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bination with a number of cytotoxic agents.
However, these cytokines are associated with
only modest improvements in survival.
Currently no universally accepted standard
of care exists. In Canada, interferon has been
considered the standard of care for patients
with inoperable or metastatic RCC because
of its modest survival, improvement when
compared with that for noninterferon regi-
mens and slightly more favourable toxicity
profile than interleukin-2.

A growing understanding of the biology of
RCC has led to the discovery of novel poten-
tial therapeutic targets. The von Hippel-Lindau
tumour-suppressor gene VHL was identified in
1993.5 VHL inactivation, which is present in
the vast majority of clear-cell RCC tumours,
leads to overexpression of the vascular
endothelial growth factor (VEGF), which in
turn promotes angiogenesis and the formation
of new blood vessels.5 VEGF is a tumour-secret-
ed cytokine that plays an important role in both
normal and tumour-associated angiogenesis,
and exerts its effect through interaction with
the transmembrane tyrosine-kinase receptors
that are present on the cell surface (i.e., VEGF
receptor [VEGFR]-1, -2, and -3).6 VEGFR-2
seems to be the main receptor responsible
for the angiogenic effects of VEGF. (Molecular
genetics, the role of VHL and the molecular
characterization of RCC are all described in
further detail elsewhere in this supplement.)

Anti-angiogenic therapy is the use of drugs
or other substances to alter the flow of blood
around or to a tumour. VEGF can be inhib-
ited through a number of mechanisms. Agents
such as bevacizumab target VEGF directly,
whereas other small-molecule tyrosine-kinase
inhibitors target receptors to VEGF and inhib-
it downstream cell signaling. Examples of
these orally available compounds are suni-
tinib and sorafenib.

Systemic therapy for patients with advanced, unresectable
or metastatic renal cell carcinoma: moving to guidelines
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Abstract

Until recently, patients with advanced, unresectable or metastatic renal cell
cancer (RCC) had very few therapeutic options. Cytokine therapy, consisting
mainly of interferon-α and interleukin-2, was considered the mainstay of ther-
apy. A better understanding of the biology of RCC has led to the develop-
ment of novel therapeutic agents that target angiogenesis. Inactivation of the
von Hippel-Lindau tumour-suppressor gene VHL, which is present in the vast
majority of clear-cell RCC tumours, leads to overexpression of the vascular
endothelial growth factor, which in turn promotes angiogenesis. Recent obser-
vations from a number of positive studies with agents such as sunitinib malate,
sorafenib, temsirolimus and bevacizumab have led to a rapid and exciting
change in the standard of care for patients with advanced renal cell carcino-
ma. This article reviews these agents in the context of their use in clinical prac-
tice and provides suggestions about the appropriateness of various agents in
specific clinical situations.

Over 4600 patients are diagnosed yearly with renal cell can-
cer (RCC) in Canada, and 1500 patients die from the disease.1

At the time of their first diagnosis, 45% of patients will have
localized disease, 25% will have locally advanced disease with lymph-
node or local organ involvement, and the remaining 30% will have
metastases.2 Patients with metastatic disease have a 5-year life expectan-
cy of less than 10% and a median survival time of less than 12 months.
However, survival can be quite variable; it depends on a number of
prognostic factors, including performance status; lactate dehydroge-
nase, hemoglobin and calcium levels; and the absence of prior nephrec-
tomy.3 Motzer and colleagues3 identified prognostic-risk categories based
on the number of adverse risk factors present. These categories have
been validated and used to stratify patients for clinical trials (i.e.,
0 adverse prognostic factors = favourable risk, 1 or 2 = intermediate
risk, and 3 or more = poor risk).

For patients who have inoperable or metastatic disease, cure is rarely
possible; treatment efforts often centre on effectively controlling symp-
toms and offering a chance at improved survival. Clinical trials of
chemotherapy for those with metastatic disease have shown that RCC
is resistant to currently available chemotherapeutic agents.4

Immunotherapy agents, however, have shown activity in RCC (these
are reviewed elsewhere in this supplement). For those with inopera-
ble or metastatic RCC, interferon-α and interleukin-2 have been eval-
uated extensively with various doses and modes of delivery, and in com-
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The Genitourinary Cancer Disease Site Group
of Cancer Care Ontario’s Program in Evidence-
based Care has recently been completing a sys-
tematic review of evidence from recent random-
ized controlled trials about angiogenesis inhibitors
to better inform clinicians about which systemic
therapy may be best suited to particular groups
of patients (unpublished data, 2007). Although not
meant to replace this systematic review, the cur-
rent review draws on the information collected
during the preparation of the Program in Evidence-
based Care’s guideline document to provide an
overview of the role of inhibitors of angiogenesis
in the systemic treatment of patients with advanced
RCC. We discuss the evidence supporting the use
of the agents for which there is the most evidence,
namely sunitinib, sorafenib, bevacizumab and the
mammalian target of rapamycin (mTOR)-inhibitor
temsirolimus, in the clinical context of treatment
for metastatic disease with first- or second-line
therapy and for patients with a poor prognosis.

Sunitinib malate

Sunitinib malate is an oral inhibitor of a number
of tyrosine kinases, including VEGFR and the
platelet-derived growth factor receptor,7–9 that are
known to play a significant role in the pathogen-
esis of RCC through their involvement with the
VHL gene. A phase 3 randomized trial10 recently
published in the New England Journal of Medicine
reported the superior efficacy of sunitinib malate
over interferon for patients with locally advanced,
unresectable or metastatic RCC who had had no
previous systemic therapy. This study was based
on the results of a pooled analysis of 2 phase 2
studies of sunitinib for patients who had under-
gone previous cytokine therapy and had a response
rate of 42%.11 In the phase 3 study,10 interferon was
used as a comparator because of its wide use as
a standard therapy for advanced RCC. Seven hun-
dred and fifty patients were enrolled and random-
ized to receive either sunitinib (50 mg daily) for
28 days, followed by 14 days without treatment
or interferon in escalating doses up to 9 million
units subcutaneously 3 times weekly. The primary
end point of the study was progression-free sur-
vival (PFS). Secondary end points included objec-
tive response rate, overall survival, patient-report-
ed outcomes and safety. To be enrolled in the
study, patients were required to have a clear-cell

histological component and not to have received
any previous systemic therapy for RCC. At the time
of analysis, the median duration of treatment was
6 months in the sunitinib group and 4 months in
the interferon group; treatment was ongoing for
66% of sunitinib patients and 34% of interferon
patients.

Although sunitinib was well tolerated by most
patients, most general adverse events of all grades
occurred more frequently in the sunitinib group
than in the interferon group. Thirty-eight percent
of patients had a dose interruption because of
adverse events, and 32% had a dose reduction
in the sunitinib arm, compared with 32% and 21%,
respectively, for patients in the interferon arm.
Relatively few patients experienced grade 3 or 4
adverse events, but these were more commonly
observed in the sunitinib group than in the inter-
feron group (12% v. 7%). Grade 3 diarrhea (4%
v. 0%), vomiting (4% v. 1%), hypertension (8% v.
1%) and hand-foot syndrome (5% v. 0%) were
experienced more often in the sunitinib group than
in the interferon group. Typical effects of inter-
feron, such as pyrexia, chills, myalgia and flu-like
symptoms, were seen more often in patients receiv-
ing interferon than in those receiving sunitinib.
The incidence of a grade 3 decline in the left ven-
tricular ejection fraction was similar for both groups
(2% v. 1% in the sunitinib and interferon groups,
respectively). This decline was not associated with
clinical consequences and was reversible when
the treatment was discontinued or the dose was
modified. Bone-marrow suppression was observed
more often for patients receiving sunitinib than for
those receiving interferon. Grade 3 or 4 leucope-
nia (5% of patients), neutropenia (12% of patients)
and thrombocytopenia (8% of patients) were
observed in sunitinib-treated patients. Two patients
treated with sunitinib had an episode of febrile
neutropenia.

All events were assessed by blinded central
review of imaging studies. No complete respons-
es were observed for patients in either treatment
arm. Partial responses were observed for 31% of
patients treated with sunitinib and 6% of those
treated with interferon. Median PFS was 11 months
for patients in the sunitinib arm and 4 months for
those in the interferon arm (hazards ratio 0.42;
95% CI [confidence interval] 0.33–0.52). All dif-
ferences were highly statistically significant. At the
time of analysis, median survival was not reached
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in either arm, but a trend toward improved sur-
vival that did not meet the prespecified level of
significance for interim analysis was observed (haz-
ards ratio for death 0.64; 95% CI 0.45–0.94;
p = 0.02). Subgroup analyses suggested that
patients with various risk factors seemed to have
similar benefits with sunitinib. When divided into
good-, intermediate- or poor-risk categories accord-
ing to Motzer criteria,3 patients in all 3 categories
who received sunitinib fared better than those who
received interferon.10 Although few patients were
categorized in the poor-risk group (23 patients
in the sunitinib group and 25 in the interferon
group), the trend was toward improvement in
median PFS (4 mo v. 1 mo, respectively) (haz-
ards ratio 0.53; 95% CI 0.23–1.23). Health-relat-
ed quality of life measured in this study was bet-
ter in the sunitinib group than in the interferon
group (p < 0.001).

The results of this large phase 3 trial convinc-
ingly demonstrated that sunitinib is significantly
better than interferon for previously untreated
patients with advanced RCC and should be con-
sidered the new standard of care for first-line treat-
ment of this disease. Although no phase 3 study
has demonstrated similar findings for patients who
previously received cytokine therapy, extrapo-
lation of the first-line findings from this large trial,
along with the impressive response rates of over
40% observed in 2 phase 2 studies, suggests that
sunitinib would also be a reasonable choice for
patients refractory to or intolerant of cytokine
therapy.

These results do not justify the use of sunitinib
for patients at earlier stages of RCC, such as adju-
vantly in patients at high risk for recurrence after
nephrectomy. This particular patient population
is the subject of multiple ongoing or planned clin-
ical trials. Referral of patients to centres participat-
ing in such trials is strongly encouraged.

Sorafenib

Sorafenib is an oral multikinase inhibitor that was
originally identified as a Raf kinase inhibitor.12 It
inhibits other receptors, including VEGFR-1,
VEGFR-2 and VEGFR-3.12,13 A large phase 2 ran-
domized discontinuation trial14 reported that
patients with advanced RCC who had progressed
after previous systemic therapy had improved PFS,
compared with patients receiving placebo. This

finding sparked interest in further research for this
particular patient population.

No phase 3 studies of sorafenib for patients who
have received no prior systemic therapy, such as
cytokine therapy, have been published. A com-
pleted phase 2 study15 comparing sorafenib with
interferon in that patient population has present-
ed only toxicity data so far. Grade 3 or higher
hematological toxicities, such as lipase elevation,
increased partial thromboplastin time and
hypophosphatemia, as well as grade 3 or higher
nonhematological adverse events, such as hand-
foot skin reactions; rash and pain were observed
more frequently with sorafenib than with inter-
feron. Interferon was associated with more fatigue.
Patients randomized to interferon treatment were
permitted to cross over to sorafenib treatment when
their disease progressed. Although the primary end
point was overall survival, a predetermined stop-
ping rule was based on PFS. The criteria for stop-
ping this trial were met at a planned interim analy-
sis; the trial was unblinded and patients receiving
placebo were offered sorafenib. Progression-free
survival was the primary end point of the trial.
Overall survival, objective tumour-response rate,
quality of life and adverse effects were also
assessed. Until efficacy results are presented,
sorafenib cannot be considered a standard of care
for patients with previously untreated advanced
RCC. However, the consensus of most RCC experts
is that extrapolation from favourable results for
previously treated patients suggests that sorafenib
may be a suitable alternative to sunitinib for
patients with advanced RCC and a good or an
intermediate prognosis who are intolerant of or
thought to be at significant risk for moderate tox-
icity after treatment with sunitinib. Previously
untreated patients with a poor prognosis should
likely be offered temsirolimus (see below) or best
supportive care alone.

The Treatment Approaches in Renal Cancer
Global Evaluation Trial (TARGET)16 has also recent-
ly been published in the New England Journal of
Medicine. This international phase 3 study random-
ized 903 patients who were resistant to prior sys-
temic therapy to oral sorafenib at a continuous dose
of 400 mg twice daily or an identical-looking place-
bo. The primary end point of the study was over-
all survival and the main secondary end point was
PFS. Most patients had clear-cell histology, 51%
were in the low-risk prognostic group and 49%, in
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the intermediate-risk group. Ninety-three percent
of patients had had nephrectomy, and 82% cyto-
kine therapy as their prior systemic treatment. An
independent committee reviewed the data about
the safety and efficacy of sorafenib. An interim
analysis had been planned after about 270 patients
had died. In April 2005, on the basis of the first PFS
analysis by the committee, the patients were
unblinded and sorafenib offered to the patients
assigned to receive placebo. Because crossover
could compromise the end point of survival, the
trial was amended to allow a first analysis of over-
all survival at the start of treatment crossover in
May 2005, after 220 deaths had occurred.

The median duration of treatment was 23 weeks
in the sorafenib group and 12 weeks in the place-
bo group. Similar proportions of patients discon-
tinued treatment because of adverse events in each
group (10% in the sorafenib group and 8% in the
placebo group). Thirteen percent of patients receiv-
ing sorafenib required dose reductions and 21%
of patients required dose interruptions because
of adverse effects. The median duration of dose
interruption was 7 days; the interruptions were
mostly due to dermatological events, such as hand-
foot skin reactions or rash, and gastrointestinal
events, such as diarrhea. Other common adverse
events were fatigue, alopecia and nausea. Most
adverse events were grade 1 or 2 in intensity and
were self-limiting. Hypertension occurred more
frequently in the sorafenib group than in the place-
bo group, was usually observed in the first cycle
of treatment and led to permanent discontinuation
in less than 1% of patients. Cardiac ischemia or
infarction occurred in 12 (3%) of 451 patients in
the sorafenib group compared with 2 (less than
1%) patients treated with placebo (p = 0.01).

The first analysis of overall survival was done
immediately before the crossover was allowed,
when 220 deaths (41% of the protocol-defined
540 deaths) had occurred. With a median fol-
low-up of 6.6 months, the median actuarial over-
all survival was 14.7 months in the placebo group,
but had not been reached in the sorafenib arm
(hazard ratio 0.72; 95% CI 0.54–0.94; p = 0.02).
When survival was assessed 6 months later, 216
of 452 patients receiving placebo had switched to
sorafenib and 367 deaths had occurred. Median
overall survival was 19.3 months in the sorafenib
group and 15.9 months in the placebo group (haz-
ards ratio 0.77; 95% CI 0.63–0.95). For both analy-

ses, the p value was 0.02, which was less than the
prespecified O’Brien-Fleming values for statistical
significance for preliminary analyses.

Results of the first analysis of PFS indicated a
median PFS of 5.5 months in the sorafenib arm,
compared with 2.8 months in the placebo arm
(hazards ratio 0.44; 95% CI 0.35–0.55; p < 0.001).
Independent reviewers assessed the best radiolog-
ical response. Among the 451 patients in the
sorafenib group, 1 (less than 1%) patient had a
complete response, 43 (10%) patients had a par-
tial response, and 333 (74%) had stable disease.
In the placebo group of 452 patients, no patients
had a complete response, 8 (2%) patients had a
partial response and 239 (53%) patients had sta-
ble disease. Among the 44 patients with a com-
plete or partial response on sorafenib, the median
time to response was 80 days (range 35–275 d)
and the median duration of response was 182 days
(range 36–378 d). To grade the response, response-
evaluation criteria in solid tumours (RECIST) were
used. However, most patients on the sorafenib arm
with stable disease still had regression of tumours
that did not meet RECIST end points for response.
The utility of the criteria developed for RECIST for
the evaluation of inhibitors of angiogenesis and
for other more cytostatic agents that lead to pro-
longed stable disease and moderate tumour shrink-
age have recently been challenged.17

The results of this large phase 3 trial16 have con-
vincingly demonstrated that sorafenib is signifi-
cantly better than placebo for the treatment of
patients with advanced RCC who have received
prior systemic therapy and should be considered
the new standard of care for this patient popula-
tion. Although no phase 3 study has demonstrat-
ed similar findings for this first-line treatment,
extrapolation from the TARGET trial,16 along with
what many experts consider sorafenib’s more
favourable toxicity profile, suggest that sorafenib
could also be a reasonable choice for previously
untreated patients. The final results of the random-
ized phase 2 study will help determine the specif-
ic role of sorafenib for this patient population.

Similar to the results for sunitinib, these results
do not justify the use of sorafenib for treatment
of patients at an earlier stage of RCC, such as adju-
vantly in patients at high risk for recurrence of the
disease after nephrectomy. Referral of potential
patients to centres participating in such trials
should be considered.

Systemic therapy for unresectable or metastatic RCC



Bevacizumab

Although the end result remains inhibition of angio-
genesis through VEGF inhibition, bevacizumab dif-
fers from agents such as sorafenib and sunitinib by
its mechanism of action. Bevacizumab is a recom-
binant human monoclonal antibody against VEGF
that binds and neutralizes all biologically active
isoforms of VEGF.18 A published phase 2 trial19 ran-
domized previously treated patients with meta-
static RCC to placebo, low-dose (3 mg/kg) beva-
cizumab or high-dose bevacizumab (10 mg/kg)
intravenously every 2 weeks. Four partial respons-
es were observed, all in the high-dose arm. The
time to progression in the high-dose arm was 4.8
months, compared with 2.5 months in the place-
bo arm (p < 0.001). Treatment was well tolerat-
ed and hypertension was one of the more frequent-
ly encountered adverse events. In the high-dose
arm, hypertension of any grade occurred in 36%
of patients and grade 3 hypertension, in 21% of
patients. Asymptomatic proteinuria without renal
dysfunction was observed in 64% of patients in
the high-dose arm. All toxicities were reversible.

Given the promising data from that trial, a large
intergroup phase 3 trial20 randomizing patients
to either interferon alone or interferon and high-
dose bevacizumab was undertaken. The study has
completed accrual and results are eagerly antici-
pated. Until these results are released, bevacizum-
ab cannot be recommended as a treatment option
for patients with advanced RCC.

The mTOR inhibitor temsirolimus

The mTOR pathway has become a central target
for cancer therapy. The mTOR protein kinase is
a 289-kDa serine/threonine-specific kinase, of
which the carboxyl group of the target of
rapamycin (TOR) is similar to the catalytic domain
of PI3-kinase (PI3K).21 mTOR primarily functions
as a key controller of cell proliferation, growth and
survival. TOR centrally regulates cell growth and
proliferation by regulating the initiation of trans-
lation. TOR regulates the translation of ribosomal
proteins, and 2 proteins in particular: p70S6K1 and
4E-BP1. Thus, the TOR pathway controls the trans-
lation of mRNA that encodes proteins that are
required for G1 cell-cycle progression and S-phase
initiation. TOR acts as a gatekeeper for cell-cycle
progression, and TOR inhibition results in a pro-

longed G1 phase or G1 arrest. Substantial preclin-
ical data have established the pTEN-PI3K-Akt-mTOR
pathway as a major oncogenic pathway linked
to the development of some of the most common
human cancers.

Temsirolimus, or CCI-779, a soluble ester ana-
log of rapamycin, was selected for development
as an anticancer agent, based on its prominent
antitumour profile and favourable pharmaceutical
and toxicological characteristics in preclinical stud-
ies.22 Temsirolimus was found to have improved
aqueous solubility and stability over rapamycin as
an anticancer agent. Temsirolimus is a specific
inhibitor of mTOR kinase, a signaling protein
that regulates cell growth and angiogenesis.23

Temsirolimus binds to FKBP-12, which in turn
forms a complex that inhibits the mTOR pathway.24

By inhibiting mTOR signaling, temsirolimus
inhibits the translation of several key proteins that
regulate the cell cycle and angiogenesis.25

A phase 2, single-agent study26 was designed to
evaluate the efficacy, safety and pharmacokinet-
ics of temsirolimus for patients with advanced
refractory RCC. This study was a randomized, dou-
ble-blinded, multicentre trial (111 centres) of
patients with cytokine-refractory metastatic RCC,
including patients with poor-risk features. Patients
were randomly assigned to receive 25 mg, 75 mg
or 250 mg of temsirolimus weekly as a 30-minute
intravenous infusion. Patients were evaluated for
tumour response, time to tumour progression, sur-
vival, and adverse events. Temsirolimus produced
an objective response of 7% (1 complete and 7
partial responses) and minor responses in 26%
of patients. Median time to progression was 5.8
months and median survival time was 15.0
months. Within each risk group, the median sur-
vival of patients at each dose level was similar.
The most frequently occurring temsirolimus-relat-
ed adverse events of all grades were maculopapu-
lar rash (76%), mucositis (70%), asthenia (50%)
and nausea (43%). Maculopapular rash (seen in 5
patients) was the most frequent reason for treat-
ment discontinuation. Pneumonitis was seen in
6 patients, of whom 2 were withdrawn from the
study, 2 became worse after restarting the drug
and 2 had no recurrence of pneumonitis after
restarting drug. The notable activity in patients with
poor-prognosis features prompted a phase 3 trial27

for patients with poor prognostic features.
This phase 3 study for first-line treatment of
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poor-risk patients with RCC was initiated in July
2003. Patients with advanced RRC and no prior
systemic therapy were enrolled if they had 3 of
6 risk factors (the 5 Motzer criteria and more than
1 metastatic disease site). Of the 626 patients with
advanced RCC and poor-risk features enrolled,
67% had prior nephrectomy. Patients were ran-
domized (1:1:1) to up to 18 million units inter-
feron subcutaneously 3 times weekly (arm 1);
25 mg temsirolimus intravenously once weekly
(arm 2); or 15 mg temsirolimus intravenously week-
ly, plus 6 million units interferon subcutaneously
3 times weekly (arm 3). The primary study end
point was overall survival, and the study was pow-
ered to compare the temsirolimus arms with the
interferon-alone arm. Poor-risk features for eligi-
bility included a minimum of 3 of the following
features:
• lactate dehydrogenase greater than 1.5 times

the upper limit of normal
• hemoglobin below the lower limit of normal
• corrected calcium greater than 10 mg/dL
• time from diagnosis to first treatment less than

1 year
• Karnofsky performance status of 60–70
• multiple-organ sites of metastasis

The 3 most frequently occurring adverse events
were asthenia (arm 1:arm 2:arm 3, 27%:12%:30%
of patients), anemia (24%:21%:39% of patients)
and dyspnea (8%:9%:11% of patients). Less com-
mon adverse events included nausea (5%:4%:2%
of patients), vomiting (0%:1%:5% of patients),
hyperlipidemia (1%:7%:2% of patients), hyper-
glycemia (1%:10%:4% of patients) and neutrope-
nia (8%:3%:14% patients). More patients in the
interferon groups discontinued treatment because
of adverse events (14:7:22 patients). Single-agent
temsirolimus (n = 209), compared with interfer-
on (n = 207), significantly increased the overall
survival (10.9 mo v. 7.3 mo; p = 0.0069) of patients
with metastatic RCC and poor-risk factors. Median
overall survival by treatment arm was 7.3 months
(interferon), 10.9 months (temsirolimus) and 8.4
months (combination). Median PFS was 1.9
months (interferon), 3.7 months (temsirolimus) and
3.7 months (combination). Objective responses
were observed in 7%, 9% and 11% of patients,
respectively.

Single-agent temsirolimus (25 mg given intra-
venously weekly) significantly increased the over-
all survival of previously untreated patients with

advanced RCC and poor-risk features, when com-
pared with interferon, which had an acceptable
safety profile. Single-agent temsirolimus can there-
fore be considered an acceptable standard of care
for this specific population. Similar to the other
agents discussed in this review, further research is
necessary to expand the role of temsirolimus in
early disease states and for patients with a good
or an intermediate prognosis for their disease.

Summary and conclusions

The systemic therapeutic landscape for patients
with advanced RCC has changed dramatically in
recent years. Healthcare professionals who treat
these patients have met these new challenges with
great enthusiasm. Sorafenib, sunitinib and tem-
sirolimus have all been shown to significantly alter
the natural history of advanced RCC, and many
more agents are currently being evaluated.28 Trials
evaluating combinations of these agents are cur-
rently underway or planned, and the optimal
sequence of use of these agents is also being
evaluated. However, patients, clinicians and
researchers alike are all keenly aware that much
more study is necessary before they will know
whether these novel inhibitors of angiogenesis can
provide the ultimate clinical benefit to patients
diagnosed with RCC — a cure for their disease.
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