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Abstract: Introduction. Melanoma of the skin represents about 1% of all skin cancers and it causes nearly 80% 

of skin cancer deaths. Due to its increasing incidence, particularly in the most developed countries it represents 

a great challenge for primary prevention. Objective. To explore patterns and analyze incidence trends of 

melanoma in Central Serbia from 1999 to 2020. Materials and Methods. Descriptive study was done and data 

were obtained from the Population-based Cancer Registry of Serbia. The joinpoint regression analysis was 

done to assess the incidence trend of the melanoma skin: the annual percent change (APC) along with its 95% 

confidence interval (95% CI) was calculated. Results. A total number of 9952 new melanoma cases were 

registered melanoma (5204 in males and 4748 in females) during the observed period.  Males represented 

52.3% of all patients, with male to female ratio of incidence 2.09:1. A non significant increasing trend of 

incidence in males from 1999 to 2013 with APC of 2.53% (95%CI: from -18.2 to 21.9, p=1) and significantly 

increasing trend from 2013 to 2020 with the APC of 11.29 % (95%CI: from 1.4 to 5.8, p<0.001) was established. 

An incidence trend in females has stabilized in the whole studied period, with APC of 0.42% (95%CI: from -3.3 

to 6.8, p=0.1). Melanoma of the skin was not common before the age of 30. Out of all cases and about of 76% 

new cases were diagnosed in persons ≥ 50 years of age. Conclusion. The incidence trend of new melanoma 

cases significantly increase in the whole population from 1999 to 2020. The significant increasing of incidence 

trend in males and stabilization of incidence trend in females was established. Males had significantlly higher 

incidence rates than femalesand over of 76% new melanoma cases were diagnosed in persons above 50 years of age. 

Keywords: melanoma of the skin; trend; incidence 

 

1. Introduction 

Melanoma, whose incidence has been significantly increased in the previous period of time, 

represents about 1% of all skin cancers [1]. Moreover, it was determined that melanoma causes about 

80% of all skin cancer deaths [2]. This malignant neoplasm could develop from the existing nevus in 

about 30% of cases, however, more than 60% of melanomas arise de novo, from the isolated 

melanocytes [3,4]. 

According to the GLOBOCAN data there were 324,635 of new cases of melanoma and 57,043 

deaths in 2020 from this tumor worldwide [1]. The age-standardized incidence rate is 3.8/100,000 for 

males and 3.0/100,000 for females, with cumulative lifetime risks of 0.42% and 0.33%, respectively in 

2020. 150 672 new cases in 2020, close to half the global melanoma cases occurred in Europe (46.4%), 
followed by North America (32.4%), Asia (7.3%), Oceania (5.8%) and Latin America and the 

Caribbean (LAC), (5.9%), [1,2]. 

A male predominance in incidence was consistently observed across world regions, apart from 

Eastern and Western Africa as well as Northern Europe and Melanesia, where rates of melanoma in 

females exceeded those observed in males [5].  The highest incidence rates among males (42 per 

100, 000 person-years) and females (31 per 100, 000 person-years) observed in Australia/New Zealand 

[7], followed by Western Europe (19 per 100, 000 person-years for males and females), North America 
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(18 per 100, 000 person-years for males, 14 per 100 000 person-years for females), and Northern 

Europe (17 per 100, 000 person-years for males, 18 per 100, 000 person-years for females) with highest 

incidence rates in Denmark, the Netherlands, Sweden, Finland and Germany [8,9]. The European Union 

(EU) countries with the lowest incidence rates are Romania, Bulgaria, Cyprus, Portugal and Poland [10]. In 

the United States of America (USA), melanoma represents the fifth most common cancer among 

males and the sixth most common cancer among females [11]. 

It is known that the risk and the incidence of this malignant neoplasm is still low in the 

population of African or Asian origin and in the population with darker pigmentation [12] with the 

lowest incidence and mortality rates in South and Central Asia and Africa (except in the white 

population in the South African Republic), in Southern and in Eastern European countries [13].  

The most important environmental risk factor for the appearance of melanoma is solar ultra 

violet radiation (UVR), [14,15] especially UVA radiation, which can influence a direct DNA damage, 

the production of oxidative stress, free-radical generation, and the degradation of vitamin D on the 

skin cells. Additionally, other risk factors for melanoma are: the number of common and atypical 

nevi, skin phenotype, a family history of melanoma (in 8-12% patients), actinic damage, ≥65 years of 
age, history of sunburns and intermittent sun exposure (especially in childhood) [16,17], additional 

exposure to indoor UVA and UVB and use of tanning beds [18,19]. Data from the literature indicate 

that infection/colonization due to Malassezia yeasts could have a possible impact on skin 

carcinogenesis and can be a risk factor for the melanoma occurrence on non-sun exposed body 

localizations (uveal melanomas, in the vulva and in the perianal/anorecatal regions) [20]. These yeasts 

could be responsible for alterations of melanocyte function and development of melanoma, 

particularly through the production of Aryl hydrocarbon receptor (AhR) agonists [21,22].  

The incidence of melanoma continues to increase in Southern and Eastern Europe [23]. The 

incidence of melanoma is law to intermediate in the countries of the Balkan Peninsula [12,23,24] 

which we also proved for Central Serbia where the annual average age-standardized rate (ASR) of 

melanoma was 8.2 in 100,000 males and 6.8 in 100,000 females in 2020 [25]. In the Southern Europe 

age-standardized rate of melanoma was 9.2 in 100,000 males and 8.9 in 100,000 females in 2020 [1]. 

This ranks Central Serbia in the group of countries with low melanoma incidence.  

Concerning the fact that the incidence of melanoma has been increasing during the recent period 

of time in the population of Central Serbia [26], the objective of the paper was to explore patterns and 

analyze incidence trend of melanoma in Central Serbia from 1999 to 2020.  

2. Material and Method  

2.1. Study Design 

A descriptive study was conducted by analyzing data on all new melanoma cases for the 

population of Central Serbia, excluding the territory of Autonomous Province Vojvodina and 

Autonomous Province of Kosovo and Metohija, because cancer registry of Vojvodina is autonomous 

and data about cancer incidence and mortality for Kosovo and Metohija has been missing since 1998. 

The analysis was carried out based on the data extracted from the Population Cancer Registry of 

Central Serbia, from 1999 to 2020. Skin melanoma was coded according to the Tenth Revision of 

International Classification of Diseases-ICD-(codes-C43) [27]. As we have used already published 

data from available Yearbooks of the Institute of Public Health of Serbia the approval of Ethical 

Committee was not necessary. 

Malignant Tumors: http://www.batut.org.rs/index.php?content=2096 

Incidence and Mortality from cancer in Central Serbia: 

http://www.batut.org.rs/index.php?content=185 

2.2. Statistical analysis 

Crude rates, age-specific and age-standardized rates (ASRs) of incidence were calculated per 

100,000 inhabitants. Rates were standardized by the Sagy [28] direct method, and the world 
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population was used as the standard. The data about the population of Central Serbia were obtained 

from Censuses 1991, 2002, 2011. 

Age-standardized rates (ASRs) per 100,000 persons during the period 1999-2020 were calculated 

using the direct method according to the World Standard Population. Data regarding population of 

Central Serbia were obtained from 1991, 2002, 2011 Censuses. To estimate incidence trend of 

melanoma with the corresponding 95% confidence interval (95%CI) joinpoint regression analysis was 

used: the average annual percent change (AAPC) was calculated. The optimal number of Joinpoints 

was identified using the Monte Carlo permutation method. For regression analyses, the Joinpoint 

Regression Program version 4.4.0.0. was used (available at http: //surveillance.cancer.gov/joinpoint). 

The trend was considered to be significantly increasing (positive change) or decreasing (negative 

change) when the p-value was below 0.05 (p< 0.05). Additionally, analysis was performed by sex and 

age. In this paper, the trend analysis included only countries with high and medium data quality.  

3. Results 

In observed 22-years period in Serbia a total number of 9952 new cases of melanoma (5204 in 

males and 4748 in females) with the annual average number of 452 new cases. Males represented 

52.3% of all patients, with male- to- female ratio of incidence 2.09:1.  

The significant increase of incidence trend of new melanom cases was established, y=16,77x + 

259,4, R² = 0,747 in the whole population of Central Serbia, in the studied period. The incidence was 

the highest in 2018, 2016 and 2019 and the lowest recorded in 2006 (Figure 1). 

 

Figure 1. Incidence trend of skin melanoma in the population of Central Serbia in the study period 

1999-2020. 

Number of new cases and age-standardized incidence rates (per 100,000 inhabitants) of 

melanoma of the skin in population of Central Serbia in the observed period are in the Table 1.  

Table 1. Number of new melanoma cases and age-standardized Incidence Rates (per 100,000 

population) of skin melanoma in population of Central Serbia, 1999-2020. 

Year Male Female Total 

  
*No. of 

cases 

Age-standardized 

incidence rate 
No. of cases 

Age-standardized 

incidence rate 
No. of cases 

1999 154 4.1 174 3.8 328 

2000 175 4.4 162 3.7 337 

2001 161 3.9 160 3.6 321 

y = 16.776x + 259.44

R² = 0.7473
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2002 152 3.6 164 3.9 316 

2003 197 5.0 175 4.0 372 

2004 215 3.7 154 3.6 369 

2005 185 4.2 179 3.9 364 

2006 145 3.4 130 3.0 275 

2007 214 5.1 196 4.4  410 

2008 197 4.7 203 4.7 400 

2009 241 5.5  212 4.5  453 

2010 233 5.5 210 4.4 443 

2011 266 6.2 264 6.0 530 

2012 241 5.1 220 4.7 461 

2013 206 4.6 212 4.3 418 

2014 239 5.2 227 4.4 466 

2015 231 5.4 225 4.9 456 

2016 372 10.8 333 9.2 705 

2017 322 9.4 277 7.7 599 

2018 389 11.4 320 8.9 709 

2019 364 10.8 286 8.0 650 

2020 305 8.2 265 6.8 570 

* No-number of cases. 

The annual ASRs of incidence ranged from 3.4 (in 2006) up to 11.4 (in 2018) in males and in 

females ranged from 3.0 (in 2006) to 9.2 (in 2016), (Table 1). 

Figure 2 presents melanoma incidence trends in men and women in Central Serbia. 

 

Figure 2. The incidence trend of skin melanoma in males and in females based on the age-

standardized incidence rates in Central Serbia, with the annual percentage change (APC) from to 

1999-2020. 

A non significant increasing trend  of incidence in males from 1999 to 2013 with APC of  2.53 

% (95%CI: from -18.2 to 21.9, p=1) and significantly increasing trend from 2013 to 2020 with the APC 

of 11.29 % (95%CI: from 1.4 to 5.8, p<0.001) was established. An incidence trend in females has 

stabilized in the whole studied period, with APC of 0.42% (95%CI: from -3.3 to 6.8, p=0.1).  
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Based on the obtained and analyzed data, it can be pointed out that melanoma of the skin was 

registered in all age groups but it was not common before the age of 30. Out of all cases, 7387(76.0%) 

new cases of melanoma were diagnosed in persons ≥ 50 years of age with the statistical significance: 
(p<0.001), (Figure 3). 

New cases of melanoma were registered in individuals under the age of 20 (Figure 3).  

 

Figure 3. Incidence trend of new melanoma cases by sex and by age in the population of Central 

Serbia, during the 1999-2020 period. 

The incidence of melanoma increased by age both in men and in women. The sudden jump in 

incidence in men was recorded after 39 years of age and in women over 49 years of age. The highest 

incidence in men was at the age group 60-69 and in women above 70 years of age (Figure 3). 

4. Discussion  

Melanoma is the most deadly skin cancer and due to its increasing incidence, particularly in the 

most developed countries, it represents a great challenge for primary prevention. Despite its being 

less common than non-melanoma skin cancer, it is one of the most invasive and treatment-resistant 

skin cancer [29]. The existing therapy of melanoma is very expensive and it could be used in some 

patients with predisposition for the good outcome. According to the recent analyses, the burden of 

melanoma will continue to increase until 2030 and it is expected to determine more than double of 

new melanoma cases [7].  

Based on our results, there is significant increasing trend of new melanoma cases in the 

population of Central Serbia and the incidence trend significantly increased in males since 2013 up 

to 2020. The incidence trend stagnats in females. Additionally, melanoma was not common before 

the age of 30 but it was more diagnostic in females in the aged group 20 to 39 years of age than in 

males.  Out of all cases, more than 75.0 % of new cases of melanoma were diagnosed in persons≥ 50 
years of age with the statistical significance. Males had higher ASRs of incidence compared with 

females from 1999 up to 2020.  

So far, in Europe, melanoma was the sixth most commonly diagnosed cancer in 2020 [9], and the 

incidence has been increasing in the Norway more than 3% annually [2], Sweden and United 

Kingdom [6,9,30]. The recent studies have shown that the trend of the melanoma incidience in 

Australia has been declining since 2005, with an annual percentage incidence change of -0.68 between 

the years 2005-2011 [7].  

y = 278.46x - 370.43

R² = 0.9656

y = 226.5x - 227.71

R² = 0.9951

Men

Women

Linear (Men)

Linear (Women)
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Most countries in South-Eastern Europe have lower melanoma incidence, but higher melanoma 

mortality rates compared to North-Western Europe [6,9,11,23,24,30]. Contrary, the South parts of the 

United States of America (USA) are regions with the higher rates of melanoma mortality and 

incidence [11]. 

Comparing the epidemiological data with the data from the neighboring countries, we can point 

out that Central Serbia has the higher average ASRs of incidence of melanoma than the ones that 

were reported in Montenegro (2.6 per 100,000), Greece (2 per 100,000) and Albania (1.7 per 100,000), 

Bulgaria, and Romania (incidence rates are under 2 per 100,000). However, the average ASR of 

melanoma incidence in Serbia was lower than in Croatia (8.7 per 100,000 males and 7.0 per 100,000 

females) and in Slovenia (rates are up to 6 per 100, 000) [3,31].  

Regarding the gender, in the studies conducted in the European countries the highest average 

incidence of melanoma was reported both for men and women in Denmark, the Netherlands, Sweden, 

Finland and Germany [2,6,9,10]. In many countries, including most European countries with low 

melanoma incidence rate, where Serbia belongs, the incidence of melanoma in females is higher than 

in males [5,8,11]. The estimates of the melanoma incidence ASRs in females vary from under 2 to over 

16 per 100, 000 inhabitants [5,8,11].  

The incidence of melanoma among young people in England has stabilized in recent decades, 

whereas it continues to increase substantially in older population [30]. Melanoma incidence has 

begun to decline in adolescents and adults ages 30 and younger in the USA [32]. The risk of melanoma 

generally increases with age and incidence is greater among older populations, with more 

pronounced increases in people ages 80 and older [33,34].  

Younger women are more exposed to indoor UVA and UVB because they more frequently use 

tanning beds compared with men [14–19]. In Duch population about 25% of population use tanning 

beds [35] and they in the group of EU countries with highest melanoma incidence.  

Higher melanoma incidence rates were our findings in men and can be explained owing to the 

fact that we analyzed the data from the post-war period, after bombing, which is characterized by 

better monitoring and reporting of this disease, followed by the preventive measures, such as the 

examinations of nevi, earlier detection of melanoma, enhanced public awareness through continuous 

education and campaigns.  It is known that males are more exposed to UVR due to their job or 

during their free time. Furthermore, both younger and older males do not use, or if they do, they use 

less protective creams on the regular bases, sun protection as sunsreens or they do not use them so 

often as females [11,21]. The lack of concern and lack of self-detection of nevi are contributing factors.  

Aging is a natural process, which is influenced by genetically determined processes, but can also 

be modified by the environmental factors such as UVR, air pollution, which all could be connected 

with the higher risk of cancer. Aging influences the weakness of specific immune defense [36]. 

Concerning the age of the patients, our results showed that both the incidence in middle-aged males 

and females continuously increased in the observed period. There were 2.9 more new melanoma 

cases in persons older than the age of 50, which is in agreement with the other studies [37]. Midlife is 

a period of life when the prevalence of multiple cancer risk factors is high and incidence rates begin 

to increase for many types of cancer [37,38]. 

Very important findings in our study were 34 (0.6%) new cases of melanoma in individuals 

under the age of 20. Kandolf-Sekulovic, L et al. (2012) showed that low melanoma incidence rates in 

central Serbia and probably other countries of South-East Europe are accompanied by a large 

percentage of thick tumors and a significant proportion of younger patients with thick tumors [31]. 

There was insufficient evidence in 2016 for clinical skin cancer screening for asymptomatic 

adults without a history of malignancy or skin lesions in the USA. However, adults with a family 

history, genetic predisposition, pertinent past medical history, or history of sun exposure and fair 

skin are recommended to be regularly screened [39]. A meta-analysis of 15 studies from 2017 found 

a clinical benefit to skin cancer screening programs [40].  

A Belgian study found that lesion-directed skin exams had similar rates of detection to whole-

body skin exams, which take six times longer [41]. The evidence for skin self-exam was highly 
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variable, and performance was highly associated with spouse involvement and the availability of a 

wall mirror [42]. 

5. Conclusion  

However, based on the obtained results, we can point out that Central Serbia has low incidence 

rates of melanoma, but the increasing trend of melanoma incidence in males and in females trend is 

stagnant in the last 22 years. Males had significantly higer melanoma incidence than women 

especially above the 50 years of age are on greater risk for melanoma.The screening for the skin 

melanoma does not exist in Serbia and there is need for more preventive organized check ups of 

population for the early discovering of melanoma. The continuous education of population about 

self-examination of skin and nevi regularly, the usage of sun protective products and screening of 

the melanoma of the skin could be successful measures in the prevention and reducing of melanoma. 

Limitations of the study. In Serbia, there is still the insufficient and delayed reporting of 

melanoma to population-based and hospital-based cancer registries. There are no thematic registers, 

the complete reporting of certain cancer registry data items, including histological subtypes and 

primary cancer site.  
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