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In patients 
who have stage I 

or stage II RCC that 
affects one kidney, partial 

nephrectomy is the preferred 
treatment to preserve 

as much healthy 
renal tissue 
as possible. 
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Renal cell carcinoma (RCC) is a 
heterogeneous group of cancers 

derived from renal tubular epithelial 
cells. The majority of RCCs are of the 
clear cell type (ccRCC), so-called given the 
microscopic appearance of the cells owing 
to excess lipid and glycogen production. 

The VHL tumour suppressor gene 
is the most frequently mutated 
gene in RCC, and genomic 
studies have established that it is 
often the first event that occurs in 
RCC. Loss of VHL function leads 
to aberrant accumulation of 
hypoxia-inducible factor (HIF) 
transcription factors, which 
in turn results in uncontrolled 
activation of HIF target genes 
that regulate angiogenesis (such 
as vascular endothelial growth factor 
(VEGF)), glycolysis and apoptosis. 
However, loss of VHL function 
alone is insufficient to induce 
RCC; other prevalent mutated 
genes include PBRM1, SETD2, 
BAP1 and KDM5C, which encode 
proteins that regulate chromatin 
and histones. MTOR is also frequently 
mutated — contributing to cell growth, proliferation 
and survival. Not all mutations present within the 
primary tumour also occur in metastatic sites, 
and different regions of a single tumour might 
have different molecular characteristics. This 
inter-tumour and intra-tumour heterogeneity, the 
result of subclonal evolution, has implications for 
treatment that are only beginning to be understood.

One study showed that individuals who had 
quit smoking >10 years prior had a lower risk 
than those who had quit <10 years prior. High 
body mass index, low physical activity and 
central adiposity are also risk factors for RCC, 
but the extent to which modifying these factors 
influences cancer risk is not yet clear. 

Kidney cancer, of which >90% 
are RCCs, is one of the 10 most 
common cancers, accounting 
for ~2% of all cancer diagnoses 
and cancer deaths worldwide. 

The median age at diagnosis 
is 64 years, but in those who 
are diagnosed at ≤46 years 
of age, a hereditary kidney 
cancer syndrome might be the 

underlying reason.  
Such syndromes include  
von Hippel–Lindau disease and 
tuberous sclerosis complex.

Currently promising areas include developing 
strategies for treating high-risk patients and 
biomarkers to guide treatment. For example, genetic 
panels might become useful to assess the likelihood 
that a patient will develop metastatic or recurrent 
disease, through the identification of mutations that 
are associated with aggressive disease. Precision 
treatments might also become a reality, given 
increasing evidence that certain patient and tumour 
features might predict response to treatment. For 
example, one study showed that KDM5C mutations 
were associated with a much longer progression-free 
survival with sunitinib than with everolimus; whether 
these factors can predict treatment outcome 
prospectively remains to be studied.
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Radical 
nephrectomy 

(removal of the 
whole affected 

kidney) is an 
option for 

patients with 
multiple small 

renal tumours, or 
when the tumour 
extends into the 

vasculature.
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Despite nephrectomy (partial or radical) with curative 
intent, ~30% of patients with ccRCC with localized 
disease eventually develop metastases.

Although metastatic RCC is refractory to 
traditional chemotherapy, several targeted 
therapies against VEGF are available (such 
as sunitinib and bevacizumab), which are 
given alone or in combination with mTOR 
inhibitors or interferon.

The majority of RCCs are diagnosed incidentally after 
radiological imaging — such as ultrasonography or 
abdominal CT — performed for another reason.

Localized RCC can be 
successfully managed with 

surgery, whereas metastatic RCC 
requires systemic treatment.

Many studies are currently 
investigating combinations of 
anti-VEGF therapy and T cell 
immune checkpoint inhibitors, 
such as avelumab, atezolizumab, 
nivolumab and pembrolizumab.
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