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ABSTRACT
Purpose: End-stage renal disease (ESRD) is a known risk factor for the development of renal cell car-
cinoma (RCC). This case-control study was performed to assess the risk in a nationwide cohort and
evaluate tumor characteristics and survival in the ESRD-RCC population.
Methods: In this study, 9,299 patients with RCC identified in the National Swedish Kidney Cancer
Register from 2005 until 2014 and 93,895 matched controls were linked to the Swedish Renal Registry
and the National Patient Register. ESRD was defined as chronic kidney disease stage 5, kidney trans-
plantation or kidney dialysis 0–40 years before the diagnosis of RCC.
Results: A total of 117 patients with ESRD and subsequent RCC were identified and compared with
9,087 patients with RCC. There was a 4.5-times increased risk for RCC among ESRD patients (95% CI ¼
3.6–5.6; p< 0.001) compared to matched controls. Longer time with ESRD increased the risk of RCC
(ESRD > 9 years, OR ¼ 10.2, 95% CI ¼ 7.0–14.8). The ESRD-RCC patients were younger (p¼ 0.002), had
smaller tumors (p< 0.001) and had lower tumor stage (p¼ 0.045). The incidence of papillary and chro-
mophobe RCC was higher and clear cell RCC lower among the ESRD patients (p< 0.001). The 5-year
overall survival was 50% in ESRD-RCC patients and 63% in RCC-only patients (p< 0.05).
Conclusion: More than 9 years with ESRD increased the risk of developing RCC 10-times compared to
individuals without ESRD and the tumors showed a different histopathological pattern. Despite a less
advanced tumor stage at diagnosis, the overall survival in ESRD-RCC patients was lower compared to
patients with RCC-only.
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Introduction

End-stage renal disease (ESRD) is a global health burden,
with 564,638 affected individuals in Europe in 2016, equiva-
lent to an overall prevalence of 823 patients per million
population [1]. ESRD is associated with high monetary
expenses, rising risks of cardiovascular disease and cancer.
Worldwide renal cell carcinoma (RCC) constitutes 2–3% of all
malignancies and is the third most common urological can-
cer. The highest incidence of RCC is seen in western coun-
tries [2,3]. In 2018, �99,200 new cases of RCC were
diagnosed in the EU and 39,000 patients died from the dis-
ease [3,4]. In Sweden, about 1,200 new cases of RCC are
diagnosed each year. In 2016, the incidence per 100,000 per-
sons was 15.8 in men and 8.2 in women [4–6]. It has previ-
ously been shown that patients with ESRD have an increased
risk of RCC, independent of the underlying cause of ESRD

[7–10]. Shrewsbury et al. [11] estimated that around 2–7% of
patients with ESRD develop RCC. Approximately 20% of
patients with chronic kidney disease (CKD) who are treated
with dialysis end up having acquired cystic kidney disease
(ACKD) [11,12]. These patients have an increased risk of
developing RCC and in clinical settings it has been described
that 5% who undergo transplantation after dialysis develop
RCC in their native kidneys [8,13–15]. Nevertheless, robust
data is lacking since most studies have been performed on
compiled selected patient materials without controls
[10,11,16,17]. It may be useful to estimate the risk of devel-
oping RCC after various times with ESRD in a real-world set-
ting in order to design screening programs for this patient
group. The Swedish healthcare registers are of high quality
and have high coverage [18]. This case control study was
designed based on these registers, including the whole
Swedish population, with the aim to evaluate the risk of
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developing RCC in the ESRD population and to further char-
acterize this cohort of ESRD patients diagnosed with RCC.

Materials and methods

Study population

This population-based study was designed to investigate
patients with ESRD and subsequent RCC diagnosis (ESRD-
RCC). ESRD was defined as chronic kidney disease 5 (CKD 5)
or treatment with dialysis or kidney transplantation 0–40
(median 9) years before the diagnosis of RCC.

In total, 9,416 patients with RCC were identified in the
National Swedish Kidney Cancer Register (NSKCR) from 2005
until 2014 [19]. For every case 10 controls from the Swedish
Population Register were identified, matched on gender, year
of birth and county of residence. The controls were free of
RCC at the end of the year of diagnosis of the index case. A
control was allowed to become a case if RCC was diagnosed
after the date of diagnosis of the index case. The cases and
controls were linked to the Swedish Renal Registry (SRR), the
National Patient Register (NPR) and the Cause of Death
Register within the Renal Cell Cancer Database Sweden
(RCCBaSe), as described earlier [18]. All data in this study are
extracted from RCCBaSe. The ESRD patients were searched for
in SRR and in the NPR using the ICD10 codes N185 (chronic
kidney disease, stage 5), Z49 (kidney dialysis) and Z94.0 (kid-
ney transplanted). The first time the patient appeared in the
SRR or either code appeared in NPR it was registered.

For calculations of time with ESRD and survival, the date
of RCC diagnosis was used for the cases and for the controls
the date of diagnosis of their corresponding RCC case.

The project was approved by the Ethics Review Board of
Northern Sweden.

Statistical methods

Statistical analyses were carried out with Stata/IC 16.1 [20].
Conditional logistic regression was used and odds-ratios (OR)
with a 95% confidence interval were calculated. Overall sur-
vival difference between RCC patients and controls with and
without ESRD was compared by Kaplan–Meier survival ana-
lysis and tested by the log rank method. Relative survival
was calculated using the Ederer II method [21]. Mortality
data for the general population in Sweden was used to esti-
mate expected survival rates for the studied populations. The

mortality data comprised the probability of death for single-
year age groups and gender in 1-year calendar periods.
Differences of excess mortality rate were assessed via
Poisson regression and use of the strs module for Stata [22].
Excess mortality rate ratios with 95% confidence intervals
were calculated. The association of survival with ESRD, age,
sex, tumor diameter, tumor stage and occurrence of metasta-
ses and tumor morphology were assessed by uni- and multi-
variable Cox proportional hazard regression analysis. Hazard
ratios (HR) with 95% confidence intervals were calculated.
The proportional-hazards assumption was tested on the basis
of Schoenfelds residuals after fitting a Cox regression model.
It was violated (p< 0.05) for some of the covariates, and,
thus, their HR must be interpreted as an average over the
time studied. Data is presented as numbers and percentages
or median and interquartile range. Median differences were
calculated with Wilcoxon rank-sum test. Frequency distribu-
tions between categorical variables were compared with
Fisher’s exact or Chi square test as appropriate. All statistical
tests were two-sided, and a p-value of < 0.05 was consid-
ered statistically significant.

Results

Patient characteristics

The study included 117 patients with ESRD-RCC. They were
compared with 9,299 patients with RCC-only and 264 con-
trols with ESRD and 93,895 without ESRD. Of the 117 ESRD-
RCC patients, 69 (59%) were transplanted before the RCC
diagnosis compared to 98 patients (37%) among 264 ESRD
controls (p< 0.001). The median time from onset of ESRD to
the date of RCC was 8.5 years. The corresponding time for
the controls was 1.6 years (Table 1).

Occurrence of RCC in the ESRD population

There was a statistically significant increased risk for RCC,
with an odds ratio (OR) of 4.5 (95% CI ¼ 3.6–5.6, p< 0.001),
when ESRD patients were compared with those without
ESRD. With less than 9 years from RCC diagnosis, the risk was
2.9-times higher (95% CI ¼ 2.2–3.9, p< 0.001) and with more
than 9 years from diagnosis, the risk was more than 10-times
higher (OR ¼ 10.2, 95% CI ¼ 7.0–14.8, p< 0.001). The 9-year
cut-off was chosen as it was the median time with diagnosed
ESRD to the date of primary diagnosis of RCC.

Table 1. Patient characteristics and time in ESRD.

RCC (n¼ 9,416) Controls (n¼ 94,159)
Test of difference between ESRD
groups for RCC and controls

p
No ESRD
(n¼ 9,299)

ESRD
(n¼ 117)

No ESRD
(n¼ 93,895)

ESRD
(n¼ 264)

Gender
Male 5,715 (61.5%) 77 (65.8%) 57,713 (61.5%) 207 (78.4%) 0.009a

Female 3,585 (38.5%) 40 (34.2%) 36,182 (38.5%) 57 (21.6%)
Age, years (median, interquartile range) 68 (60–75) 65 (55–73) 68 (60–75) 70 (63–76) <0.001b

Onset of ESRD, years before RCC-diagnosis
(median, interquartile range)

8.5 (0.3–16.1) 1.6 (0.2–7.3)c <0.001b

aPearsons chi-squared test.
bWilcoxon rank-sum test.
cFor the controls the date of diagnosis of their corresponding RCC case was used.
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Comparison of RCC with and without ESRD

When comparing ESRD-RCC patients with RCC-only, the
median age at diagnosis was 65 vs 68 years, median tumor
diameter was smaller (4.5 vs 6.0 cm), fewer were high stage,
13% vs 19% were M1. Tumor morphology revealed 53% vs
78% clear cell RCC, 30% vs 11% papillary RCC and 8% vs 5%
chromophobe RCC in ESRD-RCC and RCC-only patients,
respectively (Table 2). There were significant differences in
the distribution of clear cell RCC vs papillary RCCs, clear cell
RCC vs chromophobe RCC and papillary RCC vs chromo-
phobe RCC, between ESRD-RCC and RCC-only patients
(p< 0.001, p¼ 0.020, and p¼ 0.002, respectively).

Survival

The 5-year overall survival (OS) was 50% (95% CI ¼ 40–59%)
in patients with ESRD-RCC and 63% (62–64%) in RCC-only
patients (p< 0.001). The corresponding 10-year OS was 26%
(15–40%) and 47% (45–48%), respectively (p< 0.001). The
OS-curves were similar between ESRD patients with or with-
out RCC (Figure 1(a)). At the same time RCC-ESRD patients
were younger (median 65 vs 68 years, p< 0.001) and when
differences in expected survival were taken into account by
calculating relative survival and analyzing excess mortality
rate ratio the difference was still non-significant (p¼ 0.27)
(Figure 1(b)).

Risk factors for death in RCC-patients

Univariable analysis identified several risk factors for worse
OS, including: patient age, T-stage, M-stage at diagnosis,
different morphology and ESRD before RCC. In a multivari-
able Cox regression analysis age, T-stage, M-stage and col-
lecting duct carcinoma remained negative factors for OS,
while chromophobe histology was positive for OS. ESRD

before RCC diagnosis remained an independent negative
predictor of OS with a HR of 2.44 (95% CI ¼ 1.84–3.26,
p< 0.001) (Table 3).

Table 2. RCC patient and tumor characteristics.

RCC
Test of difference between groups

RCC-only (n¼ 9,299) ESRD-RCC (n¼ 117) p

Age (median, interquartile range) 68 (60–75) 65 (55–73) <0.001b

T-stage 0.027c

T1a 2,799 (30.1%) 46 (39.3%)
T1b 2,139 (23.0%) 30 (25.6%)
T2 1,604 (17.2%) 14 (12.0%)
T3-T4 2,512 (27.0%) 21 (18.0%)
TXa 245 (2.6%) 6 (5.1%)

Tumor diameter, mm (median, interquartile range) 60 (35–87) 45 (30–70) <0.001b

M-stage
M0 7,528 (81.0%) 102 (87.2%) 0.088c

M1 1,771 (19.0%) 15 (12.8%)
Histopathology <0.001d

Clear cell RCC 6,913 (78.3%) 62 (53.0%)
Papillary RCC 1,035 (11.1%) 32 (29.6%)
Chromophobe RCC 444 (4.8%) 9 (7.7%)
Collecting duct carcinoma 36 (0.5%) 1 (0.9%)
Other 159 (1.7%) 5 (4.3%)
Unknowna 712 (7.7%) 7 (6.0%)

aNot included in test.
bWilcoxon rank-sum test.
cPearsons chi-squared test.
dFisher’s exact test.
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Figure 1. Survival in RCC patients and controls with and without ESRD. (a)
Overall survival and (b) Relative survival in RCC patients and controls with and
without ESRD.
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Discussion

Our nationwide population-based case-control study shows
that ESRD have an increased risk of developing RCC in their
native kidneys, confirming previous studies [8–11,16,17].
ESRD increased the risk to develop RCC 3–10-times depend-
ing on the length of time with ESRD. After 9 years with ESRD
the risk of RCC was 10-times higher compared with
matched controls.

In the present study the patients with ESRD and subse-
quent RCC had significantly smaller tumors with lower stage
at the time of detection compared with RCC-only patients.
This is in line with Neuzillet et al. [10], who reported the larg-
est series of RCC in ESRD patients and showed a predomin-
ance of small, low-stage and low-grade tumors. Like others
have suggested previously, one reason might be that ESRD
patients undergo more medical investigations including CT/
ultrasound-screening than the general population and there-
fore these tumors are identified earlier and are smaller at
detection [23,24]. However, this earlier detection cannot
explain the difference of morphological patterns between
the RCC-only patients and the patients with ESRD-RCC. In
the group of patients with ESRD-RCC we found significantly
more papillary and chromophobe RCCs. Our results are con-
sistent with the histopathological distributions that have
been previously reported [8,9,14,15,17,25]. The main hypoth-
esis for explaining the RCC type in ESRD patients is based on
the fact that ACKD incidence increases over time, with dialy-
sis reaching almost 90% over 5–10 years [9,13,24]. Tsuzuki
et al. [9] produced a comprehensive review that discusses
the epidemiology of RCC arising in ESRD patients. They
noticed two specific RCC types after long-term dialysis
(>10 years): Acquired cystic disease-associated RCC and clear
cell papillary RCC, in contrast to our RCC morphological sub-
types. These tumors had a more indolent clinical course, but
they also observed that long-term dialysis worsens the

prognosis for ESRD-RCC patients [26]. There are arguments
to support specific oncogenic and growth factor mechanisms
in ESRD-RCCs, but the mechanisms are not fully understood
and need further investigation. Hypertension is a risk factor
for both ESRD and RCC and is common in ESRD-patients. In
theory this might also contribute to the increased incidence
of RCC in ESRD [27].

Despite having less advanced tumors at diagnosis, we
showed that the OS in ESRD-RCC patients is significantly
lower compared with RCC-only patients. In previous studies,
ESRD-RCC patients showed a more favorable cancer-specific
survival, compared with RCC patients only [8–11,28]. From a
patient perspective, cancer specific survival only is less rele-
vant for the ESRD-RCC patients since it does not capture the
decreased survival due to ESRD. We have therefore used rela-
tive survival, which is a measure of excess mortality, and OS
in the comparisons between groups. In multivariable analysis,
ESRD-RCC was a negative prognostic factor for OS with a HR
of 2.44. We also observed that the control ESRD patients
without RCC had a similar OS outcome as ESRD-RCC patients.
When adjusting for age and other causes of death by analyz-
ing relative survival, we still did not observe any significant
difference in survival (p¼ 0.27). Song et al. [17] constituted a
comparative analysis of survival outcome between 362 RCC-
only and 181 ESRD-RCC patients. They observed a decreased
cancer-specific survival and OS for the ESRD-RCC patients.
Likewise, Chen et al. [29] noticed in a retrospective study
that the OS for ESRD-RCC patients was decreased compared
to RCC only. Our data is the first to compare ESRD-RCC
patients with controls with and without ESRD. Patients with
ESRD are known to have a shorter life expectancy than the
general population, depending on the age at diagnosis. The
expected life span after ESRD-onset is approximately one-
third compared to the age-matched general population
[1,30]. The survival outcome corresponds with our results,
one can therefore argue that it is the ESRD that causes the

Table 3. Uni- and multivariable Cox-regression, 5-year overall mortality, for RCC patients.

Variables
No. of patients,

n

Univariable Cox Multivariable Cox

HR (95% CI) p HR (95% CI) p

Gender
Male 5,792 1.0 1.0
Female 3,624 0.95 (0.89–1.02) 0.19 0.93 (0.86–1.00) 0.063

Age (continuous, per 10 years) 9,416 1.51 (1.46–1.56)� <0.001 1.42 (1.36–1.47)� <0.001
T-stage
T1a 2,845 1.0� 1.0
T1b 2,169 1.94 (1.72–2.19) <0.001 1.65 (1.44–1.88) <0.001
T2 1,604 2.91 (2.58–3.28) <0.001 2.38 (2.08–2.72) <0.001
T3 2,202 4.56 (4.09–5.08) <0.001 3.06 (2.70–3.47) <0.001
T4 310 15.1 (13.0–17.6) <0.001 6.16 (5.13–7.40) <0.001

M-stage
M0/MX 7,630 1.0� 1.0�
M1 1,786 7.43 (6.93–7.97) <0.001 4.73 (4.34–5.15) <0.001

Histopathology
Clear cell RCC 6,975 1.0� 1.0�
Papillary RCC 1,068 0.81 (0.71.0.91) 0.001 1.08 (0.95–1.22) 0.24
Chromophobe RCC 453 0.46 (0.37–0.58) <0.001 0.69 (0.55–0.88) 0.002
Collecting duct carcinoma 37 6.40 (4.54–9.04) <0.001 4.85 (3.43–6.85) <0.001
Other 164 2.53 (2.06–3.11) <0.001 2.21 (1.77–2.74) <0.001

ESRD before RCC
No 9,299 1.0 1.0
Yes 117 1.50 (1.16–1.95) 0.002 2.44 (1.84–3.26) <0.001

�The proportional hazards assumption was not fulfilled.
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decreased life expectancy not the RCC. Subsequently, the
RCC caused by ESRD is described to be a more indolent and
less aggressive disease [8,10,11]. ESRD patients with RCC may
belong to a subgroup with less comorbidity. Hence, they live
longer with ESRD, which in time induces the RCC. The real
effect of the RCC on survival is thus masked when the two
groups are compared. The increased OR for RCC with time
supports this explanation.

Limitations of the study are the retrospective register-
based design, despite high coverage of the registers, lacking
more detailed clinical data. The strength is that it is an unse-
lected population-based cohort with a 99% coverage of the
national population. Also, to our knowledge it is the first
study investigating this issue with matched controls. A pre-
requisite for our study has been the high-quality health
registers in Sweden and the unique research data base,
RCCBaSe [18].

Although the whole of Sweden is covered, the ESRD
patients with and without RCC are currently too few to study
other risk factors for RCC than time in ESRD.

Conclusion

This population-based case-control study shows that patients
with ESRD have a 5–10-times increased time-dependent risk
of developing RCC. Furthermore, ESRD patients have smaller
tumors with lower stage at the time of detection compared
to RCC patients without ESRD. Histopathologically there were
more frequently papillary and chromophobe RCCs in the
ESRD group. Nevertheless, the overall survival in ESRD-RCC
patients is significantly lower compared to RCC patients with-
out ESRD, probably due to the detrimental effect of the
ESRD. In our multivariable analysis ESRD is shown to be an
independent predictor of mortality with a hazard ratio
of 2.44.
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