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Summary

Background: Bladder neoplasms represent a significant disease burden in the Czech popula-
tion. This study aimed to perform a complex time trend analysis of incidence, mortality, and
survival of 76,505 patients with bladder neoplasms based on the Czech National Cancer Regis-
try for 1977-2017. Materials and methods: The time trends of incidence and mortality were eva-
luated using the joinpoint regression. The relative survival and Cox proportional hazards model
were used for survival analysis. Results: After 2004, a significant annual decrease by 1.9% in the
incidence of malignant tumors of the bladder (C67) was observed, accompanied by a sharp
annual increase in the incidence of in situ bladder cancer (D090) by 16.9%. For mortality from
malignant tumors of the bladder, a significant decrease by 1.4% annually was detected after
1998. The decline in both incidence and mortality was most pronounced in the below-65 years
age group and in patients with a localized stage at diagnosis. While a significant decline in both
incidence and mortality was observed for the first primary malignant tumors of the bladder,
both these measures increased for malignant tumors of the bladder as subsequent primary
neoplasms. The five-year relative survival of patients with malignant tumors of the bladder
increased from 52.1% in 1990-1993 to 62.3% in 2013-2017. However, comparing the periods
2003-2007 and 2013-2017, a decrease has been observed. Conclusion: The decrease in the
incidence and survival of malignant tumors of the bladder in the recent period is in particular
caused by improved detection of in situ bladder cancer and classification changes. Other rea-
sons for the decreasing survival include the increasing age at diagnosis, the growing number
of subsequent primary neoplasms, and the increasing proportion of smokers among patients.
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INCIDENCE, MORTALITY AND SURVIVAL OF BLADDER NEOPLASMS IN THE CZECH REPUBLIC IN THE PERIOD 1977-2017

Souhrn

Vychodiska: Novotvary moc¢ového méchyfe pfedstavuji vyznamnou zdravotni zatéz ceské populace. Cilem nasi prace bylo provedeni komplexni
analyzy casovych trendl incidence, mortality a preZiti 76 505 pacient(i s novotvary mocového méchyie na zakladé dat Narodniho onkologického
registru Ceské republiky za obdobi 1977-2017. Materidl a metody: Casové trendy incidence a mortality byly hodnoceny metodou joinpoint re-
grese. K hodnoceni preziti bylo vyuzito relativniho preziti a Coxtiv model proporcionalnich rizik. Vysledky: Po roce 2004 dochazi k vyznamnému
poklesu incidence zhoubnych novotvar(i mocového méchyre (C67), a to 0 1,9 % ro¢né a naopak k prudkému nardstu novotvar in situ 0 16,9 %
ro¢né. Pro mortalitu na zhoubné novotvary mocového méchyre byl detekovan vyznamny pokles o 1,4 % roc¢né jiz po roce 1998. Pokles incidence
a mortality byl nejvyraznéjsi ve vékové skupiné do 65 let a u lokalizovaného stadia onemocnéni. Zatimco u prvnich primarnich zhoubnych novo-
tvarll mocového méchyre dochazi k vyznamnému poklesu incidence i mortality, u zhoubnych novotvarlt mocového méchyre diagnostikovanych
jako nasledné primarni novotvary je stéle patrny narGst. Pétileté relativni preziti pacientli se zhoubnymi novotvary mocového méchyre se zvysilo
252,1 % v obdobi 1990-1993 na 62,3 % v obdobi 2013-2017. Avsak pfi srovnani obdobi 2003-2007 a 2013-2017 pozorujeme klesajici charakter.
Zdvér: Pokles incidence a preZiti pro zhoubné novotvary mocového méchyie v poslednich letech je zplsoben predevsim zvysenou detekci novo-
tvarl in situ a zménami v klasifikaci. Klesajici preziti rovnéz souvisi s rostoucim vékem pii diagndze, narQstajicim poc¢tem naslednych primarnich

novotvar( a rostoucim podilem pacientt s kourenim v anamnéze.

Kli¢cova slova

zhoubny novotvar mocového méchyre — novotvar in situ mocového méchyre — ¢asové trendy — incidence — mortalita — preziti — nasledné pri-
mérni novotvary — Narodni onkologicky registr Ceské republiky

Introduction

Malignant tumors of the bladder (MTB)
are the 12" most common malignancy
and the 15™ most frequent cause of
death among malignant neoplasms
worldwide [1]. In 2018, 549,393 new
cases were diagnosed and 199,922 pa-
tients died of this disease globally. Lit-
erature shows a higher burden of the
disease in developed countries: a pos-
itive correlation between the age-stan-
dardized incidence and human develop-
ment index as well as the gross domestic
product have been reported [2-4]. The
main risk factors for developing MTB in-
clude smoking of tobacco products, oc-
cupational exposure to aromatic amines
or polycyclic aromatic hydrocarbons, in-
fection with Schistosoma haematobium,
and genetic predisposition [5-9].

The incidence, mortality, and survival
are the three most widely used param-
eters for monitoring the progress in on-
cology. The time trend analysis of these
parameters has become an integral part
of the healthcare quality evaluation [10].
The results of published studies evaluat-
ing time trends related to bladder neo-
plasms (BN) differ greatly among coun-
tries [2,4,11-15]. The greatest differences
can be observed for incidence and sur-
vival; the trend of decreasing mortality is
observed in most countries. The compar-
ison of time trends in BN is nevertheless
a complex task, in particular due to the
changes in classification and coding over

time, which are not unified across regis-
tries. A study on BN classification dem-
onstrated principal differences between
individual national registries [16]. The
inclusion or exclusion of in situ bladder
cancer (INSB) into the category of malig-
nant neoplasms represents a difference
with the greatest impact on the results of
any analysis [17]. The prognosis of a pa-
tient with INSB is much more favorable
than that of a patient with invasive MTB.
The time trend analysis is, therefore,
likely to yield different results for data
according to the inclusion of INSB. Sub-
sequent primary neoplasms (SPN) con-
stitute another category of tumors rep-
resenting a potential problem for the
comparability. Their incidence is increas-
ing due to the improvements in cancer
care. Their inclusion in or exclusion from
the analysis can therefore also influence
the resulting epidemiological character-
istics. All these pose a question to what
extent the observed trend changes re-
sult from the improving quality of care or
differences in the exposure to risk factors
and to what extent they are just a result
of classification/coding changes.

The presented study aimed to perform
a complex evaluation of time trends of
incidence, mortality, and survival of BN
based on the national database of the
Czech National Cancer Registry in the pe-
riod of 1977-2017. A detailed evaluation
of both MTB and INSB, and an analysis of
BN occurring as SPN were performed.

Materials and methods

Data sources

The database of the Czech National Can-
cer Registry (CNCR) [18] constituted the
principal data source for this study. The
CNCR database provides records of all
neoplasms in the Czech population since
1976. BN were identified in accordance
with the 10™ Edition of the International
Classification of Diseases (ICD-10) based
on the C67 code for MTB and D09.0 for
INSB [19]. All BN recorded in the CNCR
between 1977 and 2017 were included
in the analysis. In total, 76,505 BN en-
tered the analysis, of which 69,826 were
MTB and 6,679 were INSB. Based on the
internationally standardized rules for
multiple primary neoplasm coding is-
sued by the International Association for
Cancer Research (IARC) [20], the identi-
fied BN were classified as either first pri-
mary neoplasms (FPN) or SPN. Only BN
that were preceded by other malignancy
than that of the bladder were denoted
as SPN to prevent the difficult decision
making whether the tumor is an SPN on
the same site or whether it is a recurrent
old malignancy. We also utilized data on
the demographic structure of the Czech
Republic provided by the Czech Statisti-
cal Office [21].

Statistical analysis

Age-standardized incidence and mor-
tality were calculated using the direct
standardization method based on the
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INCIDENCE, MORTALITY AND SURVIVAL OF BLADDER NEOPLASMS IN THE CZECH REPUBLIC IN THE PERIOD 1977-2017

/Tab. 1. Basic epidemiological characteristics of bladder neoplasms. A
Incidence MTB (C67) INSB (D090) Total
absolute number of cases (2017) 2,155 880 3,035
number of cases per 100,000 population (2017) 20.4 83 28.7
age-standardized rate ASRe (2017) 21.2 8.5 29.7
male/female ratio® (2013-2017) 29 2.8 2.9
proportion of all MT (2013-2017) 2.5% - -
proportion of MT except for C44 (2013-2017) 3.7% - -
age at diagnosis® (2013-2017) 71 (64-78) 70 (64-76) 71 (64-78)
lifetime risk of developing neoplasm (2013-2017) 1.7% 0.6% 2.3%
European ranking® 18.-19. - -
worldwide ranking® 23.-25. - -
Mortality
absolute number of cases (2017) 874 27 901
number of cases per 100,000 population (2017) 83 0.3 8.5
age-standardized rate ASRe (2017) 9.1 0.3 9.4
proportion of all MT-caused deaths (2013-2017) 3.1% - -
proportion of all MT-caused deaths without C44 (2013-2017) 3.1% - -
age at death® (2013-2017) 76 (69-83) 76 (71-84) 76 (69-83)
lifetime risk of the neoplasm-caused death (2013-2017) 0.8% 0.0% 0.8%
European ranking® 18.-19. - -
worldwide ranking® 36.-39. - -
Prevalence
absolute number of cases (2017) 18,557 4,953 22,874
number of cases per 100,000 population (2017) 175.2 46.8 216.0
age of surviving patients® (2017) 73 (67-80) 72 (65-78) 73 (66-79)
2ratio calculated from the incidence per 100,000 population of men over women
Pmedian age (25.-75. percentile)
<Data source: GLOBOCAN 2018 (comparison based on the number of C67 cases per 100,000 of the age-standardized world po-

pulation. Country ranking is according to decreasing incidence/mortality (first place taken by the country with the highest inci-
dence/mortality).
ASRe — number of cases per 100,000 population, age-standardized to the 2013 European age standard, INSB - in situ bladder can-
cer, MT — malignant tumor, MTB — malignant tumor of the bladder

European standard population issued by
Eurostat in 2013 [22]. The localized stage
was defined as clinical stage |, regional
as clinical stages Il+lll and distant stage
as the clinical stage IV. The comparison
of the first (1978-1987) and last period
(2008-2017) was performed using the
N-1 chi-squared test [23].

The analysis of the time trends of in-
cidence and mortality was performed

using a joinpoint regression model, in
which the dependent variable (incidence
or mortality) is described by a piecewise
linear continuous function [24]. The grid
search method was used for selecting
the optimal joinpoint model. The best
model was selected through permuta-
tion testing with 4,500 random permu-
tations. To quantify the observed trends,
the annual percentage change (APC)

was estimated for individual identified
segments and, in addition, an average
annual percentage change (AAPC) for
the period of the last 10 years (2008-
2017) was estimated [25,26]. Point esti-
mates of APC and AAPC, together with
respective 95% confidence intervals,
were used for characterizing the trends.

Patientsurvival timewas defined asthe
period from diagnosis until the death of
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Tab. 2. Temporal development of basic characteristics of bladder neoplasms.

Gender
men
women
Age at diagnosis
<64
65-74
>75
Clinical staging®
in situ
localized
regional
distant
First/subsequent primary neoplasms
FPN
SPN
Smoking history*
non-smokers
former smokers

current smokers

2P-value of the N-1 chi-squared test comparing the first and last studied periods

Period of diagnosis P-value®
1978-1987 1988-1997 1998-2007 2008-2017
8,212 (78.4%) 11,711 (74.8%) 15918 (73.1%) 20,412 (73.6%) <0.001
2,269 (21.6%) 3,940 (25.2%) 5,872 (26.9%) 7,309 (26.4%) < 0.001
1978-1987 1988-1997 1998-2007 2008-2017
3,811 (36.4%) 5,553 (35.5%) 7,543 (34.6%) 7,929 (28.6%) < 0.001
3,736 (35.6%) 5,794 (37.0%) 7,444 (34.2%) 10,118 (36.5%) 0.121
2,934 (28.0%) 4,304 (27.5%) 6,803 (31.2%) 9,674 (34.9%) <0.001
1982-1990 1991-1999 2000-2008 2009-2017
112 (2.8%) 207 (2.3%) 780 (4.7%) 5,550 (23.3%) <0.001
1,162 (29.5%) 4,211 (46.8%) 10,065 (60.4%) 11,100 (46.7%) < 0.001
1,894 (48.1%) 3,491 (38.8%) 4,315 (25.9%) 4,818 (20.3%) <0.001
770 (19.6%) 1,094 (12.2%) 1,506 (9.0%) 2,322 (9.8%) <0.001
1978-1987 1988-1997 1998-2007 2008-2017
9,962 (95.0%) 14,201 (90.7%) 18,450 (84.7%) 21,217 (76.5%) < 0.001
519 (5.0%) 1,450 (9.3%) 3,340 (15.3%) 6,504 (23.5%) < 0.001
2000-2004 2005-2009 2010-2013 2014-2017
2,970 (48.7%) 3,179 (45.6%) 2,931 (44.3%) 3,136 (41.4%) <0.001
1,174 (19.3%) 1,534 (22.0%) 1,470 (22.2%) 1,859 (24.6%) <0.001
1,953 (32.0%) 2,253 (32.3%) 2,221 (33.5%) 2,576 (34.0%) 0.014
b classification according to clinical stages only available since 1982; only cases with known staging included in the analysis
¢smoking history is recorded only since 2000 in CNCR data; only cases with known smoking history included in the analysis

FPN - first primary neoplasms; SPN - subsequent primary neoplasms

the patient or until the end of the obser-
vation period (31. 12. 2018). For evalua-
tion of the survival, relative survival was
defined as the ratio of overall survival
over the expected survival [27]. Survival
analysis was performed only for the pe-
riod from 1990 onwards. The reason is
that until 1990, the use of many treat-
ment methods, in particular cytostat-
ics, was limited due to the difficulties of
their import into the communist coun-
try. Beginning the analysis in 1990, we
have set the initial conditions to reflect
the new socio-economic realities after
the transition to democracy in late 1989.
Neoplasms identified post mortem (i.e.,
those based on death certificates or au-
topsy findings only) were also excluded
from the analysis. Point estimates of sur-
vival were supplemented with 95% con-
fidence intervals. Cohort analysis was

used for case selection, except for the
most recent period of 2013-2017, in
which the patients were selected using
the period method [28]. Relative survival
values were age-standardized for the
period of 2013-2017 [29].

Cox proportional hazards model was
used to determine survival predictors in
patients with MTB in 2003-2017. Five-
year survival was used as a primary end-
point, observations with > 5 years of
follow-up were censored at 5 years. Pa-
tients with unknown clinical staging or
smoking history were excluded from
the analysis. For each variable, a sepa-
rate univariate regression model was
prepared and subsequently, a result-
ing multivariate regression model was
created, in which the final variables were
selected through the backward elimina-
tion method. The Cox regression model

was then used to determine the hazard
ratio and 95% confidence interval for in-
dividual variables.

The analysis was performed using
the software R, version 3.5.3 [30], the
IBM SPSS Statistics version 25 [31], the
StatalC version 15.1 [32] and the Join-
point Regression Program, version
4.7.0.0 [33].

Results

Epidemiological overview

The current epidemiological situation
of BN is summarized in Tab. 1. In 2017,
MTB were the 8" most frequently dia-
gnosed neoplasm in the Czech Repub-
lic (excepting non-melanoma skin can-
cer, C44) and, at the same time, the 10t
most common cause of death among
oncological diagnoses. The incidence
in men was significantly higher than in
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women. The lifetime risk of developing
MTB equaled to 3.6% in men and 1.2%
in women for the period 2013-2017.
The lifetime risk of MTB-related death
showed a similar trend and reached
1.2% in men and 0.4% in women.

Temporal development of
epidemiological characteristics

Over the analyzed period, the relative
representation of women among newly
diagnosed cases significantly increased
(a 4.8% difference between the first and
last studied period) (Tab. 2). The mean
age at diagnosis shifted upwards over
time. Comparing the first and last an-
alyzed decades, a statistically signifi-
cantly lower proportion of patients be-
longed to the age category < 64 years
(a decrease by 7.8%) and the propor-
tion of patients in the highest age cat-
egory of > 75 years significantly in-
creased (an increase by 6.9%). Changes
were also observed in a stage at diag-
nosis. Over time, a major drop in the
number of cases classified as unknown
stage was observed (from 62.6% in the
first period with recorded staging, i.e.
in the 1982-1990 period, to 5.9% in the
2009-2017 period). Among the known
stages, a significant increase in the pro-
portion of INSB and localized MTB was
observed, along with a decrease in the
representation of regional and distant
stages. Over time, the relative number
of SPN climbed steeply (by 18.5% when
comparing the first and last studied pe-
riods). Since 2000, the smoking history
of patients is also available in the CNCR.
Comparing the first and last periods, the
proportion of current and former smok-
ers significantly increased among pa-
tients with known smoking history. Cor-
respondingly, the share of non-smokers
significantly decreased.

Time trends of incidence

and mortality

The joinpoint regression analysis re-
vealed an average annual increase in the
age-standardized incidence of MTBin the
period of 1977-1996 by 4.1% (P < 0.001).
In the following period (1996-2004), the
growth slowed down (APC increased by
1.6%; P =0.003). After 2004, the trend was
reversed and a statistically significant de-

crease by 1.9% was observed (P < 0.001)
(Fig. 1). The trends of incidence did not
differ significantly between genders, and
the increase until 2004 was followed by
an annual decline by about 2% for both
men and women. A slight difference was
observed only for the initial period of
1977-2004 (AAPC increased by 2.9% in
men, P < 0.001, and by 4.6% in women,
P < 0.001). The analysis of age associa-
tions showed that the observed de-
crease in incidence was less pronounced
in the older age groups (Fig. 1). In ad-
dition, the statistically significant de-
crease in incidence was observed sig-
nificantly later in the > 75 age category
than in the younger age categories for
both men and women. Major differences
were shown in the incidence trends for
individual stages of the disease at dia-
gnosis. There was a significant increase
in the diagnoses of the localized stage
until 2004; this was followed by stabili-
zation and since 2010, a statistically sig-
nificant annual decrease by 4.1% has
been observed (P < 0.001). The incidence
of the regional stage reached a plateau
after the initial growth. The incidence of
the distant stage grew until 2009, being
followed by a trend of decrease, which
was, however, not statistically significant
(P=0.052).

In the period of the statistically signif-
icant decline in the incidence of MTB,
a significant increase in the number of
cases diagnosed with INSB can be ob-
served (Fig. 1). The joinpoint model re-
veals a significant trend change in
2002 (95% Cl: 1999-2005), after which the
number of cases steeply increases. The
trend was not significantly different be-
tween genders (in 2008-2017, AAPC in-
creased by 16.6% in men, P < 0.001, and
by 16.2% in women, P < 0.001). From the
perspective of the age groups, a signifi-
cant increase can also be observed after
2002, with greater growth occurring in
the older age categories.

Until 1998, the age-standardized mor-
tality of MTB grew by 1.9% annually
(P < 0.001); after that year, the trend was
reversed and a significant decrease in
mortality by 1.4% annually (P < 0.001)
was observed. The decrease was slightly
more pronounced in men (AAPC in the
2008-2017 period decreased by 1.9% in

men, P < 0.001, and by 1.2% in women,
P < 0.001). Comparing the age catego-
ries, the decline in age-standardized
mortality is (similar to incidence) greater
in the younger age categories (Fig. 1).
Similarly, the trends of mortality accord-
ing to clinical staging are in accordance
with the trends of incidence; the only ex-
ception is the localized stage where (un-
like for incidence) no statistically sig-
nificant decrease in mortality can be
observed in the recent period.

Subsequent primary neoplasms of
the bladder

Over the last years, an increase in the
number of patients with subsequent pri-
mary neoplasms has been observed. In
the most recent analyzed period (2013-
2017), almost one in four (24.2%) MTB
and almost one in three (30.8%) INSB
were identified as SPN.

The joinpoint regression analysis re-
vealed significant differences in the
trends of incidence and mortality for neo-
plasms diagnosed as FPN/SPN (Fig. 1).
While the age standardized incidence of
the first primary MTB declines by 2.8%
annually (P < 0.001) since 2005, the in-
crease in the incidence of SPN remained
statistically significant (P = 0.006), al-
though it is obvious that the rate of the
increase was slowing. A similar develop-
ment was observed in the case of age-
standardized mortality of patients with
MTB. While the mortality due to FPN has
been decreasing ever since 1999, only
a slight stabilization after 2006 was ob-
served in case of SPN. The incidence of
INSB as the first, as well as subsequent,
primary neoplasms climbs steeply since
2004; this trend was, however, much
stronger in the case of SPN.

Survival

The five-year relative survival of pa-
tients with MTB in the most recent pe-
riod of 2013-2017 was 62.3% (95% Cl
61.1-63.5%). Considering the MTB to-
gether with INSB, survival in the same
period was 69.1% (95% Cl 68.0-70.2%).
Fig. 2 shows the development of the sur-
vival of patients with BN for six time pe-
riods since 1990. The graph indicates
thatin the first three periods (until 2002),
a marked improvement in survival of
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Fig. 1. Trends of the incidence and mortality of bladder neoplasms according to the age at diagnosis, clinical staging and order of
tumor occurrence.

% — average annual percentage change in 2008-2017 derived using joinpoint regression, * — statistically significant average annual per-
centage change (5% level of significance), ASR E 2013 - age-standardized rate (European standard population), MTB — malignant tumor
of the bladder, INSB - in situ bladder cancer

MTB was observed, which was followed  the last two periods (2008-2017). Where  of the last period showing stagnation.
by stagnation in the next period (2003—-  INSB is concerned, the survival keeps  Combining MTB and INSB into a single
2007) and decreased relative survival in  steadily growing with the exception  cohort, we can observe a steady increase
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Fig. 2. The temporal development of the five-year relative survival in patients with bladder neoplasms.

in the proportion of surviving patients
over the entire period. The same trends
were observed for both genders. In the
recent period of 2013-2017, the five-year
survival was almost identical for both
men and women; the survival rate was
62.5% (95% ClI 61.0-63.9%) in men with
MTB, and 62.2% (95% Cl 59.9-64.3%) in
women. When including INSB into the
analysis, survival increased to 69.2%
(95% Cl 67.9- 70.6%) for men and to
69.0% (95% Cl 67.0-71.0%) for women.
In the univariate Cox models, all an-
alyzed variables were shown to be sta-
tistically significant predictors of the
five-year survival of patients with MTB
in 2003-2017 (Tab. 3). The predictors of
lower survival were: male gender, later
year of diagnosis, higher age at diag-
nosis, more advanced clinical stage, sub-
sequent primary tumor, and non-smok-
ing status. Regarding smoking history,
the hazard ratio of mortality was signif-

icantly lower in current smokers com-
pared to non-smokers (HR 0.95; 95%
Cl: 0.90-0.99). On the other hand, the
median age of diagnosis in smokers
(65 years) was significantly lower than in
non-smokers (73 years). In contrast, after
adjustment for age, the risk was approx-
imately 40% higher in current smokers
than in non-smokers (HR 1.36; 95% ClI
1.30-1.43).

In the final multivariate Cox model,
statistically significant predictors of five-
year survival comprised the age at diag-
nosis, order of the neoplasm (first/sub-
sequent), clinical stage at diagnosis, and
smoking history (Tab. 3). Neither the
gender nor the date of diagnosis led to
significant improvement of the model
and were removed from it. After taking
the influence of other variables into ac-
count, therefore, the multivariate model
showed that a later year of diagnosis was
not associated with worse survival.

Discussion

A significant decrease in the incidence
of MTB after 2004 was observed. Recent
studies reported a similar trend in many
othercountries[2,4,11,13,15,34]. This de-
velopment is caused predominantly by
improved detection of BN already at the
stage of INSB and by changes in the clas-
sification of BN. In the past, invasive and
non-invasive BN were recorded as a sin-
gle diagnostic group. By the end of the
1990s, new European and international
guidelines were issued, recommending
to single out non-invasive carcinomas
and their new classification as INSB or
carcinomas of uncertain behavior [11].
This resulted in a drop in the number
of diagnosed MTB. This is in accordance
with the results of INSB incidence in our
study, revealing that the incidence of
INSB climbs steeply simultaneously with
the drop in the MT incidence. The data of
the Surveillance Epidemiology and End
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2003-2017 (N =18,708).

Tab. 3. Hazard ratios for five-year survival derived from the Cox regression models for - malignant tumors of the bladder in

Gender
men (N = 13,860)
women (N = 4,848)

Age at diagnosis
<64 (N=6,198)
65-74 (N = 6,658)
>75(N=5,852)

Year at diagnosis
2003-2007 (N =5,708)
2008-2012 (N =6,551)
2013-2017 (N = 6,449)

Clinical stage
localized (N =11,502)
regional (N = 5,000)
distant (N = 2,206)

First/subsequent primary neoplasm

first primary neoplasm (N = 14,974)

Smoking history
non-smokers (N = 8,260)
former smokers (N = 4,205)

current smokers (N = 6,243)

method

subsequent primary neoplasm (N = 3,734)

Univariate
HR (95% Cl) P-value
1.00
0.94 (0.90-0.99) 0.020
1.00
1.61(1.51-1.70) <0.001
2.85(2.70-3.01) <0.001
1.00
1.13(1.07-1.19) < 0.001
1.28 (1.21-1.35) <0.001
1.00
3.11 (2.96-3.27) <0.001
8.72(8.23-9.24) <0.001
1.00
1.45 (1.38-1.53) <0.001
1.00
1.13 (1.07-1.20) <0.001
0.95 (0.90-0.99) 0.035

final multivariate Cox proportional hazards model; selection of the final variables performed using the backward elimination

Cl - confidence interval, HR - hazard ratio, NS — not significant

Multivariate?
HR (95% Cl) P-value
NS
1.00
1.61(1.52-1.71) < 0.001
2.98 (2.81-3.17) <0.001
NS
1.00
3.01 (2.86-3.16) <0.001
9.23 (8.71-9.79) < 0.001
1.00
1.28 (1.21-1.35) < 0.001
1.00
1.09 (1.03-1.15) 0.002
1.17 (1.11-1.23) < 0.001

Results (SEER) in the USA consider both
MTB and INSB as one diagnostic class to
facilitate statistical evaluation (particu-
larly to prevent changes in the interpre-
tation of time trends due to classification
changes) [17,35]. This approach leads to
a relatively high reported incidence of
MTB with a stable trend [35]. Over the
last years, however, even SEER data indi-
cate a slight decrease (AAPC dropped by
1.0% in 2008-2017; P < 0.05).

The mortality associated with MTB
significantly decreased in the Czech Re-
public after 1998. As non-invasive neo-
plasms are usually associated with good
prognosis, it is unlikely that the above-

mentioned changes in classification
would have influenced the trends in
mortality. Antonietal [11] proposed that
mortality is a more useful indicator for
measuring and comparing the temporal
or geographical changes in the general
progress and treatment improvement
of BN at the population level than inci-
dence. In most countries, a statistically
significant decrease in mortality was ob-
served regardless of whether only MTB
or combined MTB and INSB were consid-
ered in the studies [2,4,11,12,34-36].
The declining incidence and mortality
of MTB are also associated with reduced
exposure to risk factors, especially smok-

ing and occupational exposure to carcin-
ogens [4,37-41]. Approx. 50% of cases
are reported to be associated with smok-
ing of tobacco products; the decreasing
prevalence of smoking could have, there-
fore, played an important role [42-44]. In
the Czech Republic, a drop in the smok-
ing prevalence from 30.7% to 25.2% was
recorded between 2004 and 2017 (AAPC
decreased by 0.8%; P = 0.112). Similarly,
a decrease in smoking prevalence has
been observed in other countries report-
ing a decrease in the incidence and mor-
tality of MTB [45-47].

The decrease in the incidence and
mortality of MTB was weaker in older
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age groups. Contrarily, a higher in-
crease in the incidence of INSB was ob-
served in the older age categories. These
results are also consistent with pre-
viously published studies [15,34]. As
far as staging is concerned, the great-
est decrease in incidence and mortal-
ity was observed for localized and dis-
tant stages. These changes reflect the
progress in diagnostic and therapeutic
methods and are also associated with an
increased capture of neoplasms in the
INSB stages, which prevents their devel-
opment into later (invasive) stages. Sim-
ilar results were also published in other
studies [13,14].

Studies evaluating the global trends
of incidence and mortality in association
with gender indicate that the trends are
in many countries stable or decreasing in
men while growing in women [2,11,13].
This fact was not confirmed in our study.
The decreasing trend in the recent pe-
riod was revealed both for men and
women, which can be related to the sim-
ilar decrease in the prevalence of smok-
ing for both genders.

Neoplasms diagnosed as SPN are a se-
rious present-day clinical problem. In
patients who had gone through an on-
cological disease in the past, the risk of
developing a new primary neoplasm is
significantly higher than in the general
population. This is caused by multiple
factors, including genetic predisposi-
tions, cancer treatment of the previous
neoplasm (in particular, chemotherapy
and radiotherapy), lifestyle, environ-
mental exposure, etc. [48]. In SPN, it is
also necessary to mention different def-
initions and classification rules across
registries. A study evaluating the impact
of the use of various definitions identi-
fied significant differences in the num-
bers of neoplasms considered as FPN or
SPN following the use of different defi-
nitions [49]. Two definitions that are cur-
rently most widely used are those set by
SEER and IACR, with the latter having
been used in our study [20,50]. The use
of different rules can (similar to the in-
clusion or exclusion of INSB), therefore,
to a great degree influence the overall
statistics and trends of BN as our results
indicate significant differences in the
trends for FPN and SPN.

The five-year relative survival of MTB
was 62.3% in the recent period of 2013-
2017, which is slightly higher than re-
ported in studies on other popula-
tions [15,34,51,52]. When including both
INSB and MTB into the analysis, the sur-
vival grew to 69.1%, which is, on the con-
trary, a slightly lower value than reported
elsewhere [13,15,35]. The study EURO-
CARE-5, which provides an international
comparison of survival in all European
countries, reported the mean survival of
patients with BN (both invasive and non-
invasive) in Europe to be 68.6% and the
value for the Czech Republic was slightly
better than the average, namely 70.8%.
All these differences are, nevertheless,
small and can be caused by differences
in the calculation methods and analyzed
periods. Unlike in other oncological dia-
gnoses, significantly better survival rates
of BN are reported for men than for
women [13,15,34,35,51]. Reasons for this
are extensively discussed in the availa-
ble literature; the most widely accepted
opinion is later diagnosis in women, as-
sociated with more advanced stages at
diagnosis [13,15,53,54]. In our studies,
no significant difference in survival be-
tween genders was revealed, the sur-
vival of men and women in the recent
period was practically identical. This can
be caused by the fact that in the Czech
Republic, we have not found any signif-
icant difference in clinical stages at dia-
gnosis between genders.

Several studies have reported a stag-
nation or decrease in survival rates of
MTB in the recent period [15,34,51]. The
same trend has been observed in our
study; we observed a decreasing ten-
dency since 2003. This, to a great ex-
tent, results from the aforementioned
increased INSB detection and change
in neoplasm classification. The progno-
sis of INSB is much better than that of
MTB and their exclusion from the anal-
ysis of MTB necessarily leads to worse
survival rates. In our analysis, we have
also shown that the apparent unfavora-
ble development of survival in patients
with MTB in the recent period was elim-
inated after taking the other consid-
ered variables into account. The results
of the analysis show that the decrease in
the survival of MTB in the recent period

is caused by the increasing age at dia-
gnosis, increasing proportion of smok-
ers among newly diagnosed patients,
and, last but not least, by the growing
proportion of SPN. When analyzing the
combined MTB+INSB patient group, the
survival rates keep steadily growing over
the entire period. An interesting fact is
that the combined survival rate is grow-
ing even in the periods 2008-2012 and
2013-2017, despite a slight decrease
in survival of both MTB and INSB sepa-
rately. This is caused by the significantly
increasing proportion of INSB among
newly diagnosed neoplasms over time.
While in 2008-2012, the proportion of
INSB among diagnosed BN was 14%, it
steeply climbed to 27% in 2013-2017.
The trend of survival improvement was
reported in other studies analyzing the
combined MTB+INSB population as
well [13,15]. On the other hand, accord-
ing to the latest SEER report, a trend of
stagnation or even a slight decrease in
survival is reported in the last years de-
spite analyzing a combined MTB+INSB
population, which can be associated
with the aforementioned factors, in par-
ticular with the growing proportion of
SPN [35].

Conclusions

This study summarizes the long-term
time trends of incidence, mortality, and
survival of bladder neoplasms in the
Czech Republic. The results of the anal-
ysis showed a significant effect of in situ
bladder cancer on the interpretation of
the time trends of epidemiological char-
acteristics, in particular incidence and
survival. At present, the international
comparability of epidemiological char-
acteristics for BN is limited to a great de-
gree due to classification and coding
differences used in individual national
registries and their unification would
be beneficial for the validity of future
studies. The presented analysis also re-
vealed significant differences in trends
for tumors classified as FPN or SPN. To
the best of our knowledge, no study
published so far investigated the trends
for BN in association with their diagnosis
as first or subsequent primary tumors. In
view of the fact that SPN have formed
more than a quarter of all diagnosed BN
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recently and their share can be expected
to keep growing in the future, the eva-
luation of trends from this perspective is
highly insightful and this topic calls for
further studies.
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