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I. ABSTRACT 

 

Norway has one of the highest melanoma incidences in the World, despite the low 

fluences of ultraviolet radiation. This has been partially explained by the phenotypic 

characteristics of the population. However, the correlation between melanoma and sun exposure 

is not yet fully understood. 

In the present work, we performed a complex analysis of melanoma epidemiology, by 

analyzing time trends in gender, age, anatomic site and morphology specific incidence rates 

between 1965 and 2009, in south and north regions of Norway. 

The main finding is that solar radiation may not have a negative role on certain types of 

melanoma, like for those on anatomic sites not directly exposed to the sun; moreover, the impact 

of sun exposure is different for various morphological types (nodular melanoma versus 

superficial-spreading melanoma), underlining the heterogeneity of melanoma. 

Our updated time trends show different course by age, gender and anatomic site. More 

importantly, following a period with rapid increase in melanoma incidence, we observed stable 

incidence rates after 1990s, and even decreasing rates for young population. However, there are 

subtle differences between north and south regions, in particular for the female population. For 

melanoma on shielded sites (like perianal skin and anorectal mucosa) trends continue to be stable 

during a long period of time. 

We found differences in the latitudinal gradient for melanoma incidence on different 

body sites with various sun exposure patterns. The latitudinal gradient was highest for trunk 

compared with head and neck, while no such latitudinal gradient was observed for melanomas on 

sites rarely (foot) or not exposed to the sun (anorectal and uveal melanomas).  

Our data stress that solar radiation is a risk factor for all anatomic sun-exposed sites, 

emphasizing the role of intermittent exposures, in particular for young individuals. 
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1. INTRODUCTION 

 

This thesis is devoted mainly to melanoma incidence in Norway, among the top countries in 

the world with high incidence rates (Fig. 1.1) of this most fatal type of skin cancer.  

 

 

 

The peer-reviewed scientific papers that describe the work are found at the end of the thesis. 

This first chapter gives an overview of the general context and the aim of the thesis.

Figure 1.1. World incidence and mortality estimated rates of melanoma for both 

genders, GLOBOCAN 2008.1 ASR (W) age standardized rates per 100 000 to the 

World population. 
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1.1. Background  

Cancer is a leading cause of death, along with cardiovascular diseases, respiratory 

diseases and diabetes.2 Incidence rates of the major types of cancer worldwide are shown in Fig. 

1.2.  

 

 
 

The incidence rates of cancer in Norway (Fig. 1.3) have been increasing in the last 

decades, especially for the common cancers, like breast cancer in women, prostate cancer in 

men, colorectal and lung cancer for both sexes. However, for some cancers there is a declining or 

stabilizing trend observed in recent years, such as for breast or colon cancer.3   For melanoma the 

authors observed an increasing trend in incidence for both sexes, melanoma being the second 

most rapidly increasing type of cancer in Norway, for the recent period, after the prostate cancer  

Figure 1.2. World incidence and mortality estimated rates of  cancer, GLOBOCAN 

2008.1 ASR (W) age standardized rates per 100 000 to the World population. 
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for men and lung cancer for women. In this report, melanoma cases comprised 4.2% for women 

and 5% for men of all cancers for 2004-2008. 

 

 
 
 
 

An important environmental risk factor for melanoma is solar radiation, with ultraviolet 

(UV) radiation being a significant cause of the gene mutations.4 However, the role of exposure to 

UV radiation in melanoma is complex, as melanoma may arise in anatomic sites that are not 

exposed to the sun, a theme that will be further detailed in this thesis. 

It is essential to underline the dual role of solar radiation, as it has both beneficial and 

deleterious effects for human health (Fig. 2.1). Since ancient times, solar radiation has been 

associated with happiness and joy of living. Furthermore, solar radiation has been and it is used 

to treat various forms of illnesses, and it is the main source of vitamin D in humans. But not until 

the 20th century, its role of inducing skin cancers was recognized, the sun being amongst the first  

 

Figure 1.3. Incidence and mortality estimated rates of the major types of cancer in Norway, 

GLOBOCAN 2008.1 ASR (W) age standardized rates per 100 000 to the World population. 
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agents acknowledged being carcinogenic to humans. Nevertheless, the common opinion in the 

general population is to associate a tanned person with health and beauty, and the use of sunbeds 

and sunlamps has been increasing for the last decades. All these factors, along with an improved 

surveillance of pigmented lesions, may have contributed to the so-called “epidemic” of 

melanoma.5 

1.2. Aim and outline of the thesis 

Our current knowledge about the relationship between solar radiation and human health 

is still at an early stage of development and the relationship with melanoma is far more complex 

than was previously recognized.  

The general aim of the thesis is to improve our understanding about solar exposure and 

melanoma, by: 

(i) analyzing trends of melanoma on different body sites and at different latitudes, in 

a country with a population at high risk for melanoma, and 

(ii) shedding light upon some rare types of melanoma, such as melanoma on non sun-

exposed anatomic sites, using descriptive epidemiology. 

Chapter 2 is related to solar radiation and human health, focusing on positive (mainly 

vitamin D production) and negative aspects (mainly DNA damage). 

Chapter 3 gives an overview of melanoma ethiopathogenesis and its epidemiology. 

Chapter 4 describes the methods, data source and data analysis. 

Chapter 5 gives an outline of the publications. 

Chapter 6 discusses the main results of the work. 

Chapter 7 contains the concluding remarks. 

Chapter 8 presents future perspectives, related to the aim of the thesis. 
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2. SOLAR RADIATION AND HUMAN HEALTH 

 

2.1. Historical background - changing perception about solar 

radiation 

All forms of life on earth have evolved under the influence of solar radiation. Humans 

spend about half of their lives exposed to light from the sun. Positive effects of UV radiation 

have been demonstrated from ancient times, but in a more obvious manner at the end of the 19th 

century, when Downes and Bluntin discovered the bactericidal and fungicidal activity of UV in 

vitro. In 1890s, Finsen treated lupus vulgaris (a form of tuberculosis) with phototherapy. Many 

other skin diseases are successfully treated with phototherapy, even nowadays. Companies have 

thus started to produce artificial UV radiation sources. At those times, dermatologists reported 

associations between sun exposure and skin cancers, as some types of skin cancers usually 

occurred more commonly in outdoor workers. However, this association between sun exposure 

and skin cancer was not popular at the beginning of the century6 and the public was not properly 

informed. Eventually, UV radiation was recognized as a carcinogen for skin and consequently, 

sunscreens development increased, the first commercial sunscreen being introduced in 1929.6 

Through the next decades and up to our present time, public health campaigns were initiated, to 

promote a safer sun exposure pattern. Nevertheless, the use of sunbeds and sunlamps is 

increasing. Many individuals that use sunbeds may not be aware of its dangers7 and think that the 

use of sunbeds is safer than sun exposure, because the UV dosage is better controlled.  
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Nowadays, we are facing a major dilemma: a strict “no sun policy” may lead to vitamin 

D deficiency, with several related health negative effects,8 along with probably vitamin D 

independent effects (mood effects via β-endorphins release,9;10 cardiovascular effects via UVA-

induced nitric oxide and nitrite11) or unknown mechanism (like for multiple sclerosis9), while the 

increasing use of indoor tanning devices or sunbathing leads to skin cancers.12;13  Fig. 2.1 shows 

a schematic representation of the positive and negative effects of sun exposure, some of them 

further detailed in the next chapters. 

In order to inform the public properly about the benefits and dangers of the sun, we need 

to understand the complete context of sun exposure in the social and cultural meanings of our 

times. 

 

 

 

Figure 2.1. Graphical representation of the negative (black circles) and positive (red 

circles) effects of sun exposure. 
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2.2. Solar spectrum  

The solar spectrum is composed of different wavelengths of radiation, having different 

photon energies. The three main regions with implications for all photobiological processes in 

plants and animals are: the UV region (short wavelengths that are not visible to humans, 100-400 

nm), visible radiation (longer wavelengths than UV radiation, 400-760 nm), and infrared 

radiation (wavelengths > 760 nm, and also not visible to humans). Very little radiation below 

300 nm reaches the surface of the earth, because it is absorbed by the ozone layer. Furthermore, 

emission from the sun is low above 1000 nm and atmospheric water absorbs strongly above 1000 

nm. Thus, visible light and infrared radiation constitutes the major fraction of solar radiation 

reaching the earth surface.14 

Even though UV radiation comprises only about 6-8% of the solar radiation reaching the 

earth surface, the UV region is of particular importance for human health. It is generally divided 

into three regions: the UVC region, which is defined as being in the wavelength region 100-280 

nm (not reaching the earth surface), the UVB region (280-315 nm), and the UVA region (315-

400 nm); the UVB-UVA cutoff at 320 nm is used in photodermatology.15 UVA is 10 to 100 

times more abundant than UVB, as UVB varies more dramatically than UVA due to differences 

in scattering and absorption (shorter wavelengths (blue) are scattered more than longer (red) 

wavelengths).  
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Figure 2.2. Daily integrated UVA and UVB doses on horizontal plane surface at sea 

level, on clear sky. [Data are kindly provided by Prof. Arne Dahlback, Department of 

Physics, University of Oslo, Norway. Daily ozone is taken from TOMS on NIMBUS 

7 satellite and daily zonal total ozone columns (1979-1992 averages) are used]. 

Figure 2.3. Annual integrated UVA and UVB doses on horizontal plane  

surface at sea level, on clear sky. [Data source the same as for Fig. 2.2.] 
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Several aspects have to be taken into account when analyzing the beneficial and harmful 

effects of sun exposure, in particular at higher latitudes, like in Norway.  

The UV radiation reaching the earth surface depends on several factors: latitude, season, 

time of day, solar zenith angle, clouds, ozone layer, altitude, air pollution, surface reflections 

(snow etc).16;17 The highest fluence rate of UV is around 11 am and 1 pm (when the solar zenith 

angle is smaller) and is very small near sunrise and sunset. Because UVB is more scattered and 

absorbed than UVA when the path length is longer, i.e. early morning and evening, UVB 

irradiance distribution during day is narrower compared with UVA and is more confined around 

noon, thus the ratio UVB/UVA has a maximum at noon. Concerning the season, UVB irradiance 

is more confined to the summer as compared with UVA, thus the ratio UVB/UVA is very small 

in the winter. At northern (higher) latitudes, due to increase in day length and path length of the 

solar beam and due to thicker ozone layer, we have less UVB, thus a smaller UVB/UVA ratio. 

Snow doubles the UVB exposure and glass absorbs UVB, not UVA. The clouds and air pollution 

reduce UVB more than UVA radiation. Figs. 2.2 and 2.3 show annual and daily calculated doses 

of UVB and UVA on horizontal plane surface at sea level. 

2.3. Action spectra – different relevance of UVB and UVA in skin 

processes 

Different biological effects of UV radiation have their own action spectrum (AS), and in 

some cases (like for melanoma), this spectrum is not known. An AS is a graphical representation 

of a photoresponse as a function of wavelength of light and it should mimic the absorption 

spectrum of the molecule that absorbs the light (the chromophore) and whose photochemical 

alteration causes the effect.  

Most of the effects of sun exposure on the skin are due to wavelengths in the range  300-

400 nm,18 although for some rare disorders visible light is also responsible, like in the case of 

solar urticaria. As previously mentioned, UVB is more influenced by scattering and absorption 

than UVA is and is more absorbed in the epidermis, while UVA penetrates deeper.19 Despite the  
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fact that UVA is more abundant in the atmosphere, UVB, having shorter wavelength, is more 

energetic and is more effective in inducing various biological effects. 

Next, it will be briefly discussed the AS for biological processes with relevance for this 

thesis: vitamin D production and induction of skin cancer. 

AS of vitamin D photosynthesis 

The “official” AS for previtamin D3 formation used nowadays is the Commission 

Internationale de l’Eclairage (CIE) AS from 200620 that has as a starting point the MacLaughlin 

et al AS from 1982.21 The MacLaughlin’ AS has maximum peak for previtamin D3 production at 

297 nm, with no production below 260 or above 315 nm. Thus, the CIE AS concludes that 

previtamin D3 formation occurs almost entirely in the UVB region (280-315 nm), with only 

approximately 3-4% of the total production in the UVA region. The Lehamnn et al AS that uses 

a model of human skin22 has a peak around 302 nm. Fig. 2.4 shows the MacLaughlin et al AS 

and the efficiency spectrum of vitamin D formation with the sun at midday in summer in Oslo, 

Norway, compared with the sun at equator.  

AS for skin carcinogenesis 

Since AS for human skin carcinogenesis is unknown as per the impossibility of obtaining 

such information from humans studies, substitutes are used, like erythema AS and 

immunosupression AS, or more directly from animal experiments.  

The erythema AS, taken from the work of Anders el al23 has a maximum  in the UVB 

region (around 300 nm), similar to the standard erythema action spectra from the CIE but has 

also a distinct maximum in the UVA region (around 360 nm). The chromophore for erythema is 

considered to be DNA (the cyclobutane pyrimidine dimers (CPDs) induction).24 A recent study 

showed that the AS for induction of CPDs matched the AS for tumor necrosis factor (TNF) α at 

300 nm in the basal layer of the skin, showing that UVB-induced DNA photodamage is a major 

trigger for TNFα production. TNFα is one of the mediators of the photoimmunosupression.25 
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The  immunosuppression AS, taken from the work of Halliday’ group26 shows a peak 

around 310 nm and a smaller peak at 370 nm and highlights the dominant role of longest UVA 

wavebands versus UVB, since UVA is more abundant at ground levels. In this AS, the UVA 

peak disappears at higher doses of UVA. Thus, the authors concluded that the wavebands 

important for immunosupression are: UVB 310 nm and UVA 360-380 nm, underlining the 

interactive effects of both, making the contribution of UVB and UVA dependent of sun exposure 

length and of the ratio UVA/UVB. The UVA peak from this immunosupression AS matches the  

Figure 2.4. Spectral characteristics of the sun at noon midsummer in Oslo and at 

Equator [ Data are kindly provided by Prof. Arne Dahlback, Department of Physics, 

University of Oslo, Norway] and action spectrum for vitamin D formation in human 

skin [taken from21] (A). Efficiency spectra for vitamin D formation with the sun in 

the two regions (B). 
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UVA peak in the erythema AS, and the UVA peak of the non-melanoma skin cancer (NMSC) 

AS in mice,27 underlining the role of UVA in skin carcinogenesis. 

2.4. Photoadaptation and skin sensitivity to solar radiation  

Sensitivity to solar radiation is highly polymorphous for different persons and different 

body sites of the same person.28;29 The individual sensitivity to sunburn and tanning defines the 

skin type. Sun-sensitive skin types I/II are at greater risk of skin cancer than sun-tolerant skin 

types III/IV.30 Several factors influence skin response to sun exposure (erythemal sensitivity): 

skin color (the major determinant of response to UV radiation),31 vascular responsiveness, 

epidermal thickness and hair follicle density. Overall, there is an anatomical site variation of the 

response to solar radiation: the face, neck and trunk are two-four times more sensitive than the 

limbs.32 

The skin is capable of adapting to sun exposure and to amplify its ability to tolerate UV 

radiation by increasing the amount of melanin and by thickening of the skin (especially of the 

stratum corneum). However, this does not protect against DNA damage.33 This is particularly 

important in the case of single exposures (i.e. daily), as the skin does not have enough time for 

repairing the injuries.34 Unfortunately, there is no direct answer whether less frequent exposures 

that allow cells to recover are more useful for inducing UV adaptation without the additional risk 

of DNA damage, as, for example, before going to holidays in sunny countries. 

2.5. Positive effects of ultraviolet radiation 

Among the positive effects of solar radiation are: synthesis of vitamin D,35 treatment of 

skin36 and other diseases,37;38 cardiovascular health,11;39 and reducing the occurrence of several 

internal cancers.35;40 

I will focus mainly on vitamin D photosynthesis and its implications in cancer, since this 

has been a main research topic in our group at Institute for Cancer Research, and since 

international research over the past decades has demonstrated its role in prevention and/or  
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treatment of various cancers (including ongoing research for melanoma), along with many other 

beneficial roles for human health.41 Among our recent projects related to vitamin D is studying 

its role as an antiproliferative and prodifferentiation hormone in vitro to increase the effect of 

photodynamic therapy in cells of a specific form of skin cancer that usually responds poorly to 

this type of therapy.42  

Another important application of UV radiation is phototherapy of skin diseases. In this 

field, our group investigated the magnitude of the increase in vitamin D levels after low doses of 

narrowband UVB phototherapy given to patients with chronic inflammatory skin disorders (i.e. 

psoriasis or atopic dermatitis). The main outcome was that even low doses of UVB provide a 

significant increase of the vitamin D status in people with low initial levels of calcidiol.43  

2.5.1. Vitamin D metabolism 

Vitamin D exists in two forms: vitamin D3 (cholecalciferol), present and produced in 

animals, notably in fat fish, and vitamin D2 (ergocalciferol), present in plants, notably in ergots, 

yeasts exposed to UV. In the skin, UVB radiation converts the precursor 7-dehydrochelosterol in 

the upper layers of the skin to previtamin D3; vitamin D3 will be formed over a few hours. These 

photochemical reactions are followed by sequential hydroxylations, first in the liver (where the 

prohormone calcidiol (25-hydroxyvitamin D3) is formed, a metabolite that is used to assess 

“vitamin D status”) and in the kidneys, forming calcitriol (1α,25-dihydroxyvitamin D3), the most 

active vitamin D metabolite, that is responsible for the anticancer actions of vitamin D at the 

cellular level. Calcitriol is transported by vitamin D-binding protein (DBP) to target tissues that 

express the vitamin D receptor (VDR). In these target tissues, some of the calcitriol is converted 

to less-active metabolites, i.e. calcitroic acid. 

Many extrarenal tissues (including malignant cells) are able to produce calcitriol from the 

circulating calcidiol.44 Several cell types, among them keratinocytes, are able to directly convert 

vitamin D to calcitriol.45  
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2.5.2. Vitamin D and cancer 

Since 1980s, there is growing consensus coming from ecological studies,46 preclinical 

data (in vitro and in vivo experiments) and recently from more direct evidence that vitamin D 

influence cancer, with a direct inhibitory action (for recent reviews, reader is referred to47;48). 

The main anticancer mechanisms involve: i) antiproliferative actions: inhibition of cell growth 

(by targeting genes related to cell cycle control or by interfering with the actions of several 

growth factors) and induction of apoptosis and ii) prodifferentiation actions. More newly 

discovered actions with implications for cancer prevention and progression include: the anti-

inflammatory actions,49 suppression of angiogenesis,50;51 regulation of the expression of a variety 

of genes involved in DNA repair,52;53 and regulation of cells involved in innate and adaptative 

immune system.54  

This entire evidence stands at the basis of development of clinical trials that use vitamin 

D, calcitriol or vitamin D analogs in several types of cancer, but at the present time there are few 

completed clinical trials to enable us to draw any firm conclusion about the efficacy of vitamin D 

in relation to cancer. 

2.6. Negative effects of ultraviolet radiation 

The negative effects of sun exposure include: DNA damage and mutations (that lead to 

skin cancer), sunburn, photoaging, eye damage, immunosuppression. Skin is exposed almost 

continuously to this environmental stress, and thus is prone of accumulating oncogenic damage 

that finally may lead to skin cancer. However, it is yet unclear how solar UV radiation is 

responsible for the variety of mutations found in relevant genes for skin cancer, especially in the 

case of melanoma.  

2.6.1. Immunosuppression 

An important aspect of UV radiation is immunomodulation, both potentiation and 

suppression. UV radiation causes both local and systemic immunosuppression (reviewed in55) 

that is suspected to play a role in skin carcinogenesis.56 Susceptibility to immunosuppression  
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depends on skin type, although erythemal response is not a useful indicator of 

immunosuppression, especially in skin types I/II, in which immunosuppression is seen even at 

suberythemal exposure.57 

2.6.2. DNA damage, repair and mutations 

Both UVB and UVA can damage DNA, directly (UVB) or indirectly (UVA), but the 

relevance of consecutively induced mutations for skin carcinogenesis is still a matter of debate, 

especially in the case of UVA.  

Cyclobutane pyrimidines dimers and 6-4 photoproducts 

The main damage induced by UV radiation is the dimers formation between DNA bases 

pyrimidines (transition mutations) that leads to CPDs and pyrimidine (6–4) pyrimidone 

photoproducts (6-4 PPs). CPDs are formed between two adiacent pyrimidine bases: tymine, 

cytosine or 5-methylcytosine. Methylation of cytosine has been shown to enhance the formation 

of dimers when cells are exposed to UVB.58 CPDs are induced both by UVB and UVA59  

(although at lower levels in the case of UVA than UVB and by different mechanism) and are 

considered “solar signature mutations”. 6-4PPs are formed by complicated rearrangements, to a 

much lesser extent than CPDs; 6-4PPs that absorb around 320 nm can be photoisomerized to 

Dewar valence isomers. 

UVB is acting mostly on DNA (direct excitation of the nucleobases). CPDs induced by 

UVB show a strong sequence dependence,60 with three main types: TT > 6-4PP and TC sequence 

> TC. CPDs and 6-4PPs at CT and CC sites are formed in lower amounts and are poorly 

photoreactive, although CCs photoproducts are highly mutagenic.  

DNA is a weak absorber of UVA61 and UVA induces CPD in  smaller yields than those 

induced by UVB.62 For UVA other endogenous chromophores are important (acting in a 

photosensitization manner). The main CPDs induced by UVA are TTs,63 that are not so 

mutagenic as CCs or CTs.60;64 6-4PPs were not detected in several UVA experimental  
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studies.63;65 UVA induces CPDs (C to T transitions) not directly like in the case of UVB, but 

involving a triplet energy transfer mechanism.65 

However, UVA induced CPDs may potentially be more dangerous than UVB induced 

CPDs, since they are more persistent,66 and the UVA antimutagenic responses are not as 

effective as those induced by UVB,59;67 when UVA and UVB are analyzed separately. 

Oxidative damage 

Oxidative damage involves mainly oxidation of purines (guanine), with formation of 8-

oxo-7,8-dihydro-2'-deoxyguanosine (8-oxo-dG). 8-oxo-dG is the main oxidatively induced 

lesion by UVA, but also induced by UVB,68 that causes G to T transversions69 or A to C 

transversions.70 UVA photooxidation also induces G to A transitions, probably via CPDs. 

Recently, it has been shown that CPDs induced by UVA are produced in larger amounts than 

oxidative lesions are.65;71 

 

Beside these lesions, several other photoproducts occur to a smaller extent: 

photohydratation of cytosine (cytosine photohydrate), formation of adducts between adiacent 

bases, and single-strand breaks.68  

If these photolesions are not repaired, mutations (i.e. transitions or transversions as 

mentioned above) will appear.72 The main repair mechanism involves the nucleotide excision 

repair pathway. It is to be noted that 6-4PPs are repaired much faster than CPDs are.73;74 



[SOLAR RADIATION AND MELANOMA EP IDEMIOLOGY IN NORWAY]  

18 

 

 

3. SKIN CANCER – MELANOMA  

 

The three main types of skin cancers are basal cell carcinoma (BCC), the most frequent 

type, squamous cell carcinoma (SCC) and cutaneous melanoma (CM). BCC and SCC are the 

most common types of NMSC group. Our study is focused on melanoma, the most fatal of all 

skin cancers, whose incidence rate in most age groups has increased dramatically over the past 

decades, especially in Northern Europe.1  

3.1. The melanocyte 

The common origin of all melanomas is the melanocyte, a pigmented, highly dendritic 

cell, derived from the neural crest, which is located in various anatomic sites and has various 

functions (Table 3.1). In the skin, 

melanocytes are located in hair follicles and 

at the dermal-epidermal interface. Fig. 3.1 

shows an exemplification of the skin 

structure, microscopically.  

The main function of skin 

melanocytes is melanin synthesis and 

secretion. The melanin synthesis takes place 

in specialized organelles (melanosomes), of 

various morphologies and numbers. The 

melanosomes are transferred to 

keratinocytes,75 where melanin protects the  

nucleus (forming supranuclear “caps”) from 

the  effects of UV radiation.76  

Figure 3.1. Histological structure of the skin. 

Image is kindly supplied by Irina Tudose, 

M.D., Elias Hospital, Bucharest, Romania 

(hemtoxylin-eosin, original magnification x40). 
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Melanin is synthesized in two main forms: the brown-black eumelanin and the red-yellow 

pheomelanin. The melanin production is regulated by the melanocortin 1 receptor (MC1R). 

MC1R is controlled by the melanocyte-stimulating hormone (MSH) and adrenocorticotropic 

hormone (ACTH),77 as well as by the MC1R antagonist, agouti signalling protein (ASP).78 

MC1R is highly polymorphic, and variations of this receptor are responsible for red hair and fair 

skin phenotype79 and can confer a higher risk for melanoma development. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.1. Locations and functions of melanocytes 

Location Function (s) References 

Skin –  epidermis Melanin synthesis  80;81 

Skin – hair follicles and 

bulge region 

Hair pigmentation, stem cell 

reservoir  

81 

Eye choroid and retinal 

pigment epithelium 

Eye pigmentation/ vision, 

photoprotective effects, 

metabolism of the rod outer 

segments of the retina and 

retinoids, antioxidant  

82;83 

Ear – stria vascularis of the 

cohlea 

Inner ear 

Hearing  

 

Balance  

84 

 
85 

Brain (leptomeninges, 

substantia nigra, locus 

coeruleus) 

Neuroendocrine and 

detoxification  

86-88 

Heart Anti-inflammation  89;90 

Adipose tissue Antioxidant and anti-

inflammatory properties  

91 

Lung Unknown  92 
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Each melanocyte is surrounded by five keratinocytes and makes connections via its 

dendrites with 35-40 kearatinocytes, forming the epidermal melanin unit.93 Within this unit, 

melanocyte growth and behaviour is controlled by keratinocytes, through growth factors, cell 

adhesion molecules or other factors.94 Recently, this concept of epidermal melanin unit was 

extended to include also Langerhans cells (the main skin antigen-presenting cell type) forming 

“KLM”unit (K keratinocyte, L Langerhans cell, M melanocyte).95 Furthermore, melanocytes  

interact with fibroblasts,96  cutaneous axon terminals97 and endothelial cells,98 forming a skin-

melanin unit. 

 

3.2. Melanomagenesis 

Currently, there are two theories for melanomagenesis: melanoma arising from pre-

existing nevi and melanomas arising de novo (from previously normal skin). Fig. 3.2 shows a 

schematic representation of the current melanoma development models. 

“Clark model” 

Many authors regard nevi to be direct precursors of melanoma, with a stepwise tumor 

progression (“Clark model”) from neavus → dysplastic naevus → radial growth phase (RGP) 

melanoma (within or very near to the epidermis, superficial-spreading melanoma (SSM)) → 

vertical growth phase (VGP) melanoma (invasion into the dermis, nodular melanoma (NM)) → 

metastatic melanoma. Yet, the molecular mechanism of malignant transformation form nevus to 

melanoma is not fully elucidated.  A nevus is a clonal proliferation of melanocytes that has 

stopped growing (probably due to cellular senescence, which is considered a tumor suppressive 

mechanism99;100), a key difference from melanoma. Next, additional mutations that abrogate this 

oncogene-induced senescence are probably necessary in order to initiate progression to 

melanoma.99  
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De novo melanoma model 

However, the Clark’ model cannot explain the origin of all melanomas: the dysplastic 

nevus is not always seen prior to melanoma (most of melanomas do not arise from preexisting 

nevi101;102) and, in some cases, the VGP evolves without any radial component nor any 

significant epidermal involvement.103 For explaining de novo melanomas, an alternative 

hypothesis is that melanomas arise from dermal melanocyte stem cells.104 Other authors105 have 

also hypothesized that different melanomas arise from distinct types of cutaneous stem cells: 

SSM arise from the epidermal basal layer stem cells, lentigo maligna melanoma from stem cells 

of hair follicles and NM from dermal stem cells. 

 

 

 

 

 

Figure 3.2. Hypothetical pathways for melanoma development (adapted from100,105).  

“Clark model” pathway (intermittent UV radiation pathway, UV exposure necessary only for 

initiation in nevus-prone individuals) (A);100 chronic UV radiation pathway (repeated UV 

exposures) (B);140 “de novo” melanoma pathway (C).104 UV ultraviolet radiation, RGP radial 

growth phase, VGP vertical growth phase, SSM superficial-spreading melanoma, NM nodular 

melanoma, LMM lentigo maligna melanoma. 
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With relevance for the purpose of this thesis is that different risk factors are implicated 

for melanoma arising from nevi and for melanoma arising de novo: Carli et al101 found that 

history of sunburn was more important for melanomas arising from nevi, while light hair color 

was more significant found for de novo melanomas, thus the authors hypothesized that de novo 

melanoma could be caused by genetic factors in a process not requiring solar radiation. 

3.2.1. Genetic changes in melanoma 

Cell proliferation and terminal differentiation are regulated through signal transduction 

pathways and networks. Cancer appears to results from disturbances of these growth-controlling 

pathways, by mutations of oncogenes or tumor suppressor genes that are critically positioned 

within these cancer circuits.  

I will briefly discuss the three major cancer circuits involved in melanoma: the ras 

signaling network, the CDKN2A/CDK4 network and the Bcl-2/p53 network; the main 

developmental regulators of melanocytes with implication for melanoma are mutations in KIT 

and MITF genes and activation of Wnt/β-Catenin pathway. 

Oncogenes 

The Ras signaling network has two distinct cascades: the Ras/MAPK cascade (with two 

key genes: NRAS and BRAF) and the Ras/PI3K/AKT cascade (PTEN being one of the main 

component of this pathway). 

RAS is considered the first oncogene in melanoma106 and mutations in NRAS, a isoform 

of the RAS family, are relatively common in sporadic melanoma.107 Although NRAS mutations 

have been reported to be more common on chronically sun-exposed sites, Hocker et al 107 found 

that the most common NRAS mutations are not classic UVB-signature mutations, suggesting 

that sun exposure is not necessary for their induction. Also, melanoma found on intermittent sun-

exposed sites seems not to carry these mutations.108;109 
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BRAF is mutated among different cancers and is the single most commonly mutated gene in 

sporadic melanoma.110 The most common BRAF mutation is the T-A transversion at 1799  

position (val600glu),111 which is not a classic UV-signature change. Moreover, this mutation is 

found most frequently in tumors on intermittent sun-exposed sites, not on chronically sun-

exposed sites.112 

Tumor suppressor genes 

Melanocytes that acquire BRAF mutation enter a state of cellular growth arrest 

(senescence), i.e. benign nevi, and do not progress to melanoma without cooperation of other 

pathways that can override this oncogene-induced senescence. Of the most well-described 

senescence barriers are p16INK4A, p14ARF, RB, and p53. p16INK4A and p14ARF are encoded from 

the CDKN2A locus. CDKN2A is a major tumor suppressor gene, as its alterations are found in 

25-50% of familial melanomas113;114 and in  up to 30-70% of sporadic melanomas.115;116  

One of the major tumor suppressor genes in human cancers is TP53 which initiates DNA 

repair and/or apoptosis when exposed to cellular stress (including UV irradiation). Although 

TP53 mutations are found in high percentage in human cancers,117 it is less common in 

melanoma (closer to 13%107 and between 20-40% in other studies). TP53 is also a target in UV 

carcinogenesis, as shown by mouse experiments118;119 with special relevance for NMSC.120 

The Bcl-2 network is considered one of the most crucial regulatory systems of melanoma 

cell apoptosis121 and includes anti- and pro-apoptotic proteins. 

Not all melanomas are genetically similar:107;112 there is a partiality for NRAS and BRAF 

mutations for SSM and NM, while there is a lower rate of these mutations for acral lentiginous, 

lentigo maligna and non-cutaneous melanomas. Moreover, there are differences between 

anatomic sites: NRAS mutations are found on chronic sun-exposed sites, BRAF mutations on 

intermittent sun-exposed sites,112;122 TP53 mutations are found more on head and neck 

regions,123 but also on the legs124 thus on sun-exposed anatomical locations. Mucosal melanomas 

have a higher rate of TP53 solar signature mutations compared with CM125 and harbor KIT  
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mutations. Uveal melanoma harbor mutations for BRCA1-associated protein-1 and for the G(q) 

alpha subunits.126 

In conclusion, there is a wide and complex variety of gene mutations in melanoma (for a 

comprehensive review, the reader is referred to the work of138) and a big challenge is to 

distinguish between the so-called “driver” mutations (that take place in cancer genes, which may 

be targets for therapy) and the “passenger” 

mutations (which have little clinical value, 

but may offer insights into the 

ethiopathogenesis of the cancer). It is not 

clear how and to what extent UV radiation is 

responsible for these genetic changes. In the 

following section I will address the 

relationship between UVB, UVA and 

melanoma. 

3.2.2. Ultraviolet radiation and 
melanoma  

The etiology of melanoma is multifactorial 

(Table 3.2), with UV being considered the 

most important environmental risk factor for 

the majority of melanomas. However, there 

is much debate about type, dose, duration 

and timing of UV exposure necessary for 

initiation and/or progression of melanoma. 

The occurrence of melanoma on sites that 

are rarely exposed to sunlight (like mucosal 

or uveal melanomas), suggests that DNA 

damage other than photoinduced may  

 

Table 3.2. Risk factors for melanoma 

UV exposure 

 Anatomic distribution by sex: intermittent 

sites dominate in both sexes127 

 Migration studies128 

 Differences by latitude of residence129 

 Racial differences130;131 

Phenotype132-134 

 Pigmentary characteristics 

  Blue eyes 

  Blond, fair or red hair 

  Light complexion 

 Response to sun exposure 

  Freckling tendency 

  Inability to tan 

  Tendency to sunburn 

Pre-existing melanocytic nevi135 

Upper socioeconomic status136 

Family history of melanoma 

History of prior melanoma134 

Immunosuppression137 

Pregnancy, estrogen use - controversial 
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be responsible for melanomagenesis, for example oxidative DNA damage and low inherent 

repair capacity of melanocytes from mucosal regions.139 

The divergent pathway theory 

Melanomas occurring on different anatomic sites are biologically different,112;140-142 as 

briefly mentioned above, with sun exposure playing different roles in their etiology. Therefore, 

the current model is that for melanomas on chronic sun-exposed sites repeated sun exposure is 

the main risk factor, while for melanomas on less sun-exposed sites, genetic factors play 

essential etiological roles (these melanomas harbor BRAF mutations). The hypothesis is that in 

nevus-prone individuals, solar exposure may be necessary only for the first steps of the 

melanomagenesis, after which host factors become more important, while for melanoma not 

associated with nevi, chronic sun exposure function as a tumor-promoter in individuals with 

certain mutations, like TP53.124 In the same direction, other authors consider that for melanomas 

not associated with nevi host susceptibility may be even more important than exposure to solar 

radiation.101 Results from animal studies suggest that chronic sun exposure is not a factor for the 

initiation of melanoma.143 

 Both UVA and UVB play important roles in melanomagenesis 

Several large human studies indicate a role of UV radiation in melanomagenesis, with 

pyrimidine dimers playing the major role, and, to a lesser extent,  oxidative DNA damage.4;107;144 

Since both UVB and UVA induce pyrimidine dimers and ROS (as discussed in the previous 

chapter), a firm conclusion regarding the contribution of each wavelength to melanomagensis is 

not possible to be drawn yet.  

Table 3.3 shows current evidence for the role of UVA and UVB in melanomagenesis. 

Hocker et al107 found that UVB signature mutations (G:C>A:T transitions at dipyrimidine sites 

and GG:CC>AA:TT tandem alterations) were found at higher proportion at tumor suppressor 

loci (CDKN2A, TP53 and PTEN genes) compared with onocogene loci (NRAS and BRAF). The  
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authors did not find a high rate of UVA signature mutations (A:T>C:G transversions) in any of 

these sites.  

UVB dominates the etiology in animal models, with major role for the initiation of 

melanoma.145;146 A recent study147 shows that the initiation of melanoma by UVB is pigment-

independent (related to a direct DNA damage), in contrast to the UVA melanin-dependent 

mechanism. Moreover, there are other relevant biological differences between UVB and UVA: 

the basal layer of the skin, which contains the rapidly dividing cells likely to transform into skin 

cancer, is particularly sensitive to UVA.148 This may be due to the higher proportion of UVA 

than UVB targeting basal layer or to reduction in repairing UVA-induced 8-oxodG by the 

enzyme glycosylase 1 OGG1 in the basal layer compared with upper layers of the epidermis, as 

OGG1 is expressed more abundantly in superficial layers than basal layer.149 

Table 3.3. UVB, UVA and melanoma 

Key points: 

 Both UVA and UVB induce DNA damage by CPDs and ROS (see text for details), albeit: 

- DNA photon energy absorption is extremely low in the UVA range150 

- The UVA damage is smaller compared with UVB damage62;71 

- The number of UVA photons reaching the melanocytes at noon is 60 to 80 times greater than the 

number of UVB photons or 98-99% of photons reaching the basal layer151 

- UVB triggers adaptive responses in the skin (at the cellular level - involving p53152 and p16INK153 

or at a tissue level - thickening of the skin) and the UVA antimutagenic response are not as 

effective as those induced by UVB67 → UVA CPDs may be more dangerous than UVB CPDs 

- Only UVB induces vitamin D formation in the skin 

 Melanoma on different anatomic sites harbor different gene mutations and sun exposure may 

have different roles for melanoma on chronic sun-exposed sites versus intermittent sun-exposed 

sites (see text) 

 The solar spectrum contains both UVA and UVB and the limit between them is arbitrary, 

although in modern times there are several situations with “pure” UVA exposure: UVA 

phototherapy, sunbeds, sunscreens, exposure through window glass (in cars, offices etc) 
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UVA lines of evidence (against and pro): 

 An ecological study by Garland et al151 associated UVA with increased mortality rates 

 The use of sunbeds (which contains mostly high doses of UVA) increases the risk of 

melanoma154-156 

- Melanoma has been detected in unusual locations on the skin of sunbeds users157 

 Use of sunscreens, which in the past did not filter UVA, may increase the melanoma risk158 

 Animal models: 

- In pigmented mice UVA induces melanoma147 

- In Xiphophorus hybrid fish UVA induced melanoma,159 although later on this was not 

confirmed160 

- In opossum UVA induced melanoma precursors, but without progression to invasive 

melanoma161 

UVB lines of evidence (against and pro): 

 Animal models:  

- Only UVB and not UVA induces melanoma in a transgenic mouse model145 

- UVB induces SCC in mice,162 but there is a smaller peak in the UVA region as well 

 Mutations in tumor suppression genes like TP53 and CDKN2A contain UVB signature mutations 

and not UVA signature mutations 

 Solar elastosis around melanoma lesions: the prevalence of solar elastosis varied by anatomic site 

of melanoma, with trunk melanoma having little elastosis compared with head and neck 

melanoma.163 And since solar elastosis is linked to accumulated UVB exposure,164 this indicates a 

low UVB exposure in melanoma 

 

It is essential to remember that the limit between UVA and UVB is arbitrary (usually set 

at a wavelength above which DNA does not absorb) and that both wavelengths are part of the 

solar spectrum, thus making their relative contribution to melanomagenesis complex and perhaps 

synergistic. 
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3.3. Classification of melanomas 

The classification of melanomas is still a matter of debate and the current WHO 

classification is based on Clark’ four main growth patterns from the 1970s:165 superficial 

spreading melanoma (SSM), lentigo maligna melanoma (LMM), acral lentiginous melanoma 

(ALM) and nodular melanoma (NM). These types are distinguished on the basis of the features 

of the intra-epidermal component of the tumor adjacent to any dermal invasive component or, in 

other words, by the absence (like in NM) or presence (like in SSM) of a radial growth phase. 

But the impact of the Clark classification on clinical management has been limited, as 

there is no difference in overall survival among these types if stratified by tumor thickness.166  

More recently, Bastian’ group proposed a new classification system, based on the 

anatomical sites and the degrees of sun-damages to the skin: melanomas on skin without 

histopathologic signs of chronic sun-induced damage (that correspond to SSM), melanomas on 

skin with chronic sun-induced damage (solar elastosis) (correspond to LMM), melanomas on 

acral skin (correspond to ALM), which is less exposed to the sun and melanoma on mucosal 

membranes.112 These melanomas exhibit distinct sets of genetic alterations. In this classification, 

there is no NM, as NM may arise in any anatomical site and the researchers did not find any 

unique feature that justify regarding NM as a unique type. However, recent data167 indicate that 

NM is a distinct type of melanoma, as suggested by our own observations (Paper V). 

A more recent concept168 is to classify melanomas according to growth rate, clinical and 

epidemiologic findings: type I are fast growing melanomas, with stable incidence and bad 

prognosis (usually the thick type169), type II are slow increasing, located  on intermittently sun-

exposed sites and type III are slow increasing, located on continuously sun-exposed sites. 

Moreover, melanomas may arise on extracutaneous sites: ocular melanoma, mucosal 

melanoma, leptomeningeal melanoma and rare cases of melanoma originating in some internal 

organs. 
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Melanoma is indeed a heterogeneous disease that may arise through different causal 

pathways, depending on the genetic background of the host, pattern of sun exposure and 

anatomical site of the target melanocyte. Thus, a unifying concept for a classification is difficult 

to develop. 

3.4. Epidemiology of melanoma 

3.4.1. Trends of melanoma incidence and mortality 

Incidence  

The incidence rates of melanoma have been increasing in most age groups for the last 

decades in many fair-skinned populations, with a doubling of rates every 10 to 20 years,170 with 

the highest incidence rate observed in New Zeeland and Australia (GLOBOCAN estimates).1 

The highest incidence rate in Europe is seen in Scandinavian countries,171;172 and the lowest in 

Mediterranean countries.173;174 Beside this north-south gradient, there is a west-east gradient.1;175 

These incidence gradients are considered to be due to darken skin type in the South,176 and may 

be relevant to consider the more sun seeking behavior in the North and in the West, due to higher 

income. However, in many central and east European countries, there are no centralized cancer 

registries of high quality to collect data properly.175 Other factors contributing to the observed 

latitude gradient are differences in genetic susceptibility, local health system and prevention 

campaigns. 

Potential factors contributing to this increase in incidence rates are:  

1. An increase in sun exposure and changes of sun exposure pattern. Unlike 

NMSC that are caused by cumulative sun exposure, melanomas are often associated 

with intermittent (intentional) sun exposure.177 Main arguments for the role of 

intermittent exposure are: i) the distribution favors anatomic sites that are intermittently 

exposed to the sun (like the trunk and limbs),127 and ii) it is more common in people 

with indoor occupations (the ”white collar workers”), whose sun exposure is limited to  
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week-ends or vacations.178 To be noted: LMM is not usually included in this analysis, 

since it is generally accepted to be associated with chronic sun exposure.  

Factors related to increasing intentional sun exposures are: 

o The increase in incidence was more rapid on skin areas exposed 

intermittently to the sun.179-181 

o In the last decades, there has been an increase of outdoor sun-

seeking behavior and of holidays spent in sunny countries during winter time, 

thus making intermittent exposure more frequent.182  

o Changes in clothing habits after 1940s. 

o The sunbed/indoor tanning use that has been associated with 

melanoma155 has increased for the last decades.183;184 Furthermore, a recent study 

from England points out that UV emissions are increasing due to development of 

high-power sunlamps.185 

o Sunscreens use: sunscreen use may extend sun exposure 

duration186 and thus leads to high risk behaviors: i.e. an increased number of 

sunburns among sunscreens users. 

2. Improved surveillance and screening campaigns.184;187;188 Related to this 

aspect, a recent study argued that the burden of melanoma increased incidence was 

independent of screening access, as the authors found doubling rates in all socioeconomic 

status groups.5 

3. Overdiagnosis/underdiagnosis. Before the 1970s, early melanomas were 

almost always diagnosed as nevi or precancerous melanocytic lesions, and many 

pigmented lesions were not biopsied. Nowadays, there is a tremendous pressure and 

anxiety not to miss one single melanoma, as pointed out in a recent article by Weyers.189 

Thus, as the author mentions in his article, the increasing number of melanoma diagnosis  
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after 1970-80s is not caused only by overdiagnosis in present, but by underdiagnosis 

previously. Overdiagnosis may be the most difficult problem that a dermatopathologist 

faces today and may give a major contribution to the so called melanoma ”epidemic”.190  

4.   Changes and improvements in diagnostic criteria. 

5. Increased average life-time; age is one of the strongest risk factors in all 

cancers, due to accumulating DNA damage.191 

6. A possible existence of other yet unknown etiological factors. 

Mortality 

Despite this dramatic increase in incidence rates, mortality rates have more stable trends, 

with leveling off in many countries.192  

Potential factors contributing to this discrepancy between a rapid increase in incidence 

and a less rapid increase in mortality rates are: 

1. Diagnosis of thinner lesions and of in situ melanomas, which have more 

favorable prognosis.193;194 Nevertheless, another study showed a persistent increase even 

among thicker lesions.5  

2. Overdiagnosis and especially overdiagnosis of benign and/or borderline 

lesions.190 

3. The very nature of melanoma: most melanomas have a slow growth over 

decades and sometimes regress spontaneously.195;196 

4. Increased longevity.  

5. Due to people not included in screening programs. 

 

 



[SOLAR RADIATION AND MELANOMA EP IDEMIOLOGY IN NORWAY]  

32 

 

 

3.4.2. Gender, age, anatomic site and morphology 

Several epidemiological studies have shown a variation of melanoma risk by anatomic 

site, gender and age, as pointed out also by other types of investigations discussed in the previous 

chapter.  

Gender and age 

In countries with a high melanoma incidence, such as Australia, a tendency towards 

melanoma in men is observed.179;197 In Europe, GLOBOCAN 2008 estimates indicate a tendency 

towards women for most of the Western and Northern countries. Mortality rates are higher in 

men than in women in all Europe. A recent study showed a survival advantage for women, 

independent of gender differences in detection or diagnostic delay.198 Women tend to be 

diagnosed at an earlier age than men,199 and men exhibit higher increase in incidence over time 

than women.179;197 

Anatomic site 

Gender differences in melanoma incidence are more evident when anatomic sites are 

taken into account. The anatomic site distribution varies, not only by gender, but also by 

age,179;200-202 with the most remarkable gender difference residing in the age-related change in 

trunk incidence.203 In young male population, melanoma is observed more often on the trunk, 

while in young female population melanoma is seen on lower limbs, which are intermittent sun 

exposed sites (trunk being considered the least sun exposed, while limbs having intermediate sun 

exposure between trunk and head and neck204). Higher incidence rates of melanoma in older 

populations are observed on head and neck regions for both genders. When adjusted for the size 

of the anatomic area analyzed, CM most frequently arises on face and neck regions.205 

The pattern of anatomic site distribution is currently explained by the divergent pathway 

theory. Trunk melanomas are considered to be more strongly related with host factors, like 

number of nevi, or with history of sunburn, sun exposure playing a role only in the initiation of  
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melanomagenesis.124;146 Head and neck melanomas seem to be related with chronic exposures, as 

these melanomas are more likely to be associated with solar keratoses and appear in “low nevus 

count” people.206;207 Limb melanomas are intermediate between trunk and head/neck melanomas, 

as both chronic sun exposure and exposures early in life may play significant roles.208 

Anatomic site and latitude 

There are differences of the above site distribution pattern (in particular for intermittent 

sun exposed sites) among different populations living at different latitudes, probably due to 

ambient sun exposure and clothing habits. A study that compared site distribution of CM in two 

different regions of the world (same ancestry, but different clime), Scotland and Queensland,201 

found that in the Scottish population higher incidence rates were observed on lower limbs with 

lower rates on upper limbs than in Queensland population; this difference was more evident 

among young females.  

While recreational sun exposure is a strong predictor for anatomic sites that are 

intermittent sun-exposed (like trunk and limbs) at all latitudes, in regions with high 

environmental solar radiation, like in Australia, total sun exposure seems to increase the risk for 

head and neck melanoma.135  

Morphology 

SSM is the most frequent histopathologic subtype, followed by NM, LMM and ALM,170 

with different age and body site distribution. SSMs are more frequently diagnosed on 

intermittently exposed sites:206;209;210 on the trunk in men and on the lower limbs in women; 

LLM is the most frequent type on head and neck sites. NM can be found on any part of the body, 

with no particular predilection. SSM is diagnosed at younger ages than NM or LMM: mean age 

for SSM is around 55 years, for NM is around 65 years and for LMM around 70.170;211;212 

 In general, SSM and LMM incidence rates have increased over time, more evidently so 

for SSM at older ages.213;214 In recent years, a decreasing or stabilizing trend for SSM is  
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observed for the intermittent sites in Australia.215 NM has a more stable incidence rate,216;217 with 

a recently declining trend reported in Australia.215 

3.4.3. Epidemiological controversies of ultraviolet radiation and melanoma 

Several epidemiological observations are against the negative effect of solar radiation in 

CM: 

1.  The relation with latitude is inconsistent (i.e. Europe versus North America218) 

and smaller than for NMSC: the incidence rate of CM in Australia is only about 

two times higher than in the high-latitude country Norway, while the incidence 

rates of NMSC are 20 to 40 times higher.219  

2. The prognosis is best for summer-autumn diagnosis.220 

3. The prognosis seems to be best for tumors arising on skin areas with 

morphological signs of high UV exposure (elastosis).163 

4. The mortality rates did not increase significantly in a period with increasing rates 

of incidence.170 

5. Occupational sun exposure seems to be protective,178 and also regular recreational 

sun exposure was found to be protective for melanoma on intermittent exposed 

sites.221 
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3.5. Melanoma and vitamin D 

Laboratory data 

Currently, in vitro evidence of the involvement of vitamin D in melanoma (although 

the data are limited compared with other cancers) is increasing (for reviews, the reader is 

referred to222;223): VDR expression in malignant melanocytes, inhibition of growth 

(melanoma being the first cancer in which the antiproliferative and prodifferentiation actions 

of calcitriol were demonstrated224;225 with more recent data226;227) and inhibition of 

metastasis.228;229 However, not all melanoma cell lines respond to vitamin D,230;231 probably 

due to a defect in VDR-mediated transcription.231 

While some data suggest that vitamin D reduces UV-induced DNA damage in the 

skin, and, as a result, reduces UV-induced immunosuppression,232 other data show that 

vitamin D has an immunosuppressive effect when analogues were applied topically to  

 

Summary points 

1. Anatomic distribution varies by age, gender and pattern of sun exposure: intermittent 

sun-exposed sites in young populations and chronic sun-exposed sites in old 

populations. 

2. Incidence is continuously increasing since several decades, but with stable mortality 

rates. 

3. SSM and NM are the most frequent morphological types of melanoma, and have 

different epidemiological characteristics. 

4. Melanoma may arise on non-cutaneous sites, as melanocytes are found in various 

anatomic places, but their incidence is very low (similar rates throughout world 

populations) and the effect of sun exposure is considered to be very small or absent. 
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irradiated skin.233 Other studies show that vitamin D is photoprotective.234 Taken together, 

these data suggest that vitamin D may have a role in melanoma prevention. 

A number of studies explored the inheritance of polymorphisms in the gene coding 

for VDR as determinants of melanoma risk,235;236 and the authors of a meta-analysis conclude 

that there is some genetic evidence supporting the view that vitamin D may have an effect on 

susceptibility to melanoma.237 

Clinical data 

The possible role of dietary vitamin D in melanoma risk was reported by a recent 

meta-analysis.238 A large study239 did not find any protective effect of combined dietary and 

supplemental intake of vitamin D, although there was a suggestion of a decreased risk for 

high supplemental use. 

People with fair skin (that are at risk for melanoma) tend to have lower levels of 

vitamin D compared with people with darker skin.240;241 This has been linked to sun 

avoidance.241 Lower levels of vitamin D were associated with thicker melanoma and poorer 

survival.242  

Overall, the current recommendation223 is that people with risk factors for melanoma 

should avoid sun burns (the extreme avoidance of sun exposure in many melanoma patients 

is likely to lead to sub-optimal levels of vitamin D) and to supplement their diet with vitamin 

D (but not aiming for extreme levels, as the negative effects are unknown yet). 
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 4. GENERAL METHODOLOGICAL CONSIDERATIONS 

 

4.1. Definitions 

Epidemiological research is based on quantifications of the frequency of a 

disease/event in one homogeneous, or more populations. The principal measures of 

occurrence of disease are prevalence and incidence. Prevalence is the proportion of existing 

cases (old and new) in a population at a single point in time. Incidence is more informative, 

as it quantifies the number of new cases of disease that develop in a population at risk, during 

a specified time interval, thus being unaffected by variations in life expectancy. 

They are several types of incidence rates. The crude rates are calculated for the whole 

population and are widely used, because they are summary measures and easily interpreted. 

The crude rate is calculated by dividing the number of new cases observed for a given period 

of time by the corresponding number of persons-years in the population at risk.  

For understanding certain epidemiological aspects of diseases, more detailed rates are 

used, for specific subgroups (strata) of the population (for example, age specific rates, which 

are crude rates for an age range). The adjusted rates are standardized rates to a reference 

population, a “standard population”, with the general goal of comparability. The age 

standardized rate is calculated as the sum of the crude age specific rates multiplied by the 

respective proportions represented in the standard population. 
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4.2. Data sources and analysis 

Population 

The cases in our study were individuals in the Norwegian population who have had 

the disease (i.e. melanoma), identified through the Cancer Registry of Norway and the 

NORDCAN database (version 5.1, 03.2012). The Cancer Registry has systematically 

collected notifications on cancer incidence since 1952. The Cancer Registry Regulation 

require all hospitals, laboratories, general practitioners, individual physicians in Norway to 

report all new cases of cancer to the Registry within two months of diagnosis. More detailed 

information about the processes of cancer registration at the Registry is found in the recent 

publication “Cancer in Norway 2009”.3 

The melanoma cases are coded by topography according to the 7th revision of the 

International Classification of Diseases (ICD-7) with local modifications (the code 190.x for 

skin melanoma) and the morphologies for malignant melanomas according to MoTNaC 

(Manual of Tumor Nomenclature and Coding) and ICD-O-2. Different types of melanoma 

analyzed in the present work are summarized in Table 4.1.  

Period of time 

The period over which the data was collected varies between different subtypes of 

melanoma analyzed (Table 4.1), overall between 1965 and 2009. 

Measures of occurrence 

As a measure of melanoma occurrence, we used crude incidence rates (the number of 

new cases divided by the Norwegian population in the same period and sex), specific rates 

for a given age category (0-49 years and older than 50 years) and adjusted incidence rates (to 

the World standard population), for 3, 5, 6 or 20 years intervals per 100 000 persons or 1 000 

000 persons (in the case of rare subtypes of melanoma), during a given time period  (Table 

4.1). 
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Anatomic sites and geographical regions 

We evaluated the impact of certain variables that could have contributed to the 

observed association between the risk factor (presumably solar radiation) and outcome 

(melanoma diagnosis): gender, anatomic site, residential region.  

Norway is divided in 20 counties (Fig. 4.1), stratified in this work in three regions: 

the south region of Norway is defined as referring to the counties 1, 2, 4, 6-11 – with mean 

latitude 59.5° and a relatively high annual ambient ultraviolet exposure, the mid ⁄ west region 

for counties 5, 12 and 14-17 – mean latitude 64°, with middle annual ambient UV exposure 

and the north region for the counties 18, 19 and 20 – with mean latitude 69.5° and a 

correspondingly low annual ambient UV exposure.  This grouping also correlates with that 

used for SCC incidence rates, a skin cancer that is strongly associated with sun exposure.243 

The Southern and the Mid/Western regions in NORDCAN database are slightly different 

from the ones used in our study: southeastern region counties 1-10, western region counties 

11, 12, 14 and central region counties 15-17. In our study, we excluded Oslo region (county 

3) and we compared mainly North and South regions, for better clarity of the outcomes.  

 Figure 4.1. Norway counties. 
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Table 4.1. Types of melanoma analyzed 

Cancer type Period of 

inclusion 

Number 

of cases*  

Incidence measure Analysis 

Cutaneous melanoma (190.x) 

 

 

 

 By anatomic site: 

- Head and neck (190.0) 

- Trunk (190.1) 

- Upper limbs (190.2) 

- Lower limbs (190.4) 

- Foot (190.3) 

- Perianal skin (190.5) 

- Unspecified (190.9) 

 By histological type**: 

 SSM (8743/3) 

 NM (8721/3) 

 LMM (8742/3) 

 ALM (8744/3) 

 Unspecified 

1965-2009 

 

 

 

1966-2007 

 

 

 

 

 

 

 

1978-2007 

31771  

 

 

 

 

4377 

11627 

3678 

6306 

1119 

65 

1586 

 

12934 

4686 

892 

201 

6241 

Age standardized 

rates for 5 years 

periods , per 100 000 

persons 

 

Specific rates, for 6 

years periods, per 

100 000 persons 

 

 

 

 

 

Specific rates for 6 

years periods, per 

100 000 persons 

 Norway 

 Regions 

(by gender and two 

age groups) 

 

 Regions 

(by gender) 

 

 

 

 

 

 

 Regions 

 Anatomic site  

(only for NM and 

SSM, by gender 

and two age 

groups) 

Mucosal melanoma 

 Anorectal melanoma 

(154.0, 154.1) 

 

1966-2007 

 

75 

 

Specific rates for 20 

years periods, per 1 

million persons 

 

 Norway 

(by gender) 

 Regions 

Ocular melanoma 

 Uveal melanoma 

 

1993-2004 

 

463 

 

Specific rates for  3 

years periods, per 

100 000 persons 

 

 Regions 

 

*The total number of cases is taken from NORDCAN, the specific numbers were provided by the Cancer Registry of Norway. **SSM 

superficial-spreading melanoma, NM nodular melanoma, LMM lentigo maligna melanoma, ALM acral lentiginous melanoma. 
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The anatomic sites used for analysis are listed in Table 4.1 and were chosen 

according to presumed sun exposure patterns: chronic sun exposure (head and neck), 

intermittent (intentional) sun exposure (trunk and limbs) and no sun exposure (anorectal 

mucosa, perianal skin, and uvea). 

Statistics 

Statistical comparison was done using the computer programs SigmaPlot 10.0 

software (Systat Software, Inc., Richmond, California, USA) and in Paper V SPSS (IBM 

SPSS Grad Pack 20.0, Chicago, Illinois, USA). 

4.4. Strengths and limitations 

Our study has some important strengths: the size of the cancer population (population 

based study group that allows to examine national trends and to estimate the cancer burden), 

the long follow up, the good quality of the cancer registration. Although ecological studies 

are important for generating hypothesis, the correlations found do not imply causality; 

however, the use of stronger clinical studies, like randomized clinical trials, are not ethical 

suitable in the case of sun exposure and skin cancer. 

Another important limitation is that we used surrogate markers of solar exposure, 

such as residential region (latitude) and anatomic site (sun exposed versus non-sun-exposed 

sites), instead of direct information provided by the patients. However, these surrogate 

variables were chosen based on current available evidence and earlier experience. 

The association between the risk factor and the outcome might be influenced by other 

confounding factors not analyzed, not available or unknown.  

We were unable to verify the accuracy of the diagnosis and coding of different 

histological types of melanoma reported to the Norwegian Cancer Registry. Nevertheless, 

due to large numbers of cases, any variance in the diagnosis between regions or individual 

pathologists is likely to be minimal. Also, there was a large number of melanoma of  
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unspecified sites or of unspecified histology that may have affected the results, especially 

since a recent study observed that in Northern Europe the proportion of cases with clinical 

and unknown verification has increased with time.244 

Epidemiology tends to homogenize and simplify reality. Still, analysis of classical 

epidemiological variable may provide interesting information about the relationship between 

sun exposure and melanoma and the impact of prevention campaigns. 
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5. SYNOPSIS OF PUBLICATIONS 

 

Paper I 

Aims To compare time trends and different anatomic localization of CM in north versus 

south regions of Norway. 

Methods Latitude gradients and time trends for CM were analyzed using incident cases 

from the Norwegian Cancer Registry for the period 1966-2007.  Body sites included in the 

analysis were head and neck, trunk, upper limbs and lower limbs, for both genders, in the south 

and north regions of Norway. 

Results There is a latitude gradient for CM on all body sites included in the present study, 

with 2-2.5 times higher incidence rates in the south than in the north. The latitude gradients seem 

to be largest for the trunk. Melanomas on sites intermittently exposed to the sun (like the trunk) 

dominate both in the north and in the south, and this distribution has not changed over the years. 

A leveling off of the incidence rates are observed for both sexes and for all sites studied, after 

1990s,  except for the head and neck where the incidence rates have continued to increase slowly 

in the north as well as in the south.  

Conclusion The latitude gradient support the role of solar radiation in melanomagenesis, 

for all body sites, but more convincing for intermittently sun-exposed sites. 

Paper II 

Aims To evaluate the role of solar radiation in uveal melanoma etiology, by comparing 

the time and latitude dependency of the incidence rates of this melanoma with CM in several 

Caucasian populations. 
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Methods Incidence rates for CM and uveal melanoma in Norway were provided by the 

Cancer Registry of Norway. Data for Sweden were taken from the work of Bergman et al245 and 

for other populations included in the study from the work of Virgili et al.246 

Results There is a marked north-south gradient of the incidence rates of CM in Norway, 

with three times higher rates in the south than in the north. No such gradient is found for uveal 

melanoma. In most populations the ratios of uveal melanoma incidence rates to those of CM tend 

to decrease with increasing CM rates. This is also true for Europe, in spite of the fact that in this 

region there is an inverse latitude gradient of CM, with higher rates in the north than in the south. 

In Norway the incidence rates of CM have increased until about 1990 but have been constant or 

even decreased (for young people) after that time. The uveal melanoma rates have been 

increasing after 1990. In most other populations the incidence rates of CM have been increasing 

until recently while those of uveal melanoma have been decreasing.  

Conclusion The different time and latitudinal trends between uveal and cutaneous 

melanoma are strong arguments for different role played by solar radiation in their pathogenesis 

i.e. initiation versus protection. 

Paper III 

Aims To compare time and latitude trends of melanoma incidence in the anorectal region 

and perianal skin (non-sun-exposed sites) with those of CM (sun-exposed skin). 

Methods We analyzed epidemiological data from the Cancer Registry of Norway for 

melanomas of the anorectal mucosa, perianal skin and overall CM, using crude incidence rates 

for two time periods: 1966-1986 and 1987-2007. 

Results We found that melanoma incidence on these shielded sites tends to decrease or 

remain constant over a period during which the CM rates increase. Similar trend are found in the 

north and south regions of Norway. Comparison of latitudinal trends of the incidence rates of  

 



 

45 

 

 

CM and melanoma on these shielded sites shows that there is no latitude gradient for melanoma 

of the anorectal mucosa and perianal skin, whereas there is a strong one for CM. 

Conclusion Solar radiation does not play the same role in perianal skin and anorectal 

mucosa as it has for CM, possible being even protective for these shielded sites. 

Paper IV 

Aims To compare the time and latitudinal trends of CM incidence on skin areas which are 

chronically (head and neck) and rarely (foot) exposed to UV radiation, in order to underline the 

role of pattern of sun exposure in melanomagenesis. 

Methods We have analyzed epidemiological data from the Cancer Registry of Norway, 

for foot and head and neck melanoma for two time periods: 1966-1986 and 1987-2007. 

Results CM incidence rate on head and neck has increased slowly with time, while 

incidence rates of foot CM have remained almost constant. There is a large north–south gradient 

in incidence rates of CM on head and neck in Norway, while there is almost no north–south 

gradient for CM incidence on foot. 

Conclusion Chronic sun exposure is important for melanoma on head and neck region, 

but does probably play any role for foot melanoma. 

Paper V 

Aims To compare SSM and NM incidence in Norway, by latitude gradient and body site 

distribution. SSM and NM are two major histological types of melanoma. Intermittent sun 

exposure seems to play a major role in SSM, which, overall, has an increasing incidence rate 

during the last decades. However, the relationship with sun exposure is more complex in the case 

of NM, as the latter may arise on any body part and has a more stable incidence rate.  

 

 



[SOLAR RADIATION AND MELANOMA EP IDEMIOLOGY IN NORWAY]  

46 

 

 

Methods The study was based on official reports from the Cancer Registry of Norway, 

using melanoma incidence rates for a period of 30 years (1978-2007), by age, gender, anatomic 

site (trunk and head and neck) and region of Norway (South versus North).  

Results Our results show that in Norway, SSM is more strongly related to intermittent sun 

exposure than NM, as it arises mostly on the trunk as compared with the head and neck. 

Moreover, SSM has a significantly higher incidence in the Southern regions of Norway, whereas 

for NM, the north–south gradient is not statistically significant.  

Conclusion Our work underlines that SSM and NM are distinct forms of melanoma as 

based on different epidemiological characteristics. Based on differences in the body site 

distribution and latitudinal gradient, NM may be less UV related than SSM.  
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6 DISCUSSION OF THE RESULTS 

 

6.1. Overall melanoma incidence rates in Norway 

The melanoma incidence rates in Norway are among the highest in the World (and in 

Europe) (Fig. 1.1), with increasing rates up until 1985-1995. A levelling off  is observed after 

this time point, more evident for the young population for which there is a decreasing trend247 

(Fig. 6.1). This time trend is similar in the north and south regions of Norway for male 

population, but with subtle differences for young female population (Fig. 6.2).  

The levelling off is probably associated with campaigns against large sun exposures and, 

consequently, increasing 

awareness in the population 

after 1980s.248;249 Stabilizing 

incidence rates are observed 

also in other parts of the 

world, like Australia, New 

Zeeland, US, Canada or 

Israel, in particular for young 

persons, but with increasing 

t rends  in  Southern  and 

Eastern Europe.215;248;250 

However,  following the 

period with stable rates, we 

observed a slight but not 

significant increasing trend 

for female melanoma in the  

 

Figure 6.1. Time trends of melanoma incidence in two age 

groups. Incidence rates are ASR (world population) from 

NORDCAN database. 



[SOLAR RADIATION AND MELANOMA EP IDEMIOLOGY IN NORWAY]  

48 

 

 

north region of Norway (Fig. 6.2 B). Increasing trend for the recent period in women is also 

observed in Denmark251 and  in the USA.252 

 

 

 

Even though the annual doses of UV radiation are low in Norway, the CM incidence is 

high, possibly due to  factors like: pigmentary characteristics (fair skin type, blond hair and blue 

eyes), positive attitudes towards outdoor activities and holidays to sunny countries (acute and 

intense intermittent sun exposures) and sunbed use,253 (which was found to be associated with 

melanoma risk (reviewed in254)). In Norway, the temperatures are cool and the days are longer 

during the summer, thus encouraging people to remain in the sun for longer periods when  

 

Figure 6.2. Time trends of melanoma incidence in south and north regions of Norway. 

Incidence rates are ASR (world population) from NORDCAN database. 
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outdoors, in contrast with Mediterranean countries where the hot temperatures do not allow 

people to stay outdoor during middle day.  

The larger variation of the UVB than UVA intensity at Northern latitudes makes UVA 

more important, recent evidence showing that UVA may play a significant role in 

melanomagenesis, previously underestimated (as discussed in chapter 2).  

The Norwegian population has a good vitamin D status, estimated at levels above 75 

nmol/L for a significant fraction of the population during summer and autumn and 50-65 nmol/L 

during winter,255 current studies arguing for a protective role of vitamin D in melanoma (as 

discussed in chapter 3.5) and thus a possible explanation of the observed levelling off of the 

incidence rates.  

6.2. Trends by age and gender 

Melanoma incidence varies by gender between different age groups. In younger persons 

(0-49 years), the incidence is significantly higher in women than in men, while in older persons 

(>50 years) the incidence is higher in men than in women, but the difference does not reach 

statistical significance (Fig. 6.1). The predominance of men in the older group became more 

evident after 1985s, possibly due to behavioural changes in men. The gender difference has been 

partially explained by different sun exposure behaviour or clothing habits,256 supported by the 

different anatomic site distribution in men and women (see below).  

Several studies have reported a diagnosis delay in males that might explain the higher 

incidence in older men than in women: men are less likely to self-detect their melanomas,169 

have a lower awareness of skin cancer risk,257 and are less likely engaged in preventive 

behaviors.258 Concerning hormone influence, estrogens seem not to affect melanoma.259 

6.3. Trends by anatomic site 

We have analyzed melanoma anatomic distribution in men and women by comparing 

sites with supposedly different sun exposure patterns: chronic exposed sites (head and neck),  
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intermittent exposed sites (trunk and limbs, with a particular focus on the foot, which has little 

sun exposure) and non-sun-exposed sites (anorectal mucosa, perianal skin and uveal 

melanomas). Furthermore, we analyzed the data separately for north and south regions of 

Norway. 

Melanoma on intermittent sun-exposed sites dominates, both in the north and in the south 

regions of Norway: trunk for men and both trunk and lower limbs for women (Paper I) (Fig. 6.3). 

In the north, following a period with stable rates we observed an increase in female melanoma 

incidence for all intermittent exposed sites analyzed (in particular upper limbs) (Fig. 6.3 B). 

 

 

 

Figure 6.3. Time trends of melanoma incidence by anatomic site, region and gender. 

Incidence rates are crude rates from the Cancer Registry of Norway database. 
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Melanoma incidence rates for head and neck are significantly higher in the older group 

than in the younger group (Fig. 6.4), possible because the low level of annual radiation in 

Norway induce head and neck 

melanoma only after long duration 

of cumulative exposure, as 

Whiteman et al observed for 

Scotland as well,201 in agreement 

with the “divergent pathway 

hypothesis”.  In our study, in older 

group, the intermittent sites 

(trunk) significantly dominate 

only for males, and not for 

females. Trunk melanoma in older 

men has to be addressed 

vigorously in health messages, as 

it has one of the highest rates of 

increase in incidence in the last 

decade. An indication of success 

of public campaigns is the recent 

stabilization of the trunk 

melanoma in young population in 

Australia.215  

 

 

 

 

 

Figure 6.4. Time trends of melanoma incidence by 

anatomic site and gender in two age groups. 

Incidence rates are crude rates from the Cancer Registry 

of Norway database. 
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Opposite time trends for different anatomic localizations 

Our work revealed different time trends between various types of melanoma with 

different sun exposures patterns: 

 Trunk melanomas rates tend to increase at higher rate than those for head and neck 

melanomas, while foot melanomas tend to remain nearly constant, in the same period of 

time (Papers I and IV) (Fig. 6.5).  

 

 

 

 Perianal and anorectal melanoma incidence rates tend to remain constant over a period 

during which the CM rates have increased (Paper III) (Figs. 6.6 and 6.7). 

 After 1990s, CM incidence rates tend to level off, a time trend not seen for uveal 

melanomas in Norway (Paper II) (Fig. 6.8). 

Figure 6.5. Different time trends of melanoma incidence in three anatomic  

sites with different sun exposure patterns. 

Incidence rates are crude rates from the Cancer Registry of Norway database. 
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These different time trends indicate that there is difference between  the  pathogenic 

mechanism of melanomas on various anatomic sites, which harbour different mutations 

(discussed in the chapter 3.2) which may require tissue-specific environments for progression in 

their malignant transformation (as pointed out in a recent study of mucosal melanomas260). 

Different body sites differ with respect to density of melanocytes,261 thickness of the skin,262;263 

or hair follicle density,264 all of these factors influencing skin sensitivity to solar radiation. 

 

 

 

 

Gender-related differences in anatomic distribution of melanomas are not easily 

explained. The most plausible explanation may be related to different patterns of sun exposure,  

 

Figure 6.6. Comparison of perianal melanoma and cutaneous melanoma time trends 

in Norway.  

Incidence rates are crude rates from the Cancer Registry of Norway database. CM 

cutaneous melanoma. 
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with behavioural factors influencing the site distribution.256 Different fashions of clothing were 

thought to explain the excess of female melanoma on the legs.265 However, for the last decades, 

clothing habits did not differ much between men and women: men expose both their trunk and 

their legs during recreational activities, and women wear clothes that often leave part of the trunk 

and legs exposed to the sun during summer. Despite this similarity in clothing pattern, melanoma 

on the legs of men exhibits much lower rates than melanoma on the trunk, possibly because legs 

are less sensitive to the sun than the trunk.29;32 The higher rate of female melanoma on the legs 

has been explained by some authors by the low sun protection afforded by women stockings266 

or by hair removal practices with consecutive hair alterations.267 A better explanation may be an 

inherited sex-dependent tendency to develop nevi (and thus melanomas) on a given anatomic 

site,268 in particular in the case of trunk melanomas. The genetic susceptibility of melanoma on 

different anatomic sites may have different impact in men and women, possibly being modulated 

by endocrine sex hormones, as expression of MC1R is influenced by specific endocrine sex 

hormones.269;270  

6.4. Latitude gradients 

There is a strong north-south gradient of the CM incidence rates (Fig. 6.2) that persists 

even when different body sites are analyzed (Paper I) (Fig. 6.3). However, we found no latitude 

gradient for the foot (Paper IV), the anorectal region (Paper III) and uveal tract (Paper II).  The 

latitude gradient suggests that UV is a strong risk factor for the vast majority of melanomas (i.e. 

those on sun exposed skin), as the latitude gradient of the calculated solar UV fluence271 agrees 

well with the observed melanoma latitude gradient, but not a risk factor for melanomas for which 

we did not find a latitude gradient. This hypothesis is supported also by the different time trends 

of these types of melanomas when compared with CM, as discussed above. However, the 

number of anorectal melanomas was too low to allow a firm conclusion. 

As the observed latitude gradient was largest for the trunk, compared with head and neck, 

intermittent sun exposure pattern seems more important in the south region. In the south regions 

there are more factors contributing to an increased intermittent exposure than in the north: the  
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warmer and more agreeable climate promotes more outdoor activities; due to urbanization people 

are more likely to work indoor than outdoor, and due to higher income people have possibly 

spent more holidays in sunny countries.  

Another factor that varies with latitude is the vitamin D level: the highest level is 

observed in south region (around 70 mmol/L)272;273 and it is 21% lower in the north.274 Thus, for 

anorectal or uveal melanoma, for which solar radiation seems to have a protective effect, vitamin 

D may be the mediator. 

6.5. Extracutaneous melanoma  

6.5.1. Epidemiology 

Extracutaneous melanomas (EM) are rare tumours, with poor prognosis275 and very few 

studies are population-based.244;275 The most common EM are ocular melanomas (eyelid, 

conjunctival and uveal melanomas), followed by mucosal melanomas.275;276 Despite the common 

cellular origin with CM, they show different epidemiological characteristics. 

Age distribution 

Mucosal melanomas have an older age distribution curve compared with CM, with a 

median age of ~70 years in some studies;275;277 in our study, only 10% of anorectal melanoma 

cases in males (three cases of a total of 30) were diagnosed under 50 years of age and non in 

women, for a period of 40 years analyzed (1966-2007).   

Racial differences 

While CM are 10-20 higher in white populations than in dark skin populations, mucosal 

melanomas are only two times higher in white than in dark skin populations276;278 or show 

similar rates in these two racial groups.279  

The risk for uveal melanoma is much lower for dark skin individuals than for white skin 

individuals in the US.280;281 
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Thus, constitutive melanin pigmentation seems to act in a protective manner (i.e. as 

antioxidant) even for sites that are not reached by UV radiation. 

Time trends 

Several studies have shown differences in time trend between melanoma on shielded and 

non-shielded sites, in different parts of the world. A recent study from the Netherlands showed 

that EM had no definite time trend, whereas for CM there was an increase in incidence.275  

In Sweden, anorectal melanoma incidence has remained constant over a period where 

CM incidence has increased strongly;282 in Queensland, one study found no change in the 

incidence rates of anorectal melanoma despite a very high incidence rate of CM;283 in Norway, 

anorectal melanoma tend to remain constant, whereas CM incidence increased in the last decades 

(Fig. 6.7). Thus, there is agreement between our work and those of others in other countries. 

 

 

 

Figure 6.7. Comparison of anorectal melanoma and cutaneous melanoma time 

trends in Norway.  

Incidence rates are crude rates from the Cancer Registry of Norway database. 

CM cutaneous melanoma.
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Ocular melanoma epidemiology is more similar with CM, showing increasing trends;279 

however, when stratified by subtype, ocular melanomas show different time trend: conjunctival 

(external) melanomas are more similar with CM, while uveal (internal) melanoma (iris, choroidal 

and ciliary body melanomas) rates remained stable279;284;285 in countries with increasing trends 

for CM (Paper II). Uveal melanoma show similar incidence rates all over the world: in North 

America, Europe or Australia, despite the different incidence for CM.281 Surprisingly, in 

Norway, we observed an increasing trend for uveal melanoms for a period for which CM 

incidence has a stable or a decreasing trend (Fig. 6.9). 

 

 

 

 

Latitude gradients 

In Europe, uveal melanomas tend to decrease from north to south.244;246 As skin and eye 

pigmentation generally increases from north to south in Europe,176 it has been proposed  

Figure 6.8. Comparison of uveal melanoma and cutaneous melanoma in south and 

north regions of Norway, both genders combined. 

Incidence rates are crude rates from the Cancer Registry of Norway database.CM 

cutaneous melanoma. 
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that melanin has a protective effect against uveal melanoma,83 with light iris color  being a risk 

factor for ocular melanoma,286 the same as fair skin is.287 In Norway, for the period 1993-2004, 

we found no latitude gradient for uveal melanomas, while there is a strong one for CM (Fig. 6.8). 

The Norwegian population is homogeneous concerning pigmentary characteristics. This may 

explain why we did not find any latitudinal gradient. But when considering countries with high 

incidence rates of CM by latitude, ratio of the incidence rates of uveal melanomas to those of 

CM appear to increase with increasing rates of CM incidence, thus with decreasing annual UV 

exposure (Paper II). 

Nor for anorectal melanomas did we find any latitudinal gradient (Fig. 6.9), but the 

number of cases was too low to allow us to draw any firm conclusion. One study from the USA 

found higher rates of mucosal melanomas (vulvar and anorectal) in the North,288 while CMs 

show an opposite latitudinal trend in the white population.289 

 

 

 

 

Figure 6.9. Comparison of anorectal melanoma and cutaneous melanoma in south 

and north regions of Norway, both genders combined.  

Incidence rates are crude rates from the Cancer Registry of Norway database. CM 

cutaneous melanoma. 
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6.5.2. Extracutaneous melanomas and solar radiation 

EM cannot be reached directly by sun exposure.  Thus, the negative role of UV radiation 

for these cancers is controversial. In light of the epidemiological evidence described above, our 

hypothesis is that sun exposure may have a protective systemic effect against melanomas on 

shielded sites via vitamin D synthesis, in the same way as vitamin D acts for some internal 

cancers. The pathogenesis of these subtypes of melanoma is thus multifactorial, as supported 

also by genetic studies. A study125 found solar signature mutations for TP53 in mucosal 

melanomas and chronically sun exposed melanomas, identical to those observed for internal 

cancers. Also, KIT is the most frequent altered oncogene in mucosal melanomas,290;291 but its 

mutations are also found on the skin with chronic sun damage.292;293 Thus, the induction of these 

particular mutations is not solely due to UV radiation. 

As for uveal melanoma, much controversy still exists. UVB cannot reach the uveal tract 

and only small fluences of UVA may reach this target.294 Furthermore, a recent meta-analysis did 

not find any strong evidence for a role of sun exposure in uveal melanoma;295 however, outdoor 

work was found to be a risk factor for uveal melanoma in some studies.287 The recent discoveries 

of the genetic mutations in uveal melanomas (for BRCA1-associated protein-1 and for the G(q) 

alpha subunits126) do not imply any major role of sun exposure, but rather point towards host 

susceptibility. 
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6.6. Trends by morphology of cutaneous melanoma 

Melanoma is a highly heterogeneous cancer with various clinical and histological types, 

some of them being difficult to diagnose even by experts. SSM and NM are the most common 

types (Table 6.1.), and therefore we focused our analysis on them (Paper V).  

Table 6.1. Number of cases of the main histological types of melanoma, by gender, Norway, 

1978-2007. 

Gender Number of melanoma cases* 

Total cases SSM NM LMM ALM Unspecified 

Female 13606 7249 2237 546 124 3245 

Male 11737 5685 2449 346 77 2996 

*Number of cases is provided by the Cancer Registry of Norway. SSM superficial-spreading 
melanoma, NM nodular melanoma, LMM lentigo maligna melanoma, ALM acral lentiginous 
melanoma. 
 

SSM is usually associated with a pre-existing nevus, and it is found on intermittent sun-

exposed body sites. It is characterized by a population of atypical melanocytes with a 

monomorphous appearance, with a “pagetoid” distribution throughout the epidermis (radial 

growth).296 

NM has a rapid evolution and usually begins de novo in an involved skin, both on 

intermittently and on chronic sun-exposed sites.296;297 It arises at dermo-epidermal junction and 

extends vertically into the dermis (vertical growth), with little intraepidermal growth (conjointly 

with the underlying dermis). 
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6.6.1. Time trends 

In Norway, both NM and SSM show an increase in incidence up until 1990s with a 

stabilizing trend after that, both in the north and in the south regions of Norway (Fig. 6.10).  

However, we observed a recent slight increase in incidence in the North region (for NM 

in both genders and for SSM in women). We found a decreasing trend in the case of SSM 

incidence in young male population in the recent period (Fig. 6.11).  

 

 

 

 

Increasing trends have been reported for the last decades for SSM, in Europe 

(Germany,213 Italy214;298) and in the USA, in particular for women,199 with a shifting toward 

earlier stages of SSM.299 Stabilizing trends of SSM for recent years are observed in Australia, for 

intermittent sun-exposed body sites.215 NM has been reported to have a more stable 

incidence216;299 and does not show any significant difference in thickness over time.299;300 A 

recent decline of NM incidence on intermittent body sites was recently reported for Australia.215 

Figure 6.10. Time trends of nodular melanoma and superficial-spreading melanoma 

in south and north regions of Norway.  

Incidence rates are crude rates from the Cancer Registry of Norway database. NM 

nodular melanoma, SSM superficial-spreading melanoma. 
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6.6.2. Age, gender and anatomic site 

We did not find any significant difference between gender distribution of SSM and NM, 

as did other studies in Northern Europe,301 although some studies argue for a male tendency in 

the case of NM.297;302  

In younger age groups, the NM incidence was insignificant compared with the incidence 

of SSM (Fig. 6.11), NM being a cancer of older age.297;303 Even though SSM had also a higher 

incidence in older group than in younger group, this predilection was significant only for women.  

For men, we observed higher rates of both SSM and NM on the trunk as compared with 

head and neck and limbs (Fig. 6.12). For women, the predilection for intermittent sun-exposed 

sites (trunk and lower limbs) was significant in the case of SSM and not for NM. On the head 

and neck, we found similar ratios between incidence rates of NM and SSM in men, but higher 

rates of SSM in women. Thus, for men the anatomical site distribution was more or less similar 

for SSM and NM (favouring the trunk). For women only SSM showed a partiality for  

Figure 6.11. Time trends of nodular melanoma and superficial-spreading melanoma in 

two age groups.  

Incidence rates are crude rates from the Cancer Registry of Norway database. NM 

nodular melanoma, SSM superficial-spreading melanoma. 
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intermittently exposed body sites, while NM occurred with similar rates on chronic and 

intermittent sun-exposed sites. Overall, intermittent exposure patterns seem more important for 

SSM than for NM, in particular for women. 

 

 

 

 

 

 

 

 

Figure 6.12. Time trends of nodular melanoma and superficial-spreading melanoma by 

anatomic site and gender.  

Incidence rates are crude rates from the Cancer Registry of Norway database. NM 

nodular melanoma, SSM superficial-spreading melanoma. 
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6.6.3. Latitude gradient 

We observed a significant latitude gradient for both SSM and NM when the whole time 

period is considered (Fig. 6.10). The gradient was larger for SSM than for NM. In the south, 

SSM was more frequent than NM. In the north, this SSM propensity was largest for women. At 

the date of publication of this thesis, there were no other population-based studies concerning 

any latitudinal gradient for different morphological types of melanoma to be found in the 

literature. 
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7. CONCLUSIONS 

 

This work was aimed at evaluating the association between solar radiation and melanoma 

risk in Norway by analyzing several variables: age, gender, anatomic site, morphology and 

residential region, in a population-based retrospective study. 

 CM incidence in Norway is among the highest in the World, with marked 

increase in all age groups until 1990s. After that time stable rates and even decreasing 

trends were found for young persons. However, we observed an increasing trend in the 

last years for females in the north region, seemingly caused by an increase of melanoma 

on the intermittent sites;  

- Similar time trends were observed for both of the main morphological 

types, SSM and NM.  

- For some rare types of melanoma, i.e. those on shielded sites, the rates 

have been constant over a long period of time. 

- The gender distribution of CM differs by age: a female tendency in 

younger age groups and male tendency in older age groups. 

 The anatomical distribution in both genders favors intermittently sun-

exposed sites, similar patterns were found in the north and south regions. Notably, there 

is a decreasing trend for trunk melanoma in younger men, but increasing trends for trunk 

melanoma in older groups, for both genders. Head and neck melanoma has more stable 

rates. Thus, an intermittent sun exposure seems to be the most important factor for 

melanoma incidence, in both younger and older age groups, regardless of latitude. 
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- When analyzing the anatomical distribution separately for SSM and NM, 

we did not find a tendency for intermittently exposed sites in the case of 

female NM. 

 CM incidence displays a north-south gradient, with significant higher rates in the 

south. This supports the assumption that solar radiation is an important factor for 

melanoma risk.                      

- For some rare types of melanoma, those on anatomic sites that are not 

exposed to the sun, we did not find any latitudinal gradient.  

- When analyzing latitudinal gradients by morphological types, we did not 

observe any significant gradient in the case of NM, while there is 

significant one for SSM. In conclusion, solar radiation is correlated more 

strongly with SSM than with NM. 

Overall, our data stress that solar radiation is a risk factor for all anatomic sun-exposed 

sites, emphasizing the role of intermittent exposures, in particular for young individuals. This is 

true even in northern regions with low annual fluences of UV radiation. We did find some subtle 

differences between genders and regions that warrant further investigations. The novelty of our 

work is that for melanomas on shielded sites, there is a different time course than for melanoma 

on non-shielded sites and a lack of latitudinal gradient. These are important arguments for a 

different causal pathway between them, even though they share a common cellular origin. 
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8. FUTURE PERSPECTIVES 

 

Melanoma is cancer, and, like all other forms of cancers, lowering its impact is best 

approached by prevention. Melanoma is characterized by high visibility and accessibility; 

however, as Neville Davis, MD, surgeon form Queensland wrote, melanoma “writes its message 

in the skin with its own ink and it is there for all of us to see. Some see, but do not comprehend.”  

It is essential to recognize that sun exposure is one factor than can be modified, which is 

not always possible for other forms of cancer. Individuals with genetic/phenotypic risk factors 

should avoid intense sun exposure. However, many of these individuals, especially teenagers, 

may not pay enough attention to it and may not adopt healthy protective behaviors. This may 

have significant clinical implications. Health-related behavior is partially influenced by 

individuals’ perception of a variety of factors: personal susceptibility, nature and severity of the 

disease, available treatments, and causes of the disease. The development of effective healthcare 

services, particularly for those at increased risk, as well for the entire human population, requires 

insights into how the body is perceived. This perception should not only refer to the physical 

aspect, but also to the body as a cultural phenomenon, where values, meanings and social, 

political and economical conditions are embodied and communicated.  We need to better 

understand how individuals perceive melanoma as a fatal disease, to increase the compliance of 

the patient, and to improve communication between patients and healthcare professionals.  

The increase in incidence of melanoma of the trunk in older male individuals may reflect 

lifestyles changes that took place around 1940s. Comparison of site-specific sun-exposure 

histories between them, and those of female population of the same cohort or those of male 

population from earlier generations, may add valuable information about the relevance of 

behavioral pattern. Also, analysis of lifestyles in northern regions, compared with southern 

regions (including dietary differences), in particular for women, may explain some of the  
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discrepancy in melanoma incidence between these regions. We will continue our work by 

analyzing and comparing mortality and survival rates in northern versus southern regions, by 

gender, anatomic sites and morphology types, along with more standardized measurements of 

vitamin D status, in order to assess the impact vitamin D has. 

GLOBOCAN project offers valuable estimates about melanoma epidemiology in the 

world, with NORDCAN database offering information for Nordic European countries. 

Nevertheless, many countries lack quality cancer registry. It would be of major importance to 

improve melanoma registration in the future, especially from output and private settings.  

Although the link between melanoma and ultraviolet radiation is unequivocal, current 

evidence shows some ultraviolet-independent carcinogenetic mechanisms as well. These later 

mechanisms warrant further investigation in order to properly inform the public and help 

elaborating optimal prevention strategies for susceptible individuals. Future time will prove 

whether sun is the most important risk factor for certain group risk individuals or certain 

melanoma subtypes.  
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a b s t r a c t

Latitude gradients and time trends for cutaneous malignant melanoma (CMM) were analyzed using inci-
dent cases from the Norwegian Cancer Registry for the period 1966–2007. Sex and various anatomic
regions of the body were taken into account, for better understanding of the role of ultraviolet radiation
in CMM etiology.
There is a latitude gradient for CMM on all body sites included in the present study, with 2–2.5 times

higher incidence rates in the south. The latitude gradients seem to be largest for the trunk. Melanomas on
sites intermittently exposed to the sun (like the trunk) dominate both in the north and in the south and
this distribution has not changed over the years. A leveling off of the incidence rates are observed for both
sexes and for all sites studied, after 1985–1995, slightly more in the south than in the north, except for
the head and neck where the incidence rates have continued to increase slowly in the north as well as in
the south. The leveling off of melanoma trend is probably associated with melanoma prevention cam-
paigns and with increasing awareness, although vitamin D could play a role.

� 2010 Elsevier B.V. All rights reserved.

1. Introduction

Cutaneous malignant melanoma (CMM) has until about 1990
been one of the fastest growing cancers in most white populations
[1]. The increase has been rather dramatic in Northern Europe,
especially in Norway [2,3]. Among the environmental etiological
factors, exposure to solar ultraviolet radiation (UV) is the most
important one [4], although there are other important risk factors
like individual phenotype (among which the number of melanocy-
tic nevi is considered to be the strongest one [5]) and family history
of melanoma [6].

In the case of CMM the role of exposure to UV radiation is com-
plex and to some extent controversial [7–9]. This is due to several
epidemiological observations: the anatomic distribution favors
body localizations that are not regularly exposed to the sun [1],
while chronic sun exposure may have a certain protective effect
[10,11]. Moreover, the progression of CMM seems to be slower
for those lesions localized on skin that receives large UV exposures,
and regular sun exposure has been associated with increased sur-
vival from melanoma [12]. This apparent protective effect of the
sun may be due to vitamin D formation, as vitamin D in the skin

may induce photoprotection [13], along with other biological posi-
tive effects, like regulation of cell growth and differentiation, and
modulation of the immune system [14].

Melanoma incidence displays a north–south gradient in homo-
geneous populations [15,16], which is a strong argument for the
role of UV exposure as a CMM carcinogen. However, this gradient
is smaller for CMM than for non-melanoma skin cancers (NMSC)
[17]. This is an argument for the role of UVA in CMM generation
and of UVB in NMSC generation as we have proposed [17]. Further-
more, the pattern of UV exposure (chronic versus intermittent) has
different impact in populations living at different latitudes: recre-
ational sun exposure and sunburn are strong predictors for CMM at
all latitudes, while occupational and total sun exposures appear to
be correlated with CMM at low latitudes [18].

We have in the present work analyzed the latitude gradients for
CMM by body site and gender, in a country situated at high latitude
and stretching over a long north–south distance, in order to gain
better understanding of the role of UV radiation in CMM etiology.

2. Materials and methods

2.1. Data

The analysis was based on newly diagnosed cases of CMM in
Norway from 1966 to 2007. Data on incidence cases according to
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sex, anatomical site, region, and calendar period were provided by
the Cancer Registry of Norway. Melanoma cases have been regis-
tered in this registry since 1953, and reporting to the registry is
compulsory, by law. The registry receives reports both from the
laboratories and from the clinicians. The melanoma cases are
coded according to the seventh revision of the International Classi-
fication of Diseases (ICD-7 code 190) with some modifications. In
the site specific analysis we included only CMM of the head and
neck (ICD 190.0), of the trunk (ICD 190.1), upper extremity (ICD
190.2), and lower extremity (ICD 190.4).

Norway is located at high latitudes (ranging from approxi-
mately 57–72�N) and is, in this work, divided in three residential
regions, according to the calculated levels of UV exposure [19]:
southeast region (high annual ambient UV exposure, mean latitude
59.5�), midwest region (mean latitude 62.5�) and north region (low
annual ambient UV exposure, mean latitude 69.5�). The cloud cov-
er is taken into account. For better clarity, we used for further anal-
ysis only the southeast (south) and the north regions. The main
city, Oslo, was excluded from the analysis, as Oslo is the most
urbanized region of Norway.

2.2. Analysis

To compare rates through calendar periods (time trends) we
used crude incidence rates (incidence number divided by the Nor-
wegian population in the same period and sex). The values plotted
represent incidence rates for 6 year periods per 100,000 persons,
from 1966 until 2007, using a logarithmic scale, since the relation-
ship is not linear. Time trends were estimated by single exponen-
tial fitting for the data from 1966–1989 and from 1989–2007 or by
best-fitting a regression line for all data points in other cases, using
SigmaPlot 10.0 software from Systat Software, Inc. (Richmond, CA,
USA). Significant p was considered <0.05. Using the same software
we calculated doubling time of the incidence rates for two time
periods: 1966–1989 and 1984–2007.

3. Results

3.1. Overall melanoma incidence

There is a clear latitude gradient for both sexes, with higher
melanoma incidence in the south than in the north. With the pres-
ent regional division, the incidence rates are about 2–2.5 times lar-
ger in the south than in the north, and the rates are slightly larger
for women than for men, notably in the south. The incidence rates
increased sharply until 1985–1995, but were almost constant after
that time point (Fig. 1). It may seem that after the 1980s, the inci-
dence rates were increasing slightly in the north but not in the
south (see the doubling times as given in Table 1). However, the
differences are small and not significant.

3.2. Sex and anatomic site

The distribution on anatomic sites differ between men and wo-
men except for head and neck, were the CMM incidence rates were
almost similar for the two sexes (data not shown). Thus we
grouped men and women together for this particular localization
(Fig. 2).

For head and neck melanoma, a slow increase of the rates were
seen for the whole period, and in contrast with the other localiza-
tions, no decrease took place after 1985 (Fig. 2). The incidence rates
were almost twice as large in the south as in the north (Fig. 2). This
is a similar difference as found for the total rates (Fig. 1) as well as
for all the rates on the other localizations studied (see below).

For the trunk, the incidence rates were higher for men than for
women in both regions (Fig. 3). The change in the increase of the
rates was notably evident for women in the northern region. In this
case the rates were almost constant after 1984–1989 (Fig. 3, Table
1).

For the upper extremity, there were too few cases to any reli-
able analysis of trend changes. In this case the rates were larger
for women than for men and about twice as large in the south as
in the north (Fig. 4).

For the lower extremity, the incidence is higher for women in
the south and was almost constant after 1984–1990, while in the
other cases there were too few cases to allow any reliable trend
analysis to be made (Fig. 5 and Table 1).

There was a similar CMM distribution by body site in the north
as in the south, but different for men and women. For men the
highest incidence rates were found for the trunk, followed by the
head and the neck, the lower limbs and the upper limbs, while
for women the highest incidence rates were found for lower limbs,
followed by the trunk, the upper limbs and the head and neck
(Fig. 6). This relative distribution has not changed over the two cal-
endar periods analyzed: 1966–1986 and 1987–2007.

4. Discussion

This article presents an update of the clinical epidemiology of
melanoma in Norway, one of the countries with the highest mela-
noma incidence rate in Europe. The melanoma incidence rate in
Norway is high despite the relatively low intensity of ultraviolet
radiation. This has been documented and discussed for a long time.
Among the reasons for this are host factors like pigmentary charac-
teristics (skin type, hair and eye color) and positive attitudes to
recreational activities, due to increase socioeconomic status. Fair
skin type, blue eyes and blond hair are associated with increased
risk for CMM [6,20] and are all characteristics of the Scandinavian
populations. Fair skin individuals have low amounts of the protec-
tive eumelanin in their epidermis, and are therefore more suscep-
tible to UV radiation [21]. Holidays in sunny countries are
considered an estimate for the intermittent sun exposure, a well
known risk factor for melanoma [22,23] and many Norwegians
go regularly to vacations in Mediterranean countries [24]. It has
been speculated that there may be a relationship between mela-
noma incidence and vacations abroad, among Norwegians
[25,26], but this needs further research.

Another important aspect is the increase of solar UV irradiance,
due to suggested depletion of the stratospheric ozone that could

Fig. 1. Trends in melanoma incidence, males and females, in the north and in the
south regions of Norway, 1966–2007. Incidence rates are cases per 100,000 persons,
Norwegian population, for 6 year periods. F stands for female, M stands for male.
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have significant impact on melanoma incidence in the future
[26,27]. However, the ozone depletion has stopped and is even
reversing in the north so that this will supposedly not play any
large role in the future, as earlier suggested.

Overall, the rates increased until 1985–1995 but after that time
point the rates were, with few exceptions, almost constant, in
agreement with our earlier findings [28,29]. The changes in the
trends taking place after 1985–1995 are probably associated with
prevention campaigns and with increasing awareness, that leads

to changes in UV pattern exposures and to an early detection of
suspected (premalignant) lesions [3,30]. Another explanation for
the leveling off of the incidence rates could be related to vitamin
D, as Norway has relatively high vitamin D levels [31,32].

A leveling off of the incidence rates are, as mentioned, observed
for both sexes and for all sites studied, after 1985–1995, except for
the head and neck where the incidence rates have continued to in-
crease slowly in the north as well as in the south (perhaps due to
aging of the population). Overall, time trends seem to level off

Table 1
Estimated doubling time for melanoma incidence, by body site, gender and region, for two time periods: 1966–1989 and 1984–2007, except for the head and neck melanoma, for
which the data shown are for the whole period 1966–2007.

Body site Gender* South (doubling time in years ± SE) North (doubling time in years ± SE)

1966–1989 1984–2007 1966–1989 1984–2007

Trunk M 11.5 ± 0.3 40.8 ± 19.01 18.6 ± 10.5 19.13 ± 10.4
F 11.8 ± 1.18 30.8 ± 6.07 7.4 ± 0.4 Stationary (77.01 ± 78.6)

Upper extremity M 9.6 ± 1.6 24.4 ± 7.9 16.3 ± 7.4 Stationary (80.2 ± 103)
F 12.3 ± 2.4 41 ± 5.6 13.7 ± 11.5 23.7 ± 12.1

Lower extremity M 12.8 ± 0.95 26.4 ± 7.05 8.3 ± 3.6 23.18 ± 19.3
F 11.8 ± 0.76 Negative 15.58 ± 7.3 15.85 ± 4.5

Head and neck M + F 17.28 ± 5.6 17.9 ± 7.8
All melanomas M 13.07 ± 0.28 36.25 ± 13.6 17.25 ± 5.92 19.5 ± 9.44

F 12.78 ± 1.13 54.42 ± 22.7 14.01 ± 3.04 28.33 ± 4.8

* F stands for female, M stands for male.

Fig. 2. Trends of the head and neck melanoma incidence, in the north and in the
south regions of Norway, 1966–2007. Incidence rates are cases per 100,000 persons,
Norwegian population, for 6 year periods. F stands for female, M stands for male.

Fig. 3. Trends of the trunk melanoma incidence, in the north and in the south
regions of Norway, 1966–2007. Incidence rates are cases per 100,000 persons,
Norwegian population, for 6 year periods. F stands for female, M stands for male.

Fig. 4. Trends of the upper extremity melanoma incidence, in the north and in the
south regions of Norway, 1966–2007. Incidence rates are cases per 100,000 persons,
Norwegian population, for 6 year periods. F stands for female, M stands for male.

Fig. 5. Trends of the lower extremity melanoma incidence, in the north and in the
south regions of Norway, 1966–2007. Incidence rates are cases per 100,000 persons,
Norwegian population, for 6 year periods. F stands for female, M stands for male.
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slightly more in the south than in the north after the 1985–1995,
both for men and women, more obvious for CMM on the intermit-
tent sun-exposed sites. After this time point CMM on lower
extremity of women in the south seems to have the most favorable
trend, but stable incidence rates were also observed for CMM on
the trunk of women in the north.

The increasing trend in CMM incidence in the north might have
several explanations. In the north, due to the chilly climate, the
limbs usually are covered up even in summer time, thus they are
exposed preferentially during holidays, making the intermittent
exposure more acute and intense. The low temperature itself might
contribute, as suggested by Christophers, in 1998 [9]. The reduction
in exposed skin surface by clothing, beside already lower fluencies
of the UVB rate in the north than in the south, further diminishes
the natural production of vitamin D, which is considered to play
an important role for protection against UV radiation and mela-
noma [12,13]. UVB latitude gradient is more prominent than UVA
gradient, as UVB varies relatively more at high latitudes than at
low latitudes (due to absorption of UVB by ozone layer), thus mak-
ing the UVA/UVB ratio larger at higher latitudes [17]. The role of
UVA in DNA damage at higher latitudes, in fair skin populations,
is suggested also by Gorham et al. [33]. As people probablywill con-
tinue to have intermittent/acute sun exposures and use inadequate
sunscreens, the melanoma incidence may continue to rise, espe-
cially in susceptible individuals, like Scandinavian populations.

There is a latitude gradient for CMM on all anatomic localiza-
tions included in the present study, with 2–2.5 times higher inci-
dence rates in the south. The latitude gradients seem to be
largest for the trunk.

The latitude gradient of the calculated solar UV fluence [19]
agrees well with the latitude gradient for CMM incidence rates,

suggesting that UV exposure is a strong risk factor. We have earlier
concluded that in Norway the north–south gradients are similar for
CMM and squamous cell carcinoma [29], but when larger popula-
tions are taken into account the latitude gradients for CMM are
smaller than those for NMSC [15,17]. We have attributed this to
the fact that the latitude gradient for UVB is larger than that for
UVA [17], as discussed above. UVB (but not UVA) is considered to
be a strong carcinogen for NMSC, while UVA almost certainly plays
a role for CMM [23,34]. However, the north–south distance is not
large enough in Norway to allow any detailed analysis.

In Norway, the main urbanized regions are located in the south
and CMM is more prevalent in urban than in rural regions [15]. The
warmer climate in the south may stimulate vacation-related inter-
mittent sun exposures. Also, because of the urbanization and high-
er income, people are more likely to work indoor than outdoor and
to spent their holidays abroad, in sunny countries, all of which are
risk factors for melanoma [25,26,35] and could also play some role
for the observed latitude gradient.

The head and neck are considered to be sites with chronic sun
exposure, while the trunk and limbs are presumably sites with
more intermittent sun exposure. CMM on intermittent-exposed
sites seems to dominate, both in the north and in the south: the
trunk for men and lower limbs for women. But even for women,
the lower limbs are followed very closely by the trunk in recent
years, a trend evident notably in the south. Thus, the trunk is
becoming the major site of CMM in both sexes, as observed also
by Lipsker et al. [36]. This distribution of CMM supports the hypoth-
esis that the pattern of sun exposure is important for skin carcino-
genesis, intermittent exposure patterns being most dangerous with
respect to CMM [1,37], in agreement with our earlier work [29].

For CMM a ‘‘divergent pathway” model has been proposed,
including a site dependent susceptibility of melanocytes to carci-
nogenesis [38,39]. Recent studies seem to support the existence
of at least two different pathways to CMM [40,41], that appear to
be variable and depend on the host: (i) the melanocytes of people
with a low tendency to develop nevi require chronic sun exposure
in order to initiate the development of CMM, and these CMMs tend
to occur most frequently on the head and neck, and (ii) in nevus-
prone individuals melanocytes require little sun exposure in order
to become neoplastic, and in this case CMMs tend to occur more
frequently on the trunk. A third pathologic pathway is proposed
for fast-growing CMMs, with bad prognosis, and these CMMs are
seemingly not sun-induced [36]. Genetic studies have provided
support for these ‘‘divergent pathways” [42].

Understanding these concepts may be very important for future
strategies of CMM prevention. Further epidemiological research
may help in better understanding CMM etiology and in analyzing
differences among different subtypes of CMMs, in populations with
different skin types and living at different latitudes.
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Introduction

Ultraviolet B (UVB) radiation from the sun is carcinogenic and 
certainly a main cause of skin cancers, most likely including 
melanoma.1-7 However, UVB can practically not reach melano-
cytes in the uveal tract, where melanomas sometimes arise.8-10 
Ultraviolet A (UVA) radiation which may be inducing cutaneous 
malignant melanoma (CMM),11-13 may reach some of the mela-
nocytes in the eye, although at much lower fluence rates than 
those reaching melanocytes in the skin.9 Thus, while it is almost 
universally accepted that solar radiation is a cause of CMM,1-6,14-16 

this is not likely to be true for uveal melanomas. In fact, epide-
miological investigations indicate an inverse latitude gradient for 
uveal melanomas in the US,10 and choroidal melanomas are not 
distributed as might be expected if UV played a major role.17,18 
However, some studies indicate a positive correlation between 
sun exposure and ocular melanoma,17,19-25 so the question is not 
settled yet. For choroidal and ciliary body melanoma (melanoma 
of the uveal tract) solar radiation may play a role since these 
localizations can be reached by UV according to some authors.25 

In order to evaluate the role of solar radiation in uveal melanoma etiology, the time and latitude dependency of the 
incidence rates of this melanoma type were studied in comparison with those of cutaneous malignant melanoma (CMM). 
Norway and several other countries with Caucasian populations were included. There is a marked north-south gradient 
of the incidence rates of CMM in Norway, with three times higher rates in the south than in the north. No such gradient 
is found for uveal melanoma. Similar findings have been published for CMM in other Caucasian populations, with the 
exception of Europe as a whole. In most populations the ratios of uveal melanoma incidence rates to those of CMM tend 
to decrease with increasing CMM rates. This is also true for Europe, in spite of the fact that in this region there is an inverse 
latitude gradient of CMM, with higher rates in the north than in the south.

In Norway the incidence rates of CMM have increased until about 1990 but have been constant or even decreased 
(for young people) after that time, indicating constant or decreasing sun exposure. The uveal melanoma rates have been 
increasing after 1990. In most other populations the incidence rates of CMM have been increasing until recently while 
those of uveal melanoma have been decreasing. These data generally support the assumption that uveal melanomas are 
not generated by ultraviolet (UV) radiation and that solar UV, via its role in vitamin D photosynthesis, may have a protec-
tive effect.

Time trends and latitude dependence  
of uveal and cutaneous malignant melanoma 

induced by solar radiation
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However, this is not certain since ciliary body and choroidal 
melanocytes are covered internally by densely pigmented retinal 
or ciliary pigment epithelium and externally by nontransparent 
sclera. Furthermore, UV must pass the cornea, the lens and the 
vitreous region before reaching the pigment epithelia. It has been 
stated that only 0.1% UVA can pass an adult lens.26 Thus, only 
small fluences of even UVA can probably reach the melanocytes 
in the ciliary body and the choroid.18 Also other authors argue in 
agreement with this,27,28 so the last word has probably not been 
said on this matter.

In the present work we followed two possible ways to elucidate 
this problem further: (1) Comparisons of north-south gradients 
for cutaneous and uveal melanomas, and (2) Comparisons of 
time trends of the two melanoma types. Increasing time trends of 
CMM incidence rates indicate increasing sun exposure. In many 
populations, including the Norwegian, CMM rates increased 
with doubling times of about 15–20 years up to 1985–1990.3,16,29 
After that time the increase is less marked in many countries,30,31 
and in Norway even a decrease has been observed for young 
people.16,29
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Here we show that after 1990 there has been an increase in 
uveal melanoma rates in Norway, opposite to what is found for 
CMM. There is no north-south gradient for uveal melanoma 
in the time period investigated (1993–2004), while there is a 
prominent north-south gradient for CMM. These data will be 
compared with data for other populations of Caucasians, and, 
together with these data, discussed in view of sun exposure, mela-
noma generation and vitamin D photosynthesis. A protective role 
of vitamin D may apply for melanomas15,29 as well as for internal 
cancers.32-37

Results

Figure 1 shows a comparison of epidemiological data of CMM 
and uveal melanoma in Norway. Unfortunately, we have data for 
uveal melanoma only from 1993. The incidence rates of CMM 
for both sexes together, all ages included, have been constant. 
However, the rates for persons younger than 50 years have 
decreased in the same period. The rates for uveal melanomas have 
increased significantly. For CMM there is a strong north-south 
gradient, while for uveal melanoma there is no such gradient.

The ratio of uveal melanoma cases to CMM cases has increased 
somewhat for both men and women in the same period (Fig. 2).

For Sweden data for uveal melanoma are available for a lon-
ger time, and the time trends from 1960 to 1998 are shown in 
Figure 3 (A for males and B for females). Until about 1990 the 
CMM rates increased sharply, as in Norway,29 while the uveal 
melanoma rates decreased in the same period. Thus, the ratio of 
uveal melanoma rates to CMM rates decreased strongly (Fig. 3). 
After 1990, however, the rates of CMM and those of uveal mela-
noma have been almost constant for both sexes.

The incidence rates of CMM are about three times higher 
in Australia and New Zealand than in Scandinavia and in The 
British Isles, while those of uveal melanomas are not much dif-
ferent (Fig. 4). For these countries the ratio of incidence rates 
of uveal melanomas to CMM are strongly decreasing with 

Figure 1. Time trends of the incidence rates (IR) of CMM and uveal 
melanoma in Norway for the period 1993–2004. For CMM over all data 
(men and women, age adjusted. Rates for persons below 50 years  
(all country) are shown separately).

Figure 2. The ratio of the number of uveal melanomas to that of CMM 
in Norway for three periods. Data shown separately for women and 
men.

Figure 3. The age adjusted incidence rates (IR) of CMM (per 10,000) and 
uveal melanoma (per 10,00,000) in Sweden, (A) for men, (B) for women. 
The ratio of the incidence rates of uveal melanoma to CMM is shown at 
the bottom of the panels in open triangles.
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uveal melanomas have remained stable.41 The conjunctiva can 
be reached even by UVB radiation. For about the same time 
period even decreasing trends of uveal melanoma rates have been 
reported for Sweden and some other countries (Fig. 7, reviewed 
in refs. 1, 38, 39 and 42). As will be discussed below, in connec-
tion with latitude trends, a possibility exists that the decreasing 
time trends of uveal melanomas for periods of increasing time 
trends of CMM can be explained by a protective role of solar 
radiation on uveal melanomas. This might take place via vitamin 
D photosynthesis:43 In time periods when CMM rates have been 
increasing, such as in Sweden before 1990 (Fig. 2) and in many 
other countries with Caucasian populations,1-3,14 the sun exposure 
of the people have supposedly been increasing, leading to increas-
ing vitamin D synthesis in skin, the uveal rates have generally 
decreased.1 Exactly opposite trends are found for Norway after 
1990 (Fig. 1). These data support the assumption of a protective 
role of solar radiation in relation for uveal melanomas. According 
to the CMM rates the sun exposure has increased in Sweden 
from 1960 to 1998 (Fig. 3). This agrees with the fact that also 
the incidence of cataract, which is caused by sun exposure also 
increased in Sweden from 1992 to 2000.44

Latitude trends. The Norwegian data show a strong north-
south gradient of CMM rates (Fig. 1, reviewed in refs. 2 and 12). 
No such gradient is found for uveal melanoma (Fig. 1). In the US, 
as in Norway, the CMM rates increase with decreasing latitude.2,3 

increasing CMM rates (Fig. 5). This is true both when UK, 
Ireland, Scotland and Scandinavia are considered alone, and 
when also Australia and New Zealand are brought into the pic-
ture (Fig. 5). When those European countries, for which relevant 
data are available, are included, inverse latitudinal gradients are 
found, both for CMM and for uveal melanoma (Fig. 6A and 
B). However, the ratio of the rates of uveal melanoma to CMM 
increases with increasing CMM rates (Fig. 6C).

Discussion

Time trends. This is, to our knowledge, the first time uveal  
melanoma trends are analyzed for a population and a period 
in which CMM rates tend to decrease with time. Surprisingly, 
an increase in uveal melanoma rates is found. The opposite is 
observed for populations and periods of increasing CMM inci-
dence trends. This is exemplified by the data for Sweden, where, 
until 1990, CMM incidence rates increased rapidly, with a dou-
bling time of about 15–20 years,15 as in practically all countries 
where such investigations have been carried out.1,15 Such increas-
ing trends of CMM rates have been observed for a long time 
(Fig. 7), and is generally explained by increasing sun exposure, 
notably in vacations and holydays (intermittent exposures). The 
rates of conjunctival melanomas in the US have increased in the 
period 1973–1999, as have those of CMM,40 while the rates of 

Figure 4. Age adjusted incidence rates (IR) of uveal melanomas as a 
function of the incidence rates of CMM (A men, B women) for some 
countries selected on the basis of our earlier CMM work.12

Figure 5. The ratio of the incidence rates (IR) of uveal melanoma to 
CMM as a function of the incidence rates of CMM for the same countries 
as those included in Figure 4.
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is generating CMM, but not uveal melanomas. However, in 
these countries no protective role, as in the US, is indicated. The 
discrepancy of these data may be related to a possible geneti-
cal north south gradient of susceptibility to uveal melanoma, 
either in the US or in the countries included in Figures 4 and 
5. Such gradients should certainly be taken into account: In 
Europe CMM rates are higher in the north (Scandinavia) than 
in the south (Fig. 6A). This is likely to be caused by differences 
in pigmentation. However, even when considering these coun-
tries with increasing CMM rates from south to north, the ratio 
of the incidence rates of uveal melanomas to those of CMM 
appears to increase with increasing rates of CMM incidence, 
i.e., with increasing latitude and decreasing annual UV exposure  
(Fig. 6B and C). This may be related to the observation that blue 
eyes, which are more prevalent in the north, are risk factors for 
ocular melanoma.18,45-47 The fact that the relative risk of uveal 
melanomas can be as much as 19 times smaller for black persons 
than for white persons in the US,18 probably indicates that mela-
nin itself acts as a protectant.38

The role of solar radiation and vitamin D in uveal melanoma 
etiology. UV is likely to be the main carcinogen for CMM, as 
has been discussed by many of the authors cited above, although 
some controversies still exist.48 Both UVB and UVA may play 
roles. The uveal tract, however, cannot be reached by UVB,9 
and, since most uveal melanomas arise in the choroid layer,49 to 
which very little UVA can penetrate,9 solar radiation is unlikely 
to be significantly involved in the etiology of uveal melanomas. 
This conclusion is strengthened by the observation that mela-
nomas are evenly distributed on the choroid, while this is not 
true for solar radiation.17 The time trends discussed above, and 
partly also the latitudinal trends, suggest that solar radiation is a 
main carcinogen for CMM, (possibly also for the rare, conjunc-
tival melanomas18 whose changing incidence patterns coincide 
with those of CMM in the US40), but may act as a protectant 
against uveal melanomas, possibly through its generation of vita-
min D:10 The time trends for uveal melanomas and for CMM 
are generally opposite. How can we then explain why there in 
some countries are no latitudinal gradients of uveal melanomas? 
Two factors should be considered in future investigations of this: 
Intermittent versus constant UV exposure, and latitudinal gra-
dients of constitutive melanin (genetically determined). Firstly, 
CMM is more closely related to intermittent UV exposure than 
to total exposure,1,40,43,48-50 while the vitamin D status is likely to 
be dependent on total exposure. The genetic impact on CMM 
rates among Caucasians is demonstrated by Figure 6A, which 
shows that the incidence rates of CMM decrease with decreas-
ing latitude in Europe. The melanin pigmentation generally 
increases from north to south in Europe,51 leading to decreasing 
rates of CMM and of vitamin D photosynthesis.52 Unfortunately, 
no reliable comparisons of the vitamin D status in north and 
south Europe are available. The rates of uveal melanomas tend 
to decrease from north to south in Europe (in contrast to what 
is found in the US), and so does the ratio of the incidence 
rates for uveal melanomas to those of CMM (Fig. 6). It has 
been proposed that melanin by itself has a protective effect 
against uveal melanomas,53 which may contribute to explain 

The uveal melanoma rates in the US show a significant opposite 
latitudinal trend,10 even if Hawaii is omitted from the picture. 
This is interpreted as an indication of a protective role of solar 
radiation.10 As for Norway, there is no significant latitudinal gra-
dient for uveal melanomas when The British Isles, Scandinavia, 
Australia and New Zealand are considered (Fig. 4). Clearly, the 
higher the CMM rates are, the lower are the ratios of the rates of 
uveal melanoma to CMM (Fig. 5). The same is true for Norway 
(Fig. 1), and it seems that in these populations solar radiation 

Figure 6. Incidence rates (IR) of CMM per 1,00,000 (A), uveal melanoma 
per 10,00,000 (B) and the ratio (C) as functions of latitude. Melanoma 
data were extracted from the work of Virgili et al.38 Data refer to the 
period 1983–1994 and are from Ragusa (37°C), Tarragona (41°C), Navarra 
(43°C), Parma (45°C), Geneva (46°C), Slovenia (46°C), Bas Rhin (48°C), 
Saarland (49°C), CalvadosGen (49°C), Slovakia (49°C), Cracow (50°C), 
Eindhoven (51°C), West Midlands (53°C), Mersey (53°C), Yorkshire (54°C), 
Scotland (56°C), Denmark (56°C), Estonia (59°C), Sweden (62°C), Norway 
(62°C), Finland (64°C) and Iceland (65°C).
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CMM and uveal melanoma are generally opposite in agreement 
with this hypothesis.

The situation is complicated in the central and northern 
European countries where there is an increase in CMM rates 
from south to north and a slightly decreasing trend of uveal 
melanoma. This may be related to an increase in pigmentation, 
possibly also to an increace in the eumelanin/pheomelanin ratio, 
from north to south in Europe.

Materials and Methods

In our study we used data from various sources. The incidence 
data for CMM and uveal melanoma in Norway are obtained from 
The National Cancer Registry, a population-based registry that 
since 1953 collects data on cancer incidence and survival.60 In the 
case of uveal melanoma data are available only after 1993 when 
this localization was coded separately. The data for uveal mela-
noma in Sweden have been extracted from the work of Bergman 
et al.61 while for the European plot the data are from the publica-
tion by Virgili et al.38 The annual percent changes of CMM and 
uveal melanomas death rates are taken from references.1,39 The 
other epidemiological data used in this work are retrieved from 
the online data base of the International Agency for Research on 
Cancer (IARC).62

We performed two main types of analyses: time trends for the 
two cancer types studied and the correlation between the occur-
rence of uveal melanoma and the incidence of CMM. Where 
it was possible we have stratified our data by age (two groups, 
younger and older than 50 years) and by gender since both of 
these factors affect the incidence rates of melanomas.
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the European data shown in the Figure 6. A protective role 
of solar radiation on CMM, in addition to an inductive role 
as discussed above, is indicated by the following observations:  
(1) The prognosis of CMM is best for summer-autumn diagno-
sis.15 (2) The prognosis of CMM appears to be best for tumours 
arising on skin areas with signs of high UV exposure.54 (3) The 
CMM incidence rates in the US have increased rapidly in the 
period 1992–2004, with a doubling time as short as 10 years, 
whereas the mortality rates have not increased significantly,55 
and it was concluded that screening associated diagnosis of 
thinner melanomas could not explain the increasing incidence 
rates. A decline of the latitudinal effect of CMM mortality 
rates and a stabilization of the rates in the US was predicted 
already in 1997.56 Even earlier it was shown that outdoor work 
does little to increase the CMM risk.45,57,58 A meta-analysis of 
the relation between intermittent and chronic UV exposure 
and uveal melanoma indicates a slightly protective role of out-
door and leisure life.59

Limitations of the work. First of all uveal melanomas are 
rare, so in many cases it is not possible to give good 95% confi-
dence intervals. Secondly, the induction time may be different 
for different types of melanoma. Lentigo maligna melanoma, 
for instance, occurs late in life and is probably related to accu-
mulated UV dose, in contrast to CMM, which, as stated above, 
seems to be related more to intermittent exposures. Thirdly, 
as also stated above, melanin, notably eumelanin, may act as 
a protectant by itself, i.e., through chemical protection and 
not only through UV absorption. The north south gradient of 
CMM in Europe may be related to such protection.

Conclusions. Comparisons of time trends and latitudinal 
trends of the incidence rates of CMM and uveal melanoma 
among Caucasians indicate that solar radiation is likely to act 
ac a carcinogen for CMM but not for uveal melanoma. For the 
latter melanoma type, solar radiation may even seem to act in a 
protective manner: Time trends, as well as latitudinal trends, of 

Figure 7. The annual percent changes of CMM and uveal melanomas death rates as taken from references.1,39 Average values for the time period from 
1951 to 1978.
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Abstract
Background Melanoma incidence is increasing in many parts of the world. The main environmental risk factor is

exposure to solar radiation. However, melanomas may arise also on non-sun-exposed areas (uveal and mucosal

melanomas) and little is known about a possible relationship between sun exposure and melanoma on such

locations.

Objectives We have compared the time and latitude trends of melanoma incidence in the anorectal region and

perianal skin (non-sun-exposed sites) with those of cutaneous malignant melanoma (CMM) (sun-exposed skin) to

gain more information about the relationship between sun exposure and melanoma on such sites.

Methods We analysed epidemiological data from the Cancer Registry of Norway for melanomas of the anorectal

mucosa, perianal skin and overall CMM for the time period 1966–2007.

Results We found that melanoma incidence on these shielded sites tends to decrease or remain constant over a

period during which the CMM rates increase. This is true both in the North and in the South regions of Norway.

Comparison of latitudinal trends of the incidence rates of CMM and melanoma on these shielded sites shows that

there is no latitude gradient for melanoma of the anorectal mucosa and perianal skin, whereas there is a strong one

for CMM.

Conclusions The time and latitudinal trends are likely to support the assumption that melanomas on these

shielded sites are not generated by ultraviolet radiation. Possible causes and significances of these trends are

discussed.
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Introduction
Malignant melanoma is a heterogeneous disease with many atypical

variants. Many genetic and environmental factors may play roles as

risk factors. For cutaneous malignant melanoma (CMM), the main

environmental risk factor is exposure to solar radiation. Supposedly

due to increasing exposure, its incidence has been increasing in

most parts of the world until recently.1 However, despite their com-

mon origin with CMM (the melanocytes), the aetiological factors

for mucosal melanomas remain obscure. These sites are not sub-

jected to direct sun exposure, and their incidence rates have been

relatively constant over time, at least in comparison with CMM.2,3

The US National Cancer Data Base has reported that mucosal

melanoma represents the third most common site of primary mel-

anomas after the skin and eye, with anorectal malignant mela-

noma (AMM) being the second most frequent mucosal site after

the head and neck.4 Still, mucosal melanomas remain rare

tumours and are difficult to diagnose. AMM is of particular rele-

vance for the study of risk factors other than sun exposure and for

de novo melanoma development.

In this study, we have studied time and latitude trends of the

incidence rates of melanoma in the anorectal region and perianal

skin (non-sun-exposed sites), in comparison with those of CMM
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on more or less sun-exposed skin. We have used epidemiological

data for a period of 40 years in Norway.

Materials and methods
We analysed epidemiological data from the Cancer Registry of

Norway for the anorectal region, perianal skin and overall skin

melanomas for the time period 1966–2007. The melanoma cases

are coded by topography according to the 7th revision of the

International Classification of Diseases (ICD-7) with local modifi-

cations (the code 190.x for skin melanoma). The Cancer Registry

of Norway has not begun to use ICD-O-2 until 1993 and the data

before 1993 have not been recoded in ICD-O-2; since 1993, there

is a semi-automatic conversion of ICD-O-2 codes into ICD-7

codes. For all sites other than the skin, to ensure consistent data

extraction, we combined the ICD-7 code for the specific location

and the morphologies for malignant melanomas according to

Manual of Tumor Nomenclature and Coding (MoTNaC) and

ICD-O-2. Thus, we identified the perianal skin melanoma accord-

ing to the ICD-7 specific code 190.5 (it does not include the mela-

noma of the scrotum, coded as 190.6) and the AMM cases

according to the ICD-7 code 154.0 and 154.1 and ICD-O-2 codes

C20.9, C21.0, C21.1, C21.2 and C21.8, combined with the mor-

phology codes for malignant melanoma according to MoTNaC

and ICD-O-2.

We used crude incidence rates (incidence number divided by

the Norwegian population in the same period and region) to com-

pare time trends between CMM and AMM and perianal melano-

mas for the entire Norway as well as separately for the North and

South regions of this country. Norway is divided into 20 counties;

the South region of Norway is defined in this study as referring to

the counties 1, 2, 4 and 6–11 (mean latitude 59.5� with high

annual ambient ultraviolet exposure5), and the North region to

the counties 18, 19 and 20 (mean latitude 69.5� with low annual

ambient ultraviolet exposure5). The values plotted represent inci-

dence rates for 20-year periods per 1 000 000 persons (as the case

numbers are low for melanoma on non-sun-exposed sites), for the

following time frames: 1966–1986 and 1987–2007, using a loga-

rithmic scale. [Correction added on 10 September 2011, after first

online publication: The years ‘‘1966–1989 and 1989–2007’’ have

been changed to ‘‘1966–1986 and 1987–2007’’.] Crude time trends

have been estimated by fitting a regression line for the two data

points (corresponding to the two periods analysed), using

SIGMAPLOT 10.0 software from Systat Software, Inc. (Richmond,

CA, USA). P < 0.05 was considered significant.

Results
During the study period (1966–2007), there were 75 cases of

AMM (30 men and 45 women) and 65 cases of perianal melano-

mas (23 men and 42 women). The vast majority of patients was a

population older than 50 years (data not shown), with a higher

incidence rate in women than in men (statistical significant in the

case of perianal melanoma). Concerning CMM, there were 29 018

cases registered during the 40 years we have analysed, specifically

15 584 female patients and 13 433 male patients.

In the present analysis, we found that the rates of melanoma

incidence on shielded sites, like anorectal mucosa and perianal

skin, tend to remain constant or decrease over a time period with

increasing CMM rates, with a possible exception for AMM in

women, which tends to increase slightly, although non-signifi-

cantly (Figs 1 and 2). Table 1 shows a significant difference

between the two periods included in the analysis (1966–1986 and

1987–2007) for the CMM incidence rates, but with no statistically

significant difference with regard to the other types of melanomas.

Furthermore, we combined the AMM cases with the perianal

skin melanoma cases, men and women, to have access to a

Figure 1 Time trends of anorectal melanoma (AMM) incidence

in comparison with cutaneous malignant melanoma (CMM) inci-

dence for two time periods, 1966–1986 and 1987–2007. Inci-
dence rates (IR) are crude rates per one million persons,

Norwegian population, log scale. N = number of cases,
M = male, F = female.

Figure 2 Time trends of perianal melanoma incidence in com-

parison with cutaneous malignant melanoma (CMM) incidence
for two time periods, 1966–1986 and 1987–2007. Incidence rates

(IR) are crude rates per one million persons, Norwegian popula-

tion, log scale. N = number of cases, M = male, F = female.
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considerable number of cases to ensure a better statistical analysis

of time trends for the North and South regions of Norway. We

did not find any significant latitude gradient for AMM and peri-

anal melanoma, for the time frame 1966–2007, in contrast with

CMM, for which there is a significant latitude gradient, between

the North and the South regions (Table 2). When we analysed the

time trend in these two regions, we found that the incidence rates

of CMM have increased for both the North and the South regions

of Norway, with a significant latitude gradient for both time peri-

ods studied (Fig. 3). For the other types of melanoma, there was a

constant time trend for both regions, although we did observe a

non-significant decrease in the incidence rate in the North region

in the recent period (Fig. 3).

Discussion
Intermittent sun exposure and sunburn are likely to be strong pre-

dictors for CMM.6 However, melanomas may arise also on non-

sun-exposed areas (like mucosal melanomas and uveal melano-

mas), and little is known about a possible relationship between

sun exposure and melanoma on such areas other than the fact that

direct sun exposure can be ruled out. Most of the information

about the incidence of mucosal melanomas, in general, and of

AMM, in particular, comes from case reports, but estimation of

true incidence rates can be achieved from population-based data,

such as national cancer registries. A few such studies are reported

in the literature, mainly with regard to AMM.4,7–10

The higher rates among women (both on skin and perianal

regions) are difficult to explain. There is no solid evidence linking

female sex hormones to melanoma risk,11–14 although oestrogens

are known to increase the number of melanocytes and modify their

melanin content.15 The expression of the human melanocortin-1

Table 1 Comparison between two time periods: 1966–1986 and 1987–2007 of different anatomic localizations of melanoma in

Norway

Type of melanoma
(male and female combined)

1966–1986 1987–2007 t-test

Number
of cases

Incidence
rate*

Number
of cases

Incidence
rate*

All cutaneous melanoma 8765 103.12 20253 216.99 P < 0.001

Anorectal melanoma 30 0.35 45 0.48 P > 0.05

Perianal skin melanoma 39 0.46 26 0.27 P > 0.05

Anorectal + perianal skin melanomas 69 0.81 71 0.75 P > 0.05

*Incidence rates are crude incidence rates per one million persons, Norwegian population.

Table 2 Comparison between the North and the South regions of Norway during 1966–2007 of different anatomic localizations of

melanoma

Type of melanoma
(male and female combined)

North* South* t-test

Number
of cases

Incidence
rate†

Number
of cases

Incidence
rate†

All cutaneous melanoma 1498 76.88 16071 187.74 P < 0.001

Anorectal melanoma 8 0.41 36 0.42 P > 0.05

Perianal skin melanoma 7 0.35 31 0.37 P > 0.05

Anorectal + perianal skin melanomas 15 0.76 67 0.80 P > 0.05

*The North region of Norway has a mean latitude of 69.5� and the South region, 59.5�.
†Incidence rates are crude incidence rates per one million persons, Norwegian population.

Figure 3 Time trends in the North and South regions of Norway

for shielded sites (anorectal and perianal melanoma combined)

and cutaneous malignant melanoma (CMM), 1966–2007. The

north region has a mean latitude of 69.5� and the South region,
59.5�. Incidence rates (IR) are crude rates per one million per-

sons, Norwegian population, male and female cases combined,

log scale. N = number of cases, M = male, F = female.
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receptor gene is also modulated by the paracrine and endocrine

sex hormones.16 Contrary to incidence rates of CMM in Euro-

pean countries, in Australia and North America, there is a higher

incidence rate of CMM in males than in females;1 as for AMM

in Australia, the male preponderance is also visible.8

Comparisons of latitudinal gradients and ⁄or time trends of the

incidence rates of melanomas on shielded sites (like mucosal and

uveal melanomas) with those on non-shielded sites often show dif-

ferences,2,10,17,18 as in our current study. In some cases, incidence

rates of melanoma on shielded sites tend to increase from South

to North, whereas for melanoma on sun-exposed skin areas, the

incidence rates decrease from South to North. For example, in

USA, the uveal melanoma rates show an opposite latitudinal trend

as compared with CMM.18 In Norway, we have found no North–

South gradient for uveal melanoma, whereas there is a strong one

for CMM.19,20 In USA, Weinstock has also reported a higher inci-

dence of vulvar melanoma and AMM in the North.10 CMM inci-

dence rates continue to increase both in the North and in the

South regions of Norway, and show a North–South gradient for

different cutaneous sites as recently described by our research

group,20 but not for the shielded sites analysed in the current

study, for which the time trend is constant or decreasing both in

the North and in the South regions and the latitude gradient is

not evident (although we must allow for possible errors due to

low number of cases).

As in our study, as well as in the one by Ragnarsson-Olding

et al., from Sweden,9 AMM incidence rates tend to remain con-

stant, whereas those for CMM in these countries have increased in

the last decades when compared with earlier periods. For southern

latitudes, like in Queensland, Miller et al.8 have found no change

in the incidence rates of AMM despite the very high incidence rate

of CMM in this region. Other authors have found an increased

incidence rate of AMM in some regions of the USA in recent

years,4,7 perhaps due to some other aetiological factors, like HIV

infection.4

Time and latitudinal trends are likely to support the assumption

that melanomas on shielded sites are not generated by ultraviolet

(UV) radiation, a hypothesis reviewed in the work of Row and

Weiser.21 The possibility exists that solar UV radiation, probably

via its role in vitamin D photosynthesis in exposed skin, may have

a systemic, protective effect against melanomas on shielded sites

(in the same way as for some internal cancers22,23) in addition to

its melanomagenic effect on the exposed skin, as we have proposed

earlier for vulvar melanomas.24 Vitamin D is considered the pre-

cursor of a hormone (1,25-dihydroxyvitamin D, 1,25(OH)2D),

which has many biological effects in the skin, such as regulation of

cell growth and differentiation and modulation of the immune

system.25 The anti-cancer effect of 1,25(OH)2D has been docu-

mented in different melanoma cell lines expressing vitamin D

nuclear receptor, VDR,26 but the relationship between vitamin D

induced by sun exposure and melanoma is far more complex than

for other systemic cancers.27

The protective role of vitamin D for mucosal melanomas is sup-

ported by the higher incidence of AMM in people with darker skin

pigmentation,10,21,28 as individuals with darker skin need higher

doses of UVB to induce the same amount of vitamin D as com-

pared with individuals with lighter skin,29 and many African-

Americans are vitamin D-deficient.30 Other researchers have found

a lower incidence of mucosal melanomas (in particular vulvar

melanomas) in dark-pigmented individuals, possibly related to the

antioxidant properties of melanin rather than its photoscreening

effects.31 Overall, when white skin ⁄dark skin ratios are calculated,

there is a lower racial difference for mucosal melanomas than for

cutaneous melanomas31,32. Thus, factors other than solar radiation

may also act for mutagenesis on these sites, like the factors present

in the mucus membrane, as hypothesized by Hu et al.31

Increased availability of the immunohistochemistry methods,

improvement of endoscopy and increased longevity may influence

the incidence rates of AMM. More and more tumours in the ano-

rectal region that were initially considered to be other types of can-

cer, i.e. leiomyosarcomas, small cell carcinomas or lymphoma, are

being classified later on as melanomas due to immunohistochemi-

cal analysis.33,34 Despite this, AMMs remain rare tumours with

poor prognosis.35

For a long time, melanoma of the gastro-intestinal tract has not

been considered as a primary lesion, but as a metastatic one.36 It is

still difficult to diagnose and the following criteria are suggested

for considering a melanoma to be primary in the gastro-intestinal

tract: the presence of atypical melanocytes along the basal epithe-

lium, the absence of melanomas elsewhere and no history of meta-

static melanoma.37 It is associated with the melanocytes that have

migrated from the neural crest or from the mucocutaneous junc-

tions. The melanocytes exert complex functions other than pro-

duction, transport and transfer of melanin to the keratinocytes.38

Many other cells than keratinocytes interact actively with melano-

cytes and even elements of the vascular system and nerve connec-

tions influence their functions. Although melanin synthesis is the

principal function of melanocytes,39 they also reside in invisible

anatomical areas such as stria vascularis of the cochlea,40 leptome-

ninges41 or retinal pigment,42 where their role is mainly to coun-

teract oxidative stress. They may also contribute to regional

immune responses.38,43 Thus, mucosal ⁄ anorectal melanocytes may

also play an important role against oxidative stress, and malignant

transformation may be related to oxidative stress in these regions

or to the immunosuppression for various reasons, especially

because these types of melanomas occur mostly in patients older

than 50 years, suggesting the typical progressive acquisition of

genetic mutations that ultimately lead to a malignant phenotype.

Several studies classify mucosal melanomas to be different from

CMM at the molecular level, even though mucosal melanomas

display histological and immunohistochemical features similar to

those of CMM. The exon 15 BRAF mutation (V599E) is highly

expressed in CMM, more frequently in sites intermittently exposed

to UV,44 whereas it is not so frequently observed in mucosal
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melanomas.45 Another genetic difference is the KIT a receptor tyr-

osine kinase mutation. KIT is thought to play an important role in

melanocyte development and differentiation.46 It is expressed in

normal melanocytes, benign nevi and in in situ melanomas, but it

tends to be reduced in invasive melanomas.47,48 Recent studies

have shown that KIT is an important oncogene for mucosal mela-

nomas, for melanomas on the acral skin and on the skin with

chronic sun damage,49–51 but, as recently pointed out,52 the mela-

nocytes harbouring KIT mutations require a tissue-specific envi-

ronment (such as hypoxia) to progress in their malignant

transformation. In addition, a subset of mucosal melanomas with

activating KIT mutations responds to KIT inhibitors,49,53 showing

that these KIT mutants are promising therapeutic targets.

We were unable to verify the accuracy of diagnosis and coding

of these rare tumours reported to the Norwegian Cancer Registry.

The errors may have affected the results, and the directions and

roles of such effects are uncertain.

Each melanoma subtype may have unique aetiological initiating

factors and may be influenced by its microenvironment with dif-

ferent progression pathways54 for which the solar radiation may

play different roles.
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Abstract
Background Cutaneous malignant melanoma (CMM) incidence continues to increase in many parts of the world.

Solar ultraviolet (UV) radiation is the main environmental risk factor for CMM. Different body locations are subjected

to different doses and exposure patterns of solar UV. Time and latitudinal trends of CMMs on shielded and exposed

skin give valuable information about the aetiology of these cancers. In this study, we have compared the time and

latitudinal trends of CMM incidence on skin areas which are chronically (head and neck) and rarely (foot) exposed to

UV radiation, to gain more information about the relationship between sun doses, exposure patterns and

melanomagenesis.

Methods We have analysed epidemiological data from the Cancer Registry of Norway, for foot and head and neck

CMM for two time periods: 1966–1986 and 1987–2007.

Results Cutaneous malignant melanoma incidence rate on head and neck has increased with time, while

incidence rates of foot CMM have remained almost constant with time in Norway. There is a large north–south

gradient in incidence rates of CMM on head and neck in Norway, while there is almost no north–south gradient for

CMM incidence on foot.

Conclusions Comparisons of time trends and latitudinal trends of the incidence rates of CMM on head ⁄ neck and

on foot indicate that solar radiation plays a role in the induction of the former CMM but probably not for the latter.
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Introduction
Malignant melanoma (MM) arises in activated and genetically

altered melanocytes. MM occurs mainly on the skin, but may also

occur on mucosa in oral and genital regions (vulvar MM) and in

the eye (ocular MM, consisting of uveal and conjunctiva MMs).

For cutaneous MM (CMM), the main environmental risk factor is

exposure to solar radiation.1–3 The overall incidence rate of CMM

is increasing in most parts of the world.4 CMM may occur on

different anatomical sites which get different doses of ultraviolet

(UV): Head and neck are more often exposed to solar radiation

than foot.

In this study, we have compared the time and latitude trends of

the incidence rates of foot CMM with those of head and neck

CMM. We have used epidemiological data for a period of

40 years, in Norway.

Materials and methods
We have analysed epidemiological data from the Cancer Registry

of Norway, for head ⁄neck and foot and overall CMMs for the

time period 1966–2007. The melanoma cases are coded by topog-

raphy, according to the 7th revision of the International Classifica-

tion of Diseases (ICD-7) with local modifications (the code 190.x

for skin melanoma). The Cancer Registry of Norway did not use

ICD-O-2 until 1993 and the data before 1993 has not been

recoded to ICD-O-2; since 1993, there is a semi-automatic conver-

sion of ICD-O-2 to ICD-7 codes. Thus, we have identified head ⁄
neck skin melanomas according to the ICD-7 specific code 190.0,

foot skin melanomas according to the ICD-7 specific code

190.3 and the total CMM cases according to the ICD-7 code

190.0, 190.1, 190.2, 190.3, 190.4, 190.5, 190.6 (only for males),

190.7, 190.8 and 190.9.
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Crude incidence rates (incidence number divided by the Nor-

wegian population in the same period and region) was used to

compare time trends between foot CMM and head and neck

CMM for the north, mid ⁄west and south regions of this country.

Age-adjusted rates are usually used for comparison between differ-

ent populations, but to compare trends in the same population

(Norwegian), crude rates were used in the present work as they

are more suitable because of the low number of foot CMM cases

in the different regions. In general, age-adjusted rates and crude

rates are almost similar and possibly small differences will play no

role for the present discussion.

Assignment of the Norwegian counties into three regions was

based on ambient annual UV doses, calculated and measured as

earlier described.5,6 Norway is divided in 20 counties (Fig. 1). The

south region of Norway is defined in this work as referring to the

counties 1, 2, 4 and 6–11 (mean latitude 60�, with highest annual

ambient UV exposure), the mid ⁄west region for counties 5, 12

and 14–17 (mean latitude 64�, with middle annual ambient UV

exposure) and the north region for the counties 18, 19 and 20

(mean latitude 70�, with lowest annual ambient UV exposure).5,6

The values plotted represent incidence rates for 20 year periods

per 100 000 persons, for the following time periods: 1966 to 1986

and 1987 to 2007.

Relative melanoma density was calculated for CMM as previ-

ously described:7 crude incidence rates of CMM on a given body

localization (head ⁄neck and foot) were divided by the fraction of

the total body area occupied by the given localization. The values

of the fraction of the skin areas of different sites are taken from

Cross et al.,8 and are 8.4% for head ⁄neck and 7.0% for foot.

A t-test was used for the comparison of the results using SIGMA-

PLOT 11.0 software from Systat Software, Inc. (Richmond, CA,

USA). Significant P-value was considered below 0.05.

Results
The number of cases of foot, head ⁄neck and total CMM for the

period 1966–2007 are given in Table 1. The incidence numbers of

new cases of CMM occurring on head ⁄neck are similar in females

and in males (P = 0.740), while the incidence number of foot

CMM was two times higher in women than in men (P < 0.001).

Table 2 gives the numbers for two separate periods (1966–1986

and 1987–2007) and subdivided for three regions of Norway:

north (an average annual UV dose of 26 · 104 J ⁄m2), mid ⁄west
(an average annual UV dose of 30.5 · 104 J ⁄m2) and the south

(an average annual UV dose of 37 · 104 J ⁄m2).5,6 The average,

annual UV doses are CIE-weighted (i.e. mainly made up of UVB

radiation, CIE – Commission internationale de l’éclairage or the

International Commission on Illumination) and determined as

earlier described together with the numbering of the Norwegian

counties.5,6 The calculated doses are relevant for real exposures of

human skin as demonstrated by the age-adjusted incidence rates

for squamous cell carcinoma (1965–1992), a skin cancer form

expected to be related to the total, lifelong UV exposure, which

are as expected: 2.7, 4.0 and 6.5 for the north, the mid ⁄west and
the south region, respectively.6 A more detailed discussion of the

data for squamous cell carcinoma can be found in reference 6.

There is a large and statistically significant north–south gradient

for CMM on head ⁄neck, for both periods and for both genders

(Table 2). For CMM on the foot, the gradient is much smaller

and statistically insignificant almost in all cases (Table 2). For

CMM on head ⁄neck, the incidence rates have increased signifi-

cantly (P < 0.001) from the first to the second period of observa-

tion, while for CMM on the foot, in most cases, there is only a

small increase. The time trend is analysed more in detail in Fig. 2

where data for the whole country are included. The same time

trends are revealed for both genders: a strong and almost continu-

ous increase of CMM rates on head ⁄neck, and no increase of foot

CMM rates.

19
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17
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Figure 1 The counties of Norway.

Table 1 The number of cases and distribution of foot CMM,
head and neck CMM and total CMM in females and males in

Norway for 1966–2007

Gender Head/neck
CMM

Foot CMM Total CMM

Females 2241 (51.2%)*
(14.4%)†

752 (67.2%)*
(4.8%)†

15585 (53.7%)*

Males 2136 (48.8%)*
(15.9%)†

367 (32.8%)*
(2.7%)†

13433 (46.3%)*

Females and males 4377 (15.1%)† 1119 (3.9%)† 29018

*% by gender.

†% of total number of cases of CMM.

CMM, cutaneous malignant melanoma.
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In Fig. 3, these data are shown for the three different regions of

Norway. There was no statistically significant difference, neither

for the two periods nor for the genders in the risk of foot CMM

between people living in the north or the south (Fig. 3). However,

large differences were observed for head ⁄neck CMM (Fig. 3).

In Fig. 4, the relative CMM density, defined as relative inci-

dence rate on a given body localization divided by the skin area of

that localization. Essentially, this gives the relative number for mel-

anoma incidence rate per unit skin area.

Discussion
Head ⁄neck is the area of the human body the most exposed to the

sun. It is commonly believed that UVB, and possibly UVA, from

solar radiation are the main melanomagenic agents for

humans.7,9–11 Possible mechanisms for CMM carcinogenesis have

been reviewed by several authors.1,12,13 Increasing trends of CMM

rates have been observed for a long time and are generally

explained by increased sun exposure, notably in vacations and

holidays (intermittent exposures).14,15 However, in a recent article

by Newton-Bishop et al.,16 it was found that sun exposure during

weekends or holidays may be protective for CMM in populations

living at high latitudes. Earlier diagnosis of CMM related to the

use of novel diagnostic techniques, improved screening and sur-

veillance programmes and also some diagnostic drift towards clas-

sifying benign lesions as stage 1 CMM may also partly contribute

to the reported increasing CMM rates.17,18 However, the delay in

diagnosis of CMM, both by the patient and by the professional,

is relatively small in Norway compared with that in studies in

other countries.19,20

In many populations, including the Scandinavian, the Austra-

lian and that in the USA, CMM rates have increased with dou-

bling times of about 15–20 years and even as short as 5–10 years

in some cases, up to 1985–1990.21,22 After that time, the increase is

less marked in many countries,23,24 and, occasionally, a decrease

has been observed for young people.22

In agreement with earlier investigations, we find that the overall

CMM incidence rate on head ⁄neck has increased with time

(Fig. 2, Table 2). Such trends of skin cancer are commonly attrib-

uted to increasing sun exposure.3,15,25 However, the incidence rates

of almost all cancers have increased in Norway over the same per-

iod as studied here.7 Thus, one cannot be sure that the entire

increase in CMM incidence is due to increasing UV exposure. The

incidence rate of foot CMM remains almost constant (Fig. 2).

In any case, the general increase in head ⁄neck CMM incidence is

larger than that of foot CMM (Fig. 2).

In agreement with earlier work,15,26 there is a large north–south

gradient in incidence rates of CMM on head ⁄neck in Norway

(Figs 3,4; Table 2). Such a north–south trend is one of the major

arguments for the melanomagenic action of solar radiation.

Norway is a country particularly suited for such studies, as the

population of the country is homogenous with respect to skin

type, and as it stretches over a long north–south distance with

Table 2 Comparison between two time periods, 1966–1986 and 1987–2007, of foot melanoma, head and neck for north, mid ⁄west

and south regions of Norway

Location of CMM 1966–1986 1987–2007 Increase
(%), ‡P
(periods)Number

of cases
Incidence
rate* (density)†

Number
of cases

Incidence
rate* (density)†

Foot Females

North 25 0.53 (7.5) 31 0.64 (9.2) 21 (P = 0.39)

Mid ⁄west 82 0.64 (9.2) 143 1.00 (14.4) 56 (P = 0.01)

Southwest 135 0.70 (10.1) 206 0.92 (13.1) 31 (P = 0.08)

Males

North 15 0.30 (4.3) 15 0.31 (4.4) 3 (P = 0.96)

Mid ⁄west 49 0.38 (5.5) 68 0.48 (6.9) 26 (P = 0.21)

Southwest 74 0.39 (5.6) 101 0.46 (6.6) 18 (P = 0.30)

Head and neck Females

North 43 0.90 (10.7) 68 1.41 (16.7) 57 (P < 0.001)

Mid ⁄west 259 2.02 (24.0) 427 3.00 (35.6) 49 (P < 0.001)

Southwest 406 2.12 (25.1) 760 3.38 (40.1) 59 (P < 0.001)

Males

North 57 1.15 (13.6) 74 1.51 (17.9) 31 (P < 0.001)

Mid ⁄west 194 1.51 (17.9) 419 2.96 (35.1) 96 (P < 0.001)

Southwest 373 1.96 (23.2) 770 3.50 (41.5) 79 (P < 0.001)

*Incidence rates are crude incidence rates per 100 000 persons, Norwegian population.

†Relative melanoma density (Incidence rate ⁄ area).
‡Increase in incidence rates from the first to second period.

CMM, cutaneous malignant melanoma.
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about 30% larger annual UV dose and about three times higher

incidence rates of squamous cell carcinomas of the skin in the

south than in the north.5,6,15,27 In contrast to CMM on head ⁄neck,
there is almost no north–south gradient for CMM incidence on

foot (Figs 3,4; Table 2). Despite the fact that the annual UV dose

is 21% larger in the south region than in the mid ⁄west region,
there is no significant difference in foot CMM between these two

regions (Figs 3,4; Table 2). However, the incidence rates are lower

in the north region than in the two other regions. This small

north–south gradient may be related to a fraction of the foot mel-

anomas occur on the lower part of the legs which are occasionally

sun exposed. The fact that the rates of CMMs on this location are

larger for women than for men supports this assumption.

Does solar radiation protect against foot melanomas? The possi-

bility exists that solar UV radiation, via its role in vitamin D pho-

tosynthesis,28 may have a systemically working protective effect

against melanoma on body localizations exposed to minimal sun

doses, as earlier proposed for the uveal tract and for the vulva.29,30

The relationship between vitamin D and CMM has recently been

reviewed.31,32 Vitamin D binds to the vitamin D receptor (VDR)

resulting in transcription of a number of genes playing roles in

inhibition of MAPK signalling, induction of apoptosis and cell-

cycle inhibition, and therefore, vitamin D has anti-proliferative

and pro-apoptotic effects in different cells.31 The vitamin D recep-

tor has been identified in normal melanocytes and in melanoma

cell lines.32 In vitro results suggest that vitamin D has the same

anti-proliferative effects on melanoma cells.31 A few studies have

demonstrated relationships of functional polymorphisms in the

vitamin D receptor with melanoma risk or tumour aggressive-

ness.31,32 Much remains unknown about vitamin D and mela-

noma. However, the avoidance of suboptimal vitamin D levels

(<75 nmol ⁄L) are likely to be beneficial for CMM patient.

The highest levels of serum 25-hydroxyvitamin D in Norway

(around 70 nmol ⁄L) are observed in healthy Norwegians living

in the south part (Oslo region).33,34 The concentrations of serum

25-hydroxyvitamin D seem to be 8% and 21% lower in the

mid ⁄west part (Bergen) and in the north (Tromsø region) in

comparison with the south part the of Norway.35,36 While

annual UV radiation is 7% and 40% lower in the mid ⁄west and
the north parts than in the south part of Norway.5 In the time

Figure 3 Crude incidence rates per 100 000 for females (a) and
males (b) of head ⁄ neck and foot cutaneous malignant melanoma

(CMM) for two time periods (1966–1986 and 1987–2007) in the

north (N), the mid ⁄west (M) and the south (S) regions of Norway.

Figure 2 Number of new cases of head ⁄ neck and foot cutane-
ous malignant melanoma (CMM) in females (a) and males (b) in

Norway since 1966.
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period when total CMM rates have been increasing, as in most

Caucasian populations until about 1990,21,22,26,37,38 the intermit-

tent sun exposure of these populations have supposedly been

increasing, perhaps partly because of increased duration of vaca-

tions and travelling frequency to sunny locations.39 This leads,

not only to higher incidence rates of CMM, but also to an

increase in vitamin D synthesis in skin, and thus, to higher vita-

min D levels. Time trends of vitamin D levels have not been

reliably determined so far.

It might be argued that CMM may be related to UVA which

produces no vitamin D. Thus, in the USA, mortality rates of

non-malignant skin cancer have decreased since the 1960s, while

mortality rates of CMM have increased.40 These divergent trends

may be related to the increased use of sunscreens that block UVA

less well than UVB.41

Ultraviolet A and UVB vary differently with latitude because

UVB is more scattered in the atmosphere than UVA and because

some UVB, but not UVA, is absorbed by the ozone layer.42

Cutaneous malignant melanoma is more common among

indoor workers than among outdoor workers, as farmers and fish-

ermen.43–45 It is possible that vitamin D synthesis may inhibit

already initiated CMMs; thus reverting or slowing down mel-

anomagenesis.43 Unfortunately, no reliable and standardized com-

parisons of the vitamin D status, neither between different time

periods nor between different geographical locations in Norway,

are available.

A protective role of solar radiation against CMM, in addition to

its inductive role discussed above, is indicated by the following

observations: (i) the prognosis of CMM is best for summer–

autumn diagnosis;46 (ii) the prognosis of CMM appears to be the

best for tumours arising on skin areas with morphological signs of

high UV exposure47 possibly related to UV-induced elastosis;48

and (iii) CMM incidence rates in USA have increased rapidly in

the period 1992–2004, with a doubling time as short as 10 years,

whereas the mortality rates have not increased significantly.49

Diagnosis of thinner melanomas related to screening projects

could not explain the increasing incidence rates.49 A decline of the

latitudinal effect of CMM mortality rates and a stabilization of

the rates in USA was predicted already in 1997.50 Even earlier, it

was shown that outdoor work contributes little to increase the

CMM risk.51

There are limited data to support a role for vitamin D in CMM

prevention, although some have hypothesized such a role.14,16,52–54

A recently published cohort study gave no evidence for a protec-

tive effect of a greater vitamin D intake on the melanoma risk.55,56

However, there are genetic data to suggest that inherited variation

in the vitamin D receptor (VDR) gene is associated with mela-

noma risk.54

The 7-dehydrocholesterol (7-DHC) present in the keratinocytes

of the epidermis is photolysed to cutaneous previtamin D3 when

irradiated with UVB radiation. From previtamin D3 vitamin D3 is

generated in a thermal process, taking about one day at 37 �C.
Vitamin D3 is bound to D-binding protein (DBP) and transported

by the circulation to the liver, where it is hydroxylated to calcidiol

(25(OH)D3). Then it is once more bound to DBP and transported

to the kidneys and several other tissues for another hydroxylation,

now forming calcitriol (1,25(OH)2D3), which is the active hor-

mone, crucial for bone formation and maintenance. Calcidiol

seems to play an important role in the defence against several

diseases, such as influenza, cancer, diabetes, multiple sclerosis,

mood disorders, etc. 57

It has been demonstrated that reduced 25(OH)D3 levels in

patients correlate with more aggressive melanoma58 and high

levels are associated with thinner tumours and better survival from

CMM;59 1,25(OH)2D3 has the ability to regulate cell proliferation,

differentiation, migration and apoptosis.

Constitutive melanin pigmentation seems to act in a protective

way by itself (as an antioxidant), even for mucosa and skin at sites

not reached by solar UV radiation. Thus, there are generally lower

or similar rates of vulvar, uveal and acral CMMs among Africans

Figure 4 Relative melanoma densities (crude incidence rates
divided by fractional body area of skin on foot or head ⁄ neck) for
females (a) and males (b) of head ⁄ neck and foot cutaneous

malignant melanoma (CMM) for two time periods (1966–1986

and 1987–2007) in the north (N), the mid ⁄west (M) and the south
(S) regions of Norway.
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as among Caucasians living in the same geographical area.60–64

However, acral CMM is the prevalent form of CMM in darker

populations.64,65

Sun exposure, severe sunburns, family or personal history of

previous CMM seem not be associated with acral CMM.66–68

Trauma in the area,66,69 distinct genetic profile (KIT gene muta-

tions [Kit is a receptor tyrosine kinase that binds stem cell fac-

tor])70 or microenvironment71 have been identified as risk factors

for the development of acral CMM.

Conclusions
Comparisons of time trends and latitudinal trends of the incidence

rates of CMM on head ⁄neck and on foot indicate that solar radia-

tion is a carcinogen for the former CMM but not for the latter.

Taking the general increase in cancer incidence rates into account,

one cannot exclude the possibility that solar radiation may act in a

protective manner, likely through production of vitamin D. This

should be further investigated.
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Errata 
Page: 2, Figure 1.1 legend: a line was added: World population. 

Page: 8, line 13: was “into three regions; the UVC region, which is defined as being in the wavelength 

region from 100-280”, corrected to “into three regions: the UVC region, which is defined as being in the 

wavelength region 100-280”. 

Page: 17: line spacing was added before the paragraph “Beside these lesions”. 

Page: 20, line: 15: was: “progression from neavus → dysplastic naevus”, corrected to: “progression 

(“Clark model”) from neavus → dysplastic naevus”. 

Page: 22, line 23: was “melanoma caused by intermittent”, corrected to: “melanoma found on 

intermittent”. 

Page: 24, new tab space before the second paragraph “In conclusion […]”; last line of the page was: 

“damage other than those photoinduced may” and corrected to: “damage other than photoinduced may”. 

Page: 31, line: 2: was “underdiagnosis earlier”, corrected to “underdiagnosis previously”.  

Page: 35, line: 18: a bracket was added: “of calcitriol were demonstrated with more recent data)”. 

Page: 36, line: 13: was “people with white skin”, corrected to: “people with darker skin”. 

Page: 38, line: 14: was “The different types of […] are summarized in the Table 4.1.”, corrected to 

“Different types of […] are summarized in Table 4.1.”. 

Page: 46, line: 8: was “Our work underline”, corrected to “Our work underlines”. 

Page: 49, line: 5: was “Nevertheless, the Norwegian population”, corrected to” The Norwegian 

population”, with new paragraph. 

Page: 52, Figure 6.5 legend was: “female filled symbols, male open symbols”, corrected to “female open 

symbols, men filled symbols”. 

Page: 62, line 10: was “was significant, but only in the”, corrected to “was significant in the”. 

Page: 65, line 10: was “Similar […] for the both of”, corrected to “Similar […] for both of”. 

 





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




