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RCC: clinical aspects

2009 in USA

-60.000 new patients (1800/year in NL)

-13000 deaths

-2-3% of all malignancies

-2% increase per year

-20%-30% of patients present with mRCC

-20%-40% of patients will develop mRCC after nephrectomy
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RCC: Histologic Subtypes

Lineham et al. Journal of  Urology , 2163 -2172, 2003.

Type

Frequency

Gene

Clear cell

75%

VHL

Papillary type 1

5%

c-Met

Papillary type 2

10%

FH

Chromophobe

5%

BHD

Oncocytoma

5%

BHD

c-MET = hepatocyte growth factor receptor;  BHD = Birt-Hogg-Dubé; FH = fumarate hydratase; VHL = von Hippel Lindau.



Renal cell carcinoma

Sporadic RCC:

~96%

Solitary

No syndrome

Older age

Hereditary RCC:

~4%

Multiple

Syndrome

Young age

Family history
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Factors Predicting Prognosis in RCC

Anatomic

Tumor size

Metastasis 

Venous 

involvement 

Lymph node involvement

Histologic 

Fuhrman grade

Morphology

Microvascular invasion

Tumor necrosis

Clinical

ü Performance Status 

ü Cachexia-related 
symptoms 

ü Thrombocytosis 

Shuch BM, et al. Semin Oncol . 2006;33:563 -575 .



RCC with tumor thrombus extending through

the inferior vena cava into the right cardiac cavities

 

Chatterjee et al. Circ. 96:2729, 1997



Clinical challenges in RCC
Cytokine-based therapy insufficient for mRCC

IFN-Ŭ
ÅResponse rate: ~15% (CR: 2%)

ÅResponse duration: 6-7 months

High-dose IL-2
ÅResponse rate: ~15% (CR: 7%) 

ÅResponse duration: 54 months

ÅToxic, expensive, limited accessibility 

Better understanding of RCC biology has lead to the development of new 

therapeutic strategies (TKIs/mTORinh)

New clinical challenges: 

-Individualized therapy

-Resistance

-Toxicity



Von Hippel-Lindau tumor suppressor gene

Å1:36000 live births

ÅMultiple tumors & cysts

ÅHighly vascularized

ÅSingle gene at 3p25

Å For carcinogenesis another 

mutation is required

ÅRCC is the most common 

cause of death in patients 

with VHL disease
Tumor Angiogenesis

and

Growth



Biological activity of VEGF

Nat Rev Cancer, 2007, 7:475-85



Naumov, Folkman, Clin. Exp. Metast. 2008;

Bergers and Benjamin, Nat.Rev. Cancer 3: 401, 2003 

Angiogenesis:  rate limiting step of tumor growth



VEGF: A TARGET FOR ANTICANCER THERAPY

Adapted from Folkman J Cancer Biol Ther,2003

Tumor cell

Endothelial 
cell

Block production
of VEGF
EGFR inhibitors,
m-TOR inhibitors,
HDAC inhibitors

Neutralize VEGF
Bevacizumab,
VEGF Trap

Block receptor for 
VEGF
Sorafenib, Sunitinib
Pazopanib
DC-101

VEGF

VEGF-R

Inhibition of endothelial and tumor cell
proliferation, migration, and survival

HIFa

VEGF



VEGF-Trap inhibits orthotopic RENCA tumors in mice

Clin Cancer Res. 2007:4201-8



Reduced fibrinogen leakage due to VEGF-Trap treatment

Clin Cancer Res. 2007:4201-8

Inhibition of VEGF-induced hyperpermeability 





Renal cell cancer Tissue MicroArray

Normal kidney tissue IgG 40x

Clear cell carcinoma IgG 40x

TMA CD31 JHMI

Clear cell carcinoma 40x

VEGF staining
40x

Clear cell carcinoma

Normal kidney tissueNormal kidney tissue

40xClear cell carcinoma

IgG Control VEGF staining
40x

Clear cell carcinoma

Normal kidney tissueNormal kidney tissue

40xClear cell carcinoma

IgG Control
Normal kidney tissue 40x

Clear cell carcinoma 40x

Normal kidney tissue 40x

IgG control     VEGF       CD31      Fibrinogen

Urology: 2010;75:608-14

Clear cell carcinoma



Growth factor signalling: targets for therapy

Tumor cells



http://www.cellsignal.com/reference/kinase/index.jsp

The Protein
Kinome

Tyrosine
Kinases



Effect of sunitinib on primary RCC tumor

Van der Veldt et al Clin Cancer Res 2008

Effect of sunitinib on primary RCCs



Resistance to sunitinib

Adapted from Bergers and Hanahan Nat Rev Cancer. 2008



Renal cancer cell lines responses to sunitinib

1 ɛM 2 ɛM500 nM  250 nM 125 nMConc Sunitinib:          

untreated

1 ɛM 2 ɛM500 nM  250 nM 125 nMConc Sunitinib:          

untreated

RCC111

RCC118

1 ɛM 2 ɛM500 nM  250 nM 125 nMConc Sunitinib:        

untreated

786-O

Hammers, Jaspers et al AACR 2008
Gotink et al AACR 2009

INTRATUMORAL SUNITINIB

CONCENTRATION IN MURINE RCC TUMOR


