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During the past several decades, there has been a significant increase in the
understanding of the biology, clinical behavior, and prognostic factors of
renal cell carcinoma (RCC). Such progress has led to greater sophistication 
in the diagnosis and classification of RCC. Here, we review recent advances
in our knowledge of the biologic characteristics of RCC that have resulted in
notable achievements in staging, prognosis, patient selection, and treatment.
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The incidence of renal cell carcinoma (RCC) has been increasing steadily
over the past decades. It is estimated that more than 38,000 Americans
developed RCC in 2006, and more than 12,000 are expected to die from the

disease.1 The diagnostic trend is mainly due to the widespread use of noninva-
sive abdominal imaging procedures, which detect incidental renal lesions.2

The majority of these incidentally detected tumors are at low stages and low
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grades and are amenable to curative
surgical treatments; therefore, they
carry a good prognosis.3,4 However, a
stable proportion of 20% to 30% of
patients still present with metastatic
disease, and 20% to 30% of the pa-
tients who undergo curative surgery
will develop metastatic disease during
follow-up.5 Despite the recent arrival

of targeted drugs, metastatic RCC re-
mains an incurable condition for the
majority of these patients.

RCC is a unique solid tumor that
continues to intrigue basic and clini-
cal scientists alike. In recent years,
new discoveries and developments in
genetics and molecular markers have
led to a better understanding of the
underlying pathways driving RCC bi-
ology and have subsequently led to
new classifications and drugs that
have had an impact on diagnosis,
classification, patient selection, and
therapy.6 The discovery of the von
Hippel–Lindau (VHL) tumor suppres-
sor gene and the hypoxia-induced
pathway in clear cell RCC has pro-
vided a valuable substrate for the ap-
plication of new strategies to diagno-
sis, patient selection, and targeted
therapy.7 Herein, we review the strides
in classification and underlying path-
ways in RCC.

Histology and Staging: From
Tumor-Node-Metastasis to
Integrated Staging
Categorizing tumors into subgroups
with similar pathologic features may
be helpful in understanding the dis-
ease, selecting therapy, and predict-
ing prognosis. RCC is composed of
various cell types and growth pat-
terns. Historically, RCC was regarded
as a single entity. Today, RCC is more

accurately recognized as a family of
cancers in which each results from a
distinct genetic abnormality with
unique morphologic features, but all
are derived from renal tubular
epithelium. 

In 1986, Thoenes and colleagues8

established what became known as
the Mainz classification of renal tu-

mors. Based on their studies, the au-
thors proposed a classification based
on cell type and growth pattern that
recognized clear cell, chromophilic,
chromophobe, spindle-shaped, onco-
cytic, and unclassified tumor cell
types, and solid, tubulopapillary, and
mixed growth patterns. Throughout
the 1990s, advances in the under-
standing of the genetic alterations
underlying the pathogenesis of RCC
reinforced the concept that the dis-
tinct subtypes of RCC each have their
own associated genetic lesions.
Under consideration of cytologic,
growth pattern, and genetic features,
the Union Internationale Contre le
Cancer (UICC) and the American
Joint Committee on Cancer (AJCC)
introduced a new classification in
1997 that distinguishes clear cell,
papillary, chromophobe, collecting
duct, and unclassified RCC.9 These
differences reflect a greater sophisti-
cation in tumor analysis based on
cytology, histology, genetic aberra-
tions, glycogen content, electron mi-
croscopy of cytoplasmic microvesi-
cles, and immunohistochemistry of
intermediate filament proteins,
which strongly suggest that these
subtypes in fact arose in distinct re-
gions of the renal tubule despite their
basic cytoplasmic staining proper-
ties. Their proposed classification is
summarized in Table 1.

These histologic subtypes are asso-
ciated with distinct genetic alter-
ations. Principally, changes in the
genes can be “loss-of-function” mu-
tations in tumor suppressor genes and
“gain-of-function” mutations in
proto-oncogenes, which are then
called oncogenes. Research regarding
heredity of clear cell RCC has led to
the identification of the relevant gene
locus on the short arm of chromo-
some 3.10-12 Additionally, these aber-
rations have been found in nonhered-
itary, sporadic clear cell RCC. This
loss-of-function mutation led to the
assumption of the existence of a
tumor suppressor gene, and subse-
quent research led to the identifica-
tion of the VHL gene.13 In papillary
RCC, trisomies of chromosomes 7 and
17 and a loss of chromosome Y are
typical findings.14-17 Occurrence of a

Table 1
Current Classification of Renal Cell
Tumors and Frequency in a Surgical
Series of 1600 Consecutive Patients

With Renal Cell Tumor at UCLA

Tumor Percentage

Benign neoplasms 7

Papillary and 3
metanephric adenoma

Oncocytoma 61

Angiomyolipoma 29

Other 7

Malignant neoplasms 93

Clear cell renal 82
carcinoma

Papillary renal 11
carcinoma

Chromophobe renal 5
carcinoma

Collecting duct �1
carcinoma

Renal cell carcinoma, 2
unclassified

Today, RCC is more accurately recognized as a family of cancers in which
each results from a distinct genetic abnormality with unique morphologic
features, but all are derived from renal tubular epithelium.
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relevant trisomy is usually associated
with activation of a proto-oncogene,
which is then called a gain-of-
function mutation. Finally, the MET
proto-oncogene on chromosome 7q
was identified in hereditary papillary
RCC.18,19 However, mutations in the
MET proto-oncogene are found in
only a small proportion of patients
with sporadic papillary RCC. Launonen
and associates20 reported on a novel
familial renal cancer syndrome called
“hereditary leiomyomatosis and renal
cell cancer,” which involves the FH
gene encoding fumarate hydratase,
an enzyme responsible for catalysis
in the conversion of fumarate to
malate. This syndrome is character-
ized by cutaneous and uterine
leiomyomas and aggressive type 2
papillary RCC.20,21 Another familial
RCC syndrome called Birt-Hogg-
Dube syndrome has been described.22

This syndrome is a genodermatosis
also characterized by an increased
risk for multiple or bilateral RCC,
particularly chromophobe RCC and
renal oncocytomas.23 Table 2 summa-
rizes the most relevant chromosomal
aberrations among clear cell, papil-
lary, and chromophobe RCC.

Staging of RCC is performed world-
wide according to the tumor-node-
metastasis (TNM) classification, which
was most recently modified in 2002
(Table 3).24 The main change was the
subdivision of tumor stage T1 into
T1a and T1b based on a tumor size
cutoff of 4 cm. For tumor grading,
several different staging systems
exist.25 The most frequently used sys-
tem is the Fuhrman grading scheme,
which distinguishes 4 grades.26 Grade 1
carcinomas have round, uniform
nuclei approximately 10 �m in diam-
eter with minute or absent nuclei. In
grade 2, the nuclei are slightly irregu-
lar, with diameters of approximately
15 �m and visible nucleoli on 400-
fold magnification. The nuclei in
grade 3 are moderately irregular, with
diameters of at least 20 �m and large
nucleoli visible on 100-fold magnifi-

cation. Grade 4 nuclei are markedly
irregular and pleomorphic, with
clumped chromatin. TNM stage and
grade are considered to be the most
important prognostic factors in
RCC.27,28

The clinical behavior of RCC, how-
ever, results from complex interac-
tions among multiple factors. This
realization has led to an increasing
interest in using integrated staging
systems to predict outcome by com-
bining several prognostic variables.
TNM stage, Fuhrman grade, and the
patient’s performance status accord-
ing to the Eastern Cooperative On-
cology Group (ECOG) criteria29 com-
prise the University of California
Integrated Staging System (UISS),
which originally stratified patients
into 5 different categories.30 The
UISS was later modified into a

Table 3
2002 TNM Classification of Renal Cell Carcinoma

Primary Tumor (T)

T1a Tumor 4 cm or less in greatest dimension, limited to the kidney

T1b Tumor more than 4 cm but not more than 7 cm in greatest dimension,
limited to the kidney

T2 Tumor more than 7 cm in greatest dimension, limited to the kidney

T3a Tumor directly invades adrenal gland or perirenal and/or renal sinus fat but 
not beyond Gerota’s fascia

T3b Tumor grossly extends into the renal vein or its segmental (muscle-containing) 
branches, or the vena cava below the diaphragm

T3c Tumor grossly extends into the vena cava above the diaphragm or invades the
wall of the vena cava

T4 Tumor invades beyond Gerota’s fascia

Regional Lymph Nodes (N)
N0 No regional lymph node metastasis

N1 Metastasis in a single regional lymph node

N2 Metastasis in more than 1 regional lymph node

Distant Metastasis (M)
M0 No distant metastasis

M1 Distant metastasis

From American Joint Committee on Cancer.24

Table 2
Typical Genetic Aberrations of Clear

Cell, Papillary, and Chromophobe
Renal Cell Carcinoma

Typical 
Subtype Aberration

Clear cell 3p-

Papillary* Trisomies (3q, 7, 12, 
16, 17, 20)

Chromophobe Monosomies (1, 2, 6,
10, 13, 17, 21)

*Overall, the number of chromosomal alter-
ations appears to be larger in type 2 than in
type 1 papillary renal cell carcinoma.84

Data from Störkel S et al.9

RIU0324_05-15.qxd  5/15/07  1:47 PM  Page 49



Targeted Therapy for Kidney Cancer continued

50 VOL. 9 NO. 2  2007   REVIEWS IN UROLOGY

simplified system containing 6 cate-
gories, 3 for nonmetastatic and 3 for
metastatic disease (Figure 1).5 The
UISS classifies patients into 3 differ-
ent risk categories: low, intermediate,
and high. An updated analysis of the
UISS shows that the 2- and 5-year
survival rates for these categories
were 99% and 97% (nonmetastatic
[NM] low risk), 93% and 81% (NM
intermediate risk), 82% and 63%
(NM high risk), 69% and 39%
(metastatic [M] low risk), 37% and
17% (M intermediate risk), and 7%
(M high risk) (Figure 2). This system
permits the selection of high-risk pa-
tients most suitable for adjuvant
treatment trials and the assignment
of patients with metastatic disease to
different therapeutic strategies. For
example, patients in the metastatic
high-risk group had a median sur-
vival of 6 months, which leads to the
conclusion that the current treatment
strategy consisting of nephrectomy
and immunotherapy/angiogenesis-
targeted therapy is ineffective.
Hence, these patients might be better
candidates for agents targeting the
mammalian target of rapamycin

(mTOR) pathway31 or experimental
therapies. The SSIGN (stage, size,
grade, and necrosis) score is based

on the Mayo Clinic experience that
included 1801 patients with surgi-
cally treated clear cell RCC.32 The
score consists of TNM stage, tumor
size, Fuhrman grade, and presence/
absence of necrosis. Kattan and
coworkers33 introduced an instrument
for patients with surgically resected
nonmetastatic RCC that incorporates
patients’ symptoms, histologic sub-
type, tumor size, and T stage into a
nomogram that predicts the risk of
disease recurrence after nephrec-
tomy. The UISS and the SSIGN score
have been validated by external
institutions.34-36

Molecular Markers: From Bench
to Bedside
The following paragraphs discuss the
most relevant pathways in RCC. A
summary of these pathways and their
inhibitors currently used in RCC is
depicted in Figure 3.

Nonmetastatic (N0M0)

Metastatic (N � M0, M1)

T Stage

Grade

ECOG

Risk

1

1–2

0 �1

3–4

Low Intermediate High

1 2–4

2 3 4

0 �1

T Stage

ECOG

Grade

Risk

N1M0

Low Intermediate High

0

N2M0 or M1

�1

1–2 3–4 1–3 4

Figure 1. The University of California
Integrated Staging System. ECOG, Eastern
Cooperative Oncology Group. Data from
Zisman A et al.5
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Figure 2. Kaplan-Meier survival estimates (disease-specific survival) according to the University of California
Integrated Staging System risk group.
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Carbonic Anhydrase IX and the
Hypoxia-Induced Pathway
Carbonic anhydrase IX (CAIX) is the
most significant molecular marker in
RCC to date.37 CAIX is a transmem-
brane enzyme that plays a role in the
adaptation of the tumor to hypoxic
conditions by catalyzing the re-
versible reaction of carbonic acid to
carbon dioxide and water, thereby
regulating the temporal pH value.
CAIX expression in normal tissue is
limited to the gastrointestinal tract,
gallbladder, and pancreatic ducts,38

whereas overexpression of CAIX has
been seen in many tumors, including
RCC. In addition to hypoxia, CAIX
expression is regulated through
VHL.39 Both hypoxia and loss of the
function of the VHL protein lead to
increased cellular levels of hypoxia-
inducible factor-1� (HIF-1�) and sub-
sequently to an up-regulation of the
CAIX expression.39,40 Because clear
cell RCC is genetically linked to loss
of the VHL function and is commonly
associated with a hypoxic tumor mi-
croenvironment, CAIX serves as a
strong biomarker for clear cell RCC. In
addition to up-regulation of CAIX,
HIF-1� also increases the expression
of other proteins, such as the pro-
angiogenic vascular endothelial growth
factor (VEGF-A), platelet-derived
growth factor (PDGF), transforming
growth factor-� (TGF-�), epidermal
growth factor receptor (EGFR), insulin-
like growth factor (IGF), and glucose
transporters. 

CAIX serves as an important pre-
dictor for survival and response to
immunotherapy among patients with
metastatic RCC. Bui and colleagues41

were able to show that CAIX expres-
sion is an independent prognostic
factor for patients with metastatic
clear cell RCC. In their study, CAIX
was expressed in 94% of the clear cell
RCCs. Univariate recursive partition-
ing analysis defined a threshold of
85% cells expressing CAIX as the

Growth factors

PI3K

AKT

mTOR

S6 Kinase 4E-BP

S6 RP

HIF-1� mRNA HIF-1�

HIF accumulation

HIF degradation

Amino acid, ATP etc.PTEN

Temsirolimus

VHL wild-type
normoxia

eIF-4E

Bevacizumab

RAS/RAF/MAPK
pathway

VHL dysfunction
hypoxia

Sorafenib
Sunitinib Sorafenib

Sorafenib
Sunitinib

** *

VEGF

VEGFR

*
PDGF

PDGFR

*
TGF-�

EGFR

EGF* *

Induction of Target Genes

VEGF/PDGF
CAIX/XII
CXCR4
EGFR
TGF/IGF/PDGF
GLUT-1

Angiogenesis
pH regulation
Metastasis
Tumor growth
Tumor growth
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Figure 3. Regulation of hypoxia-inducible factor-1� (HIF-1�) and drug interventions currently in use. Activation
of receptor tyrosine kinase (RTK), such as Rous Sarcoma oncogene (SRC) and the human epidermal growth factor
receptor 2 (HER2), insulinlike growth factor (IGF), and epidermal growth factor (EGF) receptors, stimulate the
PI3K-AKT-mTOR pathway. These pathways lead to the phosphorylation of S6 kinase and 4E-BP1. S6 kinase and
4E-BP1 lead to the translation of HIF-1� messenger RNA (mRNA). The hypoxia-induced pathway is linked to the
VHL dysfunction in renal cell carcinoma (RCC). HIF regulates the expression of an array of genes that encode pro-
teins regulating angiogenesis, pH, metastatic spread, tumor growth, and glucose transport. The drugs currently pre-
ferred for the targeted treatment of metastatic RCC are depicted here. ATP, adenosine triphosphate; EGFR, EGF re-
ceptor; mTOR, mammalian target of rapamycin; PDGF, platelet-derived growth factor; PDGFR, PDGF receptor; PI3K,
phosphoinositide 3-kinase, TGF-�, transforming growth factor-�; VEGF, vascular endothelial growth factor;
VEGFR, VEGF receptor.
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optimum to stratify patients accord-
ing to disease-specific survival. Using
this cutoff, patients with an expres-
sion of 85% or less had a 3.1-fold in-
creased risk (95% CI, 2.0-4.8) of death
from RCC than patients with an ex-
pression greater than 85%. Expanding
on an observation noted in this study,
Atkins and associates42 showed that
CAIX expression is also associated
with response to interleukin-2 (IL-2)–
based immunotherapy. Seventy-eight
percent of the responders had high
CAIX expression compared with 51%
of the nonresponders. Furthermore,
long-term survival of more than 5
years was seen only in patients with
high CAIX expression. These findings
have important implications for pa-
tient selection regarding therapeutic
approaches for metastatic RCC.
Patients with high CAIX expression
(� 85%) might be optimal candidates
for IL-2–based immunotherapy as a
first-line therapy, which remains the
only therapeutic option with a chance
for a durable, complete remission.

Besides its use as a biomarker,
CAIX is used as a therapeutic target in
2 different strategies. One strategy is
to target CAIX using an anti-CAIX
antibody. Bleumer and coworkers43

recently reported on 35 patients with
metastatic RCC who were treated with
the CAIX antibody WX-G250 com-
bined with low-dose IL-2. They
showed a clinical benefit in 8 patients
(23%), including 3 with partial re-
sponse and 5 with disease stabiliza-
tion. An international multicenter
phase III trial testing the effect of
WX-G250 in an adjuvant setting is
currently enrolling patients. The sec-
ond strategy is to use a vaccination
stimulating the host immune system
to generate CAIX targeting cytotoxic
T lymphocytes (CTLs). Uemura and
colleagues44 showed safety and effi-
cacy of a CAIX vaccine in HLA-
A24–positive patients with cytokine-
refractory metastatic RCC. Of 23

enrolled patients, 3 had partial re-
sponse and 6 had stable disease. The
median survival time was 21 months
in this setting. In the Kidney Cancer
Program laboratory at UCLA, a
granulocyte-macrophage colony-
stimulating factor (GM-CSF)–CAIX fu-
sion gene has been created.45-47 Trans-
duced in peripheral blood monocytes, it
has been successful in generating CTLs
capable of lysing CAIX-expressing
cancer cells.45 Currently, a clinical
grade GM-CSF–CAIX vaccine is being
manufactured with assistance from
the National Cancer Institute’s Rapid
Access to Intervention Development
Program. In conclusion, CAIX is a
strong molecular marker and holds
much promise as a therapeutic target
for the future.

Angiogenesis
Clear cell RCC is genetically linked to
factors regulating angiogenesis, such
as VEGF, PDGF-B, and TGF-�, of
which VEGF is the strongest pro-
angiogenic protein.6,48,49 The impor-
tance of angiogenesis in the biology
and therapy of RCC is now well es-
tablished, based on several decades of
worldwide research. RCC, like all

cancers, must induce angiogenesis to
supply nutrients and oxygen required
for progressive tumor growth. In-
growth of new blood and lymphatic
vessels also provides access to the
vasculature and thereby promotes
metastasis.50-52

VEGF has several isoforms. VEGF-
A is involved in angiogenesis, whereas
VEGF-C and VEGF-D are more promi-
nent in regulating lymphangiogenesis.
VEGF receptor 1 (VEGFR-1) and
VEGFR-2 are the primary VEGF recep-
tors, whereas VEGFR-3 is more in-
volved in lymphangiogenesis.53-55 The

role of these proteins has been evalu-
ated in recent studies. Leppert and
associates56 reported a tissue
microarray–based study on 382 pa-
tients with RCC. Immunohistochem-
istry was performed with antibodies
directed against VEGF-A, VEGF-C,
VEGF-D, VEGFR-1, VEGFR-2, and
VEGFR-3; the mean expression per-
centage within the tumor epithelium
in clear cell and papillary RCC was 37
and 57, 71 and 75, 51 and 41, 54 and
58, 49 and 37, and 13 and 3, respec-
tively. An additional analysis of these
patients was reported by Lam and
coworkers,57 who clearly showed the
predictive ability for both presence of
metastasis and disease-specific sur-
vival of these proteins of the VEGF
family. In their analysis, low endothe-
lial expression of VEGFR-3 was inde-
pendently associated with both lymph
node metastasis and poor prognosis.
The observed high expression of
VEGF in clear cell RCC has been
shown by other groups.58,59

Hence, inhibition of angiogenesis is
a promising approach for targeting
metastatic RCC. This has led to the de-
velopment of inhibitors of angiogen-
esis such as bevacizumab, sorafenib

(BAY 43-9006), and sunitinib
(SU11248). Antiangiogenic agents act
at various steps of the angiogenesis
pathway, inhibiting tumor growth
and new vessel growth. Bevacizumab
is a monoclonal antibody against
VEGF-A. In a randomized phase II
trial, patients who had received high-
dose bevacizumab had a significant
prolongation of progression-free sur-
vival (hazard ratio, 2.55; P � .001)
compared with placebo. However, the
drug did not improve overall sur-
vival.60 Sorafenib is an orally
bioavailable multikinase inhibitor

The importance of angiogenesis in the biology and therapy of RCC is now
well established, based on several decades of worldwide research.
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that targets the VEGF receptor
(VEGFR), PDGFR-�, and Raf kinase.
Sorafenib has been shown to be effec-
tive and tolerable in recent phase II
and phase III trials.61,62 In a phase III
trial, sorafenib produced responses in
only 2% but stable disease in another
78% of the patients, which led to a
significant improvement in progres-
sion-free survival compared with
placebo.62 Sunitinib inhibits VEGFR
and PDGFR-�. Sunitinib also showed
significant activity, with a response

rate of approximately 25% and pro-
longed survival when compared with
interferon-�.63-65 In December 2005
and January 2006, the Food and Drug
Administration approved both agents
for the treatment of advanced RCC.
These new potent agents are replacing
IL-2–based immunotherapy as first-
line treatment for many patients fol-
lowing nephrectomy.

mTOR Pathway
The mammalian target of rapamycin
(mTOR) pathway has a central role in
the regulation of cell growth, and in-
creasing evidence suggests its dysreg-
ulation in cancer.66 Receiving input
from multiple signals, including
growth factors, hormones, nutrients,
and other stimulants or mitogens, the
pathway stimulates protein synthesis
by phosphorylating key translation
regulators, such as ribosomal S6 ki-
nase. The mTOR pathway also con-
tributes to many other critical cellular
functions, including protein degrada-
tion and angiogenesis. A UCLA tissue
microarray–based study showed that
the mTOR pathway is most affected in
patients with clear cell RCC and poor
prognostic factors, such as high nu-
clear grades.67

Hence, use of inhibitors of this
pathway may represent a new strat-
egy for the targeted treatment of RCC.
At present, there are at least 3 mTOR
inhibitors that have been widely char-
acterized in preclinical models and
that are in clinical development as
anticancer agents: temsirolimus (CCI-
779), AP23573, and RAD001, which
are esters of rapamycin that improve
bioavailability and formulation. Ra-
pamycin and esters first bind to
FK506-binding protein 12 (FKBP12).

The FKBP12/rapamycin complex then
binds mTOR, inducing a G1 growth
arrest rather than apoptosis. Com-
pleted clinical trials show safety and
efficacy of mTOR-targeting therapy in
patients with RCC. In a randomized
phase II trial of the mTOR inhibitor

temsirolimus, Atkins and colleagues68

observed objective responses in 7%
and a clinical benefit rate (complete
and partial response, minor responses,
stable disease) in about 50% of indi-
viduals with metastatic RCC. As noted
above, mTOR inhibitors induce G1 ar-
rest rather than apoptosis. Therefore,
disease stabilization might be higher
and objective response rates might be
lower. Data presented at the 2006
meeting of the American Society of
Clinical Oncology from a study using
temsirolimus in a high-risk patient
population demonstrated an impressive
50% improvement in median survival
from 7.3 to 10.9 months,31 indicating

that this new drug might be the first-
line treatment of choice in patients
with high-risk metastatic RCC.

Raf Kinase Pathway
Another important pathway in RCC is
the Ras/Raf/MAPK pathway. Signal-
ing starts by binding of a ligand to 1
of the 4 erbB proteins; the most
prominent is erbB1, which is also
called the EGFR. The EGFR consists of
3 domains: 1 ligand-binding domain,
1 transmembrane domain, and 1 cy-
toplasmic domain, which has tyrosine
kinase activity. After binding of the
ligands, EGF, or TGF-�, the EGFR be-
comes phosphorylated on the tyrosine
residues. The EGFR then interacts
with docking proteins, which subse-
quently allow the Ras protein to bind
guanosine triphosphate and become
active. The Ras protein then binds to
Raf kinase and activates its kinase
function. Subsequently, multiple ki-
nases (MEK, MAPK, MNK) are in-
volved in this pathway, which finally

leads to regulation of translation and
transcription of important proteins,
such as S6 kinase. Targeting this
pathway might also be an attractive
intervention.69-71

MET Proto-Oncogene, 
Nuclear Factor-�B
The majority of these new drugs are
reserved for patients with clear cell
RCC because studies have indicated
that patients with non–clear cell RCC
are less amenable to the new drugs.
VEGF is expressed in lesser amounts
in non–clear cell RCC,58 and the mTOR
pathway seems to be less affected in
non–clear cell tumors,67 providing

In a phase III trial, sorafenib produced responses in only 2% but stable
disease in another 78% of the patients, which led to a significant improve-
ment in progression-free survival compared with placebo.

Data from a study using temsirolimus in a high-risk patient population
demonstrated an impressive 50% improvement in median survival from 7.3
to 10.9 months, indicating that this new drug might be the first-line treat-
ment of choice in patients with high-risk metastatic RCC.
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strong evidence that antiangiogenic
and mTOR-targeting therapy might be
less effective. As explained in a previ-
ous paragraph, however, the results of
Leppert and colleagues56 suggest that
patients with papillary RCC might
also be candidates for treatment with
angiogenesis inhibitors.

Significant achievements in basic
research regarding the MET proto-

oncogene have led to a new treatment
strategy for patients with papillary
RCC. The MET proto-oncogene en-
codes a transmembrane receptor with
tyrosine kinase activity (c-Met), which
interacts with hepatocyte growth
factor (HGF). Mutation of the MET
proto-oncogene was frequently ob-
served in hereditary papillary RCC but
also in a subset of the sporadic tu-
mors.72-74 Additionally, trisomy of
chromosome 7, the chromosome that
contains the MET and HGF genes, is

the most frequently found aberration
in sporadic papillary RCC. In addition
to papillary RCC, HGF and the MET
protein expression are frequently ob-
served in clear cell RCC75,76 and were
noted as strong indicators for survival
among these patients.77 Further, it has
been shown that VHL inactivation in-
duces phosphorylation of the MET
protein.78 Taken together, studies on

targeting HGF, the receptor, and the
activity of tyrosine kinase offer
promise for both clear cell and papil-
lary RCC.79 Another strategy for
non–clear cell RCC might be to target
nuclear factor-�B (NF-�B). NF-�B in-
teracts as a transcription factor, turn-
ing on genes that cause production of
proteins that are essential for cell
growth and survival. The efficient
VHL protein, present in non–clear cell
RCC, down-regulates NF-�B,80 and
maximum NF-�B down-regulation is

required for maximum efficacy of the
drug bortezomib.81 Following in vitro
studies showing that tumors with ef-
ficient VHL, such as papillary RCC,
have a higher response to borte-
zomib,82 this new treatment strategy
is currently being explored in clinical
trials.

Combining Clinical Factors and
Molecular Markers
The potential of tissue and gene mi-
croarray technology to affect the pre-
dictive accuracy of RCC prognosis
and treatment is enormous. These ar-
rays allow the simultaneous analysis
of hundreds of tumor specimens for
their expression of thousands of
markers and genes. It is worth noting
that, even at the present time, the re-
sults of these techniques can augment
traditional clinical and pathologic
factors.

At UCLA, a tissue microarray on
150 patients with metastatic clear cell
RCC was constructed to develop a
prognostic model combining clinical
and molecular markers.83 For this

Taken together, studies on targeting HGF, the receptor, and the activity of
tyrosine kinase offer promise for both clear cell and papillary RCC.

Main Points
• Staging of renal cell carcinoma (RCC) is performed worldwide according to the TNM (tumor, nodes, metastasis) classification.

RCC’s clinical behavior, however, results from complex interactions among many factors. This realization has led to more inte-
grated staging systems, such as the University of California Integrated Staging System and the SSIGN (stage, size, grade, and
necrosis) score.

• Carbonic anhydrase IX (CAIX) is the most significant molecular marker in RCC to date. Besides serving as an important predictor
for survival and response to immunotherapy among patients with metastatic RCC, CAIX holds much promise as a therapeutic
target.

• Inhibition of angiogenesis is a promising approach for targeting metastatic RCC that has led to the development of agents such
as bevacizumab, sorafenib, and sunitinib.

• The mTOR (mammalian target of rapamycin) pathway has a central role in the regulation of cell growth, and increasing evidence
suggests its dysregulation in cancer. Hence, the use of inhibitors of this pathway may represent a new strategy for the targeted
treatment of RCC.

• Another important pathway in RCC is the Ras/Raf/MAPK pathway, which also represents an attractive target for intervention.

• Significant achievements in basic research on the MET proto-oncogene have led to a new treatment strategy for patients with
papillary and clear cell RCC. 

• Tissue and gene microarray technology may someday have an enormous impact on the predictive accuracy of RCC prognosis and
treatment. These arrays allow the simultaneous analysis of hundreds of tumor specimens for their expression of thousands of
markers and genes. Even now, the results of these techniques can augment traditional clinical and pathologic findings.
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analysis, the tumor specimens were
stained for Ki67, p53, gelsolin, CAIX,
CAXII, phosphatase and tensin homo-
logue deleted on chromosome 10
(PTEN), epithelial cell adhesion mole-
cule, and vimentin. Clinical and
marker models were carried out using
Cox regression analysis. The models
were corrected by bootstrapping and
the corresponding c-indices were
compared using Harrell’s U-test sta-
tistics. In multivariate Cox regression
analysis, T category, ECOG perfor-
mance status, CAIX, PTEN, p53, and
vimentin were independent prognos-
tic factors of disease-specific survival.
Moreover, the results showed that the
marker model (c-index 0.64) was sig-
nificantly better than the clinical
model (c-index 0.62). Further, an ad-
ditional increase in the prognostic ac-
curacy was determined when combin-
ing both models to a clinical/marker
model (c-index 0.68). The markers
were than integrated in a nomogram
that was calibrated to provide 2-year
and 4-year survival rates and median
survival. Based on these criteria, the
clinician may identify the suitability of
patients for varying treatments, such
as patients with high CAIX expression
for IL-2–based immunotherapy.

Conclusions
Better understanding of RCC biology
is revolutionizing the approach to its
surgical and medical management.
The ability to individualize patient
treatment is starting to have a signif-
icant impact on clinical strategies. In
the future, gene expression technology
will greatly expedite the process of
making such strategies a reality. 
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