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Abstract:  The arrival of targeted therapies—vascular endothelial 

growth factor (VEGF) pathway inhibitors and mammalian target of 

rapamycin (mTOR) inhibitors—and programmed death 1 (PD-1) 

inhibitors has transformed the management of renal cell carcinoma 

(RCC). Once considered fatal, with a median survival of approxi-

mately 1 year, these agents have nearly tripled overall survival and 

have raised hopes of a possible cure for advanced RCC. This review 

begins with a brief discussion of the seminal von Hippel-Lindau/

hypoxia-inducible factor axis in RCC. It then discusses the pivotal 

trials that have investigated VEGF inhibitors in metastatic RCC, as 

well as in adjuvant and neoadjuvant settings. Finally, it addresses 

some practical considerations and future directions in the use of 

VEGF inhibitors in RCC. 

Introduction

The last decade has witnessed tremendous advances in the man-
agement of renal cell carcinoma (RCC). Interleukin 2 (IL-2) and 
interferon alfa (IFN-α), the staple treatments for metastatic RCC 
(mRCC) from the 1980s to 2005, have been largely relegated to 
history. IL-2 and IFN-α provided response rates in the range of 5% 
to 20% and led to a median overall survival (OS) of approximately 
10 to 15 months.1-5 Between 2005 and 2016, however, the US Food 
and Drug Administration (FDA) approved 10 novel drugs for the 
treatment of mRCC. Unprecedented results, in the form of overall 
response rates (ORRs) of 20% to 40% and a median OS of greater 
than 24 months, have been noted.6,7 These FDA-approved drugs 
belong to 3 large categories: (1) vascular endothelial growth factor 
(VEGF) inhibitors (Table 1), (2) mammalian target of rapamycin 
(mTOR) inhibitors, and (3) programmed death 1 (PD-1) inhibi-
tors. The VEGF inhibitors are sorafenib (Nexavar, Bayer), sunitinib 
(Sutent, Pfizer), bevacizumab (Avastin, Genentech), pazopanib 
(Votrient, Novartis), axitinib (Inlyta, Pfizer), cabozantinib (Com-
etriq, Exelixis), and lenvatinib (Lenvima, Eisai); the mTOR inhib-
itors are everolimus (Afinitor, Novartis) and temsirolimus (Torisel, 
Pfizer); and the anti–PD-1 agent is nivolumab (Opdivo, Merck). 
Both the VEGF and mTOR inhibitors constitute targeted therapies, 
and, with the exceptions of bevacizumab and temsirolimus, they 
are all oral agents. This review briefly discusses the key pathogenic 
von Hippel-Lindau (VHL) pathway in RCC before delving into a 
discussion of the pivotal clinical trials that have contributed to the 
approval of various VEGF inhibitors. 
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VHL/HIF Axis in Clear Cell RCC

The advances in the management of mRCC can be 
directly traced back to the identification of the VHL gene 
on chromosome 3, cytoband 3p25-26, which is a tumor 
suppressor gene involved in the pathogenesis of VHL dis-
ease.8,9 Various studies have shown that somatic biallelic 
inactivation of VHL, from either mutations or hyper-
methylation, occurs in approximately 50% or more of 
sporadic clear cell RCC, which constitutes approximately 
70% of all RCC.10-14 Additionally, loss of heterozygosity 
of VHL has been noted in up to 98% of patients with 
sporadic RCC.13,15

Under conditions of normoxia, the protein product 
of VHL inhibits hypoxia-inducible factor (HIF)—a het-
erodimeric transcription factor consisting of an unstable 
α subunit (HIF-1α, HIF-2α, or HIF-3α) and a stable β 
subunit (HIF-1β).16-18 The HIF inhibition is secondary to 
hydroxylation of HIF-α by prolyl hydroxylases (PHDs) 
and factor-inhibiting HIF (FIH). HIF-α hydroxylation 
allows VHL to bind to it and to elongin C, which recruits 
elongin B, cullin 2 (CUL2), and ring-box 1 (RBX1) of an 
E3 ubiquitin ligase.19,20 This helps target the HIF-α for 
polyubiquitination and degradation by the 26S protea-
some.19,21 However, under hypoxia, HIF-α hydroxylation 
is prevented.19 VHL does not bind to unhydroxylated 

HIF-α, which then accumulates in the cell.22,23 HIF-1α 
and HIF-2α are stabilized by heterodimerization with 
HIF-β.19 This HIF-α/β complex binds to hypoxia 
response elements on DNA, recruits coactivators, and 
leads to transcription of target genes that include VEGF, 
platelet-derived growth factor (PDGF), transforming 
growth factor alfa (TGF-α), insulin-like growth factor 
(IGF), and epidermal growth factor receptor (EGFR).23 

Overall, these genes are implicated in angiogenesis, 
pH regulation, glycolysis, glucose transport, cell cycle, che-
motaxis, signaling, and apoptosis.19,24,25 Thus, in patients 
with RCC who have had biallelic inactivation of VHL, 
there is increased transcription of HIF-targeted genes. 

VEGF, which is one such protein with increased 
expression in such conditions, is a potent mediator of 
angiogenesis. It binds to VEGF receptor (VEGFR) on 
endothelial cells, leading to increased vascular permea-
bility; inducing endothelial cell proliferation, survival, 
migration, and differentiation; and promoting degrada-
tion of extracellular matrix around endothelial cells.19,26 
This explains why VEGF inhibitors have seen tremen-
dous success in RCC. Similarly, the efficacy of mTOR 
inhibitors is explained by the fact that HIF-α expression 
is mTOR-dependent. These pathways, including their 
various intricate details and their clinical implications, 
have been reviewed in many excellent papers.10,11,19,24,27,28 

Table 1.  Anti-VEGF Inhibitors in Renal Cell Carcinoma and Approved Doses

Drug 
FDA Approval 
Date

Line of 
Therapy

Recommended  
Starting Dose Comments

Sorafenib December 20, 2005 1st 400 mg orally twice daily Obsolete in current practice; drug of 
choice in resource-limited setting

Sunitinib January 26, 2006 1st
50 mg orally once daily for 
4 weeks of a 6-week cycle  
(4 weeks on, 2 weeks off)

Frontline drug of choice along with 
pazopanib; 2-weeks on, 1-week off 
schedule may be used 

Bevacizumab July 31, 2009 1st 10 mg/kg intravenously 
every 2 weeks

Obsolete in current practice; given in 
combination with interferon

Pazopanib October 19, 2009 1st 800 mg orally daily Frontline drug of choice along with 
sunitinib

Axitinib January 27, 2012 2nd 5 mg orally twice daily Use likely to decrease given approval of 
nivolumab, cabozantinib, and lenvatinib

Cabozantinib April 25, 2016 2nd 60 mg orally daily

Exact sequence in comparison to 
lenvatinib and nivolumab needs to be 
determined; may come in frontline 
setting

Lenvatinib May 13, 2016 2nd 18 mg orally daily

Exact sequence in comparison to 
cabozantinib and nivolumab needs to be 
determined; given in combination with 
everolimus

FDA, US Food and Drug Administration; VEGF, vascular endothelial growth factor. 
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Also, work from The Cancer Genome Atlas (TCGA) 
Research Network helped to identify 19 significantly 
mutated genes in clear cell RCC.29 In that landmark 
TCGA study and subsequent analysis, upregulation of 
the pentose phosphate pathway and fatty acid synthesis 
pathway genes, and downregulation of the tricarboxylic 
acid (TCA) cycle genes, were shown to correlate with 
worse survival.30 A detailed description of those findings, 
the recently created comprehensive metabolomics dataset, 
and the demonstration of intratumoral heterogeneity—all 
of which can guide the design of future therapies, and aid 
in the understanding of treatment failures and differential 
responses—are beyond the scope of this review.29-32 

VEGF Inhibitors in mRCC

The low response rates and meager or absent improvements 
in survival outcomes with nonspecific therapies such as 
cytokines, chemotherapy, and their combination left much 
room for improvement.33-37 In this context, VEGF pathway 
inhibitors represented rational treatments. To date, these 
VEGF inhibitors belong to either of the 2 main classes; 
bevacizumab is a monoclonal antibody and all the rest are 
tyrosine kinase inhibitors (TKIs). Below, we discuss the 
pivotal trials that contributed to the FDA approval of these 
drugs in the management of RCC (Table 2). IFN-α served 
as the control in the first few trials, given its demonstrated 
survival advantage. However, with the emergence of data 
as shown below, IFN-α as a control was fast replaced by 
VEGF pathway inhibitors such as sunitinib in the first-line 
setting, and sorafenib or an mTOR inhibitor such as ever-
olimus in the second-line setting.

Sorafenib 
Sorafenib is an orally administered TKI that inhibits 
VEGFR, PDGF receptor β (PDGFR-β), FMS-like tyro-
sine kinase 3 (FLT3), c-KIT protein, RAF, and RET recep-
tor tyrosine kinases.38-40 Sorafenib demonstrated tolerability 
in various phase 1 studies.41-44 Similarly, a phase 2 study 
showed that the drug was well tolerated and had significant 
disease-stabilizing activity; the PFS was 29 weeks.45 

TARGET (Study of BAY43-9006 in Patients With 
Unresectable and/or Metastatic Renal Cell Cancer), the 
randomized, double-blind, placebo-controlled phase 3 
study, recruited patients with histologically confirmed 
clear cell mRCC who had progressed after 1 systemic 
treatment.38 Those with high-risk RCC as per Memorial 
Sloan Kettering Cancer Center (MSKCC) prognostic 
score were excluded. A total of 903 patients were ran-
domly assigned to receive either sorafenib or placebo. 
The first preplanned interim analysis via independent 
assessment demonstrated that patients in the sorafenib 
group had significantly improved progression-free sur-
vival (PFS) compared with those in the placebo group 

(5.5 vs 2.8 months; hazard ratio [HR], 0.44; 95% CI, 
0.35-0.55; P<.001). This result led to the halting of the 
trial, the decision to allow patients who had received pla-
cebo to receive sorafenib, and FDA approval of the drug. 
The overall response rate (ORR) was 10% for sorafenib 
and 2% for placebo. OS data favored sorafenib over 
placebo just prior to crossover (HR, 0.71; P=.015) and 
approximately 6 months later (HR, 0.77; P=.015), but 
neither finding was statistically significant, according to 
the O’Brien-Fleming threshold. In the final analysis done 
16 months after crossover, OS in the sorafenib group was 
not superior to placebo (17.8 vs 15.2 months; HR, 0.88; 
95% CI, 0.74-1.04; P=.146) by intent-to-treat analysis.46 
However, when results were analyzed after censoring of 
placebo-assigned patients, treatment with sorafenib was 
associated with significantly improved OS compared 
with placebo (17.8 vs 14.3 months; HR, 0.78; 95% CI, 
0.62-0.97; P=.0287). Univariate analyses of VEGF lev-
els vs outcome in placebo-treated patients showed that 
VEGF levels correlated inversely with PFS (P=.0013) and 
OS (P=.0009). Through multivariate analyses, baseline 
VEGF level was an independent prognostic factor for OS 
in both placebo-treated and sorafenib-treated patients. 
Using the 25th and 75th percentiles to define low vs high 
VEGF levels, the investigators noted that sorafenib ben-
efited those with high VEGF levels more than those with 
low VEGF levels (HR, 0.27 vs 0.58, respectively). Grade 
3 or 4 toxicities were noted in 29% of all patients who 
took sorafenib, with hand-foot syndrome, hypertension, 
fatigue, and diarrhea being the main adverse events (AEs). 
A retrospective subgroup analysis showed that PFS was 
similar in younger patients (<70 years; 23.9 weeks; HR, 
0.55; 95% CI, 0.47-0.66) and older patients (≥70 years; 
26.3 weeks; HR, 0.43; 95% CI, 0.26-0.69).47 Clinical 
benefit rates (complete response + partial response + sta-
ble disease) among younger and older sorafenib-treated 
patients also were similar. AEs were manageable regardless 
of age. However, gastrointestinal AEs were more frequent 
in older than younger patients among those treated with 
sorafenib. 

Sunitinib
Sunitinib inhibits VEGFR and PDGFR besides having 
activity against RAF, fibroblast growth factor receptor 
(FGFR), FLT3, KIT, and FMS receptors.48 A phase 1 
trial in advanced malignancies showed that sunitinib had 
manageable toxicities.49 However, it was the impressive 
results from a phase 2 trial showing an ORR of 34% 
(95% CI, 25%-44%) that drew attention and propelled 
the drug ahead.50 

In the international, multicenter phase 3 trial, 750 
patients with previously untreated mRCC with a clear 
cell histologic component were enrolled.51,52 Patients were 
randomly assigned to receive either repeated 6-week cycles 
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Table 2.  Pivotal Randomized Phase 2/3 Clinical Trials of VEGF Inhibitors in Renal Cell Carcinoma 

Trial 

Line of 
Therapy, 
Phase, n

Disease 
Setting

Treatment 
Arms

Results

ORR PFS OS

TARGET; 
NCT00073307 2nd, 3, 903 Met CC 

RCC Sor vs p 10% (Sor) vs 
2% (p)

5.5 mo (Sor) vs 
2.8 mo (p); HR, 
0.44; P<.01

17.8 mo (Sor) vs 
15.2 mo (p); HR, 
0.88; P=.146

NCT00098657 
and 
NCT00083889

1st, 3, 750
Met RCC w 
CC compo-
nent

Sun vs I 47% (Sun) vs 
12% (I); P<.001

11 mo (Sun) vs 
5 mo (I); HR, 
0.539; P<.001

26.4 mo (Sun) vs 
21.8 mo (I); HR, 
0.821; P=.051

AVOREN; 
NCT00738530 1st, 3, 649

Met RCC w 
>50% CC 
histology

B + I vs I + p
31% (B + I) vs 
13% (I + p); 
P=.0001

10.2 mo (B + 
I) vs 5.4 mo (I 
+ p); HR, 0.63; 
P=.0001

23.3 mo (B + I) vs 
21.3 mo (I + p); 
HR, 0.91; P=.3360

CALGB 90206; 
NCT00072046 1st, 3, 732

Met RCC w 
CC compo-
nent

B + I vs I
25.5% (B + I) 
vs 13.1% (I); 
P<.0001

8.5 mo (B + I) vs 
5.2 mo (I); HR, 
0.71; P<.0001

18.3 mo (B + I) vs 
17.4 mo (I); HR, 
0.86; P=.069

VEG105192; 
NCT00334282

1st or 
cytokine 
pretreated, 3, 
435

Locally adv 
or met CC 
or pred CC 
RCC

Pazo vs p 30% (Pazo) vs 
3% (p); P<.001

9.2 mo (Pazo) vs 
4.2 mo (p); HR, 
0.46; P<.0001

22.9 mo (Pazo) vs 
20.5 mo (p); HR, 
0.91; P=.224

COMPARZ; 
NCT00720941 1st, 3, 1110

Adv or met 
RCC w CC 
component

Pazo vs Sun
31% (Pazo) 
vs 25% (Sun); 
P=.03 

8.4 mo (Pazo) 
vs 9.5 mo (Sun); 
HR, 1.05

28.3 mo (Pazo) 
vs 29.1 mo (Sun); 
HR, 0.92; P=.24

AXIS; 
NCT00678392 2nd, 3, 723 Met CC 

RCC Axi vs Sor
23% (Axi) vs 
12% (Sor); 
P=.0001

8.3 mo (Axi) vs 
5.7 mo (Sor); 
HR, 0.656; 95% 
CI, 0.552-0.779; 
P<.0001

20.1 mo (Axi) vs 
19.2 mo (Sor); HR, 
0.969; P=.3744

NCT00920816 1st, 3, 288
Met RCC w 
CC compo-
nent

Axi vs Sor
32% (Axi) vs 
15% (Sor); 
P=.0006

10.1 mo (Axi) vs 
6.5 mo (Sor); HR, 
0.77; P=.038

21.7 mo (Axi) vs 
23.3 mo (Sor); HR, 
0.995; P=.4883

METEOR; 
NCT01865747

≥2nd (≥1 
VEGFR- 
targeting 
TKI), 3, 658

Adv or met 
RCC w CC 
component

Cabo vs E 17% (Cabo) vs 
3% (E); P<.0001

7.4 mo (Cabo) vs 
3.9 mo (E); HR, 
0.51; P<.0001

21.4 mo (Cabo) vs 
16.5 mo (E); HR, 
0.66; P=.00026

NCT01136733

2nd (1 prior 
VEGF-tar-
geted tx), 2, 
153

Adv or met 
CC RCC

L vs E vs L 
+ E

43% (L + E) vs 
6% (E) vs 27% 
(L), w P<.0001 
for L + E vs E; 
P=.10 for L vs E; 
P=.0067 for L vs 
L + E

14.6 mo (L + 
E) vs 5.5 mo 
(E); HR, 0.40; 
P=.0005; 14.6 mo 
(L + E) vs 7.4 mo 
(L); HR, 0.66; 
P=.12

25.5 mo (L + E) 
vs 19.1 mo (L) vs 
15.4 mo (E); HR, 
0.59; P=.065 for L 
+ E vs E

adv, advanced; Axi, axitinib; B, bevacizumab; Cabo, cabozantinib; CC, clear cell histology; E, everolimus; HR, hazard ratio; I, IFN-α; L, 
lenvatinib; mo, months; met, metastatic; ORR, overall response rate; OS, overall survival; p, placebo; Pazo, pazopanib; PFS, progression-free 
survival; pred, predominately; RCC, renal cell carcinoma; Sor, sorafenib; Sun, sunitinib; TKI, tyrosine kinase inhibitor; tx, treatment; VEGF, 
vascular endothelial growth factor; VEGFR, VEGF receptor; w, with. 
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of sunitinib (daily for 4 weeks, then 2 weeks off; 4/2) or 
IFN-α. Prespecified dose reductions of sunitinib and 
IFN-α were allowed for management of AEs. The ORR 
was 47% (95% CI, 42%-52%) for sunitinib vs 12% (95% 
CI, 9%-16%) for IFN-α (P<.001). PFS was 11 months 
(95% CI, 11-13 months) in the sunitinib group com-
pared with 5 months (95% CI, 4-6 months) in the IFN-α 
group (HR, 0.539; 95% CI, 0.451-0.643; P<.001). There 
was a trend toward better OS in the sunitinib group (26.4 
months; 95% CI, 23.0-32.9 months) than in the IFN-α 
group (21.8 months; 95% CI, 17.9-26.9 months), but it 
did not reach statistical significance (HR, 0.821; P=.051). 
When 25 patients from the IFN-α group who had crossed 
over to receive sunitinib on study were censored, the OS 
was 26.4 months (95% CI, 23.0-32.9 months) for those 
in the sunitinib group vs 20.0 months (95% CI, 17.8-
26.9 months) for those in the IFN-α group, which was 
a statistically significant difference (HR, 0.808; P=.036). 
Further, in the subset of patients who did not receive any 
cancer treatment after the study, the investigators found 
that OS was significantly improved with sunitinib vs 
IFN-α only (28.1 vs 14.1 months; HR, 0.647; P=.003). 
Thus, these analyses confirmed the hypothesis that the OS 
benefits of sunitinib had been confounded by crossover 
treatment and by the use of anticancer agents after the 
study. Sunitinib also was well tolerated. Major grade 3 
AEs included hypertension (12%), fatigue (11%), diar-
rhea (9%), and hand-foot syndrome (9%); none of these 
reached grade 4 severity. Major grade 3 or 4 laboratory 
abnormalities were neutropenia, lymphopenia, and lipase 
elevation (all 18%) for the sunitinib group. Quality of life 
(QOL) was significantly better with sunitinib than with 
IFN-α.53 

Nevertheless, the high occurrence rate of any-grade 
AEs such as diarrhea (61%), fatigue (54%), and nausea 
(52%) and of laboratory abnormalities such as neutrope-
nia (77%), anemia (79%), thrombocytopenia (68%), and 
increased creatinine (70%) led to testing of alternative 
schedules and dose intensities. Of note, a large, mul-
ticenter, retrospective analysis (the RAINBOW study) 
investigated sunitinib administration in a 2-weeks-on, 
1-week-off (2/1) schedule.54 A total of 208 patients started 
sunitinib on the 4/2 schedule and then were switched to 
the 2/1 schedule because of toxicity (group 4/2→2/1), 
and 41 patients started first-line sunitinib with the 2/1 
schedule because of suboptimal clinical conditions (group 
2/1). A total of 211 patients treated with the 4/2 schedule 
(group 4/2) served as external controls. Median PFS was 
30.2, 10.4, and 9.7 months in the 3 groups, respectively. 
Median OS was not reached, 23.2 months, and 27.8 
months, respectively. The incidence of grade 3 or higher 
toxicities was significantly reduced (45.7% to 8.2%; 
P<.001) after the switch to the 2/1 schedule in group 
4/2→2/1. The results indicated that the overall safety 

profile also improved after those patients switched to the 
2/1 schedule, and no decrease in efficacy was seen. An 
ongoing prospective study (NCT02060370) may con-
firm this finding. 

In another retrospective study, of 186 patients with 
mRCC who were treated with sunitinib alone or in combi-
nation, 34 patients (18%) were identified who either had 
a durable complete response or remained progression-free 
while receiving sunitinib for more than 18 months. A lack 
of bone or lung metastasis and good MSKCC risk status 
were predictive for durable PFS.55

Bevacizumab 
Unlike the VEGF receptor inhibitors, bevacizumab is a 
humanized monoclonal antibody that inhibits VEGF. 
Bevacizumab demonstrated clinical activity in multiple 
phase 2 studies.56-59 PFS in previously untreated patients 
was 8.5 months in one study, and another study found 
that PFS in previously treated patients was significantly 
improved with bevacizumab monotherapy vs placebo (4.8 
vs 2.5 months; HR, 0.39, P<.001).56,59 Two major phase 3 
trials were conducted on the back of these findings. 

In the double-blind AVOREN trial (A Study of 
Avastin Added to Interferon Alfa-2a Therapy in Patients 
With Metastatic Renal Cell Cancer With Nephrectomy), 
649 previously untreated patients with predominantly 
(>50%) clear cell mRCC were randomly assigned (1:1) 
to receive bevacizumab plus IFN-α to progression or for 
a maximum of 52 weeks, or placebo plus IFN-α.60,61 PFS 
was improved in the bevacizumab plus IFN-α group (10.2 
vs 5.4 months; HR, 0.63; 95% CI, 0.52-0.75; P=.0001) 
irrespective of MSKCC risk group. Censoring patients on 
the day they received subsequent therapy had no effect 
on the efficacy of bevacizumab (HR, 0.62). The ORR 
was significantly higher with bevacizumab plus IFN-α 
(31% vs 13%; P=.0001). OS was 23.3 months with bev-
acizumab plus IFN-α and 21.3 months with IFN-α plus 
placebo (unstratified HR, 0.91; 95% CI, 0.76-1.10; strat-
ified HR, 0.86; 95% CI, 0.72-1.04). Treatment after the 
protocol in both arms may have confounded OS analyses. 
Patients who received a postprotocol TKI had longer OS 
if they were in the bevacizumab/IFN-α arm than in the 
control arm (38.6 vs 33.6 months; HR, 0.80; 95% CI, 
0.56-1.13), suggesting that sequential therapy could be a 
promising approach.62 

In comparing the bevacizumab-containing arm with 
the control arm, fatigue (13% vs 8%) and asthenia (11% 
vs 7%), both IFN-α related AEs, were the most commonly 
reported grade 3 AEs. Proteinuria (8%) and hypertension 
(6%) were the most common grade 3 or 4 AEs associated 
with bevacizumab. Given that the IFN-α dose had to be 
reduced in both the experimental and control arms, the 
investigators assessed whether this led to alterations in 
outcomes. PFS in the bevacizumab/reduced-dose IFN-α 
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group was comparable with that in the overall cohort, 
suggesting that IFN-α could be dose-reduced to manage 
AEs without compromising efficacy.63 

In the CALGB 90206 trial from the Cancer and 
Leukemia Group B, 732 patients were randomly assigned 
(1:1) to receive either open-label bevacizumab plus IFN-α 
or IFN-α monotherapy.64,65 PFS was significantly better 
in patients receiving bevacizumab plus IFN-α than in 
those receiving IFN-α alone (8.5 vs 5.2 months; adjusted 
HR, 0.71; 95% CI, 0.61-0.83, P=.0001). The ORR 
was higher with combination therapy as well (25.5% vs 
13.1%; P=.0001). However, there was no OS benefit. OS 
was 18.3 months for bevacizumab plus IFN-α and 17.4 
months for IFN-α monotherapy (unstratified log-rank 
P=.097; with adjustment of stratification factors, HR, 
0.86; 95% CI, 0.73-1.01; P=.069).

Although crossover was not allowed, a substantial 
portion of patients (408/732) received postprogression 
therapy with sunitinib or sorafenib. The investigators 
performed additional OS analysis based on whether 
patients received subsequent therapy (received: HR, 
0.80; P=.055; not received: HR, 0.82; P=.108), and this 
showed a consistent trend toward OS benefit, although 
it was not statistically significant. The less impressive, 
though still beneficial, results in the CALGB-90206 trial 
as compared with the AVOREN trial were attributed to 
several possible factors: worse risk group distribution of 
treated patients, the lack of nephrectomy in a substantial 
proportion of patients, and the requirement for only a 
component of clear cell histology as compared with the 
clear cell–predominant requirement in the AVOREN 
trial. Grade 3 or higher toxicities were more common 
in the bevacizumab/IFN-α arm than in the IFN-α 
monotherapy arm, and included hypertension (11% vs 
0%), anorexia (17% vs 8%), fatigue (37% vs 30%), and 
proteinuria (15% vs 1%).

Pazopanib
Pazopanib is an inhibitor of VEGFR, PDGFR, and c-KIT 
that showed single-agent activity in RCC in multiple 
phase 1 and 2 trials.66-68 Subsequently, it was studied in 2 
major phase 3 trials.

The VEG105192 trial was a double-blind study 
that enrolled 435 patients (233 treatment-naive; 202 
cytokine-pretreated) with advanced and/or metastatic 
RCC with clear cell or predominantly clear cell histology. 
Patients were randomly assigned (2:1) to receive either 
pazopanib or placebo.69,70 Pazopanib significantly pro-
longed PFS compared with placebo in the overall popu-
lation (9.2 vs 4.2 months; HR, 0.46; 95% CI, 0.34-0.62; 
P<.0001) as well as in the 2 subgroups of treatment-naive 
patients (11.1 vs 2.8 months; HR, 0.40; P<.0001) and 
cytokine-pretreated patients (7.4 vs 4.2 months; HR, 
0.54; P<. 001). The ORR was significantly better for 

pazopanib than for placebo (30% vs 3%). OS, as with 
many other trials, was not significantly better for pazo-
panib than for placebo (22.9 vs 20.5 months; HR, 0.91; 
95% CI, 0.71-1.16; P=.224). Crossover to pazopanib, as 
well as postprotocol treatments, was thought to have con-
founded the OS analysis. Post hoc analysis using statistical 
tools to compensate for crossover-related bias showed that 
pazopanib likely had mortality benefit. Diarrhea (52%), 
hypertension (40%), hair color changes (38%), nausea 
(26%), anorexia (22%), and vomiting (21%) were the 
most common AEs reported, with hypertension (4%) and 
diarrhea (4%) constituting the most common grade 3/4 
AEs in the pazopanib arm. Despite more toxicity in the 
pazopanib group, there was no significant difference in 
the QOL measurements between the 2 groups.

The COMPARZ trial (Pazopanib Versus Sunitinib 
in the Treatment of Locally Advanced and/or Metastatic 
Renal Cell Carcinoma) was an open-label noninferiority 
study that randomly assigned (1:1) 1100 patients with 
advanced or metastatic RCC with a clear cell histologic 
component and no prior systemic treatment to receive 
pazopanib or sunitinib.71,72 PFS was 8.4 months with 
pazopanib and 9.5 months with sunitinib; the HR for 
disease progression or death showed noninferiority for 
pazopanib (HR, 1.05; 95% CI, 0.90-1.22). The investi-
gator-assessed ORR was similar between pazopanib and 
sunitinib (33% vs 29%; P=.12). OS also was compara-
ble between the pazopanib and sunitinib (28.3 vs 29.1 
months; HR, 0.92; 95% CI, 0.79-1.06; P=.24) groups, 
with subgroup analyses across MSKCC risk groups show-
ing similar results. The safety profiles of the drugs differed. 
More patients with sunitinib than pazopanib had hand-
foot syndrome (50% vs 29%), mucosal inflammation 
(26% vs 11%), stomatitis (27% vs 14%), hypothyroid-
ism (24% vs 12%), dysgeusia (36% vs 26%), dyspepsia 
(24% vs 14%), epistaxis (18% vs 9%), fatigue (63% vs 
55%), thrombocytopenia (78% vs 41%), anemia (60% 
vs 31%), and leukopenia (78% vs 43%). The opposite 
was true for hair color changes (10% vs 30%), weight loss 
(6% vs 15%), and alopecia (7% vs 14%). Pazopanib was 
favored over sunitinib for 11 of 14 comparisons regarding 
health-related QOL. 

PISCES (Patient Preference Study of Pazopanib 
Versus Sunitinib in Advanced or Metastatic Kidney Can-
cer), an innovative double-blind, multicenter, phase 3b 
crossover trial with 169 patients, confirmed that patients 
preferred pazopanib over sunitinib (70% vs 22%; 8% 
expressed no preference; P<.001), largely based on the 
impact of AEs and health-related QOL.73 Physician pref-
erences were similar to patient preferences.

Axitinib 
Axitinib is a second-generation TKI with relative specific-
ity for VEGFR.74 Following impressive ORRs in multiple 
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phase 2 trials, in the range of 23% to 55%, 2 major phase 
3 trials of axitinib were launched.75-77 

The AXIS trial (Axitinib as Second Line Therapy for 
Metastatic Renal Cell Cancer) enrolled 723 patients with 
mRCC with a clear cell component who had progressed 
on a systemic therapy (sunitinib, 54%; cytokines, 35%; 
bevacizumab, 8%; temsirolimus, 3%).74,78 Patients were 
randomly assigned (1:1) to receive open-label axitinib 
or sorafenib. PFS was 8.3 months with axitinib vs 5.7 
months with sorafenib (HR, 0.656; P<.0001). The PFS 
advantage in favor of axitinib was significant even in 
various subgroup analyses (age, MSKCC risk category, 
and cytokine- and sunitinib-treated patient subgroups). 
The ORR was significantly better with axitinib than with 
sorafenib (23% vs 12%; P=.0001). However, there was 
no OS advantage with axitinib vs sorafenib (20.1 vs 19.2 
months; HR, 0.969; 95% CI, 0.800-1.174; P=.3744). 

Those patients who had progressed fastest on suni-
tinib (0-25th percentile for time to progression) had 
shorter OS on axitinib, suggesting more aggressive biol-
ogy and cross-resistance to VEGF inhibitors as possible 
reasons. Additional retrospective analysis concluded that 
OS with second-line therapy (sorafenib or axitinib) was 
better in both patients who received longer duration of 
prior therapy and those with a smaller tumor burden.79 
The most common grade 3 or higher AEs in the axitinib 
group were hypertension (17%), diarrhea (54%), and 
fatigue (37%). Treatment-related hypertension, nausea, 
dysphonia, and hypothyroidism were more common with 
axitinib, whereas hand-foot syndrome, alopecia, and rash 
were more common with sorafenib (greater than 10% 
difference between treatment groups).

Axitinib is not approved for frontline treatment 
based on an open-label trial wherein 192 patients with 
treatment-naive clear cell mRCC were randomly assigned 
to receive either axitinib or sorafenib.80,81 Although there 
was a trend in improved PFS with axitinib vs sorafenib, 
the difference was not statistically significant (10.1 vs 
6.5 months; HR, 0.77; 95% CI, 0.56-1.05, P=.038). 
Unsurprisingly, OS was similar for axitinib and sorafenib 
(21.7 vs 23.3 months; HR, 0.995; 95% CI, 0.731-
1.356; P=.4883). The ORR, however, was significantly 
improved with axitinib vs sorafenib (32% vs 15%; risk 
ratio, 2.21; P=.0006). The safety profile for both sorafenib 
and axitinib was comparable with that in the AXIS trial. 
Overall, given that the primary endpoint of PFS was not 
met, axitinib was not approved in the first-line setting. 

Cabozantinib
Cabozantinib provides a theoretical advantage over other 
VEGF inhibitors because it inhibits not only VEGFR, but 
also AXL, MET, KIT, and RET.82 Both AXL and MET 
are associated with poor prognosis and the development 

of resistance to VEGF inhibitors in RCC. Having seen 
responses even in those patients treated with a median 
of 2 systemic therapies, the investigators swiftly took the 
drug to a phase 3 trial.83 

In the METEOR trial (A Study of Cabozantinib 
vs Everolimus in Subjects With Metastatic Renal Cell 
Carcinoma), 658 patients with advanced or metastatic 
RCC with a clear cell component who had progressed on 
a minimum of 1 VEGF inhibitor were randomly assigned 
(1:1) to receive open-label cabozantinib or everolimus.83,84 
The trial was designed to evaluate PFS in the first 375 
randomly assigned patients at interim analysis and OS 
in all patients at final analysis, with adequate power for 
assessment of both these endpoints. OS eventually was 
found to be significantly different during an unplanned 
second interim analysis. The ORR for cabozantinib and 
everolimus was 17% vs 3% (P<.0001), respectively. Both 
PFS (7.4 vs 3.9 months; HR, 0.51; P<.0001) and OS 
(21.4 vs 16.5 months; HR, 0.66; P=.00026) were signifi-
cantly better in the cabozantinib group. The MET expres-
sion level, based on available archived samples, showed 
no correlation with outcomes. Overall, grade 3 or 4 AEs 
occurred in 71% of patients treated with cabozantinib and 
60% of those treated with everolimus. The most common 
AEs included hypertension (15% vs 4%), diarrhea (13% 
vs 2%), fatigue (11% vs 7%), hand-foot syndrome (8% 
vs 1%), anemia (6% vs 17%), hyperglycemia (1% vs 5%), 
and hypomagnesemia (5% vs 0%). 

On the back of successful results, including a benefit 
in OS, the FDA granted breakthrough therapy designa-
tion, fast track review, and priority review to cabozantinib, 
and consequent approval.

Lenvatinib
Lenvatinib is an inhibitor of VEGFR, FGFR, PDGFR, 
RET, and KIT.85 Studies in mouse models showed that a 
combination of lenvatinib and everolimus led to greater 
tumor volume reductions than either one alone. In 
response, a phase 1/2 study was launched.85 The phase 2 
component recruited 153 patients with clear cell locally 
advanced or metastatic RCC who had progressed on 1 
previous VEGF inhibitor. Patients were randomly assigned 
(1:1:1) to receive either lenvatinib plus everolimus, sin-
gle-agent lenvatinib, or single-agent everolimus. PFS for 
lenvatinib/everolimus, single-agent lenvatinib, and sin-
gle-agent everolimus was 14.6 months, 7.4 months, and 
5.5 months, respectively. PFS was significantly better with 
the combination compared with everolimus (HR, 0.40; 
95% CI, 0.24-0.68; P=.0005) but not when compared 
with single-agent lenvatinib (HR, 0.66; 95% CI, 0.39-
1.10; P=.12). ORRs in the lenvatinib/everolimus, sin-
gle-agent lenvatinib, and single-agent everolimus groups 
were 43%, 27%, and 6%, respectively. OS for lenvatinib/
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everolimus, single-agent lenvatinib, and single-agent ever-
olimus was 25.5 months, 19.1 months, and 15.4 months, 
respectively. OS was significantly better in the combina-
tion group as compared with the everolimus group (HR, 
0.51; 95% CI, 0.30-0.88; P=.024). However, OS was 
not better in the lenvatinib group than in the everolimus 
group (HR, 0.68; 95% CI, 0.41-1.14; P=.12). An ad hoc, 
retrospective, blinded, independent radiological review 
(IRR) confirmed that the PFS was significantly longer 
in patients receiving combination therapy than those 
receiving everolimus alone (HR, 0.45; 95% CI, 0.27-
0.79).86 No significant PFS difference was found between 
the combination group and the single-agent everolimus 
group (HR, 0.62; 95% CI, 0.37-1.04; P=.12). The IRR-
based ORRs in the lenvatinib/everolimus, single-agent 
lenvatinib, and single-agent everolimus groups were 35%, 
39%, and 0%, respectively (P<.0001 for both compari-
sons). Overall, the findings were largely consistent with 
the investigator-assessed findings.

The most common AEs of any grade in the lenva-
tinib/everolimus arm were diarrhea (85%), decreased 
appetite (51%), and fatigue or asthenia (49%). Other-
wise, grade 3 and 4 events were less common in patients 
who received single-agent everolimus (50%) than in those 
who received single-agent lenvatinib (79%) or lenvatinib/
everolimus (71%). Overall, both lenvatinib and the com-
bination of lenvatinib and everolimus fared better than 
everolimus monotherapy. Lenvatinib, like cabozantinib, 
received a breakthrough designation and priority review. 
However, given the robustness of the improved outcomes 
with lenvatinib/everolimus—including OS benefits—the 
FDA approved the combination drug regimen rather than 
lenvatinib alone.

VEGF Inhibitors in Neoadjuvant and Adjuvant 
Therapy of RCC

Neither IL-2 nor IFN-α demonstrated improvement 
in disease-free survival (DFS) or OS in randomized tri-
als that investigated their use in adjuvant treatment of 
RCC.87 The advent of VEGF inhibitors as part of mRCC 
management provided a natural foray into investigating 
these agents in the adjuvant setting (Table 3). Results are 
available from only 2 trials so far. 

The ASSURE trial (Sunitinib Malate or Sorafenib 
Tosylate in Treating Patients With Kidney Cancer That 
Was Removed by Surgery) randomly assigned 1943 
patients with completely resected RCC that was at least 
T1bNxM0 to receive adjuvant sunitinib, sorafenib, or 
placebo for 1 year.88 Owing to intolerance, the starting 
doses of sorafenib and sunitinib were decreased midway 
through the trial. Disappointingly, both the VEGF 
inhibitors failed to improve 5-year DFS (sunitinib: HR, 

1.02; 95% CI, 0.85-1.23; sorafenib: HR, 0.97; 95% CI, 
0.80-1.17) or 5-year OS (sunitinib: HR, 1.17; 95% CI, 
0.90-1.52; sorafenib: HR, 0.98; 95% CI, 0.75-1.28). 
Whether dose reduction, discontinuation rates, or shorter 
length of treatment duration may have contributed to 
the lack of benefits needs additional analysis and will be 
answered by future trials. The S-TRAC trial (Sunitinib 
Treatment of Renal Adjuvant Cancer) randomly assigned 
615 patients (1:1) with resected locoregional RCC at 
high risk for disease recurrence as per UCLA Integrated 
Staging System (UISS) criteria to receive either sunitinib 
or placebo on a 4/2 schedule for 1 year.89 Treatment com-
pletion was 55.6% for sunitinib and 69.4% for placebo. 
Dose reductions (34.3% vs 2%), dose interruptions 
(46.4% vs 13.2%), and drug discontinuations (28.1% vs 
5.6%) were more frequent in the sunitinib group than the 
placebo group. The median treatment duration was 12.4 
months, and the median duration of follow-up was 5.4 
years. The median daily dose was 45.9  mg (range, 8.9-
52.6  mg) in the sunitinib group. Blinded independent 
central review showed that median DFS was 6.8 years in 
the sunitinib group and 5.6 years in the placebo group 
(HR, 0.76; 95% CI, 0.59-0.98; P=.03). Investigator-as-
sessed DFS was not significantly different between the 2 
groups, however (HR, 0.81; 95% CI, 0.64-1.02; P=.08). 
It should be noted that investigators called relapse earlier 
than the blinded independent central review more often 
for sunitinib than for placebo. Data for OS, a secondary 
endpoint, were not mature. Grade 3 or 4 AEs were more 
common in the sunitinib group than in the placebo group 
(60.5% vs 19.4%). The S-TRAC investigators noted that 
the lack of DFS benefit even in the clear cell histologic or 
high-risk subgroups of the ASSURE trial may possibly be 
secondary to distinct patient populations, dose regimens, 
and trial methods. For example, the ASSURE trial had 
many patients with lower-risk, stage 1 RCC disease (9%) 
and non–clear cell histology (21%). Further, the sunitinib 
dose was changed midtrial (from 50 mg to 37.5 mg daily, 
with dose reductions to 25  mg daily allowed; neither 
adjustment was done in S-TRAC). In addition, radiologic 
reviews, both at baseline and follow-ups, were done by 
investigators in the ASSURE trial. 

The results of the SORCE trial (Sorafenib in Treating 
Patients at Risk of Relapse After Undergoing Surgery to 
Remove Kidney Cancer) are highly anticipated as well. 
It is investigating sorafenib (1 year vs 3 years vs placebo) 
in adjuvant treatment of intermediate-risk and high-
risk RCC. It will help answer the question of whether 
sorafenib is beneficial when given for 2 different periods 
in relatively high-risk RCC, rather than across the board 
as in the ASSURE trial. Additionally, the PROTECT (A 
Study to Evaluate Pazopanib as an Adjuvant Treatment 
for Localized Renal Cell Carcinoma; NCT01235962) 
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and ATLAS (Adjuvant Axitinib Therapy of Renal Cell 
Cancer in High Risk Patients; NCT01599754) trials are 
investigating the roles of pazopanib and axitinib, respec-
tively, in the adjuvant setting as well. Pazopanib is also 
being studied in the adjuvant setting after metastectomy 
in patients with no evidence of disease following surgery 
(ECOG-2810, Pazopanib Hydrochloride in Treating 
Patients With Metastatic Kidney Cancer Who Have No 
Evidence of Disease After Surgery; NCT01575548).

There is paucity of high-quality data for using VEGF 
inhibitors in the neoadjuvant setting. Various small stud-
ies, including phase 2 trials, have demonstrated clinical 
efficacy of these agents (sorafenib, sunitinib, axitinib, 
and pazopanib) in this setting.90 Tumor downsizing of 
up to 28.3% has been noted (with axitinib); however, 
neoadjuvant treatment is unlikely to downstage inferior 
vena cava thrombosis, which occasionally accompanies 
renal tumors. Nevertheless, randomized phase 3 trials 
are required for any conclusive evidence to emerge. Until 
then, the use of VEGF inhibitors in both the adjuvant 
and neoadjuvant settings remains limited to clinical trials. 

Discussion

VEGF inhibitors have ushered in a new era in the 
treatment of mRCC. Compared with just a decade ago, 
unprecedented OS and PFS have been achieved. VEGF 
inhibitors, along with anti–PD-1 agents and mTOR 
inhibitors, have raised hopes of long-term disease con-
trol and possibly even cure in the near future. However, 
their sudden burst on the RCC management scene has 
also brought forth many issues, and raised clinically 
relevant questions that need to be answered. One such 
question is how best to choose from and sequence the 
various available therapies. Cross-trial comparisons, such 
as cabozantinib from the METEOR trial vs lenvatinib in 
NCT01136733, are fraught with potential error given 
differences in trial design, treatments before and after 
protocol, crossover allowance, nephrectomy status at 
enrollment, RCC risk category, and histology (clear cell 
proportion), despite the fact that both had everolimus as 
the comparator. Indeed, we lack high-quality evidence 
on how to best treat patients with non–clear cell mRCC, 

Table 3.  Phase 3 Clinical Trials of VEGF Inhibitors in Adjuvant Treatment of Renal Cell Carcinoma
 

Trial n

Estimated 
Study Comple-
tion Date Disease Stage

Disease 
Histology

Treatment 
Arms Outcomes

ASSURE; 
NCT00326898 1943 August 2015 pT1b(G3-4)N0M0 or pT2-

4(Gx)N1-3M0 Any
Sunitinib vs 
sorafenib vs 
placebo

No improve-
ment in 5-y 
DFS or OS 
with sunitinib 
or sorafenib

SORCE; 
NCT00492258 1656 December 

2012
Intermediate- or high-risk 
(Leibovich score, 3-11) Any Sorafenib vs 

placebo NA

S-TRAC; 
NCT00375674 615 August 2017 High-risk (modified UISS 

criteria)
Predomi-
nantly CC

Sunitinib vs 
placebo

DFS of 6.8 y 
for sunitinib 
vs 5.6 y for 
placebo (HR, 
0.76; 95% 
CI, 0.59-0.98; 
P=.03)

ATLAS; 
NCT01599754 700 May 2019 pT2-4N0M0 or pTxN1M0 >50% CC 

RCC
Axitinib vs 
placebo NA

PROTECT; 
NCT01235962 1540 April 2019 pT2(G3-4)N0 or pT3-4(Gx)

N0 or pTx(Gx)N1M0

CC or 
predomi-
nantly CC 

Pazopanib vs 
placebo NA

ECOG-2810; 
NCT01575548 128 August 2022 pT1-4N0-1M1 CC 

component
Pazopanib vs 
placebo NA

CC, clear cell histology; DFS, disease-free survival; HR, hazard ratio; NA, not available; OS, overall survival; RCC, renal cell carcinoma; UISS, 
UCLA Integrated Staging System; VEGF, vascular endothelial growth factor; y, year/years. 
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which accounts for approximately one-fourth of all RCC 
histologic subtypes.7 For the most part, empiric evidence 
suggests that outcomes are much worse in non–clear cell 
mRCC. Evidence from 2 recent small phase 2 trials came 
to slightly different conclusions. Patients in the ESPN 
trial (Everolimus Versus Sunitinib Prospective Evaluation 
in Metastatic Non-Clear Cell Renal Cell Carcinoma) had 
advanced papillary, chromophobe, Xp11.2 translocation, 
or unclassified RCC, or clear cell RCC with greater than 
20% sarcomatoid features. They were randomly assigned 
to receive sunitinib (4/2) or everolimus, with crossover at 
disease progression.91 An interim analysis of 68 patients 
showed that PFS was not significantly different for first-
line sunitinib and everolimus (6.1 vs 4.1 months; P=.6). 
Although median OS results initially favored sunitinib 
(P=.014), the final analysis showed no difference in OS 
between the sunitinib and everolimus groups (16.2 vs 
14.9 months; P=.18). It should be noted that patients 
without sarcomatoid features (n=49) did numerically 
much better with sunitinib than with everolimus (OS, 
31.6 vs 10.5 months; P=.075). However, in ASPEN, 
108 mRCC patients with at least 50% papillary, chro-
mophobe, or undifferentiated histology were randomly 
assigned to receive sunitinib (4/2) or everolimus.92 PFS 
was significantly longer in the former group (8.3 vs 5.6 
months; HR, 1.41; P=.16). Substantial heterogeneity was 
noted, however, on subgroup analysis based upon risk 
status. Nevertheless, the overall results of ESPN, ASPEN, 
and the phase 2 RECORD-3 trial (Efficacy and Safety 
Comparison of RAD001 Versus Sunitinib in the First-line 
and Second-line Treatment of patients With Metastatic 
Renal Cell Carcinoma; n=66 in subset of patients with 
non–clear cell RCC) trials show that sunitinib can be used 
in first-line treatment of mRCC with non–clear cell his-
tology. That said, participation in a well-designed clinical 
trial should be recommended for all patients.

The flurry of treatment options in clear cell mRCC 
also has meant that some of the FDA-approved options 
are now obsolete in routine practice. Bevacizumab seems 
to have fallen out of favor, partly because of equal or 
better outcomes with the more recent TKIs and partly 
because of the inconvenience of its intravenous route 
of administration and the AEs secondary to the use of 
IFN-α. In this context, for the prototypical patient with 
clear cell mRCC, either pazopanib or sunitinib should 
be considered in the first-line setting, while noting that 
QOL measures favor pazopanib. Temsirolimus may be 
considered for those with poor-risk disease. Nevertheless, 
the combination of temsirolimus and bevacizumab was 
not superior to IFN-α and bevacizumab for first-line 
treatment in clear cell mRCC in the randomized, open-la-
bel, phase 3 INTORACT trial (Study Comparing Bevaci-
zumab + Temsirolimus vs. Bevacizumab + Interferon-Alfa 

in Advanced Renal Cell Carcinoma Subjects).93 PFS was 
not significantly different between the 2 groups, even 
in the MSKCC poor-risk subgroup (HR, 0.8; P=.49). 
Similarly, results from the randomized phase 2 BEST 
trial (Bevacizumab, Sorafenib Tosylate, and Temsirolimus 
in Treating Patients With Metastatic Kidney Cancer) 
showed no improvement in PFS in 3 combinations of 
targeted therapies (temsirolimus/bevacizumab, temsiroli-
mus/sorafenib, and bevacizumab/sorafenib) over bevaci-
zumab alone in first-line RCC.94 Another combination of 
mTOR and VEGF inhibitors was explored in the first-line 
setting in the RECORD-2 trial (Phase II Randomized 
Study of Everolimus and Bevacizumab Versus Interferon 
α-2a and Bevacizumab as First-Line Therapy in Patients 
With Metastatic Renal Cell Carcinoma); no significant 
PFS difference was identified between the everolimus/
bevacizumab group and the IFN-α/bevacizumab group.95 
IL-2 is a valid option in selected patients with excellent 
performance status and good cardiopulmonary function; 
however, its use has significantly declined given the gen-
eral decrease in centers that administer IL-2. 

In the second-line setting after sunitinib, temsiro-
limus failed to improve PFS (HR, 0.87; P=.19) and in 
fact had inferior OS compared with sorafenib (HR, 1.31; 
P=.01) in the INTORSECT trial (Temsirolimus Versus 
Sorafenib as Second-Line Therapy in Patients With 
Advanced RCC Who Have Failed First-Line Sunitinib).96 
On the other hand, everolimus–once an option in the 
second-line setting—has been displaced by the newer 
agents nivolumab (based on CHECKMATE 025; Study 
of Nivolumab vs Everolimus in Pre-Treated Advanced or 
Metastatic Clear-Cell Renal Cell Carcinoma), cabozan-
tinib (based on METEOR), and lenvatinib/everolimus 
(NCT01136733), all of which were compared against 
it. There is no good evidence regarding which of these 
should be preferred; however, nivolumab stands out for 
having shown OS benefit in the large CHECKMATE 
025 trial and for having a different AE profile. It is 
worth mentioning that QOL improved significantly with 
nivolumab. Both cabozantinib and lenvatinib/everolimus 
are also competing in the same space with nivolumab. 
The dilemma now is the optimal sequence after first-line 
therapy, which represents an embarrassment of riches. 
It will be interesting to see how well cabozantinib and 
lenvatinib/everolimus patients would do after nivolumab, 
owing to the improvement in QOL with nivolumab 
and the fact that the AE profile may be different in the 
third-line setting. PFS may even improve owing to the 
sequence of drugs with differing mechanisms of action. 
It should be noted that the lenvatinib/everolimus trial 
(NCT01136733) had more MSKCC high-risk patients 
across the groups than the cabozantinib (METEOR) trial 
did (38%-44% vs 12%-16%). This is notable because 
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MSKCC high-risk patients have been shown to have 
miserable outcomes, even worse than poor-risk patients 
by the Heng criteria.97 Regardless, it is obvious that 
additional research is needed on how best to sequence 
these regimens. Furthermore, the role of axitinib—also 
an option in second-line treatment—needs to be better 
defined.

Tivozanib, another TKI, which failed to show OS 
benefit despite PFS gain in the first-line setting (TIVO-1; 
A Study to Compare Tivozanib to Sorafenib in Subjects 
With Advanced Renal Cell Carcinoma), may potentially 
join the ranks in the future as well. The FDA had pre-
viously rejected it owing to inconsistent PFS and OS 
results, as well as imbalance in poststudy treatments. It 
currently is being studied in refractory advanced RCC in 
the third-line setting (the phase 3 TIVO-3 trial) and in 
combination with nivolumab (the phase 1/2 TiNivo trial). 
The latter, along with other trials like NCT02210117 
(nivolumab vs nivolumab/bevacizumab vs nivolumab/
ipilimumab), NCT02811861 (lenvatinib/everolimus or 
lenvatinib/pembrolizumab vs sunitinib), NCT02496208 
(cabozantinib/nivolumab with or without ipilimumab), 
CHECKMATE 016 (NCT01472081; nivolumab in 
combination with sunitinib, pazopanib, or ipilimumab), 
KEYNOTE-018 (NCT02014636; pembrolizumab/
pazopanib), KEYNOTE-426 (NCT02853331; pem-
brolizumab/axitinib vs sunitinib), JAVELIN Renal 100 
(NCT02493751; avelumab/axitinib), JAVELIN Renal 
101 (NCT02684006; avelumab/axitinib vs sunitinib), 
IMmotion151 (NCT02420821; atezolizumab/beva-
cizumab vs sunitinib) will also help demonstrate the 
efficacy of combined therapy, including novel immune 
checkpoint inhibitors with VEGF inhibitors, in advanced 
or mRCC. Further, the recent news of improved PFS 
with cabozantinib over sunitinib in previously untreated 
patients with intermediate- or high-risk locally advanced 
or metastatic RCC will significantly shake up the treat-
ment algorithm, which is already in significant flux. 

Besides the significance of diagnostic and prognostic 
biomarkers, the use of predictive biomarkers could hold 
the key to sequencing drugs in the future. The develop-
ment of hypertension has been noted to predict improved 
outcomes in many of the above VEGF inhibitor trials. 
Nevertheless, it is a nonspecific finding and one that can-
not be predicted before the start of a VEGF inhibitor. On 
the other hand, expression levels of miR-99b-5p, heme 
oxygenase-1 (HMOX1), IL-8, osteopontin, hepatocyte 
growth factor (HGF), TIMP1, VEGF, spinocerebellar 
ataxia 9 (sCA9), collagen type 4 (COL4), soluble VEGFR 
2 (sVEGFR2), TNF-related apoptosis-inducing ligand 
(TRAIL), IL-6, FGF-basic (bFGF), VEGFR1, and the 
rs9582036 SNP have been associated with outcomes in 
VEGF pathway inhibitors.98-100 Clinical translation of 1 

or more robust biomarkers following prospective valida-
tion may help both in achieving the best possible out-
comes and in minimizing toxicities, thus contributing to 
the delivery of personalized and cost-effective medicine. 
Similarly, understanding the development of primary 
and secondary resistance to VEGF inhibitors will prove 
crucial in designing rational therapies in future. 

The role of cytoreductive nephrectomy in the treat-
ment of mRCC was established in the era of immuno-
therapies. Although it was routinely recommended and 
performed even in the current VEGF inhibitor era, pro-
spective evidence for cytoreductive nephrectomy is largely 
lacking in the era of targeted therapy. Two large ongoing 
phase 3 trials—CARMENA (Clinical Trial to Assess the 
Importance of Nephrectomy; NCT00930033) and SUR-
TIME (Immediate Surgery or Surgery After Sunitinib 
Malate in Treating Patients With Metastatic Kidney Can-
cer; NCT01099423) will seek the answer to this important 
question about the role of cytoreductive nephrectomy.101 
Finally, there is an urgent need for clinical trials that have 
increased homogeneity in patient population and tumor 
characteristics and that also employ up-to-date control 
agents. Clinical trials dedicated exclusively to the evalua-
tion of newer therapies in patients with the more rare and 
aggressive histologies are awaited, despite the difficulty in 
designing these trials and recruiting patients to them. As 
new drugs gain indications in RCC, the financial burden 
on both the individual patient and health care in general 
needs to be addressed. Drug selection should increasingly 
take into account the 5 measures that the National Com-
prehensive Cancer Network is already taking account: 
the quality and consistency of supporting evidence, along 
with the efficacy, safety, and affordability of the drug.
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