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ARTICLE

Surgical waiting times and all-cause mortality in patients with non-metastatic
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Fabian Hofmanng, Anders Kjellmanh, Britt-Inger Kr€oger Dahlini, Per Lindbladj , Magnus Lindskogk ,
Sven Lundstaml and B€orje Ljungbergi

aRegional Cancer Centre Stockholm-Gotland, Stockholm, Sweden; bDepartment of Medical Sciences, Division of Clinical Diabetology and
Metabolism, Uppsala University, Uppsala, Sweden; cDepartment of Neurobiology, Care Sciences and Society, Division of Family Medicine
and Primary Care, Karolinska Institutet, Stockholm, Sweden; dDepartment of Urology, Faculty of Medicine and Health, €Orebro University,
€Orebro, Sweden; eDepartment of Oncology, Karolinska University Hospital and Karolinska Institutet, Stockholm, Sweden; fDepartment of
Radiology, Sahlgrenska Academy, Sahlgrenska University Hospital, Gothenburg University, Gothenburg, Sweden; gDepartment of Urology,
Umeå University, Luleå, Sweden; hDepartment of Urology, Karolinska University Hospital and Karolinska Institutet, Stockholm, Sweden;
iDepartment of Surgical and Perioperative Sciences, Urology and Andrology, Umeå University, Umeå, Sweden; jSchool of Medical Sciences,
Faculty of Medicine and Health, €Orebro University, €Orebro, Sweden; kDepartment of Immunology, Genetics and Pathology, Uppsala
University, Uppsala, Sweden; lDepartments of Urology and Oncology, Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden

ABSTRACT
Objective: To examine the association between surgical waiting times (SWTs) and all-cause mortality
(ACM) in non-metastatic patients with RCC, in relation to tumour stage.
Patients and methods: This nation-wide population-based cohort study included 9,918 M0 RCC
patients registered in the National Swedish Kidney Cancer Register, between 2009 and 2021, followed-
up for ACM until 9 December 2021, and having measured SWTs. The associations between primarily
SWTs from date of radiological diagnosis to date of surgery (WRS) and secondarily SWTs from date of
radiological diagnosis to date of treatment decision (WRT) and date of treatment decision to date of
surgery (WTS), in relation to ACM, were analysed using Cox regression analysis, adjusted for clinical
and demographic characteristics, stratified and unstratified according to T-stage.
Results: During a mean follow-up time of 5 years (49,873 person-years), 23% (n¼ 2291) of the patients
died. The adjusted hazard ratio (AHR) for WRS (months) for all patients was 1.03 (95% confidence
interval [CI]¼ 1.02–1.04; p< 0.001). When subdividing WRS on T-stage, the AHRs were 1.03 (95% CI ¼
1.01–1.04; p< 0.001) and 1.05 (95% CI ¼ 1.02–1.08; p¼ 0.003) for stages T1 and T3, respectively, while
non-significant for T2 (p¼ 0.079) and T4 (p¼ 0.807). Similar results were obtained for WRT and WTS.
Conclusions: Prolonged SWTs significantly increased the risk of early overall death among patients
with RCC. The increased risk of early death from any cause show the importance of shortening SWTs
in clinical work of patients with this malignant disease.

Abbreviations: ACM: all-cause mortality; AHR: adjusted hazard ratio; CI: confidence interval; CSM: can-
cer-specific mortality; HR: hazard ratio; IQR: interquartile range; NSKCR: National Swedish Kidney
Cancer Register; PIN: Personal Identification Number; RCC: renal cell carcinoma; SD: standard deviation;
SWT: surgical waiting time; WRS: Waiting time from Radiological diagnosis to Surgery; WRT: Waiting
time from Radiological diagnosis to Treatment decision; WTS: Waiting time from Treatment decision
to Surgery
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Introduction

Surgical waiting times (SWTs) are of particular interest for
patients with malignant diseases, where delays in treatment
allow disease progression, metastatic spread and ultimately

early death. Prolonged SWT has a significant impact on the
psychological wellbeing of cancer patients [1]. The natural his-

tory of malignancy and effect of SWTs seems to differ between
cancers. A reduced survival after delay has been reported for

patients with bladder and breast cancer [2–4], but not shown
for prostate or colon cancer patients [5–7]. Intuitively, time
makes a difference in tumour development, with local growth
and distant spread as well as potential supervening genetic
changes of the tumour. For patients with renal cell carcinoma
(RCC), the impact of shorter tumour growth time is clearly
shown by the increased proportion of incidental detection,
which has resulted in a stage shift towards smaller tumours,
lower stages and improved survival [8].
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Although surveillance is an option for patients with small
RCCs and reduced life expectancy or significant comorbid-
ities, this is seldom an option in larger and more advanced
RCCs [9,10], having a higher rate of locally advanced growth
and distant metastases. There are, however, contradicting
results regarding the effect of a longer SWT in RCC. A few
studies have reported that surgical delay did not result in
adverse outcomes [11–13], while other studies found an
association between prolonged SWT and in increased all-
cause mortality (ACM) among pT3 RCC patients [14], while
for T2 RCC patients only SWT of 5–6months were found to
be significantly associated with increased ACM [14,15]. Mano
et al. [16] found a significant effect of longer SWT on
increased ACM, but no significant effect on cancer-specific
mortality (CSM). While it may be argued that CSM is of main
interest when studying adverse outcomes among RCC
patients, for the individual patient the cause of death is
probably of less interest. Moreover, ACM has the advantage
that it avoids problems with misclassification bias regarding
the true cause of death [17].

There is, thus, a lack of unambiguous evidence regarding
the effect of SWT on ACM in RCC patients and potential dif-
ferences based on tumour stage. Moreover, there are dispar-
ate definitions of how SWT are defined. Based on the
patient’s perspective the waiting time from radiological diag-
nosis to surgery (WRS) may be of main interest. This measure
may be divided into the waiting times from date of radio-
logical diagnosis to date of treatment decision (WRT) and
from date of treatment decision to date of surgery (WTS),
which may be of interest from epidemiological and cost-
effectiveness perspectives. The National Swedish Kidney
Cancer Register (NSKCR) contains the necessary data for
examining these relationships.

Aim

The aim of the present study was to examine the associa-
tions between SWTs and ACM among non-metastatic RCC
patients using data from the NSKCR, considering potential
differences between tumour stages. The primary hypothesis
was that prolonged WRS is associated with increased risks of
early death from any cause, with the secondary hypothesis
being that prolonged WRT and WTS are independently asso-
ciated with increased risks of early death from any cause.

Patients and methods

Study design and participants

The NSKCR [18] was launched in 2005, with the aim to meas-
ure and improve the quality of care of Swedish RCC patients
by collecting detailed data on diagnosis, tumour characteris-
tics, and treatment of the included patients. Although partici-
pation in NSKCR is voluntary, it includes 99% of all RCC
patients as compared with the registration in the mandatory
national Swedish Cancer Register [18–22]. Further details
about inclusion criteria for and content of the NSKCR are
given in previously published studies [18,20,23,24].

The present study aimed to include surgically treated
patients without metastatic disease at primary diagnosis who
had known dates of radiological diagnosis, treatment decision,
and surgery registered in the NSKCR until 9 December 2021.
Date of radiological diagnosis has been registered in the
NSKCR since 2007, while dates of treatment decision and sur-
gery have been registered since 2009. A flow chart of the inclu-
sion process is given in Figure 1. In short, of the 22,042
observations registered in the NSKCR on 9 December 2021, a
total of 8,922 observations were excluded due to the decided
treatment not being surgery/ablation, not having a date of
radiological diagnosis, treatment decision, or surgery, having a
date occurring before 2009, or the dates not being in the order
of radiological diagnosis followed by treatment decision fol-
lowed by surgery. Of the resulting 13,120 observations deemed
possible to include in the study, 1,311 observations were found
to be duplicated individuals included more than once in the
NSKCR if bilateral RCCs were treated at different dates and
were thus excluded from the study, resulting in 11,809 unique
individuals possible to include. Finally, 1,891 individuals with
M1, MX, T0, or TX stages, missing values for M or T stadium, or
type of surgery unknown, were excluded, resulting in 9,918
unique individuals being included in the study.

Data collection

Data are reported to the NSKCR from the hospital treating
the patient and checked for errors and inconsistencies by
the regional cancer centre. Using the participants’ unique
Swedish Personal Identification Number (PIN) [25], the NSKCR
is linked to the Population Register, from which information
about date of death or emigration is retrieved daily. For the
present study, information about the patient’s treatment,
TNM stage, RCC type, tumour size, type of surgery, if the
finding was incidental (yes/no), as well as the dates of radio-
logical diagnosis, treatment decision, surgery, emigration,
and death were extracted from the NSKCR. Sex and date of
birth were obtained from the participant’s PIN.

The updated TNM 2017 classification system [26] was used
for tumour staging. RCC type was classified as clear cell, papil-
lary, chromophobe, or other. Tumour size was defined as the
maximal tumour diameter measured by tomographic imaging.
Surgical treatment was dichotomised as open or non-open
surgery, with the latter including laparoscopy or robot-assisted
laparoscopy. Ablation treatment (n¼ 425, 4.3%) was classified
as a non-open surgical treatment. Age at surgery was calcu-
lated as the time from the date of birth to the date of sur-
gery, while the SWTs were calculated as the times from the
date of radiological diagnosis to the dates of surgery (WRS)
and treatment decision (WRT) and from the date of treatment
decision to the date of surgery (WTS), respectively. Time to
follow-up was measured as the time from the date of surgery
to the date of death or censoring, with the latter occurring if
the participant emigrated, changed PIN or was still alive at
the end of follow-up on 9 December 2021.

384 A. K. ROSENBLAD ET AL.



Statistical analyses

All analyses were performed both unstratified and stratified
on the tumour stages T1, T2, T3 and T4. Categorical data are
presented as frequencies and percentages, n (%), while con-
tinuous data are reported as mean values with accompany-
ing standard deviations (SDs). Tests of differences between
independent groups were performed using the log-rank test,
with comparisons of survival probabilities illustrated with
Kaplan-Meier curves. The associations between SWTs
(months) and ACM were estimated using Cox regression
models, unadjusted as well as adjusted for the confounders
male sex (yes/no), incidental finding (yes/no), year of surgery,
age at surgery (years), open surgery (yes/no), tumour size
(mm), RCC type (clear cell [reference category]/papillary or
chromophobe/other) and T-substage (T1a/T1b/T2a/T2b/T3a/
T3b/T3c/T4). A month was defined as consisting of 30days.
Since T4 did not have a T substage, this confounder was not
used for models estimated separately for stage T4. The pri-
mary and secondary hypotheses were examined separately,
using two separate models for the adjusted analyses: Model I
examined the primary hypothesis by including only WRS, in
addition to the confounding variables, in the model, while
Model II examined the secondary hypothesis by including
both WRT and WTS, in addition to the confounding variables,
in the model. The results of the regression models are pre-
sented as hazard ratios (HRs) with accompanying 95%

confidence intervals (CIs). As a sensitivity analysis against pos-
sible extreme values for SWTs, Cox regression analyses were
also applied to a trimmed data set constructed by excluding
observations below the 5th and above the 95th percentile for
WRS. All statistical analyses were performed using R� 4.1.2 (R
Foundation for Statistical Computing, Vienna, Austria), with
two-sided p-values < 0.05 considered statistically significant.

Ethical approval

The present study was approved by the Ethical Review Board
of Northern Sweden (Dnr: 2012-418-31M) and the Swedish
Ethical Review Agency (Dnr: 2019-2579 and 2020-05093).

Results

The 9,918 participants were followed for a mean period of
5 years (49,873 person-years). In total, 23% (n¼ 2,291) of the
participants died during the study period, with the propor-
tion of deceased participants varying from 17% (n¼ 1,094) in
the T1 stage to 70% (n¼ 59) in the T4 stage. The survival
probability differed significantly between the T-stages
(p< 0.001). Kaplan-Meier curves of the survival probabilities
are given in Figure 2.

Characteristics of the 9,918 participants are given in
Table 1. A clear majority (64%; n¼ 6,364) of the participants

Number of observations in the 
National Swedish Kidney Cancer 

Register (NSKCR) 

n = 22 042 

Excluded: n = 8922 

• Treatment decision other than 
surgery/ablation: n = 5964 
o No date of radiological diagnosis, 

treatment decision, or surgery:  
n = 2490  

� Year of radiological diagnosis, 
treatment decision, or surgery < 
2009: n = 235 

• Date of treatment decision < Date 
of radiological diagnosis: n = 205  

• Date of surgery < Date of 
treatment decision: n = 28 

Number of observations possible to 
include  

n = 13 120 

Number of unique individuals 
possible to include 

n = 11 809 

Excluded duplicated individuals 

n = 1311 

Excluded: n = 1891 

• M stadium other than M0: n = 1607 
o T0, TX or missing T stadium: n = 57  
� Type of surgery unknown: n = 227 

Number of unique individuals 
included in the study 

n = 9918 

Figure 1. Flowchart of the inclusion process.
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were males, with the lowest and highest proportions of
males observed in the T1 (64%; n¼ 4,118) and T4 (70%;
n¼ 59) groups, respectively. For two thirds of the patients
(68%; n¼ 6,587), the tumour was discovered incidentally,
with T4 having the lowest proportion (43%; n¼ 36) and T1
the highest (78%; n¼ 4,940). At the time of surgery, the par-
ticipants were at a mean (SD) age of 65.9 (11.6) years and
had mean (SD) SWTs of 93.4 (106.4) days and 40.4 (40.3)
days for WRS and WTS, respectively. The T1 and T4 stages
had the youngest (mean age 65.2 years) and oldest (mean
age 69.9 years) patients, respectively, as well as the patients
with the longest (mean time 46.5 days) and shortest (mean
time 25.0 days) WTS. Most patients (57%; n¼ 5,670) were

treated with open surgery, with the lowest proportion (47%;
n¼ 3,030) occurring in the T1 group and the highest propor-
tion (85%; n¼ 71) in the T4 group. The overall mean (SD)
tumour size was 55.1 (± 34.7) mm. Clear cell RCC was the
most common RCC type in all stages, comprising 74%
(n¼ 7,355) of all patients; it was least common (69%; n¼ 58)
in stage T4 and most common (85%; n¼ 1,736) in stage T3.

WRS in relation to ACM

Results for Cox regression analyses of SWTs (months) as pre-
dictors of ACM for Models I and II are given in Table 2. More
detailed results, including the confounding variables for each
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T1a 
T1b 
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T3b 
T3c 
T4

Number at risk 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
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1866 1740 1552 1322 1126 
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1372 1189 
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21 13 
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Figure 2. Kaplan-Meier curves of survival probability according to tumour stage.
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model, are given in Supplementary Tables S1–S5. Regarding
the primary hypothesis, Model I showed that in the unstrati-
fied analyses (including all T stages), there was no significant
association between WRS and risk of death during follow-up
after surgery in the unadjusted analysis, while prolonged
WRS was strongly associated with a higher risk of death in
the adjusted analysis, with the risk being 3% higher for each
additional month of WRS (p< 0.001).

In the stratified analyses, WRS was for stages T1–T3 sig-
nificantly associated with ACM in the unadjusted analyses,

with T1 and T3 remaining significant also in the adjusted
analyses. In the adjusted analyses, the risks of death during
follow-up after surgery were 3% and 5% higher for T1
(p< 0.001) and T3 (p¼ 0.003), respectively, for each add-
itional month of WRS.

WRT and WTS in relation to ACM

Regarding the secondary hypothesis, Model II overall showed
the same pattern as for Model I. In the unstratified analyses

Table 1. Characteristics of the n¼ 9,918 participating patients according to tumour stage.

All T1 T2 T3 T4
Variable n¼ 9,918 n¼ 6,463 n¼ 1,318 n¼ 2,053 n¼ 84

Deceased, n (%) 2291 (23.1) 1094 (16.9) 386 (29.3) 752 (36.6) 59 (70.2)
Time to follow-up (years), mean (SD)a 5.0 (3.1) 5.2 (3.1) 5.4 (3.3) 4.3 (3.1) 2.6 (2.9)
WRS (days)b

mean (SD) 93.4 (106.4) 111.8 (120.3) 55.8 (54.5) 61.3 (63.8) 57.3 (58.4)
median (IQR) 64 (41–106) 78 (50–129) 44 (29–65) 47 (31–70) 40.5 (29–57.25)

WRT (days)c

mean (SD) 53.1 (94.0) 65.3 (108.0) 27.4 (47.5) 31.9 (55.2) 32.3 (51.2)
median (IQR) 28 (14–56) 35 (18–70) 16 (7.25–31) 19 (9–35) 18 (9.5–29)

WTS (days)d

mean (SD) 40.4 (40.3) 46.5 (45.7) 28.5 (22.0) 29.5 (24.6) 25.0 (17.0)
median (IQR) 30 (20–48) 35 (22–57) 25 (15–35.75) 25 (15–36) 21.5 (15–33)

Male sex, n (%) 6364 (64.2) 4118 (63.7) 861 (65.3) 1326 (64.6) 59 (70.2)
Incidental finding, n (%) 6587 (68.0) 4940 (78.3) 623 (48.4) 988 (49.0) 36 (43.4)
Age at surgery (years), mean (SD) 65.9 (11.6) 65.2 (11.7) 65.5 (12.0) 68.2 (10.8) 69.9 (10.7)
Open surgery, n (%) 5670 (57.2) 3030 (46.9) 1019 (77.3) 1550 (75.5) 71 (84.5)
Tumour size (mm), mean (SD) 55.1 (34.7) 36.8 (16.3) 101.1 (29.3) 81.6 (34.7) 98.0 (35.4)
RCC type, n (%)
Clear cell 7355 (74.3) 4629 (71.8) 932 (70.8) 1736 (84.6) 58 (69.0)
Papillary 1455 (14.7) 1077 (16.7) 201 (15.3) 168 (8.2) 6 (7.1)
Chromophobe 764 (7.7) 519 (8.0) 141 (10.7) 98 (4.8) 9 (10.7)
Other 325 (3.3) 223 (3.5) 42 (3.2) 49 (2.4) 11 (13.1)

Abbreviations: IQR, interquartile range; RCC, renal cell carcinoma; SD, standard deviation; WRS, Waiting time from Radiological diagnosis to Surgery; WRT,
Waiting time from Radiological diagnosis to Treatment decision; WTS, Waiting time from Treatment decision to Surgery.
Notes: There were 228 (2.3%) missing values for incidental finding, two (0.02%) missing values for tumour size, and 19 (0.2%) missing values for RCC type.
aNumber of years from the date of surgery to the date of death or censoring. The total number of person-years of follow-up was calculated as
9,918� 5.028555¼ 49,873 person-years.
bNumber of days from the date of radiological diagnosis to the date of surgery.
cNumber of days from the date of radiological diagnosis to the date of treatment decision.
dNumber of days from the date of treatment decision to the date of surgery.

Table 2. Results for Cox regression analyses of waiting time from radiological diagnosis to surgery (WRS; months), waiting time from radiological diagnosis to
treatment decision (WRT; months), and waiting time from treatment decision to surgery (WTS; months) as predictors of all-cause mortality (ACM).

Unadjusted Adjusteda

Model T stage Predictor HR 95% CI p-value HR 95% CI p-value

I All WRS 1.00 0.99-1.01 0.702 1.03 1.02-1.04 <0.001�
T1 WRS 1.03 1.01-1.04 <0.001� 1.03 1.01-1.04 <0.001�
T2 WRS 1.07 1.03-1.11 <0.001� 1.04 1.00-1.09 0.079
T3 WRS 1.06 1.03-1.09 <0.001� 1.05 1.02-1.08 0.003�
T4 WRS 0.98 0.87-1.10 0.685 0.98 0.86-1.13 0.807

II All WRT 1.00 0.99-1.02 0.607 1.02 1.01-1.04 <0.001�
WTS 1.00 0.96-1.03 0.839 1.06 1.03-1.09 <0.001�

T1 WRT 1.02 1.01-1.04 <0.001� 1.02 1.01-1.04 0.004�
WTS 1.06 1.02-1.10 0.001� 1.05 1.01-1.08 0.005�

T2 WRT 1.06 1.02-1.11 0.008� 1.03 0.97-1.09 0.286
WTS 1.20 1.08-1.33 <0.001� 1.11 0.98-1.26 0.100

T3 WRT 1.06 1.02-1.09 <0.001� 1.04 1.00-1.08 0.034�
WTS 1.12 1.04-1.21 0.004� 1.10 1.00-1.21 0.043�

T4 WRT 0.98 0.85-1.12 0.720 1.00 0.86-1.16 0.997
WTS 0.93 0.61-1.43 0.747 0.89 0.57-1.41 0.626

Abbreviations: CI, confidence interval; HR, hazard ratio.
Notes: Model I include only WRS, in addition to the confounding variables, while Model II includes in WTS and WRT, in addition to the confounding variables. A
month was defined as consisting of 30 days.�Significant p-values.
aAdjusted for the confounding variables male sex (yes/no), incidental finding (yes/no), year of surgery, age at surgery (years), open surgery (yes/no), tumour size
(mm) and RCC type (clear cell [reference category]/papillary or chromophobe/other) and T substage (except for stage T4). There were 9,670 observations with
2,218 (22.9%) events for all stages, 6,291 observations with 1,056 (16.8%) events for stage T1, 1,283 observations with 375 (29.2%) events for stage T2, 2,013
observations with 729 (36.2%) events for stage T3 and 81 observations with 58 (71.6%) events for stage T4.
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(including all T stages), there were thus no significant associ-
ations between either WRT or WTS and risk of death during
follow-up after surgery in the unadjusted analysis, while both
prolonged WRT and prolonged WTS were strongly independ-
ently associated with higher risks of death in the adjusted
analysis, with the risk being 6% and 2% higher for each add-
itional month of WRT (p¼ 0.004) and WTS (p¼ 0.005),
respectively.

In the stratified analyses, WRT and WTS were for stages
T1–T3 all significantly associated with ACM in the unadjusted
analyses, with T1 and T3 again remaining significant also in
the adjusted analyses. In the adjusted analyses, the risks of
death during follow-up after surgery were 5% and 10%
higher for T1 (p¼ 0.005) and T3 (p¼ 0.043), respectively, for
each additional month of WTS, while the risks were 2% and
4% higher for T1 (p¼ 0.004) and T3 (p¼ 0.034), respectively,
for each additional month of WRT.

Sensitivity analysis

Results for the sensitivity analyses using Cox regression
applied to the trimmed data are given in Supplementary
Table S6. Overall, no materially different results could be
observed, compared to what was observed for the full data
set. All SWTs that were significant in adjusted analyses for
the full data set are still significant in adjusted analyses for
the trimmed data set. A notable change is, however, that
WTS for stage T2 and WRT for stage T4 are significant in the
adjusted analyses of the trimmed data, while they were non-
significant for the full data set.

Discussion

This large-scale nationwide population-based register study
of 9,918 surgically treated non-metastatic RCC patients with
49,873 person-years of follow-up showed that prolonged
WRS was associated with increased risks of early death from
any cause and prolonged WRT and WTS were independently
associated with increased risks of early death from any cause.
Overall, the pattern was the same for WRS, WRT and WTS,
with prolonged SWTs for all patients being strongly associ-
ated with increased risks of early death in adjusted analyses,
regardless of the type of SWT analysed. In adjusted as well
as in unadjusted stratified analyses significant associations
between SWTs and ACM were observed for T1 and T3 RCC
patients, irrespective of type of SWT analysed.

Results in perspective

In line with the results of the present study, Kim et al. [12]
found no significant associations between SWT and patho-
logical upstaging or cancer-specific survival in unadjusted
analyses. In adjusted analyses, Mano et al. [16] found no sig-
nificant associations between SWT and upstaging, recurrence
or CSM. Prolonged SWTs were, however, found to be signifi-
cantly associated with an increased risk of early death, with
an adjusted hazard ratio (AHR) of 1.17 per month [16].
Although this was a considerably larger effect than the

present study’s unstratified AHRs of 1.03, 1.02 and 1.06 per
month for WRS, WRT and WTS, respectively, it is in line with
the results of the present study.

While prolonged SWTs were significantly associated with
increased risks of early death for the T1 and T3 stages, in
both unadjusted and adjusted analyses, a significant associ-
ation was for stage T2 found in the unadjusted analyses
only. The reasons for this loss of significance for T2 RCCs in
the adjusted analyses are unclear. One reason may, however,
be that T2 RCCs are tumours that have grown large without
being locally invasive, thus having a less malignant behav-
iour despite their appearance with a large tumour size.
Another reason may be relatively fewer events among the T2
patients in the present study, 375, compared with 1,056 and
729 events for stages T1 and T3, respectively, limiting the
power of the analyses. With only 58 events in the adjusted
analyses for stage T4, a limited power may also explain the
absence of a significant impact of SWT on ACM for this
stage, together with the overall dismal prognosis in
this group.

The results of the present study are in agreement with
those reported by Srivastava et al. [27] in a study of 29,746
cT1b-T2bN0M0 RCC patients, who in adjusted analyses found
a significant association between prolonged SWTs and early
overall death for cT1b but not cT2a or cT2b RCC. However,
the latter study included SWT as a categorical variable
(< 1month [reference]/1–3months/> 3months) in the analy-
ses, which usually results in a loss of power. Our results are
also partly congruent with a study by Ginsburg et al. [14]
including 11,848 patients with clinical T2 RCC, which found a
significant association between prolonged SWTs and
increased risks of early overall death, with AHRs of 1.10 and
1.11 per month in the entire cohort and a sub-cohort of
patients with Charlson Comorbidity Index ¼ 0, respectively.
Notably, their study had a total of 2,806 events, substantially
increasing the power of the study, which may partly explain
the observed significant associations, compared with the
absent of a significant association for stage T2 in our study.

Strengths and limitations

The main strength of the present study was the large data
set with 9,918 patients having 49,873 person-years of follow-
up taken form the validated high quality [21] NSKCR, cover-
ing 99% of all RCC patients nationwide. The generalizability
to Swedish RCC patients of the obtained results should
therefore be high. Among limitations, a lower degree of con-
trol over the data collection process are inherent to a regis-
ter study and furthermore reasons for delayed surgery, such
as primary surveillance and treatment of comorbidities, were
not known. However, only patients treated with surgery
were included in the analysis. Although the lack of data on
comorbidity is a major limitation of the present study, it
should be noted that the observed associations between
SWTs and ACM were in general robust to the addition of
important confounders to the regression models. A further
addition of, e.g. the Charlson Comorbidity Index as a con-
founder, would probably only have a marginal effect on the
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magnitude of the observed associations. Finally, while the
lack of data on CSM may be viewed as a limitation, it should
be noted that the way the Swedish Cause of Death Registry
works, it is safe to assume that an overwhelming majority of
the ACM deaths would in fact be registered with RCC as a
primary or secondary cause of death. Using CSM instead of
ACM as an outcome would thus probably have had a negli-
gible effect on the results of the present study.

Conclusions

The present large-scale nationwide population-based cohort
study found that prolonged SWTs, resulted in a significantly
increased risk of early death among RCC patients. These
results elucidate the importance of reducing SWTs for RCC
patients, to improve the survival in this malignant disease.

Supplementary data

Results for the confounding variables from the Cox regression analyses
of waiting times as predictors of ACM as well as results for sensitivity
analyses are given in Supplementary Tables S1–S6.
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