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Abstract
The rapid approval of several novel agents, targeting 
the vascular endothelial growth factor or mammalian 
target of rapamycin pathways (sunitinib, pazopanib, 
sorafenib, axitinib, bevacizumab, everolimus, temsi-
rolimus) has given to metastatic renal cell carcinoma  
(mRCC) patients and their treating physicians many 
new and effective therapeutic options. The treatment 
paradigm for these patients is rapidly evolving, with 
future studies needed to define the optimal sequencing 
of these new agents. Despite progresses, no validated 
biomarkers able to predict clinical outcome or useful 
to guide patient selection for treatment are currently 
available. Recent studies have suggested that some 
biomarkers, including cytokines, circulating proangio-

genic factors, markers of hypoxia or targets of signaling 
pathways are potentially promising prognostic or pre-
dictive factors in mRCC. We present an overview of the 
most recent developments in identifying biomarkers for 
targeted therapies in advanced RCC.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: To date, there are no fully validated biomarkers 
for daily clinical use in enal cell carcinoma (RCC) treat-
ment and the therapeutic decisions still depend exclusive-
ly on morphological and clinical criteria. Predictive mark-
ers of response are not yet available and consequently, all 
patients continue to be exposed to potentially toxic thera-
pies without certainty of clinical benefit. The identification 
of reliable biomarkers could represent the turning point 
of the personalized treatment in RCC. Therefore, the 
design of clinical trials based on a biomarkers-approach 
is highly desirable in order to minimize costs and risks of 
treatments and to maximize the benefit to the patient. 
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INTRODUCTION
Advances in the understanding of  the biology of  meta-
static renal cell carcinoma  (mRCC) have led to the iden-
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tification of  vascular endothelial growth factor (VEGF) 
and mammalian target of  rapamycin (mTOR) as key tar-
gets of  signaling pathways involved in tumor growth and 
angiogenesis[1]. In recent years, several new drugs (suni-
tinib, pazopanib, sorafenib, axitinib, bevacizumab, evero-
limus, temsirolimus) targeting these pathways, have been 
approved by regulatory authorities for the treatment of  
mRCC on the basis of  advantages in clinical outcomes 
demonstrated in phase Ⅲ clinical trials[2-9]. With the ex-
ception of  axitinib, which was compared with sorafenib, 
these drugs were approved on the basis of  comparison 
with either cytokine therapy or placebo.

The availability of  many active drugs for the same 
disease setting, often with similar mechanisms of  ac-
tion, has certainly widened therapeutic perspectives for 
patients but, given the current lack of  superiority, head 
to head, clinical trials, it has sometimes increased the dif-
ficulty of  the physician in making the best clinical deci-
sion. Recently, data from COMPARZ trial showed that 
both sunitinib and pazopanib are suitable frontline treat-
ments for patients with advanced RCC, considering the 
similar efficacy results (i.e., non-inferiority)[10]. The trial 
confirmed the different toxicity profile of  the two agents 
with more fatigue, mucositis and hand-foot syndrome 
seen in sunitinib-treated patients and more liver function 
abnormalities, weight loss and alopecia with pazopanib 
but clinical or molecular factors able to predict response 
to one rather than another are today lacking. 

Inherited or sporadic von Hippel-Lindau (VHL) 
tumor suppressor gene inactivation (by mutation, pro-
moter methylation or loss of  heterozygosity) is involved 
in most cases of  clear cell RCC, which is the most com-
mon histological subtype of  renal cell carcinoma (RCC). 
VHL inactivation usually leads to increased levels of  
hypoxia-inducible factors (HIF) and consequently to 
an over-expression of  HIF target genes such as VEGF, 
platelet-derived growth factor (PDGF), carbonic anhy-
drase IX (CAIX), transforming growth factor α (TGF-α), 
interleukin (IL)-8 and others, which notoriously promote 
angiogenesis, tumor growth and metastasis[11]. The com-
prehension of  the critical role of  VHL/HIF/VEGF axis 
in RCC pathogenesis has led to important advances in 
tumor treatment and consequently to relevant improve-
ments in clinical outcomes. However, despite efficacy 
of  the new drugs for mRCC, there are few complete 
responses and resistance eventually develops at a median 
of  less than 12 mo[12]. 

For all these reasons, better comprehension of  in-
trinsic or acquired resistance to targeted agents (TA) is 
an increasingly interesting objective for medical research 
in order to optimize personalized therapy and to reduce 
toxicities and costs. Considering the mechanism of  ac-
tion of  VEGF-targeted agents (sunitinib, pazopanib, 
sorafenib and axitinib inhibit the tyrosine kinases of  
VEGF receptors 1-3, bevacizumab specifically targets 
the ligand VEGF), several elements of  this signaling 
pathway have been recently investigated in multiple 
clinical trials of  TA to identify predictive or prognostic 
biomarkers[13]. Biomarkers evaluated in phase Ⅲ or piv-

otal trials of  targeted agents in advanced RCC are sum-
marized in Table 1. The first results are encouraging but 
further confirming studies are needed to prospectively 
validate them for daily clinical practice. Blood biomark-
ers might have more advantages than analyses on tissue 
samples: in addition to being noninvasive, simple and 
relatively inexpensive, blood sample collections are po-
tentially useful to monitor changes during treatment and 
disease progression.

SEARCH STRATEGY
The purpose of  this paper is to review the most recent 
developments of  biomarkers evaluation in TA-clinical 
trials for mRCC. Particularly, we analyzed biological or 
molecular factors potentially able to predict the clinical 
outcomes or potentially useful to identify the patients 
who are more likely to benefit from a given treatment. 
We included in our search observational, retrospective, 
phase Ⅱ and phase Ⅲ TA-mRCC studies evaluating at 
least one potential biomarker. Among these, we selected 
for our revision only studies, published from January 
2007 to August 2013, with at least one biomarker evalu-
ated in patients enrolled in phase Ⅱ or Ⅲ clinical trials 
and treated with tirosin kinase or mTOR inhibitors. The 
study selection process and reasons for exclusion are 
presented using a PRISMA study flow diagram (Figure 
1). Full reports and trials’ updates were gathered through 
Medline (PubMed), American Society of  Clinical Oncol-
ogy and European Society for Medical Oncology web-
site searches. Published papers were obtained from the 
Pubmed database, using the subsequent MeSH (Medical 
Subject Heading) terms: “predictive” or “prognostic” or 
“biomarkers” each combined with “renal cell carcino-
ma”. We also used combinations of  the following words: 
“biomarker”, “targeted agents”, “tirosin-kinase inhibi-
tors”, “mTOR inhibitors”, “kidney cancer”, “metastatic 
RCC” and “phase Ⅲ clinical trial”.

SORAFENIB
Sorafenib is an orally active multikinase inhibitor that 
blocks VEGF receptor (VEGFR)-2/-3, PDGF recep-
tor (PDGFR)-β, RAF-1, Flt-3, RET and stem cell fac-
tor receptor, c-Kit. In the phase Ⅲ, placebo-controlled, 
Treatment Approaches in Renal Cancer Global Evalu-
ation Trial (TARGET) study, sorafenib demonstrated 
to significantly improve progression-free survival (PFS) 
in mRCC patients, who experienced a treatment failure 
with a prior cytokine-based therapy (5.5 mo vs 2.8 mo; 
HR = 0.44; 95%CI: 0.35-0.55, P < 0.000001)[4]. A sur-
vival advantage was not observed because of  the cross-
over of  patients on placebo to sorafenib after the first-
interim analysis results[14].

In RCC, increased serum VEGF concentrations 
have been observed not only in patients with higher 
tumor stage and grade but also in those with poor per-
formance status (PS) and worse prognosis[15-17]. Baseline 
VEGF levels were analyzed also in the pivotal trial of  
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  Targeted   
  agent

Authors Biomarker Outcomes

PFS OS

HR (95%CI) P HR (95%CI) P
  Sorafenib Escudier et al[14];

Peña et al[18]
Baseline VEGF Low-VEGF (25th percentile) 0.92 (0.57-1.49) 0.001 NA NA

High-VEGF (25th percentile) 0.42 (0.31-0.56) NA NA
Low-VEGF (75th percentile; ≤ 254 pg/mL) 0.58 (0.43-0.78) 0.02 NA NA
High-VEGF (75th percentile; > 254 pg/mL) 0.27 (0.15-0.46) NA NA
Low-VEGF (median value; ≤ 131 pg/mL) 0.64 (0.49-0.83) 0.096 0.89 (0.63-1.27) 0.327
High-VEGF (median value; > 131 pg/mL) 0.48 (0.38-0.62) 0.81 (0.60-1.09)

Peña et al[18] sVEGFR-2 Low-sVEGFR-2 (median value) 0.56 (0.43-0.72) 0.981 0.90 (0.65-1.24) 0.598
High-sVEGFR-2 0.55 (0.42-0.71) 0.82 (0.60-1.14)

CAIX Low-CAIX (median value) 0.52 (0.26-1.03) 0.72 0.98 (0.40-2.42) 0.540
High-CAIX 0.62 (0.33-1.16) 0.71 (0.35-1.45)

TIMP-1 Low-TIMP-1 (median value) 0.58 (0.26-1.30) 0.83 0.76 (0.26-2.19) 0.670
High TIMP-1 0.54 (0.29-0.99) 0.58 (0.29-1.15)

Ras Low-Ras (median value) 0.74 (0.37-1.52) 0.27 1.23 (0.50-3.04) 0.180
High-Ras 0.41 (0.22-0.79) 0.53 (0.25-1.13)

VHL muta-
tional status

Exon 1 only; WT 0.55 (0.34-0.89) 0.356 0.74 (0.39-1.40) 0.634
Exon 1 only;  mut 0.39 (0.15-1.04) 1.08 (0.32-3.59)
Exon 2 only; WT 0.45 (0.26-0.77) 0.363 0.56 (0.26-1.22) 0.536
Exon 2 only; mut 0.89 (0.24-3.34) 0.33 (0.03-3.19)
Exon 3 only; WT 0.62 (0.38-1.00) 0.985 0.76 (0.40-1.44) 0.991
Exon 3 only; mut 0.00 (0.00-NA) 0.00 (0.00-NA)

Exon 1, 2 or 3; WT 0.52 (0.23-1.19) 0.968 1.09 (0.36-3.27) 0.693
Exon 2, 3 or 3; mut 0.49 (0.22-1.08) 0.88 (0.31-2.48)

  Pazopanib Tran et al[25] IL-6 Low IL-6 0.55 (0.38-0.81) 0.009 1.41 (0.65-3.05) 0.005
High IL-6 0.31 (0.21-0.44) 0.42 (0.28-0.63)

IL-8 Low IL-8 0.41 (0.28-0.60) 0.472 1.49 (0.69-3.22) 0.002
High IL-8 0.39 (0.27-0.56) 0.42 (0.28-0.63)

Osteopontin Low Osteopontin 0.43 (0.29-0.64) 0.343 0.96 (0.50-1.86) 0.033
High Osteopontin 0.35 (0.24-0.51) 0.41 (0.27-0.62)

VEGF Low VEGF 0.47 (0.32-0.69) 0.376 1.2 (0.61-2.39) 0.006
High VEGF 0.41 (0.28-0.60) 0.41 (0.27-0.62)

Hepatocyte 
growth factor

Low HGF 0.40 (0.27-0.58) 0.52 0.68 (0.36-1.27) 0.765
High HGF 0.46 (0.32-0.67) 0.59 (0.39-0.90)

TIMP-1 Low TIMP-1 0.38 (0.26-0.55) 0.922 0.64 (0.38-1.10) 0.387
High TIMP-1 0.40 (0.27-0.59) 0.5 (0.32-0.79)

E-selectin Low E-selectin 0.49 (0.33-0.71) 0.219 0.55 (0.34-0.91) 0.872
High E-selectin 0.36 (0.25-0.52) 0.59 (0.36-0.96)

Xu et al[27,29] IL-8 Polymorphism 2767A > T 0.009 0.030
AA
AT 1.3 (0.9-1.8) 0.1 NA
TT 1.8 (1.2-2.7) 0.009 2.2 (1.3-3.6) 0.030

Polymorphism -251T > A 0.01 NA NA
TT
AT 1.4 (1.0-1.9) 0.08
AA  1.7 (1.1.-2.5) 0.01

HIF1A Polymorphism 1790G > A 0.03 NA NA
GG
AG  1.8 (1.1.-3.1) 0.03

NR1/2 Polymorphism -25385C > T 0.06 NA
CC
CT 1.2 (0.9-1.6) 0.3 NA
TT 1.5 (1.0-2.2) 0.07 0.020

VEGFA Polymorphism-2578A > C 0.7 NA NA
AA
AC 0.8 (0.6-1.2) 0.2
CC 0.9 (0.6-1.4) 0.7

Polymorphism -1498C > T 0.7 NA NA
CC
CT 0.8 (0.6-1.2) 0.2
TT 0.9 (0.6-1.4) 0.7

Polymorphism -634G > C 0.7 NA NA
GG
CG 0.9 (0.7-1.3) 0.7
CC 1.0 (0.6-1.7) 0.9

Table 1  Potential biomarkers evaluated  in phase Ⅲ or pivotal trials of targeted agents in advanced renal cell carcinoma
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sorafenib, confirming that serum VEGF concentrations 
are usually related to an aggressive tumor biology[14,18]. 
Patients with higher Memorial Sloan-Kettering Cancer 
Center (MSKCC) risk score or higher Eastern Oncol-
ogy Cooperative Group (ECOG) PS and consequently 

with prognostically negative clinical indicators, had sig-
nificantly higher pretreatment VEGF levels than those 
with a better prognosis according to MSKCC score (P 
< 0.0001) or with better ECOG PS (P < 0.0001)[14,18]. In 
the multivariate analysis that included also MSKCC score 
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Xu et al[29] FGFR2 Polymorphism IVS2 + 906C > T NA NA 0.02
CC
CT NA NA
TT 1.7 (1.1.-2.8) 0.02

  Bevacizumab Lambrechts et al[47] VEGFR1 Polymorphisms  rs7993418 or rs9554316 1.81 (1.08-3.05) 0.033 0.91 (0.45-1.82) 0.78
TT
TC
CC

Polymorphism rs9513070 1.68 (1.12-2.52) 0.018 NA NA
AA
AG
GG

Escudier et al[46] Baseline VEGF Low-VEGF NA NA 0.75 (0.51-1.08) NA
(median value; < 54 pg/mL)

High-VEGF NA NA 0.92 (0.66-1.28) NA
(median value; > 54 pg/mL)

  Everolimus Oudard et al[48] Baseline 
VEGF-A

Low-VEGF-A 1.27 (1.03-1.57) 0.028 NA NA

  Temsiroli-
  mus

Figlin et al[50] PTEN Positive 0.66 (0.47-0.93) NA NA NA
Negative 0.99 (0.58-1.69)

HIF1α Positive 0.98 (0.64-1.51) NA NA NA
Negative 0.72(0.51-1.00)

NA: Not available; PFS: Progression-free survival; OS: Overall survival; HR: Hazard ratio; VEGF: Vascular endothelial growth factor; sVEGFR: Serum vas-
cular endothelial growth factor receptor; CAIX: Carbonic anhydrase IX; TIMP: Tissue inhibitors of metalloproteinases; WT: Wild-type; mut: Mutated; HGF: 
Hepatocyte growth factor; IL: Interleukin.

45 studies screened

3 studies included 
in the review

6 studies included 
in the review

5 studies included 
in the review

2 studies included 
in the review

1 study included 
in the review

2 studies included in the 
review

Sorafenib

Pazopanib

Sunitinib

Bevacizumab

Everolimus

Temsirolimus

5 studies were excluded because of enrolled 
patients were not included in phase Ⅱ or phase 
Ⅲ clinical trials

16 studies were excluded because of enrolled 
patients were not included in phase Ⅱ or phase Ⅲ 
clinical trials

1 study was excluded because of enrolled 
patients were not included in phase Ⅱ or 
phase Ⅲ clinical trials

2 studies were excluded because of enrolled 
patients were not included in phase Ⅱ or 
phase Ⅲ clinical trials

2 studies were excluded because of enrolled 
patients were not included in phase Ⅱ or phase 
Ⅲ clinical trials

 

Figure 1  PRISMA study flow diagram. 
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and ECOG PS, baseline VEGF levels were independent 
prognostic factors both for PFS and overall survival (OS) 
in placebo-treated patients (P = 0.0231 and P = 0.0416, 
respectively) and only for OS in patients treated with 
sorafenib (P = 0.0145)[14]. With regard to sorafenib an-
titumor activity, Escudier and colleagues suggested that 
both patients with high and low baseline VEGF levels 
(above or below the median value) seem to benefit from 
sorafenib treatment, but those with higher VEGF levels 
(above the 75th percentile) may benefit more (in terms of  
PFS) (HR = 0.27; 95%CI: 0.15-0.46) than those in the 
low-VEGF group (HR = 0.58; 95%CI: 0.43-0.78)[14]. 

Further molecular analyses in plasma and tissue sam-
ples of  patients enrolled in TARGET trial demonstrated 
that patients with an intermediate prognosis according to 
MSKCC score have also higher baseline concentrations 
of  CAIX (P = 0.027) and tissue inhibitor of  metallo-
proteinase 1 (TIMP-1) (P = 0.0001) than those with low 
MSKCC score. Moreover, a higher incidence of  VHL 
mutations was most frequently observed in patients with 
poor ECOG PS (P = 0.008)[18]. Increased pretreatment 
levels of  CAIX (P = 0.0034), TIMP-1 (P = 0.001) and 
Ras p21 (P = 0.016) were indicators of  worse clinical 
outcome in the placebo cohort at univariable analysis; 
however, only TIMP-1 remained an independent prog-
nostic factor for OS at multivariate analysis (P = 0.002)[18]. 
In this study, no correlation between VEGFR-2, CAIX, 
TIMP-1, Ras p21, VHL mutational status and sorafenib 
efficacy was observed. In the group of  patients treated 
with sorafenib, the authors observed a significant in-
crease of  VEGF and a decrease of  VEGFR-2 levels 
during treatment (P < 0.0001 and P < 0.0001, respec-
tively), as already observed in preclinical models[19] and 
with other anti-angiogenic drugs[20,21].

The baseline analysis of  more than 50 cytokines 
and angiogenic factors (CAFs) in blood samples from 
patients enrolled in a phase Ⅱ clinical trial comparing 
frontline sorafenib versus sorafenib plus interferon-α 
(IFN-α) in mRCC, has proven useful in identifying two 
prognostic groups of  patients (“angiogenic” and “in-
flammatory” group) on the basis of  a peculiar biomarker 
profile[22]. Moreover, a six-marker angiogenic signature 
seems to be useful to identify patients who obtained 
a greater PFS benefit from sorafenib alone than from 
sorafenib plus IFN. Particularly, higher osteopontin 
(OPN), VEGF, CAIX, collagen Ⅳ and VEGFR-2 levels 
were significantly associated with a shorter PFS in the 
combination arm while higher tumor necrosis factor-
related apoptosis-inducing ligand concentrations showed 
an opposite effect on clinical outcome[22].

PAZOPANIB
Pazopanib is an oral multi-kinase inhibitor, targeting 
VEGFR-1/-2/-3, PDGFR-α/-β and c-Kit. As com-
pared to placebo, pazopanib demonstrated to signifi-
cantly improve PFS (9.2 mo vs 4.2 mo, P < 0.0001) in 
treatment-naïve or cytokine-pretreated advanced/meta-
static RCC patients[3], without a significant difference in 

the intention to treat final analysis of  OS, likely due to 
the extensive cross-over from placebo to pazopanib[23]. 
Recently, a phase Ⅲ, head-to-head clinical trial (COM-
PARZ trial), comparing pazopanib to sunitinib, two 
approved first-line treatment options, showed the non-
inferiority of  pazopanib versus sunitinib in terms of  
PFS (HR = 1.05, 95%CI: 0.90-1.22) and confirmed the 
different safety profile of  the two drugs[10]. 

In a retrospective analysis of  pretreatment plasma 
samples collected from two prospective cohorts of  
mRCC patients treated with pazopanib (one from a sin-
gle-arm phase Ⅱ trial and one from a phase Ⅲ random-
ized placebo-controlled trial)[3,24], the authors showed 
that CAFs profiling could be useful to provide prog-
nostic or predictive associations in RCC[25]. The authors 
initially screened blood CAFs in patients treated with pa-
zopanib who had the greatest or least tumor shrinkage in 
a phase Ⅱ trial; then they confirmed the association of  
these biomarkers (and other from previous studies) with 
tumor response and PFS in the same cohort of  patients. 
Finally, they validated confirmed CAFs in a group of  
patients (n = 344 samples, 79% of  435 enrolled patients) 
from a randomized placebo-controlled phase Ⅲ trial. 
The authors demonstrated that patients treated with 
pazopanib with higher (relative to median) pretreatment 
concentrations of  IL-8 (P = 0.006), OPN (P = 0.0004), 
hepatocyte growth factor (HGF) (P = 0.01) and TIMP-1 
(P = 0.006) had statistically significant shorter PFS than 
did those with lower concentrations[25]. In the placebo 
group, higher concentration of  IL-6 (P < 0.0001), IL-8 
(P = 0.002) and OPN (P < 0.0001) were prognostically 
related to a shorter PFS. In the study, only high IL-6 lev-
els were predictive of  PFS benefit with pazopanib (P = 
0.009). Moreover, the study demonstrated that biomark-
ers such as IL-6, IL-8 and osteopontin have a stronger 
prognostic role than the standard clinical classifications 
such as ECOG, MSKCC and Heng risk grouping[25].

Single nucleotide polymorphisms (SNPs) are germ-
line DNA variants involved in patient drug exposure 
with potential implications for drug selection, dosage 
optimization and toxicity management[26]. The potential 
association between SNPs and pazopanib efficacy or tol-
erance was recently evaluated on blood samples of  pa-
tients enrolled in phase Ⅱ and phase Ⅲ RCC clinical tri-
als with conflicting results[27-29]. Inherited genetic variants 
in angiogenesis- or exposure-related genes have shown 
a significant association with clinical outcomes (IL-8, 
FGFR2, NR1I2 and ABCB1 with OS, P ≤ 0.05; IL-8 
and HIF1A with PFS, P ≤ 0.05; HIF1A, NR1/2 and 
VEGF-A with response rate, P ≤ 0.05) in pazopanib-
treated patients, suggesting that patients with genetic 
variations associated with angiogenesis or with increased 
clearance of  pazopanib, may have a different clinical 
benefit from the treatment[27,29]. However, the accuracy 
of  IL-8 polymorphisms to predict pazopanib efficacy 
has not been confirmed in COMPARZ trial (P = 0.30)[28]. 

Choueiri et al[30] have evaluated VHL gene status 
(mutation and/or methylation), HIF-1α/-2α immuno-
chemistry staining and HIF-1α transcriptional signature 
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in tumor tissue samples of  mRCC patients treated with 
pazopanib in a phase Ⅱ study and have not observed 
any correlation between these biomarkers and clinical 
outcomes, such as overall response rate (ORR) and PFS. 
Another study evaluating VHL inactivation and HIF-
1α/-2α immunochemistry expression in tumor samples 
of  mRCC patients who received first-line targeted ther-
apy has confirmed that VHL gene status is not a predic-
tive factor of  efficacy for TA[31]. Moreover, Saez and col-
leagues showed a significant association between HIF-
1α/HIF-2α expression and both PFS (both, P = 0.04) 
and OS (both, P < 0.0001) but using a different staining 
intensity score, compared to the abovementioned study 
of  Choueiri et al[30]. HIF-1α was also identified as predic-
tive factor for ORR (P = 0.001)[31].

Another retrospective study in patients treated with 
VEGF inhibitors (sunitinib, sorafenib, axitinib or bevaci-
zumab) confirmed that VHL inactivation did not appear 
to affect ORR (41% vs 31% in wild-type VHL patients, 
P = 0.34) or PFS; however, it was observed that patients 
with severe/loss of  function mutations of  VHL (frame-
shift, nonsense, splice and in-frame deletions/insertions) 
show higher response rate than those with wild-type 
VHL (52% vs 31%, P = 0.04) but without a significant 
impact on PFS or OS[32]. 

Polymorph i sms of  VEGF-A/-C and VEG -
FR-1/-2/-3 seem to be also useful in first-line treatment 
decisions (between sunitinib and pazopanib) as recently 
suggest by Bianconi and colleagues[33]. Indeed, patients 
with polymorphisms of  VEGF-A rs833061 (CC + CT vs 
TT) seem to significantly have better PFS and OS (both, 
P < 0.0001) if  treated with sunitinib. Conversely, patients 
with CT + TT polymorphisms (vs CC) seem to have 
more benefit when treated with pazopanib (P = 0.027).

Recently, Hudes et al[34] demonstrated that patients af-
fected by mRCC with specific tumor DNA copy number 
alterations (CNAs) are better responders to pazopanib. 
Particularly, the gain of  chromosome 5q (5q+) seems to 
be related to a statistically significant longer PFS (P = 
0.026). Moreover, the effect on PFS was even more rel-
evant when 5q+ and no loss of  chromosome 14 or 14q 
(HIF-1α locus) were both present[34].

SUNITINIB
Sunitinib is a small anti-angiogenic molecule that inhibits 
the tyrosine kinase activity of  VEGFR, PDGFR, FLT3, 
c-Kit and RET. Sunitinib has become a therapeutic op-
tion for first-line therapy of  good and intermediate prog-
nosis patients with mRCC on the basis of  significant 
advantages (in terms of  both PFS and OS) over IFN-α 
in a phase Ⅲ trial[2]. Not all patients respond to the treat-
ment and some develop significant toxicities resulting in 
dose delays, dose reduction or drug discontinuation. The 
identification of  molecular factors able to identify the 
patients who will more likely benefit from the treatment 
or develop adverse events could help personalizing treat-
ment, improving treatment outcomes and reducing toxic 
effects. 

Molecular analysis performed on baseline blood sam-
ples of  52 sunitinib-treated patients enrolled in a first-
line phase Ⅲ trial comparing sunitinib to IFN in mRCC, 
has demonstrated that higher pretreatment CAIX levels 
significantly correlated with shorter PFS and OS (P < 
0.007 and P < 0.0001, respectively)[35]. In a multivariate 
analysis (including treatment arm, CAIX and MSKCC 
score) treatment with sunitinib (compared to IFN-α) 
and lower CAIX concentrations were significantly asso-
ciated with longer PFS (P = 0.006 and P = 0.04, respec-
tively) and better OS (P = 0.037 and P < 0.0001, respec-
tively)[35]. In a phase Ⅱ study evaluating the efficacy and 
safety of  sunitinib in mRCC patients previously treated 
with bevacizumab, the authors showed that baseline 
levels of  VEGF-A and placental growth factor (PIGF) 
were significantly higher in patients who started sunitinib 
within ten weeks after bevacizumab discontinuation (P < 
0.0001 and P = 0.0008, respectively), likely due to a re-
sidual bevacizumab effect[36]. Moreover, it was observed 
that sunitinib-responders had significantly lower pre-
treatment concentrations of  VEGFR-3 and VEGF-C 
than those who did not respond (P < 0.0318)[36,37]. Dur-
ing treatment, the authors also observed an increase 
in VEGF-A and PlGF plasma levels and a decrease of  
VEGFR-3 and VEGF-C from baseline, without a cor-
relation with PFS or ORR[37]. No clear associations be-
tween pre-treatment VEGF-A levels and sunitinib effica-
cy were observed, as also suggested by another study[38]. 
Conversely, Porta et al[39] reported a potential predictive 
role for baseline VEGF levels; patients who had a base-
line VEGF titer above a given threshold seemed to have 
a higher risk of  disease progression than those with 
values below the threshold. As for VEGF, the authors 
also observed that higher baseline levels of  neutrophil 
gelatinase-associated lipocain (NGAL), a protein usu-
ally up-regulated in RCC tumorigenesis, were associated 
with a worse outcome in advanced RCC patients treated 
with sunitinib as first-line treatment[39]. In contrast to 
the results of  biomarker analysis of  Rini[37], Kontovinis 
and colleagues reported that the increase of  VEGF-A 
levels was much higher in patients who progressed early 
during sunitinib treatment. Interestingly, the authors did 
not observed an increase of  VEGF-A concentrations 
in patients who had a disease progression after an initial 
clinical benefit, suggesting an involvement of  a different 
mechanism of  resistance[39]. 

Recently, some authors prospectively identified a 
group of  SNPs as predictors of  efficacy and tolerability 
of  sunitinib in previously untreated mRCC patients[40]. 
Particularly, two missense polymorphisms in VEGFR-3 
(rs307826 and rs307821) were significantly associ-
ated with shorter PFS in sunitinib-treated patients (P 
= 0.00049 and P = 0.014, respectively). Moreover, the 
authors showed that a specific polymorphism in the 
CYP3A5 (rs776746) gene, encoding for an enzyme that 
metabolizes sunitinib, was associated with a significantly 
increased risk of  sunitinib dose reduction due to toxicity 
(P = 0.022)[40]. 

A retrospective study performed by Van der Veldt et al[41] 
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showed that other SNPs in CYP3A5, NR1I3 and ABCB1 
genes, usually involved in sunitinib pharmacokinetics, were 
independent predictive factors for prolonged PFS (HR = 
0.26, HR = 1.75 and HR = 0.55, respectively) at mul-
tivariate analysis, including current clinical prognostic 
factors such as MSKCC risk score, age and number of  
metastatic sites. Moreover, a genetic variant in the VEG-
FR-2 gene (1718T/A) seems to predict a prolonged OS 
(P < 0.05), whereas a trend toward an improved OS 
was observed for patients with somatic genetic altera-
tions in ABCB1 (P = 0.078)[41]. Conversely, Kim et al[42] 
did not observed any significant correlation between 
single VEGF or VEGFR polymorphisms and clinical 
outcomes, either PFS and OS, in 37 patients treated with 
sunitinib. However, a combination of  VEGF SNP 936 
and VEGFR-2 SNP 889 seems to predict OS (P = 0.03) 
during sunitinib treatment; this cohort of  patients has 
a 3-fold greater risk of  death than patients with other 
genotypes (HR = 3.18)[42]. SNPs in catechol-O-methyl-
transferase, an enzyme involved in catecholamine and 
estrogen metabolism, were associated with a significant 
difference in PFS and OS (P = 0.0001 and P = 0.0001, 
respectively) in sunitinib-treated patients[43]. 

Activation or up-regulation of  alternative angiogen-
esis signaling pathways represents an important mecha-
nism of  resistance to drugs targeting VEGF/VEGFR 
pathway, underlying disease progression. IL-8-mediated 
angiogenesis seems to play a critical role in both acquired 
and intrinsic resistance to sunitinib; for this reason, IL-8 
secretion could be a potential therapeutic target to over-
come sunitinib resistance[44]. Recently, Xu et al[28] have 
demonstrated a significant association of  IL-8 polymor-
phisms with both PFS (P = 0.017) and OS (P = 0.0043) 
in sunitinib-treated patients enrolled in the COMPARZ 
trial, suggesting a promising role of  IL-8 in to treatment 
decision.

Other evidence suggest the potential role of  HIF-
1α/-2α levels to predict response to TA in mRCC, 
particularly to sunitinib; patients with higher levels of  
HIF-1α or HIF-2α are more likely to obtain a favorable 
tumor response according to RECIST criteria (P = 0.003 
and P = 0.001, respectively) than those with lower or ab-
sent expression[45].

BEVACIZUMAB
Bevacizumab is a humanised monoclonal antibody that 
inhibits angiogenesis by targeting the VEGF protein. 
Two phase Ⅲ first-line clinical trials, CALGB 90206 and 
AVOREN, comparing the combination of  bevacizumab 
plus IFN to IFN alone in mRCC have demonstrated 
a significantly longer PFS in the combination arm, as 
compared with IFN monotherapy[6,7]. Molecular analysis 
performed on plasma samples of  patients enrolled in the 
AVOREN trial showed that the efficacy of  bevacizumab, 
in terms of  PFS, appears to be independent of  baseline 
VEGF concentrations (P = 0.15)[46]. A recent evaluation 
of  138 SNPs in AVOREN patients receiving bevacizum-
ab has demonstrated a significant correlation between 

polymorphisms in a locus in the tyrosine kinase domain 
of  VEGFR-1, leading to an increase of  VEGFR-1 ex-
pression, and shorter PFS (P = 0.033) and consequently 
with a unfavorable bevacizumab treatment outcome[47].

EVEROLIMUS
Everolimus is an orally administered selective mTOR 
inhibitor that has shown to improve PFS in mRCC 
patients progressing on VEGF-tyrosine kinase inhibi-
tors, as compared to placebo (4.9 mo vs 1.9 mo; P < 
0.001)[8]. In plasma samples of  patients enrolled in the 
pivotal RECORD-1 (renal cell cancer treatment with 
Oral RAD001 given Daily) trial, Oudard et al[48] did not 
observe different baseline levels of  VEGFR-2, VEGF-A 
and bFGF between everolimus-treated patients and 
those enrolled in the placebo arm. Moreover, the authors 
showed that everolimus significantly improved median 
PFS over placebo regardless of  baseline biomarkers 
(P < 0.001), suggesting that these factors are not able 
to predict everolimus efficacy[48]. As yet suggested by 
other previously reported studies, VEGF-A baseline 
levels seem to have a prognostic role in mRCC; lower 
VEGF-A concentrations seem to be associated to a 
prolonged PFS (P = 0.028). Everolimus-treated patients 
experienced a significant reduction in bFGF (P = 0.0095) 
and VEGFR-2 levels (P < 0.001), as compared to base-
line, during the treatment, confirming a critical role of  
everolimus in targeting these signaling pathways[48]. Recently, 
Pomerantz et al[49] demonstrated an association between in-
herited genetic variations across two critical genes in the 
mTOR pathway [phosphoinositide-3-kinase, catalytic, 
alpha polypeptide (PI3KCA) and mTOR itself] and clini-
cal outcomes in 76 mRCC patients treated with evero-
limus or temsirolimus, after receiving a prior systemic 
therapy. Particularly, two PI3KCA SNPs (rs13082485 
and rs2699905) were significantly associated with PFS (P 
= 0.008 and P = 0.03, respectively) and OS (P = 0.007 
and P = 0.006, respectively) and a SNP in mTOR gene 
(rs12732063) was related to OS (P = 0.01). These asso-
ciations were maintained when adjusted for age, gender 
and MSKCC risk score.

TEMSIROLIMUS
In the phase 3 global advanced renal cell carcinoma trial, 
temsirolimus demonstrated to improve PFS and OS in 
poor prognosis mRCC patients, compared to IFN-α 
or to the combination of  temsirolimus plus IFN-α[9]. 
Temsirolimus is a selective inhibitor of  mTOR, a serine/
threonine kinase involved in several signal transduction 
pathways such as phosphoinositide 3-kinase (PI3K)/Akt 
pathway. This latter may be activated not only by a loss 
of  function of  the tumor suppressor gene PTEN but 
also by an amplification or mutation of  PI3K or Akt. 
Once mTOR is activated, it phosphorylates ribosomal 
subunit S6 kinase which, in turn, phosphorilates the ri-
bosomal S6 protein, leading to an increased expression 
of  HIF1-α, HIF2-α, VEGF and other pro-angiogenic 
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proteins. Immunohistochemical analysis on tumor tissue 
samples of  some patients enrolled in ACRR trial did not 
show any correlation between baseline PTEN or HIF-α 
expression and clinical efficacy outcomes, suggesting 
that these biomarkers may not predict response to tem-
sirolimus[50]. Another phase Ⅱ study in 20 treatment-
naïve mRCC patients receiving temsirolimus, confirmed 
that not only PTEN but also CAIX expression and 
VHL mutational status are not able to predict objective 
responses or clinical benefit to temsirolimus[51]. How-
ever, the authors demonstrated that higher tumor tissue 
expression of  phospho-S6 might be useful to identify 
the patients who are more likely to experience an objec-
tive tumor response to the treatment (P = 0.02). A trend 
was observed also for phospho-Akt, although this did 
not reach statistical significance (P = 0.07). The authors 
observed also a greater median OS in patients with 
higher phospho-S6 expression than those with lower or 
intermediate S6 expression (17.3 mo vs 9.1 mo, P = 0.02), 
suggesting a potential prognostic role of  this biomarker, 
worthy of  further explorations[51].

Although biomarkers evaluation has been performed 
in patients enrolled in phase Ⅱ, phase Ⅲ or even pivotal 
clinical trials of  targeted therapies in mRCC, the ob-
tained data are mostly the result of  secondary endpoints 
or retrospective evaluations. Moreover, the studies were 
not usually neither designed nor powered to show sig-
nificant difference in molecular or biological factors and 
the tissue sample collection was in most cases desirable 
but not mandatory. Moreover, external validation of  
biomarkers results usually lacked, affecting accordingly 
accuracy and reproducibility of  the data. Considering all 
these limits and consequently, the high attrition bias, the 
strength of  the results and consequently the levels of  
evidence are doubtless low, suggesting that to date, bio-
markers evaluation cannot be applied in clinical decision 
making.

CONCLUSION
In recent years, discovery of  clear “driver” genetic al-
terations such as epidermal growth factor receptor mu-
tation or anaplastic lymphoma kinase rearrangement in 
non-small cell lung cancer (NSCLC), human epidermal 
growth factor receptor 2 amplification in breast cancer 
or Ras mutation in colon-rectal cancer and the availabili-
ty of  new effective drugs, targeting these molecular aber-
rations has radically changed the natural history of  these 
diseases, leading to a personalized therapeutic approach. 
Despite the better knowledge of  genetic mechanisms 
underlying cancer growth and drug resistance, “driver” 
genetic aberrations have not yet been demonstrated in 
RCC. 

Unlike to NSCLC in which acquired resistance to 
tyrosin-kinase inhibitors is in most cases related to new 
mutations in targeted genes, mechanisms of  secondary 
resistance to TA in RCC seem to be more complex and 
not yet fully clarified. Cross-talk with other signaling 

pathways is doubtless involved in treatment failure but 
recent evidences suggest that acquired resistance to TA 
might be also adaptive and transitional. Indeed, phase 
Ⅲ clinical trials have recently demonstrated efficacy and 
clinical activity of  sequential VEGF-targeting approach-
es after documented progression in RCC[5,52]. Moreover, 
retrospectives evidences supported sunitinib re-challenge 
after failure of  prior therapy with the same drug, partic-
ularly in patients with increasing time-off  prior VEGF-
inhibiting therapy, suggesting the possibility of  revert 
drug resistance[53]. 

Promising molecular markers of  biological activity, 
treatment response and prognosis have been recently 
evaluated in RCC clinical trials but none of  these seem 
to have an unequivocal role as predictive or prognostic 
factor because of  conflicting results. For all these rea-
sons, there are no fully validated biomarkers for daily 
clinical use in RCC treatment and therapeutic decisions 
still depend exclusively on clinical criteria (histology, 
prognostic stratification, previous treatments, patient-
comorbidities and safety profiles).

Biomarkers might play a critical role also in the ra-
tional design of  genomically driven, personalized clini-
cal trials. Considering the time between the discovery 
of  a new active molecule and its introduction in clinical 
practice and the escalating costs of  drug development in 
“unselected” populations, especially in terms of  human 
lives, the design of  “biomarker-selected” clinical trials 
should be clearly advocated. A power analysis performed 
at our institution to assess how much a biomarker-based 
approach can affect the theoretical sample size of  a 
planned trial with TA for RCC showed that a dramatic 
difference in the required accrual could be expected, se-
lecting patients according to a bio-molecular predictor, 
with easy-to-understand future feasibility scenarios[54]. 
This would satisfy two purposes: improve the feasibility 
of  the trial design, minimizing costs and risks and short-
en the gap between clinical research and current practice, 
accelerating the drug approval process and the expected 
patient benefit. Altogether these considerations further 
encourage to intensively pursue the quest for reliable, re-
producible and validated biologic predictors of  efficacy 
of  TA for the treatment of  RCC. 
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