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Abstract: Molecularly-targeted therapies have revolutionized the 

treatment of metastatic renal cell carcinoma (mRCC), but unmet 

needs remain. Efficacy of targeted agents is transient, and questions 

regarding optimal sequencing of therapies and benefits versus risks 

of combination therapy remain largely unanswered. In this article, 

an overview of ongoing/recently completed clinical trials evaluating 

sequential treatment strategies and combination therapy regimens 

is presented, along with a brief discussion of predictive biomarkers 

and prognostic factors. Several ongoing/recently completed clini-

cal studies have been designed to help address 2 major questions 

currently facing physicians treating patients with mRCC: 1) What is 

the optimal sequence of targeted agents? and 2) Does combination 

therapy with targeted agents benefit patients with mRCC? Results of 

these trials may help establish the degree to which cross-resistance 

between agents occurs and which agents, when used consecutively, 

are associated with the most favorable outcomes. Clinical trial data 

maturing in the next 1–2 years should provide insight into the 

most effective treatment sequences and the benefits versus risks of 

combination therapies. Whether results of these studies will lead to 

a paradigm shift in treatment recommendations for patients with 

mRCC remains to be determined.

Introduction

In the United States, the incidence of renal cell carcinoma (RCC) con-
tinues to grow, and the prognosis for metastatic RCC (mRCC) remains 
poor. In 2010, an estimated 58,240 new cases of kidney and renal pelvis 
cancer were reported and 13,040 deaths occurred.1 Metastatic progres-
sion significantly increases the likelihood of mortality; the 5-year survival 
rate for patients with metastatic renal disease at the time of diagnosis is 
11%.2 Notably, even among patients with confined disease at the time 
of nephrectomy, 10–24% experience subsequent recurrence.3-5 Thus, 
effective systemic treatment options for mRCC are needed.
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Molecularly-targeted therapies currently represent 
the principal treatment approach for patients with 
mRCC. Seven agents have become available since 2005, 
broadly falling into 2 distinct mechanistic categories: vas-
cular endothelial growth factor (VEGF)-based therapies 
and mammalian target of rapamycin (mTOR) inhibitors. 
The former category consists of the VEGF receptor-tyro-
sine kinase inhibitors (VEGFr-TKIs) sorafenib (Nexavar, 
Bayer/Onyx), sunitinib (Sutent, Pfizer), pazopanib (Vot-
rient, GlaxoSmithKline), and axitinib (Inlyta, Pfizer); 
and the anti-VEGF monoclonal antibody bevacizumab 
(Avastin, Genentech; administered with interferon alfa 
[IFN-α]). The mTOR inhibitors include temsirolimus 
(Torisel, Pfizer) and everolimus (Afinitor, Novartis). Aside 
from axitinib (which was approved by the US Food and 
Drug Administration [FDA] in January 2012 for use in 
patients with mRCC after failure of 1 previous systemic 
therapy),6 the remaining 6 targeted agents are approved 
by both the FDA and the European Medicines Agency 
for the treatment of mRCC. Approvals were based on 
results of pivotal phase III clinical trials. As summarized 
in Table 1, targeted agents improved tumor responses 
and prolonged progression-free survival (PFS).7-18 
Some studies also demonstrated prolongation of overall 
survival (OS),7,8,10-12,14 although this parameter was likely 
confounded because patients originally assigned to pla-
cebo were allowed to cross over to active treatment.8,10,14 
In combination studies, IFN-α with bevacizumab was 
more effective than without10,11; however, temsirolimus 
added to IFN-α was less effective than temsirolimus 
alone.12 In both studies, adverse events (AEs) occurred 
more frequently with combination therapy than with 
monotherapy.10,12 

The current mRCC treatment paradigm is typically 
composed of sequential monotherapy with targeted agents. 
Guidelines continue to evolve regarding which agent to 
use as first-line therapy in treatment-naïve patients and 
as second-line therapy after relapse. Multiple clinical 
practice guidelines for mRCC have been released in the 
United States and Europe, including those issued by the 
National Comprehensive Cancer Network (NCCN),19 
the European Society for Medical Oncology (ESMO),20 
the European Organization for Research and Treatment 
of Cancer (EORTC),21 and the European Association 
of Urology (EAU).22 Per 2012 NCCN guidelines, for 
treatment-naïve patients, first-line options supported by 
the highest level of clinical evidence (category 1) include 
sunitinib, bevacizumab plus IFN-α, and pazopanib (risk 
classifications not specified). Temsirolimus is recom-
mended specifically for poor-prognosis patients (high 
risk).19 Thus, for most patients with mRCC, VEGF-based 
therapies have become standard-of-care first-line treat-
ment. However, benefits are transient. Durable response 

is rarely achieved, and most patients eventually develop 
progressive disease. Resistance to VEGFr-TKIs develops 
at a median of 6–11 months.15,16 Second-line recom-
mendations with highest clinical evidence (category 1) 
in the NCCN clinical guidelines include axitinib fol-
lowing 1 previous systemic therapy; sorafenib, sunitinib, 
and pazopanib following previous cytokine therapy; and 
everolimus following previous VEGFr-TKI therapy.19 

Recommendations based on lower-level clinical 
evidence (eg, nonrandomized controlled trials) suggest 
sorafenib, sunitinib, pazopanib, bevacizumab plus IFN-
α, or temsirolimus as second-line treatment following 
relapse on VEGFr-TKIs, and bevacizumab plus IFN-α 
or temsirolimus after failure on cytokine therapy.19 
Thus, current guidelines reflect a broad range of treat-
ment/sequencing choices for first- and second-line 
therapy, leaving clinicians with several options when 
making treatment decisions. 

Despite these substantial advances, gaps remain in 
our current understanding regarding optimal harnessing 
of the therapeutic potential of these agents. Certain treat-
ment choices are not yet reflected in current guidelines, 
including expectant management in very-good-risk 
patients, first-line use of mTOR inhibitors in good- or 
intermediate-risk patients, second-line treatment fol-
lowing progression on an mTOR inhibitor, and recom-
mendations for third-line therapy. In this review, we 
focus on key ongoing clinical trials expected to mature 
in the next 1–2 years and recently completed trials that 
may affect the mRCC treatment paradigm. Placing the 
design and potential outcomes of these ongoing studies 
into perspective may provide insight into 2 major ques-
tions facing physicians treating patients with mRCC: 1) 
What is the optimal sequence of targeted agents? and 2) 
Does combination therapy with targeted agents benefit 
patients with mRCC?

Many Treatment Options, Few Mechanistic 
Approaches 

Clear cell RCC pathogenesis centers around inactivation 
of the von Hippel–Lindau (VHL) tumor suppressor gene, 
ultimately leading to aberrant VEGF signaling.23-25 The 
VHL gene encodes for VHL protein, which is involved in 
degradation of hypoxia-inducible factor-α (HIF-α). Inacti-
vation of VHL leads to uninhibited activity of HIF-α and 
subsequent upregulated transcription of various hypoxia-
inducible genes, including VEGF and platelet-derived 
growth factor.24 Binding of the VEGF ligand to its tyrosine 
kinase receptors triggers downstream signaling cascades 
that result in increased vascular permeability and endothe-
lial cell survival, migration, and proliferation.23-25 HIF-α 
levels are increased further through signaling by mTOR.23
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Current treatments for mRCC exert antitumor 
effects through 2 key mechanistic approaches, targeting 
distinct pathways in the VHL/HIF-α signaling cascade: 
VEGF signaling and phosphatidylinositol 3-kinase 
(PI3K)/protein kinase B (Akt)/mTOR signaling. Cur-
rently approved VEGF-targeted therapies inhibit VEGF 
signaling through reduction in circulating VEGF ligand 
levels (eg, bevacizumab) or inhibition of select VEGF 
receptors (eg, sorafenib, sunitinib, pazopanib, axitinib), 
thereby blocking tumor angiogenesis.26 mTOR, a ser-
ine/threonine protein kinase, plays a central role in cell 
growth/proliferation, angiogenesis, and cell metabolism 
by transducing various signals mediated through the 
PI3K/Akt pathway.27-29 mTOR exists in 2 multiprotein 
complexes: mTORC1 and mTORC2. mTORC1 is 

involved in protein translation and metabolism-related 
functions, whereas mTORC2 is involved in regulation 
of kinase Akt activity.30-32 Everolimus and temsirolimus 
exert cytotoxic effects by inhibiting mTORC1, blocking 
protein synthesis and cell-cycle progression within the 
tumor cell.29,30,32,33 mTORC2 inhibitors are under clinical 
development (discussed below).

Mechanisms of Resistance to VEGFr-TKI 
Therapies

Shared mechanistic approaches between currently approved 
VEGF-targeted therapies have important clinical implica-
tions for development of cross-resistance. Most patients 
treated with VEGF-targeted therapies show transient 

Table 1. Summary of Phase III Pivotal Studies Upon Which Approval of Targeted Agents for mRCC Was Based

Targeted Agent/ 
Line of Treatment Study Design Median PFS (Overall Population)

Sunitinib vs IFN-α7,15 •	 Phase III, randomized; treatment-naïve patients
•	 Sunitinib, n=375
•	 IFN-α, n=375

•	 Sunitinib: 11 months 
•	 IFN-α: 5 months  
HR, 0.539; 95% CI, 0.451–0.643; P<.001

Sorafenib vs placebo 
(TARGET)8,16

•	� Phase III, double-blind, randomized, placebo-controlled;  
relapsed on 1 systemic (primarily cytokine-based) treatment 

•	 Sorafenib, n=451
•	 Placebo, n=452

•	 Sorafenib: 5.5 months
•	 Placebo: 2.8 months
HR, 0.44; 95% CI, 0.35–0.55; P<.000001

Axitinib vs sorafenib 
(AXIS)17

•	� Phase III, randomized, open-label; relapsed on 1 prior 
first-line treatment with  sunitinib-, BEV-, temsiroli-
mus-, or cytokine-based therapy

•	 Axitinib, n=361
•	 Sorafenib, n=362

•	 Axitinib: 6.7 months  
•	 Sorafenib: 4.7 months 
HR, 0.665; 95% CI, 0.544–0.812; 
P<.0001 

Pazopanib vs placebo9 •	� Phase III, randomized, double-blind, placebo-controlled; 
treatment-naïve and cytokine-pretreated (IL-2 or IFN-α)

•	 Pazopanib, n=290
•	 Placebo, n=145

•	 Pazopanib: 9.2 months 
•	 Placebo: 4.2 months 
HR, 0.46; 95% CI, 0.34–0.62; P<.0001

BEV + IFN-α vs 
placebo + IFN-α 
(AVOREN)10,18

•	� Phase III, randomized, double-blind; no prior systemic 
treatment for mRCC

•	 BEV + IFN-α , n=327 
•	 Placebo + IFN-α, n=322

•	 BEV + IFN-α: 10.2 months 
•	 Placebo + IFN-α: 5.4 months 
HR, 0.63; 95% CI, 0.52–0.75; P=.0001

BEV + IFN-α vs 
IFN-α (CALGB 
90206 )11 

•	� Phase III, open-label; no prior systemic treatment for mRCC
•	 BEV + IFN-α, n=369
•	 IFN monotherapy, n=363

•	 BEV + IFN-α: 8.4 months
•	 IFN monotherapy: 4.9 months 
P<.0001

Temsirolimus,  
IFN-α, 
or both12

•	� Phase III, randomized; no prior systemic treatment for 
mRCC; ≥3 of 6 predictors of short survival 

•	 IFN-α, n=207
•	 Temsirolimus, n=209
•	 IFN-α + temsirolimus, n=210

•	 Temsirolimus: 3.8 months 
•	 IFN-α alone: 1.9 months 
•	 IFN-α + temsirolimus 3.7 months 

Everolimus vs placebo 
(RECORD-1)13,14

•	 Phase III, randomized, double-blind, placebo-controlled
•	 Refractory to sunitinib and/or sorafenib 
•	 Everolimus, n=272
•	 Placebo, n=138

•	 Everolimus: 4.9 months 
•	 Placebo: 1.9 months 
HR, 0.33; 95% CI, 0.25–0.43; P<.001

BEV=bevacizumab; CI=confidence interval; HR=hazard ratio; IFN-α=interferon alfa; IL-2=interleukin-2; mRCC=metastatic renal cell carcinoma; PFS=progression-free survival.
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improvement (ie, tumor stasis or shrinkage) but ultimately 
develop resistance (typically within months), regardless 
of initial response.15,16 Relapse (also termed “evasive resis-
tance”) is thought to occur through escape mechanisms 
that allow for continued angiogenesis despite VEGF signal-
ing blockade, including activation/upregulation of alterna-
tive proangiogenic pathways (within the tumor itself and 
through recruitment of proangiogenic cells from the bone 
marrow), increased non–VEGF-based support of tumor 
vasculature through recruitment of pericytes, and enhanced 
aggressiveness of migration into normal cells.34 

Data for tumor upregulation of non-VEGF angio-
genic factors as underlying mechanisms of resistance con-

tinue to emerge. In a xenograft mouse model, increased 
expression of the proangiogenic cytokine interleukin-8 
(IL-8) was demonstrated in sunitinib-resistant tumors.35 
Similarly, high baseline levels of IL-6 in patients with 
mRCC treated in phase III trials of pazopanib were 
associated with poorer prognosis (shorter median PFS) 
compared with low baseline IL-6 levels.36 In experimen-
tal animal models and patients with cancer, persistence 
of myeloid-derived suppressor cells within tumors is 
another potential mechanism underlying antitumor 
immunity and subsequent tumor growth.37 Additionally, 
fibroblast growth factor (FGF) is an alternative proan-
giogenic and tumor-promoting signaling pathway that 

Table 2. Select Ongoing Clinical Studies in mRCC

ClinicalTrials.gov 
Identifier Treatment Groups Study Design

Estimated 
Completion Date*

NCT00720941 Pazopanib vs sunitinib (COMPARZ) Phase III, randomized, open-label; no 
previous systemic treatment for mRCC

December 2012

NCT01030783 Tivozanib vs sorafenib (TIVO-1) Phase III, randomized, open-label; treat-
ment naïve or previous treatment with  ≤1 
systemic therapy (not including VEGFr-
TKI or mTOR inhibitors) 

June 2013

NCT00903175 Everolimus → sunitinib versus 
sunitinib → everolimus (RECORD-3)

Phase II, randomized, open-label; no previ-
ous systemic treatment 

†December 2012

NCT00732914 Sorafenib → sunitinib vs sunitinib → 
sorafenib (SWITCH)

Phase III, randomized, open-label; no 
previous systemic treatment

November 2013

NCT00474786 Temsirolimus vs sorafenib 
(INTORSECT)

Randomized, open-label; refractory to 
first-line sunitinib

May 2014

NCT01491672 Everolimus (RECORD-4) Phase II, open-label; post-relapse on first-
line sunitinib, other anti-VEGF therapy, or 
cytokine therapy

November 2013

Australian New 
Zealand Clinical 
Trials Registry

Everolimus alternating with sunitinib 
in repeated 12-week treatment cycles 
(EVERSUN)

Phase II, single-arm, nonrandomized, open-
label, 2-stage study; no previous targeted 
therapy

NCT01223027 Dovitinib (TKI258) vs sorafenib Phase III, open-label, randomized; refrac-
tory to  VEGF-based targeted therapy (eg, 
sunitinib, pazopanib, axitinib, tivozanib, 
bevacizumab) and mTOR inhibitor therapy 
(everolimus, temsirolimus, or ridaforolimus)

January 2014

NCT00719264 Everolimus + BEV vs INF-α + BEV 
(RECORD-2)

Phase II, randomized, open-label; no previ-
ous systemic treatment

April 2013

NCT00631371 BEV +  temsirolimus vs BEV + IFN-α  
(INTORACT)

Phase IIIb, randomized, open-label; no 
previous systemic treatment

December 2013

NCT01198158 Everolimus + BEV vs everolimus + 
placebo 

Phase III, randomized, double-blind; refrac-
tory to VEGFr-TKI therapy

†June 2019

*Per ClinicalTrials.gov, January 2013; †Estimated primary completion date (final data collection date for primary outcome measure), per ClinicalTrials.gov, January 2013.

IFN-α=interferon alfa; mRCC=metastatic renal cell carcinoma; mTOR=mammalian target of rapamycin; VEGF=vascular endothelial growth factor; VEGFr-
TKI=vascular endothelial growth factor receptor-tyrosine kinase inhibitor.
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may play a role in resistance to VEGF blockade.38,39 In 
a mouse model, hypoxia-induced upregulation of FGF 
has been reported to stimulate tumor angiogenesis in a 
VEGF-independent manner.40 

No single agent provides complete therapeutic blockade 
of all angiogenic signaling cascades, and hypoxia induced by 
VEGF blockade triggers signaling pathways that result in 
enhanced tumor aggressiveness and metastasis.41 

Ongoing Clinical Trials in mRCC 

Current treatment strategies involve sequential admin-
istration of monotherapies with the goal of prolonging 
patient survival while limiting toxicities associated with 
combination therapy. Given the potential for cross-resis-
tance of agents within the same mechanistic class, interest 
in sequential therapy that incorporates agents with differ-
ent mechanisms of action (MOAs) is growing.

Several recently completed and ongoing clinical tri-
als are testing various approaches to mRCC treatment 
to determine whether there is an optimal sequence of 
targeted agents and if combination therapy with targeted 
agents benefits patients with mRCC. Highlights of key 
trials are presented in Table 1 (completed trials) and Table 
2 (ongoing trials) and are discussed next. 

Sequential Monotherapy 
First Line
• COMPARZ: Pazopanib Versus Sunitinib
• TIVO-1: Tivozanib Versus Sorafenib
Two ongoing, phase III, open-label, head-to-head studies are 
comparing different VEGFr-TKIs as first-line therapies for 
mRCC. COMPARZ (A Study of Pazopanib Versus Suni-
tinib in the Treatment of Subjects With Locally Advanced 
and/or Metastatic Renal Cell Carcinoma) evaluates the 
efficacy and safety of pazopanib compared with sunitinib.42 
TIVO-1 (A Phase 3, Randomized, Controlled, Multi-
Center, Open-Label Study to Compare Tivozanib [AV-
951] to Sorafenib in Subjects With Advanced Renal Cell 
Carcinoma) compares the efficacy and safety of the investi-
gational agents tivozanib and sorafenib (NCT01030783).43 
PFS is the primary endpoint in both trials. 

Because sunitinib and pazopanib have received level 
1 recommendations as first-line treatment,19 COMPARZ 
should further guide treatment decisions regarding opti-
mal selection of a first-line VEGFr-TKI. Recent results 
of PISCES (Patient Preference Study of Pazopanib Versus 
Sunitinib in Advanced or Metastatic Kidney Cancer) may 
also guide treatment decisions in this setting. In this study, 
significantly more treatment-naïve patients preferred 
pazopanib over sunitinib because of better general quality 
of life and less fatigue; pazopanib was also preferred over 
sunitinib by physicians.44

Top-line findings from TIVO-1 were released in 
January 2012. In the prespecified subpopulation of 
treatment-naïve patients (~70% of the total popula-
tion), tivozanib significantly improved PFS compared 
with sorafenib; median PFS was 12.7 and 9.1 months, 
respectively.45 These positive findings may result in the 
introduction of tivozanib as another therapeutic option 
for treatment-naïve patients with mRCC. They also pro-
vide evidence on the use of sorafenib in treatment-naïve 
patients; at present, this has a level 1 recommendation 
only as second-line therapy after previous treatment 
with cytokines.19 

First- and Second-Line Sequencing
• �RECORD-3: Everolimus → Sunitinib OR Sunitinib 

→ Everolimus
• �SWITCH: Sunitinib → Sorafenib OR Sorafenib → 

Sunitinib
Currently, key areas of focus in the treatment of mRCC 
include optimal sequencing of targeted agents and thera-
peutic cross-resistance. Various strategies for sequencing 
first- and second-line therapies are under investigation in 
prospective studies, including those using agents with the 
same MOA (eg, VEGFr-TKI → VEGFr-TKI) and those 
that incorporate agents with distinct MOAs (eg, mTOR 
→ VEGFr-TKI).

The RECORD (Renal Cell Cancer Treatment 
With Oral RAD001 Given Daily)-3 study is a phase II, 
open-label, randomized trial evaluating the efficacy of 
everolimus (first-line) → sunitinib (second-line) versus 
sunitinib (first-line) → everolimus (second-line).46 Suni-
tinib currently has a level 1 recommendation for first-
line treatment, and both agents have level 1 recommen-
dations for second-line treatment.19 RECORD-3 will 
provide the first head-to-head comparison of a VEGFr-
TKI and an mTOR inhibitor as first-line treatment for 
mRCC and will yield prospective data for everolimus 
as second-line treatment after exclusive use of suni-
tinib. The SWITCH (Efficacy and Safety of Sorafenib 
Followed by Sunitinib Versus Sunitinib Followed by 
Sorafenib in the Treatment of First-Line Advanced 
mRCC) study is a phase III randomized trial evaluat-
ing the optimal first-/second-line sequence of sunitinib 
and sorafenib (NCT00732914).47 This trial will provide 
valuable prospective data about the safety and efficacy 
of sequential VEGFr-TKI → VEGFr-TKI therapy. 
Recently reported preliminary results demonstrated that 
rates of AEs were higher with a first-line VEGFr-TKI 
than with a second-line VEGFr-TKI with typical AE 
profiles observed for both individual agents.48 Together, 
results from these studies are expected to enable better-
informed treatment decisions, particularly for selection 
of second-line therapy after first-line sunitinib failure.
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Second Line 
• �TIVO-1: Tivozanib Versus Sorafenib (after relapse 

on cytokine therapy)
• �AXIS: Axitinib Versus Sorafenib (after relapse on 

cytokine or VEGF-targeted therapy)
• �Temsirolimus Versus Sorafenib (after relapse on 

sunitinib)
• �RECORD-4: Everolimus (after relapse on sunitinib, 

other VEGF-targeted therapy, or cytokine treatment)
• �EVERSUN: Alternating Sunitinib → Everolimus 

(before development of relapse)
Efficacy and safety of targeted agents for second-line treat-
ment are being evaluated in several monotherapy studies, 
including some designed to directly compare VEGFr-TKI 
versus VEGFr-TKI or mTOR inhibitor versus VEGFr-
TKI after disease progression on previous therapy. 

In addition to assessing first-line treatment as discussed, 
TIVO-1 (tivozanib vs sorafenib) will provide data about the 
efficacy and safety of these therapies in a second-line setting 
because patients who received no more than 1 prior cytokine-
based therapy are eligible. Preliminary results demonstrated 
that in the overall study population, PFS was significantly 
improved with tivozanib compared with sorafenib; 
median PFS was 11.9 and 9.1 months, respectively.49 The 
safety profile of tivozanib in this trial was consistent with 
findings from phase II studies; hypertension was the most 
commonly reported AE. 

Final results of the phase III randomized AXIS 
(Axitinib [AG 013736] as Second-Line Therapy for 
Metastatic Renal Cell Cancer) trial17 led to its recent 
FDA approval for patients with mRCC.6 In the AXIS 
trial, patients who progressed on first-line treatment 
with sunitinib, cytokine-based therapy, bevacizumab 
plus IFN-α, or temsirolimus were randomly assigned 
to receive axitinib or sorafenib. PFS (per independent 
review assessment) was 6.7 months with axitinib and 
4.7 months with sorafenib (stratified hazard ratio 
[HR], 0.665; 95% confidence interval [CI], 0.544–
0.812; P<.0001). About one-third of patients (35%) 
received previous cytokine therapy; thus, the AXIS 
study represented their first exposure to a VEGFr-TKI. 
In this cytokine-refractory subgroup, median PFS was 
12.1 months for axitinib and 6.5 months for sorafenib. 
About one-half of patients (54%) had previously 
received sunitinib as first-line therapy. In this suni-
tinib-refractory subgroup, median PFS was lower: 4.8 
months with axitinib and 3.4 months with sorafenib. 
The objective response rate in the total study popula-
tion was higher for axitinib (19%) than for sorafenib 
(9%; P=.0001). Both treatment arms had a generally 
similar safety profile. Select AEs occurring more com-
monly with axitinib versus sorafenib were all-grade 
hypertension (40% vs 29%), nausea (32% vs 22%), 

dysphonia (31% vs 14%), and creatinine level eleva-
tion (55% vs 41%). Conversely, AEs that were more 
common with sorafenib than with axitinib included 
hand-foot syndrome (51% vs 27%), alopecia (32% 
vs 4%), rash (32% vs 13%), anemia (52% vs 35%), 
hypophosphatemia (50% vs 13%), hypocalcemia (59% 
vs 39%), and lipase level elevation (46% vs 27%).

The ongoing phase III, randomized, open-label 
INTORSECT study will be the first study to provide 
head-to-head prospective data on the efficacy and safety of 
an mTOR inhibitor (temsirolimus) versus a VEGFr-TKI 
(sorafenib) in patients who failed a first-line VEGFr-TKI 
(sunitinib) (NCT00474786).50 Recently reported topline 
results demonstrated that PFS was numerically, but not 
significantly, longer in patients treated with temsirolimus 
versus sorafenib; however, OS was significantly longer for 
patients treated with sorafenib.51 In addition to providing 
insight into the benefits/risks of VEGFr-TKI → mTOR 
versus VEGFr-TKI → VEGFr-TKI sequencing, final 
results of this study will generate the first prospective data 
for temsirolimus as second-line therapy; temsirolimus 
currently has level 1 recommendations for use as first-line 
therapy in high-risk patients.19  

RECORD-4 (NCT01491672) is a phase II open-label 
study of second-line everolimus in patients with mRCC 
who received first-line treatment for mRCC. Patients will 
be stratified according to first-line treatment with sunitinib, 
other anti-VEGF therapy, or cytokine therapy. The primary 
endpoint will be PFS.52 Although everolimus currently has 
level 1 recommendations as second-line therapy after relapse 
on VEGFr-TKI treatment, most patients in the pivotal 
RECORD-1 study had received other previous treatment, 
in addition to a VEGFr-TKI.14 The RECORD-4 study 
will enable evaluation of everolimus treatment in a purely 
second-line setting and may broaden the utility of everoli-
mus as second-line treatment.

Another approach under investigation is based on the 
theory that switching to treatment with an alternate MOA 
before disease progression may increase the time to devel-
opment of resistance and confer improved clinical benefit. 
Data from EVERSUN (A Phase 2 Trial of EVERolimus 
Alternating With SUNitinib as First-Line Therapy for 
Advanced Renal Cell Carcinoma) will provide intrigu-
ing insights into the development of resistance with an 
alternating VEGFr-TKI → mTOR inhibitor sequencing 
strategy. This phase II, single-arm, 2-stage trial is enrolling 
treatment-naïve patients with mRCC. Treatment will be 
given in 12-week cycles, composed of sunitinib (4 weeks 
on, 2 weeks off) and everolimus (5 weeks on, 1 week 
off).53 Because target enrollment is only 55 patients, larger 
comparative studies, including inclusion of a standard-of-
care treatment arm, will be required before changes to 
treatment algorithms can be considered.
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Third Line 
• Dovitinib Versus Sorafenib
No targeted agents are approved as third-line treatment 
of mRCC, as reflected by lack of guidance in this area 
in current clinical practice guidelines. This setting needs 
robust clinical data to help inform treatment decisions. 

Dovitinib (TKI258) inhibits multiple angiogenic 
factors, including FGF receptor and VEGFr, and has 
shown efficacy in early-phase clinical trials in patients 
with mRCC previously treated with a VEGFr-TKI and/
or an mTOR inhibitor.54 Dovitinib is being evaluated 
in a phase III, randomized, open-label trial as third-line 
treatment versus sorafenib in patients who received 
treatment with 1 previous VEGF-targeted agent and 
1 previous mTOR inhibitor.55 Results should provide 
guidance about the effectiveness of targeted therapy for 
mRCC in the third-line setting. The trial is scheduled to 
close to accrual in July 2012.

Combination Therapy 
First Line
• �RECORD-2: Bevacizumab Plus Everolimus Versus 

Bevacizumab Plus IFN-α
• �INTORACT: Bevacizumab Plus Temsirolimus 

Versus Bevacizumab Plus IFN-α Second-Line 
(after relapse on VEGFr-TKIs)

• �Everolimus Plus Bevacizumab Versus Everolimus 
Plus Placebo

Combination therapy could potentially improve progno-
sis for patients with mRCC. As demonstrated in other 
cancers, simultaneous intervention at multiple points in 
the pathologic processes of tumorigenesis is likely to yield 
greater levels of cytotoxicity while reducing the oppor-
tunity for resistance to develop. The combination of an 
mTOR inhibitor with a VEGFr-TKI is very appealing 
from a mechanistic perspective, allowing simultaneous 
targeting of angiogenesis and tumor cell growth. 

The utility of combination therapy in the treat-
ment of mRCC is being evaluated in randomized trials. 
Select studies in the first-line treatment setting include 
RECORD-2 and INTORACT (Investigation of Torisel 
and Avastin Combination Therapy). RECORD-2 is 
a phase II open-label study comparing bevacizumab 
plus IFN-α versus bevacizumab plus everolimus 
(NCT00719264).56 INTORACT is a phase IIIb open-
label study comparing bevacizumab plus temsirolimus 
versus bevacizumab plus IFN-α (NCT00631371).57 In 
the second-line treatment setting, a randomized phase III 
trial is evaluating combination therapy for patients with 
mRCC who have progressed on VEGFr-TKI treatment. 
This trial, sponsored by the Cancer and Leukemia Group 
B (CALGB), is comparing everolimus plus bevacizumab 
versus everolimus plus placebo (NCT01198158).58

Early-phase studies of combination therapies, such 
as bevacizumab plus everolimus59 and tivozanib plus 
temsirolimus60 regimens, have shown promising toler-
ability profiles. In a phase Ib, open-label, dose-escalation 
trial in patients with mRCC, tivozanib in combination 
with temsirolimus was well tolerated.60 The incidence of 
AEs observed with combination therapy was consistent 
with the safety profiles of each agent when used as mono-
therapy. No grade 4 events or dose-limiting toxicities were 
reported. However, substantial toxicity has been noted 
with other combinations, including bevacizumab plus 
temsirolimus,61 bevacizumab plus sunitinib (particularly 
at higher sunitinib doses),62 everolimus plus sunitinib,63,64 
and temsirolimus plus sunitinib.65 Ongoing RECORD-2, 
INTORACT, and CALGB trials will further evaluate the 
viability of bevacizumab plus mTOR inhibitor combina-
tion therapy and will provide data that might enable a 
comparison of risks/benefits for combination versus 
sequential treatment strategies.

New Mechanistic Directions in mRCC Treatment
The quest for enhanced understanding of signaling 
pathways and resistance mechanisms involved in mRCC 
is leading to novel mechanistic approaches, including 
dual inhibition of PI3K and mTORC1/2 and inhibition 
of MET, VEGFR2, and the programmed death-1 co-
inhibitory receptor (PD-1). 

The critical role of PI3K/Akt in cell growth and sur-
vival makes this pathway an attractive target for antican-
cer therapy. Agents targeting the PI3K/Akt pathway are 
in clinical development, including the PI3K/mTORC1/2 
dual inhibitor NVP-BEZ23532 and the PI3K/Akt path-
way inhibitor perifosine.66 In a study by Cho and asso-
ciates,32 NVP-BEZ235 showed improved efficacy over 
rapamycin alone in a mouse xenograft model of RCC. In 
a phase I dose-escalation study in patients with advanced 
solid tumors, including renal, NVP-BEZ235 was well 
tolerated with a favorable safety profile.67 A phase I/II 
open-label study of NVP-BEZ235 in patients with 
advanced solid tumors with molecular alterations in the 
PI3K pathway is ongoing.68 Perifosine is being evaluated 
as second-line therapy in patients with advanced mRCC 
who have relapsed on prior treatment with sunitinib and/or  
sorafenib, and also as third-line therapy for patients 
who were previously treated with 1 VEGFr-TKI and 1 
mTOR inhibitor.66

Inhibition of MET has been shown to overcome 
acquired resistance to anti-VEGF agents.69 A recent 
phase I study demonstrated that cabozantinib (Cometriq, 
Exelixis), an inhibitor of MET and VEGFR2, may be 
an effective therapy for VEGF-refractory patients with 
mRCC.70 In this study, 25 patients who previously failed 
treatment with up to 6 targeted agents were treated with 
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cabozantinib 140 mg daily. In this heavily pretreated pop-
ulation, objective response rate was 28% and median PFS 
was 14.7 months; median OS had not been reached with 
median follow-up of 14.7 months. Among patients with 
bone metastases (16%), some experienced bone lesion 
resolution and pain relief with cabozantinib treatment.

In RCC, PD ligand-1 (PD-L1) expression on tumor 
cells has been associated with more aggressive disease and 
shorter survival.71 Inhibition of PD-1, which is expressed 
by activated T cells, may be an important new target for 
RCC immunotherapy. In a phase I study, 33 patients with 
RCC were treated with BMS-936558, a human mono-
clonal antibody that inhibits PD-1, via IV administration 
every 2 weeks (10 mg/kg, n=16; 1 mg/kg, n=17).72 All 
patients had previously received treatment; 74% previ-
ously received antiangiogenic agents. The toxicity profile 
was consistent with that reported for immunotherapeutic 
agents; 18% of patients experienced grade 3 or grade 4 
AEs. Clinical activity occurred at both doses; 9 patients 
had an objective response (PR, n=8, and CR, n=1), and 
PFS at 24 weeks was 56%. At the 10 mg/kg dose, approxi-
mately 70% of patients were progression-free at 24 weeks. 
Further development of BMS-936558 in patients with 
mRCC is ongoing.  

Predictive Biomarkers

In tandem with investigation of various combinations 
of drug therapies and research into new mechanistic 
approaches, identification of predictive/prognostic bio-
markers of disease progression continues. Such knowledge 
will ultimately help individualize therapy and enable  
risk/benefit decisions in clinical trials and daily practice. In a 
retrospective study evaluating prognostic factors in patients 
with mRCC who received VEGF-targeted therapy across 
7 North American oncology treatment centers, factors 
associated with poor prognosis (per the Cox proportional 
hazards model) included Karnofsky performance status 
under 80%; less than 1 year in the time from diagnosis to 
treatment; hemoglobin level less than the lower limit of 
normal; and calcium level, neutrophil count, and platelet 
count greater than the upper limit of normal.73 

Gene expression analysis evaluating molecular 
aspects of tumors that distinguish robust subsets of clear 
cell RCC (with a potential impact on prognosis) is an 
area of continuing research. Findings from Brannon and 
coworkers74 suggest a more favorable survival prognosis 
for subtype ccA than for subtype ccB. Gordan and asso-
ciates75 characterized tumor samples of sporadic human 
clear-cell RCC based on VHL genotype and patterns of 
HIF-α expression. Findings revealed 3 distinct tumor 
phenotypes: wild-type VHL alleles and undetectable 
expression of HIF-α protein (VHL WT), VHL-deficient 

tumors with detectable expression of HIF-1α and HIF-2α 
proteins (H1H2), and VHL-deficient tumors exclusively 
expressing HIF-2α (H2). Results showed differences in 
cell proliferation and oncogenic activity between groups. 
For instance, compared with H1H2 or VHL WT tumors, 
H2 tumors showed enhanced activity of the c-Myc onco-
genic pathway and higher proliferation rates. Saez and 
colleagues demonstrated that, in patients with mRCC 
who were treated with first-line VEGFr-TKIs, unlike 
VHL status, positive expression (10% staining intensity) 
of H1 and H2 significantly correlated with PFS and OS, 
and that H1 was predictive for response rate.76 Hudes and 
coworkers showed that gain of chromosome 5q and no 
loss of chromosome 14/14q in tumor DNA of patients 
with mRCC treated with pazopanib were associated with 
significantly longer PFS.77 Rini and associates78 noted a 
relationship between patient characteristics, VHL gene 
status, and clinical outcomes in patients with mRCC 
who were receiving VEGF-based therapies. Favorable 
prognosis (eg, longer time to progression [TTP]) was 
associated with male sex, higher baseline hemoglobin 
level, no hepatic metastases, and no previous radiation 
therapy. Results showed no impact of VHL mutations 
or methylation on overall tumor shrinkage or objective 
response; however, patients with VHL methylation or 
a mutation that truncated or shifted the VHL reading 
frame had longer TTP compared with patients without 
these features. Pomerantz and colleagues suggested that 
inherited variation at PIK3CA was associated with PFS 
and OS after mTOR inhibition, which was maintained 
when adjusted for age, sex, and Memorial Sloan-Kettering 
Cancer Center (MSKCC) risk stratification.79 

Conclusion

Optimized sequential therapy and combination therapy 
represent 2 main areas of interest being evaluated in clini-
cal trials of mRCC. Sequential treatment using agents 
with similar MOAs may lead to at least partial cross-
resistance, resulting in impaired anticancer activity and 
ultimately to reduced patient survival. Ongoing clinical 
trials should help to establish the degree to which cross-
resistance between agents occurs in clinical practice and 
to identify which agents, when used consecutively, are 
associated with the most favorable treatment outcomes. 
Agents with differing MOAs may decrease the potential 
for cumulative toxicity. Combination therapy holds the 
potential for improved anticancer activity compared 
with monotherapy. However, to date, the utility of this 
approach has generally been limited by toxicity. If a suit-
able combination can be found that provides improved 
efficacy with an acceptable risk/benefit ratio, this might 
herald a major advance in the treatment of mRCC.
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In conclusion, intense efforts continue in the quest 
to establish optimized treatment regimens that offer 
improved survival, manageable safety, and the ability to 
tailor therapy to individual patient needs. Clinical trial 
data maturing in the next 1–2 years should provide 
insight regarding which sequences are safest and most 
effective, and should further elucidate the benefits/risks 
of combination therapy. It remains to be seen whether 
results of these studies will lead to a paradigm shift in 
treatment recommendations for patients with mRCC.

Acknowledgments
Editorial assistance in the preparation of this article was pro-
vided by ApotheCom (Yardley, PA, USA). This assistance was 
supported by Novartis Pharmaceuticals Corporation. Novartis 
had no involvement in the collection, analysis, and interpreta-
tion of data for this article, the writing of this article, or the 
decision to submit it for publication.

Disclosures
Dr. Pal has served as a consultant to Novartis and has 
received honoraria from GlaxoSmithKline, Novartis, and 
Pfizer. Dr. Vogelzang has served as a consultant for AVEO 
and has received honoraria from Bayer, GlaxoSmithKline, 
Novartis, and Pfizer.

References

1.	 Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA Cancer J Clin. 
2010;60:277-300.
2.	 Howlader N, Noone AM, Krapcho M, et al. SEER Cancer Statistics Review, 
1975-2008. National Cancer Institute. http://seer.cancer.gov/csr/1975_2008/. 
Accessed July 23, 2012.
3.	 Kattan MW, Reuter V, Motzer RJ, Katz J, Russo P. A postoperative prognostic 
nomogram for renal cell carcinoma. J Urol. 2001;166:63-67.
4.	 Levy DA, Slaton JW, Swanson DA, Dinney CP. Stage specific guidelines 
for surveillance after radical nephrectomy for local renal cell carcinoma. J Urol. 
1998;159:1163-1167.
5. Sorbellini M, Kattan MW, Snyder ME, et al. A postoperative prognostic nomogram 
predicting recurrence for patients with conventional clear cell renal cell carcinoma.  
J Urol. 2005;173:48-51.
6.	 Inlyta (axitinib) tablets for oral administration [prescribing information]. New 
York, NY: Pfizer, Inc; 2012.
7.	 Motzer RJ, Hutson TE, Tomczak P, et al. Overall survival and updated results 
for sunitinib compared with interferon alfa in patients with metastatic renal cell 
carcinoma. J Clin Oncol. 2009;27:3584-3590.
8.	 Escudier B, Eisen T, Stadler WM, et al. Sorafenib for treatment of renal cell 
carcinoma: final efficacy and safety results of the phase III treatment approaches in 
renal cancer global evaluation trial. J Clin Oncol. 2009;27:3312-3318.
9.	 Sternberg CN, Davis ID, Mardiak J, et al. Pazopanib in locally advanced or 
metastatic renal cell carcinoma: results of a randomized phase III trial. J Clin 
Oncol. 2010;28:1061-1068.
10.	Escudier B, Bellmunt J, Negrier S, et al. Phase III trial of bevacizumab plus 
interferon alfa-2a in patients with metastatic renal cell carcinoma (AVOREN): 
final analysis of overall survival. J Clin Oncol. 2010;28:2144-2150.
11.	Rini BI, Halabi S, Rosenberg JE. CALGB 90206: bevacizumab plus inter-
feron-alpha versus interferon-alpha monotherapy in patients with metastatic renal 
cell carcinoma: results of overall survival for CALGB 90206. J Clin Oncol (ASCO 
Annual Meeting Abstracts). 2009;27: Abstract LBA5019.
12.	Hudes G, Carducci M, Tomczak P, et al. Temsirolimus, interferon alfa, or both 
for advanced renal-cell carcinoma. N Engl J Med. 2007;356:2271-2281.

13.	Motzer RJ, Escudier B, Oudard S, et al. Phase 3 trial of everolimus for meta-
static renal cell carcinoma: final results and analysis of prognostic factors. Cancer. 
2010;116:4256-4265.
14.	Motzer RJ, Escudier B, Oudard S, et al. Efficacy of everolimus in advanced 
renal cell carcinoma: a double-blind, randomised, placebo-controlled phase III 
trial. Lancet. 2008;372:449-456.
15.	Motzer RJ, Hutson TE, Tomczak P, et al. Sunitinib versus interferon alfa in 
metastatic renal-cell carcinoma. N Engl J Med. 2007;356:115-124.
16.	Escudier B, Eisen T, Stadler WM, et al. Sorafenib in advanced clear-cell renal-
cell carcinoma. N Engl J Med. 2007;356:125-134.
17.	Rini BI, Escudier B, Tomczak P, et al. Comparative effectiveness of axitinib 
versus sorafenib in advanced renal cell carcinoma (AXIS): a randomised phase 3 
trial. Lancet. 2011;378:1931-1939.
18.	Escudier B, Pluzanska A, Koralewski P, et al. Bevacizumab plus interferon alfa-
2a for treatment of metastatic renal cell carcinoma: a randomised, double-blind 
phase III trial. Lancet. 2007;370:2103-2111.
19.	National Comprehensive Cancer Network, Inc. The NCCN Clinical Prac-
tice Guidelines in Oncology for Kidney Cancer, V.2.2012. http://www.nccn.org. 
Accessed March 5, 2012.
20.	Escudier B, Kataja V. Renal cell carcinoma: ESMO Clinical Practice Guidelines 
for diagnosis, treatment and follow-up. Ann Oncol. 2010;21(suppl 5):v137-v139.
21.	de Reijke TM, Bellmunt J, van Poppel H, Marreaud S, Aapro M. EORTC-GU 
group expert opinion on metastatic renal cell cancer. Eur J Cancer. 2009;45:765-773.
22.	Ljungberg B, Cowan NC, Hanbury DC, et al. EAU guidelines on renal cell 
carcinoma: the 2010 update. Eur Urol. 2010;58:398-406.
23.	Clark PE. Recent advances in targeted therapy for renal cell carcinoma. Curr 
Opin Urol. 2007;17:331-336.
24.	Rini BI. Vascular endothelial growth factor-targeted therapy in metastatic 
renal cell carcinoma. Cancer. 2009;115:2306-2312.
25.	Ellis LM, Hicklin DJ. VEGF-targeted therapy: mechanisms of anti-tumour 
activity. Nat Rev Cancer. 2008;8:579-591.
26.	Oudard S, Ravaud A, Escudier B. Sequencing of therapeutic agents in the 
treatment of advanced renal cell carcinoma: focus on mechanism of action. Ann 
Urol. 2010;1:19-27.
27.	Wullschleger S, Loewith R, Hall MN. TOR signaling in growth and metabo-
lism. Cell. 2006;124:471-484.
28.	Teachey DT, Grupp SA, Brown VI. Mammalian target of rapamycin inhibi-
tors and their potential role in therapy in leukaemia and other haematological 
malignancies. Br J Haematol. 2009;145:569-580.
29.	Afinitor (everolimus) tablets for oral administration [prescribing information]. 
East Hanover, NJ: Novartis Pharmaceuticals Corporation; April 2012.
30.	Lebwohl D, Thomas G, Lane HA, et al. Research and innovation in the devel-
opment of everolimus for oncology. Expert Opin Drug Discov. 2011;6:323-338.
31.	Meric-Bernstam F, Gonzalez-Angulo AM. Targeting the mTOR signaling 
network for cancer therapy. J Clin Oncol. 2009;27:2278-2287.
32.	Cho DC, Cohen MB, Panka DJ, et al. The efficacy of the novel dual PI3-
kinase/mTOR inhibitor NVP-BEZ235 compared with rapamycin in renal cell 
carcinoma. Clin Cancer Res. 2010;16:3628-3638.
33.	Torisel (temsirolimus) injection [prescribing information]. Philadelphia, PA: 
Wyeth Pharmaceuticals Inc; September 2010.
34.	Bergers G, Hanahan D. Modes of resistance to anti-angiogenic therapy. Nat 
Rev Cancer. 2008;8:592-603.
35.	Huang D, Ding Y, Zhou M, et al. Interleukin-8 mediates resistance to antian-
giogenic agent sunitinib in renal cell carcinoma. Cancer Res. 2010;70:1063-1071.
36.	Liu Y, Tran HT, Lin Y, et al. Plasma cytokine and angiogenic factors predictive 
of clinical benefit and prognosis in patients with advanced or metastatic renal cell 
cancer treated in phase III trials of pazopanib. J Clin Oncol (ASCO Annual Meet-
ing Abstracts). 2011;29: Abstract 334.
37.	Finke J, Ko J, Rini B, Rayman P, Ireland J, Cohen P. MDSC as a mechanism of 
tumor escape from sunitinib mediated anti-angiogenic therapy. Int Immunophar-
macol. 2011;11:856-861.
38.	Korc M, Friesel RE. The role of fibroblast growth factors in tumor growth. 
Curr Cancer Drug Targets. 2009;9:639-651.
39.	Rini BI, Atkins MB. Resistance to targeted therapy in renal-cell carcinoma. 
Lancet Oncol. 2009;10:992-1000.
40.	Casanovas O, Hicklin DJ, Bergers G, Hanahan D. Drug resistance by evasion 
of antiangiogenic targeting of VEGF signaling in late-stage pancreatic islet tumors. 
Cancer Cell. 2005;8:299-309.
41.	Azam F, Mehta S, Harris AL. Mechanisms of resistance to antiangiogenesis 
therapy. Eur J Cancer. 2010;46:1323-1332.



Clinical Advances in Hematology & Oncology  Volume 11, Issue 3  March 2013    155

s e q u e n t ia  l  a  n d  com    b i n at io  n  t h e r a p y  r e g im  e n s  i  n  m  r cc

42. www.ClinicalTrials.gov. Pazopanib versus sunitinib in the treatment of locally 
advanced and/or metastatic renal cell carcinoma (COMPARZ). http://clinicaltri-
als.gov/ct2/show/NCT00720941. Identifier: NCT00720941.
43. www.ClinicalTrials.gov. A study to compare tivozanib (AV-951) to sorafenib 
in subjects with advanced renal cell carcinoma (TIVO-1). http://clinicaltrials.gov/
ct2/show/ NCT01030783. Identifier: NCT01030783.
44.	 Escudier BJ, Porta C, Bono P, et al. Patient preference between pazopanib (Paz) 
and sunitinib (Sun): results of a randomized double-blind, placebo-controlled, cross-
over study in patients with metastatic renal cell carcinoma (mRCC)—PISCES study, 
NCT 01064310 (abstract). J Clin Oncol. 2012;30. Abstract CRA4502.
45.	AVEO and Astellas announce tivozanib successfully demonstrated progres-
sion-free survival superiority over sorafenib in patients with advanced renal cell 
cancer in phase 3 TIVO-1 trial [press release]. Cambridge, MA. and Tokyo, Japan: 
Business Wire; Aveo Pharmaceuticals, Inc. Astellas Pharma Inc., January 3, 2012.
46.	Knox JJ, Kay AC, Schiff E, et al. First-line everolimus followed by second-line 
sunitinib versus the opposite treatment sequence in patients with metastatic renal 
cell carcinoma (mRCC) (abstract). J Clin Oncol. 2010(29):15s. Abstract TPS232.
47.	www.ClinicalTrials.gov. A phase III randomized sequential open-label study 
to evaluate the efficacy and safety of sorafenib followed by sunitinib versus suni-
tinib followed by sorafenib in the treatment of first-line advanced/metastatic 
renal cell carcinoma. http://clinicaltrials.gov/ct2/show/NCT00732914. Identi-
fier: NCT00732914. 
48. Michel MS, Vervenne W, Goebell PJ, et al. Phase III randomized sequential 
open-label study to evaluate efficacy and safety of sorafenib (SO) followed by 
sunitinib (SU) versus sunitinib followed by sorafenib in patients with advanced/
metastatic renal cell carcinoma without prior systemic therapy (SWITCH study): 
safety interim analysis results (abstract). J Clin Oncol. 2012;30. Abstract 4539.
49.	 Motzer RJ, Nosov D, Eisen T, et al. Tivozanib versus sorafenib as initial targeted 
therapy for patients with advanced renal cell carcinoma: results from a phase III ran-
domized, open-label, multicenter trial (abstract). J Clin Oncol. 2012;30. Abstract 4539.
50. www.ClinicalTrials.gov. Temsirolimus versus sorafenib as second-line therapy in 
patients with advanced RCC who have failed first-line sunitinib (INTORSECT). 
http://clinicaltrials.gov/ct2/show/NCT00474786. Identifier: NCT00474786. 
51.	Pfizer provides topline results from phase three study of Torisel® as a second-
line treatment in advanced renal cell carcinoma (RCC) [press release]. New York, 
NY: Business Wire; Pfizer Inc., May 15, 2012.
52. www.ClinicalTrials.gov. An open-label, multicenter phase II study to examine 
the efficacy and safety of everolimus as second-line therapy in the treatment of 
patients with metastatic renal cell carcinoma - RECORD-4. http://clinicaltrials.
gov/ct2/show/NCT01491672. Identifier: NCT01491672.
53.	Australian New Zealand Clinical Trials Registry. A phase 2 trial evaluating the 
effect of everolimus alternating with sunitinib on progression-free survival in patients 
with advanced renal cell carcinoma. Australian New Zealand Clinical Trials Registry. 
http://www.anzctr.org.au/trial_view.aspx?ID=308211. Accessed July 23, 2012.
54.	Angevin E, Grunwald V, Ravaud A, et al. A phase II study of dovitinib 
(TKI258), an FGFR- and VEGFR-inhibitor, in patients with advanced or meta-
static renal cell cancer (mRCC) (abstract). J Clin Oncol. 2011(29). Abstract 3057.
55.	www.ClinicalTrials.gov. An open-label, randomized, multi-center, phase III 
study to compare the safety and efficacy of TKI258 versus sorafenib in patients 
with metastatic renal cell carcinoma after failure of anti-angiogenic (VEGF-
targeted and mTOR inhibitor) therapies. http://clinicaltrials.gov/ct2/show/
NCT01223027. Identifier: NCT01223027.
56. www.ClinicalTrials.gov. A randomized, open-label, multi-center phase II study to 
compare bevacizumab plus RAD001 versus interferon alfa-2a plus bevacizumab for the 
first-line treatment of patients with metastatic clear cell carcinoma of the kidney. http://
clinicaltrials.gov/ct2/show/NCT00719264. Identifier: NCT00719264.
57. www.ClinicalTrials.gov. Study comparing bevacizumab + temsirolimus vs. beva-
cizumab + interferon-alfa in advanced renal cell carcinoma subjects (INTORACT). 
http://clinicaltrials.gov/ct2/show/NCT00631371. Identifier: NCT00631371. 
58. www.ClinicalTrials.gov. Everolimus with or without bevacizumab in treat-
ing patients with advanced kidney cancer that progressed after first-line therapy. 
http://clinicaltrials.gov/ct2/show/NCT01198158. Identifier: NCT01198158.

59.	Hainsworth JD, Spigel DR, Burris HA, III, Waterhouse D, Clark BL, Whorf 
R. Phase II trial of bevacizumab and everolimus in patients with advanced renal 
cell carcinoma. J Clin Oncol. 2010;28:2131-2136.
60.	Kabbinavar FF, Srinivas S, Hauke RJ, et al. Results from a phase I trial of tivozanib  
(AV-951) combined with temsirolimus therapy in patients (pts) with renal cell 
carcinoma (RCC) (abstract). J Clin Oncol. 2011;29(suppl 15). Abstract 4549.
61.	Negrier S, Gravis G, Perol D, et al. Temsirolimus and bevacizumab, or sunitinib, 
or interferon alfa and bevacizumab for patients with advanced renal cell carcinoma 
(TORAVA): a randomised phase 2 trial. Lancet Oncol. 2011;12:673-680.
62.	Feldman DR, Baum MS, Ginsberg MS, et al. Phase I trial of bevacizumab plus 
escalated doses of sunitinib in patients with metastatic renal cell carcinoma. J Clin 
Oncol. 2009;27:1432-1439.
63.	Michaelson MD. Combination of targeted agents in metastatic renal cell car-
cinoma: a path forward or a dead-end street? Cancer. 2012;118:1744-1746.
64.	 Molina AM, Feldman DR, Voss MH, et al. Phase 1 trial of everolimus plus suni-
tinib in patients with metastatic renal cell carcinoma. Cancer. 2012;118:1868-1876.
65.	Patel PH, Senico PL, Curiel RE, Motzer RJ. Phase I study combining treat-
ment with temsirolimus and sunitinib malate in patients with advanced renal cell 
carcinoma. Clin Genitour Cancer. 2009;7:24-27.
66.	Porta C, Figlin RA. Phosphatidylinositol-3-kinase/Akt signaling pathway and 
kidney cancer, and the therapeutic potential of phosphatidylinositol-3-kinase/Akt 
inhibitors. J Urol. 2009;182:2569-2577.
67.	Peyton JD, Ahnert JR, Burris H, et al. A dose-escalation study with the novel 
formulation of the oral pan-class I PI3K inhibitor BEZ235, solid dispersion sys-
tem (SDS) sachet, in patient with advanced solid tumors (abstract). J Clin Oncol. 
2011;29(suppl 15). Abstract 3066.
68.	www.ClinicalTrials.gov. A phase I/II study of BEZ235 in patients with advanced 
solid malignancies enriched by patients with advanced breast cancer. http://www.
clinicaltrials.gov/ct2/show/NCT00620594. Identifier: NCT00620594.
69.	Aftab DT, McDonald DM. MET and VEGF: synergistic targets in castration-
resistant prostate cancer. Clin Transl Oncol. 2011;13:703-709.
70.	Choueiri TK, Pal SK, McDermott DF, et al. Efficacy of cabozantinib (XL184) 
in patients (pts) with metastatic, refractory renal cell carcinoma (RCC) (abstract). 
J Clin Oncol. 2012;30. Abstract 4504.
71.	Thompson RH, Dong H, Lohse CM, et al. PD-1 is expressed by tumor-
infiltrating immune cells and is associated with poor outcome for patients with 
renal cell carcinoma. Clin Cancer Res. 2007;13:1757-1761.
72.	McDermott DF, Drake CG, Sznol M, et al. Clinical activity and safety of anti-
PD-1 (BMS-936558, MDX-1106) in patients with previously treated metastatic 
renal cell carcinoma (mRCC) (abstract). J Clin Oncol. 2012;30. Abstract 4505.
73.	Heng DY, Xie W, Regan MM, et al. Prognostic factors for overall survival 
in patients with metastatic renal cell carcinoma treated with vascular endothelial 
growth factor-targeted agents: results from a large, multicenter study. J Clin Oncol. 
2009;27:5794-5799.
74.	Brannon AR, Reddy A, Seiler M, et al. Molecular stratification of clear cell 
renal cell carcinoma by consensus clustering reveals distinct subtypes and survival 
patterns. Genes Cancer. 2010;1:152-163.
75.	Gordan JD, Lal P, Dondeti VR, et al. HIF-alpha effects on c-Myc distinguish 
two subtypes of sporadic VHL-deficient clear cell renal carcinoma. Cancer Cell. 
2008;14:435-446.
76.	 Saez MI, Trigo Perez JM, Perez-Rivas LG, et al. Hypoxia-inducible factor (HIF) 1a 
and 2a as predictive markers of outcome to VEGFR tyrosine kinase inhibitors (TKI) in 
renal cell carcinoma (RCC) (abstract). J Clin Oncol. 2012;30. Abstract 4630.
77.	Hudes GR, Pei J, Liu Y, et al. Correlation of chromosome (Chr) 14 loss and 5q 
gain with outcomes of pazopanib treatment in patients (pts) with metastatic clear 
cell renal cell carcinoma (mRCC) (abstract). J Clin Oncol. 2012;30. Abstract 4605.
78.	Rini BI, Jaeger E, Weinberg V, et al. Clinical response to therapy targeted at vas-
cular endothelial growth factor in metastatic renal cell carcinoma: impact of patient 
characteristics and Von Hippel-Lindau gene status. BJU Int. 2006;98:756-762.
79.	Pomerantz MM, Gray KP, Barros FAS, et al. Association of inherited genetic 
variation with clinical outcome in patients with advanced renal cell carcinoma 
treated with mTOR inhibition (abstract). J Clin Oncol. 2012;30. Abstract 4543.


