
 Reviews on Recent Clinical Trials, 2008, 3, 00-00 1 

    1574-8871/08 $55.00+.00 © 2008 Bentham Science Publishers Ltd. 

New Anti-Angiogenic Targeted Therapy in Advanced Renal Cell Carcinoma (RCC). 

Current Status and Future Prospects 

Alessandro Sciarra*, Vincenzo Gentile, Stefano Salciccia, Andrea Alfarone and Franco Di Silverio 

Resident in Urology, Department U Bracci, University Sapienza, Rome, Italy 

Abstract : 

Objectives: To address the rationale for anti-angiogenic targeted therapies in advanced RCC.  

Methods: We reviewed the international recent literature ,using Pubmed search. 

Results: RCC is genetically linked to factors regulating angiogenesis, in particular vascular endothelial growth factor (VEGF). Sunitinib 
is a multitarget receptor tyrosine-kinase (TK) inhibitor, acting on VEGF receptor (VEGFR) and platelet-derived growth factor receptors 

(PDGFR). Sorafenib is an oral multikinase inhibitor (VEGFR and PDGFR) showing also inhibitors effect on the Raf system. 

Phase I trials showed no life threatening toxicities relates to these agents. Phase II and phase III trials showed that these antiangiogenic 

agents are effective in the treatment of advanced RCC, mainly in cytokine refractory metastatic RCC. Survival benefits exist in particular 
when advanced RCC patients undergo cytoreductive nephrectomies before the initiation of the systemic therapy. 

To better use this kind of targeted therapy in advanced RCC, different points must be developed: the identification of clinical characteris-
tic of RCC able to predict outcomes and responses to therapy; differences among different compounds; advantages of combination or se-

quential therapies. 

Conlusions: Targeted therapy with Sunitinib and Sorafenib has been approved to FDA and is revolutioning how we clinically approach 
advanced RCC.  
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INTRODUCTION 

The incidence of renal cell carcinoma (RCC) has been increas-
ing over the past decades. In the US, more than 38000 new cases 
and 12000 deaths were estimated to occur from RCC in 2006 [1]. In 
2007, it is evaluated that approximately 51000 people will be diag-
nosed and 12000 deaths will be related to cancers of the kidney (the 
vast majority are RCC) in US [2]. The diagnostic trend is mainly 
due to the use of non-invasive abdominal imaging procedures, 
which show incidental renal tumors. The majority of incidentally 
detected RCC are at low stage. The management of clinically local-
ized RCC is represented by surgical extirpation and it represents a 
consistent approach to offer a cure for patients with this localized 
disease. However, a stable proportion of 20%-30% of patients still 
present with metastatic disease and 20%-30% of cases who undergo 
curative surgery will develop metastatic disease [3]. Treatment 
options for metastatic RCC have been in the past limited because of 
tumor resistance to chemotherapy and radiotherapy. The lack of 
demonstrable efficacy of chemotherapies and radiotherapies in 
advanced RCC has lead to a 5-years survival ranging from 5% to 
10% [4]. 

The immunogenity of RCC has represented the basis supporting 
the use of immunotherapy in advanced RCC. As immunotherapeu-
tic agents either interleukin-2 (IL-2) and interferon (IF) have been 
used. High dose IL-2 was approved by US FDA, as it leads to occa-
sional durable complete responses [5]. However, due to its toxicity, 
a minority of patients are eligible for high-dose IL-2 therapy and 
only 5% experience a durable complete remission [5]. IF therapy 
leads to modest improvements in survival [6]. Combination of IL-2 
and IF has not significantly improved clinical results [7]. For these 
reasons, new therapies for metastatic RCC patients have long been 
sought . In the last years, new advances have begun to revolutionize 
the management of advanced RCC and offer hope for the future. 
First, a proven role for aggressive surgical resection of the primary 
lesion and metastatectomy has been underlined. Second, a series of 
exciting new approaches ,so called “Targeted therapy”, are revolu- 
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tioning the management of advanced RCC. In particular, recent 
progress in understanding the biology of RCC has led to the identi-
fication of angiogenesis and vascular endothelial growth factor 
(VEGF) as a significant therapeutic target in patients with advanced 
RCC [8]. Several studies using strategies to inhibit VEGF activity 
have demonstrated significant anti-tumor effects in the management 
of RCC. Differences in histological patterns of RCC seem to influ-
ence the response to new targeted therapies, and most data are 
documented in clear cell than in papillary or chromofobe histology. 
The present review will address in particular the experimental ra-
tionale for this targeted therapy, the mechanism of action of drugs 
proposed, results from clinical trials, strategies to maximize the 
potential of these agents in advanced RCC. We will try to highlight 
how far we have came and how far we still to go. 

METHODS FOR THE REVIEW 

Several reviews related to this topic have been published; here 
we will focus on new findings and suggestions. In particular we 
reviewed the international recent literature using PUBMED search 
(advanced RCC, targeted therapy), so to analyze new findings on 
the role of anti-angiogenic / VEGF targeted therapies in advanced 
RCC. 

EXPERIMENTAL RATIONALE FOR TARGETED THER-
APY 

Angiogenesis 

The approach of targeting the renal cancer cell itself has thus 
far been largely unsuccessful. 

The clinical knowledge that RCC is a highly vascular cancer 
and that the Von Hippel Lindau (VHL) protein has an important 
role in sporadic RCC, have made anti-angiogenic strategies an at-
tractive approach [9]. RCC is genetically linked to factors regulat-
ing angiogenesis, such as VEGF, platelet-derived growth fac-
tor(PDGF) and basic fibroblast growth factor(bFGF) [8,10,11]. 
VEGF is the strongest pro-angiogenic protein in RCC and there is a 
strong rationale for blocking VEGF in this tumor. Approximately 
60% of clear RCC have an inactivated VHL tumor suppressor gene 
(50% through somatic mutation and 10% through promoter methy-
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lation). A normal VHL protein indirectly blocks transcription of 
hypoxic-inducible genes, such as VEGF [12,13]. Therefore, under 
hypoxic conditions or VHL gene inactivation, there is an induction 
of VEGF transcription, over-expression of VEGF protein and angi-
ogenesis [12,13]. In addition to its angiogenic properties VEGF 
may also suppress anti-tumor immune responses by inhibiting re-
cruitment and activation of dendritic cells [14]. Different studies 
showed that nearly all RCC express high levels of VEGF and that 
this over-expression correlates with tumor progression and progno-
sis [15]. VEGF has several isoforms: VEGF-A is involved in angi-
ogenesis, whereas VEGF-C and VEGF-D are more related to lym-
phoangiogenesis [16,17]. Leppert et al. [18] immunoistochimically 
analyzed the expression of VEGF-A, VEGF-C, VEGF-D, VEGF-1, 
VEGF-2 and VEGF-3 in RCC. The mean expression percentage 
within the tumor epithelium was 37%, 71%, 51%, 54%, 49% and 
13%. Lam et al. [19] showed the predictive value for both presence 
of metastasis and disease-specific survival of these proteins of the 
VEGF family. In particular low endothelial expression of VEGF-3 
was independently associated with both lymph-node metastasis and 
poor prognosis[19]. Leclercq et al. [20] analyzed in RCC the ex-
pression of VEGF in tumor cells, the relationship between VEGF 
expression and VEGF plasma levels and the association with usual 
clinical and pathological prognosis factors. The median plasma 
VEGF level was 129 pg/ml; the median value of VEGF staining 
was 50%. All RCC cells exhibited a weak diffuse and membranous 
VEGF staining and 42% cases presented strong intra-cytoplasmic 
and membranous VEGF signal. They also found that VEGF expres-
sion was increased at the rims of necrotic tumor areas [20]. Tissue 
VEGF expression significantly correlated with plasma VEGF level, 
the presence of tumor necrosis, nuclear Fuhrman grade, tumor stage 
and progression [20]. Plasma VEGF levels significantly correlated 
with Fuhrman grade, tumor stage and the presence of lymph-node 
or distant metastases [20]. In addition, RCC with tumor necrosis 
has a median VEGF expression of 80%, plasma VEGF level of 187 
pg/ml compared with RCC with no tumor necrosis that had a me-
dian VEGF expression of 20% and plasma VEGF level of 104 
pg/ml. 

VEGF represents a significant mediator for tumor growth and 
metestasis development via specific receptor tyrosine kinases that 
are up-regulated during angiogenesis [21]. Moreover VEGF plays 
major roles in different steps of tumor development with increase of 
microvascular permeability, permeabilization of blood vessels, 
extravasation of plasma proteins, introduction of endothelial cell 
division and migration, promotion of endothelial cell survival [20]. 
Hypoxia in RCC plays an important role in the VEGF pathway. 
When tumors are exposed to hypoxia as a result of a rapid growth 
beyond existing blood supplies, the tumor become necrotic. Larger 
tumors have an inadequate blood supply and thus, hypoxia occurs, 
causing up-regulation of VEFG [20]. For this reason in the peri-
necrotic areas the hypoxic conditions are a major stimulus for the 
production of VEGF. The correlation between serum levels of 
VEGF and prognostic parameters remains controversial. Jacobsen 
et al. [22] found a difference between plasma VEGF levels in pa-
tients with RCC and controls and showed that plasma VEGF levels 
were correlated with tumor volume. On the contrary Edgren et al. 
[23] found no correlation between plasma VEGF levels and clinical 
or pathological markers or patient survival in RCC. 

There are two possible approaches for targeting VEGF signal-
ing : ligand blockade through a monoclonal antibody (Bevacizu-
mab), and blocking signalling by targeting the receptors with either 
a monoclonal antibody or a small-molecule tyrosine kinase inhibi-
tor (Sorafenib and Sunitinib). 

Tyrosine Kinase Receptors (TKR) 

TKR are transmebrane proteins at the cell surface that transduce 
extracellular signals to the cytoplasm [24]. These proteins contain 
extracellular ligand-binding domains and intracellular catalytic 

domains [24]. Ligand binding induces dimerization of these TKR 
and activation of tyrosine kinase (TK). TK activity stimulates mul-
tiple signalling pathways that modulate DNA syntesis, cell division, 
growth, progression, differentiation, migration [24]. VEGF, PDGF, 
bFGF, receptors posses TK activity that promotes intracellular sig-
nalling [25]. 

Ras/Raf and Epidermal Growth Factor Receptors (EGFR) 

Pathways 

Another important pathways in RCC is the Ras/Raf pathway. 
This signalling starts by binding of a ligand to 1 of the 4 erB pro-
teins, the most prominent is erbB protein which is also called the 
EGFR [11]. The EGFR consists of 3 domains; a ligand binding 
domain, a transmembrane domain and a cytoplasmic domain with 
TK activity. After binding of the ligand (EGF), the EGFR is acti-
vated and it subsequently allows the Ras protein to be activated. 
The Ras protein then binds to Raf kinase and activates its function. 
This process finally, leads to regulation of transcription of impor-
tant proteins such as S6 kinase [11]. Activation of Ras signalling 
pathways is an important mechanism by which human cancer de-
velop. Activation of Ras occurs through mutational activation of the 
Ras oncogene or it can also be facilited by overexpression of a vari-
ety of TKs. In this way, most human tumors (including RCC), de-
pend upon activation of the Ras signal transduction pathways to 
achieve cellular proliferation and progression. 

Targeting EGFR pathways might also be an attractive interven-
tion. The fact that EGFR is expressed in 50-90% of RCC makes 
appealing the possibility that this pathways may represent a poten-
tial anti-tumor target [26]. There are two approaches to the inhibi-
tion of EGFR: small molecule inhibitors of the intracellular TK, and 
monoclonal antibodies that target the extracellular domain. How-
ever studies with small molecules such as Gefitib (Iressa) or anti-
bodies against EGFR, Cetuximab and Abfenix, have shown limited 
antitumor effect in RCC [27,28]. 

mTOR Pathway 

The mammalian target of rapamycin (mTOR) pathway has a 
central role in the regulation of cell growth, and it appears to be 
dysregulated in cancer [11]. mTOR receives stimuli from growth 
factors, hormones, nutrients and it stimulates proteins syntesis. The 
mTOR pathway also contributes to angiogenesis [11]. A UCLA 
study showed that mTOR pathways is affected in RCC patients 
with poor prognostic factors [29]. As inhibitors of this pathway, at 
present there are 3 mTOR inhibitors that are in clinical develop-
ment as anticancer agents: Temsirolimus, AP23572 and RAD001. 

MET Proto-Oncogene and Nuclear Factor -KB  

The MET proto-oncogene encodes a transmembrane receptor 
with TK activity. Mutation of the MET proto-oncogene was fre-
quently observed in hereditary papillary RCC but also in a subset of 
the sporadic tumors [30]. Moreover, trisomy of chromosome 7, the 
chromosome that contains the MET gene, is the most frequent aber-
ration in sporadic papillary RCC [11]. MET protein expression has 
been observed either in papillary or clear cell RCC [30], and was 
reported as a significant indicator for survival among these patients.  

Another strategy in particular for non clear cell RCC might be 
to target nuclear factor-KB (NF-KB). NF-KB interacts as a tran-
scription factor with genes that cause production of proteins and 
that are essential for cell growth. Bortezomib represents a NF-KB 
pathway inhibitor, under clinical evaluation [11].  

Carbonic Anhydrase IX 

Carbonic anhydrase IX (CAIX) may represent a significant 
marker in RCC [11,31]. CAIX is a transmembrane enzyme that 
plays a role in the adaptation of the tumor to hypoxic conditions. 
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CAIX expression in normal tissue is limited to the gastrointestinal 
tract, gold bladder and pancreas whereas over-expression of CAIX 
has been seen in many tumors , including RCC [31]. Moreover 
CAIX is regulated through VHL [31]. In RCC, both hypoxia and 
loss of VHL function lead to up-regulation of CAIX. CAIX can be 
also used as a therapeutic target in 2 strategies. The first is to target 
CAIX using anti-CAIX antibody (WX-G250). The second is to use 
a vaccination stimulating the host immune system to generate 
CAIX targeting cytotoxic T lymphocytes [11,31]. 

CLINICAL RATIONALE FOR A TARGETED THERAPY: 
THE CONCEPT OF CYTOREDUCTIVE SURGERY 

An important consideration in the management of advanced 

RCC is the ole of removing the primary tumor, the cytoreductive 
nephrectomy. Different retrospective studies on metastatic RCC 

cases identified nephrectomy as a favourable treatment [32]. 

Moreover, retrospective analysis showed that metestatic RCC cases 

treated with primary nephrectomy and cytockines had better results 

than cases without prior nephrectomy [32]. On the basis of these 

data , 2 prospective randomized trials were initiated on T-any, N-

any, M1 RCC cases and ECOG performance status 0 or 1. The 

Southwest Oncology Group (SWOG) randomized 241 metastatic 

RCC cases to IF-  alone or nephrectomy followed by IF-  therapy 

[32]. Patients submitted to cytoreductive nephrectomy had a sur-

vival advantage over those receiving IF-  alone (11.1 versus 8.1 

months respectively: p=0.012) [33]. The second trial, the European 

Organization For Research and Treatment of Cancer (EORTC) trial 
randomized 85 advanced RCC patients to IF-  alone versus 

nephrectomy plus IF-  [34]. Also in this trial the median survival 

was significantly better for the surgery arm (17 versus 7 months: 

p=0.010). The benefit of cytoreductive surgery was more evident in 

ECOG score 0 cases, but not dependent on site of metastasis.  

All these data strongly suggest that an overall survival benefit 

exists when advanced RCC patients undergo cytoreductive nephrec-

tomy before the initiation of a systemic therapy. This concept has 
been proved using immunotherapy as a systemic therapy but it 

should be proved also for targeted therapy as systemic treatment. In 

this case, proper patient selection is essential to maximize the bene-

fits of cytoreductive nephrectomy. Garcia et al. [35] considered 

optimal candidates those with (1) good performance status, (2) a 

resectable primary tumor representing the majority of tumor bor-

den, (3) no evidence of central nervous system metastases, (4) no 

prohibitive medical conditions, (5) no evidence of rapidly progres-

sive extra-renal disease. 

Resection of solitary (or limited in number) metastases can be 

associated to significant results in 30% of such patients [35]. Good 

results have been obtained in cases with pulmonary metastases or 

also after excision of hepatic, adrenal, brain and pancreatic metasta-

ses [35].  

At now there is an increasing interest in using integrated staging 

system to select RCC cases in different prognostic categories. TNM 
stage, Furhman grade and ECOG score, compose the University of 

California Integrated Staging System (UISS) which now stratifies 6 

categories, 3 for non-metastatic and 3 for metastatic RCC [3] (Table 

1). A second validated score is the SSIGN (stage, size, grade, ne-

crosis) based on the Mayo Clinic experience on RCC cases [36]. 

These systems may be useful for the selection of high risk patients 

most suitable for adjuvant treatment trials and the assignment of 

patients with metastatic RCC to different treatment strategies and 

different targeted therapies.  

MECHANISM OF ACTION OF VEGF-TARGETED 
THERAPIES 

The main targeted therapy in RCC recently analysed is that 
against angiogenesis and VEGF signalling pathway. This targeted 
therapy appears to be associated with more favourable clinical re-
sults. In the present review, we limited the analysis of the mecha-
nism of action and that of the results from clinical trials, to these 
specific anti-VEGF therapies. 

Bevacizumab 

Bevacizumab is a recombinant human antibody against VEGF 
binds and it neutralizes all biologically active isoforms of VEGF 
[37]. This mechanism leads to vascular regression, living the tumor 
dormant. In solid tumors Bevacizumab acts through 3 potential 
mechanisms: 1) repression of microvasculature, 2) normalization of 
mature vasculature, 3) inhibition of the production of new vascula-
ture [38]. In RCC the direct effect of Bevacizumab on microvascu-
lature, leads to tumor regression and slowing the tumor growth. 

Sunitinib 

Sunitinib is a recent small molecule, acting as multi-targeted re-
ceptor tyrosine kinase inhibitor. [35,38]. It showed anti-tumor activ-
ity against RCC cells dependent upon signalling through PDGFR, 
VEGFR, and stem cell factor receptor (KIT) for proliferation and 
progression [38]. Sunitinib therefore may display a direct anti-
tumor effect through KIT and indirect anti-tumor effect through 
anti-angiogenic effect (PDGFR,VEGFR). 

Sorafenib 

Sorafenib is an oral multikinase inhibitor that was originally 

developed because of its inhibition on the Raf system and on sev-
eral TKs that regulate cell proliferation and angiogenesis [39]. In 

particular Sorafenib targets the VEGF and PDGF family and the 

kinase activity of both C-Raf and B-Raf. Together these data sug-

gest that Sorafenib in RCC may inhibit tumor growth by a duel 

mechanism of action: either directly on the tumor (Raf signalling) 

and/or indirectly on tumor angiogenesis (VEGFR and PDGFR sig-

nalling). 

CLINICAL RESULTS FROM PHASE I-III TRIALS 

Different phase I-III clinical trials using Bevacizumab, Soraf-

enib and Sunitinib have been developed and all show that each of 

these anti-angiogenic agents is effective in the treatment of metas-

tatic RCC (Table 2). In most of these studies, the population ana-

lyzed was represented by metastatic RCC in progression after cy-

cles of cytokine therapies. 

Table 1. Prognostic Variables in Advanced RCC. Risk Level Stratification by the University of California Integrated Staging System (UISS) (3) 

Prognostic Variable Low Risk Level Intermediate Risk Level High Risk Level 

T Stage N1    M0 N2 M0 or M1 N2 M0 or M1 N2 M0 or M1 N2 M0 or M1 

Fuhrmann grade any 1-2 3-4 1-3 4 

ECOG score any 0 0 1  1 
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Bevacizumab 

The clinical efficacy of Bevacizumab in metastatic RCC was 
first investigated in a randomized phase II trial in which 116 cases 
received placebo versus low-dose (3mg/kg) Bevacizumab, versus 
high dose (10mg/kg) Bavacizumab (intravenously every 2 weeks) 
[39]. All patients showed disease progression after at least one cy-
cle of systemic cytokines treatment (95% IL-2). No life-threatening 
toxicities or deaths related to Bevacizumab were reported. Toxicity 
episodes included hypertension (36% of cases), proteinuria and 
epistaxis more commonly in the high dose Bevacizumab arm.  

All toxicity episodes were reversible after cessation of the 
therapies. The study showed that time to progression was signifi-
cantly longer in patients treated with high dose Bevacizumab (4.8 
months) than in those with placebo (2.5 months; p=0.001; 
HR=2.55). No differences between placebo and low dose Bevaci-
zumab arms in terms of progression-free survival (PFS) were 
found. In this trial the tumor burden reduction observed in Bevaci-
umab arms, did not meet criteria for objective response (Response 
Evaluation Criteria in Solid Tumors (RECIST) as  30% tumor 
burden reduction). 

More recently the effect of Bevacizumab monotherapy in un-
treated RCC was defined in a randomized phase II trial of Bevaci-
zumab (10mg/kg every 2 weeks) ± Erlotinib (an oral EGFR recep-
tor TK inhibitor, 150 mg /day) [40]. The objective response rate 
(ORR) was 13% and median PFS with Bevacizumab monotherapy 
was 8.5 months. The addition of Erlotinib did not improve clinical 
results. Two different randomized phase III trials using Bevacizu-
mab in combination with IF versus IF alone have completed accrual 
( CALGB-90206 and B017705) [41].  

Sunitinib 

The recommended dose for Phase II trials using Sunitinib, was 
defined in phase I trials as 50 mg/day orally for 4 weeks, followed 
by 2 weeks off, in repeated 6 weeks cycles [24,42]. A recent meta-
analysis of the pharmacocynetic of Sunitinib from 10 phase I stud-
ies, determined that hepatic and renal function had no effect [43]. In 
phase I studies, fatigue was the most commonly reported adverse 
event (70% of cases included) [25]. This symptom was generally 
associated with lethargy, asthenia, weakness. Hypothyroidism was 
also observed in approximately 65 % of treated cases who under-
went thyroid testing in clinical trials [24]. The results of phase I 
trials suggest that thyroid dysfunction should be considered in the 
differential diagnosis of fatigue during Sunitinib therapy. The most 
common grade of toxicities reported included fatigue (10%), neu-
tropenia (8%), thrombocytopenia (7%) [24]. 

Two phase II trials have been conducted in patients with metas-
tatic RCC in progression after cytokine therapies [44,45]. In a 
population of 168 evaluable patients, Sunitinib induced an ORR of 

40% with a median time to progression of 8.7 months and a median 
survival of 16.4 months. A longer PFS was observed in patients 
with favourable ECOG score and normal serum haemoglobin. 
These results induced US Food and Drug Administration (FDA) 
approval of Sunitinib for the treatment of advanced RCC. Recently 
a phase III randomized trial of Sunitinib as first line therapy have 
been reported (Sunitinib versus IF in 750 metastatic RCC) [46]. The 
median PFS was 11 months for the Sunitinib arm and 5 month for 
the IF arm (HR=0.415, p<0.0001). The ORR was 31% versus 6% 
(p<0.00001). Adverse events leading to withdrawal from the study 
occurred in 8% of cases on Sunitinib and 13% on IF. Data are not 
yet mature for the assessment of overall survival, but the investiga-
tors concluded that Sunitinib should be considered the new standard 
for the first line treatment of metastatic RCC. Sunitinib was also 
evaluated in patients who have failed prior Bevacizumab therapy in 
a phase II trial (61 cases). An ORR of 16% was demonstrated with 
61% of cases with stable disease. 

Sorafenib 

In December 2005, the FDA approved Sorafenib for the treat-
ment of patients with advanced RCC [47]. The approval was based 
on randomized trials evaluating Sorafenib, in particular in cases in 
progression after cytokine therapies. Sorafenib has been evaluated 
as monotherapy in four phase I trials with distinct schedules of 
administration: interrupted dosing and continuous administration 
[48]. In these trials 173 patients with advanced solid tumors were 
enclosed. Sorafenib was generally well tolerated at dosing  400mg 
bid. The most frequently reported adverse events related to the drug 
were fatigue(40%), anorexia (35%), diarrhoea (34%) and rush 
hand-foot skin reaction (25%). These adverse events were mainly 
<grade 3 (90%) and were resolved either reducing the dose or dis-
continuing Sorafenib. A treatment related hypertension was ob-
served in 5-11% of cases. The maximal tolerated dose for Sorafenib 
was defined in these trials as 400mg bid. The hypothesis is that 
reactions are related to EGFR and Raf inhibition, whereas hyper-
tension to VEGF inhibition [49].  

A first phase II randomized discontinuation trial evaluated the 
effect of Sorafenib in 202 patients with advanced RCC (all with 
ECOG score 0 or 1; 75% clear RCC; 89% with prior nephrectomy; 
76% with prior IL-2 or IF therapy) [50]. 

Patients received Sorafenib 400 mg bid during an initial run-in 
period and thereafter (12 weeks) cases with changes in tumor 
measurement < 25% were randomized to Sorafenib versus placebo 
for other 12 weeks. Patients with 25% tumor growth discontinued 
treatment whereas patients with 25% tumor shrinkage continued 
open-label Sorafenib. At 24 weeks, 50% of Sorafenib treated pa-
tients were progression-free versus 18% of the placebo group 
(p=0.007). Median PFS was 24 weeks in Sorafenib versus 6 weeks 

Table 2. Selected Trials on VEGF – Targeted Agents in Advanced RCC 

Agent Target No. of Cases Trial Prior Therapies ORR (%) PFS (Months) 
Overall Sur-

vival (months) 

Bevacizumab (39) VEGF 116 Phase II versus placebo Cytokines 10 versus 0 4.8 versus 2.5 NA 

Bevacizumab (40) VEGF 150 Phase II versus Bevacizu-

mab + Erlotinib  

None 13 versus 14 8.5 versus 9.9 NA 

Sunitinib (44) VEGFR 63 Phase II single agent Cytokines 40 8.7 NA 

Sunitinib (45) VEGFR 106 Phase II single agent Cytokines 44 8.1 NA 

Sunitinib (46) VEGFR 750 Phase II versus   IF-a None 31 versus 6 11.0 versus 5.0 NA 

Sorafenib (50) VEGFR and Raf 202 Phase II versus placebo Cytokines NA 5.5 versus 1.5 NA 

Sorafenib (51) VEGFR and Raf 905 Phase II versus placebo Cytokines 2 versus 0 5.5 versus 2.8 19.3 versus 

15.9 
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in placebo group (p=0.008). A randomized phase II trial of Soraf-
enib versus IF in untreated metastatic RCC is ongoing to define the 
role of this drug in this setting [38]. The clinical advantage of 
Sorafenib was than confirmed in a multicenter double blind, ran-
domized phase III trial of Sorafenib versus placebo [51]. In this trial 
905 cases with advanced RCC with clear cell histology, failure of 
prior systemic cytokine therapy, ECOG score 0-1, almost submitted 
to nephrectomy, were included. In this trial, 2% of patients receiv-
ing the drug had an objective response (RECIST criteria), and sta-
ble disease was found in 78% of cases (55 % in placebo arm). The 
median PFS was 24 weeks in the Sorafenib group an 12 weeks in 
the placebo group (p=0.0001). Based on these results the study was 
modified to allow cross-over from placebo to Sorafenib. Although 
results are not mature for a overall survival evaluation, a trend to-
ward improved survival for the Sorafenib treated patients 
(HR=0.72; p=0.018) was found [49,50]. 

Combination Therapies Using Sorafenib or Sunitinib  

The rationale for targeting VEGF in advanced RCC is impor-
tant, but also other factors, including PDGF, are able to influence 
the angiogenenetic process in this tumor. Therefore, enhanced anti- 
tumors activity, could be obtained by a simultaneous targeting of 
different factors involved in this process. Different preclinical stud-
ies suggest that IF has anti-angiogenic properties [38] and that 
combining 2 or more agents with anti-angiogenic properties may 
result in additive or synergistic anti-tumor activity. 

Clinical trials have been started to examine the possibility of 
combination targeted therapies in advanced RCC. Combination of 
Bevacizumab and IF versus IF monothrerapy has been evaluated in 
two randomized phase III trials as first line therapy in metastatic 
RCC [52]. However these trials did not fully define the additive or 
synergic effects of this combination regimen due to the absence of a 
Bevacizumab monotherapy control arm. Two phase II trials com-
bining sorafenib 400 mg bid with IF 3-times week have been re-
ported [53,54]. These trials suggest that this combination regimen 
can be safely used in untreated advanced RCC patients. Among 24 
cases valuable for response, the ORR by RECIST criteria was 42% 
(38% partial and 4% complete response) ; moreover 46% of cases 
showed stable disease. In a phase I trial, 24 patients with metastatic 
RCC received Bevacizumab plus Sorafenib. The combination 
showed preliminary evidence of anti-tumor activity but a dose-
limiting toxicity related to hand-foot syndrome, anorexia, and fa-
tigue, was reported [55]. Combining of anti VEGF strategies with 
agents targeting other relevant mechanisms in advanced RCC have 
been also planned. A phase II trial [40] analyzed the combination of 
Bevacizumab with Erlotinib (EGFR inhibitor). The trial showed 
that Erlotinib does not significantly add to the clinical efficacy of 
Bevacizumab. A promising combination strategy considered anti-
VEGF drugs with Temsirolimus, a mammalian target of rapamycin 
inhibitor (PFS of 3.7 months versus 1.9 months, p=0.0001 in a 
phase III trial comparing Temsirolimus with IF in advanced RCC) 
[56]. 

FUTURE POINTS TO BE ADDRESSED 

There are at present no precise guidelines on how to treat ad-
vanced RCC as first line treatment or at failure as second line 
treatment, using targeted agents. The information that we presented 
support the clinical rationale for targeting angiogenesis and the 
VEGF pathways and they show that this strategy is feasible and it 
can result in tumor shrinkage and PFS advantages. To better use 
this kind of targeted therapy, different points should be developed 
in the future: 1) the identification of the clinical characteristics of 
RCC patients that can be used to predict outcomes and responses to 
therapy; 2) the definition of the differences among different com-
pounds; 3) the advantage of combination therapies; 4) the possibil-
ity of sequential treatments. 

Patient Selection 

The pre-selection of patients most likely to respond to targeted 
therapies and anti –VEGF therapy, should be crucial to optimize 
these agents in the clinical setting. Advanced RCC, prior nephrec-
tomy, a clear cell histology were inclusion criteria in almost trials. 
Clear cell histology criterion was based on the biology of VHL 
inactivation and subsequent VEGF hyper-expression, which is con-
firmed to this histologic type of RCC [38]. In some trials, however, 
there have been reports of activity of anti-VEGF agents also in 
cases with non clear cell histology [38]. This point should be better 
defined in future trials. 

The median PFS of 13 months obtained with VEGF targeted 
agents in metastatic RCC is significantly superior to that reported in 
other trials involving earlier therapies [57]. The real value of PFS, 
however, may change in relation of the selected group of patients 
who is considered for the treatment. Predictive biomarkers of re-
sponse should also be largely investigated and VEGF expression is 
an obvious candidate. 

Another important point is the statistically similar PFS of pa-
tients receiving VEGF targeted therapy for metastatic disease as 
first line or second line treatment [57]. This finding supports the 
hypothesis that the biology of RCC that mediates response to anti 
VEGF therapies may not be influenced by prior exposure to cyto-
kine therapies. This represent another important point that should 
be better defined. 

Differences Among Different Compounds 

The recent approval of 2 mult-targeted TK inhibitors that both 
modify the natural history of RCC (Sorafenib and Sunitinib) must 
induce to compare these two drugs together. Also this approach 
helps to determine how best to use them in metastatic RCC. Differ-
ences have been analyzed graphically in the form of a dendogram 
[58]. In this kind of analysis, Sunitinib bound 73 kinases in addition 
to VEGFR, whereas Sorafenib bound 40 additional kinases. The 
clinical relevance of inhibiting “ off target “ kinases hs not been yet 
defined in terms of clinical advantage. Sorafenib, unlike Sunitinib, 
is also an inhibitor of Raf kinase. Also in this case, the relevance of 
EGFR and Raf system in RCC is controversial and therefore it re-
mains uncertain whether Raf activity inhibition has a clinical role in 
the treatment of advanced RCC. It should be interesting to define a 
possible different role of Sorafenib and Sunitinib as first line ther-
apy or after cytokine treatment resistance. The two drugs should 
also be extensively examined and compared in the treatment of 
RCC patients with non clear tumors. In the phase III trials with 
Sorafenib and Sunitinib, non clear cell histologies were specifically 
excluded. It is possible that one drug over the other may have a 
potential role in the treatment of papillary and chromophobe RCC.  

Moreover, considering that Sorafenib can target endothelial 
cells also through Raf pathways rather than through VEGFR path-
ways, it could be possible that Sorafenib may overcome a resistance 
of the tumor to VEGF inhibitors such as Sunitinib [38]. 

To complete the comparison of the two drugs Sorafenib and 
Sunitinib, differences must be considered in terms of toxicity 
(lower grade 3 toxicity, rate with Sorafenib), response rate (higher 
objective response rate with Sunitinib) and administration (continu-
ous with Sorafenib and intermittent with Sunitinib) [38]. 

All these suggestions strongly support the need for a direct 
comparison of Sorafenib and Sunitinib. An Eastern Cooperative 
Oncology Group (ECOG) phase III trial, with patients randomized 
to Sorafenib versus Sunitinib versus placebo is ongoing [38]. 

Advantages of Combination Therapy and Role of Sequential 

Treatments 

To understand the role and the advantage of a combination 
therapy in this setting, different questions should be addressed: 1) 
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which target is most important? 2) which agent better inhibits each 
target? 3) Is there a synergic effect using combination therapy? 4) 
Which is the advantage to be reached (improvement in the rate and 
duration of clinical response, prevention of clinical resistance)? 5) 
Which population may better respond (first line therapy, cytokine 
resistant tumors, second or third line targeted therapy)? 

Kaekin et al. [59] underlined two different concepts of combi-
nation targeted therapy for RCC. “ Horizontal blockade” is when 
different target molecules are at the same time and individually 
inhibited: tumor cells (EGFR), endothelial cells (VEGFR) and peri-
cyte (PDGF). To obtain this kind of blockade, specific single in-
hibitors or multi-targeted agents (Sorafenib and Sunitinib) could be 
used. “ Vertical blockade” is when a specific pathway is targeted 
and than inhibited at 2 or more different levels (for example VEGF 
and TK).  

In RCC the horizontal blockade is intended to block tumor pro-
gression acting at different levels, either directly on tumor cells or 
indirectly on angiogenesis. The vertical blockade helps to resolve 
the problem of resistance that may develop during targeted therapy. 
In terms of resistance to targeted therapy for advanced RCC, there 
are no guidelines at present on how sequencing drugs or how to 
treat RCC after failure of first or second line agents. The hypothesis 
of no cross-reactivity among the different targeted therapies has set 
the basis for a strategy based on a sequential therapy [26]. The de-
termination of the correct sequence in using targeted therapy in 
RCC is a very important point that also support the rationale for 
continuing targeting the angiogenic pathways throughout progres-
sion and resistance of the RCC tumor. 

FINAL COMMENT 

The large number of scientific articles published in the 2007 lit-
erature (25 publications on Pubmed only from January to July 
2007) on the role of targeted therapy (in particular anti-angiogenic / 
anti-VEGF) in advanced RCC, strongly underlines the actual rele-
vance and the innovative role of this therapeutic approach in a set-
ting in which other previous systemic treatments (chemotherapy, 
radiotherapy and partially also cytokine inhibitors) failed. 

Targeted therapies with Sorafenib and Sunitinb have been ap-
proved by FDA and now are revolutioning how we clinically ap-
proach advanced RCC. These new therapeutic approaches sustain 
the role of surgery, either in terms of cytoreductive nephrectomy or 
metastatectomy, as first treatment for advanced RCC. On the con-
trary the activity of these agents without prior nephrectomy remains 
undefined.  

It is possible to predict a future extension for the indications of 
these targeted therapies in RCC, for example as adjuvant to 
nephrectomy in high risk non metastatic cases.  

We must also underline limits of these therapies. The novel 
agents are more likely to be cytostatic than cytotoxic and therefore 
we still fall to achieve complete and durable responses, but only 
advantages in terms of PFS or as disease stabilization can be ex-
pected. 

A multidisciplinary approach involving both urologists and on-
cologists is required when treating advanced RCC cases, and no 
single therapy should be considered as standard of care. 

In this scenarios, patients should be informed regarding the util-
ity of surgery, advantages and risks of each novel targeted ap-
proach, finality and possibility of these therapies, so to individual-
ize the treatment for each single RCC case.    
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