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Abstract

Survival has improved in bladder cancer but few studies have considered extended periods
or covered populations for which medical care is essentially free of charge. We analyzed
survival in urothelial cancer (UC, of which vast majority are bladder cancers) in Finland and
Sweden over a 50-year period (1967-2016) using data from the NORDCAN database. Fin-
land and Sweden are neighboring countries with largely similar health care systems but
higher economic resources and health care expenditure in Sweden. We present results on
1- and 5-year relative survival rates, and additionally provide a novel measure, the differ-
ence between 1- and 5-year relative survival, indicating how well survival was maintained
between these two periods. Over the 50-year period the median diagnostic age has
increased by several years and the incidence in the very old patients has increased vastly.
Relative 1- year survival rates increased until early 1990s in both countries, and with minor
gains later reaching about 90% in men and 85% in women. Although 5-year survival also
developed favorably until early 1990s, subsequent gains were small. Over time, age specific
differences in male 1-year survival narrowed but remained wide in 5-year survival. For
women, age differences were larger than for men. The limitations of the study were lack of
information on treatment and stage. In conclusion, challenges are to improve 5-year sur-
vival, to reduce the gender gap and to target specific care to the most common patient
group, those of 70 years at diagnosis. The most effective methods to achieve survival gains
are to target control of tobacco use, emphasis on early diagnosis with prompt action at
hematuria, upfront curative treatment and awareness of high relapse requiring regular cys-
toscopy follow up.
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Introduction

The vast majority of urothelial cancers (UCs) are located in the bladder (90-95% of all) while
the upper urinary tract (UUT) is the second most common location. Here 2/3 are located in
the renal pelvis and the remainder in the ureter [1]. Even though UCs constitute a clinical
entity, bladder cancers are often studied separately because of their numerical dominance.
Bladder cancer is characterized by male excess, ranging from 3- to 6-fold, and by international
incidence trends that are correlated with smoking prevalence [2]. Between years 1990 and
2016 the global incidence of and mortality due to bladder cancer have declined modestly [3]. It
has been estimated that 27% of global bladder cancer deaths were due to smoking and 7% to
high fasting glucose (type 2 diabetes) in 2016 [4]. According to a UK estimated for year 2015,
smoking accounted for 46.0% of male bladder cancers and 41.5% female bladder cancers; the
only other large contribution was occupational exposures, 7.1% for men [5]. UUT cancers
show also male excess and share risk factors with bladder cancer, including smoking, occupa-
tional exposures, family history and association with Lynch syndrome [1, 6-9]. However,
Lynch syndrome may be a relatively more important risk factor for UUT cancers than for
bladder cancer [10, 11].

Surgery has traditionally been the main treatment mode for urothelial cancers. The treat-
ment options for bladder cancer largely depend on how advanced the cancer is, distinguishing
early stage, non-muscle-invasive bladder cancer, and more advanced muscle-invasive bladder
cancer. Some 20-25% of patients present with muscle-invasive tumors and the remaining
patients have superficial tumors, which can later progress to invasive cancer [12]. Non-muscle-
invasive tumors are transuretherally resected while muscle-invasive tumors are typically
treated with cystectomy; both of which can be supplemented with chemotherapy or immuno-
therapy [12, 13]. However, trimodal therapy (i.e., transurethral resection, followed by concur-
rent chemotherapy and radiation) has become an alternative for radical cystectomy in muscle-
invasive bladder cancer and has been integrated into treatment options [14]. For UUT cancers
treatment may involve removal of the ipsilateral ureter and kidney [1]. Age-standardized rela-
tive 5-year survival in bladder cancer in Europe was 68% in period 2000 to 2007 [15]. Survival
was 74% for Finnish and Swedish men in 1999-2003 while for women it was 72 and 68%,
respectively [16]. Early detection, novel imaging technologies and improvements in treatment
have been assumed to contribute to positive trends in bladder cancer survival [13]. A Swedish
study reported a strong association of survival and higher educational level in both genders,
the results being even more prominent in bladder cancer than in lung cancer [17]. Interna-
tional survival studies have faced problems of variable diagnostic definition in bladder cancer
[18]. For UUT cancers prognosis is worse than for bladder cancer [1]. However, the prognosis
is comparable at identical stages [19].

Here we assessed UC survival in Finland and Sweden over a period of 50 years. The impor-
tance of extended periods of reliable epidemiological data was recently emphasized as a tool of
interpreting the underlying ‘signature of cancer’ [20]. Medical care has been practically free-
of-charge to the population in these countries, and this with the long follow-up time will offer
a unique ‘real world’ perspective on survival in UC. In analyzing differences between 1-year
and 5-year survival and age group specific survival we try to understand factors that have con-
tributed or hampered favorable development in survival.

Materials and methods

We considered UCs diagnosed from 1967 to 2016 identified from the Nordcan database which
is a compilation of data from the high-level Nordic cancer registries as described [21] (https://
NORDCAN.iarc.fr/en/database#bloc2). The used codes by NORDCAN were C65-68 (cancers
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of the pelvis, ureter, bladder), D09.0-1, D30.1-9, D41.1-9 (in situ and tumors of undefined
behavior at these sites). Incidence data were adjusted to the world standard population. In
assessing incidence trends, estimated annual percentage change (EAPC) was used to describe
the magnitude of change in the trend on fitting a regression model to the log of the age stan-
dardized incidence rate. This described the average annual rate change (%) over the time
period selected.

All survival data are ‘relative survival’ which is defined as the ratio of the observed survival
in the group of patients compared to the survival expected in the general population, adjusted
for sex, age and calendar time at the time of diagnosis. Survival data were available from 1967
onwards and the analysis was based on the cohort survival method for the first nine 5-year
periods from 1964-2011, and a hybrid analysis combining period and cohort survival in the
last period 2012-2016, as detailed [22, 23]. The Finnish and Swedish life tables were used to
calculate the expected survival.

We calculated also a difference in survival percent between year 1 and year 5 as a measure
on how well survival is maintained between years 1 and 5. A small difference indicates high
survival between years 1 and 5 after diagnosis.

Diagnostics and treatment for urothelial cancer

The development of the tumor-node-metastasis (INM) classification and staging system has
been important for the standardization of diagnostics and treatment in cancers since 1958
[24]. Hematuria is the most common sign of UC and leads to cystoscopy [25]. Over the years,
the diagnostic arsenal has increased to include ultrasound (US) and computed tomography
(CT). A Finnish study defined the diagnostic periods: pre-CT and pre-US era (1964-1979), US
era (1980-1988) and CT era (1989-1997) [26]. Detailed demographic and clinical data from
bladder cancer patients recorded by the Swedish National Register of Urinary Bladder Cancer
from 1997 to 2014 were reported [27, 28]; e.g. 74% of male and 68% of female tumors were
non-muscle invasive, (2% data were missing) and the rest were muscle invasive (24% and
29%). According to this Register, there was a stage shift between periods 1997-2001 and 2007-
2011 in clinical T categorization: Ta from 45% to 48%, T1 from 21.6% to 22.4%, and T2-T4
from 27% to 25% [29]. According to this source, between periods 1997-2001 and 2007-2011
intravesical treatment after transurethral resection for T1G2 and T1G3 tumors increased from
15% to 40% and from 30% to 50%, respectively; cystectomy for T2-T4 tumors increased from
30% to 40%.

In general, bladder cancer diagnostics, treatment and follow-up in Sweden and Finland
have been uniform following national and European Association of Urology (EAU) guidelines
[1, 25, 30, 31]. The urological association in Sweden was founded in 1950, in Finland 1954 and
the Scandinavian Association of Urology had its first meeting in 1957 in Stockholm after its
foundation in a Finnish sauna the previous year (http://www.nuf.nu/history/history.pdf).

Results

The NORDCAN database includes 0.49 million male and 0.48 million female cancers for Fin-
land, and 1.01 million male and 0.94 million female cancers for Sweden, excluding non-mela-
noma skin cancer, for years 1967 to 2016 (S1 Table). In Finland, male UCs numbered 27,667
compared to 9,212 female UCs; the related numbers for Sweden were 73,686 and 27,083.

The median diagnostic ages were 72 years for Finnish and Swedish men, and 74 years for
Finnish and 73 years for Swedish women. However, comparing the first and last 5-year periods
the median diagnostic age increased with time, for Finnish men from 67 to 74 years, for Finn-
ish women from 69 to 76 years, for Swedish men from 68 to 74 years, and women from 71 to
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Fig 1. Annual age-specific incidence in urothelial cancer in Finnish (A) and Swedish (B) men and Finnish (C) and
Swedish (D) women starting in year 1967 until year 1975 and from 1976 in 10-year intervals until year 2016. Note the
different scales for the y-axes.

https://doi.org/10.1371/journal.pone.0261124.9001

75 years. In Fig 1 annual age-specific incidence is presented in 10-years intervals (the first
interval 9 years from 1967 through 1975). For Finnish men (A) and women (C) the age-inci-
dence graphs became steeper with time, implying ever higher incidence in older age. In Swed-
ish men (B) the highest incidence was in age group 80-84 years but the difference to the
incidence among 85+ year old became ever smaller with time. In Swedish women (D) the
highest incidence was around age 80. The striking observation in these graphs was the vast
time-dependent increase in incidence for the very old, more than 3-fold for Swedish men.

We calculated estimated annual percentage change (EAPC) and 95% confidence intervals
(CIs) for the incidence trends in population older than 59 years from 1960 to 2016: Finnish
men (N =23,841) 1.45% [1.15;1.75], Swedish men (65,297) 1.52% [1.28;1.75], Finnish women
(8282) 1.39% [1.10;1.68] and Swedish women (24,440) 1.15% [1.00;1.31]. For those aged over
79 years the increases were steeper, except for Swedish women: 2.14% [1.70;2.59], 2.30%
[2.04;2.55], 1.83% [1.23;2.43] and 1.00% [0.79;1.22], respectively. In Finnish men aged 85
+ EAPC was 2.37% [1.83;2.92] and in Swedish men it was 2.36% [2.06;2.67].

Relative 1-year and 5-year survival rates for UC for Finland and Sweden are shown in
Table 1. The male 1-year survival increased constantly, from 71% (1967-1971) to 90% (2012—
2016) for Finnish men and from 74% to 91% for Swedish men. For women the increases were
from 70 to 86% (Finland) and from 71 to 85% (Sweden). The male 5-year survival increased
from 45 to 79% (Finland) and from 55 to 77% (Sweden). For women the increases were from
48 to 74% and from 56 to 72%, respectively. In Table 1, the bolding between the periods
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Table 1. 1-and 5-year age-standardized relative survival in percent [95% CI]. Finland and Sweden, age at diagnosis 0-89.

FINLAND
Men, 1-year
Men, 5-year
Difference®
Women, 1-year
Women, 5-year
Difference®

SWEDEN
Men, 1-year
Men, 5-year
Difference®
Women, 1-year
‘Women, 5-year

Difference®

1967-1971

71
45
25
70
48
22

74
55
19
71
56
15

(68;74]
[41;49]

[65;75]

[42;55]

[73;76]

[53;57]

[69;74]
[53;59]

1972-1976

76
51
25
72
47
25

78
62
16
76
61
15

[74;79]
[48;55]

[68;76]

[43;52]

[77;80]

[60;64]

[74;78]
[58;63]

1977-1981 = 1982-1986 = 1987-1991 | 1992-1996 | 1997-2001 = 2002-2006 = 2007-2011 = 2012-2016
83| [81;85] | 85| [83;87] | 87 |[85:88] | 89| [87:90] | 89 | [88;90] | 89 | [88;91] | 89 | [88;90] | 90 | [89;90]
63| [60;66] | 67 | [6470] | 71| [6974] | 75| (7277) | 75 | [73;77) | 76 | [74;78] | 78 | [76:80] | 79 | [77:80]
20 18 16 14 14 14 11 11

78 | [75:82] | 82| (79;85] | 80| [77:83] | 83| [81;86] | 86| [83;88] | 85| [83;88] | 86| [84;88] | 85 | [83;87]
62 | [57:67] | 64| [59;68] | 63| [60;67] | 69| [66;72] | 73| [69;76] | 72| [69:76] | 76| [7279] | 74| [71;76]
16 18 17 14 13 13 10 11

83| [82;84] | 85| [84;86] | 87 | [86;88] | 88 |[87:89] | 88 | [87;89] | 88 | [87;89] | 89 |[88;90] | 91 | [90;92]
68 | [66:69] | 68| [67;70] | 72| [71;74) | 73 | [72:75) | 74 | [73:76) | 75 |(73;76) | 75| [7477) | 77 | [76:78]
15 17 15 15 14 13 14 14
78 | [76:80] | 81| [80;83] | 82| [80;83] | 85 [83;86] | 83| [81;84] | 84| [82;85] | 85| [84;87] | 85| [84;87]
62 | [59:65] | 66| [63:68] | 67| [65:69] | 69 [67:71] | 69| [67;71] | 70| [68;72] | 72| [70;74] | 72| [71574]
16 15 15 16 14 14 13 13

* Difference between 1- and 5-year survival in percent units (% units)

https://doi.org/10.1371/journal.pone.0261124.t001

indicates a significant increase in survival (i.e., 95% ClIs were non-overlapping). Among men,
large gains took place in the early period while for women no periodic increase was significant.

Table 1 shows the difference between 1- and 5-year survival in percent units (% units). In
Finland, the difference decreased for men from 25 to 11% units, and for women from 22 to
11% units. In Sweden, the difference was initially lower for both sexes than in Finland but the
changes were slower than in Finland. The survival data are plotted in Fig 2(A, Finland) and 2
(B, Sweden) illustrating the declining difference between the survival bars in Finland, opposite
to Sweden.

Trends in relative survival are shown for Finnish and Swedish men and women in Fig 3.
The curves for 1-year survival are slightly higher for men than for women (Fig 3A) while in
5-year survival Finnish men did somewhat better and Swedish women somewhat worse
towards of the end of the follow-up (Fig 3B).

Age-specific 1- relative survival for UC in Finnish and Swedish men shows quite similar
patterns of improving trends with time-dependent narrowing of differences between age
groups (Fig 4A and 4B). More age group differences were observed for 5-year survival and old
Swedish men lagged behind (Fig 4C and 4D). Age-specific data for women were similar but
showed even a larger age group specific difference, and the two oldest age groups survived
clearly worse than their younger counterparts in both countries (Fig 5).

Discussion

The novelty of the present study was the 50-year time span covered, while many cited Swedish
survival studies covered a period from 1997 onwards (the Swedish National Register of Uri-
nary Bladder Cancer was started then). Our Table 1 and Figs 2 and 3 show that little change
(2-3% units increase) in 1-or 5-year survival took place in Sweden after 1997, while earlier the
increases varied from 13 to 18% units. The other novel aspect was to compare survival differ-
ences between 1- and 5-year survival as an indication of survival gains at year 5, independent
of 1-year survival.

The key findings of this study were the large shift of the diagnostic age and the peak inci-
dence to older age and the main gains in 1-year survival were in the early part of the follow-up.
In the country comparison, 5-year survival in Finland was initially almost 10% units below
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Fig 2. Relative 1-year (yellow bars) and 5-year (green bars) survival in urothelial cancer among Finnish (A) and
Swedish (B) men and women.

https://doi.org/10.1371/journal.pone.0261124.9002

Sweden but passed Sweden towards the end. Age group specific 5-years survival revealed infe-
rior prognoses for older and female patients, which remained to the end of the follow-up
period.

The large shift towards higher diagnostic age is surprising in view of the advances in the
imaging and diagnostic technologies, but, paradoxically, the increases may be the consequence
of the technologies, which are able to find small lesions (Fig 1). A Swedish study based on the
national bladder cancer register reported an increase in mean age from 71.7 years (1997-2001)
to 72.5 years (2007-2011) [29]. In the US the Surveillance, Epidemiology and End Result
(SEER) database the mean diagnostic age of bladder cancer increased by 1 year to 71.2 years in
10 years around year 2000 [32]. In the same database the stage-specific incidence of bladder
cancer practically only increased for papillary noninvasive (Ta) tumors between 1988 and
2006 [33]. The trend was most dramatic among patients in the oldest age strata, supporting the
notion of period-dependent wider use of imaging, easier access to flexible cystoscopy and gen-
erally more active diagnostics of older persons. For renal carcinoma there has been no such
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increase in median diagnostic ages [34]. Another reason for the period-dependent shifting of
diagnostic age is of course aging of the population but Fig 1 showed that there was a marked
shift to age group 85+ also in incidence, some 2-fold in Finnish men and women and 3-fold in
Swedish men. The estimated annual percent changes for men aged 85+ from 1960 through
2016 were 2.37% [1.83;2.92] in Finland and 2.36% [2.06;2.67] in Sweden. Under-reporting of
UC cases is an unlikely reason in view of a previous study [35].

One-year survival incorporates cured patients and patients alive with metastatic disease,
while 5- year survival is nearly synonymous with patients who were cured with surgery with or
without adjuvant therapies. While immunotherapy may be changing the situation currently, in
the period of the present study few patients with metastatic disease survived more than 5 years.
The increase in 1-year survival ranged between 10 and 16% units in the first 25-year period
and slowed to 0-3% unit in the subsequent 25-year period (Table 1). Of course, the reason is
that at or close to 90% survival, any gains are hard to earn. As most fatalities in the first year
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after diagnosis would be due to muscle-invasive tumors with distal metastases, the improve-
ments in treatment and/or early detection during the first 25-year period helped to achieve
large gains in 1-year survival. Also 5-year survival increased independent of 1-years gains as
shown by the decrease in the difference between 1- and 5-years survival in all patients except
Swedish women. A Swedish study covering a period from 1997 to 2011 reported on clinical
treatment and stage-specific survival, concluding in its title: ‘No difference in relative survival
over time despite more aggressive treatment’ [29]. Our result regarding the indicated period
were in line with these findings. The ‘more aggressive’ therapies have included more frequent
second resections, increased use of intravesical Bacillus Calmette-Guerin or chemotherapy
instillations and introduction of neoadjuvant chemotherapies [13]. In the 1980s cisplatin che-
motherapy was introduced in advanced bladder cancer or as neoadjuvant therapy might have
contributed to the increased 1-year survival [36].

Although survival in Finland and Sweden in the last 1-year period 2012-16 was almost
identical (men 90/91%, women 85%), 5-year survival was somewhat more favorable in Finland
(men 79%, women 74%) than in Sweden (men 77%, women 72%). The different development
was illustrated by the difference between 1- and 5-year survival, which markedly declined in
Finland but marginally improved in Sweden. The main reason for the difference is the low
5-year survival in Finland in the early follow-up period.

Smoking increases complications in bladder cancer treatment and survival, but smoking
prevalence is an unlikely explanation for men because Swedish men have had the lowest smok-
ing frequency in Europe [37-40]. As an opposite trend, use of oral tobacco (snus) has
increased among Sweden men (1988 19%, 2004 27%), and a combined daily use of either form
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of tobacco product has remained constant in Sweden (1988 43%, 2004 40%) [37, 41]. While
the use of oral tobacco has also increase among Swedish women (1988 1%, 2004 4%) and Finn-
ish men (1988 nil, 2004 3%) its use in these groups is still relatively uncommon and not likely
to affect our results [37]. In 1995, both countries joined the European Union illegalizing the
sales of oral tobacco, yet Sweden negotiated an exempt in this regard. In women daily smoking
has been more common in Sweden (1988 32%, 2004 20%) than in Finland (1988 20%, 2004
21%) [37]. Snus may increase the risk and mortality of some cancers but only indirect data are
available on its possible influence on survival in bladder cancer [41, 42]. However, trends in
smoking and the use of oral tobacco might explain why Swedish males and females lost their
lead in 5-year survival to their Finnish counterparts. Another difference in the Finnish and
Swedish populations is the high prevalence of immigrants in Sweden; some 15% of cancers are
diagnosed in persons who were born outside Sweden [43]. Nevertheless, bladder cancer inci-
dence is overall below the risk in native Swedes [44].

Survival graphs revealed disparities between age groups, which however narrowed in the
course of time (Figs 4 and 5). The differences in 1-year survival were rather small in the last
period but remained wide in 5-year survival. The reasons may be differential treatment and
less regular follow-up. For example, intravesical therapy was less frequently used for old
patients diagnosed with in situ bladder cancer in Sweden [45].

The worse survival for women was another disparity. A previous study reported that the
gender difference was limited to higher stage muscle-invasive tumors, for which intravesical
instillation therapy was less frequently used than for men [27]. Similar differences were also
reported in another study on T1 bladders cancer, which also recognized a two year higher
diagnostic age in women (76 years) [46]. The common explanations for gender differences
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include women’s less concern about episodes of hematuria as menstruation has been a normal
part of their early lives. In contrary, most males will want this extraordinary event promptly
investigated. Another difference is that females tend to seek investigations from their gyneco-
logical doctor and typical gynecological investigations may not include cystoscopy. Cystoscopy
on the other hand will be the immediate investigation in the urological side. Delays in diagno-
sis have been shown to correlate in worse survival in bladder cancer [47].

The strengths of the study are that we have high-level diagnostic data from two countries
with practically free medical care, thus offering a rare opportunity to view historical ‘real
world” medical experience in these cancers. The weaknesses are basically of two kinds, the
study is ecological and no individual level treatment or care data were available [48]. Lack of
stage data in the NORDCAN database does not allow inclusion of this variable. However, a
Swedish study based on National Registry of Urinary Bladder Cancer from 1997 to 2016,
showed that survival improved in all stage categories, irrespective of age and gender [13].
Thus, at least in the last period the minor improvements in survival benefited various stages in
parallel.

Conclusions

These ‘real world” data showed that the main survival gains were achieved in Finland and Swe-
den until the early 1990s, and the small improvements until 2012-2016 helped to attain the
90% mark for male 1-years survival and 85% mark for female survival. While 5-year survival
remained more than 10% unit below 1-year survival, it was worrisome that after the early
1990s the gap (difference) between 1-and 5-years survival narrowed only modestly, if at all.
Further improvements in survival call for control of smoking, assessment of the role of snus in
Sweden [41], emphasis on early diagnosis, including prompt cystoscopy and imaging investi-
gations in hematuria, and upfront curative treatment with surgery and adjuvant therapies,
combined with awareness of high relapse rates in treated bladder cancer patients requiring reg-
ular cystoscopy follow up.
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