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hibitors have greater efficacy than rapalogs in preclinical 
models and are being investigated in early clinical trials. In 
conclusion, the changing landscape in the biology and treat-
ment of kidney cancer offers new opportunities for clinicians 
to treat patients, but, due to relatively high costs, the use of 
targeted therapies will likely be strongly controlled by health 
authorities.  Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Renal cell carcinoma (RCC) afflicts nearly 88,400 pa-
tients each year in Europe, making it the 10th most com-
mon malignancy  [1] . RCC represents 90% of renal tu-
mors, of which 75% are clear-cell carcinomas (ccRCC) 
and 25% non-clear-cell carcinomas (papillary, chromo-
phobe, oncocytoma)  [2] . Well-established risk factors for 
RCC are age, cigarette smoking, obesity, arterial hyper-
tension and renal disease (acquired renal cysts disease, 
dialyses)  [1] . However, these risk factors are associated 
with only a small increase in the relative risk. Conversely, 
rare genetic syndromes are associated with a high risk of 
renal cancer, but only account for 2–3% of total RCCs  [3] . 
The management of RCC requires systemic therapy in 
approximately 25–30% of patients with advanced disease 
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 Abstract 

 Kidney cancer is composed of several bio-histological enti-
ties. The most frequent type, clear-cell carcinoma, is not ho-
mogenous regarding gene mutations or transcriptomic pro-
files, but the biologic classifications are not yet mature. 
Therefore, biologically driven strategies of treatment have 
not yet been developed in the clinical setting. The choice of 
first-line agent currently depends on the prognostic criteria 
published by Motzer et al. [J Clin Oncol 1999;17:2530–2540] 
and recently by Heng et al. [J Clin Oncol 2009;   27:   5794–5799], 
with anti-vascular endothelial growth factor (VEGF) thera-
pies for good- or intermediate-prognosis groups and anti-
mammalian target of rapamycin (mTOR) for poor-risk pa-
tients. In the past years, biological changes leading to resis-
tance to targeted agents have been widely investigated. 
Discoveries resulted in the development of second-genera-
tion VEGF receptor tyrosine kinase inhibitors, characterized 
by an improved potency and selectivity. Besides, co-inhibi-
tion of signalling pathways mediating resistance to anti-
VEGF are being developed targeting fibroblast growth fac-
tor and c-Met. Dual mTOR/phosphatidylinositol 3-kinase in-
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at diagnosis  [4] . Moreover, 20% of patients undergoing 
nephrectomy will relapse and develop metastatic RCC 
(mRCC) during follow-up, raising the question of adju-
vant therapies in the management of local RCCs.

  Genetics of Clear-Cell Renal Cell Carcinoma 

 Four major hereditary forms of renal cancer have been 
related to the following genes: von Hippel-Lindau (VHL), 
hepatocyte growth factor receptor (c-Met), fumarate hy-
dratase (FH), and Birt-Hogg-Dubé  [5] . Technological ad-
vances in genome-wide analysis have supported identify-
ing underlying biological determinants of sporadic 
ccRCC. It appeared that the tumor suppressor VHL was 
inactivated in nearly 90% of sporadic ccRCC tumors  [6] . 
The protein encoded by VHL, pVHL, is the recognition 
component of a multiprotein complex that degrades hy-
poxia-inducible factor (HIF) subunits HIF-1 �  and HIF-
2 �  under normoxic conditions. VHL inactivation leads to 
constitutive HIF- �  activity and promotes tumor growth 
by enhancing angiogenesis and cell proliferation. Strik-
ingly, a proportion of tumors from current smokers lack 
VHL alterations and may represent a biologically distinct 
clinical entity from inactivated cases  [7] . Germline muta-
tions inactivating FH or succinate dehydrogenase (SDH) 
genes are very rare in familial RCC, but nicely illustrate 
how metabolic changes within the cells (accumulation of 
fumarate or succinate secondary to FH or SDH deficiency, 
respectively) inhibit the VHL-mediated hydroxylation of 
HIF- � , resulting in HIF accumulation  [3] .

  Systematic exome sequencing of 101 ccRCCs revealed 
mutations in the histone-modifying genes SETD2 (SET 
domain containing 2), KDM5C (lysine (K)-specific de-
methylase 5C) and KDM6A (lysine (K)-specific demeth-
ylase 6A), and the tumor suppressor neurofibromin 2 
(NF2)  [8] . Each of these genes was mutated in approxi-
mately 2% of samples. More recently, the exome sequenc-
ing of 227 ccRCC identified a second major cancer gene 
in ccRCC, the SWitch/Sucrose NonFermentable (SWI/
SNF) chromatin remodelling complex gene polybromo 1 
(PBRM1), that was present in 41% of primary tumors  [9] . 
These genes further define the genetic and molecular ar-
chitecture of ccRCC. It is remarkable that PBRM1, like 
the majority of the other non-VHL mutated cancer genes 
identified in ccRCC, is involved in chromatin regulation. 
It opens important areas of future renal cancer research 
in understanding the contribution of PBRM1 mutation to 
the carcinogenesis of ccRCC as well as exploiting SWI/
SNF complex as a therapeutic target  [10] .

  Drug Availability in England – The Health Economics 

and Politics of Drugs for Advanced Renal Cancer 

 With newer therapies, the median overall survival 
(OS) duration in mRCC is about 26 months or even more. 
This raises the question of treatment cost. In 2008, the 
high cost associated with sunitinib led to an initial rejec-
tion of reimbursement from the National Institute for 
Health and Clinical Excellence (NICE), a decision-maker 
in the UK, which generated heated debate among con-
cerned physicians  [13] . Although NICE reversed its deci-
sion on sunitinib as first-line therapy for patients with 
mRCC in early 2009, discussions about targeted agents 
and the economic burden of RCC resulted in the develop-
ment of several related economic studies.

  Decisions of public health authorities are based on cost 
considerations. In 2005, the US Medicare payments for pa-
tients with RCC who were treated with targeted therapy 
was more than 3-fold higher than those for patients who 
did not receive targeted therapy (USD 64,082 vs. 18,912) 
 [14] . However, this extra cost has to be balanced with the 
effectiveness of the drug. Cost-effectiveness studies use 
the comparison of the incremental cost-effectiveness ra-
tios (ICERs) measured in terms of quality-adjusted life 
years (QALY) gained by the treatment. ICER associated 
with targeted therapies in RCC showed a wide range across 
studies: USD 49,959–272,418 per QALY  [15] . The two stud-
ies which concluded that sunitinib was cost-effective were 
sponsored by the pharmaceutical companies that manu-
facture the agent  [16] , whereas in two recent studies, suni-
tinib was associated with ICERs of USD 113,645–144,232, 
which does not equate to cost-effectiveness if we consider 
a willingness to pay of USD 50,000–100,000 per QALY  [15, 
17] . However, another aspect to consider is that survival 
data extrapolated from pivotal trials are used in QALY es-
timations and these phase 3 clinical trials did not demon-
strate OS advantage mainly because patients in the control 
arm received targeted therapies at progression. With this 
in mind, sunitinib is now considered by NICE as a cost-
effective first-line targeted therapy.

  New Agents in Renal Cancer 

 Before the era of targeted therapies, cytokine therapy 
with interferon and interleukin-2 were the main treat-
ment, with little benefit in terms of progression-free sur-
vival (PFS) and OS. Since 2005, progress in systemic ther-
apy has led to the approval of many new agents by the US 
Food and Drug Administration (FDA) and European 
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Medicines Agency. These drugs are tyrosine kinase inhib-
itors (TKI) of the vascular endothelial growth factor recep-
tors (VEGFR), monoclonal antibodies directed against the 
ligand vascular endothelial growth factor A (VEGF-A) 
and mammalian target of rapamycin (mTOR) inhibitors.

  Angiogenesis Inhibitors: Current Applications 
 Sunitinib and sorafenib are oral TKI that inhibit

VEGFR and platelet-derived growth factor receptor 
(PDGFR). In previously untreated mRCC, a phase 3 trial 
of sunitinib demonstrated a benefit in terms of PFS (11 vs. 
5 months, p  !  0.0001) and response rates by investigator 
assessment (37 vs. 9%, p  !  0.001) compared with inter-
feron  [18] . And in second-line treatment, after failure of 
cytokines, sorafenib was superior to placebo in the TAR-
GET trial  [19] . Then bevacizumab, a humanized antibody 
directed against VEGF-A, in combination with interfer-
on alpha became an alternative to sunitinib in previously 
untreated RCCs. Two phase 3 trials demonstrated that 
bevacizumab + interferon was superior to interferon 
alone in terms of PFS and response rate  [20, 21] . Recently, 
in a phase 3 randomized study, pazopanib, an oral TKI 
anti-VEGFR, PDGFR and c-Kit, showed improved PFS 
against placebo (9.2 vs. 4.2 months, p  !  0.0001)  [22] . Pre-
sented this year at ASCO, the PISCES trial showed that 
70% of patient preferred pazopanib over sunitinib in the 
first-line setting due to fatigue decrease and improved 
quality of life  [23] . The COMPARZ phase 3 trial compar-
ing first-line pazopanib with sunitinib has completed pa-
tient enrolment and it is hoped that the results of this 
study will provide an answer as to whether pazopanib is 
as effective as sunitinib with less toxicity.

  Sunitinib, sorafenib, pazopanib and bevacizumab re-
sulted in a complete change in the treatment paradigm, 
but, ultimately, patients developed resistance and the rate 
of complete response was low. Guidelines recommend the 
use of VEGF inhibitors as first-line therapy in patients 
with good and intermediate risk  [24] .

  Overcoming Resistance to Angiogenesis Inhibitors 
 Many strategies are being developed to overcome re-

sistance to anti-VEGF therapies in mRCC  [25] . Already 
available in the clinical setting, second-generation VEGF 
inhibitors, with more potency and selectivity against 
VEGFR-1, -2 and -3, have been developed. One of them, 
axitinib, has shown in vitro a VEGFR-2 inhibition po-
tency 40 times greater than sunitinib  [26] . In the recent 
phase 3 AXIS trial, axitinib was shown to be effective as 
second-line therapy compared with sorafenib  [27] . As 
54% of patients had been previously treated with suni-

tinib, a preplanned subgroup analysis was conducted in 
this population and showed a benefit of axitinib in suni-
tinib-refractory patients. In January 2012, the FDA has 
approved axitinib in this indication. Interestingly, ax-
itinib is administered with a dose escalation from 5 mg 
BID to 10 mg bid in the absence of hypertension (blood 
pressure  1 150/90 mm Hg). Indeed, dose escalation al-
lowed increasing drug exposure, which could be another 
way to overcome resistance to anti-VEGF TKI  [28] . More 
recently, axitinib phase II data in the first-line setting 
demonstrated impressive results with a PFS of 14.5 
months (95% CI 11.5–17.4), which was even longer (22.5 
months) in patients with diastolic blood pressure  1 90 
mm Hg. In this trial, patients with no grade 3–4 adverse 
event and blood pressure  ̂  150/90 mm Hg were random-
ized between axitinib dose escalation versus flat dose 
 [29] . This comparison will provide further insight into 
the clinical benefits of dose escalation in metastatic RCC.

  Tivozanib, another second-generation TKI with po-
tent pan-VEGFR inhibitory activity, is under develop-
ment for mRCC and has shown promising activity in 
ccRCC in phase 2 trials  [30] . Tivozanib was compared 
with sorafenib in a randomized phase 3 trial in 517 VEGF 
therapy-naïve mRCC patients. Tivozanib demonstrated a 
statistically significant improvement in PFS with a me-
dian PFS of 11.9 months compared with 9.1 months for 
sorafenib (HR = 0.80, 95% CI 0.64–0.99; p = 0.042)  [31] .

  Another strategy to overcome the resistance to VEGF 
therapy is to block the pathways that become hyperacti-
vated in resistant mRCC. For instance, fibroblast growth 
factor (FGF) has been implicated in cell lines that devel-
oped acquired resistance to VEGF therapy and the au-
thors demonstrated that simultaneous blockade of FGF 
and VEGF pathways restored antitumor efficacy  [32] . 
Dual inhibitors of VEGFR-1, -2, and -3, and FGFR-1, -2 
and -3 (together with PDGFR) are being developed in 
clinical trials. In a phase 1/2 trial involving 31 mRCC pa-
tients previously treated with VEGF or mTOR inhibitors, 
dovitinib, an oral TKI anti-FGFR and -VEGFR, was as-
sociated with 4 partial responses and 13 patients experi-
enced stable disease  [33] . Dovitinib is currently being 
evaluated in a phase 3 study (the GOLD trial) compared 
with sorafenib, in third-line mRCC after one anti-VEGF 
and one anti-mTOR treatment.

  Signalling through the hepatocyte growth factor 
(HGF) and its receptor c-Met is the subject of active re-
search in kidney cancer. This pathway mediates motility, 
proliferation and differentiation of the cells, and cooper-
ates with VEGF to induce tumor invasion and vascular-
ization  [34] . Preclinical studies indicate that c-Met is fre-
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quently amplified in mRCC  [35]  and could play a role in 
resistance to antiangiogenic therapies. RCC tumors resis-
tant to sunitinib have a greater amount of HGF than suni-
tinib-sensitive tumors, especially in endothelial cells as-
sociated with the tumors  [36] . Moreover, the combination 
of a c-Met inhibitor with sunitinib restored the antitumor 
efficacy in sunitinib-resistant cell lines  [36] . Several com-
pounds are in development. Cabozantinib is a dual TKI 
of c-Met and VEGFR2 that showed improved efficacy rel-
ative to VEGFR2-only inhibitors in preclinical models 
 [37] . Cabozantinib has been tested in a double-blind ran-
domized discontinuation trial in patients with solid tu-
mors. After 12 weeks of treatment with cabozantinib, pa-
tients with stable disease were randomized to either cabo-
zantinib or placebo. The study showed, in patients with 
metastatic castration-resistant prostate cancer, 84% tu-
mor shrinkage and 86% bone scan partial or complete 
responses at 6 weeks  [38] . Antitumor activity has also 
been observed in preclinical studies with RCC treated 
with cabozantinib; therefore, further evaluation of this 
agent in mRCC patients is warranted. 

 AMG102, a monoclonal antibody directed against 
HGF, has demonstrated modest activity in mRCC  [39] . 
Furthermore, the combination of AMG102 with bevaci-
zumab or motesanib appears to be safe and feasible and 
should be evaluated in metastatic renal tumors  [40] .

  Beside its role in angiogenesis, c-Met is directly impli-
cated in the carcinogenesis of papillary renal tumors. 
Germline mutations of c-Met are involved in the heredi-
tary papillary RCC syndrome, and somatic mutations 
have been found in 13% of sporadic type 1 papillary RCC 
( table 1 )  [41, 42] . Foretinib (XL880), a c-Met and VEGFR2 
inhibitor, showed antitumor activity in papillary tumors 

in phase 1 and phase 2 trials and could be further devel-
oped  [43, 44] .

  mTOR Inhibitors: Current Limits and Promising 
Second-Generation Agents 
 First-generation mTOR inhibitors derive from rapa-

mycin (rapalogs) and selectively inhibit mTOR complex 
1 (mTORC1) ( fig. 1 ). They have demonstrated antitumor 
activity in mRCC. In a randomized phase 3 trial, temsi-
rolimus, an intravenous inhibitor of mTORC1, was as-
sociated with prolonged survival compared with inter-
feron alpha in previously untreated poor-risk patients 
(median OS 10.9 vs. 7.3 months, p = 0.0069). Everolimus, 
an oral inhibitor of mTORC1, was tested in patients with 
mRCC previously treated with anti-VEGF TKI (suni-
tinib or sorafenib or both) in the RECORD-1 phase 3 
trial  [45] . The results showed improved PFS with evero-
limus relative to placebo (5.5 vs. 1.9 months, p  !  0.001). 
Both compounds resulted in tumor stabilization and 
rarely in objective responses (response rate with temsi-
rolimus: 8.6% and everolimus: 1.8%)  [45] . The lack of ob-
jective responses could be due to the biological limits of 
these first-generation mTOR inhibitors. Rapalogs are 
potent inhibitors of mTORC1 but neither mTORC2 nor 
phosphatidylinositol 3-kinase (PI3K) ( fig. 1 )  [46] . After 
treatment with rapamycin, tumor cells exhibit hyperac-
tivation of PI3K, notably through feedback loops con-
taining insulin-like growth factor 1 receptor  [47] . More-
over, mTORC2 directly phosphorylates Akt, a down-
stream component of the PI3K pathway  [48] . PI3K 
activation favors proliferation and angiogenesis in the 
tumors and leads to mTOR inhibitor resistance ( fig. 1 ) 
 [49] .

Table 1.  Histological subtypes of renal cancer correspond to specific genetic alterations

Clear-cell carcinoma Papillary type 1 Papillary type 2 Chromophobe Oncocytome

Frequency 75% 5% 10% 5% 5%

Hereditary gene VHL
SDH
chromosome 3 translocations

c-Met FH BHD BHD

Sporadic gene VHL (92%) [6, 11]
PBRM1 (41%) [9]
c-Myc [11]

c-Met (13%) unknown BHD (11%) [12] unknown

B HD = Birt-Hogg-Dubé; c-Met = hepatocyte growth factor receptor; FH = fumarate hydratase; PBRM1 = chromatin remodelling 
complex gene polybromo 1; VHL = von Hippel-Lindau; SDH = succinate dehydrogenase.
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  Second-generation mTOR inhibitors are small-mole-
cule mimetics of adenosine triphosphate that target the 
mTOR kinase domain; they have also entered clinical tri-
als. These second-generation kinase inhibitors could in-
hibit mTOR, PI3K and other PI3K-related protein kinas-
es. In RCC xenografts, a dual PI3K/mTOR inhibitor was 

shown to inhibit tumor cell proliferation more effectively 
than rapamycin  [50] . NVP-BEZ235 and GDC-0980 are 
PI3K/mTORC1/mTORC2 inhibitors that recently en-
tered into phase 2 development in patients with mRCC 
previously treated with antiangiogenic therapy.
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  Fig. 1.  Mammalian target of rapamycin (mTOR) is a major intracellular pathway upregulated in renal cell car-
cinoma and targeted by therapeutic agents. 4E-BP1 = 4E-binding protein 1; eIF-4E = eukaryotic initiation fac-
tor-4E; FKBP-12 = FK506-binding protein 12; GF = growth factors; HIF = hypoxia-inducible factor; LKB1 (or 
STK11) = serine-threonine kinase 11; mRNA = messenger ribonucleic acid; mTORC1 and 2 = mammalian tar-
get of rapamycin complex 1 and 2; PI3K = phosphatidylinositol 3-kinase; PTEN = phosphatase and tensin ho-
molog; RCC = renal cell carcinoma; S6K1 = protein S6 kinase 1; TSC1 and 2 = tuberous sclerosis protein 1 and 
2; VHL = von Hippel-Lindau. 
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  Sequential Treatment Strategies for Patients with 

Advanced Renal Cell Carcinoma 

 Several questions about the optimal sequence of treat-
ment in patients with mRCC have yet to be answered. For 
instance, will patients gain enhanced clinical benefit 
from a second targeted therapy if it is initiated before dis-
ease progression on first-line therapy? The ongoing 
EVERSUN trial was designed to address this question by 
evaluating the effect of alternating treatment with evero-
limus and sunitinib in patients with mRCC in the ab-
sence of disease progression. A second question is wheth-
er response to specific targeted therapies can be predicted 
in individual patients? Two ongoing clinical trials spon-
sored by the PREDICT Consortium are focused on the 
identification of predictive biomarkers for response to 
everolimus (E-PREDICT trial) and sunitinib (S-PRE-
DICT trial). In these studies, paired pretreatment biop-
sies and on-treatment nephrectomy specimens from pa-
tients with previously untreated mRCC will be collected 
for use in molecular analyses and integration with clini-
cal efficacy data  [51] .

  New Approaches in Surgical Management of Renal 

Cancer 

 At the time of interferon, radical nephrectomy was as-
sociated with survival benefit in a combined analysis of 
two phase 3 trials  [52] . By extension, debulking surgery is 
considered as an option in patients receiving TKI, par-
ticularly in patients presenting with a solitary metastasis 
 [53] . Data for nephrectomy status of three phase 3 clinical 
trials comparing a targeted therapy with interferon alpha 
provide contradictory information concerning the thera-
peutic impact of surgery. Temsirolimus showed a surviv-
al benefit in patients that were not nephrectomized com-
pared with the interferon arm (n = 138), whereas no sur-
vival advantage was found in patients who had undergone 
prior nephrectomy (n = 278)  [54] . Similarly, the survival 
improvement of bevacizumab + interferon alpha over in-
terferon alpha was significant in patients that were not 
nephrectomized (n = 112; HR 0.65, p = 0.04)  [20] . The 
trend in survival benefit of sunitinib over interferon al-
pha was similar in patients with prior nephrectomy (n = 
674) and without nephrectomy (n = 76)  [18] . Whilst one 
could conclude that prior nephrectomy does not appear 
to be essential for the benefit from targeted therapy with 
either VEGFR or mTOR inhibitor therapies, these trials 
were not designed to specifically address this question. 

Dedicated studies are ongoing, with two phase 3 trials: 
the CARMENA trial, comparing isolated sunitinib ver-
sus primary nephrectomy followed by sunitinib, and the 
SURTIME trial (trial identifier: EORTC 30073), investi-
gating optimal nephrectomy timing (immediate vs. de-
ferred) with sunitinib therapy.

  At the time of interferon, metastases surgery was es-
sential to obtain longer survival. A retrospective study in 
101 patients reported long recurrence-free survival after 
metastasectomy (14% at 45 months and 7% at 60 months) 
 [55]  and a recent retrospective study of 887 patients con-
firmed that complete resection of multiple metastases 
was associated with a prolongation of survival  [56] . In a 
third study, the survival benefit associated with metasta-
sectomy in 44 patients was present across various risk cat-
egories  [57] . The breakthrough of targeted therapies in 
the management of RCC raised the question of the place 
of metastases surgery. Currently, a limited number of ret-
rospective studies indicate that metastasectomy is safe 
and feasible after targeted therapies, essentially sunitinib 
 [57] . However, the type and timing of perioperative treat-
ments must be addressed in dedicated clinical trials based 
on the half-life of targeted drugs.

  Defining Response – New Challenges in Oncological 

Imaging 

 In clinical trials evaluating cytotoxic therapy, an ob-
jective response is often determined using the Response 
Evaluation Criteria in Solid Tumors (RECIST)  [58] . De-
spite its widespread use, RECIST has a limited ability to 
reflect the activity of recently developed targeted thera-
pies. Response rates with TKI range from 47 to 10%  [59–
61]  and with anti-mTOR from 0 to10%  [45, 54] . As these 
agents inhibit tumor growth by decreasing tumor perfu-
sion rather than by a direct cytotoxic effect on tumor 
cells, tumor size may not be significantly reduced despite 
good antitumor activity  [62] .

  A new cut-off criteria based on modified RECIST crite-
ria was proposed both for sunitinib and everolimus. A rel-
ative reduction of 10% in the sum of the largest tumor di-
ameters appears to be a reliable threshold for identifying 
patients with mRCC who are benefiting from antiangio-
genic treatment with sunitinib and for guiding the oncolo-
gist’s decision  [63] . Patients reach this threshold earlier 
than the RECIST –30% threshold, allowing a quicker eval-
uation of treatment efficacy. Similarly, a study of everoli-
mus, based on the patients from the RECORD-1 study, 
demonstrated that a relative reduction of 5% in the sum of 



 Pécuchet   /Fournier   /Oudard   

 

Oncology 2013;84:22–3128

longest diameter of target tumors was a better predictor of 
PFS benefit than the classical 30% reduction used with RE-
CIST  [64] . This optimized response threshold may be use-
ful in the evaluation of antiangiogenic therapy in clinical 
trials and as a guide in treatment decisions in the clinical 
setting in conjunction with other patient- and disease-re-
lated parameters. Some studies tried to adapt the Choi cri-
teria, defined for evaluating response in gastrointestinal 
stromal tumors treated with imatinib, to the evaluation of 
mRCC under antiangiogenic therapies. These criteria are 
based on changes in size  or  tumor density (necrosis) mea-
sured with computed tomography (CT). However, these 
criteria do not seem to correlate to survival data  [65] .

  New techniques of functional imaging do not detect 
changes in size, but rather a physiological characteristic, 
and could reveal changes in response to treatment which 
arise earlier  [66, 67] . A ‘dynamic contrast-enhanced’ 
(DCE) or ‘perfusion’ acquisition can be incorporated into 
the regular CT follow-up of patients easily and with no 
additional cost ( fig. 2 ). In two phase 3 trials involving 51 
patients treated for mRCC with antiangiogenic drugs 
(sorafenib n = 10, sunitinib n = 22), placebo (n = 12) or 
interferon (n = 7), microvascular parameters of a meta-
static target (tumor blood flow and tumor blood volume) 
were measured using DCE-CT before and after treatment, 
based on dynamic enhancement before and after injection 
of iodinated contrast medium. The results were compared 
with the RECIST response rates, as well as PFS and OS 
 [62] . Among the patients receiving antiangiogenic drugs, 
baseline microvascular parameters were higher in re-
sponders than in nonresponders but did not correlate 
with PFS or OS. After the first cycle of treatment, there 
was a significant decrease in tumor blood flow and tumor 
blood volume in patients receiving antiangiogenic treat-
ment, while no change occurred in patients receiving pla-
cebo or interferon  [62] . On the other hand, the study of 

a
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  Fig. 2.  Perfusion imaging using dynamic contrast-enhanced com-
puted tomography (DCE-CT).  a  The perfusion acquisition is per-
formed at low radiation dose by a repeated acquisition over time 
during iodine contrast injection at a selected metastatic site, in 
this case a pulmonary metastasis (arrow). A region of interest is 
drawn on the aorta (circle 1) and tumor (circle 2).  b  An enhance-
ment density curve over time is obtained in the aorta (curve 1) and 
in the tumor (curve 2) from the regions of interest. A mathemati-
cal model is applied to calculate the perfusion parameters.  c  The 
value of a chosen perfusion parameter can be calculated in each 
pixel of the image and represented as a ‘parametric map’, in which 
values are color-coded – here, a parametric map of tumor blood 
flow. The tumor (arrow) shows a heterogeneous vascularization. 
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Lamuraglia et al.  [68] , which utilized DCE-ultrasound to 
study the response of RCC metastases to sorafenib after 3 
and 6 weeks of treatment, found that microvascular pa-
rameters were predictive of the response of early-stage tu-
mors, showing that PFS duration was prolonged in pa-
tients which they defined as ‘good responders’ compared 
with those they defined as ‘poor responders’.

  Concluding Remarks 

 Recent biological discoveries provide new insights into 
RCC pathogenesis. Multiple pathways, such as angiogen-
esis, metabolism and, more recently, chromatin remodel-
ling, have been shown to be involved in the carcinogenesis 
of RCCs. Genetic alterations refine the classification of 
RCCs and could be used as predictive markers of response 
to treatment. Current therapeutic development remains 
very active, mainly focusing on reversing acquired resis-

tance to antiangiogenic drugs. Activation of alternative 
pathways (FGF, c-Met, angiopoietin receptors) is fre-
quently involved in resistance to anti-VEGF therapies and 
could be targeted by specific agents. New anti-mTOR 
compounds that properly inhibit both mTORC-1 and -2 
are currently under investigation in the clinical setting 
with the hope of improved antitumor activity.
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