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Abstract

Background: We aimed to investigating the sex-specific and age-specific melanoma mortality trends observed
on the tetritory of Serbia between 2000 and 2021.

Methods: This population-based study used data from the Statistical Office of the Republic of Serbia database
during the period 2000-2021. The calculation of the gender and age-standardized rates (ASR) was performed.
We used a regression analysis complete with linear trend model.

Results: The mean ASR was 1.77 per 100,000 people, meaning that male mortality rates (2.24 per 100,000) was
higher than female mortality rates (1.34 per 100,000). During the observation period, a rising trend in mortality
from melanoma skin cancer was reported. Observed by gender, the change of melanoma mortality trend was
significant in men (P=0.021), but not in women (P=0.747). The annual growth rate of ASRs values was 1.43%.
A increase in the melanoma mortality rate was observed since 2000 by 2.44% annually in males and by 2.79%
annually in females. Mortality rates were increasing in both sexes as they aged, and the greatest number of
deaths was recorded in the group of those aged 80 yr or above (16.25 per 100,000 for men; 10.45 per 100,000
for women).

Conclusion: Our study findings underline the importance of launching more effective public health awareness
campaigns to educate people about the dangers of melanoma and its symptoms’ detection along with establish-
ing a diagnosis at an early stage of the disease, especially among male patients and those at an advanced age.
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Introduction

Malignant melanoma poses a significant global As the deadliest form of skin cancer, melanoma
health challenge due to its rising incidence, high is responsible for approximately 80% of all skin
mortality rates, and the escalating costs associated cancer-related deaths (3). Nearly 85% of new
with treating advanced stages of the disease (1, 2). melanoma cases are diagnosed in economically
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developed countries, where it is anticipated to
become the sixth most commonly diagnosed
cancer (4).

The incidence rates of melanoma have shown a
continuous increase over the past five decades (1,
5, 6). The number of new cases of melanoma has
surged by over 40% in just the last decade. Glob-
al cancer data indicates that nearly 200,000 cases
of melanoma were diagnosed in 2008, a figure
that soared to over 287,000 worldwide by 2018
(7). There was a projected future increase of
more than 50% in new melanoma cases by 2040,
rising from 325,000 in 2020 to 510,000 in 2040.
Similarly, melanoma-related deaths are expected
to rise by approximately 68%, from 57,000 in
2020 to 96,000 in 2040 (1).

The increasing incidence of cutaneous melanoma
is associated with a rise in the number of deaths.
In 2020, the GLOBOCAN database (1, 8) re-
ported 324,635 cases of melanoma worldwide
(173,844 males, 150,791 females), with 57,043
reported deaths (32,385 males, 24,658 females).
Consequently, melanoma is confirmed as the
22nd leading cause of death among all malignant
tumors, with an age-standardized rate (ASR) of
0.56/100,000 (1, 8, 9).

In the same year, Europe reported almost
145,000 new cases of melanoma and 27,000
deaths from the disease, accounting for 47% of
all global deaths. Melanoma represents 4% of all
new cancer diagnoses and 1.3% of cancer-related
deaths in the EU-27. Thus, globally, melanoma
ranks as the fifth most prevalent cancer com-
pared to other malignancies and is considered
one of the 15 most frequent causes of death in
the EU-27 (10).

The process of melanocytes transforming into
malignant cells is complex and involves genetic
and environmental factors as well as their interac-
tions. Risk factors for melanoma include unpro-
tected UV exposure (from natural sunlight or
indoor tanning), race and skin phenotype, early-
onset photosensitivity reactions (resulting from
intense solar radiation exposure), presence of
atypical or dysplastic nevi, immunodeficiency,
personal history of melanoma or other skin can-
cers, and family history of melanoma (2, 4, 11,
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12). There is a lack of comprehensive studies ex-
amining trends in melanoma mortality in Serbia.
The aim of our current population-based analysis
is to investigate temporal patterns of melanoma
mortality influenced by sex and age in Serbia
from 2000 to 2021 and compare the data with
international findings.

We aimed to investigate sex-specific and age-
specific trends in melanoma mortality observed
in Serbia between 2000 and 2021.

Methods

Data sources

The study was classified as a population-based
one, which included epidemiological data and
their retrospective analysis. This particular study
comprised  primary cutaneous melanoma-
diagnosed patients (The International Statistical
Classification of Diseases, the 10th Revision
(ICD-10-CM) code C43), whose data were ob-
tained by the Statistical Office of the Republic of
Serbia during the period 2000-2021 (unpublished
data). Data on deaths were obtained from indi-
vidual statistical "Notification of Deaths" (special
statistical form — DEM 2) reports, which have
been regularly submitted, to the Statistical Office
of the Republic of Serbia by health institutions.
Only licensed medical practitioners, forensic phy-
sicians or pathologists have the permission to
provide a "Notification of Deaths".

The assessment was performed by extracting the
skin melanoma death figures from the database
which were further classified based on sex and 18
age groups (0-4, 5-9, . .. 80-84, and =85 years).
We used age and sex-specific data on the number
and composition of the Serbian population (not
taking into consideration the Autonomous Prov-
ince of Kosovo and Metohija) collected based on
the 2002 and 2011 population censuses; for inter-

censal years, we used the numbers estimated by
the Statistical Office of the Republic of Serbia.

Statistical analysis

What followed was the detailed calculation of
crude, age-specific and age-standardized mortality
rates. The age and sex-adjusted rates were ex-
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pressed and shown as deaths per 100,000 inhab-
itants. The calculation of the ASRs was per-
formed by using direct method. The rates were
computed by using the Segi’s population (13).
The ASRs calculations were based on the age
groups consisting of five-year-olds. ASRs were
not shown for the age subgroups (<24 years)
with less than five cases of deaths from malignant
melanoma per year in each of the quinquennium.
We employed regression analysis using a linear
trend model to examine current trends in malig-
nant melanoma mortality. The annual percentage
change (APC) in the mortality rate of melanoma
was calculated by comparing the percentage
changes observed between the adjusted rates for
two consecutive years. Additionally, the average
annual percentage change (AAPC) was calculated
as the average mean of these changes during the
observation period. Confidence intervals (CI) for
the mean values of age-adjusted and age-specific
mortality rates were generated with a stated prob-
ability of 95%. Bilateral P values were observed
and considered statistically significant if they were
below 0.05.

Results

During the period from 2000 to 2021, 5,291 in-
habitants in Serbia died from melanoma (3,102
men and 2,189 women). The annual number of
deaths during the analyzed period increased from
181 (2000) to 267 (2021). The number of record-
ed deaths was greater among men (58.63%) than
women (41.37%).

Taking into consideration the fact that the mean
ASR was 1.77 per 100,000 people, it was ob-
served that male mortality rates (2.24 per
100,000) were higher than female mortality rates
(1.34  per 100,000). Regarding the age-
standardized mortality rates, they varied from
1.66 to 2.87 per 100,000 among male individuals
and from 0.80 to 1.62 per 100,000 among the
female ones. The use of the total standard popu-
lation size was needed in order to show the num-
ber of cases, the crude mortality rate, and age-
standardized incidence rates per 100,000 persons

(Table 1).

Table 1: Melanoma Mortality in Serbia, excluding the Autonomous Province of Kosovo and Metohija, in the period 2000-2021,

Year Total Men Women

N Crude rate ASR N Crude rate ASR N Crude rate ASR
2000 181 241 1.51 105 2.87 1.87 76 1.97 1.19
2001 207 2.76 1.70 120 3.29 213 87 2.26 1.35
2002 194 2.59 1.61 98 2.69 1.69 96 2.49 1.57
2003 182 243 1.57 101 2.78 1.83 81 2.11 1.32
2004 206 2.76 1.66 111 3.06 1.94 95 2.48 1.42
2005 223 3.00 1.77 127 3.51 2.15 96 1.28 0.80
2006 208 2.81 1.71 114 3.16 1.99 94 2.47 1.45
2007 238 3.22 1.79 130 3.62 2.21 108 2.85 1.44
2008 258 3.51 1.92 160 4.48 2.54 98 2.60 1.40
2009 259 3.54 1.97 151 4.24 2.54 108 2.87 1.46
2010 253 3.47 1.83 150 4.23 2.34 103 2.57 1.40
2011 232 3.21 1.70 145 411 2.35 87 2.34 1.17
2012 273 3.79 1.98 157 448 2.44 116 3.14 1.62
2013 247 3.45 1.76 153 4.38 2.27 94 2.56 1.36
2014 264 3.70 1.86 149 4.29 2.30 115 3.14 1.49
2015 300 4.23 2.05 190 5.50 2.87 110 3.02 1.37
2016 271 3.84 1.87 159 4.63 2.40 112 3.09 1.44
2017 274 3.90 1.88 166 4.85 2.48 108 3.00 1.36
2018 269 3.85 1.78 159 4.67 2.32 110 3.07 1.33
2019 283 4.07 1.90 175 517 2.67 108 3.03 1.22
2020 202 2.93 1.33 117 3.48 1.66 85 2.40 1.07
2021 267 391 1.75 165 4.96 2.34 102 2.91 1.27
Overall 5291 3.34 1.77 3102 4.02 2.24 2189 2.62 1.34

830

Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/

Babic et al.: Trends in Melanoma Mortality in Serbia ...

During the observation period, a rising trend in
mortality from malignant melanoma was reported
(y=0.0072x + 1.6857). As regards gender differ-
ences in mortality trends of males and females,
mortality trends were found to be increasing
among males (y=0.0235x + 1.9719), whereas they
were found to be decreasing among females di-

agnosed with malignant melanoma (y=-0. 0043x
+ 1.4081) (Fig. 1). The change of melanoma
mortality trend was significant in men (P=0.021),
but not in women (P=0.747) as regards the total
number of people diagnosed with melanoma
(p=0.269).
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Fig. 1: Trends of age-standardized malignant melanoma mortality rates in Serbia by sex, in the period 2000-2021

The annual growth rate of ASRs values was
1.43% (95% CI: -4.14 — 7.01). A substantial in-
crease in the melanoma mortality rate has been
observed since 2000 by 2.44% (95% confidence
interval (CI: -5.13 — 9.99) annually in males and
by 2.79% (95% CI: -8.33 — 13.92) annually in fe-
males. Among men, the greatest percentage rise
in the number of deaths was recorded in 2021
(+40.96), whereas among women, the greatest
percentage rise in the number of deaths was rec-
orded in 2006 (+81.25) (Table 2).

Mortality rates were observed to be increasing in
both males and females as they were getting old-
er, meaning that the greatest number of deaths
was recorded in the group of those aged 80 or
above (16.25 per 100,000 for male individuals;
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10.45 per 100,000 for female individuals) (Table
3).

Mortality rates among individuals younger than
25 years were low for both men and women. The
highest increase in the number of death cases
among males was observed in the 80 and above
age group, with an average annual percent rise of
15.76 (95% CI: -0.83 — 32.35; P=0.000). Con-
versely, the highest increase in the number of
death cases among females was observed in the

35 to 39 age group, with an average annual per-
cent rise of 36.89 (95% CI: -10.00 — 83.77;
P=0.035).
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Table 2: Changes in age-standardized death rates (ASDRs) between 2000 and 2021 for malignant melanoma in Serbia

Male Female

Year Change in ASDR Change in ASDR

ASR Absolute Percentage ASR Absolute Percentage
2000 1.87 1.19
2001 213 +0.26 +13.90 1.35 +0.16 +13.45
2002 1.69 -0.44 -20.66 1.57 +0.22 +16.30
2003 1.83 +0.14 +8.28 1.32 -0.25 -15.92
2004 1.94 +0.11 +6.01 1.42 +0.10 +7.58
2005 2.15 +0.21 +10.82 0.80 -0.62 -43.66
2006 1.99 -0.16 -7.44 1.45 +0.65 +81.25
2007 2.21 +0.22 +11.06 1.44 -0.01 -0.69
2008 2.54 +0.33 +14.93 1.40 -0.04 -2.78
2009 2.54 0.00 0.00 1.46 +0.06 +4.29
2010 2.34 -0.20 -7.87 1.40 -0.06 -4.11
2011 2.35 +0.01 +0.43 1.17 -0.23 -16.43
2012 2.44 +0.09 +3.83 1.62 +0.45 +38.46
2013 2.27 -0.17 -6.97 1.36 -0.26 -16.05
2014 2.30 +0.03 +1.32 1.49 +0.13 +9.56
2015 2.87 +0.57 24.78 1.37 -0.12 -8.05
2016 2.40 -0.47 -16.38 1.44 +0.07 +5.11
2017 248 +0.08 +3.33 1.36 -0.08 -5.56
2018 2.32 -0.16 -6.45 1.33 -0.03 -2.21
2019 2.67 +0.35 +15.09 1.22 -0.11 -8.27
2020 1.66 -1.01 -37.83 1.07 -0.15 -12.30
2021 2.34 +0.68 +40.96 1.27 0.20 +18.69

Table 3: The average age-standardized mortality rates and linear trend of melanoma malignum in Serbia, in 2000-2021

Age Age-specific rates* Linear trend R? P Average annual percentage
(V2] (per 100,000) change (95% CI)
Men

25-29 0.40 T

30 - 34 1.09 T

35-39 1.65 T

40 -44 1.98 T

45-49 3.35

50 - 54 4.83 y=172.36 - 0.43'x 0.046 11.59 (-11.11 — 34.29)
55-59 6.36 T

60 - 64 7.93 T

65 - 69 10.23 y=11.88 + 0.46°x 0.217 0.030 6.16 (-9.25 — 21.57)
70 - 74 12.61 y =18.09 + 0.72°x 0.519 0.000 8.37 (-8.33 — 25.07)
75-79 14.69 y =9.03 + 0.64-x 0.407 0.002 10.99 (-6.64 — 28.63)
80 + 16.25 y =842+ 0.79-x 0.617 0.000 15.76 (-0.83 — 32.35)
Women

25-29 0.41 T

30 - 34 1.00 y=774-0.63x 0.401 0.001 15.81 (-34.10 — 65,70)
35-39 1.19 Tt 0.035 36.89 (-10.00 — 83.77)
40 -44 1.74 Tt

45-49 2.44 Tt

50 - 54 2.69 T

55-59 3.76 T

60 - 64 3.60 T

65 - 69 5.38 Tt

70 - 74 6.17 y =796+ 0.52:x 0.268 0.012 13.36 (-12.36 — 33.39)
75-79 7.34 y =347 + 0.50'x 0.252 0.012 9.19 (-7.95 — 26.34)
80+ 10.45 y =2.62+ 0.44-x 0.195 0.032 19.17 (-11.90 — 50.25)
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Discussion

Melanoma mortality rates in Serbia exhibit differ-
ing trends between men and women, with a de-
clining trend observed for women and a rising
trend for men. Despite the overall increase in
incidence rates, melanoma mortality rates have
been reported to rise over recent decades
(6,14,15). However, the increase in mortality rates
appears to be slowing down or even ceasing
completely in some regions, possibly due to earli-
er detection and the availability of modern life-
prolonging treatments (16,17). The variability in
melanoma mortality trends is influenced by fac-
tors such as geography (variations in atmospheric
gas absorption, altitude, latitude, and season),
ethnicity, age, and gender (18,19). Melanoma is
motre common in individuals with fair skin com-
pared to those with darker skin (lifetime risk:
2.4% vs. 0.1%) (5). The lower incidence in dark-
skinned populations is associated with a protec-
tive phenotype against UV sensitivity. Regions
with higher altitudes and lower latitudes have
been associated with a higher number of mela-
noma deaths. Until the 1980s, mortality rates
continued to increase in regions with high-risk
factors such as New Zealand, Australia, North
America, and Europe (20).

The most significant risk factors for skin cancer,
which are unlikely to be modified, include age
and gender. Our study revealed a correlation be-
tween higher mortality rates in both male and
female individuals diagnosed with melanoma and
their age, with the greatest number of deaths rec-
orded in the group of patients aged 80 yr or
above. It is well established that melanoma mor-
tality increases with age, primarily due to the
gradual accumulation of skin melanoma risk fac-
tors over the course of life. A study examining
melanoma mortality trends in the EU-28 for the
period 1960-2020 found higher death rates of
melanoma in the 75-and-older age group for both
males and females (10). Incidence rates of malig-
nant melanoma are higher among older popula-
tions, reaching their peak in individuals aged 70
to 80 years (21). The average age at diagnosis of
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melanoma is 65 yr; with two-thirds of all new
cases, occurring in individuals aged 55 to 84 yr.
The higher prevalence of melanoma among the
elderly may be attributed to their significant ex-
posure to UV radiation from the sun, leading to
an increased risk of developing melanoma with
each subsequent decade of cumulative exposure
to UV radiation from the sun (22).

Although individuals under 40 are reported to
have lower melanoma incidence rates, melanoma
remains one of the most prevalent forms of can-
cer diagnosed in adolescents and young adults
worldwide (20, 23). In the USA, malighant mela-
noma is considered the second leading cancer
affecting females aged 20 to 29 (23), possibly due
in part to the frequent use of tanning beds by
women, which increases their risk of developing
melanoma (24). These findings underscore the
importance of raising awareness about the health
risks associated with exposure to UV radiation
from indoor tanning devices and promoting a
shift in attitudes toward sun tanning among ado-
lescents and young adults. After the age of 40,
there is a reversal of incidence rates between the
sexes, with men demonstrating higher incidence
rates of melanoma. Furthermore, for individuals
older than 75 years, the incidence rate of skin
cancer is nearly three times higher in men than in
women (25).

Melanoma was reported to be more common in
men than in women worldwide (10, 26), which is
consistent with our research findings. A recent
study analyzing trends in melanoma death rates
for 31 countries between 1985 and 2015 revealed
that males had a higher melanoma mortality rate
compared to females in all countries included in
the study except for the Czech Republic. The
countries with the highest increase in melanoma
mortality rates included the Republic of Korea
(+535.3%), Ireland (+115.5%), and Croatia
(+91.2%). Conversely, several countries showed
reduced or stable melanoma mortality rates in
women during the follow-up period, with Israel,
the Czech Republic, and Australia reporting the
largest declines (-23.4%, -15.5%, and -10.3%, re-
spectively) (14). Consistent with trends observed
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in most countries, our study demonstrated higher
melanoma mortality rates in men, with male mor-
tality increasing more rapidly compared to female
mortality.

The underlying causes of such gender differences
are still not clearly understood. However, several
hypotheses that could contribute to explaining
these findings may be presented. These are pri-
marily related to behavioral factors specific to
gender, such as men's less attention to sun pro-
tection and self-examination of the skin (27).
Some arguments strongly suggest that outdoor
employment is more frequently associated with
men, who are therefore more likely to be exposed
to UV rays without adequate sunscreen protec-
tion (15, 28). In contrast, women seem to be
more concerned about protecting themselves
from the sun's UV rays, regardless of their ten-
dency to sunbathe intentionally (29).

Gender differences also exist in terms of the ana-
tomical localization of the lesion, which may con-
tribute to lower mortality in women. Specifically,
the most common localization of melanoma in
females is the lower and upper extremities, ac-
counting for 38% and 25% of cases of melano-
ma, respectively (30). This localization may facili-
tate the detection of tumors at an eatly stage in
two ways. Firstly, the choice of clothing along
with exposed parts of their body makes it easier
for females to spot any recently developed or
growing lesions located in the lower extremities.
In contrast, the back region, which is the most
frequent location where skin cancer develops in
men (accounting for 41% of melanoma cases), is
not easily accessible for self-examination, leading
to later diagnosis in men (15). The disparities ob-
served in terms of gender-specific anatomical dis-
tribution are often attributed to differences in
behavior related to sun protection between males
and females. Differences in mortality rates can
partly be explained by genetic and hormonal dif-
ferences between the sexes (24).
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Conclusion

The global incidence of melanoma is on the rise,
accompanied by increasing trends in melanoma
mortality. Our study highlights the necessity of
implementing more effective public health
awareness campaigns to educate individuals
about the dangers of melanoma, the recognition
of its symptoms and cancerous changes, and the
importance of early diagnosis, particularly among
male patients and those at an advanced age. Pri-
mary prevention and early detection, coupled
with accessible modern therapy for all patients,
are crucial elements for effectively reducing mel-
anoma incidence and mortality rates, despite its
ongoing global threat.
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