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Metastatic clear cell renal cell cancer has traditionally been 
treated with cytokines (interferon or interleukin-2). Improved 
understanding of biology has engendered novel targeted 
therapeutic agents that have altered the natural history of 
this disease. The vascular endothelial growth factor and its 
related receptor and the mTOR signal transduction pathway 
have particularly been exploited. Sunitinib malate, sorafenib 
tosylate, temsirolimus, and bevacizumab have improved clinical 
outcomes in randomized trials. Other multitargeted tyrosine 
kinase inhibitors (lapatinib, axitinib, pazopanib) and antiangio-
genic agents (VEGF Trap, lenalidomide) have also demonstrated 
activity in early studies. Combinations of these agents are being 
evaluated. The future of the therapy of renal cancer appears 
promising owing to the efficacy of these novel agents.

I
n the USA, 38,890 new cases and 12,840 deaths 
were predicted to occur from renal cell cancer 
(RCC) in 2006 (1). Although surgery is a potential 
cure for patients with early stage disease, many patients expe-

rience recurrence after surgery or have metastatic disease at the 
time of diagnosis. Few treatment options have been available for 
these patients. RCC, a highly vascular disease, is resistant to che-
motherapy, with no single agent showing significant antitumor 
activity (2, 3). Observations of late relapses after nephrectomy, 
prolonged stabilization of disease in the absence of therapy, and 
a small number of spontaneous remissions led to trials exploring 
immunotherapy. Interferon alfa (IFN α) and interleukin-2 (IL-
2) have been widely utilized as treatment for metastatic RCC. 
However, the majority of patients do not benefit from IFN α or 
IL-2, and the few responses seen are not durable, with only about 
10% of patients remaining progression free at 3 years (4, 5). 

Angiogenesis, the process of new blood vessel formation, 
is known to play a critical role in the growth of tumors and 
is believed to be an important target for the development of 
novel anticancer therapies (6). Recent work in understanding 
the von Hippel-Lindau (VHL) gene has demonstrated a role for 
angiogenesis in the pathophysiology of RCC. Clear cell RCC is 
characterized by its frequent loss of the VHL tumor suppressor 
gene. VHL normally encodes a protein (p-VHL) that targets 
hypoxia-inducible factor (HIF) for proteolysis (Figure) (7–12). 

As a result of VHL inactivation, a defective p-VHL is produced, 
and HIF is up-regulated (13). Activated HIF then translocates 
into the nucleus and leads to the transcription of several genes 
that play a central role in tumorigenesis. These genes include 
vascular endothelial growth factor (VEGF), platelet-derived 
growth factor (PDGF), epidermal growth factor (EGF), trans-
forming growth factor-α, and basic fibroblast growth factor 
(14–20). Angiogenesis is stimulated, in part, by VEGF binding 
its receptor (VEGFR), and this pathway has been heavily ex-
ploited for the therapy of RCC (21). Tumor angiogenesis is also 
stimulated by growth factors through the phosphatidylinositol-3 
kinase PI3K-AKT-mTOR signal transduction pathway (22, 
23). Agents targeting this pathway can also be expected to have 
antitumor activity. 

Based upon an improved understanding of the molecular 
biology of clear cell RCC, progress has been made in the devel-
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Figure. Consequences of mutation or inactivation of the von Hippel Lindau (VHL) gene. VHL 
normally encodes a protein (p-VHL) that targets hypoxia-inducible factor (HIF) for proteolysis. As 
a result of VHL inactivation, a defective p-VHL is produced and HIF is up-regulated, translocates 
to the nucleus, and results in the transcription of several genes involved in angiogenesis and 
tumor growth. These genes include vascular endothelial growth factor (VEGF), platelet-derived 
growth factor (PDGF), epidermal growth factor (EGF), transforming growth factor (TGF)-α, basic 
fibroblast growth factor (bFGF), carbonic anhydrase IX (CA IX) or G250, erythropoietin (EPO), 
and others. OH indicates hydroxyl group; Ub, ubiquitin; Glut-1, glucose transporter 1; PAI-1, 
plasminogen activator inhibitor 1. Adapted from Kim WY. J Clin Oncol 2004;22:4991–5004. 



July 2007 245

opment and use of targeted agents in patients with metastatic 
disease (Table 1). VEGF, its related receptor VEGFR, and the 
mTOR signal transduction pathway have particularly been ex-
ploited. Sunitinib malate (24, 30, 31), sorafenib tosylate (25, 
26), and temsirolimus (29) have improved clinical outcomes 
in randomized trials, resulting in the first new drug approvals 
for treatment of advanced RCC in almost 2 decades. Large 
multi-institutional trials evaluating the use of these agents as 
adjuncts to surgery in patients with locally advanced RCC are 
ongoing. This review provides an update on these novel agents 
as therapy for metastatic clear cell RCC.

Sunitinib
Sunitinib malate (Sutent; Pfizer Inc., New York, NY) is a 

highly potent, selective inhibitor of multiple receptor tyrosine ki-
nases, including VEGFR-1, VEGFR-2, VEGFR-3, PDGFR‑α, 
PDGFR-β, c-kit, and Flt-3. Preclinical data suggest that suni-
tinib has antitumor activity that may result from both inhibition 
of angiogenesis and direct antiproliferative effects (32, 33). The 
recommended dose was defined in phase I trials as 50 mg orally 
once daily for 4 weeks, followed by 2 weeks off, in repeated 6-
week cycles (34, 35). Dose-limiting toxicities included fatigue, 
gastrointestinal toxicity, cytopenias, and skin toxicity, which 
were reversible upon discontinuation of treatment.

Two phase II trials have been reported in patients with meta-
static RCC progressing after prior therapy with IFN α or IL-2 
(30, 31). A pooled analysis of prognostic features for response 
and progression-free survival (PFS) based on investigator as-
sessment was performed on 168 evaluable patients. Patients’ 
median age was 57 years, they had an Eastern Cooperative 
Oncology Group (ECOG) performance status of 0 to 1, and 
nearly all had undergone nephrectomy. Overall, 71 patients 
(42%) responded; 40 (24%) had stable disease of 3 or more 

months’ duration; and 57 (34%) had 
stable disease for <3 months, had pro-
gressive disease, or were not evaluable. 
The median PFS for all 168 patients 
was 8.2 months and for responding 
patients, 14.8 months. A longer PFS 
was observed in patients with favorable 
ECOG performance status and normal 
serum hemoglobin levels; the multivar-
iate analysis demonstrated low hemo-
globin to be an independent predictor 
of a shorter PFS. Sunitinib was toler-
able, and severe toxicities (grade 3–4) 
seldom occurred. Fatigue was a com-
mon treatment-related adverse event 
(approximately 10% reported grade 3 
fatigue), and hypothyroidism has been 
recently recognized as a probable cause 
of fatigue in some patients. Approxi-
mately 5% of patients experienced a 
reversible decline in left ventricular 
ejection fraction without development 
of clinical congestive heart failure.

To further evaluate the efficacy of sunitinib in previously 
untreated patients with metastatic RCC, a large multinational 
phase III trial was conducted (24). A total of 750 patients with 
good- and intermediate-risk clear cell RCC were randomized 
to receive either sunitinib or IFN α. To qualify for the study, 
patients were required to have good performance status and 
measurable disease. The primary endpoint was PFS, with 
secondary endpoints of patient-related outcomes, overall survival, 
response rate, and safety. Stratification factors were lactate 
dehydrogenase levels, performance status, and nephrectomy 
status. Patients were randomized 1:1 to receive oral sunitinib 
50 mg/day for 4 weeks followed by a 2-week off period (6-week 
cycles) or IFN α 9 MU (million units) subcutaneously 3 times 
weekly (3 MU per dose the first week and 6 MU per dose the 
second week). The treatment arms were well balanced; patients 
had a median age of 60 years, and 90% had undergone prior 
nephrectomy. Approximately 35% had good-risk disease, 58% 
had intermediate-risk disease, and 7% had poor-risk disease. 

The median PFS was 11 months for the sunitinib arm and 
5 months for the IFN α arm (hazard ratio [HR] = 0.415, P < 
0.000001) (Table 1). The objective response rate assessed by 
independent review was 31% vs 6% (P < 0.000001). There 
was only one complete response, and this occurred in the suni-
tinib arm. Severe adverse events (grade 3–4 toxicities) were ac-
ceptable, with neutropenia (12%), thrombocytopenia (8%), 
hyperamylasemia (5%), diarrhea (5%), hand-foot syndrome 
(5%), and hypertension (8%) being noteworthy in the suni-
tinib arm and fatigue more common with IFN α (12% vs 7%). 
Adverse events leading to withdrawal from the study occurred 
in 8% of patients on sunitinib and 13% on IFN α. Although 
survival endpoints are still premature, the HR was 0.65 (P < 
0.02) in favor of sunitinib. Based upon the highly statistically 
significant improvement in PFS and its tolerability, sunitinib 

Table 1. Reported randomized trials of targeted agents in renal cell cancer

Trial (ref) Eligibility N
Experimental 
arm Control arm

Median 
PFS

Median 
OS

Motzer et al 
(24)

First-line, good and 
intermediate risk

750 Sunitinib IFN α 11 vs 
5 mo*

NA

Escudier et al 
(25)

Second-line, good 
and intermediate risk

905 Sorafenib Placebo
24 vs 
12 wks*

19.3 vs 
15.9 mo*

Escudier et al 
(26)

First-line, good risk 189 (II) Sorafenib IFN α NA NA

Yang et al 
(27)

Second-line, IL-2 
refractory

116 (II)
Bevacizumab 
(high-dose)†

Placebo
4.8 vs 
2.5 mo*

NA

Bukowski et al 
(28)

First-line 104 (II)
Bevacizumab 
+ erlotinib

Bevacizumab
9.9 vs 
8.5 mo

NA

Hudes et al 
(29)

First-line, poor risk 626 Temsirolimus‡ IFN α 3.7 vs 
1.9 mo*

10.9 vs 
7.3 mo*

*Statistically significant.
†Study contained a low-dose bevacizumab arm that did not extend PFS.
‡Study contained another arm of temsirolimus + IFN that did not extend survival.
Ref indicates reference; N, number of patients; PFS, progression-free survival; OS, overall survival; IFN, interferon; mo, 
months; NA, not available; II, randomized phase II trial; EGFR, epidermal growth factor receptor.
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should be considered the new standard of care for the first-line 
treatment of good- and intermediate-risk metastatic clear cell 
RCC. Studies combining sunitinib with IFN α, bevacizumab, 
and temsirolimus are ongoing. 

Sorafenib
Sorafenib tosylate (Nexavar; Bayer Pharmaceuticals, West 

Haven, CT, and Onyx Pharmaceuticals, Richmond, CA) is an 
oral, bi-aryl urea molecule that was designed as a c-Raf and b-Raf 
kinase inhibitor but was also found to inhibit several receptor 
tyrosine kinases, including VEGFR-1, VEGFR-2, VEGFR-3, 
PDGFR-β, Flt3, and c-kit (36–40). A phase II randomized 
discontinuation trial evaluated the effects of sorafenib in pa-
tients with a variety of cancers, including 202 patients with 
RCC (41). Patients received oral sorafenib 400 mg twice daily 

during the initial run-in period. After 12 weeks, patients with 

changes in bidimensional tumor measurements that were <25% 
were randomized to sorafenib or placebo for an additional 12 
weeks; patients with 25% tumor shrinkage continued open-
label sorafenib; patients with 25% tumor growth discontinued 
treatment. The primary endpoint was PFS at 24 weeks after 
the initiation of sorafenib. Seventy-three patients had tumor 
shrinkage of 25%. Sixty-five patients with stable disease at 12 
weeks were randomly assigned to sorafenib or placebo. At 24 
weeks, 50% of the sorafenib-treated patients were progression 
free vs 18% of the placebo-treated patients (P = 0.0077). Median 
PFS from randomization was significantly longer with sorafenib 
than placebo (24 vs 6 weeks; P = 0.0087). Median overall PFS 

was 29 weeks for the entire study population.
These encouraging results led to a phase III placebo- 

controlled randomized trial, known as TARGET (Treatment 
Approaches in RCC Global Evaluation Trial) (25). Nine hun-
dred and five patients who had failed one prior systemic therapy 
in the last 8 months and had measurable disease, clear cell histol-
ogy, a good or intermediate prognosis, and an ECOG perfor-
mance status of 0 to 1 were entered in this largest randomized 
trial of advanced RCC conducted to date (Table 1). Almost all 
patients had undergone nephrectomy. The primary aim of the 
trial was to assess overall survival, and the secondary endpoint 
was PFS. In a preliminary report, tumor control (stable disease 
or partial response) with sorafenib was achieved in 80% of pa-
tients, although only 2% attained a partial response. Sorafenib 
significantly prolonged median PFS compared with placebo (24 
vs 12 weeks, P < 0.000001), and median survival improvement 
was preliminarily reported (19.3 vs 15.9 months, HR = 0.77, P 
= 0.015). Benefit was evident across all subsets evaluated. 

Crossover from the placebo to the sorafenib arm has been 
allowed owing to the magnitude of effect on PFS. The patients 
who crossed over to sorafenib also demonstrated a 30% im-
provement in survival (42). With the placebo arm censored 
at the time of crossover, median survival was 19.3 months for 
sorafenib vs 14.3 months for placebo (HR = 0.74, P = 0.01). 
Adverse effects were manageable with grade 3 to 4 hand-foot 
syndrome, fatigue, and hypertension observed in 5%, 2%, and 
1% of patients, respectively. A randomized phase II trial of 
sorafenib vs IFN α in previously untreated patients has been 

conducted, and results are awaited (26). Further investigation 
of sorafenib combined with a variety of other agents is being 
pursued.

Temsirolimus
Temsirolimus (Torisel; Wyeth Pharmaceuticals, Philadel-

phia, PA), an intravenously administered mTOR inhibitor, 
regulates nutritional needs, cell growth, and angiogenesis by 
down-regulating or up-regulating a variety of proteins, includ-
ing HIF-1 (43). A randomized trial was designed for the first-
line therapy of RCC patients with ≥3 of 6 poor-risk features 
(4 from the Memorial Sloan-Kettering Cancer Center criteria 
excluding nephrectomy and including >1 metastatic site and 
time from diagnosis to therapy <1 year). The primary endpoint 
was survival (29). Other notable eligibility criteria were Karnof-
sky Performance Status ≥60, measurable disease, and acceptable 
lipid levels (fasting cholesterol ≤350 mg/dL, triglycerides ≤400 
mg/dL). The trial randomized 626 patients in a 1:1:1 ratio to 
three arms: IFN α up to 18 MU subcutaneously 3 times weekly, 
temsirolimus 25 mg/week intravenously, or a combination of 
temsirolimus 15 mg/week plus IFN α 6 MU 3 times weekly. 
The arms were well balanced, and approximately 70% were 
poor risk, 80% had predominantly clear cell histology, and 
nephrectomy had been performed in 67% of patients. 

The median survival of patients was superior in the 
temsirolimus-alone arm compared with IFN α (10.9 vs 7.3 
months, HR = 0.73, P < 0.007), while the combination arm was 
not superior to IFN α (8.4 months, HR = 0.95, P = 0.69). The 
median PFS was statistically superior for both temsirolimus arms 
(3.7 months) compared with IFN α (1.9 months) (Table 1). 
Objective responses occurred in 7%, 9%, and 11% of patients in 
the IFN α, temsirolimus, and combination arms, respectively. 

Any toxicity of grade 3 or higher was seen in 69% of pa-
tients on temsirolimus vs 85% to 87% of patients on the IFN- 
containing arms (P < 0.001). Grade 3 toxicity was primarily 
asthenia, which occurred less frequently in the temsirolimus arm 
(12%) than in the IFN α arms (approximately 30%). Rash was 
more common in the temsirolimus arm (37% vs 5% on IFN 
α and 16% on the combination). Adverse events leading to 
withdrawal from the study occurred in 7%, 14%, and 22% of 
patients on temsirolimus, IFN α, and the combination arms, re-
spectively. The investigators concluded that temsirolimus should 
be considered a standard in poor-risk clear cell RCC, and a po-
tential benefit in a broader population may exist. Combination 
with VEGF targeted therapy is being evaluated. 

Bevacizumab
Bevacizumab (Avastin; Genentech, San Francisco, CA) is 

a recombinant monoclonal antibody that binds and neutral-
izes circulating VEGF-A and has demonstrated activity against 
metastatic RCC in several clinical trials. In a phase II random-
ized trial, 116 patients with metastatic RCC refractory to IL-2 
were randomized to receive either bevacizumab at two different 
dose levels (10 mg/kg or 3 mg/kg every 2 weeks) or placebo 
(27). Bevacizumab 10 mg/kg yielded a 10% response rate (with 
several patients having prolonged periods of stability or minor 
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responses) and led to a PFS of 4.8 months vs 2.5 months with 
placebo (Table 1). No difference in PFS was seen with low-dose 
bevacizumab. Hypertension was observed in 36% of patients in 
the high-dose bevacizumab arm, 3% in the lower-dose arm, and 
5% in the placebo arm. Proteinuria (without renal dysfunction) 
and epistaxis were also significantly higher in the high-dose 
bevacizumab group. 

Subsequently, a multicenter 63-patient phase II study com-
bined bevacizumab 10 mg/kg intravenously every 2 weeks with 
an oral EGF receptor tyrosine kinase inhibitor, erlotinib 150 
mg orally daily (44). Eligibility criteria for this study included 
metastatic RCC (at least 75% clear cell component) and no 
more than one prior treatment regimen. Twenty-five percent 
of 59 assessable patients had objective responses (one com-
plete response, 14 partial responses). The median PFS was 11 
months, and the median survival was >20 months. Despite 
these encouraging results, a recently reported randomized phase 
II 104-patient study suggests that the addition of erlotinib to 
bevacizumab does not improve outcomes (PFS approximately 
9 months, response rate approximately 14%) compared with 
bevacizumab alone (28). 

Two randomized phase III trials (CALGB-90206 and Roche 
B017705) of bevacizumab with or without IFN α in previ-
ously untreated patients with metastatic RCC have completed 
accrual, and the results are anxiously awaited. Combination 
studies of bevacizumab with sunitinib, sorafenib, mTOR in-
hibitors (temsirolimus and everolimus), and IL-2 (high or low 
dose) are in progress. 

Conclusion
The availability of rationally designed, targeted therapy for 

metastatic RCC has significantly impacted the natural history 
of this disease. Sunitinib, sorafenib, temsirolimus, and bevaci-
zumab have demonstrated significant improvements in response 
rates, PFS, and overall survival (temsirolimus) with manageable 
side effects. A variety of other novel targeted agents are cur-

rently under development for the treatment of metastatic RCC, 
including mTOR inhibitors (everolimus [RAD001]), VEGF 
ligand inhibitors (VEGF Trap), and tyrosine kinase inhibitors 
(axitinib and pazopanib) (Table 2). 

Given the availability of multiple treatment options, several 
questions emerge as to how to integrate these new therapies 
into the management of metastatic RCC: Is there an optimal 
sequence or combination of therapies? Is there a current role 
for cytokine therapy in RCC? What is the level of activity of 
these agents in non–clear cell RCC? What is the future role of 
cytoreductive nephrectomy? Most importantly, can cure rates 
be improved with use of these agents earlier in the disease (neo
adjuvant or adjuvant therapy)? Ongoing and planned clinical 
trials hope to provide insight into many of these questions.
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