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Over the last few years, renal cell carcinoma (RCC) has become a cancer model for targeted antiangiogenic
agents based on the growing understanding of distinct molecular pathways in this disease. Clear cell RCC,
the most common histologic sybtype in RCC, is characterized by the inactivation of the von Hippel-Lindau
(VHL) tumor suppressor gene, which results in the dysregulation of hypoxia response genes, including an
overproduction of vascular endothelial growth factor (VEGF) and other growth factors that promote tumor
angiogenesis, progression, and metastasis. In advanced RCC, substantial clinical activity has been reported
with VEGF blockade employing several approaches including antibodies and small-molecule VEGF receptor
inhibitors. Two small-molecule VEGF receptor (VEGFR) inhibitors, sunitinib and sorafenib, have recently
been approved by the USA Food and Drug Administration for the treatment of advanced RCC. In this
review, we summarize the relevant biology and initial findings of this recent set of groundbreaking trials
using targeted molecular approaches for the management of metastatic RCC. Many trials are still ongoing
with the goal of defining the optimal sequence and combination.
Keywords: Renal Cell Carcinoma (RCC), Vascular Endothelial Growth Factor (VEGF), von Hippel-Lindau
(VHL), bevacizumab, sunitinib, sorafenib, axitinib, pazopanib.

Molecular pathways and possible targets in RCC.
A limited subset of patients with metastatic renal
cell carcinoma (RCC) will experience benefit from
cytokines. Objective response rates are in the range of
10-15% with a durable complete response rate less than
10% (1). A growing understanding of the underlying
molecular biology of RCC has established tumor
angiogenesis as a relevant therapeutic target in clear
cell RCC, the most common RCC histological subtype
(90% of all metastatic RCC (2). The pathogenesis of
clear cell RCC was elucidated by the discovery of the
von Hippel-Lindau (VHL) gene in the familial cancer
syndrome which overall represents 5% or less of all
kidney cancer cases (3). VHL is a tumor suppressor
gene in which biallelic gene inactivation promotes
tumorigenesis. One allele is inactivated through
a deletion (also known as loss of heterozygosity)
observed in over 90% of sporadic clear cell RCC (4, 5).
The remaining VHL allele can be inactivated either
through a gene mutation (~50% of clear cell RCC (6,
7) or through gene silencing by methylation of the CpG
rich DNA region (~10% of cases 8, 9). VHL, under
normal conditions, encodes a protein (referred to as
p-VHL) that targets hypoxia-inducible factor (HIF) for
proteolysis. 10, 11 However, when VHL is inactivated, a
defective p-VHL is produced and HIF is not subject to
proteolysis. HIF is able then to induce the transcription
of a variety of genes that play an essential role in tumor
progression. 12.Transcription genes include VEGF
(12, 13) platelet derived growth factor (PDGF) 14,
transforming growth factor alpha (TGF-alpha) (15),
basic fibroblast growth factor (bFGF) 16, carbonic
anhydrase IX (CAIX or G250) 17, erythropoetin 18
and many others (19).
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Among these growth factors, VEGF is probably the
most important direct mediator of tumor angiogenesis
through promotion of proliferation, migration and
survival of endothelial cells (20). Inhibitors targeting
the VEGF signaling pathway have undergone extensive
clinical testing in clear cell RCC.
Clinical studies of VEGF-targeted therapy for RCC
Anti-VEGF Antibody (bevacizumab)
Bevacizumab is a recombinant monoclonal antibody
which binds and neutralizes all biologically isoforms
of VEGF. 21 This monoclonal antibody is 93% of
human and 7% of murine origin. In preclinical models
of RCC, murine anti-VEGF antibodies demonstrated
antitumoral activity in vitro and in vivo in renal tumor
angiogenesis model systems (22, 21). Initial phase
I trials with bevacizumab involved patients with
advanced cancer and concluded that bevacizumab can
be safely administered intravenously at doses up to
10-mg/kg. Moreover, some patients with RCC showed
significant tumor shrinkage (23, 24).
A randomized phase II trial in metastatic clear cell
RCC patients who failed interleukin-2, was the first
to provide a proof-of-concept of the importance of
targeting angiogenesis in RCC. Yang et al randomized
116 patients to receive placebo, low dose (3 mg/kg) or
high dose (10 mg/kg) bevacizumab given intravenously
every 2 weeks. 25 At a median follow up of 27 months,
there were four partial responses (10%), all in the highdose bevacizumab arm. An intent-to-treat analysis
demonstrated a significant prolongation of time to
progression (TTP) in the high dose bevacizumab
arm compared to placebo (4.8 vs. 2.5 months; p <
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0.001 by log rank test). Toxic effects were minimal
and reversible, with 21% grade 3 hypertension and
64% proteinuria (without renal failure) the primary
treatment associated toxic effects. 26 Follow-up has
demonstrated no further toxic side effects, including
four patients who have continued on therapy without
progression for as long as five years 26.
Data from the Yang et al trial have suggested that
although bevacizumab delayed progression, it might
best be combined with tumoricidal therapy to optimize
results, and several trials were conducted to test this
hypothesis. Two large Phase III trials, an intergroup
US trial and a European trial comparing this agent with
subcutaneous interferon-alpha, a generally accepted
valid comparison arm at that time for patients with
metastatic RCC, have recently been completed. The
European trial has just been presented at the 43rd
annual meeting of the American Society of Clinical
Oncology. Between June 2004 and October 2006, 649
patients were randomized to receive interferon-alpha
alone with placebo or bevacizumab. Patients treated on
the bevacizumab arm had higher response rate (30%
vs. 13%, p<0.0001) and TTP (10.2 vs. 5.4 months,
p<0.0001). Estimated overall survival (OS) was also
higher in the bevacizumab-containing treatment arm
but did not reach the predefined level of statistical
significance. The benefit from bevacizumab was
across all analyzed subgroups. The incidence of grade
3 and 4 adverse events for the bevacizumab/Interferonalpha arm was significantly higher than the placebocontaining arm (60% vs. 45%, respectively) but was
overall manageable and included fatigue (23%),
proteinuria (6.5%) and hypertension (4%). 27. No
unexpected safety events were observed.
Trials in combination with high-dose IL-2 are
also underway. The rationale for this combination
lies in the fact that murine models suggest that
VEGF inhibition may overcome immunotherapy
resistance and enhance IL-2 antitumor effect. 28,29
Bevacizumab 10 mg/kg IV every 2 weeks is being
tested with standard high and low-dose IL-2 regimens
in several centers such as Cleveland Clinic and DanaFarber/Harvard Cancer Center.
Bevacizumab has been further investigated in
combination with an anti-epidermal growth factor
receptor (EGFR) strategy. TGF-alpha is VHLregulated growth factor for RCC, with biologic
effect through interaction with the EGFR 30 15.
Pre-clinical investigation in human RCC xenograft
models of bevacizumab and erlotinib, a small
molecule EGFR inhibitor, have demonstrated potential
benefit of combination therapy on tumor growth
inhibition 31. A clinical phase II trial in metastatic
RCC with bevacizumab 10mg/kg IV every 2 weeks
in combination with erlotinib 150 mg daily reported
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an impressive 25% objective response rate and 60%
survival at 18 months 32 . Severe toxicities included
rash (13%), diarrhea (13%) and hypertension (8%).
However, a recently completed randomized phase
II trial of bevacizumab with or without erlotinib in
untreated, metastatic RCC (n=100) reported a lack of
difference between the treatment arms in progressionfree survival and response rates (33).
Small molecule VEGF receptor inhibitors
Small molecule tyrosine kinase inhibitors represent
another mechanism for targeting the VEGF pathway.
In addition to inhibiting VEGFR, these “promiscuous”
agents target other receptors in the split kinase domain
family of receptor tyrosine kinases, including PDGFR.
34, 35PDGF potentiates tumor growth via multiple
processes including autocrine and paracrine stimulation
of cancer cells and perivascular cells. 36-38
Sunitinib
Sunitinib is a potent and selective inhibitor of VEGFR
and PDGFR 39. In vitro assays with sunitinib have
demonstrated inhibition of ligand-dependent VEGFR-2
and PDGFR-B phosphorylation as well as inhibition
of VEGF-induced proliferation of endothelial cells and
PDGF-induced proliferation of mouse fibroblast cells.
40 In vivo experiments demonstrated inhibition of
receptor phosphorylation resulting in growth inhibition
of various implanted solid tumors 41-44. Several phase
I trials have been conducted with sunitinib. 45-49
Dose-limiting toxicity included fatigue, gastrointestinal
toxicity, cytopenias and skin toxicity, which were
reversible upon discontinuation of treatment. These
trials identified 50-mg daily dose given on a 4weeks on/2-weeks off schedule as the recommended
phase II dose.
Two multicenter uncontrolled phase II trials of
sunitinib in metastatic RCC have been conducted.
Both trials enrolled cytokine-refractory patients.
The first trial included 63 patients with all histologic
subtypes and demonstrated an objective response rate
of 40% and stable disease for greater than 3 months
in an additional 27% of patients. 50 The second trial
included 106 patients and restricted eligibility to
clear cell RCC and required both prior nephrectomy
and RECIST-defined progression after prior cytokine
therapy. This trial reported one complete and 40 partial
responses (objective response rate 39%). Toxicity in
these trials, most commonly grade 1 or 2, included
asthenia, nausea, diarrhea, stomatitis and cytopenias.
51 Sunitinib was USA FDA-approved for the treatment
of advanced RCC in January 2006.
Based on the aforementioned two uncontrolled
clinical trials, a landmark multicenter phase III trial
of sunitinib versus IFN-alfa was recently reported. 750
patients with previously untreated, metastatic renal-cell
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carcinoma in a multicenter were randomized to receive
either repeated 6-week cycles of sunitinib or IFN-alfa
(at a dose of 9 MU given subcutaneously three times
weekly). The primary end point was progression-free
survival. Secondary end points included the objective
response rate, overall survival, patient-reported
outcomes, and safety. Median PFS was significantly
longer in the sunitinib group (11 months) than in the
IFN-alfa group (5 months), corresponding to a hazard
ratio of 0.42 (95% confidence interval, 0.32 to 0.54;
P<0.001). Sunitinib was also associated with a higher
objective response rate (31% vs. 6%) and better quality
of life than did patients in the IFN-alfa group (P<0.001
for both comparisons). The proportion of patients with
grade 3 or 4 treatment-related fatigue was significantly
higher in the group treated with IFN-alfa, whereas
diarrhea was more frequent in the sunitinib group. 52
The fatigue could be attributed in part to the possible
hypothyroidism associated with sunitinib, as shown
in later reports (53). This study introduced sunitinib
as a standard of care in untreated advanced RCC
patients. An update of this study presented at the recent
2007 ASCO meeting reaffirmed superior efficacy of
sunitinib compared to IFN-α in first-line treatment of
advanced RCC (54).
Sunitinib in bevacizumab-refractory RCC
Given the distinct mechanism of small molecule
agents such as sunitinib and the extended spectrum
against VHL-mediated targets relevant to RCC (e.g.
PDGF) compared to a VEGF ligand-binding agent
such as bevacizumab, there is biologic rationale for
investigating sunitinib in bevacizumab-refractory
patients. A multicenter trial of sunitinib in bevacizumabrefractory patients (only in abstract format) showed
a PR of 16% and a TTP of 6 months, suggesting that
there might be a rationale for continued targeting of the
VEGF signaling pathway (55).
Other possible sunitinib combinations and
schedules
The existing dose and schedule for Sunitinib in RCC
has been 50 mg daily for the first 4 weeks of repeated 6week cycles (4/2 schedule) based on prior pre-clinical
and phase I trials. A multicenter phase II study was
designed to determine the efficacy and safety of singleagent sunitinib when administered in a continuous 37.5
mg/day regimen. One-hundred and seven patients were
randomized to AM or PM dosing. Response rate was
20%, lower than responses seen with the 4/2 schedule
but the PFS of 9 months was comparable to the 4/2
schedule. Toxicities and efficacy was not different
based on the AM or PM dosing and similar overall to
the toxicities seen with the 4/2 schedule.
An ongoing larger study (The Renal EFFECT trial)
will equally randomize 474 untreated, metastatic clear
cell RCC patients to continuous dosing of sunitinib
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monotherapy, standard monotherapy (4 weeks on/2
weeks off) or the combination of sunitinib and IFN-a.
An initial non-randomized component in 25 patients
will establish the safety of the combination arm.
This multicenter, open-label trial will have a primary
endpoint of time to disease progression.
The safety of combination sunitinib and bevacizumab
will be established in a standard phase I dose escalation
trial. The rationale being that additive or synergistic
VEGF blockade may be achieved with combination
sunitinib/ bevacizumab therapy. In fact, increases in
plasma VEGF levels have been documented in patients
during sunitinib exposure and elevated VEGF levels
produced during sunitinib exposure may drive tumor
growth during the 2 weeks off period. Co-administration
of a VEGF-binding agent such as bevacizumab may
address this concern. A large randomized phase II of
sunitinib +/- bevacizumab is planned.
Sorafenib
Sorafenib is an orally active, bi-aryl urea molecule
with VEGFR/PDGFR inhibition that targets tumor cell
proliferation and tumor angiogenesis (56). Sorafenib
was initially developed as an inhibitor to the serine
threonine kinase Raf-1 that plays an important role
in tumorigenesis 57. Ras mutations in RCC are not
common, although activation of the MAPK pathway
has been demonstrated in 50% of human RCC tumors
in one series. 58 Sorafenib significantly inhibited
tumor growth in xenograft models in a dose-dependent
fashion 59, 60 and has undergone evaluation in
multiple simultaneous phase I trials in refractory solid
tumors. 61-63, 64 These trials employed standard dose
escalation schemas from 50-mg sorafenib daily to 800
mg BID utilizing on different schedules. All trials
identified hand-foot skin reaction as the prominent
dose-limiting toxicity and identified 400 mg BID of
continuously dosed sorafenib as the maximal tolerated
dose for phase II trials.
A phase II randomized discontinuation study with
sorafenib has been reported in 202 patients with
metastatic RCC. Tumor shrinkage was observed in
144 patients (71%) and a progression-free survival
(PFS) advantage of 23 versus 6 weeks (p = 0.0001) was
demonstrated in the randomized cohort of 65 patients.
65 Hypertension, hand-foot skin reactions (HFS)
and fatigue were the major severe toxicities. These
data prompted a subsequent 903 patient, placebocontrolled, randomized trial of sorafenib in cytokine
refractory RCC. This trial reported a PFS advantage in
the treatment arm of 24 versus 12 weeks (p < ).000001)
66, despite a low (10%) RECIST-defined response rate.
The PFS benefit was demonstrated across all prognostic
subgroups. All grade toxicities mainly included HFS
reactions (30% with sorafenib vs. 7% with placebo),
rash/desquamation (40% vs. 16%, respectively),
hypertension reactions (8% vs. 1%, respectively) and
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fatigue (37% vs. 28%, respectively). Grade 3 and/or
4 toxicities consisted of the same reactions mentioned
above but were all < 6%. The first interim analysis
of overall survival (before cross-over) showed that
sorafenib reduced the risk of death, as compared
with placebo (P=0.02), although this benefit was
not statistically significant according to the O'BrienFleming threshold. An updated report from the 2007
ASCO meeting continued to show a PFS advantage
independent of VEGF levels. Overall Survival results
were confounded due to cross-over. 67
Based on the studies mentioned above, the Food
and Drug Administration approved sorafenib for
the treatment of patients with advanced renal cell
carcinoma in December 2005. Unlike sunitinib, this
agent does not appear to have a superior activity to
interferon-alpha in the front-line setting. A recently
reported randomized phase II trial at the 2007 ASCO
meeting showed a median PFS was 5.7 months vs. 5.6
months) for sorafenib vs. interferon-alpha, respectively.
Nevertheless, quality of life measures and overall tumor
shrinkage were greater with sorafenib (68).
Sorafenib is now undergoing extensive investigation
in RCC. For example, a trial of sorafenib and
bevacizumab is investigating the safety of this
combination. A single arm phase II will investigate
sorafenib in metastatic RCC patients failing prior
bevacizumab or sunitinib will test the utility of this
agent in patients resistant to other VEGF-targeted
therapy. Two phase II trials with sorafenib with
interferon were recently reported PFS ranging from
6.5 to 10 months.79, 80 Sorafenib combination therapy
will be tested in a multi-arm randomized trial of 2drug combinations utilizing sorafenib and other novel
agents including bevacizumab and CCI-779, an mTOR
inhibitor. This trial, conducted through the Eastern
Cooperative Oncology Group (ECOG), will evaluate
progression-free survival to select a regimen(s) for
further investigation.
Axitinib (AG013736)
Axitinib is a substituted imidazole derivative that
inhibits the tyrosine kinase portion of all VEGF
receptors and PDGF receptor beta at low nanomolar
concentrations (Investigator’s Brochure, December
2002). In vitro data demonstrated endothelial cell
regression preceded by loss of vessel patency and
blood flow with two days of treatment with axitinib.
69 A multicenter phase I trial of axitinib was conducted
in 36 patients with refractory solid tumors, including
6 RCC patients 70. Hypertension was the predominant
toxicity, with 22 patients experiencing hypertension
of any grade and 11 of these patients demonstrating
grade 3 hypertension. The maximum tolerated and
recommended phase II dose was 5 mg BID in the
fasted state 70.
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A phase II trial of axitinib at 5 mg twice daily was
conducted in 52 cytokine refractory RCC patients. With a
median follow-up of one year, a 46% objective response
rate was reported with 74% of patients experiencing
some degree of tumor shrinkage 71. Further, therapy
was well tolerated with hypertension, diarrhea, fatigue
and proteinuria noted as common toxicities. Median
time to progression has not been reached at a median
follow-up of more than 12 months. A phase II trial of
axitinib in metastatic RCC patients refractory to prior
sorafenib treatment completed accrual and was recently
r
eported. 72 The trial included 62 patients and showed a
response rate of 21% and a median PFS of 7.4 months.
Interestingly, tumor control was also seen in a subset
of 14 patients who received prior sunitinib, indicating
perhaps a lack of clinical cross-resistance of these
different VEGF-targeted agents.
Pazopanib (GW786034)
Pazopanib is a potent, oral multi-target receptor
tyrosine kinase inhibitor of VEGFR-1, -2, -3, PDGFRand - and c-kit. In preclinical experiments, pazopanib
demonstrated significant inhibitory effect in cell
proliferation and inhibition of VEGF-induced VEGFR2 phosphorylation in mouse lungs. 73 Phase I trials
showed that 800mg once daily was the recommended
dose. 74 Grade 3 and/or 4 side effects were minimal
and included nausea, emesis, fatigue, and hypertension.
Prolonged disease stabilization/minor responses have
been observed in 12 of the 52 patients with a variety of
advanced cancers. Specifically, of the ten patients with
metastatic RCC enrolled, five patients had evidence of
tumor shrinkage. The interim results of a multicenter,
international phase II trial utilizing a randomized
discontinuation design were reported at the last ASCO
meeting by Hutson et al. 75 This trial randomized
225 metastatic RCC patients with cytokine naïve and
refractory (failed 1 prior cytokine or bevacizumabcontaining regimen) to receive oral pazopanib 800 mg
once daily. Based on the robust clinical activity from
the first 60 patients, the independent data monitoring
committee recommended that randomization be
discontinued and the study continued as an open-label
single arm study. At week 12, response rate was 27%
and disease control (response+ stable disease) was 73%
by independent review. Grade 3 or higher toxicities
included mainly liver tests abnormalities (14%),
hyponatremia (8%), hypertension (8%), fatigue (4%),
and diarrhea (3%). A phase III study with pazopanib in
advanced RCC patients has completed enrollment and
the results are eagerly awaited.
Unanswered questions in the field
Metastatic RCC now has the fortunate circumstance
of multiple agents with an anti-tumor effect emerging
simultaneously. Decisions regarding the use of these
agents in terms of initial and subsequent therapy are
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not firmly established as the above-mentioned agents
have not been directly compared. Definitive statements
regarding relative efficacy or toxicity are sometimes
hard to make. The clinical trials noted above employed
different methodologies, patient eligibility and response
criteria. Thus, several critical questions appear.

1. What is the ideal initial VEGF-targeted antiangiogenic agent(s)?
Sunitinib is the only antiangiogenic agent that showed
superior activity compared to IFN-alpha in untreated
RCC patients. Bevacizumab showed superior activity
when combined to the “old standard” interferon-alpha

Table 1 : Summary of clinical results with selected anti-angiogenesis agents in metastatic RCC
Trial design

Agent(s)

Clinical activity

Toxicities

Ligand binding agent

Randomized, placebocontrolled phase II trial;
100% pretreated pts

Single arm phase II (with
erlotinib)
32% pretreated pts

Bevacizumab

25, 27, 32, 33

Randomized phase II
(+/-erlotinib) trial in untreated
patients

Randomized phase III (IFN-a
+/- bevacizumab) trial in
untreated patients

10% RR (WHO criteria)
Delay of TTP vs. placebo

Hypertension, proteinuria

(2.5 vs.4.9 months; p < 0.001)

25% RR (RECIST criteria)

Rash, hypertension, proteinuria

No difference in PFS between
both arms

Rash, hypertension, proteinuria

30% RR vs. 13% for IFN-a
(p<0.0001)
PFS of 10.2 vs. 5.2 months for
IFN-a (p,0.0001)

Fatigue, hypertension, proteinuria

Small molecule VEGFR and PDGFR inhibitor

Sunitinib

Sorafenib

Axitinib

Single arm phase II (2 trials)
100% cytokine-refractory

40% RR (RECIST criteria)

Fatigue, nausea, diarrhea,
stomatitis, cytopenias

Randomized phase III trial in
untreated patients vs. IFN-a

31% RR vs. 6% with IFN-a
(p<0.001)
PFS of 11 vs. 5 months with
IFN-a (p<0.001)

Fatigue, cytopenia, rash, diarrhea

Randomized discontinuation
phase II

PFS advantage vs. placebo (23
versus 6 weeks; p = 0.0001)

Hand-foot syndrome, rash,
fatigue, hypertension

Randomized, placebo
controlled phase III trial
100% pretreated

10% RR (RECIST criteria)
PFS advantage vs. placebo (5.5
vs. 2.8 months; p< 0.000001 )

Hand-foot syndrome, rash,
fatigue, diarrhea, hypertension

Randomized phase II in
untreated patients

No PFS advantage over IFN-a

Hand-foot syndrome, rash, fatigue,
diarrhea, hypertension

50-52

65, 66, 68

Single arm phase II
100% pretreated

46% RR (RECIST criteria)

Hypertension, proteinuria,
diarrhea, fatigue

Phase II in patients refractory
to sorafenib

21% RR (RECIST criteria), PFS of
7.4 months

Fatigue, hypertension, Hand-Foot
syndrome

71, 72

VEGF : Vascular Endothelial Growth Factor
WHO : World Health Organization defines objective response as a 50% or greater reduction in the sum of the bidimensional measurement
of tumors.
TTP : Time To Progression
PFS : Progression Free Survival
RR, Response Rate
RECIST : Response Evaluation Criteria In Solid Tumors defines objective response as a 30% or greater reduction in the sum of the
unidimensional measurement of tumors.
IFN-a : Interferon-Alpha
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and the use of bevacizumab alone in this setting is
unclear. However, overall survival data is lacking for
both sunitinib and bevacizumab. One should remember
that patients who progressed on initial antiangiogenic
therapy have the option to receive several other
active drugs in this disease masking a survival benefit
from the initial agent. It should also be remembered
that high-dose IL-2 remains the only therapy that is
associated with a potential cure, despite that only 5%
of patients will have the fortune to achieve long-term
survival. Barriers to IL-2 therapy additionally include
severe toxicities, the selection of the appropriate patient
and the absolute need for experienced centers for such
therapy. Investigation of cytokines plus VEGF-targeted
agents is ongoing to provide insight into additive or
synergistic clinical effects.
The agents noted above, while similar, are not identical
in mechanism, toxicity or tumor response rates. Thus,
it is possible that one or more of these agents may
have activity in a patient refractory to previous VEGFtargeted therapy as previously mentioned (55, 72).Ongoing
clinical trials will define the tolerability and clinical
utility of these agents in a refractory setting. Data from
these trials in aggregate may provide insight into an
optimal sequence of drugs, although specific additional
trials will be required for definitive data. Further,
clinical trials combining VEGF-targeted approaches
are underway to investigate additive or synergistic
effects. Whether combination or sequencing of these
drugs produces optimal results is at present unknown.
2. Can these agents be used in the adjuvant setting?
At present, there is no standard effective therapy
for localized RCC after nephrectomy, regardless of
recurrence risk. Antiangiogenic agents may work best
in a minimal disease setting and exploration of these
agents in adjuvant clinical trials in RCC is expected.
An ECOG-lead intergroup trial is open to accrual and
randomizes RCC patients who are at high risk for
recurrence after nephrectomy to one year of treatment
with placebo, sorafenib or sunitinib with a primary
endpoint of disease-free survival. Additionally, the
SORCE trial lead by the Medical Research Council
(MRC) in Europe will randomize over 1,800 high-risk
RCC patients after nephrectomy to placebo therapy x 3
years, sorafenib x 3 years or sorafenib x 1 year followed
by placebo x 2 years. This trial will test both the utility
of sorafenib in this setting and the optimal duration
of use. It should be noted, however, that treatment of
patients outside of a clinical trial is inappropriate given
lack of clinical data and potentially serious toxicities.
3. What is the role of cytoreductive nephrectomy in
the era of anti-VEGF agents?
Two randomized phase 3 clinical trials showed
a survival benefit for cytoreductive nephrectomy in
patients receiving interferon-alpha therapy. 76 Whether
this applies to anti-VEGF therapy is unknown. However,
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many physicians have embraced the paradigm of
nephrectomy regardless of the therapy used. Moreover,
most reported trials with anti-VEGF agents required
nephrectomy as an inclusion criteria, and in theory
the benefit from these anti-angiogenic agents pertains
to nephrectomized patients. Patients who are unable
to undergo nephrectomy can however be given antiVEGF agents short of other therapies and can be
considered for nephrectomy later. This “neoadjuvant”
hypothesis is also being tested in clinical trials.
4. What other recent non-VEGF drugs are active in
RCC?
The mammalian target of rapamycin (mTOR)
pathway (phosphoinositide 3-kinase/Akt pathway)
has a central role in the regulation of cell growth
and increasing evidence suggests its dysregulation in
kidney cancer. Receiving input from multiple signals,
including growth factors, hormones, nutrients, and
other factors, this pathway stimulates protein synthesis
by phosphorylating key translation regulators such as
ribosomal S6 kinase 77. Hence, use of inhibitors of
the pathway represents a new strategy for the targeted
treatment of RCC, and mTOR inhibitors have already
shown promising clinical efficacy with low toxicity
profiles in patients with metastatic RCC. A phase
III trial with an mTOR inhibitor, temsirolimus, was
conducted in patients with poor-risk metastatic RCC
based on encouraging activity in this risk group in a
previous smaller trial (81) Patients were randomized
to receive interferon, temsirolimus (given intravenous
once weekly) or the combination of both therapies.
This trial showed a significant overall survival of
10.9 months in patients receiving temsirolimus alone
compared to 7.3 months in patients with interferon
alone (p=0.0069) 78. Given the mechanism of action of
mTOR inhibitors and VEGF pathway-targeted agents,
mTOR inhibitors may prove useful if administered in
combination or after resistance to VEGF inhibitors.
Future trials will test this hypothesis as well as the
use of temsirolimus (and other mTOR inhibitors) in
unselected RCC populations.
5. Can we select patients with VEGF-targeted drugs?
Attempts to predict outcome in patients with metastatic
renal cell carcinoma (RCC) have conventionally
been based on pre-therapy clinical factors such as
performance status, disease-free interval, number
of metastatic sites, and several laboratory variables.
These factors were developed before the era of
vascular endothelial growth factor (VEGF)-targeted
therapy. Recent analysis from trials with anti-VEGF
agents is finding that these factors continue to be of
major importance in patient prognostication as reported
recently by Choueiri et al (82). Additionally, several
serum and molecular markers, many of which relate to
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certain alterations of the VHL pathway, are currently
being investigated. Responses to VEGF-targeted
agents seem to be related to a greater modulation
of serum VEGF and soluble VEGF receptors levels.
84 The impact VHL gene status on response VEGFtargeted therapy was tested in a large cohort reported
by Choueiri et al during the last ASCO meeting (83).
VHL gene status (inactivated by mutation or promoter
methylation vs. wild-type VHL gene) and was not
found to predict a higher response rate to these agents.
However, a subset of VHL mutations that predict a “loss
of function” of the VHL gene seem to have the best
response to these agents. Future prognostic models will
incorporate molecular markers with clinical variables
to refine prognosis and prediction in metastatic clear
cell RCC patients treated with novel VEGF-targeted
agents. These models, if externally and prospectively
validated, will culminate in rationally selecting patients
for specific VEGF-directed therapeutics.
Conclusion
Advances in the molecular genetics of RCC have led
to several promising trials of VEGF-targeted molecular
therapies for patients with advanced disease. These
trials have shown encouraging results with respect to
a delay in the time to progression and response rates
that have been, in many cases, much greater than have
previously been observed with immunotherapy. The
side effects have been unique, as expected, given the
novel mechanism of action, but overall manageable.
Two VEGF-targeted agents (sorafenib and sunitinib)
have been approved in the U.S.A. by the Food and
Drug Administration in the treatment of advanced
RCC. The ultimate role of these and other agents has
not been fully defined, but it is likely that they will be
incorporated into multimodal treatment protocols for
patients with advanced RCC. Future trials will focus
on many issues such as the optimal combination and
sequence as well as patient selection based on clinical
and molecular features. These recent advances
provide us with hope and passion into the future of
the field of oncology.
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