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Ágrip 

Inngangur: Langvinn skerðing á nýrnastarfsemi er þekktur fylgikvilli brottnáms á nýra. Því hefur færst 

í vöxt að framkvæma hlutabrottnám þegar um lítil nýrnafrumukrabbamein er að ræða. Tilgangur 

rannsóknarinnar var að bera saman nýrnastarfsemi eftir hluta- og heildarbrottnám á nýra.  

 

Efniviður og aðferðir: Afturskyggn rannsókn á öllum þeim 44 sjúklingum (meðalaldur 60 ár, 64% 

karlar) sem gengust undir hlutabrottnám vegna nýrnafrumukrabbameins á Íslandi á tímabilinu 2000-

2010. Í samanburðarhópi voru 44 sjúklingar (meðalaldur 65 ár, 52% karlar) á sama TNM-stigi sem á 

sama ári höfðu gengist undir heildarbrottnám á nýra. Reiknaður var út gaukulsíunarhraði (GSH) og 

forspárþættir nýrnaskerðingar metnir með fjölbreytugreiningu. Miðgildi eftirfylgdar var 44 mánuðir. 

 

Niðurstöður: Lítil æxli (undir 4cm) voru ábending hlutabrottnáms í 64% tilfella en 16% sjúklinga höfðu 

stakt nýra og önnur 16% þekkta nýrnaskerðingu fyrir aðgerð. Hóparnir voru sambærilegir hvað varðar 

TNM-stig og tímalengd eftirfylgdar en meðalaldur og ASA-flokkun voru hærri í viðmiðunarhópi. GSH 

fyrir aðgerð var sambærilegt í báðum hópum en marktækt hærra 6 mánuðum frá aðgerð hjá 

sjúklingum sem gengust undir hlutabrottnám (59 mL/mín sbr. 45 mL/mín (p <0,001). Fjölbreytugreining 

sýndi að heildarbrottnám lækkaði GSH (-12.6 mL/1.73 m2, p <0.001) og áhætta á langvinnri 

nýrnaskerðingu var aukin samanborið við hlutabrottnám (OR=3.07, 95% CI 1.03–9.79, p=0.04). 

Staðbundin endurkoma krabbameins greindist í hvorugum hóp. Fimm ára lifun (Kaplan-Meier) reyndist 

100% eftir hlutabrottnám og 65% eftir heildarbrottnám (log-rank próf, p <0.001). 

 

Ályktanir: Gaukulsíunarhraði var marktækt lægri eftir heildarbrottnám og áhætta á langvinnri 

nýrnaskerðingu þrisvar sinnum meiri en við hlutabrottnám. Niðurstöður benda til þess að 

hlutabrottnám verndi nýrnastarfsemi án þess að auka endurkomutíðni nýrnafrumukrabbameins. 
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  Abstract 

Introduction: The aim of this retrospective study was to compare renal function in a population-based 

cohort of renal cell carcinoma (RCC) patients who underwent partial (PN) or radical nephrectomy 

(RN). 

 

Materials and methods: Forty-four consecutive RCC patients (mean age 60 years, 64% male) who 

underwent PN in Iceland between 2000 and 2010 were compared with 44 TNM-matched controls 

(mean age 65 years, 52% male) who underwent RN during the same period. Estimated glomerular 

filtration rate (eGFR) and survival were calculated, and predictors of chronic kidney disease (CKD) 

were evaluated with multivariate analysis. 

 

Results: In 16 cases (36%), PN was performed for imperative reasons (single kidney, reduced kidney 

function, or bilateral kidney tumours) but 28 patients had a normal contralateral kidney. The groups 

were similar regarding preoperative eGFR, median follow-up, and TNM stage, but age and ASA score 

were significantly higher in the RN group. Six months after surgery, eGFR was significantly higher in 

the PN group. By multivariate analysis, RN contributed negatively to eGFR six months after surgery  

(-12.6 mL/1.73 m2, p <0.001) and increased the risk of new-onset chronic kidney disease (CKD) 

compared to PN (OR=3.07, 95% CI: 1.03–9.79, p=0.04). At a median follow-up of 44 months, no 

patients in either group had a recurrence of RCC. The 5-year overall survival (Kaplan-Meier) was 

100% in the PN group and 65% in the RN group (log-rank test, p <0.001). 

 

Conclusion: eGFR was significantly lower after RN, and these patients were three times more likely 

to develop new-onset CKD. Our findings suggest that PN successfully preserves kidney function 

compared to RN with good oncological outcome and survival. 
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1 Introduction 

Renal cell carcinoma (RCC) is the most common malignant tumour arising in the kidney, and 

it comprises around 85% of tumours originating in the kidney. The widespread use of cross-

sectional imaging has led to an increase in the incidence of RCC, with a larger percentage of 

patients being diagnosed incidentally with small tumours. The traditional treatment for RCC 

was removal of the affected kidney, but recently alternative treatments such as partial 

nephrectomy (PN) have gained interest because reduced renal function following radical 

nephrectomy (RN) can affect long-term survival. 

1.1 Epidemiology and risk factors 
The incidence of RCC has been steadily rising for two decades, although a plateau is now 

seen in many western countries (1, 2). The incidence varies geographically, with the highest 

rates seen in Europe, North America, and Australia whereas rates are low in Asia (3). For 

unknown reasons, the incidence in Iceland is among the highest in the world (3, 4). Every 

year, around 40 cases of RRC are diagnosed in Iceland and on average 14 patients die of the 

disease. RCC represents around 3% of all cancer diagnosed in Iceland, which is similar to the 

proportion in other developed countries (5).   

 

 

Figure 1. Incidence and mortality rates for RCC in Iceland in the years 1971–2005. 
The incidence of RCC increased significantly in males over the whole period, but the incidence 

in females increased significantly during the years 2001–2005. Mortality rates remained 

unchanged for the whole period (4). 
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The incidence of RCC varies greatly internationally, and this could indicate that environmental 

factors—as well as a genetic component—have an influence on the development of RCC (2).  

Smoking is a well-established risk factor for RCC, accounting for 20–30% of RCC in men and 

10–20% in women (6, 7). The association between RCC and smoking is relatively modest; 

there is, however, a dose-dependent relationship, with heavy smokers being at a 

considerably higher risk of developing cancer (8). 

     Another known risk factor is obesity, and the higher prevalence of obesity in the western 

world may in part explain the higher incidence of RCC in such countries (6). The increase in 

risk is estimated to be 1.2 in men and 1.3 in women for every 5 kg/m2 increase in body mass 

index (BMI) (2, 7, 9). Furthermore, recent studies have shown that the risk is mostly 

associated with weight gain early in adulthood whereas gaining weight later is unrelated to 

risk (10). 

The mechanism by which weight gain and obesity may increase the risk of RCC is not well 

understood. Several mechanisms have been proposed, such as hormonal effects, oxidative 

stress, and production of cytokines and adipokines from adipose tissue (11). One conflicting 

finding, however, is the fact that high BMI is linked to improved survival in organ-confined 

RCC when compared to normal or low BMI. The reason for this is not known, but it has been 

postulated that the metabolic dysregulation that causes increased risk of RCC may entail a 

less aggressive form of RCC (12). 

Hypertension and the use of anti-hypertensive medications has been linked to RCC 

development in several large prospective cohort studies (2, 13). It has been difficult to 

determine whether it is hypertension or the treatment that is the causal factor for RCC, but 

most studies have indicated that high blood pressure itself rather than the treatment 

increases the risk of RCC (14).  

Acquired cystic kidney disease (ACKD), which is a common cause of end-stage renal 

disease (ESRD), is a definitive risk factor for RCC (6). Patients with ACKD often require 

haemodialysis, and several studies have shown that the risk of RCC is substantially 

increased in ACKD patients who need haemodialysis (15). RCC in patients with ESRD is 

often diagnosed in younger patients, and the ratio of males to females is higher than in the 

general population (2, 16). A history of diabetes substantially increases the risk of cancer in 

general (17). The association between RCC and diabetes is controversial, and whether 

diabetes is a risk factor remains unclear; in most studies, the association is rendered 

insignificant after adjusting for BMI and history of hypertension (17, 18). 

Other risk factors that have been linked to RCC historically are frequent urinary tract 

infections and the use of non-steroidal anti-inflammatory drugs (NSAID). Recent studies have 

not proven that there is any causal relationship, and it remains controversial whether these 

factors are linked to RCC (2, 6, 19). Interestingly, studies on alcohol consumption have 

shown that moderate alcohol consumption is protective (20). 
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RCC is not considered an occupational disease, and the findings of most epidemiological 

studies that have been performed to look for associations between occupational exposures 

and RCC have been inconsistent and conflicting (6, 7, 9, 21).  

 

1.2 Genetic susceptibility 
Renal cell cancer occurs in both sporadic and familial forms, and around 3% of RCCs are 

thought to be familiar with the remainder being sporadic (6). 

Studies have also indicated that there may be an inherited predisposition to RCC in 

addition to those cases that are associated with inherited syndromes (22). This was 

demonstrated in a large population-based study from Iceland, which revealed that patients 

with RCC were more related to each other than the control group. The results indicated that 

germline mutations could be significantly involved in what has been defined as sporadic RCC 

(23).  

 

1.2.1 Inherited forms of kidney cancer 
There are 4 well described types of inherited RCC: (a) von Hippel-Lindau (VHL), the inherited 

form of clear-cell RCC (ccRCC), (b) hereditary papillary RCC (HPRC), the hereditary form of 

type-1 papillary RCC, (c) Birt-Hogg-Dube (BHD), the inherited form of chromophobe, 

oncocytic-hybrid RCC, and (d) hereditary leiomyomatosis RCC (HLRCC) (24).  

 

1.2.1.1 The von Hippel-Lindau syndrome 
The von Hippel-Lindau syndrome (VHL) is an autosomal dominant cancer syndrome 

consisting mainly of retinal angiomas, hemangioblastomas of the central nervous system, 

pheochromocytomas, and ccRCC. Patients with VHL are at risk of developing multiple kidney 

tumours, most often in both kidneys, and affected individuals tend to be younger than forty 

(25). Surgical treatment to prevent metastases while maintaining kidney function usually 

entails PN when the largest tumour reaches 3 cm (24). The VHL tumour-suppressor gene 

was identified in 1993, and in VHL syndrome one VHL allele with a mutation is inherited. RCC 

is thought to arise from the inactivation of the remaining VHL allele. Later research has shown 

that defects in the VHL gene are also involved in the common form of sporadic, non-

hereditary ccRCC (24, 26). 

 

1.2.1.2 Hereditary papillary RCC 
Hereditary papillary RCC (HPRC) is a familial cancer syndrome in which affected individuals 

are at risk of developing type-1 papillary RCC (pRCC) (27). The disease has a 5:1 male 

predominance and usually has late onset in life, presenting after the sixth decade (24). 

Genetic linkage analysis of affected families implicated the MET gene on chromosome 7 as 
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the gene for HPRC. This MET receptor tyrosine kinase domain undergoes autoactivating 

mutations, which promote cellular transformation (28). MET gene mutations have also been 

reported in a subset of tumours from patients with sporadic type-1 pRCC (29).  

 

1.2.1.3 Birt-Hogg-Dube syndrome 
Birt-Hogg-Dube (BHD) syndrome is an extremely rare autosomal dominant disorder 

characterized by hair-follicle hamartomas of the face and neck. In addition about 15% of 

affected patients have multiple renal tumours, most often chromophobe or mixed 

chromophobe oncocytomas (30). Because tumours are often multifocal and bilateral, initial 

observation is often recommended and surgical treatment with PN is recommended when the 

largest tumour reaches 3 cm (31). The gene implicated in this syndrome is BHD on 

chromosome 17. This gene encodes the protein folliculin and it is thought to be a loss-of-

function, tumour suppressor gene (30). 

 

1.2.1.4 Hereditary leiomyomatosis RCC 
Hereditary leiomyomatosis RCC (HLRCC) is a very rare familial cancer syndrome in which 

affected individuals are at risk of developing cutaneous and uterine leimyomas as well as 

RCC. The RCC associated with this syndrome is an aggressive form of the disease with a 

predisposition to metastasize early, and therefore early surgical intervention is warranted (30, 

32, 33). The HLRCC gene was found to encode the Krebs cycle enzyme fumarate hydratase 

(FH) (34). 

 

1.3 Pathology 
RCC most often forms a solid mass within the kidney. It can bulge into the renal pelvis, lift or 

penetrate the renal capsule and invade adjacent organs. The tumour has a tendency to grow 

into the renal vein, which is seen in about 10% of cases, and can extend as far as the right 

atrium (35, 36). RCCs most often metastasize to the lungs, bones, and liver, and metastases 

are found in around 30% of patients at diagnosis (5).  

Around 10–15% of sporadic RCCs are multifocal in the same kidney at presentation. 

Genetic analysis suggests that the tumours have the same origin, and most often there is a 

larger lesion in addition to smaller ones. This indicates that the smaller lesions have spread 

from the larger lesion by intra-renal spread (37). 
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Figure 2. Macroscopic image of RCC located centrally in the kidney.  

  

1.4 Histology  
The current histological classification of RCCs is derived from the Heidelberg classification 

from 1997 (38). The Heidelberg classification was introduced to better correlate histo-

pathological features with identified genetic defects. It was later updated and expanded in the 

WHO classification shown in Table 1 (38, 39).  

     Three main histological renal cancers account for almost all cases: clear-cell RCC 

(ccRCC) is the most common (70–85%), papillary RCC (pRCC) comprises 10–15%, and 

chromophobe RCC (cRCC) accounts for 5% of cases. Collecting-duct RCC (cdRCC) and 

unclassified RCC make up the remainder. Oncocytoma and metanephric adenoma are 

classified as benign tumours (39).  

 

     Table 1. WHO classification of subtypes of RCC*  

__________________________________________________________________________ 

Subtype    Distribution in Iceland  

Clear-cell RCC    88.7% 

Papillary RCC    8.4% 

Chromophobe RCC                 2.1% 

Collecting-duct RCC                0.5% 

Unclassified RCC                0.3% 

*Histological subtypes of RCC according to the WHO classification from 2004 (39) and the 

distribution of histological subtypes in Iceland in the period 1971–2005 (40). 
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The distribution of histological subtypes varies considerably between studies, with ccRCC 

ranging from 63% to 88%, pRCC from 7% to 18.5%, and cRCC from 2.1% to 6.3% (41). The 

difference in histological distribution between studies may be explained in part by variation in 

referral and treatment policies or by the fact that each of the malignant histological subtypes 

is associated with distinct chromosomal abnormalities (40, 41). 

 

 

 

     a.                  b.              c. 

 

Figure 3. The most common histological subtypes of RCC and their distinctive  
features. 

(a) The majority of ccRCCs are composed of cells with clear cytoplasm in routine sections, 

although foci in which cells have eosinophilic cytoplasm are common and may predominate. 

The growth pattern may be solid trabecular, tubular, or cystic and focal areas of papillary 

growth may be seen (42). In conventional ccRCC, originating from the proximal convoluted 

tubules of the kidney, a deletion or partial deletion of chromosome 3p is characteristic and 

mutation of the VHL gene occurs exclusively in this type (43). 

(b) Two morphological types of pRCC have been described. Type-1 tumours have papillae 

covered by small cells with scanty cytoplasm, arranged in a single layer on the papillary 

basement membrane. Type-2 tumours are comprised of cells with high nuclear grade, 

eosinophilic cytoplasm, and pseudo-stratified nuclei on papillary cores (42). In papillary RCC, 

which probably originates from the distal convoluted tubules, trisomy of chromosomes is often 

seen, including trisomy of chromosomes 3q, 7, 8, 12, 16, and 17 and loss of chromosome Y 

(37). 

(c) The basic chromophobe cell type is characterized by large polygonal cells with a 

transparent, slightly reticulated cytoplasm because of numerous vesicles resembling those of 

the intercalated type-B cells of the cortical collecting duct. A low number of chromosomes are 

seen in chRCC due to massive loss of chromosomes 1, Y, 2, 10, 6, 21, 13, and 17 (44). 

 

     RCCs that do not fit other categories, even after genetic analysis, are referred to as being 

unclassified (39). The features that may be seen in these tumours are composites of 

recognized types, pure sarcomatoid morphology without recognizable epithelial elements, 

mucin production, rare mixtures of epithelial and stromal elements, and unrecognizable cell 
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types (42). Sarcomatoid change has been found to arise in all subtypes of RCC and generally 

suggests a progression of pathological high-grade disease (38). The different histological 

subtypes represent highly dissimilar diseases in both clinical behaviour and genetics, and this 

may partly explain why RCC is a clinically diverse disease (40, 41). Furthermore, the 

subtypes of RCC have prognostic value, with ccRCC having a significantly worse prognosis 

than pRCC and chomophobe RCC (40, 44, 45).  

 

1.5 Clinical presentation 
The incidence of RCC increases consistently with age, with a plateau being reached around 

70–75 years. Very few patients are diagnosed before the age of 40—only 5% (6, 46). RCC is 

more common in males, with around three men being diagnosed for every two women (33).  

 

1.5.1 Symptoms 
RCCs are known for their diverse clinical behaviour. The most common presenting symptoms 

are haematuria, abdominal mass, pain, and weight loss. The classic triad of flank pain, 

haematuria, and a palpable abdominal renal mass is found in 5–10% of patients and, if 

present, strongly suggests locally advanced disease (47). RCC can also present with 

paraneoplastic symptoms such as weight loss, fever, tiredness, and anaemia. Erythrocytosis 

is seen in around 5% of patients and is caused by overproduction of erythropoietin (48). Most 

studies have shown that patients with symptoms related to RCC have worse prognosis than 

those diagnosed incidentally (49). Studies have also shown that patients with systematic 

symptoms have worse prognosis than patients with local symptoms, and a symptom-based 

classification is an independent prognostic factor for survival (50). 

1.5.2 Incidental detection 
In the past three decades, there has been an increase in the frequency of incidentally 

diagnosed tumours, with a larger proportion of smaller RCCs being detected. This is mostly 

related to an increase in the use of cross-sectional imaging (51-53), as demonstrated in 

population-based studies from Iceland (4, 54). Incidentally diagnosed tumours now comprise 

up to 50% of all tumours diagnosed in Iceland and most of them are found on CT scans of the 

abdomen performed for unrelated diseases and symptoms (55). Furthermore, several studies 

have shown that incidental detection is an independent favourable prognostic marker for 

survival (4, 49, 56). 

 

1.6 Prognostic factors  
The disease progression and survival in RCC is often unpredictable, and factors that predict 

the course of RCC are needed to characterize the malignancy in individual patients (57). 
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     Many prognostic factors have been identified, the most important being the tumour stage 

as assessed from the size and distribution of the tumour. Other important factors are the 

nuclear grade and histological subtype (58). Several other factors have been linked to worse 

prognosis, such as elevated C-reactive protein (CRP) measurements in serum, elevated 

erythrocyte sedimentation rate (ESR), reduced haemoglobin and thrombocytosis (45, 58, 59).  

 

1.6.1 The TNM classification system 
The TNM classification is a globally accepted method of describing the anatomical extent of 

cancer, and has prognostic significance (60). In this classification, RCC patients are divided 

into four groups (I–IV) according to the size of tumour, growth outside the renal capsule 

and/or into the renal vein, and the presence of metastasis to lymph nodes and/or distant 

organs (61).  

 

1.6.2 The Fuhrman grading system 
Another significant prognostic factor is nuclear grade, most often assessed with the Fuhrman 

grading system. Tumours are graded from 1 to 4 and the grade reflects tumour 

aggressiveness and metastatic potential (45, 58). Fuhrman grade has only been correlated 

with outcome in clear-cell RCC, and its use is less well agreed upon in other subtypes (37).  

 

1.6.3 Biomarkers 
To help predict the disease course of RCC, there has been an ongoing search for 

biomarkers. C-reactive protein (CRP) is an inexpensive and widely used biomarker that has 

prognostic significance. Results from several studies have shown that CRP can predict RCC-

specific mortality in RCC patients at all stages treated with nephrectomy (62). It has also been 

found to be a strong predictor of metastasis and overall mortality when measured after 

nephrectomy for localized RCC (57). Many other prognostic factors have been studied in 

order to find molecular markers of RCC occurrence or progression to advanced disease, for 

example carbonic anhydrase IX, p53, p21, and survivin but the search continues (37). 

 

1.7 Survival 
TNM stage is the most important prognostic factor for survival (58, 59). An Icelandic study 

showed that there is a substantial difference for patients at TNM stage I to stage IV. The 5-

year survival for stage I was 93% as compared to 11% for stage IV. Survival at stage III was 

also considerably lower than at stage II (40). The TNM staging system is not conclusive, 

however, since between 4% and 10% of patients with small renal masses have metastases at 

the time of diagnoses (33); in a recent Icelandic study, the percentage was 10%. The 

Icelandic study included all cases of RCC diagnosed over a period of 40 years, and that might 
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explain the higher percentage, as most studies only include surgical patients (63). 

Conversely, around 40% of patients diagnosed with metastases in lymph nodes are alive 5 

years after surgery (64). 

 

1.8 Treatment  
When choosing a treatment option for RCC, the decision must be individualized. The 

treatment is either curative or palliative, and varies according to tumour size, anatomical 

location within the kidney, and whether metastases are present—together with the extent of 

metastasis (37, 65). Surgery is curative in most patients who present with localized disease, 

and radical nephrectomy (RN) has been the traditional treatment for RCCs in patients with a 

normal contralateral kidney (66). In the past decade, nephron-sparing approaches aimed at 

sparing kidney function have gained popularity—such as PN (67). In the case of metastatic 

RCC, important advances have been made in targeted therapies that have substantially 

improved survival (68, 69).  

 

1.8.1 Radical nephrectomy 
Radical nephrectomy (RN) consists of ligation of the renal artery and vein, and excision of the 

kidney, Gerota's fascia, and sometimes the ipsilateral adrenal gland through an anterior 

transabdominal or subcostal incison (66). The role of lymph node dissection (LND) for RCC is 

controversial, and the decision to perform LND is based on clinical suspicion of nodal 

involvment and findings at surgery, such as enlarged nodes or evidence of widespread 

disease (70). Around 5–10% of patients have tumour thrombus involving the inferior vena 

cava (IVC) or right atrium. If no indications of metastases at the time of diagnosis are found, 

there is evidence to suggest that there may be benefit from removing the thrombus (71).  

The most common surgical complications following RN are perioperative blood loss (seen 

in 10-14% of patients), damage to the pleura (seen in around 10% of cases) and damage to 

the spleen requiring splenectomy (in 0.4% of patients). Infections occur in around 5% of 

patients following RN (72).  

In many centres, open RN has largely been superseded by laparoscopic RN (LRN). This 

approach has significantly less blood loss and a shorter hospital stay compared to ORN, 

although its use is generally confined to T1–2 tumours (65). There has been growing concern 

that small tumours amenable to PN are subject to LRN instead. The actual percentage of 

laparoscopic surgeries is much lower than many believe: it was, for example, 4.9% of all 

nephrectomies performed in the years 1991–2003 in the USA (73). 

The use of RN for small masses (TNM stage I and II) has been questioned during the past 

decade (65), as several studies have shown equal oncological efficacy following PN for T1 

tumours and promising results for T2 tumours (74-76). Also, as the rate of incidental detection 
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increases with a higher proportion of T1 tumours, it has been postulated that some of these 

small tumours are an indolent form of RCC that may not merit surgical removal (52).  

 

1.8.2 Partial nephrectomy 
PN has the advantages of sparing the renal parenchyma, and therefore preserving kidney 

function and avoiding renal failure. On the other hand, it is not advisable when the tumour is 

in an unfavourable location and both increased risk of local recurrence and technical 

difficulties have to be considered (77). PN was first performed for imperative indications such 

as tumour in a single kidney, bilateral renal tumours, and kidney function impairment (78). 

Findings of increased CKD following RN and the migration towards smaller stage at diagnosis 

has led to increased use of PN as a nephron-sparing possibility (79). The current guidelines 

from the European Urology Association (EUA) and the American Urology Association (AUA) 

recommend PN for RCCs smaller than 4 cm. For tumours from 4–7 cm, either surgical 

approach is acceptable (80-82).  

Open partial nephrectomy (OPN) is usually performed through an extra-peritoneal flank 

incision between the eleventh and twelfth ribs. The kidney is mobilized within the Gerota’s 

fascia and the vascular elements of the renal pedicle isolated (83). Use of renal clamping 

and/or cooling depends on anatomical and vascular factors as well as tumour size (84). The 

warm ischaemia time (clamping of the renal artery without cooling) should be as short as 

possible, as studies have shown that longer ischaemia time is associated with poor eGFR 

after surgery and also a higher complication rate (85). If an ischaemia time of 30 min or 

longer is anticipated, renal cooling is recommended (65). In many larger referral centres, 

OPN has largely been superseded by laparoscopic PN (LPN).  A higher complication rate has 

been reported following LPN; this is mainly due to longer ischaemia time and difficulties in 

controlling the haemostasis (84).  

Overall, almost 50% of complications following PN are medical (such as acute renal 

failure, deep venous thrombosis, pulmonary embolism, or myocardial infarction) (72). The 

most common surgical complications following PN are urine leakage (seen in 3.9–17% of 

patients) and bleeding (seen in 3.2–7.5% of patients), with higher percentages seen in 

studies where tumours larger then 4 cm were also included (86, 87). Centrally located 

tumours also have a higher rate of bleeding and urinary leakage compared to more 

peripherally located ones. Other complications include wound infections and damage to 

pleura or organs during the operation (88).  

With the expanding role of PN, one major concern has been the recurrence of cancer. The 

acceptable width of the surgical margin has changed over the past decade, and recent data 

show that as little as 1 mm is sufficient to prevent recurrence (67, 76, 89). 
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1.8.3 Outcome after radical and partial nephrectomy for RCC 
Numerous studies have shown a favourable outcome of PN for treatment of localized and 

small tumours (67, 72, 81), and with improved surgical technique over time the recurrence 

rates after PN for small renal masses are now equivalent to those after RN (90). 

In most studies, complication rates are higher following PN than following RN, especially 

urinary leakage and bleedings during and after surgery. The difference is most profound 

when PN is performed for imperative reasons or on tumours larger than four cm (72). PN, on 

the other hand, offers an advantage over RN in preserving renal function and several studies 

have shown that the eGFR is substantially lower after RN than after PN (91, 92). Some 

studies have also shown a graded association between reduced eGFR and the risk of death 

and cardiovascular events, and that RN is an independent risk factor for developing new-

onset CKD (93, 94).  

The incidence of small RCCs has risen in most western countries, mostly due to increased 

incidental detection from the widespread use of abdominal imaging (92). Despite this 

migration towards earlier stage at the time of diagnosis, the mortality rate after radical surgery 

for low-stage disease has not decreased (52).  A plausible explanation is the increased risk of 

CKD, a known risk factor for ischaemic heart disease and cerebrovascular disease (94). 

Despite recommendations, RN is still widely performed for small tumours in individuals with a 

normal contralateral kidney (75). This can be explained by the widespread belief that 

removing one kidney in the setting of normal kidney function does not result in CKD. Studies 

in kidney donors have shown that eGFR is reduced by 30%, and this reduction probably 

results in CKD in vulnerable individuals (95). Therefore increased use of PN could preserve 

kidney function and lower long-term mortality in RCC patients.  

 

1.8.4 Thermal ablation 
Thermal ablation refers to both percutaneous radio-frequency ablation and cryotherapy, and 

both techniques permit percutaneous tumour treatment without open surgical intervention (65, 

96). The procedures are usually performed using an ultrasound to guide the probe (electrode 

or cryophobe) into the renal tumour and the ablation process consists of either freezing or 

heating the tumour (97). Both treatments are effective in treating lesions 3 cm or smaller, with 

a low complication rate (97). The long-term risk of local recurrence after cryotherapy or radio-

frequency ablation has not been fully defined (65).  

 

1.8.5 Active surveillance  
For individuals with small lesions and significant co-morbidity that increase the risk of surgery, 

active surveillance may be an appropriate alternative with treatment reserved for progression 

(98). Around 30% of tumours do not grow under surveillance, and of the remaining 70% many 

grow at a very slow rate (37).  
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1.8.6 Advanced and/or metastatic RCC 
For localized disease, surgery is generally sufficient to cure RCC (65). Unfortunately, many 

RCCs are clinically silent until late in their course, and the initial diagnosis is therefore often 

delayed. Around 25% of patients present with advanced disease, including locally invasive or 

metastatic RCC (99). Survival in metastatic RCC is poor, and the response rate to treatment 

is often low (100). Selected patients with TNM stage-IV disease may benefit from surgery. 

Candidates include patients with locally advanced RCC, patients who initially present with a 

solitary metastasis, or patients who develop a solitary recurrence after nephrectomy (101, 

102). There is also evidence to suggest that removing the tumour-bearing kidney before 

adjuvant therapy may improve survival in selected cases (100).  

Until recently, the therapy for metastatic RCC was cytokine therapy with interleukin-2 and 

interferon-α, but these therapies are limited by their severe toxicity (68).  

Understanding the molecular pathogenesis of RCC, and in particular the angiogenic 

pathway, has led to the development of many new targeted agents (26). These findings came 

from studies on the VHL syndrome, which is caused by defects in the VHL gene. These 

mutations are also found in as much as 90% of sporadic ccRCC (100). Loss of heterozygosity 

of the VHL gene results in overproduction of vascular endothelial growth factor (VEGF). 

VEGF is an important growth factor involved in tumour angiogenesis, and it plays a significant 

role in the growth and progression of RCC (103).  

At present, seven targeted agents are approved for use as a first- or second-line treatment 

for ccRCC: sunitinib, sorafenib, pazopanib, bevacizumab, temsirolismus, everolismus and 

axitinib (104, 105). Sunitinib, sorafenib, pazopanib and axitinib are tyrosine kinase inhibitiors 

that block the intracellular domain of the VEGF receptor (106, 107). Bevacizumab is a 

monoclonal antibody that binds circulating VEGF and prevents activation of the VEGF 

receptor. The drug is useful in untreated patients, and also those who have failed cytokine 

therapy (108). Temsirolismus and everolismus target a different site in the VEGF pathway: 

they inhibit tumour progression by inhibition of the mTOR pathway (106). The majority of trials 

on targeted agents have only included ccRCC, although there is some evidence to suggest 

that other histological subtypes of RCC will also respond (69, 104, 109).  
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2 Aims 

The aims of this study were twofold: 

Firstly, to analyze the clinical outcomes of all PNs performed for RCC in a whole population 

during 11 years in Iceland. Secondly, to compare the patients undergoing PN with a 

comparison group of patients undergoing RN, focusing on long-term renal function. The 

comparison group was matched according to TNM stage, size, and the year of operation. The 

primary outcomes were CKD at 6 months from surgery, measured as eGFR under 60 

mL/min, and death from any cause.  
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3 Material and methods 

3.1 Patients 
This was a retrospective whole-nation study involving all patients who underwent PN for RCC 

in Iceland from 1 January 2000 to 31 December 2010. Patients were identified through two 

independent registries: the registry of the Department of Pathology at Landspitali University 

Hospital and the population based Icelandic Cancer Registry. There was a 100% match 

between the two registries. 

During the study period, 45 patients underwent PN for RCC in Iceland. One patient with 

bilateral tumours was excluded, as he underwent a unilateral PN with autotransplantation and 

a contralateral RN (110). For every patient who underwent PN, one control subject who 

underwent RN was chosen (n=44), matched for the time of operation, TNM stage, and tumour 

size. The cases were compared with the control group for different demographic and clinical 

factors, including treatment-related complications, postoperative kidney function, and survival.  

Hospital records were reviewed and detailed clinical information gathered, including 

information on patient demographics and the operative procedure. Information was registered 

in a standardized data sheet. This included information on age, sex, body mass index (BMI), 

history of smoking, diabetes mellitus or hypertension, presenting symptoms, diagnostic 

procedures, and the American Society of Anesthesiologists physical status classification 

system (ASA) score. Intraoperative and postoperative complications were assessed within 

one month of surgery and were classified according to the Clavien-Dindo classification (111). 

Length of hospital stay and operative or hospital mortality was registered; operative mortality 

was defined as death within 30 days of surgery and hospital mortality was defined as death 

before discharge from hospital. 

 

3.2 Procedures 
RN was performed through a midline or sub-costal trans-peritoneal incision using standard 

technique (66). PN was performed with an extra-peritoneal flank incision between the 

eleventh and twelfth ribs. The kidney was mobilized within Gerota’s fascia and the vascular 

elements of the renal pedicle were then isolated. Renal vascular clamping was done in 8 

(18%) of cases, mostly for non-polar tumours. The tumour was excised and haemostasis 

obtained with a 3/0 Vicryl (Ethicone) suture ligation followed by capsular horizontal mattress 

sutures.  

 

3.3 Staging and histological classification 
Tumour stage was determined according to the most recent version of the TNM classification 

system, including the subdivision of T1 and T2 tumours with cut-off points at 4 and 7 cm (60). 

Tumour size was reported as the longest dimension of the tumour measured at pathological 
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examination. Tumours were classified into histological subtypes according to the WHO 

classification system (Table 1) (38). 

 

3.4 Assessment of kidney function 
Kidney function was assessed from serum-creatine levels, registering the highest 

preoperative and postoperative value and the value taken closest to 6 months after surgery. 

Estimated glomerular filtration rate (eGFR) was calculated using the abbreviated Modification 

of Diet in Renal Disease study equation (eGFR = 186 * (SCr−1.154) * (age−0.203) * (0.742 for 

female patients) (112).  

 

3.5 Follow-up 
Follow-up data included new-onset CKD (defined as eGFR under 60 mL/min per 1.73 m2) at 6 

months (94), RCC recurrence, survival, and cause of death. The follow-up consisted of a 

blood test and a CT scan of the abdomen, twice a year for the first two years after surgery 

and then on an annual basis. 

Patients were assigned a date and a cause of death, or were identified as living on 30 

June 2012, using data from the Icelandic National Population Registry. Median follow-up time 

was 44 months, and there was no significant difference in this respect between PN and RN 

(52 vs. 42, p=0.09). None of the patients were lost to follow-up. 

 

3.6 Statistical analysis  
Unadjusted associations between the type of renal surgery and patient characteristics were 

examined using chi-square statistics for categorical variables and either t-test or the Mann-

Whitney test for continuous variables based on normality. We prepared a multiple linear 

regression model of eGFR 6 months after surgery, and a multivariate logistic regression 

model of new-onset CKD, adjusting for type of operation, age, preoperative eGFR, and the 

ASA score. Overall survival was estimated using the Kaplan-Meier method, comparing 

survival between patients undergoing PN and RN with a log-rank test. A p-value of 0.05 or 

less was considered statistically significant, and all calculations were done with R software 

version 2.12.2 (The R Foundation, Austria). 

 

3.7 Approval 
This study was approved by the National Bioethics Committee of Iceland and the Icelandic 

Data Protection Commission. As individual patients were not identified, individual consent for 

the study was waived.  
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Results 

3.8 Study population 
The total number of operations performed for RCC during each year of the study period is 

shown in Fig. 4. The numbers of patients who underwent PN and RN are also shown. There 

was a significant increase in PNs during the study, from 6% between 2000 and 2005 to 23% 

between 2006 and 2010 (p=0.04). 

 

 

Figure 4. The number of operations for RCC in Iceland. 

The total number of operations performed for RCC in Iceland in the years 2000–2010 

and the number of radical and partial nephrectomies per year.  

 

Of the 44 patients in the PN group, 28 patients (64%) had a normal contralateral kidney. The 

indication was imperative in 16 (36%) of the cases (single kidney in 7 patients, reduced 

kidney function in 7, and bilateral kidney tumours in 2).  

 

3.9 Patient demographics 
Table 2 shows the baseline characteristics of the groups. There were no significant 

differences in baseline characteristics apart from age and ASA score, which were significantly 

higher in the RN group.  
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Table 2. Comparison of patient demographics in the two groups.   

 
PN (n = 44) 

 

RN  (n = 44) p-value 

Age 60 ± 12 65 ± 11 0.03 

Male gender 28 (64)    23 (52)  0.39 

Hypertension 22 (51)  27 (61)  0.39 

Body mass index  27 ± 3.6 28 ± 5.4  0.22 

Incidental diagnosis 24 (55) 29 (66) 0.38 

Diabetes mellitus type 2 4 (9) 4 (9) 0.71 

History of smoking 21 (48) 14(32) 0.07 

ASA score, % 

  1 

  2 

  3 

 

6 (14) 

30 (68) 

8 (18) 

 

1 (2) 

25 (57) 

18 (41) 

0.02 

*Number (%), mean with standard deviation, or median with range.  

 

3.10 Histology and tumour size 
Clear-cell RCC was the most common histological subtype in both groups (84%). No 

significant differences were seen regarding Fuhrman grade, grade 2 was most often seen. 

The TNM stage was comparable in the groups with around 90% of patients at TNM stage 1 

(Table 3). The mean tumour size in the PN group was 3.0 cm, with 10 (22%) of the tumours 

being larger then 4 cm. 
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Table 3. Comparison of histology and tumour size. 

 
 

PN (n = 44) 
 

RN (n = 44) 

 

p-value 

Histology 

  Clear-cell 

  Papillary 

  Chromophobe 

 

37 (84) 

5 (11) 

2 (5) 

 

37 (84) 

4 (9) 

3 (7) 

0.95 

Fuhrman grade 

 1 

 2 

 3 

10 (23) 

26 (59) 

8 (18) 

11 (25) 

28 (64) 

5 (11) 

0.72 

TNM stage, % 

  I 

  II 

  III 

 

39 (87) 

2 (4) 

3 (9) 

 

41 (93) 

0 (0) 

          3 (7) 

0.36 

Tumour size, cm  3.0  ± 1.4 3.3 ± 1.5 0.27 

* Number (%), mean with standard deviation, or median with range. 

 

3.11 Procedures 
The median surgical margin in the PN group was 4 mm (range 0–17 mm). One patient had a 

positive surgical margin, but he was not re-operated. All of the patients in the RN group had 

negative surgical margins. 

The majority of PNs (82%) were performed without arterial clamping. Eight of the PNs 

(18%) were performed with renal arterial clamping; of these, 5 also had renal cooling. The 

median cold ischaemia time was 40 min (range 30–60). The warm ischaemia time was 12, 

13, and 14 min in three operations. The average amount of blood lost in the operation was 

higher during PN (565 mL) than during RN (420 mL).  

The most common surgical complication in both groups was bleeding over 0.5 L (Clavien 

grade II). Other intraoperative complications were spleen damage requiring splenectomy 

(Clavien grade IIIb) and pleural damage, defined as accidental opening of the pleura requiring 

insertion of a chest tube (Clavien grade IIIa). The most common complications 

postoperatively were wound infection and ileus (Clavien grade I) in both groups (Table 4).  
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Table 4. Comparison of operation-related factors. 

 
 

PN (n = 44) 

 

RN (n = 44) 

 

p-value 

Operation time, min 124 ± 62 116 ± 44 0.49 

Intraoperative complications* (%)  

     Bleeding (over 0.5 L) 

     Organ damage** 

     Pleural damage*** 

     Urinary fistula  

9 (20) 

6 (14) 

0 

3 (7) 

0 

5 (11) 

4 (9) 

3 (7) 

0 

0 

0.38 

Blood loss, mL  565  ± 353  420  ± 316 0.05 

Postoperative complications  9 (20) 9 (20) 0.79 

Length of stay, days (range) 7 (4–21) 6.5 (3-37) 0.41 

Follow-up time, months (range) 52 (19-147) 42 (1-93) 0.09 

* Patients may have had more than one complication. 
** Damage to spleen requiring splenectomy, Clavien grade IIIb. 
*** Requiring insertion of a chest tube, Clavien grade IIIa. 
 

3.12 Comparison of kidney function  
There was no significant difference in preoperative eGFR between the groups (69 mL/min vs. 

65 mL/min, p=0.73) with 15 of the 44 PN patients (34%) having an eGFR of less than 60 

mL/min as compared to 14 of the 44 RN patients (32%; p=0.15) (Fig. 5). 

Postoperatively, the mean eGFR was significantly higher in patients who underwent PN 

than in those who underwent RN (56 mL/min vs. 44 mL/min; p<0.001), and this was also the 

case at 6 months (59 mL/min vs. 45 mL/min; p<0.001) (Fig. 5). The mean reduction in eGFR 

6 months after PN was 12%, as compared to 30% after RN.  
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a.  

 

  

b.  

Figure 5. Box plot of eGFR in the groups. 
Box plot showing univariate comparison of mean eGFR in patients who underwent PN or RN, 

both preoperatively (p = 0.73) (panel a) and 6 months postoperatively (p <0.001) (panel b).  

 

3.12.1 Multivariate analysis of eGFR following surgery 
A multivariate linear regression model revealed that in addition to advanced age and low 

preoperative eGFR, RN contributed negatively to eGFR (with a mean reduction of 12.6 

mL/min per 1.73 m2; p<0.001) (Table 5). 
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Table 5.  Multivariate linear analysis of the change in eGFR at 6 months after  

               nephrectomy for RCC in Iceland. 

Risk factors 

 

Change in eGFR 

(mL/min per 1.73 m2) 

p-value 

Radical nephrectomy (ref. partial) -12.6 < 0.001 

Preoperative eGFR (per 1 mL/1.73 m2/min) 0.69 < 0.001 

Age (per year)  -0.34 0.003 

Hypertension (yes vs. no) -0.79 0.77 

Body mass index (kg/m2) -0.52 0.11 

ASA score 3 (ref. score 1) 1.78 0.72 

 

3.13 Risk factors for new-onset CKD 
The development of new-onset CKD was significantly lower after PN than after RN (9 (20%) 

vs. 19 (43%); p=0.002). Information on eGFR at 6 months was missing for 6 patients in the 

RN group but there was no information missing in the PN group. Table 6 shows the 

multivariate logistic regression analysis. In addition to preoperative eGFR, RN was an 

independent prognostic factor for new-onset CKD (OR=3.07, 95% CI: 1.03–9.79, p=0.04). 

 

Table 6.  Multiple logistic regression analysis of risk factors for new-onset chronic   

               kidney disease at 6 months after nephrectomy for RCC in Iceland. 

Risk factors 
 

OR (95% CI) 
p-value 

Radical nephrectomy (ref. partial)  3.07 (1.03–9.79) 0.04 

Preoperative eGFR (per 1 mL/1.73 m2/min) 1.06 (1.02–1.11) 0.004 

Age (per year) 1.05 (1.0–1.11) 0.06 

Hypertension (yes vs. no) 1.01(0.18–1.84) 0.36 

Body mass index (kg/m2) 1.13 (0.99–1.30) 0.07 

ASA score 3 (ref. score 1) 2.33 (0.25–54.3) 0.30 
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3.14 Outcome and survival 
At follow-up (June 30, 2012), there were no reported recurrences of RCC in either group. 

Furthermore, there were no deaths in the PN group, as compared to 10 deaths in the RN 

group. All deaths in the RN group were attributable to causes other than RCC. 

Overall survival estimated by the Kaplan-Meier method is shown in Figure 6. The OS was 

significantly improved for the PN group compared to the RN group (p<0.001, log-rank test). 

Survival at 1 and 5 years was 100% and 100%, respectively, after PN as compared to 93% 

and 65% after RN. 

 

 

Figure 6. Overall survival following RN and PN for RCC. 
    The overall survival was 100% at five years following PN as compared to 65% at  

    five years following RN. 
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4 Discussion 

In this study, we found that eGFR was lower after RN than after PN regardless of kidney 

function preoperatively. Furthermore, patients who underwent RN were 3 times more likely to 

develop CKD 6 months after surgery, showing a protective effect of PN on kidney function.  

 

4.1 Study population 
There was a significant increase in the number of PNs during the study period—from around 

6% in the period 2000–2005 to 23% in the period 2005–2012 (Fig. 4)—with two-thirds of 

patients undergoing PN with preservation of kidney function as an indication. A similar trend 

has been seen in the US and Europe, with rates of PN increasing significantly over time (81, 

113, 114). Reports from the US have shown PN-to-RN ratios of around 7.6% to as high as 

16.4%. Our rate of 23% overall is in line with centres in Europe, which have reported a rate of 

around 32% (75, 113).  

      There is a large difference in the use of PN when comparing smaller institutes to large 

tertiary centres, and reports have shown under-utilization of PN in smaller centres. On the 

other hand, larger referral centres in Europe use PN for smaller tumours in 70–90% of all 

cases, the highest ratio being for tumours smaller than 2 cm (113). 

 

4.2 Procedures 
Prolonged ischaemia time can lead to loss of renal function, although the time frame before 

clinically significant renal damage occurs is still debated (85). Only a small proportion of PNs  

in our material (18%) were performed using arterial clamping. For the three operations in 

which cooling was not used, the ischaemia time was less then 15 minutes and therefore 

effects on renal function were most likely minimal.  

In most studies, there are more complications after PN, especially urinary leakage and 

bleeding during and after surgery. The difference is greatest when PN is performed for 

imperative reasons or on tumours larger than 4 cm (72, 87). In the present study, 23% of PNs 

were performed on tumours larger than 4 cm, and the indication was imperative in 36% of 

cases. The complication rate for PN (20%) was in line with that for other studies where it has 

ranged from 13% to 20%, even though most of these studies included only small RCCs. The 

overall rate of complications was similar in both groups (20% vs. 11%; p=0.38) although 

bleeding was significantly higher after PN than after RN (p=0.05). This did not, however, 

affect the length of hospital stay, which was similar in both groups. The rate of urinary 

leakage after PN (0%) was lower than has been reported in most other studies (3–7%) (72, 

81, 87, 115). 
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4.3 Comparison of kidney function  
For assessment of CKD, we used the eGFR 6 months after surgery. It has been shown that 

patients with CKD 6 months after surgery are unlikely to improve with time (95). The effects of 

surgery on kidney function are also most evident up to 6 months after surgery. After that, 

other factors such as hypertension, diabetes, and age become more important and the causal 

relationship between surgery and CKD becomes more complex (95, 116). 

We found that the reduction in eGFR was 30% 6 months after RN. Furthermore, in the 

linear regression model, the factors that predicted a significant decrease in eGFR were the 

type of surgery (RN vs. PN), patient age, and baseline kidney function (Table 5). This is line 

with studies showing that eGFR is significantly lower after RN and that the use of RN should 

be limited to imperative indications and when PN is not available (87, 92, 95).  

 

4.4 Risk factors for new-onset CKD 
In our material, a large proportion of patients in both groups had CKD before surgery. Thus, in 

order to assess the risk of new-onset CKD and to try to determine the effects surgery alone 

has on kidney function, we prepared a separate model excluding those with CKD before 

surgery (Table 6). We found that 43% of patients developed new-onset CKD after RN, as 

opposed to 20% after PN. This is lower than the rate of 33% reported by Medina-Polo et al.; 

however, in their study patients with creatine levels above 177 µmol/L were excluded and the 

percentage of preoperative CKD was therefore probably higher (116).  

     We found that the risk of developing new-onset CKD was 3 times higher after RN (Table 

6). This highlights the importance of PN, as the risk of CKD is high even in patients with 

normal kidney function before surgery. 

 

4.5 Outcome and survival 
Our results are comparable to those in numerous other studies that have described 

preservation of renal function and higher OS after PN than after RN for small tumours (77, 93, 

117, 118). Few studies have included tumours larger than 4 cm in their cohort. In the study by 

Fergany et al., 90% of the patients were operated on imperative indications and comparison 

with our rate of 36% is therefore difficult (67). Rosso et al. reported PNs on tumours larger 

than 7 cm in a single tertiary referral centre and they concluded that PN should be attempted 

if possible, and that a strict size criterion should not be the only factor (119). Patard et al. and 

Roos et al. both reported their experience regarding tumours larger than 4 cm. They 

concluded that RN was an independant risk factor for development of CKD, but found similar 

OS in both groups (87, 115). 
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4.5.1 Oncological outcome following surgery 
The oncological outcome for patients who underwent PN in this study was good. All patients 

are alive at the end of follow-up, and without any signs of recurrence—even the patient who 

had a positive surgical margin. The rate of positive surgical margins following PN has been 2–

4% in other studies and our rate of 2% is in line with those from similar studies. Furthermore, 

according to recent studies, having a positive surgical margin does not appear to affect 

survival (87, 89, 120). 

 

4.5.2 Survival 
Although survival analysis was not the primary aim of our study, we evaluated medium-term 

survival and found that it was significantly better after PN. The groups were comparable in 

terms of baseline demographics preoperatively, apart from higher age and ASA score in the 

RN group, and less favourable survival after RN might to some extent be explained by these 

differences. Numerous studies have shown improved survival after PN compared to RN, but 

as in the present study, the comparison is often biased by younger age and fewer morbidities 

in patients who undergo PN (75).  

     There were no deaths at follow-up in the PN group, but there were 10 after RN. None of 

the deaths in the RN group were attributable to RCC; this suggests that other factors had an 

influence on survival, such as CKD. The effects of CKD on the increased risk of death and 

cardiovascular events have been well documented (94). 

 

4.6 Limitations and strengths 
A strength of the present study was its whole-nation design and the fact that we also included  

tumours larger than T1, but there is little evidence regarding PN for T2–T3 tumours in the 

literature.  

     Limitations of the study were that it was not randomized, and that it was retrospective. 

Furthermore, as most PNs were performed in the last 6 years of the study, with a mean 

follow-up time of 4.3 years, a longer follow-up time would have been preferable for accurate 

assessment of the risk of recurrence. Another limitation was the fact that the patients in the 

control group were older, with a significantly higher ASA score. These factors might have 

affected the eGFR in the RN group. However, we believe that this effect would be minimal, as 

shown in our multivariate analysis where both of these factors were corrected for (Table 5 

and Table 6). 
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5 Conclusion 

The eGFR was significantly lower after RN, and these patients were 3 times more likely to 

develop new-onset CKD with less favorable survival. Our findings suggest that PN is superior 

to RN in terms of preserving renal function, even for larger tumours, and—importantly—

oncological outcome and survival were not inferior. These findings highlight the importance of 

PN, as the risk of CKD is high even in patients with normal kidney function before surgery.  

Future steps will be to assess survival further, both overall and cancer-specific, as the 

follow-up time will be longer. This will allow more accurate assesement of 5-year survival and 

RCC recurrence and allow better prediction of the effects that lower eGFR has on survival. 

Another step could be to do a randomized trial of partial vs. radical nephrectomy for T3 

tumours. 
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