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Abstract 
Norwegian skin cancer data were used in an attempt to arrive at the dose 
effect relationship for UV-carcinogenesis. The Norwegian population is 
relatively homogeneous with regard to skin type ar.d live in a country where 
the annual effective UV- dose varies by approximately 40 percent. 

Four different regions of the country, each with a broadness of 1° in 
latitude (approximately 111 km), were selected (69.0°, 63.5°, 60° and 58.5°). 
The annual effective UV-doses for these regions were calculated assuming 
normal ozone conditions throughout ,the year. The incidence of malignant 
melanoma and non-melanoma skin cancer (mainly basal cell carcinoma) in 
these regions were considered and compared to the annual UV-doses. For 
both these types of cancer a quadratic dose effect curve seems to be valid. 

Depletions of the ozone layer result in larger UV-doses which in turn may 
yield more skin cancer. The dose effect curves suggest that the incidence 
rate will increase by an "amplification factor" of approximately 2. 

Introduction 
The incidence of skin cancer bas increased rapidly the last decades, parti
cularly in the Scandinavian countries. In the case of "malignant melanoma" 
the increase is of the order 10 percent per year (Magnus 1987, Brodthagen 
et. al. 1987). Also "basal cell carcinoma" and "squamous cell carcinoma" 
exhibit a large increase. 

UV-radiation is generally assumed to be the key factor for skin cancer. 
Based on the somatic mutation theory the initiation step may be a UV-
induced DNA-damage. Both pyrimidine dimers and (6-4) photoproducts 
have been associated with the cancer development. The rapid increase in 
incidence in the Scandinavian countries has been ascribed to a change in 
"life style" with more free time for sunbathing, the use of artificial sunlamps 
and vacations on sunny Mediterranean beaches. 

A future depletion of the ozone layer will undoubtedly result in larger 
UV-doserates as well as in larger annual effective UV- doses which in turn 
may increase the risk for skin cancer. In order to evaluate the extent of this 
increase we must have information on the effect of a given ozone depletion 
with regard to the effective UV-dose. Furthermore, information about the 
dose effect curve for UV-induced skin cancer is essential. 

In a previous paper (Dahlback et. al. 1988) we have calculated effective 
UV-doses both for a normal as well as a depleted ozone layer. It was found 
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that a small depletion of the ozone layer would increase the effective UV-
dose with a radiation amplification factor close to 1.0. 

For normal ozone conditions the annual effective UV-dose varies by ap
proximately 4% per degrees of latitude. This information is used in an 
attempt to arrive at dose effect curves for the different types of human skin 
cancer. The Norwegian data were used for this purpose, mainly for three 
reasons; 

a ) . Norway is quite long in the north-south direction (a latitude dif
ference of 13°) which implies a variation in the annual UV-dose of about 
40% 

b ) . The population is more or less of the same skin type (Caucasian 
race), 

c) . Norway has a good national cancer registry. 

Materials and Methods 

UV-doses 
The effective UV-dose is defined as the integrated product of the biological 
action spectrum and the UV-radiation, given by: 

D=j r°°A(X)'I(X,t)dXdt (1) 
J time J290 

Here A(A) is the biological action spectrum and I(A ,t) is the solar radi
ation at sea level. This latter parameter varies with time of the day, part 
of the year and the geographical latitude as well as with the thickness of 
the ozone layer. 

The first integral (variation with waveknght) yields the doserate whereas 
the full expression gives the total dose for the period considered. 

The action spectrum which ought to be used is that for the particular 
biological effect studied. Since knowledge about the action spectrum for 
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human skin cancer is lacking we have used the one proposed by the In
ternational Electrotechnical Commission (IEC). This action spectrum is in 
good agreement with that published for skin cancer in mouse epidermis by 
Sterenborg and van der Leun (1987). 

In this paper annual effective UV-doses were calculated and given in 
relative units. The dose for 60° N (region 3 in Fig. 1), with normal ozone 
conditions throughout the year, was set equal to 1.00. The details of the 
dose calculations are given by Dahlback et. al. (1988). 

Incidence of Skin Cancer in Norway 
Norway extends in the north-south direction from 71° N to 58° N and has a 
population of approximately 4 million. In this work four different latitude 
regions were selected as shown in Fig. 1. The regions have a broadness of 
one degree (111 km). Altogether 2.3 million people, little more than half 
the Norwegian population, live within the four regions. 

The Cancer Registry of Norway has atlas of cancer incidence (Glattre 
et. al. 1985) and in the present work the skin cancer data for the period 
1970 to 1979 were used. The skin cancer data were divided in only two 
types; malignant melanoma and other skin cancer. 

The group malignant melanoma includes alltogether 3681 cases for the 
ten year period. The average incidence rate for the country was 8.1 (men) 
and 10.0 (women) new cases per 100 000 per year in the period. The 
incidence rate increased by approximately 7 % per year for the period. In 
this work we used the average incidence rate for men and women in the 
different regions. 

The group "other skin cancer" (also called non-melanoma skin cancer), 
which is by far the largest, includes both basal cell carcinoma and squamous 
cell carcinoma. The cancer registry did not include basal cell carcinoma 
until 1972 and it is reasonable to assume that this type was underreported 
during the first years. In this work we used the average incidence rate for' 
the different regions. 

Results and Discussion 
The incidence rate of skin cancer in four different regions in Norway is given 
in Fig. 2 together with the annual effective UV- doses for the same regions. 

The data can be fitted by curves (almost straight lines in this plot) 
which upon extrapolation intersect the dose-axis in a way which suggests 
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Figure 1: The localization of the different regions in Norway used for the 
evaluation'of the dose effect curves for UV- induced skin cancer. The four 
regions cover one degree of latitude (111 km) in the north - south direction. 
Region 1 includes all people living between 69° and 70° N (alltogether 133 
000). The number of inhabitants in region 2 is 307 000, in region 3 (which 
includes both Oslo and Bergen) 1.5 million and in the fourth region 400 
000. 
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Figure 2: Dose effect curves for UV-carcinogenesis. The incidence rate 
(number of cases per 100 000 per year) for malignant melanoma and non-
melanoma skin cancer for four different regions in Norway is given along 
the ordinate. The annual effective UV-dose is given in relative units along 
the abcissa. The dose for 60° N (region 3 in Fig. 1) is set equal to 1.0. The 
solid curves represent the best St and dotted curves represent extrapolation 
to zero incidence rate. 

the possibility that a threshold value may exist for UV-induced human skin 
cancer. 

It is a widely accepted view, at least in the Scandinavian countries, that 
sunshine is not only pleasant, but has a beneficial effect on the health. Such 
a view may gain support from data like those presented in Fig. 2. The data 
raises questions about the extrapolation and the t r u e shape of the dose 
effect curve. 

Dose effect curves. 
In the case of ionizing radiation risk analyses for cancer are usually based 
on linear dose effect curves, with no threshold value. Furthermore, doserate 
effects are usually neglected. Most of the animal experiments as well as the 
available data for humans (in particular the Japanese bomb data) seem to 
be in conflict with the linear dose effect view. The most reasonable dose 
effect curve is probably a combination of a linear and a quadratic curve. 

For non-ionizing radiation almost no information exists about the dose 
effect relationship for skin cancer. A large number of experiments have been 
performed on cells and different biological parameters such as cell inacti-
vation, mutagenesis, pyrimidine dimer formation, etc. have been studied. 
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Figure 3: ' Dose effect curves for skin cancer in Norway. The incidence 
rate as well as the annua] effective UV-dose are given in reiative units and 
both set equal to 1.0 for the region 60 ± 0.5° N (called region 3 in Fig. 
1). Malignant melanoma is given by open circles whereas filled triangles 
include basal cell carcinoma and squamous cell carcinoma combined. The 
quadratic and linear curves are the theoretical ones through the point 1.0, 

The results of these experiments prompted Leenhouts and Chadw< ,k (1987) 
to conclude that there is no cellular basis for assuming a linear dose effect 
curve in the case of UV-induced skin cancer. 

The present skin cancer data were analyzed with regard to a linear or 
a quadratic dose effect curve and the reults are presented in Fig. 3. The 
incidence rates are, in this figure, given in relative units and set equal to 1 0 
for region 3 (60° N) for malignant melanoma as well as for uon - melanoma 
skin cancer. 

It appears that the data are in surprisingly good agreement with a 
quadratic dose effect curve. 

Before any conclusions can be drawn some of the pitfalls of the present 
treatment must be discussed. In both Figs. 2 and 3 the incidence rate 
of skin cancer in a region is correlated to the calculated annual effective 
UV-dose for the same region. With regard to skin cancer the important 
parameter is not the effective UV-dose to the area, but the average skin 
dose which may be defined by the following expression: 

DSk,n= I' f f A{\) •!(),, t,s)d\dtds 
JS Jtime /290 

(2) 



s indicates the position of a small skin area (ds) on the body. The 
integration includes the total skin area (S). 

If the present results are used to attain information about the dose effect 
curve for human skin cancer we must assume that the average UV-dose to 
the skin is proportional to the calculated annual dose and that this pro
portionality is the same for all regions. This is hardly correct since I(A,t,s) 
would depend on unpredictable factors such as the weather conditions and 
sun habits. It is reasonable to assume that the weather conditions favour 
sunbathing in regions 3 and 4. Consequently, the differences in UV-dose 
between the regions may be somewhat larger than those given in Fig. 3. 
The effect of this would be an approach of the cancer data to a linear model. 

Another factor which may influence the results would be travels out of 
the regions - in particular summer vacations to the Mediterranean beaches. 
In the course of a couple of weeks the UV-dose to the skin may be much 
larger than that attained back home the rest of the year. The cancer data 
used in this work are from the period 1970 to 1979 which implies that the 
exposures occurred mainly before that time (all radiation induced cancers 
appear after a latency period which is largely unknown) and consequently 
before the charter travels become popular. 

It is of interest to note that malignant melanoma exhibits the same dose 
relationship as that for non-melanoma skin cancer. The site for malignant 
melanoma is mainly on the part of the body which is more or less (in recent 
years, less) protected by clothes. Furthermore, it is generally accepted that 
the UV- intensity or doserate is important for this type of cancer (Østerlind 
et. al. 1987). The UV-doserate varies significantly with the solar zenith 
angle (Dahlback et. al. 1988) and it is therefore reasonable to expect a 
positive correlation between vacations on the Mediterranian beaches and 
malignant melanoma. Data from Denmark (Brodthagen et. al. 1987) seem 
to support this view. 

Ozone Layer Depletion and Skin Cancer 

In a previous paper (Dahlback et. al. 1988) we calculated effective UV-
doses for a normal ozone layer -s well as for various depletions, both transi
ent like the Antarctic ozone hole and constant depletions throughout the 
yeai. Any depletion of the ozone layer will increase the effective doserate 
and dose, which in turn may increase the incidence rate of skin cancer. This 
increase which sometimes is called the "amplification factor''' is defined as 
the percentage increase due to a 1 % decrease of the ozone layer (van der 
Leun, 1983). 
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In order to arrive at an amplification factor we must have information 
about the increase in the effective UV-dose for a given ozone depletion as 
well as information about the dose effect curve for the incidence of skin 
cancer. 

Dahlback et. al. (1988) showed that for small depletions of the ozone 
layer (less than 10 % throughout the year) the increase in annual UV-dose is 
almost linear with a radiation amplification factor of 1.0. This implies that 
a 1 % ozone depletion results in a 1 % increase in the annual UV-dose. For 
larger depletions this linearity is not longer valid and the UV-dose increases 
more rapidly. 

Based on the above results with a quadratic dose effect curve it is evident 
that for 1 % increase in the effective UV-dose the cancer incidence would 
incease by 2% (1.01 squared gives 1.02). The total amplification factor 
is consequently close to 2.0. However, the shape of the dose effect curve 
demonstrates that the amplification factor is not constant. 

The cancer data presented in this work refer to the period 1970 to 1979. 
The non-melanoma data involve both basal cell carcinoma and squamous 
cell carcinoma. Since the former type is dominating the results mainly 
reflect basal cell carcinoma. Work is now in progress (Moan et. al. 1988) 
where all available Norwegian skin cancer data are taken into account. The 
preliminary results (the data 1979 to 1985) seem to indicate an amplification 
factor of 2.4 for basal cell carcinoma and a somewhat smaller value (1.2 for 
men and 1.8 for women) for squamous cell carcinoma. 
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