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ABSTRACT

Although systemic therapy for patients with metastatic
renal cell carcinoma (mRCC) was once limited to the cy-
tokines interleukin-2 and interferon (IFN)-�, in recent
years several targeted therapies have become available
for first- and second-line use. These include sorafenib,
sunitinib, bevacizumab (plus IFN-�), temsirolimus,
everolimus, and, most recently, pazopanib. This ex-
panded list of treatment options arose from molecular
biological research that revealed aberrant signal trans-
duction activities in RCC, enabling the identification of
specific molecular targets for therapy. Molecular-tar-
geted therapies have better efficacy and tolerability
than cytokine therapy, and many are administered
orally. The superior outcomes achieved with molecu-
lar-targeted agents are prompting investigators to re-
consider overall survival as a primary endpoint in
clinical trials, given the inherent complications of a
required long duration of follow-up, a required large

population, and confounding caused by crossover
trial designs or effects of subsequent therapy after
progression on the agent of interest. In mRCC trials,
progression-free survival has become a popular pri-
mary endpoint and has served as the basis of approval
for several targeted therapies. In addition to the iden-
tification of new agents, current research is focused
on the evaluation of combination therapy with tar-
geted agents. As more information regarding mecha-
nisms of disease and drug resistance becomes
available, new targets, new targeted agents, and new
combinations will be studied with the goal of provid-
ing maximal efficacy with minimal toxicity. This ar-
ticle reviews the clinical evidence supporting the
benefits of targeted agents in mRCC treatment, dis-
cusses survival endpoints used in their pivotal clinical
trials, and outlines future research directions. The On-
cologist 2011;16(suppl 2):14–22

INTRODUCTION

In the past 5 years, treatment options have expanded con-
siderably for patients with metastatic renal cell carcinoma

(mRCC) [1]. Previously, systemic treatment was limited to
cytokine therapy with interleukin (IL)-2 or interferon
(IFN)-�, because mRCC is largely resistant to chemother-
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apy [2]. Cytokine use is based on the rationale that immune
system stimulation kills cancer cells. However, in patients
with mRCC, cytokine therapy is associated with low rates
of response and high rates of toxicity in the first-line setting
[2]. In the second-line setting (in patients who have pro-
gressed on one cytokine), even fewer responses are ob-
served while toxicity remains similar to that of first-line use
[3]. Consequently, new therapies were needed to improve
outcomes in patients with mRCC.

As information regarding aberrant activities of signal
transduction pathways in RCC became available, specific
molecular targets for potential therapies were identified and
analyzed pharmacologically in a variety of in vitro and pre-
clinical studies. As detailed in this supplement by Finley et
al. [4], molecular-targeted therapies directed at the vascular
endothelial growth factor (VEGF) and the mammalian tar-
get of rapamycin (mTOR) signaling pathways evolved
from such research, because both VEGF and mTOR activ-
ities were shown to be involved in the pathogenesis of
mRCC [5].

Today, six targeted therapies have been evaluated in
randomized, controlled phase III clinical trials of patients
with mRCC and approved by regulatory authorities. The
objectives of this article are to review the clinical evidence
supporting the benefits of these agents, discuss the survival
endpoints used in their pivotal clinical trials, and identify
future research directions with these targeted therapies.

EFFICACY OF CURRENTLY APPROVED

MOLECULAR-TARGETED AGENTS FOR MRCC
The six molecular-targeted agents approved in the U.S. for
the treatment of mRCC are sorafenib, sunitinib, bevaci-
zumab (in combination with IFN-�), temsirolimus, everoli-
mus, and pazopanib. With the exception of pazopanib,
which is currently under regulatory agency review in Eu-
rope with conditional approval pending mature data, all
these agents are approved in Europe as well. Figure 1 sum-
marizes their chronology and use in the U.S. and Europe,
and Table 1 summarizes key efficacy data from their pivotal
trials, which are reviewed in detail below [6–16].

Stage migration did not significantly affect enrollment
in the pivotal clinical trials that included patients with
mRCC. A phenomenon of survival migration (patients liv-
ing longer as a result of more effective front-line therapy)
was observed and may influence outcomes in second-line
treatment and beyond (i.e., one sequence of agents may be
superior to another sequence with regard to progression-
free survival [PFS] and overall survival [OS]). Ongoing
clinical trials in the refractory setting may shed more light
on whether this ultimately will affect patient management
or the ability to interpret ongoing and recently completed

phase III trials; however, it may not, because randomization
may negate this effect.

Sorafenib
Sorafenib is an oral multikinase inhibitor that inhibits sig-
naling by Ras, VEGF receptors (VEGFRs), and platelet-
derived growth factor receptors (PDGFRs). It was
approved by the U.S. Food and Drug Administration (FDA)
in December 2005 and by the European Medicines Agency
(EMA) in July 2006 for the treatment of patients with cyto-
kine-refractory, advanced RCC or mRCC.

The pivotal trial that led to the approval of sorafenib, the
Treatment Approaches in Renal Cancer Global Evaluation
Trial (TARGET), was a randomized, double-blind, place-
bo-controlled, international phase III study of single-agent
sorafenib in 903 cytokine-refractory patients [6]. Patients
enrolled in TARGET were of favorable or intermediate risk
for survival as determined by the Memorial Sloan-Ketter-
ing Cancer Center (MSKCC) risk score [6, 17]. They re-
ceived continuous oral sorafenib, 400 mg twice daily (n �
451), or placebo (n � 452) in 6-week cycles for the first 24
weeks and in 8-week cycles thereafter; treatment was con-
tinued until disease progression or patient withdrawal from
the study. The primary endpoint was OS, and the secondary
endpoint was PFS [6]. The study design included assess-
ments of OS at two planned interim analyses and one final
analysis and an assessment of PFS at a planned interim
analysis [7].

The interim analysis of PFS, carried out in January
2005, demonstrated a significantly longer median PFS in-
terval with sorafenib than with placebo, 5.5 months versus
2.8 months, respectively (p � .001) [6]. The PFS time was
longer with sorafenib regardless of age, MSKCC risk score,
prior cytokine therapy, the presence of lung or liver metas-
tases at baseline, and time since diagnosis [6]. Based on
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Figure 1. Chronology and uses of available molecular-tar-
geted agents in metastatic renal cell carcinoma in the U.S. and
Europe.

Abbreviations: BEV, bevacizumab; IFN, interferon-�.
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these promising results, patients assigned to receive pla-
cebo were allowed to cross over to the other study arm to
receive sorafenib in May 2005. In the first interim analysis
of OS, carried out just before crossover, the median OS time
had not been reached in the sorafenib group and was 14.7
months in the placebo group. Also at that time, assessment
of the objective response rate (ORR) found rates of 10%
with sorafenib and 2% with placebo [6]. The second interim
analysis of OS was carried out in November 2005. Al-
though the median OS times were 19.3 months with sor-
afenib and 15.9 months with placebo, the difference did not
achieve statistical significance [6]. The final analysis of OS
was carried out in September 2006; the median OS times
were 17.8 months with sorafenib and 15.2 months with pla-
cebo, but the difference was not statistically significant [7].
However, a preplanned secondary analysis that accounted
for the confounding effects of crossover showed that the OS
time was significantly longer with sorafenib than with pla-
cebo (17.8 months versus 14.3 months, respectively; p �
.0287) [7].

Sunitinib
Sunitinib is an oral multitargeted receptor tyrosine kinase
inhibitor (RTKI) that inhibits signaling by VEGFRs,
PDGFRs, and c-Kit. The FDA granted sunitinib accelerated
approval in January 2006 based on responses in patients
with mRCC who had failed cytokine therapy and regular
approval in February 2007 based on results obtained in the
first-line treatment of patients with advanced RCC or

mRCC. Sunitinib received conditional approval in July
2006 and full approval in January 2007 from the EMA.

The trial that led to the full approval of sunitinib was a
randomized phase III study that compared single-agent
sunitinib with IFN-� in 750 previously untreated patients
with mRCC [9]. Patients received oral sunitinib, 50 mg,
once daily in 6-week cycles (4 weeks of treatment and 2
weeks of no treatment; n � 350) or s.c. IFN-� three times
weekly, escalated in weekly increments from 3 MU to 6
MU to 9 MU per dose (n � 350). Treatment was continued
until disease progression, unacceptable toxicity, or consent
withdrawal. PFS was the primary endpoint. OS was a sec-
ondary endpoint, along with the ORR and health-related
quality of life (QOL), which was assessed with the Func-
tional Assessment of Cancer Therapy–General (FACT-G)
and the FACT–Kidney Symptom Index (FKSI) [9]. Three
analyses were scheduled, and the results of the second and
third were completed and reported [8, 9].

At the second analysis, the median PFS interval was sig-
nificantly longer with sunitinib than with IFN-� (11 months
versus 5 months; p � .001), and this result was unaffected
by patient age, sex, or MSKCC risk score [9]. The median
OS time had not been reached in either group [9]. The
ORRs at the second analysis were 31% with sunitinib and
6% with IFN-� (p � .001); at the final analysis, the ORRs
were 47% and 12%, respectively (p � .001) [8, 9]. In addi-
tion, QOL was superior with sunitinib than with IFN-�;
scores indicated clinically meaningful differences in kidney
cancer–related symptoms and overall QOL (p � .001) [9].

Table 1. Efficacy of approved targeted therapies for mRCC in pivotal phase III clinical trials
Sorafenib Sunitinib Bevacizumab � IFN-� Temsirolimus Everolimus Pazopanib

Patient population Clear-cell mRCC;
PD after 1
systemic therapy

Clear-cell mRCC;
no previous
systemic therapy

AVOREN (A) and CALGB
90206 (C): clear-cell
mRCC; no prior systemic
therapy

Poor-prognosis mRCC;
no prior systemic
therapy

Clear-cell mRCC;
prior VEGFR TKI
therapy

Advanced RCC/mRCC;
with or without prior
cytokine-based
systemic therapy

Comparator Placebo IFN-� A, IFN-� � placebo; C,
IFN-�

IFN-� Placebo Placebo

PFS versus comparator, mos

Median 5.5 versus 2.8 11 versus 5 A, 10.2 versus 5.4; C, 8.5
versus 5.2

T, 3.8 versus 1.9; T �
IFN, 3.7 versus 1.9

4.9 versus 1.9 9.2 versus 4.2

HR (95% CI) 0.44 (0.35–0.55) 0.42 (0.32–0.54) A, 0.63 (0.52–0.75); C,
0.71 (0.61–0.83)

NR 0.33 (0.25–0.43) 0.46 (0.34–0.62)

ORR versus comparator, % �10 versus 2 47 versus 12 A, 31 versus 13; C, 25.5
versus 13.1

T, 8.6 versus 4.8; T �
IFN, 8.1 versus 4.8

1.8 versus 0 30 versus 3

OS versus comparator, mos

Median 17.8 versus 15.2 26.4 versus 21.8 A, 23.3 versus 21.3; C, 18.3
versus 17.4

T, 10.9 versus 7.3; T �
IFN, 8.4 versus 7.3

14.8 versus 14.4 Not reached

HR (95% CI) 0.88 (0.74–1.04) 0.818
(0.669–0.999)

A, 0.91 (0.76–1.10);
C, 0.86 (0.73–1.01)

T, 0.73 (0.58–0.92);
T � IFN, 0.96
(0.76–1.20)

0.87 (0.65–1.17)

Reference [6, 7] [8, 9] [10–13] [14] [15] [16]

Abbreviations: AVOREN, Avastin� and Roferon� in Renal Cell Carcinoma; CALGB, Cancer and Leukemia Group B; CI,
confidence interval; HR, hazard ratio; IFN-�, interferon-�; mRCC, metastatic renal cell carcinoma; NR, not reported; ORR,
objective response rate; OS, overall survival; PD, progressive disease; PFS, progression-free survival; T, temsirolimus; TKI,
tyrosine kinase inhibitor; VEGFR, vascular endothelial growth factor receptor.
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The PFS benefit demonstrated at the second analysis en-
abled patients who had progressed on IFN-� to cross over to
receive sunitinib. Results of the final survival analysis
showed a marginally greater median OS time with sunitinib
than with IFN-� (26.4 months versus 21.8 months, respec-
tively; p � .051) [8]. An exploratory analysis that ac-
counted for the confounding effects of crossover showed
that the OS time was significantly longer with sunitinib than
with IFN-� (26.4 months versus 20.0 months, respectively;
p � .036). In addition, a separate exploratory analysis of
patients who did not receive poststudy cancer treatment
showed that the median OS time with sunitinib was double
that with IFN-� (28.1 months versus 14.1 months, respec-
tively; p � .003) [8].

Bevacizumab plus IFN-�
Bevacizumab is an i.v. administered anti-VEGF monoclo-
nal antibody given in combination with s.c. injected IFN-�.
This combination was approved by the EMA in November
2007 and by the FDA in August 2009 for the first-line treat-
ment of patients with advanced RCC or mRCC.

The pivotal trials, carried out in previously untreated pa-
tients with mRCC, were a randomized, double-blind study
of bevacizumab plus IFN-� versus placebo plus IFN-�
(Avastin� and Roferon� in Renal Cell Carcinoma
[AVOREN]; n � 649) [10, 11] and a randomized, open-
label study of bevacizumab plus IFN-� versus IFN-� (Can-
cer and Leukemia Group B [CALGB] 90206; n � 732) [12,
13]. Both evaluated the same doses of bevacizumab (10
mg/kg every 2 weeks) and IFN-� (9 MU three times
weekly) and had OS as the primary endpoint [10, 13]. In
both, bevacizumab treatment was continued until disease
progression, unacceptable toxicity, or consent withdrawal;
in AVOREN, IFN-� was administered for a maximum of
52 weeks. Each has reported results of an interim analysis
of PFS and a final analysis of OS.

In both the AVOREN and CALGB 90206 trials, interim
analyses showed that median the PFS interval was signifi-
cantly longer with bevacizumab plus IFN-� than with the
comparator (AVOREN: 10.2 months versus 5.4 months, re-
spectively; p � .0001; CALGB 90206: 8.5 months versus
5.2 months, respectively; p � .0001) [10, 13]. In the
AVOREN trial, the ORRs were 31% with bevacizumab
plus IFN-� and 13% with placebo plus IFN-� (p � .0001)
[10]; in the CALGB 90206 trial, the ORRs were 25.5% with
bevacizumab plus IFN-� and 13.1% with IFN-� (p �
.0001) [13].

In both trials, bevacizumab plus IFN-� showed trends
toward a longer OS time than with the comparator, but the
differences were not statistically significant [11, 12]. How-
ever, the OS results of both trials were likely confounded. In

the AVOREN trial, after favorable PFS results were ob-
tained for bevacizumab plus IFN-�, compared with placebo
plus IFN-�, patients in the placebo arm were allowed to
cross over to the bevacizumab arm [10]. In addition, more
than half the patients in each arm who discontinued because
of disease progression or other reasons received subsequent
therapy, which included sorafenib and sunitinib [11]. In the
CALGB 90206 trial, crossover was not permitted for pa-
tients who received IFN-� monotherapy, but poststudy data
showed that most of these patients received subsequent
therapy, and almost half received sorafenib or sunitinib
[13].

Temsirolimus
Temsirolimus is an mTOR inhibitor that was approved by
the FDA in May 2007 and by the EMA in November 2007
for the first-line treatment of patients with poor-prognosis
mRCC.

The pivotal trial of temsirolimus was a randomized
phase III study that compared temsirolimus or temsiroli-
mus plus IFN-� with IFN-� alone in 626 patients newly
diagnosed with mRCC who had at least three of six pre-
dictors of short survival. These predictors included se-
rum lactate dehydrogenase �1.5� the upper limit of
normal, hemoglobin level below the lower limit of nor-
mal, corrected serum calcium level �10 mg/dl, �1 year
from initial diagnosis to randomization, Karnofsky per-
formance status score of 60 or 70, and multiple organ me-
tastases [14]. Patients received a 30-minute i.v. infusion
of 25 mg temsirolimus (temsirolimus-only group) or 15
mg temsirolimus plus s.c. IFN-� three times weekly (3
MU for the first week, 6 MU thereafter) (combination
therapy group). Patients in the IFN-� monotherapy
group received IFN-� three times weekly, escalated in
weekly increments from 3 MU to 9 MU to 18 MU. Treat-
ment was continued until disease progression, symptom-
atic deterioration, or unacceptable toxicity. The primary
endpoint was OS [14].

Per investigator assessments, the median PFS intervals
were 3.8 months with temsirolimus alone, 1.9 months with
IFN-� alone, and 3.7 months with the combination [14].
The ORR was 4.8% with IFN-� alone, 8.6% with temsiroli-
mus alone, and 8.1% with the combination. The median OS
time was significantly longer with temsirolimus alone than
with IFN-� alone (10.9 months versus 7.3 months, respec-
tively; p � .008), and combination therapy with temsiroli-
mus and IFN-� did not lead to a significantly longer median
OS time than with IFN-� alone (8.4 months versus 7.3
months, respectively) [14].
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Everolimus
Everolimus is an oral mTOR inhibitor that was approved by
the FDA in March 2009 for the treatment of patients with
advanced RCC after failure of sorafenib or sunitinib, and by
the EMA in May 2009 for the treatment of patients with ad-
vanced RCC that has progressed on or after treatment with
VEGF-targeted therapy.

The pivotal trial, Renal Cell cancer treatment with Oral
RAD001 given Daily (RECORD)-1, was a randomized,
double-blind, placebo-controlled phase III study of single-
agent everolimus versus placebo in 416 patients with
mRCC who had progressed on VEGFR TKI therapy [15,
18]. Prior bevacizumab and cytokine therapy also were al-
lowed. Patients received continuous oral everolimus, 10 mg
(n � 277), or placebo (n � 139) once daily [18]. Treatment
was continued until disease progression, unacceptable tox-
icity, death, or discontinuation. Patients who progressed on
placebo were allowed to cross over to receive everolimus.
The primary endpoint was PFS. Secondary endpoints in-
cluded OS and the ORR, as well as disease-related symp-
toms and health-related QOL, which were assessed with the
FKSI–Disease-Related Symptoms and the European Orga-
nization for the Research and Treatment of Cancer QLQ-30
questionnaires [18]. The study design included two planned
interim analyses and a final analysis [18].

The double-blind phase of the study was terminated
early (February 2008) after results of the second interim
analysis of data collected through mid-October 2007
showed that the median PFS interval was significantly
longer with everolimus (4.0 months) than with placebo (1.9
months; p � .0001) [18]. The PFS time was significantly
longer with everolimus regardless of previous treatment,
MSKCC risk score, age, or sex [18]. The study was then
unblinded, and all patients who were receiving placebo
were offered open-label everolimus [15]. The ORRs at the
second interim analysis were 1% with everolimus and 0%
with placebo; disease stabilization was observed in 63% of
patients treated with everolimus and 32% of patients receiv-
ing placebo. No differences between groups were noted in
time to definitive deterioration of symptoms or in QOL
[18].

The final analysis was carried out with data collected
through February 2008, when the double-blind phase was
terminated; OS data were collected through November
2008. In the final analysis, the PFS benefit with everolimus
remained, with a median PFS time of 4.9 months, versus 1.9
months with placebo [15]. The rates of disease stabilization
with everolimus and placebo were 66.8% and 32.4%, re-
spectively [15, 18]. Everolimus led to a significantly longer
time to definitive deterioration in Karnofsky performance
status and time to definitive deterioration of symptoms than

with placebo [15]. Although results of the final survival
analysis showed no significant difference in the median OS
time between everolimus and placebo, a post hoc explor-
atory analysis that accounted for the confounding effects of
crossover (the rank-preserving structural failure time
model) showed that everolimus provided a 1.9-fold longer
survival time than placebo [15].

Pazopanib
Pazopanib is an oral multikinase angiogenesis inhibitor that
inhibits signaling by VEGFRs, PDGFRs, and c-Kit. It was
approved by the FDA in October 2009 for the first-line
treatment of patients with advanced RCC.

The pivotal trial was a randomized, double-blind, pla-
cebo-controlled phase III study of single-agent pazopanib
in 435 cytokine-pretreated or treatment-naïve patients with
locally advanced RCC and/or mRCC [16]. Patients re-
ceived continuous oral pazopanib, 800 mg (n � 290), or
placebo (n � 145) once daily. Treatment continued until
disease progression, death, unacceptable toxicity, or con-
sent withdrawal. The primary endpoint was PFS; other end-
points included OS, ORR, duration of response, and health-
related QOL. Patients who progressed on placebo were
eligible to receive open-label pazopanib [16].

The median PFS duration was significantly longer with
pazopanib than with placebo in the entire population (9.2
months versus 4.2 months, respectively; p � .0001) and in
the cytokine-pretreated (7.4 months versus 4.2 months, re-
spectively; p � .001) and treatment-naïve (11.1 months
versus 2.8 months, respectively; p � .0001) subpopulations
[16]. Pazopanib led to a significantly longer PFS time re-
gardless of MSKCC risk score, age, sex, or performance
status. The ORR was 30% with pazopanib, versus 3% with
placebo (p � .001), and QOL with pazopanib did not differ
significantly from that with placebo. Final OS results are
pending maturity of the data [16].

Other Agents

Axitinib (AG-013736)
Axitinib is an orally bioavailable VEGFR TKI. In a phase II
open-label, single-arm study, axitinib monotherapy was
evaluated in 52 patients with cytokine-refractory mRCC,
30 of whom had at least one poor prognostic factor per
MSKCC risk criteria [19]. The ORR was 44.2%. The me-
dian time to progression was 15.7 months and the median
OS time was 29.9 months [19]. A subsequent phase II,
open-label, single-arm trial assessed the activity of axitinib
in 62 patients with sorafenib-refractory disease [20].
MSKCC risk status was not determined in this population.
The ORR was 22.6%, median PFS time was 7.4 months,
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and median OS time was 13.6 months [20]. When data from
patients refractory to sorafenib alone (n � 15), sunitinib
and sorafenib (n � 14), and cytokines and sorafenib (n �
29) were analyzed post hoc, the ORRs were 27%, 7%, and
28%, respectively, and the median PFS times were 7.7
months, 7.1 months, and 9 months, respectively, suggesting
that total crossresistance does not exist between axitinib
and these agents [21].

Tivozanib
Tivozanib, also an orally bioavailable VEGFR TKI, was in-
vestigated in a phase II randomized, placebo-controlled,
discontinuation trial of 272 patients naïve to VEGF-tar-
geted therapy. Interim results indicated a 28% ORR [22].
Trial data collected at a later time point showed a 25.4%
ORR and a median PFS interval of 11.8 months; a subgroup
analysis of these data suggested that patients with clear cell
RCC and prior nephrectomy appear to respond best to
tivozanib, with an ORR of 29.6% and a median PFS time
that was not reached [23].

Dovitinib (TKI258)
Dovitinib is a selective oral inhibitor of fibroblast growth
factor receptors and VEGFRs. Published phase I data from
the phase I/II trial of dovitinib in 20 heavily pretreated pa-
tients indicated that the ORR was 10% and the preliminary
median PFS duration was 5.5 months. The maximum-tol-
erated dose for further study in the phase II portion of the
trial was 500 mg daily [24].

SURVIVAL ENDPOINTS USED IN PIVOTAL

CLINICAL TRIALS OF APPROVED

MOLECULAR-TARGETED AGENTS

Optimal endpoints for clinical trials of oncology agents
have been the subject of much discussion in recent litera-
ture. OS is considered the gold standard for efficacy evalu-
ation; however, inherent difficulties are present with the use
of OS. These difficulties include the length of time required
for its measurement, the requirement for a large sample
size, the confounding effects of subsequent therapies after
discontinuation of study therapy, and the confounding ef-
fects of crossover trial designs [25]. In contrast, PFS re-
quires a shorter length of time and a smaller population for
measurement, and it is not influenced by the effects of sub-
sequent therapy [26].

OS was the primary endpoint for the pivotal trials of sor-
afenib, bevacizumab plus IFN-�, and temsirolimus. As de-
scribed above, in the TARGET trial, the primary intent-to-
treat analysis of OS did not meet the prespecified statistical
threshold for significance, suggesting no survival benefit
with sorafenib versus placebo. However, a crossover effect

was demonstrated when the results of the preplanned sec-
ondary analysis that censored patients receiving placebo re-
vealed a survival benefit with sorafenib [7]. This result was
obtained with data from September 2006; in contrast, the
longer PFS interval with sorafenib was evident at the Janu-
ary 2005 interim analysis. The longer median PFS time
seen in the TARGET trial was the basis for the regulatory
approval of sorafenib.

In the AVOREN trial, concern for the poststudy effects
of other new targeted therapies on OS led to the use of PFS
as the basis for regulatory approval of bevacizumab plus
IFN-�. The trial was conducted during the time period that
sorafenib and sunitinib first became available, creating the
potential for patients with disease progression to receive
these new agents as second-line therapy, which would con-
found OS data from the AVOREN trial. The investigators
made an agreement with regulatory authorities to use the
PFS data obtained prior to the final OS data as the basis for
approval [10].

The temsirolimus pivotal trial did not include a cross-
over design; in addition, this poor-prognosis population re-
quired a shorter length of time for measurement of OS. In
such a situation, OS is an appropriate endpoint because it is
achievable [26]. However, as reviewed above, most pivotal
trials in mRCC patients include a crossover design, and
most patient populations are more heterogeneous with re-
spect to the MSKCC risk score, making OS a more difficult
endpoint to use.

PFS was the primary endpoint for the pivotal trials of
sunitinib, everolimus, and pazopanib, and the basis for their
regulatory approval. In mRCC patients, treatment effects
on PFS are associated with treatment effects on OS; there-
fore, PFS has been proposed as an alternative endpoint to
OS [26]. The validity of PFS as a surrogate for OS was sup-
ported by recent retrospective studies of patients with RCC
treated with VEGFR-targeted therapies, which demon-
strated a positive relationship between OS and PFS at 3 and
6 months [27, 28].

FUTURE DIRECTIONS: COMBINATION THERAPY

WITH TARGETED AGENTS

Sequential therapy with targeted agents is the current stan-
dard of care [1]; however, the strategy of combination ther-
apy with targeted agents is under active investigation.
Combination therapy provides the potential for additive or
synergistic effects as a result of a more complete blockade
of aberrant signaling. In addition, it has the potential to de-
lay or circumvent the development of resistance that would
eventually arise with single-agent therapy from the redun-
dancies in signaling pathways. The goal is to use each agent
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at its full dose, but efficacy gains must be balanced with the
potential for greater toxicity.

Sorafenib Combinations
Sorafenib was investigated in combination with cytokine
therapy in several phase II trials. Sorafenib (400 mg
twice daily) plus IL-2 (4.5 MU five times weekly) for six
consecutive weeks was safe, feasible, and more active
than monotherapy with sorafenib (400 mg twice daily) in
a phase II trial of 128 previously untreated patients with
mRCC. The median PFS duration, the primary endpoint,
was 38 weeks with the combination and 30 weeks with
sorafenib monotherapy [29]. In two phase II trials of sor-
afenib plus IFN-�, response rates were higher than ex-
pected for either drug alone, but high rates of toxicity and
required dose reduction limited therapy [30, 31]. In con-
trast, sorafenib (400 mg twice daily) plus low-dose
IFN-� (3 MU five times weekly) was active and well tol-
erated in a phase II trial of previously untreated patients
with mRCC, prompting a recommendation for further in-
vestigation [32].

The combination of two anti-VEGF therapies, sorafenib
and bevacizumab, was evaluated in a phase I trial of pa-
tients with a variety of advanced solid tumors but resulted in
an unexpected level of toxicity at lower doses. Neither
agent could be escalated to its full dose [33]. A combination
with reduced doses (sorafenib, 200 mg; bevacizumab, 5
mg/kg) is being evaluated in the phase II Bevacizumab,
Sorafenib and Temsirolimus in advanced renal cell carci-
noma (BeST) trial (Table 2) [34–37].

Sunitinib Combinations
In a phase I trial in patients with previously treated ad-
vanced RCC, VEGFR tyrosine kinase inhibition with
sunitinib plus downstream mTOR inhibition with temsiroli-
mus resulted in substantial toxicity at low starting doses of
both agents (sunitinib, 25 mg daily; temsirolimus, 15 mg
once weekly), causing trial termination [38].

The combination of sunitinib and bevacizumab was
studied in a phase I trial of patients with advanced solid tu-
mors [39], a phase I trial of patients with mRCC [40], and a
case series of patients who had failed prior sunitinib [41]. It
was feasible and active in RCC, although toxicities at
higher doses and with longer durations of therapy require
additional investigation [39–41].

Temsirolimus Combinations
Combination therapy with full doses of i.v. temsirolimus
(25 mg weekly) and bevacizumab (10 mg/kg every 2 weeks
in 4-week cycles) was active and well tolerated in a phase II
study of patients with RTKI-refractory RCC. Interim re-
sults showed an ORR of 16% and a disease stabilization
rate of 72% [42], and prompted comparison of this regi-
men with bevacizumab plus IFN-� in a phase III study
[INvestigation of TORisel and Avastin Combination
Therapy (INTORACT)] (Table 2) [34–37]. This combina-
tion also is being evaluated in the BeST and TORisel and
AVAstin (TORAVA) trials (Table 2) [34–37].

Everolimus Combinations
Combination therapy with everolimus and the VEGFR
TKIs is showing promise in initial studies. Everolimus (5

Table 2. Ongoing trials of combination therapy with targeted agents in advanced RCC or mRCC

Trial Phase Treatment arms
Primary
endpoint

Estimated
enrollment Trial number

INTORACT III Bevacizumab � temsirolimus;
bevacizumab � IFN-�

PFS 800 patients with no
prior systemic
therapy

NCT00631371 [34]

BeST II Bevacizumab; bevacizumab �
temsirolimus; bevacizumab �
sorafenib; sorafenib �
temsirolimus

PFS 360 patients with no
prior antiangiogenic
therapy

NCT00378703 [35]

TORAVA II Temsirolimus �
bevacizumab; sunitinib;
bevacizumab � IFN-�

PFS 160 patients with no
prior systemic
therapy

NCT00619268 [36]

RECORD-2 II Bevacizumab � everolimus;
bevacizumab � IFN-�

PFS 360 patients with no
prior systemic
therapy

NCT00719264 [37]

Abbreviations: BeST, Bevacizumab, Sorafenib and Temsirolimus in advanced renal cell carcinoma; IFN-�, interferon-�;
INTORACT, INvestigation of TORisel and Avastin Combination Therapy; mRCC, metastatic RCC; PFS, progression-free
survival; RCC, renal cell carcinoma; RECORD, Renal Cell cancer treatment with Oral RAD001 given Daily; TORAVA,
TORisel and AVAstin.
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mg daily) plus sorafenib (400 mg daily) was safe and fea-
sible in a phase I trial of patients with advanced RCC,
prompting phase II study [43]. In a phase I trial of patients
with mRCC, a maximum-tolerated dose of everolimus of
20 mg weekly plus sunitinib at a dose of 37.5 mg daily was
identified for phase II study [44]. In contrast, everolimus
(2.5 mg daily) plus imatinib (600 mg daily) was not recom-
mended for further development after results of a phase II
study in previously treated patients with mRCC demon-
strated a 3-month PFS rate of 49%, which did not meet the
prespecified criteria for continuation [45].

In a phase II study of two groups of patients with
mRCC, one with and one without prior TKI treatment,
everolimus (10 mg daily) plus bevacizumab (10 mg/kg ev-
ery 2 weeks) was active and well tolerated. The median PFS
times were 9.1 months in previously untreated patients and
7.1 months in previously treated patients; the ORRs were
30% and 23%, respectively [46]. This regimen, which uses
full doses of each agent, is being evaluated as first-line ther-
apy in a phase II study, RECORD-2 (Table 2) [34–37]. On-
going clinical trials of combination therapy with targeted
agents in patients with mRCC are summarized in Table 2
[34–37].

CONCLUSIONS

The development of molecular-targeted therapies has
greatly increased the treatment options available for and
outcomes achieved by patients with mRCC. Since 2005, six
targeted agents have been approved by regulatory authori-
ties for various uses in advanced RCC or mRCC patients.

Clinical trial data demonstrate better prognoses with these
agents, because the PFS and OS times achieved with tar-
geted agents have been shown to be superior to those seen
with IFN-� in head-to-head comparisons, and second-line
therapies have achieved PFS and OS times superior to those
with placebo. The greater availability of more effective
agents has complicated the use of OS as a primary efficacy
endpoint in mRCC clinical trials, leading to proposals for
alternative endpoints. Efforts to enhance efficacy and com-
bat resistance with targeted agents include investigations of
combination therapy. At present, combination therapy
strategies have not been proven to be beneficial, with many
combinations showing excessive toxicity with marginal or
inferior efficacy to that seen with the sequential use of
agents. Combination therapy strategies that incorporate
new agents that target pathways important in drug resis-
tance are undergoing early evaluation in clinical trials. As
more information regarding mechanisms of disease and
drug resistance becomes available, new targets, new tar-
geted agents, and new combinations will be studied with the
goal of providing maximal efficacy with manageable tox-
icity.
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