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ABSTRACT
Background: Presence of comorbid diseases at time of cancer diagnosis may affect prognosis. We
evaluated the impact of comorbidity on survival of patients diagnosed with renal cell carcinoma (RCC),
overall and among younger (<70 years) and older (�70 years) patients.
Methods: We established a nationwide register-based cohort of 7894 patients aged �18 years diag-
nosed with RCC in Denmark between 2006 and 2017. We computed 1- and 5-year overall survival and
hazard ratios (HRs) for death according to the Charlson Comorbidity Index (CCI) score.
Results: Survival decreased with increasing CCI score despite an overall increase in survival over time.
The 5-year survival rate of patients with no comorbidity increased from 57% among those diagnosed
in 2006–2008 to 69% among those diagnosed in 2012–2014. During the same periods, the survival
rate increased from 46% to 62% among patients with a CCI score of 1–2 and from 39% to 44% for
those with a CCI score of �3. Patients with CCI scores of 1–2 and �3 had higher mortality rates than
patients with no registered comorbidity (HR 1.15, 95% CI 1.06–1.24 and HR 1.56, 95% CI 1.40–1.73).
Patterns were similar for older and younger patients. Particularly, diagnoses of liver disease (HR 2.09,
95% CI 1.53–2.84 and HR 4.01, 95% CI 2.44–6.56) and dementia (HR 2.16, 95% CI 1.34–3.48)
increased mortality.
Conclusion: Comorbidity decreased the survival of patients with RCC, irrespective of age, despite an
overall increasing survival over time. These results highlight the importance of focusing on comorbid-
ity in this group of patients.
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Background

The incidence of renal cell carcinoma (RCC) is increasing
worldwide. This is due partly to an increasing number of
radiological investigations for other diseases, which leads to
incidental detection of small renal tumors [1]. Most cases of
RCC are localized; however, up to 20–30% of the patients
will develop metastatic disease after surgery [2]. The 5-year
relative survival rate of patients with RCC is 75% [3].
Worldwide, more than 140 000 renal cancer-related deaths
are reported annually [4].

Comorbidity has been found to be associated with a lon-
ger hospital stay, complications [5,6], and mortality [7–15]
after renal cancer surgery. Most previous studies were rela-
tively small, and none of them focused on comorbidity as a

prognostic factor in a nationwide cohort of patients with
RCC with long-term follow-up. A previous Danish register-
based study found that comorbidity was a negative prognos-
tic factor in a cohort of patients with RCC diagnosed
between 1995 and 2006; [8] however, patients from only two
of five Danish regions were included. This study found tem-
poral changes in both the prevalence of comorbidity at the
time of cancer diagnosis and in survival according to comor-
bidity status [8]. Such changes may have important conse-
quences for health care planning and treatment, especially
for the elderly, in whom polypharmacy and comorbidity
are frequent.

It is of importance to follow the development of preva-
lence and the prognostic effect of comorbidity in a more
recent nationwide cohort of patients. It is also relevant to
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investigate whether the effect of comorbidity on survival
varies between older and younger patients. Such knowledge
can contribute to the base of knowledge that is needed in
treatment decisions for older patients with RCC. Therefore,
this nationwide population-based study aimed to examine
comorbidity prevalence among patients with RCC diagnosed
between 2006 and 2017; and to evaluate the prognostic
impact of comorbidity on survival, overall as well as among
younger (<70 years) and older (�70 years) patients.

Material and methods

This register-based cohort study with up to 13 years of fol-
low-up combined data from national registers for the entire
study population, as all residents of Denmark are registered
with a unique personal identification number, which is used
in Danish registers, allowing linkage of data across registers
at an individual level [16].

Study population

We established a population of all patients aged �18 years
diagnosed with primary RCC in Denmark between 2006 and
2017. Eligible patients were those with RCC verified by hist-
ology or cytology in the Danish Pathology Register, which
contains information on all histological and cytological
examinations performed [17]. We used the following codes
to identify patients: SNOMED code T71 (kidney) in combin-
ation with M80103-M958x3 (all malignant tumors), except
M89603 (nephroblastoma) and M81203 (urothelial carcin-
oma), or the specific code AEF4510 (metastasis or recurrence
derived from the kidney). The patients also had to be
recorded with a diagnosis of RCC in the Danish National
Patient Register (ICD-10 code C64), which holds information
on all diagnoses registered at inpatient and outpatient hos-
pital contacts [18]. All patients were followed until emigra-
tion, death, or 31 December 2019, whichever came first.

Exposures and outcomes

Information on preexisting diseases up to 10 years before the
RCC diagnosis was obtained from the Danish National
Patient Register. From these data, we computed the
Charlson Comorbidity Index (CCI), which includes 19 medical
conditions (listed in Supplementary Table 1). A positive pre-
dictive value > 90% has been found for almost all ICD-10
diagnostic codes used to ascertain the CCI in the Danish
National Patient Register [19]. Each condition is weighted
according to its potential impact on mortality, and the CCI
score is calculated as the sum of those weights (from 0 to 6).
A higher CCI score indicates increased severity of comorbid
conditions [20,21]. In this study, we categorized CCI scores
into groups 0, 1–2, and �3.

Information on the stage of RCC was obtained from the
Danish Cancer Registry and categorized as localized/regional
stage and advanced stage [22].

Data on vital status were obtained from the Civil
Registration System, in which dates of death and emigration
are recorded continuously for all residents [23].

The study population was divided into younger and older
patients with 70 years as the cutoff point, as in previous
studies of cancer patients [24].

Statistical analysis

The prevalence of CCI scores (0, 1–2, �3) at the date of RCC
diagnosis was calculated among patients diagnosed during
four calendar periods: 2006–2008, 2009–2011, 2012–2014,
and 2015–2017. Further, we computed the prevalence of all
19 individual conditions included in the CCI for the total
study population.

Kaplan-Meier curves for overall survival were computed
according to CCI scores and calendar period of diagnosis.
Overall 1- and 5-year survival and 95% confidence intervals
were calculated by the Kaplan-Meier product-limit method
for the entire study population and patients aged <70 years
and �70 years according to the period of diagnosis and
stage of the disease.

We used Cox proportional hazards regression analysis to
compare mortality (hazard of death) in patients with a CCI
score of 0 with that of patients with a score of 1–2 or �3,
respectively. We calculated 1- and 5-year HRs as well as HRs
for the entire follow-up period. In a second analysis, we com-
pared mortality among renal cell carcinoma patients with
and without each of the 19 conditions included in the CCI
with and without mutual adjustment of all the conditions. All
analyses were stratified by sex and age at diagnosis (5-year
age groups). Overall analyses were performed for the entire
population, and separate analyses were conducted for
patients <70 years and those �70 years. The proportional
hazards assumptions were evaluated by assessing log-minus-
log survivor curves.

Analyses were conducted with SASVR , version 9.4.

Results

We included 7894 patients with RCC diagnosed in Denmark
between 2006 and 2017. Of these, 5179 (66%) were men,
and 2715 (34%) were women. The median age at diagnosis
was 66 years (IQR: 15), and 36% of the patients were
�70 years. The number of patients with RCC diagnosed per
year increased during the study period, from 1402 in
2006–2008 to 2528 in 2015–2017 (Table 1).

In all, 2879 (36%) of the patients had a CCI score >0 at
the time of cancer diagnosis. The prevalence of a CCI score
�3 at the time of diagnosis increased from 8% in 2006–2008
to 12% in 2015–2017 (Table 1).

Of the 19 medical conditions in the CCI, the most preva-
lent were cancers other than RCC (8%), diabetes (8%), cere-
brovascular disease (8%), cardiac disease (7%), and chronic
pulmonary disease (7%) (Supplementary Table 1).

Survival increased over the four periods of diagnosis,
regardless of CCI score (Supplementary Figure 1). Among
patients with no CCI comorbidity, 1-year survival increased
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from 78% for those diagnosed in 2006–2008 to 87% for
those diagnosed in 2015–2017, whereas the 5-year survival
increased from 57% to 69%. For patients with a CCI score of
1–2, 1-year survival increased from 72% for those diagnosed
in 2006–2006 to 86% for those diagnosed in 2015–2017, and
5-year survival increased from 46% to 62%. Survival was low-
est among patients with a CCI score � 3, 1-year survival
increasing from 71% to 83% and 5-year survival from 39% to
44%. These patterns were similar for patients < 70 years of
age and those � 70 years, although survival was highest for
patients < 70 years (Table 2). Survival decreased with increas-
ing comorbidity scores for patients with both localized/
regional and advanced RCC (Table 3).

Age- and gender-stratified mortality rates increased with
increasing CCI scores. As compared to patients with a CCI
score of 0, patients with CCI scores of 1–2 had a slightly
higher mortality rate (HR 1.15, 95% CI 1.06–1.24), and the
mortality rate of those with a CCI score of � 3 was 1.5 times
higher (HR 1.56, 95% CI 1.40–1.73). The patterns were similar
for the 5-year mortality rates, whereas only a CCI score � 3
increased the 1-year mortality rate. The patterns were similar
for patients < 70 years and � 70 years of age, with mortality
rates increase with increased CCI score (Table 4).

Particularly, diagnoses of liver disease (HR 2.09, 95% CI
1.53–2.84 and HR 4.01, 95% CI 2.44–6.56) and dementia (HR

2.16, 95% CI 1.34–3.48) increased mortality. However, the
presence of congestive heart failure, peripheral vascular and
cerebrovascular disease, chronic pulmonary disease, preexist-
ing renal disease, diabetes, and lymphoma were also associ-
ated with increased mortality (Figure 1). After mutual
adjustment for each of these conditions, the patterns
remained the same, although the HRs decreased slightly
(data not shown).

Discussion

In this nationwide population-based study, we found that
more than one-third of patients had registered comorbidities
according to the CCI at the time of RCC diagnosis. The pro-
portions of patients with a high comorbidity burden at the
time of diagnosis increased between 2006 and 2017.
Although survival increased over time, as also seen in a
recent nationwide study [25], the rate was attenuated by
increasing comorbidity burden, irrespective of age.

The prevalence of most comorbid conditions at the time
of cancer diagnosis was lower in this cohort of patients than
in the previous Danish study [8], which may be due to the
sources of the cohorts. The previous study included patients
from only two of the five Danish health regions, while the
present study was nationwide. Thus, geographic inequality in
health status may explain some of this discrepancy. Further,
in our study, we required that the RCC diagnosis was histo-
logically or cytologically verified, while patients in the previ-
ous study were identified only from diagnoses in the Danish
National Patient Register. The diagnoses of some patients in
the previous study were therefore probably based only on
imaging and may have represented older patients with
severe comorbidity, who were unfit for further diagnosis and
treatment. This assumption is supported by the finding that
the median age of patients in the present study was lower
than in the previous study. The prevalence of diabetes was
higher in the present study than in the previous Danish
study (8% versus 6%) [8], probably because, since 2012, diag-
nosis of diabetes in Denmark has been based on measure-
ments of HbA1c instead of glucose tolerance tests [26].

Table 2. Overall 1- and 5-year survival rates and 95% confidence intervals (CIs) for 7894 patients diagnosed with renal cell carcinoma in Denmark in 2006–2017
by Charlson Comorbidity Index score and calendar period of diagnosis.

Charlson Comorbidity Index score

All <70 years �70 years

0 1–2 �3 0 1–2 �3 0 1–2 �3

2006–2008
N 935 357 110 687 206 62 248 151 48
Mean % 1-year (range) 78 (75–80) 72 (67–76) 71 (61–78) 79 (75–82) 73 (67–79) 73 (60–82) 74 (68–79) 69 (61–76) 67 (51–78)
Mean % 5-year (range) 57 (54–61) 46 (41–52) 39 (30–48) 60 (56–63) 54 (47–60) 41 (29–53) 51 (44–57) 36 (28–43) 33 (21–47)

2009–2011
N 1205 439 173 862 261 105 343 178 68
Mean % 1-year (range) 84 (82–86) 82 (78–86) 80 (73–85) 85 (83–88) 86 (81–90) 83 (74–89) 80 (75–83) 76 (69–81) 74 (61–82)
Mean % 5-year (range) 64 (61–66) 62 (58–67) 48 (40–55) 67 (64–70) 68 (62–73) 57 (47–66) 55 (50–60) 54 (46–61) 32 (22–44)

2012–2014
N 1296 609 242 884 343 136 412 266 106
Mean % 1-year (range) 86 (84–88) 85 (82–88) 78 (72–83) 89 (87–91) 88 (84–91) 79 (71–85) 78 (74–82) 82 (76–86) 76 (67–83)
Mean % 5-year (range) 69 (66–71) 62 (58–65) 44 (37–51) 74 (71–76) 67 (61–72) 53 (44–62) 58 (53–63) 54 (48–60) 30 (21–39)

2015–2017
N 1579 667 282 1056 349 135 523 318 147
Mean % 1-year (range) 87 (85–88) 86 (84–89) 83 (78–87) 88 (86–90) 90 (86–93) 87 (80–92) 84 (80–87) 82 (77–86) 78 (71–84)

Table 1. Characteristics of 7894 patients diagnosed with renal cell carcinoma
in Denmark, 2006–2017 according to their Charlson Comorbidity Index score.

Charlson Comorbidity Index score n (%)

0 1–2 �3 Total
N¼ 5015 N¼ 2072 N¼ 807 7894

Age, median (IQR) 64 (16) 68 (14) 69 (12) 66 (15)
Men, n (%) 3260 (65) 1366 (66) 553 (69) 5179
Stage, n (%)
Localized or regional 2769 (55) 1198 (58) 452 (56) 4419
Advanced 795 (16) 237 (11) 74 (9) 1106
Unknown 1451 (29) 637 (31) 281 (35) 2369

Period of diagnosis, n (%)
2006–2008 935 (67) 357 (25) 110 (8) 1402
2009–2011 1205 (66) 439 (24) 173 (10) 1817
2012–2014 1296 (60) 609 (28) 242 (11) 2147
2015–2017 1579 (62) 667 (26) 282 (12) 2528

Total 5015 (64) 2072 (26) 807 (10) 7894
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Furthermore, the prevalence of diabetes in the general popu-
lation has increased [27].

Comorbidity was also found to be an important prognos-
tic factor for survival among RCC patients in previous studies

[7–15]. Most recently, a Korean cohort study showed that the
age-adjusted Charlson Comorbidity Index predicted overall
survival following nephrectomy among 698 patients with
non-metastatic RCC [7]. However, the study comprised a

Table 3. Overall 1– and 5–year survival rates and 95% confidence intervals (CIs) for 7894 patients diagnosed with renal cell carcinoma in Denmark in
2006–2017 by Charlson Comorbidity Index score and stage of the disease.

Charlson Comorbidity Index score

All <70 years �70 years

0 1–2 �3 0 1–2 �3 0 1–2 �3

Localized or regional stage
N 2769 1198 452 1968 680 247 801 518 205
Mean % 1-year (range) 96 (95–97) 94 (92–95) 89 (85–91) 97 (97–98) 96 (94–97) 91 (87–94) 93 (91–94) 91 (88–93) 85 (80–90)
Mean % 5-year (range) 82 (81–84) 71 (68–74) 57 (51–63) 85 (83–87) 80 (76–83) 65 (58–72) 76 (72–79) 60 (54–65) 44 (34–53)

Advanced stage
N 795 237 74 570 142 36 225 95 38
Mean % 1-year (range) 48 (45–52) 43 (37–49) 36 (26–47) 51 (46–55) 48 (39–56) 36 (21–51) 43 (36–49) 34 (24–43) 34 (20–49)
Mean % 5-year (range) 16 (13–19) 12 (8–17) – 17 (14–21) 15 (9–22) – 10 (6–15) 4 (1–12) –

Unknown stage
N 1451 637 281 951 337 155 500 300 126
Mean % 1-year (range) 81 (79–83) 76 (73–79) 75 (70–80) 84 (81–86) 81 (76–85) 77 (70–83) 75 (71–79) 71 (66–76) 72 (64–79)
Mean % 5-year (range) 62 (59–64) 53 (49–57) 44 (37–50) 67 (64–70) 60 (54–65) 53 (45–61) 51 (46–56) 45 (39–51) 30 (21–39)

Table 4. Age- and gender-stratified overall, 1- and 5-year mortality hazard ratios (HRs) with corresponding 95% confidence intervals (CIs) according to Charlson
Comorbidity Index score among 7894 patients diagnosed with renal cell carcinoma in Denmark in 2006–2017.

Charlson comorbidity index score 1-year mortality % HR1-year 95% CI 5-year mortality % HR5-year 95% CI HRoverall 95% CI

All
0 16 1.00 – 38 1.00 – 1.00 –
1–2 17 1.00 (0.88–1.14) 46 1.13 (1.05–1.22) 1.15 (1.06–1.24)
�3 20 1.20 (1.01–1.42) 54 1.50 (1.35–1.66) 1.56 (1.40–1.73)

< 70 years
0 14 1.00 – 33 1.00 – 1.00 –
1–2 14 0.96 (0.80–1.15) 39 1.10 (0.98–1.22) 1.09 (0.97–1.22)
�3 18 1.21 (0.95–1.54) 46 1.21 (1.21–1.64) 1.44 (1.24–1.68)

� 70 years
0 20 1.00 – 48 1.00 – 1.00 –
1–2 21 1.05 (0.87–1.25) 55 1.17 (1.05–1.31) 1.22 (1.09–1.37)
�3 34 1.20 (0.94–1.52) 63 1.60 (1.38–1.85) 1.70 (1.46–1.98)

Figure 1. Age- and gender-stratified mortality hazard ratios (HRs) with corresponding 95% confidence intervals (Cis) according to conditions listed in the Charlson
Comorbidity Index among 7894 patients diagnosed with renal cell carcinoma in Denmark in 2006–2017.
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highly selected group of patients eligible for surgery and
excluded those with high age or high comorbidity burden.
Our study adds further information, as it was a population-
based study evaluating the prognostic impact of comorbidity
in a population of consecutive patients diagnosed with RCC.
Furthermore, we found an association between comorbidity
and survival among both younger and older patients with
RCC. This is relevant for surgeons when planning optimal
treatment of both older and younger patients. Even though
RCC survival has increased markedly over time, considerable
age-specific relative survival gaps still exist as shown in a
recent population-based study on RCC survival in Sweden
and Finland [28].

This present study shows that, regardless of the comor-
bidity burden, survival after RCC has increased considerably
over time. This is in line with the results of a recent compari-
son of survival in the nationwide clinical renal cancer data-
base, DaRenCaData, with that in the Danish Cancer Registry.
The study showed that survival after RCC has improved over
time, with a 7% yearly reduction in mortality rate [25]. A part
of this overall increase in survival is probably due to stage
migration, as an increasing number of patients are diagnosed
with incidental tumors of earlier stages [1].

The increased survival across CCI groups may reflect
improvements in treatment and management of comorbid
diseases over time, but also better cancer-related treatment
opportunities for patients with comorbidity, due to the use
of less invasive surgical procedures like laparoscopic surgery
and partial nephrectomy [29].

Regarding the prognostic effect of specific comorbid dis-
eases for survival, we found that congestive heart failure,
peripheral vascular and cerebrovascular disease, dementia,
chronic pulmonary disease, preexisting renal and liver dis-
ease, diabetes as well as lymphoma increased mortality.
Similar results were found in a cohort study in the USA of
7177 patients aged > 65 years diagnosed with localized RCC
[9]; however, in that study, the highest HRs were found for
patients with congestive heart failure and chronic renal dis-
ease, whereas liver disease contributed the highest HR in our
study. This was due to a high HR for liver disease among
patients < 70 years, whereas the US study included only
patients > 65 years. Liver disease may be a prominent prog-
nostic risk factor among Danish patients < 70 years because
a considerable proportion of liver disease among younger
people is probably alcohol-induced and thus associated with
an adverse lifestyle and poor health status. After mutual
adjustment for all conditions, however, liver disease was still
a strong prognostic factor, although the HRs decreased
slightly, as for the other conditions.

Strengths and limitations

A major strength of this study is the use of data from nation-
wide population-based registers with high levels of com-
pleteness. This enabled us to establish a nationwide cohort
of patients diagnosed with histologically or cytologically veri-
fied RCC and to follow them continuously for several years.
We, therefore, obtained unique results on the short- and

long-term prognostic impact of comorbidity on the survival
of patients diagnosed with RCC.

The limitations include lack of information on tumor char-
acteristics, cancer treatment and performance status, which
are also important prognostic factors [30]. However, we do
not expect tumor characteristics to vary substantially by
comorbidity status, and therefore differences in tumor char-
acteristics are unlikely to explain our findings. Cancer treat-
ment and performance status is most likely a part of the
causal pathway between comorbidity and survival, and both
factors could thus mediate at least some of this association,
but would not serve as possible confounders.

Further, as the Danish National Patient Register does not
include the diagnoses on diseases that are solely handled
among GP’s, there might be an under registration of for
instance type 2 diabetes. Most of the diagnoses included in
the CCI are, however, so severe that they would lead to a
hospital contact at some time in the 10 years before the RCC
diagnosis. We, therefore, expect to have captured most of
the comorbid conditions [31], although there may have been
a minor underestimation of the prevalence of some of the
comorbid diseases. We chose to use the CCI to calculate
comorbidity. Several other scales with the same purpose are
available, for example, the Elixhauser approach, and the
National Cancer Institute Index. However, CCI was developed
to predict mortality, it has demonstrated a high level of val-
idity and reliability in cancer populations, and it is feasible to
use in register-based studies [32].

Survival following RCC is affected by many factors, and the
prognostic importance of comorbidity may vary by clinical risk
assessment. However, we lacked some of the clinical informa-
tion needed to compute for example Leibovich’s score, and
we were therefore not able to assess such variation.

Finally, we studied only overall deaths and were unable
to evaluate the effect of comorbidity on RCC-spe-
cific mortality.

Conclusions

The survival of patients with RCC has increased over the past
decades, regardless of their comorbidity burden.
Nevertheless, the prevalence of comorbidity is increasing in
this patient group, and this comorbidity affects prognosis,
irrespective of age.

Comorbidity should therefore continue to be a focus in
treatment planning as well as in the evaluation of the outcome
of a renal cell carcinoma diagnosis in patients of all ages.
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