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A b s t r a c t : E s s e n t i a l features o f the e p i d e m i o l o g y and p h o t o b i o l o g y o f c u t a n e o u s m a l i g n a n t
m e l a n o m a ( C M M ) in N o r w a y were studied in c o m p a r i s o n with data from c o u n t r i e s
at lower latitudes. A r g u m e n t s for and against a r e l a t i o n s h i p b e t w e e n u l t r a v i o l e t
r a d i a t i o n (UV) from sun and artificial light and C M M are discussed. Our data
indicate that UV is a c a r c i n o g e n for CMM and that i n t e r m i t t e n t e x p o s u r e s are n o t a b l y
m e l a n o m a g e n i c . This h y p o t h e s i s was s u p p o r t e d both by latitude g r a d i e n t s , by time
trends and by c h a n g i n g p a t t e r n s o f t u m o r density on d i f f e r e n t body l o c a l i z a t i o n s .
H o w e v e r , even though UV r a d i a t i o n g e n e r a t e s CMM, it may also have a p r o t e c t i v e
action and/or an action that i m p r o v e s prognosis.

There appears to be no, or even an inverse l a t i t u d e g r a d i e n t for CMM arising
on n o n - U V e x p o s e d body l o c a l i z a t i o n s (uveal m e l a n o m a , C M M s arising in the
vulva, p e r i a n a l / a n o r e c t a l regions, etc.). F u r t h e r m o r e , CMM p r o g n o s i s was g r a d u a l l y
i m p r o v e d over all years o f i n c r e a s i n g i n c i d e n c e (up to 1990), but during the past
20 years, i n c i d e n c e rates s t a b i l i z e d and p r o g n o s i s was not i m p r o v e d s i g n i f i c a n t l y .

C o m p a r i s o n s o f skin c a n c e r data from N o r w a y , A u s t r a l i a and New Z e a l a n d
i n d i c a t e that s q u a m o u s cell c a r c i n o m a and basal cell c a r c i n o m a are mainly r e l a t e d
to annual solar UVB fluences, while UV A fluences p l a y a larger role o f CMM.

I N T R O D U C T I O N

U l t r a v i o l e t r a d i a t i o n (UV) is b e l i e v e d to be the m a i n risk factor for the m a j o r forms o f
skin cancer: s q u a m o u s cell c a r c i n o m a (SCC), basal cell c a r c i n o m a ( B C C ) and c u t a n e o u s
m a l i g n a n t m e l a n o m a (CMM).1,2 The f o r m e r two are c l a s s i f i e d as n o n m e l a n o m a skin
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c a n c e r s and have l o w e r death risks per case o f i n c i d e n c e than CMM: less than one p e r c e n t
vs. 2 0 - 3 0 p e r c e n t in m o s t c o u n t r i e s . P CMM, SCC and BCC have d i f f e r e n t e t i o l o g i e s . v '
The action s p e c t r a for e r y t h e m a ' and SCC 6 are likely to be s t r o n g l y UVB w e i g h t e d ,
and there seems to be a r e l a t i o n s h i p with the total UV e x p o s u r e , p a r t i c u l a r l y in the case
o f SCC. 6 For C M M the r e l a t i o n s h i p has been d e b a t e d for decades. v - > " a l t h o u g h m o s t
i n v e s t i g a t o r s tend to c o n c l u d e that UV is C M M - g e n e r a t i n g in humans. Some a u t h o r s
argue that UV plays no m a j o r r o l e . " The e x p o s u r e p a t t e r n ( c o n t i n u o u s , o c c u p a t i o n a l
e x p o s u r e vs. e p i s o d e s o f i n t e n s e e x p o s u r e , often c l a s s i f i e d as " i n t e r m i t t e n t e x p o s u r e " )
a p p e a r s to be o f i m p o r t a n c e for CMM.I5-I7

While BCC and SCC, like m o s t o t h e r c a n c e r s , are d i s e a s e s o f old p e o p l e , with risks
i n c r e a s i n g s h a r p l y with age a l m o s t in an e x p o n e n t i a l m a n n e r , CMM is most f r e q u e n t
a m o n g m i d d l e aged people.t-' The l o c a l i z a t i o n p a t t e r n on the body is also d i f f e r e n t for
the three skin c a n c e r forms, and this p a t t e r n is c h a n g i n g with time.

S c a n d i n a v i a is l o c a t e d at high l a t i t u d e s (> 54° North). T h e r e f o r e , the annual UVB
( 2 8 0 - 3 2 0 nm) e x p o s u r e s are l i m i t e d and are o f the o r d e r o f 2 5 % o f the E q u a t o r i a l UVB
e x p o s u r e s . 1 8 In spite o f this, C M M is a s i g n i f i c a n t h e a l t h p r o b l e m in S c a n d i n a v i a , in fact
more i m p o r t a n t than one m i g h t e x p e c t in view o f the high latitudes, with D e n m a r k , N o r w a y
and S w e d e n p r e s e n t i n g high i n c i d e n c e rates c o m p a r i n g with o t h e r c o u n t r i e s ( F i g . 1 ).
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F i g u r e 1. Cutaneous m a l i g n a n t m e l a n o m a age s t a n d a r d i z e d incidence and mortality rates ( a c c o r d i n g
to the world p o p u l a t i o n ) in 2008. 66
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The d i s c u s s i o n o f w h e t h e r UV can g e n e r a t e C M M is o f i n t e r e s t from the v i e w p o i n t s o f
p h o t o b i o l o g y and p h y s i c s . The m a i n a r g u m e n t for and a g a i n s t a r e l a t i o n s h i p b e t w e e n
UV and C M M i n c i d e n c e will be d i s c u s s e d in this c h a p t e r .

The fact t h a t the i n c i d e n c e rates o f C M M , B C C and SCC h a v e i n c r e a s e d o v e r m a n y
d e c a d e s has b e e n a s e r i o u s c o n c e r n for h e a l t h a u t h o r i t i e s . T h e r e f o r e , large c a m p a i g n s
a g a i n s t sun- and s u n b e d e x p o s u r e and for s u n s c r e e n use h a v e b e e n l a u n c h e d . An e m e r g i n g ,
c o m p l i c a t i n g f a c t o r a s s o c i a t e d with such c a m p a i g n s is t h a t the h e a l t h b e n e f i t s o f v i t a m i n
D have b e c o m e e v i d e n t d u r i n g the last decade. N o t only s o l a r r a d i a t i o n , b u t also r a d i a t i o n
from s u n b e d s p r o d u c e s v i t a m i n D,19,20 w h i l e s u n s c r e e n s , a p p l i e d as r e c o m m e n d e d ,
e l i m i n a t e the p r o d u c t i o n . "

In this c h a p t e r we will s u m m a r i z e the e p i d e m i o l o g y o f C M M in N o r w a y , c o m p a r e
it with d a t a from o t h e r c o u n t r i e s . We will start w i t h a list o f the a r g u m e n t s a g a i n s t and
for m e l a n o m a - g e n e r a t i n g e f f e c t o f s o l a r r a d i a t i o n .

D O E S UV I N D U C E C M M ?

M a i n A r g u m e n t s against a R e l a t i o n s h i p b e t w e e n UV a n d C M M

1. C M M is m o r e f r e q u e n t a m o n g p e o p l e with o c c u p a t i o n s g i v i n g low a c c u m u l a t e d
UV e x p o s u r e s , so c a l l e d w h i t e - c o l l a r w o r k e r s , t h a n a m o n g p e o p l e with large
a c c u m u l a t e d UV e x p o s u r e s ( f a r m e r s , f i s h e r m e n , etc).15-17

2. The l o c a l i z a t i o n p a t t e r n o f C M M on the b o d y is d i f f e r e n t from that o f sec,
w h i c h is c l e a r l y UV r e l a t e d . '

3. C M M a p p e a r s to be u n c o m m o n a m o n g a l b i n o A f r i c a n s ; o p p o s i t e to w h a t is
found for BCC and sec. 22

4. The i n c i d e n c e rate o f C M M in s u n n y A u s t r a l i a ( 1 5 - 3 5 ° S o u t h ) is o n l y two
t i m e s h i g h e r t h a n in the h i g h - l a t i t u d e c o u n t r y N o r w a y (> 59° N o r t h ) , w h i l e the
i n c i d e n c e rates o f BCC and SCC are 20 to 40 t i m e s h i g h e r in A u s t r a l i a . " In
some US p o p u l a t i o n s t h e r e are a large n o r t h - s o u t h g r a d i e n t s o f B C C and SCC,
but no g r a d i e n t o f CMM.24

5. In E u r o p e , w h i c h is p o p u l a t e d m a i n l y by C a u c a s i a n s , C M M is m o r e f r e q u e n t
in the n o r t h t h a n in the south. 2 3,25

6. Sun and a r t i f i c i a l s o u r c e s o f UVB are e f f i c i e n t g e n e r a t o r s o f v i t a m i n D w h i c h
s e e m s to r e d u c e c a r c i n o g e n e s i s and t u m o r p r o g r e s s i o n . It has b e e n d e m o n s t r a t e d
that h i g h e r 2 5 - h y d r o x y v i t a m i n D3 levels, at C M M d i a g n o s i s , were a s s o c i a t e d
with b o t h t h i n n e r t u m o r s and b e t t e r s u r v i v a l from m e l a n o m a , i n d e p e n d e n t o f
B r e s l o w t h i c k n e s s . > "

7. C M M may be a d i s e a s e r e l a t e d to a f f l u e n c e , since the i n c i d e n c e rates a p p e a r to
i n c r e a s e with i n c r e a s i n g gross d o m e s t i c p r o d u c t (GDP).IO

8. A n u m b e r o f c h e m i c a l s s e e m to be c a u s i n g C M M . T h e r e is a p o s s i b l e
r e l a t i o n s h i p b e t w e e n p o l y c y c l i c a r o m a t i c h y d r o c a r b o n s (P AH), b e n z e n e , and!
or p o l y c h l o r i n a t e d b i p h e n y l s ( P C B ) e x p o s u r e o f w o r k e r s in the p e t r o l e u m and
a u t o m o b i l e i n d u s t r y and an i n c r e a s e d r i s k for CMM.30

9. UV A i n d u c e s C M M n e i t h e r in M o n o d e l p h i s d o m e s t i c a n o r in t r a n s g e n i c mice. 3 1,32

10. R e c e n t l y , the o r i g i n a l X i p h o p h o r u s e x p e r i m e n t s o f S e t l o w et al. were a t t e m p t e d
to r e p r o d u c e , but no C M M g e n e r a t i n g e f f e c t o f U V A was found.P-"
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A r g u m e n t s / o r a R e l a t i o n s h i p between UV and CMM

1. In p o p u l a t i o n s with s i m i l a r skin type there is a c l e a r l a t i t u d i n a l g r a d i e n t , w h i c h
is l a r g e r for BCC and SCC t h a n for CMM. The UVB g r a d i e n t is also l a r g e r
t h a n the UV A g r a d i e n t . The i n c i d e n c e rate o f C M M in s u n n y A u s t r a l i a is only
two t i m e s h i g h e r t h a n in the h i g h - l a t i t u d e c o u n t r y N o r w a y , w h i l e the i n c i d e n c e
rates o f B C C and SCC are 20 to 40 t i m e s h i g h e r . "

2. C M M risk d e c r e a s e s w i t h i n c r e a s i n g p i g m e n t a t i o n . "
3. A l b i n o A f r i c a n s l a c k i n g m e l a n i n have very high rates o f B C C and SCC but low

rates o f C M M . This s e e m s to s u g g e s t that m e l a n i n , w h i c h a b s o r b s UV A, is a
c h r o m o p h o r e for CMM.22

4. M i g r a t i o n to m o r e s u n n y c o u n t r i e s i n c r e a s e s the C M M risk. 3 6,37

5. C M M s o f t e n arise in the b o r d e r s o f p i g m e n t e d nevi. 3 8,39

6. S u n b u r n e p i s o d e s are risk factors for C M M and C M M s u s e d to o c c u r m a i n l y
on sun e x p o s e d skin. 10,37,39-41

7. C M M p a t i e n t s o f t e n have low D N A r e p a i r c a p a c i t y and low m i n i m u m e r y t h e m a
doses (MEDs).11,42-45

8. L e n t i g o m a l i g n a m e l a n o m a is c l e a r l y r e l a t e d to UV e x p o s u r e . "
9. P a t i e n t s with X e r o d e r m a P i g m e n t o s u m ( a b n o r m a l D N A r e p a i r ) have at least

1000 t i m e s i n c r e a s e d C M M riskS. l l,44,47

10. Some C M M s c o n t a i n m u t a t i o n s p o i n t i n g t o w a r d UV d a m a g e . 9,12,48-50

11. C M M - r e s e m b l i n g t u m o r s can be i n d u c e d in some a n i m a l s by UV ( e x a m p l e s :
A n g o r a g o a t s , S i n c l a i r s w i n e , Monodelphis domestica (an o p o s s u m ) , w h i t e
h o r s e s a n d X i p h o p h o r u s (a s m a l l s w o r d f i s h ) . "

12. P a t i e n t s w i t h C M M have i n c r e a s e d risk o f B C C and SCC.51
13. Some r e p o r t s i n d i c a t e i n c r e a s e d C M M risk for p e r s o n s f r e q u e n t l y u s i n g s u n b e d s .

M o s t s u n b e d s e m i t r e l a t i v e l y m o r e UV A t h a n the sun does. 52-57
14. There seems to be little C M M p r o t e c t i v e effect o f only UVB a b s o r b i n g s u n s c r e e n s .

H o w e v e r , a b r o a d - s p e c t r u m ( U V B - U V A) s u n s c r e e n r e d u c e s risk o f CMM. 58-61
15. A r o u n d C M M l e s i o n s s o l a r e l a s t o s i s is found. S o l a r e l a s t o s i s is r e l a t e d to

a c c u m u l a t e d UV e x p o s u r e . 2 6,62,63

16. P e r unit skin area C M M s o c c u r r e d m o r e f r e q u e n t l y on h e a v i l y e x p o s e d (face,
s c a l p ) t h a n on r a r e l y e x p o s e d ( f e m a l e b r e a s t ) skin r e g i o n s , a l t h o u g h this is not
a l w a y s true for y o u n g e r g e n e r a t i o n s . " The t o p l e s s f a s h i o n was i n t r o d u c e d in the
e a r l y 1970-ies,64 and, b e f o r e t h a t time, very few c a s e s o f C M M on the b r e a s t s
o f w o m e n w e r e r e g i s t e r e d .

M A T E R I A L S AND M E T H O D S

We h a v e a n a l y z e d e p i d e m i o l o g i c a l d a t a from the C a n c e r R e g i s t r i e s o f N o r w a y for
o v e r a l l C M M s in d i f f e r e n t c o u n t i e s . The a g e - s t a n d a r d i z e d i n c i d e n c e for C M M by age
( 0 - 4 9 and o l d e r t h a n 50 y e a r s o f age) and m o r t a l i t y rates p e r 100 000 p e r s o n s ( a c c o r d i n g
to the w o r l d s t a n d a r d p o p u l a t i o n ) in N o r w a y are r e t r i e v e d from the o n l i n e d a t a b a s e o f
I n t e r n a t i o n a l A g e n c y for R e s e a r c h on C a n c e r ( I A R C ) . 65,66 D a t a from o t h e r s o u r c e s are also
u s e d for C M M i n c i d e n c e r a t e s in d i f f e r e n t c o u n t r i e s in the w o r l d and r e f e r r e d to in the
text. The two l a r g e s t cities, Oslo and B e r g e n , are e x c l u d e d from the study, to r e d u c e the
errors t h a t m a y arise from d i f f e r e n t s u n - e x p o s u r e h a b i t s o f u r b a n and rural p o p u l a t i o n s .
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R e l e v a n t UV A d o s e s are d e t e r m i n e d u n d e r the a s s u m p t i o n t h a t the a c t i o n s p e c t r u m
o f C M M is s i m i l a r to the a c t i o n s p e c t r u m for m e l a n o m a in the X i p h o p h o r u s f i s h . " U V B
d o s e s are r e p r e s e n t e d by the CIE a c t i o n s p e c t r u m for e r y t h e m a . 5 C a l c u l a t i o n s are b a s e d on
daily s a t e l l i t e m e a s u r e m e n t s ( T o t a l O z o n e M a p p i n g S p e c t r o m e t e r ( T O M S ) on N i m b u s - 7
s a t e l l i t e ) . The c a l c u l a t i o n s i n c l u d e d a i l y c l o u d c o v e r and t o t a l o z o n e . The a n n u a l d o s e s
are a v e r a g e s o v e r a t e n - y e a r p e r i o d ( 1 9 8 0 - 1 9 8 9 ) . A c y l i n d e r r e p r e s e n t a t i o n o f the h u m a n
s k i n s u r f a c e was u s e d as d e s c r i b e d and a r g u e d for e a r l i e r . " The c o n c l u s i o n s a r r i v e d in
the p r e s e n t w o r k w o u l d be e s s e n t i a l l y the s a m e i f a p l a n a r , h o r i z o n t a l s u r f a c e w e r e u s e d ,
a l t h o u g h the n o r t h - s o u t h g r a d i e n t s w o u l d be d i f f e r e n t .

A g e - s t a n d a r t i s e d i n c i d e n c e r a t e s w e r e u s e d to c o m p a r e t i m e t r e n d s b e t w e e n C M M
at d i f f e r e n t age g r o u p s ( 0 - 4 9 a n d o l d e r t h a n 50 y e a r s o f age) for the n o r t h and s o u t h - e a s t
r e g i o n s o f N o r w a y . A s s i g n m e n t o f the N o r w e g i a n c o u n t i e s into two r e g i o n s was b a s e d
on a m b i e n t a n n u a l UV d o s e s , c a l c u l a t e d and m e a s u r e d as e a r l i e r d e s c r i b e d . w ? The
S o u t h - E a s t r e g i o n o f N o r w a y ( m e a n l a t i t u d e 60° N o r t h ) has a h i g h a n n u a l a m b i e n t U V
e x p o s u r e (37 x 10 4 J m ' ) a n d the N o r t h r e g i o n ( m e a n l a t i t u d e 70° N o r t h ) has a low a n n u a l
a m b i e n t UV e x p o s u r e (26 x 10 4 J m- 2).68,69

The d a t a w e r e a n a l y z e d u s i n g S i g m a P l o t 11.0 s o f t w a r e from S y s t a t S o f t w a r e , Inc.
( R i c h m o n d , CA, U S A ) . S i g n i f i c a n t P - v a l u e was c o n s i d e r e d < 0.05.

R E S U L T S AND D I S C U S S I O N

L a t i t u d e G r a d i e n t s

W h e n C M M r a t e s in w h i t e p o p u l a t i o n s w o r l d w i d e are l i s t e d no e v i d e n t l a t i t u d i n a l
g r a d i e n t is r e v e a l e d ( F i g . 1 ). In h o m o g e n e o u s p o p u l a t i o n s s k i n c a n c e r i n c i d e n c e r a t e s
i n c r e a s e w i t h d e c r e a s i n g l a t i t u d e . " T h u s , in N o r w a y the r a t e s are a f a c t o r o f t w o to
t h r e e l a r g e r in the S o u t h t h a n in the N o r t h at 10° h i g h e r l a t i t u d e , " w h e r e the a n n u a l sun
e x p o s u r e is 3 3 % s m a l l e r . " L a t i t u d e g r a d i e n t s " are m e a n i n g f u l q u a n t i t i e s only w i t h i n
p o p u l a t i o n s w i t h h o m o g e n e o u s skin type and s u n - e x p o s u r e b e h a v i o r . S u c h a g r a d i e n t
can be d e s c r i b e d by the b i o l o g i c a l a m p l i f i c a t i o n factor, A b , w h i c h is d e f m e d by the
e q u a t i o n A, = ( d R / R ) / ( d D / D ) , w h e r e R is the age a d j u s t e d i n c i d e n c e rate and D is the
a n n u a l e x p o s u r e to c a r c i n o g e n i c s o l a r r a d i a t i o n . D is o f t e n c a l c u l a t e d by u s i n g the CIE
r e f e r e n c e s p e c t r u m for e r y t h e m a , " as we have done in the p r e s e n t c h a p t e r . U s i n g a p l a n a r ,
h o r i z o n t a l s u r f a c e in the c a l c u l a t i o n s , D i n c r e a s e s by 5 0 % p e r 10° l a t i t u d e d e c r e a s e in
N o r w a y . 18 N o r w e g i a n s k i n c a n c e r r a t e s are w e l l d e s c r i b e d by the e q u a t i o n l n R = A b InD
+ const,18,25,72 c o r r e s p o n d i n g to the e q u a t i o n o f d e f i n i t i o n for A b a b o v e .

F o r SCC a n d B C C v a l u e s o f A b b e t w e e n 1.5 and 2.5 w e r e found, s l i g h t l y s m a l l e r
t h a n t h o s e for C M M . 18,25,72 F o r B C C and SCC the N o r w e g i a n and A u s t r a l i a n d a t a a g r e e
quite well, and A b v a l u e s o f 2 . 3 - 2 . 5 are o b t a i n e d w h e n the t w o d a t a sets are c o m b i n e d . "
A b v a l u e s o f 1.5 and 2 c o r r e s p o n d to 7 5 % and 100%, r e s p e c t i v e l y , i n c r e a s e in s k i n c a n c e r
i n c i d e n c e r a t e s p e r 10° d e c r e a s e in l a t i t u d e . T h u s , the r i s k s o f SCC and B C C are r o u g h l y
t w i c e as l a r g e in S o u t h N o r w a y (60° N) as in N o r t h N o r w a y (70° N).

In our a n a l y s i s N o r w a y is d i v i d e d in 20 c o u n t i e s ( F i g . 2 ) . E a r l i e r we h a v e f o u n d
b i o l o g i c a l a m p l i f i c a t i o n f a c t o r s o f a b o u t 3 for C M M i n N o r w a y . 72 T h e r e w e r e no s i g n i f i c a n t
d i f f e r e n c e s b e t w e e n u r b a n and r u r a l a r e a s , n e i t h e r b e t w e e n d i f f e r e n t b o d y l o c a l i z a t i o n s . 72
F u r t h e r m o r e , the f a c t o r r e m a i n e d c o n s t a n t o v e r the t i m e p e r i o d from 1966 to 1986. 72 As
s h o w n in F i g u r e 3 ( A and B p a n e l s ) , the r e l a t i o n s h i p b e t w e e n age a d j u s t e d i n c i d e n c e
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1. i?Jstfold
2 . A k e r s h u s
3. Os lo
4 . Hedmark
5 . 0 p p l a n d
6 . B u s k e r u d
7. Vestfold
8 . Telemark
9. A u s t - A g d e r
10 . V e s t - A g d e r
11. R o g a l a n d
12 . H o r d a l a n d
14. S o g n og F j o r d a n e
15 . MfJre og R o m s d a l
16. SIJr .TrQJndelag
17 . Nord .Trtandelag
18. N o r d l a n d
19 . T r o m s
20. F i n n m a r k

F i g u r e 2. Counties o f Norway (given the numbers used in this chapter).

rates o f CMM ( a v e r a g e d for the p e r i o d 1970 to 2009) and CIE w e i g h t e d exposure is also
well d e s c r i b e d by the same e q u a t i o n as given above for BCC and SCC, and as e a r l i e r
found for CMM,72 but the b i o l o g i c a l a m p l i f i c a t i o n factor is slightly smaller, about 2.4
for both men and women ( F i g . 3 ). The m o r t a l i t y rates follow a s i m i l a r equation, but with
slightly s m a l l e r A, values for women. This is d e m o n s t r a t e d by the ratios o f death rates to
i n c i d e n c e rates, DR/R, in the lower part o f F i g u r e 3 . Thus, for w o m e n the p r o g n o s i s is
slightly i m p r o v i n g with i n c r e a s i n g annual UV exposure, but the trend is not s i g n i f i c a n t .
The N o r w e g i a n data for the l a t i t u d i n a l d e p e n d e n c y o f D R / R agree with the c o m b i n e d
data from S c a n d i n a v i a , New Z e a l a n d and A u s t r a l i a (see Table 1 in ref. 73). The death
to incidence ratios for CMM are, a c c o r d i n g to 2002 e s t i m a t e s , about 0.09 ( w o m e n ) and
0.14 (men) for New Z e a l a n d and A u s t r a l i a . The c o r r e s p o n d i n g ratios for N o r t h e r n Europe
are s i g n i f i c a n t l y larger: 0.16 and 0.26, r e s p e c t i v e l y . The incidence rates are much h i g h e r
in A u s t r a l i a and New Z e a l a n d than in N o r t h e r n Europe: 36.7 ( A u s t r a l i a ) , " 36.2 (New
Z e a l a n d j " vs. 15.39 (Nordic c o u n t r i e s j . " These data are in a g r e e m e n t with our data.
No d i f f e r e n c e in CMM diagnosis, or in therapy, is e x p e c t e d to be found in the d i f f e r e n t
regions o f Norway, and it seems that the p r o g n o s i s o f C M M improves with i n c r e a s i n g
sun exposure, in a g r e e m e n t with the work o f B e r w i c k et al. 26 and with the i m m u n o l o g i c a l
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F i g u r e 3. C M M i n c i d e n c e rates (R, filled c i r c l e s ) and death rates (DR, open c i r c l e s ) per 100 000
p e r s o n s ( a g e - s t a n d a r t i s e d to the w o r l d p o p u l a t i o n ) as a f u n c t i o n s o f CIE w e i g h t e d annual UV doses for
CMM in males (A) and females (B) in d i f f e r e n t c o u n t i e s o f N o r w a y from 1970 to 2009. L o w e r panel
r e p r e s e n t s the ratio o f death rates to the i n c i d e n c e rates for males (C) and f e m a l e s (D).

work by S i g m u n d s d o t t i r et al. 74 Their fmdings i n d i c a t e that small UV doses may i m p r o v e
the p o t e n c y o f the i m m u n e system o f the skin, p o s s i b l y t h r o u g h g e n e r a t i o n o f v i t a m i n D.

The d e p e n d e n c y o f o c u l a r m e l a n o m a on latitude in USA 75 can be i n t e r p r e t e d in a
s i m i l a r way: s t i m u l a t i o n o f the i m m u n e system by UV r a d i a t i o n via v i t a m i n D s y n t h e s i s
may e x p l a i n why the rate o f uveal m e l a n o m a d e c r e a s e s with i n c r e a s i n g UV e x p o s u r e ,
o p p o s i t e to w h a t is found for CMM.

When the C M M rates in A u s t r a l i a and New Z e a l a n d are c o m b i n e d with the
S c a n d i n a v i a n rates, the value o f A b b e c o m e s smaller, about 1 ( d a t a not shown, see F i g . 3
in ref. 8). U s i n g data for SCC and BCC in A u s t r a l i a " : " and in Norway?" we fmd that SCC
and BCC are about factors o f 35 and 25, r e s p e c t i v e l y , more f r e q u e n t in A u s t r a l i a than
in N o r w a y p e r 100 000 p e r s o n s (see also Table 1 in ref. 8), while CMM is only a factor
o f about 2 more f r e q u e n t . v " As e a r l i e r s u g g e s t e d , " this may have two e x p l a n a t i o n s : (1)
S c a n d i n a v i a n s may follow a more m e l a n o m a g e n i c sun e x p o s u r e p a t t e r n , i.e., a more
i n t e r m i t t e n t p a t t e r n than A u s t r a l i a n s . (2) UV A from the sun may play a l a r g e r role for
CMM i n d u c t i o n than for BCC and SCC i n d u c t i o n , in a g r e e m e n t with S e t l o w ' s a c t i o n
s p e c t r u m for m e l a n o m a in X i p h o p h o r u s , as e a r l i e r d i s c u s s e d " and with a r e c e n t r e v i e w
o f m e l a n o m a g e n e s i s . 79

In some i n v e s t i g a t i o n s the l a t i t u d e g r a d i e n t s are o p p o s i t e to those found in the p r e s e n t
w o r k . " : " M o s t states g r o u p e d in the two h i g h e s t CMM death rate q u a r t i l e s in USA are



366 S U N L I G H T , V I T A M I N D AND S K I N C A N C E R

not l o c a t e d at the l o w e s t l a t i t u d e s . F u r t h e r m o r e , the N o r t h - S o u t h i n c i d e n c e g r a d i e n t has
b e e n d e c r e a s i n g since the 1950ies, so that w i t h i n some years no g r a d i e n t is e x p e c t e d . 81

F u r t h e r m o r e , in s o u t h e r n E u r o p e the CMM i n c i d e n c e rates are m u c h s m a l l e r than in
S c a n d i n a v i a as can be seen in F i g u r e 1 . This may have at least two reasons: (1) S o u t h e r n
Europeans generally have darker skin and darker hair than blond or r e d - h a i r e d S c a n d i n a v i a n s
and Celts. (2) We have s h o w n that CMM i n c i d e n c e rates o f d i f f e r e n t c o u n t r i e s seem
to i n c r e a s e with G D P / c a p i t a . 8 2 GDP may i n f l u e n c e the sun e x p o s u r e p a t t e r n , since one
may a s s u m e that rich p e o p l e can a f f o r d more v a c a t i o n s and w e e k e n d tours to s o u t h e r n
l a t i t u d e s and get e x c e s s i v e , i n t e r m i t t e n t sun e x p o s u r e s . S e v e r a l C M M e p i d e m i o l o g i s t s
have s t a t e d that C M M is a " w h i t e collar" r a t h e r than a " b l u e c o l l a r " disease.

The l a t i t u d i n a l d e p e n d e n c i e s o f C M M and o c u l a r m e l a n o m a in some states in USA
were s t u d i e d . " L a t i t u d i n a l g r a d i e n t s , s i m i l a r to those r e p o r t e d in the p r e s e n t work,
were found for C M M and for e x t e r n a l , o c u l a r m e l a n o m a s ( e y e l i d and c o n j u n c t i v a e
m e l a n o m a s ) . F o r uveal m e l a n o m a s ( i n t e r n a l o c u l a r m e l a n o m a s ) an o p p o s i t e g r a d i e n t
was found: i n c r e a s i n g i n c i d e n c e rates with i n c r e a s i n g latitude. In a g r e e m e n t with our
s u g g e s t i o n s it was c o n c l u d e d that solar r a d i a t i o n has both a p r o t e c t i v e and a g e n e r a t i n g
e f f e c t with r e s p e c t to m e l a n o m a s . O b v i o u s l y , total e x p o s u r e s as well as e x p o s u r e p a t t e r n s
are i m p o r t a n t for the b a l a n c e b e t w e e n the two effects: high, i n t e r m i t t e n t e x p o s u r e s will
m a i n l y act g e n e r a t i n g , while low, r e g u l a r e x p o s u r e s will act more p r o t e c t i v e . Time t r e n d s
o f uveal m e l a n o m a s seem to be o p p o s i t e o f those o f CMM: While the i n c i d e n c e rates
o f C M M i n c r e a s e d in m a n y c o u n t r i e s up to a r o u n d 1990 (see b e l o w ) , those o f uveal
m e l a n o m a s t e n d e d to decrease. 83-85

Time T r e n d s

F or s e v e r a l d e c a d e s b e f o r e 1990 the i n c i d e n c e rates o f all three skin c a n c e r forms
were i n c r e a s i n g in N o r w a y , as in m o s t o t h e r W e s t e r n c o u n t r i e s . P - " H o w e v e r , d u r i n g
the last two d e c a d e s the i n c r e a s e o f the rates o f C M M for the y o u n g e s t g e n e r a t i o n s has
s t o p p e d , and even a d e c r e a s i n g t r e n d is seen ( F i g . 4 ). S i m i l a r trends have b e e n r e p o r t e d
from other c o u n t r i e s . 86-91 The p r o g n o s i s o f C M M i m p r o v e d over all the years o f i n c r e a s i n g
i n c i d e n c e , as i n d i c a t e d by the d e c r e a s i n g D R / R ratio ( F i g . 4 B ). H o w e v e r , after 1990,
w h e n the rates c h a n g e d from an i n c r e a s i n g to a d e c r e a s i n g trend, the i m p r o v e m e n t o f
p r o g n o s i s a p p e a r s to have s t o p p e d ( F i g . 4 ). A n o t h e r way to study p r o g n o s i s is to d e t e r m i n e
the f i v e - y e a r s u r v i v a l p e r c e n t a g e ( F i g . 5 ). From 1970 to about 1995 the p e r c e n t a g e o f
C M M p a t i e n t s s u r v i v i n g five years after d i a g n o s i s i n c r e a s e d from 55% (men) - 77%
( w o m e n ) to a b o u t 80% (men) - 90% ( w o m e n ) , while after 1995 no s i g n i f i c a n t c h a n g e
has t a k e n place, n e i t h e r for men, nor for w o m e n ( F i g . 5 ). A g a i n , a r e l a t i o n s h i p w i t h the
f l a t t e n i n g i n c i d e n c e curves seems p o s s i b l e : as long as the i n c i d e n c e rates i n c r e a s e d , Le.,
until 1 9 9 0 - 1 9 9 5 , the s u r v i v a l i m p r o v e d . The fmding that the ratio o f the n u m b e r o f old
(~ 50 y e a r s ) to that o f y o u n g « 50 years) p a t i e n t s has b e e n i n c r e a s i n g , n o t a b l y for men
in the s o u t h e r n r e g i o n s o f the c o u n t r y , is in a g r e e m e n t with these o b s e r v a t i o n s .

Up to 1990 the time t r e n d s o f C M M i n c i d e n c e rates are s i m i l a r in all N o r d i c c o u n t r i e s ,
in all r e g i o n s o f N o r w a y and for all age c o h o r t s above 35 years. 7 2 , 8 7, 9 2

Body L o c a l i z a t i o n

R e l a t i v e t u m o r d e n s i t y ( R T D ) is here d e f i n e d as the age a d j u s t e d i n c i d e n c e rate o f
C M M on a g i v e n b o d y l o c a l i z a t i o n (head and neck, trunk, b r e a s t ) d i v i d e d by the f r a c t i o n
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F i g u r e 6. Relative density o f cutaneous m a l i g n a n t m e l a n o m a (per 100 000 persons) on d i f f e r e n t body
l o c a l i z a t i o n s (head and neck, trunk, breast) in Norway from 1970 to 2009: A) Males, < 50 years old,
B) Females, < 50 years old, C) Males, 2:: 50 years old; D) Females, 2:: 50 years old.

o f the total body area o c c u p i e d by the g i v e n l o c a l i z a t i o n . Thus, the h i g h e r the RTD is,
the m o r e C M M s arise per em? o f skin. The v a l u e s o f the f r a c t i o n o f the skin at d i f f e r e n t
sites are 0.09 for h e a d and n e c k , " 0.3 for t r u n k " and 0.025 for b r e a s t s . "

The data in F i g u r e 6 agree with those in F i g u r e 5 , but are m o r e d e t a i l e d . F o r m e n
and w o m e n o l d e r than 50 years the RTD is l a r g e r on h e a d and n e c k than on trunk, and
for w o m e n the R TD on the b r e a s t s is even l o w e r ( F i g . 6 ), as e x p e c t e d in view o f the
a s s u m e d p a t t e r n o f sun e x p o s u r e for this g e n e r a t i o n . H o w e v e r , for m e n the d i f f e r e n c e is
s m a l l and a l m o s t n o n - e x i s t e n t a f t e r 1990.

For men y o u n g e r than 50 years the RTD is g e n e r a l l y d e c r e a s i n g after 1990, and is
s m a l l e r for head and neck than for trunk, in spite o f the obvious fact that w h e n e v e r the trunk
is exposed, the h e a d / n e c k is also exposed. This indicates that an i n t e r m i t t e n t exposure pattern,
which is likely to apply for the trunk, is more m e l a n o m a g e n i c than a more c o n s t a n t e x p o s u r e
pattern, which is likely to apply for h e a d / n e c k . For y o u n g w o m e n a s i m i l a r c o n c l u s i o n can be
drawn: Also they have a larger RTD on trunk than on h e a d / n e c k , n o t a b l y after 1990. Their
RTD on breasts is h i g h e r than for older w o m e n ( F i g . 6 ). This gives v a l u a b l e i n f o r m a t i o n
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about the i m p a c t o f the c h a n g i n g p a t t e r n o f sun exposure. The fact that the R TD on trunk
is larger than that on head and neck, which certainly are much more heavily UV exposed,
is a clear i n d i c a t i o n that i n t e r m i t t e n t UV e x p o s u r e is a strong c a r c i n o g e n for CMM, while
r e g u l a r e x p o s u r e is a much w e a k e r one. P r a c t i c a l l y no C M M s arose on the breasts o f
N o r w e g i a n w o m e n before the advent o f the topless fashion at about 1970. 64 As i n d i c a t e d
by the curves for the breasts ( F i g . 6 ), the topless fashion may have c u l m i n a t e d some time
before 1994. These data are in a g r e e m e n t with our earlier f i n d i n g s . P ' ?

The i n c i d e n c e rates o f C M M on h e a d and neck and that on t r u n k have d i f f e r e n t age
d e p e n d e n c i e s ( F i g . 7 ). While the age s p e c i f i c rates o f C M M on h e a d and n e c k i n c r e a s e s
u n i f o r m l y w i t h age (as do t h o s e for SCC, BCC and for p r a c t i c a l l y all i n t e r n a l c a n c e r s ) ,
that for C M M on the t r u n k has a m a x i m u m at an age o f 5 0 - 7 0 years. This is true for
the N o r t h as well for the S o u t h p a r t o f N o r w a y , and a g r e e s with e a r l i e r f i n d i n g s . F " We
c o n c l u d e that the risk o f C M M on h e a d / n e c k , areas r e g u l a r l y sun e x p o s e d , i n c r e a s e s with
age, w h i l e t h a t on t r u n k has a m a x i m u m at an age b e t w e e n 50 and 70 y e a r s , (or even e a r l i e r
in the N o r t h ) w h e n the p o p u l a t i o n as a w h o l e is c o n s i d e r e d , i.e., at a s l i g h t l y h i g h e r age
than f o u n d for the p e r i o d 1976 to 1985. 82 This is c e r t a i n l y r e l a t e d to c h a n g i n g h a b i t s o f
c l o t h i n g and sun e x p o s u r e . P e o p l e who are n o w 7 0 - 8 0 years did not follow an i n t e r m i t t e n t
e x p o s u r e p a t t e r n w h e n they were y o u n g to the same e x t e n t as y o u n g p e o p l e do now.

E f f e c t s o f S u n b e d s a n d S u n s c r e e n s

I n c r e a s e d C M M i n c i d e n c e rates were found for s u n b e d users in N o r w a y . 57,95 H o w e v e r ,
o t h e r i n v e s t i g a t i o n s i n d i c a t e d e c r e a s i n g rates as well as i n c r e a s i n g rates. 5 3,96-98 The m o s t
r e c e n t i n v e s t i g a t i o n in U K s h o w e d no r e l a t i o n s h i p b e t w e e n s u n b e d use and CMM.99 We
have recently found that two weekly, m o d e r a t e ( 1 0 - 1 5 min, c o m p l e t e l y n o n - e r y t h e m o g e n i c )
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sunbed exposures for 5 weeks i n c r e a s e d the serum level o f calcidiol (25 h y d r o x y v i t a m i n
D, serum m a r k e r o f the vitamin D status) significantly, from typical winter values to
summer values, and that the earlier r e c o m m e n d e d vitamin D intake o f 200 IU per day
was not enough to maintain that level. 100 Furthermore, it has been found that a p p l i c a t i o n
o f a sunscreen with a moderate or high UVB p r o t e c t i o n factor in r e c o m m e n d e d amounts
almost eliminates the vitamin D synthesis, by sun as well as by s u n b e d s . l ' "

C O N C L U S I O N

A l t h o u g h there are many arguments against the s t a t e m e n t that solar r a d i a t i o n is
involved in m e l a n o m a g e n e s i s , our data indicate that UV is, indeed, a c a r c i n o g e n for
CMM, and that that UV A may play a role. CMM incidence rates are twice as high in
South Norway as in North Norway, while the ratios o f death rates to incidence rates
are constant or slightly higher in the North. C o m p a r i s o n s o f skin cancer data from
Norway, A u s t r a l i a and New Z e a l a n d indicate that squamous cell c a r c i n o m a and basal
cell c a r c i n o m a are mainly related to annual solar UVB fluencies, while UV A fluencies
may p l a y a s i g n i f i c a n t role for CMM.
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