEGF-C, and VEGF-D, interact with a similar group
of related receptors and are primarily involved in lym-
phatic vessel development.75,76 Although investiga-
tions continue to examine potential activities of these
proteins in tumor biology, a definitive role for these
related proteins in tumor development or mainte-
nance has not been conclusively reported.

VEGF REGULATION IN RCC

Cellular Sources of VEGF

Outside of RCC, VEGF is primarily produced and
secreted by fibroblast cells. Primary evidence for
this was provided by an elegant experiment per-
formed by Fukumura and colleagues77 in which a
line of transgenic mice was established expressing
the green fluorescent protein (GFP) under the con-
trol of the VEGF promoter. The mice showed GFP
expression around healing wound margins and in the
granulation tissue of superficial wounds. Solid
tumors implanted in the transgenic mice led to the
accumulation of GFP expression around the tumor
resulting from induction of host VEGF promoter
activity, and with time, the fluorescent cells could be
seen throughout the tumor mass. In both implanted
tumor and spontaneous tumor models in this system,
GFP expression remained primarily limited to stro-
mal cells or fibroblasts. In this investigation limited
to transcriptionally affected VEGF regulation, for
the first time, the cells that initiate and direct vessel
formation were identified in a visual way.

In RCC, VEGF is produced by the tumor cells,
with its effects on local tumor vascular components.
Additionally, increased levels of VEGF can be
observed to be generally higher in the serum of
patients with RCC suggesting that the effects of
VEGF expression by the tumor may be more wide-
spread.78 Much of what we understand about tumor
angiogenesis comes from the studies of solid tumors
with regional areas of hypoxia; therefore, RCC
provides a unique clinical and biologic situation in
which the hypoxic repertoire and pro-angiogenic
factors, in particular, are highly upregulated even in
the presence of oxygen.

Figure 7. Vascular endothelial growth factor (VEGF) isoforms.
The VEGF-A gene locus is composed of eight exons, which are
spliced differentially to form various isoforms that differ in receptor
binding affinity, secreted volume of distribution, and activity at
the receptors.

VEGF Exons 1– 5
VEGF gene

VEGF 165

VEGF 121

VEGF 189

VEGF 145

VEGF165b

Exon 6

116

Exon 7 Exon 8

The active portion of the protein is a 26 amino acid
signal sequence at the amino terminus of the multi-
ple isoforms of the protein that were eventually
identified.

The VEGF-A gene is located at 6p21.3.70 A pro-
angiogenic gene transcript was cloned by Leung and
colleagues,66 identifying the first of a family of iso-
forms encoding the primary protein of 165 amino
acids (VEGF165). Human VEGF-A has at least nine
isoforms subtypes because of the alternative splic-
ing of a single gene (Figure 7).71 In addition to
VEGF165, these include two common 121 amino
acid (VEGF121) and 189 amino acid (VEGF189)
forms, these latter two isoforms result from a dele-
tion of 44 amino acids and insertion of 24 amino
acids at residue 116, respectively. A 145 amino acid
isoform (VEGF145) was identified that lacked exon
7 by Poltorak and colleagues72 in carcinoma cell lines.
The various isoforms all arise from one 8-exon gene
through alternative splicing.73

The activity of the various isoforms continues
to be an area of active investigation. Each of the
VEGF-A isoforms has affinity for the primary VEGF
receptors, VEGFR-1 and VEGFR-2 (Figure 8).
Certain isoforms act in a dominant negative fashion,
for example VEGF165b. This isoform binds to
VEGFR-2 with the same affinity as VEGF165 but
fails to activate the downstream signaling pathways.74

Additionally, support from a variety of murine
models suggests that the various isoforms play
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VEGF: Transcriptional Regulation

Inappropriate activation of the hypoxia response
pathway, as discussed previously via VHL mutation
and HIF factor transcriptional activation, is a major
mechanism of VEGF transcriptional regulation in
RCC.79,80 On the basis of nuclear run-off transcrip-
tional assays, the transcriptional rate for VEGF is
increased 2- to 3-fold by hypoxia.81 Interestingly, an
analysis of HIF-1α versus HIF-2α activity in the
transcriptional regulation of VEGF: HIF-1α
appeared to be the major contributor to VEGF
upregulation in response to a hypoxic stimulus and
HIF-2α provided the dominant transcriptional
activation of VEGF when the expression was medi-
ated by VHL loss. This remains an active area of
investigation and is clearly an important contributor
to the highly angiogenic nature of RCC.

VEGF Receptor Activation

The secreted VEGF protein is a potent mitogen of
capillary and vascular endothelial cells.66,69 It is,
perhaps, the only chemokine with direct activity
to stimulate proliferation of endothelial cells, pro-
moted through binding and dimerization of cell

surface transmembrane receptors. The receptors that
bind VEGF-A are mainly classified into FLT1
(VEGFR-1) and KDR/FLK1 (VEGFR-2). These
receptors are only present on the endothelial cells,
and the evidence suggests that the isoforms of
VEGF compete for binding on the receptor. Specif-
ically, VEGF145, the major tumor-associated iso-
form, will inhibit the binding of VEGF165 to the
KDR/FLK1 receptor. Both VEGF145 and VEGF189
will bind efficiently to the extracellular matrix and
thus spatially fixing them as chemokines to direct
vessel formation. As an elegant demonstration of the
pro-angiogenic activity of VEGF145, Poltorak and
colleagues72 injected purified VEGF145 into mouse
skin showing that this protein acting alone can
induce angiogenesis. When nonproliferating
endothelial cells in culture are deprived of oxygen
and nutrients, VEGF acts independently of its mito-
genic activity to stimulate elongation, network
formation, and branching morphogenesis.82 In solid
tumors that are exposed to chronic or intermittent
hypoxic conditions, Helmlinger proposed that
autocrine endothelial VEGF production contributes
to the formation of tumor blood vessels and pro-
motes tumor growth. Investigations of oxygen
gradients of tissue and cell culture have shown the

VEGF-B VEGF-E

VEGFR1
(Flt-1)

VEGFR2
(Flk-1/FDR)

VEGFR3
(Flt-4)

Vasculognesis

Angiogenesis

Lymphangiogenesis

VEGF-D
VEGF-C

VEGF-A121
VEGF-A145
VEGF-A165
VEGF-A189

Figure 8. Vascular endothelial growth factor (VEGF): receptor interactions. VEGFR-1 and VEGFR-2 are the primary VEGF receptors medi-
ating the effects of angiogenesis. These are engaged by specific isoforms of VEGF-A, whereas other variants of VEGF display differential
affinities for the different VEGF receptors and are primarily involved in the development of the lymphatic system.
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induction of a VEGF gradient, followed by estab-
lishment of new vascular networks. The addition of
an antiVEGF neutralizing antibody abolished vascu-
lar network formation, thus, establishing the role of
this important protein in network formation.82

In addition to its role as a mitogen and
chemokine, the VEGF family regulates the perme-
ability of both mature and developing vessels.83–88

VEGF increases the permeability of endothelial
cells in a dose-dependent manner. These activities
are additionally mediated through interactions with
the FLT1 and KDR/FLK1 receptor family. Receptor
activation and signal transduction via the phospho-
inosital-3-kinase (PI-3 kinase) signaling cascade
were required for the permeablization of these cells
as inhibitors of PI-3 kinase and mitogen-activated
protein kinase both were inhibitory of this process in
vitro.89 Microvessel hyperpermeability is the critical
step for the abnormal transport of molecules and
cells across the blood vessel wall and therefore is the
crucial step for many diseases including tumor
growth and metastasis.90 Understanding the mecha-
nisms of microvessel hyperpermeability from vari-
ous approaches is important in combating these
malignant diseases.

SUMMARY: RCC AS A PROTOTYPICAL
MODEL FOR BIOLOGY-DRIVEN
THERAPEUTIC DEVELOPMENT

Renal cell carcinoma presents a unique clinical
setting in which a tumor type nearly universally
usurps a pro-angiogenic cellular homeostatic mecha-
nism. Through mutations in VHL or other genetic
events that result in the dysregulated expression of
the hypoxia-inducible transcription factors HIF-1α
and/or HIF-2α, a large cohort of hypoxia-responsive
genes is induced, including VEGF as one of the clas-
sic transcriptional targets.80 Cell culture model sys-
tems of RCC have shown a direct link between VHL
mutation and upregulation of VEGF. RCC cells in
which VHL is mutated express abundant levels of
VEGF mRNA and protein, and reconstitution of these
cells with a wild type VHL cDNA restores predicted
patterns of VEGF hypoxia-responsive regulation.18

Thus, increased expression of VEGF and the conse-
quences of that increased expression are expected and

predictable events in the development of most RCC.
Furthermore, with the development of effective
agents targeting the angiogenesis signaling pathway,
inhibition of VEGF has been aggressively pursued as
a therapeutic target in RCC.
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As described elsewhere, the biology of renal cell
carcinoma (RCC) leads to overexpression of vascular
endothelial growth factor (VEGF). As such,
approaches to block the signaling of this most potent
proangiogenic protein have emerged. Methods to
neutralize the circulating VEGF protein through
an antibody or aptamer have undergone clinical testing
in RCC.

VEGF

The molecular underpinnings of RCC tumorigenesis
suggest that the vascularity of these tumors provides
a provocative target for therapy. New vessel formation
is an important factor in development and wound
healing, in the mature animal, the formation of new
vessels is an event essentially relegated to pathologic
conditions, and thus is an attractive mechanism to dis-
rupt. Cancer cells in general require access to blood
vessels for continued growth and the establishment of
further metastatic sites. To obtain nutrients for their
growth, cancer cells co-opt host vessels, sprout new
vessels from existing ones, and/or recruit endothelial
cells from the bone marrow.1 This process is further

15a
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deranged by the absence of functional hypoxia
signaling in RCC and instead the unregulated consti-
tutive activation of the hypoxia response even with
immediately available oxygen. In addition, the vascu-
lature formed by this aberrant developmental process
is structurally and functionally abnormal, typically
dilated, and highly permeable with global disorganiza-
tion. Therefore, this unique vasculature may provide a
unique target for inhibitory therapy.2

A large amount of data has supported the impor-
tance of VEGF and its cognate receptors in tumor
angiogenesis. VEGF is elevated in the serum of patients
with nonsmall cell lung, colorectal, breast, ovarian,
uterine, and RCC.3–8 As detailed in Chapter 14, a variety
of mechanisms account for the increase in VEGF,
with activation of the hypoxic response pathway via
the transcription factors hypoxia-inducible factor
1 (HIF1α) and HIF2α as the classic mechanism of
tumor-specific dysregulation.

RCC presents a unique clinical setting in which a
tumor type nearly universally usurps a proangio-
genic cellular homeostatic mechanism. Through
mutations in VHL and the subsequent dysregulated
expression of the hypoxia-inducible transcription
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factors HIF1α and/or HIF2α, a large cohort of
hypoxia-responsive genes is induced, including
VEGF as one of the classic transcriptional targets.9

Additionally, RCC cells in which VHL is mutant
express abundant levels of VEGF messenger RNA
(mRNA) and protein, and reconstitution of these
cells with a wild-type VHL complementary DNA
restores predicted patterns of VEGF hypoxia-
responsive regulation.10 Thus, increased expression
of VEGF and the consequences of that increased
expression are expected and predictable events in
the development of most RCC.

CLINICAL APPROACHES TO VEGF
LIGAND IN RCC

Anti-VEGF Antibody (Bevacizumab)

A recombinant humanized monoclonal antibody
against VEGF (rhuMAb VEGF, bevacizumab,
Avastin®; Genentech, South San Francisco, CA)
binds and neutralizes all biological active isoforms

of VEGF (also known as VEGF-A), but not other
members of the VEGF family, such as VEGF-B,
VEGF-C, and VEGF-D.11 The antibody was
engineered by combining VEGF-binding residues
from the antigen-binding loops of a murine-
neutralizing antibody with the framework of a
human immunoglobulin G (IgG1).11 This humanized
antibody implies the minimum mouse part from a
specific murine antibody is engineered onto a
human antibody; generally humanized antibodies
are 5 to 10% mouse and 90 to 95% human and
generally encounter minimal, if any, host immune
response (Figure 1). Results from clinical studies
have also shown a rise in serum concentrations of
endogenous VEGF over baseline after single and
multiple intravenous (IV) administration(s) of
bevacizumab at doses > 1 mg/kg.12 The binding of
this antibody to circulating human VEGF results in
decreased clearance of the protein overall, which
may account in part for the rise in serum levels.13

Thus, the neutralizing activity is not mediating
clearance of the protein, but rather the available
protein is unable to engage the cognate receptors.

Human CDR
residues

Human
FR-1

FR-1

CDR-1

CDR-1

CDR-3

FR-2

SDRs

FR-3

FR-4

Murine Ab
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Figure 1. Schematic representation of the humanization protocols of the variable light (VL) region of an antibody, show-
ing the VL region of a murine, complementarity-determining region (CDR)–grafted, “abbreviated” CDR-grafted, and speci-
ficity-determining residue–grafted humanized antibody. Reproduced with permission from Kashmiri et al.36
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In vitro studies have demonstrated that beva-
cizumab causes decreased survival of human vascular
endothelial cells (HUVEC) and decreases VEGF-
induced HUVEC permeability.14 This humanized anti-
body was demonstrated to inhibit bovine capillary
endothelial cell proliferation in response to VEGF and
has showed antitumor effects in sarcoma and breast
cancer cell lines.11 In addition, preclinical studies have
shown that bevacizumab has activity against metas-
tases.15 For example, the murine antibody (A4.6.1),
from which the humanized antibody was derived, pre-
vented lung metastases from Wilms tumors implanted
into kidneys of nude mice.16 In a study of human rec-
tal cancer, a single infusion of bevacizumab was asso-
ciated with decreased microvessel density, tumor
perfusion, vascular volume, and interstitial fluid
pressure.17

Bevacizumab in metastatic RCC was initially
investigated in a randomized phase 2 trial in which
116 patients with treatment-refractory, metastatic
clear cell RCC were randomized to receive placebo,
low-dose (3 mg/kg) bevacizumab, or high-dose
(10 mg/kg) bevacizumab every 2 weeks.18 There
were four objective partial responses (10%) in the
high-dose bevacizumab arm. A substantial proportion

of additional patients had tumor shrinkage not meeting
objective response criteria, and the strict progression
criteria resulted in several patients declared as disease
progression with a lower total tumor burden than
baseline. The effect of treatment on individual
patients tumor burden represented graphically
demonstrates that response occurs in the first cycles
of administration followed generally by a period of
disease stability.19 The overall antitumor effect lead
to a significant prolongation of time to progression
in the high-dose bevacizumab arm compared with
placebo (4.8 vs 2.5 months; p < .001).

The toxicity associated with neutralizing the activ-
ity of this critical signaling molecule has been thus far
predictable and manageable. In the high-dose beva-
cizumab arm, hypertension of any grade occurred in
36% of patients, and grade 3 hypertension was
observed in 21% of patients. Hypertension mecha-
nism is not well described and is generally managed
with standard antihypertensives of a variety of mech-
anisms. Asymptomatic proteinuria without renal
insufficiency was also observed in 64% of patients.
These toxic effects were reversible with cessation of
therapy. Preclinical studies show that VEGF main-
tains tumor vessel morphology even in established
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Figure 2. Total measured tumor burdens (sum of products of perpendicular diameters) depicted as per-
centage of baseline burden for each patient with metastatic renal cancer during treatment with either placebo,
3 mg/kg of bevacizumab, or 10 mg/kg of bevacizumab. Reproduced with permission from Yang.19
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vascularized tumors, prompting a rationale for patients
to continue receiving anti-VEGF therapy.20 Follow-up
from the above trial demonstrated four patients who
have continued with therapy without progression for
3 to 5 years.19 Toxic effects in these patients were lim-
ited to proteinuria with normal renal function.

A further concerning toxicity is the increased
risk for life-threatening bleeding for patients receiv-
ing bevacizumab. The destabilizing effect on abnor-
mal vasculature and probable impacts on wound
healing have provoked minor restrictions on the use
of this drug. This is seen in the increased rate of
epistaxis observed in all studies using bevacizumab.
Life-threatening bleeding has to date not been asso-
ciated with the use of this drug in RCC specifically.
However, it requires careful consideration for
patients requiring therapeutic anticoagulation or
planned surgical procedures. Because the half-life of
bevacizumab is approximately 20 days, advanced
preparation is required before anticipated surgical
procedures. Further, as angiogenesis is implicated in
would healing, delay in restarting bevacizumab after
major surgical procedures is warranted.

Bevacizumab has been further investigated in
RCC in combination with an antiepidermal growth
factor receptor (EGFR) strategy. Preclinical investi-
gation in human RCC xenograft models of beva-
cizumab and erlotinib, a small molecule EGFR
inhibitor, has demonstrated a potential benefit of
combination therapy on tumor growth inhibition.21

A clinical trial in metastatic RCC with bevacizumab,
10 mg/kg intravenously every 2 weeks, in combination
with erlotinib, 150 mg/d, reported a 25% partial
response rate.22 However, recent findings from a
randomized, multicenter, double-blind phase 2 trial
further evaluating bevacizumab with or without
erlotinib as first-line therapy for metastatic RCC
showed that patients in both arms had similar pro-
gression-free survival (PFS) and response rates. The
bevacizumab monotherapy arm demonstrated a 14%
objective response rate and an 8.5 median PFS.
These data suggest that erlotinib does not add to the
efficacy of bevacizumab, and perhaps that the
single-agent activity of bevacizumab had been
underestimated in the previous trial.

Two phase 3 trials have investigated the addi-
tion of bevacizumab to an initial systemic therapy,
interferon-α, in RCC.23 In a CALGB trial, patients

with metastatic clear cell RCC without prior
systemic therapy were randomized to either low-
dose interferon-α 2b (Intron A, Schering-Plough,
Kenilworth, NJ), 9 MU subcutaneously three
times weekly, or the same dose and schedule of
interferon-α 2b in combination with bevacizumab,
10 mg/kg intravenously every 2 weeks. The primary
end point of the trial is overall survival, designed to
detect an improvement in median survival from
13 months for interferon-α alone to 17 months for
the combination. Results from this and an identical
European trial demonstrated a prolonged PFS in
the bevacizumab-containing arm (Table 1).24 Impor-
tantly, this trial collected baseline tumor samples
from the vast majority of patients. Analysis of tumor
genomic changes (eg, VHL status) and RNA/protein
expression is planned and will be associated with
clinical outcome. Such an analysis is vital to further
understand the molecular features of tumors that
make them respond to a specific therapeutic target-
ing approach.

Combination studies are also evaluating the
feasibility of combining bevacizumab with an
inhibitor of the tyrosine kinase portion of the VEGF
receptor, sorafenib (Nexavar®, Bayer Pharmaceuticals,
West Haven, CT, and Onyx Pharmaceuticals, Rich-
mond, CA). The rationale for this type of vertical
inhibition of the VEGF axis is more complete VEGF
blockade. Two separate trials are underway.27 Prelimi-
nary results suggest that less than full monotherapy
doses are tolerable with notable hand foot syndrome
and hypertension limiting dose escalation. Other toxi-
cities include fatigue, diarrhea, elevated lipase levels,
proteinuria, and thrombocytopenia. Two phase 1 trials
of bevacizumab in combination with another VEGF
receptor (VEGFR) inhibitor, sunitinib malate (Sutent®,
Pfizer Inc, New York, NY), are also underway.

VEGF-Trap

VEGF-Trap (Regeneron Pharmaceuticals, Tarrytown,
NY and Sanofi-Aventis, Bridgewater, NJ) is a fusion
protein composed of the human VEGFR-1 (Flt-1)
extracellular immunoglobulin (Ig) domain 2, and the
VEGFR-2 (KDR) extracellular Ig domain 3 fused to
human IgG1 Fc molecule (Figure 3).28 VEGF-Trap
thus acts as a soluble decoy receptor to bind VEGF
and disrupt subsequent VEGF signaling. VEGF-Trap
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binds to VEGF with great affinity (Kd ≈ 1 pM). This
molecular approach thus neutralizes all forms of
VEGF. VEGF-Trap also binds another angiogenic
protein, placental growth factor. In cultured endothe-
lial cell assays, VEGF-Trap has demonstrated inhibi-
tion of VEGF-induced VEGFR-2 phosphorylation
and endothelial cell proliferation. In xenograft mod-
els, VEGF-Trap–treated mice exhibited significant
inhibition of tumor growth and tumor-associated
angiogenesis in implanted rat C6 glioma, human
A673 rhabdomyosarcoma, and mouse B16 melanoma
tumors compared with vehicle-treated controls.28,29

A murine xenograft model using human Wilms tumor
cell line derived from embryonic renal cells (SK-
NEP-1 cells) demonstrated involution of existing
mature vasculature and apoptosis of endothelial cells
coincident with regression of established tumors after
VEGF-Trap treatment.30 A significant regression of
established tumors was demonstrated in VEGF-Trap
treated animals (mean tumor weight decreased by
79.3% by day 36; p < .0002).

Two phase 1 studies with VEGF-Trap have
been reported in patients with refractory solid
tumors. In the first trial, 38 patients, including nine
patients with metastatic RCC, received subcuta-
neous dose(s) of VEGF-Trap followed 4 weeks
later by 6 weekly injections (escalating dose levels

of 0.025, 0.05, 0.1, 0.2, 0.4, and 0.8 mg/kg) or
6 twice weekly (0.8 mg/kg) injections.31 Drug-
related grade 3 adverse events included hyperten-
sion and proteinuria, strongly suggesting these
toxicities reflect a class effect of VEGF neutraliza-
tion. No anti–VEGF-Trap antibodies were
detected. Although no objective responses have
been observed in this trial, 14 of 24 assessable
patients, including five of six patients at the high-
est dose level, have maintained stable disease for
10 weeks.

In the second trial, 30 patients have been treated
with intravenous VEGF-Trap every 2 weeks at
one of five dose levels (0.3, 1.0, 2.0, 3.0, and
4.0 mg/kg).32,33 Drug-related grade 3 adverse events
included arthralgia and fatigue. One patient with
metastatic RCC has maintained stable disease for
more than 11 months (at the 1.0 mg/kg dose level).
Vascular imaging with dynamic contrast-enhanced
magnetic resonance imaging performed at baseline
and after 24 hours indicated effects on tumor perfusion
at higher dose levels (≥ 2.0 mg/kg). Complete bind-
ing of circulating VEGF was documented at higher
dose levels (≥ 2.0 mg/kg). Further investigation is
ongoing via a cooperative group trial that random-
izes metastatic patients with RCC who have failed
one prior tyrosine kinase inhibitor (eg, sunitinib,
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Figure 3. Vascular endothelial growth factor (VEGF)-Trap structure. VEGF-Trap is a fusion protein
comprised of the human VEGF receptor VEGFR-1 (Flt-1), extracellular immunoglobulin (Ig) domain 2,
and the VEGFR-2 (KDR) extracellular Ig domain 3 fused to human IgG1 Fc molecule.

Chapter-15a.qxd  12/30/08  1:50 PM  Page 207



208 RENAL CELL CARCINOMA

sorafenib) to 1 mg/kg or 4 mg/kg IV every 2 weeks.
There is cross over at progression for the low-dose
group to high-dose therapy with the primary end
point of PFS at 8 weeks.

VEGF Antisense

Although not a VEGF ligand-binding approach,
VEGF antisense aims to reduce VEGF levels and
has been tested in RCC. This molecule is a 21-mer
antisense oligonucleotide that targets the coding
region of VEGF mRNA and thus reduces VEGF-A
(and some VEGF-C, VEGF-D) levels. A phase I trial
of 51 patients (including 7 patients with RCC) of
VEGF antisense IV every day × 5, repeated every
other week from 15 mg/m2 to 250 mg/m2 was con-
ducted.34 VEGF levels decreased by a median of
33% and VEGF-C levels by 11%. There was a
greater decline at higher doses and in patients with
RCC. No obvious clinical activity in RCC was
reported. Further investigation is ongoing.

FUTURE DIRECTIONS

Several ongoing clinical trials with VEGF binding
strategies have been described above, which will fur-
ther define the activity of this approach as
monotherapy and combination therapy in metastatic
RCC. As the clinical development of these active
agents has far outpaced the ability to study them in
preclinical models and/or with correlative studies,
the understanding of the exact antitumor mecha-
nism(s) is imprecise. It is believed that inhibition of

VEGF results in decreased angiogenesis, ie, reduc-
ing the growth of new blood vessels to prevent
tumor growth, yet the sometimes dramatic tumor
shrinkage observed may imply an additional effect
on the tumor cell itself. In addition, the effect of
these agents on existing blood vessel function and
mechanism(s) of toxicity are not well characterized.
Additional translational studies involving blood and
tissue-based correlates, along with functional imag-
ing of tumor blood flow, is needed.

CONCLUSIONS

VHL gene inactivation is a frequent event in clear cell
RCC, leading indirectly to overexpression of VEGF.
Strategies to bind or neutralize the VEGF protein have
undergone investigation in metastatic RCC. These
strategies target the secreted ligand itself, removing
the source of receptor activation to effectively inhibit
this pathway of angiogenesis signal transduction
(Figure 4). These approaches differ substantially from
the therapeutic approaches, which target the activation
of specific cell surface receptors and although the
drugs function as a class of agents, the molecular sig-
nature of upstream versus downstream signaling
strategies will be distinct. These differences will be of
further clinical importance as the sequential and com-
bination treatment strategies move to the forefront in
RCC. Bevacizumab has demonstrated prolongation of
time to progression versus placebo and continues to be
investigated in multiple RCC settings. VEGF-Trap is a
distinct VEGF-binding molecule with evidence of
effects on vasculature leading to tumor regression.

Table 1. DATA FROM KEY TRIALS OF BEVACIZUMAB IN METASTATIC

RENAL CELL CARCINOMA

Study Design/Patient Number of PFS 
Agent/Study Population Patients (months)* ORR

Bevacizumab (VEGF ligand-binding antibody)

Bevacizumab vs Randomized phase II 116 4.8 vs 2.5 10 vs 0%
placebo18 in cytokine-refractory

Bevacizumab vs Randomized phase II 104 8.5 vs 9.9 13 vs 14%
bevacizumab in previously untreated
+ erlotinib35

Bevacizumab Randomized phase III 638 10.2 vs 5.4 31 vs 13%
+ IFNA vs IFNA24 in previously untreated

Bevacizumab Randomized phase III 732 8.5 vs 5.2 26 vs 13%
+ IFNA vs IFNA23 in previously untreated

IFN = interferon; ORR = ; VEGF = vascular endothelial growth factor; PFS = progression-free survival; RCC = renal cell carcinoma.
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Results from ongoing and future trials will more
precisely define the role of VEGF binding strategies
in RCC.

REFERENCES

1. Ross R. Angiogenesis. Successful growth of tumours. Nature
1989;339:16–7.

2. Tsuzuki Y, Fukumura D, Oosthuyse B, et al. Vascular endothe-
lial growth factor (VEGF) modulation by targeting
hypoxia-inducible factor-1α—hypoxia response ele-
ment—VEGF cascade differentially regulates vascular
response and growth rate in tumors. Cancer Res
2000;60:6248–52.

3. Li VW, Folkerth RD, Watanabe H, et al. Microvessel count
and cerebrospinal fluid basic fibroblast growth factor in
children with brain tumours. Lancet 1994;344:82–6.

4. Brattstrom D, Bergqvist M, Larsson A, et al. Basic fibroblast
growth factor and vascular endothelial growth factor in

sera from non-small cell lung cancer patients. Anticancer
Res 1998;18:1123–7.

5. Yamamoto Y, Toi M, Kondo S, et al. Concentrations of vas-
cular endothelial growth factor in the sera of normal
controls and cancer patients. Clin Cancer Res 1996;
2:821–6.

6. Salven P, Ruotsalainen T, Mattson K, Joensuu H. High 
pre-treatment serum level of vascular endothelial growth
factor (VEGF) is associated with poor outcome in small-
cell lung cancer. Int J Cancer 1998;79:144–6.

7. Gasparini G, Toi M, Gion M, Verder, et al. Prognostic signif-
icance of vascular endothelial growth factor protein in
node-negative breast carcinoma. J Natl Cancer Inst
1997;89:139–47.

8. Guidi AJ, Abu-Jawdeh G, Berse B, et al. Vascular permeabil-
ity factor (vascular endothelial growth factor) expression
and angiogenesis in cervical neoplasia. J Natl Cancer Inst
1995;87:1237–45.

9. Shweiki D, Itin A, Soffer D, Keshet E. Vascular endothelial
growth factor induced by hypoxia may mediate hypoxia-
initiated angiogenesis. Nature 1992;359:843–45.

VEGF-A121
VEGF-A145
VEGF-A165
VEGF-A189

VEGFR1
(Flt-1)

VEGFR2
(Flk-1/FDR)

VEGFR3
(Flt-4)

Vasculognesis
Angiogenesis

Lymphangiogenesis

2

3

2

3

VEGF-A Neutralizing antibody

VEGF-Trap

VEGF-E

VEGF-B
VEGF-C
VEGF-D

Figure 4. Activities of vascular endothelial growth factor (VEGF) ligand-binding agents on VEGF
receptor activation. VEGF neutralizing antibody therapy is targeted to the VEGF-A isoforms and
effectively removes these ligands from interacting with their cognate receptors, interfering with
VEGF receptor (VEGFR) signaling to promote angiogenesis. VEGF-Trap differs by acting as a dual-
specificity mimic of VEGFR-1 and VEGFR-2, which together have affinity for all classes of VEGF-
secreted ligands.

Chapter-15a.qxd  12/30/08  1:50 PM  Page 209



210 RENAL CELL CARCINOMA

10. Iliopoulos O, Levy AP, Jiang C, et al. Negative regulation of
hypoxia-inducible genes by the von Hippel-Lindau pro-
tein. Proc Natl Acad Sci USA 1996;93:10595–99.

11. Presta LG, Chen H, O’Connor SJ, et al. Humanization of an
anti-vascular endothelial growth factor monoclonal anti-
body for the therapy of solid tumors and other disorders.
Cancer Res 1997;57:4593–9.

12. Gordon MS, Margolin K, Talpaz M, et al. Phase I safety and
pharmacokinetic study of recombinant human anti-vascu-
lar endothelial growth factor in patients with advanced
cancer. J Clin Oncol 2001;19:843–50.

13. Hsei V, Deguzman GG, Nixon A, Gaudreault J. Complexation
of VEGF with bevaczumab decreases VEGF clearance in
rats. Pharm Res 2002;19:1753–6.

14. Wang Y, Fei D, Vanderlaan M, Song A. Biological activity of
bevacizumab, a humanized anti-VEGF antibody in vitro.
Angiogenesis 2004;7:335–45.

15. Gerber HP, Ferrara N. Pharmacology and pharmacodynamics
of bevacizumab as monotherapy or in combination with
cytotoxic therapy in preclinical studies. Cancer Res
2005;65:671–80.

16. Rowe DH, Huang J, Kayton ML, et al. Anti-VEGF antibody
suppresses primary tumor growth and metastasis in an
experimental model of Wilms’ tumor [discussion]. J Pedi-
atr Surg 2000;35:30–3.

17. Willett CG, Boucher Y, di Tomaso E, et al. Direct evidence that
the VEGF-specific antibody bevacizumab has antivascular
effects in human rectal cancer. Nat Med 2004;10:145–7.

18. Yang JC, Haworth L, Sherry RM, et al. A randomized trial of
bevacizumab, an anti-vascular endothelial growth factor
antibody, for metastatic renal cancer. N Engl J Med
2003;349:427–34.

19. Yang JC. Bevacizumab for patients with metastatic renal
cancer: an update. Clin Cancer Res 2004;10:6367S-70S.

20. Yuan F, Chen Y, Dellian M, et al. Time-dependent vascular
regression and permeability changes in established human
tumor xenografts induced by an anti-vascular endothelial
growth factor/vascular permeability factor antibody. Proc
Natl Acad Sci USA 1996;93:14765–770.

21. Viloria-Petit A, Crombet T, Jothy S, et al. Acquired resistance
to the antitumor effect of epidermal growth factor receptor-
blocking antibodies in vivo: a role for altered tumor angio-
genesis. Cancer Res 2001;61:5090–101.

22. Spigel DR, Hainsworth JD, Sosman JA, et al. Bevacizumab
and erlotinib in the treatment of patients with metastatic
renal carcinoma (RCC): update of a phase II multicenter
trial. Proc Am Soc Clin Oncol 2005;23:4540.

23. Rini BI, Halabi S, Rosenberg J, et al. Bevacizumab plus
interferon-α vs interferon-α Monotherapy in patients with
metastatic RCC: Results of CALGB 90206. J Clin Onc
(in press).

24. Escudier B, Pluzanska A, Koralewski P, et al. Bevacizumab
plus interferon alpha-2a for treatment of metastatic renal
cell carcinoma: a randomized, double-blind Phase III trial.
Lancet 2007;320:2103–2111.

25. Gabrilovich DI, Cunningham HT, Carbone DP. IL-12 and
mutant P53 peptide-pulsed dendritic cells for the specific
immunotherapy of cancer. J Immunother Emphasis Tumor
Immunol 1996;19:414–8.

26. Gabrilovich DI, Ishida T, Nadaf S, Ohm JE, et al. Antibod-
ies to vascular endothelial growth factor enhance the
efficacy of cancer immunotherapy by improving endoge-
nous dendritic cell function. Clin Cancer Res 1999;
5:2963–70.

27. Posadas E, Kwitkowski V, Liel M. Clinical synergism from
combinatorial VEGF signal transduction inhibition in
patients with advanced solid tumors—early results from a
phase I study of sorafenib (BAY 43-9006) and beva-
cizumab. Eur J of Cancer Suppl 2005;3:419.

28. Holash J, Davis S, Papadopoulos N, et al. VEGF-trap: a VEGF
blocker with potent antitumor effects. Proc Natl Acad Sci
USA 2002;99:11393–8.

29. Konner J, Dupont J. Use of soluble recombinant decoy recep-
tor vascular endothelial growth factor trap (VEGF trap) to
inhibit vascular endothelial growth factor activity. Clin
Colorectal Cancer 2004;4 Suppl 2:S81–5.

30. Frischer JS, Huang J, Serur A, et al. Effects of potent VEGF
blockade on experimental Wilms tumor and its persisting
vasculature. Int J Oncol 2004;25:549–53.

31. Dupont J, Koutcher J. Phase I and pharmacakinetic study of
VEGF trap administered subcutaneously (sc) to patients
with advanced solid malignancies. Proc Am Soc Clin
Oncol 2004;23.

32. Dupont JR, Spriggs D. Safety and pharmacokinetic of intra-
venous VEGF Trap in a phase I clinical trial of patients
with advanced solid tumors. Proc Am Soc Clin Oncol
2005;23.

33. Lockhart A, Muruganandham M, Schwartz L. Pharmacody-
namic indicators of VEGF trap activity in patients with
advanced solid tumors. Clin Cancer Res 2005;11.

34. Levine AM, Tulpule A, Quinn DI, et al. Phase I study of anti-
sense oligonucleotide against vascular endothelial growth
factor: decrease in plasma vascular endothelial growth fac-
tor with potential clinical efficacy. J Clin Oncol
2006;24:1712–9.

35. Bukowski RM, Kabbinavar F, Figlin RA, et al. Bevacizumab
with or without erlotinib in metastatic renal cell carcinoma
(RCC). J Clin Oncol, 2006 ASCO Annual Meeting Pro-
ceedings (Post-Meeting Edition) Part I. 2006;24:4523.

36. Kashmiri SV, De Pascalis R, Gonzales NR, Schlom J. SDR
grafting-a new approach to antibody humanization.
Methods 2005;36:25–34.

Chapter-15a.qxd  12/30/08  1:50 PM  Page 210



211

The identification of the von Hippel-Lindau (VHL)
tumor suppressor gene, whose loss of function
results both in the predisposition to cancer in the von
Hippel-Lindau disease and in sporadic renal cell
carcinoma (RCC), has played an important role in
our understanding of the human renal carcinogene-
sis.1 A chromosome arm 3p loss has been observed
in most clear cell RCC, and somatic alterations of the
VHL gene have been found in this subtype and
consisted of point mutations in 42 to 57% and
promoter methylation in 5 to 19% of these tumors.2

The VHL protein (pVHL) plays an important role in
angiogenesis by binding to the α subunit of the
hypoxia-inducible factor (HIF), a key transcription
factor for hypoxia-dependent gene expression.
Disruption of VHL results in an abnormal accumula-
tion of HIF, leading to the upregulation of down-
stream genes such as vascular endothelial growth
factor (VEGF), platelet-derived growth factor
(PDGF), erythropoietin (EPO), and transforming
growth factor α (TGF-α).3 These factors can bind to
their receptors, members of the tyrosine kinase
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transmembrane protein family, containing extracellu-
lar ligand-binding domains and intracellular catalytic
domains, inducing tumor growth, survival, and
angiogenesis.4 Inhibiting these targets in concert
might be expected to result in broad antitumor effi-
cacy and particularly with the use of antiangiogenic
therapy.5 Despite progress accomplished in other
tumor types, metastatic RCC (mRCC) remains one
of the most therapy-resistant cancers. The modest
benefit of biologic therapy with interferon-α (IFN-α)
and/or interleukin-2 could be demonstrated only in
good-prognosis patients.6

Alternative strategies have been developed to
inhibit angiogenesis in metastatic RCC. From the
historical studies of the 1970s conducted by Folk-
man,5 the first major advance in the inhibition of
angiogenesis in humans has been reached with the
development of humanized monoclonal antibodies
against VEGF (Bevacizumab, Avastin).7 One of the
key steps toward a deeper understanding of the biol-
ogy of angiogenis was the discovery and the charac-
terization of the tyrosine kinase VEGF receptors by

Chapter-15b.qxd  10/11/08  1:47 PM  Page 211



212 RENAL CELL CARCINOMA

Ferrara’s and Williams’s group in 1992.8–9 After the
identification of the crucial role of both receptors
(and additional kinases involved in angiogenesis and
cell proliferation including PDGF receptors), several
small molecules targeting the VEGF receptors
(VEGFRs) were further developed beyond anti-VEGF
monoclonal antibodies (Figure 1). Synthetic small
(low molecular weight) compounds have been

specifically designed to target and inhibit the
VEGFRs and have shown outstanding activity in
mRCC in the early phase of their development.
Sorafenib and sunitinib are the leading molecules,
registered by the North American and European
agencies in 2006 and early 2007, whereas several
additional molecules are curently under clinical
development including axitinib and pazopanib.

Figure 1. Mechanisms of action of vascular endothelial growth factor receptor inhibitors.
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In this chapter, we will review the characteristics
of the molecules directed against the VEGFRs, the
radical modifications in the standard care of mRCC,
and the potential unlimited perspectives opened by
those new tools. However, the limits reached with
those strategies including the development of
acquired drug resistance and the potential severe
drug toxicities will also be evaluated in this article.

VEGFR INHIBITORS: SUNITINIB 
AND SORAFENIB

Sunitinib

Sunitinib (Sunitinib malate; SU11248; SUTENT;
Pfizer Inc, New York, NY) is an orally bioavailable,
oxindole, (Figure 2) multitargeted tyrosine kinase
inhibitor with antitumor and antiangiogenic activi-
ties. Sunitinib is a multitargeted agent and has been
identified as a potent inhibitor of VEGFRs (types 1
to 3), PDGFR (α and β), as well as FLT3, Kit (stem-
cell factor [SCF] receptor) colony-stimulating factor
type 1 and glial cell-line derived neurotrophic factor
receptor (RET), in both biochemical and cellular
assays.10

Mechanism of Action

Mechanisms of action of antiangiogenic inhibitors
including VEGFR inhibitors remain controversial.

Both cytotoxicity and cytostasis have been
reported.11 This activity is related to the structure
of the molecule and the spectrum of kinase
inhibition, restricted to the VEGF receptors or
enlarged to additional targets (ie, PDGF receptors
(PDGFRs), c-Kit).

Direct antitumor effects on tumor cells has been
suggested with sunitinib, such as wild type and
activated mutants of FLT3, expressed by acute
myeloid leukemia-derived cell lines12 and small cell
lung cancer-derived cell lines expressed c-Kit.
Indirect antitumour activity of sunitinib by inhibition
of VEGFR expressed on endothelial cells and
PDGFR-β on pericytes or stromal cells has also been
demonstrated, and its full antitumour efficacy was
associated with prolonged (at least 12 to 24 hours),
but not continuous, inhibition of VEGFR-2 and
PDGFR-β.13

Clinical Pharmacology

In vitro metabolism studies have demonstrated that
sunitinib was primarily metabolized by cytochrome
CYP3A4, resulting in the formation of a major, phar-
macologically active N-desethyl metabolite,
SU012662. This metabolite has been shown to be
equipotent to the parent compound in biochemical
tyrosine kinase and cellular proliferation assays,
acting toward VEGFR, PDGFR, and c-Kit.14 Phar-
macokinetic (PK) data indicate good oral absorption,

Compound Structure VEGFR PDGFR c-Kit CSF1R Flt-3 FGFR Other
kinases

Sorafenib Yes
(Raf kinase)

Sunitinib yes
(Lck,PhK,CK1)

Axitinib ?

Pazopanib ?

: high affinity; : low affinity; : absence of affinity.
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Figure 2. Structure and spectrum of activity of vascular endothelial growth factor receptor inhibitors.
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a prolonged half-life for sunitinib (~40 hours) and its
active metabolite, SU12662 (~80 hours) and linear
kinetics at the doses that are administered. PK/phar-
macodynamic data from animal studies showed that
target plasma concentrations of sunitinib plus
SU012662 capable of inhibiting PDGFR-β and
VEGFR-2 phosphorylation were established in the
range of 50 to 100 ng/mL. From 2 phase II mRCC
trials including 169 patients, a population PK analy-
sis was performed to assess the exposure-response
relationship between PK and tumor volume changes,
clinical response, and time to tumor progression
(TTP). Plasma clearance decreased by an average of
28% in mRCC patients relative to healthy volunteers.
Improved clinical response and longer time to pro-
gression were associated with greater AUCs. Within
12 weeks of treatment, mean tumor volume
decreased by 24 to 32% in each trial. The authors
concluded that over the first 12 weeks of treatment at
50 mg daily on schedule 4/2, increased exposure was
associated with improved clinical response and
decreased tumor volumes.15 However, at higher
doses (≥ 75 mg/d), tumor responses were often asso-
ciated with reduced intratumoral vascularization and
central tumor necrosis, eventually resulting in organ
perforation or fistula (Table 1).16

Clinical Experience in Renal Cell Carcinoma

Objective responses have been observed in the phase
I study conducted in Gustave-Roussy Institute.16 In
this early phase of development including 22
patients, objective responses have been documented
in 3 out of 6 mRCC. On the basis of both this report
and a solid biological background, 2 single arm con-
secutive phase II studies involving patients with
advanced RCC who had experienced failure of prior
cytokine-based therapy have been conducted.
Patients received the Gustave-Roussy schedule
(50 mg/d continuously for 4 weeks followed by
2 weeks off) until they met withdrawal criteria or
had progressive disease.

In the first study,17 63 patients with advanced
RCC were enrolled. The majority of patients had
clear cell carcinoma (87%). An outstanding
response rate of 40% (using RECIST criteria) was
reported with a duration of response of 8.7 months.
Median duration of treatment was 9 months, and
median time to progression was 8.7 months. To
confirm the antitumor activity and safety observed
in the first phase II trial, a second larger study18

involving 106 patients with clear cell mRCC was
conducted. The objective response rate was 39%. Of

Table 1. SUNITINIB AND SORAFENIB: PRINCIPAL CHARACTERISTICS

Features Sunitinib Sorafenib

Mechanism of action Multitargeted tyrosine kinase Multitargeted tyrosine 
inhibitor, including VEGFR inhibitor, including VEGFR
(types 1 to 3), and PDGFR, (types 1 to 3), and PDGFR,
(α and β). (α and β) and Raf kinase.

Route of administration Oral Oral

Metabolization CYP3A4 CYP3A4

Glucuronidation — UGT1A9

Metabolite Predominent active Non-modified active 
metabolite:SU12662 sorafenib (70%) and 8 

different metabolites

Elimination Fecal (> 60%) Fecal (> 75%)

Half-life 40 to 60 h 25 to 28 h

Protein binding 90% (metabolite) 99% (sorafenib)

Principal toxicities Asthenia, diarrhea, nausea, Rash, hand-foot skin
mucositis, hypertension. reaction, diarrhea,

asthenia.

Dosing in organ Absence of Absence of 
dysfunction recommendations recommendations

PDGFR = platelet-derived growth factor receptor; VEGFR = vascular endothelial growth factor receptor.
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the 106 patients who were evaluable for efficacy
analyses, 36 patients achieved partial response
(34%; 95% CI; 25 to 44%), and a median progres-
sion-free survival of 8.3 months as evaluated by an
independant third-party assessment. No complete
responses were reported in these 2 studies.

An international randomized phase III trial19

compared the efficacy and safety of sunitinib to
IFN-α in first-line treatment of patients with
advanced RCC. In all, 690 untreated patients with
clear cell advanced RCC were randomized 1:1 to
receive sunitinib (375 patients) (6-week cycles: 50
mg orally once daily for 4 weeks followed by 2
weeks off) or IFN-α (375 patients) (6-week cycles:
subcutaneous injection 9 MU given 3 times weekly).
Ninety percent of the patients had prior nephrec-
tomy. Median progression-free survival was 47.3
weeks (95% CI: 40.9) for sunitinib versus 24.9
weeks (95% CI: 21.9, 37.1) for IFN-α [hazard ratio
= 0.394 (95% CI: 0.297, 0.521) (p < .000001)]. The
objective response rate by a third-party independent
review was 37% for sunitinib versus 9% for IFN-α
(p < .000001). The objective response rate by
investigator assessment was 31 % (95% CI: 30.9,
40.8) for sunitinib versus 6% (95% CI: 6.1, 12.1) for
IFN-α (p < .000001). Eight percent withdrew from

the study due to adverse event on sunitinib arm
versus 13% on IFN-α arm. The toxicity profile was
similar to that reported in second-line trials. On the
basis of this large phase III study, sunitinib is one of
the standard therapies for first-line treatment of
mRCC (Table 2).

Sorafenib

Although sorafenib was initially developed as a Raf
kinase inhibitor, the lack of activity in the clinic
against tumors with mutant Raf and the demonstra-
tion of activity against renal cell carcinoma led to an
emphasis on its ability to target VEGFR-1, -2, -3, and
PDGFR-β20 (see Figure 2). In vivo studies with the
murine renal adenocarcinoma (Renca) model and a
VHL knockout model have demonstrated a cytostatic
effect for sorafenib, albeit a very modest growth
delay.21 In these preclinical models documenting a
mechanism of cytostasis proved to be difficult. For
example, when colon xenografts treated with
sorafenib were examined, no significant inhibition of
ERK 1/2 phosphorylation was detected indicating
that the MAPK pathway was not blocked, and there-
fore, could not be correlated with tumor stasis.22 An
effect on angiogenesis was considered because

Table 2. CLINICAL ACTIVITY OF SUNITINIB AND SORAFENIB

Objective
Number Response: Disease

Characteristics Control of Number of Free
Compound Trial of the Trial Arm Patients Patients∗ Survival (mo) Reference

Sunitinib Phase II Single arm, — 63 CR = 0, 8.7 Motzer et al17

second-line PR = 25 (40%)
therapy, Any
RCC histology

Sunitinib Phase II Single arm, — 106 CR = 0, 8.3 Motzer et al18

second-line therapy PR = 36 (34%)

Sunitinib Phase III Randomized study, Interferon 335 CR = 0, 11 (vs 5.1), Motzer et al19

First-line therapy PR = 103 (31%) p < .001

Sorafenib Phase II Randomized study, Interferon 189 CR/PR = 5% 5.7 (vs 5.6), Szczylik et al68

first-line therapy N.S.

Sorafenib Phase II Randomized study, Placebo 202 CR = 0, 6 (vs 1.5), Ratain et al28

second-line therapy PR2 = 73 p = .0087

Sorafenib Phase III Randomized study, Placebo 451 CR = 1, 5.5 (vs 2.8 ), Escudier etal29

second-line therapy PR = 43 (10%) p < 0.001

∗Objective responses by independent review.
†Tumor shrinkage of > or = 25%.
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sorafenib, as discussed above, exhibits significant
activity against receptor tyrosine kinases that are
known to promote angiogenesis. In some models,
inhibition of angiogenensis was inferred from data
showing reduced MVA and MVD in the treated
tumors compared with controls.23 However,
sorafenib has also demonstrated significant tumor
regression in the human breast carcinoma MDA-
MB-231 xenografts. Significant necrosis in sorafenib
treated mice was visualized by hematoxylin staining
at day 5 after initiation of drug treatment associated
with a significant reduction of pERK 1/2 and Ki-67,
and 50% to 80% inhibition of MVA and MVD, but
despite extensive studies, a convincing mechanistic
explanation for tumor stasis remains elusive.24

A recent report suggests a potential unexpected role
of the peroxisome proliferation-activated receptor-β
(PPARβ) implicated in tumorigenesis, in constrain-
ing tumor endothelial cell proliferation and blocking
tumor growth, via the Cdkn1c gene encoding the cell
cycle inhibitor p57 (Kip2).25 A recent study26

reported that transcriptional induction of the tumor
suppressors TGF-β and Notch contribute to p21
induction and epithelial cytostasis.

Clinical Experience in Renal Cell Carcinoma

In 4 phase I studies that enrolled 163 patients, low
objective antitumor activity as defined by RECIST
criteria was documented (2 partial responses in kid-
ney cancer and hepatocellular carcinoma), but dis-
ease stabilization associated with clinical benefit
encouraged investigators to continue drug develop-
ment.27 A multicentre phase II randomized discon-
tinuation study (RDT) was conducted to distinguish
cytostatic antitumor activity from spontaneous
indolent tumor growth in metastatic clear cell carci-
noma.28 In this trial, all patients were initially treated
with sorafenib. Using modified WHO criteria, a total
of 73 patients (36%) had tumor shrinkage after
12 weeks, which was ≥ 25% of their baseline,
whereas 51 patients (25%) showed either tumor
growth ≥ 25% or other evidence of progression.
Sixty-nine patients (34%) had tumor measurements
that remained within 25% of baseline levels (stable dis-
ease). Sixty-five out of these 69 patients were ran-
domized to continue either therapy or begin placebo.

A significant improvement in progression-free
survival was reported for the patients who continued
on sorafenib compared with those who received the
placebo (24 vs 6 weeks, p = .0087). In a subsequent
phase III study, 903 patients with metastatic clear
cell carcinoma whose disease had progressed follow-
ing 1 prior systemic treatment were randomized to
receive either sorafenib 400 mg bid (n = 451) or
placebo (n = 452). Treatment with sorafenib pro-
longed progression-free survival (5.5 months for
sorafenib vs 2.8 months for placebo, p < .01): a result
interpreted by many as an evidence of cytostasis. As
in the RDT, objective responses were recorded with
partial responses reported as the best objective
response in 10% of patients receiving sorafenib and
in 2% of those receiving placebo (p < .001). How-
ever, tumor shrinkage was observed in 76% of the
patients in the sorafenib treated cohort, suggesting
cytotoxic properties for sorafenib.29 Finally, patients
in the sorafenib group had a significantly better qual-
ity of life than patients receiving IFN. The primary
end point was overall survival (OS), but the first
interim analysis of OS did not reach the prespecified
O’Brien-Fleming boundaries for statistical signifi-
cance. Furthermore, additional evidence of a cyto-
toxic effect may be found when higher doses are
used. A recent abstract reported significant tumor
shrinkage associated with a high response rate (52%
objective response with 16% complete response) in
metastatic clear cell carcinoma treated with
sorafenib of 600 or 800 mg bid (see Table 2).30

SECOND GENERATION VEGFR
INHIBITORS: AXITINIB, PAZOPANIB AND

OTHER MOLECULES

Axitinib (AG-013736)
Axitinib is an orally available imidazole deriva-

tive that acts as a potent inhibitor of angiogenesis
mediated by the multitarget receptor tyrosine kinase
inhibition including VEGFRs 1 and 2, PDGFR-β,
and c-Kit31 (see Figure 2).

In the phase I study, 36 patients received doses
ranging from 5 to 30 mg bid.32 The dose-limiting
toxicities were hypertension and stomatitis with other
toxicities, including diarrhea, fatigue, nausea, and
vomiting. The recommended dose for phase II study

Chapter-15b.qxd  11/13/09  12:09 AM  Page 216



Antivascular Endothelial Growth Factor Therapy In Metastatic Renal Cell Carcinoma 217

was 5 mg bid, administered in the fasti state. Two
objective responses were reported in patients with
RCC. The activity and safety of axitinib was
evaluated in mRCC patients after failure of a
prior cytokine-based regimen (interleukin-2 and/or
IFN-α).33 Fifty-two patients were enrolled in a multi-
center phase II study. In the final analysis completed
in January 2007, two complete and 21 partial
responses were reported for an ORR of 44.2% (95%
CI: 30.5 to 58.7). Median response duration was
23 months (95% CI: 20.9, not estimable). Addition-
ally, 22 patients (42.3%) demonstrated stable disease
> 8 weeks, including 13 (25%) with stable disease for
≥ 24 weeks. Median TTP was 15.7 months (95% CI:
8.4 to 23.4), and median OS was 29.9 months (95%
CI: 20.3, not estimable).

Pazopanib (GW786034)

Pazopanib (see Figure 2) is another multitargeted,
oral inhibitor of VEGFR, PDGFR-α and β, and 
c-Kit. Objective responses have been documented in
the phase I study for patients with metastastic
RCC.34 In a randomized phase II study conducted by
Hutson and colleagues in patients with mRCC (in
first line or after immunotherapy failure), a high
response rate was reported in the preliminary results
reported on the first 60 patients.35 After successful
completion of Phase III studies in mRCC, pazopanib
has been approved by the US FDA for first-line
treatment of patients with mRCC.

Other Molecules

Several other VEGFR inhibitors are currently under
development. Most of these compounds are evalu-
ated in phase I studies and have not yet reached the
phase II evaluation. Several reports already suggest
activity in mRCC in this early phase of develop-
ment. BMS-582664, ZK261991 are multitargeted
inhibitors of VEGF receptors.36,37 LY2401401 is
inhibiting VEGFreceptors, PDGF receptors, kit, and
flt-3.38 BMS690514 and ZD 6474 are potent dual
inhibitors of VEGF and EGF receptors.39,40 By con-
trast, the spectrum of activity of Ki23057 and CT-
322 are limited to VEGFR-2.41,42

AZD2171, a potent orally available inhibitor of
VEGFR, PDGF-β, and c-KIT, is currently evaluated
in refractory, mRCC patients.43 PTK787/ZK222584
(valatinib) is an oral, potent inhibitor of VEGFR,
PDGFR-β, and c-Kit. A phase I study of PTK787
demonstrated that a dose of 1200mg/d was well tol-
erated with activity in patients with mRCC.44 XL880
is an oral, small molecule inhibitor of several
kinases including VEGFRs.45 A recent phase I trial
including 25 patients demonstrated a confirmed PR
in 1 patient with papillary renal carcinoma. A phase
II study of XL880 is currently enrolling patients
with hereditary or sporadic papillary renal carcinoma.

TOXICITY

Side effects of VEGFR inhibitors are moderate
compared with other therapies. They are usually
manageable and regressive upon drug withdrawal.
Since the preclinical studies and the early phases of
clinical development, class side effects have been
extensively reported, including hypertension, gastro-
intestinal, and skin toxicities. However, the mecha-
nisms related to those toxicities are often poorly
understood.

Sunitinib

In the 2 phase II RCC trials,17,18 the most common
side effects that were noted were fatigue (74%),
diarrhea (55%), nausea (54%), and mucositis and
stomatitis (53%). In most instances, symptoms
improved with dose modification. Similar observa-
tions were reported in the phase III study.

The exact mechanisms of sunitinib toxicities are
not well understood. Several additional toxicities
have also been reported as skin and/or hair depig-
mentation or discoloration.46

Concomitant treatment with potent CYP3A4
inducers or inhibitors should be avoided when suni-
tinib is used in patients with cancer to limit treat-
ment failure and risk of side effects. Otherwise, dose
reductions (to a minimum of 25 mg/d) or increase
doses (to a maximum of 87.5 mg/d) are more likely
to be considered when sunitinib is administered con-
comitantly with strong CYP3A4 inhibitors or induc-
ers, respectively.15,47
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Sorafenib

In the phase III study, drug-related toxicities for
sorafenib versus placebo were rash (34%), diarrhea
(33%), hand-foot skin reactions (27%), and fatigue
(26% versus 23% in the placebo arm). Thirty percent
of the patients experienced a grade 3 or 4 toxicity
compared with 22% on placebo. Of note, in the ran-
domized phase II study versus IFN, the patients treated
with sorafenib had a significantly better quality of life.

HYPERTENSION AND PROTEINURIA

Hypertension and proteinuria have been experienced
in patients treated with VEGFRs inhibitors. This
class effect toxicity is frequent, potentially severe,
and has been extensively reported and studied since
the phase I studies.48

Incidence of Hypertension and Proteinuria
With Sunitinib, Sorafenib, and Axitinib

(Table 3)

Sunitinib

In the phase I dose ranging study of sunitinib in
28 patients, hypertension was seen in 5 patients and
required antihypertensive treatment for grade 3⁄4 hyper-
tension in 2 patients treated at doses ≥ 75 mg/d.16

Hypertension usually occurred after 3 to 4 weeks of
treatment. In the phase 2 study, hypertension was
only seen in 3 out of 163 patients (5%) treated with
50 mg daily for advanced RCC, and only 1 patient

experienced grade 3 or 4 hypertension.19 Information
regarding incidence of proteinuria was not available in
those studies.

Sorafenib

In a phase II study, hypertension was seen in 86 out
of 202 patients (43%) and was the most common
grade 3⁄4 adverse event noted in 62 patients (31%).
Antihypertensive therapy was needed in 46% of
patients. No patients died from toxicity.28 In the
Veronese study,48 an increase of > 10 mm Hg or > 20
mm Hg in systolic blood pressure (SBP) was
reported in 75% (15/20) and 60% (12/20) of treated
patients, respectively, compared with their baseline
value (mean = 130.6 mm Hg) after 3 weeks of ther-
apy. The mean diastolic blood pressure (DBP)
showed a corresponding significant increase (mean
= +9.3 mm Hg). One patient required antihyperten-
sive medication after 6 weeks of treatment (BP
increased to 200/100 mm Hg). In the phase III eval-
uation of sorafenib versus placebo in mRCC, drug-
related adverse events hypertension of any grade
was noted in 8 versus < 1%.29 Information regarding
proteinuria was not available in those studies.

Axitinib

A phase I dose-escalating study in 36 patients with
advanced cancers revealed that hypertension was the
primary dose limiting toxicity, which is occurring in
22 patients (61%). The majority of cases (18 patients)

Table 3. INCIDENCE OF HYPERTENSION AND PROTEINURIA IN SELECTED TRIALS
WITH VASCULAR ENDOTHELIAL GROWTH FACTOR RECEPTOR INHIBITORS.

Number of Kidney
Compound Trial Patients Hypertension Proteinuria Biopsy Reference

All Grade (%) Grade 3⁄4 (%) All Grade (%) Grade 3⁄4 %

Sunitinib Phase I 28 18 7 NA NA ND Faivre et al16

Sunitinib Phase II (RCC) 63 5 2 NA NA ND Motzer et al17

Sunitinib Phase III 375 24 8 NA NA ND Motzer et al19

Sorafenib Phase II (RCC) 202 43 31 NA NA ND Ratain et al28

Sorafenib Phase III (RCC) 384 8 1 NA NA ND Escudier et al29

Axitinib Phase I 36 61 30 8 3 ND Rugo et al33

Axitinib Phase II (RCC) 52 33 12 NA NA ND Rixe et al34

Vatalanib Phase I 43 16 9 NA NA ND Morgan et al45

NA = not available; ND = not done; RCC = renal cell carcinoma.
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were controlled easily with antihypertensive medica-
tions. The incidence and severity of hypertension was
dose dependent. In the first 2 cohorts in which doses
ranged from 10 mg qd to 30 mg bid, hypertension was
observed in all 10 patients and was grade 3 or 4 in
severity in 5 patients. Asymptomatic proteinuria was
observed in 7 out of 10 patients enrolled in the first
2 cohorts, including 2 patients with grade 3 protein-
uria by dipstick. The protocol was subsequently
amended to exclude patients with proteinuria > 500
mg over 24 hours; dose adjustment or suspension of
AG-013736 dosing was required for patients with
proteinuria ≥ 1 g over 24 hours. In subsequent cohorts
treated at lower doses of AG-013736, proteinuria was
less frequent and less severe. Of these 26 patients,
only 6 developed grade 1 or 2 proteinuria after start-
ing the treatment.32

In the phase II study, hypertension was the most
common grade 3⁄4 adverse event affecting 6 patients
(12%), with 1 patient discontinuing treatment due to
worsening hypertension.33

General Considerations on Hypertension
and Proteinuria

Veronese and colleagues49 and Sane and colleagues50

have contributed to the understanding of the mecha-
nisms underlying anti-VEGF–induced hypertension.
A drop in BP with angiogenic growth factor adminis-
tration in animal and human studies has been
observed. VEGF exerts a stimulatory effect on
endothelial nitric oxide (NO) production by upregu-
lating endothelial nitric oxide synthase expression.
NO in turn has a vasodilatory effect. A possible
explanation for the occurrence of hypertension asso-
ciated with anti-VEGF may be related to the inhibi-
tion of NO. Preclinical data support this hypothesis;
in vitro evaluation of axitinib in human umbilical vein
endothelial cells revealed inhibition of endothelial
nitric oxide synthase activity.51 Sane and colleagues
also hypothesized that VEGF may have effects on the
renin-angiotensin system, particularly on receptors
associated with angiotensin I and angiotensin II.
However, Veronese and colleagues find no statisti-
cally significant changes in humoral factors (cate-
cholamines, endothelin I, urotensin II, renin, and
aldosterone) in patients treated with sorafenib,
although there was a statistically significant inverse

relationship between decreases in catecholamines and
increases in SBP, suggesting a secondary response to
BP elevation.

Another important factor contributing to hyper-
tension and independently predicting cardiovascular
risk is aortic stiffness as measured from aortic pulse
wave velocity and central aortic augmentation
index.52 This was demonstrated in Veronese study.
However, increased vascular stiffness can be demon-
strated in any group of hypertensive patients, and it
is not possible to determine whether increase in vas-
cular stiffness is the direct result of sorafenib or
whether it is the consequence of hypertension and
only indirectly caused by the drug. Further study of
this area is necessary to understand the mechanism
of hypertension-related angiogenesis inhibitors.

Proteinuria is also a class effect of VEGF antag-
onists, but its mechanism is not as well understood
as that of hypertension. Dose-response effects of
AG-013736 observed in Kamba and colleagues
study indicates the involvement of a VEGF-related
mechanism.53 Proteinuria is reversible by stopping
the VEGF antagonist, and with BP control, suggest-
ing a possible hemodynamic effect. In clinical trials,
patients developed proteinuria or experienced
worsening of preexisting proteinuria. Only 2 kidney
biopsies are reported in patients treated with
Tyrosine Kinase Inhibitors (TKIs) and who experi-
enced proteinuria. One patient showed thrombotic
microangiopathy under sunitinib treatment.54 The
other patient revealed acute interstitial nephritis
related to sorafenib treatment in the setting of facial
erythema.55 However, as renal biopsies were not
largely performed in those patients who developed
proteinuria during antiangiogenic therapy, these
hypotheses still need to be confirmed.

Podocytes, which are the specialized cells that
make up the support structures of the functional
glomerulus, normally express VEGF at high levels.
A dual effect of VEGF can be spoken of in the sense
that too little or too much VEGF expression induces
proteinuria. Eremina and colleagues demonstrated
that podocyte specific heterozygosity for VEGF
resulted in renal disease by 2.5 weeks of age in
mice.56 The renal disease was characterized by
nephrotic range proteinuria, endotheliosis, and hya-
line deposits that resemble the pathologic lesions seen
in renal biopsies from patients with preeclampsia57
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whose subsequent development can be predicted by
increased levels of soluble VEGF receptor 1 protein
(sFlt-1) and reduced levels of PlGF.58 Mesangial cell
contribution to glomeruli was also abnormal in mice
that is specifically lacking PDGFB in endothelial
cells. Together, these results suggest that endothelial
cells, which are recruited, matured, and maintained by
VEGF from podocytes, promote further maturation of
podocytes and mesangial cells and formation of a
functional glomerulus. Endothelial cell maintenance
through regulated VEGF levels is crucial for contin-
ued glomerular function in adults.

FURTHER DEVELOPMENTS

VEGFR inhibitors have clearly revolutionized the
treatment of mRCC and were approved based on
robust phase II and III studies. However, several major
questions need to be addressed in prospective trials. To
enhance efficacy, combination studies with conven-
tional agents (ie, IFN) or agents that target non-VEGF
pathways, such as mTOR inhibitors, are currently
under development (Table 4). Combination of VEGFR
inhibitors (such as sorafenib) and bevacizumab
appears to provide preliminary high antitumour

Table 4. DRUG-COMBINATION TRIALS WITH VEGFRS INHIBITORS

Number of 
Compounds and Design Phase Status Site/Sponsor Patients Characteristics

Sunitinib (4 weeks I Active USA/pfizer 36 Metastatic cell
on/2 weeks off), rena carcinoma
+ Bevacizumab 
(J1 = J14)l

Sunitinib (J1 to J14), II Not yet active USA 36 Sarcomatoid and/or
+ Gemcitabine poor-risk patients
(J1, J8, and J21) with metastatic renal

cell carcinoma

Sunitinib (4 weeks II Not yet active USA/pfizer/ 81 Sunitinib-refractory
on/2 weeks off), genetech patients with
+ Bevacizumab metastatic renal cell
(J1 = J14), vs sunitinib carcinoma
vs bevacizumab 

Sunitinib (4 weeks on/2 I Active USA/novartis 28 Metastatic renal
weeks off), + Rad001 cell carcinoma
weekly schedule

Sunitinib (4 weeks on/2 I and II Not yet active USA/pfizer 69 Metastatic renal
weeks off), + Iressa cell carcinoma

Sunitinib (4 weeks on/2 I Not yet active USA/pfizer/wilex 14 Metastatic renal
weeks off), + cG250 cell carcinoma

Sunitinib (4 weeks on/2 I and II Closed USA/wyeth 124 Metastatic renal
weeks off), + Temsirolimus cell carcinoma

Sunitinib (4 weeks on/2 II active USA/NCI 49 Metastatic renal
weeks off), + Erlotinib cell carcinoma

Sorafenib (400 mg bid), I and II active USA/novartis 55 Metastatic renal
+ Rad001 (2.5 mg/d) cell carcinoma

Sorafenib (400 mg bid) II Not yet active USA/NCI 80 Metastatic renal
with or without cell carcinoma
interferon α-2b

Sorafenib (400 mg bid), II active USA/novartis 73 Metastatic renal
+ Rad001 (2.5mg/d) cell carcinoma

Sorafenib (400 mg bid), II active Spain/Spanish 40 Metastatic renal
+ gemcitabine, + Oncology Genito- cell carcinoma
capecitabine Urinary Group
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activity, with manageable toxicities with respect to the
schedule recommended in the phase I study.

Quest for identification of predictive factors of
VEGFR inhibitors activity is currently explored
including clinical or biologic parameters (erytropoi-
etin level, proteomic, or genomic analysis). For
example, a preliminary report has demonstrated a
potential relationship between the occurence of
hypertension and sunitinib activity.59

Cross-resistance between antiangiogenic com-
pounds needs to be adressed. Preliminary preclinical
studies tried to demonstrate the putative mechanisms
involved in acquired resistance to antiangiogenic
compounds.60 They underline the heterogeneity of
endothelial cell, angiogenic factors and tumor cells,
the role of the microenvironment, the potential
angiogeno-independence, or the implication of PK
parameters (Table 5). In the clinical setting, 2 major
studies have evaluated the cross-resistance between
VEGFR inhibitors (Table 6) and offer some

perspectives for the management of second- and
third-line therapy. In the study conducted by Rini and
colleagues,61 mRCC patients with sorafenib-
refractory disease were treated by axitinib in a multi-
center, open-label, phase II trial. Partial response was
observed in 6 of 42 evaluable patients (14%; 95% CI:
5 to 29%), stable disease was observed in 15 patients
(36%), progressive disease was experienced by
12 patients (29%); and 9 patients (21%) withdrew
due to adverse events. Overall, 57% of patients expe-
rienced some degree of tumor regression. Similar
observations have been reported by Sablin and col-
leagues when sunitinib activity has been evaluated
after sorafenib failure or sorafenib after sunitinib
progression.62 In the limit of the small number of
evaluated patients, those preliminary data are
demonstrating a different spectrum of activity from
those VEGFR inhibitor agents and putative different
mechanisms of acquired resistance in a subset
population.
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Table 5. DRUG RESISTANCE AND VASCULAR ENDOTHELIAL

GROWTH FACTOR RECEPTOR INHIBITORS

Mechanism Example

Endothelial cell heterogeneity Cytogenetic endothelial cell alterations
(endothelial cells with tumor DNA)

Angiogenic factors heterogeneity Secretion of alternative angiogenic growth
factors

Tumor cells heterogeneity Vascular mimicry from tumor cells

Role of microenvironment Pericytes and stroma cells interactions

Angiogeno-independance Vascular cooptation, Tumor cell tubulisation,
Vasculogenesis, Intussusception

Pharmacokinetic parameters Drug interactions, Decreased 
biodisponibility (necrosis)

Table 6. CROSS-RESISTANCE TRIALS WITH VASCULAR GROWTH FACTOR

RECEPTOR INHIBITORS. IN METASTATIC RENAL CELL CARCINOMA

Objective
Previous Number of Response

Compound Trial Treatment Patients Rate (%) Reference

Axitinib Phase II Sorafenib 42 14 Rini et al62

failure

Sorafenib Retrospective Sunitinib 22 17, 6 Sablin et al63

study failure

Sunitinib Retrospective Sorafenib 68 22, 7 Sablin et al63

study failure
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Methodological issues have been addressed with
the development of this new class of compounds.
Objective response using RECIST criteria may not be
appropriate for evaluation.63 Possible new end points
might include changes in tumor markers, measures of
target inhibition, time to tumor progression, or pro-
portion of patients with evidence of tumor progres-
sion at a defined time point after the initiation of the
treatment. Additional dynamic imaging can improve
the determination of the activity of the compound,
using positron emission tomography scanning, DCI-
magnetic resonance imaging, dynamic-computed
tomography scan, and ultrasonography.64,65 Novel
trial designs, such as the RDT, represent innovative
new approaches that have been successfully tested
with sorafenib. Any trial design should also focus on
identifying clinical side effects that may be associated
with drug activity. Finally, the activity of VEGFRs
inhibitors in nonclear cell RCC is warranted, and
specific trials are underway in histology subtype
based on specific genetic modifications (ie, c-Met
alterations in papillary carcinoma).67

CONCLUSION

On the basis of robust biological rationale, the rapid
clinical development of VEGFR inhibitors over the
past few years has radically modified the natural
course of patients with mRCC. Sunitinib is a treat-
ment of choice (in addition to bevacizumab-IFN) for
most good and intermediate-risk patients. After
cytokine failure, sorafenib is a treatment of choice,
although data with sunitinib in this setting are con-
vincing but not randomized. Data with sorafenib and
sunitinib in the poor-risk group are still anecdotal
and remain to be extended. However, radical cure of
the metastatic disease has not been achieved with
this new class of agents. We must continue offering
to our patients to be treated in the framework of clin-
ical trials (combined with translational studies) to
find the answers of unaddressed questions.
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The biology of renal cell carcinoma (RCC) has been
elucidated recently, resulting in a greater under-
standing of cellular pathways that lead to disease
growth and progression. One of these pathways, that
involving mammalian target of rapamycin (mTOR)
and related signaling proteins, has been identified as
a key component of RCC pathophysiology.

The PTEN Tumor Suppressor Gene

The PTEN tumor suppressor gene (also called
MMAC1, mutated in multiple advanced cancers 1, or
TEP1, TGFβ-regulated and epithelial cell enriched
phosphatase) is one of the most frequently deleted
genes in human cancer with somatic deletions or
mutations identified in a high percentage of
glioblastomas, endometrial, and prostate tumors.1

Inherited germline mutations of PTEN have been
described in several autosomal dominantly inherited
hamartomatous syndromes including Cowden Syn-
drome and Bannayan-Riley-Ruvalcaba syndrome.2

The PTEN gene product encodes a dual specificity
phosphatase active against the lipid substrate phos-
phoinositide-3,4,5 triphosphate (PIP3), a product of
the phosphoinositide-3 kinase (PI3K).3 PTEN thus
serves as a direct antagonist to PI3K activity.

PI3K exists as a heterodimer consisting of a p85
regulatory subunit and a p110 catalytic subunit and
regulates growth and proliferation downstream of
growth factor receptor tyrosine kinases (RTKs) and

G-protein-coupled receptors.4 PI3K activity is tightly
regulated in normal cells and ordinarily exists within
the cytoplasm as a preformed, inactive complex of
p85 and p110. PI3K can be activated by several dif-
ferent mechanisms including direct mutation, loss of
PTEN, and activation of RTKs. Additionally, how-
ever, direct binding of PI3K by mutated, membrane
bound Ras can induce activation of PI3K.5,6 In the
canonical pathway, activation of RTKs by extracellu-
lar ligands or oncogenic mutation results in their
autophophorylation and the subsequent recruitment
of PI3K to the cytoplasmic domain of the receptor
(Figure 1). This recruitment leads to increased PI3K
activity not only by increasing its physical proximity
to its substrates but also by inducing a conformation
change in its structure.

Studies examining PTEN knockout mice have
reported that PTEN expression is necessary for
embryonic development. Mice deficient in both alle-
les of PTEN are early embryonic lethal and die before
embryonic day 7.5.7 Additionally, although classic
models of oncogenic transformation require that both
alleles of a tumor suppressor gene to be lost to gain
the selective proliferation and survival advantage nec-
essary for overt malignant transformation, contrary to
this paradigm, inactivation of a single PTEN allele
can result in both a growth advantage and defects in
apoptosis.8 Thus, PTEN haploinsufficiency results in
functional consequences and its role in the early
pathogenesis of human tumors may have been
underestimated. On the basis of these studies in
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murine models and the detection of inactivating muta-
tions and deletions in human cancers, PTEN appears
to have a clear well-established role in tumorigenesis.

Akt/Protein Kinase B (PKB)

The crucial downstream target of PI3K is the Akt
serine-threonine kinase family, members of which
include Akt1, 2, 3 (also known as PKB).9 Generation
of PIP3 at the inner leaflet of the plasma membrane
following PI3K activation results in the recruitment
of phosphoinositol 3-dependent kinase 1 (PDK1),

2 (PDK2), and Akt. PDK1 then phosphorylates and
partially activates Akt. However, secondary
phosphorylation of Akt by PDK2 is required for its
maximal activation. Akt is itself a serine, threonine
kinase, and phosphorylation and subsequent inacti-
vation of downstream target genes (including GSK3,
NF-kB, BCL-2, FOXO proteins, hDM2, and TSC2)
result in the promotion of cell proliferation (cell
number), cell growth (cell size), and cell survival.
Thus, cells lacking PTEN have elevated levels of
PI3K activity resulting in increased Akt activity
(Figure 1).

Figure 1. The PI3K/Akt/mammalian target of rapamycin (mTOR) Pathway. The mTOR/Raptor complex integrates signals from a diverse
set of stimuli. In the canonical pathway, activation of receptor tyrosine kinases (RTKs) by extracellular ligands or oncogenic mutation results
in RTK autophosphorylation and the subsequent recruitment of PI3K to the cytoplasmic domain of the receptor. PI3K phosphorylates and acti-
vates Akt, which in turn phosphorylates and negatively regulates the TSC2. The TSC complex acts as a GAP for Rheb, therefore negatively
restraining mTOR. mTOR’s kinase activity is directed towards two substrates involved in translational initiation and protein synthesis. First,
mTOR directly phosphorylates ribosomal subunit S6 kinase (S6K), which in turn phosphorylates a number of proteins including the ribosomal
S6 protein and the translational regulators eIF2 kinase and eIF-4B. In total, activation of S6K results in the increased translation of mRNAs,
which contain TOP (terminal oligopyrimidine tracts). Second, mTOR indirectly regulates the eukaryotic initiation factor 4E (eIF-4E), which is
released from its inhibitory binding partner 4E-BP1 through phosphorylation by mTOR. eIF4E is the mRNA cap binding subunit of the eIF4F
complex, which is responsible for the initiation of protein translation of mRNAs with regulatory elements in the 5′ untranslated terminal regions,
so called CAP-dependent mRNAs, such as cyclin D1, c-MYC, LDH, HIF, and VEGF.
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Although Akt is widely believed to be the critical
oncogenic downstream mediator of PI3K activity, and
thus the mediator of oncogenesis in the setting of
PTEN loss, there is genetic evidence to suggest that
PTEN has other targets as well. For example, in
mouse models, complementary gain or loss of func-
tion mutations in PTEN and Akt have incompletely
overlapping phenotypes.9 Importantly, although vari-
ous transgenic mice expressing activated forms of Akt
in differing tissues results in increases in cell size or
cell number, activation of the Akt pathway is not suf-
ficient to cause cancer unless combined with muta-
tion or activation of a second pathway. On the
contrary, PTEN-deficient mice readily develop a high
incidence of T-cell lymphomas, gonadostromal and
germ-line tumors, and cancers of the endometrium,
thyroid, prostate, breast, liver, and intestine.

mTOR

mTOR is a serine/threonine kinase that functions as
a gatekeeper of cell growth, metabolism, and
proliferation, receiving signals from a diverse set of
growth factor receptors and sensors of cellular
nutrient levels such as STK11/LKB1. TOR is evolu-
tionarily conserved from yeast to mammals and is
necessary for development because mTOR knock-
out mice are embryonic lethal.10 Additionally,
studies in Drosophila using tissue-specific knockout
technology have shown that dTOR, and specifically
its kinase activity, regulate cell size.11,12

mTOR was originally identified and cloned from
a screen in the budding yeast Saccharomyces
cerevisiae looking for resistance to the immunosup-
pressant drug rapamycin.13–17 mTOR exists in two
distinct multiprotein complexes, one which is
sensitive to rapamycin and the other which is not. The
rapamycin sensitive complex contains mTOR and
GβL and raptor (regulatory associated protein of
mTOR) proteins, whereas the rapamycin insensitive
complex contains mTOR and GβL but instead of rap-
tor binds to the rictor (rapamycin-insensitive compan-
ion of mTOR) protein (Figure 2).18–22 Although the
rictor/mTOR complex has recently been shown to
activate the Akt pathway and regulate the actin
cytoskeleton through mechanisms that are PKCα and
Rho dependent,22,23 the discussions below are

restricted to those pertaining to the rapamycin sensi-
tive mTOR complex. Interestingly, recent data sug-
gest that long-term therapy with mTOR inhibitors
may reduce mTOR/rictor complex activity in addition
to mTOR/raptor activity, thus leading to some degree
of Akt inhibition.24 It remains to be determined if the
antitumor activity of mTOR inhibitors correlates with
their ability over time to inhibit Akt indirectly.

mTOR’s kinase activity is directed towards two
substrates involved in translational initiation and pro-
tein synthesis. First, mTOR directly phosphorylates
ribosomal subunit S6 kinase (S6K),25–27 which in
turn phosphorylates a number of proteins including
the ribosomal S6 protein and the translational regu-
lators eIF2 kinase and eIF-4B.28 In total, activation
of S6K results in the increased translation of
mRNAs, which contain conserved sequences within
their 5′ untranslated regions, so called, TOP (termi-
nal oligopyrimidine tracts). These mRNAs encode
many components of the translational machinery
including ribosomal proteins, elongation factors,
and poly (A)-binding protein.29 Second, mTOR indi-
rectly regulates the eukaryotic initiation factor 4E
(eIF-4E), which is released from its inhibitory bind-
ing partner 4E-BP1 through phosphorylation by
mTOR (Figure 1).30 eIF4E is the mRNA cap binding
subunit of the eIF4F complex, which is responsible
for the initiation of protein translation of mRNAs
with regulatory elements in the 5′ untranslated
terminal regions, so called CAP-dependent mRNAs,
such as cyclin D1 and c-MYC.31,32

mTOR mTOR
GbL GbLRaptor Rictor

Rapamycin Sensitive
(mTORC1)

Rapamycin Insensitive
(mTORC2)

Akt Rho GTPasesS6K 4E-BP1

Figure 2. Mammalian target of rapamycin mTORC1 and
mTORC2. mTOR exists in two biochemically distinct complexes, one
which is sensitive to rapaymycin and the other which is not. The
rapamycin sensitive complex contains mTOR and GβL and raptor
(regulatory associated protein of mTOR) proteins, whereas the
rapamycin insensitive complex contains mTOR and GβL but instead
of raptor binds to the rictor (rapamycin-insensitive companion of
mTOR) protein. The rictor/mTOR complex has recently been shown
to activate the Akt pathway and regulate the actin cytoskeleton
through mechanisms that are Rho dependent.
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Although mTOR may integrate some signals
directly, such as the ability to sense amino acid levels,
it normally integrates a diverse set of signaling path-
ways including growth factors, intracellular nutrient
levels, and hypoxia via its negative regulation by the
tuberous sclerosis complex (TSC). TSC is composed
of TSC1 (tuberin) and TSC2 (hamartin) both of
which are necessary for TSC’s functions and both
have been characterized as tumor suppressor genes.
TSC2 acts as a GTPase activating protein (GAP) for
the kinase, Rheb, resulting in Rheb being in its GDP-
bound (and inactive) state. Rheb when bound to GTP
(Rheb-GTP) is active and phosphorylates and activates
mTOR. Thus, TSC through its GAP activity towards
Rheb works to restrain mTOR activity.

Growth factors bind to their RTK receptors on
the cell surface and activate mTOR via the PI3K/Akt
pathway (Figure 3). Intracellular nutrient levels are
sensed by the AMP Kinase (AMPK), which phos-
phorylates and negatively regulates TSC2. In this
same regard, hypoxia has been shown to downregu-
late mTOR activity in a manner dependent upon the
REDD1 kinase, which phosphorylates TSC2 in
response to hypoxia (Figure 3).33,34 Although all
these physiologic signals impact mTOR function,
oncogenic activation of mTOR occurs through these
very same pathways as well. However, which protein
or set of proteins, downstream of mTOR, is respon-
sible for its transforming potential has yet to be
defined.

PI3K/Akt/mTOR Activation Results in 
Hypoxia-inducible Factor (HIF) Upregulation

Loss of the von Hippel-Lindau tumor suppressor
gene results in the stabilization of the α subunits of
the HIF, events thought to be critical in the devel-
opment of clear cell renal carcinoma. HIF is a
heterodimeric transcription factor composed of a
labile α-subunit and a stable β-subunit. Humans
possess three α-subunit genes (HIF1α, HIF2α, and
HIF3α) and three HIFβ genes.35 HIF acts not only
as a key regulator of the cellular response to
hypoxia but also plays a critical role in the adapta-
tion of cancer cells to the unfavorable environment
that develops as they outgrow their blood supply.
HIF is polyubiquitinated within a region termed the
oxygen-dependent degradation domain by the VHL
(von Hippel-Lindau) gene product, pVHL. The
binding of pVHL to HIF is governed by an oxygen-
dependent, posttranslational prolyl hydroxylation
of HIFα subunits.36,37 Thus, HIFα subunits are nor-
mally degraded in the presence of oxygen but are
stabilized under hypoxic conditions or in the set-
ting of pVHL loss, leading to transactivation of
HIF target genes.

HIF can be upregulated at the transcriptional
level as well. Mutations in Ras family members or of
BRaf result in activation of the Ras/Raf/Erk pathway
with resultant increases in HIF mRNA levels38–40.
Additionally, translation of HIF mRNA is dependent
upon mTOR activity because treatment with mTOR
inhibitors results in a decrease in both normoxic and
hypoxic accumulation of HIF protein.41–43 This
effect is at least partially mediated by the presence
of TOP tracts located in the 5′ UTR of both HIF1
and HIF243 as protein levels of variants of HIF lack-
ing their native 5′ UTRs (and thus their TOP tracts)
are insensitive to mTOR inhibitors and their growth
inhibitory effects.43

Activation of the PI3K/Akt Pathway in RCC

Analysis of human tumors by tissue microarray has
shown that RCCs stain highly for markers of
PI3K/mTOR pathway activation.44 In this study, 85%
of RCCs were noted to have increased staining for
phosphorylated S6 (pS6) with significantly higher
expression observed in tumors with higher 
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Figure 3. Physiologic regulation of mammalian target of
rapamycin (mTOR). Growth factors bind to their receptor tyrosine
kinases receptors on the cell surface and activate mTOR via the
PI3K/Akt pathway. Intracellular nutrient levels are sensed by the
AMPK, which phosphorylates and negatively regulates TSC2. In this
same regard, hypoxia has been shown to downregulate mTOR activ-
ity in a manner dependent upon the REDD1 kinase, which phospho-
rylates TSC2 in response to hypoxia. Although all these physiologic
signals impact physiologic mTOR function, oncogenic activation of
mTOR occurs through these very same pathways as well.
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T classification, higher Fuhrman grade, and metasta-
tic disease. There are several possible mechanisms of
PI3K/mTOR activation in RCC discussed below.

PTEN Loss

Activation of the PI3K/Akt pathway in RCC may
occur through distinct mechanisms. PTEN loss of het-
erozygosity (LOH) and homozygous deletion has
been documented in both renal carcinoma cell lines
and primary human tumors, although at a low fre-
quency (< 10%).45,46 On the contrary, its expression at
the protein level has been shown to be decreased in up
to 30% of primary RCC specimens relative to adja-
cent normal kidney and its absence has been associ-
ated in multivariate analyses as a negative prognostic
factor in disease-specific survival,47–50 suggesting
alternative mechanisms of PTEN silencing other than
at the level of the genome. As expected, Akt activation
appears to be concordant with PTEN loss49 and inter-
estingly was noted in over 80% of metastatic tumor
biopsies in one series.51 Although mutations in PI3K
or Akt have been described in other solid tumors such
as breast, ovarian, and colorectal cancer, none have
been reported in RCC to date.

PTEN loss or Akt activation in RCC may
play a role in immune escape and response to
immunotherapy. Loss of PTEN and Akt activation
in glioma cells, for example, led to the overexpression
of the immunosuppressive protein B7-H1 and loss of 
T-cell-mediated killing of tumor cells.52 Whether this
same paradigm exists in RCC remains to be validated.

Ras

Mutations of one of the three Ras family members
(K-Ras, H-Ras, or N-Ras) activate PI3K in a PTEN
independent manner. However, the Ras family of
oncogenes has been thoroughly studied and appears
to be rarely mutated in RCC.53–56 Of note, however,
is that the majority of these studies were performed
before the advent of more sensitive sequencing tech-
niques such as single nucleotide polymorphism.
Frequent homozygous deletion and LOH of 3p21 in
both RCC and other tumor types has led to the
search for a putative tumor suppressor gene in this
region. In this regard, silencing of the Ras associa-
tion domain family 1A (RASSF1A) gene by

hypermethylation has been documented and occurs
in up to 56% of primary RCCs57 irregardless of VHL
status.58 Although the exact biochemical under-
standing of RASSF1A remains to be understood,
preliminary evidence points to a role in opposing
Ras function.59 Whether or not silencing of
RASSF1A in RCC has true functional effects has yet
to be proven.

Growth Factor Receptors

Activation of the PI3K/Akt pathway by stimulation
of growth factor RTKs is likely the most common
event resulting in elevated levels in Akt signaling.
There are several well-known growth factors that are
dysregulated in RCC. Many of these are HIF target
genes and thus implicated in the pathogenesis of
VHL –/– RCC. Specifically, these include the
activation of EGFR via autocrine or paracrine secre-
tion of TGFα, stimulation of VEGFR via secretion
of VEGF and PDGF.

Cooperation Between VHL Loss 
and Akt Activation

Cooperation between VHL loss and Akt activation
may lead to higher HIF levels through a cooperative
effect on increased translation and protein stabiliza-
tion, thus leading to hypoxia-independent growth
and survival in RCC. Although VHL loss leads to
stabilization of the HIFα subunits despite normoxic
conditions, Akt activation increases the mTOR-
mediated, CAP-dependent translation of HIF. In
addition, the PI3K/Akt pathway may lead to heat
shock protein expression and stabilization of the
HIF complex to facilitate this signaling program.60

These findings suggest that agents that inhibit the
PI3K/Akt pathway may reverse several of the onco-
genic molecular lesions associated with VHL loss
and HIF deregulation.

Nonclear Cell RCC and the 
PI3K/Akt/m TOR Pathway

Nonclear cell RCC is composed of several pathologic
subgroups, including papillary, chromophobe, col-
lecting duct, oncocytoma, and rarer pathologies such
as small cell variants and medullary carcinoma.
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The underlying molecular events implicated in sev-
eral of these pathologic subtypes have now been iden-
tified and appear to activate the PI3K/Akt/mTOR
pathway or result in hypoxia-independent stabiliza-
tion of HIFα subunits, resulting in a pseudo-hypoxic
state. These alterations may represent shared molecu-
lar pathways similar to clear cell RCC.61

In papillary RCC, c-met on chromosome 7 is
amplified, mutated, or overexpressed in the majority
of tumors and likely contributes to the pathogenesis
of both familial and sporadic tumors.61 Activation of
the met pathway can occur in response to hypoxia as
well leading to a genetic program of invasive growth
and metastasis.62 Although the mechanisms underly-
ing met transformation, motility and metastasis, and
survival are imperfectly understood, the PI3K
pathway is likely essential for the lethal metastatic
phenotype in these tumors.62 Thus, in addition to
selective c-met inhibitors, HIF inhibitors
and PI3K/Akt/mTOR pathway inhibitors may
reduce c-met levels or activity in papillary RCC and
confer clinical benefit. A recent caveat to this find-
ing is the discovery of c-myc amplification and
expression signatures in the subset of aggressive
papillary carcinomas, indicative of a secondary
transformative event in these tumors that is associ-
ated with poor survival and therapeutic resistance.63

In lieu of c-met activation, hereditary papillary
RCC patients may have mutations in the gene for
fumarate hydratase (FH), located on chromosome
1q42. These patients typically have hereditary leiomy-
oma and renal cell cancer, and extremely aggressive
papillary or collecting duct histology.64 This gene
product is involved in the Krebs cycle of oxidative
phosphorylation, and loss of function of FH leads to
accumulation of fumarate and succinate, which com-
petitively inhibits HIF prolyl hydroxylase.65 This
results in increased HIF levels and activity, not due to
VHL loss, but due to reduced hydroxylation and
degradation by VHL, thus mimicking hypoxia. This
dependence on HIF signaling may thus be amenable to
therapeutic intervention with mTOR inhibition.

Finally, in chromophobe RCC, mutations and
LOH occur in the Birt-Hogg-Dube (BHD) gene on
chromosome 17p, and have been identified in famil-
ial cases.66,67 The gene BHD gene product, folliculin,
is a putative tumor suppressor protein, the exact

function of which remains unknown. Recent data,
however, suggest that folliculin is phosphorylated by
and downstream of the AMPK/mTOR pathway,
although its exact role in nutrient sensing remains to
be clarified.68 Its interaction with the mTOR path-
way is intriguing and leaves open the possibility that
mTOR inhibitors may have clinical utility in BHD
defective RCCs.

Inhibitors of the PI3K/Akt/mTOR 
Pathway

Inhibitors of PI3K and Akt are avaiIable. In vitro,
inhibition of PI3K with LY294002 results in the
downregulation of Ras induced increases of HIF and
interestingly inhibits the growth of both VHL wild
type and VHL deficient cells.38 In vivo, treatment of
mice with VHL deficient renal carcinoma xenografts
produces not only inhibition of tumor growth but
also regression, thought to be secondary to increased
apoptosis of the tumor cells.69

The prototypical mTOR inhibitor, rapamycin
(sirolimus), was isolated from the soil of Easter
Island (Rapa Nui) in the 1970s, found to be produced
by the bacterium Streptomyces hygroscopicus, and
had potent antifungal properties.70 It was soon noted,
however, to have immunosuppressive effects, inhibit-
ing both the production of and T-cell response to 
IL-2 and other cytokines, which led to its approval by
the FDA in 1999 for the prevention of acute graft
rejection in combination with cyclosporine and
steroids in renal transplant patients.71 Around the
same time, the development of CCI-779 (cell cycle
inhibitor-779, Wyeth) rejuvenated interest in this
class of compounds as a cancer therapeutic. There
are now four mTOR inhibitors available for clinical
trials: the prototype rapamycin and three rapamycin
derivatives, CCI-779 (temsirolimus, Wyeth),
AP23573 (Ariad), and RAD001 (everolimus, Novar-
tis). Inhibitors of mTOR mediate their effect by com-
plexing with the FK506 binding protein 12
(FKBP12). The resulting complex inhibits mTOR
and subsequent translation (Figure 4).

Preclinical models of RCC have reported signif-
icant sensitivity of renal carcinoma cells to mTOR
inhibition not only in vitro but also in vivo. Growth
of VHL deficient renal carcinoma xenografts was
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inhibited by treatment with the mTOR inhibitor
CCI-779, whereas the same cells expressing stabi-
lized HIF variants lacking their 5′ TOP tracts were
insensitive to the growth inhibitory effects of CCI-
779. Thus, although loss of function mutations of
PTEN result in an Akt-dependent increase in
mTOR-dependent translation of many genes, HIF
has been reported to be the downstream oncogenic
mediator of mTOR in RCC.41,43

Clinical Experience with PI3K/Akt/mTOR
Inhibitors in RCC

PI3K inhibitors have not been studied specifically in
the context of RCC. However, a phase I trial of the
Akt inhibitor perifosine (NSC 639966) showed
1 partial response (in a patient with sarcoma) and
stable disease in two of six patients with metastatic
RCC (6 and 14 weeks each),72 suggesting that
Akt inhibitors may have activity in vivo in patients
with RCC.

mTOR inhibitors have shown encouraging
results in the treatment of RCC leading to the recent
FDA approval of temsirolimus (CCI-779, Wyeth) for
the treatment of advanced RCC. Despite high expec-
tations for this class of compounds and other
inhibitors of the PI3K pathway, their success in the

clinic as monotherapies other than in RCC has been
limited. One potential explanation for the somewhat
disappointing results of these compounds in clinical
trials to date is that pharmacologic inhibition of
mTOR can result in the feedback activation of
PI3K.73,74 In this regard, recent reports show that the
combined inhibition of mTOR and the p110 subunit
of PI3K result in significant proliferative arrest in
glioma cells, whereas inhibition of either alone did
not.74 These results suggest that PI3K activation, as
a consequence of mTOR inhibition, results in stim-
ulation of mTOR independent effector pathways.
The promising clinical trial results in RCC suggest
that these mTOR independent functions of PI3K
may not be relevant in RCC. This may reflect the
fact that the majority of RCCs harbor inactivating
mutations or silencing by hypermethylation of the
VHL tumor suppressor gene, resulting in upregula-
tion of HIF and rendering them sensitive to its inhi-
bition. This hypothesis is consistent with preclinical
data that has established that HIF as both necessary
and sufficient for renal carcinogenesis as well as the
fact that ectopic expression of HIF variants that are
insensitive to mTOR inhibition are sufficient to
overcome the growth inhibitory properties of mTOR
inhibitors.43,75–78 An equally plausible hypothesis is
that feedback activation of PI3K upon mTOR inhi-
bition does not occur in renal carcinoma cells. These
questions will hopefully be addressed with preclini-
cal and correlative studies in the near future.

SUMMARY

Activation of the PI3K/Akt/mTOR pathway through
its effects on HIF translation appears to play a funda-
mental role in the pathogenesis of RCC. Although
alternative effector pathways of Akt possibly play a
role in renal carcinogenesis, studies to this effect are
lacking. The mTOR inhibitor, temsirolimus, has
recently been FDA approved for the treatment of
metastatic RCC as monotherapy and is the first com-
pound to show an overall survival advantage in this
difficult to treat disease. Further studies to determine
the exact effects of mTOR inhibitors on the immune
system of cancer patients are warranted. Finally,
information on predictors of clinical response to
inhibitors of the mTOR pathway is needed.

Figure 4. Mammalian target of rapamycin (mTOR) Inhibitors.
There are now four mTOR inhibitors available for clinical trials: the
prototype rapamycin and three rapamycin derivatives, CCI-779
(temseirolimus, Wyeth), AP23573 (Ariad), and RAD001 (everolimus,
Novartis). Inhibitors of mTOR mediate their effect by complexing with
the FK6 binding protein 12 (FKBP12). The resulting complex inhibits
mTOR and subsequent translation of several genes thought to be
critical to renal cell carcinogenesis such as cyclin D1, HIF, and Myc.
Recent data suggest that long-term therapy with mTOR inhibitors
may reduce mTOR/rictor complex activity and mTOR/raptor activity,
thus leading to some degree of Akt inhibition.
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THE MAMMALIAN TARGET 
OF RAPAMYCIN

Mammalian target of rapamycin (mTOR) is a mem-
ber of the phosophoinositol-3-kinase (PI3K)-like
kinase family, a group of structurally similar protein
kinases (Figure 1) that includes the ataxia-telang-
iectasia mutated (ATM), ATMR (ATM and rad3)
kinase, and DNA protein kinase.1 Members of this
family have a domain structure that includes FAT,
FATC, and HEAT sequences, the latter which
mediate protein-protein interaction. This structure
underlies the numerous protein interactions of

17

Clinical Results of Mammalian Target of
Rapamycin Inhibition in Renal Cell Carcinoma
GARY R. HUDES, MD

mTOR and its key role as a regulator of cellular
homeostasis.2 A rapamycin binding domain(RBD) is
centrally located, whereas the kinase domain is
located near the carboxyl terminus. Inhibition of
mTOR kinase by rapamycin first requires that the
drug form a complex with FKBP-12, an abundant
intracellular protein. This requirement also holds for
temsirolimus and likely for other rapamycin
analogs.3,4 The drug-FKBP-12 complex binds
mTOR at the RBD to inhibit kinase function by an
allosteric mechanism. This mechanism confers
remarkable selectivity, and there are no other known
molecular targets of rapamycin and its analogs.

mTOR: A Member of the PI3-Kinase
Related Kinase Family 

DNA-PK

hSMG-1/ATX 3031 aas

TRRAP 3830 aas

FAT FAT-CKinase

4128 aas

3056 aasAMT

ATR 2644 aas

FRBHeat repeats
(FRAP) mTOR 2549 aas

Adapted from: Shiloh. Nat Rev Cancer. 2003;3:155-168.
Fingar, Blenis. Oncogene. 2004;23:3151-3171. 

Figure 1. Structures of mammalian target of rapamycin and related proteins.
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Through phosphorylation of 2 downstream
effectors, S6 kinase (S6K) and the binding protein
for eukaryotic initiation factor 4E (4E-BP1),
TORC1 controls the translation of cyclin D, c-Myc,
and other key proteins involved in cell prolifera-
tion.10 TORC1 also regulates expression and
stability of HIF-1α.11,12 These mTOR functions are
relevant to renal cell carcinoma (RCC), which is
characterized by alterations of the von Hippel-
Lindau gene (VHL), leading to the upregulation of
HIFα subunits, vascular endothelial growth factor
(VEGF), and other molecules that increase angio-
genesis.13 Loss of VHL function in RCC also
results in deregulation of Cyclin D1, a cyclin-
dependent kinase cofactor required for cell cycle
progression.14,15 Thus, mechanisms underlying the
antitumor activity of temsirolimus in renal carci-
noma probably include inhibition of both angiogen-
esis and tumor cell proliferation. Importantly,
mTOR kinase associated with TORC2 is relatively
resistant to inhibition by rapamycin in vitro, sug-
gesting that temsirolimus and other rapamycin
analogs may effectively inhibit the activities TORC1
but not those of TORC2, a potential mechanism of
resistance.16

mTOR ACTIVATION AND SIGNALING

mTOR integrates numerous signals including cellu-
lar growth stimuli, nutrition and energy status, and
stress. Early biochemical studies positioned mTOR
in the growth factor-activated phosphatidylinositol-
3-kinase (PI3K), Akt (protein kinase B) signaling
pathway, and downstream from Akt.5 mTOR kinase
is also activated by genetic alterations that reduce
function of the PTEN tumor suppressor protein6 or
increase function of the catalytic subunit of PI3K,7

both of which cause abnormal activation of Akt.
A parallel pathway through which mTOR is acti-
vated involves cellular levels of cyclic AMP
(cAMP), the cAMP-dependent protein kinase
(AMPK), and the tuberous sclerosis complex 1 and
2 proteins (Figure 2). This upstream branch of the
mTOR pathway is sensitive to cellular energy bal-
ance and nutritional status.2

mTOR functions in 2 main multiprotein com-
plexes, target of rapamycin complex (TORC) 1 and
TORC2.8 TORC2 is implicated in the regulation of
protein kinase Cα and consequently in the control of
cell morphology and adhesion. TORC2 has also
been shown to phosphorylate and activate Akt.9

Figure 2. Phosphatidylinositol-3-kinase/Akt/mammalian target of rapamycin
pathway, TORC1 and TORC2, and feedback loop involving insulin receptor sub-
strate (IGF-IR) phosphorylation by p70S6 kinase.
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THE PI3K/Akt /mTOR PATHWAY 
IN RENAL CARCINOMA

Using immunohistochemical methods, Robb and
colleagues found evidence of mTOR activation in
approximately 60% of 25 primary clear cell RCC.17

Pantuck and colleagues found that activation of the
mTOR pathway affects prognosis for patients with
localized and metastatic kidney cancer. In their tis-
sue microarray-based immunohistochemical study,
mTOR pathway activation occurred most signifi-
cantly in clear cell carcinomas, high grade tumors,
and tumors with poor-prognostic features.18 The
frequency of mTOR pathway activation in RCC
metastases and how this correlates with activation in
the primary tumor has not yet been reported.

Laboratory investigations indicate that
PI3K/Akt activation could be an important predictor
of sensitivity to mTOR inhibitor therapy in the
clinic,19 and the preliminary report of a small cor-
relative study supports this possibility.20 A large
clinical trial of mTOR inhibitor therapy that corre-
lates treatment outcomes with tissue biomarkers of
mTOR pathway activation would provide a more
definitive answer to this important question.

CLINICAL TRIALS OF mTOR INHIBITORS

Three inhibitors of mTOR have undergone clinical
evaluation (Table 1). Each of these agents is

analogs of rapamycin differing only at the C43
position, which is modified to increase solubility
and bioavailability by the addition of an ester,
ether or phosphonate group for temsirolimus,
everolimus (RAD001), and deferolimus
(AP23573) (Figure 3). Temsirolimus, the first
mTOR inhibitor to enter the clinic, was approved
in 2007 for patients with advanced or metastatic
renal carcinoma. Temsirolimus will also be tested
as second-line therapy following progression on
sunitinib and as first-line therapy of patients with
nonclear cell renal carcinoma. Everolimus is being
evaluated as second-line therapy for patients with
metastatic RCC who have progressed after treat-
ment with sunitinib or sorafenib, ie, after VEGFR
tyrosine kinase inhibitor therapy. Deferolimus has
not yet been evaluated in RCC. Combination stud-
ies of temsirolimus and other mTOR inhibitors
will be discussed below.

TEMSIROLIMUS

The potential role for temsirolimus as a therapeutic
agent in renal cancer and other tumors was first
observed in phase I evaluation. Two schedules were
evaluated, a 5 consecutive day, every 2 week sched-
ule,21 and a weekly schedule.22 A conventional max-
imal tolerated dose was not defined for either of
these schedules in minimally pretreated patients, but

Table 1. SUMMARY OF PHASE I STUDIES OF TEMSIROLIMUS

Temsirolimus RAD001 AP-23573

Sirolimus Analog Yes Yes Yes

Metabolized to sirolimus Yes No No

Schedules and phase Daily IV × 5: Daily PO: 10 mg/d, Daily IV × 5:
II doses 15 (19.2) mg/d, weekly PO: 50 to 70 mg 12.5 mg, weekly 

weekly IV: 25 to 250 mg 50 to 75 
mg, daily PO: ?

Main AEs and DLTs Anemia, rash, Rash, anorexia, Stomatitis, fatigue,
stomatitis, fatigue, stomatitis, anemia, rash,
hyperlipidemia, hyperlipidemia, diarrhea
hyperglycemia headache thrombocytopenia,
neutropenia, neutropenia (daily)
thrombocytopenia

Activity (incl SD > 3 mo) RCC, sarcoma, Sarcoma, RCC, Sarcoma, RCC,
endometrial, cervical hepatoma, NSCLCa bladder, 
NSCLCa mesothelioma,

bile duct, CRC

AE = ; CRC = ; DLT = ; IV = intravenous; NSCLCa = ; PO = ; RCC = renal cell carcinoma.
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adverse events were more common at higher doses
levels in each study. Two unconfirmed partial
responses (PRs) were observed in 16 patients with
RCC enrolled on the 5-day q 2 week phase I trial of
temsirolimus, and 1 confirmed PR was seen in the
weekly schedule phase I study. Several other
patients had prolonged stable disease on the weekly
schedule over a broad range of doses.

The pharmacologic parameters for temsirolimus
are summarized in Table 2. Also, summarized are
the key pharmacokinetic and pharmacodynamic
findings for everolimus and deferolimus. Tem-
sirolimus is metabolized to sirolimus (rapamycin),
which has a longer terminal half-life than the parent
molecule. Because temsirolimus and sirolimus bind
similarly to FK-BP12, and exert similar antiprolifer-
ative effects in vitro,4 both the parent drug and
metabolite are likely responsible for inhibition of
mTOR and antitumor effects after administration of
temsirolimus.

The weekly dosing schedule was chosen for clin-
ical development of temsirolimus, and the question of
optimal dose was further evaluated in a randomized
phase II study of weekly temsirolimus in patients with
cytokine-refractory metastatic RCC.23 A total of 111
patients were enrolled in this trial and treated with
temsirolimus at a dose of 25, 75, or 250 mg as

a weekly 30 minute intravenous infusion. The study
subjects had received a median of 2 prior therapies
for metastatic disease, and 91% subjects had received
prior interleukin-2 or interferon (IFN). The median
time to progression was 5.8 months, and median over-
all survival (OS) was 15 months. The objective
response rate was only 7%, but 51% of patients had
clinical benefit defined as either objective response or
stable disease for at least 6 months. The lowest dose
of temsirolimus in this study (25 mg) seemed to be as
effective as the higher doses and was better tolerated
over multiple cycles. Accordingly, the 25 mg weekly
dose was selected for future studies in RCC.

In an exploratory subgroup analysis of OS using
the MSKCC prognostic factor model,24 8, 46, and
47% of patients were classified as good, intermediate,
or poor prognosis (ie, having ≥ 3 of 5 predictors of
shorter survival). The median OS times for these
groups were 23.8, 22.5, and 8.2 months (Table 3).
Although short, the OS of the poor-prognosis sub-
group receiving temsirolimus was better than
expected compared with a group of patients with 3 or
more of the MSKCC risk factors treated with IFN as
first-line therapy.24 Based on these results, a larger
randomized trial was conducted to determine whether
mTOR inhibition with temsirolimus could improve
the OS of patients with poor-prognosis RCC.

Figure 3. Structures of rapamycin and analogs.
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Phase III Trial of Temsirolimus, IFN, or 
Temsirolimus Plus IFN in RCC

The global Advanced Renal Cell Carcinoma (ARCC)
trial was designed to determine whether tem-
sirolimus as a single agent or in combination with
IFNα improves the OS of patients with advanced
(unresectable) or metastatic poor-prognosis RCC.25

Several aspects of the Global ARCC trial design dis-
tinguish it from other contemporary phase III trials
of new agents in RCC. First, the primary study end-
point was OS, targeting a 40% improvement in
median OS for each of 2 comparisons: temsirolimus
versus IFN and the combination of temsirolimus and
IFN versus IFN. Second, the study enrolled patients
with all RCC histologies and did not exclude those
with predominantly nonclear cell tumors. Third,

patients were not required to undergo cytoreductive
or adjuvant nephrectomy prior to enrollment. Finally,
the study enrolled a predominantly poor-prognosis
population defined by requiring subjects to have at
least 3 of 6 factors known to be associated with short
survival. This prognostic factor model was adapted
from the 5 prognostic factor MSKCC model24 by
adding a sixth factor (multiple organ sites of metas-
tases) as initially described by Mekhail and
colleagues from the Cleveland Clinic.26

A total of 626 patients with ≥ 3 factors predict-
ing short survival were randomized to 1 of 3 treat-
ment groups: temsirolimus 25 mg intravenously (IV)
each week; IFNα 3 million units (MU) subcuta-
neously (SC) 3 times weekly (escalating to 18 MU
SC 3 times weekly or maximum tolerated dose); and
the combination of temsirolimus 15 mg IV weekly

Table 2. mTOR INHIBITORS COMPARED PK AND PD

Sirolimus Temsirolimus Everolimus AP23573

PK 40–50 12–15 26–38 49 
Median half-life (h) ↑ with dose ↑ with dose ↑ with dose 

Clearance AUC ↑ less than proportional ↑ less than 
proportional

PD
Peripheral blood ↓ S6K1 activity, variable ↓ pS6K1 at 20–30 ↓ p4E-BP1, 

mononuclear cell duration (n = 9) mg/week 7–10 day duration*
≥ 50%

Tumor Specimens ↓ pS6 (greater with ↓ pS6K1 ↓ pS6K1 in brain
low/absent PTEN) in ↓ p4E-BP1* tumors after 
prostate cancer; ↑ p-Akt* (n = 33) 12.5 to 15 mg × 

↓ pS6K1, ↑ pAkt in paired 4 days (n = 8)
neuroendocrine tumor 
biopsies
(n = 13)

*Dose-related change

Desai et al. J Clin Oncol. 2004;22(14s):3150. Mita et al. J Clin Oncol. 2004;22(14s):3076. Raymond et al. J Clin Oncol. 2004;22:2336–2347.

Table 3. RANDOMIZED PHASE II STUDY OF TEMSIROLIMUS IN CYTOKINE-REFRACTORY
RENAL CELL CARCINOMA: OVERALL SURVIVAL BY PROGNOSTIC GROUP

Risk Group No. (%) Patients Median Survival, Mo Survival, 95% CI, Mo

Good 8 (7) 23.8 17.7 to 27.1

Intermediate 48 (43) 22.5 16.9 to 25.7

Poor 49 (44) 8.2 7.0 to 10.1

Data from Atkins MB.23

*Does not include 6 patients (5%) with unknown risk category.
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and IFNα 6 MU SC 3 times weekly. The schedule
and doses of temsirolimus and IFNα for the combi-
nation treatment were established in a preceding
phase I and II study27 (Figure 4).

The study was conducted in 23 countries
between July 2003 and April 2005. The majority of
patients (80%) had clear cell histology, and 67% of
patients had undergone nephrectomy to remove the
primary tumor. Patients with Karnofsky perfor-
mance score < 80 comprised 82% of the population.
By the MSKCC prognostic model,28 74% of patients
were in the poor-prognosis category.

The common adverse events by treatment are
summarized in Table 4. Asthenia was more
frequent in the groups receiving IFN, whereas
rash, peripheral edema, and stomatitis affected
more patients who received temsirolimus alone or
in the combination treatment. Myelosuppression
was more common in patients treated with the
combination of temsirolimus and IFNα. Com-
pared with IFN monotherapy, temsirolimus was
associated with a higher incidence of hyperlipi-
demia, hyperglycemia, and hypercholesterolemia

(see Table 4). These metabolic effects of tem-
sirolimus are consistent with inhibition of insulin
signaling through the PI3K/Akt/mTOR signaling
pathway and are generally manageable with diet
control or standard medical therapies. Compared
with IFN and combination therapy, fewer patients
receiving single-agent temsirolimus had grade 3 or
4 adverse events.

The efficacy endpoints for this trial are summa-
rized in Table 5, and the Kaplan–Meier estimates of
OS and PFS are shown in Figure 5. OS was greater
for patients who received temsirolimus than for
patients who received IFN (hazard ratio for death,
0.73; 95% CI 0.58 to 0.92; p = .008). Progression-free
survival was also greater for patients receiving tem-
sirolimus (p < .001). By contrast, OS for the group
receiving combination therapy was not significantly
different from that of the group treated with IFN (haz-
ard ratio, 0.96; 95% CI, 0.76to1.20; p = .70) although
PFS was significantly longer for the combination
group. The median survival times for the groups
receiving temsirolimus, IFN, and combination were
7.3, 10.9, and 8.4 months, respectively. The ORR was

Table 4. PHASE III STUDY OF TEMSIROLIMUS AND IFNα: SELECTED TREATMENT RELATED 

ADVERSE EVENTS (% OF PATIENTS)

IFN (n = 200) Temsirolimus (n = 208) Temsirolimus + IFN (n = 208)

All Grade Grade Grade
Adverse event Grades 3 or 4 All Grades 3 or 4 All Grades 3 or 4

Asthenia 64 26 51 11 62 28

Nausea 41 4 37 2 40 3

Rash 6 0 47 4 21 1

Dyspnea 24 6 28 9 26 10

Diarrhea 20 2 27 1 27 5

Peripheral edema 8 0 27 2 16 0

Vomiting 28 2 19 2 30 2

Stomatitis 4 0 20 1 21 5

Anemia 42 22 45 20 61 38

Hyperlipidemia 14 1 27 3 38 8

Hyperglycemia 11 2 26 11 17 6

Hypercholesteremia 4 0 24 1 26 2

Thrombocytopenia 8 0 14 1 38 9

Neutropenia 12 7 7 3 27 15

Hudes G et al.25
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Phase 3 Study of TEMSR and IFN in Advanced RCC
626 patients with advanced metastatic RCC with
poor-risk features 

209 sites (26 countries)
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Figure 4. Design of the global Advanced Renal Cell Carcinoma trial.

not significantly different, 8.6, 4.8, and 8.1%, for the
temsirolimus, IFN, and combination groups. Clinical
benefit, defined as objective response or stable dis-
ease for ≥ 24 weeks, was observed in 32.1, 15.5, and
28.1% of the temsirolimus, combination, and IFN
groups, respectively.

A prespecified subgroup analysis revealed that
the OS advantage for temsirolimus was consistent
across most of the subgroups examined, including
sex, time from initial diagnosis to randomization 

(< 1 vs ≥ 1 year), KPS (≤ 70 vs > 70), prior nephrec-
tomy (yes vs no), tumor histology (clear cell vs
other), hemoglobin level (normal vs < normal
value), corrected serum calcium level (≤ 10 mg/dL
vs > 10 mg/dL), and geographic area. By contrast,
the survival benefit of temsirolimus was greater for
patients less than 65 years old than for older patients
(p = .02) and for patients with serum LDH levels 
> 1.5 × ULN than for those with LDH values 
≤ 1.5 × ULN, (p = .008).

Table 5. SUMMARY OF EFFICACY MEASURES FROM GLOBAL ADVANCED RENAL CELL CARCINOMA TRIAL

Temsirolimus +
Endpoint Interferon Temsirolimus Interferon

Overall survival, mo 7.3 (6.1 to 8.8) 10.9 (8.6 to 12.7) 8.4 (6.6 to 10.3)
(95% CI)

Progression-free survival in
months (95% CI)

Investigator assessment 1.9 (1.9 to 2.2) 3.8 (3.6 to 5.2) 3.7 (2.9 to 4.4)

Independent assessment* 3.1 (2.2 to 3.8) 5.5 (3.9 to 7.0) 4.7 (3.9 to 5.8)

Objective response rate  4.8% (1.9 to 7.8) 8.6% (4.8 to 12.4) 8.1% (4.4 to 11.8)
(95% CI) 

Clinical benefit (complete 15.5% (10.5 to 20.4) 32.1% (25.7 to 38.4) 28.1% (22.0 to 34.2)
and partial response, 
and stable disease 
≥ 24 weeks) (95% CI)

Hudes G et al25.
*This category includes only patients who had at least one tumor assessment after the baseline assessment: 153 patients in the interferon group (74%),
192 patients in the temsirolimus group (92%), and 168 patients in the combination group (80%).
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Figure 5. Kaplan–Meier estimates of overall survival (panel A) and progression-free survival (panel B).
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EVEROLIMUS

Everolimus (RAD001) is an orally administered
rapamycin analog and the second mTOR inhibitor in
clinical development (see Figure 1). Phase I studies
defined tolerable doses for daily and weekly
administration. Continuous daily administration of 10
mg was selected for a phase II study in patients with
metastatic, progressive, predominantly clear cell RCC
and up to 1 prior therapy. In a preliminary report,29 37
of 41 patients enrolled were evaluated for response
and toxicity. Adverse events related to everolimus treat-
ment were stomatitis, skin rash, hypophosphatemia,

hypertriglyceridemia, hyperglycemia, anemia,
thrombocytopenia, and pneumonitis—a toxicity pro-
file similar to that of temsirolimus. Objective PR was
observed in 12 patients, and 19 patients had stable
disease for ≥ 3 months. The median duration of ther-
apy exceeded 8 months, and median OS exceeded
11.5 months. These encouraging results formed the
basis for a phase III study comparing daily
everolimus with placebo “in 410 patients with dis-
ease progression after sunitinib, sorafenib, or both
treatments. Progression free survival was the primary
efficacy indicator for this double-blind randomized
trial. Patients receiving everolimus had significantly
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longer PFS than those receiving placebo (hazard ratio
0.30; 95% confidence interval 0.22–0.40; p < .001).
The median PFS for everolimus and placebo groups
were 4.0 and 1.9 months, respectively (Figure 6). The
OS analysis will include patients assigned to placebo
who received everolimus at the time of disease
progression.”

COMBINATION STUDIES

Ideally, combination therapies should employ
effective agents with differing mechanisms of action
and adverse effect profiles. Accordingly, the possi-
bility of achieving greater efficacy in metastatic
RCC with the combination of mTOR inhibitor and a
VEGF or VEGFR inhibitor seems appealing. Prelim-
inary results of a phase I study of temsirolimus and
bevacizumab have been the most encouraging. Each
agent was delivered at the standard single-agent dose
for multiple cycles, and eight PRs were observed in
14 patients.31 By contrast, the combination of tem-
sirolimus with sorafenib, a Raf kinase and VEGF
receptor tyrosine kinase inhibitor, required a 50%

reduction of the single-agent dose of sorafenib. The
recommended doses for phase II evaluation were
sorafenib 200 mg bid and temsirolimus 25 mg IV
weekly.32 As noted above, the combination of tem-
sirolimus and IFN was feasible only at reduced doses
of each agent and was not more effective than single-
agent temsirolimus in metastatic RCC.25

Temsirolimus combinations will be more rig-
orously assessed in the BEST trial sponsored by
the Eastern Cooperative Oncology Group and
National Cancer Institute. This randomized phase
II study will compare 3 2-drug combinations,
including the aforementioned temsirolimus/beva-
cizumab and temsirolimus/sorafenib doublets,
with single-agent bevacizumab as first-line treat-
ment for metastatic RCC.

POTENTIAL RESISTANCE MECHANISMS

As referenced above, TORC2 can signal back to Akt
phosphorylating the protein at Ser 473.9 This posi-
tive feedback loop may limit the therapeutic effects
of rapamycin analog mTOR inhibitors, which

Figure 6. Progression-free survival of patients receiving RAD001 (everolimus) or placebo in the
RECORD-1 Trial. Adapted from Motzer RJ, Escudier B, Oudard S, et al. RAD001 vs placebo in patients
with metastatic renal cell carcinoma after progression on VEGFr-TKI therapy: Results from a random-
ized, double blind, multicenter phase III study. Presented at the 2008 annual meeting of the American
Society of Clinical Oncology.
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mainly inhibit mTOR associated with TORC1.16

A second potential resistance mechanism involves
inhibition of S6K as a downstream consequence of
mTOR (TORC1) inhibition. Through interactions
with the insulin receptor and insulin-like growth fac-
tor (IGF) receptors, and with PI3K, insulin receptor
substrates 1 and 2 (IRS-1 and IRS-2) couple insulin
and IGF-1 signaling to PI3K and the subsequent
activation of Akt and mTOR. S6K phosphorylates
IRS-1 and IRS-2, a modification that destabilizes
these proteins and uncouples IGF/insulin signaling
to PI3K. Thus, mTOR/S6K signaling constitutes a
negative feedback mechanism for insulin and IGF-1
signaling. Loss of this negative feedback mechanism
has been shown to occur in cells and tumors exposed
to rapamycin,33–35 everolimus,36 and temsirolimus,37

and in certain contexts could limit the antitumor
effects of mTOR inhibition with these agents. This
specific mechanism of resistance—increased
IGF/PI3K/Akt signaling with mTOR inhibition—
could be counteracted by simultaneous inhibition of
IGF-1R signaling.35–37

Finally, evidence for a rapamycin-insensitive,
mTOR-independent mechanism of protein transla-
tion that requires PI3K signaling, but not S6K or
phosphorylation of the S6 ribosomal protein, is
another potential barrier to effective therapy with
mTOR inhibitors.38 Depending on the expression of
the alternate pathway in tumor cells, inhibition of
TORC1 and its downstream effectors (S6 kinase,
4E-BP1) may not be sufficient to reduce the trans-
lation of HIFs and cell cycle regulators such as
cyclin D.

SUMMARY AND FUTURE 
CONSIDERATIONS

Although the mechanisms that lead to increased
mTOR activation in RCC are incompletely defined,
it is clear that mTOR kinase is an important thera-
peutic target for RCC.

All 3 mTOR inhibitors in clinical development
are analogs of the bacterial product rapamycin, and
they likely share a common mechanism of action
with the natural product inhibitor. Compared with
IFNα, temsirolimus administered as a weekly infu-
sion improved the survival of a poor-prognosis

population with RCC and was subsequently
approved for treatment of RCC. Everolimus, an
orally administered mTOR inhibitor with activity
in RCC, is being investigated as second-line treat-
ment after sunitinib and sorafenib treatment. The
third mTOR inhibitor, deferolimus (AP23573), has
not been evaluated in RCC. These agents are gen-
erally well tolerated with metabolic abnormalities
noted to be the most common dose-limiting toxic
effects.

How to use mTOR inhibitors most effectively
in RCC and other tumors is an active area of
clinical research. Current investigations include
comparison of mTOR inhibition with VEGF/PDGF
tyrosine kinase inhibition, both as first- and sec-
ond-line therapy, and as treatment for patients with
nonclear cell histology. Additional studies have
been initiated to assess the feasibility and efficacy
of mTOR inhibitors in combination with targeted
agents and cytotoxic drugs. Many of these studies
will include correlations of tumor biomarkers with
treatment outcomes toward the important goal of
establishing who will benefit the most from
therapeutic mTOR inhibition. The complexity of
mTOR biology suggests that many new insights
await basic and clinical investigators working in
this field.
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Despite the successful development of new thera-
pies for metastatic renal cell carcinoma (RCC) in
the past five years, nearly all patients with metasta-
tic disease will succumb to their disease. Cleary,
there is a need for continued exploration for more
effective agents or regimens. Progress has been
most clearly documented in the treatment of clear
cell RCC, but there is evidence that the currently
FDA approved therapies also benefit some patients
with papillary and chromophobe RCC. Given that
the molecular pathophysiology of each of those
entities is distinct, a separate discussion of each
RCC subtype is appropriate when considering
signal transduction inhibitors. This chapter will
focus on the broad area of optimizing current
application of tumor-targeted therapies and future
directions.

Two essential questions remain unanswered in
the field of systemic therapy for metastatic RCC:
what tumor or host factors predict long-term bene-
fit from the currently available agents and what
mechanisms underlie resistance to therapy. This
second issue can be further dissected into the mech-
anisms that mediate resistance for those patients
who progress early in the course of therapy and the
mechanisms that mediate disease progression for
those patients who remain progression-free for
many months or years. Consideration of these areas
is necessary as a first step in the rational develop-
ment of the next generation of therapies for
metastatic RCC.

MECHANISM OF ACTION AND PREDICTIVE
BIOMARKERS FOR CURRENT THERAPIES

A thorough understanding of the mechanism of
action is lacking for the agents that have been shown
to definitively alter the natural history of metastatic
RCC: bevacizumab, sorafenib, sunitinib, and
temsirolimus. Bevacizumab is, perhaps, the agent
for which the mechanism of action is best described,
although critical questions regarding the limits of its
effects remain to be elucidated. Vascular endothelial
growth factor (VEGF) signaling is clearly critical
for endothelial cell proliferation and recruitment
into the tumor microenvironment.1 Yet, the cellular
and macroscopic consequences of pure VEGF
antagonism are more far-reaching than just inhibi-
tion of new tumor blood vessel formation. Reduc-
tions in tumor volume and induction of new areas of
necrosis within tumors point to additional functions
of VEGF within the tumor microenvironment.2 If the
endothelial cell is the primary or sole “target” of
VEGF deprivation, then it may be that tumor blood
vessels other than those that lack the support of per-
icytes may also be susceptible to VEGF depletion.
Experimental evidence does not suggest this, but it
is likely that preclinical models of tumor angiogene-
sis do not capture the complexity of endothelial cell
homeostasis in human tumors as has been elucidated
by some recent reports.3 VEGF receptor expression
on tumor cells has recently been described for a sig-
nificant subset of clear cell RCCs.4 For this subset of
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tumors, VEGF-targeted therapy with VEGF ligand
or VEGF receptor inhibitors may mediate
direct tumor-cell effects, independent of effects on
tumor vessels.5 However, this cannot entirely
explain the regression of established metastases,
which occurs more frequently than VEGF receptor
overexpression.

Defining the factors that accurately predict
which patients experience prolonged benefit from
single-agent therapy would provide a rational basis
for improving treatment outcomes for the latter
group. There are no reports of predictive markers for
any of the four proven targeted therapies, and this
area of investigation remains largely exploratory.
Under consideration are tumor factors, such as von
Hippel-Lindau (VHL) gene status, hypoxia
inducible factor (HIF) expression, and expression of
HIF responsive genes (VEGF, platelet-derived
growth factor (PDGF), and basic fibroblast growth
factor (bFGF), amongst others). (Figure 1)
Endothelial cell factors such as expression of
receptors for these same growth factors and down-
stream activation of signal transduction pathways
are also plausible distinguishing features of respon-
sive versus refractory tumors. Lastly, host factors
that may influence outcome in the setting of these
therapies include functional polymorphisms in the
genes encoding the direct targets of each agent or

the downstream signaling mediators of drug effect.
Even differences in drug exposure among a popula-
tion of treated patients may explain differences in
outcome as data from phase II trials with sunitinib
suggest.6 It is likely that multiple factors influence
outcome and unraveling their respective contribu-
tion of each factor will require building statistical
models incorporating apparently predictive markers
for large cohorts of patients.

The exploration of predictive markers of out-
come in the setting of therapy with bevacizumab,
sorafenib, sunitinib, and temsirolimus in clear cell
RCC is in its infancy. The only published report
regarding predictive marker in the setting of therapy
investigated the predictive value of VHL function or
loss of function in patients with clear cell RCC
treated with either bevacizumab, sunitinib, or
axitinib (another potent inhibitor of VEGF and
PDGF receptors).7 In this relatively small cohort, the
presence of mutations in VHL or hypermethylation
of the VHL promotor, which would be expected to
result in silencing of gene expression, were weakly
predictive of better progression-free survival (PFS).
When only those mutations that would result in com-
plete loss of functional VHL protein were consid-
ered, along with those tumors with promoter
hypermethylation, a stronger association was seen
between VHL status and PFS but still not statistically

VHL HIF1a

HIF2a

bFGF

EGF

VEGF

PDGF

RCC cell

Endothelial cell

Ras

Raf

PI3K

Figure 1. The central genetic event in clear cell renal cell carcinoma is the loss of VHL function through allelic deletion, inactivating mutation
or gene expression silencing. This results in the unregulated activity of HIF1 and HIF2 which are responsible for increased expression of the
pro-angiogenic growth factors: VEGF, PDGF, EGF, bFGF, amongst others.
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significant. The implication of these findings is that
VEGF-targeted therapy may be most beneficial for
those patients whose tumors lack functional VHL
and therefore have unique dependence on HIF activ-
ity and subsequent VEGF expression. This catego-
rization of patients is supported by the preclinical
data describing the central role of VHL loss of func-
tion in the pathophysiology of clear cell RCC. If
tumors with VHL intact are uniquely unresponsive to
VEGF-targeted therapy, then that population merits a
focused search for better therapeutic targets than
VEGF or VEGF receptors. Even among the patients
whose tumors have VHL loss of function, there is a
great range in disease control, indicating that further
characterization is required to define the factors that
predict outcome in this subgroup, which represents at
least two-thirds of the clear cell RCC population.

The characteristics of each of the proven
targeted agents must be considered to create testable
hypotheses pertaining to improvements in therapy.
Bevacizumab specifically binds VEGF-A, the
isoform of VEGF that has been described as the
ligand for VEGF receptors 1 and 2.8 At doses of
0.3 mg/kg and higher, bevacizumab ligates all
detectable serum VEGF.9 It is not clear whether this
effect also reflects complete binding of VEGF in the
interstitial space between tumor cells and tumor ves-
sel endothelial cells. The half-life of bevacizumab is
approximately two weeks. Thus, repeated doses
given every two to three week intervals result in
drug accumulation. Although the dose that has been
most thoroughly evaluated in RCC is 10 mg/kg
given every 2 weeks,2,10,11 on the basis of pharmaco-
kinetic and pharmacodynamic data, one would
anticipate that even lower doses and less-frequent
administration would achieve complete or near
complete VEGF binding.

Sorafenib and sunitinib are both kinase
inhibitors with potency against VEGF receptors −1,
−2, and −3.12,13 Although these may be the most rel-
evant targets in clear cell RCC, the additional activ-
ity against PDGF receptor β (PDGFRβ) associated
with both the agents is likely a valuable property
when targeting tumor angiogenesis given the role of
PDGF in recruiting pericytes to sprouting tumor
vessels.14 Each drug inhibits additional kinases, and
the spectrum of kinases beyond VEGF and PDGF

receptors differs significantly.15 Having demon-
strated clear benefit in clear cell RCC, the possibility
remains that many of the kinases inhibited by each
agent may contribute to toxicity and not to efficacy.
In that sense, the therapeutic index of more narrow
spectrum VEGF receptor inhibitors may be greater.
The phase II trial experience with axitinib lends
some support to this hypothesis, however, compara-
tive trials will be needed with careful attention to
impact on biomarkers to resolve this issue.16 It is
also possible that the extended spectrum of
sorafenib and sunitinib offer some therapeutic
advantages in RCC. Sorafenib, for example, is a
potent inhibitor of Raf kinases. These constituents of
the mitogen activated protein (MAP) kinase pathway
have been shown to be essential for VEGF-
stimulated proliferation of endothelial cells. In pre-
clinical models, Raf antagonism results in
endothelial cell apoptosis and inhibition of angio-
genesis.17,18 Thus, Raf inhibition could complement
VEGF receptor inhibition by blocking serial steps in
endothelial cell signaling.

MECHANISMS OF RESISTANCE TO
TARGETED THERAPY IN RCC

Mechanisms of resistance to VEGF-targeted therapy
in clear cell RCC are not defined. To the same
degree that responsiveness to VEGF-targeted ther-
apy is highly variable, resistance may be mediated
by different factors for patients whose tumors
progress early or late in the course of therapy. In the
setting of VEGF receptor inhibition in clear cell
RCC patients, serum VEGF levels increase signifi-
cantly within the first few weeks of treatment.19,20

Of note, this phenomenon is observed with beva-
cizumab as well.9 However, it has been shown that
the amount of available unbound bevacizumab is
sufficient to adsorb this excess VEGF. It has been
hypothesized that this increase reflects effective
VEGF receptor blockade and that an intracellular or
intercellular feedback loop leads to greater HIF
activity and more VEGF production. If this increase
reflects the degree to which VEGF receptors are
inhibited, as opposed to a macroscopic effect on
tumor vasculature architecture leading to increased
tumor hypoxia and HIF activation, then one might
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expect that greater increases in VEGF would associ-
ate with improved clinical outcome.21 A very strong
association would only be expected if all tumors
were equally dependent on VEGF signaling for
progression. Based on variable loss of VHL,
amongst other factors, this is likely not the case.
Additional hypotheses regarding the significance of
rising VEGF levels following VEGF receptor
inhibition are that tumor progression might ulti-
mately be mediated by overcoming incomplete
receptor inhibition or stimulation of lower affinity
VEGF receptors. Experimental evidence regarding
this phenomenon is lacking. There are, however,
ample data from animal models of tumor angiogen-
esis (not RCC) that VEGF or VEGF receptor inhibi-
tion leads to increased production of PDGF and
bFGF by tumors.22 PDGF upregulation may be
addressed by the cross reactivity to PDGFRβ inher-
ent with sorafenib and sunitinib, but pro-angiogene-
sis growth factors, including bFGF, transforming
growth factor β (TGFβ), hepatocyte growth factor
(HGF) angiopoetin, and ephrins, may mediate tumor
escape in the face of VEGF and VEGF receptor
inhibition.

mTOR inhibition was added to the list of
successful molecular interventions in RCC with the
phase IV trial comparing temsirolimus to interferon.23

This agent was taken into phase III testing based on
clinical activity observed in a large phase II trial, but
a robust understanding of mTOR in RCC pathophys-
iology was lacking.24 It had been observed that tumor
angiogenesis is inhibited with mTOR inhibition in
preclinical models.25 It has since been described that
mTOR regulates HIF expression and activity in sev-
eral tumor models.26,27 This provides a plausible
mechanistic link between mTOR and the known role
of VHL and HIF in clear cell RCC. However, it also
known that the phosphoinositol-3-phosphate kinase
pathway (PI3 kinase pathway), in which mTOR plays
a critical role, is responsible for a significant element
of VEGF receptor and other growth factor receptor
signaling in endothelial cells.28,29 Thus, it remains
possible that temsirolimus exerts a significant effect
on both the tumor cell and endothelial cell that would
result in inhibition of angiogenesis. These points
aside, the role of the PI3 kinase pathway in tumor cell
survival, independent of HIF, cannot be ignored as a

possible contributor to efficacy with mTOR inhibi-
tion. The potential mechanisms of resistance to
mTOR inhibited may be quite distinct compared to
that observed with VEGF-targeted therapy. One
observation that deserves closer attention is that
rapamycin analogs, including temsirolimus, inhibit
only one of two signaling complexes of which mTOR
is a part. The TORC1 complex is potently inhibited by
the temsirolimus and other rapamycin analog mTOR
inhibitors, whereas the TORC2 complex is not.30 As a
consequence, one downstream consequence of
mTOR activation is unopposed. It has been demon-
strated in preclinical studies that mTOR inhibition
with rapamycin analogs results in feedback upregula-
tion of the PI3 kinase pathway, assessed by activation
of Akt, which is more proximal in the PI3 kinase path-
way than mTOR.31 This is analogous to VEGF upreg-
ulation in the setting of VEGF receptor blockade.
Because Akt can activate the TORC2 complex, which
is not inhibited by rapamycin analogs, it is possible
that the upregulation of this pathway compensates for
TORC1 inhibition in tumors that are refractory to
temsirolimus. This question requires further preclini-
cal and clinical evaluation.

The cell signaling consequences of VEGF- or
mTOR-targeted therapies are currently being
studied in several ongoing clinical trials. These
neoadjuvant studies share the feature that therapy is
administered prior to cytoreductive nephrectomy for
patients with metastatic RCC at presentation.
Provided that an adequate baseline biopsy is
obtained to allow baseline assessment of the expres-
sion and activity of HIF, VEGF, VEGF receptors, the
MAP kinase, and PI3 kinase pathways, the impact of
therapy can be assessed in the nephrectomy
specimen. By the same token, the upregulation of
pro-angiogenic growth factors that may mediate
resistance to therapy can be investigated in the
nephrectomy specimen. For studies that administer
therapy for a relatively short time prior to nephrec-
tomy, these putative mechanisms of resistance may
reflect only be relevant for RCC that is refractory
early in the course of therapy. (Figure 2) Mecha-
nisms of delayed resistance would only manifest
with more prolonged exposure, which would require
delaying the performance of nephrectomy until
months have passed. This poses a challenge in study
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design as planning the scientifically appropriate
interval prior to surgery may not align with the most
clinically appropriate time. As all angiogenesis
inhibitors have the potential risk of delaying wound
healing, a fine line must be drawn between having
enough drug exposure in the tumor at the time of
nephrectomy to be informative of mechanism of
action while not having so much systemic exposure
that postoperative healing is significantly impaired.
This can be accomplished with sorafenib, sunitinib,
and temsirolimus, which are cleared relatively
quickly, but not with bevacizumab with a two week
half-life.32,33,34

DEVELOPMENT OF NOVEL TARGETED
AGENTS IN CLEAR CELL RCC

Sorafenib and sunitinib are members of the largest
class of cancer therapeutics in development, with
15 other VEGF receptor inhibitors in clinical trials.
To the same extent that differences between the
mechanism of action of sorafenib and sunitinib in
RCC are difficult to discern, it is unclear what advan-
tages may come from VEGF receptor inhibitors that
have greater or less potency against members of the
VEGF receptor family. Sorafenib and sunitinib both
exert relatively greater effect on VEGFR-2, com-
pared with VEGFR-1 or VEGFR-3. Given that
VEGFR-1 is a receptor for VEGF-A, and preclinical
evidence supports it unique contribution to tumor
angiogenesis,35 it may be that having VEGFR-1
inhibiting is beneficial for complete VEGF-A
signaling inhibition. Axitinib and AMG-706 are
examples of agents that offer potent inhibition of
VEGFR-1, in addition to VEGFR-2.36,37 Unlike

sorafenib and sunitinib, these agents are associated
with proteinuria in a minority of patients enrolled on
phase I trials.38,39 Bevacizumab frequently induces
proteinuria and had been the only VEGF signaling
inhibitor to cause this toxicity.9 Because bevacizumab
only impacts VEGF-A signaling, it may be that the
observation of proteinuria with the newer VEGF
receptor inhibitors reflects more complete suppres-
sion of VEGF-A signaling with these agents.
VEGFR-3 mediates lymphangiogenesis,40 which is
clearly a component of tumor pathophysiology, but
the therapeutic value of blocking lymphangiogenesis,
as opposed to angiogenesis, in RCC is unknown.
Many of the VEGF receptor inhibitors currently in
development have nearly equal potency against
VEGFR-1, -2, and -3, with far less potency against
other kinases. Axitinib, which potently inhibits all
VEGF receptors, has demonstrated the highest objec-
tive response rate and longest median PFS of any
agents evaluated in RCC to date.16 However, compar-
ative trials against sorafenib or sunitinib will be
required to determine if efficacy is truly greater. And
if so, further preclinical evaluation will be needed to
understand what unique aspects of the drug underlie
greater efficacy.

Novel VEGF ligand inhibitors are also in clinical
development. VEGF trap is the best characterized of
this class, but phase II data in RCC have not been
reported.41 The theoretical advantages of VEGF trap
over bevacizumab are that the affinity for VEGF is
higher and other isoforms of VEGF, beyond VEGF-A,
are bound. Analogous to the potential advantage of
agents that potently inhibit all VEGF receptors,
VEGF trap and other related agents. The affinity of
bevacizumab for VEGF-A is very high, with no
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Figure 2. Design of UPCC 01807, a neoadjuvant trial of sunitinib for patients with metastastic clear cell renal cell carcinoma at the time of
initial diagnosis. As cytoreductive remains the standard-of-care for initial management, there is an opportunity to study the pharmacodynamic
effects of novel agents in this patient population. Numerous studies of similar design are underway, exploring the mechanism of action for
sunitinib, sorafenib, temsirolimus, and bevacizumab.
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detectable free VEGF remaining in patients treated at
the doses used currently in clinical trials. So, it is not
clear that whether there is benefit in developing
agents whose sole feature is higher affinity for VEGF.

VEGF and VEGF receptor activation are
downstream consequences of HIF activity in RCCs.
However, there are other consequences of HIF activity
that contribute to carcinogenesis. For example, HIF2α
controls the expression of c-myc, which is critical cell
cycle regulator.42 Selective inhibition of VEGF signal-
ing clearly alters the natural history of metastatic
RCC, but concomitant inhibition of other HIF regu-
lated signaling is a clear direction for novel therapy
development. Amongst other potential advantages,
antagonism of HIF would potentially downregulate
angiogenesis promoting growth factors other than
VEGF. There are unique challenges to develop HIF-
targeted therapies, in that HIF is a transcription factor,
which lacks an enzymatic domain that can be blocked
with a competitive inhibitor.43 It is possible that non-
competitive inhibitors that block the protein-protein
interactions that are essential for HIF function can be
developed, but large peptides and proteins have very
limited bioavailability and cellular penetration. 

A promising new direction for RCC therapeutics
is agents that modulate HIF stability and expression.
As discussed previously, mTOR appears to serve this
function, and the mechanism of action of
temsirolimus may, in part, derive from this effect.
Other constituents of the PI3 kinase pathway have
been independently demonstrated to regulate HIF
protein stability, including Akt and glycogen synthase
kinase (GSK3)β.44,45 Inhibitors of Akt are in preclini-
cal development, and GSK3β inhibitors are in clinical
trials for neurodegenerative diseases and, more
recently, cancer. Given the large number of factors
that have been associated with regulation of HIF
expression and stability, it is not surprising that many
different classes of novel cancer therapies have been
observed to alter HIF levels in preclinical models.
These include class II HDAC inhibitors, c-kit
inhibitors, STAT3 inhibitors, and HSP90
inhibitors.46,47,48,49 Although the ability of these
inhibitors to downregulate HIF in vitro has been
demonstrated, the clinical effects of these agents in
RCC has not been thoroughly evaluated. Any one of
these HIF regulators may offer incomplete inhibition
of HIF activity and thus minimal single-agent activity

in RCC patients. However, these agents may be ideally
suited to be used in combination with VEGF-targeted
therapies that appear to upregulate HIF activity.

Dysregulated HIF activity results in the upregula-
tion of numerous growth factors that stimulate angio-
genesis. Although VEGF may be the single most
potent endothelial cell mitogen, angiopoetin, bFGF,
HGF, and TGFβ each have the ability to stimulate
tumor angiogenesis.50,51,52,53 Thus, any of these are
plausible partners for VEGF-targeted therapies as a
strategy for broadening the coverage of angiogenesis
mediators. Inhibition of epidermal growth factor
receptor (EGFR), the receptor for TGFβ, has been
explored in phase II trials with single-agent EGFR
inhibitors and in combination with bevacizumab or
sunitinib.54,55 In single-agent EGFR inhibitor trials,
objective response rates were observed among
patients with clear cell RCC in 5 to 10% of cases, and
similarly, a small percentage of patients had disease
stabilization for more than 6 months.56,57 The most
definitive test of EGFR inhibition was a randomized
phase II trial in which bevacizumab was administered
with or without erlotinib among 100 patients with
clear cell RCC.10 Although a trial of this size does not
reliably rule out a small added clinical benefit, there
was no difference detected in either PFS or objective
response rate. Thus, among unselected RCC patients,
this approach does not appear to warrant further
testing. Phase I trials are being conducted with
inhibitors of the receptors for angiopoetin, bFGF, and
HGF: Tie-2, FGF receptor, and c-met. The latter two
targets are genetically related to other receptor tyro-
sine kinases. Thus, it is not surprising that small
molecule kinase inhibitors have been identified that
have potency against either FGF receptor or c-met in
addition to VEGF receptor and PDGF receptor β.58,59

Such broad-spectrum inhibitors are, therefore, similar
to sorafenib and sunitinib in some respects, but their
spectrum is somewhat more tailored to the high pri-
ority angiogenesis targets.

COMBINATIONS OF TARGETED AGENTS
FOR CLEAR CELL RCC

The mechanistic overlap of sorafenib, sunitinib,
temsirolimus, and bevacizumab has prompted inves-
tigators to hypothesize that combinations of these
agents may synergistically inhibit angiogenesis. Of
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the possible combinations of these agents, sorafenib
and sunitinib have not been paired together given
their shared effects at the level of receptor tyrosine
kinases. Each of the other combinations has been
explored in phase I trials among RCC patients and
are currently entering phase II and phase III trials.

As noted previously, sorafenib, sunitinib, and
bevacizumab treatment are associated with signifi-
cant increases in VEGF above baseline levels. To
the extent that this effect may reflect further HIF
activation in tumor cells and may underlie eventual

resistance to these agents, antagonizing this
response is a rational strategy for improving the
duration of disease control. (Figure 3) 

Sorafenib has been combined with bevacizumab
in a phase I trial restricted to patients with metastatic
RCC.60 Forty-eight patients were enrolled, 85% of
them had clear cell RCC. The doses of bevacizumab
ranged from 3 mg/kg to 10 mg/kg every 2 weeks, and
the dose of sorafenib were varied between 200 mg
once daily to 400 mg twice daily. Doses of sorafenib
at 200 mg twice daily or 400 mg twice daily combined
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Figure 3. In the setting of treatment with either the VEGF receptor inhibitors, sorafenib and sunitinib, VEGF levels increase. While this
increase has been weakly correlated with improved response to therapy, it is unknown whether this increase eventually mediates resistance
to therapy. It is this possibility that have led to the hypothesis that the addition of bevacizumab to sorafenib or sunitinib therapy might enhance
the blockade of VEGF signaling and delay the emergence of refractory disease.
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with any dose of bevacizumab resulted in severe rash,
hand-foot syndrome, and declines in performance sta-
tus. Thus, the dose-limiting toxicities were those typi-
cally observed with sorafenib, but more severe than
would be expected with sorafenib alone at 400 mg
twice daily. Conversely, any dose of sorafenib com-
bined with bevacizumab at 10 mg/kg every 2 weeks
resulted in dose limiting hypertension and proteinuria.
These are typically associated with bevacizumab sin-
gle-agent therapy but were more prevalent and severe
for the patients receiving combination therapy. Beva-
cizumab appears to enhance the severity of hand-foot
syndrome in this combination despite the lack of
hand-foot syndrome with bevacizumab single-agent
therapy. Likewise, sorafenib appears to enhance the
severity of proteinuria, even though it does not cause
proteinuria when given alone. In the absence of a phar-
macokinetic interaction, it is most likely that this inter-
action is at the level of target inhibition. The maximum
tolerated dose in this trial was determined to be
sorafenib 200 mg once daily (25% of the standard sin-
gle-agent dose) combined with 5 mg/kg of beva-
cizumab every 2 weeks (50% of the standard
single-agent dose). In a separate phase I trial among
patients with advanced solid tumors, interrupted
schedules of sorafenib administration were explored
as a means to limit the severity of hand-foot syndrome.
By administering sorafenib for 5 days out of every
seven, a dose of 200 mg twice daily could be tolerably
combined with 5 mg/kg of bevacizumab every 2
weeks.61 This more dose-intense regimen was selected
for further development in RCC.

Sunitinib has been combined with bevacizumab in
two phase I trials, one exclusively among patients with
RCC and the other among patients with advanced
solid tumors.62,63 In both the cases, a standard 50 mg
daily dose of sunitinib for 28 days out of every 42 days
was tolerable in combination with bevacizumab 10
mg/kg every 2 weeks. Although the severe toxicity rate
was sufficiently low to allow these doses to be
declared to recommended phase II doses, there was
one case of fatal myocardial infarction in the second
cycle and a case of severe subcutaneous hemorrhage
in the first cycle. Although infrequent, these toxicities
raise the concern that severe vascular toxicity could
be a unique concern with this combination. More
recently, updated results from one of these two trials
revealed several cases of microangiopathic hemolytic

anemia. Vascular homeostasis is clearly regulated, in
part, by VEGF, and it may be that near complete antag-
onism of VEGF signaling will disrupt even mature
vasculature. A randomized phase II trial administering
sunitinib with or without bevacizumab in patients with
metastatic clear cell RCC was intiated, but now halted
in the face of these events.

Combining temsirolimus with either sorafenib
or sunitinib provides another strategy for countering
the apparent HIF activation following administration
of the VEGF receptor inhibitors. The combination of
sunitinib and temsirolimus proved to be intolerable
at doses that were 50% lower than the standard sin-
gle-agent doses for each agent.64 Therefore, this reg-
imen was declared unsuitable for further testing.
Sorafenib and temsirolimus could be safely com-
bined, but a reduction in the dose of sorafenib to 200
mg twice daily was required to administer tem-
sirolimus at its standard single-agent dose (25 mg
weekly).65 In this phase I trial among patients with
advanced solid tumors, the dose-limiting toxicities
were rash, hand-foot syndrome, mucositis, elevated
creatinine and thrombocytopenia each being com-
monly observed with less severity for single-agent
sorafenib or temsirolimus. The rate of severe toxic-
ity was higher when the dose of sorafenib was max-
imized (400 mg twice daily) with any dose of
temsirolimus as opposed to combinations with
25 mg of temsirolimus and any dose of sorafenib.

The combination of bevacizumab and tem-
sirolimus has been evaluated in a phase I trial among
patients with metastatic RCC.66 The standard single-
agent doses of both the agents could be combined
with an acceptable toxicity profile (bevacizumab
10 mg/kg every 2 weeks and temsirolimus 25 mg
every week). There was one case of dose-limiting
stomatitis, which can be observed with tem-
sirolimus, although infrequently so severe. Thus,
this combination appears to be perhaps the least
problematic regarding enhancement of known toxic-
ities. This could relate to the high degree of speci-
ficity of these agents for VEGF and mTOR, whereas
the broad-spectrum kinase inhibitors have been
more problematic to combine with these agents.

Definitive conclusions regarding the efficacy of
these various combinations cannot be made because
the only available data are from phase I trials, and
several of these trials were not conducted
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exclusively in patients with RCC. In the case of the
three trials that were restricted to patients with
RCC, the objective response rates reported for the
combinations of sorafenib with bevacizumab and
temsirolimus with bevacizumab were notably
higher than one would expect for any of those
agents given alone.60,66 These initial observations
will need to be validated in phase II trials, but
observing response rates of 40 to 60% when com-
bining agents with single-agent response rates of 10
to 15% certainly supports the notion that these
agents could act synergistically in RCC. 

Several randomized trials, phase II and phase
III, have been undertaken to determine which com-
binations are most promising. Several pharmaceuti-
cal industry-sponsored trials have been initiated
comparing an individual doublet with one of the sin-
gle agents. These trials will provide important infor-
mation regarding the magnitude of clinical benefit
associated with the various combinations. However,
it will not be possible to compare the results of these
trials to determine which doublet is most worthy of
subsequent evaluation in a definitive phase III trial.
To address this need, a randomized phase II trial has
been initiated in the cooperative groups (E2804).
(Figure 4) This trial is simultaneously evaluating
the combinations of bevacizumab/temsirolimus,
bevacizumab/sorafenib, and sorafenib/temsirolimus.
The only doublet missing, for which a phase II dose
has been established, is sunitinib/bevacizumab.
A benchmark, single-agent bevacizumab arm is

included, making this a four-arm trial. The purpose
of this trial is to select the combination with the
most promising PFS. This regimen would be suited
for a definitive phase III trial comparing doublet
therapy with sequential single-agent therapy with
each of the drugs in the doublet. Currently, sequen-
tial single-agent therapy has evolved as the clinical
standard, and thus, combination therapy must be
proven superior to this approach to warrant declar-
ing a new standard of care.

NONCLEAR CELL RCC

The progress made in the treatment of metastatic
RCC has largely been confined to clear cell RCC.
By design, most phase III trials, and many phase II
trials, excluded patients with histologic subtypes
other than clear cell. Although it is true that the mol-
ecular underpinning of papillary and chromophobe
RCC appears to be independent of VHL, it is not
clear that HIF and downstream upregulation of
VEGF is not a viable therapeutic target in either sub-
type. Yet, the evidence for benefit with the four
proven clear cell RCC therapies in papillary or chro-
mophobe RCC is scant.

Fifteen patients with papillary RCC and fewer
with chromophobe RCC were included in the the
randomized discontinuation, phase II trial of
sorafenib.67 Minor and partial responses were
observed in that small group, suggesting that there
may be activity. In the phase III trial comparing tem-
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Figure 4. Design of E2804, a randomized phase II trial evaluating doublet combinations of bevacizumab, sorafenib and temsirolimus. The
goal of this trial is to understand the safety and efficacy of this approach. Provided that at least one of the combination arms provides a median
progression-free survival of 14 months or greater, a phase III trial would be considered comparing the best combination therapy to the best
available single-agent therapy.
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sirolimus to interferon, the vast majority of the
patients enrolled on had clear cell RCC, but a
notable subset of patients (20%) had papillary
RCC.23 In a subset analysis of overall survival
between the two arms, patients with papillary RCC
appeared to obtain an even greater benefit from tem-
sirolimus compared to interferon than those with
clear cell RCC.68 This result indicates that further
investigation with mTOR inhibitors in papillary
RCC is warranted.

Although papillary RCC has intact VHL,
genetic amplification of c-met has been identified in
the majority of sporadic Type I papillary RCC cases
and activating mutations in c-met in nearly all cases
of familial Type I papillary RCC.69 This receptor
tyrosine kinase represents a unique target and one
that is not inhibited by temsirolimus, bevacizumab,
sorafenib, or sunitinib. Broad-spectrum kinase
inhibitors with potency against c-met are currently
in clinical development and one, XL880, has entered
phase II testing in papillary RCC. Specific c-met
inhibitors are also in development, but only one has
progressed into a phase I trial (ARQ197).70

The molecular pathophysiology of chromo-
phobe RCC is not well understood. The only
commonly observed defect is mutation or deletion
of the Burt-Hogg-Dube gene.71 The function of this
tumor suppressor is under investigation, and no
upregulated pathway has been identified for which
an inhibitor can be tested. Thus, this subtype
remains without a rational therapeutic target.

CONCLUSION

Although significant progress has been made
in the treatment of RCC with the emergence of
VEGF and mTOR signaling inhibitors, the most
fruitful future direction for improved therapy
remains obscure. In clear cell RCC, three strate-
gies are being pursued in parallel: (1) more potent
and specific inhibitors of HIF or VEGF signaling,
(2) inhibitors of angiogenesis mediators other than
VEGF and PDGF, and (3) combinations of indi-
vidually active agents that act at distinct points in
the HIF to endothelial cell axis. Certainly, there
are additional avenues that must be pursued, par-
ticularly for clear RCCs for which VHL is intact.
The aberrant signaling pathways in that important

subgroup require focused preclinical investigation.
Arguably, the greatest strides will come when a
molecular classif ication can be defined that
explains the heterogeneity of response to current
therapy for RCC and identifies the best subgroup-
specific therapeutic targets.
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Despite improvements in renal imaging, surgical
techniques, and development of novel biologic
agents for metastatic renal cell carcinoma (mRCC),
curative therapy for is still lacking for the majority
of these patients. Nevertheless, the current literature
shows that a multimodal approach that integrates
surgery and systemic therapies can improve out-
comes for this challenging patient population. How-
ever, this approach should not be applied
indiscriminately. Careful patient selection that takes
into account performance status, sites and burden of
disease, and other established prognostic factors is
paramount and must be combined with a well-
planned and judicious surgical approach to optimize
results.

Historically, the role of surgery in mRCC was
limited to palliation of symptoms such as intractable
pain, hemorrhage, hematuria, or paraneoplastic syn-
dromes. Improvements in symptomatic care and
angioinfarction further limited the use of nephrec-
tomy in this patient population.1,2 The rare patient
presenting with resectable metastatic disease was
offered complete surgical extirpation largely
because of a lack of effective systemic therapies.3

With the development of effective immunother-
apy regimens, interest in the surgical treatment of
mRCC was reawakened. Cumulative results from
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retrospective studies led some centers to advocate
cytoreductive nephrectomy before systemic treat-
ment.4–6 Other institutions, citing the morbidity of
nephrectomy in this patient population, recom-
mended consolidative nephrectomy following
immunotherapy in responding patients.7,8 In 2001,
results from two prospective, randomized studies
further substantiated the role of cytoreductive
surgery in the era of immunotherapy, and this has
become standard of care for appropriately selected
patients.9,10 Cytoreductive nephrectomy is still being
performed routinely in the era of targeted molecular
agents because this paradigm is now ingrained in the
urologic mindset. However, a careful reassessment
of the optimal ways to integrate systemic therapies
and surgery is now in progress with consideration of
neoadjuvant and adjuvant approaches for various
target populations.

This chapter will be divided into three main sec-
tions based on extent of disease. First, the role of
metastasectomy in patients with mRCC that is
potentially amenable to complete resection will be
discussed. Second, those with unresectable disease
who respond to systemic therapy and are candidates
for subsequent consolidative resection will be con-
sidered. Finally, the role of cytoreductive surgery
will be reviewed.
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was a statistically significant independent predictor
of improved survival (27 months versus 11 months
median survival, respectively).18 Within an organ
system, fewer metastatic lesions also portends an
improved prognosis. The number of pulmonary
metastases serves as the primary example, with mul-
tiple studies showing improved survival with fewer
metastases.19,20 Patients with more radiographically
identifiable metastases are more likely to have
occult metastases—the surgery is only addressing
the “tip of the iceberg”.

The impact of different metastatic locations on
prognosis has been controversial. Traditionally, pul-
monary lesions were thought to have a better prog-
nosis than most other sites.18,21–23 However, some
studies have not reported a survival advantage for
lung metastases when compared with bone metas-
tases.15,18,24 Most data suggests that liver and central
nervous system involvement carry a worse progno-
sis than pulmonary metastases.17,25 However, two
multivariate analyses of all common metastatic sites
for RCC found no independent predictive status for
any metastatic site.26,27 Although robust statistical
analysis of very rare sites of mRCC is impossible,
lesions such as true metastasis to the adrenal gland
or pancreas seem to carry a relatively good progno-
sis with up to 50% 10-year survival rates.25,28

Although this literature is not conclusive, the gen-
eral consensus is that lung metastases tend to carry
a more favorable prognosis with liver and brain
metastases at the other end of the spectrum, and with
bone metastases likely somewhere in between.

The decision to attempt a complete resection of
mRCC should involve careful consultation between
the surgical subspecialties involved and extensive
patient counseling regarding appropriate expecta-
tions. Criteria for attempting such a resection
include: 1) the patient is at good operative risk; 2)
the primary RCC is controlled or can be readily con-
trolled; 3) complete resection of the metastatic site is
possible; and 4) no other metastatic sites exist, or if
they exist, they can also be completely resected.

Metachronous Metastases

Compared with synchronous metastases, metastasec-
tomy plays a greater role in the treatment of
metachronous metastases because these are more

METASTASECTOMY

Synchronous Metastases

The metastatic progression of RCC is unpredictable.
Although any area of the body may be affected, the
most common organs involved by metastases are (in
order of incidence) lung, bone, liver, and brain.11

Overall, only 1 to 3% of patients with mRCC have
solitary metastases, although additional patients
may have limited and potentially resectable dis-
ease.12–14 Despite recent advances in targeted bio-
logic agents, complete surgical resection, when
possible, still forms the basis of treatment for this
small subset of patients.

The rationale for attempting what is sometimes
an extensive operation is based on several factors.
First, up to 30% of carefully selected patients
amenable to metastasectomy will experience signif-
icant progression-free survival. Second, survival
may be improved even for those patients who do not
experience cure—the “biological clock” of their dis-
ease process is potentially reset by removing the
identifiable metastases. In addition, some patients
require resection for palliation or prevention of local
symptoms.15,16

Patient Selection

Clearly, estimating prognosis is important not only
for individual counseling but also for determining
how extensive a surgical resection should be
attempted. As discussed below, several algorithms
have been developed that can stratify patients into
various prognostic categories. Factors specifically
affecting patients with potentially resectable metas-
tases include the number, location and size of
metastatic lesions, status of regional lymphatics, and
ability to perform a second resection if recurrent dis-
ease develops. The primary tumor stage, grade, and
lymph node status, as discussed later, also affect
prognosis and should be considered.

In relation to the number of metastatic sites,
cumulative data from retrospective analysis indi-
cates a favorable effect associated with lower disease
burden.15,17 Han and colleagues retrospectively ana-
lyzed patients with N0M1 disease and found disease
in one organ system versus multiple organ systems
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common and less likely to be rapidly progressive.
Increasing disease-free interval (DFI) from initial
nephrectomy to the development of metastases indi-
cates a better prognosis, likely reflecting a more indo-
lent disease course.19 Isolated renal fossa recurrence
will also be discussed here because it may be consid-
ered a special case of metachronous metastasis.

The rationale for resecting metachronous metas-
tases or local recurrence of RCC is similar to that
for synchronous disease, including the attempt to
cure some patients and perhaps extend survival in
those who are not rendered disease-free. As DFI
increases, greater consideration should be given to
metastasectomy—these patients have had more time
to declare themselves and may actually be free of
occult metastatic disease.15 For patients with iso-
lated locally recurrent RCC, retrospective data sug-
gest that disease-specific survival may be improved
by surgical intervention, although the morbidity of
this procedure can be prohibitive in some cases and
patient selection is thus critically important.

Prognostic Factors

Prognostic factors for metachronous metastases are
similar to those discussed above, with the addition of
DFI. In one retrospective study of patients undergo-
ing metastasectomy, those with a DFI of less than 12
months had only a 9% overall 5-year survival com-
pared with 55% for patients with a longer DFI.15 A
similar study limited to pulmonary metastasectomy
showed 5-year survivals of 25 and 47% for patients
with DFI less than or greater than 23 months, respec-
tively.19 Both studies also showed that selected
patients may undergo sequential resections for recur-
rent mRCC with surgical morbidity and overall prog-
noses similar to the initial or previous resections.

Isolated renal fossa recurrence following
nephrectomy for RCC is an uncommon event and
prognostic factors are difficult to ascertain. Two ret-
rospective analyses suggest that shorter DFI may be
a significant predictor of poor outcomes in these
patients as well.30,31 Symptoms caused by the tumor
recurrence occur in less than 30% of patients,
emphasizing the need for close surveillance.30–33

Patient selection for surgical intervention must
include careful preoperative imaging, remembering

that isolated renal fossa recurrence is much less
common than local recurrence associated with dis-
seminated metastases.34

Operative Factors

As the lung is the most common site for mRCC, pul-
monary metastasectomy is one of the most com-
monly performed. Initial thoracotomy or wedge
resection of these lesions resulted in a high rate of
recurrence. This led to the use of sternotomy with
direct examination or palpation of both lungs, which
showed that up to half of the patients with apparently
unilateral disease may show contralateral lesions
intraoperatively.35 One disadvantage of median ster-
notomy is the difficulty accessing the lower lobes,
especially the left lower lobe, and this approach is
also associated with increased morbidity compared
with minimally invasive approaches. Lesions diffi-
cult to access may require bilateral staged thoraco-
tomies or the use of video-assisted thoracic
surgery.36 Despite the increased accuracy provided
by modern computed tomography scanning modali-
ties, Parsons and colleagues suggest that palpation
of the lung may still be necessary for complete
resection of metastatic disease. However, this must
be counterbalanced by careful consideration of the
morbidity that each approach may entail.37

Surgical approaches to osseous metastases are
largely a function of location because this affects the
feasibility of enucleation or partial bone resection
before osteosynthesis. Spinal lesions may require
treatment even when curative resection is impossible
to prevent compression fractures and resulting mor-
bidity (Figure 1).38 For such lesions, the combina-
tion of surgery and radiation is superior compared
with radiation alone.39 Metastatic deposits in bone
are rarely solitary, but complete resection of such
lesions may result in long-term survival.22 Preopera-
tive embolization can reduce the blood loss that
often accompanies these procedures and thus may
serve as an useful adjunct.

Liver metastases are felt to have a particularly
poor prognosis and are less amenable to metastasec-
tomy. Nevertheless, some patients experience 
long-term disease control and complete resection may
be attempted in selected cases. Right hepatectomy is
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most often performed, sometimes extending the
resection to segment 4. Intraoperative ultrasonogra-
phy may be helpful to ensure complete resection of all
disease. Alves and colleagues’ series of 10 patients
undergoing hepatic metastasectomy for mRCC
yielded 4 survivors at 6, 18, 26, and 96 months fol-
low-up.25,40 In contrast, to earlier series reporting over
30% perioperative mortality, no perioperative deaths
occurred in this series, probably because of careful
patient selection. Most operations use either Pringle’s
maneuver to occlude the portal vein or total vascular
exclusion of the liver. Nevertheless, this is a formida-
ble surgical challenge and most patients require intra-
operative blood transfusions.25,40

Metastatic RCC affects the brain in 5 to 15% of
cases, carries a poor prognosis and is frequently
symptomatic. Operative interventions in this setting
are usually palliative in intent.41 Very rarely is total
excision of all lesions possible and other options for
local control of symptomatic disease include whole-
brain radiation, stereotactic radiosurgery, or a com-
bination of these with surgery (Figure 2A,B).42 The
minimally invasive nature of stereotactic radio-
surgery and the ability to treat multiple lesions in the
same setting makes it a particularly attractive option.
In one series of 69 patients with intracranial mRCC,
local control was possible in over 90% of cases with

minimal morbidity and a treatment-related mortality
rate of 1.4%.43

The surgical excision of isolated locally recur-
rent RCC is often difficult—tissue planes have

Figure 1. This 70-year-old man with a history of RCC, status post
left radical nephrectomy 9 years prior, presented with progressive
low back pain radiating to the left knee. MRI demonstrates bone
metastases to the L3 vertebrae, which required treatment for pre-
vention of compression fracture.

Figure 2. A, One year following a left nephrectomy for RCC, this
69-year-old woman presented with expressive aphasia, right hemi-
paresis and visual field deficits. Note midline shift because of left
parietal mRCC. B, CT of the same patient 6 weeks later following
palliative excision of brain metastasis and whole brain radiotherapy.

A

B
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been obliterated and invasion of adjacent organs is
not uncommon. Hence, these procedures may
require en bloc removal of the spleen, tail of the
pancreas, various segments of bowel, part of the liver,
or surrounding muscle/body wall (Figure 3).29,31,32

In addition, venous thrombosis or invasion may also
be present and may require vascular isolation and
reconstruction. Reflecting this, most series of resec-
tion of local recurrence of RCC report perioperative
complication rates of 30–50% and mortality rates of
5–10%.29–31 Preoperative counseling and intra-
operative decision-making must weigh the perfor-
mance status of the patient and the possible benefits
of complete resection against the potential morbidity
of the procedure.

Postoperative Prognosis

Surgical pathology from the metastasectomy speci-
men gives prognostic information that may guide
further therapy. Up to 30% of patients are at
increased risk for recurrence because of unsuspected
positive surgical margins, grossly incomplete resec-
tion, or nodal disease and should be strongly consid-
ered for adjuvant systemic therapy trials.11 Studies
of pulmonary metastases confirm that complete
resection is an independent prognostic factor for

improved survival.19,20 Although small patient num-
bers limit analysis of similar data in hepatic metas-
tasectomy, complete versus incomplete resection
appears to be a significant predictor of postoperative
prognosis.25

Locally positive lymph nodes associated with
metastatic disease sites also represents a poor prog-
nostic feature. Again, the primary example is pul-
monary metastasectomy with 10 to 30% of patients
showing lymphatic involvement at the time of
surgery (Figure 4).19,36 Pfannschmidt and colleagues
found a 24 vs 42% 5-year survival for positive and
negative pulmonary or mediastinal lymph nodes,
respectively, with node status being an independent
prognostic factor on multivariate analysis.19

Another pathologic factor showing possible
prognostic significance is the size of the largest
metastatic deposit. For example, Piltz and col-
leagues reported that increasing size of the largest
pulmonary metastasis correlated strongly with a
shorter survival, with divisions at 2, 3, and 4 cm,
and this remained significant on multivariate analy-
sis.44 Although limited by small patient numbers,
one study suggests that larger hepatic metastases
also correspond with a compromised prognosis.25

In patients with isolated renal fossa recurrence,
long-term prognosis may be similar to patients with

Figure 3. This patient is a 63-year-old male status post left
nephrectomy for T3b RCC. Despite negative margins, three sequen-
tial recurrences of the diaphragm, renal bed, and the shown psoas
recurrence have been treated surgically.

Figure 4. This 48-year-old male initially presented with fatigue and
hematuria. CT showed a right renal tumor, stage T3b, associated
with this extensive mediastinal lymphadenopathy and lung metas-
tases (not shown).
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metachronous metastases, with 5-year survival
following complete excision ranging from 18 to
51%.29,33 Examination of the pathology specimen
adds prognostic data in that smaller size of the
recurrence may correlate with improved survival.30

In addition, the presence of positive surgical
margins correlates with both local and distant fail-
ure and shorter survival.34,45

Summary

Patients with mRCC only occasionally presents with
resectable metastatic disease. However, for those
who do, surgery offers the chance of long-term sur-
vival and might extend survival and maximize qual-
ity of life in those who eventually relapse. Careful
patient selection is the key to success with these pro-
cedures. Different sites of metastatic spread may
indicate unique biological characteristics and can be
associated with divergent prognoses. In addition,
each site requires special consideration of the rele-
vant anatomy, surgical options, and potential mor-
bidities, and this should be conveyed during
individualized patient counseling. In general,
patients with metachronous lesions have a better
prognosis, which improves with increasing DFI.
Repeat excisions of recurrent mRCC, if possible, can
carry a prognosis similar to initial resection. The spe-
cial case of isolated renal fossa recurrence is similar

in many respects to metachronous mRCC, but en
bloc excision of adjacent organs may be required and
can be associated with substantial morbidity.

CONSOLIDATIVE NEPHRECTOMY

Current treatment of mRCC emphasizes multimodal
therapy to optimize response rates and survival. Sys-
temic treatment using biologic or targeted agents,
combined with surgical intervention, appears to be
superior to either alone. As discussed below, results
from prospective, randomized trials suggest that
initial cytoreductive nephrectomy may be superior to
initial cytokine therapy. However, the role of consol-
idative nephrectomy may need to be re-examined as
systemic therapy improves.

The rationale for initial systemic therapy
followed by consolidative nephrectomy is multidi-
mensional. If the goal is curative, patients with
mRCC will need to respond to systemic therapy.
Identification of these patients by initial systemic
therapy could spare nonresponding patients the mor-
bidity of surgery. In addition, some patients may be
unable to receive systemic therapy following
nephrectomy because of progressive deterioration in
performance status. Multiple retrospective studies
listed in Table 1 show that this group typically rep-
resents 10 to 30% of patients after cytoreductive
nephrectomy but has been as high as 77%, probably

TABLE 1. REPRESENTATIVE RETROSPECTIVE CASE SERIES OF CYTOREDUCTIVE NEPHRECTOMY

Surgical Unable to Total Median 
Number of Mortality Receive Response Survival Year of 

Series Patients Number (%) Systemic tx (%) Rate (%) (months) Publication Reference

Cleveland Clinic 37 1 (2.7%) 22% 8% 12 1994 52

Albert Einstein 30 5 (17%) 77% 13% NR 1995 95
College

Tufts 28 1 (3.6%) 7% 39% 20.5 1997 4

National Cancer 195 2 (1%) 38% 18% NR 1997 5
Institute

UCLA 62 0 (0%) 11% 35% 22 1997 96

MD Anderson 66 2 (3%) 18% NR NR 1998 97

UCSF 63 2 (3.6%) 27% NR 17.8 2000 6

UCLA 89 NR NR NR 16.7 2001 71

Indiana 32 1 (3%) 25% NR NR 2003 66
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because of variable patient selection criteria.46

Finally, delay in administration of systemic therapy
because of surgical trauma and recovery may be
associated with disease progression, perhaps
because of the effects of surgery on immunologic
parameters.47,48

Despite this strong rationale, the largest study of
initial systemic immunotherapy followed by consol-
idative nephrectomy reported by Wagner and col-
leagues reported somewhat disappointing results.
This group reported a response rate to initial
cytokine therapy of only 6% with the primary tumor
in place, and responses in the primary tumor were
particularly uncommon.7 Only a minority of patients
were thus candidates for nephrectomy. These results
appear to be substantially inferior to those following
cytoreductive nephrectomy.49 However, comparison
is difficult because of potential selection bias—
patients with more advanced disease or poor perfor-
mance status may have been channeled toward
initial systemic therapy rather than surgery. Surgical
consolidation for responders to systemic
immunotherapy has reported persistence of viable
cancer in many metastatic lesions and up to 90% of
primary tumors.7 Similar studies for surgical consol-
idation after targeted molecular therapy have not yet
been reported.

Prognostic Factors

Predicting response to systemic therapies might
allow identification of those patients most likely to
benefit from this approach. Perhaps, the most widely
used prognostic model stratifies patients with
mRCC into three categories predicting survival
while undergoing immunotherapy. Low Karnofsky
performance score, high serum lactate, low hemo-
globin, high serum calcium, and time from initial
RCC diagnosis to start of immunotherapy of less
than 1 year were all predictive of shorter survival.50

Other factors that might influence the response to
immunotherapy include histologic type, CAIX
expression, or other molecular factors, but their use
for predicting response to systemic therapy for any
individual patient is rather limited, and this is
particularly true as we move into the era of targeted
molecular therapeutics.51

Postoperative Prognosis

Patients who respond to systemic therapy and subse-
quently undergo consolidation resection represent a
highly selected population with widely differing
prognoses. Reported median survival following
consolidation nephrectomy varies from 12 to 26
months, but some studies find up to one-third of
patients are long-term survivors.7,8,47,49,52

Summary

In light of the prospective, randomized studies in
favor of cytoreduction discussed below, consolida-
tive nephrectomy following initial systemic treat-
ment is not widely used in this era. Occasional
patients who are poor surgical candidates will
respond to systemic therapy with a subsequent
improvement in performance status, and can then
be considered for consolidative nephrectomy
and/or metastasectomy.53 This is now one of the
few undisputed indications for consolidative
surgery for patients with mRCC. However, given
the increased response rates reported for targeted
molecular agents and the current trend to use these
agents earlier in the treatment paradigm, consol-
idative surgery will likely play an increasingly
important role in the future. Identification of clini-
cal or molecular parameters that can predict
response to these agents would greatly facilitate
progress in this field.

CYTOREDUCTIVE NEPHRECTOMY

Some early reports suggested that spontaneous
regression of mRCC may be promoted by cytore-
ductive or “debulking” nephrectomy.54–56 Although
later analysis established that this is an extremely
rare phenomenon, the development of modestly
effective immunotherapy treatments also reawak-
ened the debate about the impact of cytoreductive
nephrectomy on patient outcomes.46,57 For lack of
better data, the discussion at that time focused on
multiple retrospective case series analyzing
survival following cytoreductive nephrectomy
(Table 1).
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Rationale

Multiple factors comprise the rationale for cytore-
ductive nephrectomy before systemic therapy. These
may be conceptually grouped into the three cate-
gories listed below and summarized in Table 2.

First, removal of the primary tumor may
improve the body’s immunologic function through a
variety of biologic mechanisms.58–60 For instance,
cytokines produced by the tumor may be responsible
for both local and systemic immune dysfunction.53,61

The presence of the primary tumor may also act as
an immunologic “sink” trapping lymphocytes and
antibodies, thereby further decreasing the systemic
immune response.53,62–64 Biologic agents target
growth factor pathways upregulated by RCC and the
primary tumor is usually the most important source
of these growth factors.65 Cytoreductive nephrec-
tomy may maximize the effect of such therapies, but
this has yet to be reported.

Second, removal of the primary tumor may pro-
vide effective palliation and improve quality of life.
Palliation is rarely a sole indication for nephrectomy
because medical management and embolization are
usually sufficient.16 However, cytoreductive
nephrectomy will prevent future hematuria, anemia,
or pain, and it can ameliorate some paraneoplastic

symptoms. In addition, some patients experience a
postoperative improvement in performance status,
possibly increasing tolerance of subsequent sys-
temic therapy.66 Finally, psychological factors and
patient attitudes regarding removal of the primary
tumor may also play a role in decision-making.67

Third, certain experimental treatments depend
upon examination of the nephrectomy specimen.
Some tumor vaccine strategies require sizeable
pathologic specimens to purify tumor infiltrating
lymphocytes or tumor tissue.68,69 Future targeted
biologic therapies may also depend upon pathologic
information, such as histologic subtype or other
related analyses, to guide treatment.

Current Status

Current best evidence on the role of surgery in mRCC
comes from two prospective, randomized controlled
trials examining the efficacy of cytoreductive
nephrectomy.9,10 These studies were designed to
detect a 50% improvement in median survival and
15% improvement in response rate with 0.85 power.
Accrual randomized 331 total patients, 246 by South-
western Oncology Group (SWOG) and an additional
85 by the European Organization for the Research
and Treatment of Cancer (EORTC) in two nearly
identical and parallel study designs. Enrollment crite-
ria included biopsy-proven mRCC with a resectable
primary tumor, Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1, and no previ-
ous systemic or radiation therapy. Patients were strat-
ified by ECOG performance status, measurable
disease, and metastatic site, and then randomized to
receive cytoreductive nephrectomy followed by inter-
feron α-2b, or interferon α-2b alone. All analyses
were by intent-to-treat criteria. Survival was mea-
sured from date of surgery or date of first
immunotherapy treatment. Primary and secondary
outcomes were survival and response, respectively.

The conclusions of these studies are strength-
ened by the fact that they independently arrived
at similar results supporting cytoreductive nephrec-
tomy. Combined analysis shows a survival advan-
tage for the cytoreductive nephrectomy group 
of 5.8 months (13.6 vs 7.8 months, p = 0.002; 
Figure 5). No significant difference in response

Table 2

Rationale for Cytoreductive Nephrectomy

Immunologic/Biologic
Remove immunologic “sink” trapping circulating 

lymphocytes and antibodies
Remove source of cytokines/growth factors
Primary tumor will probably not respond to systemic

therapy
Remove source of additional metastasis

Palliative
Reduce tumor burden, decreasing local symptoms
Prevent future complications
Prevent future metastases
Possible improvement in performance status
Patient psychological factors

Experimental Therapies
Adoptive immunotherapy strategies require isolation of

tumor infiltrative lymphocytes or other tumor related
factors from nephrectomy specimen

Future individually targeted biologic agents may require
pathology specimen to guide therapy
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to immunotherapy was observed (6.9 vs 5.7%,
p = 0.60). Surgical complications were much lower
in this series compared with the historical series
listed in Table 1. Only 23% of patients experienced
operative complications and perioperative mortality
was only 1.4%. Importantly, only 5.6% of patients
did not receive postoperative immunotherapy for
reasons related to surgery, which is also lower than
historical series.70

Also strengthening the conclusions of these stud-
ies is the fact that the survival advantage for the
cytoreductive nephrectomy group remained signifi-
cant across all stratified subgroups. However, patients
with ECOG performance status of 0 had a signifi-
cantly greater survival benefit compared with those
with a performance status of 1 (5.7 vs 2.1 months).9

In light of this data, most authors agree that for
appropriately selected patients, cytoreductive
nephrectomy followed by systemic therapy is superior
to primary immunotherapy followed by consolidation
nephrectomy.2,16,46,53,67,71–73 Future studies will exam-
ine methods for maximizing the efficacy of cytore-
ductive nephrectomy. Phase II data suggest that
perioperative immunomodulation may prevent the
immune dysfunction caused by major surgery. 

Figure 5. Kaplan–Meier survival curves showing duration of survival in combined SWOG and
EORTC trials. O, observation; N, nephrectomy. Reproduced with permission from Flanigan and
colleagues.70
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Low-dose cytokines before cytoreductive nephrec-
tomy led to a small but significant survival advantage
along with significant improvements in serum para-
meters for cellular and humoral immunity.74

Prognostic Factors

Cytoreductive nephrectomy is only of benefit as part
of multimodal therapy. Therefore, identifying those
most likely to undergo and respond to systemic
therapy following surgery is an important goal.
Patient education regarding treatment options and
associated prognoses will clarify expectations.
Finally, patients should be encouraged to participate
in clinical trials whenever possible.

Criteria discussed above predict overall patient
survival with immunotherapy and give general
prognostic information helpful for patients under-
going cytoreductive nephrectomy. The current con-
sensus is that the most important factors when
considering cytoreductive nephrectomy are perfor-
mance status and sites and overall burden of dis-
ease. Other relevant factors include the tumor stage,
particularly locally invasive disease, and clinical
node status. Locally invasive tumor requiring en
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bloc resection of adjacent organs, bulky lym-
phadenopathy that encases the renal hilum, or large
tumor in proximity to vital structures such as the
mesenteric vasculature may substantially increase
the morbidity of surgery and thereby alter the risk
or benefit analysis in an unfavorable direction.
Tumor thrombus alone is not an absolute con-
traindication to cytoreductive nephrectomy,
although surgical morbidity and mortality increase
significantly with level III/IV tumor thrombi
(Figure 6A,B).75

Bulky retroperitoneal lymph nodes (see Figure 7)
are almost always malignant and represent a poor
prognostic indicator. For instance, Vasselli and
colleagues retrospectively reported that absence of
preoperative lymphadenopathy (hazard ratio 1.82,

p = 0.002) was a stronger predictor of survival than
performance status (hazard ratio 1.42, p = 0.0139).76

Preoperative estimation of the volume of lym-
phadenopathy also correlated with survival in this
series. In addition, response to postoperative
cytokine therapy may be superior in patients without
lymph node disease.77

Inclusion criteria for cytoreductive nephrectomy
have been proposed by Fallick and colleagues4 and
include the following: 1) tumor debulking greater
than 75% possible, 2) no central nervous system,
bone, or liver metastases, 3) adequate cardiopul-
monary function, 4) ECOG performance status of
0 or 1, and 5) no nonclear cell histology on biopsy,
if performed. Some authors recommend relaxing
one or more of these criteria to allow more patients
the potential benefits of cytoreductive nephrec-
tomy.66 In particular, although some sites of disease,
namely CNS or liver, will usually preclude a benefit
from cytoreductive nephrectomy, there is still room
for individualized decision making, and some such
patients with limited burden of disease may still
benefit. The rationale for uniformly excluding
patients with nonclear cell histology is also not
strong. This subgroup of patients has not been ade-
quately studied and definitive conclusions about the
potential utility of cytoreductive nephrectomy are
not possible.

Figure 7. This MRI shows extensive lymphadenopathy because of
a right renal tumor (not shown). Line indicates 1.5 × 2.5 cm interaorto-
caval node.

Figure 6. A, Intraoperative photograph of debulking right radical
nephrectomy for stage T3c tumor. Note liver is mobilized and rotated
to left upper quadrant. Short hepatic veins are ligated to facilitate
infra-hepatic vena caval occlusion and thrombectomy. B, Photograph
of thrombus removed from vena cava and atria.

A

B
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Operative Considerations

Operative factors affecting cytoreductive nephrec-
tomy outcomes are generally similar to standard
nephrectomy. Locally advanced disease is more likely
in patients with metastatic disease compared with
those without, although all tumor stages are repre-
sented.78 Stage for stage, no difference in surgical
complications is noted for cytoreductive nephrectomy
compared with curative nephrectomy.79

Retrospective analyses show that patients with
mRCC experience significantly improved survival if
lymph node dissection is included as part of surgical
debulking before immunotherapy.77 As lym-
phadenectomy did not add significantly to surgery
time, blood loss, or complication rate, it should be
considered a standard part of cytoreductive nephrec-
tomy. Although having a poor prognosis in general,
one study showed that survival rates for patients
receiving complete resection of the primary tumor
and associated lymphadenopathy were not signifi-
cantly different than patients with no clinically pos-
itive nodes. Unfortunately, complete resection of
lymph nodes was possible in less than 25% of
patients with gross nodal involvement, and small
patient numbers may not allow sufficient power to
accurately calculate survival differences.76

These data regarding cytoreductive nephrectomy
and the benefit of cytoreductive lymphadenectomy
cumulatively suggest a survival benefit associated with
maximal debulking before systemic therapy. This has
lead some institutions to advocate a possible role for
cytoreductive metastasectomy.20,22,80 However, most
patients in these retrospective series have metachro-
nous lesions and there is likely a strong selection
bias—most patients have excellent performance status
and disease that appears to be completely resectable.
Therefore, the role of cytoreductive metastasectomy
for unresectable synchronous metastases remains
undefined. Cytoreduction in these patients should be
limited to the primary tumor, any local extension, and
regional lymph nodes. Metastases easily accessible
through the same incision may be considered for resec-
tion if the potential added morbidity is minimal.

Postoperative Prognosis

Pathologic confirmation of the stage and nodal sta-
tus of the nephrectomy specimen predicted by

preoperative imaging gives little new information
with significant upstaging or downstaging occurring
very rarely.81–83 However, histologic features of the
specimen may give important data. For example,
higher tumor grade and sarcomatoid features are
associated with worsening prognosis, even when
adjusted for stage.84 Uncommon histologic subtypes
such as type 2 papillary, collecting duct, and renal
medullary carcinomas also carry a poor progno-
sis.85–87

A retrospective analysis of the SWOG trial dis-
cussed above suggests a role for postoperative
azotemia and acidosis in determining prognosis.53

Patients with greater postoperative rise in urea nitro-
gen and creatinine experienced significantly longer
survival. Computer modeling suggests that the
relative acidity of the peritumoral environment may
play a role in determining invasive behavior and
therefore prognosis.88

Several algorithms predicting postoperative
prognosis based on pathologic stage and histologic
features are discussed elsewhere in this volume. Two
algorithms specifically relevant to patients with
mRCC were developed by Leibovich and col-
leagues78,89 In both, a numeric score is assigned
based on symptoms, characteristics of the primary
tumor and metastatic sites, and histologic features.
The numeric score can then used to predict cancer-
specific survival at 0.5, 1, 2, and 3 years.

Laparoscopic Cytoreductive Nephrectomy

Four retrospective patient series suggest that
laparoscopy may play a role in cytoreduction, even in
patients with bulky disease.46,90–92 These series show
at least an equal number of patients who subsequently
enter systemic therapy compared with open surgery,
and the shorter recovery time from laparoscopic
surgery enabled earlier therapy. It should be empha-
sized that the complexity of laparoscopic cytoreduc-
tive nephrectomy necessitates a high level of
expertise, and applications of this procedure should
therefore be limited to specialized institutions.

SUMMARY

Current best evidence indicates cytoreductive
nephrectomy to be the treatment of choice for care-
fully selected patients in combination with
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immunotherapy. However, the optimal timing of
surgery will need to be reevaluated by prospective
studies in the era of targeted biologic agents. Mean-
while, further study into the mechanism of improved
survival with cytoreductive nephrectomy will help
inform current treatment decisions and patient
selection. Perioperative immunomodulation and
laparoscopic techniques may extend the efficacy of
cytoreductive nephrectomy.

CONCLUSIONS

The historical lack of effective systemic therapy for
mRCC led to radical surgical attempts at cure with
occasional successes. Immunotherapy offered the
first hope of effective systemic treatment, although
response rates were generally modest and accompa-
nied by extensive side effects. Attempts to maximize
outcomes of systemic therapy led to examination of
cytoreductive nephrectomy and a beneficial effect
on survival was confirmed by subsequent prospec-
tive studies.

The current standard of care for patients with
mRCC involves complete surgical resection for
patients amenable to nephrectomy and metastasec-
tomy, and cytoreductive nephrectomy for selected
patients with more extensive metastases. Laparo-
scopic surgery, when possible, may benefit patients
by enabling earlier entry into systemic therapy.

The treatment of mRCC is undergoing rapid
change with new, targeted biologic agents offering
treatment options in addition to immunotherapy. The
concept of combination therapy for mRCC is firmly
established, but will need to be redefined as sys-
temic therapy improves. However, surgical resection
of disease is likely to remain an integral component
of therapy for patients with mRCC in the future.
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Bone is a dynamic tissue that undergoes continuous
remodeling through a balance of bone formation and
resorption. Bone homeostasis is perturbed in the
setting of skeletal metastasis from solid tumors.
Skeletal complications related to metastatic disease
to the bone occur in approximately 30% of patients
with advanced renal cell carcinoma (RCC).1 The
morbidity that results from skeletal metastasis is
often challenging to manage, and historically, treat-
ments have focused on temporizing interventions
with the goal of stabilizing local lesions. With the
introduction of bisphosphonates into the armamen-
tarium, the focus of therapy has shifted toward
delaying or preventing skeletal complications. Bis-
phosphonates have reduced the morbidity experi-
enced by patients with metastatic RCC and other
solid tumors.

BONE BIOLOGY

Bone remodeling involves the continual breakdown
of mature bone and subsequent replacement by
new bone. Approximately 10% of the total bone
mass turns over each year because of the remodel-
ing process. Physiologic bone resorption is directed
by osteoclast activity. These tissue-specific

20a

SUPPORTIVE CARE IN METASTATIC
RENAL CELL CARCINOMA

Bisphosphonates
ABRAHAM B. SCHWARZBERG, MD
M. DROR MICHAELSON, MD, PHD

macrophages are giant multinucleated cells, which
are formed by the fusion of several precursor cells
derived from hematopoietic stem cells. Osteoclasts
attach to the endosteal and periosteal surfaces and
tunnel their way through the mineralized bone to
dissolve the bone matrix and resorb the bone mass.
This process is closely regulated and is balanced by
osteoblast activity. The osteoblasts are mesenchy-
mal in origin and are responsible for bone forma-
tion. Alkaline phosphatase is an enzyme essential
to the process of bone formation, and serum levels
of alkaline phosphatase can reflect osteoblast activ-
ity. Bone formation by osteoblasts is stimulated by
factors including transforming growth factor-β,
insulin-like growth factor, and platelet-derived
growth factor. Bone resorption via osteoclasts is
activated by interleukin-1, interleukin-6, tumor
necrosis factor α and β, and cortisol. Under normal
circumstances, these factors allow for balanced
bone remodeling but become deranged in the pres-
ence of metastatic cancer to the bone. Tumors alter
directly and/or indirectly the homeostasis of bone
remodeling and can lead to excess bone formation
or breakdown. This imbalance causes significant
morbidity, which often requires immediate atten-
tion and intervention.
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CLINICAL MANIFESTATIONS OF 
BONY METASTASIS

Bony metastases from RCC are the second most
common organ site of distant spread, occurring
approximately 30% of the time.1 In 2001, Zekri and
colleagues reviewed 103 cases of metastatic RCC
and reported that the most commonly affected bony
sites are the pelvis (48%), ribs (48%), and spine
(42%). Pain is the most common symptom of bony
metastasis. Additional skeletal-related events (SRE)
observed include pathologic fractures, hypercal-
cemia, spinal cord compression, cauda equine syn-
drome, and nerve root compression. Zekri and
colleagues reported that 81% of patients with skele-
tal metastasis required radiation treatment, 42% of
patients experienced long bone fractures, and 29% of
patients underwent orthopedic surgery. Lipton and
colleagues observed that 74% of bony metastasis
from RCC resulted in at least one skeletal complica-
tion during a 9-month period in patients receiving
placebo as part of a randomized double-blind trial.2

Patients with RCC experienced a higher rate of SREs
(74%) compared with other cancer subsets (44%),
indicating the higher risk of skeletal complications as
a result of bony metastases from RCC.

Tumor mediated osteoclast activity, as com-
monly observed in metastatic RCC, causes extensive
bone resorption and subsequent osteolytic bone
lesions. These lesions result in SREs as described
previously. Unfortunately, bony metastases histori-
cally respond poorly to systemic treatment for RCC
and are a major cause of morbidity. An important

advance in the supportive management of patients
with bony metastases has been the addition of
bisphosphonates in routine oncology care.

BISPHOSPHONATE THERAPY

Bisphosphonates are synthetic analogs of inorganic
pyrophosphate with a backbone of two phosphonate
groups linked by nonhydrolyzable phosphoether
bonds to a central carbon atom (Figure 1). The
potency of bisphosphonates is enhanced when a
nitrogen moiety is included in the side chain of the
middle carbon, and the most potent in this class of
drugs is zoledronic acid.3 Bisphosphonates have
skeletal half-lives measured in years because of their
nonbiodegradable properties and strong adherence
to mineralized surfaces.4

Bisphosphonates are ingested selectively by
normal and pathologically activated osteoclasts and
result in inhibition of bone resorption through multiple
mechanisms including inhibition of recruitment to
bone surface, inhibition of activity on the bony surface,
reduced life span of osteoclasts, and alteration of the
bone or bone mineral to reduce the rate of dissolution.5

Two bisphosphonates are approved for use in the
treatment of bony metastasis from solid tumors,
zoledronic acid, and pamidronate. Their characteris-
tics and dosing recommendations are detailed in
Table 1. Bisphosphonates have been extensively
investigated and used to treat SRE (which include
pathologic fracture, spinal cord compression, hyper-
calcemia of malignancy (HCM), need for radiation
treatment, or surgery to bone) caused by bone
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Figure 1. Structure of bisphosphonates. Structure of a generic bisphosphonate 
(A) and a nitrogen-containing bisphosphonate. B, Reproduced with permission from
Bilezikian JP.17
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metastases in patients with breast cancer or multiple
myeloma. In multiple placebo-controlled trials,
pamidronate showed significant delays in the onset
and reduced incidences of SREs in patients with
breast cancer or myeloma.6–8 These studies led to the
approval of pamidronate and its routine use in the
management of patients with breast cancer and
myeloma with bony metastases. Subsequently, zole-
dronic acid was proven to be at least as effective as
pamidronate in preventing SRE in patients with
multiple myeloma and breast cancer.9 A large ran-
domized phase III study showed its efficacy as the
first bisphosphonate to reduce significantly the inci-
dence of SRE in patients with advanced prostate
cancer from 44% in the placebo arm to 33% in the 4
mg zoledronic acid group (p =.021).10 In addition,
zoledronic acid has been shown to be superior in the
treatment of HCM and in reducing the risk of devel-
oping skeletal complications from breast cancer
(Table 2).9,11

A pivotal study evaluated the efficacy of
zoledronic acid in the treatment of skeletal metastases

from other solid tumors.12 This randomized phase III
trial compared zoledronic acid (4 or 8 mg dosing as
a 15-minute infusion) every 3 weeks for 9 months
with placebo in 773 patients with a variety of solid
tumors including 74 patients with RCC (Table 2).
Because of the concerns about safety, the 8 mg dos-
ing was decreased to 4 mg. The primary end point
was the percentage of patients with ≥ 1 SRE, not
including HCM. Results showed no significant dif-
ference in SRE in comparing 4 mg of zoledronic
acid with placebo (38 vs 44%; p = .127). When
analysis of SREs included HCM, the 4 mg zole-
dronic acid dosing significantly reduced the rate of
skeletal events compared with placebo (38% vs
47%; p = .039).

Another statistically significant finding was the
delay in time to first SRE by more than 2 months when
treated with zoledronic acid (230 days to first event for
the 4 mg dosing group compared with 163 days for
placebo [p = .023]). There were no statistically signif-
icant differences between zoledronic acid and placebo
with respect to quality of life, bone lesion response,
disease progression, or overall survival, although the
study was not powered for these end points. Multiple-
event analysis showed that zoledronic acid provides a
31% risk reduction of developing skeletal complica-
tions (including HCM) compared with placebo and is
a well-tolerated intervention.

EFFICACY OF ZOLEDRONIC ACID IN RCC

In an attempt to establish the efficacy of zoledronic
acid in the treatment of bony metastases from RCC,
Lipton and colleagues analyzed the subset of
patients with RCC who were included in the phase
III trial by Rosen and colleagues.12 Of the 773
patients in the original trial, 74 (10%) were identi-
fied to have RCC.2 Patients were randomized
to treatment with zoledronic acid (4 or 8 mg as a 
15-minute infusion) every 3 weeks for 9 months or
placebo. Baseline characteristics for RCC patients
were well balanced between the 4 mg zoledronic
acid group and the placebo group. Zoledronic acid
reduced the percent of patients with SREs by 50%
(37 vs 74% with placebo, p = .015). In addition,
zoledronic acid prolonged the time to first SRE from
72 days for placebo to median not reached at

Table 1. BISPHOSPHONATE CHARACTERISTICS

Bisphos- Recommended Dosing Indications for
phonate and Administration Cancer Patients

Pamidronate* 90 mg intravenously HCM—less 
infused over at least effective than 
2 hours administered zoledronate11

every 3 to 4 weeks

Duration of treatment Prevention and 
not defined delay of SREs in 

patients with bony 
lesions from
breast cancer or 
multiple myeloma6,9

Zoledronic 4 mg intravenously HCM—superior 
acid* infused over at  to pamidronate11

least 15 minutes 
administered 
every 3 to 4 weeks

Duration of treatment Prevention and delay
not defined with of SREs

in patients bony 
lesions from  
multiple myeloma
and all solid  
tumors9,10,12,19 

(especially RCC 
patients2)

*Check creatinine prior to each dose and supplement with vitamin D and
calcium.

HCM = hypercalcemia of malignancy; SRE = Skeletal-related events.
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9 months (p = .006) and reduced the skeletal
morbidity rate by approximately 21% (p = .014).

Patients receiving zoledronic acid also experi-
enced notable responses in bony lesions as measured
by increased median time to bone lesion progression
and number of patients with partial responses or sta-
ble disease in their bone lesions. These additional
clinical benefits may support the preclinical models,
which have shown antiangiogenic activity of zole-
dronic acid. In addition, there is a suggestion that for
the patients with RCC, treatment with zoledronic acid
might provide direct antitumor effects or prevent bone
metastasis. Despite these observations, there was no
significant change to overall survival and further
investigation is needed to confirm these hypotheses.

In summary, multiple-event analysis showed that
zoledronic acid provides a 61% risk reduction of
developing skeletal complications and delays time to
first SRE by almost 1 year compared with
placebo.2,13 This reduction is more profound than that
observed in the overall cancer patient population
(31%), suggesting that RCC patients may receive

greater benefit from treatment with zoledronic acid
than other subsets of solid tumor patients.

TOXICITY

The most common adverse effects reported in solid
tumor patients (all grades) receiving bisphosphonates
are bone pain, nausea, anemia, vomiting, constipa-
tion, dyspnea, and fatigue (Table 3 and 4).12 Acute-
phase reactions during infusions have been well
documented and include nausea, emesis, dyspnea,
headache, and flu-like symptoms. These symptoms
are self-limited and often mild to moderate in sever-
ity.14 These reactions are more common after the first
few infusions of bisphosphonates and are less
frequent with subsequent treatments. Despite good
tolerability, bisphosphonates present rare but poten-
tially serious complications, including renal failure,
hypocalcemia, and jaw osteonecrosis.

Significant renal toxicity from bisphosphonate
use is a serious but uncommon complication of treat-
ment. Pamidronate has been associated with renal

Table 2. SELECTED RANDOMIZED CONTROLLED TRIALS OF IV BISPHOSPHONATES IN CANCER

Trial Study Population Treatment Major Outcome

Major and colleagues All cancer types Zoledronic acid vs Complete resolution of 
(275 patients)11 pamidronate HCM at 10 days: 88% for the 

zoledronic acid arm vs 70% for 
the placebo arm+

Rosen and colleagues Breast cancer or multiple Zoledronic acid vs No significant difference
(1648 patients)9 myeloma pamidronate in SRE. Multiple-event analysis 

demonstrated 16% risk 
reduction with use of 
zoledronate∗

Saad and colleagues Androgen independent Zoledronic acid vs Significant decrease in SREs∗

(643 patients)10 prostate cancer placebo from 44% in the placebo arm 
to 33% in the zoledronic 
acid arm

Rosen and colleagues Solid tumors (excluding breast Zoledronic acid vs No significant difference in 
(773 patients)12 and prostate cancer) placebo SRE. Zoledronic acid provided 

> 2 month delay in time to first 
SRE. Multiple-event analysis 
demonstrated 31% risk reduc
tion with use of zoledronate

Lipton and colleagues Renal cell carcinoma Zoledronic acid vs Significant reduction in SRE by
(74 patients)2 placebo 50% (74% vs 37%), 

prolongation of time to first 
SRE, and 21% reduction in 
skeletal morbidity rate*

All zoledronic acid dosing is 4 mg and pamidronate dosing is 90 mg.

HCM = hypercalcemia of malignancy; SRE = Skeletal-related events.

*p value ≤ .05.
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Table 3. ALL GRADE TOXICITY IN SOLID 

TUMOR PATIENTS (N = 773)

Zoledronic Acid Placebo
4 mg Number of Number of

Adverse Event Patients (%) Patients (%)

Bone pain 130 (51.2) 150 (60.7)

Nausea 124 (48.8) 90 (36.4)

Emesis 96 (37.8) 75 (30.4)

Dyspnea 90 (35.4) 74 (30)

Fever 69 (27.2) 58 (23.5)

Headache 43 (16.9) 27 (10.9)

Adverse events in patients with solid tumors adapted from Rosen and
colleagues.14

insufficiency and nephrotic syndrome in multiple
myeloma patients but these complications are rarely
seen in solid malignancies. Administration of
pamidronate for less than 2 hours appears to increase
the risk of renal toxicity and should be avoided. Zole-
dronic acid is associated with renal insufficiency pre-
dominantly with higher doses (8 mg) or rapid
infusions (less than 15 minutes) of the drug.9 Many
studies have shown the safety and absence of clini-
cally significant renal toxicity when bisphosphonates
are given at currently approved schedules for pro-
longed courses in patients with RCC and other solid
tumors.2,15,16 Due to the potential for renal toxicity,
general recommendations are to check creatinine

Table 4. ALL GRADE TOXICITY IN RENAL CELL 

CARCINOMA PATIENTS (n = 74)

Zoledronic Acid Placebo
4 mg Number of Number of

Adverse Event Patients (%) Patients (%)

Rigors 6 (22) 2 (11)

Lower extremity 6 (22) 2 (11)
edema

Hypocalcemia 5 (19) 0 (0)

Abdominal pain 4 (15) 0 (0)

Dyspepsia 3 (11) 0 (0)

Total renal-related 2 (11) 3 (20)
events

Hyperuricemia 1 (5.6) 0 (0)
Blood creatinine 0 (0) 0 (0)

increase
Renal failure 1 (5.6) 0 (0)

Adverse events in subgroup of patients with RCC only adapted from 
Lipton and colleagues.2

A

prior to each bisphosphonate dose, and any
unexplained elevation ≥ 0.5 mg/dL in serum
creatinine should warrant temporary discon-
tinuation of the drug until renal function
returns to baseline. If renal function does not
return to normal, either indefinite discontinu-
ation of the drug or resumption of therapy
with prolonged infusion time and close obser-
vation are reasonable.

Hypocalcemia is an uncommon but
potentially serious complication of bisphos-
phonate therapy (Table 4). Due to compen-
satory mechanisms, this complication is
rarely observed. General recommendations

Figure 2. Osteonecrosis of the jaw. A, Patient with
bisphosphonate-associated ONJ. (Reproduced with
permission from Treister N and Woo S-B).20 B, Com-
puted tomographic scan showing ONJ of the right max-
illa — black arrow. Reproduced with permission from
S-B Woo.

B
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include periodic monitoring of serum calcium,
magnesium, and phosphate while patients are on
therapy.

Osteonecrosis of the jaw (ONJ) is a recently
described complication of long-term use of bis-
phosphonate, typically occurring in patients
receiving treatment for 1.5 to 3 years.17 This
process involves avascular necrosis of the jaw with
subsequent exposed bone in the mandible, maxilla,
and/or palate that heals poorly over a prolonged
period (Figure 2). The rate of occurrence is esti-
mated to be between 4 and 7%.18 Predisposing fac-
tors include dental disease or surgery, oral trauma,
poor dental hygiene, and periodontitis.17 Prior to
initiation of bisphosphonate therapy, patients
should optimize their dental hygiene and while on
therapy should follow routine oral health mainte-
nance. After developing ONJ, management
includes minimal local debridement of dead bone,
rinses with cyclohexidine or hydrogen peroxide,
antibiotics and analgesics. There is no clear evi-
dence to guide the timing and duration of discon-
tinuing bisphosphonates in patients who develop
ONJ but cessation of treatment should be strongly
considered.18

CONCLUSIONS 

Skeletal-related events cause significant morbidity
for patients with metastatic RCC. Bone lesions from
RCC are particularly destructive, likely due to their
predominantly osteolytic nature, and usually result
in skeletal-related complications including pain and
fractures. Zoledronic acid is proven to reduce SRE
from bony metastasis in patients with RCC.
Potential toxicities include mild acute phase reac-
tion, renal dysfunction, and jaw osteonecrosis. Addi-
tional studies are needed to determine the optimal
time to initiate therapy, to establish the necessary
duration of treatment, and to investigate the possible
antineoplastic effects of bisphosphonates. Answers
to these questions will help to define further the role
of bisphosphonates in the systemic management of
metastatic RCC.
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Central nervous system metastasis is a significant
cause of morbidity and early mortality from renal cell
carcinoma. Whole brain radiotherapy has typically
been offered in the past. Surgical resection followed
by conventional radiotherapy appears to improve out-
comes when feasible. Although renal cell carcinoma
has historically been felt to be radioresistant, stereo-
tactic radiosurgery appears promising with minimal
morbidity. Future investigation and integration of
radiation and/or surgery with novel multitargeted
tyrosine kinase inhibitors is of paramount importance
and may further improve outcomes.

In the United States, 38,890 new cases of renal
cell carcinoma (RCC) are expected in 2006, with
the majority being clear cell RCC.1 One-third of the
patients with RCC have evidence of metastases at
the time of the diagnosis, whereas up to 50% of the
patients who are treated for localized disease even-
tually develop a recurrence.2 The widely used
Memorial Sloan-Kettering Cancer Center risk
group categorization in mostly untreated metastatic
patients defines the 5 poor-risk features: Karnofsky
performance status (KPS) < 80, a serum calcium
> 10 (corrected for albumin), a hemoglobin below
normal, absence of prior nephrectomy, and a lactate
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dehydrogenase > 1.5 times the upper limit of
normal.3,4 The median survivals were 20, 10, and 4
months for good (no risk factors), intermediate (1 to
2 risk factors), and poor-risk patients (≥ 3 risk
factors), respectively. The novel multitargeted tyro-
sine kinase inhibitors sunitinib, malate, and
sorafenib have supplanted cytokines for the therapy
of good- and intermediate-risk metastatic clear cell
RCC.5,6 High-dose interleukin-2 may be appropri-
ate for good performance status in patients with
clear cell RCC and favorable risk status.7,8 Tem-
sirolimus, an mammalian target of rapamycin (mTOR)
inhibitor, has been proven to improve survival in poor-
risk RCC.9

Patients with untreated brain metastasis from
RCC have a poor prognosis with a median survival
of 17 weeks to 7 months.10,11 This has led to pes-
simism about the prognosis of patients with RCC
brain metastasis. Therefore, most clinical trials have
either excluded or not included patients with RCC
who had central nervous system (CNS) metastasis.
A special focus and innovative strategies are necessary
for this population. We will review recent data and
approaches to manage patients with clear cell RCC
and CNS metastasis.
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BIOLOGY OF CNS METASTASIS 
FROM RCC

RCC has traditionally been considered radioresistant.11

DNA double strand breakage is considered to be the
most important lesion related to cell death induced by
ionizing radiation. Radioresistant cells have lower ini-
tial DNA double-strand break frequencies and a faster
rate at which DNA double-strand breaks are repaired.12

In the linear-quadratic model, a low α-β ratio implies
radioresistance.13 Recent experiments with human cell
lines of RCC have revealed a low α-β ratio ranging
from 2.6 to 6.92.14,15 The exact cellular mechanisms of
radioresistance in RCC remain elusive, but various
molecular markers (TP53, BRCA1, BRCA2, Bcl-2,
PI3k, IFG-1, EGFR, HER2, vascular endothelial
growth factor [VEGF]) have been demonstrated to
influence radiation sensitivity for other tumor types.
Several of these pathways (notably VEGF, vascular
endothelial growth factor) are upregulated in clear
cell RCC16,17

CLINICAL FEATURES AND DIAGNOSTIC
EVALUATION OF CNS METASTASIS 

FROM RCC

Common metastatic sites of advanced RCC include
the lung (75%), soft tissues (36%), bone (20%), liver
(18%), cutaneous (8%), and CNS (8%).18 Four to
17% of all RCC patients will eventually develop
brain metastases with 50% of these suffering from
multiple lesions.19 The incidence of brain metastasis
following a diagnosis of RCC is 10 to 20% in
autopsy studies.20–22 The brain as the sole site of
metastasis has been occasionally described.23,24

Spinal cord compression has been observed less
commonly, and in 1 study, 13% of patients are with
bone metastases from RCC.25 The kidney
was reported to be the site of primary tumor in 5 to
10% of all patients presenting with initial brain
metastasis.26–29

The most frequent complaints of brain metasta-
sis include headaches, cognitive changes, focal
weakness, and seizures.30,31 Other symptoms include
gait difficulty, visual loss, speech abnormalities, and
sensory loss. Physical examination may reveal hemi-
paresis, cognitive changes, speech abnormalities,
papilledema, gait disturbance, and hemianopsia.

Brain metastases of RCC may be hemorrhagic, and
occasionally bleed, and cause acute neurological
symptoms because they are hypervascular.32,33

Multifocal abnormalities at multiple sites in the
CNS are suggestive of leptomeningeal disease
which can be proven by the demonstration of malig-
nant cells in the CSF or by a high quality magnetic
resonance imaging (MRI) of the brain and spinal
cord. Spinal cord compression is characterized by
lower extremity motor and sensory symptoms.

MANAGEMENT OF CNS METASTASIS
FROM RCC

Conventional treatment for cerebral metastases
includes initial glucocorticoids.34,35 The routine use
of prophylactic antiepileptic drugs for patients with
brain metastases without seizures is currently not
recommended.36,37 Definitive therapeutic options for
brain metastasis include whole brain radiotherapy
(WBRT), stereotactic radiosurgery (SRS), and
surgical resection. Spinal cord compression from
epidural metastasis is generally managed by conven-
tional radiation with or without surgery.

Whole Brain Radiotherapy

WBRT for Brain Metastasis: General Concepts

WBRT is considered to be the traditional treatment for
patients with brain metastases. It can delay/prevent
neurological deficits, restore neurological function,
decrease steroid dependency, and result in sympto-
matic improvement in up to 80% of patients within
3 weeks of treatment in more radiosensitive malig-
nancies.38–41 WBRT is the treatment of choice for
patients with single brain metastasis not amenable to
surgery or SRS, for patients with poorly controlled
systemic disease, and thus, relatively short life
expectancy, and for patients with multiple brain
metastases that are too numerous for SRS or surgery.
A dose of 30 Gy in 10 fractions is the most com-
monly reported dose for WBRT in RCC.

WBRT alone results in a median survival, which
is 7.1, 4.2, and 2.3 months for Radiation Therapy
Oncology Group (RTOG) recursive partitioning
analysis (RPA) class I, II, and III, respectively, for
patients with brain metastases from historically
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nonradioresistant tumors.42 The 3 RPA classes were
defined as follows: Class 1, patients with KPS ≥ 70,
< 65 years of age with controlled primary, and no
extracranial metastases; Class 3, KPS < 70; Class 2,
all others. The most common treatment schedule
used is 30 Gy in 10 fractions over 2 weeks. However,
for patients with a good prognosis who are likely
to survive longer than 1 year, more prolonged
fractionated schedules may reduce long-term
morbidity from radiation. For patients with a solitary
brain metastasis, surgical resection followed by
WBRT has been advocated and is discussed in detail
in another section in this chapter.43,44 However, many
patients suffer from unresectable brain metastases
because of the presence of multiple sites of intracra-
nial disease or critical tumor location.45 Autopsy
studies indicate that 60 to 85% of all patients with
brain metastases have multiple lesions.46

WBRT for RCC Brain Metastasis

In retrospective studies, patients with brain metas-
tases from RCC treated with WBRT displayed a
median survival of 3 to 7 months (Table 1).10,32,47

Moreover, WBRT provided up to 60% local control
(LC, control at the sites of radiographically apparent
disease) with only 8% distant brain failure rate
(incidence of new brain lesions away from initial
sites of disease).32 The median survivals for metastatic
RCC by RTOG RPA classes (8.5, 3, and 0.6 months
for RPA classes I, II, and III, respectively) further
support the efficacy of WBRT because outcomes
appear similar to patients with other malignancies
(Table 2).42,47

Dose Response and Hyperfractionation of WBRT

The role of dose escalation and/or hyperfractiona-
tion in WBRT for non-RCC brain metastases is
controversial. In practice, the dose and fraction size
of WBRT should be individualized to take into con-
sideration the status of systemic or extracranial
disease as well as performance status. The RTOG
has conducted 2 randomized studies, which demon-
strated that different fractionation schedules of
40 Gy in 15 or 20 fractions, 30 Gy in 10 or 15
fractions, and 20 Gy in 5 fraction yield comparable
results.38,48 In these randomized trials, there was no
difference in neurological function, duration of
improvement, time to progression, and survival.
This was recently challenged by Epstein and
colleagues49 who reported superior survival times
and improved neurologic function in patients with
solitary brain metastases with doses of 32 Gy
administered in 1.6 Gy fractions twice daily
followed by boost doses to 48, 54, 64, and 70 Gy.

Table 1. RETROSPECTIVE REPORTS OF RENAL CELL

CARCINOMA PATIENTS TREATED WITH WHOLE

BRAIN RADIATION THERAPY ALONE

Wronski Cannady Culine 
Series et al, 1997 et al, 2004* et al, 1998

No. of 119 46 50
patients

Patients with 70 30 NR
multiple brain
metastses

Dose (Gy) 30 30 18−36

CR% NR 2 NR

LC% NR 61 NR

DBF% NR 8 NR

median OS 4.4 3.0 7

CR = Complete response; DBF = distant brain failure; LC = local control,
OS = overall survival.

Fifty patients were available for SRS alone arm and 39 patients were
available for SRS + WBRT arm. The local control rates were 100% and 92%
for SRS with WBRT and for SRS alone respectively. The DBF rates were
31% and 21% for SRS with WBRT and for SRS alone respectively. A trend
towards improved local and distant control rates are seen with the addition of
WBRT with p−values of 0.05 and 0.14. However, the results must be viewed
with caution as patient or institutional selection biases may be present and
have not been accounted for.

Table 2. SURVIVAL FOR DIFFERENT RADIATION THERAPY
ONCOLOGY GROUP RECURSIVE PARTITIONING

ANALYSIS CLASSES WITH WHOLE BRAIN RADIOTHERAPY

(NON−RANDOMIZED COMPARISONS ACROSS

DIFFERENT STUDIES)

RTOG Non-RCC RCC Median
RPA Description Median Survival (mo) Survival (mo)

I KPS ≥ 70, age 7.1 8.5
< 65, controlled
primary, and no
extracranical 
disease

II All others 4.2 3

III KPS < 70 2.3 0.6

KPS = Karnofsky Performance Status; RCC = renal cell carcinoma;
RTOG = radiation therapy oncology group.
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Survivals increased with increasing dose from 4.9
months with 48 Gy to 8.2 months with 70 Gy. Nieder
and colleagues50 found patients who received WBRT
with 30 Gy in 10 fractions had 50% the response rate
of the group receiving 40 to 60 Gy in 20 to 30 frac-
tions without survival benefit. These retrospective
studies suggest that there may be a dose response at
higher doses, which is not evident at lower doses such
as the ones used in the randomized trials by RTOG.

Data supporting a dose response for WBRT in
RCC patients are scant. The retrospective study of
RCC patients by Cannady and colleagues47 has found
that patients who receive greater than 30 Gy had sig-
nificantly longer survival than patients who received
30 Gy or less. However, the result was confounded
by the fact that patients who received higher doses
also had better prognostic factors such as KPS and
RPA class. Thus, it is unclear if dose or fractionation
has an impact in RCC patients with brain metastases.

Surgery Followed by Adjuvant WBRT

Non−RCC Metastasis

Surgical resection of a metastatic brain tumor has
several advantages including confirmation of
pathology, rapid reversal of neurological symp-
toms, no risk of radionecrosis, and durable LC. In
non-RCC patients, randomized trials has evaluated
the benefits of surgery in patients with good per-
formance status or limited or controlled systemic
disease.43,51,52 Three randomized trials (American,
Dutch, and Canadian) have evaluated surgery and
WBRT versus WBRT alone. The American and the
Dutch study have included mainly patients with
controlled or limited systemic disease, and both
have reported 9 to 10 months of median survival
with surgery + WBRT versus 3 to 6 months with
WBRT alone.43,51 In contrast, the Canadian study
that included a higher proportion of patients with
an active systemic disease and lower performance
status failed to show any advantage of surgery
+ WBRT over WBRT alone.52 In addition, it has
been shown for patients with brain metastasis from
non-RCC that with accessible lesions in patients
with good performance status complete surgical
resections of up to 3 lesions yielded similar results

to those with single lesions.53,54 The benefits of
postoperative WBRT, including a 52% reduction of
in brain recurrences, have been validated in a phase
III randomized trial of patients with solitary brain
metastases.55 A trial that randomized patients with
spinal cord compression caused by metastatic
cancer to either surgery followed by radiotherapy
(n = 50) or radiotherapy alone (n = 51) demon-
strated a similar benefit for surgery in these
patients.56 Radiotherapy for both treatment groups
was given in ten 3 Gy fractions. More patients in the
surgery group (84%) than in the radiotherapy group
(57%) were able to walk after treatment (p = .001).
The need for corticosteroids and opioid analgesics
was significantly reduced in the surgical group.

RCC Brain Metastasis

Surgical resection of brain metastasis from RCC has
been investigated in retrospective studies.57–59

Wronski, O’Dea, and Salvati have reported a median
survival of 14.5 to 27.5 months (Table 3). Patients in
the surgical series for RCC had a much lower burden
of disease (80% had only solitary brain metastasis)
and higher performance status than in the nonsurgi-
cal series. Therefore, it is difficult to assess the true
impact of surgery in RCC patients with brain metas-
tasis in the absence of a dedicated randomized study.
However, given the weight of data from the non-
RCC randomized trials, as well as retrospective
studies from RCC series, current data support
surgery for patients with good performance status,
limited systemic disease, and single brain metasta-
sis. Furthermore, on the basis of non-RCC data, the
benefits of surgery may extend to patients with up to
3 brain metastases from RCC. The role of adjuvant
WBRT following surgery for RCC is controversial.
The RCC surgical reports by Wronski and Salvati
did not suggest a benefit to postoperative WBRT
both in terms of brain recurrences or overall sur-
vival.57,59 Notably, the radiation doses used by
Wronski and Salvati were lower than in the ran-
domized trial by Patchell.55 The average dose in
Wronski’s series was 30 Gy in 10 to 15 fractions,
whereas Salvati used various doses and fractions of
30 Gy in 10 fractions, 40 Gy in 20 fractions, 45 Gy
in 25 fractions, or SRS. No significant differences
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of survival time were noted in the various radiother-
apy groups. Whether patients with RCC would
benefit from higher WBRT doses remain a subject
for investigation.

Toxicities of WBRT

Data specific for RCC do not exist. Acute side
effects occurring during or soon after radiotherapy
include hair loss, otitis media, skin irritations, and
brain edema. These symptoms with the possible
exception of hair loss are generally transient and can
be managed conservatively. The long-term side
effects of radiotherapy are usually not a significant
issue in the treatment of brain metastases because of
the relatively short survival of these patients. Long-
term survivors (> 12 months) will frequently
develop radiographic changes on CT or MRI includ-
ing hypodense areas in the white matter, cerebral
atrophy, and an increase in the sulcal width and/or
enlargement of the ventricles. However, only some
long-term survivors (up to 11%) will develop clini-
cal symptoms such as dementia, ataxia, and urinary
incontinence.60,61 Although the pathogenesis of these
alterations is unknown, leukoencephalopathy is
implicated. Leukoencephalopathy or white matter
necrosis is generally associated with combination
treatment of brain radiotherapy and intravenous or
intrathecal methotrexate with the greatest injury
occurring when all 3 modalities are used.62 High-
fractional dose (> 2 Gy per fraction) and high-dose

schedules may also be a factor.59 Consequently,
patients with favorable prognostic factors are proba-
bly optimally treated with conventional fractions of
1.8 to 2 Gy to a total dose of 40 to 50 Gy instead of
the conventional fractions of 3 Gy to a total dose
of 30 Gy.

Radiation necrosis refers to changes noted on
imaging that are felt to represent radiation effect
rather than recurrent tumor.63 This potential compli-
cation is associated with SRS as well as WBRT.
Radiation necrosis can produce symptoms that are
as disabling as tumor recurrence and can be pro-
gressive and fatal. Surgical debulking should be per-
formed if corticosteroids do not provide relief.
Although biopsy proven rates as high as 24% have
been reported, the true incidence of radiation necro-
sis is difficult to assess as chemotherapy, fraction
size, total dose, and diagnostic modalities may all
contribute.64 In a report by Sheline and colleagues,65

the brain could tolerate a total dose of 50 to 54 Gy if
given in 2 Gy once daily with the estimated cerebral
necrosis at 0.04% to 0.4%.

Radcliffe published a prospective study of 19
children treated for brain tumors with WBRT, of
whom 19 also received adjuvant chemotherapy.66

Children younger than 7 years at diagnosis had a
mean intelligence quotient (IQ) loss of 27 points,
whereas children over 7 years at diagnosis showed
no significant decrease in IQ. Decline in IQ
occurred between baseline and year 2 of follow-up;
none could be documented between years 2 and 4.

Table 3. SURGERY FOR RENAL CELL CARCINOMA BRAIN METASTASIS

Died of 
Median Survival (mo) Brain Relapse Widely

Surgery Surgery Surgery Surgery Solitary Metastatic No. of
Series Alone + XRT Alone + XRT Brain Met Disease patients

Salvati 23 28.1 33.9% 32.8% 100% n/a 28
et al,59

Wronski 14.5 13.3 44% 64% 82% 51% 40
et al,57

O’Dea 27.5 NA NA NA 100% n/a 8
et al,58

The Wronski and colleagues series with the lowest median survival had more patients with multiple brain metastases and
widely metastatic disease. In a highly selected group of patients with single brain metastasis and controlled primary, Salvati
and colleagues reported higher median survival for patients who received postoperative radiotherapy.

NA = not available.
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In adults, many studies have shown decreases in
mental function after brain radiation, but most of
these fail to include pretreatment mental function
assessment. Decline in cognitive function has been
associated with radionecrosis.67,68 In a prospective
study of patient with small cell lung cancer, prophy-
lactic cranial irradiation was not associated with
decline in mental function for the duration of the fol-
low-up (6 to 20 months).69 NCCTG protocol 86-72-
51 conducted a 2-arm prospective trial with 203
eligible adult patients with supratentorial, low-grade
gliomas randomized to 50.4 Gy versus 64.8 Gy
localized radiation therapy.70 Patients were evaluated
with an extensive battery of psychometric tests at
baseline (before radiation therapy) and at approxi-
mate 18-month intervals up to 5 years after com-
pleting radiation therapy. Formal cognitive testing
did not document significant detrimental effects.
Deterioration from baseline occurred at years 1, 2,
and 5 in 8.2%, 4.6%, and 5.3% of patients,
respectively.71 Thus, in contrast to children, adults
have exhibited little decline in mental function
following WBRT.

Stereotactic Radiosurgery

Stereotactic Radiosurgery for Non−RCC

Stereotactic radiosurgery provides, in a single ses-
sion, a high dose of radiation to a localized brain
tumor volume while minimizing the dose to the sur-
rounding normal tissues.72–74 For patients with brain
metastases from non-RCC, SRS can produce results
equivalent to surgery. Bindal and colleagues53 have
reported improved survival and LC in a small
retrospective analysis of patients undergoing surgery
compared to SRS. However, most studies support the
notion that SRS, alone or in conjunction with WBRT,
yields results that are comparable to those
reported for surgery followed by WBRT for brain
lesions < 3 cm and for up to 2 metastases.54,75,76 In
general, SRS provides a local tumor response rate of
80 to 90% with a median survival of 7 to 12 months.77

Stereotactic Radiosurgery for RCC

Many retrospective studies have investigated the role
of SRS in brain metastases from RCC (Table 4).

When SRS is one of the major components of the
treatment of brain metastases from RCC, the results
are encouraging.19,78–87 The aggregate LC rate was
94% (ranging from 85 to 100%), with a distant brain
failure (DBF) rate of 37% (ranging from 17.2 to
50%) and a median survival of 11 months (ranging
from 6.7 to 17.8 months).88 Other recent reports cor-
roborate the value of SRS.45,89 Several patients on
these reports had multiple metastases and received
repeated SRS.

Stereotactic Radiosurgery Dose−Response

The optimal dose of SRS for brain metastasis is
unclear. Hemibrain irradiation of normal beagle
dogs in a single fraction suggests that there may be
a sigmoid shaped dose-effect curve with a sharp
increase in the brain changes from radiation occur-
ring around 14 to 15 Gy.90 Breneman and
colleagues91 have reported a significant improve-
ment in LC with radiation dose > 18 Gy (median
time to failure 52 weeks with high dose versus
25 weeks with low dose; p = .008). An analysis by
Shiau and colleagues92 found that a minimum dose
≥ 18 Gy yields greater failure-free survival at 1 year
of 90% versus 77% for those who were treated with
< 18 Gy. On the other hand, Alexander, Flickinger,
and Shirato did not detect an impact of dose on LC
or survival.93–95 In general, larger tumors have been
treated with lower dose, which are confounding the
presently available retrospective data. Currently, the
dose is generally guided by toxicities and not
the minimum effective dose. Maximum tolerable
dose of 24, 18, and 15 Gy for lesions < 2 cm, 2 to 3
cm, and 3 to 4 cm, respectively, has been
recommended by RTOG 90 to 05, a prospective
dose-escalation trial of SRS in patients with recur-
rent or previously irradiated primary brain tumors
and brain metastases.96

SRS has been used multiple times to treat multiple
lesions. Approximately, 50% of the patients treated
with SRS in RCC series had multiple brain
metastases. However, the maximum number of
lesions that can be safely and efficaciously treated
with SRS has not been identified for either RCC or
other types of metastases. Some have suggested that
patients with 10 or more metastases can be safely
treated with good quality of life outcomes.97,98
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Although multiple lesions can safely be treated with
SRS, there is no evidence for superiority compared
with WBRT. Other retrospective studies suggest that
WBRT may be equivalent to SRS alone for patients
with ≥ 3 brain metastases.93,99

SRS Plus WBRT

SRS Plus WBRT for Non−RCC

In non-RCC patients, a retrospective study by Sang-
havi and colleagues100 have reported an improved
median survival (p < .05) for patient treated with
SRS boost, in addition to WBRT, when compared
with RPA-stratified patients from earlier RTOG stud-
ies of WBRT alone for non−RCC patients. Three ran-
domized studies have shown LC benefit of adding
SRS to WBRT.101–103 The largest of the three studies
by RTOG 95−08 (333 patients) demonstrated a
median survival benefit of 1.5 months (6.5 vs 4.9
months) when SRS was added to WBRT in the pre-
planned subset analysis of patients with a solitary
metastasis.103 In a post hoc analysis, subsets with 1 to
3 metastases and age < 50 years, RPA class I or non-
small cell lung cancer also demonstrated improved
survival. However, overall survival for all patients
did not improve for the combination, although func-
tional outcomes improved. A randomized study pub-
lished by Brown University in abstract form only
compared SRS versus WBRT versus SRS + WBRT
in patients with 1 to 3 metastases.102 No improve-
ment in survival was observed with combination
therapy, although 53% of the patients had undergone
prior surgery, and there may have been an uneven
distribution among the arms. In a recent Japanese
randomized trial of 132 patients with 1 to 4 brain
metastases, each less than 3 cm in diameter, patients
were randomly assigned to receive WBRT + SRS
(65 patients) or SRS alone (67 patients).104 The
median survival time and the 1-year actuarial sur-
vival rate were 7.5 months and 38.5% in the WBRT
+ SRS group and 8.0 months and 28.4% for SRS
alone (p = .42). The 12-month brain tumor recur-
rence rate was 46.8% in the WBRT + SRS group and
76.4% for SRS alone group (p < .001). Salvage brain
treatment was less frequently required in the
WBRT + SRS group (n = 10) than with SRS alone
(n = 29) (p < .001). Consequently, salvage treatment

was more frequently required when up−front WBRT
was not used.

SRS Plus WBRT for RCC

To investigate the role of combination of SRS and
WBRT in patients with brain metastases from RCC,
we performed a subgroup analysis on patients who
were treated initially with SRS and WBRT or SRS
alone and had local and distant failure rate
published. The analysis was performed on the 11
small retrospective RCC series that included SRS as
one of the main treatment modalities (see Table 4).
Thirty-nine patients were eligible for analysis in the
SRS + WBRT arm, and 50 patients were eligible in
the SRS arm alone. SRS + WBRT resulted in a local
failure rate of 0% and a distant brain failure rate of
21% in this selected group.84–87 In comparison, SRS
alone resulted in a mean LC rate of 8% with

Table 4. STEREOTACTIC RADIO SURGERY AS ONE

MAJOR COMPONENT FOR RENAL CELL 

CARCINOMA BRAIN METASTASIS

No. of
Series patients LC (%) DBF (%) median OS

Mori et al,83 35 90 46 11
1998

Schoggl et al,84 23 96 30 11
1998

Goyal et al,85 29 91 39 6.7
2000

Payne et al,86 21 100 50 10
2000

Brown et al,78 16 85 44 17.8
2002

Hoshi et al,79 42 93 34 12.5
2002

Amendola et al,80 22 91 36 8.4
2000

Wowra et al,81 75 95 36 11.1
2002

Hernandez et al,87 29 100 17.2 7
2002

Sheehan et al,19 69 96 39 15
2003

Noel et al,82 28 97 36 15
2004

Total 389 94 37 11

DBF = distant brain failure; LC = local control; OS = overall survival.
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distant brain failure rate of 36% (Figure 1). There-
fore, SRS alone compared with SRS + WBRT may
result in higher rates of distant brain failure and may
have high risk of local failures. Some suggest that
salvage WBRT is effective for both recurrences and
new metastasis after SRS, and this approach would
spare majority of patients the toxicities of up-front
WBRT.94,95,105 To date, the retrospective series of
RCC patients as well and prospective studies from
non-RCC patients suggest that the addition of SRS
to WBRT improves control of brain metastases with-
out undue toxicities. The benefits of reserving
WBRT for salvage therapy over up-front SRS and
WBRT remain to be proven.

Hypofractionated Stereotactic
Radiotherapy (FSRT)

Ikushima and colleagues have reported a series of 35
patients with brain metastases from RCC who were
treated with FSRT (10 patients), surgery and conven-
tional radiation (11 patients) versus conventional radi-
ation only (14 patients).106 The FSRT group was
treated to 42 Gy in 7 fractions over 2.3 weeks. Median
survival rates were 25.6 months for the FSRT group,
18.7 months for the surgery and conventional radia-
tion group, and 4.3 months for the conventional radia-
tion group. FSRT had 88% and 55.2% 1- and 2-year
LC rates, respectively. None of the FSRT patients suf-
fered from acute or late complications during and fol-
lowing FSRT with median follow-up of 17.5 months.
This LC rate for the FSRT group does not appear to be

better than the historically reported values for SRS in
RCC. Although the idea that FSRT could limit toxici-
ties is intriguing, it remains to be established.

Toxicities of SRS

Specific data reporting acute toxicity for SRS are
scarce and limited to small numbers of retrospective
studies.107,108 Acute toxicities are similar to that of
WBRT and for the most part can be medically man-
aged. They include edema, headaches, nausea and
vomiting, worsening of preexisting neurological
deficits, and seizures. Chronic complications consist
mainly of radionecrosis, cranial nerve palsies, and
chronic steroid dependence. Treatment volume is the
most consistent risk factor for long-term toxicity
from SRS.95,108 RTOG 90-05 prospectively deter-
mined that the risk of complications from SRS
increases with tumor size.95 Varlotto and col-
leagues109 published a long-term toxicity data for 137
patients treated with γ knife at the University of Pitts-
burgh Medical Center. The mean peripheral dose was
16 Gy (ranging from 12 to 25 Gy). They reported 1-
and 5-year incidence of late complication as 2.8%
and 11.4%, respectively. Treatment volume was the
only significant factor associated with complications.
For tumors ≤ 2 cm3, the 1- and 5-year incidence of
complications was 2.3% and 3.7% respectively. For
tumors > 2 cm3, the 1- and 5-year incidence of com-
plications were 3.4% and 16%, respectively. Reduc-
ing long-term toxicities will be more important in the
future when systemic control of RCC improves.

0%

20%

40%

60%

80%

100%

Local Control Rate Distant Brain Failure Rate

SRS alone (n = 50)

SRS + WBRT (n = 39)p = 0.05

p = 0.14

Figure 1. Retrospective analysis of local control rates (LCR) and
distant brain failure rates (DBF) for stereotactic radiosurgery (SRS)
with and without whole brain radiotherapy (WBRT) for RCC.
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Systemic Therapy Plus Radiation 
for Radiosensitization

Although radiation sensitizers and chemotherapeu-
tic agents have been used concurrently with radia-
tion for brain metastases in other malignancies, no
data exist for RCC.110–123 Motexafin Gadolinium
(Gd-Tex) is a paramagnetic compound which has
been demonstrated to be taken up by tumor may sen-
sitize cells to ionizing radiation by increasing oxida-
tive stress as a consequence of futile redox
cycling.116–118 A Phase III study of brain metastases
comparing WBRT alone (30 Gy in 10 fractions) to
WBRT with Gd-Tex given before each fraction has
demonstrated improved time to neurologic progres-
sion in all patients with greatest benefit in lung can-
cer, which made up approximately 60% of the
patients in the study.123 Currently, this agent is being
investigated in patients with metastatic RCC. The
role of novel agents including tyrosine kinase
inhibitors (sunitinib and sorafenib) and mTOR
inhibitors (temsirolimus) in combination with radia-
tion needs to be investigated.

Systemic Therapy Alone for 
RCC CNS Metastasis

Traditionally, chemotherapy has played a limited role
in the management of brain metastases. The blood
brain barrier appears to be disrupted near tumor vas-
culature.124 In support, a prospective study that
assessed the activity of a cisplatin/etoposide without
radiation in patients with brain metastases reported
overall response rate of 38%, 30%, and 0% for the
breast cancer, nonsmall cell lung cancer, and
melanoma patients, respectively; these results were
similar to those in patients with systemic disease who
did not have brain metastases.125 Temozolomide has
shown promise in gliomas and brain metastases alone
and in combination with WBRT but has no defined
role in RCC.126–138 The activity of novel tyrosine
kinase inhibitors in RCC brain metastasis is unknown.
However, given their low molecular weight (associated
with penetration of the blood brain barrier), they need
to be evaluated, and significant activity can be
expected. A recent case report describes a patient
with spinal cord compression from RCC who was
progressing following recent radiotherapy and

responded dramatically to sunitinib malate.139

Zole dronic acid administered prophylactically to patients
with bone metastasis may diminish the risk of skeletal
morbidity including spinal cord compression.140

CONCLUSION

Radiotherapy has played an important role in the
management of brain metastases from renal cell
carcinoma despite its radioresistance. WBRT alone
appears to be as beneficial for patients with multiple
brain metastases from RCC as it is for other tumor
types. More recently, SRS with or without WBRT
have resulted in encouraging short-term LC rates of
greater than 90%. Surgical resection followed by
WBRT should be considered in patients with limited
systemic and brain disease and good performance
status, although SRS may be substituted for surgery
in this population too. Systemic agents have not been
shown to be effective either alone or with radiation in
the treatment of brain metastasis from RCC. Oppor-
tunities in the management of brain metastases from
renal cell carcinoma are expanding rapidly with the
emergence of novel tyrosine kinase inhibitors. The
biotechnology of gene expression profiling may help
us to identify the radioresistance gene in renal cell
carcinoma and enable targeted approaches.141–144 It is
important to integrate radiotherapy (SRS, WBRT)
optimally with surgery and systemic treatment to
maximize tumor control and, hopefully, prolong the
survival of patients with this disease.
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Renal cell carcinoma (RCC) accounts for 2 to 3% of
all malignancies and is the third most common
genitourinary cancer.1 Over the last decade or 2
there has been a change in the stage and presentation
of RCC. Incidental RCC is now found in 15 to 57%
due to ultrasounds, computer tomography (CT)
scans, and nuclear magnetic resonance imaging
(MRI) done for other reasons.2 Of the nearly 30,000
new diagnoses per year and 12,000 deaths in the
United States, 2 of 3 will be men and over 60% will
be due to a clear cell histologic subtype.2 The
median age of patients at diagnosis is 59 years.3 This
review will focus on the palliation of the clear cell
subtype of RCC. Topics to be discussed are
prognostic factors at presentation, symptoms and
prognosis, symptoms associated with metastatic
RCC, paraneoplastic syndromes, inflammatory
cytokine symptoms, metastatic and cancer related
complications and management, and individual
systemic symptoms and management.

PROGNOSIS AT PRESENTATION

The type of histology (clear cell, papillary
medullary, and chromaphotae) is not as prognostic
as Fuhrman grade, TMN Stage, and the Eastern
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Cooperative Oncology Group (ECOG) performance
score (Table 1).4 The rare sarcomatoid variant of
RCC is highly aggressive, usually found within
papillary or clear cell variants, and portends a poor
outlook.4 A large number of prognostic factors have
been investigated at presentation (Table 2).

SYMPTOMS AND PROGNOSIS

In all, 20 to 40% of patients present with local or
systemic symptoms or signs. Of those sympto-
matic, 46% will complain of hematuria, 21% flank
pain, 2 to 3% weight loss, and 1% fatigue, weak-
ness, anemia, or bone pain.5 The mean size of the

Table 1. HISTOLOGIC SUBTYPES OF RENAL

CELL CANCER

Subtypes Percentage of RCC

Clear cell 70 to 80%

Papillary 10 to 20%

Chromophobe (oncocytoma) 5%

Collecting duct < 5%

Sarcomatoid < 5%

RCC = renal cell carcinoma.
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primary is usually larger in symptomatic patients
than in patient with incidental RCC (3.7 vs 6.2
cm).6 Tumor recurrence is more likely with symp-
tomatic than asymptomatic presentations. Of those
who do recur after nephrectomy, 72% will present
with symptoms at the time of presentation.7 Dis-
ease specific survival for asymptomatic presenta-
tions is 91% at 5 years but will be 69% at 5 years
if patients present with symptoms.8 Of those who
die from RCC, 75% will present with symptoms at
the time of diagnosis.7 The risk of recurrence is
greater in symptomatic presentations after control-
ling for tumor type, tumor grade, and ECOG per-
formance score.3

Those who present with systemic symptoms fare
worse than those who present with local symptoms.7

The presentation with only one cachectic related
symptom (malaise, weight loss of > 5% over
3 months, anorexia, albumin < 3.6 g %) in patients
with limited disease (T1) reduces disease specific
survival by 15%. 

SYMPTOMS WITH METASTATIC 
RENAL CANCER

The symptoms of metastatic renal cell carcinoma
(mRCC) are both highly prevalent and severe. The
most prevalent symptoms are also the most severe. In
a group of patients from the Cleveland Clinic Health
Systems, 9 symptoms occurred in > 50% (pain,
fatigue, weakness, anorexia, lack of energy, constipa-
tion, xerostomia, early satiety, and weight loss). More
than 30% had depression, dyspnea, insomnia, and
cough. The most prevalent symptoms are paraneo-
plastic (fatigue, weakness, anorexia, lack of energy,
and weight loss) and probably relate to tumor
cytokine production, particularly interleukin 6 (IL6).9

PARANEOPLASTIC SYNDROME

Renal cell cancer is the great masquerader of medi-
cine due to its protean paraneoplastic manifestations.9

Several of these syndromes are unique to RCC.

NEPHROGENIC HEPATIC 
DYSFUNCTION

In 1961, Stauffer described nonmetastatic intrahep-
atic cholestasis in association with RCC.9,10 Those
with nephrogenic hepatic dysfunction present with
increased serum alkaline phosphatase, gamma glut-
amine transaminase, gamma globulins platelets, and
Westergren sedimentation rate. Reduced hepatic
production of albumin and certain coagulation
factors leads to edema and a prolonged prothrombin
time. Patients will experience nausea and fatigue
and will have hepatomegaly on physical examina-
tion. Some will have jaundice. The liver histology is
nonspecific. Neutrophils, lymphocytes, and mono-
cytes infiltrate the hepatic parenchyma with or with-
out granulomas. Sinusoids will be dilated but not
obstructed. Nephrectomy for localized tumor will

Table 2. PROGNOSTIC FACTORS4

Tumor size
Regional nodes
Adrenal invasion
Metastases
Inferior vena cava tumor extending along the diaphragm

Tumor characteristic4

Fuhrman grade
Necrosis of tumor
Microvascular invasion
Sarcomatoid subtype
Expression of hypoxia inducing factor (HiFx)
Vascular endothelial factor expression
Mutations/overexpression TP53
Low SMAC/Diablo expression
Low P27

Low PTEN
Low CAM expression
Expression of IL6

Patient characteristics
Flank pain
Hematuria
Weight loss
Anorexia
Malaise

Laboratory characteristics
High LDH
Thrombocytosis
Anemia

CAM = cellular adhesive molecule; IL = interleukin; LDH = lactate 
dehydrogenase; PTEN = ; SMAC = .

Table 3. SYMPTOMS AT PRESENTATION AND

RELATIVE RISK4

Disease Status Relative Risk

Disease free survival 1.61

Overall survival 1.66

Cancer specific survival 1.9
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reverse the syndrome. The syndrome may reappear
with relapse. Failure to resolve the syndrome after
nephrectomy is a poor prognosis. Clinicians who are
unaware of the syndrome may assume that the signs
and symptoms are due to metastatic disease and not
pursue curative surgery.

HYPERTENSION

Hypertension occurs in 40% of RCC and is twice
the prevalence of the normal population.9 It gener-
ally occurs with low grade histologies and is not
associated with a poor prognosis. Elevated renin
levels will be seen in 37%. The elevated serum renin
may be caused either by proximal neoplastic tubular
cells or in response to tumor compression and
ischemia on the juxtaglomerular apparatus. Arteri-
ovenous fistulas may occur within tumor leading to
ischemia distal to the fistula, which occur more
commonly in women.9 Renin levels do not correlate
with the degree of hypertension. Clinicians need to
aggressively manage hypertension in order to avoid
nephrosclerosis and renal failure.

HYPERCALCEMIA

Hypercalcemia is reported with multiple malignan-
cies, however, it is most common with RCC. In all,
13 to 20% will develop hypercalcemia during the
course of disease, and 75% will have advanced stage
cancer. Hypercalcemia does not correlate with
tumor grade or survival and can be seen with limited
stage disease. Etiologies are divided into metastatic
and nonmetastatic. Fifty percent of those with
hypercalcemia will have bone metastases. An ele-
vated calcium in this situation is related to local
release of prostaglandin (PGE2) and may respond to
hydration, bisphosphonates, radiation, and/or
surgery.9 Nonmetastatic hypercalcemia is related to
tumor production of a PTH related protein (PTHrp).
PTHrp increases bone resorption, reduces renal cal-
cium excretion, and inhibits 1,25 vitamin hydrolase,
and thus 1,25-(OH)2-vitamin D3. As a result, serum
PTH levels are low, calcium reabsorption from the
gastrointestinal tract is low, and metabolic acidosis
with an elevated serum chloride occurs from renal
calcium wasting. Patients will experience lethargy,

nausea, fatigue, confusion, and constipation, which
mimics advanced cancer. The electrocardiographic
changes include a prolonged PR interval and QT
interval and bradyarrhythmias may supervene.
Treatment is similar to hypercalcemia due to metas-
tases and consists of hydration, bisphosphonates,
and/or calcitonin. Those with limited disease may
benefit from nephrectomy.

POLYCYTHEMIA AND ANEMIA

Polycythemia is seen in 1 to 8% of patients with
RCC. Erythropoietin is normally produced by
peritubular interstitial cells. Production may be
increased by local compression and ischemia or
ectopically by tumor.9 Ectopic production of
erythropoietin occurs in as many as 66% of patients
with RCC even though polycythemia is seen in only
1 to 8%. The presence of polycythemia with throm-
bocytosis (another paraneoplastic finding in RCC)
may be mistaken for a chronic inflammatory disor-
der or myeloproliferative disorder. Anemia is much
more common than polycythemia in RCC and
appears to be related to tumor production of IL6 and
lactoferrin.9

AMYLOID

Amyloidosis occurs in 3 to 8% of RCC. Amyloid is
formed from SAA acute phase reactant proteins
elaborated from the liver. β-Pleated sheets form
in tissues and consist of AA proteins and amyloid 
P-protein. Cardiac involvement is rare and thus
differs from amyloid secondary to a monoclonal
protein or senile amyloid. Patients may present with
fatigue, weakness, and weight loss and may have
syncope that resembles cancer cachexia.9 Rare para-
neoplastic syndromes are listed in Table 4.

INFLAMMATORY CYTOKINES AND 
RENAL CELL CANCER

IL6 serum levels are increased in 70% of those with
mRCC.11 IL6 levels increase with stage, tumor size,
and grade and predict a poor prognosis.12 Bone
metastasis from mRCC highly express IL6 and is
associated with elevated levels of serum free IL6 and
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total IL6.12,13 Soluble IL6 receptor binds to IL6 and
acts as a powerful agonist and reservoir for
prolonged activity.14 Fifty percent of renal cancers
express IL6.15 Many of the paraneoplastic
syndromes appear to be related to elevated serum
IL6, and these include anemia, nephrogenic hepatic
dysfunction, anorexia, cachexia, hypercalcemia,
thrombocytosis, and leukocytosis.16–18 Increased IL6

correlates strongly with serum C-reactive protein
(CRP) levels.

IL6 activates signal transducer and activator
transcription 3 (STAT3) via the Janus activating
kinase (JAK), which phosphorylates tyrosine on
STAT3.19 IL6 is a intracrine stimulator of RCC pro-
liferation through STAT3.19 Antibodies to IL6 may
block paraneoplastic manifestations of RCC but fail
to stop IL6 induced proliferation.18,20 Either anti-
sense oligonucleotides to the second exon of IL6 or
tyrosine kinase inhibitors to JAK block in vitro pro-
liferation of RCC and induce apoptosis.19 Mutations
of the cell cycle regulating protein TP53 enhance IL6

expression. TP53 normally suppresses IL6 by inter-
fering with specific transcription factor binding to
the IL6 promoter site.19 Bisphosphonates inhibit
osteoblastic production of IL6, which may reduce
hypercalcemia and decrease regional tumor prolifer-
ation.17,21 Both dexamethasone and progesterone
reduce IL6 production, which ameliorates some of
the paraneoplastic symptoms and signs associated
with RCC.15

METASTATIC PATTERN AND CANCER
RELATED COMPLICATIONS 

AND MANAGEMENT

Renal cell cancer commonly spreads to bone, lung,
liver, and brain. Recurrences occur in up to 50%
postnephrectomy. Most recurrences occur within

12 to 18 months though disease free intervals can be
greater than 10 years.22 Renal cancer is one of the
most frequent malignancies to present with isolated
metastases. Aggressive surgical management that
combines nephrectomy and metastectomy can lead
to a prolonged disease free interval or cure. Sponta-
neous regressions (usually of metastatic lung
lesions) can occur in 0.3 to 7% even after progres-
sion on immune therapy.23,24

Metastases to unusual sites are relatively
common. These can occur years after nephrectomy
and may be missed due to failure to recognize the
association (Table 5).

BONE AND SPINE METASTASES

The presence of bone metastases is usually associ-
ated with an elevated ECOG performance score and
extraosseous metastases.25,26 Alkaline phosphatase
is elevated in half of patients but is a poor screening
test. IL6 increases alkaline phosphatase production
from tumor and liver. Alkaline phosphatase is nei-
ther derived from bone metastases nor associated
with hypercalcemia but is a paraneoplastic labora-
tory finding.25 The sensitivity of bone scans in
detecting metastatic bone lesions is controversial.
Sensitivities range between 10 and 84%.26 Bone
scans will generally underestimate bone metastases
because many metastases are osteolytic. Laboratory
studies do not improve the sensitivity or diagnostic
yield of bone scans.26 At presentation, 17% will
have bone metastases, 5% with T1–2 NO primaries,
and 35% with locally advanced cancer.27 MRI
and/or CT should be used to evaluate complaints of
pain bone.

Table 4. MISCELLANEOUS PARANEOPLASTIC SYMPTOMS 

ASSOCIATED WITH RENAL CANCER9

Galactorrhea and gynecomastia from elevated b HCG
Cushing syndrome from elevated ACTH
Hypoglycemia/hyperglycemia from ectopic production of 

insulin and glucagons
Motor neuron disease
Coagulopathies

ACTH = ; HCG = .

Table 5. UNCOMMON METASTATIC SITES ASSOCIATED 
WITH RENAL CANCER

Endobronchial
Distal extremities
Gallbladder
Nasal structures
Paranasal sinuses
Pancreas
Orbit
Sublingual
Thyroid
Vagina
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At postmortem examination, one-third to two-
third will have bone metastases most commonly
found in the pelvis followed by the spine.28 Most of
the patients with bone metastases (> 80%) will
require radiation during the course of their cancer and
a significant minority (40%) will need to undergo
surgery for pain or pending fracture or spinal cord
compression due to epidural extension of cancer.25

Indications for surgery include isolated resectable
bone metastases with resectable primary or as a recur-
rence; intractable mechanical bone pain; impending
pathologic fracture; epidural extension of tumor with
spinal cord compression; and vertebral fracture
with bone fragment extending into the spinal canal
with spinal cord compression. Renal cell cancers are
highly vascular and will bleed profusely at the time of
surgery. Preoperative embolization reduces the risk of
intraoperative bleeding and facilitates surgical resec-
tion.29,30 Median survival for those presenting with a
single metastases treated surgically is 27 months,
whereas the median survival of those with multiple
bone metastases is 12 months.31,32

Renal cell cancer does symptomatically
respond to radiation. Patients with mechanical
(incident) pain are less likely to respond. Some
claim that high biologic doses of radiation (TDF >
70) are required for best response, whereas others
have not found a relationship between the biologic
dose and response.33,34 Single-fraction radiation
(8Gy) will relieve bone pain but should not be
used in cases of spinal cord compression.35 Single-
fraction radiation is ideally suited for those who
show an expected survival and would benefit from
a hospice transition.

Ablative procedures can be used to treat painful
bony metastases that cannot be radiated or in situa-
tions where surgery is not an option. Injections of
ethanol, radiofrequency heat ablation, or cryoabla-
tion can be done under conscious sedation and local
anesthetics.36 These ablative procedures also destroy
trabecular, endosteal, and periosteal nerve endings,
which may relieve pain. Cryoablation is better toler-
ated than radiofrequency ablation. Recent develop-
ments allow for the procedure to be done under CT
scan guidance.36 Ethanol ablation is technically not
difficult and can relieve pain within 24 to 48 hours
in part due to neurolysis. However, alcohol can

extravasate through cortical fractures into vital
structures or intraarticular areas.37 Ablative proce-
dures can destabilize bone or cause fractures. Osteo-
plasty, vertebroplasty, and kyphoplasty reduce bone
or spine pain and stabilize fractures. In addition, the
heat derived from polymethyl methacrylate cement
will destroy cortical and endosteal nerve endings
and reduce pain. Patients with epidural tumor exten-
sion and cord compression due to vertebral bone
fragments are not candidates for vertebroplasty or
kyphoplasty.37 Kyphoplasty differs from vertebro-
plasty in that a balloon tamp creates a void in the
vertebral body and restores the height of the verte-
bral body that allows low pressure prior to installa-
tion of cement. Both vertebroplasty and kyphoplasty
require placing needles either unilateral or bilateral
via the transpedicular route into the anterior verte-
bral body.38 The polymethyl methacrylate is usually
combined with some contrast material for visualiza-
tion during the procedure, and cement is injected in
a viscous state to avoid or minimize extraosseous
extravasation. Three to four levels can be done under
sedation and local anesthetics. The polymethyl
methacrylate stiffens the vertebral body to prevent
micromotion and incident pain and strengthens the
bone on weight bearing.38

Complications to osteoplasty, vertebroplasty,
and kyphoplasty include cement leak that is fre-
quently asymptomatic but can lead to radicular pain
or neurologic deficits. Infections can result from the
procedure or the adjacent vertebral body collapse
from kyphoplasty.39 Contraindications to vertebro-
plasty and kyphoplasty are listed in Table 6.

Table 6. CONTRAINDICATIONS TO VERTEBROPLASTY 

AND KYPHOPLASTY39

Absolute
Asymptomatic fracture
Osteomyelitis, ascites, active systemic infection
Allergy to bone cement
Uncorrectable coagulopathy

Relative contraindications
Radicular pain
Tumor extension into vertebral canal or cord compression
Fracture or loss of integrity of posterior vertebral cortex
Fracture > 70% collapse
Spinal canal stenosis or retropulsion of bone fragment into

the spinal canal
Diffuse metastases
Lack of surgical back up
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Bisphosphonates have been used to prevent bone
complications resulting from mRCC. Zoledronate
improves osteopenia, reduces risk of fracture, and
improves pain related to the metastases.40,41 Benefits
from bisphosphonates may not only be due to inter-
ference with osteoclast activation induced by recep-
tor activation for nuclear factor κB released from
tumor and stroma but also by reduction in vascular
endothelial growth factor levels and antiangiogene-
sis.42 Complications from bisphosphonates include
transient fever, 1 to 2 days postadministration,
related to release of tumor necrosis factor-α (TNF)
and IL6.43 In addition, osteonecrosis of the jaw is
reported with long-term use. Osteonecrosis of the
jaw presents with oral facial pain and facial
swelling. Mandibular bone is usually exposed on
physical examination. The risk of osteonecrosis of
the jaw increases if dental procedures are performed
while patients are on bisphosphonates. Once occur-
ring, it is refractory to medical management.

LUNG METASTASES

Lung metastases are associated with the highest
prevalence of spontaneous regressions. Isolated
metastases if resectable should be removed after
nephrectomy if presenting synchronously with the
primary. Endobronchial lesions are treated with
external beam radiation, intralumenal brachyther-
apy, and/or laser photocoagulation.44,45 Such an
approach will successfully treat hemophysis and
dyspnea in > 80%. Radiation for endobronchial
procedures will relieve postobstructive pneumonia
secondary to endobronchial metastases.44 Metastatic
renal cell cancer to the lung mimics stage IV nons-
mall cell lung cancer but is managed differently.
Lung cancer is usually treated with chemotherapy,
which is ineffective in mRCC, whereas aggressive
surgical resection should be done for both the
primary and lung lesions for mRCC.46

BRAIN METASTASES

Brain metastases occur in 5% with a median time
from diagnosis to discovery of brain metastases of
18 months.47,48 Brain metastases frequently present
simultaneously with lung metastases and hence

restaging is necessary once brain metastases are
discovered before considering craniotomy. Patients
with a limited number of metastases and a good per-
formance score and no or limited cancer outside of
the central nervous system should undergo surgical
resection and radiation rather than whole brain radi-
ation.49,50 For patients with limited number of metas-
tases but who are not surgical candidates due to
location within the brain or for medical reasons,
gamma knife radiation should be considered.
Gamma knife radiation improves response over
whole brain radiation (96 vs 30%) and extends sur-
vival (15 vs 2 months).49,51,52 Whole brain radiation
does not add gamma knife radiation for tumor con-
trol. Nearly half of intracranial metastases from
mRCC are found to be hemorrhagic at autopsy, and
intracranial hemorrhage is not an uncommon clini-
cal event. Anticoagulation is a significant risk in
patients with untreated intracranial metastases.47,48

Gamma knife radiation and/or surgery may prevent
this devastating complication even if not curative.
Combined resection, brain and lung, may be consid-
ered in patients with resectable isolated metastases
to both organs and a good performance score.
A good prognosis is associated with resection of all
metastases (brain and lung) supratentorial location,
lack of neurological deficit, and primary arising
from the left kidney.50 Median survival from cran-
iotomy is 12 months, and the majority of deaths are
due to progressive systemic metastases outside of
the central nervous system.50 Long-term survivors
have been reported who have had resections of brain
metastases.53

UNUSUAL METASTATIC SITES ASSOCIATED
WITH RENAL CELL CANCER

Renal cell cancer is the most common primary to
spread to the thyroid. Patients may present with
a goiter years after nephrectomy, and those with a
diagnosis of clear cell carcinoma of the thyroid
should have mRCC excluded.22 The presumed
pathway of spread to the thyroid is by way of the
paravertebral venous plexus of Bateson. RCC is also
the most common cancer to spread to the nasal
structures and paranasal sinuses. This may be the
initial presenting site, and the most common symptom
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is epistaxis.22 Renal cell cancer in a significant
minority of patients can spread to the pancreas and
mistaken for a secondary primary. Vaginal metas-
tases usually arise from the left kidney primary,
which invade the ovarian vein and uterovaginal
venous plexus.22 Renal cancers can invade the sper-
matic vein and may present as a varicocele. This also
usually arises from the left kidney.

PALLIATION BY NEPHRECTOMY AND
ABLATIVE PROCEDURES

Debulking the renal primary may prevent tumor
shedding, palliate local symptoms (pain and hema-
turia), and reverse paraneoplastic syndromes.54 The
presence of the primary site acts as an immunologic
sink for the production of proinflammatory
cytokines, which prevents responses to IL2. Patients
who benefit from nephrectomy are those who are
ECOG 0 to 1, do not have brain metastases, have
lung metastases only, and have greater than 75% of
their primary tumor removed by nephrectomy or
partial nephrectomy.54 Unfortunately, only a minor-
ity of patients with mRCC are candidates for
debulking nephrectomy due to either poor perfor-
mance status or unresectable primaries. Nephrec-
tomy plus interferon is reported to improve survival
over interferon alone. Recent developments in
targeted tyrosine kinase inhibitors (sunitinib and
sorafenib) have demonstrated superiority over
α interferons such that α interferon is no longer used
and a trial of either tyrosine kinase inhibitor would
be reasonable after debulking nephrectomy.55,56

Nephrectomy can be done by open procedure,
laparoscopy, or robotic techniques with or without
hand assistance methods. Laparoscopy is less
morbid.57 Renal sparing procedures in the rare
individual with mRCC and without a large primary
may also be an option.

Chronic pain syndromes can occur as a surgical
complication of retroperitoneal laparoscopy. Trochar
injuries have been reported to the ilioinguinal,
iliogastric, and subcostal nerves.57 Mechanical or
cautery injuries during dissection may damage the
same group of nerves. Treatment includes gabapentin,
tricyclic antidepressants, and opioids. Pain may grad-
ually improve over a period of months.57

Renal infarction is usually done prior to
nephrectomy in order to reduce bleeding and facili-
tate resection. Epidural analgesia may be helpful in
managing postinfarction pain prior to nephrectomy
or may be continued in order to manage postopera-
tive pain in addition to postinfarction pain.58

Preemptive analgesia with morphine, clonidine, and
ketamine prior to transperitoneal nephrectomy does
not improve postoperative pain or reduce postopera-
tive analgesic requirements.59

For those individuals who cannot undergo
nephrectomy, percutaneous CT scanned guided
cryoablation or radiofrequency ablation may be used
to destroy small primaries or relieve symptoms from
larger primaries.60–62 For large tumors, preablation
catheter embolization of the primary may enhance
response by decreasing blood flow and perfusion,
which would adversely affect ablative tempera-
tures.60 Large primaries may require several
sessions. Symptoms and quality of life are reported
to improve with ablative procedures.62 Ablative pro-
cedures may also reduce symptoms due to retroperi-
toneal intraabdominal or pulmonary recurrences not
amenable to surgery or radiation therapy.62

MANAGEMENT OF INDIVIDUAL
SYMPTOMS

Introduction

Communication is the key to effective palliation.
Effective palliation involves prevention and relief of
suffering, optimizing quality of life, bolstering family
and patient coping skills and strategies, and establish
a plan of care consistent with the goals of care and
trajectory of cancer.63 Communication skills that are
key to accomplishing these goals involve four
domains: advanced care planning, empathetically
communicating bad news, negotiating goals of care
within the context of patient autonomy and prognosis,
and withholding and withdrawing ineffective medical
technologies.63 The time spent in communication with
patients and families will be a time well spent. The
lack of communication leads to multiple calls, unre-
lieved symptoms, and psychologic distress, as well as
reduced patient and family satisfaction. Principles of
good communication are outlined in Table 7.
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Pain

Pain management has been guided by the World
Health Organization 3 step ladder for analgesic use
in cancer. This guideline has been validated and pro-
vides flexibility in choices depending upon anal-
gesic availability.64 For mild pains, nonopioid
analgesics, such as acetaminophen or nonsteroidal
anti-inflammatory drugs (NSAIDs), are the first
drugs of choice prior to adding an opioid for more
intensive pain. Patients who present with severe pain
should be started with an opioid, which is titrated to
a response. Morphine is generally accepted as the
opioid of choice for cancer pain.64,65 One concern
physicians may involve the use of NSAIDs for those
who have had a nephrectomy or renal reduction
surgery. NSAIDs block prostaglandins that are nec-
essary to maintain renal vascularity and blood flow.
The fear of bleeding and renal failure is a theoretic
concern. However, ketorolac has been used to man-
age acute postoperative nephrectomy pain without
undue toxicity. Postoperative pain is better con-
trolled with ketorolac and an opioid than with an
opioid alone.66 Hence, nephrectomy is not a con-
traindication to the use of NSAIDs though this drug
class should be used with caution.

Pain patterns are variable (continuous, intermit-
tent, or continuous with flares of pain), which dic-
tate the opioid dosing strategy. For continuous
opioids, around the clock is given either normal
release morphine every 4 hours or sustained release
morphine every 12 to 24 hours.65 Initial doses of
morphine are 5 mg every 4 hours for normal release
and 15 mg every 12 hours for sustained release mor-
phine. Patients do have a wide range of opioid
requirements, hence the dose should be titrated to
response.67 If pain is uncontrolled, doses should be

increased 30 to 50% depending on the response in
pain severity.64 Recommendations for rescue dosing
are 25 to 50% of the 4 hourly dose, the same as the
4 hourly dose, and 10% of the daily dose.64,65,68,69

There is no maximum or ceiling dose with a pure mu
opioid receptor agonist. Doses should be titrated
until pain relief or dose limiting side effects occur
(confusion, visual hallucinations, myoclonus, or
nausea or vomiting). Patients who have acute severe
pain should be treated with small frequent parenteral
doses of morphine (1 to 2 mg every 1 to 2 minutes
by parenteral injection) until response. The dose
which is effective is the dose required every 3 to 4
hours for pain control.70

A minority of patients develop dose limiting
side effects before achieving pain relief with
morphine. Switching to a different opioid (hydro-
morphone, fentanyl, oxycodone, or methadone)
will produce pain relief and resolve side effects in
> 50%.71,72 Switching to methadone is difficult and
should be done only by those with experience.67

Switching the route of administration particularly
to epidural or intrathecal opioids in combination
with local anesthetics and/or clonidine can relieve
pain unresponsive to systemic opioids and nonopi-
oids.67 Guidelines to switch opioid route and
convert to an alternative opioid are provided in
Tables 20c–8 and 9.

Patients with neuropathic pain usually require
higher opioid doses and either anticonvulsants or
antidepressants to control pain.73 Gabapentin, prega-
balin, tricyclic antidepressant, or the 2 selective
norepinephrine serotonin reuptake inhibitors
duloxetine or venlafaxine are first line choices as
adjuvants to opioids or as initial treatment.

Table 7. STRATEGIES FOR GOOD COMMUNICATION 

IN ADVANCED CANCER

Establish eye contact
Body position on level with the patient
Quiet atmosphere with family present
Attend to psychologic content of the conversation
Respond to the patients emotion with compassion and

understanding
Summarize the main points
Ask if there are other questions or concerns not addressed

Table 8. OPIOID SWITCH

Opioid Dose

Morphine 10 mg (oral)
Oxycodone 10 mg (oral)
Hydromorphone 2 mg (oral)
Fentanyl 75 mcg (parenteral)
Methadone linear ratio dependent

upon morphine dose
1:4 < 09 mg morphine/24 h
1:8 > 90 mg < 300 mg/24 h
1:12 > 300 mg < 1,000 mg/24 h
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Cachexia

Cancer induces host proinflammatory cytokines (IL1,
IL6, and TNF-α) and is also a source of cytokine
specific tumor specific cachexins. Both groups of
cytokines reduce muscle synthesis by activation of
NFκB, which reduces expression of MyoD.74,75

Muscle catabolism is accelerated through activation
of ubiquitin-mediated proteolysis. Cancer cachexia is
also associated with elevated resting energy expendi-
tures, accelerated lipolysis, decreased lipoprotein
lipase, and continuous gluconeogenesis. There is a
failure to convert from glucose to fat as the main
source of energy resulting in ongoing somatic protein
catabolism as a source of glucose. Appetite is
inhibited through IL1 effects on the hypothalamus.
Markers of inflammation (elevated CRP and hypoal-
buminemia) will be found on blood tests.74 Clini-
cally, patients will be anemic, have significant weight
loss, have anorexia, may develop cognitive dysfunc-
tion, and will eventually become frail. Families will
frequently mistake this for starvation. Initial manage-
ment involves an explanation of the differences
between starvation and the cancer cachexia process
to families who mistakenly believe a loved one is
dying from lack of calories.

Nutritional support will not reverse the catabolic
effect of cancer and does not reduce morbidity or mor-
tality. A subset of patients with secondary nutritional
failure due to caloric deprivation from dysphagia,
bowel obstruction, malabsorption, or short gut syn-
drome will benefit from nutritional support.74 Appetite
stimulants (megestrol acetate, cannabinoids, and corti-
costeroids) may be helpful for those who complain of
anorexia. Ghercin an orexigenic hormone derived
from the stomach, may also stimulate appetites. There
are no standard anticachexins recommended to reverse
the weight loss though some hold promise.76,77 Classes
of cachexins are listed in Table 10.

Depression

Depression occurs in 30% of those with an advanced
cancer and should not be considered a normal
response to a serious illness.63 Signs and symptoms
of anorexia, weight loss, and reduced appetite can-
not be taken as an indicator of depression in cancer.
Patients who are depressed will experience a sense
of worthlessness, guilt, and anhedonia and may
complain of insomnia as a manifestation of their
depression. The screening question “are you
depressed?” may be helpful if there is a suspicion of
depression. Treatment should consist of supportive
psychotherapy and pharmacology.78 Selective sero-
tonin reuptake inhibitors have been used as first line
because there are fewer side effects compared with
tricyclic antidepressants. Sertraline, citralopram,
and the selective norepinephrine serotonin reuptake
inhibitors venlafaxine and duloxetine have fewer
drug interactions than paroxetine and fluoxetine.63

For those with a short expected survival, the
psychostimulant methylphenidate may produce
relief of depression within days where standard
antidepressants take weeks.79

Delirium

The incidence of delirium increases as death
approaches. Forty percent of those admitted to a pal-
liative unit will have delirium, and 80 to 90% will
develop delirium within 2 weeks of death.80,81 Delir-
ium may be hyperactive and associated with paranoi,
hypoactive and mistaken for depression, or mixed
hyperactive and hypoactive. Delirium is associated
with disturbances in consciousness (and thus differs
from dementia), acute changes in cognition, and
lack of the ability to concentrate. The course of
delirium evolves over a short time (which also

Table 10. ANTICACHEXINS

Pentoxifylline
Melatonin
Cyclo-oxygenase inhibitors
Thalidomide
Anticytokine antibodies
NFκB inhibitors
Anti-inflammatory cytokines (interleukin12, interleukin15)

Table 9. OPIOID ROUTE CONVERSION

Oral Parenteral

Morphine 3 1 (steady state)
Oxycodone 2 1
Hydromorphone 2 1 (steady state)
Methadone 2 1
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differs from dementia) and may wax and wane being
frequently worse at night. The causes of delirium
include medications (opioids, anticholinergics,
psychotropics, and sedatives), infection, metabolic
disturbances (hypercalcemia, hyponatremia), hypox-
emia, pain, alcohol or nicotine withdrawal, or
unknown causes.80,82 Treatment involves reversing
the underlying cause if known. Haloperidol is the
gold standard for treatment of those with hyperalert
delirium and paranoia. Doses should be high doses
(5 mg bolus, 1 mg each hour until response, or 5 mg
twice daily) in order to obtain a rapid response.
Haloperidol can be given parenterally (intravenous
or subcutaneous) in those unable to take oral med-
ications.81,83 Olanzapine or risperidone is an alterna-
tive medications for those with extrapyramidal
reactions to haloperidol. In those with refractory
agitation (terminal delirium), switching to chlorpro-
mazine or adding lorazepam to haloperidol may con-
trol agitation.83 Palliative sedation may be required
in a few. Phenobarbital starting with 300 mg contin-
uous subcutaneous or intravenous over 24 hours may
be effective when usual measures fail to relieve ter-
minal delirium. Doses may be titrated for sedation.
The treatment of hypoalert delirium has been less
well studied, however, the cautious use of a psychos-
timulant, such as methylphenidate, has been
reported to improve delirium.83,84

CONCLUSIONS

Renal cell cancer is an unpredictable and highly
symptomatic cancer that requires a multidisciplinary
approach to effectively reduce suffering. Oncologic
care should be combined with palliative therapies in
advanced disease.

REFERENCES

1. Whang Y, Godley PA. Renal cell carcinoma. Current Opin in
Oncol 2003; 15:213–6.

2. Lee B, Dantzer R, Langley KE, et al. A cytokine based
neuroimmunologic mechanism of cancer related
symptoms. Neuroimmunomodulation 2004; 11:279–92.

3. Kim H, Han KR, Zisman A, et al. Cachexia like symptoms
predict a worse prognosis in localized T1 renal cell
carcinoma. J Urol 2004; 171:1810–13.

4. Shuch B, Lam JS, Belldegrun A, Figlin R. Prognostic factors
in renal cell carcinoma. Semin Oncol 2006; 33:563–75.

5. Schijns O, Kurt E, Wessels P, et al. Intermedullary spinal cord
metastasis as a first manifestation of renal cell carcinoma:
report of a case review of the literature. Clin Neurol
Neurosurg 2000; 102:249–54.

6. Schlomer R, Figenshau R, Yan Y, et al. Pathological features
of renal neoplasms classified by size and symptomatology.
J Urol 2006; 176:1317–20.

7. Lee C, Katz J, Fearn PA, Russo P. Mode of presentation of
renal cell carcinoma provides prognostic informaiton.
Urologic Oncol 2002; 7:135–40.

8. Schips L, Lipsky J, Zigeuner R, et al. Impact of tumor associ-
ated symptoms on the prognosis of patients with renal cell
carcinoma: a single center experience of 683 patients.
Urology 2003; 62:1024–8.

9. Palapattu G, Kristo B, Rajfer J. Paraneoplastic syndromes in
urologic malignancy: the many faces of renal cell carci-
noma. Reviews in Urology 2002; 4:163–70.

10. Giannakos G, Papanicolaou X, Trafalis D, et al. Stauffer’s
syndrome variant associated with renal cell carcinoma. Int
J Urol 2005; 12:757–59.

11. Negrier S, Perol D, Menetrier-Caux C, et al. Ravaud Douil-
lard JY Interleukin-6, interleukin-10 and vascular
endothelial growth factor in metastatic renal cell carci-
noma: prognostic value of interleukin-6 from the Groupe
Francais d’Immunotherapie. J Clin Oncol 2004; 22:
2371–8.

12. Yoshida N, Ikemoto S, Narita K, et al. Interleukin-6, tumor
necrosis factor α and interleukin-1be patients with renal
cell carcinoma. Br J Cancer 2002; 86:1396–400.

13. Kallio J, Tammela TL, Marttinen AT, Kellokumpu-Lehtinen
PL. Soluble immunological parameters and early progno-
sis of renal cell cancer patients. J Exp Clin Cancer Res
2001; 20:523–8.

14. Yasukawa K, Saito T, Fukungaga T, et al. Purificaiton and
characterization of soluble human IL-6 receptor expressed
in CHO cells. J Biochem 1990; 108:673–76.

15. Takenawa J, Kaneko Y, Okumura K, et al. Inhibitory effect of
dexamethasone and progesterone in vitro on proliferation
of human renal cell carcinomas and effects on expression
of interleukin-6 or interleukin-6 receptor. J Urol 1995;
153:858–62.

16. Blay J, Negrier S, Combaret V, et al. Serum level of inter-
leukin-6 as a prognostic factor in metastatic renal cell
carcinoma. Cancer Res 1992; 52:3317–22.

17. Paule B, Clerc D, Rudant C, et al. Enchanced expression of
interleukin-6 in bone and serum of metastatic renal cell
carcinoma. Hum Pathol 1998; 29:421–4.

18. Trika M, Corringha R, Klein B, Rossi JF. Targeted anti-inter-
leukin-6 monoclonal antibody therapy for cancer: a review
of the rationale and clinical evidence. Clin Canc Res 2003;
9:4653–65.

19. Angelo L, Talpaz M, Kurzrock R. Autocrine interleukin6
production in renal cell carcinoma: evidence for the
involvement of p53. Cancer Res 2002; 62:932–40.

20. Alberti L, Thomachot MC, Bachelot T, et al. IL-6 as an
intracrine growth factor for renal carcinoma cell lines. Int
J Cancer 2004; 111:653–61.

21. Passeri G, Girasole G, Uliette V, et al. Bisphosphonates inhibit
IL-6 production by human osteoblastic cells MG 63.
J Bone Miner Res 1994:S320.

Chapter-20c.qxd  10/10/08  10:33 PM  Page 303



304 RENAL CELL CARCINOMA

22. Papac R, Poo-Hwu WJ. A paradigm of lanthanic disease. Am
J Clin Oncol 1999; 22:223–31.

23. Fakih M, Schiff D, Erich R, Logan TF. Intramedullary spinal
cord metastasis in renal cell carcinoma: a series of six
cases. Ann Oncol 2001; 12:1173–7.

24. Giacosa R, Santi R, Vaglio A, et al. Late regressions of metas-
tases from renal cancer after a period of disease progression
continuing the same intermittent low dose immunotherapy
regimen. Acta Biomed Ateneo Parmense 2004; 75:126–30.

25. Lipton A, Colombo-Berra A, Bukowski RM, et al. Skeletal
complications in patietns with bone metastases from renal
cell carcinoma and therapeutic benefits of zoledronic acid.
Clin Canc Res 2004; 10:6397s–403s.

26. Staudenherz A, Steiner B, Puig S, et al. Is there a diagnostic
role for bone scanning of patients with a high pretest
probability for metastatic renal cell carcinoma. Clin Canc
Res 1999; 85:153–5.

27. Koga S, Tsuda S, Nishikido M, et al. The diagnostic value of
bone scan in patients with renal cell carcinoma. J Urol
2001; 166:2126–8.

28. Adiga G, Dutcher JP, Larkin M, et al. Characterization of
bone metastases in patients with renal cell cancer. BJU Intl
2004; 93:1237–40.

29. Stepanek E, Josph S, Campbell P, Porter M. Embolization of
a limb metastasis in renal cell carcinoma as a palliative
treatment of bone pain. Royal College of Radiologiss
1999:855–7.

30. Munro N, Woodhams S, Nawrocki JD, et al. The role of
transarterial embolization in the treatment of renal cell
carcinoma. BJU Intl 2003; 92:240–4.

31. Kollender Y, Bickels J, Price WM, et al. Metastatic renal cell
carcinoma of bone: indications and technique of surgical
intervention. J of Oncol 2000; 164:1505–8.

32. Kierney P, van Heerden JA, Segura JW, Weaver AL. Surgeon’s
role in the management of solitary renal cell carcinoma
metastases occurring subsequent to initial curative
nephrectomy: an institutional review. Ann Surg Oncol
1994; 1:345–52.

33. Onufrey V, Mohiuddin M. Radiation therapy in the treatment
of metastatic renal cell carcinoma. Int J Radiation Oncol
Biol Phys 1985; 11:2007–9.

34. Wilson D, Hiller L, Gray L, et al. The effect of biological
effective dose on time to symptom progression in metasta-
tic renal cell carcinoma. Clin Oncol 2003; 15:400–7.

35. Wu J, Wong RK, Lloyd NS, et al. Radiotherapy fractionation
for the palliation of uncomplicated painful bone metas-
tases - an evidence based practice guideline. BMC Cancer
2004; 4:71.

36. Allaf M, Shayani S, Inagaki T, et al. Pain control requirements
for percutaneous ablation of renal tumors: cryoablation
versus radiofrequency ablation - initial observations. Radi-
ology 2005; 237:366–70.

37. Sabharwal T, Salter R, Adam A, Gangi A. Image guided
therapies in orthopedic oncology. Orthop Clin N Am 2006;
37:105–12.

38. Truumees E, Hilibrand A, Vaccaro A. Percutaneous vertebral
augmentation. The Spine Journal 2004; 4:218–29.

39. Gangi A, Sabharwal T, Irani F, et al. Quality assurance
guidelines for percutaneous vertebroplasty. Cardiovasc
Intervent Radiol 2006; 29:173–78.

40. Michaelson M, Rosenthal DI, Smith MR. Long-term
bisphosphonate treatment of bone metastases from renal
cell carcinoma.

41. Lipton A, Zheng M, Seaman J. Zoleldronic acid delays the
onset of skeletal related events and progression of skeletal
disease in patients with advanced renal cell carcinoma.
Cancer 2003; 98:962–69.

42. Urch C. The pathophysiology of cancer induced bone pain:
current understanding. Pall med 2004; 18:267–74.

43. Dicuonzo G, Vincenzi B, Santini D, et al. Fever after zolen-
dronic acid administration is due to increase in TNFα and
IL-6. J Interferon Cytokine Res 2003; 23:649–54.

44. Raju P, Roy T, McDonald RD, et al. IR-192 low dose rate
endobronchial brachytherapy in the treatment of malignant
airway obstruction. Int J Radiation Oncol Biol Phys 1993;
27:677–80.

45. Hansen G, Sundset A. Transbronchial laser ablation of benign
and malignant tumors. Minim Invasive Ther Allied
Technol 2006; 15:4–8.

46. Griniatsos J, Michail PO, Menenakos C, et al. Metastatic renal
clear cell carcinoma mimicking stage IV lung cancer. Int
Urol Nephrol 2003; 35:15–7.

47. Harada Y, Nonomura N, Kondo M, et al. Clinical study of
brain metastasis of renal cell carcinoma. Eur Urology
1999; 36:230–5.

48. Yamanaka K, Gohji K, Hara I, et al. Clinical study of renal
cell carcinoma with brain metastases. Int J of Urol 1998;
5:124–8.

49. Maor M, Frias AE, Oswald MJ. Palliative radiotherapy for
brain metastases in renal carcinoma. Clin Canc Res 1988;
62:1912–7.

50. Wronski M, Arbit E, Russo P, Galicich GH. Surgical resection
of brain metastases from renal cell carcinoma in
50 patients. J of Urol 1996; 47:187–93.

51. Sheehan J, Sun MH, Kondziolka D, et al. Radiosurgery in
patients with renal cell carcinoma metastasis to the brain:
long term outcomes and prognostic factors influencing
survival and local tumor control. J of Neurosurg 2003;
98:342–9.

52. Hugeunin P, Kieser S, Glanzmann C, et al. Radiotherapy for
metastatic carcinomas of the kidney or melanomas: an
analysis using palliative end points. Int J Radiation Oncol
Biol Phys 1998; 41:401–5.

53. Hall W, Djalilian HR, Nussbaum ES, Cho KH. Long term
survival with metastatic cancer to the brain. Med Oncol
2000; 17:279–86.

54. Flanigan R. Debulking nephrectomy in metastatic renal
cancer. Clin Canc Res 2004; 10:6335s–41s.

55. Halbert R, Figlin R, Atkins M, et al. Treatment of patients
with metastatic renal cell cancer. Cancer 2006; 107:
2375–83.

56. Bankhead C. Three new drugs available to fight kidney can-
cer. J Natl Cancer Inst 2006; 98:1181.

57. Oefelein M, Bayazit Y. Chronic pain syndrome after laparo-
scopic radical nephrectomy. J of Urol 2003; 170:
1939–40.

58. Jordan G, Babcock NC, Mocnik JJ, Lynch DF. Pain control
following renal infraction/ablation using continuous
epidural combined anesthesia/analgesia. J Urol 1983; 130:
861–2.

Chapter-20c.qxd  10/10/08  10:33 PM  Page 304



Supportive Care in Metastatic Renal Cell Carcinoma 305

59. Holthusen H, Backhaus P, Boeminghaus F, et al. Preemptive
analgesia;  no relevant advantage of preoperative com-
pared with postoperative intravenous administration of
morphine, ketamine, and clonidine in patients undergoing
transperitoneal tumor nephrectomy. Reg Anesth Pain Med
2002; 27:249–53.

60. Gervais D, Arellano RS, Mueller PR. Percutaneous radiofre-
quency ablation of renal cell carcinoma. Eur Radiol 2005;
15:960–7.

61. Wagner A, Solomon SB, Li-Ming S. Treatment of renal
tumors with radiofrequency ablation. J Endourology 2005;
19:643–53.

62. Zagoria R. Percutaneous image guided radiofrequency abla-
tion. Radiol Clin N Am 2003; 41:1067–75.

63. Morrison L, Morris RS. Palliative Care and Pain Manage-
ment. Med Clin N Am 2006; 90:983–1004.

64. Quigley C. The role of opioids in cancer pain. BMJ 2005;
331:825–29.

65. Hanks G, de Conno F, Cherny N, et al. Morphine and alterna-
tive opioids in cancer pain: the EAPC recommendations.
Br J Cancer 2001; 94:587–93.

66. DiBiase S, Valicenti RK, Schultz D, et al. Palliative irradiation
for focally symptomatic metastatic renal cell carcinoma:
support for dose escalation based on a biological model.
J of Urol 1997; 158:746–9.

67. Hanks G, Reid C. Contribution to variability in response to
opioids. Support Care Cancer 2005; 13:145–52.

68. Portenoy R, Lesage P. Management of cancer pain. The
Lancet 1999; 353:1695–1700.

69. Portenoy R, Payne D, Jacobsen P. Breakthrough pain: charac-
teristics and impact in patients with cancer pain. Pain
1999; 81:129–34.

70. Davis M, Weissman D, Arnold R. Opioid dose titration for
severe cancer pain: a systematic evidence based review.
J Palliat Med 2004; 7:462–68.

71. Mercadante S. Opioid rotation for cancer pain. Cancer 1999;
86:1856–66.

72. Mercadante S, Bruera E. Opioid switching: a systematic and
critical review. Cancer Treatment Reviews 2006;
32:304–15.

73. Davis M. What is new in neuropathic pain? Support Care
Cancer 2006; 11.

74. Morley J, Thomas DR, Wilson MMG. Cachexia: pathophysi-
ology and clinical relevance. Am J Clin Nutr 2006;
83:735–43.

75. Saini A, Nasser A, Stewart C. Waste management-cytokines,
growth factors and cachexia. Cytokine & Growth Factor
Reviews 2006; 17:475–86.

76. Boddaert M, Gerritsen WR, Pinedo H. On our way to targeted
therapy for cachexia in cancer? Curr Opin Oncol 2006;
18:335–40.

77. Elamin E, Glass M, Camporesi E. Pharmacological
approaches to ameliorating catabolic conditions. Curr
Opin Clin Nutr Metab Care 2006; 9:449–54.

78. Williams S, Dale J. The effectiveness of treatment for depres-
sion/depressive symptoms in adults with cancer: a system-
atic review. Br J Cancer 2006; 94:372–90.

79. Sood A, Barton DL, Loprinzi CL. Use of methylphenidate in
patients with cancer. Am J Hosp Palliat Care 2006; 23:35–40.

80. Lagman R, Davis MP, LeGrand SB, Walsh D. Common symp-
toms in advanced cancer. Surg Clin N Am 2005;
85:237–55.

81. Casarett D, Inouye SK. Diagnosis and management of delir-
ium near the end of life. Ann Intern Med 2001; 135:32–40.

82. Caraceni A. Management in delirium. In: Grassil. Oxford:
Oxford University Press;  2003. p. 131–57.

83. Stagno D, Gibson C, Breitbart W. The delirium subtypes: a
review of prevalence, phenomenology, pathophysiology,
and treatment response. Pall and Supportive Care 2004;
2:171–79.

84. Gagnon B, Low G, Schreier G. Methylphenidate hydrochlo-
ride improves cognitive function in patients with advanced
cancer and hypoactive delirium: a prospective clinical
study. J Psychiatr Neurosci 2005; 30:100–7.

Chapter-20c.qxd  10/10/08  10:33 PM  Page 305



306

Ablative procedures, 298
palliation by, 300

Acquired renal cystic disease
epidemiology, 19–20
screening, 19–20

Adjuvant agents, 150
bevacizumab, 150

Adjuvant therapy, 141, 184
risk stratification, 141

Adrenalectomy, ipsilateral, 116
Advanced renal cell carcinoma (ARCC), 239, 241f, 241t
Akt pathway, 226–227, 226f

activation of, 228–229
inhibitors of, 230–231

American Joint Committee for Cancer (AJCC), 102, 130
AML. See Angiomyolipoma
Amyloidosis, 296
Anatomical factors, 102
Anemia, 296
Angiogenesis

archetype lesion for tumor, 191–192
HIF roles in, 194–195
pVHL role in, 211
tumor. See Tumor angiogenesis
VEGF activities promoting, 195–196
VHL gene activity in regulating, 192

Angiogenic factors, 157
Angiomyolipoma (AML), 54, 58, 58f, 59
Angiopoietin-1, 2 (Ang-1, 2), 194
Antibody

humanization protocols of, 204f
murine, 205

Anticachexins, 302t
Anticoagulation, 299
Antigen-presenting cells (APCs), 167
Antihypertensive medications, 17
Anti-VEGF antibody, 204–206
Apoptosis, 110

T cells to, sensitivity of, 170
Aryl hydrocarbon nuclear transferase (ARNT), 193
ASPL-TFE3 RCC, 6–7, 7f
Autologous renal tumor cell vaccine, 143–144
Autosomal dominant cancer-susceptibility 

syndromes, 25t
with increased risk of renal cancer, 27–31

Autosomal dominant familial clear cell renal cancer, 31
Avastin®, 204
Axitinib, 221t

hypertension and proteinuria, incidence of, 
218–219, 218t

Basic fibroblast growth factor (bFGF), 194, 247
Benign renal tumors, 58–59
Bevacizumab, 150, 204–206

agents combining with, 251–254
development of, 251
in metastatic renal cell carcinoma, 208t

B7-H1
clinical significance of, 171–172
expression and immunoregulatory 

properties, 171
B7-H4

clinical significance of, 171–172
expression in RCC, 171–172

BHD. See Birt-Hogg-Dube
Biomarkers, for current therapies, 246–248
Biopsy

diagnostic accuracy of, 73
optimizing, 72–73
risks of, 71, 72
of SRMs, 71–73, 72t, 73t

Birt-Hogg-Dube (BHD) gene, 5, 9, 230
Birt-Hogg-Dube (BHD) syndrome, 8, 9, 45, 195

genetics of, 33
manifestations of, 34
medical and surgical management of, 34
renal cancer in, 33–34

Bisphosphonates
benefits of, 299
characteristics of, 275t
controlled trials of IV, 276t
structure of, 274, 274f

Bisphosphonate therapy, 274–275
Bone biology, 273
Bone formation, 273
Bone metastases, 297–299

clinical manifestation of, 274
Brain metastasis, 299

surgical resection of, 283
WBRT for, 281–282

Index
Page numbers followed by f indicate figure. Page numbers followed by t indicate table.

Index.qxd  12/30/08  3:26 PM  Page 306



Index 307

Cytoreductive nephrectomy, 258, 264, 267
laparoscopic, 268
rationale for, 265t

DBF. See Distant brain failure rates
Death, delayed management and competing 

causes of, 76–77
Debulking nephrectomy. See Cytoreductive nephrectomy
Delirium, 302

causes of, 303
medications of, 303

Dendritic cell dysfunction, 174–175
Dendritic cells (DCs), 167
Depression, 302
Diet, 18
Disease-free interval (DFI), 260
Distant brain failure rates (DBF)

for SRS with and without WBRT, 287f
DNA double strand breakage, 281
Drug-combination, with VEGFR inhibitors, 220t

Eastern Cooperative Oncology Group (ECOG) score, 145,
156, 294

Eastern Cooperative Oncology Group performance scale
(ECOG-PS), 107, 108

ECOG. See Eastern Cooperative Oncology Group
Endothelial cell factors, 247
End-stage renal disease, 19–20
Energy-ablative therapy, 82

indications, 82
probe-based. See Probe-based energy-ablative therapy
selection criteria

patient, 82
tumor, 82

EphA2, 111–112
Epidermal growth factor receptor (EGFR), 206
Epithelial cell adhesion molecule (EpCAM), 111, 161
Erythrocyte sedimentation rate (ESR), 107, 157
Erythropoietin receptor, 194
Estimated glomerular filtration rate (EGFR), 96
Eukaryotic initiation factor 4E (eIF-4E), 227
European Organization for Research and Treatment of Cancer

(EORTC), 137
Everolimus

clinical evaluation, 237
as mTOR inhibitor, 237
phase III trial of, 242

Externally regulated kinases (ERK), 147

Familial clear cell renal cancer, 31
with chromosome 3 translocation, 31

Fibrofolliculomas, 34f
Flank incisions, 121
Folliculin, 33
Forkhead box P3 (FoxP3), 172

Cachexia, 302
symptoms, 108

CAIX. See Carbonic anhydrase IX
Cancer-specific survival (CSS) data, 83
Cancer vaccine therapy, 143
Carbonic anhydrase IX (CAIX), 110, 144, 162, 186
Carcinoma of the collecting ducts (CDC) of Bellini, 5, 5f
Cell cycle regulators, 110

p21, 111
p27, 111
TP53, 110

Cell death, 85
cryoablation technology, 85–87
factors influence, 85
mechanism of, 85
RFA, 87–88

Cell dysfunction, dendritic, 174–175
Cellular adhesion molecules, 111
Central nervous system (CNS) metastasis, 280–288

biology of, 281
clinical features of, 281
diagnostic evaluation of, 281
management of, 281
systemic therapy for, 288

Chemotherapy, 142
Chromophobe RCC, 4f, 45, 57f

chromosomal abnormalities, 42
genetics, 5
pathology, 3–5

Chronic pain syndromes, 300
Cigarette smoking, 17
Clear cell RCC (CCRCC), 2f, 28, 54, 55f, 56f

genetics, 2
pathology, 1–2

CNS metastasis. See Central nervous system metastasis
Collecting duct RCC (CDRCC), 55
Computed tomography imaging, 51–52, 52f, 59–62
Cowden syndrome, 35
COX-2. See Cyclooxygenase-2
C-reactive protein (CRP), 107, 157
Cryoablation technology, 84

cell death from, 85
laparoscopic, 85
RFA vs., 88–89

CyberKnife, 91
Cyclooxygenase-2 (COX-2), 172
Cystic RCC, 55f
Cystic tumors, 82
Cytokines, 183–184

inflammatory, 296–297
Cytokine therapy

impact of nephrectomy, 184–185
in metastatic renal cell carcinoma, 184t
predictors of clinical benefit, 185

Cytoreduction, 268
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Fuhrman grading system, 75, 105
Fuhrman nuclear grading, 10–11, 10f
Fumarate hydratase (FH) gene, 9, 32, 45
Fumarate hydratase deficiency (FHD), 32

Gamma knife radiation, 299
Gangliosides, 171
Gefitinib, 47
Gene expression profiling, 46
Genetics

of Birt-Hogg-Dube syndrome, 33
chromophobe type RCC, 5
clear cell RCC, 2
of hereditary leiomyomatosis RCC, 32
papillary adenoma, 8
papillary type RCC, 3
renal oncocytoma, 9
von Hippel-Lindau disease, 27–28

Genetic syndromes, 25, 26t, 35
Glomerular filtration rates (GFR), 100
Growth factor receptors, 229

Heat-shock peptide–protein complex (HSPPC), 143
Heat-shock proteins (HSP), 143
Hemangioblastomas, 29
Hematoxylin and eosin (H&E) staining, 89
Hematuria, 88
Hepatocyte growth factor/scatter factor (HGF/SF), 45
Hereditary leiomyomatosis RCC (HLRCC), 45

genetics of, 32
manifestations of, 32–33
medical and surgical management of, 33
renal cancer in, 32

Hereditary papillary RCC (HPRCC), 9, 20, 31–32
Hereditary paraganglioma syndromes, 35
Heterodimeric transcription factor, 228
HIF. See Hypoxia-inducible factor
HIFU. See High-intensity focused ultrasound
High-intensity focused ultrasound (HIFU), 90–91, 91f
Host factors, 247
HSPPC-96 vaccine, 144
Humanization protocols, of antibody, 204f
Human vascular endothelial cells (HUVEC), 205
Hypercalcemia, 296
Hyperfractionation, of WBRT, 282–283
Hyperparathyroidism–jaw tumor syndrome (HPT-JT), 35
Hypertension, 17, 218–220, 296
Hypervascularity, of RCC, 191f
Hypocalcemia, 277
Hypofractionated stereotactic radiotherapy 

(FSRT), 287
Hypoxia-inducible factor (HIF), 28, 43–44, 44f, 110, 142,

162, 192, 193
activation, 195, 195f

genetic mechanisms, 195f

expression, 247
functional domains and activities, 193
oxygen-dependent regulatory mechanisms, 193
PI3K/Akt/mTOR activation results in, 228
responsive genes, expression, 247
roles in angiogenesis and tumor development, 194–195
transcriptional activators of the hypoxia response, 193

Hypoxia-inducible factor (HIF)-mediated promotion of tumor
angiogenesis, 196

Hypoxia-inducible pathway, 162

IFN. See Interferon
Imaging techniques, 51–66

computed tomography, 51–52, 52f
magnetic resonance, 52–53, 53f
ultrasonography, 53–54, 53f

Immune cell, suppressive, 172–175
Immune dysfunction, in patients with 

RCC, 169–170
Immune factors, 161
Immunohistochemical markers, 186
Immunosuppressive cell types, 173t
Immunosuppressive environment, 168–170, 170f
Immunotherapy, 143

active specific, 143
in metastatic renal cell carcinoma, 180–187

Inferior vena cava (IVC), 104
tumor, 60–62

Inflammatory cytokines, 296–297
Inherited renal cancers, 9, 25–26
Inhibitors

of Akt pathway, 230–231
of mTOR pathway, 230–231, 231f
of PI3K pathway, 230–231
raf kinase, 215
rapamycin, 150
signalling, 146, 149
tyrosine kinase, 149, 219
VEGFR. See Vascular endothelial growth factor 

receptor inhibitors
Insulin-like growth factor 1 (IGF-1), 47
Interferon (IFN), 145, 238, 240, 241f

phase III trial of, 239–242
Interferon-α (IFN-α), 142, 146, 180–182

in metastatic renal cell carcinoma, 181t
toxicity of, 180–181

Interleukin-2 (IL-2), 47, 143, 145–146, 180, 182
pathologic and molecular predictors of, 185–186
randomized trials of, 182–183, 184t

Interstitial laser ablation, 89
Interval tumor growth, predictors of, 75
Intraoperative ultrasonography, 261
Ipsilateral adrenalectomy, 116

Juxtaglomerular tumors, 57
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Kaplan–Meier estimates, OS and PFS, 240, 242f
Kaplan–Meier survival curves, 266f
Karnofsky scale, 108
Kattan nomogram, 109
Kidney

transabdominal exposure, 123f
transperitoneal exposure, 122

Kyphoplasty, 298

Laparoscopic cryoablation, 85
Laparoscopic cytoreductive nephrectomy, 268
Laparoscopic nephrectomy, 119, 119t
Laparoscopic partial nephrectomy (LPN), 98

indications, 98
oncologic outcomes, 99, 99t
OPN and, 99–100

Laparoscopic radical nephrectomy (LRN), 124, 131
LARCC. See Locally advanced renal cell carcinoma
LCR. See Local control rates
Left nephrectomy, 261f, 262f
Leiomyomas, uterine, 32
Leukoencephalopathy, 284
Liver metastases, 260
Local control rates (LCR), 282

retrospective analysis of, 287f
Locally advanced renal cell carcinoma (LARCC), 130

definitions of, 130
LPN. See Laparoscopic partial nephrectomy
Lung cancer, 299
Lung metastases, 299
Lymphadenectomy, 117
Lymphadenopathy, 59, 267f
Lymphatic drainage, 118
Lymph nodes, 262, 268

bulky retroperitoneal, 267

Magnetic resonance (MR) imaging, 52–53, 53f, 59–62
Major histocompatibility complex (MHC), 167
Mammalian target of rapamycin (mTOR) inhibitor, 235–244,

237, 239t, 249
activation and signaling, 236
clinical evaluation of, 237
efficacy of, 240, 243
everolimus as, 237
structures of, 235f
temsirolimus as, 237

Mammalian target of rapamycin pathway. 
See mTOR pathway

Matrix metalloproteinases (MMPs), 194
MDSCs. See Myeloid-derived suppressor cells
Medullary carcinoma, 57
Metachronous metastases, 259–260
Metastasectomy, 156, 259–263
Metastatic disease, 62, 76
Metastatic RCC (mRCC)

angiogenesis biology in, 191–199
bevacizumab in, 208t
clinical prognostic models, 157–159
cytokine therapy in, 182–183, 184t
disease-related factors, 156
immune factors, 156
immune system, 167–172
immunotherapy in, 180–187
interferon-α in, 181t
investigational immunotherapy, 187
mechanism of action, 246–248
molecular markers in, 161–163, 162t, 186–187
prior treatment, 156–157
prognostic factors in, 154–164, 155t

histologic, 159–161
patient- and disease-related clinical, 

154–157, 155t
surgery, 258–269

Microvascular invasion, 12, 106
Microwave thermotherapy, 90
Mitogen activated protein (MAP) kinase pathway, 248
Molecular markers, 109, 186–187

in metastatic renal cell carcinoma, 161–163, 162t
Monoclonal antibody therapy, 144–145

WX-G250, 144–145
Monopolar RFA devices, 87
MSKCC prognostic model, 239, 240
mTOR pathway, 227–228, 227f, 236f, 237

inhibitors of, 230–231, 231f
physiologic regulation of, 228
in RCC, 225–231

Mucinous tubular and spindle cell carcinoma 
(MTSCC), 6, 6f

Multilocular cystic RCC (MLCRCC), 2, 3, 3f
Multiple cutaneous and uterine leiomyomas (MCUL), 32
Murine antibody, 205
Murine xenograft model, 207
Myeloid-derived suppressor cells (MDSCs), 172, 175

Natural killer (NK) cell activation, 143
Necrosis, radiation, 284
Nephrectomy

cytoreductive, 258, 264, 267, 268
impact of, 184–185
laparoscopic, 119

partial, 98
radical, 124, 131

left, 261f, 262f
open partial, 96
open radical, 121
palliation by, 300
partial, 95–97
radical. See Radical nephrectomy
surgical consolitative, 263–264

Nephrogenic hepatic dysfunction, 295
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Nephron-sparing surgery (NSS), 63, 81
Neuroblastoma, 7
Nexavar®, 206
Nonclear cell RCC, 229–230, 254–255
Non-Hodgkin’s lymphoma (NHL), 56, 58f
Nonsteroidal anti-inflammatory drugs (NSAIDs), 301

Obesity, 17
Objective response rates, 251, 253
Oncocytoma, 58, 58f
ONJ. See Osteonecrosis of jaw
Open partial nephrectomy (OPN), 96

clinical outcomes, 97–98, 98t
and LPN, 99–100
operative approach, 97

Open radical nephrectomy, 121
Operative factors, 260–262
OPN. See Open partial nephrectomy
Osteoblasts, 273
Osteonecrosis of jaw (ONJ), 277f, 278, 299
Osteoplasty, 298
Overall survival (OS), 238, 239, 240

Kaplan–Meier estimates of, 240, 242f
Oxygen dependent degradation domains (ODD), 193
Oxygen-dependent regulatory mechanisms, 193

p21, 111
p27, 111
Pain management, 301
Palliation, 265

by ablative procedures, 298
by nephrectomy, 300

Palliative care, 294–303
Papillary adenoma, 8f

genetics, 8
pathology, 7

Papillary RCC (PRCC), 3, 4f, 55 57f, 105
cytogenetic abnormalities in, 42
genetics, 3
pathology, 3

Papillary thyroid cancer, 35
Paraneoplastic symptoms, 297t
Paraneoplastic syndrome, 295
Partial nephrectomy (PN), 28, 132

evaluation of, 97
indications for, 95–97
for renal tumors, 95

Pazopanib, 217
PDT. See Photodynamic therapy
Pericytes, 194
Peroxisome proliferation-activated receptor-β

(PPARβ), 216
PFS. See Progression-free survival
p-glycoprotein, 142
Pharmacologic parameters, for temsirolimus, 238

Pheochromocytomas, 29, 30, 35
Phosphoinositide-3 kinase pathway. See PI3K pathway
Phosphoinositol 3-dependent kinase (PDK), 226
Photodynamic therapy (PDT), 90

for renal tumors, 90
PI3K pathway, 225, 226f, 236, 237, 249

activation of, 228–229
inhibitors of, 230–231

Platelet-derived growth factor (PDGF), 107, 142
Platelet-derived growth factor receptor (PDGFR), 148, 194, 213
Polycythemia, 296
Potential resistance mechanism, 243–244
Probe-based energy-ablative therapy

evaluation, 82–84
factors considered in selecting, 82t
indications for, 82
invasive therapy, 89–90
laparoscopic approach, 83t
noninvasive therapy, 90
of small renal mass, 82t

Prognostic factor (PF), 260, 264, 266–267
in metastatic renal cell carcinoma, 154–164, 155t
patient-and disease-related clinical, 154–157
in RCC, 102

Prognostic factor model, 239
Prognostic model, 109–112

metastatic renal cell carcinoma, 157–159
MSKCC, 239, 240

Programmed death receptor-1 (PD-1), 171
Progression-free survival (PFS), 240, 242f, 243f

Kaplan–Meier estimates of, 240, 242f
Prostaglandin E2 (PGE2), 172
Protein kinase B (PKB), 226–227
Proteinuria, 218–220
PTEN loss, 229
PTEN tumor suppressor gene, 225–226
pVHL, 110, 192

role in, 211
pVHL–HIF interaction, 192

Radiation necrosis, 284
Radiation therapy, 91
Radiation therapy oncology group (RTOG), 282, 282t
Radical nephrectomy (RN), 95, 115

complication, 125–126
host factors, 119–120
ipsilateral adrenalectomy role, 116–117
lymphadenectomy role, 117
outcomes of, 115

laparoscopic, 119
oncologic, 115

preoperative evaluation, 119
on renal function, 121
surgical approach selection, 121

flank incisions, 121–122, 122f
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laparoscopic approach, 124–125
transabdominal approach, 122

technical considerations, 119
transabdominal incisions for, 121f
tumor factors, 120

Radiofrequency ablation (RFA) technology, 30, 81
feasibility of, 87
mechanism of cell death, 87–88
monopolar devices, 87
vs. cryoablation, 88–89

Radioresistant cells, 281
Radiosensitization, systemic therapy plus radiation for, 288
Radiotherapy, 142
Raf kinase inhibitor, 215
Rapamycin binding domain (RBD), 235
Rapamycin inhibition, 235
Rapamycin inhibitors, 150
Ras, 229
RCC. See Renal cell carcinoma
Receptor tyrosine kinases (RTKs), 225
Recursive partitioning analysis (RPA) class, 282t
Renal cell carcinoma (RCC)

adjuvant cytokine trials in, 146t
adjuvant treatment, 141
adjuvant trials, 148t
American Joint Committee on cancer staging 

system for, 131t
clinical factors, 107–108
clustering of, 44f
collecting system involvement, 106–107
delayed management, 76–77
with direct invasion of adjacent organs, 135–136
epidemiology, 15–16
grading system for, 105
histologic prognostic factors for, 9–12
histologic subtypes of, 1–9, 10, 294t
histologic variants of, 105
imaging appearance of, 54–58
with ipsilateral adrenal involvement, 132–133, 132f
laboratory analysis, 107
with locoregional lymph node involvement, 

136–137, 136f
lymph node involvement, 104
mechanisms of resistance, 248–250
microvascular invasion in, 106
pathology of, 1–12
with perinephric fat involvement, 131
perirenal fat involvement, 103
postoperative prognosis, 262–263, 264, 268
prediction nomogram variables, 141t
pT4, 136, 136f
sarcomatoid features, 106
screening, 18–19
symptoms and prognosis, 294–295
unusual metastatic sites associated with, 299–300

venous involvement, 103–104
with venous tumor thrombus, 133
WHO classification of, 1t

Renal cysts, 28, 46
Renal fossa recurrence, 260
Renal infarction, 300
Renal lesions

growth rate of, 75t
pathology of, 74t

Renal medullary carcinoma (RMC), 5–6, 5f
Renal oncocytoma, 8f, 43

genetics, 9
pathology, 8–9

Renal parenchymal margin status, 12
Renal transplant patients, epidemiology/screening, 20
Renal tumors, 81

benign, 58–59
partial nephrectomy technique, 95
PDT for, 90
results of RFA and cryoablation of, 86t
staging of, 120

Renal vein tumor, 60–62
RFA. See Radiofrequency ablation technology
Rhabdoid differentiation, 12, 12f
Rib disarticulation, 122
Right hepatectomy, 260
Risk factors and risk markers

cigarette smoking, 17
diet, 18
hypertension and antihypertensive medications, 17
obesity, 17
occupation, 17
reproductive and hormonal factors, 18

Salvage brain treatment, 286
Sarcomatoid differentiation, 11, 11f
Sarcomatoid RCC, 56, 58f
Seventh sickle cell nephropathy, 5
Signalling inhibitors, 146

adjuvant trials with, 149
ASSURE study, 149
SORCE trial, 149
STAR study, 149

Skeletal-related events (SREs), 275
rate of, 274

Small renal masses (SRMs), 81
absolute indication for surveillance of, 73
epidemiology and pathology, 70–71
excision, ablation and observation of, 77–78
management of, 70–78
probe-ablative therapy of, 82t
radiofrequency ablation technology, 81
relative indication for surveillance of, 73
treatment of, 85t

laparoscopic cryoablation, 85
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Sorafenib, 147, 215–216, 221t, 248, 250
agents combining with, 251–254
characteristics, 214t
clinical activity of, 215t
clinical experience in RCC, 216
development of novel, 250–251
drug combination with, 220t
hypertension and proteinuria, incidence of, 218, 218t
toxicity, 218

Southwestern oncology group (SWOG), 265, 266
Spine metastases, 297–299
Sporadic RCC

cytogenetics of, 41–43, 41t
epigenetics of, 46–47
molecular genetics of, 43–46

Sporadic renal masses, active surveillance of, 70–78
SREs. See Skeletal-related events
SRMs. See Small renal masses
SRS. See Stereotactic radiosurgery
SSIGN score, 109, 110
Stereotactic radiosurgery (SRS), 281, 285–286

dose response of, 285
non RCC, 285, 286
toxicities of, 287
and WBRT, 286

Succinate dehydrogenase complex, 35
Sunitinib, 148, 213–215, 221t, 248, 250

agents combining with, 251–254
characteristics, 214t
clinical activity of, 214t
clinical experience in RCC, 214–215
clinical pharmacology, 213–214
development of novel, 250–251
drug combination with, 220t
hypertension and proteinuria, incidence of, 218, 218t
mechanism of action, 213
toxicity, 217–218

Supportive care, 273–278, 280–288, 294–303
Suppressive immune cell, 172–175
Suppressive RCC molecules, 171
Surveillance, Epidemiology, and End 

Results (SEER), 15f, 16
Survival rates, 268
Sutent®, 206
Synchronous metastases, 259
Systemic therapy

for CNS metastasis, 288
plus radiation for radiosensitization, 288

T1a and T1b tumors, 103
Target of rapamycin complex (TORC1), 236
T cells, 167

to apoptosis, sensitivity, 170
Temsirolimus, 151, 237t, 239t

agents combining with, 251–254

clinical testing of, 237
combination therapies of everolimus and, 243
development of novel, 251
as mTOR inhibitor, 237
pharmacologic parameters for, 238
phase III trial of, 237, 239–242, 242t

TFE3 gene, 6, 42
Thalidomide, 149
T-helper 2 cytokine bias, 169–170
T-helper (Th) cells, 167
Thermotherapy, 89
Thoracoabdominal incision, 122
Thrombocytosis, 107
TOP (terminal oligopyrimidine tracts), 227
Toxicity, 276–278

in solid tumor patients, 277t
of WBRT, 284–285

TP53, 110
Transforming growth factor-α (TGF-α), 110, 146
Transforming growth factor-β (TGF-β), 47, 168
Treatment volume, 287
T regulatory cells (Treg cells), 168

accumulation of, 173
in human cancer and RCC, 173–174
phenotype and function of, 172–173

Trichloroethylene (TCE), 17
TSC. See Tuberous sclerosis complex
T stage, 102
T1 tumors, 103
T3 tumors, 103
Tuberous sclerosis, 20
Tuberous sclerosis complex (TSC), 35, 228
Tumor angiogenesis

archetype lesion for, 191–192
HIF-mediated promotion of, 196

Tumor debulking, 267
Tumor factors, 247
Tumor growth, 75, 76
Tumor immunology, 168f
Tumor necrosis, 12, 106
Tumor node metastasis (TNM) stages, 

9, 59, 102
Tumor nuclear grade, 76
Tumors, 59, 174

cystic, 82
inferior venacava, 60–62
juxtaglomerular, 57
mechanism of immune suppression by RCC, 170
renal. See Renal tumors
renal vein, 60–62
T1a and T1b, 103
T1 and T3, 103

Tumor vasculature, 194
Tyrosine kinase, 44, 45
Tyrosine kinase inhibitors (TKIs), 149, 219
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UCLA Integrated Staging System (UISS), 109, 110t
UISS. See UCLA Integrated Staging System
Ultrasonography (US), 53–54, 53f, 261
Ultrasound screening tests, 19t
Urinary collecting system invasion, 12
Uterine leiomyomas, 32

Vaccination therapy, 143, 187
Vaccine

autologous renal tumor cell, 143–144
HSPPC-96, 144

Vascular endothelial growth factor (VEGF), 110, 142, 157,
159, 163, 203–204, 236, 243, 246, 281
activities promoting angiogenesis, 195–196
antisense, 208
cellular sources of, 197
clinical approaches to, 204–206
ligand in RCC, 204–206
protein structure and isoforms, 196–197, 197f
receptor activation, 198–199
receptor interactions, 198f
regulation in RCC, 197
transcriptional regulation, 198

Vascular endothelial growth factor (VEGF) ligand-binding
agents, 203–209
activities of, 209f

Vascular endothelial growth factor (VEGF)-targeted therapy
mechanisms of resistance, 248–250

Vascular endothelial growth factor (VEGF)-trap, 206–208
structure, 207f

Vascular endothelial growth factor receptor (VEGFR), 148,
206, 207
therapeutic inhibition of, 211–222

Vascular endothelial growth factor receptor (VEGFR)
inhibitors, 248, 250
axitinib, 216–217
cross-resistance trials with, 221t
drug-combination trials with, 220t
drug resistance and, 221t
hypertension and proteinuria, 218–220
mechanisms of action of, 212f
pazopanib, 217
sorafenib, 215–216
structure and spectrum of activity of, 213f
sunitinib, 213–215
toxicity, 217–218

Vascular homeostasis, 253
Vascular permeability factor (VPF), 195
Vasculature, tumor, 194
VEGF. See Vascular endothelial growth factor
VEGFR. See Vascular endothelial growth factor receptor
Venous tumor thrombus, 133

classification, 134t
Vertebroplasty, 298
VHL gene, 2, 9, 17, 27, 43, 236, 247

activity in regulating angiogenesis, 192
alteration, 162–163
inactivation in RCC, 192

VHL loss and Akt activation, cooperation between, 229
VHL patients

epidemiology/screening, 20
screening recommendations for, 30

von Hippel–Lindau disease (VHLD), 9, 25, 43, 82
genetics, 27–28
manifestations of, 29–31
renal cancer in, 28–29
risk of tumor types in, 27t
therapy for, 30

von Hippel–Lindau protein (pVHL). See pVHL
von Hippel–Lindau (VHL) gene. See VHL gene
von Hippel–Lindau (VHL) pathway, of HIF regulation, 192f
von Hippel–Lindau (VHL) tumor suppressor gene, 191, 211

Warm ischemia time (WIT), 99
WBRT. See Whole brain radiotherapy
White matter necrosis. See Leukoencephalopathy
WHO, classification of RCC, 1t
Whole brain radiotherapy (WBRT), 281–285

for brain metastasis, 281–282
dose response, 282–283
hyperfractionation of, 282–283
for RCC brain metastasis, 282
SRS and, 286–287

for non RCC, 286
surgery followed by adjuvant, 283–284
toxicities of, 284–285

WX-G250 monoclonal antibody therapy, 144–145

Xenograft models, 207
Xp11.2 RCC, 6–7

Zoledronic acid, efficacy of, 275–276
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