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ABSTRACT
Objective: Several risk factors for end-stage renal disease (ESRD), in patients undergoing surgical treat-
ment for renal cell carcinoma (RCC), have been suggested by others. This study aimed to investigate such 
risk factors and disclose the effect of developing ESRD, postoperatively, on overall survival. The risk of 
developing ESRD after RCC diagnosis was also evaluated.
Material and methods: The data of 16,220 patients with RCC and 162,199 controls were extracted from 
the Renal Cell Cancer Database Sweden, with linkages across multiple national registers between 2005 and 
2020. Cox proportional hazards regression, Kaplan–Meier curves and cumulative incidence were used for 
statistical analysis.
Results: The 5-year cumulative incidence of ESRD following RCC diagnosis was 2.4% (95% confidence 
interval [CI] 2.1–2.6) and 0.4% (95% CI 0.3–0.4) for the patients with RCC and controls, respectively. Age, 
chronic kidney disease, higher T-stage and radical nephrectomy (RN) were significant risk factors for ESRD 
within 1-year of surgery. A total of 104 and 12,152 patients with and without ESRD, respectively, survived 
1-year postoperatively. The 5-year overall survival rates of patients with ESRD and those with RCC only were 
50% (95% CI 0.40–0.60) and 80% (95% CI 0.80–0.81), respectively.
Conclusions: Patients who developed ESRD following renal cancer surgery had significantly poorer sur-
vival outcomes. Advanced age, comorbidities, higher-stage tumours and RN were identified as risk factors 
for developing ESRD. Surgical decisions are crucial. Efforts to spare renal function, including nephron-spar-
ing surgery and active surveillance in appropriate cases, are highly relevant to reduce the development of 
severe kidney dysfunction.
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Introduction

Surgical intervention remains the treatment of choice for local-
ised renal cell carcinoma (RCC). Although surgical intervention is 
associated with good oncological outcomes, the subsequent 
nephron loss increases the susceptibility of patients to chronic 
renal failure and its complications. Patients with RCC and chronic 
kidney disease (CKD) are at an increased risk of developing end-
stage renal disease (ESRD) owing to advanced age, history of 
diabetes or hypertension and smoking, which are predisposing 
factors for both conditions [1–3]. Recent studies investigating 
the risk of developing ESRD after RCC treatment [4–6] have 
revealed that approximately 2% of patients who had a normal 
renal function before undergoing surgery for renal cancer 
develop ESRD within 10 years of follow-up [6]. ESRD is a 
life-threatening condition, and the 5-year adjusted overall 

survival (OS) rate of patients undergoing haemodialysis ranges 
from 35 to 45 [7].

Partial nephrectomy (PN) facilitates the preservation of renal 
function and is consequently the preferred approach for patients 
with clinically localised renal masses, when feasible [8–10]. The 
technical limits are extended to resect more complex tumours 
at higher stages to conserve nephrons and possibly enhance OS 
in patients with larger tumours [11, 12]. Few studies have 
evaluated the short- and long-term postoperative renal function 
and overall mortality following surgical treatment for RCC  
[12–14]. Therefore, first (as a background), we aimed to compare 
cumulative incidence of ESRD in subjects with and without RCC. 
Second, we aimed to assess risk factors for ESRD in patients who 
underwent surgery for RCC. Third, we aimed to compare survival 
in those who developed ESRD and those who did not, during 
the first year after surgery for RCC.
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Material and methods

Data

The Renal Cell Cancer Database Sweden (RCCBaSe), a Swedish 
multi-register that included the National Swedish Kidney Cancer 
Register (NSKCR), Swedish Renal Registry, National Patient 
Register and Cause of Death Register, was used to identify cases 
and controls. All patients enrolled in NSKCR who had been diag-
nosed with RCC between 2005 and 2020 and were followed-up 
until the date of death, emigration, or 31st December 2022, 
were included.

Ten unique controls matched for sex, age and county of 
residence were selected from the Population Register 
comprising all Swedish citizens for each patient with RCC 
selected from the RCCBaSE, as described by Landberg et al. [15]. 
The controls were free of RCC at the end of the year of diagnosis 
of the index case. Patients and controls who developed ESRD 
were identified via the Swedish Renal Registry and the National 
Patient Register. Patients with stage 5 CKD and those who had 
undergone renal transplantation or were undergoing dialysis 
after RCC diagnosis were considered to have developed ESRD 
[3]. The covariates for RCC diagnosis included age, sex, obesity, 
diabetes, hypertension, CKD stages II–IV and Tumour, Node, 
Metastasis stage. Additionally, data on histopathological 
findings, tumour grade, pT stage and type of treatment 
postoperatively were also extracted.

The study cohort was categorised into three groups for 
analysis as outlined in the introduction (Figure 1). Group I 
consisted of RCC patients and controls free of ESRD, with analysis 
focusing on the risk of ESRD after RCC diagnosis. Group II 
included RCC patients after surgery, examining ESRD risk factors. 
Group III encompassed RCC survivors 1 year after surgery, 
analysing survival rates with respect to ESRD development. This 
study was approved by the Regional Ethics Committee of 
Northern Sweden (diary number [Dnr]: 2012-418-31M, Dnr: 
2014-301-32M, Dnr: 2015-202-32M, 2019-2579 and 2020-5093).

Statistics

In analysis I, a competing risks approach was used to determine 
the cumulative incidence of ESRD to estimate the absolute risk 
of ESRD after the date of RCC diagnosis. The date of RCC diagno-
sis was considered the date of commencing follow-up for the 
patients with RCC and matched controls. The patients were fol-
lowed-up until ESRD incidence, death, emigration, or end of fol-
low-up (whichever occurred first). Death was set as a competing 
event, and the remaining endpoints were set as censuring 
events. Cause-specific univariable and multivariable Cox pro-
portional hazards regressions were performed to calculate the 
hazards ratios (HRs) for a 10-year follow-up period to reflect the 
biological effects between patients with RCC and controls. 
Furthermore, a subgroup analysis was performed in order to 
investigate if the existence of CKD was the only driver behind 
the development of ESRD (post hoc). In analysis II, a Cox propor-
tional hazards regression was performed to calculate the HRs for 
risk factors associated with end-stage renal disease in patients 
with RCC after treatment based on different patient, tumour and 
treatment characteristics. In analysis III, Kaplan–Meier estimates 
and Cox proportional hazards regression were used to analyse 
the OS. To compare the survival of patients with RCC with and 
without prior ESRD, they were divided into two groups: those 
who developed ESRD and those who did not develop ESRD in 
the first year after treatment and were alive at 1 year.

In all Cox regressions, the assumption of proportional 
hazards was tested using Schoenfeld’s residuals. Due to non-
proportionality, the HRs are reported separately for 0–1 year 
and 1–10 years in analysis I and II, respectively. Statistical 
significance was set at P < 0.05. All statistical analyses were 
performed using Stata version 18.0 for Mac (StataCorp. 2023, 
College Station, TX, StataCorp LLC). The Fine and Grey models 
were fitted using the Stata macro program to estimate the 
cumulative incidence [16].

- 16,220 RCC cases
- 162,199 controls

Group I
- 15,984 RCC cases
- 161,693 controls

- 236 RCC cases excluded
- 506 controls excluded
(due to ESRD before 
index date)

Group II
- 13,300 patients 
surgically treated for 
RCC within 1 year after 
diagnosis - 1,030 patients dead 1 

year after treatment
and 14 patients censoredGroup III

12,256 patients alive 
1 year after surgery:
- 12,152 patients with RCC
- 104 patients with 
RCC-ESRD

- 2684 RCC cases not 
being treated surgically 
or not surgically treated 
within 1 year after 
diagnosis

- 161,693 controls 
excluded

Figure 1.  Flow diagram of the study selection process, 
2005–2022.
RCC: Renal cell carcinoma; ESRD: End-stage renal disease.
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Results

Patients

The study population comprised 16,220 patients with RCC and 
162,199 matched controls. Tables 1 and 2 present the baseline 
characteristics of the study population. The median follow-up 
was 7.3 years (interquartile range 4.4–11.2 years) for the cases 
and controls. Group I comprised 15,984 patients with RCC and 
161,693 controls who did not have ESRD before the index date. 
Group II comprised 13,300 patients who underwent surgical 
treatment for RCC. Group III comprised 12,256 patients with RCC 
who survived 1 year postoperatively.

Risk of developing ESRD after RCC diagnosis

Amongst the 15,984 patients with RCC, 558 developed ESRD 
during the follow-up period after RCC diagnosis. In contrast, 
only 1,081 of the 161,693 controls developed ESRD. The preva-
lence of comorbidities was higher in patients with RCC than in 
the controls. Hypertension, diabetes, CKD and obesity were the 
most common comorbidities (Table 1). Amongst patients with 
RCC, the 5- and 10-year cumulative incidences of ESRD following 
RCC diagnosis were 2.4% (95% confidence interval [CI] 2.1–2.6) 
and 3.8% (95% CI 3.5–4.2), respectively. The corresponding risks 
amongst controls without RCC were 0.4% (95% CI 0.3–0.4) and 
0.7% (95% CI 0.6–0.7), respectively (Figure 2). Death as a com-
peting event is presented in Supplementary Figure 1, which 
depicts the cumulative incidence of death in cases and controls. 
Comparison between the patients with RCC and controls 
revealed that the HRs for developing ESRD were 17.3 (95% CI 
13.5–22.3, P < 0.001) and 6.01 (95% CI 5.30–6.82, P < 0.001) for 
the first year and years 1–10, respectively. Comparing the risk of 
developing ESRD amongst patients with RCC and controls with 
pre-existing CKD at the index date revealed that patients with 

RCC had a 74% higher risk of developing ESRD (HR 1.74, 95% CI 
1.40–2.16; P < 0.001), after adjusting for age and sex.

Risk factors for ESRD after RCC surgery

Overall, 13,300 patients with RCC underwent radical nephrec-
tomy (RN) (9,077, 68%), PN (3,528, 27%) or thermal ablation (TA; 
695, 5%) (Table 2). A total of 436 (3.3%) patients, including 317 
(3.5%) who had undergone RN, 89 (2.5%) who had undergone 
PN and 30 (4.3%) patients who had undergone TA, developed 
ESRD within 10 years of surgery. Table 3 presents the results of 
the univariable and multivariable analyses of the potential risk 
factors for developing ESRD postoperatively over a 10-year 
period, segmented into 0–1 and 1–10 years postoperatively. 
Multivariable analysis for the first year revealed that age >60 
years, diabetes, CKD, T-stage and RN were significant risk factors 
for ESRD development postoperatively. Age >70 years, male sex, 
hypertension, diabetes, CKD and T-stage were significant risk 
factors for ESRD development 1–10 years postoperatively. Pre-
existing CKD (n = 104) was the most significant risk factor for 
developing ESRD after treatment across both follow-up periods, 
with HRs of 22.5 (95% CI 12.8–39.5; P < 0.001) and 9.64 (95% CI 
6–15.5; P < 0.001) for 0–1 and 1–10 years, respectively.

Survival

The 5- and 10-year cumulative incidences of OS were 74% (95% 
CI 0.73–0.75) and 56% (95% CI 0.55–0.57), respectively, amongst 
the 13,300 patients who had undergone treatment for RCC 
(Supplementary Figure 2). A total of 129 patients were diag-
nosed with ESRD (RCC-ESRD) within the first year of renal cancer 
treatment. Amongst them, 25 (19%) were deceased by the 
1-year mark following treatment (RN, 23 patients; PN, one 
patient; and TA, one patient). In contrast, only 1,005 (8%) out of 
12,256 patients with RCC who did not develop ESRD (RCC only) 

Table 1.  Characteristics of patients with renal cell carcinoma and controls.
Characteristics RCC group N = 16,220 Control group N = 162,199

Median IQR n % Median IQR n %

Age, median (IQR) 68 59–75 68 59–75

Age group (years) (%)

  0–49 1,477 9.1 14,770 9.1

  50–59 2,635 16.2 26,350 16.2

  60–69 5,020 31.0 50,200 31.0

  70–79 5,250 32.4 52,500 32.4

  ≥ 80 1,838 11.3 18,379 11.3

Sex

  Male 10,247 63.2 102,470 63.2

  Female 5,973 36.8 59,729 36.8

Hypertension (%) 6,023 37.1 36,461 22.5

Obesity (≥ 30 BMI) (%) 715 4.4 3,175 2.0

Diabetes (%) 2,037 12.6 13,146 8.1

CKD, stage 2–4 (%) 914 0.6 233 0.01

ESRD before diagnosis (%) 236 1.4 506 0.3

ESRD after diagnosis (%) 558 3.4 1,081 0.7

RCC: renal cell carcinoma; IQR: interquartile range; BMI: body mass index; CKD: chronic kidney disease; ESRD: end-stage renal disease.
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were deceased. The remaining 104 patients with RCC-ESRD and 
12,152 patients with RCC who survived at year 1 were fol-
lowed-up to determine the OS. The 5-year OS rates of the 
patients with RCC-ESRD and RCC only were 50% (95% CI 0.40–
0.60) and 80% (95% CI 0.80–0.81), respectively (Figure 3). 
Amongst the 307 patients with RCC only who developed ESRD 
during the follow-up period, 157 died within the 10-year fol-
low-up period. Comparison of the patients with RCC with those 
with RCC-ESRD revealed that the HR for death beginning at 1 
year postoperatively was 3.06 (95% CI 2.41–3.89, P < 0.001) in 

the univariable analysis. Multivariable analysis yielded an HR of 
2.00 (95% CI 1.56–2.57, P < 0.001) after adjusting for age, sex, 
obesity, diabetes, hypertension, CKD, T-stage and treatment 
type (RN, PN and TA).

Discussion

The present study revealed that 3.3% of patients surgically 
treated for RCC developed ESRD within 10 years postoperatively. 
Older age, male sex, higher T-stage, hypertension, diabetes, pre-
operative CKD and RN were identified as significant risk factors 
for ESRD development following RCC surgery. Amongst the 
patients who survived 1 year postoperatively, the 5-year OS 
rates of patients with RCC-ESRD and those with RCC only were 
50% and 80%, respectively.

The risk of developing ESRD within 5 years after being 
diagnosed with RCC was sevenfold higher in affected individuals 
than in controls, corroborating previous reports [2, 6, 17]. A 
history of CKD before RCC diagnosis is a strong predictor of 
developing ESRD after RCC diagnosis [2, 18]. When comparing 
patients with RCC and controls with pre-existing CKD in this 
study, patients with RCC had a 74% higher risk of developing 
ESRD than the controls did. Hence, pre-existing CKD in patients 
with RCC does not completely account for the increased risk of 
developing ESRD observed in this group.

Thus, the risk of developing ESRD after RCC diagnosis is high, 
particularly within the first year. Several significant risk factors 
for ESRD development after RCC surgery were identified in the 
present study. The most significant factors were CKD, age >60 
years, T-stage and RN (0–1 year postoperatively). The treatment 
type became insignificant within 1–10 years postoperatively. In 
contrast, diabetes, hypertension and age >70 years were the 
most important risk factors after 1 year. Compared with RN, PN 
was associated with a 55% risk reduction within 1 year. This 
finding, along with those of previous studies [17, 19–21], 
underscores the importance of renal preservation in decreasing 
ESRD risk and improving OS. However, patients undergoing RN 
generally present with larger tumours and more comorbidities 
than those undergoing PN do, indicating that patients who may 
benefit the most from nephron-sparing surgery are not usually 
eligible for this treatment [22]. This may explain the poorer OS of 
the patients who undergo RN and illustrates the challenge of 
selecting appropriate treatments or active surveillance for 
different patients [23, 24].

Patients without medical risk factors generally achieve a 
more favourable survival prognosis after RN, even when 
diagnosed with CKD postoperatively [2, 25, 26]. Previous studies 
have shown that CKD does not generally progress in patients 
with surgically induced CKD [13, 27], whereas patients with 
prevalent factors such as CKD, diabetes and cardiovascular 
disease have a substantially higher risk of progression to a more 
severe CKD-stage or even ESRD, owing to the combination of 
medically and surgically induced CKD [13, 25, 27, 28]. 
Approximately 14% of patients diagnosed with CKD underwent 
surgical intervention in this study, indicating that a selection 
bias was likely, whereby patients with medically induced CKD 

Table 2.  Patient and tumour characteristics of those who underwent 
surgical treatment for renal cell carcinoma.
Variable Surgically treated RCC

N = 13,300

Median IQR n %

Age, median (IQR) 67 58–74
Age group (years)
  0–49 1,335 10.0
  50–59 2,314 17.4
  60–69 4,260 32.0
  70–79 4,229 31.8
  ≥80 1,162 8.7
Sex
  Male 8,421 63.3
  Female 4,879 36.7
Hypertension 4,714 35.4
Obesity (≥30 BMI) 588 4.4
Diabetes (%) 1,563 11.8
CKD, stage 2–4 104 0.8
pT-stage
  T1a 4,747 35.7
  T1b 2,963 22.3
  T2–4 5,531 41.6
  Missing 59 0.4
M stage
  M1 1,436 10.8
  M0/MX 11,864 89.2
N stage
  N1/2 756 5.7
  N0 12,544 94.3
Morphology
  Clear cell 10,251 77.1
  Papillary 1,725 13.0
  Chromophobe 865 6.5
  Collecting duct 40 0.3
  Missing/unclassified 419 3.1
Tumour grade
  G1 1,452 10.9
  G2 5,691 42.8
  G3 3,349 25.2
  G4 1,135 8.5
  Missing 1,673 12.6
Treatment
  Radical nephrectomy 9,077 68.2
  Partial nephrectomy 3,528 26.5
  Thermal ablation 695 5.2

RCC: renal cell carcinoma; IQR: interquartile range; BMI: body mass index; 
CKD: chronic kidney disease.
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Table 3.  Hazard ratios for risk factors to develop end-stage renal disease during the first year and from year 1 to 10 following renal cell carcinoma surgery.
Variable Follow-up 0–1 year Follow-up 1–10 years

Univariable
Cox regression

HR (CI 95%)

P Multivariable
Cox regression

HR (CI 95%)

P Univariable
Cox regression

HR (CI 95%)

P Multivariable
Cox regression

HR (CI 95%)

P

Age group
  <50 Ref. Ref. Ref. Ref.
  50–59 2.61 (0.56–12.1) 0.220 2.47 (0.53–11.5) 0.248 1.37 (0.80–2.36) 0.250 1.20 (0.69–2.07) 0.513
  60–69 6.18 (1.49–56.6) 0.012 5.13 (1.23–21.4) 0.025 1.86 (0.90–3.84) 0.094 1.33 (0.81–2.19) 0.267
  70–79 8.69 (2.12–35.6) 0.003 6.52(1.57–27.1) 0.010 2.66 (1.64–4.31) <0.001 1.80 (1.09–2.96) 0.021
  ≥80 6.49 (1.44–29.3) 0.015 4.61 (1.01–21.2) 0.001 3.72 (2.14–6.45) <0.001 2.49 (1.41–4.41) 0.002
Sex
  Male Ref. Ref. Ref. Ref.
  Female 0.63 (0.42–0.96) 0.30 0.67 (0.44–1.02) 0.063 0.67 (0.53–0.85) <0.001 0.67 (0.53–0.86) 0.002
Hypertension
  No Ref Ref. Ref. Ref.
  Yes 2.30 (1.59–3.32) <0.001 1.33 (0.88–2.02 0.177 2.93 (2.34–3.66) <0.001 1.99 (1.55–2.55) <0.001
Diabetes
  No Ref Ref. Ref. Ref.
  Yes 2.56 (1.68–3.0) <0.001 1.64 (1.03–2.60) 0.037 3.18 (2.47–4.08) <0.001 2.17 (1.65–2.84) <0.001
Obesity
  No Ref. Ref. Ref. Ref.
  Yes 2.05 (1.07–3.92) 0.030 1.56 (0.79–3.09) 0.204 1.36 (0.84–2.22) 0.215 0.93 (0.56–1.55) 0.788
CKD stage 2–4
  No Ref. Ref. Ref. Ref.
  Yes 25.0 (15.1–41.3) <0.001 22.5 (12.8–39.5) <0.001 16.2 (10.4–25.3) <0.001 9.64 (6.00–15.5) <0.001
T-stage
  T1a Ref. Ref. Ref. Ref.
  T1b 3.14 (1.75–5.64) <0.001 2.43 (1.29–4.60) 0.006 1.43 (1.08–1.91) 0.013 1.37 (1.00–1.88) 0.050
  T2–T4 3.44 (2.02–5.87) <0.001 2.36 (1.26–4.45) 0.008 1.43 (1.10–1.86) 0.007 1.42 (1.03–1.95) 0.034
  Missing
Treatment
  Radical nephrectomy Ref. Ref. Ref. Ref.
  Partial nephrectomy 0.36 (0.21–0.63) <0.001 0.45 (0.24–0.86) 0.015 0.75 (0.57–0.98) 0.033 0.88 (0.65–1.20) 0.428
  Thermal ablation 0.66 (0.27–1.62) 0.363 0.49 (0.17–1.39) 0.181 1.53 (1.01–2.32) 0.044 1.16 (0.71–1.91) 0.553

Univariable and multivariable Cox proportional hazard regression. Significant P-values are bolded.
HR: hazard ratio; CI: confidence interval; CKD: chronic kidney disease; Ref: reference.

Figure 2.  Cumulative incidence of the develop-
ment of end-stage renal disease in the renal cell 
carcinoma cases and controls.
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prior to RCC diagnosis were deemed ineligible for surgery owing 
to the heightened risk of progression to ESRD. Moreover, 36% 
(data not shown) of the patients with CKD who received 
treatment developed ESRD during the follow-up period. 
However, only 0.8% had CKD at the time of surgery, suggesting 
that although this condition represents a significant risk factor, it 
pertains to a relatively small fraction of the patient population.

A clear decline in OS was observed in patients who developed 
ESRD following treatment compared with that in those with RCC 
only, in the present study. Patients with RCC-ESRD had 
significantly poorer survival rates even after adjusting for the 
underlying causes of ESRD. This analysis further supports the 
previously documented poor prognosis amongst patients with 
RCC-ESRD [18, 25, 29].

Renal function and overall survival may be better in patients 
with surgically induced CKD than in those with medical causes 
[29]. Furthermore, patients with surgically induced CKD have a 
lower risk of non-cancer mortality and a greater chance of being 
eligible for renal transplantation than those with medically 
induced ESRD do [13]. Survival outcomes of patients with 
surgically induced CKD resemble those of patients without CKD 
more closely than those of patients with combined medical-
surgical CKD [27]. Lane et al. reported that non-cancer mortality 
rates at 5 years were 6%, 9% and 20% in patients without CKD, 
those with surgical CKD and patients with medical-surgical CKD, 
respectively [25].

Patients diagnosed with renal cancer require a treatment 
option that yields the best prospects for survival and preserves 
quality of life whilst minimising the risk of kidney dysfunction 
necessitating dialysis. The data herein underscore the 
importance to consider age, kidney function and comorbidities 
before commencing treatment.

The present study has some limitations. First, the register-
based cohort approach faces inherent limitations as the data 
were collected from various hospitals. This precluded complete 
uniformity in data collection and resulted in potential coding 
discrepancies. Although the follow-up duration was substantial, 
survival outcomes may change over time owing to advancements 
in medical and surgical management. Notably, treatments, such 
as nephron-sparing surgery, robot-assisted surgery, active 
surveillance and the increasingly widespread adoption of 
ablative techniques, were less accessible at the beginning of the 
study period. Thus, our results highlight risk factors from the 
past treatment era of 2005–2020, which does not encompass 
the full range of treatment modalities available today or for the 
patients in the near future. This is a limitation because it might 
restrict the use of our findings in upcoming treatment settings. 
Nonetheless, the significance of this research area is evident, 
and it warrants further investigation and assessment in the years 
to come. Finally, the data in this study rely on Swedish registries, 
which may have unique referral and treatment patterns not 
applicable to other countries.

We have acknowledged that whilst we have attempted to 
adjust for known confounders and risk factors, the potential for 
residual confounding remains, as is the case in most 
observational studies.

Nevertheless, the current study has several strengths, 
including a nationwide population base, an extensive follow-up 
period and comprehensive coverage of the entire population, 
encompassing 99% of all cases of RCC in Sweden. Moreover, the 
NSKCR has demonstrated high comparability and validity in a 
cohort study using registry data [30]. Furthermore, RCCBaSe 
includes several high-quality population-based registers 
encompassing the same national population. The present study 

Figure 3.  Overall survival probability of the 
patients with renal cell carcinoma who devel-
oped end-stage renal disease and patients with 
renal cell carcinoma only 1 year after treatment.
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is the largest population-based study to assess the risk factors 
for ESRD following RCC treatment and compare the OS between 
patients with RCC-ESRD and those with RCC only.

Conclusions

Following surgery for RCC, patients with comorbidities, 
higher-stage tumours and those undergoing RN are at greater 
risk of developing ESRD. Furthermore, patients who develop 
ESRD after renal cancer surgery have significantly poorer sur-
vival. Efforts to spare renal function, including nephron-sparing 
surgery and active surveillance in appropriate cases, are highly 
relevant to reduce the development of severe kidney 
dysfunction.
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