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ARTICLE

Incidence, mortality and relative survival of patients with cancer of the bladder
and upper urothelial tract in the Nordic countries between 1990 and 2019

Eemil Karttunena, Petteri Hervonenb,c�, Abolfazl Hosseini Aliabadd, Jan Oldenburge, Helle Pappotf, Jukka
Sairanenb, Henrik Støvringg, Juan Luis V�asquezh, Suzanne Bergmani, Gry Magnussenj, Pernille Norremarkk,
Steinar Thoresenj and Anders Ull�enl

aMerck OY, Espoo, Finland, an affiliate of Merck KGaA; bDepartment of Urology, Helsinki University Hospital, Finland; cComprehensive
Cancer Center, Helsinki University Hospital, Finland; dDepartment of Urology, Karolinska University Hospital, Solna, Sweden; eDepartment of
Oncology, Akershus University Hospital, Oslo, Norway; fDepartment of Oncology, Rigshospitalet, University Hospital of Copenhagen,
Denmark; gDepartment of Public Health, Aarhus University, Aarhus, Denmark; hDepartment of Urology, Zealand University Hospital Roskilde,
Denmark; iMerck AB, Solna, Sweden, an affiliate of Merck KGaA; jMerck AB NUF, Oslo, Norway, an affiliate of Merck KGaA; kMerck A/S,
Søborg, Denmark, an affiliate of Merck KGaA; lDepartment of Oncology, Karolinska University Hospital, Solna, Sweden

ABSTRACT
Purpose: To understand the potential impact of new treatment options for urinary tract cancer, recent
population trends in incidence, mortality and survival should be elucidated. This study estimated
changes in the incidence, mortality and relative survival of urinary tract cancer in the Nordic countries
(Denmark, Finland, Iceland, Norway and Sweden) between 1990 and 2019.
Methods: Annual counts of incident cases and deaths due to urinary tract cancer (International
Classification of Diseases, Tenth Revision, Clinical Modification codes C65–C68, D09.0–D09.1, D30.1–D30.9
and D41.1–D41.9) in Nordic countries were retrieved in 5-year age categories by sex during the study
period. Country-specific time trends (annual rate ratios [RRs]) were estimated using Poisson regression,
and RRs were compared between sexes.
Results: The incidence rate of bladder and upper urothelial tract cancer was >3-times lower in women
than men in all countries across all age groups (incidence RR for women to men ranging from 0.219 [95%
CI ¼ 0.213–0.224] in Finland to 0.291 [95% CI ¼ 0.286–0.296] in Denmark). Incidence rates were lowest in
Finland and highest in Norway and Denmark. Age-adjusted mortality decreased in Finland, Denmark and
Norway and in Swedish men, with the greatest decrease seen in Danish men (annual RR ¼ 0.976; 95% CI
¼ 0.975–0.978). In all countries and age groups, women had a lower relative survival rate than men.
Conclusion: Between 1990 and 2019, the incidence of urinary tract cancer was stable in the Nordic
countries, while mortality rates declined and relative survival increased. This could be due to earlier
diagnosis and better treatment.
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Introduction

Urinary tract cancer refers to tumors found in the bladder
and in upper parts of the urothelial tract, including the renal
pelvis, ureter and urethra. Histological subtypes include uro-
thelial carcinoma, squamous cell carcinoma and adenocarcin-
oma, however, the vast majority are urothelial carcinomas,
found in the epithelial walls of the urinary tract.
Approximately 90% of urinary tract cancers are found in the
bladder [1]. In 2018, bladder cancer was the 10th most com-
mon cancer type worldwide, accounting for 3% of cases [2].
In addition, bladder cancer was the 13th most deadly cancer,
causing almost 200,000 deaths worldwide [2]. In the Nordic
countries, bladder and urinary tract cancers were the 7th
deadliest cancer in men and the 12th in women, causing
2,176 deaths in total [3].

Bladder and upper urothelial tract cancers have high
recurrence rates in patients diagnosed with early-stage dis-
ease. Localized invasive tumors are commonly treated with
radical surgery with or without neoadjuvant chemotherapy
or radiotherapy, whereas noninvasive tumors are treated
with transurethral resection of bladder tumor (TURBT) and
adjuvant intravesical therapy. Platinum-based chemotherapy
is the established standard-of-care first-line (1L) treatment for
advanced bladder or urinary tract cancer, and eligibility for
treatment with specific platinum agents is determined by
overall health status [4]. More recently, immunotherapies
have become available and are now included in the National
Comprehensive Cancer Network and European Society of
Medical Oncology guidelines as 1L, 1L maintenance and
second-line options for specified subgroups [1,5].
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Given the high burden of bladder and urinary tract can-
cers, including the impact on patients’ morbidity and quality-
of-life and costs to society, it is important to better under-
stand the disease and work toward preventive measures, ear-
lier detection and better treatment options. The aim of the
current study was to assess the incidence, mortality and rela-
tive survival of bladder and urinary tract cancers from 1990
through 2019 in the Nordic countries: Denmark, Finland,
Iceland, Norway and Sweden. Most of this period occurred
before immunotherapies were introduced in this patient
group (Sweden, 2017; other Nordic countries, 2018), there-
fore, this study assesses trends in this disease population in
the pre-immunotherapy era, facilitating future comparisons.
Differences between countries may be informative when dis-
cussing etiologic factors, delays in diagnosis and the impact
of new treatments.

Materials and methods

Data were obtained from the Nordic database of cancer sta-
tistics (NORDCAN) [3], which includes data from Denmark,
Finland, Norway, Sweden, Iceland, the Faroe Islands and
Greenland (latter two not included in this analysis).
NORDCAN is a publicly available, annually updated database
that provides annual counts of cancer incident cases, deaths
and corresponding population size [6]. Nordic cancer regis-
tries use each country’s personal identification number sys-
tems, enabling complete, population-based registry data
linked across various local registries. Each registry reports
almost 100% completeness on solid tumor incidence data.
With few exceptions, the Nordic registries include data
retrieved from hospitals, laboratories, private clinics and
death certificates [6].

Cancer types included in this analysis were urinary tract
cancer (excluding kidney), consisting of International
Classification of Diseases, Tenth Revision, Clinical Modification
(ICD-10-CM) codes C65–C68, D09.0–D09.1, D30.1–D30.9 and
D41.1–D41.9. Data were collected on incidence, mortality
and relative survival from 1990 through 2019. Annual counts
of incident cases and deaths were obtained by sex in
age groups (5-year groups from 0–4 to 80–84 years, plus
� 85 years) based on age at diagnosis (incidence) or at death
(mortality). Corresponding population sizes were obtained as
a proxy for person-years at risk in the underlying population.
Last, 5-year relative survival was estimated based on the
cohort approach and stratified by broad age group (20–49,
50–59, 60–69, 70–79 and � 80 years), as estimated by the
NORDCAN group [3]. The methods used in this analysis are
in accordance with the 1964 Helsinki declaration, its later
amendments and comparable ethical guidelines. Formal
patient consent is not needed for this type of study.

Statistics

Incidence and mortality rates with 95% CIs were estimated
using Poisson regression by country, sex and broad age
group. Rates by sex in each country were compared using
Poisson regression adjusted for 5-year age groups and a

natural cubic spline with 4 knots for year of diagnosis or
death, respectively (indirect standardization). Similarly, sex-
and country-specific annual trends in incidence and mortality
rates, respectively, were estimated using Poisson regression
with adjustment for age category. p-values were considered
statistically significant at a 5% level. All analyses were con-
ducted using Stata 17.0 [7].

Results

Overall data

Incident cases and deaths due to urinary tract cancers,
together with population sizes, were collected by country
(Denmark, Finland, Norway, Sweden and Iceland), sex and
age group (Table 1). The number of incident cases and
deaths was highest in Sweden (country with the largest
population), followed by Denmark, and lowest in Iceland
(country with the smallest population). In all countries, inci-
dent cases were markedly higher in men than in women in
all age groups.

Incidence

The age-standardized incidence of urinary tract cancers over
time in Nordic countries was mostly flat in men and women,
with a slight increase seen in women in Sweden and
Norway, and the strongest declining trend seen in Danish
men (Figure 1). Throughout the 30-year period, Finland had
the lowest incidence rates in both sexes, whereas Norway
and Denmark had the highest. Incidence rates in Iceland fluc-
tuated over time, most likely due to its relatively small popu-
lation. The same patterns in age- and sex-specific rates were
seen in each country (Supplementary Table S1), with
Denmark and Finland having the highest and lowest rates,
respectively, across all age categories for both sexes. Rates
increased markedly with age in all countries in both sexes.

Age- and period-adjusted incidence rate ratios (IRRs) com-
paring women with men were similar in all countries, with
IRRs ranging from 0.219 (95% CI ¼ 0.213–0.224) in Finland to
0.291 (95% CI ¼ 0.286–0.296) in Denmark (Table 2). Values
for sex- and country-specific estimates of trends were all
close to 1, with annual changes ranging from a decrease of
0.4% in Icelandic women (0.996; 95% CI ¼ 0.986–1.006) to an
increase of 1.1% in Norwegian women (1.011; 95% CI ¼
1.009–1.013). In women, a significant increase was seen in
Denmark, Norway and Sweden, whereas trends were not
statistically significant in Finland and Iceland. In men, trends
observed were a decrease in Denmark and Finland, almost
no change in Iceland and an increase in Norway and Sweden
(Table 2). Unadjusted trends were generally larger, reflecting
the aging of the populations over the study period. Trends
for changes in incidence were generally smaller in younger
versus older age groups; for example, in Norwegian men, the
trend increased from 1.001 (95% CI ¼ 0.994–1.007) in the
20–49-years category to 1.012 (95% CI ¼ 1.009–1.014) in the
�80-years category (Supplementary Table S2).
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Mortality

Overall mortality from bladder and urinary tract cancer
declined in all countries in both sexes, except in Swedish
women, where age-standardized mortality remained stable
(Figure 2). The decrease was greatest in Danish men, in
whom age-standardized mortality rates decreased from 9.7
in 1990 through 1994 to 5.3 in 2015 through 2019, with

similar but less-pronounced decreases in Swedish and
Norwegian men. Similar to incidence rates, mortality rates
fluctuated over time in Icelandic men and women, most
likely due to Iceland’s relatively small population.

Patterns in age- and sex-specific mortality rates between
countries were identical to overall patterns (Supplementary
Table S3), with Denmark having the highest rates in all age

Table 1. Incident cases and deaths due to bladder and urinary tract cancers and person-years per 100,000 in Nordic countries, 1990–2019.

Country Sex Measure

Age category, years

Total20–49 50–59 60–69 70–79 � 80

Denmark Men Incident cases 1,880 5,023 12,584 16,076 8,657 44,220
Deaths 173 756 2,519 4,813 4,767 13,028
Person-years (per 100,000) 354.13 108.45 85.94 55.15 23.82 627.49

Women Incident cases 680 1,948 4,302 5,516 3,703 16,149
Deaths 104 342 1,013 1,945 2,455 5,859
Person-years (per 100,000) 343.44 107.79 90.76 67.80 44.40 654.19

Finland Men Incident cases 990 2,500 6,188 8,389 5,369 23,436
Deaths 75 342 1,100 1,994 2,336 5,847
Person-years (per 100,000) 337.84 107.92 84.71 49.53 20.10 600.10

Women Incident cases 277 663 1,621 2,400 2,687 7,648
Deaths 36 96 319 731 1,523 2,705
Person-years (per 100,000) 324.05 108.69 94.35 70.81 45.62 643.51

Iceland Men Incident cases 89 171 418 493 340 1,511
Deaths 6 25 72 124 157 384
Person-years (per 100,000) 20.33 5.12 3.72 2.31 1.13 32.60

Women Incident cases 37 59 123 148 123 490
Deaths 7 15 17 37 69 145
Person-years (per 100,000) 19.45 5.00 3.76 2.62 1.70 32.54

Norway Men Incident cases 1,135 3,088 7,026 10,535 7,368 29,152
Deaths 86 354 1,178 2,674 3,889 8,181
Person-years (per 100,000) 313.09 87.49 67.63 45.16 21.69 535.05

Women Incident cases 408 1,024 2,310 3,336 3,308 10,386
Deaths 62 162 458 1,021 2,062 3,765
Person-years (per 100,000) 299.11 84.89 70.03 55.72 40.44 550.19

Sweden Men Incident cases 1,892 5,160 13,718 21,013 13,979 55,762
Deaths 142 725 2,351 5,452 7,157 15,827
Person-years (per 100,000) 582.54 178.32 148.08 104.36 51.82 1,065.11

Women Incident cases 742 1,862 4,552 6,872 6,098 20,126
Deaths 103 308 881 2,172 3,964 7,428
Person-years (per 100,000) 558.51 175.21 153.78 124.43 90.29 1,102.21
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Figure 1. Age-standardized incidence rate for bladder and urinary tract cancers in Nordic countries per 100,000 (adjusted for the World Standard Population) in (A)
men and (B) women, 1990–2019.
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categories for both sexes. Rates increased markedly with age
in all countries in both sexes and were highest in Danish
and Norwegian men aged � 80 years (178.59; 95% CI ¼
170.48–187.09 and 174.10; 95% CI ¼ 165.70–182.94 deaths
per 100,000 person-years, respectively; Supplementary Table
S3). In younger age groups (< 50 years), mortality rates were
lowest in Sweden, whereas in older age groups (� 50 years)
and across all age groups combined, mortality rates were
lowest in Finland.

Age- and period-adjusted mortality rate ratios comparing
women with men showed patterns similar to those observed
for incidence, that is, lower mortality in women, with mortal-
ity rate ratios ranging from 0.261 (95% CI ¼ 0.249–0.274) in
Finland to 0.326 (95% CI ¼ 0.317–0.335) in Sweden (Table 2).
Age-adjusted mortality rate ratios declined over time for
both sexes in all five countries, except in Swedish women
(1.001; 95% CI ¼ 0.999–1.004). In Iceland, trends were not
statistically significant (95% CI overlapped 1), but the appar-
ent decline was similar to that seen in other countries.

Declines were larger for adjusted versus unadjusted trends.
Sex- and age-specific trends were generally similar in each
country, although there was a statistically significant increase
in mortality among elderly (> 80 years) Swedes and
Icelandic men (Supplementary Table S4).

Relative survival

Women had lower relative survival than men in all five
Nordic countries and in all age groups (Figure 3). For
example, the 5-year relative survival rate in the last period
studied (2015 through 2019) in Denmark was 80% in men
and 73% in women. Five-year relative survival rates improved
over time in all countries for both sexes and across all age
groups and were highest in Norway (82% in men and 78%
in women in 2015 through 2019). Age was also a determin-
ing factor for relative survival in all countries (data for rela-
tive survival by age were available until 2016 and were

Table 2. Rate ratios comparing incidence and mortality rates for bladder and urinary tract cancers in Nordic countries in men (reference)
and women, 1990–2019.

Country Sex

Incidence Mortality

IRR (95% CI) Trend (95% CI) MRR (95% CI) Trend (95% CI)

Denmark Men Ref 0.997 (0.996–0.998) Ref 0.976 (0.975–0.978)
Women 0.291 (0.286–0.296) 1.003 (1.001–1.005) 0.312 (0.303–0.322) 0.990 (0.988–0.993)

Finland Men Ref 0.997 (0.995–0.998) Ref 0.984 (0.981–0.987)
Women 0.219 (0.213–0.224) 0.999 (0.996–1.001) 0.261 (0.249–0.274) 0.988 (0.984–0.992)

Iceland Men Ref 1.001 (0.995–1.006) Ref 0.999 (0.988–1.011)
Women 0.280 (0.253–0.311) 0.996 (0.986–1.006) 0.295 (0.244–0.358) 0.984 (0.966–1.002)

Norway Men Ref 1.003 (1.002–1.005) Ref 0.987 (0.984–0.989)
Women 0.274 (0.268–0.281) 1.011 (1.009–1.013) 0.299 (0.288–0.311) 0.989 (0.985–0.993)

Sweden Men Ref 1.003 (1.002–1.004) Ref 0.996 (0.994–0.998)
Women 0.287 (0.282–0.292) 1.007 (1.006–1.009) 0.326 (0.317–0.335) 1.001 (0.999–1.004)

Trends in incidence and mortality rates are presented as annual change. Sex-specific IRR and MRR were adjusted for age categories and a
natural cubic spline for period effects. Trend estimates were adjusted for age categories in sex strata.
IRR: incidence rate ratio; MRR: mortality rate ratio; Ref: reference.
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Figure 2. Age-standardized mortality rate for bladder and urinary tract cancers in Nordic countries per 100,000 (adjusted for the World Standard Population) in (A)
men and (B) women, 1990–2019.
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assessed from 1987 through 2016; Supplementary Table S5).
For example, men had a 5-year relative survival of � 80% in
the youngest age group and � 55% in the oldest.

Discussion

This study provides a comprehensive overview of incidence,
survival and mortality data for bladder cancer and cancers of
the upper urothelial tract in the Nordic countries (Denmark,
Finland, Iceland, Norway and Sweden) in the period from
1990 through 2019. Data were obtained from Nordic cancer
registries, which have complete records for incidence and
outcome data [6]. In total, 41,914 men and 19,292 women in
the five Nordic countries died of bladder and urinary tract
cancer during the study period. The age-standardized inci-
dence of bladder and urinary tract cancers was stable
throughout the study period except in Norway, where a
modest but statistically significant increase was seen in
women. This increase was driven by an increasing incidence
in the older age groups (� 70 years), although the explan-
ation remains unclear. The highest incidence rates through-
out the study period were seen in Denmark, although a
decreasing trend was observed during the last period
studied (2015 through 2019). Changes in reporting and
recording may have contributed to the initially higher figures
and apparent decrease [8]. Another striking and well-known
finding was the difference in incidence rates between sexes
in this Nordic population. Overall, men had a � 3-fold higher
incidence rate than women and the lowest incidence was
seen in Finnish women (incidence rate, 3.6 per 100,000 per
year in the last period studied).

Differences between sexes in causal factors of bladder
and urinary tract cancers are not fully understood, with the
possible exception of smoking [9]. Historically, Danes have

higher smoking rates than people in other Nordic countries,
and a higher proportion of men than women smoke in the
Nordic countries, except Sweden [10–13]. Thus, differences in
smoking rates could partly explain the relatively high Danish
incidence rates and contribute to the differences between
sexes seen in all countries. However, the causal relationship
between smoking and urinary tract cancers is less clear than
between smoking and lung cancer. In the Nordic countries,
lung cancer has shown a marked decline in incidence in
men but an increasing trend in women [14], corresponding
to a greater decrease in smoking in men than in women
[10–12]. It is difficult to observe a similar causal relation for
urinary tract cancers, although several studies and a meta-
analysis have reported a strong association between smoking
and urinary tract cancers, including bladder cancer [15,16].
Other lifestyle factors, such as high body mass index, low
physical activity and related metabolic disorders, are associ-
ated with increased risk of several cancer types, including
bladder cancer [9]. These findings are also related to dur-
ation of these lifestyle factors, explaining the rising incidence
of bladder and urinary tract cancers by age, although differ-
ences in these risk factors between sexes are unclear.

Five-year relative survival improved in men in all coun-
tries, from � 70% in 1990 through 1994 to � 80% in 2015
through 2019. Women had lower 5-year relative survival
rates than men across all age groups. Previous studies con-
taining detailed data from Norway and Sweden have chal-
lenged the commonly held view of bladder cancer prognosis
being worse in women than men [17,18]. Their analyses
found that both Norwegian and Swedish women had a
worse prognosis than men only in the first 2 years after diag-
nosis, particularly when diagnosed with a muscle-invasive
tumor. This discrepancy might be attributable to advanced
disease being diagnosed more often in women than men,
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Figure 3. Five-year relative survival for bladder and urinary tract cancers in Nordic countries in (A) men and (B) women, 1990–2019.
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suggesting delayed diagnosis in women. Blood in urine is
often the first sign of bladder cancer, and men may see this
symptom earlier than women because of physiological
differences.

Clinical stage is a major factor associated with prognosis,
and the medical need for improved treatment is most pro-
nounced in advanced disease [19]. The increase in relative
survival in this heterogenous group of Nordic patients could
be due to both earlier diagnosis and better treatment.
Several Nordic countries implemented national clinical guide-
lines and standardized care processes during the study
period, including monitoring the time from onset of symp-
toms to first clinical contact and surgical intervention
[20–22]. Older age was also a negative prognostic factor in
all countries, including in age-corrected data; for example,
the relative survival rate in Swedish men was 84% in those
aged 50–59 years versus 62% in those aged � 80 years. This
finding could be related to delayed diagnosis in elderly peo-
ple due to fewer diagnostic procedures being performed in
them [23].

The corresponding mortality rates reflect both incidence
and survival rates. All statistically significant mortality trends
over time were negative, indicating a decline in age-standar-
dized mortality rates in most age groups in all countries.
Elderly (� 80 years) Swedes and Icelandic men were an
exception, in whom a modest, but significantly increasing
trend was observed over time. Icelandic data is especially
susceptible to changes in reporting and coding, due to the
relatively small sample size, which could provide an explan-
ation. In addition, contrary to the other overall trends, a sta-
ble age-standardized mortality trend was seen in Swedish
women. There were no apparent differences in risk factors
between the Swedish female population and the other
studied groups, which leaves the causal explanations for
these trends unknown and to be investigated further.

The strength of this study was that it provides a compre-
hensive overview of incidence, relative survival and mortality
for cancers of interest in the five Nordic countries over a 30-
year period, made possible by the national cancer registries
being population-based and close to complete for all cancer
types. Although the analyses reported were based on aggre-
gated data in 5-year age intervals, use of Poisson regression
analysis allowed robust identification of long-term time
trends, with adjustment for changes in age and sex compos-
ition in each country. Except for Iceland, the nationwide
numbers had narrow CIs, reflecting the high precision of esti-
mates. Our findings should encourage more epidemiological
studies based on these registries.

The main limitation of this study was that muscle-invasive
(T2–4) and non-muscle invasive (T1) cancers could not be
distinguished, because these tumors are classified within the
same morphology group in the registries. Furthermore,
Nordic registries may differ over time with regard to coding
of carcinoma in situ (CIS; ICD-10-CM codes D09.0-D09.1) and
non-invasive papillary (Ta) tumors. For example, CIS and Ta
tumors are coded and registered separately and not as blad-
der cancer in Denmark but are registered as bladder cancer
in other Nordic countries. Survival rates in patients with CIS

and Ta tumors are high, which may be an explanation for
worse survival observed in Denmark compared with the
other Nordic countries. Further coding differences may be
present in relation to benign tumors (ICD-10-CM codes
D30.1–30.9), however the effect of this is unclear and unlikely
to significantly influence the results. The dataset does not
allow for separation of these tumor types.

In addition, as a registry-based study, the current analysis
does not include some types of data that can be obtained in
a clinical non-interventional study, such as staging, histology
and treatment. It is possible to use national Nordic clinical
cancer registries (e.g. SNRUBC, Sweden; DaBlaCa, Denmark)
to collect more information on treatment, follow-up and
relapses, but this may require additional linkage to prescrip-
tion, hospital and primary care registries, for example.
Specific studies utilizing national registries have covered the
impact of holiday periods on radical cystectomies [24] and
differences in survival in age- and tumor-stratified popula-
tions [25]. Comparative studies resulting from registry link-
ages are an interesting topic for further research.

Overall, the data presented in this study show how the
incidence, mortality and relative survival for bladder and
urinary tract cancers have changed from 1990 through 2019,
although there were some limitations when comparing
results between countries. Observed trends were largely simi-
lar between the countries, with some interesting exceptions.
Notable findings include differences in age-standardized
mortality rates, where the rate in Danish males has declined
rapidly, and the rate in Swedish females has remained stable,
whereas other observed trends consistently point to a slight
but significant decline over time. A corresponding decline is
not seen in age-standardized incidence, which points to
improved relative survival over time.
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