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An increase in melanoma incidence in the Slovak Republic (SR) is evident during approximately the same time and
maybe caused by changes in socio-economic status. The paper analyses national trends in incidence, mortality, survival
and clinical stages of invasive cutaneous melanoma in the SR from 1968-2007. The trends in incidence and mortality have
been extracted between 1968-2007 period by the joinpoint regression analysis, clinical stages were analysed in 1978-2003.
Survival data were extracted from the national database resources. Socio-economic changes, which reﬂected in increase in
the number of holidaymakers to seaside and mountainous destinations happened in the country in the y.1989. Subsequently,
according to joinpoint in 1997, acceleration of increment of the incidence values of melanoma was recorded in both sexes.
Mortality was increasing in males continuously, in females the stabilization was registered after the year 1999. Lower rates
of relative survival might be inﬂuenced by delayed accessibility to adjuvant treatment. The number of cases diagnosed in
clinical stage I increased signiﬁcantly. The changes in the intensity and excessive sunbathing during vacations might be
one of many factors that participate in subsequent acceleration of the increment of incidence not only in the SR.
Key words: cutaneous melanoma – epidemiology, incidence, mortality, clinical stages, survival

The risk of developing malignant cutaneous melanoma varies remarkably according to skin pigmentation and ultraviolet
irradiation from the sun. In Europe, melanoma represents
a major public health challenge [1] and according to recent
worldwide estimates in 2008 [2], it is the 10th most common
cancer in males and the 7th in females. A sharp increase in
melanoma incidence has been attributed to excessive exposure
to sunlight [3].
According to the estimates of IARC WHO for 2008 [2],
melanoma incidence in Europe in males was 7.6/100 000,
in females 7.8/100 000. Mortality in males was 1.9/100 000
and in females 1.3/100 000, the average European rates
of incidence and mortality are higher than the worldwide
average [2].
In several countries of Central and Eastern Europe,
similar changes in melanoma incidence and mortality trends
have been registered approximately since the second half of

the1990s [2, 4]. The Slovak Republic (SR), a country located in
the centre of Europe with a mild climate, has higher melanoma
incidence rates than the European average. According to the
impact of the main risk factor (extensive solar radiation), the
possible exposure of the population signiﬁcantly changed after
noticeable socio-economic changes, which occurred in the y.
1989 after the fall of communism. The purpose of this study
is to analyse melanoma incidence’s trends and clinical stages
with resulting mortality as well as possible reasons for any differences discovered in the SR. The migration of the population
in the SR (as a risk factor which is probably related to solar
radiant exposure at the place of residence early in life [5]) and
changes in the climate during the course of the analysed period
have not been taken into account due to their insigniﬁcance
for the situation in the SR [6].
This study brings a new perspective on the long-term
evolution (1968-2007) of incidence and mortality of cutane-
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ous melanoma in the SR, representation of its clinical stages,
and also relative survival rates in the SR. The paper discusses
possible factors aﬀecting these trends and compares national
data to an appropriate broader international context. We noted
a subsequent statistically signiﬁcant increase of the values of
incidence after the liberation from the totalitarian regime
and an improvement in the indicators of mortality especially
in females, inﬂuenced by better and more eﬀective diagnosis
and treatment.
Material and methods
The data concerning the incidence of invasive cutaneous
melanoma used in this analysis were obtained from the preprocessed data portal of the National Cancer Registry (NCR)
SR [4] (www.nor-sk.org) valid until the end of July 2009 as
well as from the standard outcomes and annual reports of the
NCR SR [7-11]. NCR SR is a population-based, cancer registry, which covers the entire 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 and mortality data from other
countries that are compared with the situation in the SR,
were obtained from the GLOBOCAN 2008 cancer database
of the IARC WHO [2]. Analyses of the overall incidence and
mortality in the SR consider the period 1968-2007 for which
validated data for the SR exists. The values of incidence and
mortality are presented in the form of crude rates in 2007
[11]. The comparison with other countries is possible only
after a correction of the diﬀerent age structure of the population. A standardization to the World standard population
was performed [12] and the age standardized rates-world
(ASR-W) in the SR and other countries have been compared.
The trends in incidence and mortality have been extracted
separately for each gender between 1968-2007 and were
carried out by the joinpoint regression analysis using the
software Joinpoint Regression Program, Version 3.5.3 [13].
The analysis included maximum number of four joinpoints,
and minimum of four years between two joinpoints. All other
program’s parameters were set to default values. The aim of
the approach is to identify possible joinpoints where a signiﬁcant change in the trends occurs. The method identiﬁes
joinpoints based on regression models with 0-4 joinpoints.
The ﬁnal selected model was the most parsimonious of these
[14]. To quantify the trend over a ﬁxed period, the annual
absolute change from the modelled data was calculated. The
trends are presented with a corresponding 95 % Conﬁdence
Intervals (CI) and p-value with the null hypothesis being
constant with time. The analyses of the clinical stages are
based upon the period 1978-2003, which is the period for
which the SR had, within the framework of the web portal
www.nor-sk.org [4], data about the stages of the disease
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that were open to the community of specialists. At the same
time, it took into account changes in the coding system that
occurred only once in the period analysed (in 2000 with the
transition from TNM-3rd ed. to TNM-4th ed.). Survival data
were extracted from the national database resources [10],
where the Kaplan-Meier method was used to estimate survival functions. Age-speciﬁc characteristics of incidence were
obtained from the publications of National Cancer Registry,
which are available only in the time-period of 1980-2005 [4,
7-9]. Other melanoma characteristics (e.g. Breslow thickness,
the body-site distribution etc.) could not be compiled into
the analysis due to the inaccessibility of this data from the
NCR SR to the expert community.
Results
In 2007 in the SR, 333 cases of cutaneous melanoma in men
were diagnosed. This represented crude incidence 12.7/100
000 and standardized (ASR-W) 9.6/100 000 (95 % CI ±1.050).
In 2007, melanoma comprised 2.4 % of the total cancer occurrence in the male population and was on the 9th place. The
index of the increment of the ASR-W incidence for year 1968
is 5.1, from ASR-W incidence 1.9/100 000 (95 % CI ±0.574)
in 1968 to the current 9.6/100 000. Incidence rates in men
increased over the entire period, with the best ﬁtting model
having a joinpoint in 1997 (CI 95 % 1995-2000), resulting in
two separate trends: in the y. 1968-1997 there was recorded
a gentle increase of incidence for the value 0.110/100 000
annually (CI 95 % 0.094 – 0.126, p<0.0001) and in the y. 19972007 we registered a signiﬁcant acceleration of incidence for
the value of 0.415/100 000 annually (CI 95 % 0.335 – 0.494,
p<0.0001), whereby the alteration of increase incidence in
the y. 1997 for the value of 0.305/100 000 is also statistically
signiﬁcant (CI 95 % 0.224 – 0.386, p<0.0001). The annual
percentage change of modelled data on incidence was 3.7 %
in 1968-1997 and 5.6 % in 1997-2007 (Fig. 1).
The age-speciﬁc incidence of malignant melanoma in
men in the analysed period (1980-2005) has a slight increasing tendency from age group 20-24 y. and a sharp increase
tendency from age group 40-44 y. In the analysed periods
1980-1984 to 1995-1999 incidence culminated in 75-79 year
old men with subsequent decrease in the age groups 80 + y.
In recent periods 2000-2005 the age-speciﬁc incidence has
an increasing tendency up to the age-group of 80-84 y., the
decrease was registered only at the eldest age groups (85+y.)
(Fig. 2).
There were 326 newly diagnosed cases of melanoma in
women, which represents crude incidence 11.7/100 000, ASRW incidence 8/100 000 (95 % CI ±0.912). In 2007, melanoma
comprised 2.3 % of all cancers and was the 12th place on the
scale of malignancies in women. The incidence continues to
have an increasing tendency since 1968, when the index of
increment of the ASR-W incidence was 2.67, from an ASR-W
incidence 3.0/100 000 (95 % CI ±0.679) in 1968 to 8/100 000
in 2006. Incidence rates in females increased over the entire
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Figure 1. Trends of the age-standardized (to the World standard population – ASR-W) incidence and mortality of cutaneous melanoma and the joinpoint
regression in men in the SR, 1968-2007. (AAC=annual absolute change)

Figure 2. Age-speciﬁc incidence trends in males with cutaneous melanoma in the Slovak Republic (time periods 1980-1984 to 2000-2005).

period, with the best ﬁtting model having a joinpoint in 1997
(CI 95 % 1987-2001), similarly to the situation in incidence
evolution in men, whereby the alteration of incidence increment before and after y. 1997 are a little less pronounced than
in men: in the y. 1968-1997 it was recorded an increment of
the incidence for the value 0.122/100 000 annually (CI 95 %
0.100 – 0.144; p<0.0001) in women and in the y. 1997-2007
had the increment of incidence accelerated for the value of
0.266/100 000/annually (CI 95% 0.158 – 0.374, p<0.0001).
In the y. 1997 the ﬂuctuation of increment of the incidence
represented value 0.145/100 000 (CI 95 % 0.034 – 0.255,
p=0.01). The annual percentage change of modelled data on
incidence was 3.5 % in 1968-1997 and 3.7 % in 1997-2007
(Fig. 3).
The age-speciﬁc incidence of malignant melanoma in
female in the analysed period (1980-2005) has a sharp

increase tendency from the young age group of 20-24 y. In
y. 1980-1989 the age-speciﬁc incidence had an increasing
tendency through the eldest age groups (85+ y.) However, in
periods 1990-1994 to 2000-2005 the age-speciﬁc incidence
peaked at the age-groups of 80-84 y. and at the eldest age
groups of 85+ y. there was registered a sharp decrease in
incidence (Fig. 4).
In 2007 in the SR 91 males died of cutaneous melanoma,
which represents crude mortality 3.5/100 000 and ASR-W
mortality 2.6/100 000 (95 % CI ±0.550). The index of the
increment of ASR-W mortality was 3.0, from 0.9/100 000
(95 % CI ±0.404) in 1968 to the current 2.6/100 000. The signiﬁcantly slight increase in the mortality trend for the value
0.059/100.000 annually (CI 95 % 0.052 – 0.067; p<0.0001) was
observed over the whole 40-year period and no additional
joinpoints were identiﬁed. The annual percentage change of
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Figure 3. Trends of the age-standardized (to the World standard population – ASR-W) incidence and mortality of cutaneous melanoma and the joinpoint
regression in women in the SR, 1968-2007. (AAC=annual absolute change)

Figure 4. Age-speciﬁc incidence trends in females with cutaneous melanoma in the Slovak Republic (time periods 1980-1984 to 2000-2005).

modelled data on mortality was 4.15 % in 1968-2007 (Fig. 1).
The overall 5-year survival rate in the SR for male patients from
the cohort of the years 2000-2004 (according to the recent
national statistic), reached 63.2 %; for the cohort of the years
1980-1984 it was 47.4 % [10]. In 2007 in the SR 75 females
died of melanoma, which represents crude mortality 2.7/100
000 and ASR-W mortality 1.5/100 000 (95 % CI ±0.365). The
index of the mortality increment for the year 1968 was 3.0
%; from 0.5/100 000 in 1968 (95 % CI ±0.277) to 1.5/100 000
in 2007. Joinpoint analysis in female melanoma mortality
identiﬁed one joinpoint, in 1999, resulting in two separate
trends: from 1968 to 1999 (CI 95 % 1993-2003) the trend
showed increasing trend (0.049/100.000/year; CI 95 % 0.038
– 0.059, p<0.0001) and from 1999 to 2007 the trend remained
stable (-0.037/100.000/year; CI 95 % -0.117 – 0.043; p=0.356).
The annual percentage change of modelled data on female

mortality was 5.35 % in 1968-1999 and -1.93 % in 1999-2007
(Fig. 3). The overall 5-year survival of females with malignant
melanoma in 2000-2004 was 79.3 % in the SR; for the cohort
of the years 1980-1984 it was 62.3 % [10].
In the SR a signiﬁcant change in the percentage of the
melanoma clinical stages was recorded during the period
1978-2003. The number of cases diagnosed in clinical stage
I increased signiﬁcantly for the period 1978-1989 but after
2000 it decreased sharply in both males (Fig. 5) and females
(Fig. 6). However, during this period, the TNM coding system was changed. Another signiﬁcant change in both sexes
was a decrease that occurred in the number of cases in the
unspeciﬁed clinical stage. The number of cases in clinical
stages II and IV was relatively stable and at a low level in both
genders until 1989 (later changes are inﬂuenced by changes
in TNM-coding system).
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Figure 5. Clinical stages of cutaneous melanoma in men in the Slovak Republic, 1978-2003.

Figure 6. Clinical stages of cutaneous melanoma in females in the Slovak Republic, 1978-2003.

Discussion
Melanoma of the skin occurs predominantly in white-skinned
population living in the countries where there is a high-intensity
of ultraviolet radiation. However, this malignancy aﬄicts all
ethnic groups to some degree [15]. The geographical variation in ASR-W incidence rates worldwide is considerable. The
highest estimated values of ASR-W incidence in males and
females for the year 2008 are in Australia, New Zealand and
Oceania. High incidence was also found in some countries of
Northern Europe (e.g. in Switzerland, Denmark, and Norway)
and in North America. The SR, with its medium rate of ASR-W
incidence, placed 20th and 22nd worldwide in males and females,
respectively. The lowest rates of ASR-W incidence in 2008 in
both genders were found to be in South-Central Asia [2].
A marked increase in melanoma incidence has been observed in many countries, even where the rates were formerly

low. It may be related to a change in sun-behaviour, with the
result that more people are exposed to UV radiation throughout their lives, moreover intensely in adolescence/early adult
life [5]. In the Nordic countries, for example, the average
increase is some 30 % every 5 years [3, 16, 17]. It is assumed
that this latitudinal gradient may be related to the tendency
for northern Europeans to vacation in sunny climates, resulting in intense, intermittent sun exposure. It is estimated,
that the average annual increase in melanoma incidence for
the Caucasian population is approximately 3-7 % per year
worldwide [18].
A marked increase in melanoma incidence in some Central
and Eastern Europe (e.g. the Slovak and Czech Republic [19],
Hungary, Slovenia etc. [20]) is apparent during approximately
the same period of time and may be indirectly inﬂuenced
by recent changes in socio-economic status. For example,
in the SR the „gentle revolution“ in 1989 not only removed
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a totalitarian regime and renewed human rights and liberties (including the freedom to travel beyond the borders of
the state), but also resulted in fundamental changes in the
economy. Taking into account available factors of the improvement of the standard of living and several other measurable
determinants of the quality of life leads to the conclusion
that real wages, and with them the purchasing power of the
population in contrast to 1989, actually declined slightly to
1993. Subsequently, however, up to 2007, a growth of 30 %
in real wages was recorded and a majority of other aspects
of the standard of living improved for a large section of the
population of the SR [6]. From 2003 to 2010, the trend of
vacations, mainly at seaside/mountainous destinations [6],
for several days has had a remarkably upward trend [6], although the national statistics about the number of vacation
days from 1989-2003 are not available. Signiﬁcant changes in
the melanoma incidence evolution, revealed by the joinpoint
analysis in the SR in both genders in the same time period,
can be in a certain manner inﬂuenced by changes in holidaymaker habits (in terms of more frequent traveling into sunny
and seaside destinations) after the fall of communism in the
y. 1989. The joinpoint analysis showed a signiﬁcant acceleration of increment of ASR-W incidence in both genders since
the y. 1997, i.e. 8 years after the liberation of borders. We
assume, that in certain percentage the latency period since
the increase of quantity of vacationists at seaside locations
until the registration of the increment of incidence, can represent the inevitable period for manifestation of malignant
melanoma after increased sun exposure. Similar situation
with incidence time-trends has been registered e.g. in the
Czech Republic, where in early nineties, after the borders
were opened, increased travel to areas with high sun risks
[19]. The increase of melanoma incidence after the y. 1997
in the SR was more accelerated in men than in women and
concurrently we register moderate increase in the number of
cases in the younger age groups [4] in both genders between y.
2000-2005. That might be the result of the increased exposure
of children to solar radiation after 1989, although some of the
increase may also be accounted to increased surveillance and
early detection, as well as changes in diagnostic criteria [6].
The diﬀerence in acceleration of the incidence increment in
men and women can be inﬂuenced by various factors, e.g.
behaviour by sunbathing, hobbies, sunscreen usage with sun
protection factors (SPF), clothing as a form of skin protection etc., which was revealed by Vranova et al. [19]. In this
study higher incidence rates of cutaneous melanoma were
observed in females in younger age categories, compared to
males. The explanation, which was similarly hypothesized by
Vranova et al. (20), may be connected with the expanded use
of indoor tanning – solaria visits, predominantly by young
women. However, there is no epidemiology data in this area
accessible in the SR. Studies show that 25 to 40 % of young
women used indoor tanning in the past year. Mothers often accompany their daughters during the ﬁrst tanning experience,
thus, giving permission for underage tanning and establish-
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ing a pattern of regular tanning that carries over into young
adulthood [22]. In the SR, the situation is reversed after the
age-groups of 50-59 y. – a substantial increase was registered
predominantly in males. This fact may be explained by leisure
(skiing or mountaineering) or lifelong skin exposure to an
ozone depleted environment [20].
Active surveillance may cause a modest temporary increase
in the value of incidence by catching the prevalent cases of
the illness among the population, but much of the increase
is considered to be real and linked to changes in behaviour
aﬀected by solar radiation [5]. Even though the analysis of
the melanoma incidence time-trend development in the SR
does not consider the relationship of changes in the number
of dysplastic naevi, nor topography and Breslow thickness,
changes in behaviour towards solar radiation is probably the
most common factor, in view of the character of the climate
and vacation periods in the SR. It may remain a major risk for
the future development of melanoma and result in a higher
incidence in those individuals with pale, non-acclimatized
white skin [23]. Changes in the socio-economic situation
among the countries in Central and Eastern Europe after the
fall of the totalitarian regimen and the increase in the number
of vacation-days in destinations with intensive solar radiation
may be one of various factors, which has contributed in the
marked increase in melanoma since the late 90s of the last
century.
The mortality rates worldwide have a lesser variation with
geography than incidence. Compared with those in Western
Europe, in Eastern Europe the mortality rates are higher [18].
According to the data of IARC WHO, the highest mortality
in 2008 was estimated to be in Norway, followed by Iceland
and Croatia in males and Slovenia and Northern Ireland in
females. The SR belongs to the countries with relative high
mortality rates. The lowest mortality rates for both genders
were estimated to be in Egypt and some East-Asian countries
[24]. Despite more vigilant screening and early detection efforts, the melanoma mortality rate in males has increased in
many countries over the last 25 years while it remains relatively
stable in females [24].
According to the joinpoint analysis in the SR in men there
is a registered continual increase of standardized mortality,
however it is remarkably slower than incidence increment.
The situation of mortality among women is slightly better than
among men, whereas the joinpoint analysis stated a signiﬁcant
increment of mortality between y. 1968-1999 (while the increment was a little slower than in men), but the mortality
remained stabilized after y. 1999.
The relative survival of patients diagnosed with melanoma
is relatively high and has been steadily increasing in many
countries [25]. For the period 1999-2003 in Nordic countries it ranged between 78 % (Norway) to 90 % (Iceland) in
males and 88 % (Norway) to 91 % (Iceland) in females [26].
In 1995-2000 the overall 5-year relative survival in the US
STEER 9 registries population was 92.4 % in white females,
89.1 % in white males, 75.7 % in black females and 72.2 % in
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black males. Published data on 5-year relative survival in the
SR also shows an improvement in both genders, but are more
favourable to women. However, the last published survival
rates of 53.2 % in males and 79.3 % in females are lower from
a global perspective. It is diﬃcult to explain the phenomenon;
the preceding increase in the number of clinical stage I cases
was probably only at the expense of a lower number of nonidentiﬁed stages, in so far as the values especially for clinical
stages II and IV remained constant. In the SR, the adjuvant
therapy (interferon) is applied only for clinical stages IIB and
more advanced (due to the limitations of health insurances),
in some western countries it is applied from clinical stage IB,
which may also inﬂuence the survival rates. In the SR since
2000 there was an increase in public awareness campaigns
(e.g. Euromelanoma Day), focusing on primary and secondary
prevention, but the participation still remains low. To a certain
degree the delayed accessibility of modern treatment (namely
adjuvant), may play a role in the decline of the patient’s survival. This tendency is more apparent in post-communist bloc
countries and was recorded also in some other malignancies
in the SR [27].
It is pointed out that in the SR one of the very important
risk factors for the development of melanoma are the changes
in sun-behaviour and an increase in the amount of exposure of
the population to solar radiation. Probably, as in several other
countries of the former eastern bloc, changes in incidence
tendencies may also be aﬀected by the changes in socio-economic status of the country. The liberation of the borders,
the possibility to travel abroad, an increase in the standard
of living and the number of vacation-days spent abroad are
in agreement with signiﬁcant changes in the incidence of the
disease. Even though the mortality and survival values in
the SR are worse than in some western countries (which is
probably inﬂuenced by the delayed accessibility to modern
adjuvant treatment in comparison with western countries),
the quantity of cases in clinical stage I among both sexes have
a favourable upward trend.
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