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1 Introduction 

1.1 Background 

Cutaneous melanoma (CM), is a malignant tumor of the skin, which originates 

from pigment producing cells, the melanocytes by neoplastic transformation 

(Gilchrest et al., 1999, Owens and Watt, 2003). It has developed from a rather 

rare tumor in the past to a tumor with growing medical importance. The 

incidence of CM has steadily increased over the past 50 years, predominantly in 

fair-skinned populations (Erdmann et al., 2013, Garbe and Leiter, 2009, 

Nikolaou and Stratigos, 2014). According to global estimates for 2012, there 

were over 230,000 new cases of melanoma, of which 100,000 occurred within 

Europe, and an estimated 55,000 related deaths. Melanoma burden is highest 

in Australia and New Zealand, where incidence rates (IR) are between 40 and 

60 cases/100,000 per year, followed by North America and Northern Europe 

with rates over 20 cases/100,000 per year (Ferlay et al., 2015, Greinert et al., 

2015, Karimkhani et al., 2017).  

The major causal risk factor for melanoma development is exposure to 

ultraviolet radiation (UVR), (IARC Working Group on the Evaluation of 

Carcinogenic Risks to Humans, 1992). About 80% of diagnosed melanoma are 

found on body sites exposed to intermittent UVR. Changes in lifestyle, namely 

from sun avoidance to sun-seeking behavior, have largely contributed to the 

steep increase in incidence of CM observed over the past decades (de Vries et 

al., 2003, Garbe and Leiter, 2009). In most European countries, melanoma 

rates continue to rise, particularly in higher age groups. First signs of 

stabilization or declining rates, however have been reported from younger birth 

cohorts in Australia/New Zealand, North America, and in Scandinavia (Arnold et 

al., 2014, Erdmann et al., 2013, Whiteman et al., 2016). These more favorable 

trends are attributed to primary prevention campaigns aimed to reduce harmful 

UVR exposure. In contrast to other malignant diseases, which develop 

predominantly at an advanced age (i.e. the sixth or seventh decade of life), 

melanoma can also occur at a younger age (median age at diagnosis is 55 

years).  
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Nevertheless, as with other tumors, the risk of being diagnosed with melanoma 

increases with age. The highest incidence rates are recorded in men and 

women aged 65 years or older (Garbe and Leiter, 2009, Robert Koch Institut 

Berlin, 2017). 

Since the early 1970s, increased life expectancy and low birth rates have 

caused a phenomenon known as demographic aging. It is characterized by a 

significant shift in the age distribution in the population towards an increased 

proportion of older people (Christensen et al., 2009). Both, high incidence rates 

among older cohorts and their growing presence in the population, imply an 

ongoing increase of melanoma for the foreseeable future. 

The predicted increase in melanoma burden represents a major challenge for 

future health care provision and indicates the need for targeted melanoma 

control measures. Health care officials need detailed information about the 

expected disease burden in order to set research priorities and to plan the 

allocation of limited resources for core elements of cancer control. These 

include: primary prevention, screening and early diagnosis, treatment, 

rehabilitation and palliative care. An understanding of the forces that might 

affect future trends is essential in translating cancer predictions to decision 

making processes. Main determinants of cancer development are exposure to 

risk factors (in melanoma mainly UVR exposure) and demographic changes 

(population size and age distribution). In order to achieve effective melanoma 

control, it is crucial to estimate the number of new melanoma cases due to 

changes in exposure to UVR and demographics (Bashir and Esteve, 2000, Bray 

and Moller, 2006).  

The following literature review (chapters 1.2-1.4) has a dual purpose. First, it will 

provide insights into the epidemiology of melanoma (chapter 1.2) with a focus 

on incidence trends and the role of UVR exposure in the pathogenesis of 

melanoma. Another part (chapter 1.3) will be devoted to demographic changes, 

in particular, the phenomenon of demographic aging and its impact on public 

health care systems in the future. Chapter 1.4 summarizes recent scientific 

research on future melanoma burden attributed to UVR exposure and 
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demographic changes. Secondly, this literature review aims to identify gaps in 

research in order to position the present project within its field. 

1.2 Epidemiology of cutaneous melanoma 

Since the early 1970s, incidence rates, and to a lesser extent also mortality 

rates, of melanoma have steadily increased (Arnold et al., 2014, de Vries and 

Coebergh, 2004, Erdmann et al., 2013, Forsea et al., 2012, Leiter et al., 2014, 

Nikolaou and Stratigos, 2014). While mortality rates remained roughly stable or 

declined since the 1990s (Autier et al., 2015, Barbaric et al., 2016, de Vries et 

al., 2003, Severi et al., 2000), melanoma incidence continued to rise. Although 

accounting for less than 5% of all skin cancers, melanoma is the major cause of 

death from skin cancer (Garbe and Leiter, 2009). Given steep increases in 

incidence and high risk of mortality, this type of skin cancer poses an enormous 

burden on society and public health. As the main focus of the present project 

was to investigate melanoma incidence trends over time and the impact of UVR 

exposure and demographic changes, mortality trends of melanoma will not be 

covered in this project. 

1.2.1 Incidence trends 

Geographical variations 

The frequency of the occurrence of cutaneous melanoma is closely related with 

the constitutive color of the skin and the geographical region (de Vries et al., 

2003, Leiter et al., 2014). It occurs nearly exclusively in white populations (of 

European origin). In dark pigmented populations such as Africa, Asia and partly 

Southern and Eastern Europe, the incidence of malignant melanoma (MM) is 

relatively low. Overall, the lifetime risk of developing melanoma is about 2.4% in 

Caucasians, 0.1% in Blacks, and 0.5% in Hispanics (de Vries and Coebergh, 

2004, Erdmann et al., 2013, Gloster and Neal, 2006). 

The highest age-standardized incidence rates (ASIR) for 2012 in both males 

and females were reported from Australia and New Zealand (about 35/100,000 

per year; according to the World Standard Population), where incidence rates 

tend to be two to three times higher than anywhere else in the world. The 

second highest rates were found in North America, followed by Northern and 
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Western Europe (rates over 10/100,000 per year in both sexes). Very low 

incidence rates (below 0.5/100,000 per year in both sexes) were estimated for 

South-Eastern Asia and South-Central Asia (Ferlay et al., 2015), Table 1. 

Incidence rates within Europe show great variation. Generally, melanoma 

incidence increases with proximity to the equator (ólatitude gradientô). In 

Western Europe, however the inverse pattern is observed, with 3- to 6-fold 

higher incidence rates in Northern countries (i.e. Scandinavia) than in Southern 

Europe (de Vries et al., 2004, de Vries and Coebergh, 2004). Exceptions are 

Switzerland and the Netherlands which exhibit high incidence rates about 

20/100,000 per year (also age-standardized according to the World Standard 

Population) compared with the surrounding countries. The lowest incidence 

rates in Europe were found in the Mediterranean and Eastern countries (4-

8/100,000 per year) which are less than half of that of Western Europe (12-

20/100,000 per year). Darker skin type (type III-IV according to Fitzpatrick) in 

the Mediterranean populations and different attitudes to recreational activities 

are responsible for this Nord-South gradient (de Vries et al., 2004, Erdmann et 

al., 2013, Garbe and Leiter, 2009, Nikolaou and Stratigos, 2014). 

Table 1 and Figure 1 provide an overview about global melanoma incidence 

rates for 2012. 
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Table 1: Age-standardized, crude incidence rates and cumulative risk for 
selected regions in 2012, both sexes. 

Population ASIR
1
 CIR

2
 

Cumulative 

Risk
32

 

    
Australia/New Zealand 35.1 53.8 3.75 

Northern America 13.8 21.3 1.50 

Europe 8.6 13.5 0.89 

Northern Europe 14.6 23.2 1.51 

Denmark 19.2 28.5 1.91 

Norway 18.8 30.4 2.02 

Sweden 18.0 30.7 1.90 

Western Europe 12.1 19.7 1.24 

Germany 11.4 20.6 1.20 

The Netherlands 19.4 28.7 1.95 

Switzerland 20.3 32.1 2.05 

Southern Europe 8.1 12.2 0.81 

Central and Eastern Europe 4.5 7.0 0.49 

Africa 1.1 0.6 0.13 

Asia 0.5 0.5 0.05 
    1
 ASIR: Age-standardized incidence rates (Segi World Standard Population) per 100,000 

2
 CIR: Crude incidence rates per 100,000  

3
 Cumulative risk [0-74 years] (in %) 

Source: Globocan 2012 (IARC, 2012) 
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Source: Globocan 2012 (IARC, 2012) 

Figure 1: Age-standardized incidence rates (World Standard Population) from 
20 populations with the highest incidence rates of melanoma worldwide for 
2012.  
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Temporal trends 

The incidence of CM has steadily increased in fair-skinned populations over the 

past 50 years. The annual increase varied between different populations, but 

has been estimated to be 3-7% (Arnold et al., 2014, de Vries and Coebergh, 

2004, Leiter and Garbe, 2008).  

Steep increases were mainly reported from industrial countries with Caucasian 

populations (Northern America, Northern Europe, Australia and New Zealand) 

(Aitken et al., 2018, Fuglede et al., 2011, Glazer et al., 2016, Helvind et al., 

2015, Holman et al., 2018, Richardson et al., 2008, Whiteman et al., 2008), 

whereas in populations with greater pigmentation (Asia and Africa) melanoma 

incidence has remained largely unchanged (Erdmann et al., 2013, Ferlay et al., 

2015). Rising incidence rates were observed across all age groups, most 

obvious however in subjects older than 60 years (Jemal et al., 2011, MacKie et 

al., 2009). A variety of behavioral changes in lifestyle (i.e. increased outdoor 

recreational activities, desire to tan, more frequent holidays spent in tropical 

climates), associated with increasing exposure to UVR, have largely contributed 

to the observed increase in melanoma incidence in the past (de Vries et al., 

2003, Eggermont et al., 2014, Erdmann et al., 2013). While incidence rates of 

melanoma continue to rise in most European countries (i.e. in Southern and 

Eastern Europe), particularly in higher age groups, there have been recent 

reports from several Northern and Western European countries, Australia, New 

Zealand, Canada and the United States of declining incidence rates within 

younger birth cohorts (Aitken et al., 2018, Arnold et al., 2014, Bulliard et al., 

1999, de Vries et al., 2003, Erdmann et al., 2013, Hall et al., 1999, Iannacone et 

al., 2015, Richardson et al., 2008, Watson et al., 2016, Whiteman et al., 2016). 

The following section describes global melanoma incidence trends of different 

populations with different susceptibility to melanoma due to their geographical 

location and genetic predisposition. 

Global data were assembled from the Cancer Incidence in Five Continents 

(CI5), Volume I-XI (IARC, 2018), as well as from the online database Globocan 

2012 (IARC, 2012), both released from the International Agency for Research 

on Cancer (IARC). To increase the time period of data (the last year of 
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diagnosis available in Volume XI is 2012), melanoma incidence rates were 

additionally obtained from national population-based cancer registries of 

Autralia (AIHW, 2018), the United States (SEER, 2018) and Europe (ECIS, 

2018). Melanoma incidence data for Scandinavian countries were sourced from 

the NORDCAN data base (NORDCAN, 2018). 

In order to compare global melanoma trends, incidence rates are age-

standardized according to the World Standard Population (Segi) and are 

expressed as incidence per 100,000 persons per year. 

Australia 

Between 1982 and 2014, age-standardized incidence rates increased for men 

and women by +70% from 20.6/100,000 per year (20.8 for males and 20.7 for 

females) to 34.9/100,000 per year (41.0 for males and 29.4 for females). During 

the observation period, the melanoma incidence went through three different 

phases characterized as rapid increase (+6.9% p.a.) at the beginning (1982-

1987), a moderate increase (+1.7% p.a.) until 2005 (with a peak in 2005 at 

36.8/100,000 per year), and declining rates (-0.7% p.a.) thereafter (AIHW, 2018, 

IARC, 2012, Whiteman et al., 2016).  

Uniformly, increasing trends of incidence were seen across all age groups. The 

highest increase in melanoma rates without signs of stabilization or leveling off 

was observed in older men and women (Ó65 years), while declining rates were 

reported for younger age groups (-1.2% p.a. for men and -1.8% p.a. for women) 

from the end of the 1990s onwards, especially for those aged 25-44 years 

(Whiteman et al., 2016), 

United States (White population) 

In US whites, age-standardized incidence rates increased between 1975 and 

2012 by +135% for females (from 7.3 to 17.1/100,000 per year) and by +176% 

for males (from 7.9 to 21.8/100,000 per year), respectively. Strong increases 

(+3.4% p.a.) for both sexes were seen between 1975 and 2007, followed by 

slower increases thereafter. From the 2000s onwards, rates in US males aged 

25-44 years appear rather stable (+0.1% p.a.), whereas rates in older men and 
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in US Caucasian women, irrespective of age, continued to rise (Glazer et al., 

2016, Holman et al., 2018, IARC, 2012, SEER, 2018, Weir et al., 2011). 

Europe 

Incidence trends in Europe are greatly varying. In all European countries 

incidence rates of CM have steadily increased since the 1950s. Between 1990-

2007 incidence rates have risen by an average of +3.8% p.a. for women and by 

+4.2% for men (Arnold et al., 2014). 

The strongest increases were observed in Northern Europe, followed by 

Western and later also in Eastern and Southern Europe (de Vries et al., 2003, 

Greinert et al., 2015). While a deceleration in the trends could be observed in 

some Western and more notably in Northern European countries from the 

1990s onwards, rates continue to climb in other regions of Europe, particularly 

in Southern and Eastern Europe (Arnold et al., 2014, de Vries et al., 2003, 

Erdmann et al., 2013, Forsea et al., 2012). 

Northern Europe (Norway, Sweden, Finland, Denmark and Iceland) 

Scandinavia has the longest period of cancer registration. Each of the Nordic 

countries has a population-based cancer registry. The Danish Registry is the 

oldest and was founded in 1942. The Norwegian, Finnish and Icelandic 

registries were founded in 1952-1954 and the Swedish Registry in 1958 

(Engholm et al., 2010, Gjerstorff, 2011, Moller et al., 2002). 

While melanoma incidence rates were low in the 1950s/1960s (in the range 

between 1 and 3 cases/100,000 per year), incidence rates grew rapidly over the 

last 5-6 decades. Of all Northern European countries, the highest incidence 

rates for 2013 were reported from Denmark, ranging between 21 and 28 

cases/100,000 per year for men and women, respectively. Incidence rates 

between 8 (Iceland), 14 (Finland) and Ó20 cases/100,000 per year (Sweden 

and Norway) were observed in the other Scandinavian countries. 

The greatest increase in incidence between 1990 and 2008 was observed for 

men in Iceland (+6.1% p.a.), and was most pronounced in higher age groups 

(70+ years: +13.7% p.a.). While incidence rates slightly increased in the 

youngest age group (25-44 years) in Finland (men:+1.5% p.a., women: +1.9% 
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p.a.) and in Icelandic men (+3.1% p.a.), between 1990 and 2008, it significantly 

decreased in Norwegian males (-2.8% p.a.) and remained rather stable in 

Norwegian females (-0.7% p.a.) and Swedish males (+0.5% p.a.) and females 

(+0.9% p.a.). Incidence rates in Icelandic females aged 25-44 years increased 

initially (1992-2001: +13.5% p.a.) and then declined (2001-2008: -7.3% p.a.). 

Over the entire period (1990-2008) an overall increase of +6.8% p.a. has been 

estimated. In more recent years (2008-2013), however, reversing trends with 

slightly increasing incidence rates were observed among young women (25-44 

years) in Norway and more pronounced in Sweden, rates among Icelandic 

women continued to decline. Between 1990 and 2007 melanoma incidence 

rates in Denmark increased uniformly across all age groups. While among men, 

the highest increase was observed in the age group Ó70 years (+4.0% pea), the 

strongest increases were seen among women younger than 45 years (+2.5% 

p.a.) (Arnold et al., 2014, NORDPRED, 2016, Whiteman et al., 2016). 

Western Europe (The Netherlands, Switzerland) 

In the Netherlands, age-standardized incidence rates have continuously 

increased between 1990 and 2013. While incidence rates of melanoma were 

less than 10 cases per 100,000 in 1990, melanoma rates grew up to around 20 

cases per 100,000 in 2013 for both sexes. Between 1990 and 2007, the annual 

increase ranged between +3.5% p.a. (females) and +4.2% p.a. (males), 

respectively (Arnold et al., 2014, de Vries et al., 2005, ECIS, 2018, Holterhues 

et al., 2013). 

Similar trends were observed for Switzerland. For men and women, age-

standardized incidence rates doubled from 10 cases per 100,000 in 1990 to 

around 20 cases per 100,000 in 2013, corresponding to an annual increase of 

about +3%. For men, a minor deceleration in the trend was observed from 1995 

onwards, however this was not statistically significant. 

In both countries, trends of increasing melanoma rates were observed across 

all age groups. In the Netherlands, the strongest increase in incidence (+5-6% 

p.a.) was found in the highest age group (70+ years), while in Switzerland men 

and women aged between 25 and 44 years experienced the largest increases 

(approximately +3% p.a.) (Arnold et al., 2014, ECIS, 2018). 
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Eastern Europe (Czech Republic, Slovakia) 

Since 1990, the incidence of melanoma has increased significantly in both 

countries, across all ages. Incidence rates in the Czech Republic have risen for 

both sexes from 7-8 cases per 100,000 in 1990 to around 13 cases per 100,000 

in 2013 and were higher than reported rates in Slovakia, where the rates 

increased from 4-5 cases per 100,000 in 1990 to 8-10 cases per 100,000 in 

2013. Slovakia recorded a stronger increase between 1997 and 2004 (+7.1% 

p.a.) after initially a moderate growth (1990-1997: +2.7% p.a.), while rates in the 

Czech Republic continued to evenly increase throughout the observation period 

(Arnold et al., 2014, ECIS, 2018) 

Southern Europe (Portugal Slovenia) 

In Southern Europe, the lowest melanoma incidence rates have been reported 

from the cancer registry of Northern Portugal. During the study period (1996-

2010), melanoma incidence rates rised for men and women from 1-2 

cases/100,000 per year to around 5 cases/100,000 per year. Significantly 

higher incidence rates, climbing from 5 cases/100,000 in 1990 to 15 

cases/100,000 in 2012 were observed in Slovenia. Increasing rates of 

melanoma were seen in all age groups, the greatest increases occurred in the 

oldest age group (70+ years). For both countries, the estimated annual increase 

ranged between +5% p.a. (females) and +6% p.a. (males) (Arnold et al., 2014, 

ECIS, 2018). 

Asia and South America 

Melanoma incidence rates in Asian (<1 cases/100,000 per year) and South 

American countries (2-4 cases/100,000 per year) are low, and in contrast to 

other countries rather stable over time. An exception is Israel, where incidence 

rates between 9 (females) and 11 (males) cases per 100,000 have been 

reported for the period 2000-2002. As in other countries, incidence rates have 

largely stabilized since the mid-1990s (Erdmann et al., 2013, IARC, 2012, 

2018).  
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Clinical epidemiology (Sex and age distribution)  

The male/female ratio of melanoma varies among different countries. A male 

predominance has been recorded in countries with a high melanoma incidence, 

such as Australia, New Zealand and the United States (Geller et al., 2002, 

Marks, 2002). Conversely, melanoma incidence is higher among females in 

lower-incidence countries (i.e. Scotland or Great Britain) (Erdmann et al., 2013, 

MacKie et al., 2002). Increases in melanoma incidence among men however 

have changed the predominance of women in high-latitude, lower-incidence 

populations, resulting in a more balanced male/female ratio (Garbe and Leiter, 

2009). Up to age 50, melanoma is more common in females, while melanoma 

incidence beyond this age is higher in males than in females (Erdmann et al., 

2013, Nikolaou and Stratigos, 2014).  

Melanoma is diagnosed at a median age of 55, which is earlier than other skin 

cancers are diagnosed (Robert Koch Institut Berlin, 2017). It affects a 

disproportionally large number of young adults and is one of the most common 

cancers diagnosed among adolescents and young adults (Baade et al., 2011, 

Lange et al., 2007, Watson et al., 2016). The risk of developing melanoma 

increases with age. In most high-risk populations (i.e. Australia, New Zealand, 

Northern Europe) incidence rates peak at the seventh and eighth decades of 

life, with rates ranging between 50 cases/100,000 per year in females and 100 

cases/100,000 per year in males (MacKie et al., 2002, Robert Koch Institut 

Berlin, 2017). 

1.2.2 Risk factor: Ultraviolet radiation  

The role of sunlight in the pathogenesis of melanoma 

The malignant melanoma is a malignant tumor originating from pigment 

producing cells, the melanocytes by neoplastic transformation (Gilchrest et al., 

1999, Jhappan et al., 2003). It mainly occurs on the skin, rarely on mucous 

membranes and other organs. Its predominant location on the outer skin makes 

it particularly susceptible to damaging UVR. In white-skinned populations, 

intermittent sun exposure has been identified as the main risk factor for 

melanoma. Eighty percent of melanomas develop on anatomical sites exposed 
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to intermittent sun exposure (i.e. trunks or legs) (de Vries and Coebergh, 2004, 

Elwood and Jopson, 1997, Garbe and Leiter, 2009).  

UVR is part of the electromagnetic spectrum with wavelengths 100ï400 nm; it is 

emitted by the sun and by artificial sources (e.g. sunbeds). This wavelength 

band has been further subdivided into three wavelength regions: UVC (100ï280 

nm), UVB (280ï315 nm) and UVA (315ï400 nm). The UV components to 

reaching the earth's surface consist of about 95% UVA and only 5% UVB. Solar 

UVC is absorbed by the stratospheric ozone layer and hardly reaches the 

earth's surface (Greinert et al., 2015). 

The role of UVR as a leading environmental cause of melanoma is supported 

by a series of epidemiological evidence, including a high prevalence of 

melanoma in populations that migrated from a low to a high ambient UVR 

environment, a higher incidence in fair-skinned compared with darker-skinned 

individuals, and a latitude-dependent rise in melanoma incidence among white 

populations with proximity to the equator (Garbe and Leiter, 2009, Nikolaou and 

Stratigos, 2014). Case-control studies on the risk for melanoma development 

have also shown that the risk for CM was associated with the number of 

melanocytic nevi and the occurrence of sunburns in childhood, both elevating 

the risk for melanoma development (de Vries and Coebergh, 2004, Leiter and 

Garbe, 2008, Whiteman et al., 2001). 

The epidemiological evidence implicating the causal role of UVR in the 

pathogenesis of melanocytic nevi and melanoma is confirmed by biological 

studies. The damaging effect of UVR on the skin can be caused by three 

different mechanisms. It directly damages DNA leading to mutations, it 

produces activated oxygen molecules which in turn damage DNA and other 

cellular structures, and it leads to a localized immuno-suppression that blocks 

the bodyôs natural anti-cancer defence (de Vries and Coebergh, 2004, Ichihashi 

et al., 2003). UVR exposure during childhood seems to be the main factor to 

induce mutations in the melanocytic system associated with an increased 

induction of melanocytic nevi and later on an increased risk for the development 

of malignant melanoma (Garbe and Leiter, 2009, Whiteman et al., 2001). 

Whether nevi, especially clinically atypical nevi, are precursors for melanoma 
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however remains a matter of debate. Pathology-based studies have found that 

only 20 to 30% of melanoma contain nevus cells, suggesting a direct 

transformation of a nevus into melanoma. The majority of melanomas (70-80%), 

arise de novo, with no associated nevus (Cymerman et al., 2016, Haenssle et 

al., 2016, Shain et al., 2015).  

Moreover, several clinical and epidemiological features give rise to question a 

straightforward dose relationship between melanoma risk and UVR exposure. 

Anatomical site distribution of CM does not correspond to body areas of 

greatest UVR exposure. Only 10-15% of CMs are found on continuously 

exposed sites, like the head or the neck, while the majority of melanomas are 

localized on less frequently exposed body sites (i.e. trunk and limbs). In contrast 

to non-melanoma skin cancer (NMSC), melanoma already occurs in younger 

years of life, where it can be assumed that the highest cumulative sun exposure 

has not yet been reached. Finally, an increased risk of melanoma after high 

cumulative sun exposure in adulthood and after sunburns during this time could 

not be found in most case-control studies (Garbe and Leiter, 2009, Nikolaou 

and Stratigos, 2014). This suggests a more complex association between 

melanoma and UVR, supporting the hypothesis that melanomas may arise 

through different causal pathways (Siskind et al., 2005, Whiteman et al., 2006, 

Whiteman et al., 2003). Different case-control studies have shown melanomas 

developing at different body sites are associated with distinct patterns and 

amount of sun exposure. Intermittent sun exposure and sunburns in childhood 

were strong predictors of melanoma occurring on less frequently exposed body 

sites, whereas chronic patterns of exposure were more likely to be associated 

with melanomas localized on continuously exposed sites. Both, patterns of sun 

exposure and anatomical location of melanocytic nevi seem to play a central 

role in the suggested pathways (Caini et al., 2009, Chang et al., 2009a, Green, 

1992, Olsen et al., 2009). Green et al. proposed the theory of a site-dependent 

susceptibility of melanocytes to malignant transformation. People with a low 

propensity for melanocytic proliferation and low numbers of nevi require chronic 

sun exposure to initiate melanocytes to malignant transformation, thus this 

occurs on continually exposed body sites, while people with a high propensity 
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for melanocytic proliferation and a high number of nevi, will tend to develop 

melanomas on intermittently and less frequently exposed sites (Green, 1992). 

The theory of different pathways has been strengthened by observations that 

BRAF gene mutations are more likely in melanoma of younger subjects with 

larger numbers of nevi, exposed to intermittent UVR than in melanomas 

localized on continually sun-exposed sites of older patients with few nevi 

(Greinert et al., 2015, Poynter et al., 2006, Thomas et al., 2007). 

The population attributable fraction (PAF) 

Rationale and calculation 

The population attributable fraction (PAF) provides a valuable appraisal of the 

impact of a risk factor in cancer causation (Parkin et al., 2011b). It quantifies the 

proportion and the numbers of cancer cases that can be attributed to a risk 

factor and that could potentially be avoided by complete elimination of the 

causative factor. It is helpful in prioritizing cancer control strategies and for the 

evaluation of the potential impact of interventions seeking to reduce exposure to 

a risk factor (Shield et al., 2016).  

Risk assessment studies require evidence of a causal relationship between a 

risk factor and disease. Meanwhile there is sufficient epidemiological and 

biological evidence for the causal role of UVR exposure in melanoma 

development. In 1992, the International Agency for Research on Cancer (IARC) 

declared that UVR was carcinogenic to humans (IARC Working Group on the 

Evaluation of Carcinogenic Risks to Humans, 1992). The subsequent IARC 

monograph from 2009 confirmed óThere is sufficient evidence that UVR causes 

CM as well as keratinocyte cancers (squamous cell carcinoma (SCC) and basal 

cell carcinoma (BCC))ô (El Ghissassi et al., 2009, IARC Working Group on the 

Evaluation of Carcinogenic Risks to Humans, 2012). 

The population attributable fraction is estimated by comparing the observed 

incidence rates in an óexposedó population with those of an 

óunexposedó reference population, and attributing the differences in incidence 

rates to corresponding differences in exposure to the risk factor between 

reference and study population (Armstrong and Kricker, 1993, de Vries et al., 

2017). Defining an unexposed reference population is challenging because 
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there are no unexposed populations (all human are to a certain degree exposed 

to UVR). As solution, Parkin et al. proposed to apply incidence rates from a 

óminimal exposed populationô as approximation for the incidence rates in an 

óunexposedô population (Parkin et al., 2011b). More details referring the 

calculation of the PAF and the selection of the reference population are 

provided in chapter 2.2.4. 

Global estimates 

The proportion of melanoma cases caused by UVR exposure varies greatly 

across different regions, ranging from less than 1% to Ó95%, with the lowest 

and highest PAF observed in East Asia and Oceania (Armstrong and Kricker, 

1993, Arnold et al., 2018a, de Vries et al., 2017, Lucas et al., 2008, Olsen et al., 

2015). Most recent estimates for 2012, revealed that around 168,000 cases of 

melanoma were attributed to excess exposure to UVR, representing 75.7% of 

all melanoma cases worldwide (Arnold et al., 2018a). The burden was higher in 

men (81.3% attributable cases) than in women (69.4% attributable cases). The 

vast majority (around 89%, 149,340 of 168,000 cases) of UVR-attributable 

melanoma cases occurred in countries with a very high human development 

index (HDI), where 86.6% of all melanoma cases (91% among men and 81.4% 

among women) were due to high UVR exposure. This was most pronounced in 

Australia and New Zealand, where 97.4% of all melanomas in men and 93.4% 

in women, respectively were attributable to UVR. Similarly high values were 

also estimated for the White US population, with a PAF ranging between 85-

92% in females and between 94-96% in males (Armstrong and Kricker, 1993, 

Arnold et al., 2018a, Islami et al., 2018). Within Europe, the proportion of 

melanomas attributed to excess sun exposure shows a great variation. The 

highest values for the PAF were reported from Northern (90-95%) and Western 

Europe (86%), lower PAFs were estimated for Eastern (68%) and Southern 

(78%) European countries (Armstrong and Kricker, 1993, Arnold et al., 2018a, 

Arnold et al., 2018b, Parkin et al., 2011a, Parkin et al., 2011b, Winther et al., 

1997). Figure 2 displays the estimated PAFs for different countries.  
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Table 2 provides an overview of studies estimating the proportion of melanoma 

cases attributable to UVR for different regions, using different reference 

populations to calculate the PAF%. 
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Figure 2: Population attributable fraction (PAF%) of melanoma cases worldwide in 2012, among men and women all ages 
(30+ yrs), attributable to UVR exposure, by country. 

Source: Global Cancer Observatory GCO (IARC, 2012) 
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Table 2: Estimates of the proportion of melanomas due to UVR (PAF%) calculated for different countries based on different 
reference populations. 

Author, 
Publication 
year 

Country/Study 
population IT 

Time 
period 

Reference population I0 Estimates for PAF% Method for estimation/ comments 

       
   Population/Anatomical Site Males Females  

 
Armstrong 
& Kricker 
(1993) 

 
Caucasians 
(QLD/Australia) 

 
1983/1987 

 
Unexposed body site (scalp or 
buttocks) 

 
97%  
(94-99%) 

 
96%  
(93-99%) 

 
PAF% = [(IT ï I0) / IT] x 100 
IT : IR study population 
I0 : IR reference population 
estimated weighted average IRs for 
unexposed sites: I0 =1.1 per 
100,000/year 

       
Armstrong 
& Kricker 
(1993) 

Caucasians 
(US Whites) 

1983/1987 Black US population  96%  
(96-96%) 

92%  
(91-92%) 

Calculation see above 
 

       
Armstrong 
& Kricker 
(1993) 

Caucasians 
(Native-born 
Australians) 

1990 Immigrants to Australia  Males and females: 
68% (64-72%) 

Calculation see above 
 

       
Armstrong 
& Kricker 
(1993) 

Caucasians 
(NSW/Australia) 

1983/1987 Residents of England/Wales 89%  
(89-89%) 

79%  
(79-79%) 

Calculation see above 
 

       
Armstrong 
& Kricker 
(1993) 

Global 1985 Black US population  Males and females: 65%  Calculation see above 
 

       
Armstrong 
& Kricker 
(1993) 

Oceania 
(Australia, New 
Zealand) 

1985 Black US population  Males and females: 94%  Calculation see above 
 

Continued on next page 
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Author, 
Publication 
year 

Country/Study 
population IT 

Time 
period 

Reference population I0 Estimates for PAF% Method for estimation/ comments 

       
   Population/Anatomical Site Males Females  

 
Armstrong 
& Kricker 
(1993) 

 
North America  

 
1985 

 
Black US population  

 
Males and females: 90% 

 
PAF% = [(IT ï I0) / IT] x 100 
 

      
Armstrong 
& Kricker 
(1993) 

Central/South 
America 

1985 Black US population  Males and females: 64%  Calculation see above 
 

      
Armstrong 
& Kricker 
(1993) 

Europe (without 
UDSSR) 

1985 Black US population  Males and females: 80%  Calculation see above 
 

      
Armstrong 
& Kricker 
(1993) 

England/Wales 1985 Black US population Males and females: 83%  Calculation see above 
 

      
Armstrong 
& Kricker 
(1993) 

Nordic 
Countries 
(Denmark, 
Finland) 

1985 Black US population  Males and females: 
Denmark: 94% 
Finland:  92% 

Calculation see above 
 

      
Armstrong 
& Kricker 
(1993) 

Asia 1985 Black US population Males and females: 8%  Calculation see above 
 

      
Armstrong 
& Kricker 
(1993) 

Africa 1985 Black US population Males and females: 3% Calculation see above 
 

      
Continued on next page 
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Author, 
Publication 
year 

Country/Study 
population IT 

Time 
period 

Reference population I0 Estimates for PAF% Method for estimation/ comments 

       
   Population/Anatomical Site Males Females  

 

Winther et 
al. (1997) 
 

 

Nordic 
countries: 
Denmark (D) 
Finland (F) 
Iceland (I) 
Norway (N) 
Sweden (S) 

 

1980 
 

Unexposed body site (scalp or 
buttocks) 

 

all: 88% 
 
D: 85% 
F: 80% 
I:  75% 
N: 90% 
S: 90% 

 

all: 90% 
 
D: 91% 
F: 83% 
I:  80% 
N: 93% 
S: 91% 

 

PAF% = [(IT ï I0) / IT] x 100 
 

       
Winther et 
al. (1997) 

Nordic countries 
(all) 

1980 Danish Cohort (1940) 83% 87% Calculation see above 
 

       
Winther et 
al. (1997) 

Nordic 
countries: 
Denmark (D) 
Finland (F) 
Iceland (I) 
Norway (N) 
Sweden (S) 

1990 Unexposed body site (scalp or 
buttocks) 

all: 93% 
 
D: 92% 
F: 88% 
I:  80% 
N: 94% 
S: 94% 

all: 94% 
 
D: 94% 
F: 88% 
I:  90% 
N: 95% 
S: 94% 

Calculation see above 
 

       
Winther et 
al. (1997) 

Nordic 
countries: 
Denmark (D) 
Finland (F) 
Iceland (I) 
Norway (N) 
Sweden (S) 

2000 Unexposed body site (scalp or 
buttocks) 

all: 94% 
 
D: 93% 
F: 93% 
I:  85% 
N: 95% 
S: 95% 

all: 95% 
 
D: 95% 
F: 93% 
I:  92% 
N: 96% 
S: 95% 

Calculation see above 
 

       
Parkin et al. 
(2011a/b) 

United Kingdom 2010 South Thames Cohort (1903) 89.8% 82.4% Calculation see above 

       
      Continued on next page 
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Author, 
Publication 
year 

Country/Study 
population IT 

Time 
period 

Reference population I0 Estimates for PAF% Method for estimation/ comments 

       
   Population/Anatomical Site Males Females  

 
Olsen et al. 
(2015) 

 
Australia 

 
2010 

 
UK population (2009/2011) or 
South Thames Cohort (1903) 

 
69.6% 
97%  

 
54.3% 
92% 

 
PAF% = [(IT ï I0) / IT] x 100 
 

       
De Vries et 
al. (2017) 

Columbia/Cali 2008/2012 Cali Cohort (1903) 
South Thames Cohort (1903) 

0% (0%*) 
62% (77%*) 
*adjusted for 
ALM 

25% (34%*) 
19% (26%*) 
*adjusted for 
ALM 

Additional: adjustment for not UVR 
related MMs (ALM): IA 
PAF% = [(IT ï IA) - (I0 ï IA) ]/ 
(IT ï IA)  
IT : IR study population 
I0 : IR reference population|  
IA : IR (ALM) 
I0 : IR reference population 

       
Arnold et al. 
(2018) 

France 2015 South Thames Cohort (1903) 
French Cohort (1980) 

88.6% 
82.0% 

78.5% 
68.2% 

PAF% = [(IT ï I0) / IT] x 100 
 

        
                  Continued on next page 
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Author, 
Publication 
year 

Country/Study 
population IT 

Time 
period 

Reference population I0 Estimates for PAF% Method for estimation/ comments 

       
   Population/Anatomical Site Males Females  

 
Arnold et al. 
(2018) 

 
Global 
Oceania 
(AU/NZ) 
North America 
Latin America & 
Caribbean 
Northern 
Europe 
Western Europe 
Southern 
Europe 
Eastern Europe 
South Africa 
Middle East & 
Northern Africa 
Sub Saharan 
Africa 
South Central 
Asia 
South East Asia 
East Asia 
HDI very high 
HDI high 
HDI medium 
HDI low 

 
2012 

 
South Thames Cohort (1903) 
 

 
81.3% 
97.4% 
 
94.1% 
65.5% 
 
92.3% 
 
90.1% 
84.1% 
 
77.7% 
83.4% 
 
60.1% 
40.4% 
 
11.6% 
 
  5.0% 
  1.7% 
91.0% 
66.8% 
11.1% 
34.9% 

 
69.4% 
93.7% 
 
84.4% 
29.1% 
 
86.8% 
 
82.6% 
72.8% 
 
60.4% 
61.6% 
 
35.0% 
36.1% 
 
5.4% 
 
  0.3% 
     0% 
81.4% 
43.9% 
  9.1% 
33.0% 

 
PAF% = [(IT ï I0) / IT] x 100 
 

  
 

  
 

 
 

 
 

Continued on next page 
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Author, 
Publication 
year 

Country/Study 
population IT 

Time 
period 

Reference population I0 Estimates for PAF% Method for estimation/ comments 

       
   Population/Anatomical Site Males Females  

 
Arnold et al. 
(2018) 

 
Global 
Oceania 
(AU/NZ) 
North America 
Latin America & 
Caribbean 
Northern 
Europe 
Western Europe 
Southern 
Europe 
Eastern Europe 
South Africa 
Middle East & 
Northern Africa 
Sub Saharan 
Africa 
South Central 
Asia 
South East Asia 
East Asia 
HDI very high 
HDI high 
HDI medium 
HDI low 

 
2012 

 
3 African cancer registries 
(Harare/Zimbabwe; Uganda/ 
Kyadondo; Malawi/Blantyre) 
 

 
78.4% 
96.6% 
 
92.5% 
55.4% 
 
90.5% 
 
87.9% 
80.8% 
 
71.4% 
76.1% 
 
52.0% 
28.2% 
 
  9.3% 
 
  0.6% 
  0.2% 
89.0% 
58.1% 
  9.1% 
24.4% 

 
56.4% 
89.1% 
 
72.7% 
15.0% 
 
77.0% 
 
70.0% 
55.1% 
 
33.4% 
34.7% 
 
23.2% 
13.3% 
 
  2.6% 
 
  0.3% 
  0.1% 
69.4% 
21.7% 
  5.0% 
12.6% 

 
PAF% = [(IT ï I0) / IT] x 100 
 

       
Islami et al. 
(2018) 

US Whites 2014 US Blacks (2010-2014) 96.0% 93.7% Calculation see above 

Abbreviations: HDI: Human development index, ALM: acral lentiginous melanoma 
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1.2.3 Other risk factors 

In addition to UVR exposure, genetic predisposition and individual host risk 

factors are also causally linked to melanoma development. 

Genetic risk factors 

Heritable factors play an important role in melanoma predisposition. A family 

history of melanoma is associated with a 2-fold increased risk of melanoma. 

Around 5-12% of patients with melanoma have a family history of CM in one or 

more first-degree relatives. A large proportion of these patients (30-40%) have 

inherited mutations in highly penetrant susceptibility genes which are 

associated with a significantly increased risk of melanoma. Constitutional 

mutations have been identified in two melanoma susceptibility genes: CDKN2 

and CDK4, which play an important role in cell-cycle control (de Vries and 

Coebergh, 2004, Eggermont et al., 2014, Gandini et al., 2005c, MacKie et al., 

2009, Nikolaou and Stratigos, 2014, Olsen et al., 2010c). 

Further high- and low risk melanoma genes have been identified, whose 

variants are linked to phenotypic traits (i.e. red hair, freckling, and sun 

sensitivity). Among the low-penetrance genes, the strongest association was 

found for the melanocortin 1 receptor gene (MC1R) (Eggermont et al., 2014, 

MacKie et al., 2009, Raimondi et al., 2008). A loss in MC1R functions induced 

by single nucleotide polymorphisms, cause a shift of photoprotective eumelanin 

to pheomelanin, resulting in red hair, pale skin and freckles. A pooled meta-

analysis of different MC1R variants showed a relative risk (RR) of 2.44 (95% CI: 

1.72-3.45) for CM in patients carrying the óred hair variantsó compared with a RR 

of 1.1 (95% CI: 1.1-1.51) for those with ónon-red hairô MC1R variants (Williams 

et al., 2011). 

Further hereditary disorders associated with an increased risk of melanoma 

development, are the dysplastic nevus syndrome, also known as familial 

atypical multiple-mole melanoma syndrome (Azoury and Lange, 2014, Greene 

et al., 1985, Rigel et al., 1988) and xeroderma pigmentosum (XP) (Cleaver, 

2005, de Vries and Coebergh, 2004, Paszkowska-Szczur et al., 2013). 
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Phenotypic risk factors 

The major constitutional risk factors for melanoma include fair pigmentation, 

poor tanning ability, multiple nevi, clinically atypical or dysplastic nevi and 

freckling (Davies et al., 2015, Gandini et al., 2005b, Nikolaou and Stratigos, 

2014). A majority of observational studies reported a significant increased risk 

for melanoma development in patients with multiple or clinically atypical nevi 

(Chang et al., 2009b, Gandini et al., 2005a, Gandini et al., 2016, Goldstein and 

Tucker, 2013, MacKie et al., 2009, Olsen et al., 2010a). A meta-analysis has 

shown a gradual increased risk of melanoma, proportional to the number of 

common or dysplastic nevi (Gandini et al., 2005a). The relative risk for patients 

with one dysplastic nevi was 1.45 (95% CI: 1.31-1.60), increased to 3.03 (95% 

CI: 2.23-4.06) for patients with three dysplastic nevi and were highest for those 

with five dysplastic nevi (RR=6.36; 95% CI: 3.80-10.33). Patients with a high 

number of common nevi (>100) showed a 7-fold increased (RR=6.89; 95% CI: 

4.63-10.25) risk for melanoma compared with those with low numbers (0-15) of 

common nevi. A 60% higher risk (RR=1.62: 95% CI 1.44-1.81) for melanoma 

was reported for individuals having ófair eye colorô (including blue, green and 

hazel eye color) compared to individuals with ódark eye colorô (Gandini et al., 

2005c). With respect to hair color, the RR for melanoma for ólight hair colorô 

(blond, red, and light brown) was 1.87 (95% CI: 1.63-1.95) compared with 

ómedium dark, brown hair colorô. The strongest association (RR=3.64; 95% CI: 

2.56-5.37) was found in individuals with red hair color (Gandini et al., 2005c). In 

a pooled analysis of 15 case-control studies (Olsen et al., 2010b) the RR for 

melanoma was 1.66 (95% CI: 1.36-2.01) for individuals with skin type I/II 

compared to subjects with skin type III/IV. 

Further risk factors 

Artificial ultraviolet radiation exposure: tanning beds  

Indoor tanning is an artificial source of intermittent UVR, emitting significant 

amounts of UVA and/or UVB radiation (de Vries and Coebergh, 2004, Young, 

2004). It became popular in the early 1980s among white populations, 

particularly in the Northern countries and, since then, a substantial proportion of 

young people use sunbeds (Nikolaou and Stratigos, 2014, Young, 2004). To 
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date, there is strong evidence that sunbed users are at an increased risk for 

melanoma development, even after adjustment for outdoor sun exposure 

(Boniol et al., 2012, Gandini S. et al., 2011, Gandini et al., 2014, Veierod et al., 

2010, Westerdahl et al., 2000). The risk increases with the number of sunbed 

sessions and with initial usage at a young age (Boniol et al., 2012). Findings 

from a meta-analyses, including 27 studies, showed an overall summary 

relative risk of 1.20 (95% CI: 1.08-1.34) of melanoma development in óever 

usersó of sunbeds and a 1.8% increase of risk for each additional session of 

sunbed use per year. First use of sunbeds before age 35 years was associated 

with a summary relative risk of 1.87 (95% CI: 1.41-2.48) (Boniol et al., 2012).  

A substantial burden of melanoma can be attributed to artificial UVR. It has 

been estimated that 5.4% of all new melanoma cases (7% in females), 

diagnosed every year in European countries, could be attributed to sunbed use 

(Zhang et al., 2012). 

Additional risk factors, increasing the risk for melanoma, include a personal 

history of skin cancer or other malignancies (Abern et al., 2013, Li et al., 2013), 

immunosuppression related to organ transplantation (Krynitz et al., 2013, 

Mudigonda et al., 2013), lympho-proliferative diseases or human 

immunodeficiency virus infection/AIDS (Eggermont et al., 2014, van Leeuwen et 

al., 2010). 

Other possible associations or factors influencing melanoma risk have been 

discussed, evidence for a causal relationship with risk of melanoma however 

remains inconclusive. One study, reviewing long-term use of an immunotherapy 

with tumor necrosis factor Ŭ, reported a 4-fold (OR=3.94) increased risk in 

patients with inflammatory bowel disease (Long et al., 2012). A potential 

protective effect of nonsteroidal anti-inflammatory drug use (RR=0.87; 95% 

CI=0.80-0.95), with regard to developing melanoma has been described 

(Johannesdottir et al., 2012). There have been no conclusive data so far on the 

role of female sex hormones (Gandini Sara et al., 2011), the influence of 

overweight (Sergentanis et al., 2013), or levels of vitamin D (Asgari et al., 2009) 

in the risk of melanoma carcinogenesis. An association between Parkinson's 
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disease and an increased risk of melanoma is also controversially discussed 

(Liu et al., 2011, Olsen et al., 2006, Pan et al., 2011). 

1.3 Demographic trends 

1.3.1 Demographic aging  

Demographic aging is a global phenomenon, occurring primarily in developed 

countries, most advanced in European countries and in East Asia (Christensen 

et al., 2009). It describes a process, which is characterized by a shift in the age 

structure of a population towards an increased proportion of older people and at 

the same time a sharp decline in younger people (Nowossadeck et al., 2013, 

Peters et al., 2010, Pritzkuleit et al., 2010). 

The age structure of a population is mainly determined by changes in birth rates 

and life expectancy. Data from Germany are used to illustrate these changes 

(Grünheid and Sulak, 2016, Statistisches Bundesamt Wiesbaden, 2016). 

Low birth rates 

In order for one generation to remain numerically stable, a constant birth rate of 

2.1 children per woman is required. However, if this falls below the so-called 

replacement level of 2.1, which is necessary for a generation to replace itself in 

terms of numbers, this will lead to a decline in the population, especially the 

younger generation (Pritzkuleit et al., 2010, Statistisches Bundesamt 

Wiesbaden, 2015a, 2015b). 

Between 1955 and 1970, the birth rate was between 2 and 2.5 children per 

woman. For more than four decades now, the birth rate has been far below the 

level of 2.1 children per woman. This value was attained in the territory of the 

Federal Republic of Germany for the last time in 1969 (in the German 

Democratic Republic in 1971). Since then, the birth rates have been 

consistently lower. In 2008, the average number of children per woman was 

1.38 children (Pritzkuleit et al., 2010). Forecasts by the Federal Statistical Office 

assume that there will be a constant birth rate for Germany, so that an average 

number of 1.4 children per woman will continue to be assumed in the future 

(Statistisches Bundesamt Wiesbaden, 2015a, 2015b). 
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Life expectancy 

In the last 40 years, the life expectancy of female newborns has risen by 9.3 

years (from 74.1 years in 1971/1973 to 83.4 years in 2013/2015) and that of 

male newborns by more than 10 years (from 67.6 years to 78.4 years for the 

same time period). The gap between the life expectancy of female and male 

newborn babies, which had been widening since the mid-20th century, has 

therefore been closing slowly since the 1980s (Nowossadeck, 2012, Peters et 

al., 2010). The Federal Statistical Office estimates that the average life 

expectancy in Germany in 2050 is 88.0 years for women and 83.5 years for 

men (Statistisches Bundesamt Wiesbaden, 2015a, 2015b). But not only the life 

expectancy at birth has increased, but also the long distance life expectancy, i. 

e. the life expectancy that a person still has at a certain age. 65-year-old men 

today have on average an additional 17.7 years of life to expect and women 

20.9 years; these are 5.7 and 6.0 years, respectively more than in 1970. Both, 

rising life expectancy at birth and at long distance life expectancy will increase 

the number and proportion of elderly people in the population (Peters et al., 

2010, Pritzkuleit et al., 2010). 

Special features of the current age structure (óBaby boomer generationô) 

Large changes in the birth rate over a short period of time have a particular 

influence on the current age structure of a population. After the two world wars, 

which contributed to great cuts in the age structure due to large numbers of war 

victims and sharply declining birth rates, the birth rates rose sharply again in the 

1960s. The generation born between 1955 and 1970, also known as óbaby 

boomer generationô, is the most populated age group at present. By 2025, this 

cohort will be 65 years and older, having an increased risk of age-related 

diseases, such as tumors or other chronic diseases (Nowossadeck, 2012, 

Pritzkuleit et al., 2010). 

Net migration 

In contrast to low birth rates, continuously rising life expectancy and cohort-

specific peculiarities (óbaby boomer generationô), migration from abroad, 
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especially by younger migrants, may attenuate the process of demographic 

aging that has been observed (Nowossadeck, 2012). 

1.3.2 Demographic aging and its impact on health care systems 

Demographic changes and the aging population will lead to two major changes 

that health care systems will have to account for in the future (Haberland et al., 

2006, Nowossadeck, 2012). The aging population will both increase the number 

of diseases for which the risk increases with age (such as cancers and chronic 

diseases) and change the age structure of patients towards a higher proportion 

of older patients. Further, multimorbidity will increase in importance, as will the 

number of patients requiring geriatric care. The resources, both, financial (direct 

costs of transport, infrastructure) and human resources (medical and nursing 

staff) needed for patient care are expected to increase in the future. The 

situation becomes worse when the declining employment potential is 

considered. As a result of the aging population, there will be more people who 

need to be cared for by the health care system, and fewer people to take care 

of them (Bray and Moller, 2006, Noethern, 2011, Nowossadeck, 2012). 

1.3.3 Demographic trends in Germany and in Denmark 

Germany 

In Germany, the process of demographic aging already began in the 1970s, and 

will continue in the coming years. This process is predicted to accelerate from 

2025 onwards and continue until around 2040 (Nowossadeck, 2012). 

Population forecasts, based on the 13th coordinated population projection, 

assume that by 2060, the total German population will shrink by -16.3% from 

80.8 million (2013) to 68.7 million inhabitants (in case of weaker immigration - 

variant 1) and to 73.1 million inhabitants (in case of stronger immigration - 

variant 2), respectively (Statistisches Bundesamt Wiesbaden, 2015a, 2015b). 

Particularly sharp declines in population are expected in the working age 

citizens. The number of 20- to 64- year-olds (2013: 49 million) will fall sharply 

from 2020 onwards and, depending on the size of net immigration, will be 

around 34 (-30%) and 38 million (-23%), by 2060. Their proportion in the total 

population will fall from 61% in 2013 to around 51-52% in 2060. Similarly, the 
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young population under 20 years of age will decrease from 15 million to 11 (-

26%) and 12 million (-18%) in 2060, suggesting that their proportion of the total 

population will decrease to 18% and 16%, respectively. On the other hand, by 

2060, the number of people aged 65 years and over will rise to 22-23 million. 

While one in five people currently belongs to this age group (2013: 21%), by 

2060 it is estimated to become one in three (2060: 32-33%). Four out of ten 

people aged 65 and over will even be 80 years and older, so that their 

proportion of the total population will increase from the current 5% (2013: 4.4 

million) to 12% or 13% in 2060 (9 million) (Statistisches Bundesamt Wiesbaden, 

2015a, 2015b). 

Denmark 

In contrast to population forecasts for Germany, recent projections released 

from the Statistics Denmark (Statistics Denmark, 2018b), assume that by 2060, 

the total Danish population will rise by +4.4% from 5.0 million (2013) to 5.2 

million inhabitants in 2060. Strong increases are expected for people aged 65 

years and over. Their number (2013: 956,200) will rise to around 1.3 million by 

2060 (+39%), so that their proportion in the total population will increase from 

19.1% in 2013 to 25.4% in 2060. Even stronger increases (+115%) are 

expected for the elderly (80+ yrs). Their proportion will rise from 4.5% (224,320) 

in 2013 to 11% (572,430) in 2060. On the other hand, a decline of -7.5% is 

expected for people aged between 20 and 64 years. Their numbers will fall from 

currently 2.84 million (57% of the total population) to around 2.63 million 

(50.5%) in 2060. Other trends are proposed for the young population (<20 

years). In contrast to population forecasts for Germany, their number will 

increase by +5.2% from 1.19 million (2013) to 1.26 million (2060). Their 

proportion within the total population however will remain almost stable (23.9% 

in 2013 vs. 24.1% in 2060) (Statistics Denmark, 2018b). 

Observed and projected demographic trends for both countries for three time 

points (1960, 2010 and 2060) are displayed in Figure 3 (United Nations, 2017). 
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Figure 3: Observed and projected demographic trends in Germany and Denmark for three time points 
(1960, 2010 and 2060). 
Source: United Nations (UN), Population Division (United Nations, 2017) 
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1.4 Future perspectives - Impact of UVR exposure and 
demographics 

Incidence predictions, including the forces that might affect future trends 

(exposure to UVR and demographic changes), play a key role in cancer control 

programs. They assist health care providers in planning the best possible 

allocation of limited resources for effective cancer control.  

In this chapter, the results of different studies on the future incidence 

development of melanoma will be presented, in particular those that have also 

investigated the impact of UVR (risk exposure) and demographic changes on 

future trends. Incidence predictions are naturally subject to great uncertainty 

and depend largely on the method and their underlying assumptions (Bray and 

Moller, 2006, Moller et al., 2002). For this reason, estimates presented in this 

chapter will be focused on one study in Australia, which mostly resembled the 

approach of the present study to predict future incidence rates for Germany and 

Denmark. 

The Australian study projected melanoma incidence rates and numbers of 

cases for six susceptible populations from Australia/New Zealand, the United 

States and Europe at the same time. Incidence predictions were all based on 

the same method and the same assumptions, using identical time periods for 

observation and future periods (Whiteman et al., 2016). By applying modified 

age-period-cohort models, melanoma incidence rates were projected for four 5-

year time periods from 2012/2016 through 2027/2031, based on observed rates 

between 1982/1986 and 2007/2011.  

Results of this study are summarized in Table 3. The information provided in 

this chapter is supplemented by results from other studies, which have applied 

the same prediction method (Guy et al., 2015, Mistry et al., 2011, Moller et al., 

2002, Moller et al., 2007, Weir et al., 2015). 

Australia and New Zealand  

Age-standardized incidence rates (US Standard Population 2000) in Australia 

have already peaked in 2002/2006 (49/100,000 per year) and are projected to 

continue declining until 2027/2031 (41/100,000 per year). The proposed decline 

is primarily anticipated for younger age groups (<60 years), whereas rates in 
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the elderly (>80 years) are expected to continue to increase. At the same time, 

the numbers of melanoma cases have steadily increased since 1982/1986 and 

are believed to continue on this trajectory. Between 1982/1986 and 2027/2031, 

the number of Australians diagnosed with melanoma is expected to rise by 

+291% from around 4,100 cases to 16,075. Almost equal proportions of the 

suggested increase will be attributed to changes in UVR exposure (49%) and to 

changes in demographics (51%) (Whiteman et al., 2016). 

Similar trends are expected for New Zealand. Age-standardized incidence rates 

will peak in 2012/2016 (51/100,000 per year), and then decline slowly 

thereafter. Incidence rates in persons >80 years will continue to rise, while 

younger age groups (<60 years) can expect further declines. The numbers of 

melanoma cases is expected to rise by +363% from about 720 per year in 

1982/1986 to 3,300 per year in 2027/2031. Two-thirds (67%) of the projected 

increase will be due to changes in UVR exposure and only one-third (33%) due 

to changes in population growth and aging (Whiteman et al., 2016). 

In both countries, crude incidence rates (CIR) are projected to continue to rise, 

signs of stabilization or leveling off in increase might not be expected for the 

foreseeable future.  

United States 

Projections suggest that age-standardized incidence rates in US Caucasians 

will continue to rise at least until 2022/2026 (32/100,000 per year), followed by a 

slight decline thereafter. An ongoing increase was supposed for the crude 

incidence rates. Melanoma rates for subjects younger than 60 years are 

projected to stabilize in 2017/2021, whereas no signs of stabilization or leveling 

off in increase will be expected for the elderly (>80 years). The numbers of 

melanoma patients will rise from about 25,000 per year in 1982/1986 to more 

than 116,000 per year in 2027/2031 (corresponding to a relative increase of 

+368%). 79% of the predicted increase will be attributed to increasing exposure 

to UVR (Whiteman et al., 2016). 

Similar trends for white males and females in the US were reported by Guy et 

al. (Guy et al., 2015). Based on observed incidence rates between 1982 and 

2011, sourced from the National Program of Cancer Registries and the 
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Surveillance, Epidemiology, and End Results (SEER) program, this study 

projected melanoma incidence rates and numbers of cases through 2030. Age-

standardized incidence rates (US Standard Population, 2000) are projected to 

rise at least until 2020, followed by a stabilization thereafter. From 2020 

onwards, incidence rates will peak at around 40/100,000 per year in men and 

between 25 and 30/100,000 per year in females. A steady increase is projected 

for the numbers of melanoma cases. By 2030, more than 100,000 US males 

and females are expected to be diagnosed with melanoma. 

Another approach to predict future melanoma incidence rates for Caucasians in 

the US was made by Weir at al. (Weir et al., 2015). Melanoma incidence rates 

have continuously increased since 1975 and are expected to keep so in future. 

Until 2020, age-standardized incidence rates (US Standard Population, 2000) 

will climb up to 30/100,000 per year for women and 40/100,000 per year for 

men, respectively. Signs of a leveling off or stabilization might be visible in later 

periods. 

United Kingdom 

An ongoing increase in age-standardized incidence rates is also projected for 

the UK. By 2022/2026, incidence rates will peak at around 25/100,000 per year 

for both, men and women, followed by a possible stabilization (Whiteman et al., 

2016). First signs of stabilization or even declining melanoma rates are 

projected for subjects younger than 60 years from 2026 onwards, while 

incidence rates in the elderly (80+ years) will continue to rise. No leveling off is 

expected for the crude rates. Strong increases are suggested for the numbers 

of patients diagnosed with melanoma, which are expected to rise by +585% 

from 3,275 cases per year in 1982/1986 to almost 22,500 per year in 

2027/2031. Most of the increase (around 90%) in numbers of persons 

diagnosed with melanoma will be attributable to increasing UVR exposure, 

rather than to population growth or aging (Whiteman et al., 2016).  

Same conclusion are drawn by Moller at al., who estimated future burden of 

cancer in England up to the year 2020 (Moller et al., 2007). Incidence 

projections for melanoma suggest an ongoing increase of age-standardized 

rates until 2020. Thereafter, future rates will reach a plateau with around 20 
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cases/100,000 per year for males and females. Particularly strong increases are 

supposed for the absolute numbers of melanoma cases, climbing from 2,630 in 

2001 to 4,940 (+88%) in 2020 for males and from 3,380 to 5,600 (+66%) for 

females, respectively. As in the Whiteman study, for both sexes more than three 

thirds (66% for males and 75% for females) of the corresponding increase in 

melanoma cases will be due to changes in risk (Moller et al., 2007). 

In a more recent study, Mistry et al. conducted a study on incidence predictions 

for different types of cancer in the UK up to the year 2030, including melanoma 

(Mistry et al., 2011). While for several sites, such as stomach, bladder or larynx, 

age-standardized incidence rates are projected to decrease, age-standardized 

incidence rates for other sites are expected to increase at rates of 1% or more 

annually. Melanoma is one of the tumor entities that is expected to show the 

greatest increase in the coming years (around +1.8% p.a. between 1984 and 

2030). Incidence rates will reach more than 20 cases/100,000 per year (22.3 for 

females and 23.4 for males, respectively) in 2030. Like other studies, age-

specific incidence rates will further rise for persons aged 75 years or older, 

while a leveling off can be expected for younger age groups (Mistry et al., 

2011). 

Scandinavia (Norway, Sweden) 

Incidence predictions performed by Whiteman et al. are restricted to two 

Scandinavian countries, Norway and Sweden. In both countries, age-

standardized incidence rates are projected to peak at around 36/100,000 per 

year from 2022/2026 onwards. An ongoing increase in incidence rates is 

estimated for the age group >80 years, while incidence rates in subjects 

younger than 60 years are projected to stabilize from 2022/2026 onwards. No 

leveling off of incidence is expected for the crude rates and for the numbers of 

persons diagnosed with melanoma. In Norway the numbers of melanoma will 

rise by +333% from 619 cases in 1982/1986 to 2,683 in 2027/2031 and in 

Sweden by +388% from 1,081 to 5,270. In both countries, more than 80% of the 

increase will be attributable to increasing UVR exposure (Whiteman et al., 

2016). 
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Incidence predictions for all Nordic countries (Sweden, Norway, Finland, 

Denmark and Iceland) were already carried out by Moller et al. in the early 

2000s (Moller et al., 2007). Based on observed incidence data, future 

melanoma rates were projected up to the years 2018/2022. Age-standardized 

incidence rates (World Standard Population) among males in Denmark, Finland, 

Norway and Sweden were predicted to peak in 2008/2012, whereas the future 

rates for females did not display a similar downward trend. The largest 

increases between 1993/1997 and 2018/2022 were estimated for females in 

Denmark (+36%) and in Iceland (+40%), while only the half of the projected 

growth was suggested for males (Denmark: +16% and Iceland: +19%). An 

ongoing increase without any signs of leveling off was proposed for crude 

incidence rates and for the absolute numbers of melanoma diagnoses. When 

apportioning the increase in melanoma cases into contribution from changes in 

risk and changes in demographics, the proportion attributable to changes in risk 

was particularly high among females. This was evident in Iceland and more 

notably in Denmark, where about 70% and 75% of the proposed increase in 

melanoma cases were attributable to changes in UVR exposure (Moller et al., 

2002). 

Three major findings can be retrieved from the Australian study, supported by 

trends proposed from other studies: (1) Age-standardized incidence rates will 

initially rise, but are expected to stabilize or even decline (in Australia already 

visible since 2005) in future time periods. Signs of stabilizing or even declining 

rates will be particularly expected for age groups younger than 60 years, while 

rates in the elderly (>80 years) are projected to continue rising for the next two 

or three decades; (2) No declines in crude rates and absolute numbers of 

melanoma cases are anticipated for the foreseeable future, because of high 

incidence rates in age groups >60 years and demographic aging in the 

population; (3) In European countries the expected increase in melanoma cases 

will mainly be attributed to increasing exposure to UVR rather than to 

demographic changes. 
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Table 3: Future melanoma incidence trends - Impact of changes in UVR exposure and demographics 

Author, 
Publication 
year 

Country Time period Projected incidence trends Change in the numbers of melanoma 
cases 

Prediction 
method/ 

comments 

          
  baseline (last) 

projected 
ASIR/CIR Age-specific 

IR 
% total 
(ŷ) 

% due to 
UVR 
exposure 

% due to 
demographics 

 

 
Whitemann et 
al., 
2016 
 

 
Australia 

 
1982/1986 

 
2027/2031 

 
ASIRs: 
peak in 2005, 
further Ź 
 
CIRs: 
further ŷ 
(no Ÿ/Ź) 

 
<60 yrs: 
peak in 
2002/2006 
further Ź 
Ó80 yrs: 
further ŷ 
(no Ÿ/Ź) 

 
100% 
 

 
49% 

 
51% 

 
APC model 
(Moller et al.) 
ŷ in MM cases 
attributed to 
changes in 
demographics +ŷ 
in risk  

          
Whitemann et 
al.,  
2016 
 

New 
Zealand 

1982/1986 2027/2031 ASIRs: 
peak in 
2012/2016, 
then Ź 
CIRs: 
further ŷ 
(no Ÿ/Ź) 

<60 yrs: 
peak in 
2002/2006 
further Ź 
Ó80 yrs: 
further ŷ 
(no Ÿ/Ź) 

100% 
 

67% 33% APC model 
(Moller et al.) 
ŷ in MM cases 
mainly attributed 
to ŷ in risk rather 
than 
demographics 

          
Whitemann et 
al., 
2016 
 

Norway 1982/1986 2027/2031 ASIRs: 
peak in 
2022/2026, 
then slight Ź 
CIRs: 
further ŷ 
(no Ÿ/Ź) 

<60 yrs: 
peak in 
2022/2026 
then Ź 
Ó80 yrs: 
further ŷ 
(no Ÿ/Ź) 

100% 
 

81% 19% APC model 
(Moller et al.) 
ŷ in MM cases 
mainly attributed 
to ŷ in risk rather 
than 
demographics 

          
        Continued on next page 
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Author, 
Publication 
year 

Country Time period Projected incidence trends Change in the numbers of melanoma 
cases 

Prediction 
method/ 

comments 

          
  baseline (last) 

projected 
ASIR/CIR Age-specific 

IR 
% total 
(ŷ) 

% due to 
UVR 
exposure 

% due to 
demographics 

 

 
Whitemann et 
al., 
2016 
 

 
Sweden 

 
1982/1986 

 
2027/2031 

 
ASIRs: 
after 
2022/2026: Ÿ 
 
CIRs: 
further ŷ 
(no Ÿ/Ź) 

 
<60 yrs: 
from 
2022/2026 
onwards: Ÿ 
Ó80 yrs: 
further ŷ 
(no Ÿ/Ź) 

 
100% 
 

 
89% 

 
11% 

 
APC model 
(Moller et al.) 
ŷ in MM cases 
mainly attributed 
to ŷ in risk rather 
than 
demographics 

          
Whitemann et 
al., 
2016 
 

US Whites 1982/1986 2027/2031 
 

ASIRs: 
from 
2022/2026 
onwards: Ÿ/Ź 
CIRs: 
further ŷ 
(no Ÿ/Ź) 

<60 yrs: 
from 2021 
onwards: Ÿ 
 
Ó80 yrs: 
further ŷ 
(no Ÿ/Ź) 

100% 
 

79% 21% APC model 
(Moller et al.) 
ŷ in MM cases 
mainly attributed 
to ŷ in risk rather 
than 
demographics 

          
Whitemann et 
al., 
2016 
 

UK 1982/1986 2027/2031 
 

ASIRs: 
from 
2022/2026 
onwards: Ÿ 
CIRs: 
further ŷ 
(no Ÿ/Ź) 

<60 yrs: 
from 
2022/2026 
onwards: Ÿ 
Ó80 yrs: 
further ŷ 
(no Ÿ/Ź) 

100% 
 

93% 7% APC model 
(Moller et al.) 
ŷ in MM cases 
mainly attributed 
to ŷ in risk rather 
than 
demographics 
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1.5 Summary and research question 

Increasing exposure to UVR, the major environmental risk factor for melanoma 

has largely contributed to the steep increase in the incidence of melanoma, 

which has been observed in many parts of the world, particularly among white-

skinned populations since the mid-1950s (Arnold et al., 2014, de Vries et al., 

2003, de Vries and Coebergh, 2004, Erdmann et al., 2013, Forsea et al., 2012, 

Garbe and Leiter, 2009, Nikolaou and Stratigos, 2014). Although melanoma 

also affects younger age groups, it is diagnosed more often in elderly people 

(Hoejberg et al., 2016). While incidence rates continue to rise in most European 

countries, more favorable trends with stabilizising or even declining rates 

among younger birth cohorts have been observed in Australia/New Zealand, 

Northern America and in some Northern European countries in recent years. 

(Coory et al., 2006, de Vries et al., 2003, Erdmann et al., 2013, Fuglede et al., 

2011, Holman et al., 2018, Moller et al., 2002, Weir et al., 2011). Still increasing 

rates among men and women aged 60 years or older, coupled with 

demographic aging, imply an ongoing increase of melanoma incidence in the 

future. The expected growing burden of melanoma poses major challenges for 

future health care systems. Estimating the future burden of melanoma and the 

forces that might affect future trends, are necessary for setting heath care 

priorities and to achieve effective melanoma control. 

While much effort has been done so far to analyze past and present trends of 

melanoma incidence (Arnold et al., 2014, de Vries et al., 2003, Erdmann et al., 

2013, Garbe and Leiter, 2009, Nikolaou and Stratigos, 2014), there are only a 

few studies that have attempted to estimate future melanoma burden 

attributable to changes in UVR exposure and demographics (Moller et al., 2002, 

Moller et al., 2007, Weir et al., 2015, Whiteman et al., 2016). A comprehensive 

study in this field has been conducted in Australia (chapter 1.4). This study 

analyzed recent trends and estimated future melanoma burden in six 

susceptible populations of mainly European heritage with different patterns of 

UVR exposure (Australia, New Zealand, US Whites, and populations of the UK, 

Sweden, and Norway) and varying approaches for melanoma control 

(Whiteman et al., 2016).  
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Another study predicting future melanoma burden in all Nordic countries, 

including Denmark, has been carried out by Moller et al. in the early 2000s 

(Moller et al., 2002). Based on observed incidence rates (1958-1997), the 

researchers predicted future melanoma trends up to the year 2020 and 

apportioned the expected increases in melanoma cases into contribution from 

changes in population risk (UVR exposure) and population size and age 

distribution.  

Growing melanoma burden in future can also be assumed for Germany and in 

particular for Denmark, where melanoma incidence rates are currently the 

second highest in Europe (31.5 per 100,000/year, European Standard 

Population, WHO 1976), (ECIS, 2018). In both countries, melanoma incidence 

rates have steeply increased in the past and unlike other countries, there have 

been no signs of a leveling off so far, neither in Germany (Garbe et al., 2018, 

Leiter and Garbe, 2008), nor in Denmark (Bay et al., 2015, Helvind et al., 2015). 

For both populations, there are no recent studies investigating melanoma 

incidence trends attributable to changes in UVR exposure and demographics. 

The only studies that could be identified for Germany were those published by 

Prizkuleit and Quante. However, these studies only examined demographic 

aspects and did not analyse the effects of changes in risk behaviour (UVR 

exposure) on the development of melanoma incidence (Pritzkuleit et al., 2010, 

Quante et al., 2016). For Demark, the study carried out by Moller et al. at the 

beginning of the 2000s has not been updated since then (Moller et al., 2002). 

The present research project sought to address these gaps and raised the 

question: to what extent have previous trends in melanoma incidence in 

Germany and Denmark been influenced by UVR exposure and demographic 

changes and what impact will they have on future trends? Denmark was chosen 

as a further country, because it has the longest cancer registration in Europe 

that allows for long-term incidence trend analyses, based on high-quality data 

with a high degree of completeness (Engholm et al., 2010, Gjerstorff, 2011).  
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1.6 Aims and objectives 

Aim 

The aim of the present research project was to investigate the impact of 

changes in sun exposure and demographics on past and present melanoma 

burden in Germany (1995-2013) and in Denmark (1943-2013) and to project 

incidence rates and numbers of melanoma cases according to these changes 

for the period 2014-2033.  

Objectives 

1. To describe observed (1995-2013, Germany and 1943-2013, Denmark) and 

to estimate future (2014-2033) age-standardized, crude and age-specific 

incidence rates of melanoma, and to identify significant changes in trends, 

stratified by sex. 

2. To describe observed (1995-2013, Germany and 1980-2013, Denmark) and 

to estimate future (2014-2033) numbers of melanoma cases, and to 

calculate the relative change from baseline (1995/1998, Germany and 

1980/1983, Denmark), stratified by age (<40 yrs, 40-59 yrs, 60-79 yrs, and 

80+ yrs) and sex. 

3. To estimate the change in the total numbers of new melanoma cases from 

baseline (1995/1998, Germany and 1980/1983, Denmark) attributable to 

changes in UVR exposure and to changes in demographics. 

4. To estimate the number and proportion of melanoma cases attributed to 

UVR exposure at baseline (1995/1998, Germany and 1980/1983, Denmark) 

and in the further course (1999/2003-2029/2033, Germany and 1984/1988-

2029/2033, Denmark), stratified by sex. 

5. To estimate the number and proportion of melanoma cases attributed to 

demographic changes at baseline (1995/1998, Germany and 1980/1983, 

Denmark) and in the further course (1999/2003-2029/2033, Germany and 

1984/1988-2029/2033, Denmark), stratified by sex. 
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2 Materials and Methods 

This chapter is divided into four sections. The first two sections provide general 

information of the data used in the analyses (2.1) and of the basic statistical 

concepts (2.2). Country-specific details on data source and parameters included 

in the models are provided in section 2.3 for Germany, and in section 2.4 for 

Denmark, respectively. 

2.1 Data 

2.1.1 Data Source 

Trend analyses were based on observed incidence rates of CM (ICD-10 code: 

C43), which were retrieved by database query from population-based cancer 

registries covering the periods 1995-2013 for Germany, and 1943-2013 for 

Denmark (Engholm et al., 2010, Robert Koch Institut Berlin, 2016), respectively. 

Historical and projected population data (1980-2033) were obtained from 

national statistics agencies from Germany (Statistisches Bundesamt 

Wiesbaden, 2015a, 2015b) and Denmark (Statistics Denmark, 2018b). 

2.1.2 Measures 

The present analyses were based on different measures of disease burden, 

including incidence rates (age-standardized, crude and age-specific rates) as 

well as absolute numbers of melanoma cases. This was done in order to 

separately investigate the impact of changes in population risk (UVR exposure) 

and demographics (population size and age structure) on melanoma burden. 

Age-standardized incidence rates are usually used to describe epidemiological 

trends. They approximate the populationôs risk of being diagnosed with cancer 

and are useful to compare cancer burden between populations with different 

age structure or to compare rates over time within a population. Age-

standardized rates however do not fully convey the extent of cancer burden, 

because they remove the effect of demographic aging in a population. To 

overcome this shortcoming, crude rates, accounting for the additional effect of 

an aging population, were additionally analyzed. In order to fully describe 
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demographic effects, including changes in population size, all investigations 

were extended by calculating absolute numbers of melanoma cases. 

Table 4 provides an overview of measures of disease burden used to describe 

temporal trends of melanoma incidence attributed to changes in UVR exposure 

and demographics (population size and age distribution). 

Table 4: Measures of disease burden and changes in UVR exposure and 
demographics 

Measure 

Epidemiological  
trends 
 
UVR exposure 

Demographic 
trends 
 
Population age 

Demographic 
trends 
 
Population size 

    
ASIR or age-specific IRs x   

CIR x x  

Number 
of melanoma cases 

x x x 

    
ASIR: Age-standardized incidence rate, CIR: Crude incidence rate, IR: incidence rate 

Age-standardized incidence rates were standardized using the European 

Standard Population (WHO, 1976). Age-specific rates were grouped into four 

age groups (<40 yrs, 40-59 yrs, 50-79 yrs, and 80+ yrs). All rates were reported 

as 100,000 per year and stratified by sex. 

2.2 Statistical analyses 

2.2.1 Incidence trends (Joinpoint Regression) 

Regression analysis is a widely applied technique to model time trends in 

incidence and mortality in epidemiological studies. (Kim et al., 2000). 

Regression analysis provides valuable information for health authorities and 

physicians to develop cancer control strategies and to answer the following 

questions: 

(1) What is the average change in incidence rates per calendar year? 

(2) Is there a constant trend over time or are there any significant changes 

(in direction and/or magnitude) in trends? 

Thus, in modeling trends over time, it is important to be able to detect when 

statistically significant changes in trends occur. Joinpoint analysis is usually 
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used to detect these change points (joinpoints) and to determine the trends 

between joinpoints (Kim et al., 2000, Kim et al., 2004, Kim et al., 2009). 

Joinpoint Regression model 

A joinpoint regression model, also known as piecewise or segmented 

regression, describes changing trends over successive segments of time and 

the amount of change within each segment. Trends are characterized by joined 

linear segments; a joinpoint is created where two segments meet, representing 

a statistically significant change in trend. The model assumes continuity at the 

joinpoints. For each time segment, the annual percentage change (EAPC) and 

its 95% confidence intervals (CI) were estimated by fitting linear regression lines 

to the natural logarithm of the incidence rates (dependent variable) using 

calendar year as independent regressor variable. To summarize the trend in 

incidence for the entire period of observation, the average annual percentage 

rate change (AAPC) is calculated as a weighted average of the EAPCs of each 

joinpoint segment, with the weights equal to the lengths of the EAPC intervals 

(Clegg et al., 2009). 

The joinpoint regression model has the same underlying assumptions as single 

regression models (homogeneous error variance, independent observations 

and normally distributed error term). When analyzing time trends, however, the 

assumption of independence and constant variance is usually not valid. 

Joinpoint regression models may incorporate estimated variance at each point 

(i.e. when the response variables are age-standardized rates) or use a Poisson 

model of variation (i.e. when the response variables are rates or counts), 

allowing for two kinds of probabilistic models: Normal and Poisson (Kim et al., 

2000). 

Model fitting 

Joinpoint regression takes trend data (e.g. cancer rates) and fits the simplest 

joinpoint model, that the data allow. The minimum and the maximum number of 

joinpoints are selected by the user. The program starts with the minimum 

number of joinpoints (i.e. 0 joinpoints, which is a straight line) and tests whether 
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adding further joinpoints (up to the maximum number) would significantly 

improve the fit and must be added to the model. 

The default value for the maximum number of joinpoints depends on the 

number of observed data points (at least seven data points should be observed 

in order to consider allowing a joinpoint) and is based on two pre-set rules (Kim 

et al., 2009): 

¶ To reduce model over-fitting, there should be at least four observations 

between two joinpoints. 

¶ To keep joinpoints from being placed too close to the end points, there 

should be at least three observations from a joinpoint to either end of the 

data. 

These algorithmic recommendations lead to the following default maximum 

number of joinpoints, Table 5: 

Table 5: Number of observed data points and recommended maximum 
number of joinpoints 

Number of data points Max. number of Joinpoints 
(Default) 

  0-6 
7-11 

12-16 
17-21 
22-26 
27+ 

0 
1 
2 
3 
4 
5 

  

The next step in the modeling process involves the search for the localization of 

the joinpoints. Two different methods may be applied to determine the best fit of 

each model: 

¶ The Grid Search Method (default setting) tests a discrete number of 

locations, allowing the joinpoints only to occur exactly at the 

observations. To find a better fit, the ónumber of joinpoints to place 

between adjacent observed x valuesô can be set >0 (maximum=9) 

(Lerman, 1980). 

¶ The Hudsonôs Method does a continuous fitting between observed 

values to find the best fit (Hudson, 1966). The method provides the best 
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fit, but is computationally more intensive than the Grid Search Method. 

A maximum of four joinpoints are allowed when continuous fitting is 

applied. 

The last step is to find the final model, i.e. with the optimal number of joinpoints, 

and the optimal locations of related joinpoints. Stepwise selection procedures 

based on hypothesis testing are a common approach to determine the optimal 

model. All of the resulting combinations of possible trend lines are sequentially 

compared using a series of Monte Carlo permutation tests, with Bonferoni 

correction for multiple testing. The option with the fewest joinpoints that provide 

the best fit to the observed data is chosen as final model (Kim et al., 2000). 

The analysis of time trends has been carried out with the Joinpoint Regression 

Program (Version 4.3.1.0), a statistical software package developed by the 

Statistical Research and Applications Branch of the National Cancer Institute 

(NCI) in the United States (National Cancer Institute, 2016). 

2.2.2 Incidence predictions (Age-Period-Cohort Model) 

Historically, generalized linear regression models have widely been used to 

predict future incidence rates (Holford, 1983). The rates are modeled as a 

function of age, calendar period and birth cohort, assuming that the number of 

incident cases in a specific age group and period is a random variable with a 

Poisson distribution (Moller et al., 2002, Osmond, 1985). 

The classical age-period-cohort model can be written as: 

Rap = exp (Aa + D*p + Pp + Cc), 

where Rap is the incidence rate in age group a and in calendar period p, Aa is 

the age component for age group a, D is the common drift parameter 

accounting for the linear component of the trend in period p and cohort c, Pp is 

the non-linear period component of period p and Cc is the non-linear cohort 

component of cohort c. 

However, two disadvantages may arise from the above described model: 
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(1) The multiplicative relationship between the rate and the covariates in 

the standard Poisson regression model produces predictions in which 

the rates may grow exponentially with time.  

(2) A constant drift parameter over a long period of time may not be 

appropriate, as it can be assumed that more distant periods are less 

directly affected by current trends than previous periods. 

To improve model accuracy, two modifications have therefore been 

implemented into the classical age-period-cohort model (Moller et al., 2002): 

(1) To level off the exponential growth in the multiplicative model, a power 

link function was used instead of the log link. 

(2) To allow for a dampening of the impact of current trends in future time 

periods, a gradual reduction in the drift parameter of 25%, 50% and 

75% in the second, third and fourth 5-year prediction period, 

respectively was used. 

An empirical evaluation has shown that both modifications improved the 

predictions (Moller et al., 2003). The modified age-period-cohort model has 

therefore been used for the present predictions:  

Rap = (Aa + D*p + Pp + Cc)
5, 

where Rap, Aa, Pp and Cc are defined as in the multiplicative model. 

Incidence predictions are based on observed number of cancer cases, 

observed population figures and on forecasts of population size and age 

structure. Cancer cases and population data are aggregated into 5-year time 

periods and 5-year age groups (0-4, to 85+), stratified by sex. Incidence rates 

are projected for 5-year time periods.  

The first age group for which the number of cases exceeds 20 in each of the 5-

year observation periods will be included in the regression model. Projections 

for age groups below this limit are based on average rates in the last 10 years. 

The number of periods used in the prediction base will be determined by the 

goodness-of-fit test (5% level). 
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In order to prevent the projected trend from being influenced by older, less 

relevant trends, the trends of crude rates were analyzed. When crude rates 

displayed a significant curvature in the prediction base, the trend in the last 10 

years instead of the average change over the entire period was used as drift 

component D to be projected (Moller et al., 2002).  

Incidence predictions were carried out with NORDPRED, a software package in 

R, available at https://www.kreftregisteret.no/en/Research/Projects/Nordpred/ 

(NORDPRED, 2016). 

2.2.3 Number of new melanomas attributed to changes in UVR exposure 
and demographics 

The numbers of new melanoma cases (2014-2033) were predicted by 

multiplying the projected incidence rates (chapter 2.2.2) according to sex and 5-

year age group (0-4, 5-9,é., 80-84, 85+) by the corresponding population 

forecasts. The total number of projected melanomas is the sum of melanoma 

cases in each age group. Observed melanoma cases (Denmark: 1984-2013; 

Germany: 1999-2015) were sourced directly from the cancer registry databases 

(NORDCAN, 2018, Robert Koch Institut Berlin, 2016). 

The changes in the annual numbers of melanoma cases between baseline and 

future time periods are influenced both by changes in the risk for cancer (i.e. 

increase in UVR exposure) and by changes in demographics (population size 

and age structure). The number of cancer cases can be described as NRAS, 

with cancer risk óRô, population age distribution óAô and population size óSô 

(Moller et al., 2002), Figure 4: 

 

Figure 4: Number of cancer NRAS and their components risk, population age 

and size 

Risk (R) 
(epidem. 
component) 

Age (A) 
(demogr. 
component) 

NRAS 

Size (S) 
(demogr. 
component) 

https://www.kreftregisteret.no/en/Research/Projects/Nordpred/
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óRô, óAô and óSô are levels for the observed/baseline period (B) or for future 

periods (F). NBBB is then the observed number of cases at baseline, when 

present rates are applied to present population size and age structure. Similarly, 

NFFF is the predicted number of cases in future, based on projected incidence 

rates and population forecasts (size and age distribution).  

NFFF ï NBBB is the total change in the annual number of cases between 

baseline and future periods and according to Engeland et al. this change can be 

divided into two components (Engeland et al., 1993): 

(1) Changes due to increased risk of being diagnosed with cancer 

(changes of age-standardized or age-specific incidence rates): r Risk 

(2) Changes due to demographic variations (population size and age): 

r Population 

r Total = NFFF ï NBBB = (NFFF ï NBFF) + (NBFF ï NBBB) 

 =  r Risk + r Population, 

NBFF is the expected number of new melanoma cases in future, applying 

baseline rates (B) to future population size (F) and age structure (F). The 

number of new cancer cases attributed to change in risk (r Risk) is therefore the 

difference between the number of cases in the future using the predicted (NFFF) 

or observed (NBFF) rates, while the change due to population structure (r 

Population) is the difference between the number of cases obtained when baseline 

rates are applied to baseline (NBBB) or future age distribution and population 

size (NBFF).  

To evaluate the impact of demographic aging, the population component (r 

Population) can be divided into two sub-components, changes due to age 

distribution (r Age) and changes due to population size (r Size):   
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r Population  = r Age + r Size (absolute change) or 

r Population/NBBB  = r Age/NBBB + r Size/NBBB (relative change) 

The relative change in the number of new cases due to population size 

(rSize/NBBB) is equal to the relative increase or decrease in population size. 

The relative change due to age structure is therefore given by:  

r Age/NBBB = r Population/NBBB - r Size/NBBB 

r Age/NBBB = (NBFF- NBBB)/NBBB - r Size/NBBB 

The supplementary tables (S1 and S3) illustrate how the calculations were 

carried out in detail. 

2.2.4 Proportions of melanoma attributable to UVR exposure 
(background level) 

This chapter describes the method used to estimate the population attributable 

fraction (PAF%) of melanoma cases that can be attributed to high background 

levels of UVR (the so-called óbaseline riskô for CM). 

The traditional approach to estimate the population attributable fraction, using 

population prevalence of exposure as compared to prevalence in unexposed 

populations, cannot be applied as there are neither unexposed populations nor 

reliable exposure data (Arnold et al., 2018a, de Vries et al., 2017, Winther et al., 

1997). 

Therefore an approach proposed by Parkin et al. was used which compares 

currently observed melanoma incidence rates in the study population with those 

of a óminimal-exposedô or ólow-incidenceô reference population (as 

approximation of an óunexposedô population) (Parkin et al., 2011b).  

The difference in rates or numbers of cases is then attributed to corresponding 

differences in solar UVR exposure between the study and the reference 

population.  

The PAF% is calculated according to the following formula: 

PAF% = (IS ï IR)/IS, 
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where IS is the observed incidence of melanoma in the study population and IR is 

the incidence in the reference population.  

To get the numbers of melanoma cases that would have been expected with a 

theoretical-minimum-exposure distribution, age-specific incidence rates of the 

reference population IR are multiplied by the age- and sex-specific population 

sizes of the study population. The expected numbers of melanoma cases NE 

are then compared with the observed numbers of the study population NO and 

the PAF% is calculated as follows: 

PAF% = (NO ï NE)/NO 

The supplementary tables (S2 and S4) illustrate how the calculations for 

Germany and Denmark have been carried out in detail. 

To approximate incidence rates for an óunexposed populationô a series of 

different low-risk populations, selected according to time, geography/genetic 

susceptibility or anatomical site, has been described (Armstrong and Kricker, 

1993, Parkin et al., 2011b, Winther et al., 1997). Table 6 provides an overview 

of commonly used reference populations and their selection criteria. 
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Table 6: Characteristics of commonly used reference populations 

Criteria Reference population Melanoma IRs Rationale Author (Year) 

     
Time South Thames birth cohort 

from 1903 (UK) 
 1.0-1.9/100,000/yr 
 

 Historical cohort which is minimally exposed to UVR due to 
cultural habits (clothing style, recreational activities); 
Long series of high quality data, included in the óCancer 
Incidence in Five Continents (CI5) 

Parkin et al (2005) 

     
 Danish Cohort from 1940s  See above Winther et al (1997) 
     
Geography Ethnically similar population 

living in areas of low UV 
irradiance (i.e. 
Wales/England) 

 3.4-5.9/100,000/yr 
 (in 1983-1988) 

Populations, less exposed to UVR, living in areas of low 
solar irradiance compared to study population (exposed to 
high solar irradiance); 
Commonly used to estimate the PAF% for the Australian 
population having their ancestry in low solar areas (i.e. UK) 

Armstrong et al 
(1993) 

     
 Migration from an area of 

low to high solar irradiance 
during adulthood 

- Population living in an area of lower risk for melanoma 
during childhood (time of highest risk for melanoma); 
Commonly used to estimate the PAF% for native-born 
Australians, living in an area of high solar irradiance 

Armstrong et al 
(1993) 

     
Genetics Non-Caucasian, darker-

skinned populations, i.e 
US Blacks 

0.5-0.9/100,000/yr 
(in 1983-1987) 

Dark-pigmented populations, less susceptible to UVR; 
lesions occurring on sites (plantar surfaces of feet/hands) 
which are unlikely to be related to UVR 

Armstrong et al 
(1993) 
 

     
 African populations (i.e. 

Uganda, Zimbabwe, 
Malawi) 

1.1-3.8/100,000/yr 
(in 2003-2007) 

See above Arnold et al (2018) 

     
Anatomical 
site 

Unexposed body sites 
(scalp or buttocks) 

Weighted average: 
1.1/100,000/yr 

Occurrence of melanoma on non-sun exposed sites, 
melanoma is unlikely to be related to UVR 

Armstrong et al 
(1993) 
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2.3 Germany: Data and statistical analyses 

2.3.1 Data  

Cancer registry data 

Incidence data of CM, covering the period 1995-2013, were obtained from the 

Robert Koch-Institute (RKI) in Berlin, which collects data on cancer diseases 

from all 16 population-based cancer registries in Germany (Robert Koch Institut 

Berlin, 2016). Within the Robert Koch-Institute, the Centre for Cancer Registry 

Data (CCRD) is responsible for pooling and quality assurance of the data, 

including checks for completeness and plausibility. Based on these data, the 

CCRD regularly estimates and analyses the number of new cancer cases that 

occur each year. 

Initial cancer registration in Germany is based on notifications from hospitals, 

practicing physicians as well as reports from pathology departments. Case 

ascertainment is supplemented by death certificates only (DCO-cases) provided 

by health authorities. In 11 federal states (Saarland, Hamburg, Bremen, 

Schleswig-Holstein, Lower Saxony, Bavaria, Brandenburg, Mecklenburg-

Vorpommern, Saxony, Thuringia, and for the government district of Muenster 

(North Rhine Westphalia)), the estimated coverage rate was over 90% for the 

year 2012. Reliable data on new cancer cases are therefore available for a 

population of around 55 million inhabitants (~70% of the entire German 

population). According to estimates from the Robert Koch-Institute, only 2% of 

melanoma cases, reported to the CCRD between 2012 and 2013, were notified 

by death certificate only (DCO). Both, high coverage rate and low proportion of 

DCO cases are indicators for the high quality of the data (Robert Koch Institut 

Berlin, 2016). 

Population data  

Historical (1995-2013) and forecast (2014-2033) population size and structure, 

stratified by sex and 5-year age intervals (0-4, 5-9, é, 85+), were retrieved from 

the Federal Statistical Office in Germany (Statistisches Bundesamt Wiesbaden, 

2015a, 2016). Population forecasts were based on data of the 13th coordinated 

population projection, which was released in April 2015 and which consists of 
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eight different variants. For the present analyses, variant 4 (G1-L2-W2) was 

chosen, assuming a birth rate of 1.4 children per women, life expectancy at birth 

in 2060 of 86.7 years for men and 90.4 years for women, as well as net 

migration of 200,000 individuals per year (Statistisches Bundesamt Wiesbaden, 

2015b). 

The observation period covered the years 1995-2013, the first four years (1995-

1998) were defined as baseline period with which subsequent rates and 

melanoma cases were compared. Incidence projections were performed for a 

time period of 20 years from 2014 until 2033. Except of the baseline period, all 

measures are given as 5-year average rates or numbers (1999/2003, 

2004/2008,é..2024/2028, 2029/2033). 

2.3.2 Statistical analyses and parameter setting 

Joinpoint regression (Observed incidence trends) 

To determine whether incidence rates changed significantly during the period of 

observed data (1995-2013), the estimated annual percentage change (EAPC) 

with 95% confidence intervals was calculated using joinpoint regression (Kim et 

al., 2000). Trend analyses were performed for age-standardized, crude and 

age-specific incidence rates, separately for men and women.  

Joinpoint regression models are sensitive to parameter setting. In order to be 

able to compare geographical and temporal incidence trends of melanoma, a 

number of parameters have been predefined. For the analyses of age-

standardized incidence rates, constant error variance was assumed, while a 

Poisson model with heteroscedastic error option was chosen for the analyses of 

crude and age-specific incidence rates. Permutation testing with an overall 

significance level of 0.05 and a Grid Search algorithm was used to define the 

final regression model. Details on parameter selection and model fitting are 

given in Table 7. 
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Table 7: Joinpoint regression analyses - parameter setting (for males and 
females) 

Parameter ASIR 
CIR/ 

age-specific IRs 

Model (linear vs. log-linear) Log-linear Log-linear 

Data distribution of dependent variable 
(Normal vs. Poisson) 

Normal Poisson 

Variance (constant vs. non-constant) constant non-constant 

Number of joinpoints (min; max) 0; 3 0; 3 

Minimum numbers of observations from a 
joinpoint to either end of the data 

4 4 

Minimum numbers of observations between 
2 joinpoints 

4 4 

Searching method (Grid or Hudson) Grid Grid 

Model selection method: Permutation Permutation 

 Number of permutations n=4499 n=4499 

 Overall significance level 0.05 0.05 

Age-Period-Cohort Model (Projected incidence trends) 

Modified age-period-cohort models with a power link function were used to 

project incidence rates for four 5-year time periods from 2014/2018 through to 

2029/2033. The calculations were based on new cancer cases, diagnosed 

between 1999 and 2013, on population numbers for 1999-2013 and forecasts of 

population size and age structure for 2014-2033. Incident cancer cases were 

aggregated into 5-year periods (from 1999/2003 through to 2009/2013) and 5-

year age groups (0-4, to 85+) by sex (Moller et al., 2002). 

For both, males and females, the first age group for which the number of 

melanoma exceeded 20 in each 5-year observation period, and which was 

therefore included in the regression model, was the age group 15-19 years. As 

crude rates showed a significant departure from the linear trend for both sexes 

in the prediction base, only the trend in last 10 years was used as a drift 

component to be projected. Incidence predictions were performed for age-
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standardized, crude and age-specific incidence rates, separately for men and 

women. Final parameter setting is given in Table 8. 

Table 8: Age-period-cohort models ï parameter setting (for males and 
females) 

Parameter Value 

Number of 5-yr. periods used in estimate  
(prediction base) 

3 

 Prediction base 1999-2003; 2004-2008; 2009-2013 

Number of 5-yr. periods predicted 4 

 Projected periods 2014-2018; 2019-2023; 2024-2028; 2029-2033 

Trend used in predictions (cuttrend) 0; 0.25; 0.5; 0.75 

Link function Power 

P-value for goodness of fit NA* 

Used trend (average or recent) Recent  

P-value for recent <0.001 (both sexes) 

First age group estimated (lower age 
limit) 

15-19 yrs (both sexes) 

* NA: not applicable as the prediction base is fixed on the minimum of three required 5-year 
time intervals 

Numbers of new melanoma attributed to changes in risk and demographics 

The number of melanoma cases between 1999/2003 and 2029/2033 were 

compared with the number of melanomas diagnosed at baseline period 

(1995/1998). The total change in the annual number of melanoma (r Total) was 

divided into two components: changes in UVR exposure (population risk) and 

changes in demographics (population size and age distribution) (Engeland et 

al., 1993, Moller et al., 2002): 

r Total  = NFFF ï NBBB = (NFFF ï NBFF) + (NBFF ï NBBB) 

 =  r Risk + r Population 
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The risk component (r Risk) is calculated as the difference between the 

numbers of melanoma cases in 1999/2003-2029/2033 using incidence rates of 

1999/2003-2029/2033 (NFFF) and baseline rates of 1995/1998 (NBFF). The 

demographic component (r Population) is the difference of melanoma cases 

obtained when baseline rates (1995/1998) are applied to population size and 

age structure of 1995/1998 (NBBB) or to population data of 1999/2003-

2029/2033 (NBFF). 

A detailed description of the calculations is given in the supplementary tables 

(Table S1). 

Proportions of melanoma attributable to UVR exposure (background level) 

The population attributable fractions and the numbers of melanoma cases due 

to UVR at baseline (1995/1998) were estimated as the proportional difference 

between observed melanoma cases in 1995/1998 by 5-year age groups (0-4 

yrs, ......, 85+ yrs) and sex and the expected number of cases applying 

incidence rates from a historical Danish cohort (1943/1947) (IARC, 2018). This 

cohort was chosen as reference population given its minimal exposure to UVR, 

living in an era when clothing styles almost completely covered the skin. 5-year 

averages of the age-standardized incidences rates (European Standard 

population, WHO 1976) in 1943/1947 were 1.3/100,000 per year for males and 

1.5/100,000 per year for females, respectively. Incidence data from this cohort 

have been included in the óCancer Incidence in Five Continents (CI5)ô (IARC, 

2018), an indicator of high quality data having high comparability, completeness 

and validity. Supplementary table (Table S2) describes the details of the 

calculations.  
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2.4 Denmark: Data and statistical analyses 

2.4.1 Data  

Cancer registry data 

Melanoma incidence data for Denmark (1943-2013) were sourced from the 

NORDCAN database (NORDCAN, 2018). The NORDCAN database includes 

detailed information and results on cancer incidence, mortality and prevalence 

in each of the Nordic countries over five and more decades (Engholm et al., 

2010). The data originates from the national cancer registries and causes of 

death registries in Denmark, Finland, Iceland, Norway, Sweden, and the Faroe 

Island. 

The Danish Cancer Registry is the oldest, founded in 1942 (Gjerstorff, 2011). 

First complete year of cancer registration exists since 1943. In Denmark, cancer 

is reported from multiple sources, including public hospitals, private 

clinicians/dentists, inpatient hospital registries and pathological laboratories, 

supplemented by death certificates. Only 0.3% of all cancer cases between 

2009 and 2013 were notified by death certificate only (DCO cases). As cancer 

notification has become mandatory in all of the Nordic countries, close to 100% 

coverage of incident cases has been reported in each of the Nordic cancer 

registries (Engholm et al., 2010, Larsen et al., 2009, Storm et al., 1997, Teppo 

et al., 1994). Each of the five Nordic cancer registries has been included in the 

Cancer Incidence in Five Continents (CI5), indicating to have high quality data. 

Population data  

In contrast to the melanoma data, which are recorded since the mid-1940s, 

population data are not available until 1980. Historical (1980-2013) and forecast 

(2014-2033) population size and structure, stratified by sex and 5-year age 

intervals (0-4, 5-9, é, 85+), were obtained from the Statistics Denmark 

(Statistics Denmark, 2018b). Population projections for Denmark include only 

one scenario for future developments, assuming a birth rate of 1.9 children per 

women, life expectancy at birth of 87.1 years for men and 89.5 years for women 

in 2060, as well as net migration of 45,000 individuals per year (Statistics 

Denmark, 2018a). 
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1980 is the first year for which both cancer and population data are available. 

The years 1980-1983 were defined as baseline period. Subsequent time 

periods were divided into 5-year intervals (1984/1988, 1989/1993,é., 

2024/2028, 2029/2033). Rates and numbers of melanoma cases are presented 

as 5-year averages. 

2.4.2 Statistical analyses and parameter setting 

Joinpoint regression (Observed incidence trends) 

Joinpoint regression models (Kim et al., 2000) were used to analyze incidence 

trends between 1980 and 2013. Changes in trends were quantified by 

calculating the estimated annual percentage change (EAPC) and its 95% 

confidence intervals. Trend analyses were performed for age-standardized, 

crude and age-specific incidence rates, and were stratified by sex.  

For the analyses of age-standardized incidence rates, constant error variance 

was assumed, while a Poisson model with heteroscedastic error option was 

chosen for the analyses of crude and age-specific incidence rates. Permutation 

testing with an overall significance level of 0.05 and a Grid Search algorithm 

was used to define the final regression model. Details on parameter selection 

and model fitting are given in Table 9. 
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Table 9: Joinpoint regression analyses - parameter setting (for males and 
females) 

Parameter ASIR CIR  
Age-specific 

IRs 

Model (linear vs. log-linear) Log-linear Log-linear Log-linear 

Data distribution of dependent variable 
(Normal vs. Poisson) 

Normal Poisson Poisson 

Variance (constant vs. non-constant) constant non-constant non-constant 

Number of joinpoints (min; max) 0; 5 0; 5 0; 3 

Minimum numbers of observations from 
a joinpoint to either end of the data 

5 5 5 

Minimum numbers of observations 
between 2 joinpoints 

5 5 5 

Searching method (Grid or Hudson) Grid Grid Grid 

Model selection method: Permutation Permutation Permutation 

 Number of permutations n=4499 n=4499 n=4499 

 Overall significance level 0.05 0.05 0.05 

Age-Period-Cohort Model (Projected incidence trends) 

Modified age-period-cohort models were used to project incidence rates from 

2014/2018 through to 2029/2033 (Moller et al., 2002). Incidence predictions 

were based on melanoma cases, diagnosed between 1984 and 2013, on 

population data covering the same time period, and on forecasts of population 

size and age structure for 2014 until 2033. Incident cases of CM were 

aggregated into 5-year periods (from 1984/1988 through to 2009/2013) and 5-

year age groups (0-4, to 85+) by sex. 

For both, males and females, the first age group for which the number of 

melanoma exceeded 20 in each 5-year observation period, and which was 

therefore included in the regression model, was the age group 20-24 years. The 

predictions were based on the last three observation periods (1999/2003-

2009/2013) for males and on the last six observation periods (1984/1988-
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2009/2013) for females, as determined by the goodness-of-fit test (5% level). As 

crude rates for females showed a significant departure from the linear trend in 

the prediction base, only the trend in last 10 years was used as drift component 

to be projected. For males, the average linear trend over the entire period of 

observation was used as drift component. Incidence predictions were performed 

for age-standardized, crude and age-specific incidence rates, stratified by sex. 

Final parameter setting is given in Table 10. 

Table 10: Age-period-cohort models - parameter setting (for males and 
females) 

Parameter Males Females 

 

Number of 5-yr. periods used 
in estimate  
(prediction base) 

3 6 

   
 Prediction base 1999-2003; 2004-2008  1984-1988; 1989-1993;  

 2009-2013 1994-1998; 1999-2003; 

  2004-2008; 2009-2013 

Number of 5-yr. periods 
predicted 

4 4 

 Projected periods 
2014-2018; 2019-2023; 

2024- 
2014-2018; 2019-2023; 

2024- 

 2028; 2029-2033 2028; 2029-2033 

Trend used in predictions 
(cuttrend) 

0; 0.25; 0.5; 0.75 0; 0.25; 0.5; 0.75 

Link function Power Power 

P-value for goodness of fit 0.0941 0.4686 

Used trend (average or 
recent) 

Average  Recent  

P-value for recent 0.1389  < 0.001  

First age group estimated 
(lower age limit) 

20-24 yrs 20-24 yrs  
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Numbers of new melanoma attributed to changes in UVR exposure and 
demographics 

The number of observed (1984/1988-2009/2013) and projected (2014/2018-

2029/2033) melanoma cases were compared with the number of melanomas 

diagnosed at baseline period (1980/1983). The total change in the annual 

number of melanoma (r Total) was divided into changes due to UVR exposure 

and into changes due to population structure (size and age distribution) 

(Engeland et al., 1993, Moller et al., 2002): 

r Total  = NFFF ï NBBB = (NFFF ï NBFF) + (NBFF ï NBBB) 

 =  r Risk +r Population 

Changes due to risk (r Risk) are calculated as the difference between the 

number of melanoma cases in 1984/1988-2029/2033 using incidence rates of 

1984/1988-2029/2033 (NFFF) and baseline rates of 1980/1983 (NBFF). Changes 

due to population (r Population) is the difference of melanoma cases obtained 

when baseline rates (1980/1983) are applied to population size and age 

structure of 1980/1983 (NBBB) or to population data of 1984/1988-2029/2033 

(NBFF). 

A detailed description of the calculations is given in the supplementary tables 

(S3). 

Proportions of melanoma attributable to UVR exposure (background level) 

To calculate the numbers and proportion of melanoma cases attributed to UVR 

at baseline (1980/1983), the same reference population (Danish cohort from 

1943/1947) was chosen as for Germany (IARC, 2018). Details of the 

calculations are provided in supplementary table S4. 
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3 Results 

3.1 Germany 

3.1.1 Trends in incidence rates 

The results of the Joinpoint regression analysis with estimates of the annual 

percentage change of observed incidence trends (1995-2013) are summarized 

and illustrated in Table 12 and in Figure 5, 6 and 7. Projected incidence rates 

for 2014/2018 until 2029/2033, based on age-period-cohort models, are 

presented in Table 11 and Figure 8, 9 and 10. 

Age-standardized and crude incidence rates 

For both sexes, age-standardized incidence rates have almost doubled during 

the observation period. In men, they climbed by +95.0% from 10.1/100,000 per 

year in 1995/1998 to 19.7/100,000 per year in 2009/2013, with an average 

annual increase of +4.4% (95% CI=2.8; 6.1), Figure 5a. Similar increases were 

observed for females, rising by +96.0% from 9.9/100,000 per year in 1995/1998 

to 19.4/100,000 per year in 2009/2013, with an average annual increase of 

+4.3% (95% CI=1.3; 7.4), Figure 5b. Steepest increases of +11.1% p.a. for 

both, males and females, were observed between 2006 and 2009, followed by a 

leveling off in increase thereafter. 

The increase in incidence was more pronounced in crude incidence rates. In 

men, CIRs have risen by +145% from 11.0 in 1995/1998 to 26.9/100,000 per 

year in 2009/2013, which corresponds to an annual increase of +6.0% (95% 

CI=4.4; 7.6), Figure 6a. For the same time period, CIRs increased by +111% in 

females, climbing from 12.1 in 1995/1998 to 25.5/100,000 per year in 

2009/2013, with an annual increase of +4.9% (95% CI=2.7; 7.1), Figure 6b. 

Again, the strongest increases of +13.2% p.a. for males and of +11.7% p.a. for 

females, respectively, were observed between 2006 and 2009. 

Projections, based on age-period-cohort models, suggest further increases in 

incidence for the next 20 years. In men, ASIRs will rise from 19.7/100,000 per 

year in 2009/2013 to 29.9/100,000 per year in 2029/2033, with first signs of 

stabilization from the mid-2020s onwards. In females, ASIRs will climb from 
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19.4 in 2009/2013 up to 33.6/100,000 per year in 2029/2033, Figure 8a/b, Table 

11. 

Even higher increases are projected for CIRs. In contrast to ASIRs, no 

stabilization or leveling off in increase is expected to occur in both sexes. In 

2029/2033, CIRs will reach 50.1/100,000 per year in men and 47.3/100,000 per 

year in women, Figure 9a/b, Table 11. 

Age-specific incidence rates 

IRs of melanoma increased exponentially with age. Melanoma was rare in 

adults younger than 40, with IRs of 3.0/100,000 per year for males and of 

5.0/100,000 per year for females in 1995/1998. IRs peaked in the elderly (80+ 

yrs) with IRs of about 30.0 for females and 45.0/100,000 per year for males, 

respectively, Figure 7a/b, Table 11. Until age 60, melanoma was more common 

in females than in males (apart from one exception for the age group 40-59 yrs), 

while the opposite was true for age groups Ó60 years. At the end of the 

observation period (2009/2013), IRs in men aged 80+ years were almost 90% 

higher compared to females of same age (89.3/100,000 per year vs. 

47.4/100,000 per year), Figure 7a/b, Table 11. 

Between 1995/1998 and 2009/2013 melanoma incidence rates increased in all 

age groups, most obvious in age groups Ó60 years, Table 11, Figure 7a/b. The 

steepest increase in incidence was observed in the age group 60-79 years, with 

an average annual increase of +6.2% (95% CI=3.3; 9.2) for males and of +4.8% 

(95% CI=2.8; 6.8) for females, Table 12, Figure 7a/b. Lower, but also significant 

increases, ranging between +3.1% p.a. (0-39 yrs) and +4.3% p.a. (80+ yrs) for 

males and between +3.4% p.a. (80+ yrs) and +4.2% p.a. (40-59 yrs) for 

females, respectively, were found in the other age groups. 

Within the observation period, trends varied across the age groups. Strong 

increases in incidence were found between 2005/2006 and 2009. Among men, 

the annual increases ranged between +9.6% (0-39 yrs) and +13.4% (60-79 yrs) 

and in women between +9.1% (60-79 yrs) and +10.8% (40-59 yrs). Slightly 

declining incidence rates in the following time period were found for younger 

age groups. From 2009 onwards, melanoma incidence decreased by -4.4% p.a. 
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for men (0-39 yrs) and by -3.3% p.a. for women (0-39 yrs), however this was 

not statistically significant, Table 12. 

Trends of increasing incidence rates are anticipated for all age groups in future. 

Strong and persistent increasing rates are projected for age groups Ó60 years, 

while for younger age groups first signs of a leveling-off in increase or even 

declining incidence rates are expected from the mid-2020s onwards, Figure 

10a/b, Table 11. For men aged 80+ years, IRs will double from 89.3/100,000 

per year in 2009/2013 to almost 180/100,000 per year in 2029/2033. Lower 

increases are suggested for men between 60 and 79 years of age, rising from 

69.2/100,000 per year in 2009/2013 to 102.2/100,000 per year in 2029/2033. 

For women, the highest increase is projected for the age group 60-79 years. IRs 

will climb by +82% from 41.7 in 2009/2013 up to 75.8/100,000 per year in 

2029/2033. An increase of about +70%, rising from 47.4 in 2009/2013 to 

80.1/100,000 per year in 2029/2033, is anticipated for elderly (80+ yrs) women, 

Figure 10a/b, Table 11. For men and women aged 40-59 years, IRs are 

predicted to continue to rise at least until the mid-2020s. Incidence rates will 

peak in 2024/2028 (men: 36.1/100,000 per year and women: 53.5/100,000 per 

year), thereafter a decline in IRs is expected to occur, Figure 10a/b, Table 11. 

Trends of increasing IRs are also expected for the youngest age group (<40 

yrs), with first signs of stabilization from 2024/2028 onwards. In men, IRs will 

rise about +65% from 4.6 in 2009/2013 to 7.6/100,000 per year in 2029/2033 

and in women by +55% from 9.4 in 2009/2013 to 14.6/100,000 per year in 

2029/2033. 
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(a) 

 
(b) 

 
Abbreviations: APC, annual percentage change: AAPC, average annual percentage change 
* APC, AAPC are significantly different from zero at Ŭ=0.05 

Figure 5: Trends of age-standardized incidence rates (European Standard 
Population, WHO 1976) of cutaneous melanoma, Germany (1995-2013): 
(a) Males; (b) Females. 
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(a) 

 

(b) 

 

Abbreviations: APC, annual percentage change: AAPC, average annual percentage change 
* APC, AAPC are significantly different from zero at Ŭ=0.05 

Figure 6: Trends of crude incidence rates of cutaneous melanoma, Germany 
(1995-2013): (a) Males; (b) Females. 
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(a) 

 

(b) 

 

Abbreviations: APC, annual percentage change: AAPC, average annual percentage change 
* APC, AAPC are significantly different from zero at Ŭ=0.05 

Figure 7: Trends of age-specific incidence rates of cutaneous melanoma, 
Germany (1995-2013): (a) Males; (b) Females. 
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(a) 

 

(b) 

 

Figure 8: Projections of age-standardized incidence rates of cutaneous 
melanoma, Germany (2014/2018-2029/2033): (a) Males; (b) Females 
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(a) 

 

(b) 

 

Figure 9: Projections of crude incidence rates of cutaneous melanoma, 
Germany (2014/2018-2029/2033): (a) Males; (b) Females 
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(a) 

 

(b) 

 

Figure 10: Projections of age-specific incidence rates of cutaneous melanoma, 
Germany (2014/2018-2029/2033): (a) Males; (b) Females 
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Table 11: Observed (1995/1998-2009/2013) and projected (2014/2018-2029/2033) age-standardized, crude and age-
specific incidence rates of cutaneous melanoma by sex, Germany* 

  Observed Data Projected Data
**

 

 
  1995-1998 1999-2003 2004-2008 2009-2013  2014-2018 2019-2023 2024-2028 2029-2033  

  
 

   
 

    
 

Males 
 

 
   

 
    

 

  
ASIR 

 
10.1 13.4 15.4 19.7  24.2 27.7 29.6 29.9 

 

  
          

CIR  11.0 15.4 19.3 26.9  34.7 41.7 47.2 50.1  

 
   

   
 

    

 

0-39 yrs 3.0 4.0 4.1 4.6  5.6 6.7 7.2 7.6  

40-59 yrs 15.3 17.5 18.1 23.3  30.5 35.4 36.1 32.5  

60-79 yrs 27.0 41.3 51.6 69.2  84.8 92.2 96.6 102.2  

80+ yrs 45.0 45.5 66.1 89.3  114.5 145.9 174.9 179.4  

            

Females            

  
ASIR  9.9 13.5 15.2 19.4  24.4 28.7 31.9 33.6 

 

            

CIR  12.1 16.8 19.4 25.5  32.2 38.5 43.9 47.3  

 
   

   
 

    

 

0-39 yrs 5.0 7.5 8.1 9.4  11.6 13.4 14.2 14.6  

40-59 yrs 14.8 19.0 22.3 29.9  40.3 49.1 53.5 52.2  

60-79 yrs 21.3 30.0 32.5 41.7  50.5 58.3 67.0 75.8  

80+ yrs 29.6 35.3 39.5 47.4  55.6 65.5 76.9 80.1  

Abbreviations: ASIR, age-standardized incidence rate (European Standard Population, WHO 1976); CIR, crude incidence rate 
* All rates are expressed as number per 100,000 per year 
** Based on age-period-cohort models (Moller et al, 2002) 



 

7
4
 

Table 12: Trends and annual percentage change of age-standardized, crude and age-specific incidence rates of cutaneous 
melanoma by sex, Germany (1995-2013)** 

  Line segment 1 Line segment 2 Line segment 3 Line segment 4  

  
Year APC Year APC Year APC Year APC Year AAPC (95% CI) 

Males 
 

 
       

  

ASIR 
 

1995-2000 7.92* 2000-2006 1.42 2006-2009 11.13* 2009-2013 -0.03 1995-2013 4.4* (2.8; 6.1) 

  
          

CIR  1995-2000 9.23* 2000-2006 3.03* 2006-2009 13.17* 2009-2013 1.38 1995-2013 6.0*( 4.4; 7.6) 

 
   

       
  

0-39 yrs 1995-1999 12.92* 1999-2006 -0.48 2006-2009 9.62 2009-2013 -4.36 1995-2013 3.1* (1.6; 5.7) 

40-59 yrs 1995-1999 6.23* 1999-2006 -0.84 2006-2009 10.38 2009-2013 2.20 1995-2013 3.2* (1.3; 5.2) 

60-79 yrs 1995-2000 11.23* 2000-2006 3.37 2006-2009 13.35 2009-2013 -0.48 1995-2013 6.2* (3.3; 9.2) 

80+ yrs 1995-2000 -1.31 2000-2013 6.58* 
 

   1995-2013 4.3* (2.5; 6.2) 

            

Females            
  
ASIR  1995-2001 7.60* 2001-2006 0.49 2006-2009 11.11 2009-2013 -0.37 1995-2013 4.3* (1.3; 7.4) 

            

CIR  1995-2001 8.10* 2001-2006 0.79 2006-2009 11.72 2009-2013 0.38 1995-2013 4.9* (2.7; 7.1) 

 
   

       
  

0-39 yrs 1995-2001 9.88* 2001-2006 -0.34 2006-2009 9.52 2009-2013 -3.31 1995-2013 3.9* (1.1; 6.8) 

40-59 yrs 1995-2006 3.47* 2006-2009 10.82 2009-2013 1.24   1995-2013 4.2* (1.8; 6.6) 

60-79 yrs 1995-2000 10.93* 2000-2005 -0.97 2005-2009 9.06* 2009-2013 0.65 1995-2013 4.8* (2.8; 6.8) 

80+ yrs 1995-1998 9.89* 1998-2007 1.51* 2007-2010 7.63 2010-2013 -0.97 1995-2013 3.4* (1.9; 5.0) 

Abbreviations: ASIR, age-standardized incidence rate (European Standard Population, WHO 1976); CIR, crude incidence rate 
* Annual percentage change (APC) and average annual percentage change (AAPC) are significantly different from zero at Ŭ=0.05 
** All rates are expressed as number per 100,000 per year 
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3.1.2 Trends in incident melanoma cases 

Observed (1995/1998-2009/2013) and projected (2014/2018-2029/2033) 

numbers of melanoma cases, which were calculated by applying projected 

incidence rates to population forecasts, are summarized in Table 13. The 

percentage change from baseline (1995/1998) by age group is illustrated in 

Figure 11a/b.  

Trends in the total population 

For both sexes, the number of persons diagnosed with melanoma increased 

between 1995/1998 and 2009/2013, for males from 4,372 to 10,567 cases p.a. 

(+141.7%) and for females from 5,085 to 10,475 cases p.a. (+106%), 

respectively, Table 13. During the forecast period (2014/2018-2029/2033), an 

ongoing increase is expected. The number of melanoma cases will climb up to 

20,161 new melanoma cases p.a. for males (+361.1% from 1995/1998-

2029/2033) and up to 19,397 new cases p.a. in females (+281.5% from 

1995/1998-2029/2033), respectively, Table 13. 

Trends by age group 

Between 1995/1998 and 2009/2013, the number of melanoma cases increased 

in all age groups. For males, the largest increase was observed in the age 

groups Ó60 years (60-79 yrs: +235.5%; 80+ yrs: +228.6%). For females, the 

strongest increases were found in the age groups 40-59 years (+132.2%) and 

60-79 years (+116.7%), Table 13, Figure 11a/b. 

For the next 20 years, a further increase in melanoma cases is expected for all 

age groups. The largest increase is projected for subjects aged Ó60 years, 

particularly for males. In men Ó80 years, the number of melanoma cases will 

almost quadruple from 1,239 cases p.a. in 2009/2013 to 4,676 cases p.a. in 

2029/2033. Relative to baseline period (1995/1998), the number of melanoma 

cases will rise by +1,140.4% (80+ yrs), while only about half of the increase 

(+549.3%) is expected for men aged 60-79 years, climbing from 1,660 cases 

p.a. in 1995/1998 to 10,778 cases p.a. in 2029/2033. A doubling of melanoma 

cases is also proposed for young and middle-aged men, with relative increases 
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ranging between +92.2% (0-39 yrs) and +105.1% (40-59 yrs), Table 13, Figure 

11a. 

For women, a further doubling in melanoma cases is projected for age groups 

Ó60 years, climbing from 3,809 cases p.a. in 2009/2013 to 8,616 cases p.a. in 

2029/2033 (60-79 yrs) and from 1,354 cases p.a. to 3,201 cases p.a. for women 

aged Ó80 years. In contrast to men, both age groups (60-79 yrs: +390.1% and 

Ó80 yrs: +366.7%) are expected to experience the largest increase relative to 

baseline period (1995/1998). Lower increases, but still higher than for men, are 

proposed for women aged <60 years, ranging between +115.9% (<40 yrs) and 

+233.2% (40-59 yrs), Table 13, Figure 11b. 

While the increase in the 60+ age groups is expected to continue at least until 

2029/2033, a leveling off or even a decline is to be expected for younger age 

groups from 2020 onwards, Table 13, Figure 11a/b. For men aged 40-59 years, 

the peak will be reached in 2019/2023 (+143.9%), after which an attenuation of 

the growth can be expected. First signs of stabilization are also becoming 

apparent for the age group <40 years from 2024/2028 onwards, with relative 

increases of around 90%, Table 13, Figure 11a. Similar trends are projected for 

young (<40 yrs) and middle-aged (40-59 yrs) women. The peak will be reached 

in 2024/2028, ranging between +119.4% (<40 yrs) and +253.6% (40-59 yrs), 

followed by a leveling-off in increase thereafter, Table 13, Figure 11b. 
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Table 13: Number of melanoma cases and percentage change from baseline (1995/1998) by age and sex, Germany 
(1999/2003-2029/2033) 

 Observed Data Projected Data
*
 

 
1995-
1998 

 
1999-2003 2004-2008 2009-2013 2014-2018 2019-2023 2024-2028 2029-2033 

Males                

Total 4372 6188 (+41.5%) 7760 (+77.5%) 10567 (+141.7%) 13905 (+218.0%) 16893 (+286.4%) 19054 (+335.8%) 20161 (+361.1%) 

0-39 yrs 646 825 (+27.7%) 785 (+21.5%) 812 (+25.7%) 988 (+52.9%) 1178 (+82.3%) 1238 (+91.6%) 1242 (+92.2%) 

40-59 yrs 1689 1957 (+15.9%) 2218 (+31.3%) 2946 (+74.4%) 3734 (+121.1%) 4119 (+143.9%) 3936 (+133.0%) 3465 (+105.1%) 

60-79 yrs 1660 3021 (+82.0%) 4040 (+143.4%) 5570 (+235.5%) 7126 (+329.3%) 8188 (+393.2%) 9640 (+480.7%) 10778 (+549.3%) 

80+ yrs 377 385 (+2.1%) 717 (+90.2%) 1239 (+228.6%) 2057 (+445.6%) 3408 (+804.2%) 4240 (+1024.7%) 4676 (+1140.4%) 

Females                

Total 5085 7097 (+39.6%) 8146 (+60.2%) 10475 (+106.0%) 13341 (+162.4%) 15987 (+214.4%) 18134 (+256.6%) 19397 (+281.5%) 

0-39 yrs 1040 1482 (+42.5%) 1488 (+43.1%) 1594 (+53.3%) 1954 (+87.9%) 2227 (+114.1%) 2282 (+119.4%) 2245 (+115.9%) 

40-59 yrs 1601 2087 (+30.4%) 2671 (+66.8%) 3718 (+132.2%) 4854 (+203.2%) 5599 (+249.7%) 5661 (+253.6%) 5335 (+233.2%) 

60-79 yrs 1758 2710 (+54.1%) 2937 (+67.1%) 3809 (+116.7%) 4779 (+171.8%) 5711 (+224.9%) 7262 (+313.1%) 8616 (+390.1%) 

80+ yrs 686 818 (+19.2%) 1050 (+53.1%) 1354 (+97.4%) 1754 (+155.7%) 2450 (+257.1%) 2929 (+327.0%) 3201 (+366.7%) 

* based on age-period-cohort models (Moller et al., 2002) 
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(a) 

 

(b) 

 

Abbreviation: MM, malignant melanoma 

Figure 11: Relative change of melanoma cases from baseline (1995/1998) by 
age group and sex, Germany (1999/2003-2029/2033): (a) Males, (b) Females 
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3.1.3 Shift in the age distribution of melanoma patients 

The percentage change in the age distribution of melanoma patients between 

1995/1998 and 2029/2033 towards higher proportions of older patients is 

graphically shown in Figure 13a/b. Corresponding estimates for the absolute 

numbers of melanoma cases are illustrated in Figure 12a/b. 

At the beginning of the observation period (1995/1998), for both sexes the 

proportion of melanoma patients was almost equally distributed across the age 

groups (<60 yrs vs. Ó60 yrs), with slightly higher percentages for subjects 

younger than 60 years (males: 53.4%; females: 51.9%). In the further course a 

trend towards higher proportion of older patients was observed, which will 

continue into future, Figure 12 and 13. 

Particularly, men are expected to see a significant increase in the proportion of 

people diagnosed with melanoma in the age groups Ó60 years. While less than 

half of the melanoma patients (46.6%) were Ó60 years in the mid-1990s, their 

proportion grew up to 64.4% in 2009/2013, with a sharp rise in the age group 

60-79 years (from 38.0% in 1995/1998 to 52.7% in 2009/2013). A further 

significant increase is expected by 2029/2033. 76.7% of male melanoma 

patients will then be 60 years and older, almost a quarter (23.2%) even 80 

years and older, Figure 12a and 13a. At the same time, the proportion of 

melanoma patients aged Ò60 years will significantly decrease from 53.4% in 

1995/1998 to less than a quarter (22.3%) in 2029/2033, with equal contribution 

of both age groups (<40 yrs and 40-59 yrs). For women, the situation will be 

somewhat different. The proportion of female patients aged Ó60 years will 

remain fairly constant until 2014/2018 (1995/98: 48.1% and 2014/18: 49.0%). 

From 2019/2023 onwards, a shift in the age structure will also become apparent 

among females. The proportion of women with melanoma in the over 60-year-

olds will rise from 51.1% in 2019/2023 to 60.9% in 2029/2033, mainly 

attributable to a high increase in the age group 60-79 years (from 35.7% to 

44.4%), Figure 12b and 13b. Simultaneously decreasing proportions of young 

patients, especially in the youngest age group (<40 years), where the proportion 

will be reduced by almost half from 20.4% in 1995/1998 to 11.6% in 2029/2033, 
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will lead to a shift in the age ratio (Ó60 years vs. <60 years) from 48.1%:51.9% 

to 60.9%:39.1%.  



81 

(a) 

 

(b) 

 

Abbreviation: MM, malignant melanoma 

Figure 12: Number of melanoma cases by age group and sex, Germany 
(1995/1998-2029/2033): (a) Males, (b) Females 
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(a) 

 

(b) 

 

Abbreviation: MM, malignant melanoma 

Figure 13: Age distribution (%) of melanoma cases by sex, Germany 
(1995/1998-2029/2033): (a) Males, (b) Females 
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3.1.4 Numbers of new melanoma attributed to changes in UVR exposure 
and demographics 

The excess numbers of observed (1999/2003-2009/2013) and projected 

(2014/2018-2029/2033) melanoma cases compared to baseline (1995/1998), 

which were estimated according to the method described by Moller et. al., are 

summarized in Table 14a/b and graphically illustrated in Figure 14a/b.  

Since 1995/1998, the number of melanoma cases has steadily increased in 

both sexes. In 2009/2013, 6,195 additional melanoma cases were diagnosed 

among men, representing a total increase of +141.7% (123.5% due to changes 

in risk and 18.2% due to changes in population structure), Table 14a, Figure 

14a. Among women, the corresponding increase was +106% (98.4% due to 

changes in risk and 7.6% due to changes in population structure), with 5,390 

additional melanoma cases in 2009/2013, Table 14b, Figure 14b. Most of the 

increase in new melanoma diagnoses was attributed to changes in age-specific 

melanoma risk rather than in population size and aging, most evident among 

females (92.8% for females and 87.2% for males), Table 14a/b. 

For the foreseeable future, the numbers of melanomas diagnosed will continue 

to rise. Compared to baseline period, almost 15,800 additional melanoma cases 

are expected to be diagnosed in men in 2029/2033, which corresponds to a 

relative increase of +361.1% (+322.5% due to changes in risk and +38.6% due 

to changes in population structure), Table 14a, Figure 14a. For women, 14,312 

additional melanoma cases are expected by 2029/2033, an increase of 

+281.5% (+267% due to changes in risk and +14.5% due to changes in 

population structure) compared to baseline period, Table 14b, Figure 14b. 

Again, increasing risk (+89.3% for men and +94.8% for women) rather than 

changes in population size and age distribution are responsible for the expected 

increase. 

Observed and projected trends differed only slightly between men and women. 

However, the increase in melanoma due to changes in risk was higher in 

women than in men (90.7-94.9% in women vs. 83.2-89.3% in men). The 

opposite applies to the demographic component, which was on average two 

times higher for men than for women (10.7-16.8% in men vs. 5.1-9.3% in 

women), Table 14a/b. 
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Due to only small changes in population size expected between 1995/1998 and 

2029/2033 (between -0.7% and +1.3% for men between -2.5% and +0.2% for 

women), changes in demographics will be mainly attributed to changes in the 

age structure and less to changes in population size. 
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Table 14a: Excess number of melanoma cases (1999/2003-2029/2033) attributed to changes in UVR exposure and 
demographics (population size and age distribution) from baseline (1995/1998), Germany, Males 

 Observed Data Projected Data
*
  

 
1995-1998 
(baseline) 

1999-2003 2004-2008 2009-2013 2014-2018 2019-2023 2024-2028 2029-2033 

MM cases 4372 6188 7760 10567 13905 16893 19054 20161 

Population 39944028 40244576 40290666 39676775 4,093800 40463800 40407400 40206400 

Excess MM 
(total): 

 
1816 

(100.0%) 
3388 

(100.0%) 
6195 

(100.0%) 
9533  

(100.0%) 
12521 

(100.0%) 
14682 

(100.0%) 
15789 

(100.0%) 

due to UVR 
exposure 

 
1574 

(86.7%) 
2819 

(83.2%) 
5400  

(87.2%) 
8437  

(88.5%) 
11098  

(88.6%) 
13115  

(89.3%) 
14102  

(89.3%) 

due to 
demographics 

 
242  

(13.3%) 
569  

(16.8%) 
795  

(12.8%) 
1096  

(11.5%) 
1423  

(11.4%) 
1567  

(10.7%) 
1687  

(10.7%) 

(size)  33 (1.8%) 39 (1.2%) -31 (-0.5%) 18 (0.2%) 56 (0.4%) 52 (0.4%) 28 (0.2%) 

(age)  209 (11.5%) 530 (15.6%) 826 (13.3%) 1078 (11.3%) 1367 (11.0%) 1515 (10.3%) 1659 (10.5%) 

         

Population 
change from 
baseline  

- 0.8% 0.9% -0.7% 0.4% 1.3% 1.2% 0.7% 

Excess MM from 
baseline (total) 

- 41.5% 77.5% 141.7% 218.0% 286.4% 335.8% 361.1% 

due to risk   36.0% 64.5% 123.5% 193.0% 253.8% 300.0% 322.5% 

due to 
population 

 5.5% 13.0% 18.2% 25.0% 32.6% 35.8% 38.6% 

(size)  0.75% 0.9% -0.7%  0.4% 1.3% 1.2% 0.7% 

(age)  4.75% 12.1% 18.9% 24.6% 31.3% 34.6% 37.9% 

Abbreviation: MM, malignant melanoma 
* based on age-period-cohort models (Moller et al., 2002) 
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Table 14b: Excess number of melanoma cases (1999/2003-2029/2033) attributed to changes in UVR exposure and 
demographics (population size and age distribution) from baseline (1995/1998), Germany, Females 

 Observed Data Projected Data
*
  

 
1995-1998 
(baseline) 

1999-2003 2004-2008 2009-2013 2014-2018 2019-2023 2024-2028 2029-2033 

MM cases 5085 7097 8146 10475 13341 15987 18134 19397 

Population 42036985 42141759 42004123 41357818 41450400 41529800 41318800 40977400 

Excess MM 
(total): 

- 
2012 

(100.0%) 
3061 

(100.0%) 
5390 

(100.0%) 
8256  

(100.0%) 
10902 

(100.0%) 
13049 

(100.0%) 
14312 

(100.0%) 

due to UVR 
exposure 

 
1902 

(94.5%) 
2775 

(90.7%) 
5004  

(92.8%) 
7748  

(93.8%) 
10273  

(94.2%) 
12387 

(94.9%) 
13572 

(94.8%) 

due to 
demographics 

 
110  

(5.5%) 
286  

(9.3%) 
386  

(7.2%) 
508  

(6.2%) 
629  

(5.8%) 
662  

(5.1%) 
740  

(5.2%) 

(size)  12 (0.6%) -4 (-0.1%) -82 (-1.5%) -72 (-0.9%) -62 (-0.6%) -86 (-0.6%) -127 (-0.9%) 

(age)  98 (4.9%) 290 (9.4%) 468 (8.7%) 580 (7.1%) 691 (6.4%) 748 (5.7%) 867 (6.1%) 

         

Population 
change from 
baseline  

- 0.2% -0.1% -1.6% -1.4% -1.2% -1.7% -2.5% 

Excess MM from 
baseline (total) 

- 39.6% 60.2% 106.0% 162.4% 214.4% 256.6% 281.5% 

due to risk   37.4% 54.6% 98.4% 152.4% 202.0% 243.6% 267.0% 

due to 
population  

 2.2% 5.6% 7.6% 10.0% 12.4% 13.0% 14.5% 

(size)  0.25% -0.08% -1.6%  -1.4% -1.2% -1.7% -2.5% 

(age)  1.95% 5.68% 9.2% 11.4% 13.6% 14.7% 17.0% 

Abbreviation: MM, malignant melanoma 
* based on age-period-cohort models (Moller et al., 2002) 
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(a) 

 

(b) 

 

Abbreviation: MM, malignant melanoma 

Figure 14: Number of excess melanoma cases from baseline (1995/1998), 
attributed to changes in population risk and demographics, Germany 
(1999/2003-2029/2033): (a) Males, (b) Females 
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3.1.5 Proportions of melanoma attributable to UVR exposure 
(background level) 

Table 15 shows the number and proportion of melanoma cases attributable to 

UVR by 5-year age groups and sex at baseline (1995/1998), which were 

calculated by comparing the observed numbers of melanoma (1995/1998) in 

the German population with those of a historical Danish cohort from 1943/1947. 

An estimated 8,106 (3,816 in males and 4,290 in females) melanoma cases p.a. 

were attributable to ambient UVR exposure, representing 85.7% of all 

melanomas diagnosed in 1995/1998. The proportion attributable fraction 

(PAF%) was higher in men (3,816 attributable cases; 87.3% of all melanomas) 

than in women (4,290; 84.4%). 

The situation is different when age is taken into account. In age groups younger 

than 40 years the proportion of melanoma caused by UVR is higher in women 

(86.3%) than in men (80.2%). In age groups >40 years the opposite is true, with 

larger proportions of UVR-induced melanoma among men compared to women 

(40-59 yrs: 89% (men) vs. 84.5% (women) and for 60+ yrs: 88.1% (men) vs. 

83.4% (women), respectively). In women, a trend towards increasing 

proportions of UVR-induced melanoma with decreasing age is apparent (60+ 

yrs: PAF%=83.4%, 40-59 yrs: PAF%=84.5% and for <40 yrs: PAF%=86.3%). 
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Table 15: Number and proportion of melanoma cases attributed to UVR at baseline (1995/1998) by age and sex, Germany 

 Males Females 

Age (years) 
Expected 

cases* 
Observed 

cases 
Excess 

cases 
PAF% 
(UVR) 

Expected 
cases* 

Observed 
cases 

Excess cases 
PAF% 
(UVR) 

         
0-4  2 0 -2  4 0 -4   

5-9 5 0 -5  2 0 -2   

10-14 7 1 -6  11 0 -11   

15-19 0 18 18 100.0 0 27 27 100.0 

20--24 5 52 47 90.4 22 98 76 77.6 

25-29 26 122 96 78.7 30 281 251 89.3 

30-34 52 205 153 74.6 24 343 319 93.0 

35-39  31 248 217 87.5 49 291 242 83.2 

40-44 42 282 240 85.1 35 330 295 89.4 

45-49 57 312 255 81.7 48 402 354 88.1 

50-54 31 405 374 92.3 44 397 353 88.9 

55-59 56 690 634 91.9 121 472 351 74.4 

60-64 47 577 530 91.9 52 451 399 88.5 

65-69 44 526 482 91.6 73 441 368 83.4 

70-74 62 350 288 82.3 116 494 378 76.5 

75-79 50 207 157 75.8 40 372 332 89.2 

80-84 27 214 187 87.4 67 382 315 82.5 

85+ 12 163 151 92.6 57 304 247 81.3 

Total 556 4372 3816 87.3 795 5085 4290 84.4 

Abbreviations: UVR, ultraviolet radiation, PAF, population attributable fraction 
* Incidence rates of a historical Danish cohort (1943/1947) were used as reference population 
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3.1.6 Proportions of melanoma attributable to UVR exposure and 
demographics at baseline and in the further course 

The numbers and fraction of melanoma cases attributable to UVR and 

demographics at baseline (1995/1998), and in the further course (1999/2003-

2029/2033) are summarized in Table 16a/b. Figure 15a/b illustrate the increase 

in melanoma cases between baseline and future periods that can be attributed 

to changes in risk and demographics. 

For both sexes, the numbers and proportions of melanomas caused by UVR 

have increased between 1995/1998 and 2009/2013 and are projected to keep 

on doing so in future. At baseline, higher proportions of UVR-induced 

melanomas were observed among males (87.3% in men vs. 84.4% in women), 

while the opposite is expected for later periods. Among women, the proportion 

of UVR attributable melanoma will strongly increase, so that by 2029/2033 

about 92% of all diagnosed melanoma cases will be attributable to high 

exposure to UVR, Table 16b, Figure 15b; smaller proportions (89%) are 

proposed for men, Table 16a, Figure 15a. Reverse patterns are expected for 

the proportion of melanoma cases attributable to demographic changes, 

particularly among women. While at the beginning a considerable proportion 

(>15%) of melanoma diagnosis could be attributed to demographics, their 

proportion will be reduced by a half from 15.6% in 1995/1998 to 7.9% in 

2029/2033. Similar trends, although to a lesser extent, are supposed for males, 

where demographic changes will count for Ó11% of all melanoma cases over 

the entire period (1995/1998-2029/2033). 
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Table 16a: Number and proportion of melanoma cases attributed to UVR and demographic changes at baseline (1995/1998) 
and following time periods (1999/2003-2029/33), Germany, Males 

 Time Period 
Number 
of cases 

Changes in cases (from baseline)** 
Number of cases  

attributed to 
Population attributable 

fraction (PAF%) 

 
 overall 

due to change 
in UVR 

due to change  
in demographics 

UVR demographics UVR demographics 

1995/1998 
(baseline)* 

4372 - - - 3816 556 87.3% 12.7% 

1999/2003 6188 1816 1574 242 5390 798 87.1% 12.9% 

2004/2008 7760 3388 2819 569 6635 1125 85.5% 14.5% 

2009/2013 10567 6195 5400 795 9216 1351 87.2% 12.8% 

2014/2018 13905 9533 8437 1096 12253 1652 88.1% 11.9% 

2019/2023 16893 12521 11098 1423 14914 1979 88.3% 11.7% 

2024/2028 19054 14682 13115 1567 16931 2123 88.9% 11.1% 

2029/2033 20161 15789 14102 1687 17918 2243 88.9% 11.1% 

Abbreviation: UVR, ultraviolet radiation 
* The number of melanoma cases attributable to population risk and demographics at baseline (1995/1998) is given in Table 15 
** The excess number of melanoma cases attributed to changes in population risk (UVR) and demographics (population size and age distribution) in 

following time periods (1999/2003-2029/2033) is given in Table 14a 
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Table 16b: Number and proportion of melanoma cases attributed to UVR and demographic changes at baseline (1995/1998) 
and following time periods (1999/2003-2029/33), Germany, Females 

 Time Period 
Number of 

cases 
Changes in cases (from baseline)** 

Number of cases  
attributed to  

Population attributable  
fraction (PAF%) 

 
 overall 

due to change 
in UVR 

due to change  
in demographics 

UVR demographics UVR demographics 

1995/1998 
(baseline)* 

5085 - - - 4290 795 84.4% 15.6% 

1999/2003 7097 2012 1902 110 6192 905 87.2% 12.8% 

2004/2008 8146 3061 2775 286 7065 1081 86.7% 13.3% 

2009/2013 10475 5390 5004 386 9294 1181 88.7% 11.3% 

2014/2018 13341 8256 7748 508 12038 1303 90.2% 9.8% 

2019/2023 15987 10902 10273 629 14563 1424 91.1% 8.9% 

2024/2028 18134 13049 12387 662 16677 1457 92.0% 8.0% 

2029/2033 19397 14312 13572 740 17862 1535 92.1% 7.9% 

Abbreviation: UVR, ultraviolet radiation 
* The number of melanoma cases attributable to population risk and demographics at baseline (1995/1998) is given in Table 15 
** The excess number of melanoma cases attributed to changes in population risk (UVR) and demographics (population size and age distribution) in 

following time periods (1999/2003-2029/2033) is given in Table 14b 
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(a) 

 
(b) 

 
Abbreviation: MM, malignant melanoma 

Figure 15: Baseline (1995/1998) and excess number of melanoma cases 
(1999/2003-2029/2033) attributed to changes in UV exposure and 
demographics by sex, Germany: (a) Males, (b) Females 
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