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(7)Abstract 


Aims: In the first three papers we aimed to investigate if different circulating 
 cytokines in blood drawn preoperatively can predict outcome after surgery in 
 patients with renal cell carcinoma (RCC). The last paper aimed to evaluate the 
 volatility of different cytokines and their receptors before, during and after surgery.  


Material and Methods: In the three first studies (paper I-III), we used data from our 
 kidney cancer database at Haukeland University Hospital. From the database, we 
 identified 159 patients treated with partial, radical or a cyto-reductive nephrectomy 
 at our institution between January 2007 and March 2010, who had signed informed 
 consent forms and a preoperative drawn frozen blood sample were available.  


In the last study (paper IV), 40 patients with renal tumors who were scheduled for 
 open surgery with partial or radical nephrectomy were prospectively included 
 between April 2018 and June 2019. Blood samples were taken pre-operatively, intra- 
 operatively (simultaneously from the renal vein (RV) and a peripheral vein) and at 
 control 4-6 weeks post-surgery.   


The blood samples in all papers were analyzed and cytokines detected and measured 
 using Luminex immune-bead technology and high-sensitivity kit from 


Invitrogen/Biosource. In paper I-III, the patients were followed up until death or the 
 end of each study period. 


Results: In paper I, a high level of circulating VEGF were an independent predictor 
 (p=0.017) for cancer specific survival (CSS) in a multivariate analysis. Furthermore, 
 VEGF together with the well-established prognostic factors tumor T-stage and nuclear 
 grade, predicted disease recurrence in patients presumed to be radically treated 
 (p=0.03, p=0.011 and p=0.008, respectively).  


In paper II, a high level of IL-6 and IL-27 predicted disease recurrence in presumed 
radically treated patients (p=0.001 and p=0.026, respectively). In particular, the 



(8)predictions among patients with large tumors (>7 cm) were excellent for both IL-6 
 and IL-27 (p=0.014 and p=0.001, respectively).  


In paper III, higher circulating levels of IL-33Rα are associated with worse prognosis 
 (p=0.034). However, the demonstrated impact of IL-33Rα was dependent on the 
 overall cytokine profile, including seven IL6 family members (IL-6, IL-6Rα, gp130, IL-
 27, IL-31, CNTF, and OSM), two IL-1 subfamily members (IL-1Rα and IL-33Rα), and 
 TNFα.  


In paper IV, among clear-cell RCC patients, the intraoperative RV concentration of IL-
 6 was significantly higher than in both the pre- and postoperative samples (p=0.005 
 and p=0.032, respectively). Furthermore, the intraoperatively ratio between the RV 
 and the peripheral sample differed significantly from the expected value of 1, 
 indicating that at least a fraction of the increased IL-6 levels intraoperatively 
 originates from the tumor cells or the tumor environment.  Other cytokines and 
 receptors remained stable across all measurements. 


Conclusions: In paper I, preoperative high levels of circulating VEGF predicted both 
 an increased risk of disease recurrence and a worse CSS. In paper II, among presumed 
 radically treated RCC patients, higher levels of circulating IL-6 and IL-27, predicted 
 both disease recurrence and impaired CSS.  


In paper III, based on differences in the overall acute phase cytokine profile, we were 
 able to classify RCC patients into two main subsets that differed significantly with 
 regard to prognosis. In addition, a high IL-33Rα predicted worse survival.  


In paper IV, while most cytokines and receptors remained remarkably stable, serum 
 levels of IL-6 increased during renal tumor surgery. This increase may at least in part 
 be attributed to the RCC tumor cells or the immediate tumor environment. 


In conclusion, the studied cytokines seem to play an important biological role in RCC 
and may be useful for outcome prediction in RCC patients. 



(9)List of Publications 


I.  Guðbrandsdottir G, Hjelle KM, Frugård J, Bostad L, Aarstad HJ, Beisland C. 


Preoperative high levels of serum vascular endothelial growth factor are a 
 prognostic marker for poor outcome after surgical treatment of renal cell 
 carcinoma. Scand J Urol 2015; 49(5): 388-94.  


II.  Guðbrandsdottir G, Aarstad HH, Bostad L, Hjelle KM, Aarstad HJ, Bruserud Ø, 
 Tvedt THA, Beisland C. Serum levels of the IL-6 family of cytokines predict 
 prognosis in renal cell carcinoma (RCC). Cancer Immunol Immunother 2021; 70 
 (1): 19-30. 


III.  Aarstad HH, Guðbrandsdottir G, Hjelle KM, Bostad L, Bruserud Ø, Tvedt THA, 
 Beisland C. The Biological Context of C-Reactive Protein as a Prognostic Marker 
 in Renal Cell Carcinoma: Studies on the Acute Phase Cytokine Profile. Cancers 
 (Basel) 2020 Jul 19; 12(7): 1961.  


IV.  Guðbrandsdottir G, Aarstad HH, Hjelle KM, Førde K, Reisæter LAR, Bostad L, 
 Aarstad HJ, Beisland C. The levels of IL-6 and soluble IL-33R are increased in the 
 renal vein during surgery for clear cell renal cell carcinoma. Cytokine 2021; 


144:155586.



(10)
Contents 


1. Introduction………   14 


1.1.  The basic function of the immune system ………..   14


1.2.  Acute phase reaction and inflammation ………..   15 


1.3.  Cytokines……….   17 


1.3.1. Interleukin 6 – family cytokines………   19 


1.3.1.1.  Interleukin-6 (IL-6)……….   21 


1.3.1.2.  Other IL-6 family cytokines ……….   24 


1.3.2. IL-1 family cytokines……….   24 


1.3.3. Other cytokines………   25 


1.4.  C-reactive protein (CRP)………   26 


1.5.  von Hippel Lindau……….   28 


1.6.  Vascular endothelial growth factor………..   28 


1.7.  Epidemiology of Renal Cell Cancer……….   30 


1.8.  Risk and genetic factors……….   31 


1.9.  Diagnostic work up………..………   33 


1.10.  Classification/prognostic factors……….   34 


1.10.1.  Histopathological classification………   34 


1.10.1.1. Clear cell renal cell carcinoma………..   34 


1.10.1.2. Papillary renal cell carcinoma………   35 


1.10.1.3. Chromophobe renal cell carcinoma………..   35 


1.10.1.4. Other types……….   36 


1.10.2. TNM- classification and stage………...   37 


1.10.3. Prognostic score and nomograms………..……   38 


1.10.3.1. Preoperative nomograms for non-metastatic RCC………….      38 


1.10.3.2. Postoperative nomogram for radically treated local disease  39 
 1.10.3.3. Prognostic nomogram for metastatic disease..………   40 


1.11.  Treatment………   41 


1.11.1. Surgery………   41 



(11)1.11.1.1. Partial nephrectomy……….   41 


1.11.1.2. Radical nephrectomy………..   42 


1.11.1.3. Cytoreductive nephrectomy………..   43 


1.11.1.4. Local therapy of metastasis………   44 


1.11.1.5. Adjuvant therapy………..   44 


1.11.2.  Ablation……….   45 


1.11.3.  Observation……….   45 


1.11.4.  Systemic Treatment………..   46 


1.11.4.1. Immunotherapy………..   48 


1.11.4.2. Targeted therapy………   49 


1.11.4.3. Combination therapy………..   51 


1.11.4.4. Chemotherapy……….   52 


1.12.  Survival……….   52 


1.13.  Follow up……….   53 


2. Aims of the Thesis………..   56 


3. Material and Methods………..………....   57 


3.1.  For all studies………... .   57 


3.1.1. Patients……….   57 


3.1.2. Ethics………..   57 


3.1.3. Tumor and laboratory assessment……….   58 


3.1.4. Immunohistological assessment for Paper II and IV………..   60 


3.2.  Study specific………   61 


3.2.1. Paper I………..   61 


3.2.2. Paper II and III………..   61 


3.2.3. Paper IV……….   62 


3.3.  Statistical analyses………   64 


4. Summary of Results………..   65 


4.1.  Paper I………...   65 


4.2.  Paper II………..   65 



(12)4.3.  Paper III………...   66 


4.4.  Paper IV………   67 


5. Discussion……….   71 


5.1.  Recurrence………..………..   71 


5.2.  Survival………..……..   72 


5.3.  Levels of cytokines through sampling……….   74 


5.4.  Immunohistochemistry and blood flow……….   76 


5.5.  Effects on follow up and treatment ……….   77 


6. Strength and Limitations………   80 


7. Conclusions……….   82 


8. Future Perspectives………..   83 


9. References………..   85 


10. Original Articles………...   97 
  



(13)Abbreviations


ASA    American society of anesthesiologist’s classification 


BS  Blood Sample 


CCRCC   Clear Cell Renal Cell Carcinoma 
 CCI  Charlson's comorbidity index 


CE  Contrast enhancement 


CH  Chromophobe 


CI  Confidence Interval 


CLC/NNT-1     Cardiotrophin-like cytokine 
 CNTF    Ciliary neurotrophic factor 
 CRP    C-reactive protein 


CSS1    Cancer specific survival 
 CSF  Colony stimulating factor 


CT  Computer Tomography 


CT-1    Cardiotrophin-1  
 DSS2    Disease specific survival 


ECOG PS  Eastern Cooperative Oncology Group performance status  


GP  Glycoprotein 


HR  Hazard ratio 


IHC  Immunohistochemistry 


IL  Interleukin  


ISUP    International Society of Urological Pathology 
        


1, 2 CSS is used in the introduction and paper I and DSS used in paper II-IV. The meaning of these abbreviations 


are synonymous. 
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(15)1.  Introduction 


1.1.  The basic function of the immune system 


The immune system’s role is to participate in identifying and neutralizing live foreign 
 objects, primarily parasites, virus and bacteria. To be able to do that, it has to be able 
 to know the self from the non-self. The first lines of defenses is exclusion. Second line 
 of defenses is the natural immune system and the third line of defense is specific 
 immunity [1]. 


The second line of defense may be defined as the innate immune system. The innate 
 immune system has a limited number of pattern recognition receptors that respond 
 rapidly to invasion, which is often able to eliminate intruders. The innate immune 
 system is consistent between two healthy individuals. The limited number of 


receptors leads to a limited diversity in response. When the innate system meets the 
 same intruder again it reacts the same way and at the same time; thus, it has limited 
 ability to learn. Recent studies point towards that the innate immunity can be trained 
 and adaptive which challenges the theory of limited learning abilities [2].  


The third line of defense is the adaptive immune system, which through its bone 
 marrow-derived and thymus-derived lymphocytes (B-cells and T-cells) generates 
 receptors during development. These receptors are generated by rearrangement and 
 a rejoining of a relatively small number of genes that lead to a big variety of 


receptors. The adaptive immune system has an immunological memory which makes 
 the response quicker and more effective when the body encounters a foreign object 
 it has previously been exposed to [1].  


The immune system’s ability to recognize the self from the non-self is crucial. 


Diseases like rheumatoid arthritis, type 1 diabetes mellitus, multiple sclerosis and 
systemic lupus erythematosus develop when the immune system attacks the 
patients’ bodies [1].  



(16)One of the immune system’s roles is to balance the growth of cells. When the 
 immune system is not capable of balancing cell growth and cell death, it leads to 
 cancerous cells. When the first cell divides the DNA error is introduced into the 
 daughter cells and will be copied further [3].   


Oncogenes were first recognized in viruses capable of transforming cells or inducing 
 tumors in animals. In tumor cells, these genes are often mutated or expressed at high 
 levels. Oncogenes are classified into three categories: cancer causing genes that 
 stimulate cell division, tumor suppressor genes and apoptosis regulators [4]. 


There are many known oncogenes, and many of them are disease-specific.  Epidermal 
 growth factor receptor (EGFR), platelet-derived growth factor receptor (PDGFR) and 
 vascular endothelial growth factor (VEGF) are all receptor tyrosine kinases that play a 
 role in many cancer forms, e.g., colorectal cancer, breast cancer, melanomas, ovarian 
 cancer and head and neck cancer and renal cell carcinoma (RCC) [5].  Oncogenes can 
 also be growth factors, such as c-Sis, which induces cell proliferation in glioblastomas, 
 fibrosarcomas and melanomas [6]. These oncogenes stimulate cell growth and 
 proliferation. 


P53 is one of the main tumor suppressor proteins; it is mutated in 70% of all cancers. 


P53 is not necessary for normal cells to grow and divide. P53 role is to identify, stop 
 the cell cycle and fix DNA injury; if it does not succeed, the cell will go into apoptosis. 


P53 is activated through many phosphorylation events and posttranslational 
 modifications when there is a cellular stress signal, e.g., DNA damage, hypoxia, 
 oxidative stress, oncogenic stress and ribosomal stress. P53 is under the strict control 
 of negative regulators (MDM2 and MDMX) [7].  


1.2.   Acute phase reaction and inflammation 


Acute phase reaction is defined by increased levels of several serum proteins (>25%) 
as a response to tissue injury or inflammation. The reaction is induced by cytokines, 



(17)which are produced at the site of inflammation [8]. The acute phase reaction involves 
 various serum proteins, including increased levels of coagulation factors, transport 
 proteins, anti-proteases, complements factor, C-reactive protein (CRP), serum 
 amyloid A and ferritin, as well as pro-inflammatory cytokines [9]. In the acute phase 
 reaction, there is also a decrease in several proteins, e.g., albumin and transferrin [8]. 


The overall acute phase protein profile depends on the nature of the initial 


inflammatory occurrence, how it induces a systemic response and the variation in the 
 response. All these factors is reflected in the overall profile of acute phase proteins 
 [8]. 


The role of inflammation in cancer is extensive, with the presence of inflammatory 
 cells often proceeding cancer development [10]. Inflammation can help cancer cells 
 to escape apoptosis, to grow uncontrolled and to allow the cancer cells to 


disseminate, as well as changing or deregulating tumor surveillance [10]. There are 
 many known cancer that are associated to infections, e.g., hepatitis B and C and liver 
 cancer, Helicobacter pylori and ventricle cancer, human papillomavirus and head and 
 neck cancer, in addition to others linked to chronic inflammation, such as colitis-
 associated cancer coli [10]. 


Inflammation plays a role in many urological cancers. In RCC, the surrogate marker 
 for inflammation CRP has been shown to be both predictive and prognostic [11]. Two 
 studies have shown that CRP is produced by RCC cells [12, 13]. High preoperative CRP 
 levels in patients with urothelial cancer in the upper tract, which undergo 


nephroureterectomy, are found to be an independent prognostic factor for cancer-
specific survival (CSS). CRP is also predictive of CSS in bladder cancer, both in patients 
with local disease and are treated with cystectomy, as well as those who undergo 
chemoradiotherapy. In patients with locally advanced or metastatic bladder cancer 
who receive chemotherapy, CRP predicts overall survival (OS) [11]. In prostate cancer, 
the primary focus has been on prostate specific antigen, although studies show that 



(18)CRP can be used as a marker in metastatic setting, and in castration-resistant disease 
 [11]. 


1.3.  Cytokines 


Cytokines are small proteins (5-20 kDA) that enable the cells of the immune system to 
 communicate.  Cytokines are also essential to cell and tissue growth, migration, 
 development and differentiation [14]. They are involved in autocrine, paracrine and 
 endocrine signaling as immunomodulation agents. Cytokines have several 


characteristics; they exert their function by the ligation of membrane-bound 
 receptors, as their production can be upregulated through stimulations, effect most 
 locally and exert their biological effect by regulation gene expression [15]. They have 
 been recognized for over 35 years [16]. They were first thought to only be excreted 
 by immune cells and therefore first called lymphocyte activating factor, and then T-
 cell growth factor before they were called lymphokines. Today, cytokines associated 
 to the immune system include chemokines, interferons, interleukins, lymphokines 
 and tumor necrosis factor (TNF) [10]. Cytokines may be produced by every cell, with 
 the exception of red blood cells. Many cell can respond to them [17], whereas 
 specific cytokines can be produced by many different cells [18]. This makes the 
 classification of cytokines demanding. One classification is based on protein structure 
 with Table 1 showing the key member of each cytokine family and their common 
 characteristics [15, 19]. 


Cytokines have many functions in health and diseases; those that use cytoplasmic 
tyrosine kinase have been grouped into types based on their structure and their 
receptors: type 1 (which has four α-helixes) and type 2. Table 2 gives an overview on 
the main hematopoietic cytokines, their receptors and effects, all of which are one of 
the main focuses in this thesis.  



(19)Interleukin (IL) nomenclature was evolved to deal with the multiple biological 
properties of cytokines [17]. Each interleukin can have a wide range of functions, and 
are often are grouped into families because of their common structure, function or 
common -part of the membrane receptor, e.g., IL-1 or IL-6 families. 



(20)Family  Key members  Common characteristics 


TNF receptor 
 superfamily 


TNF-α 
 TNF-β 
 CD40-Ligand 
 Fas Ligand 


-  Shares structural homology to TNF. 


-  Has three β-sheets. 


-  Needs a cluster of receptors for signaling. 


IL-1 cytokine 
 superfamily 


IL-1β 
 IL-1RA 
 IL-36α 
 IL-37 


-  A conserved cytoplasmic Toll/IL-1R domain and three 
 extracellular IG- like domains in the receptors. 


-  The cytokines adopt a signature β-trefoil fold of 12 anti-parallel β-
 strands. 


-  Further divided into IL-1, IL18 and IL-36 subfamilies. 


The cysteine-knot 
 growth factor 
 superfamily 


TGF-β 
 β-HCG 
 PDGF-β 


-  Contains six cysteine residues that form a cysteine-knot 
 conformation. 


-  This class includes otherwise structurally unrelated subfamilies. 


IL-17 cytokine 
 superfamily 


IL-17A-E  -  Contains five cysteines residues at their C-terminal ends, and 
 form a cysteine-knot-fold structure. 


Chemokines 


CCL-1 
 CXCL 1 
 CX3CL1 


-  Small molecules characterized by domains containing four 
 cysteine residues that secure a 3-dimensional structure. 


-  Their cell surface receptors are linked to G-proteins. 


-  -Divided into subgroups based on the spatial position of the 
 cysteine residues. 


Type 1 and type 2 
 hematopoietic 
 cytokines 


Type 1:  


IL-2, IL-3 and 
 IL-6 
 subfamilies 


Type 2: 


Interferons 
 and IL-10 
 subfamily 


-  Divided to type 1 and 2 based on their architecture of the 
 extracellular segments. 


-  Signal transduction occurs via JAK/STAT. 


-  Type 1 cytokines have a typical α-helix bundle structure. 


-  Receptors are often a ligand-specific binding protein, and a 
 signal-transducing protein, which is shared with other family 
 members. 


-  Sub-classification is based on the signal-transducing receptor 
 chain. 


Table 1: Classification of cytokine families based on structure (adapted from [20]) 


  



(21)Cytokines  Transmembrane signal 
 transducer 


Non-receptor tyrosine 
 kinase 


Transcription factor 


IL-2 cytokine family 
 IL-2 


IL-7 
 IL-9  
 IL-15 
 IL-4 
 IL-21 


Common gamma chain 
 (CD 131/IL-2RG) 


JAK1, JAK2 


STAT5 


STAT6 
 STAT1, STAT3 
 IL-6 cytokine family 


IL-6 
 IL-11 
 IL-27 
 LIF 
 CNTF 
 OCM 


Glycoprotein 130 
 (CD13/gp130) 


JAK1  STAT1, STAT3, STAT5 


IL-12 cytokine family 
 IL-12 


IL-23 
 IL-35 


IL-12Rβ1 or IL-12Rβ2 


WSX1 or gp130  JAK1, JAK2  STAT1, STAT3, STAT4 


IL-3/IL-5 cytokine family 
 IL-3 


IL-5 
 GM-CSF 


IL-5 receptor-β  JAK2  STAT5 


Table 2: An overview of the sub-families of type 1 hematopoietic cytokines. In the 
 table, the members of sub-families are listed together with proteins used for signal 
 transduction, used for tyrosine kinase and transcription factors [20]. 


1.3.1.  Interleukin 6 – family cytokines 


The IL-6 cytokine family has nine members, IL-6, IL11, IL-27, IL-31, oncostatin M 
 (OSM), ciliary neutrophilic factor (CNTF), Leukemia inhibitory factor (LIF) 


cardiotrophin 1 (CT-1) and cardiotrophin-like cytokine (CLC). All of the members have 
a four helix structure.  It is the largest group of cytokines that use the same receptor, 



(22)glycoprotein 130 (gp130) or the g130-like protein (IL-31R) for intracellular signaling. 


They only have a 10-20% sequence identity [21]. The IL-6 and the IL-12 cytokine 
 families resemble each other structurally and functionally; both have the helix bundle 
 structure, and the IL-12 family receptor subunits share a modular homology with 
 gp130.  


1.3.1.1. Interleukin-6 (IL-6) 


IL-6 consists of 184 amino acids that are glycosylated, as the molecular weight varies 
 depending on the amount of glycosylation (22-28 kDA) [22]. IL-6 can be found in all 
 organs, including the brain [23]. IL-6 was cloned and reported by Hirano et al. in 1986, 
 and mapped to 7p15-p21 chromosome [24].  


IL-6 is a cytokine produced by macrophages, Th2 cells, B cells, astrocytes, endothelial 
 cells, adipocytes and some tumor cells [25]. In acute inflammation, macrophages and 
 monocytes are the primary producer of IL-6, but T cells play that role in chronic 
 inflammation [26]. IL-6 levels in the blood of healthy individuals are in between 1-6 
 pg/ml [27]. IL-6 is secreted by skeletal muscles in response to exercise, and can be up 
 to 100-fold in serum and 500-fold in the muscle [28-30]. Inflammatory stimuli are the 
 main driver of IL-6 production. In the acute phase response, there is an increased 
 production of the acute phase protein, such as C-reactive protein (CRP), serum 
 amyloid P, ferritin, mannose binding protein and fibrinogen in the liver. This 


production is stimulated by IL-6 and IL-6, and CRP correlates in many studies [31].  IL-
6 and CRP have also been linked to mental depression, with a higher value giving a 
greater depression, although the causal direction and pathway are not known (does 
depression stimulate inflammation or does inflammation predispose depression) 
[32]. IL-6 has been correlated with the extent of tissue damage during surgery and 
evert outcome [33].  



(23)IL-6 has two different ways to initiate cell signaling, classic and trans-signaling. IL-6 
 stimulates by classic signaling, in which it binds to a membrane-bound IL-6 receptor 
 expressed in only a few cells (hepatocytes, neutrophils, monocytes, macrophages and 
 some lymphocytes) [34]. The alternative IL-6 trans-signaling is more generalized, and 
 binds the membrane signal-transducing receptor glycoprotein 130kDa (gp130) 
 through the sIL-6R. Hence, in short,  IL-6 promotes general inflammation [35]. Soluble 
 gp130 can bind to sIL-6 and prevent IL-6 from binding to sIL-6R, thereby inhibiting 
 trans-signaling [25]. Sgp130 presents in high serum concentrations, and under normal 
 circumstances the concentration is twice that of IL-6 [34]. 


Figure 1: IL-6 signaling. A) Classical signaling, which provides a docking site to STAT3, 
which is then phosphorylated and translocates to the nucleus; B) Trans-signaling. 



(24)IL-6 promotes a differentiation of immunocompetent cells, induces an acute phase 
 reaction and hematopoiesis [24, 35, 36]. IL-6 has also been shown to promote tumor 
 proliferation, metastases and symptoms of cachexia [25]. 


IL-6 has an effect on cancer progression by initiating three primary oncogenic 
 pathways, JAK/STAT3, Ras/MAPK and P13K-PkB/Akt signaling.  STAT3 regulates cell 
 proliferation, differentiation, apoptosis and angiogenesis by upregulating VEGF, 
 metastasis and drug resistance [24]. Ras/MAPK activation leads to cell proliferation, 
 differentiation, survival and apoptosis, in addition to angiogenesis by stimulation 
 VEGF. Through P13A/Akt IL-6, tumor cell proliferation, apoptosis, invasion and 
 metastasis are activated [24]. IL-6 has therefore many different pathways to affect 
 cancer development, and the drugs applied usually only works on one of these 
 pathways; therefore, one must attack cancer in more than one way. In the tumor 
 microenvironment, IL-6 negatively regulates apoptotic processes, thus making cells 
 more resistant to cell death [10]. 


High levels of IL-6 are suggested to be related to both worse outcomes and a higher 
 tumor burden in prostate cancer [37], lymphoma [38], melanoma [39] and RCC [40] 


among other cancer diseases. Regarding RCC, IL-6 is secreted from RCC  exposed to 
 hypoxia and hypothesized to result in RCC invasion [41]. In RCC, both serum IL-6 and 
 CRP have been associated with extended tumor stage, as well as grade, tumor burden 
 and metastatic progression [42]. In the same series, there was an association 


between a high s-IL-6 and a short time to the development of metastases. 


Furthermore, Dosquet et al. have shown in a univariate analysis that the absence of 
IL-6 in blood signaled a better prognosis [43]. In conclusion, substantial evidence 
supports IL-6 as a growth factor in RCC patients [40]. 



(25)1.3.1.2. Other IL-6 family cytokines 


The IL-6 family cytokine has several members, of which IL-11, CNTF, LIF, OSM, CLC, 
 CT-1, NNT-1 and IL-27 all share the membrane protein gp130. The receptor signaling 
 complexes for IL-6 and IL-11 contain a gp130 homodimer, whereas other family 
 members signal via a heterodimeric receptor complex containing gp130 [44]. IL-27 
 acts through a receptor consisting of IL-27Rα and gp130, which mediates signaling 
 mostly through STAT1 and STAT3, though similarly to IL-6. IL27-Rα is present on B, T 
 and natural killer cells, neutrophils, monocytes and mast cells, as well as in lower 
 levels in macrophages, hepatocytes, keratinocytes and endothelial cells [45]. IL-27 
 has demonstrated antitumor activity in prostate cancer, multiple myeloma, non-small 
 cell lung cancer and ovarian cancer cell lines [45]. In contrast, high serum levels of IL-
 27 in breast and gastroesophageal cancer are correlated with an advanced stage [45].  


 IL-11 has been studied in regard to ccRCC, and turned out to be an indicator of poor 
 prognosis [46]. One study published by Pu et al. [47] showed that two polymorphisms 
 in the IL-27 gene were associated with an increased risk for RCC [47]. To the best of 
 our knowledge, other members of the IL-6 family have not been a matter of 
 published RCC survival studies.  


1.3.2. IL-1 family cytokines 


The Interleukin-1 family consists of pro- and anti-inflammatory proteins that play a 
 key role in the innate immunity [48]. There are 11 members in the IL-1 family. Seven 
 of those members (IL-1α, IL-1β, IL-18, IL-33, IL36α, IL-36β and IL-36γ) are a pro-
 inflammatory agonist, and four (IL-1Ra, IL-36Ra, IL-37 and IL-38) exert anti-
 inflammatory activity [19].   


IL-1 and IL-1Ra are synthesized and release as a response to the same stimuli. Mice 
that are IL-1Ra-deficient have spontaneously exhibited chronic inflammatory 



(26)polyarthropathy [19]. IL-1 receptor activation (IL-1RA) is essential in the induction of 
 fever [48]. 


IL-18 is expressed by many inflammatory cell types, and is an inducer of interferon-γ 
 production. Its activity can be neutralized by an IL-18 binding protein, which binds to 
 IL-18 with a high affinity. IL-18 expression correlates with activity in inflammatory 
 diseases, such as Crohn’s and rheumatoid arthritis [19]. 


IL-33 exerts its function through its receptor ST2. In 2005, the ST2/ IL-1 receptor 
 ligand 1 was discovered to be IL-33 [49]. The IL-33R is released by macrophages, 
 fibroblasts and monocytes. The levels of soluble IL-33R are increased in many 
 inflammatory conditions, such as rheumatoid arthritis, systemic lupus erythematous, 
 asthma, trauma and sepsis [19]. IL-33R is a biomarker in cardiovascular disease, and 
 has a critical role in lung, liver and head and neck squamous cancer [50].  


IL-36 is a pro-inflammatory cytokine, which is a common mediator in the innate and 
 adaptive immune responses [19]. IL-37 (originally IL-7) is found in monocytes, tonsil 
 plasma cells and breast cancer cells, and also exerts anti-inflammatory functions [19]. 


IL-38 binds to the same IL-1 receptor as IL-1Ra, and is thought to play a role in the 
 pathogenesis of inflammatory diseases [19]. 


IL-1, tumor necrosis factor-alpha (TNFα) and IL-6 are all acute phase cytokines that 
 have been linked to cachexia in cancer [51]. Unfortunately, there is a sparse amount 
 of literature on IL-1 family cytokines and RCC [52].  


1.3.3. Other cytokines 


The transforming growth factor β (TGFβ) serum concentration is often raised in 
bladder and renal cell carcinoma, and is associated with poor prognosis. It can be 
produced by tumor cells [52]. 



(27)Interleukin-2 is mainly produced by CD4+ and CD8+ dendritic cells and natural killer 
 cells. IL-2 has been known for over 35 years, with IL-2R consisting of three subunits. 


IL-2 is essential for the development of Treg cells. IL-2 is a B cell growth factor, 
 stimulates antibody synthesis and stimulates the proliferation and differentiation of 
 natural killer cells, thereby increasing their cytolytic functions [19]. 


IL-8 is induced by TNF-α and IL-1 and is produced by RCC cancer cells, but has not 
 been linked to worse outcomes [52]. 


Interleukin-10 is upregulated by TGFβ, and is usually immunosuppressive. IL-10 
 inhibits major inflammatory cytokines like IL-1, IL-6, IL-12 and TNF-α, while IL-6 
 stimulates IL-10 in some cancer cells such as RCC. Circulating IL-10 is therefore raised 
 in RCC, and has been associated with a worse prognosis [52].  


Interferon-α can be produced by all nucleated cells, and all cells can respond to 
 interferon. Interferon-α is critical to the stimulation of dendritic cells and the 


activation of naïve T cells, B-cell development and antibody production. High levels of 
 interferons have been found in patients with autoimmune disease [19]. 


Several cytokines have a decreased serum value in RCC, e.g., interferon α and IL-12 
 [52]. Cytokines have a relatively long half time of elimination (6-15 hours for IL-6) 
 [53]. 


1.4. C-reactive protein (CRP) 


CRP is an acute phase protein (206 amino acids and a molecular weight of 23 kDa), 
 which is a well-established inflammatory marker, and is increased in inflammation, 
 injury and infections. CRP is the only acute phase biomarker used as a routine in 
 clinical practice [9]. It was discovered in 1930 in patients with pneumococcal 


pneumonia, and got its name because of its reaction to the cell wall of pneumocollcal 
C polysaccharide [11]. CRP can be found in several isoforms, and is usually a non-



(28)glycosylated protein with one disulfide bond and a ligand-binding surface that binds 
 two calcium ions. The pentameric isoform of hepatic origin is the one that is mostly 
 seen in plasma [8]. 


CRP is produced by hepatocytes stimulated by IL-6, but is not sufficient alone. 


Interleukin-1 and TNF also stimulate CRP synthesis [54]. There are other cells that can 
 release CRP, such as smooth muscle cells, macrophages, endothelial cells, 


lymphocytes and adipocytes to name just a few [8]. Some renal cancer cells are able 
 to produce CRP [11]. CRP has a half-life of 19 hours [54]. CRP has been studied in a 
 wide variety of diseases. CRP can be increased in inflammatory diseases like 
 rheumatoid arthritis, psoriasis and endocarditis, as well as in diseases such as 
 Alzheimer’s, cardiovascular disease and depression [55]. CRP has a tendency to be 
 higher in those who are older, and has been correlated to aging and frailty [8]. 


Moreover, inflammation is associated with obesity, smoking and type 2 diabetes [8]. 


CRP has been associated with a higher mortality in 90% of published articles on solid 
 tumors and CRP, mostly in gastrointestinal malignancies and kidney cancer. It has 
 been shown that a high CRP predicts a worse prognosis in lung, pancreas, 


hepatocellular and bladder cancers [54]. 


CRP in kidney cancer has been related to a worse survival, both with OS and CSS [55]. 


A systematic review from 2015 showed that CRP was a prognosticator in 90% of the 
 studies on RCC, in addition to being a strong predictor of survival in a multivariate 
 analysis. There has been few studies on tumor recurrence and prognosis, but those 
 that have been done have shown that CRP was predictive [54].The Glasgow 


Prognostic score is a score based on CRP: albumin ratio, in which a high CRP and low 
albumin yields the highest score. The score has been shown to predict an adverse 
prognosis for patients with both operable and inoperable solid tumors [8]. 



(29)1.5. von Hippel Lindau 


The relationship between clear cell RCC and von Hippel Lindau (VHL) disease is well 
 known. The loss of VHL function is present in 60–80% of sporadic clear cell RCC [56]. 


It is a tumor suppressor gene that encodes the VHL protein, which in a normal state 
 targets hypoxia-inducible transcription factors (HIF). HIF regulates the vascular 
 endothelial growth factor (VEGF). Under hypoxic conditions, HIF is upregulated, 
 whereas the VHL protein degrades it. When the VHL protein is defective, HIF 
 accumulates and increases the expression of VEGF [56, 57]. HIF can also directly 
 inhibit tumor apoptosis in RCC [58]. 


1.6. Vascular endothelial growth factor (VEGF) 


VEGF was originally discovered as a vascular permeability factor secreted by tumor 
 cells that augmented vascular leakage [59]. VEGFs represent a family of peptides 
 important for embryo development, angiogenetic homeostasis among adults and 
 wound healing [59]. VEGF-A (23 kDA) is considered the single most important 
 molecule that regulates vascular development and angiogenesis in the adult. It 
 primarily binds to VEGF receptor 2 (VEGFR 2), but also to VEGFR 1 and non-
 tyrosine kinase neuropilin-1. VEGFR 2 is a tyrosine kinase receptor with an 
 extracellular ligand-binding domain, a transmembrane domain that facilitates 
 dimerization and an intracellular kinase domain activated on ligand binding. This 
 leads to a comprehensive intracellular signaling. VEGF-A mediates its effect on 
 endothelium via VEGFR 2 [60]. VEGF is considered to be a primary tumor 


promoting cytokine in RCC development [61-63]. However, this signaling has been 
 suggested to be targeted with drugs in many cancer types in addition to RCC, such 
 as breast cancer, colorectal cancer, non-small cell lung cancer and ovarian cancer 
 [64]. The tyrosine kinase receptor MET and its signaling reduces the response to 
 VEGFR inhibitors, and is therefore involved in resistance in ccRCC [58].  


Circulating levels of VEGF have been shown to be higher in RCC patients compared 
to non-cancer patients [63], not to mention being higher in those with metastatic 



(30)RCC [65]. One study has suggested that levels over 250 pg/ml are associated with a 
 more aggressive disease [66]. VEGF at generally high concentrations in the blood 
 may also function as a growth factor for RCC metastases. 


Several papers have demonstrated that metastatic RCC patients with elevated 
levels of serum VEGF are more likely to respond to VEGF-targeted therapy [66, 67], 
including Fujita et al., who demonstrated an increased recurrence of clear cell RCC 
among patients with high levels of serum VEGF [68].  



(31)"The kidneys are not present for necessity in animals but have the function of 
 perfecting the animal itself" Aristotle (384-322 BC). 


1.7. Epidemiology of Renal Cell Cancer 


Renal cell carcinoma (RCC) is the sixth most frequently diagnosed cancer in men and 
 the 10th in women. It represent 5% and 3% of all cancers in men and women, 
 respectively [69]. In 2019, the overall incidence of RCC in Norway was 7.7 % (3.4% 


and 1.7 %, for men and women, respectively). In 2018, the mortality rate was 2.3 % of 
 overall cancer mortality. Between 1995 and 2019, median age at diagnosis decreased 
 from 70 years to 67 years [70]. There is a large difference in the reported incidence of 
 RCC worldwide. Developed countries have a significantly higher incidence (Figure 2). 


Figure 2: Worldwide incidence rate (age-standardized) of RCC for both sexes. 


Numbers are expressed per 100,000 [71]. 


  


In recent years, the incidence of RCC has been rising and this is largely as a result of 
the increase in the incidental detection on imaging performed for other purposes 



(32)[72]. Nevertheless, this increase has not caused an increase in mortality, as shown in 
 Figure 3. Indeed, over the past two decades, there has been an improvement in the 
 5-year survival rate from 50-74% [69]. This improvement in survival is considered 
 multifactorial and can be explained to an extent by stage migration, an increasing 
 incidence of clinical stage T1, and that T1 tumors are getting smaller (3.6 cm in 2003 
 vs 4.1 cm in 1993) [73]. Cases of primary metastatic RCC have been stable but the 
 percentage has gone down because of the increasing incidence of RCC. Other reasons 
 for the improved survival is the advancement in both surgical techniques and medical 
 therapies [74]. 


Figure 3: Kidney cancer trends in incidence and mortality rates and 5-year relative 
 survival proportion in Norway, from Cancer in Norway 2019 [70]. 


1.8. Risk and genetic factors  


RCC has a few well-documented risk factors including increasing age, obesity, 


hypertension, kidney disease and smoking [75]. Type 2 diabetes has been linked to an 
increased incidence of RCC in women (HR 1.6; 95% CI 1.19-2.17) [76]. In the same 
study by Joh et al, the authors found that women with obesity, hypertension and 
type 2 diabetes had four times the risk of developing RCC compared to healthy 



(33)women. In the Vitamin and Lifestyle (VITAL) study, there was a gender difference in 
 univariate analysis, though not in multivariate analysis [75]. 


The difference in incidence observed in developed countries is partly caused by 
 Westernization and the associated increase in the metabolic syndrome, which 
 consists of obesity, hypertension and type 2 diabetes [76]. 


Hereditary renal cell carcinoma is implicated in approximately 3% of all RCC cases and 
 is usually inherited in an autosomal dominant manner [77]. There are a few 


syndromes, which predispose individuals to develop RCC. The most well studied is 
 von Hippel-Lindau (VHL) syndrome, which carries an estimated 70% risk for 
 developing clear cell RCC. The incidence of von Hippel-Lindau is 1/30,000 and it 
 consists of retinal and central nervous haemangioblastomas, in addition to clear cell 
 RCC [77].  


Birth-Hogg-Dubé syndrome is a mutation in the FLCN gene, however, the underlying 
 process is not fully understood. The syndrome leads to fibrofolliculomas, lung cysts, 
 pneumothorax and RCC. The risk of developing RCC is 25%. The hybrid chromophobe 
 is the most common histological finding [77]. 


Hereditary leiomyomatosisis has an estimated 15% risk of RCC, papillary type 2. The 
 incidence for this is 1/200 and it is caused by mutation in the FH gene. Patients with 
 this mutation have a more aggressive cancer and typically develop metastasis disease 
 at a young age (mean age 41 years) even when the tumors are small.  


Patients with these mutations should undergo annual surveillance in the form MRI or 
ultrasound. The treatment strategy for patients with VHL and Birth-Hogg-Dubé 
syndrome is to treat tumors that are 3 cm or larger. However, this is not the case for 
hereditary leiomyomatosis whereby current guideliens recommend treatment for 
tumors of all sizes [77]. 



(34)Other rare syndromes include succinate dehydrogenase-related RCC, hereditary 
 papillary RCC, hereditary BAP1-associated RCC and constitutional chromosome 3 
 translocation [77]. 


1.9. Diagnostic work up 


Historically, diagnosis of kidney cancer relied on clinical findings with the the classical 
 triad of macroscopic haematuria, flank pain and an abdominal mass. A disseminated 
 disease could be suspected in cases of systemic stigmata such weight loss, fever, 
 night sweats and malaise. In the modern era, the majority of patients are diagnosed 
 incidentally due to imaging for other clinical reasons. O’Conner at al. reported 
 findings from 3,001 consecutive CT colonographic examinations and found a >1 cm 
 renal lesion in 14.4% of the cases [78]. At our institution, 47% of patients diagnosed 
 with RCC had presented with the abovementioned symptoms. 42% of these cases 
 had reported macroscopic haematuria while 37% had systemic symptoms of the 
 cases [79]. 


CT is an essential component of the pre-operative work-up, both in regard to ruling 
 out metastasis and to treatment planning. There are many scoring systems used to 
 evaluate kidney tumors. R.E.N.A.L score is composed of the radius of the tumor, if it is 
 endophytic/exophytic, the nearness to the sinus or collecting duct, anterior or 
 posterior and location relative to the polar line [80]. Another one is PADUA 


(preoperative aspects and dimensions used for an anatomical), which is used for the 
 classification of tumors in patients who are candidates for partial nephrectomy. 


Tumors are allocated points based on size, polar location, exophytic/endophytic 
 status, relation to the renal rim, involvement of the renal sinus and urinary collecting 
 system and anterior/posterior location. A higher score indicates the patient will be 
 technically demanding to operate on compared to a patient with a lower score [81]. 


Other scoring systems like the C-Index and Renal tumor contact surface area are not 
as widely used as R.E.N.A.L. and PADUA [82, 83]. 



(35)Currently there are no tumor markers specific for RCC, which are routinely used in 
 the diagnostic work-up. Thus, there is a need for both diagnostic and prognostic 
 markers in renal cell cancer. This could help avoid the overtreatment of small RCCs 
 [84]. 


1.10. Classification/prognostic factors 
 1.10.1 Histopathological classification 


In the last decade there have been significant changes in RCC classification, which 
 includes the 2012 International Society of Urological Pathology (ISUP) Vancouver 
 classification and the 2016 WHO classification [85]. RCC originates from the 
 epithelium, and accounts for >90% of cancers occuring in the kidney [86]. 


Figure 4: a) Clear cell RCC, b) Papillary RCC type I, c) Chromophobe RCC. (By courtesy 
 of Dr. Leif Bostad) 


1.10.1.1 Clear cell renal cell carcinoma (ccRCC) 


Clear cell RCC is the most common subtype (approximately 70%) [87]. As 
 aforementioned, there is a loss of function in the VHL gene, which regulates 
 angiogenesis, glycolysis and apoptosis. As a result, ccRCCs are highly vascularized as 
 well as rich in lipids and glycogens [86]. 


Macroscopically, these tumors appear yellow with frequent hemorrhagic, cystic and 
 necrotic areas, as well as being rich in clear cytoplasm surrounded by a vascular 


A  B  C 



(36)network (Figure 4a). Traditionally, the grading system historically applied for ccRCC 
 and papillary RCC is Fuhrman grading, which defines four nuclear grades (1-4) and a 
 higher score correlates with increasing nuclear size, nucleolar prominence and 
 irregularity [86]. This grading system has been revised and is now called the 
 WHO/ISUP grading system [88]. 


  


1.10.1.2. Papillary renal cell carcinoma 


Papillary renal cell carcinoma accounts for 15-20% of RCC [87].This subtype originates 
 from the renal tubular epithelium and is typically found in patients with end-stage 
 kidney disease or acquired cystic disease. Macroscopically, the tumor can have 
 various colors from gray, yellow and dark brown, and usually with hemorrhaging. 


Microscopically, the tumor has a prominent pseudo-capsule, which is composed of 
 papillae formed by fibro vascular cores that contain foamy macrophages and 
 psammoma bodies (Figure 4b) [88]. 


Papillary renal cell carcinoma is divided into type 1, which has papillae covered by 
 cells with nuclei in a single layer and type 2, which is characterized by nuclear 
 pseudostratification [88]. 


1.10.1.3. Chromophobe renal cell carcinoma 


Chromophobe renal cell carcinoma accounts for 5-7% of RCC and most tumors are 
 sporadic. Macroscopically, the tumor is brown in color with a central scar. They are 
 also usually bigger than the other subtypes (mean size 7 cm) [88].  


Microscopically, there is predominance of large pale cells, with reticular cytoplasm 
and a prominent cell membrane (Figure 4c) [88]. In tumors ≤T2a, chromophobe renal 
cell carcinoma is at a low risk of developing metastasis [89] the prognosis is excellent 
[90]. 



(37)1.10.1.3. Other types 


Collecting duct carcinoma is rare (1-2% of RCC) and arises from the collecting ducts of 
Bellini. Renal medullary carcinoma is a rare but aggressive form of RCC and further 
subtyoes do exist and account for less than 1% of RCC [88]. 



(38)1.10.2. TNM - classification and stage 


The tumor node metastasis classification used is from 2010, revised and updated in 
 2016 (Table 3). 


T - Primary tumor 


Tx  Primary tumor cannot be assessed 


T0   No evidence of primary tumor 


T1  Tumor ≤7 cm, limited to the kidney 


T1a  Tumor ≤ 4 cm 


T1b  Tumor > 4 cm, but ≤ 7 cm 


T2  Tumor > 7 cm, limited to the kidney 


T2a  Tumor > 7 cm, but ≤ 10 cm 


T2b  Tumor > 10 cm 


T3  Tumor extends into major veins or surrounding 


tissue, but not to the adrenal gland or beyond Gerota 
 fascia 


T3a  Grows into the renal vein or its branches, or invades 
 perirenal and/or renal sinus fat 


T3b  Tumor invades the vena cava below the diaphragm 


T3c  Tumor invades the vena cava above the diaphragm, 


or invades its wall 


T4  Tumor invades beyond Gerota fascia 


N - Regional lymph nodes 


Nx  Regional lymph nodes cannot be assessed 


N0  No lymph node metastasis 


N1  Lymph node metastasis 


M- Distant metastasis 


M0  No distant metastasis 


M1  Distant metastasis 


Table 3: TNM classification from 2016 American Joint Committee on Cancer [91, 92]. 



(39)Stage is a prognostic marker in RCC and is composed of the elements displayed in 
 Table 4. 


Stage I  T1  N0  M0 


Stage II  T2  N0  M0 


Stage III  T1-2  N1  M0 


T3  Any N  M0 


Stage IV  T4  Any N  M0 


Any T  Any N  M1 


Table 4: Stage grouping according to Union Internationale contre le Cancer/American 
 Joint Committee on Cancer [91]. 


1.10.3. Prognostics scores and nomograms 


The TNM staging system is the most utilized tool for prognostic information where 
 higher stage, lymph node and metastatic correspond to worse CSS [93]. The 
 nomograms employed incorporate a multitude of measurements such as factors 
 affected by systemic inflammation (e.g., thrombocytosis, neutrophil/lymphocyte 
 ratio, monocyte/lymphocyte ratio and platelet/lymphocyte ratio). Other commonly 
 used measurements include hypercalcemia, elevated CRP, erythrocyte sediment 
 ratio, ALP, LHD and lowered hemoglobin are predictive of survival. 


1.10.3.1 Preoperative nomograms for non-metastatic RCC 


In 2009, Karakiewicz et al published a nomogram based on 2474 patients who 
underwent radical or partial nephrectomy between 1984 and 2006. It includes age, 



(40)gender, clinical stage, presence of metastases, tumor size and symptoms. In patients 
 without metastasis at time of surgery, this model predicts a CSS of 91 % at 1 year 
 after surgery, 84 % at 2 years, 75 % at 3 years and 75% at 5 years [94].  


Raj et al established a nomogram, which predicts metastatic free survival. The score 
 is based on age, gender, radiological size, symptoms, evidence of necrosis and lymph 
 nodes on CT (Figure 5)[95].  


Figure 5:  Preoperative nomogram by Raj et al [95]. 


1.10.3.2 Postoperative nomogram for radically treated local disease 


There have been many nomograms developed to stratify patients into risk groups and 
allow a tailored follow up schedule to be delivered accordingly. The most common is 
the University of California Los Angeles Integrated Staging System, which is based on 
stage, grade and ECOG [96, 97]. SSIGN (Stage, size, grade and necrosis) is based on 
stage, tumor size, nuclear grade and tumor necrosis [98]. The Leibovich score 
includes tumor stage, regional lymph node status, tumor size, nuclear grade and 



(41)tumor necrosis. Patients are divided into three groups to estimate the risk for 
 developing metastasis [99]. The Leibovich score has been validated at our institution 
 [100]. The updated Leibovich scoring system now distinguishes between different 
 histological types.  Kattan is a nomogram based on patients’ symptoms, histology 
 subtype, tumor size and stage. Each variable carries weighted score and a higher end 
 score correlates to a poorer recurrence free survival [101]. In developing these 
 nomograms, many factors were assessed. Those, which became part of the final 
 version held a predictive value for survival and progression. 


1.10.3.3 Prognostic nomogram for metastatic disease 


Patients with metastatic disease are classified into different risk groups and the 
treatment is tailored accordingly. The International Metastatic RCC Database 
Consortium criteria (Heng criteria) and the Memorial Sloan Kettering Cancer Center 
score (MSKCC or Motzer score) are widely used and both have undergone external 
validation [102, 103]. Both scoring systems include ECOG >1, > 1 year from diagnosis, 
anaemia and hypercalcemia. Neutrophilia and thrombocytosis are included in the 
Database Consortium criteria and LDH forms part of the MSKCC. Both systems have 
three groups: favorable (no factors), intermediate (one or two factors) and poor 
(more than three factors) [104]. These systems correlate with a concordance index of 
0.657 [102].   



(42)Heng  MSKCC 


ECOG  >1  Not included 


Time from diagnosis to 
 metastasis 


< 1 year  < 1 year 


Hemoglobin level  <normal  <normal 


Serum calcium  >normal  > 10 mg/dL 


Neutrophil count  >normal  Not included 


Platelet count  >normal  Not included 


LHD  Not included  >1.5 upper limit of normal 


Table 5: Comparison between International Metastatic RCC Database Consortium 
 Criteria (Heng) and Memorial Sloan Kettering Cancer Center Score. Interpretation: No 
 risk factor- Good risk; 1-2 risk factors- Intermediate risk; >3 risk factors- high risk. 


1.11. Treatment 
 1.11.1. Surgery 


Surgery is the gold standard treatment for localized RCC. In the past two decades we 
 have witnessed a revolution in surgical techniques for this disease process. 


Historically, radical nephrectomy was the mainstay intervention while partial 
 nephrectomy was only indicated in selected cases. Contemporary treatment options 
 are more diverse and individualized as discussed below. 


1.11.1.1 Partial nephrectomy 


European Guidelines recommend partial nephrectomy  whenever feasible for tumors 


≤ 7 cm, as long as one can maintain negative surgical margins, functional preservation 
 and minimal complications [105]. This method provides a CSS equal to radical 


nephrectomy, but preserves renal tissue and thereby reduces the risk of developing 



(43)metabolic issues or hypertension [106].  Candidates for partial nephrectomy are 
 selected by tumor size, tumor localization and comorbidity status.   Solitary 
 functioning kidney and/or reduced kidney function represent strong indications for 
 partial nephrectomy in order to reduce the risk of developing end stage kidney 
 disease (ESKD) [107].  


There is an increasing use of scoring systems such as R.E.N.A.L score and PADUA, 
 which have been previously mentioned. Higher scores indicate greater tumor 
 complexity and therefore performing partial nephrectomy will be demanding [80, 
 81]. With reference to partial nephrectomy, these scoring systems have shown a 
 predictive value in regard to surgical complications including bleeding or damage to 
 the adjacent organs [80, 81, 83]. While partial nephrectomy was previously 


performed using an open approach, the first laparoscopic procedure of this kind was 
 reported in 1994 [108]. Following the introduction of laparoscopic radical 


nephrectomy, the application of open partial nephrectomy initially declined, 
 however, it has been increasing since 2000 [109]. A major contributing factor to this 
 shift has been the introduction of the robot-assisted technique in 2003. The latter 
 enables greater instrumental flexibility compared to a purely laparoscopic method. 


Furthermore, improvements in surgical technique have allowed carefully selected T2 
 tumor cases to also be possible candidates for partial nephrectomy [110, 111].  


1.11.1.2 Radical nephrectomy 


Radical nephrectomy is preformed when partial nephrectomy is not feasible. The 
indications for radical nephrectomy in localized disease are central tumors, tumors in 
non- functioning kidneys or minimal kidney tissue to spare and large tumors, which 
are not suited for partial nephrectomy. Radical nephrectomy can be performed using 
both a minimally invasive and an open technique. The former results in shorter 
hospital stay, reduced analgesic requirement and a shorter convalescence period 
compared to the open technique. However, the latter does carry the advantage of 



(44)shorter operations time [112]. At 2 years of follow up, Health related quality of life is 
 reported to be similar in both groups [113]. In addition to this, radical nephrectomy is 
 indicated in locally advanced disease, e.g., with renal vein involvement or caval 
 thrombosis and in the presence of lymph node metastasis. In most centers this is 
 done using an open technique, however, in specialized centers there is a developing 
 experience with a robot-assisted technique [114, 115].  


Outcomes after RCC surgery are also related to volume of both the surgeon and the 
 center [116]. In a Norwegian study, one there was a significant difference between 
 low volume hospitals (<20 cases/year) and high-volume hospitals (≥40 cases/years) in 
 regard to use of minimally invasive technique and partial nephrectomy. Low volume 
 hospitals performed fewer partial nephrectomies and more open surgeries compared 
 to high volume centers. Low volume centers also reported a higher 30-day mortality 
 [116]. 


1.11.1.3 Cytoreductive nephrectomy 


Cytoreductive radical nephrectomy was established in the era of interferon and 
 interleukin therapy, where it was shown to render a survival benefit of 3-6 months 
 [117]. After the introduction of targeted therapy as first-line therapy for metastatic 
 RCC, the role of cytoreductive surgery is now under question [118].  


The CARMENA study is a non-inferiority study, which randomized metastatic RCC 
 patients into two groups; those operated with cytoreductive nephrectomy followed 
 by sunitinib and those only receiving sunitinib. There was no difference in OS 
 between these groups [118]. The results from SURTIME revealed that cytoreductive 
 nephrectomy followed by sunitinib did not affect progression free survival [119]. 


In metastatic patients, with low metastatic burden and therefore not in immediate 
need for systemic treatment, cytoreductive nephrectomy has demonstrated an OS 
advantage and is still recommended [120]. 



(45)There is ongoing study evaluating the feasibility of cytoreductive surgery in 
 metastatic RCC and the results are awaited on the effect of immune checkpoint 
 inhibitors in this setting.  


Cytoreductive surgery can serve as a palliative option in patients with severe 
 bleeding, pain and paraneoplastic syndrome. In some cases embolization and 
 radiation are treatment strategies which are used for palliation and local control. 


1.11.1.4 Local therapy of metastasis 


Local metastasectomy is recommended in European Guidelines when complete 
 resection is achievable because of an increased OS and CSS [93]. In bone metastasis 
 one can also utilize radiotherapy, stereotactic radiation in pulmonary metastasis and 
 stereotactic radiosurgery in the brain [93]. Advanced treatments strategies should be 
 discussed in a Multidisciplinary meeting in the setting of a specialized center.   


1.11.1.5 Adjuvant therapy 


Many regimes have been attempted in an adjuvant setting, but currently there is no 
universal consensus regarding which should be recommended as the standard of 
care. The S-TRAC trial has been the one that is most promising, in which patients 
were randomized (≥ pT3) to sunitinib vs. placebo, while in the treatment group DFS 
was 6.8 years compared to 5.6 years in the placebo group. The ASSURE study did not 
show any difference between placebo and sorafenib, but they included all RCC 
subtypes, not only ccRCC as S-TRAC, and included ≥pT1b. PROTECT (paxopanib) and 
ATLAS (axitinib) studies have shown no gain in the adjuvant setting compared to the 
placebo [121]. There are ongoing studies on adjuvant immunotherapy that have not 
published and are anticipated to be reported in 2021-22 (Trial nr. NCT03024996). 



(46)1.11.2. Ablation 


The most commonly used ablative techniques are cryoablation and radiofrequency 
 ablation. Their application is suitable for small tumors (< 4 cm) and deliver a CSS 
 comparable to surgery in this setting [122]. Typical candidates for these ablative 
 techniques are elderly patients and those with a poor performance status [105]. 


According to American Guidelines however, these techniques  are recommended for 
 tumors < 3 cm [123]. Radiofrequency ablation carries a shorter procedural time 
 compared to cryoablation. Both techniques do not require general anesthesia, with 
 cryoablation being more favorable for larger tumors than radiofrequency ablation. 


Cryoablation is also associated with a higher risk of bleeding [124]. The size limits are 
 being pushed for ablative techniques, such as in surgery, as new studies arising on 
 T1b tumors reveal that both methods have the same CSS and complication rate.  


Cryoablation is superior in regard to primary success rate, as more patients needed 
 more than one treatment session in the radiofrequency ablation group [125]. Follow-
 up on patients can be difficult because separating a local recurrence from post 
 ablative damage is challenging. Novel techniques are in constant development, such 
 as microwave ablation, irreversible electroporation, stereotactic ablative 


radiotherapy and high-intensity ultrasound [124, 126].  


1.11.3. Observation   


In the context of an ageing population worldwide and the inexorable rise of small 
 renal mass diagnoses, the relevance of active surveillance is becoming more 


prominent. Small renal masses are solid, contrast enhancing tumors on CT, which are 


<4 cm and account for 66% of renal tumors [127]. The majority of small renal masses 
grow slowly (0.25 cm/year) and almost 30% do not grow at all [128]. Moreover, 
studies have shown that between 20-30% of small renal masses are benign [129, 
130]. 



(47)Active surveillance is considered a safe option in comorbid patients with tumors < 4 
 cm [131-135]. By using active surveillance, it seems that one does not limit treatment 
 options for the patients that need intervention [134, 135]. Patients with small renal 
 masses and cardiovascular risks are more likely to die of causes other than RCC [136]. 


There is no international consensus regarding whether a biopsy should be performed 
 prior to inclusion into active surveillance, or how the follow-up schedule should be 
 tailored. In the US and Canada, follow-up consists of CT/MRI every three months for 
 the first year, every six months for the following two years and annually thereafter 
 [123, 129, 137]. The triggers for leaving active surveillance are tumor growth >0.5 
 cm/year, tumor size >4 cm (3 cm in USA) or changes in patient factors. The EAU 
 Guidelines have no clear follow-up schedule or triggers to move out of active 
 surveillance [93]. Active surveillance  is also becoming an option in tumors <1 cm in 
 otherwise healthy individuals [130]. 


1.11.4. Systemic treatment 


A quarter of patients have metastatic disease at diagnosis, whereas one-third of 
those who undergo radical treatment go on to develop metastasis [138]. Over the 
past 20 years, there has been a marked change in systemic therapy strategies for 
metastatic RCC - from high dose interleukin 2 and interferon, which have been used 
since the 1990s, to further immunotherapy and targeted therapy [86]. 



(48)Table 6: Treatment strategy for metastatic RCC, EAU Guidelines. A) First line and 
second line [139]; B) Later line therapy [93].  



(49)1.11.4.1. Immunotherapy 


Immunotherapy has been applied in the setting of metastatic RCC for several decades 
 and research has fueled its continued evolution. The first regime applied was IL-2 
 therapy. IL-2 is a growth factor necessary for T-cell growth and activation, with 
 exogenous IL-2 modulating the immune response [140]. High-dose IL-2 delivered a 
 benefit to relatively healthy patients with a favorable disease biology (clear cell, with 
 no papillary or granular features). Some patients did achieve complete remission, 
 which lasted for decades [141]. The response rate was originally 15% (37/255), in 
 which 17 patients had a complete response and 20 a partial response, while 60% of 
 those had a more than 90% reduction in tumor burden [142]. High-dose IL-2 has 
 severe toxicity, primarily capillary leak syndrome, which causes oliguria, hypoxemia, 
 edema, hypotension and tachyarrhythmia. More general side effects are fever, 
 nausea, diarrhea and sepsis [143].  


The response rate today is 25%, which is largely due to stricter patient selection for 
 IL-2 therapy (Memorial Sloan Kettering Cancer Center intermediate risk profile, 96% 


ccRCC, and 99% have had a prior nephrectomy) [144]. When considering HD IL-2 as a 
 second or third line of therapy, it is recommended to wait 8-12 weeks before 
 initiating HD IL-2 because of cardiac toxicity [145]. 


Another regime is interferon α has an anti-proliferative and immune stimulatory 
 activity [141]. It has been used as a monotherapy before the era of targeted 


therapies. In the initial clinical trials, interferon α was used in the control group [146, 
 147], though it is not used much in current clinical practice. It is approved in 


combination with bevacizumab, in which the response rate was demonstrated to be 
 higher than interferon α alone [141]. 


In the last couple of years there has been a new kind of immunotherapy in 
 development, which is based on the programmed death-1(PD-1) and its ligand. 


Nivolumab is fully humanized IgG4 PD-1 inhibitor antibody, which blocks the 
interaction between PD-1 (on activated T cells) and PD-1 ligand (expressed on 
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