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Chapter 1 INtrODUCtION aND theSIS OUtLINe

1From being called the “tumour of the internist” due to their overt 
symptomatology at diagnosis, Renal Cell Carcinoma (RCC) has become 
the paradigm of incidentally diagnosed cancer. Besides some data 
pointing to a real increasing incidence of RCC1, the enormous influence 
of the liberal use of abdominal investigations from ultrasound to cross 
sectional imaging on the increasing diagnostic incidence of RCC is 
undeniable2,3. Tumours nowadays present with smaller size and lower 
stage4,5.

In parallel to this phenomenon, surgical techniques aiming to treat the 
tumour while sparing the healthy kidney have developed in the last 
two decades. With the possibility of partial nephrectomy (PN), tumour 
enucleation and renal ablation, the long-standing radical nephrectomy 
(RN), previously considered the only curative treatment of localized RCC, 
is regarded to as an excessive treatment in most of the current population 
with renal cortical neoplasms. 

Due to the changing landscape of renal tumours, contemporary tumours 
might not confined to data from decades ago, on which a substantial part 
of our knowledge is based. Therefore continuous validation is essential for 
both the new and the older knowledge.
Simultaneous advances in surgical techniques and an increased 
understanding in tumour biology has led to a many new classification 
systems and prognostic systems, which also require validation and are still 
in need of improvement.

 

What is known about epidemiology of RCC? 

Kidney tumours account for an estimated 338.000 new cases worldwide 
per year, which is 2.4% of all new cancer cases6. RCC has become the 9th 
most common solid cancer in men and the 14th in women6. The estimated 
deaths resulting from these tumours is 144.000 per year6. 
Five year survival rates for RCC have notably improved7,8, though these 
numbers also reflect the earlier diagnosis of tumours9. Starting from the 
90s a true decrease in mortality rates is observed, but only in highly 
developed countries such as the USA, Australia and northern and western 
European countries10-13.
Around 6% till 19% of the RCC patients present with metastases at 
diagnosis14-17. Renal tumours most often occur in the sixth and seventh 
decade of life and are seen 1.6 times more frequent in men than in 
women18. Men generally present with larger, higher staged and higher 
grade tumours than women19,20. 

Older epidemiological data is mostly derived from USA databases SEER 
(Surveillance Epidemiology and End Results) and NCDB (National 
Cancer Database). Major limitations to these American databases are 
their incomplete national coverage (respectively 26% and 75%) and 
administrative nature. Recent studies overcoming this limitation are 
amongst others derived from the Swedish cancer register, which cover 
99% of the patients nationwide16,21.

What is known about current presentation of RCC? 

Whereas historically RCC patients presented with a triad of haematuria, 
flank pain and an abdominal mass, nowadays the majority of renal 
tumours are found incidentally22. The exponential use of abdominal 
imaging in medicine with radiological techniques such as ultrasound, 
computed tomography (CT) and magnetic resonance imaging (MRI) 
has led to an increased detection of renal masses2. RCC incidence has 
increased in all stages of presentation, however it is most outspoken 
in small renal masses (SRMs; renal tumours smaller than 4cm). The 
increase is most evident in the young (20 to 39 years) and older (60 to 79 
years) population23-25. 
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1As a result of the rise in incidental diagnosis, the size of renal tumours 
at diagnosis has steadily decreased1,5,17,26,27 and tumour stages migrated 
to lower stages4,26,28,29. However, the smaller the renal tumour, the more 
likely it is a benign mass. Approximately 20% of the surgically treated 
SRMs have benign pathology and this number increases to 24% and 
40% respectively, when tumour sizes smaller than 2cm and 1cm are 
regarded30. It is currently unknown how many of these benign SRMs are 
treated with radical nephrectomy30. 

What is known about the current treatment of RCC?

Surgical removal remains the only curative treatment for localized 
non-metastatic RCC31.  Radical nephrectomy including suprarenal 
gland removal was first described by Robson in 196332 representing a 
landmark in the curative treatment of renal cancer. The classic radical 
nephrectomy procedure includes the performance of a complete regional 
lymphadenectomy and an ipsilateral adrenalectomy32. Current evidence 
does not support lymphadenctomy and routine ipsilateral adrenalectomy 
in patients with localized disease and without radiological signs of adrenal 
involvement. In patients with locally advanced disease an extended 
lymphnode dissection might be beneficial33, however the place of 
adrenalectomy remains to be investigated34,35 .

PN was historically reserved for patient with solitary kidneys or in 
the presence of renal insufficiency with the aim to prevent renal 
replacement36,37 PN is currently recommended for the treatment of clinical 
T1 tumours when technically feasible38,39. Though numbers of patients 
treated with PN are fast increasing over the years, PN is still significantly 
underused especially among women and in the elderly40,41.
PN is safe when performed for an elective indication in the presence 
of a normal contralateral kidney, however it has a slightly higher 
complication rate compared to RN. Most notable complications are 
urinary fistulas (4.4% vs. 0%) and severe haemorrhage (3.1 vs. 1.2%). 
Rates of reoperation, pleural damage and spleen damage are similar 
to RN42. When PN is performed because of an imperative indication the 
complication rate is much higher, ranging from 46%- 58%43,44.
The oncological outcomes of PN are similar to those of RN45-47. However 
RN drastically reduces the glomerular filtration rate (GFR) and many 
patients develop chronic kidney disease (CKD) stage 3 or higher48-50. 
Although few of them progress to end stage renal disease51,52, a reduced 

GFR is described as an important risk factor for cardiovascular events and 
death53-55. 
Conversely such deleterious effects are not described after RN for living 
kidney donation56-61.

For patients with small renal masses (SRMs) who are not fit for surgery 
due to many co-morbidities or older age radiofrequency ablation or 
cryoablation are options31. In metastatic RCC several agents targeting 
tumour-related angiogenesis and signal transduction have emerged, 
which have significantly improved disease outcomes62. 

 What is known about staging and prognostic systems? 

T Primary tumour
TX Primary tumour cannot be assessed
T0 No evidence of primary tumour
T1
T1a
T1b

Tumour ≤ 7 cm in greatest dimension, limited to the kidney
Tumour ≤ 4 cm in greatest dimension, limited to the kidney
Tumour > 4 cm but ≤ 7 cm in greatest dimension

T2
T2a
T2b

Tumour > 7 cm in greatest dimension, limited to the kidney
Tumour > 7 cm but ≤ 10 cm in greatest dimension
Tumours > 10 cm limited to the kidney

T3

T3a

T3b 
T3c

Tumour extends into major veins or directly invades adrenal gland or perinephric tissues but 
not into the ipsilateral adrenal gland and not beyond Gerota’s fascia.
Tumour grossly extends into the renal vein or its segmental (muscle-containing) branches or 
tumour invades perirenal and/or renal sinus (peripelvic) fat but not beyond Gerota’s fascia.
Tumour grossly extends into the vena cava below the diaphragm
Tumour grossly extends into vena cava above the diaphragm or invades the wall of the vena 
cava

T4 Tumour invades beyond Gerota’s fascia (including contiguous extension into the ipsilateral 
adrenal gland)

N Regional lymph nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in a single regional lymph node
N2 Metastasis in more than 1 regional lymph node
M Distant metastasis
M0 No distant metastasis
M1 Distant metastasis

 
TNM Classification of Malignant Tumours for renal tumours; edition 7 published in 2009.
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1From its initial description in 1978 to the last modification in the 2009 
version, TNM classification remains the corner stone for staging in 
RCC39,63. TNM is a globally used classification system that describes the 
anatomic extent of cancer by evaluating the local extension of the tumour 
(T), lymph nodes (N), and metastatic (M) spread. The objectives of TNM 
are to provide classification, to aid in treatment and follow up planning and 
to facilitate the exchange of information64. Moreover pathological stage 
remains the most important prognostic indicator31. Currently the use of the 
2009 version is recommended39. 

Besides TNM, other prognostic systems for RCC have emerged65. They 
usually combine the TNM classification with other histopathological or 
clinical factors deemed prognostic, such as performance status, presence 
or absence of symptoms and Fuhrman (nuclear) grade3,66,67. Some of 
these integrated prognostic systems are based purely on clinical and 
radiological factors aiming to be used in a preoperative setting, while 
others rely on postoperative (pathological) variables or are designed for 
patients with metastatic RCC65. 

The accuracy of prognostic systems needs to be externally validated, as 
models perform different in other settings than the one in which they were 
developed68,69. Concordance index (c-index), the most frequently used 
(discriminative) method in medicine, indicates how well individuals that 
develop the outcome are separated  from those that don’t70.
The c-index for 2009 T-stage is reported to be 0.75-0.86 for cancer 
specific survival (CSS), which is similar to the 2002 version71-74. Generally 
prognostic systems do not provide major incremental value compared to 
the TNM classification or studies do not make comparisons65.

What is known about the use of biomarkers in prognostic systems?

So far no systemic treatment has been shown to prevent the development 
of metastases. Results from the ASSURE trial discourage the use of 
sunitinib or sorafenib in adjuvant setting75. Results for adjuvant sorafenib 
and pazopanib (SORCE and PROTECT trial) in non-metastatic RCC 
patients are still awaited, but anticipated is that they will not change 
current opinion76. Regardless, the clinical behaviour of RCC is very 
variable and there is still need for accurate prognosis estimation to identify 
patients at intermediate and high risk for developing metastases and to 
tailor their follow up strategies. As described above relaying on clinical or 

histo-pathological factors does not yet provide adequate accuracy.  
In the last 25 years the understanding of tumour biology has taken a 
revolutionary growth.
With tissue micro arrays (TMAs) the analysis of large amounts of minute 
tumour samples at once was made possible. The von Hippel-Lindau 
(VHL) and mTOR pathways were deciphered and using TMA’s, the 
expression levels of proteins involved in these pathways were shown to 
have prognostic value77-79. These so-called protein biomarkers, which are 
claimed to represent the biological tumour components, have therefore 
been integrated into clinical-histopathological prognostic systems. Most 
of them show varying accuracy and generally subtle incremental value 
compared to clinical-histopathological factors alone80,81.  
A recent development is the rise of techniques in which the expression 
of large gene numbers can be analysed simultaneously82. This has 
led to large collaborations such as “The Human Genome Project” and 
“The Cancer Genome Atlas”. Using these data, somatic copy number 
alternations (such as chromosome 9p and 19 deletions) and gene 
expression signatures (such as ccA/ccB subtypes, ClearCode 34, the S3 
score and recurrence score) have been identified, which could function as 
new and more potent biomarkers83-87, however many of these new markers 
remain to be validated and implemented in clinical practice.
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1OUTLINE OF THE THESIS

Part I tests some of the current epidemiological and clinical concepts 
defined in the literature in a national setting and contemporary cohorts.  

In Chapter 2, the gender differences in RCC at presentation in the 
Netherlands are described using the PALGA (Pathological Anatomical 
National Automated Archive) as opposition to the American SEER 
database. 

In Chapter 3, the recently developed anatomical based classification 
systems (PADUA and RENAL) which predict complications after PN, are 
tested for reproducibility outside their developmental cohort. 

In Chapter 4, assumptions on renal function outcomes after RN for RCC 
patients and living kidney donors are assessed in a contemporary cohort.

Changes in tumour stage derived from implementation of the new 2009 
TNM, which is mostly based on retrospective studies spread over long 
time frames, are assessed in contemporary consecutive patient cohort in 
Chapter 5. 

Part II explores the use of the different prognostic systems in RCC and 
evaluates the incremental value of immunohistochemistry markers as 
prognosticators. 

In Chapter 6, an evaluation of the adoptability of different prognostic 
systems among urologists is assessed by means of a questionnaire.  

Chapter 7 aims to improve prognosis estimation by using biomarkers in 
addition to other known prognostic factors and assesses their incremental 
value in a national cohort of localized/ locally advanced RCCs. 
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