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Summary

Backgrounds: This paper analyzes the incidence and mortality of prostate cancer in the Slovak (SR)
and Czech (CR) Republics (as Central European countries with population-based cancer registries)
before and after the introduction of PSA testing, the possible reasons for any differences disclosed,
and compares the results with selected regions and countries around the world. Material, Methods
and Results: In SR, the age-adjusted incidence of prostate cancer rose from 14.6/100,000 in 1968
to 36.2/100,000 in 2005. The estimated annual increase of incidence from 1968 t01991 (before
nation-wide PSA testing) was 0.421 and 1991-2003 it reached 0.941. The mortality rates rose from
7.3/100,000 in 1968 to 14.9/100,000 in 2005. The increase in incidence occurred faster in CR than in
SR, from 15.8/100,000 in 1977 to 59.5/100,000 in 2005. The estimated annual increase of incidence
in CRin 1977-1991 was 0.581, while in 1991-2003 it reached 1.981. Before 1991, mortality rose more
sharply in CR than in SR while after the introduction of PSA testing mortality stabilized more quickly
in the CR than in SR. In SR a significant reduction of mortality was observed after 2002 and is proba-
bly affected by more factors than those associated with the increase in PSA testing. Conclusion: The
difference in the incidence and mortality of prostate cancer in SR and in CR results from a difference
in the intensity of PSA testing as well as from the earlier introduction of effective treatment in CR.
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Suhrn

Vychodiska: Predkladana publikacia analyzuje incidenciu a mortalitu na karciném prostaty v Slo-
venskej republike (SR) a Ceskej republike (CR) (predstavitelov krajin strednej Eurépy s populaé-
nymi onkologickymi registrami) pred a po zavedeni vySetrovania PSA, patra po moznych zd6évod-
neniach rozdielov ich vyvoja a porovnava vysledky s vybranymi regiénmi a krajinami sveta.
Materidl, metédy a vysledky: Standardizovana incidencia karcindmu prostaty v SR stupla z hod-
nét 14,6/100 000 v roku 1968 na 36,2/100 000 v roku 2005. Ocakavany ro¢ny narast incidencie
bol v rokoch 1968-1991 (pred zavedenim PSA vy3etrovania do klinickej praxe) 0,421, aviak v ro-
koch 1991-2003 uz 0,941. Mortalita vzrastla z hodnot 7,3/100 000 v roku 1968 na 14,9/100 000
v roku 2005. Incidencia réstla rychlejie v CR ako v SR, z 15,8/100 000 v roku 1977 na 59,5/100 000
v roku 2005. O¢akavany ro¢ny narast incidencie v CR v rokoch 1977-1991 bol 0,581, v rokoch
1991-2003 to bolo 1,981. Pred rokom 1991 mortalita rastla prudsie v CR ako v SR, kym po zavedeni
vysetrovania PSA sa rychlejsie stabilizovala v CR ako v SR. V SR sa vyznamna redukcia mortality
pozoruje az po roku 2002 a pravdepodobne nie je spdsobend len intenzivnejSim vysetrovanim
PSA. Zdver: Rozdiel v incidencii a mortalite na karciném prostaty v SR a v CR je pravdepodobne
vysledkom rozdielu v intenzite vy$etrovania PSA, ako aj skorsim zavedenim efektivnej lie¢by v CR.
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PROSTATE CANCER INCIDENCE AND MORTALITY IN SELECTED COUNTRIES OF CENTRAL EUROPE

Introduction

Prostate cancer is one of the most com-
monly diagnosed cancer in males. The
3% secular trend in the worldwide in-
crease in the incidence is attributed to
the steadily increasing life expectancy
of the population especially in develo-
ped countries [1,2]. Latest estimates for
2008 indicate worldwide 903,452 new
cases of prostate cancer (world standar-
dized rates (hereafter WSR) of incidence
28.1/100,000), deaths number estimates
in the same year are 258,381 (WSR mor-
tality 7.5/100,000) [3].

The purpose of this study is to ana-
lyze the incidence of prostate cancer
and resulting mortality and the possi-
ble reasons for any differences discove-
red in two neighboring countries in Cen-
tral Europe (the Slovak and the Czech
Republics) both of which have natio-
nal, population-based cancer registries.
When compared to the WSR incidence,
the Slovak Republic (hereafter SR) with
WSR of 36.2/100,000 and the Czech Re-
public (hereafter CR) with a WSR of
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59.5/100,000 in 2005 [4] rank among Eu-
ropean countries with a moderate inci-
dence of the disease. However, when
compared to the rates in Central and
Eastern Europe the values are rather
high. This paper compares the results
of detected analyses of time progress
of prostate cancer incidence and mor-
tality in the CR and SR, discusses possi-
ble causal factors of their high incidence
and compares the results with selected
world countries.

Material and Methods

The data concerning the incidence
of prostate cancer used in this analy-
sis were obtained from the preproces-
sed data portals of the National can-
cer registry (hereafter the NCR) SR [5]
(www.nor-sk.org) and the NCR CR [6]
(www.svod.cz) valid until the end of July
2009 as well as from the standard out-
comes and annual reports of the NCR
SR and the NCR CR. These registries are
national population-based cancer regis-
tries with high quality data [6]. The NCR

1991-nation-wide PSA testing

A

SR has been providing data on the inci-
dence of cancer for the territory of the
SR since 1968. The NCR CR has been
providing population-based incidence
data since 1977, the mortality values
have been considered from NCR SR only
after 1980, since the values for the years
1977-1979 were underreported. Corre-
sponding national mortality data were
obtained from the Statistical Office of
the SR and from the NCR CR. The values
of incidence and mortality are presented
in the form of crude rates in the last sta-
tistically closed year 2005. The compari-
son with other countries is only possible
after correction of different age structure
in the population. The standardisation to
the world standard population was per-
formed [7] and the standardised rates
in the CR and SR have been compared.
The trends in incidence and mortality
have been extracted using linear regres-
sion model separately for each country
in time periods 1980-2003 and then in-
dividually the periods 1980-1991 and
1991-2003 and the trends are presen-
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Fig. 1. Trends of age-adjusted (WSR) prostate cancer incidence in the Slovak Republic (SR) and the Czech Republic (CR) before
(1980-1991) and after (1991-2005) nation-wide PSA testing.
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ted with corresponding 95% Confidence
Intervals (Cl) and p-value with null hy-
pothesis being constant with time. The
year 1991 represents for both countries
the year of the introduction of a nati-
on-wide PSA testing, on that score the
trends of incidence and mortality were
compared not only for the entire period
of 1980-2003, but also the character of
their changes before and after PSA te-
sting in 1991 was compared.

Results

In 2005, 1,264 cases of prostate cancer
were diagnosed in the SR. This is a crude
incidence rate of 48.3/100,000 and WSR
incidence of 36.2/100,000 males [8]. Pro-
state cancer amounted to 9.7% of the
total oncologic diseases in males, ran-
king 4™ in the overall incidence of malig-
nant tumors in males. In the analyzed ti-
me-period of 1968-2005, the incidence
of prostate cancer in the SR grew long
term, from a WSR 14.6/100,000 in 1968
(95% Cl £ 1.5772) and 14.5/100,000 in
1980 (95% Cl + 1.4113) to 36.2/100,000
in 2005 (95% Cl + 2.0678) (Fig. 1). This
represents a 133.8% growth in the rate
of incidence from the 1980 base. The
estimated annual increase in the inci-
dence of the disease during the period
1968-1991 was 0.421; from the year
1991 (when nation-wide PSA testing

began) up to 2003 (last year with valid
data at the time of this analysis) it was
0.941.

The age-specific incidence in the SR
exhibits a steep increase of incidence,
especially in the age group 50 years and
older. During the period 1999-2003, as
many as 81.2% of prostate cancer pati-
ents in the SR were more than 65 years
of age. However, when compared to the
previous years, the risk of prostate can-
cer diagnosis increased by the same
ratio in all age groups. No shift was ob-
served towards the lower age groups
as a result of the introduction of PSA te-
sting in clinical practice. During the pe-
riod 1978-1982, the percentage of pro-
state cancer cases in the 65+ age group
was 83.3%. A small rise of incidence in
the 75+ age group was observed from
an average of 37.9% (272.89/100,000)
in 1978-1982 to an average of 41.6%
(533.66/100,000) during the period
1999-2003 (Fig. 2). During the period
1999-2003 the age-specific incidence
rates were 0.1/100,000, 7.9/100,000,
68.4/100,000 and 246.8/100,000 respe-
ctively for age groups of 15-44, 45-54,
55-64 65+. The typical age of patients
was between 65 (25% quantile) and 77
(75% quantile) years.

In 2005, 541 males died of prostate
cancer in the SR, which represents

a crude mortality rate of 18/100,000 and
a WSR of 14.9/100,000. Mortality values
increased until 2002, but were slower
than values for incidence. The rate of
mortality rose from 7.3/100,000 in 1968
through 11.4/100,000 in 1980 up to
18.4/100,000 in 2005 (Fig. 3). This repre-
sents a 61.4% increase from 1980. Du-
ring 1968-1991 the estimated annual in-
crease in mortality was 0.285 but after
1991 mortality grew more slowly, i.e. by
0.253. The introduction of PSA testing in
clinical practice was one of the factors
responsible for slowing down the incre-
ase in mortality. Since 2002 there was
a decrease of mortality observed in the
SR that remained stable until 2008, the
last year of processed data. It is assumed
that alongside PSA testing the reduction
in mortality can be ascribed to more ef-
ficient (hormonal) treatment during the
5-7 years prior before the observed re-
duction in mortality.

Age-specific mortality values increase
with the increasing age of the patients.
During the period 1999-2003 an aver-
age of 87.6% of prostate cancer deaths
occurred in the 65+ age group. In the
15-44 age group the age-specific mor-
tality in the SR was only 0.065/100,000 in
the period 1999-2003, 3.24/100,000 wi-
thin the 45-54 age group, 24.1/100,000
within the 55-64 age group and
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Fig. 2. Age-specific prostate cancer incidence in the Slovak Republic (SR) according to the defined time-periods.
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286.53/100,000 within the 65+ age
group. The age at the time of death was
69 years (25% quantile) to 81 years (75%
quantile).

In 2005, 4,900 prostate cancer cases
were diagnosed in the CR. This is a crude
incidence of 98/100,000, and WSR in-
cidence of 59.5/100,000 males. Pro-
state cancer was 13.5% of all malignant
tumors in males, ranking 4th in the over-
all incidence of malignant tumors in
males [6].

As in the SR, the CR observed a steady
increase in the incidence of this malig-
nant disease, slightly steeper in the CR
compared to that in the SR (Fig. 1). Fol-
lowing the introduction of the PSA test
during the early 1990s the increase in
the incidence of the disease in the CR
became more pronounced and increa-
sed more rapidly during recent years. In
1977 the WSR incidence in the CR was
15.8/100,000 (95% Cl + 0.9748). How-
ever during the period of comparison
with the SR, i.e. in 2003, the incidence
was 46.8/100,000 (95% CI + 1.5520), re-
presenting an increase of 196.2%. The

estimated annual increase of incidence
in the CR for 1977-1991 was 0.581. After
1991 (the beginning of the general PSA
testing) and up to 2003, it was 1.981.
The age-specific incidence of prostate
cancer in the CR shows characteristics
that are very similar to those in the SR.
A rapid rise of incidence occurs especi-
ally following the 5th decade of life, cul-
minating in the oldest age groups. In
the period of 1999-2003 an average of
79.9% of patients were 65 years or older
at the time of diagnosis. Compared to
the average age in the period 1978-1982
during which the 65+ age group com-
prised 83.6% of patients, this represents
a slight shift in incidence of the disease
towards younger age groups. This trend
was not observed in the SR during the
period under evaluation. However, si-
milar to the SR there was no observa-
tion of a decrease in incidence in the
highest age groups, i.e. 75+. During the
period 1979-1983, 33.4% of the patients
were in these age groups while during
1999-2003 it was 39.1% (Fig. 4). Du-
ring the period 1999-2003 the ave-

rage incidence of prostate cancer in the
15-44 age group was 0.2/100,000, in the
age group 45-54 it was 12.4/100,000, in
the55-64agegroupitwas112.1/100,000
and in the 65+ age group the age-speci-
fic incidence was 572.6/100,000 males.

In 2005, 1,430 patients died of prostate
cancer in the CR, representing a crude
mortality of 28.6/100,000 and a WSR of
16.4/100,000 males. In the CR mortality
is shows a long-term increase. Before the
introduction of PSA testing the increase
was greater than in the SR, but following
the introduction of PSA testing the in-
crease is slower than in the SR. There
was no observation of any significant
mortality decrease during recent years,
as observed in the SR (Fig. 3). The mor-
tality (WSR) rose from 9.4/100,000 dia-
gnosed in 1980 to 16.4/100,000 in 2005,
i.e. a 74.4% increase in mortality. During
the period of 1977-1991 the estimated
annual increase of mortality was 0.882,
after the introduction of PSA testing the
increase was reduced to 0.342.

The age-specific mortality values
rise sharply especially following the
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Fig. 3. Trends of age adjusted (WSR) prostate cancer mortality in the Slovak Republic (SR) and Czech Republic (CR) before
(1968-1991) and after (1991-2005) nation-wide PSA testing.
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6th decade of life. During the period of
1999-2003 an average of 89.8% dea-
ths occurred in the 65+ age group. In
the same period the average age-speci-
fic mortality in the CR in the 15-44 age
group was 0.06/100,000 males,
2.6/100,000 in the 45-54 age group,
22.4/100,000 in the 55-64 age group and
365.7/100,000 in the 65+ age group. The
typical age at the time of death was 71
(25% quantile) to 85 years (75% quantile).

Discussion

The incidence of prostate cancer varies
greatly in individual geographic regions
and countries of the world: the highest
adjusted incidence rates are no more ob-
served in the USA and in New Zealand,
as it used to be in 2002 [3,7]. The highest
incidence in 2008 is estimated to be in
France (Martinique) (173.3/100,000) and
in north European countries (lreland
126.3/100,000, Norway 115.6/100,000,
Sweden 114.2/100,000). In Australia and
New Zealand the estimated incidence
in 2008 was 104.2/100,000. In the USA,
prostate cancer is accounting for an esti-
mated 186,220 new cases in 2008 (WSR
incidence 83.8/100,000 men) [3]. In Cen-
tral and Eastern Europe the average in-
cidence of prostate cancer in 2008 was
estimated to be 28.5/100,000 (57,554
cases), in Northern Europe 75.2/100,000

(67,638 cases), in Southern Europe
50.2/100,000 (79,923 cases) and in Wes-
tern Europe 94.1/100,000 (170,007
cases) [3].

With a WSR incidence of 36.2/100,000
(in the SR) [8] and 59.5/100,000 (in the
CR) reported in 2005 [6], the SR and the
CR are among European countries with
a moderate incidence. One of the fac-
tors contributing to higher regional in-
cidence in these two neighbor countries
could be the fact that the cancer regis-
tries in the SR and the CR are among
the most detailed and maintain the best
quality in Central and Eastern Europe [7].
This fact is supported by a higher inci-
dence in other European countries with
good cancer registries [9]. In the Nor-
dic countries mentioned above, pro-
state cancer incidence exceeds the in-
cidence of lung cancer, a fact affected
by the typical specific distribution of
prostate cancer cases in the higher age
groups and also by the aging popula-
tion of these countries [1]. The lowest in-
cidence of prostate cancer is estimated
in several countries of the South-Cen-
tral Asia (in average WSR 4.1/100,000)
and China (4.3/100,000) [3]. A factor in-
fluencing the geographic distribution of
prostate cancer is the variable degree in
the utilization of the PSA exam and the
ability to diagnose latent cancer. Howe-

ver, this is not the only reason. Even be-
fore 1980, i.e. before the PSA era, there
was more than a 50-fold difference in
the incidence of this disease worldwide
[10,11].

In the SR PSA testing was introduced
during the second half of the 1980s [12].
It likewise was introduced into the CR
at the end of the 1980s and the begin-
ning of the 1990s [13]. Nevertheless the
WSR values for prostate cancer in both
countries exhibited a slightly increasing
trend with a sharper incidence begin-
ning from 1991 (nation-wide use of PSA
testing in both countries). The rising in-
cidence is due mainly to the introduc-
tion of PSA testing in clinical practice. In
the CR the WSR incidence rates are rising
faster than in the SR. The rise of the WSR
incidence in the SR (in 1980-2003) was
133.8% compared to 196.2% in the CR.
So far, however, a temporary decline of
incidence following the culmination of
the increase, as seen in some countries
that implemented the population scre-
ening [14,15] has not been observed in
the two countries examined. This can
be explained by a later introduction of
the PSA test that was initially available
only in dedicated centers. It is possible
that the incidence rates will not culmi-
nate since the proportion of the popu-
lation that is tested by PSA is still increa-
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Fig. 4. Age-specific prostate cancer incidence in the Czech Republic (CR) according to the defined time-periods.
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sing and nation-wide screening has not
been implemented neither in the SR nor
in the CR.

The difference between the age-ad-
justed incidence values for prostate can-
cer in the SR and in the CR can be explai-
ned mainly by the more extensive use of
PSA test. This theory is supported by the
fact that prior to the introduction of the
PSA test the trend in incidence in both
countries was approximately the same;
following the introduction of PSA te-
sting the increase in the average of in-
cidence in the CR is more than double
than in the SR. The more extensive use
of PSA testing is also supported by the
increase of disease in localized stages in
CR and notin SR [6,5].

Interpretation of the risk factors in-
fluence in the SR and CR is not straight-
forward. For example the role of factors,
such as obesity remains unclear despite
the 34% higher risk of prostate cancer
death for a very high BMI (35+kg/m?)
compared with normal BMI as it was re-
ported in the prospective Cancer Pre-
vention Study [4]. Acording to the
CINDI programme results in SR [16] in
1993-2002 it was reported the decrease
of the number of males with overweight
and obesity by 5.3%, however, there are
no similar data on obesity prevalence
development in CR to be compared with
the situation and incidence time trends
in SR. Even for factors that have been se-
lected for rigorous testing in chemopre-
vention trials, such as selenium and vita-
min E, there are no comparative data in
both the countries.

The rate of prostate cancer morta-
lity is increasing more slowly than the
rate in the incidence of the disease. In
some countries the rate has stabilized
and even has tended to decline in re-
cent years. At the same time differences
among individual countries concerning
mortality rate values are less pronoun-
ced when compared to the rate of inci-
dence. This could be influenced by the
method used to determine the cause of
death from death certificates, especially
of elderly males [17]. In Western Europe
and in the USA the mortality rate cul-
minated at the beginning of 1990s fol-
lowed by a decline. In the EU, as a whole,
prostate cancer mortality showed

a modest decline from 1990-1994 to
2000-2004 [18]. Declines were obser-
ved in the last decade in France, Ger-
many and the UK, whereas prostate can-
cer mortality rates were still increasing
in Russia, the Baltic countries, Poland
and other central and eastern European
countries [13,18,19]. This stabilized mor-
tality and the increasing incidence can
be partially explained by PSA testing that
has resulted in the diagnosis of the di-
sease at earlier stages of the disease that
can be treated more effectively [13] and
by the more radical treatment of locali-
zed, well differentiated tumors [20,21].
The age-adjusted mortality values in de-
veloped countries were 2.5-times higher
(13.5/100,000) than those in developing
countries (5.2/100,000). Reported mor-
tality rates in the period studied ran-
ged from 1.2/100,000 (Bangladesh) to
61.7/100,000 (Barbados) [3]. In 2002 pro-
state cancer was the cause of less than
1% of deaths from all causes in men and
about 7% of deaths due to malignant di-
sease [22]. In the CR the slowing down
of the increase in mortality after the in-
troduction of the PSA test was more pro-
nounced than in the SR.The last years fol-
lowed in the CR show that mortality has
stabilized. After 2002 in the SR a decre-
ase in mortality rates values was regis-
tered. Stabilized values have been main-
tained up to the present, assuming that
there have been no systematic errors
in the processing of national data. The
quick decline in the mortality rate in the
SR can be explained as a result of com-
plex therapeutic management of pro-
state cancers shortly before changes are
registered, especially by the improved
treatment of the advanced stages of pro-
state cancer, that it does not seem possi-
ble to objectify unequivocally. It is pro-
bable that the use of the PSA test alone
does not have such a marked influence
upon the decline in the mortality rate
since, according to the published data
from the NCR SR, do not register increa-
sed numbers of localized iliness (as com-
pared to the situation in the CR where
the number of cases in clinical stage Il
unequivocally increased according to
the web portal www.svod.cz) [6] In so far
as the decline in mortality is influenced
by improved management of the treat-

ment in advanced stages of the disease
it concerns only a temporary state, post-
poning the number of deaths until lat-
ter years. The development of mortality
in the SR is being carefully monitored. As
in several European countries (e.g. Swe-
den, France, Austria and England but also
the SR and the CR), the decline in mor-
tality rates that can be observed is pro-
bably the result of improved treatment
of patients and higher survival rates [23].

The age-specific incidence curves ge-
nerally demonstrate an exponential rise
of incidence following the 5th decade of
life. This trend is less pronounced in the
Asian countries, but in western countries
it represents the sharpest age-depen-
dent rise among all malignant diseases
[2]. A higher risk of death due to pro-
state cancer is associated with diagnosis
at a younger age, African-American ori-
gins, and the advanced clinical stage of
the disease. In countries where prostate
cancer screening has been introduced,
a shift of the age at the time of diagno-
sis towards lower age groups has been
observed, resulting in the reduction of
the median age of the patients; almost
37% of all diagnosed cases are in males
younger than 65 years [14]. Unlike the
SR, in the CR a shift of the age at the time
of diagnosis towards lower age groups
was observed, supporting the theory of
more extensive PSA testing in the CR.
The age-specific incidence curves for the
SR and the CR are largely similar or iden-
tical with those in other developed Eu-
ropean countries [7]. The incidence rises
sharply after 50 years of age and culmi-
nates in the highest age groups.

Conclusion

Prostate cancer is one of the most fre-
quently occurring malignant tumors in
males, with the incidence increasing in
western and more developed countries
as a result of wide application PSA te-
sting and developments in other dia-
gnostic techniques. Following the in-
troduction of PSA testing, the rise in
incidence, previously similar in the CR
and the SR, is two times higher in the CR
than in the SR. The difference in the inci-
dence of prostate cancer in the SR and
CR is probably due mainly to the more
extensive application of PSA testing in
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the CR and corresponding higher rates
of detection. The more extensive use of
PSA testing is also supported by the in-
crease of disease in localized stage in
the CR and not in the SR. Prostate cancer
mortality is slightly declining or stabili-
zed in countries with an extensive use of
PSA testing as a result of improved de-
tection and earlier treatment. In the CR
the mortality is rising even after the in-
troduction of PSA testing although more
slowly than before. In the SR the morta-
lity rose faster than in the CR after the in-
troduction of PSA testing. However after
2002 there was a sharp decrease in mor-
tality rates that could be due to the in-
troduction of more complex manage-
ment and treatment of the advanced
stages of the disease that delays mor-
tality until later years. The results of this
work point to a less extensive use of PSA
testing in the SR and it is not clear whe-
ther the reduction of mortality in the SR
will continue.
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