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Abstract
Cancer cells are characterized by indefinite proliferation, invasiveness and metastases. 
These characteristics are usually related to one another. Namely, cancer cells that prolifer-
ate rapidly tend to invade and metastasize. Renal cell carcinoma (RCC) typically does not 
proliferate rapidly nor does it invade the surrounding tissues, but it does metastasize. RCC 
has several peculiar characteristics that are not observed in other cancers: a relatively late 
recurrence, a high frequency of paraneoplastic syndrome, hypervascularity and the spontane-
ous regression of metastatic lesions after the excision of the primary tumor. These clinical 
observations suggest that cytokines or growth factors are important contributors to micro-
environments favoring the growth of cancer cells. Thus, the blockade of cell-to-cell commu-
nication might have some therapeutic potential. Accordingly, a popular strategy for molecu-
lar-targeted therapy for RCC targets the vasculization of RCC induced by vascular endothe-
lial growth factor (VEGF). This review highlights the biological features of RCC that are rel-
evant to molecular-targeted therapy.   (Keio J Med 58 (1) : 1－11, March 2009)

Keywords: renal cell carcinoma, molecular-targeted therapy, cytokine, vascular endothelial growth 
factor (VEGF)

Reprint request to: Mototsugu Oya, MD, Department of Urology, Keio University School of Medicine, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, 
Japan, Tel: +81-3-5363-3824, Fax: +81-3-3225-1985, E-mail: moto-oya@sc.itc.keio.ac.jp

Introduction

With the advent of such imaging modalities as ultraso-
nography and computed tomography, renal cell carcino-
mas (RCC) are now frequently detected at an asymptom-
atic early-stage of carcinogenesis. These carcinomas are 
usually successfully treated by surgical resection. How-
ever, patients with metastatic disease either at presenta-
tion or after surgical treatment have a poor prognosis. 
For these patients, immunotherapy including the admin-
istration of interferon (IFN)-α and interleukin (IL)-2 has 
been the most common treatment option for the past 20 
years. Recently, however, novel molecular findings have 
led to the introduction of molecular-targeted therapy for 
RCC. RCC is classified pathologically into five types, 
i.e., clear cell, papillary, chromophobe, collecting duct 
carcinoma and unclassified. Clear cell RCC accounts for 
about 80% of all RCCs and is well known for its hyper-
vascularity. Clinical trials using anti-angiogenic agents 
proved that these agents were effective for the treatment 

of RCC. The U.S. Food and Drug Administration (FDA) 
subsequently approved two anti-angiogenic agents, 
sorafenib and sunitinib, for the treatment of metastatic 
RCC. Both of these agents are small-molecule tyrosine 
kinase inhibitors (TKIs). Temsirolimus, an mTOR (mam-
malian target of rapamycin) inhibitor, was also recently 
approved by the FDA. In Japan, the government ap-
proved the use of sorafenib in January 2008 and is in the 
process of approving sunitinib. Thus, the era of molecu-
lar-targeted therapy for RCC has now begun. 

Peculiar Characteristics of RCC

Clinicians treating RCC patients sometimes feel that 
this malignant neoplasm has characteristics that are not 
observed in other cancers. Hence, patient outcome is 
sometimes unpredictable: some patients with metastases 
live longer than 5 years, and late recurrence can occur as 
long as 5 or even 10 years after the initial surgery. Occa-
sionally, RCC is accompanied by paraneoplastic syn-



2 Oya M: Molecular-targeted therapy for Renal Cell Carcinoma

drome, with symptoms such as fever, erythrocytosis, leu-
kocytosis and hypercalcemia. This syndrome is caused 
by the secretion of cytokines or hormones from the tu-
mor.1 Growth factors like vascular endothelial growth 
factor (VEGF) and platelet-derived growth factor 
(PDGF) are also secreted from RCC, inducing hypervas-
cularity. Although RCC is a solid tumor, immunotherapy 
(not chemotherapy) has been the standard treatment for 
metastatic RCC. This tumor type has been regarded as 
immunogenic because spontaneous regression2 has been 
observed. These characteristics of RCC can appear very 
peculiar to clinicians. 

Pathological Classification

RCCs comprise a heterogeneous group of tumors. The 
most recent classification in 2002 (UICC3) describes five 
subtype classifications, i.e., clear cell RCC, papillary 
RCC, chromophobe RCC, collecting duct carcinomas, 
and unclassified RCC. This classification reflects the lo-
cation within the nephron from which the tumors origi-
nate. Epithelial cells of the proximal part of the renal tu-
bule give rise to clear cell and papillary RCC, while the 
collecting tubule of the nephron gives rise to chromo-
phobe RCC and collecting duct carcinomas. At present, 
these four types of RCC are recognized as distinct enti-
ties. 

Molecular Pathology of Clear Cell RCC: 
von Hippel-Lindau (VHL) Tumor Suppressor Gene

The most important molecular disorder in clear cell 
RCC involves the VHL tumor suppressor gene. VHL 
disease is a multiorgan disorder caused by an inherited 
mutation of the VHL tumor suppressor gene, located on 
chromosome 3p25. VHL patients present with heman-
gioblastomas of the retina, cerebellum, or spinal cord; 
visceral cysts; and solid tumors.4 The solid tumors can 
include RCC, pheochromocytomas, and pancreatic islet 
cell tumors (Fig. 1). All these tumors are benign, hyper-
vascular tumors, except for RCC. The development of 
these disorders is linked to the inactivation of the re-
maining wild allele in the organ tissue. Therefore, the 
pathology is explained by Knudson’s two-hit theory. 
VHL mutation or gene silencing by promotor hyper-
methylation is also observed in sporadic RCC.5, 6  In 
summary, the loss of VHL tumor suppressor gene func-
tion occurs in both familial and most sporadic cases of 
clear cell RCC.

The VHL tumor suppressor protein acts as the sub-
strate recognition component of a ubiquitin E3 ligase 
that targets protein degradation, including HIF-α sub-
units.7  The loss of VHL protein function as a result of 
gene mutation leads to the constitutive expression of 
HIF-α.8 To date, three HIF-α subunits, HIF-1α, HIF-2α, 

Fig. 1 VHL disease. The solid tumors are all benign tumors with hypervascularity, except for RCC.
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and HIF-3α, have been cloned. HIF-α induces several 
target genes including VEGF, PDGF, TGF-α, carbonic 
anhydrase IX (CAIX) and Glut-1.9  RCC is characterized 
by prominent neovasculization, probably as a result of 
the overexpression of VEGF. Several reports have linked 
angiogenesis and VHL mutation.10, 11  Angiogenesis is 
the process during which new blood vessels are formed 
from preexisting vessels, and this process is necessary 
for tumors to receive the nutrition and oxygen that they 
require for growth. Highly proliferative tumors are often 
exposed to hypoxia, especially at their centers. HIF is 
physiologically induced in these situations. In contrast, 
clear cell RCC is highly angiogenic in normoxic condi-
tions as a result of the induction of VEGF arising from 
the activation of HIF through the inactivation of pVHL 
(Fig. 2).

CAIX has been implicated as a marker of RCC be-
cause CAIX is expressed in clear cell RCC, but not in 
normal kidney tissues. CAIX protein is a member of the 
carbonic anhydrase family and plays a role in the regula-
tion of the cell proliferation involved in hypoxia. Con-
ceivably, this protein may be needed for tumor survival 
during early carcinogenesis, when the cancers are ex-
posed to hypoxia. Bui et al. reported that CAIX is an in-
dependent predictor of longer survival among RCC pa-
tients.12 However, these results were not validated by a 
recent report.13 Regardless of this lack of validation, the 
high frequency of positive staining for CAIX in clear 
cell RCC suggests that this protein could be used as a 

marker for diagnosis in biopsy samples or as a marker of 
early carcinogenesis. 

The deregulation of the VHL-HIF pathway explains 
the hypervascularity seen in RCC but not the aberrant 
proliferation. Kondo et al. showed that tumor suppres-
sion by the VHL protein was overridden by an HIF-2α 
mutant that escaped recognition by VHL proteins. Intro-
ducing this HIF-2α mutant into cells with wild-type VHL 
proteins promoted tumor growth. Therefore, HIF-2α is 
considered to boost RCC proliferation.14 However, the 
downstream target molecules of HIF-2α that are involved 
in RCC carcinogenesis remain to be elucidated. Addi-
tional evidence of the crucial role of HIF in RCC tumor 
growth was presented by Maranchie et al.1 5 They 
blocked the binding of VHL to HIF in RCC cells re-ex-
pressing VHL, restoring tumor growth.

Other functions of the VHL protein include cilia for-
mation. Renal cancer cells that lack pVHL have recently 
been reported to be deficient in cilia, whereas the ectopic 
expression of pVHL restored cilia growth.16-18 Autoso-
mal dominant polycystic kidney diseases (ADPKD) are 
caused by mutations in proteins localized in the cilia or 
centrosomes.19 Accordingly, in kidneys with VHL dis-
ease, premalignant cysts composed of clear cells are ob-
served. pVHL binds to and stabilizes microtubules.20 
Therefore, the loss of pVHL is related to cilia formation. 
Indeed, in pVHL-deficient cells, the orientation of mi-
crotubule growth is disturbed, resulting in disordered 
microtubule assembly. pVHL binds to microtubules and 

Fig. 2 VHL inactivation leads to HIF-α activation. HIF is a transcription factor that induces several genes related to hypoxia. VEGF, 
PDGF, TGF-α and CAIX are representative genes induced by HIF.  HRE: hypoxia response element  ARNT: arylhydrocarbon receptor 
nuclear translocator 
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the Par3-Par6-aPKC complex to direct microtubule ori-
entation.21 This enables the centrosome to migrate to the 
apical membrane. The membrane-anchored centrosome 
forms the basal body of the cilium. These sequential dys-
functions cause the loss of cilia formation. Interestingly, 
cilia formation is linked to the cell cycle. Differentiated 
cells in G0 have cilia. In polycystic kidneys, the loss of 
cilia is strongly related to an increase in the proliferation 
of cyst-lining epithelial cells. The deregulation of cell 
cycle control that is linked to ciliary loss may be mediat-
ed by the expression of NIMA-related protein kinases 
that play a role in the G2-M transition as well as in cili-
ary loss.22, 23 The loss of cilia followed by the aberrant 
cell cycle control might be related to the early carcino-
genesis of RCC.

RCC as Cytokine-producing Tumor

RCC was formerly nicknamed ‘internist’s tumor’ be-
cause most patients with RCC present with symptoms 
like fever of unknown origin, hypercalcemia, and/or 
erythrocytosis and are initially referred to internists for 
diagnosis. The above-mentioned symptoms are collec-
tively known as paraneoplastic syndrome, as they are 
produced by the aberrant secretion of cytokines and/or 
hormones. Aggressive RCC phenotypes are occasionally 
associated with inflammatory paraneoplastic syndrome, 
which can be detected as an elevated serum CRP level. 
Accordingly, an elevated CRP level is associated with a 
poor prognosis in patients with RCC.24, 25 IL-6 is also 
thought to be a major causative cytokine because 50% or 
more of patients with metastatic RCC have elevated IL-6 
levels, which in turn are correlated with elevated CRP 
levels.26,27 IL-6 is also secreted by cancer cells and may 
thus play a role in cancer development and may acceler-
ate cancer cell growth in an autocrine or paracrine man-
ner.28 Furthermore, IL-6 is an independent prognostic 
factor of metastatic RCC.29

Yoshida et al. investigated the three major inflammato-
ry cytokines, namely, IL-6, TNF-α, and IL-1β. The se-
rum IL-6 level was strongly correlated with the presence 
of metastasis and a high tumor grade.30 They established 
RCC cell lines for short periods and demonstrated that 
IL-6 was the only inflammatory cytokine secreted into 
the supernatants of the cell lines. TNF-α and IL-1β were 
not detected in the majority of the cell line supernatants, 
suggesting that these two cytokines are secreted from 
cells other than RCCs, presumably monocytes or macro-
phages.

The predominant mechanism by which these cytokines 
are newly synthesized involves an inducible transcrip-
tional initiation of their respective genes. This phenome-
non is governed by transcription factors that bind to the 
regulatory regions of the genes. Cytokine-inducible tran-
scription factors, including NF-κB, STAT3 and C/EBP-β

(NF-IL6), might contribute to the deregulated cytokine 
expression observed in RCC. We previously showed that 
some RCCs contain activated NF-κB, as determined us-
ing an electrophoretic mobility shift assay (EMSA) and 
immunohistochemistry.31 Recent reports have shown 
that NF-κB activity is related to pVHL function.32, 33 

Thus, NF-κB has been recognized as a therapeutic target 
of RCC.34, 35 We also showed that STAT3 activation, as 
determined using immunohistochemistry with a phos-
phorylated antibody, was associated with metastasis and 
that STAT3 activation was an independent prognostic 
factor.36 C/EBP-β is also activated in invasive pheno-
types of RCC.37 The clonal selection of RCC through the 
production of these cytokines, which enable autocrine or 
paracrine growth, may have a growth advantage, thereby 
contributing to tumor development. 

Importance of Cytokines and 
Growth Factors to RCC Carcinogenesis

Cancer cells are characterized by indefinite prolifera-
tion, invasiveness and metastases. These characteristics 
are usually related to one another. Namely, cancer cells 
that proliferate rapidly tend to invade and metastasize. 
RCC typically does not proliferate rapidly nor does it in-
vade the surrounding tissues, but it does metastasize. 
Late recurrence is occasionally observed in RCC, and 
early-stage RCC has recurred as long as 10 years after 
the initial operation. This means that small, early-stage 
RCC that had metastasized at the time of the initial oper-
ation required 10 years to grow to a clinically identifi-
able size. Renal cancer cells seem to require the help of 
surrounding cells or tissues to survive. Therefore, growth 
factors or cytokines, including VEGF and IL-6, are im-
portant for the cancer cells’ ability to communicate with 
surrounding cells. IL-6 works as an autocrine and/or 
paracrine growth factor. Furthermore, IL-6 might act as a 
tumor microenvironmental factor that can promote tu-
mor-associated macrophages (TAMs), the most abundant 
immunosuppressive cells in the tumor microenviro-
ment.38

RCC is Immunogenic 
but Seems to Escape Immuno-surveillance

RCC is thought to be immunogenic because spontane-
ous regression has been documented. Resected RCC 
specimens show significant T-cell infiltration, suggesting 
the immunosuppressive activity of T cells against the tu-
mor. These observations led to the clinical use of immu-
notherapy, including the administration of IFN-α or IL-2, 
as the standard therapy for RCC for 20 years, with objec-
tive response rates 10-20%.39 Other immunotherapy 
options include allogenic stem cell transplantation, adop-
tive T-cell transfer, and vaccination using dendric cells 
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or heat shock protein peptide complexes. The major ra-
tionale for immunotherapy is the induction of CD8+ cy-
totoxic T-cells that recognize the tumor antigen and at-
tack the cancer cells. CD4+ cells play a fundamental role 
in the induction and maintenance of the effector func-
tion. However, few clinically relevant tumor-associated 
antigens have been identified.40 

The limited success of immunotherapies might be due 
to an immune escape mechanism in RCC cells. Repre-
sentative mechanisms include the loss or down-regula-
tion of HLA class I antigens;41 the secretion of immuno-
suppressive cytokines like IL-10, TGF-β or VEGF; or 
the lack of costimulatory factors and the overexpression 
of inhibitory costimulatory factors. 

Modulation of Costimulatory Molecules

The modulation of costimulatory molecules might en-
able the efficacy of immunotherapy to be increased. One 
approach is to boost costimulatory molecules involved in 
the effective T-cell response. Another approach is to in-
hibit costimulatory molecules that block the effective 
T-cell response. 

For an effective response, two signals are generally re-
quired. The first signal involves the interaction of the 
T-cell receptor (TCR) and the MHC class I/II peptide 
complex, whereas the second signal occurs via the co-
stimulatory molecules. The B7 family molecules include 
B7-1, B7-2 and the B7-H subfamily. Both B7-1 and B7-2 
are expressed on antigen-presenting cells (APC) and in-
teract with CD28 (for stimulation) and cytotoxic T-lym-
phocyte-associated protein 4 (CTLA4; for inhibition).  
Indeed, a lack of B7-1 and B7-2 has been reported in 
RCC.42 In contrast, the B7-H subfamily negatively regu-
lates immune responses. The expression of B7-H1 and 
B7-H4 have been reported in RCC. The interaction of 
B7-H1 on RCC cells with PD-1 on T-cells has been re-
ported to induce apoptosis in activated T-cells.43  Nota-
bly, RCCs with B7-H1 expression have been associated 
with a poor patient outcome.44  Furthermore, the expres-
sion of PD-1 in the tumor-infiltrating T-cells is also an 
indicator of a poor patient prognosis.45

Role of Tumor Cytokine Microenvironment 
in Immune Escape

As described above, RCC secrets various cytokines 
that might mediate immune escape. Immunosuppressive 
cytokines like IL-6, IL-10, TGF-β or VEGF may act to 
suppress effector T-cells. Furthermore, cytokines pro-
duced by various immune cells (TNF-α and IL-6) may 
promote tumor growth in the tumor microenvironment. 
Another mechanism leading to immune escape may be 
the generation of regulatory T cells (Tregs) and myeloid-
derived suppressor cells (MDSCs), which are induced by 

soluble factors secreted from cancer cells. Tregs (CD4+, 
CD25+, Foxp3+, IL7R+) are essential to the homeostasis 
of the immune system through their negative regulation 
of CD4+ and CD8+ T cell activation. RCC patients re-
portedly have elevated levels of Tregs in their blood, 
compared with the levels in healthy volunteers. During 
treatment with IL-2, RCC patients with objective re-
sponses achieved a decrease in the number and frequen-
cy of Tregs, whereas an increase in Tregs was observed 
in patients with progressive disease.46 Thus, the manipu-
lation of Tregs may have therapeutic potential for the 
treatment of RCC.

The relevance of MDSCs to the impaired immune 
function arises from the production of arginase, which 
depletes arginine in the microenvironment, thereby im-
pairing T cell proliferation. An increase in MDSCs has 
been observed in RCC patients.47 Prostaglandin E2 is 
produced by cancer cells, inducing arginase expression. 
The manipulation of MDSCs also has therapeutic poten-
tial for the treatment of RCC. The blockade of prosta-
glandin E2 using non-steroidal anti-inflammatory drugs 
(NSAIDs) might boost the efficacy of immunotherapy.

Is HIF the Dominant Transcription Factor 
Inducing VEGF?

Theoretically, the induction of VEGF by HIF activa-
tion is the most important mechanism of hypervasculari-
ty in RCC. However, VEGF might also be induced by 
the activation of other transcription factors. Therefore, 
we explored whether VEGF is dominantly induced by 
HIF. We employed an siRNA knockdown method to 
clarify the functional role of the HIF subunits, namely 
HIF-1α and HIF-2α, in VEGF transcription. 48 

We used 9 RCC cell lines. The VHL gene was inacti-
vated in 4 of the 9 cell lines because of either a frame 
shift mutation or hypermethylation. All four cell lines 
with VHL gene activation had either a truncated HIF-1α
protein or defective HIF-1α expression. The reduced 
protein expression was caused by a low level of mRNA 
expression. In the cell lines without HIF-1α expression, 
VEGF expression was maintained by HIF-2α expression. 
Indeed, 769P cells (lacking both HIF-1α and HIF-2α) 
had a low level of VEGF expression. In these HIF-1α 
defective cell lines, the knockdown of the HIF-2α gene 
showed that HIF-2α regulated VEGF production, irre-
spective of the VHL gene mutation status. In contrast, 
HIF-1α played a predominant role in VEGF secretion in 
the cells expressing both wild-type HIF-1α and HIF-2α 
proteins because HIF-1α knockdown resulted in marked 
down-regulation of VEGF secretion. These results sug-
gest that HIF-α is mainly responsible for the induction of 
VEGF expression and that other mechanisms play a 
minimal role. 
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VEGF-targeted Therapy

HIF-mediated angiogenesis via VEGF induction could 
theoretically be targeted using six different methods 
(Fig. 3).
1) Blocking of HIF activation: Two agents, 103D5R49 

and NSC 644221,50 have been reported to block HIF 
activation. However, the efficacy and safety of these 
drugs have not yet been evaluated in animal models. 
An mTOR inhibitor has also been reported to have an 
indirect suppressive effect on HIF activation.51 

2) anti-VEGF antibody (Ab), bevacizumab: A placebo-
controlled randomized control trial for metastatic 
RCC patients showed that high-dose bevacizumab 
prolonged the time to progression, compared with 
that in the control group. However, no significant dif-
ferences in overall survival were seen. Minimal toxic 
effects, like hypertension and asymptomatic protein-
uria, were seen.52 

3) VEGF Trap: VEGF Trap is an engineered soluble re-
ceptor made from the extracellular domains of VEG-
FR1 and VEGFR2. VEGF Trap binds to VEGF with 
a higher affinity than bevacizumab. The toxicities 
seen during a phase I trial examining the subcutane-
ous and intravenous administration of VEGF Trap 
were hypertension and proteinuria.53

4) anti-VEGFR Ab: The blockade of VEGFR-1 activa-
tion has been shown to inhibit pathologic angiogene-
sis and tumor growth. VEGFR-1 is also expressed in 

monocyte/macrophages, and VEGF may regulate the 
migration of these cells.54 VEGFR-1 positive hema-
topoietic bone marrow progenitor cells may regulate 
the homing of tumor cells, thus helping to form meta-
static lesions.55 The blockade of VEGFR-1 may pre-
vent the metastasis of the primary tumors. Pre-clinical 
experimental data have been obtained using human 
breast tumor xenografts. An anti-VEGFR-1 monoclo-
nal antibody (mAb), IMC-18F1, reduced tumor cell 
proliferation.56 VEGFR-2 is the major transducer of 
VEGF signals in endothelial cells, thus constituting 
the major target for antiangiogenic therapy. IMC-1121 
is a VEGFR-2 mAb that inhibits the VEGF-stimulat-
ed proliferation of human endothelial cells. Further-
more, IMC-1121 inhibited leukemia growth in animal 
models.57 hF4-3C5 is a VEGFR-3 mAb that reacts 
with lymphatic endothelial cells as well as human 
umbilical vein endothelial cells.58

5) TKI for VEGFR: Sorafenib and sunitinib belong to 
this category. These agents are discussed later.

6) Downstream targets of VEGFR (Fig. 4): The auto-
phosphorylation of tyrosine residues in VEGFR-2 has 
been observed.59 The phosphorylation of Y1175 leads 
to the activation of the protein kinase C (PKC) path-
way. This pathway also stimulates the c-Raf-MEK-
MAP-kinase signal. Y1175 constitutes a binding site 
for Shb, a signal adaptor for PI3K, suggesting a 
downstream signal cascade involving the PI3K-Akt 
pathway.60 Phosphorylated Y951 binds to T-cell-spe-

Fig. 3 Six methods for blocking the activity of VEGF. Transcriptional controls, trapping methods, TKI of VEGF-R and signal blockade 
are possible mechanisms. At present, TKI is the most useful and widely applied clinical modality.
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cific adapter (TSAd), which is expressed in tumor 
vessels. TSAd has a Src Homology 2 (SH2) site and 
associates with Src. Src alters the cell structure to en-
able cell migration by modulating the actin cytoskel-
eton through its influence on the RhoA-ROCK path-
way.61 Inhibitors of these signal transduction path-
ways might be treatment options for blocking the ac-
tivity of of VEGF. 

Ets-1 is a well-known downstream transcription 
factor in the VEGF signal cascade. Ets-1 converts en-
dothelial cells to an angiogenic phenotype by induc-
ing the expression of urokinase-type plasminogen ac-
tivator (uPA), matrix metalloproteinase-1 (MMP-1), 
MMP-3, MMP-9 and integrin β3.62 Ets-1 appears to 
be a key transcription factor for extracellular matrix 
remodeling in angiogenesis. Indeed, endothelial cells 
surrounding clear cell RCC were positive for Ets-1.63 
The specific inhibition of Ets-1 to inhibit angiogene-
sis may be a potential therapeutic strategy for clear 
cell RCC. 

Anti-angiogenic Agents Currently in Use: 
Sorafenib and Sunitinib

Sorafenib is an oral inhibitor of Raf kinase, which is a 
crucial kinase in ras-MAP kinase signal transduction. 
Sorafenib is supposed to have an anti-proliferative effect 
on pancreatic cancers carrying oncogenic ras mutations; 
however, sorafenib has not shown any anti-tumor effect 

in pancreatic cancer. Although MAP kinase is constitu-
tively activated in RCC cell lines,64 ras mutations in 
RCC are extremely rare. However, further basic studies 
have revealed that sorafenib also inhibits receptor tyro-
sine kinases, including VEGFR2 and VEGFR3. The in-
hibition of ras-MAP kinases was not associated with any 
growth-inhibitory effects,65 suggesting that sorafenib’s 
underlying mechanism of activity depends on anti-angio-
genesis. In a phase II randomized discontinuation trial 
(RDT), 202 patients were treated with 400 mg of 
sorafenib twice daily during the run-in period. Seventy-
three patients exhibited tumor shrinkage of more than 
25%. Sixty-five patients with stable disease at 12 wks 
were randomly assigned to a sorafenib (n = 32) or a pla-
cebo group (n = 33). The median progression-free sur-
vival period from the time of randomization was signifi-
cantly longer in the sorafenib group than in the placebo 
group (24 wks vs. 6 wks, p = 0.009). Adverse events in-
cluded hypertension, skin reactions on the hands and 
feet, and diarrhea.66 A subsequent randomized placebo-
controlled phase 3 trial in cytokine-refractory patients 
showed a statistically significant improvement in pro-
gression-free survival (PFS) from 2.2 months to 5.5 
months (p < 0.01).67 Although the objective response 
rate was 10%, 74% of the patients experienced disease 
stabilization, enabling a longer PFS period.

Sunitinib is an oral receptor tyrosine kinase inhibitor 
with antiangiogenic activity via the targeting of VEG-
FR-2, PDGFR, and KIT. Two phase 2 studies in cyto-

Fig. 4 Signals from VEGF-R. The PI3K-Akt pathway, Raf-MAPK pathway and ROCK pathway are the major pathways involving 
activated VEGF-R.
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kine-refractory RCC patients (50 mg for 4 wks followed 
by 2 wks of rest) resulted in response rates of 40% and 
34% among 63 and 106 patients, respectively.68, 69 Dis-
ease stabilization for more than 3 months was observed 
in 27% and 29% of the patients, respectively. The clini-
cal benefit (CR+PR+SD) ratios were 67% and 63%, re-
spectively.  Adverse events included hypertension, skin 
reactions on the hands and feet, and diarrhea. These ad-
verse events were also observed in the sorafenib trials. In 
addition, leukopenia and thrombocytopenia were also 
observed. A subsequent randomized phase 3 trial exam-
ined sunitinub versus IFN-α as a first-line therapy for 
clear cell RCC patients.70 In this study, 94% of the pa-
tients had either good or intermediate risk features ac-
cording to the MSKCC risk model.71 The response rate 
was 31% versus 6%, with a doubling of the PFS from 5 
to 11 months (p < 0.001).

mTOR is Another Target for the Treatment of RCC

mTOR is a protein that was discovered during studies 
to clarify the antifungal activity of rapamycin (a macro-
lide); rapamycin was later shown to have immunosup-
pressive and anti-cancer activities. mTOR constitutes 
two complexes designated as mTORC1 and mTORC2. 
mTORC1 has three components, (mTOR, raptor and 
mLST8), whereas. mTORC2 has four components, 
(mTOR, rictor, mSin1 and mLST8).72 mTORC1 regu-
lates cell growth, ribosome biogenesis, and autophagy. 
How rapamycin perturbs mTOR function is not fully un-
derstood.  mTOR forms a complex with its intracellular 
receptor, FKBP12, and binds directly to mTORC1, sup-
pressing the phosphorylation of the substrates S6K1 and 
4EBP1. Rapamycin also weakens the interaction be-
tween mTOR and raptor.73 The TSC1 (tuberous sclero-
sis1, hamartin)-TSC2 (tuberin) complex acts as a nega-
tive regulator. Notably, Akt directly phosphorylates and 
inhibits the TSC1-TSC-2 complex, eventually activating 
mTORC1. The PI3K-AKT signal is activated in several 
types of cancers. Therefore, the link with mTORC1 sug-
gests a targeted therapy for cancer. 

Akt is a subfamily of the serine/threonine protein ki-
nases and is thought to play a crucial role in controlling 
the balance between cell survival and apoptosis.74 In 
various types of human malignant tumors, including co-
lon cancer,75 ovarian cancer,76 endometrial cancer,77 and 
thyroid cancer,78 high frequencies of elevated Akt activa-
tion have been demonstrated. We reported that an eleva-
tion in Akt activation in RCC was correlated with a 
higher tumor grade and metastasis, resulting in a poorer 
patient outcome.79 One of the mechanisms underlying 
elevations in Akt activation has been shown to be the in-
activation of the PTEN (phosphatase and tensin homo-
logue deleted on chromosome 10) tumor suppressor 
gene, which is located on 10q23.3. PTEN is a lipid phos-

phatase that dephosphorylates the 3-position of phospha-
tidylinositol 3,4,5-triphosphate (PIP3), a secondary mes-
senger of phosphatidylinositol 3-kinase (PI3K).80 PTEN 
antagonizes PI3K activity and negatively regulates Akt. 
We reported that PTEN expression was reduced in RCC 
and that this reduction was correlated with Akt activa-
tion.81 These observations suggest that mTORC1 might 
be a target for the treatment of RCC. Indeed, clinical tri-
als have shown temsirolimus (see below) to be effective 
against RCC, and the U.S. FDA has approved this agent. 
However, rapamycin analogues have not shown good 
anti-tumor effects against tumors that are known to have 
high Akt activities, such as breast cancer and glioblasto-
ma.8 2, 8 3 Recent in vitro studies have shown that 
mTORC1 inhibition induced Akt activation, possibly in-
dicating a mechanism of resistance.84, 85 The inhibition 
of PI3K signaling has also been reported to block the ra-
pamycin-mediated activation of Akt.86 Thus, the combi-
nation of an mTOR inhibitor and a PI3K inhibitor may 
be a plausible strategy for the treatment of rapamycin-re-
sistant tumors. 

Temsirolimus

Temsirolimus is an ester of rapamycin. In a phase 2 
study of 111 patients with advanced refractory RCC, the 
response rate was 7% and minor responses were ob-
served in 26%.87 A randomized phase 3 study with three 
arms was also performed; the 3 arms consisted of IFN-α, 
temsirolimus (25 mg), and IFN-α + temsirolimus (15 
mg).88 Of note, this study was performed as a first-line 
therapy and included patients regarded as having a poor 
risk according to a modified MSKCC risk stratification 
(multiple organ metastases were added to the five risk 
factors). The primary endpoint was overall survival 
(OS). Patients treated with temsirolimus had a median 
OS of 10.9 months, versus 7.3 months for the IFN-α 
group (p = 0.007) and 8.4 for the combination group (not 
significant; NS). The response rates in this study were 
low: 9%, 7%, and 11%, respectively. The adverse events 
were minor, including stomatitis, peripheral edema and 
rash. Patients should be carefully monitored for intersti-
tial pneumonia and hyperglucosemia. Generally speak-
ing, OS is the ideal study endpoint for evaluating cancer 
agents. However, the response rate may also be used as a 
surrogate endpoint to evaluate tumor shrinkage. This 
phase 3 study typically demonstrated that the response 
rate does not necessarily reflect OS. Molecular-targeted 
agents may have cytostatic efficacies that may be better 
evaluated using PFS or the clinical benefit ratio, rather 
than the response rate. 

 
Crucial Questions

Anti-angiogenic agents are likely to be used widely for 
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the treatment of RCC. However, several crucial ques-
tions remain unanswered. What is the refractory mecha-
nism of RCC for anti-angiogenic agents? How can we 
identify patients most likely to benefit from molecular-
targeted therapy? What is the best administration se-
quence for these agents? Can combination therapies im-
prove outcomes? Is there any role for immunotherapy?  
If molecular-targeted agents can be used to improve the 
immune microenvironment, immunotherapy might be a 
useful sequential therapy after molecular-targeted thera-
py. Further basic and clinical studies are needed to an-
swer these questions.
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