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ABSTRACT 
Renal cell carcinoma - Factors of importance for follow-up and survival 
Farhood Iranparvar Alamdari, Department of Surgical and Perioperative Sciences, Urology and 
Andrology, Umeå University. New Series No. 1138   ISSN 0346-6612    ISBN 978-91-7264-439-7 
Background: Renal cell carcinoma (RCC) is most lethal of the urological cancers, with 
more than 40% dying of the disease. About 30% of the patients have metastases at initial 
diagnosis and up to 40% undergoing nephrectomy for localized RCC develop metastasis. 
A follow-up protocol based on accurate prognostic variables allows identification of low 
and high risk patients and selection of those most likely to benefit from adjuvant therapy. I 
have studied a number of prognostic patient-related factors, including tumour stage and 
grade, angiogenetic factors and tumour markers, in order to improve follow-up guideline 
as well as to try to predict prognosis and clinical outcome for individual patients. 
Material and Methods: The studies are based on patients treated for RCC between 1982 
and 2002. All patients eligible for surgery with or without metastasis were treated with 
nephrectomy and were followed according to a scheduled follow-up programme. Serum 
samples were collected after obtained informed consent. Multiple clinicopathological, 
laboratory variables and preoperative radiological examinations were analyzed. 
Results: Study I- After nephrectomy in 187 patients with non-metastatic RCC, 30% 
developed metastases during the follow-up. The risk for metastases was greater for more 
advanced stage and was adjusted by size and DNA ploidy. The median time to the 
diagnosis of metastases was 14.5 months. Metastases occurred in 43% of the patients 
within one year, within 2 years in 70% and 80% in 3 years. Patients with tumours less 
than 5 cm and diploid pT1>5cm and pT2 tumours survived longer than those with larger 
and aneuploid tumours. The 5-years survival rate for pT1, pT2, pT3 tumours were 95%, 
87%, and 37% respectively. In pT3 tumours DNA ploidy had no relation to survival time. 
Study II and IV- The median survival time for patients with metastatic RCC was 7 
months. Cytoreductive nephrectomy was associated with longer survival time. Factors 
including performance status (PS), number of metastatic sites, erythrocyte sedimentation 
rate (ESR), calcium in serum, vein invasion, capsule invasion had independent prognostic 
value with Cox multivariate analysis. Study III- The incidence of adrenal tumour 
involvement was 5.3 %, unaffected of RCC type, tumour location or side. Gender (male) 
and locally advanced tumours (pT3 > 5cm) were factors predicting adrenal involvement. 
The presence of adrenal involvement was a significant adverse prognostic variable, 
indicating a significantly shorter survival in patients both with and without distant 
metastases. 
Conclusion: Optimal follow-up guidelines are important from both medical and economic 
perspectives. The risk for progression depends mainly on stage, which in combination 
with other prognostic factors may allow more individualized and cost effective follow-up, 
in some cases by avoiding unnecessary examinations in a third of the patients. 
Cytoreductive nephrectomy in patients with good PS, metastases limited to one organ, low 
ESR, normal calcium and no vein invasion were factors associated to long survival time. 
Soluble angiogenic factors in serum gave no prognostic information. Ipsilateral 
adrenalectomy in conjunction with radical nephrectomy should be performed if an adrenal 
lesion cannot be cleared of suspicion during preoperative work up. Ipsilateral adrenal 
involvement is a highly adverse prognostic factor and should be staged as M1a in the 
TNM staging system. 
Key Words: Renal cell carcinoma, follow-up, stage, prognosis, metastasis, surveillance, 
TNM classification, adrenalectomy, angiogenesis, VEGF, VEGFR-1, PS, ESR. 
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ABBREVIATIONS 

AJCC American Joint Committee on Cancer 
AgNORs Argyrophilic Nucleolar Organizer Regions 
ALP Alkaline phosphatase 
Bcl-2 Gene encodes inhibitors of apoptosis 
Bcl-2 Protein encoded of Bcl-2 gene 
BHD Birt Hogg Dub’e syndrome 
bFGF (basic) Fibroblast Growth Factor 
CT Computerized Tomography 
CAIV Carbonic Anhydras IV 
CAIX Carbonic Anhydrase IX 
CAXII Carbonic Andyhrase XII 
ECOG Estern Cooperative Oncology Group 
EPO Erythropoetin 
EGF Epidermal Growth Factor 
ERK Extracellular signal Regulated Kinase 
ESR Erythrocyte Sedimentation Rate 
ELISA Enzyme-linked immunosorbent assay 
FMS Like tyrosine kinase 3 (FLT3) 
5FU 5-Fluorouracil 
GLUT-1 Glucose Transport-1 
HIFU High Intensity Focused Ultrasound 
HIF-1α Hypoxia Inducible Factor-1α 
IFN-α Interferon-α 
IGF Insulin Like Growth Factor 
KIT Stem cell factor receptor 
MRI Magnetic Resonance Imaging 
mRCC (metastatic) Renal Cell Carcinoma 
met Gene encodes receptor with tyrosine kinase activity 
met Protein encoded by met gene 
MSKCC Memorial Sloan Kettering Cancer Center 
MEK Mitogen Extracellular Kinase 
MAPKs Mitogen Activated Protein Kinase 
PCNA Proliferating Cell Nuclear Antigen 
PDGF Plated Derived Growth Factor 
PDGFR Plated Derived Growth Factor Receptor 
PI3K Phosphoinositide 3-Kinase 
PFS Progression Free Survival 
RCC Renal Cell Carcinoma 
RECIST Response Evaluation Criteria In Solid Tumours 
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RTKs Receptor Tyrosine Kinase 
TGF-α Transforming Growth Factor α 
mTOR (mammalian) Target Of Rapamycin 
TNM Tumour Node Metastasis 
UICC Union Internationale Contre le Cancer 
UISS University of California Los Angeles Integrated staging system 
VEGF Vascular Endothelial Growth Factor 
VEGFR Vascular Endothelial Growth Factor Receptor 
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INTRODUCTION 
 
 

Renal cell carcinoma (RCC) is charac-
terised by lack of early warning signs or 
symptoms in many patients, and this 
results in a significant proportion of 
patients presenting with locally advanced 
or metastatic disease at the point where 
the diagnosis is made. Treatment options 
are limited, and effective drugs and 
accurate staging and prognostication are 
essential to ensure he best possible 
management of RCC. 

Epidemiology 
Kidney cancer accounts for nearly 3 % 

of all adult malignancies globally, with 
210,000 new cases per year and more than 
100,000 deaths occurring worldwide 
annually (8). The male to female ratio is 
1.5:1 and the disease usually occurs in the 
sixth and seventh decades of life. 

International reporting of kidney 
cancer incidence is still based on the ICD-
7 and ICD-9 systems, which means that 
kidney cancer statistics are combined with 
renal pelvis cancer. Swedish cancer sta-
tistics reveal that renal pelvis cancer 
comprises up to 11% of whole kidney 
cancer incidence (2)  

In Sweden, kidney cancer, not in-
cluding renal pelvis cancer, accounts for 
1.9%  of all male and 1.7% of all female 
malignancies, with 831 (499 male and 
332 female) new cases in 2003 (2) and 
639 (357 male and 282 female) deaths 
from the disease in 2002.  

Kidney cancer, including renal pelvis, 
is estimated to account for 38,890 new 
cases and 12,840 expected deaths during 
2006 in the United State, and is the sixth 
leading cause of cancer death (3). 

The estimated annual incidence in 

2000 in the European Union was 46,000, 
and in the Scandinavian countries about 
3,000 (1). 

Globally, there is a trend for a 2.5% 
per year increase in incidence (4,5,98) for 
both genders, including almost all regions 
and ethnic groups with few exceptions. 

In Sweden and Denmark, which 
diverge from the other Nordic countries, a 
decreasing rate for RCC incidence has 
been observed during last two decades 
(6). In Sweden, the trend for incidence 
during of the last 20 years (1986-2005) 
has been decreasing by 2.2% per year (2) 
Mortality rates during this same period 
have declined only marginally. 

The increases in globally incidence 
rate might reflect earlier diagnosis due to 
availability, widespread use and improve-
ment in diagnostic imaging techniques 
such as ultrasonography, computerized 
tomography (CT) and magnetic resonance 
imaging (MRI). The reason for the 
divergent trend in two Nordic countries is 
unclear, despite the existing differences 
smoking habits. There are only a few 
established risk factors for RCC:  
cigarette smoking, obesity, hypertension, 
acquired cystic kidney disease which 
occurs in end stage renal disease and 
inherited susceptibility (7). 

Mortality rate has followed the same 
trends in incidence throughout the world 
but with a smaller increase over time due 
to improvement in survival (7). 

RCC is the most lethal of the 
urological cancers, with more than 40% 
of patients dying from their cancer, 
compared to the approximately 20% 
mortality rates associated with prostate 
and bladder cancers (3). Approximately 
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20 to 30% of patients have metastatic 
disease at the time of diagnosis, and 20 to 
40% undergoing nephrectomy for clinical 
localized RCC will develop distant 
metastasis or local recurrence (61). 

 
Etiology and origin 

Renal cell carcinoma (historically 
named hypernephroma due to its histo-
logical similarity to the adrenal gland, 
Granwitz tumour, or renal adenocarcinoma) 
develops from renal mature tubular 
structures as a sporadic form with still 
unknown etiology. RCC accounts for 90% 
of all neoplasm found in the renal cortex. 
RCC can occur in inherited forms, 
although genetic predisposition to RCC is 
relatively rare. Hereditary RCC is charac-
terized by autosomal dominant inheri-
tance (9). At least five distinct familial 
RCC syndromes have been identified.  

The most common is von Hippel-
Lindau (VHL) syndrome, an autosomal 
dominant disorder characterized by in-
activation of the VHL tumor suppressor 
gene (10) resulting from mutation or 
methylation (10, 11). Renal tumors which 
appear in 35% to 45% of affected 
individuals are bilateral, multifocal and 
uniformly of the conventional histological 
type. (12). Patients with this syndrome 
have a greater than 70% risk of 
developing clear cell RCC by age of 60 
(10, 11).  

It is now known that in sporadic clear 
cell renal cancer approximately 75% to 
80% of cases will have loss of hetero-
zygosity at the locus of the VHL gene -in 
the short arm of chromosome 3 (3p25-
3p26) along with either simultaneous 
mutational inactivation or silencing by 
methylation of the remaining allele (13). 

The VHL gene encodes for a protein 
(pVHL) that has 213 amino acid residues 

(14, 15), and that protein forms a complex 
which binds to hypoxia-inducible factor 
(HIF) -1α and 2α and targets them for 
proteasomal degradation in the presence 
of oxygen and normal VHL function. 
Under hypoxic conditions as well as VHL 
gene inactivation, pVHL complex is 
disrupted and HIF-1α is protected from 
degradation. The consequent accumulation 
of these substances in the nucleus results 
in the over-expression of genes critical for 
tumour angiogenesis, including VEGF, 
glucose transport (GLUT1, GLUT3), 
glycolysis ( 6-phosphofructose 2-kinase), 
PH control ( the carbonic anhydrase 
family), PDGF, transforming growth 
factor α ( TGF-α), basic fibroblast growth 
factor (bFGF), erythropoietin (EPO), cell 
migration and homing (CXCR4) and for 
apoptosis (16). The accumulation of the 
HIFs and their downstream targets are 
thought to be central to the malignant 
phenotype of VHL-/-RCC (17)  
 

Familial clear cell carcinoma 

A few cases of hereditary clear cell 
carcinoma without any detectable VHL 
mutation have been described. A balanced 
translocation involving 3p14 has been 
described (55). 

 
Hereditary papillary renal carcinoma 

(HPRC)  

HPRC is associated with a mutation in 
the c-Met oncogene (11). c-Met mutation 
cause constitutive activation of the re-
ceptor tyrosine kinase and abnormal 
downstream signalling. Patients with 
HPRC are at increased risk for developing 
multifocal, bilateral papillary RCC (11)  

 
The hereditary leiomyomatosis  

RCC syndrome is associated with 
germline mutation in the FH (Fumarate 
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Hydratase) gene, which encodes the 
enzyme fumarate hydratase in the 
mitochondrial Krebs cycle. Affected 
individuals are at risk for developing 
painful, cutaneous leiomyomas, uterine 
fibroids and aggressive form of type 2 
papillary RCC(11).  

 
The Birt- Hogg-Dube cancer syndrome  

This is an autosomal dominant mainly 
dermatologic disorder characterized by 
abnormalities in the BHD gene, which, 
like VHL, acts as tumour suppressor gene 
(18). Individuals with this syndrome are 
predisposed to develop benign cutaneous 
nodules, pulmonary cysts, spontaneous 
pneumothorax, colon polyps and tumour 
and several multifocal renal cancers 
including mixed chromophobe/oncocytic 
(in 50% of patients), chromophobe (in 
33%), oncocytic (in 7%) and clear cell 
RCC (in 5%) (11, 18). 

 
Histological subtypes  

RCC is a group of different malignant 
epithelial tumours. RCC is not a single 
biological entity but rather a diverse 
group of malignancies that occur in the 
same organ. In 1997, a consensus 
conference sponsored by the Union 
Internationale Contre le Cancer ( UICC) 
and the American Joint Committee on 
Cancer (AJCC) adopted the classification 
system originally proposed at the 
Heidelberg conference in 1996 (21). The 
Heidelberg Workshop (19) proposal is 
based on distinct chromosomal abnormal-
lities (20). There are five main RCC 
subtypes that are classified according to 
cell type of origin, different phenotypes 
and clinical characteristics (22). Sarco-
matoid features can be associated with 
any of the histological subtypes and are 
recognized to be associated with poor 

outcome (180) 
 
Conventional RCC (clear cell/ 

granular cells, non-papillary). This is the 
most frequent type of RCC, accounting 
for about 80-90% (23) of all RCC 
originating from the proximal tubules.  
This type is caused by a deletion or partial 
deletion on chromosome 3p.  The charac-
teristic mutation of the VHL gene occurs 
exclusively in this type (24). 

 
Papillary (chromophilic) RCC, is the 

second most frequent type of carcinoma 
of the kidney comprising 10-15% (23) of 
cases, and probably originates from distal 
tubules.  A trisomy of chromosomes is 
often seen, including trisomy of chromo-
some 7 and 17 (25). Two subgroups with 
different outcomes have been identified 
(26). Type 1 is a low-grade tumour with 
cells that have a chromophilic cytoplasm 
and a favourable prognosis.  Type 2 cells 
are larger, and high grade tumours are 
associated with poorer prognosis than 
type 1. 

 
Chromophobe RCC arises from the 

intercalated cells of collecting ducts, 
accounts for 5% of all cases (27), and 
often has low chromosome number due to 
loss of chromosomes, often 1 and Y (28). 

  
Collecting duct carcinoma is a rare 

tumour accounting for less than 1% of 
renal neoplasm. It occurs mostly in the 
third, fourth and fifth decades. It has a 
clinical aggressive course, often metasta-
tic at presentation and rapid progression 
(29). 

 
Renal medullary carcinoma is a 

distinctive type of collecting duct RCC 
which has an aggressive clinical course, 
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arises in the renal medulla, and is 
associated with sickle cell trait. 

 
Unclassified RCC represents about 4-

5% of RCC (21). This classification is 
used when a RCC does not fit into one of 
the others categories. 

 
Nuclear grade 

Numerous attempts have been made to 
grade renal cell tumours. Most of these 
grading systems have utilized a com-
bination of morphologic characteristics 
including cell type (137), necrosis (138), 
and tumour demarcation from normal 
kidney (139). Skinner et al (140) intro-
duced grading on the basis of nuclear 
morphology and found an excellent 
correlation between grade and survival, 
even among tumours of the same stage. 
Fuhrman et al (141) developed a similar 
grading system classifying renal tumours 
into four grades based on nuclear and 
nucleolar size, shape and content in the 
“worst area” of the tumour (Table 1). The 
Fuhrman classification has gained popu-
larity and is today the most widely 
accepted histological grading system for 

RCC. 

Symptoms and diagnosis 
The majority of renal tumours remain 

asymptomatic due to the retroperitoneal 
location of kidneys. Local symptoms arise 
only after a tumour achieves enough size 
to displace or invade other organ. Before 
the era of modern radiological imaging 
(CT, ultrasound) 80% of renal tumours 
were discovered by the classic triad of 
gross haematuria, flank pain and a flank/ 
abdominal palpable mass, and 20 to 40% 
of patients had advanced disease or 
metastasis at diagnosis (179). The 
increasing rate of incidentally discovered, 
asymptomatic RCC, which is a result of 
widespread use of advanced non-invasive 
imaging modalities, means that the classic 
triad at debut of symptoms is now found 
in only 6-10 % of patients (42,43). There 
are neither specific clinical signs nor 
laboratory findings associated with RCC. 
Paraneoplastic syndrome as first sign at 
diagnosis has been reported in 10-40% 
(44, 57) of patients with RCC. In a 
minority of patients (4-5%), symptoms 
from metastatic sites (bone pain, cough) 
leads to diagnosis (44). 

Table 1. Nuclear grading system according to Fuhrman and Skinner. 

Grade Fuhrman Skinner 

1 Nuclei are small, round and uniform 
(10μm), with inconspicuous or absent 
nucleoli 

Nuclei are small, indistinguishable from 
those seen in normal tubular cell 

2 Nuclei are slightly irregular (15μm), with 
small nucleoli 

Nuclei are slightly irregular and 
frequently pyknotic without abnormal 
nucleoli 

3 Nuclei are very irregular (20μm), with 
large and prominent nucleoli 

Nuclei are irregular, enlarged and 
pleomorphic with prominent nucleoli 

4 Nuclei exhibit large and pleomorphic 
often poly-lobed and bizarre (> 20μm) 

Nuclei are extremely giant and bizarre 
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EAU guidelines on RCC recommends 
abdominal CT or MRI and chest CT for 
the work up of patients suspecting to 
suffer from RCC (45). 

 
Incidental tumours 

The rate of detection of incidental 
tumours in asymptomatic patients has 
increased steadily over the past 30 years 
as result of availability and widespread 
use of abdominal imaging for the eva-
luation of non-specific musculoskeletal 
and gastrointestinal complaints or during 
the diagnosis and follow-up of other 
malignancies. Comparing data before and 
after the advent of US shows a 
progression from 17% in 1980 to 48% in 
1991(46). It is now estimated that more 
than half of all renal masses are detected 
incidentally (47), and even a rate as high 
as 71% is reported (5). It is well 
established that incidental tumours are 
smaller and of lower stage and grade than 
symptomatic tumours (46, 48-50). In 
renal masses less than 5cm, up to 33% are 
benign lesions (51). ). Recent studies have 
found that as many as 38.5% of all masses 
measuring < 2 cm are benign (52). Frank 
et al (53) reported retrospectively that 
46%, 30%, 22% and 19.9% of renal 
lesions of <1, <2, <3, and <4 cm were 
benign. We are probably encountering 
RCC in earlier stages, and there are 
authors who recommend active 
surveillance with delayed treatment (54). 

 
Prognostic factors 

A prognostic factor is a feature or 
marker that may used to chart the course 
or termination of a disease process. 
Prognostic factors may be used for a 
variety of purposes, including determi-
ning patient eligibility for entry into a 
study, choosing among several treatment 

options, assessing a patient’s response to 
therapy, or most commonly, evaluating 
clinical outcome ( e.g., survival or disease 
free survival). In other words, prognostic 
factors are typically considered those that 
differentiate patients based on risk for 
particular clinical outcomes, independent 
of therapy. In contrast, predictive markers 
are those that differentiate patients by 
likelihood of response to a particular 
therapy based on marker status. 

Several clinical, anatomical, and 
histopathologic features have been well 
established as traditionally accepted, 
independent prognostic factors. Many of 
these features have been integrated into 
more comprehensive prognostic models 
and are being explored as predictive 
markers. Table 2 shows list of anatomical, 
histological, clinical and molecular 
variables that are recognized as 
prognostic factors for RCC.  

 
TNM staging system 

The anatomical extent of the tumour 
(at the time of surgical intervention) has 
been the most important single variable 
determining survival. The first classi-
fication proposed was in 1958 (166):  
organ confined, limited to capsule (stage 
I), invasion of the renal pedicle and/or 
renal fat (stage II), regional lymph-node 
involvement (stage III) and distant 
metastasis (stage IV). New staging system 
proposed by Robson (99) in 1969 (Table 
3). This staging system was widely used 
until the early 1990s, when it was 
replaced by Tumour Nodes Metastasis 
(TNM) system proposed by UICC and 
AJCC. 

The TNM staging system is the most 
studied, most commonly implemented 
and historically most accurate tool 
available for predicting RCC prognosis. 
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Table 2. Prognostic factors in renal cell carcinoma (adapted from Lam et al. 62). 

Anatomical 

- Tumour Size 
- Tumour extension 
- Adrenal involvement 
- Venous involvement 
- Lymph node involvement 
- Distant metastases 

Histological 

- Nuclear grade 
- Histological subtype 
- Sarcomatoid features 
- Histological necrosis 
- Collecting system invasion 

Clinical 

- Performance status 
- Localized symptoms 
- Cachexia 
- Thrombocytosis 
- Anemia 
- Hypercalcemia 
- Elevated alkaline phosphatase 
- Elevated C-reactive protein 
- Elevated erythrocyte sedimentation rate 

Molecular 

- Angiogenesis: CA IX, CA XII, CXCR4, VEGF, IGF-1, HIF-1 
- Proliferation: KI-67,PCNA, AgNORs 
- Cell cycle regulation: P53, Bcl-2, PTEN, Cyclin A, P27 
- Cell adhesion: EpCAM, EMA, E-cadherin, a-catenin, cadherin-6 
- Miscellaneous: Gelsolin, Vimentin, CA- 125, CD 44, androgen receptors,  
  caveolin-1, VEGFR 

 
 

Table 3. The Robson staging system for RCC (99). 

Stage Findings 

I Tumour confined by renal capsule 

II Extension to perirenal fat or ipsilateral adrenal gland, but confined by Gerota’s fascia 

III Tumour involvement of the vein to the inferior vena cava (IIIa), or regional lymphatic 
involvement (IIIb), or venous and lymphatic involvement (IIIc). 

IV Tumour invasion of adjacent organs (Iva) or distant metastases (IVb) 

 
This system has undergone systematic 
revisions during last three decades, 
reflecting our current knowledge and 
progress in management of RCC. 

However, despite all modifications, 
some aspects of the TNM staging system 
for optimal stratification of RCC patients 
remain controversial. 
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Table 4. TNM classification and stage grouping of RCC (45). 

Primary tumour (T) 
TX Primary tumour cannot be assessed 
T0 No evidence of primary tumour 
T1 Tumour ≤ 7 cm in greatest dimension, limited to the kidney 
T1a Tumour ≤ 4 cm in greatest dimension, limited to the kidney 
T1b Tumour >4 cm but ≤ 7 cm in greatest dimension , but not more than 7 cm 
T2 Tumour > 7 cm in greatest dimension, limited to the kidney 
T3 Tumour extends into major veins or directly invades adrenal gland  

or perinephric tissues but not beyond Gerota’s fascia  
T3a Tumour directly invades adrenal gland or perinephric tissues (renal sinus included) but 

not beyond Gerota′s fascia 
T3b Tumour grossly extends into renal vein(s) or its segmental branches, 

or the vena cava below the diaphragm 
T3c Tumour grossly extends into vena cava or its wall above diaphragm 

T4 Tumour directly invades beyond Gerota’s fascia 

Regional lymph nodes (N) - Includes renal hilar, paracaval, para/peri-aortic 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 one regional lymph node 

Distant metastases (M) 
MX Distant metastasis cannot be assessed 

M0 No distant metastasis 

M1 Distant metastasis 

Stage grouping 

Stage I T1 N0 M0 

Stage II T2 N0 M0 

Stage III T3 
T1, T2, T3 

N0 
N1 

M0 
M0 

Stage IV 
T4 
Any T 
Any T 

N0, N1 
N0, N1 
N2 
Any N 

M0 
M0 
M0 
M1 
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Tumour size.  

In 1997, the cutoff size for stage T1 
was expanded from 2.5 to 7cm. However, 
several studies investigated the clinico-
pathological data of patients with RCC in 
T1 stage detected significant differences 
in patients outcome at ≥ 4 - 5.5cm ≥ cut-
off point (77-80). These observations led 
to the suggestion of a subdivision of 
category pT1 into pTa (< 4cm) and pTb 
(4-7 cm) by Workgroup no. 3 of the 
UICC and American Joint Committee on 
Cancer (81), and this was finally im-
plemented in the recent modification of 
the TNM staging system from 2002 
(Table 4) (63). This modified T1 stage 
was validated by two studies in 2005 
(64,65). Several other studies have 
suggested alternative cut-offs, including 
4.5, 5, 5.5, 8 and 10cm (72). Ficarra et al. 
proposed changing the classification of 
localized RCC according to tumour size 
and mode of presentation (73). In our 
study (30), patients with tumours ≤ 5cm 
had no sign of local recurrence nor 
metastasis during the follow-up time. In 
another study, Frank et al. (66) proposed 
subclassifying pT2 tumours into pT2a and 
pT2b using a 10 cm cutoff point to 
improve prognostic accuracy. Nephron 
sparing surgery (NSS) has become the 
standard surgical approach for small T1 
tumours (45), and this has made the T1 
cut-off criteria important not only in terms 
of prognostic value, but also in relation to 
eligibility for NSS. 

 
T3 and adrenal gland status.  

In the 2002 TNM staging system, the 
involvement of adrenal gland, along with 
perinephric or renal sinus fat invasion is 
categorized as T3a. In the1997 version of 
the TNM, it is unclear whether invasion 

of the adrenal gland is determined by 
direct extension or by metastasis This was 
clarified in the 2002 TNM version, which 
defined this as direct invasion of adrenal 
gland. There are several studies con-
firming significant differences in survival 
concerning T3a and T3b (74,75), but there 
is little experience concerning survival 
differences exist within T3a category or 
between T3a and T3b in presence of 
adrenal gland involvement. Han et al (70) 
reported significantly worse survival in 
patients with RCC directly invading 
adrenal gland (median survival 12.5 
months) than for patients with perinephric 
fat invasion without adrenal gland in-
volvement (median survival 36 months). 
In the presence of adrenal gland 
involvement, there was no difference in 
the 5-year cancer specific survival 
between patients with pT3a versus pT4 
tumours (70). Thompson et al. (69) and 
Ficarra et al. (75) confirmed these 
findings and also proposed that tumours 
with direct invasion should be classified 
as pT4. Others have also suggested 
reclassification of the adrenal gland 
involvement as pT3d (83) or pT4 (70)  

When comparing the median survival 
time of 12.5 months in Han et al study to 
the median survival time of 10 months in 
our study (33) in patients with adrenal 
metastasis as the single and only meta-
static site, one can surmise that metastatic 
and direct invasion of adrenal gland 
carries almost the same prognostic in-
formation. There is no study comparing 
the prognostic significance of ipsilateral 
adrenal involvement due to direct exten-
sion vs. haematogenous spread. 

Another controversy concerning the 
T3 category is whether or not renal sinus 
fat invasion (only) carries the same 
prognostic implication as does perinephric 
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fat invasion (70,76). Thompson (76) 
demonstrated more aggressive behaviour 
of tumour invading sinus fat than peri-
nephric fat involvement. Two different 
reclassifications of T3 category have been 
proposed (57,195) 

Venous involvement is the other 
notable factor. RCC invades the veins in 
4-30% (71,82, 84). The significance of 
extension of thrombus has considered and 
debated for decades. There are contra-
dictory published findings concerning 
whether or not there is a clear association 
between thrombus extent and survival. 
The 2002 TNM version does not address 
the different level of involvement within 
the T3b category, that is, making no 
distinction between tumour thrombus 
involving the renal vein only and those 
with inferior vena cava tumour thrombus 
below the diaphragm. Leibovich et al (68) 
demonstrated that patients with renal vein 
involvement (only) were less likely to die 
from RCC than patients harbouring a 
larger tumour vein/thrombus burden. 
Some authors are in favour of the current 
classification (82, 84, 85) which uses 
local tumour stage and grade as stronger 
predictors of prognosis than the extent of 
venous involvement. Still, other studies 
(67, 71, 68 ,86) support a strong asso-
ciation betweeen thrombus extent and 
survival. 

Patients with RCC may present with 
pT3a and pT3b simultaneously, though 
typically in different combinations. It is 
unclear which one of those factors alone 
or in combination carries the best prog-
nostic survival information. There is one 
published study (68) which established a 
combined pT3a and pT3b prognostic 
classification by incorporating thrombus 
level and fat invasion, demonstrating clear 
survival differences among the groups  

There are a number of suggestions to 
reclassify the pT3 category to improve 
prognostic value of TNM system (33, 67-
71). 

Lymph nodes 
Lymph node (LN) involvement is 

associated with a poor outcome (89). The 
overall risk of (LN) metastasis is 
approximately 20% with a overall 5-year 
survival rate of 11-35% (87,88,89). 
Depending on tumour stage, size, venous 
system involvement, metastases and 
extension of lymphadenectomy, the 
reported incidence of LN varies from as 
low as 2-9% for localized RCC (90) to as 
high as 45% in patients with metastatic 
disease or renal vein involvement (87). 
Classification of the N parameter, similar 
to the T parameter, has been revised 
several times, first based on number and 
side, and then later on number and size, 
and most recently based on absolute 
number according to the current TNM 
system. Terrone et al. demonstrated that 
there was no significant difference in 
outcome between patients with pN1 and 
pN2 disease, and with this the concept of 
LN density (ratio of the number of 
positive LNs to the total number of LNs 
removed) was introduced (91). That study 
proposes reassigning pN substratification 
according to either a cut-off of 4 positive 
lymph nodes or 60% lymph node density.  

The role of lymphadenectomy in 
treatment of RCC is unclear probably due 
to more complicated regional lymphatic 
drainage of kidneys and possibly also due 
to the lack of a standardized dissection 
protocol and the low frequency of 
identified lymph node metastases. There 
is no imaging method that accurately can 
identify positive lymph nodes 
preoperatively, and false positive rates 
have been reported at rates of 58-75% 
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(92, 93). Several studies, mainly retro-
specttive, failed to show that LN dissect-
tion for localized RCC is associated with 
improved survival (93,94). The only 
prospective, randomized study that 
compares radical nephrectomy with and 
without lymph node dissection (LND) has 
not yet provided survival data, though it 
revealed a low (3.3%) incidence for 
unsuspected LN metastases (95). LND 
failed even to demonstrate significant 
decreased risk of local recurrence in more 
modern series (87, 96, 97). For patients 
with locally advanced and metastatic 
tumour, several retrospective studies have 
suggested that LND may improve 
survival (87-89). Although it is well 
established that the presence of lymph 
node involvement significantly impacts 
prognosis in RCC, the role and value of 
LND is not yet clear. According to EAU-
guidelines, lymphadenectomy should be 
restricted for staging purpose since 
extended lymphadenectomy does not 
improve survival (45). 

Prognostic models 
The first report on prognostic factors 

appeared in 1986 (126), and performance 
status, the presence of pulmonary meta-
stases, and the metastatic-free interval 
were included as relevant factors for 
predicting outcome for patients with 
metastatic RCC. Elson et al (127) 
analysing patients who had been treated 
with chemotherapy where a scoring 
system was developed to stratify patients 
with metastatic disease into 5 categories 
based on ECOG-PS, time from diagnosis 
to metastasis, prior chemotherapy, weight 
loss, and the number metastatic sites. 

Several groups of investigators have 
combined known prognostic variables 
into simple algorithms or nomograms, 

trying to improve the ability to accurately 
predict patients outcome and to identify 
subset of responders to various second 
and third line treatments. This has led to 
development of different integrated prog-
nostic systems and nomograms (Table 5), 
incorporating clinical symptoms, tumour 
size, stage, necrosis, nuclear grade, 
ECOG performance status (PS) (Table 6). 

MSKCC- nomogram. In 2001 Kattan 
et al. published a postoperative nomogram 
designed to predict long-term (5 year) 
freedom from recurrence in patients 
undergoing nephrectomy for localized 
non-metastatic RCC (36). TNM stage, 
tumour size, histology, symptoms at 
presentation were used, showing a 0.74 
predictive probability based on 601 
patients. The same authors have published 
a new nomogram in 2005 focusing on 
clear cell RCC using TNM, Fuhrman 
grade, tumour size, necrosis, vascular 
invasion, and clinical presentation, with 
improved predictive value, up to 0.82, 
based on analysis of 701 patients (41). 

Motzer et al. created a model based on 
advanced RCC and treatment; they 
defined the relationship of pre-treatment 
clinical features and survival in 670 
patients treated with immunotherapy or 
chemotherapy in phase II and III clinical 
trials (37). This study used five prognostic 
factors: performance status (PS), serum 
lactate dehydrogenase, haemoglobin level, 
corrected serum calcium level and 
nephrectomy status, stratifying patients 
into good, intermediate, and poor risk 
groups. Patients at poor risk, that is, 3 or 
more risk factors, had a median survival 
of 4 months, whereas median survival 
was 20 months for those with no risk 
factors. In another study from the Motzer 
group reviewing 463 patients who were 
treated with IFN-α for metastatic RCC,  
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Table 6. ECOG Performance Status (177) 

Grade ECOG 

0 Fully active, able to carry on all pre-disease performance without restriction 

1 Restricted in physically strenuous activity but ambulatory and able to carry out work of 
a light or sedentary nature, e.g, light house work, office work 

2 Ambulatory and capable of all self-care but unable to carry out any work activities. Up 
and about more than 50% of waking hours 

3 Capable of only limited self-care, confined to bed or chair more than 50% of waking 
hours 

4 Completely disabled. Cannot carry on any self-care. Totally confined to bed or chair 

5 Dead 

 
 
the same prognostic factors as the pre-
viously studied (37) plus time from 
diagnosis to immunotherapy were found 
to be associated independently with 
survival (128). In a study published in 
2004, Motzer et al analyzed pre-treatment 
features impact on survival in 251 patients 
with advanced RCC treated during 29 
clinical trials. Low hemoglobin, high 
corrected calcium, and low PS were found 
to indicate poor prognostic factors (136)  

The SSIGN scoring algorithm was 
developed at the Mayo Clinic. The 
SSIGN score is a multifactorial prog-
nostic model that was developed using a 
cohort of 1801 patients treated with 
radical nephrectomy for clear cell RCC 
(124). The SSIGN score accounts for the 
TNM staging system, tumour size, 
nuclear grade and coagulative tumour 
necrosis, which are features that were 
found to be significantly associated with 
death from RCC using multivariate 
analysis. The SSIGN score is calculated 
as +1 for pT2, +2 for pT3, +2 for pN1 or 
pN2, +4 for pM1, +2 for tumour size ≥ 5 
cm, +1 for grade 3, +3 for grade 4, +2 for 
tumour necrosis, and +0 othewise. 

Decreased survival was shown to corre-
late with increased SSIGN with scores 
from 0 to 1 to 10 correlating with 5-year 
cancer specific survival rates of 99.4% 
and 7.4%, respectively. In 2006 Ficarra et 
al. published a study on external 
validation of SSIGN giving a high degree 
of prognostic accuracy (131). 

The UISS (UCLA Integrated Staging 
System) was developed at the University 
of California-Los Angeles (38). The ini-
tial UISS contained five groups based on 
TNM stage, Fuhrman grade, and ECOG-
PS. The UISS has been subsequently 
modified into a simpler system, based on 
separate stratification of patients with 
metastatic and non-metastatic disease into 
low-.intermediate- and high-risk groups 
(39). Lam et al. used the UISS staging 
system to create an evidence-based 
postoperative surveillance protocol for 
localaized and locally advanced RCC 
(60). UISS has been externally validated 
(129,130). 

In 2003 Leibovich et al. designed a 
survival algorithm to stratify survival of 
patients with metastatic RCC after 
nephrectomy and immunotherapy (134). 
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A scoring system implementing lymph 
node status, symptoms, location of meta-
stasis, histology, and thyroid-stimulating 
hormone was developed grouping patients 
into low-, intermediate-, and high-risk 
categories. The median survival time 
varied from 5 to 47 months for high 
respective low-risk group. In 2005 the 
same group published another study with 
727 patients from Mayo Clinic, including 
a scoring algorithm to predict cancer-
specific survival for patients with meta-
static clear cell RCC at diagnosis or in 
whom distant metastasis subsequently 
developed after nephrectomy (135). 
Symptoms at nephrectomy, metastases to 
bone and liver, metastases in multiple 
simultaneous sites, metastases at nephrec-
tomy, or within 2 years of nephrectomy, 
complete resection of metastatic sites, 
tumour thrombus level I-V, nuclear grade 
4 and tumour cell necrosis were all 
associated with death from RCC. 

 
Surgical Treatment and survival 
Open radical nephrectomy (ORN) 
ORN has been considered to be the 

mainstay for treatment of RCC. Robson 
(99) established the basic principles 
underling ORN. These included trans-
abdominal incision to allow early access 
and ligation of the renal vessels with 
minimal manipulation of the tumour to 
minimize risk of vascular tumour emboli; 
excision of Gerota’s fascia including the 
kidney, the perirenal fat and adrenal 
gland, and extensive lymph node dissect-
tion (LND) including the para-aortic and 
para-caval nodes from the crus of the 
diaphragm to the bifurcation of the aorta. 
Robson reported overall 52% five-year 
survival and a 66% five-year survival for 
patients with localized RCC. In 2003, the 
Swedish National Cancer Register repor-

ted a 52.6% overall 5-year survival rate 
for males, and 55.25% for females. The 
10-year survival rates were 42.4% and 
43.8% respectively. Generally, pT1 
(TNM-97) tumours have the best prog-
nosis, with 5-year survival rates up to 
95%, followed by 87% for pT2, and 37% 
for patients with pT3 tumours (30). In the 
last two decades, extensive LND and 
routine ipsilateral adrenalectomy have 
been performed less often (33,100) as part 
of new forms of surgical management of 
RCC. 

Laparoscopic radical nephrectomy 
(LRN)  

Since introduction of the laparoscopic 
nephrectomy by Clayman et al. (101) in 
1990, LRN has emerged in the last decade 
as an equally efficacious and minimally 
morbid surgical alternative to ORN for 
T1-2N0M0 tumours. There are three la-
paroscopic approaches to radical nephrec-
tomy: transperitoneal, retroperitoneal, and 
hand-assisted (essentially the same as the 
transperitoneal approach). Each approach 
has advantages and disadvantages. LRN 
has gained wide acceptance because of 
the benefits of minimal invasive surgery; 
less trauma, better visualisation and 
preparation, less blood loss, shorter 
recovery time with decreased analgesic 
requirement, and shorter hospital stay and 
convalescence compared to ORN (102). 
Long-term follow-up data has demon-
strated the laparoscopic approach to be 
oncologically equivalent to open surgery 
with respect to 5-years disease-specific 
survival, ranging from 91% to 98% for 
T1-T2 tumours (102,187-189). Recently 
published 10-year survival data with a 
median follow-up of 73 months showed 
improved cancer-specific survival with 7-
9% among 67 LRN vs. the 54 ORN 
patients (190). 
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Nephron-sparing surgery (NSS) 
Open partial nephrectomy (OPN) or 

nephron-sparing surgery (NSS) initially 
was limited to imperative indications such 
as bilateral renal tumours, patients with 
solitary kidney, impaired renal function 
due to congenital anomalies, nephropathy, 
significant calculus disease, or significant 
co-morbidities predisposing to future 
renal failure. OPN may at some point be 
the standard operative procedure for stage 
T1 tumours. The 10-year survival rates of 
radical nephrectomy and OPN for small 
(≤ 4cm) renal tumours are comparable 
(104). EAU-guidelines (45) recommend 
NSS for patients with tumours <4cm. 
Furthermore there are data indicating that 
NSS can be performed on patients with 
larger tumours achieving oncological 
results equivalent to those observed after 
radical nephrectomy (105-107). 

Laparoscopic partial nephrectomy (LPN) 
is feasible with comparable long-term 
functional and oncological outcomes to 
open partial nephrectomy (103), but the 
procedure is technically challenging. 

 
Minimally invasive NSS 

Minimally invasive modalities, for the 
treatment of T1aN0Mo RCC are being 
introduced as new nephron-sparing 
approaches in an attempt to minimize 
operative time, morbidity, and time to full 
recovery. Among the more studied methods 
are laparoscopic or percutaneous-guided 
cryoablation, percutaneous or open ra-
diofrequency ablation (RFA), and high 
intensity focused ultrasound (HIFU). The 
three-year cancer specific survival in 51 
patients undergoing laparoscopic renal 
cryoablation was 98% (108). Lack of 
long-term follow-up in combination with 
small numbers of patients in these series 
has meant that the modalities have been 

categorized as experimental treatments. 
 

Management of metastatic RCC 
Of patients with RCC, up to 30% 

present with metastatic disease, and up to 
40% of patients undergoing nephrectomy 
will develop metastasis (61). About 60% 
of all patients with RCC at some point in 
time demonstrate disease that requires 
complex treatment decisions. At present, 
multimodality treatment consists of surgery 
(cytoreductive nephrectomy, metastasec-
tomy), immunotherapy and targeted 
therapy. 

 
The role of surgery 

Once metastatic disease develops, the 
prognosis for long-term survival is poor, 
with 5-years survival ranging between 0% 
and 20% (31, 32, 35). Presence of 
ipsilateral adrenal metastasis usually 
means a survival time of less than one 
year (33). 

In metastatic disease, the traditional 
role of surgery is limited to palliation of 
symptoms related to primary tumour, and 
to treatment of patients selected for 
experimental protocols. A subset of 
patients with advanced disease may have 
improvement in survival treated with 
cytoreductive nephrectomy in conjunction 
with immunotherapy (37,109). In 2 recent 
multicenter randomised phase III trails 
(111,112) those receiving nephrectomy 
along with interferon immunotherapy had 
an overall survival of 11 to 17 months 
compared to 7 to 8 month survival in the 
interferon alone group. 

Surgical management of recurrent 
RCC plays a role in solitary metastasis, 
locally recurrent disease, residual masses 
after systemic therapy, and palliation for 
symptomatic relief. Surgical resection of 
solitary metastasis can result in 5-year 
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survival of 24% to 60%, with solitary 
lung metastasis most amenable for 
resection (144). Resection of local 
recurrence has also been shown to extend 
survival from 21 to 136 months, with 
reported 5-year survival for patients 
treated with surgical resection, medical 
therapy, and observation for renal fossa 
recurrence of 51%, 18%, and 13% re-
spectively (96, 145, 146). 

In case of non-resectable tumour, 
ebolization may be used to relief the 
symptoms in patients with macro-
hematuria. 

Radiotherapy, chemotherapy, and hor-
mone therapy have almost no influence on 
the progression of metastatic RCC. 

 
The role of immunotherapy 

Several immunotherapeutic approaches 
with reported response rates at or around 
15% to 25% (32, 34, 110-115) have been 
presented during last two decades, but 
only selected subgroups of patients 
experienced benefit from this treatment 
(143) in conjunction with cytoreductive 
surgery (37, 109, 111, 112). 

 
Targeted therapy 

Increased understanding of molecular 
biology has led to the identification of 
several receptors and signalling molecules 
as targets for the treatment of RCC. The 
drugs “target” a specific pathway in the 
growth and development of a tumour. The 
hypoxia-inducible pathway plays an 
essential role in angiogenesis, epithelial 
proliferation, tumour invasion and meta-
stasis, as well as apoptosis of common 
cancers (116,117). Hypoxia as well as 
VHL gene mutation results in accumu-
lation of HIF-1α leading to mRNA 
encoding hypoxia-inducible genes (down 
stream factors) such as VGEF, PDGF, 

TGF-α, EPO, GLUT-1, CAIX (117-119). 
These processes are involved in the 
activation of multiple angiogenic and cell 
proliferation signalling pathways. The 
inhibition of one or more of these 
pathways may offer a novel therapeutic 
option for the treatment of RCC. 

Monoclonal antibody binding to 
VEGF, preventing its interaction with the 
receptor, shows significantly increased 
time to progression in patients with 
metastatic RCC receiving high-dose 
Bevacizumab (Avastin®) (120). 

Sunitinib Malatat (Sutent®) is an oral 
multi tyrosine kinase inhibitor, that 
specifically inhibits VEGFR (types 1-3) 
and PDGFR (α and β). This was tested in 
two phase II trials in patients with 
metastatic clear-cell RCC who have failed 
prior cytokine therapy. Motzer at al. (121) 
reporting 34% partial response and a 
median progression-free survival of 8.3 
months. Motzer et al. recently presented 
results from a large phase III study 
comparing Sunitinib vs interferon-alfa. In 
that study the median progression-free 
survival was significantly longer in 
sunitinib group (11 months) than in the 
interferon alfa group (5 months), while 
sunitinib was associated with higher 
objective response and better quality of 
life (122). 

Sorafenib (Nexavar®) is another 
orally available multi tyrosine kinase inhi-
bitor that inhibits the Raf kinase pathway 
in addition to VEGFR-2, VEGFR-3 and 
PDGFR-β, potentially blocking both 
tumour cell proliferation and angio-
genesis. In the largest international phase 
III study of advanced RCC, soarfenib 
doubled median progression-free survival 
(PFS), and was associated with a 39% 
improvement in survival compared with 
placebo (123). 
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AIMS OF THIS STUDY 

 

The overall purpose of this thesis was to investigate factors of importance for 
prediction of survival in patients with and without metastatic RCC. 
 
The specific aims were: 
 

I. To investigate the clinical course in patients who had undergone 

radical nephrectomy aiming to define follow-up guidelines. 

 

 

II. To investigate and individualize predictive factors of survival in 

patients with mRCC.  

 

 

III. To study the incidence of adrenal metastasis and its impact on 

survival and the need for adrenalectomy as part of the routine radical 

nephrectomy.   

 

 

IV. To investigate a number of angiogenic and other variables and its 

impact on outcome in patients with mRCC. 
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MATERIAL AND METHODS

These studies were based on patients 
treated at the department of urology, 
Umeå University Hospital. The number of 
patients differ between papers due to the 
different inclusion criteria of each study 
and the fact that the material was 
extended chronologically during the study 
period. Patient characteristics are further 
described in each paper. 

The preoperative evaluation consisted 
of pulmonary X-ray, i.v. urography and 
CT of abdomen (and since1999 also CT 
of the chest) ultrasonography (US). 
Patients with symptoms or signs of ske-
letal involvement underwent bone scinti-
graphy. Other radiological modalities e.g. 
MRI or cavography performed when 
indicated.  

Tumour size was measured as the 
maximum diameter determined using CT 
scan.  

Tumour stage was defined in papers I 
and II according to the 1997 TNM staging 
system, and in papers III and IV accor-
ding to the 2002 TNM classification 
system. 

Vein invasion was defined as tumour 
invasion of major renal veins verified 
microscopically in transverse tissue slices 
obtained superficially from the renal 
hilum. 

 
Study period 

The long study period, extending over 
20 years, means inevitably enhancement 
of diagnostic tools leading to some adjust-
ments, improvements, modifications, and 
changes, in almost all aspects of study 
from treatment options, surgical tech-
niques, imaging modalities, to laboratory 
analysis methods. One consequence of 
this is change in reference values during 

the study period. Participation of different 
and many surgeons, radiologists and 
pathologists with different levels of 
experience is another pitfall of this kind 
of study which potentially can affect 
results. 

 
Surgery 

Radical nephrectomy was routinely 
performed via a transverse abdominal 
incision dividing both recti abdominis 
muscles. The nephrectomy was performed 
en bloc, removing the kidney perirenal fat 
and Gerota′s fascia, including the ipsi-
lateral adrenal gland and surrounding 
tissue from the abdominal aorta in left-
sided tumours and from the middle of the 
vena cava in right-sided tumours. In case 
of enlarged or palpable lymph nodes 
between aorta and vena cava, or in other 
sites, lymph nodes were dissected in that 
area, but no extensive radical retro-
peritoneal lymph node dissection was 
routinely performed. As prophylaxis for 
thrombosis, low-dose heparin (5000 IU 
subcutaneously) was given twice daily for 
patients treated between 1984 and 1990. 
During recent years low molecular weight 
heparin (5000IU subcutaneously, Fragmin®, 
Pharmacia, Uppsala, Sweden) was used 
on daily basis for at least 7 days or until 
discharge from hospital. 

 
Follow-up 

Most patients were initially followed-
up according to a standardised schedule 
and follow-up programme at our clinic, 
and the remaining patients were followed 
at other hospitals. This follow-up pro-
gramme was modified during the long 
period of study for some patients based on 
the surgeon preference. The follow-up 
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programme consisted of a clinical exami-
nation, laboratory tests, a pulmonary X-
ray at 2 months, then every 6 months 
during the first 3 years and thereafter 
yearly throughout the 10 years of follow-
up. Abdominal CT was carried out at 6 
and 24 months after surgery, and 
additional radiological investigations 
performed whenever indicated.   

The cause of death was determined 
based on medical records and death 
certificates. Operative mortality was 
defined as death within 30 days after 
surgery. Performance status (PS) was 
defined according to the WHO classi-
fication (Table 7) which principally is the 
same as ECOG (Table 6) and Karnofskys 
PS (Table 8). 

 
Nuclear Grading 

Histopathological nuclear grade was 
determined, primarily (>80% of patho-
logy reports) by one pathologist at Umeå 
University Hospital using a four-grade 
scale according to Skinner (140). This 
grading scale has been the standard 
method at the pathology department until 
recently. Today, nuclear grading is perfor-
med according Fuhrman grading system, 
in line with EAU guidelines (45). 
Although the Fuhrman’s grade initially  
 

applied only to clear cell RCC, this is now 
recommended for use with all cell 
subtypes. 

 
Tissue and blood sample collection 

Biopsies were obtained from the 
normal cortex and 3-8 tumour specimens 
as described by Ljungberg et al (148). 
Each sample was divided; with one part 
processed for flow cytometric DNA 
analysis and the other for conventional 
histopathological examination.  

After obtaining the informed consent 
from the patients, serum samples collec-
ted before treatment and sorted at -80º C 
for later analysis 

 
Flow cytometric study 

The method for flow cytometric DNA 
analysis has previously described by 
Ljungberg et al (149). Flow cytometry is 
an automated method for examining the 
cellular DNA content. The specimens are 
characterized as diploid (normal DNA 
content) or aneuploid (abnormally in-
creased DNA content) and are analyzed 
using DNA histograms. The first peak 
represents the G0/G1 cell population with 
diploid chromosomal DNA. 

The kidney cortex tissue samples were 
used as the standards for diploidy. The 
  

Table 7. WHO performance status 

Grade  

0 Fully active, as it was before disease  

1 Cannot carry out heavy physical work, but can do anything else 

2 Not well enough to work, but up and about more than haft the day capable of self care 

3 In bed or sitting in a chair of more than half the day, limited self care, need some help 

4 In bed or chair all the time and need a lot of help 
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Table 8. KARNOFSKY performance status scale definition rating (%) criteria (178) 

100 Normal no complaints; no evidence of disease 

90 Able to carry on normal activity; minor signs or symptoms of 
disease 

Able to carry on 
normal activity and to 
work; no special care 
needed 

80 Normal activity with effort; some signs or symptoms of disease 

70 Cares for self; unable to carry on normal activity or to do active 
work 

60 Requires occasional assistance, but is able to care for most of 
his personal needs 

Unable to work; able 
to live at home and 
care for most personal 
needs; varying 
amount of assistance 
needed 50 Requires considerable assistance and frequent medical care 

40 Disabled; requires special care and assistance 

30 Severely disabled; hospital admission is indicated although 
death not imminent 

20 Very sick; hospital admission necessary; active supportive 
treatment necessary 

10 Moribund; fatal processes progressing rapidly 

Unable to care for 
self; requires 
equivalent of 
institutional or 
hospital care; disease 
may be progressing 
rapidly 

0 Dead 

 
 
tumour samples were defined as diploid 
(DNA index of 1.0) when only one peak 
was detected, and aneuploid when there 
were at least two separate peaks, as it was 
assumed that all tumour samples con-
tained normal and tumour cells. A tumour 
sample was regarded as tetraploid when 
>15% of the cells had a tetraploid index 
(1.95-2.05). For reference testing, trouand 
chicken erythrocytes added also assessed. 
A tumour was defined as diploid when all 
analysed tumour samples had a diploid 
DNA index (0.95-1.05), and aneuploid 
when at least one aneuploid tumour cell 
clone was found. 

 
Laboratory 

All laboratory analysis was according 
to the standard used in the Laboratory of 
Clinical Chemistry at the University 

Hospital, Umeå. The normal value and 
references have changed for some serum 
markers such as creatinine, alkaline phos-
phatase during the study period. 

 
Statistical Analysis 

The survival time was determined 
from the date of surgery to the date of 
death or latest follow-up. Estimations of 
the cumulative survival distributions were 
calculated according to the Kaplan-Meier 
method, and the log-rank test was used to 
compare groups. Multivariate survival 
analysis was performed using the Cox 
proportional hazard regression model. For 
univariate comparisons, Mann-Whitney 
U-test analysis was used for continuous 
variables and chi-square analysis used for 
categorical variables. Krusal-Wallis test 
was used for nonparametric comparing of 
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means. All p values were two sided, and p 
≤0.05 considered significant. 

All data analysis was performed using 
the SPSS statistical software version 11.1. 

 
Patients 

Paper I: One hundred eighty seven 
patients with pT1-3 N0-x M0 underwent 
radical nephrectomy between January 
1982 and December 1997. The study 
aimed to determine an individual patient 
follow-up protocol, identifying those 
patients with a high or a low risk for RCC 
recurrence. 

 
Paper II: Among the patients who 

were admitted to hospital for nephrec-
tomy between April 1982 and February 
1999, 106 patients had primary metastatic 
RCC. The aim was to identify factors 
associated with survival, to individualize 
prognostication and to identify subsets of 
patients who might benefit from active 
treatment. Seventy-eight patients under-
went nephrectomy combined with at least 
one other treatment. Additional treatments 
included the following: medroxy-
progesterone acetate or tamoxifen, 23 
patients; interferon and /interleukin-2, 21 
patients; excision of metastases, 17 
patients; radiation therapy, 34 patients; 
chemotherapy, 2 patients. Fifteen patients 
had no further therapy or only palliative 
treatments. Twenty-eight patients were 
treated without surgery. Three were 
treated with interferon, 1 with chemo-
therapy, 7 patients with radiation therapy 
and 16 with hormonal therapy and 15 
patients with only palliative treatments. 

WHO performance status (Table 7)  

used, grade 0 and 1 considered a good 
performance status, and grades 2-4 to be a 
poor performance status.  

 
Paper III: The incidence of adrenal 

metastasis among the 321 consecutive 
patients with RCC of all stages who 
underwent radical nephrectomy between 
January 1982 and December 2000 was 
assessed. Its impact on survival and corre-
lation with clinicopathological variables 
were studied. 

Available CT scans were re-evaluated 
in patients with adrenal gland involve-
ment according to the pathological re-
cords. 

The Heidelberg classification (19) was 
used for sub-typing of RCC. Two hundred 
one patients had conventional RCC, 42 
papillary and 17 chromophobe RCC, 
while 11 were unclassified.  

 
Paper IV: 120 patients with mRCC at 

diagnosis who underwent nephrectomy 
between January 1982 and December 
2004 were studied. The aim was to 
evaluate any prognostic importance of 
soluble angiogenic variables in blood in 
relation to other predictive factors. Serum 
VEGF analysis has been described 
previously by Jacobsen (150). Soluble 
VEGF-R1 in serum were analyzed using a 
VEGF-R1 ELISA according to the 
manufacturer’s recommended methods 
(Quantikine, VEGF-R1/FLT-1; R&D 
Systems, Minneapolis, MN). bFGF was 
analyzed using a sandwich enzyme 
immunoassay method ( Quantinkine, 
DFB00; R&D Systems), with a detection 
limit of 1.0 pg/ml. 
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RESULTS AND COMMENTS  

Paper I 
During the follow-up period, 56 of 

187 patients (30%) developed metastases. 
The median time to the diagnosis of 
metastatic disease after nephrectomy was 
14.5 (2-144) months. In 43% of the 
patients, the recurrence observed within 1 
year, 70% within 2 years, 80% within 3 
years and in 93% of the patients within 5 
years of follow-up. The occurrence of 
metachronous metastases was significant-
ly higher in patients with pT3 tumours 
than in in patients with both pT1 and pT2 
tumours (p < 0,001). Only five of 70 
patients with pT1 tumour developed 
metastases at 43 months (mean), and all 
had a primary tumour diameter > 5cm. In 
T2 group, 6 of 43 patients developed 
metastases at 29.5 months (mean). In the 
patients with pTa and pT3b tumour, 6 of 
11 relapsed at 13.8 months (mean) and 20 
of 37 patients relapsed at 19.3 months 
(mean) respectively. (Table 9). There 
were no metastases in any of the patients 
with diploid pT1 or pT2 tumours. 

The 5-years survival rates for patients 
with pT1, pT2, pT3 tumours were 95%, 
87% and 37% respectively (Fig.1in paper 
I). Patients with diploid pT1-2 tumours  

survived significantly longer than those 
with aneuploid tumours. There was no 
survival differences based on DNA 
diploidy in patients with pT3 tumours. A 
third of all patients, 41 with diploid pT1-2 
and 37 with pT1 RCC of <5cm in 
diameter, had no tumour progression 
during the follow-up. 

Defining follow-up guidelines is im-
portant from both medical and economic 
perspectives. Some have expressed views 
that any follow-up is inappropriate as 
there is little or no chance of a cure to 
offer patients. Follow-up after radical 
nephrectomy allows monitoring renal 
function, early diagnosis of local 
recurrence and metastases. Surgical 
resection of isolated brain metastasis 
resulted in a mean survival of 13.8 
months compared with 7 months when 
surgery was not performed (158). The 5-
years survival after surgery of isolated 
solitary or multiple lung metastases 
ranges from 24% to 60% (159), with 
longer survival time among those in 
whom complete surgical resection was 
achieved (160,161). The 5-years survival 
rate of 30-75% (162,163) for patients with 
surgical resection of isolated local 

Table 9. Stage and time to diagnosis of first metastasis. 

Stage Patients with 
metastases 

Mean (median) time to occurrence of metastases 
(months) 

pT1N0M0 5/70 43.0 (40) 

pT2N0M0 6/43 29.0 (19) 

pT3aN0M0 6/11 13.8 (10) 

pT3b-cN0M0 20/37 19.3 (14) 

pT3anyN1M0 19/26 17.4 (15) 
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recurrence is far better than the 18% and 
13% 5-years cancer-specific survival of 
medical therapy or observation (162). 
Reported survival advantage conferred by 
metastasectomy confirms our study 
results which support a specific follow-up 
schedule to identify patients at risk of 
tumour recurrence. In our study, 23 of 24 
pulmonary metastases where detected 
using the scheduled follow-up protocol. 

The follow-up protocol in paper I 
consisted of clinical examination, blood 
testing and chest radiography at 2 months 
and then every 5 months for 3 years, 
followed by annual review; CT was per-
formed at 6 and 24 months. This protocol 
evolved according to the preference of the 
surgeon in the last few years of the study. 

When this paper was accepted for 
publication in 1999, there was no general 
consensus on surveillance guidelines, and 
one is still lacking at present. However, a 
few protocols have been published since 
then. In 1994, Montie (155) proposed a 
follow-up protocol for partial or total 
nephrectomy based on a literature review. 
He did not adapt the follow-up to 
pathological stage, despite recognizing 
that this affected the outcome. Sandock et 
al. (156), Levy et al. (157) developed 
stage-specific follow-up protocol, but in 
their guidelines all patients were 
followed. 

Since the publication of our study, a 
few integrated prognostic systems and 
algorithms have been developed (Table 
5). These studies have limitations, in-
cluding limited study population and 
different prior therapies which may have 
led to different prognosis. Considering 
patients treated before vs. after 1990, 
receiving cytokine-based therapy may 
have contributed to different outcomes 
(128). 

Our study was probably the first 
prospective study testing a surveillance 
protocol (Table 3 in paper I) based on risk 
group stratification (Fig 1), and also 
identifying patients with low and high risk 
for disease recurrence (Table 10). 

The nuclear grade was not included in 
our protocol, and this might have affected 
the accuracy and validity of our study to 
some extent. 

There are studies (151,152,153) 
indicating that the analysis of tumour 
DNA content by flow cytometry may 
provide additional prognostic information 
in the evaluation of patients with RCC. 
Many of these studies have evaluated 
small numbers of patients and failed to 
control for stage and grade, when 
analysed using a multiple regression 
model. RCC is a heterogeneous tumour 
and multiple tissue samples are required 
to optimize the probability of detecting an 
abnormal DNA histogram (154). The 
available data do not support conclusions 
that DNA content can be used in all cases 
as an independent prognostic factor. Flow 
cytometry, although a valuable research 
tool, is not universally applicable in the 
clinical setting. It is an advanced labora-
tory analysis requiring specially trained 
personnel, and is not a practical means of 
follow-up for most urological units. Also, 
results from our lab indicate that DNA 
ploidy had no predictive information on 
tumour progression in pT3 RCCs. DNA 
ploidy analysis is not useful for all RCC 
stages. Further studies with large groups 
of patients, long-term follow-up, and 
stratification based on stage and other 
prognostic factors analysed in multi-
variate fashion is needed to better resolve 
the prognostic value of DNA ploidy. 

The increasing total costs of health-
care will lead to economic decisions that 
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Tumour stage pT1, N0, M0 pT2, N0, M0 pT3, N0-1, M0

Tumour size

DNA ploidy

Risk group

< 5 cm > 5 cm

Not analysedDiploid Aneuploid

Low High

NoFollow-up Yes

Tumour stage pT1, N0, M0pT1, N0, M0 pT2, N0, M0pT2, N0, M0 pT3, N0-1, M0pT3, N0-1, M0

Tumour size

DNA ploidy

Risk group

< 5 cm > 5 cm

Not analysedNot analysedDiploid Aneuploid

LowLow HighHigh

NoNoFollow-up YesYes

 
 

Figure 1. Stage, size, DNA ploidy based risk stratification and follow-up. 
 
 

Table 10. Risk group stratification. 

Low risk 
N0M0group Any pT1< 5cm, diploid pT1-2 

High risk 
N0M0group 

Aneuploid/not analyzed DNA 
for pT1>5cm and pT2 
Any pT3 

 
minimize unnecessary follow-up proce-
dures that are not cost-effective. This 
study, which included DNA ploidy and 
tumour size in a stage dependent protocol 
excluding one third of patients (low risk) 
from follow-up, was cost-effective and 
the only individualized protocol published 
until 1999. Searching for improved and 
cost-effective surveillance strategies, a 
number of integrated prognostic systems 
have been constructed (discussed earlier) 
that combine multiple clinical and 

pathological variables designing scoring 
systems and algorithms to stratify patients 
in different risk groups of disease 
recurrence. These nomograms have begun 
to appear in the surveillance arena (60), 
and they generally require further 
validation. 

The most important limitation of this 
study might have been the absence of 
multivariate analysis, or testing for 
independence of predictive/prognostic 
when explored simultaneously. Another 
limitation is that T4 stage was not used in 
this study. Despite this shortcoming, this 
study was the only prospective study 
available at its time, and we demonstrated 
clear differences in survival based on 
TNM stage, tumour size and DNA ploidy 
in patients with non metastatic RCC using 
a scheduled follow-up programme.  
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Paper II and IV 
In patients with metastatic RCC, the 

78 patients treated with palliative 
nephrectomy had significantly longer 
survival time compared with 28 patients 
without surgical treatment (191). Median 
survival time for all patients was 7 
months. There was 12 moth survival for 
forty-one percent (32/78) of those treated 
with surgery, and 7% (2/28) for those 
treated without surgery. Among 13 
patients who survived for more than 36 
months, 10 had metastases in one organ 
only. Pulmonary metastases were detected 
in 59% (Table 11), and bone metastases in 
39% of the patients. Forty-nine patients 
(46%) from the whole group had 
metastases in a single organ only, with no 
statistical difference in the distribution 
between different organs.  

Good performance status (Table 7) 
was significantly more common in pa-
tients with pulmonary metastases than in 
those with bone metastases. Only 4 of 28 
non-surgically treated patients had a good 
performance status compared with 46 of 
78 in the nephrectomy group. One factor 
affecting treatment decision was the  
 

number of metastatic site/organ rather 
than the site of metastasis. 

Clinical factors such as age, gender, 
the presence of solitary or multiple 
metastases, serum creatinine levels, hae-
moglobin, alkaline phosphatase, and 
corrected calcium had no influence on 
survival. Serum albumin level demon-
strated no significance in multivariate 
analysis. Erythrocyte sedimentation rate 
(ESR) and calcium in serum remained 
significant independent factors in paper II, 
but not in paper IV. Performance status 
(PS) and the number of metastatic sites 
were significantly associated with longer 
survival time in paper I and II. 

Among tumour-related variables, 
capsule invasion (paper IV) and vein 
invasion (paper II) remained significant 
independent factors for prediction of 
survival analysed using Cox multivariate 
analysis. Lymph node metastases (paper 
IV), invasion of renal pelvis (paper IV) 
DNA ploidy and tumour grade showed no 
significant effect in multivariate analysis. 
Tumour location, side, and tumour size 
gave no prognostic information. Tumour 
grade had no prognostic value. 

Table 11. Distribution of metastases. 

Metastases No. of patients with 
metastases in > one organ 

% No. of patients with metastases 
limited to one organ 

Pulmonary 63 59.4 29 
Skeletal 41 38.7 11 
Brain 7 6.6 1 
Liver 20 18.9 4 
Abdomen 7 6.6 1 
Local 5 4.7 - 
Skin 3 2.8 - 
Other 14 13.2 3 
Total 106  49 
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In paper IV, none of the angiogenenic 
factors in serum such as vascular endo-
thelial growth factor (VEGF), vascular 
endothelial growth factor receptor-1 
(VEGFR-1), basic fibroblast growth fac-
tor (bFGF) and erythropoietin levels in 
serum gave any prognostic information. 
Only VEGF was significantly (p=0.0234) 
associated to longer survival time in 
patients with a good PS. 

The five-year survival for untreated 
M1 patients is poor (0-20%) (31, 32, 35). 
The role of cytoreductive nephrectomy in 
improving survival in RCC patients with 
distant metastases is controversial. A 
subset of patients have shown survival 
advantage from surgical resection without 
or in combination with immunotherapy or 
targeted therapy such as tyrosine kinase 
inhibitors. With the advent of modern 
immunotherapeutic strategies, there is a 
growing body of evidence (37,109,111, 
112,164,165) supporting cytoreductive 
nephrectomy as an important and effect-
tive component of multidisciplinary treat-
ment approach to metastatic RCC in 
carefully selected patients. 

In paper II and IV, I analyzed a 
number of presumed prognostic variables 
of different nature in order to try to 
identify patients who might benefit from 
palliative nephrectomy.  

Nuclear grade had no prognostic value 
when analysed using multivariate ana-
lysis. Difficulty concerning interobserver 
reproducibility exists in both the Skinner 
and Fuhrman nuclear grading systems in 
differentiating grade 2 and grade 3 
tumours. In spite of these limitations, 
several studies demonstrate the tumour 
grade as an independent prognostic factor 
(74, 75, 142). Tsui (74) noted not only 
strong correlation between tumour grade 
and survival but also strong correlation 

between nuclear grade and survival within 
the same anatomical stage (T1) with 5-
year survival rates of 91%, 83%, 60% and 
0% for grade 1 to 4 respectively. Han et 
al. (129) found that the nuclear grade was 
a strong prognosticator particularly for 
patients with TNM I and II stage disease. 
On the other hand, Lohse et al. (147) 
found no difference in survival between 
grade 1 and 2 tumours. In Fuhrman′s 
original study from 1982, there was no 
difference between grade 2 and 3 tumours 
(141). In fact, concerning diagnosis and 
prognosis of RCC, the members of 1997 
UICC and AJCC concluded that nuclear 
grade contained prognostic value for the 
conventional and papillary RCC subtypes 
only (175,176). Studies demonstrating 
nuclear grade as an independently pre-
dictive factor are based on non metastatic 
RCC data analysis. Tumour grade has not 
been incorporated into the two prognostic 
algorithms (134, 136) designed for 
metastatic RCC. Mekhail et al. con-
ducting a validation study on the Motzer 
prognostic factors model for untreated 
metastatic RCC (136) and reported no 
impact on survival by nuclear grade 
(192). To date there is no published data 
demonstrating nuclear grade as an in-
dependent prognostic or predictive factor 
for survival in metastatic RCC. In my two 
studies (191,193), I confirmed that 
nuclear grade had no impact on prognosis. 

The RCC type classification (con-
ventional versus papillary) gave neither 
predictive nor prognostic information in 
paper IV. RCC Subtypes were excluded 
in paper II because of the study design. 
Analysis of a cohort of 186 patients 
undergoing radical nephrectomy found 
that conventional or clear cell RCC had a 
higher incidence of metastases, vein 
invasion and generally an unfavourable 
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prognosis compared with papillary 
(chromophil) or chromophobe histologic 
subtypes, with 5-years survival at 43%, 
61% and 91% respectively (132). 
However, in a recent international 
multicenter study of 4,063 patients with 
RCC treated with surgical resection, 
showed that multivariate analysis on 
histological subtypes was not an 
independent prognostic factor affecting 
survival (133) 

In paper II we found a survival 
advantage for patients treated with pallia-
tive nephrectomy. Patient selection might 
have influenced the results. All the 
reported studies concerning cytoreductive 
nephrectomy has been in conjunction with 
immunotherapeutic regime. Concerning 
age as a decision making factor, a recent 
showed similar outcome for patients 
younger than 75 compared with those 
older than 75, as long as patients survived 
the perioperative period (194). In our 
study too, a number of patients received 
additional therapies like as interferon, 
medroxyprogesterone or tamoxifen which 
did not seem to have any influence on 
survival. In patients with metastatic RCC, 
the only treatment options are cyto-
reductive surgery and /or metastasectomy, 
with or without immunotherapy and 
immunotherapy.  

Our studies are unique since only a 
few patients received interferon as addi-
tional therapy, and these results can be 
analysed for cytoreductive surgery alone. 

 
Paper III 

The incidence of ipsilateral adrenal 
gland involvement was 5.3% (17/321), 
and not associated with RCC type, 
primary tumour location within the 
kidney or side. We found a number of 
factors predicting ipsilateral adrenal gland 

involvement. Male gender, locally advan-
ced larger tumour (>5cm), venous 
involvement, capsular and perirenal fat 
invasion were features associated with 
higher frequency of adrenal involvement. 
In 5 cases only, adrenal involvement of 
RCC was correctly diagnosed by pre-
operative CT scans. CT for this diagnostic 
purpose showed a low sensitivity, 31%, 
with a specificity of 98% and a negative 
predictive value of 96%. Sensitivity 
improved significantly (83%) after re-
evaluating available CT scans. CT 
scanning allows the capture of complete 
data within seconds. In several early 
series (167,179,196), the reported sen-
sitivity of CT detecting for adrenal lesions 
was low, which is in accordance to our 
study. In paper III, dividing the radio-
logical reports in different time periods 
revealed an obvious increasing detection 
of adrenal lesions during the most recent 
time (1994-2000), which is due to 
technical advances in diagnostic radiology 
including the multidetector row helical 
CT. 

In 5 of 17 patients (29%) ipsilateral 
adrenal metastasis was the only metastasis 
site. Patients with pT3b-c had distant 
metastases at diagnosis less frequently 
(29/87) compared with the 32 of 48 
patients with pT3a tumours (p=0.0002). 

Among the 17 patients with ipsilateral 
adrenal involvement, 16 died after median 
of 6 months and one is still alive after 120 
months of follow-up with suspect con-
tralateral adrenal metastasis. In patients 
without distant metastases, those with 
adrenal involvement had significantly 
shorter survival time (p<0.001) compared 
with those without (33). The 12 patients 
with distant metastases and ipsilateral 
adrenal involvement had a significantly 
shorter survival time (median 4 months), 
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Table 12. The modes of ipsilateral adrenal gland involvement with RCC 

  Metastasis 
No            % 

Direct invasion 
No           % 

Total              % 

Alamdari 2005 (33) 16            94.2 1              5.8 17/321           5.3 
Yokoyama 2005 (173) 4              57 3              43 7/247             2.8 
Thompson 2005 (69) 0/?             0 22            100 22/424*         5.2 
Han 2003 (70) 0/?             0 27            100 27/1087         2.5 
Kuczk 2002 (169) 27          100 0              0 27/819           3.3 
Paul 2001(168) 26          100 0              0 26/866           3,1 
Von Knobloch 1999(170) 19          100 0              0 19/589           3.2 
Wunderlich 1998 (171) 8            100 0              0 8/638             1.2 
Li 1996 (174) 7              78 2              22 9/129             7.7 
Shalev 1995 (167) 4             36 7              64 11/285           3.6 
Leibovitch 1995 (100) 3            100 0              0 3/158             1.9 
Sagalowsky 1994 (172) 30          100 0?            0 30/695            4.3 

*Selected population    
 
 
compared with (median 10 months) in 83 
without ipsilateral adrenal involvement 
(p=0.001). 

The 2002 TNM staging system defines 
the adrenal involvement as the T3a cate-
gory, which includes tumours that directly 
invade the adrenal gland or perirenal 
and/or renal sinus fat, but do not invade 
beyond Gerota’s fascia. The invasion of 
adrenal gland can occur through direct 
extension from the primary RCC or 
through metastasis. Direct tumour exten-
sion is defined as contiguous extension of 
RCC through the peripheral perinephric 
fat into the ipsilateral adrenal gland. 
Metastatic invasion of ipsilateral adrenal 
gland is defined as a discrete nodule of 
RCC with uninvolved adjacent peri-
nephric fat.  

The reported incidence of ipsilateral 
adrenal involvement in the literature 
(Table 12) ranges from 1% to 10%. 
Distinguishing the mode of adrenal gland 
involvement can be difficult or even 
impossible, especially in large and 

aggressive tumours. There is often 
confusion or indistinctness and also 
selection bias in reports addressing the 
issue of ipsilateral adrenal involvement 
(Table 12) which makes it difficult to 
draw conclusion about the prognostic 
value for survival based on differences 
between direct and indirect invasion of 
ipsilateral adrenal gland. Sagalowsky et 
al. (172) reported the overall incidence 
rate of 4.3% (30/695) for adrenal 
metastasis, despite 17 large RCC tumours 
displacing the entire kidney and 8 cases of 
large upper pole RCC; all adrenal 
involvement described as metastases. 
Thompson (69) reported all ipsilateral 
involvement in his study of selected 
patients with T3-T4 tumours had direct 
invasion by RCC, and surprisingly there 
is no single metastatic adrenal involve-
ment reported in this study, in spite of the 
sentence “direct adrenal gland invasion is 
rare…” from his own study. One may 
assume that the mode of adrenal gland 
involvement was selected in Thompson’s 
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study. Kuczyk (169) reported that 16 of 
27 adrenal metastases occurred with RCC 
extending within the upper pole of the 
tumour-bearing kidney. In contrast to 
Thompson’s report, there is no single 
mode of direct adrenal gland involvement 
in Kucyzk study. 

Our study and other’s (69, 168,170) 
have tried to examine this question 
without significant selection bias, and we 
confirmed that direct adrenal gland 
invasion is rare compared with metastatic 
invasion (Table 12). However, regardless 
of metastatic or direct invasion, all studies 
emphasise on the aggressive behaviourr 
of RCC which has a dismal prognosis 
when ipsilateral adrenal gland is involved, 
suggesting different classification for 
ipsilateral adrenal gland involvement. In 
my opinion, the ipsilateral adrenal gland’s 
involvement should be considered to be 
metastatic disease while emphasising 
adrenal gland involvement as an additive 
adverse prognostic factor, and therefore 
propose Tx M1a, not T3a and not T4.  

In Thompson’s study (69), which is 
frequently citied, the author declared that 
survival in 22 pT3a-b M1-0 patients with 
direct ipsilateral adrenal gland invasion is 
the same as in patients with pT4 M0-1 
group (19 patients). This might be a 
misleading result. The very small sample 
size (8 cases of pT4 and 10 cases of pT3a- 

b) in patients with non-metastatic RCC in 
Thompson’s study may not be enough to 
support any conclusions. The author did 
not evaluate significance or impact of 
direct adrenal invasions on survival in M0 
group compared with survival in M1 
group without adrenal involvement. It is 
possible that if they had done this, that 
their result would have agreed with ours. 

Tumour size as a predictive factor for 
ipsilateral involvement was another im-
portant finding. In agreement with our 
findings, two recently published studies 
have found prognostic value in tumour 
size. Lam et al. retrospectively studied a 
cohort of 2113 patients from eight 
international institutions and concluded 
that tumour size is an important factor for 
predicting outcome of patients with T3a 
RCC with fat invasion only (183). 
Karakiewicz et al. reported that tumour 
size was a statistically significant pre-
dictor of all outcomes and added between 
3.7% and 0.8% to predictive accuracy of 
either 1997 or 2002 TNM categories 
(184). The prognostic relevance of tumour 
size in T3 group might be considered in 
future revision of the TNM staging 
system (183,184). 

Multivariate analysis was not used in 
paper III since the number of patients with 
adrenal involvement was low, making such 
an analysis difficult to interpret. 
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SUMMARY AND CONCLUSIONS 

Renal cell carcinoma (RCC) is an 
important and deadly urologic malignancy 
with an increasing incidence throughout 
the world. RCC is not a single disease, but 
includes a number of different subtypes, 
each with different histologic type, clini-
cal course, response to therapy, and 
genetic abnormality.  

Early stages of RCC with localized or 
locally advanced disease, which includes 
70% of all new cases, are potentially 
curable by nephrectomy alone (58,59). 
However local or distant recurrence rates 
are high, 35-65%, depending on patho-
logical stage and other clinicopathological 
factors (60-62). The prognosis for 
untreated patient with metastatic RCC is 
poor, with a historical 3-year disease-free 
survival of less than 5% (32,44,113,127). 

Radical nephrectomy remains the 
treatment of choice for large, locally 
invasive tumours and tumours with renal 
vein and vena cava invasion. On the other 
hand, we are today diagnosing an 
increasing proportion of small tumours 
that can be treated by nephron-sparing 
surgery, recommended by EAU-guide-
lines as method of choice for RCC ≤ 4cm. 
New minimally invasive techniques such 
as cryoablation and radiofrequency 
ablation being used in small series of 
selected cases of RCC, have shown 
promising results although there is not yet 
long term follow-up. 

The TNM staging system has been 
shown to accurately reflect prognosis in 
RCC in many studies (181). This system 
was most recently modified in 2002. 
Nevertheless, some aspects, and espe-
cially the T3 category, have been debated 
frequently. According to our results, an 
appropriate category for involvement of 

ipsilateral adrenal gland involvement 
would be Tx M1a which may reflect more 
adequately prognosis and survival time in 
this subset of patients. Primary tumour 
size as a prognostic and predictive risk 
factor concerning surveillance and in-
volvement of ipsilateral adrenal gland in 
patients with non-metastatic RCC, is 
another finding, presented in our follow-
up protocol. 

Our follow-up guidelines after 
nephrectomy for localised RCC, based on 
an integrated stage-specific, DNA-ploidy 
and tumour size protocol, stratifying 
patients in two risk groups showed to be 
useful to predict recurrence and survival 
in patients with non-metastatic RCC. 
According to our results, follow-up is 
unnecessary for a third of patients with 
RCC subsequently reducing costs and 
enhancing efficiency. 

Among the tumour-related prognostic 
factors, RCC subtypes and nuclear grade 
had no independent prognostic infor-
mation. DNA ploidy had prognostic 
information only in patients with T1-T2 
M0 tumours. 

Concerning serum markers, only ESR 
and calcium in serum gave prognostic 
information. Soluble angiogenic factors in 
serum gave no additional prognostic 
information except for significant corre-
lation between VEGF levels in serum and 
survival in patients with PS level 0. 

For patients who presents with 
metastatic disease, my studies indicated 
that cytoreductive nephrectomy alone 
might be a treatment option in highly 
selected patients with metastatic RCC 
eligible for surgery. Patients who are most 
likely to benefit from this approach are 
those with a good PS, metastases limited 
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to one organ, low ESR, normal calcium, 
and no tumour thrombus. Obviously, 

patient selection is critical for this 
treatment option. 
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FUTURE DIRECTIONS 

 
The researching of prognostic factors is an area of increasing interest. TNM, the 

traditional staging system is currently the most extensively used tool for providing 
prognostic information for RCC, and needs continuous revising to be more accurate. In 
addition to TNM stage, several other clinical, molecular, and pathological prognostic 
factors are relevant.  Three major integrated predictive/prognostic models have proposed, 
and there is much current discussion concerning these in the field.  Our understanding is 
increasing concerning the genetic basis and molecular pathways involved in RCC, and 
there has been identification of several novel potential prognostic and predictive markers 
in RCC, such as carbonic anhydrase (CA) IX (185), VEGF, Ki67, p53 (186). 

 
There is a need for development and validation of an easy-to-use integrated prognostic 

model both for localised and metastatic RCC.  Such a model needs to incorporate new 
prognostic variables such as molecular biomarkers in a stage-based system in order to 
counsel patients as well as identify patients for prospective clinical trials of adjuvant 
therapies. Also, standardized and individualized postoperative surveillance is needed.  

 
The main challenge in the future will be to select those patients who will benefit from 

“classic” cytokine therapies and to distinguish them from those patients who will benefit 
from tyrosine kinase inhibitor treatment. 

 
Another interesting clinical research field in RCC is the identification of the sentinel 
nodes. Sentinel nodes has been incorporated as a routine procedure in surgical treatment 
of some malignancy such as breast cancer and melanoma. Therefore, investigation of 
sentinel nodes in RCC, and evaluating a possible contribution of this to more accurate N-
staging, and prognostic or predictive value is a promising future research field. 
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