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Prostate cancer is the third most-common non-skin cancer and also the third leading cause of cancer death in the Slovak
Republic in recent years. However, analysis of incidence and mortality long-term time-trends, on the basis of which the
prevalence estimates could have been calculated, were not available. This paper analyses national trends in prostate cancer
incidence and mortality from 1968 to 2007 by using the join-point regression to propose potential changes in health care.
The authors noted a statistically significant increase in the values of incidence after 1999 and improvement in mortality after
1998. Using a mathematical modelation authors predicted the overall prostate cancer prevalence in the Slovak Republic to

provide actual data for health management.
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Prostate cancer is the second most frequent cause of cancer
and the 6™ leading cause of cancer death in males worldwide,
excluding non-melanoma skin cancer [1]. Starting from the
second half of 1980s [2], opportunistic screening by means of
PSA testing caused a rapid rise in incidence rates and prostate
cancer has become the third most common non-skin cancer in
the Slovak Republic (SR), representing 10.2 % from all malig-
nancies in males [3]. Variations in prostate cancer incidence are
mainly caused by the differences in detection practices, lifestyle
and genetic factors, while mortality rates reflect differences
in treatment as well as underlying risk [4]. In the SR, prostate
cancer is the third leading cause of cancer death among males,
representing 7.2 % of all cancer mortality in males in 2007.
Due to its high relative survival rates and low fatality, prostate
cancer remains the most prevalent cancer in males. However,
the overall prevalence data is not often available from local
registries, despite the fact that they are essential for health
and drug policy planning. This paper analyses and interprets
long-term prostate cancer incidence and mortality trends in
the SR between 1968-2007 by using join-point regression to
propose potential changes in health care, mainly PSA testing
and treatment management. We noted a statistically significant
increase in the values of incidence after 1999 by using join-

point regression analysis and an improvement in the indicators
of mortality after 1998, influenced by better and more effective
diagnosis and treatment. Using a mathematical modelation the
work predicts probable development of the incidence and mor-
tality trends in the following years 2008-2012 and estimates
the overall prostate cancer prevalence in the SR.

Material and methods

Data sources. All the cases of prostate cancer registered in
the National Cancer Registry (NCR) SR between1968-2007
were identified [3, 5-8]. NCR SR is a population-based cancer
registry, which covers the whole SR (approximately 5.5 million
people) and relies on mandatory cancer notifications from
health care sources and death certificates from the Statistical
Office of the SR. Information on mid-year population and
mortality data were obtained from the Statistical Office of
the SR as the “Official Mortality Data”, with no ability to cite
the resources. Incidence, mortality and prevalence data from
other countries that are compared with the situation in the SR,
were obtained from the GLOBOCAN 2008 cancer database
and the European Cancer Observatory database of the IARC
WHO [1, 9].
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Statistical analysis. Age-standardized incidence and
mortality rates (ASR) in the SR were calculated, using direct
standardization method and World (W) standard population
as a reference [10]. The trends in incidence and mortality have
been extracted separately in the time period 1968-2007 and
were carried out by the join-point regression analysis using
the software Join-point Regression Program, Version 3.5.3
[11]. The analysis included the logarithmic transformation
of the rates, standard error, maximum number of four join-
points, and minimum of four years between two join-points.
All other program parameters were set to default values. The
aim of the approach is to identify possible join-points where
a significant change in the trends occurs. The method identifies
join-points based on regression models with 0-4 join-points.
The final selected model was the most parsimonious of these,
with the estimated annual percentage change (EAPC) based
on the trend within each segment [12]. To quantify the trend
over a fixed period, the average annual percentage change
(AAPC) was calculated. The AAPC is computed as a geometric
weighted average of the EAPC trend analysis, with the weights
equal to the lengths of each segment during the pre-specified
fixed interval. The trends are presented with a corresponding
95 % Confidence Intervals (CI) and p-value with the null
hypothesis being constant with time.

The prevalence model calculates with the absolute number
of prostate cancer specific mortality in the individual 5-year age
groups, which was adjusted for a specific age group. For a more
conservative estimate, the incidence and mortality prediction
iny.2008-2012 was performed by the linear join-point analysis
through crude incidence and mortality data, adjusted to abso-
lute numbers of prevalence (mortality) after 5-year age groups
and ASR-W. The overall prevalence is calculated as a sum of
prevalence data of the individual age groups, prevalence for
the defined age group is calculated by the formula:

Pn, = Pn-l,y-l (1- kgn,y) ti,-m,

Where:
i, isthe incidence in year,n" and age group .,y
m_is the mortality in year ,,n" “ and age group ,,y*

q,, is the general presumption/probability of death in year
»n“ “and defined age group ,,y*

k = 0.80, while 20% of population dies due to malignant
neoplasms in Slovakia

The model of general prevalence anticipates, that the preva-
lence at the beginning of a monitored period in which the
modelation begins, is L- fold of the incidence value in the first
given year of modelation. The L- coefficient was determined
individually, interactively as a consistent estimate of the ratio
of anticipated prevalence and incidence.

Results

Age-standardized (ASR-W) incidence rate between the first
(1968) and last (2007) registered year increased by 205.7 %,
from ASR-W 14.6/100,000 (95 % CI + 1.577) to 44.6/100,000
(95 % CI +2.256) (Fig. 1). Incidence rates in males increased

over the entire period, with the best fitting model having a join-
pointin 1999, resulting in two separate trends: slower increase
of incidence with EAPC 2.4 % (CI1 95 % 2.1-2.7, p<0.0001) was
registered in 1968-1999 and significantly faster increase of
incidence with EAPC 5.8 % (CI 95% 3.3 - 8.4, p<0.0001) was
registered between 1999-2007, while the shift of the increment
of incidence in'y. 1999 for the value of 3.4% is also statistically
significant (p=0.009). The averaged annual percentage change
(AAPC) of modelled data of incidence from fixed time-period
1968-2007 was 3.1 %. Based on the outcome of the join-point
analysis the expectation of the newly diagnosed prostate cancer
in the y. 2012 are 2436 cases, i.e. ASR-W 59.3/100,000 (95 %
CI + 2.393) (Fig. 2).

The age-specific incidence of prostate cancer in the analysed
period has a sharp increasing tendency from age group 50-54y.,
while up until the average of years 1993-1997 it culminated in
80-84 year old men with subsequent but very modest decrease
in incidence of the disease in the eldest age group (85 y.+). In
recent periods (in average y. 1998-2002 and 2003-2007) the
age-specific incidence has an increasing tendency through the
eldest age groups (85 y.+)

Age-standardized mortality rates between 1968-2007
increased by just 85.4 % (compared to 205.7 % increase in
incidence rates), from ASR-W 7.2/100,000 (95 % CI + 1.130)
to ASR-W 13.4/100,000 (95 % CI + 1.221) (Fig. 1). Join-point
analysis identified three join-points, in 1977, 1993 and 1998,
with consequent four trends. The period 1968-1977 was
characterized by significant increasing tendency in mortality
with EAPC 3.3 % (95 % CI 1.8-4.9, p=0.0002), in the period
1977-1993 the mortality had slower increasing tendency with
EAPC 1.1 % (95 % CI 0.4-1.8, p=0.004), consequently after
y.1998 a marked increase in mortality occurred with EAPC
6.4 % (95 % CI 0.9-12.1, p=0.022) and only since the y.1998
has the mortality in the SR stabilized tendency, character-
ized by non-significant decrease of EAPC -1.4 % (95 % CI
-2.9-0.1, p=0.070). The AAPC of modelled data on mortality
from a fixed time-period 1968-2007 was 1.7 %. Based on the
outcomes of the join-point analysis the estimated death count
for the prostate cancer in y.2012 in the SR represents 554 cases,
i.e. ASR-W mortality 12.8/100,000 (CI 95% + 1.092) (Fig. 3).

The age-specific mortality has had a markedly increasing
tendency in the analysed period from the age group 55-59'y.,
whereas it has a long term culmination in the eldest age groups
85 y.+. In the last analysed period (average of the years 2003-
2007) a modest decrease of the death count was recorded in
all age groups, in comparison with previous periods.

Prostate cancer represents a highly prevalent malignancy,
with an estimated count of 12.528 overall registered cases in
the y.2012 (Fig. 4).

Discussion

When compared to GLOBOCAN 2008, the SR is a country
with moderate prostate cancer incidence rates in the context
with the Central and Eastern European countries. With ASR-
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year Al.ls.Nu. qu CR incidence iri?:l;:te Abs.No. of CR mortality nz"r::;;:'fw
diagnosis f100,000 /100,000 deaths /100,000 /100,000
1968 345 305,2 14,6 168 208,8 7,2
1969 328 299,2 13,4 177 2047 74
1970 339 355,2 14,6 184 226,1 7.5
1971 354 341,1 14,3 196 2046 8,0
1972 341 234,2 131 196 117,1 74
1973 346 346,1 12,3 196 2142 7,6
1974 402 277,0 14,8 249 228,1 9,3
1975 444 418,6 16,3 247 273,7 9,0
1976 460 428,1 16,6 255 2171 94
1977 495 282,1 17,2 264 230,7 9,3
1978 375 262,5 13,0 270 2779 9,6
1979 413 2527 14,5 292 2419 10,2
19380 448 169,32 14,5 279 211,7 9,2
19381 2595 230,0 184 311 315,7 10,3
1982 262 238,2 18,2 328 238,2 10,4
1983 279 2527 18,2 285 216,6 9,3
1984 623 2598,0 20,2 335 171,85 10,7
1985 289 3204 15,1 325 181,5 10,0
1986 621 318,83 15,8 332 226,2 10,5
1987 648 265,95 211 301 177,2 9,3
1988 650 3364 20,8 341 293,0 10,8
1939 683 294.6 21,7 382 339,2 11,7
1990 712 369,2 22,6 343 2146 10,6
1991 706 318,2 22,5 386 411,38 12,
1992 704 259,6 20,9 366 232,3 10,6
1993 733 346,59 22,3 335 2749 11,2
1994 725 410,6 22,8 371 438,9 11,8
1995 736 467,0 23,9 416 405,8 12,7
1996 833 451,8 26,0 447 203,7 13,6
1997 912 206,28 28,2 459 465,1 13,9
1998 938 284,1 28,5 922 3974 154
1999 861 269,7 26,1 541 312,7 15,7
2000 965 607,5 28,7 237 670,6 15,6
2001 1028 733,7 31,0 438 3929 14,6
2002 1029 221,6 30,7 474 605,59 13,9
2003 1130 204,1 33,9 471 448.6 13,6
2004 1220 687,3 36,0 481 556,8 13.6
2005 1264 637,1 36,2 541 4339 14,9
2006 1355 251,1 39,1 501 465,2 14,0
2007 1585 FrrA) 44,6 498 330,6 13,4

Figure 1. Absolute numbers (Abs. No.) of the prostate cancer occurrence and deaths, crude rates (CR) and standardized rates (to the World standard

population-ASR-W) of incidence and mortality in the Slovak Republic according to the National Cancer Registry data
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Figure 2. Time-trends of the age-standardized (to the World standard population - ASR-W) prostate cancer incidence and the joint-point regression

in in the Slovak Republic, y.1968-2007. (APC=annual percentage change).
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Figure 3. Time-trends of the age-standardized (to the World standard population - ASR-W) prostate cancer mortality and the joint-point regression

in in the Slovak Republic, 1968-2007. (APC=annual percentage change).

W incidence rates it ranked 61st worldwide and 27th of 40
European countries [1, 2].

The incidence of prostate cancer varies greatly in individual
geographic regions and countries of the world: the highest ASR-
W incidence rates are observed in the USA (its rates vary across
the USA) and in New Zealand, thanks mostly to the screening
examination [1, 13]. The lowest incidence of prostate cancer is
reported in several countries of South-East Asia [1, 14]. Many
of the countries have experienced an increase in prostate cancer
incidence [15, 16]. The factor influencing the geographic distri-
bution of prostate cancer is a variable degree of the utilization of

the PSA exam and the capability to diagnose latent cancer [17,
18]. In the SR, PSA testing was introduced during the second
half of the 1980s [2, 19], wider acceptance of PSA testing and
improved prostate biopsy techniques were applied subsequently,
which reflected in changes in quickness of the incidence increase
in y.1999 by +3.4 % (p=0.05), while EAPC since the y.1999
was in the SR +5.8 %. Similar changes are described also in
some other European countries, incidence rates have sharply
increased e.g. in Denmark (in 1995, EAPC was 7.2 %), Finland
(in 1990, EAPC 9.3 %), Latvia (in 1994, EAPC 11 %), Sweden
(in 1996, EAPC 6.9 %), Czech Republic (in 1990, EAPC 6.9 %)
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Figure 4. Estimates of prostate cancer prevalence (cases) in the Slovak Republic up to y. 2012.

and Croatia (in 1997, EAPC 12.9 %) [4, 18]. Since the highest
incidence rates are usually reported from the countries with
high health care expenditure, the changes in incidence evolu-
tion are influenced by increased public awareness, PSA testing
and higher detection of latent cancer in prostate surgery [16].
It remains unclear as to what extent the increasing trend in
incidence indicates true risk or if it represents increased detec-
tion of latent disease [15]. However it is obvious, that in some
countries with wide application of the PSA testing (for example
Finland, Sweden and the Netherlands) [15], resp. in countries
with established active screening based on PSA (from European
countries only in Lithuania) [20], the decline of prostate cancer
incidence has been observed in recent years, which is caused by
detection of the majority of the asymptomatic cases in popula-
tion. This trend was not observed until the end of the y.2007 in
the SR, indirectly it confirms the absence of broad PSA testing
(also in asymptomatic population).

According to the join-point analysis, the increase of inci-
dence in the SR allows us to predict the prospective evolution
of disease. In y. 2012 the estimation of newly diagnosed cases
is 2436, in the y.2008 the estimate represents 1743 cases. With
reference to present available estimates [1, 9], our prediction
of the incidence in y.2008 is higher, which may be influenced
by the fact that our model calculates also with prostate cancer
cases registered in the SR in latter years 2006 and 2007 (in com-
parison with y.2005 in IARC WHO), whereby in these specific
years a marked increase in incidence had happened which
influenced the whole model consequently. On the other hand,
our prevalence estimates for the y.2008 are 11% lower than the
prediction of IARC WHO [1, 9], which may be influenced by
the calculation with general and specific mortality in our model,
while other models [9] preferably use specific survival of patients
according to 5year age groups to estimate the prevalence. The
last published prostate cancer survival data in the SR according
to 5-year age group is in cohort y. 1990-1994 [21], which is not
actual already, this confirms also the alteration in overall survival
for prostate cancer published from national registries (64.6 %

in cohort y. 2000-2004 in comparison with 42.8 % in cohort y.
1980-1984) [8]. The interpolation of recent survival data from
the neighbouring countries [21] wouldn’t necessarily reflect
reality in the SR. The reason for our choice for the prevalence
model was the necessity of prediction of the evolution of the
overall prevalence (likewise also incidence and mortality) since
present, i.e. not only to estimate the 5-year prevalence [9].

The SR is a country with lower prostate cancer mortality
rates according to Globocan estimates in 2008 [1, 2]. With
ASR-W mortality rates it ranked 81* worldwide and 18® of 40
European countries. Over the past decade a marked decline in
prostate cancer mortality was observed in many countries [4,
22] in Europe predominantly since the mid-1990's and par-
ticularly in higher-resource countries of Western Europe and
Nordic countries. Prostate cancer mortality rates decreased
from EAPC -2.3 % in Germany and the Netherlands to -4 %
in Austria [4]. Mortality increased in several Eastern European
countries, except the Czech Republic and Hungary [4, 15].
However, a little relation between the increasing incidence and
decreasing mortality appears in the recent past, consistent with
the effect of over-diagnosis or detection of indolent tumors via
PSA testing [15]. The stabilization in prostate cancer mortal-
ity trends by non-significant declining EAPC -1.4 %, which
was found out in the SR in recent years, might be attributed
to PSA testing, whereas while this decrease of mortality didn't
meet statistical significance, it is assumed that PSA testing isn't
commonly used outside the urological practice. As the change
in mortality started in 1998, the intervention most probably
took place around 1992 (assuming approximately 7 years delay-
time before an intervention reflects its effect on mortality rates
[23] and the increase of use of the DRE, TRUS, needle biopsy,
as well as better treatment modalities might also have had an
influence) [4, 15]. Still not favourable evolution of mortality
is also affected by the delayed accessibility to modern treat-
ment in comparison with western countries, which is often
described in various different malignancies. Despite several
studies evaluating the effect of PSA testing on prostate-cancer
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mortality rates have shown conflicting results [24, 25], the re-
cent analyses of Schrdder et al. [25] on ERCP study population
found out a significant reduction of prostate cancer specific
mortality, however lesser in all-cause mortality.

Although the decrease in incidence and stabilization in
overall mortality is recorded in the SR in recent years (without
the ability of identification prostate-specific mortality), the
progress of these changes suggests that PSA testing does not
have a broad character in the content of new case detection or
examination outside the urological practice. The legal obliga-
tion to declare the absolute numbers of overall prevalence of
prostate cancer for the purposes of health care planning lead to
the invention of a mathematical model adjusted for the Slovak
population, which enables actual prevalence, incidence and
mortality predictions into the current year.
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