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ABSTRACT

The linkage of solar ultraviolet radiation to skin cancer

is investigated in this paper by making comparisons of Incidence

rates in countries with predominantly white populations with

respect to geographic , time , age, and anatomic site variations .
It is concluded that the evidence In support of the hypothesis

that solar ultraviolet radiation is a dominant factor in the

induction of squamous cell and basal cell carcinomas is con-

vincing. Many anomalies of various kinds are found in the

hypothesis that solar ultraviolet radiation Is a significant

factor in the induction of malignant melanoma, leading to the

conclusion that the primary cause(s) for this class of tumors

must be sought elsewhere . Analysis of the data indicates that

urbanization Is an Important factor in the etiology of basal
cell carcinoma and , to a lesser degree , in the etiology of
malignant melanoma . The biological amplification factor (ratio

of percent increase in non—melanoma skin cancer incidence to

percent inci~ease in ultraviolet dose) Is estimated to lie
between 1 and 2.
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S U M M A RY

Comparisons of skin cancer incidence in countr ies  having a
predominantly white population with respect to geographic , time ,

age, and anatomic site variations are made in an a t tempt  to de-
termine the characteristics of the linkage to solar ultraviolet

(UV) radiation.

The hypothes is  that  an increase in ul t raviolet  radia t ion
dose , lifetime or acute , is associated with an increase .n the

inc idence of ( 1) squamous ce ll carc inoma , (2) basal cell carci-
noma , and (3 )  malignant melanoma , is tested by investigating
recent epidemiological data over a wide latitude band . The life-

t ime dose hypothesis  is emphasized and generally implied in the
discuss ion .  Principal  a t t en t ion  is given to malignant melanoma .
One of the tes t s  used to invest igate  u l t ravio le t  radia t ion as a
causat ive  fac tor  in malignant melanoma assumes validity of the
hypothes is  l inking solar u l t rav io le t  radia t ion to the incidence

*of “ other skin cancer . ”

Some of the pr incipal  f indings  of th is  inves t igat ion are :

1. The hypothes is  that solar u l t rav io le t  radia t ion  is a
dominant factor in the induction of squamous and basal

cell carcinomas in predominantly  whi te  popula t ions  is
strongly supported by an examinat ion  of available world-
wide incidence data.

Denotes skin cancers other than malignant  melanoma and assumed
to consist  of squamous plus basal cell carcinomas ; “ non—
melanoma skin cancer ~’ is a preferable but less widely used
term .
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2. A ver y large number of inexplicable anomalies of various
kinds are found in the worldwide incidence data which are
inconsistent with the hypothesis that solar ultraviolet

radiation is a significant factor in the induct ion of
malignan t melanoma , leading to the conclusion that the
primary c a u s e ( s )  for  this  class of tumors must be sought
elsewhere.

3. There is clear evidence of a la t i tude  gradient for
other skin cancer incidence on a worldwide bas is ;  there
is no similarly clear evidence of a la t i tude gradient
for the incidence of malignant melanoma .

4 . The ratio of the incidence of other skin cancer for
males to that  for females exceeds uni ty  for all count r ies ,
and has a strong latitude gradient , Increasing toward the

equator; for malignant melanoma incidence this sex ratio

may be slightly greater or smaller than unity with an

average value of about 0 .9 ,  and has no apparent la ti tu d e
gradient . For most geographic regions , the malignan ;
melanoma sex rat io is less than u n i t y,  a f inding which
is inconsis tent  wi th  the solar u l t raviole t  radiat ion
hypothesis for malignant melanoma .

5. The incidence of malignant melanoma for males in Norway

is 20 times higher than in Zaragoza , Spain . Since
Norway is much farther from the equator than Spain ,

this finding contradicts the lifetime solar UV dose

hypo thes i s .  There is no evidence in the l i te ra ture
that such a large discrepancy (greater  than 2 0 )  can be
ra t iona l ly  a t t r ibu ted  to e thnic  d i f f e r e n c e s  in Caucasian
populations. Neither Norway nor Zaragoza are singu—

la r i t ies .  Resident s in all Mediterranean coun tries of
Europe enjoy very low malignant melanoma mor ta l i ty  rates ,
while resident s of all Scandinavian countries and Finland

s u f f e r  high m o r t a l i t y  ra tes .

S—2
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6. Age—specific incidence curves for malignant melanoma

di f fe r  fundamental ly  from those for  other skin cancer.
In recent years the risk for other skin cancer increases
almost exponent ia l ly  with age , while for malignant mel-
anoma the risk is essentially the same for adults be-

tween approximately 240 and 65 years of age . The recent

age—specific incidence curves for Connecticut and New

Mexico are almost identical (Fig. 3 3 ) .  From these data

It can be deduced that  malignant melanoma incidence is
not a significant function of lifetime dose or , in all

likelihood , the number of acute UV doses received.

7. There has been a worldwide Increase in the incidence

of both other skin cancer and malignant melanoma In

almost all countries with a predominantly white popu-

la t ion .  However , except ions can be found . Squamous
cell carcinoma incidence decreased in Finland from
approximately 6 per 100,000 in 1960 to 3 .5 in 1973,
whereas malignant melanoma during this same period in-

creased from 2 to 3 .5 (FIg. 22). In Australia , mor-
tality from malignant melanoma doubled from 1950 to

19624 but mor ta l i ty  from other skin cancer decreased
by 50 percent during the same period (Fig.  37). These

and other similar cases in which the time variations

of incidence over a long period of time run in opposite

directions constitute anomalies for the solar radiation

hypothesis linking solar radiation to malignant melanoma .

8. Malignant melanoma mortality exceeds other skin cancer

mortality for both males and females and has increased
with time , whereas other skin cancer mortality has de-

creased with time . There is evidence in some countries

of a latitude gradient for malignant melanoma mortality.

Since malignant melanoma also occurs in younger age

groups , it poses a far more serious problem to public

health. Its causative factors are clearly in urgent
need of being established .
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9. Other skin cancer favors the most exposed anatomic sites

(head and neck , and hands), whereas malignant melanoma

favors the relat ively unexposed anatomic sites (trunk
and lower limb). The lower limb is more favored in the

legs of females , however , and this finding Is consistent
with the solar radiation hypothesis.

10. Anatomic site frequency distribution changes with lati-

tude for squamous cell carc inoma, but anomalously ap-
pears to be independent of latitude for malignant mela-

noma , e.g., malignant melanoma cases for the head and

neck constitute approximately 18 percent of all melanoma

cases in Finland , southern Texas , and Australia (Figs.
112 and 43).

11. Two dichotomies exist  In anatomic site behavior for
malignant melanoma which suggest the exis tence  of two

carcinogenic agents , nei ther  of which is solar ultra-
violet radiation. These are:

A. The age—specific incidence rates for malignant

melanoma in the face and foot were similar to
those for other skin cancer, i.e., almost ex-
ponential with age , whereas those for the trunk

and lower limb were approximately independent

of age for adul ts  older than 35 years .

B. The incidence of malignant melanoma in the face

and foo t was invariant wi th  time , whereas In
the trunk and lower limb the incidence has been

rising very rapidly with time . The beginning

of the latter increase can be traced back to

the 1880’s (Fig. 52) .

The dating back of the increase ir. the postulated car—

cinogen associated with the trunk and lower limb to the

L 

1880’s rules out the frequently expressed hypothesis

3~~ 14
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that the changes in clothing and lif€ styles since

World War II and the resulting ir.creased Ulr doses

received were responsible for the increase in malig-

nant melanoma in those sites. lialignant melanoma in-

cidence in the face was independenL of sex (Figs . ~ 9
and 50) which rules out ideritifica~ ion of the other

postulated carcinogen as solar radiation.

12. Malignant melanomas were typically found in members of

the professional and managerial classes , whereas other

skin cancers were typically found in semi-skilled and

skilled workers. This particular finding is inconsistent

with the hypothesis that lifetime DV dose is associated

with malignant melanoma but may be consistent with an

acute DV dose hypothesis.

13. Many carcinogenic agents other than solar radiation have

been identified or suspected in the etiology of squamous

and basal cell carcinomas. However , the great majority

of cases appear to be sun—related , particularly for H

squamous cell carcinomas .

114 . Analysis of the data indicates that urbanization is an

important factor in the etiology of basal cell carcinoma .

It appears to be about as significant a factor as solar

radiat ion in northern U S .  c i t i e s .

15. There is recent evidence in Finland (Table 111), Norway ,
Denmark , and Warsaw that urbanization is a factor in

the etiology of malignant melanoma .

16. The three categories of malignant melanoma , i.e.,

lentigo—maligna , super f ic ia l  spreading,  and nodular ,
appear to have characteristics (anatomic site distribu-

tion , tumor development time , median age) which can be

made compatible with a two— or three—carcinogen theory

for the etiology of malignant melanoma .

S— 5
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17. The et IoictT of nal U L . t 0 4 
O~~~~:t ~~tO  ic c

state. Recently published artic1es sug~ect the
p o s s i b i l i t y  that v i r u s — 1 i k~ p a r t ic l e s  ar .~ ‘ (nc ~ :’ —
unsaturated foods) may be impli catEc in the etioio ~ y
of malignant melanoma .

lb . The data for malignant rceLancac inci Jence i~ ~ nc.a ,
Switzerland and SnraDnza , S~ aIn should Le ~uc’ n.~r e~ .-

arnined for possible eticio~ ica1 clues: ~~~ / i  n as
had an ansmai ously hi~ h male/female sex rat a (f .

and Zaragoza has had ex t remely  low inc iu ~ nce val iec
for both males and females.

19. The b to io~~icu1 arc~ liti cation factor for 3ther’ s~ i :

ca ncer  is equal to  or 51’eater t han  un i t ~.’ Lin t  Y; 1O

u n I i k e i y  t an t  it exc ee c s  a vaiu~- of 2 .  D e t .. cn in t io n
of th i s  f ac to r  is a complex  m u l t i — d i m en s i o n a l  r o b i ,  a
and the  development  of a d o s e — r e s p o n s e  moJe l  f r ee  o:
u n c e r t a i n t y  and c o nt r o : er s y  is an n o s t  h e  ess
p ropos i t ion  at the p re sent  t ime .

20.  A personal  ir1tegratin~ UV d o c i m et e r  shoc ~~u b e dev e~ ;,~~~

to determine the LV dose r e c e i ve d  by v a r i o uc  p c c ~~~a ti c n s
in order to narrow the  u n ’ : er t a ln t v  in t he  d e t e r L C : ~ ~~~~~~~i;

of the  n io log ica l  am p l i f i c a t i o n  f a c t o r .

2 1. A compar ison of comprehens ive  o the r  s k i n  cancer  t n c i -
dence  da ta obta ined  in a cooperat ive shor t - ten : :  s c nv e y
wi th  comprehensive  inc idence  dat a  o bt a i .n~ ,i in a c a n c e r
re~ ist r y is .~iven in Appendix  A.  It  ic j r~~ced t h a t toe

use of  survey inc idence  da ta  is l ik- :e ly  to l~~~5L to s o —

riously inflated incidence values iecau:~e of toe : .i,Ui

diligence in diagnosis by cooperatin~o physicia s ind

the possible cooperation of residents who he cn a o :u .

the  government  survey and r a t n io t i c a i l y  r e sp o n a , thus

rece iv ing  a diagnosis  e a r l ier  than  they ct h e r w :s e  woo ld
have rece ived .
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22. The acute ultraviolet dose hypothesis for malIgnant

melanoma is in neea of further investigation. Sunburn

data for various populations and melanoma cases by an-
atomic site will be essential.
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1. INTRODUCTION

This report tests the linkage between skin cancer incidence

in white populations and solar ultraviolet radiation on an inter-

national basis. The strong linkage of UV radiation to squamous

cell carcinoma and basal cell carcinoma is tod0ay widely accepted ,

although there are non—solar—related cases for both types of

tumors. Indeed, the cumulative evidence presented throughout
this report is so strong for this linkage that it is used at
the outse t as one of many tools to test the hypothe sis that
solar ultraviolet radiation is also linked to malignant melanoma :

If population group A registers a higher incidence of other skin

cancer (basal p lus squamous) than populat ion group B, then A
must be rec eiving a higher DV dose than B and , ipso facto , one
would expect A to also regis er a higher incidence of malignant
melanoma than B.

Squamous and basal cell carc inomas are discussed separately
wherever possible , but the lack of separation of these common
tumors as reported to the Internat ional Agency for Research on
Cancer (IARC ) and elsewhere forces usage of the combined class i-
ficat ion “other skin cancer.” Similarly , malignant melanoma of
the skin is reported to the IARC with no breakdown into the

three types of malignant melanomas : lentigo-maligna , superf i-

cial spreading , and nodular . Consequently, international com-

parisons of malignant melanoma incidence are perforce limited

to the combined classification.

Throughout this paper the hypothesis is tested that an in-

crease in solar ultraviolet radiation is associated with an in-

crease in the incidence of the various types of skin cancer

1
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tumors . Nature fortunately provides us with an imperfect bt’t

nonetheless  very use fu l  tool by varying solar ultrav iolet radi-
ation with latitude. Maximum advantage of this variation is

obtained when the incidence in a region of low solar insolaticn ,

e . g . ,  Finland , is compared to the incidence in a region of high
solar inso la t ion , e . g . ,  southern Texas . Implicit In such a com-

parison is the reasonable assumption that the chronic ultravic-

let radiation dose received by residents of Finland is consid-

erably less than that received by residents of Texas . It would

also seem reasonable to expect the number of acute ultraviolet

radiation doses per 100,000 population per year to be smaller in

Finland than Texas, since the number of calendar days in which

the possibility of receiving an acute dose is much smaller and

the number of sun exposure hours required on any such day is

much higher in Finland . While it could be postulated that a

small fraction of the Finnish population take two-week vacations

basking in the sun on Mediterranean beaches , it would seem un-

reasonable to expect that the number of acute doses suffered by

such a group could exceed that suffered by the large fraction

of southern Texas residents who remain at home throughout the

year . Hard data to support these assumptions , however , unfor-

tunately are not avai lable .

In 1952, V. J. McGovern was the first to link malignant

melanoma with solar radiation , calling attention to the prepon—

derance of melanomas on the exposed parts of the body (V. J.

McGovern , 1952). In 1977, addressing the question of the world—

wide increase in malignant melanoma incidence , McGovern ended

his article (V. J. McGovern , 1977) with the statement : “This

increase in incidence must be an environmental effect , the most

likely cause being greater dosage of ultraviolet light both by

direct exposure and also by the increasing use of clothing that

is permeable to ultraviolet radiation. ” In the intervening

quarter cen tury , scores of articles have been published in which

the hypothesis strongly linking ultraviolet radiation to malignam
t2
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melanoma has been acce pted without  serious challenge , al though
endogenous and other factors were also recognized to play a role

in the etiology . Certain paradoxes found in the hypothes i s  were
iden t i f i ed  and some ingenious explanat ions suggested in an at-
tempt to partially resolve them . In th is  paper it is found that
when tested on an international basis , the hypothesis that solar

ultraviolet radiation Is significantly linked to the etiology

of malignant melanoma has so many serious anomalies of various

kinds that the probability of such a linkage is all but nil.

An alternative hypothesis is proposed in Sections 5 and 6 which H
involves  at least two carcinogenic agent s , ne i ther  of which  is
sun—related .

An a t temp t is made in th is  report  to arrange the p e r t i n e n t
data In systematic form . Thus, descriptions of skin cancer tu-

mors and international geographic variations of skin cancer in-

cidence are discussed in Section 2, time variations in Section 3,
age var ia t ions in Sect ion 24 , and anatomic si te var ia t ions  in
Section 5. Other skin cancer (squamous cell and basal cell) and

malignant melanoma data are compared in each section. The eti-

ology of skin cancer tumors is discussed in Section 6 , and the
modell ing of other skin cancer IncIdence wi th  u l t r av io le t  radi-
ation dose is discussed in Section 7.

Incidence rates for  other  skin cancer inc idence  for  most
countries are , in general , unreliable and in some cases not

even available. The primary reason for this situation is the

lack of adequate  repor t ing  of cases of basal  cell ca rc inomas .
To reduce the s eve r i ty  of th i s  problem , only data f rom cancer
regIs t r i es  which  moni to r  inc idence  on a con t inuous  basis  is
used .  However , much survey data is u s e f u l  for  r a t io  informa-
t ion , i . e . ,  male/ female  or basal /squamous carcinoma rat ios ,
anatomic site frequencies , etc. Malignant melanoma Incidence

rates are relatively reliable since the seriousness of the

tumor usua l ly  involves t rea t ing  the pa t i en t  at a hospi ta l  where
good records are normally kept . It should be emphasized tha t

3
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most other skin cancer incidence rates, even though reported by

a cancer registry , are of dubious accuracy and represent only
lower-bound values.

In Appendix A a comparison is made of comprehens ive skin
cancer incidence data as obtained in a cooperative short—term

survey and in a long-term cancer registry . A simple model is

devised to illustrate the spurious increase in incidence that

could be expected from the survey as a result of possible added

diligence in diagnosis by physicians and cooperation from

residents.
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2. G E O G R A P H I C  V A R I A T I O N S

2. 1  B A S A L CE L L A N D  S Q U A M O U S  C E LL C A R C I N O M A

The most common skin cancer in Caucasian populations is

basal cell carcinoma , a mal ignant  tumor arising from the epidermis
(Lever 1967) or i t s  appendages (Sanderson 1968).  The tumor is
usually found in hair_bearing*skin (Lever 1967), grows slowly by

locally invading, but rarely metastasizes (Urbach 1975). Its

potent ia l  for  localized des t ruc t iveness  and i ts  tendency to re-
cur after therapy are well known (Popkin 1976). In general , 5—

year cure rates of 95 percent or better can be expected when
treatment is performed by X—ray therapy , surgical excision , or

sharp curet tage and electrodesiccation by experienced therapists
(Popkin 1976).

The incidence of basal cell carcinoma is unavailable for

nearly all countr ies  of the world . The Swedish Cancer Reg is t ry
spec i f i ca l ly  excludes basal cell carcinomas of the skin in the
incidence values for the classification excluding malignant

melanoma of the skin or “other skin cancer ” in i ts  report  to the
In terna t ional  Agency for  Research on Cancer (Er ickson  197 6) .
The Israel Cancer Reg is t ry  d iscont inued reg i s t ra t ion  of both
squamous cell and basal cell carcinomas in 1967 ( S t e i n i t z  197 6) .
Most of the cancer regis t r ies  in the world lump basal cell
and squamous cell carcinomas in the “ other skin cancer ” classi-
ficat ion.

The second most common skin cancer in Caucas ian popu lat ion s
is squamou s cell car cinoma , a relatively slow-growing tumor

Excludes only the mucosa or vermilion of the lip , palms of
the hand , and soles of t he feet .

5
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c omposed of masses of epidermal  cells tI:at tend to form

keratin (Urbach 1975). Lyat h nou~ cetasrases I r u m  s qo n a o~~s
cell carc inomn a have been r ep or t es  w i t :  an ln~~iueo~ce v n i ’ yin h

from 0.1 percent  to more t h 2n  5L p e r c e nt  ( i : i e r  19 7 6 ) .  Acco r s -
ing to Grier ( 1976)  “low ra tes  are r ep or t e~i by dermatoloslsts

who u sua l ly  t rea t  small ear ly lesIons , by su: v~ ys welsh ind uce

o f f i c e — t r e a t e d  cases , and by surveys which Include all sites.

High ra tes  are foun d in older a rt i c le s  b e c a u se  of’ l a tt i l a y —
nosis , in reports from specialized institutions where advuecec

cases are t r ea ted , and especia l ly  in s tud ies  in w h i c h  r e ly  cer-
ta in  sit e s  are considered . ” Mohs r ecen t l y r e t o r t ed  a f l v e — y ~~’~:

cure ra te  of 9 3 . 2  percent  in 1562 de t e rmina te  ca ses  ( r U b s  : 5 7 0 ) .
In Texas , where there Is a high incidence of s olar - in i cce e  S k i O
cancer , a five—year cure rate of 97.3 p e n o e n o  ~‘as re~~r r t e d  i n
36i cases of squamous cell carcinoma (kneenan and bnox l9~~~~) .

The Incidence of squamous cell carcin~ ma is net ouch t eo tt a

known worldwide than is the incidence of hu.~o1 ce~~ :ancinoma .

Inasmuch as the incidence ir1forniation thet Is uva~~ acie ~~~ ~~—

wide is fo r “ other  skin  cancer , ” we are or i f e rt u e a ~ c i;; : : 0  cci t o

adopt this classification if we are to compare I O C i L  :0c c : t e s

on an i n t e rna t iona l  bas i s .  Squamous cell carcinoma u i  basal

cell carcinoma are different tumors with different etiologies

and w i t h  d i f f e r e n t  responses  to u l t rav io le t  r ad ia t ion . Id e al l y ,
the  va r i a t ion  in the inc idence  of these tumors shou ld  be s t T h i e i
separa te ly .

Ar . international comparison of skin cancer incidence rates

must be based on a common distribution of population by age

group . Such a rate , called an age—standardized rate , Is
the  ca lcu la ted  ra te  tha t  would have occurred if the observed
a g e — s p e c i f i c  ra tes  had operated in a s tandard p o p u l a t i o n , with

some a rb i t r a ry  propor t ion  of people in each age—group . The
In te rna t iona l  Agency for  Research on Cancer uses the standard
popula t ions  of Table 1 for i t s  ca l cu l a t i ons  of A f r i c a n , World ,
and European age—standardized incidence rates (Doll 1976). The

6
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rAB LE 1 . STA N DAR D POPULATIONS USED FOR THE COMP UTATION
OF A G E - S T A N U A k U I Z E D  I N C I D E N C E  RATES

A ge Af r i c a n  World European
(in years ) 

_______ 
______________________________________

0- 2 ,000 2 ,400 1 ,600
1- 4 8 , 000 9 , 600 6 , 400
5- 9 10 ,000 10 ,000 7 ,000

10-14 10 ,000 9 ,000 7 ,000
15 -19 10 ,000 9 ,00 0 7 ,000
2 0 - 2 4  10 , 000 8 , 000 7 , 000
2 5 - 2 ~ 10 , 000 8 , 000 7 , 000
30-34 10 ,000 6 ,000 7 ,000
3~ - 3 9  10 , 000 6 , 000 7 , 000

5 , 000 6 , 000 7 , 000
5 ,000 6 ,000 7 ,000

50-Y 3 ,000 5 ,000 7 ,000
55_ 5 4 2 ,000 4 ,0 6 ,000

2 ,000 4 ,00 C 5 ,000
6~~-69 1 ,000 3 ,000 4 ,000

~0-74 1 ,000 2 ,000 3 ,000
75-70 500 1 ,000 2 ,000
¶~0 - 84  300 500 1 , 000
85 and over 200 500 1 ,000

T o t a l  100 , 000 100 , 000 100 , 000

Source: Base d on R . Dol l , et al . , Cancer Inc~~7uncein Fiv e Contine~cts , Volu me III , 1976



i
African age—standardized incidence rate is completely inappropriate

for a study of skin cancer incidence in Caucas ian  p o p u l a t i o n s .
The frequently used world age— standardized incidence rate is also

inappropriate since ~he younger age groups are weighted too

heavily, and the older age groups , amongst which the bulk of

skin cancer cases are to be found , are weighted too lightly .

These effects reflect the inclusion of the high birth rates and

hi~ h death rates that are prevalent in the underdeveloped nations

of the world. The European age—standardized incidence rate is

therefore adopted in this paper as most appropriate to compare

skin cancer incidence rates in predominantly Caucasian countrIes.

In Fig. 1 are plotted the European age—standardized inci-

dence rates for other skin cancer in white males as a function

of latitude in various regions of’ Europe and North America as

reported by cancer registries to the International Agency for

Research on Cancer (Waterhouse et al., 1976). ::ote that the re-

porting sites in Eurore , Canada , and Southwest U .S.A . fall in

three separate regions , with a distinct latitude gradient from

Scandinavia to El Paso , Texas . The large scatter between lati-

tudes  b 5 0 and c5 ° (b r i t i sh  Columbia has triple the other skin

cancer incidence of Quebec) probably arises because of large dif-

ferences in the rollow ing : (1) ethnic composition ; e.g., 70 per-

cent of the po~~liation of the urovice of Quebec is of French

extraction (hre~ ette 1976) whereas people of British extraction

predomina te  in the other ~rovirices , (2) climate; e.g., coastal

British Columb a resIdents enjoy the most frequently mild climate

in Canada , ( 3 )  o c c u p a t ion s ;  e . g . ,  Saska tchewan is main ly  an
A g r i c u l t u r a l  p r o v in c e  (b a r c l a y  19 7 6 ) ,  ( 2 4 )  l e i sure  a c t i v i t i e s ;
and ( 5 )  under—reportin g of cases , p a r t i c u l a r l y  of basal  cel l
ca rc inomas .

Hawaii , at a latitude of 210 N , is the site closest to the

equator for which incidence data from a cancer registry is avail-

able for a Caucasian population. It would t he r e fo r e  be expec ted
to report  the  highest incidence oC nther skin cancer , but instead

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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FIGURE 1 . Other sk in cancer , age -standardized
in c i dence for white mal es
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it reports the lowest , 3 per 100,000 for Caucasian males and

• females. The reason for this extremely low value (not plotted

in Fig. 1) is the fact  that the Hawaii Tumor Regis t ry  only re-
ports serious hospitalized cases of other skin cancer which are ,

of course , a very small fraction of the total .*

There was no report to IARC on other skin cancer in Norway

(Pedersen 1976) but Dr. Knut Magnus of the Cancer R e g i s t r y  of
Norway kindly released the recently acquired and prev ious ly  un-
publ ished data of Table 2. These values for the annual number

of cases include both squamous cell and basal cell carcinomas .
Dr. Magnus believes that the low values reflect poor reporting

V for the earlier years , i.e., 1971 and 1972. The crude other

skin cancer incidence rates for the period 1973—1975 in Norway
V (population of 2 million males and 2 million females) were

approximately 55 per 100,000 for males and 50 per 100,000 for
females.

TABLE 2t. NUMBER OF ANNUAL CASES
OF OTHER SKIN CANCER IN NORWAY

YEAR MALES FEMALES

1971 636 573

1972 946 835

1973 1073 950

1 9 7 4  1153 1046

1 9 7 5  1004 1008

tP rsonal Communication with Dr. Knut
Magnus , Cancer Registry of Norway ,
November , 1977.

*Telephone conversation with G. Bratten , Hawa ii Tumor Registry ,
V Apri l , 1978.
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It should be poin ted  out that  many other sources of skin
cancer incidence data exis t  which are based on special surveys
conducted over a short period of time as compared to the long-

term statistics accumulated continuously over many years by can-

cer romistries. Such survey data is not accepted as valid by
TRF (’ and hence is not included in Fig. 1 where the incidence

‘~~~ i~~~~~~ have been averaged over a 3— or 14~ year period circa

xp ht. V.Iicd to t h e  c.u’hor by Dr .  C.  fV 1U ~~~~F~~ * snecial survc :~’s

o u ch  cu the National Cancer Institute ’s survey for four U. S.

a~’eas between 1 September 1971 and 29 February 1972 are not re—

l iable  for the fol lowimg reasons : (1) phys ic ians  pa r t i c ipa t ing
In a suo~ m~~y will ask for a biopsy in many cases where they c~ her—

wise  would  not have , and ( 2 )  nonres iden t s  are not screened out
as th • g are by cancer registries. Both effects , but particularly

t h e  f i r st , nay lead to sIg n i f i c a n t l y  higher  survey values for

sk in cancer  inc idence  than would have been the case had the re

~. -~en a r o u t i n e  but  thorough moni tor ing  of the cases over a pe riod
of auny ~.‘ears. The Dallas—Fort Worth (latitude 32~~8°) other skin

ounce:’ incIdence in the N CI 6—month survey (Urbach and Scotto ,

1975) was approximately  twice  that  of El Paso ( l a t i t ude  3 1 . 5
0 ) .

A possible explanation for this large discrepancy is discussed

in Appendix A.

In Fig. 2, the European age—standardized incidence rates for

other skin cancer in white females are shown . Again , there is

apparent a latitude gradient from Scandinavia to El Paso but one

tha t  is obviously weaker than for w h i t e  ma le s  (Fig. 1) .

In Fig .  3 the male/female sex ratio is plotted as a fu n c —

V 
tion of latitude . Note that this ratio exceeds unity at all

sites , and that it has a latitude gradient , increasing from

close to unity in Finland anc. Norway to two in El Paso. From

this behavior in the sex ratio it can be deduced that , i i .  gener al ,

males expose themselves to sunlight more in relation to females ,

w i t h  the exposure  ra t io  increas ing  w i t h  d e c r e a sin g  l a t i t u d e .
*Chief , Uni t  of Epidemiology and S t a t i s t i c s , I ARC , Lyon , Fr a n c e .
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FIGURE 2. Other sk in cancer , age-stan dardized
i n c i d e n c e  f o r  w hi te f e m a l e s .
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Lt’t .itude , ty Itself , is am inadequate parameter to describe

the glob a l  hehcv ’sur o0 skin cnrce n incidence. In ?ig . it

seen  t h at  t her e  also c-xm as a st r o n o , 1cn~ 
¶ . t u d e  gradIent at ar .n r ’ox —

imately 500 N latitude ~rur n ‘~n g ] . anJ to dri t i sh  Columbia , aanada ,

~mu r e a s i ng  f r om  east to w e s t .  Ther e  is also U terature indicatin g,

t h a t  ifl the Soviet U~~ion 5 10 1 0  CTh”~ :Y ’  0 1 1. • i i t y  n o r W a s L i s  fr . -; : . w e st

to  east  as well as north to south (~~a n u i S  1977). Longitude gradi-

ents Li5 :raW .ospher~ c ozone thickness , -c1~ natic and life—style

dif’fererices , and air  pollution may be contalbut coy factors in t oe

existence of longitude gradLents .

t ’lar.y surveys tr. tLc ~t-erator’e di s’cs s geog:~~1 Pie incidence

variations for o t her  ‘~o i n  canc er’ w~ tnim a country . WhLl e the

accuracy V D F t he  d at a  can be auest coed in some surveys , almost

all of’ them lenni sopoort to the h :/pothcsj o that other skin cancer

incidence for 2accusiams tenor to i oi’ease a-i th decreasina lati —

tude and , ~nferenr I a1i~ , w~ th L n c : - o - c s i  y g exposure to solar ultra—
m ’ i r - ~1~~ ~~~~~~~ ~~~ , 

“jg , ~~ m a ]  j 4~j t -
~ v’e C1,I!O lusior. is widely accepted

today , but the quaot~~ ative b’~’h c . v h o  O f V  i n c i d e n c e  w i t h  latitude

V 
or , m ote pe rtt ~~nt ly, W Ita ultra’~ olet oune , remains a ver~ com-

plex arid h1gh~~i controversial aoea which is urd . ikod to he sot—

isfactord iv resolved in tL V
V V 

~~ r’ 4 ’V O ~ or s (see Section 7)

Probably the most ounglete and 1_ osrit tabulation of the

var’iatiun of ~~~—melm~-~ a skin cancer hi. ence , excluding basal

cell carcinoma , r’i ’th in a. countr y -~~~~ shown by region :‘or Finaind

for 1961—1913 in. Fig. 5.* Dr. L. leppo of the Finnish Cancer

Peal stry esthcotes the’; at least 95 per cent of the cases reported

are squamous cell c2.i’ -tlnomas . The latitude gradient here is only

obvious for males , if the low female rate of 0.8 i n Lapland is

disregarded. The hic -V 1e st incidence for males (5 .2) and females

(3.8) was registered in the near co nt rel province of Kuopio ,

again illustrc ti •ng the importance of t’as ’~~ms other t han latitude

in the op i . (. l R ~ t , i  ology .

5 lnnish far1cei Reg~ st.r y , u t o dOl I ned
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FIGURE 4. Other skin cancer , age-standardized incidence
at ap proximate ly 500 N latitude
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FI GURE 5. Non-melanom a skin cancer incidence , excludin g basal
cell carc inoma in Fin l and; mean annual age-adjusted
incidence rates in 1961-1973 by sex and province.
The strat ification indicate s relative rates (whole
coun try = 1.00).
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The highest incidence of other skin cancer in the world can

be expected to be found in Queensland in nor thernmost  A u s t r a l i a ,
where “considered estimates of values ” for age—standardized in—

cidences were 265 and 156 for males and females , respectively 
V

(Gordon , et al., 1972). In southernmost Australia , Victoria ,

the values fell to 67 for males and 39 for females. While these

values may not be as reliable as those reported by cancer regis-

tries , there would appear to be l i t t l e  doubt that  a s t rong lati-
tude gradient exists for other skin cancer in Australia. The

high incidence rates for Queensland are attributed to the large

proport ion of i nhab i t an t s  wi th  a Ce l t i c  background and p rox imi ty
to the  equator  ( l a t i tude  band of l7 °—28 ° ) .  The ra tes  repor ted
appear compatible with those in El Paso (Figs. 1 and 2). A

strong latitude gradient is also reported within Queensland

(Gordon et al., 1972).

2.2 MALIGNANT MELANOMA OF THE SKIN

Malignant melanoma of the s!~c.in is a tumor consisting of
black masses of me lan in—forming  ce l l s  wi th  a marked tendency
to metastasis (Urbach 1975). Because of the very serious prog—

nosis associated wi th  mal ignant  melanoma , t rea tment  in Western
countries almost always occurs in a hospital where documentation V

is good . The incidence s t a t i s t i c s  reported by cancer reg is t r ies
for malignant  melanoma are t h e r e f o r e  much more complete and re-

V 
liable than for other skin cancers. The mortality of malignant V

melanoma varies with geographic region and time . In the U.S.,

the 5—year adjusted survival rate was 67 percent for malign ant
melanoma p a t i e n t s  diagnosed between 1965 and 1969 (End Results
in Cancer , National Cancer Institute , 1972). A s tudy of 500
patients with melanoma of the skin at the Radium Centre in

Copenhagen , Denmark (Olsen 1967)  found a 5—year  survival  r a t e
of 50 percent , with a 59 percent rate among females and a 31
percent rate among males (Fig. 6 ) .  The first patients in this

series were treated in 19249 and survival rates for malignant

17
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melanomas have been increasing with time (Section 3 . 3 ) .  In

Norway, for all cases of malignant melanoma of the skin during

the period 1953 to 1971 , the 5—year  surviva l rates were approxi-
mate ly  65 percent and 145 percent , respectively (K. Magnus,

19 7 7 ) .  C lea r ly ,  malignant  melanoma is a very serious disease .
While it occurs rarely compared to other skin cancer , its inci-

dence is apparently increasing at an alarming rate in Caucasian
count r ies  ( S e c t i o n  3 ) .  H

There are three  types  of malignant melanoma of the skin
wi th  d i f f e r e n t  e t io logies :  (1) lin t igo-maligna , ( 2 )  su p e r f i c i a l
spreading , and ( 3 )  nodular , wi th  median ages of 70 , 56 , and 149
years , respect ively  (N at iona l  Academy of Sciences , 197 6) .  How-
ever , on a worldwide basis , ma1i~ nant melar.ooa incidence data
reported to IAR C does not distinguish between these three types ,
n e c e s sit a t in g  the use of the avai lable  combined inc idence  values  V

for  malignant melanoma as was the  case for  o ther  skin cancer .

The European age-standardized incidence for malignant me la-
noma of the skin in white males is shown in Fig. 7. Note that

the evidence of a latitude gradient for malignant melanoma on an

international basis is ambiguous. A most puzzling anomaly is the

unexpec ted ly  high inc idence  shown for  Norway * in the period 1968
to 1972 . If solar u l t r av io l e t  rad ia t ion  is the most s i gn i f i c an t
f ac to r  in the induct ion of malignant melanoma , how is it poss ib le
for urban i .Iorwegian males to have v i r t u a l l y  the same incidence as
New Zealand males res iding 20 degrees closer to the equator and
Hawaiian Caucasian males res iding ~1O degrees closer to the equa tor?
To a t t r i b u t e  th i s  high Norwegian  male inc idence  of 8 . 5  to a very
high e thn ic  s u s c e p t i b i l i t y  is unconvinc ing . M inneapo l i s—St . Paul ,
an urban area wi th  a subs tan t ia l  p ropor t ion  of i ts  population
of Norwegian or Swedish e x t r a c t i o n , lies 15 degrees closer to the

*For a discussion of the high incidence and ncu’tality of mali~-nant melanoma in Sweden compared to England and Wales , see
J . A . I - I . Lee and H . J .  I ssenber , 1972.
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equator than Oslo and yet had a white  male incidence of cn ly
3 .6 for  the  same time period , i. e . ,  1969 to 1971 ( Cu t l e r  and
Young 1975).

In Fig.  8 , the pa t t e rn  of malignant melanoma incidence rates

for  white  females is seen to be qui te  similar to that for white
males (Fig. 7 ) .  A great discrepancy is noted in the malignant
melanoma incidence ratio of 24 7 for females in New Zealand and
Zaragoza , Spain , which both lie approximately 24 10 f rom the  equa-
to r .  In Fig.  9, the  male/female sex ra t io  for  malignant  melan oma
is seen to behave in a totally different way from other skin can-

cer (F’~ -~. 3 ) .  The male/female sex ratio exceeds unity in all

V geograpoical regions for other skin cancer , in consonance ~—‘ith

the observa t ion  that  males , on the average , expose themselves
to more solar r ad ia t ion  than do females;  the male/female sex
ratio for malignant melanoma , on the other hand , may be less

than or greater than unity, with  most regions c lus te r ing  about
a value of 0 . 9 .  Also , unlike other skin cancer , no clear evi—
dance of an in t e rna t iona l  latitude gradient is apparent for the

V male/female sex ratio in Fig. 9.

In the sontinental U.S.A., oddly , a latitude gradient in
1-1g. 9 for the male/female sex ratio is discernible , but i t  has

a slope of opposite sign to that found for other sk in  cancer .
I~ solar’ sitraviolet radiation were the most significant ~‘actor

in the etiology o~ malignant melanoma , the behavior of this

V 
slope would imply that the  male/ female  exposure  r a t i o  in t h e
U . S .  decreases  w it h  decreas ing l a t i tude , a conc lus ion  t h a t  con—
tradicts the opposite finding from the sex ratio behavior for

the incidence of other skin cancer. In the Canadian provinces ,
the ma ie/fema1~ sex ratio is approximately the same at 0.8.

The e x cep t i o n al ly  high male/female sex ratio of 2.2 ~‘or
malignant m~ ionc,ma incidence in Geneva (Fig. 9) is an anoma ly
tha t  ha .s  n e pa ra l l e l  in i t s  ra ther  ordinary va lue  of ’ l . 7~ f’ cn-
cther skin cancer (Fig. 3 ) .  This anomaly can be t r a ced  back to
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a combination of the following two factors: Geneva has (1) the

• highest male incidence of malignant melanoma in Europe (F i : , 7)
excluding Norway and Sweden , and (2) the lowest female incidence~
excluding Timis , Roman ia and Zaragoza , Spain (Fig. 8). The rel±-

tively low incidence for malignant melanoma in Geneva females
V (Fig.  8) is paralleled by the relatively low incidence of other-

skin cancer (Fig. 2); the exceptionally high incidence for ma-

lignant melanoma in Geneva males (F ig .  7) has no paral le l  :~ t h e

V ordinary incidence of 38 per 100 ,000 for other skin cancer

V (Fig. 1). It can therefore be deduced that  Geneva males s u f f e r
an anomalously high risk of malignant melanoma , i.e., a i — i r k

peculiar to Geneva which can only be satisfactorily explained

by postulating the presence of a causative factor other than

solar ultraviolet radiation .* While one third of the registered
res iden ts  of Geneva are ‘ foreigners ,t’ the immigration has seen

mainly from South European countries , particularly Italy and

Spain (Raymond 1976). Mortality from malignant melanoma Ic.
V South European countries , however , is far below that of central

Europe (Jensen and Bolander)  and there fore  the Geneva anomaly
would probably have been even stronger had the “foreigners ”

been excluded in the incidence calculations .

The relative immunity of the populations of Southern Euror’e

to malignant  melanoma is another  anomaly which is wel l  illus-
trated by the very low inc idences  repor ted for  bo th  males  ace
females in Zaragoza , Spain. The male incidence there for ot h er

V skin cancer of 29 per 100 ,000 is not much lower than the )4 5 per

100 , 000 in Quebec ( F i g .  1) ,  but  the male incidence rate for ma-

lignant melanoma is only 0 . 2 4  per 100,000 or one-fifth of the
male incidence for Quebec (Fig. 7 ) .  In Zaragoza there are moro

than 200 clear and sunny days a year ( Z u b i r i  197 6) and pr ’ac 1 i ca l ly
all of the 757,2435 (1970 census) inhabitants belong to the

Mediterranean white race. The province of Quebec has fewer s u nny

Unless present ly  unavailable data indica te  most male melanoma
cases occur on the face of skiers.
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V days than Zaragoza , lies 14 or 5 degrees f a r the r  nor th , and has
a popu la t ion  dominated by descendants of the Mediterranean white

race .  It would  appear that  an exp lana t ion  of the very low m ci—
dence of mali ’:rant melanoma in Spain as well  as other Mediterranean
countries must i nc lude  a s ign i f i c a n t  f a c t o r( s )  other than low
e thn i c  s e n s i t i v i ty  to  solar u l t r a v i o l e t  r a d i a t i o n .

The g rea tes t  anomaly in the geographic varia t ion  in the

inc iden ce  of mal ignan t  melanoma , again assuming exposure  to

sol ar i-a~,1 ia t ion  to cc the  most  s ign i f i can t  f ac to r  in its causa-

tion , is to he fol.lnd in a comparison of the data for Norway and

Zaragoza. From 11g. 7 it can be deduced that  if the N orwegian

male population had lived all their lives in Zaragoza alongside

the  Spanish , they would have exper ienced  far  more than 20 t ime s
(c u r r e n t  r a t i o)  the melanoma inc idence  of Spanish males since

• Zaragoza ’ s c l im a t e  is fa r  mi lder  and sunnier  than Norway ’ s.

There Is no th ing  in the l i t e r a t u r e  of which  we are aware to
suggest  tha t  so great  a d i ff e r e n c e  in genet ic  p r e d i s p o s i t i o n
to m a l ignan t  melanoma could ex i s t  be tween two d i f fe r e n t  ethnic

V groups of the wh i t e  race .  However , small  control  s tudies  in
New York Ci ty  (Ge l l in  at a l . ,  1969) and Sydney , A~ustral Ia
(Lancas te r  and Nelson 1957 ) i nd i ca t e  that  there is a tendency
for  pa t i en t s  wi th  mal ignant  melanoma to have l ight complexions ,
l ight eyes , blond or red hair , and to spend a greater  amount
of t ime outdoors  than members of the control  group . While these
s tudies  uncovered s i g n i f i ca n t l y  increased risks for persons with
the a fo remen t ioned  cha rac t er i s t i c s , their relative magnitudes

V (Figs .  10 to  13) ind ica te  a l ikely  va r i a t i on  in the genet ic
fac to r  of perhaps 2 or 3, ce r t a in ly  not of more than 20.  An

V ances t ra l  s tudy in Aus t r a li a  (Brown et a l . ,  1971) indicated that
amongst pa t i en t s  w i t h  e ither  malignant  melanoma , squamous cell
carc inoma , or basal  cell carcinoma , the percentage of persons
who were hal f  C e l t i c  or over was almost  double  the figure  obtained
for c o n t r o l s .  Fur the r  co r robora t ion  of the unl ikelihood that  the
v a r i a b i l i t y  in the genet i c  f ac to r  exceeds  two can be had by com-
paring the malignant melanoma incidence rates in Figs. 7 and 8
for geographic regions at approximately the same latitudes but
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wIth  d i f fe ren t  ethnic popula t ions , e . g . ,  Quebec vs the o ther
Canadian provinces and Finland vs Norway or Sweden.

Whereas many anomalies were found in the fo rego ing  discus-
s~ on of the geographic variation in the incidence ol’ malignant
melanoma when viewed internationally, there exists data within
a given count ry  which suggest a l a t i tude  gradient . In F igs .

Li and 15 are plot ted  the NC I Third Nat ional  Cancer Survey m ci-
denc.e of malignant melanoma for U . S .  vh s te  males and females ,
r e spec t i vely ,  in ten areas for  the period 1969 to 1971 (Cu t l e r
and Young 1975). Also shown are the 95 percent  con f idence  lim-
its assuming a Poisson p r o b a b i l i t y  d i st r i b u tIo n  for each area .
The incidences for  these particular areas , age—adjusted to the
1950 U . S .  s tandard , cer ta in ly  are more s t rongly  sugges t ive  of
a la t i tude  gradient than are the inc idences  for  the eight areas
In the cont inenta l  U . S . A .  based on data f~’om cancer  regis t r ies

V (Figs . 7 and 8 ) .  They also show a male/ female  sex ra t io  that
is close to un i ty  but do not suggest a l a t i t ude  gradient , un l ike

V the  U . S .  group in Fig. 9 which  appeared to have a slope of sign
opposi te  to that  for other  skin cancer .

Norway has a popula t ion  of Lj mil l ion  and extends over a
l a t i tude  band between 58 and 72 degrees .  K. Magnus has i n v e s t i—
gated the incidence of mal ignant  melanoma ( e x c l u d i n g  l en t igo
maligna ) for each of the six regions of Norway shown in Fig.  16
(Magnus 1975) .  In Fig. 17 the age—adjusted incidence rates are
shown for  the years 1955— 1970 , based on a total of 2 524 1 cases.
The highest rates are observed In Oslo , i ts surrounding counties
(Eastern  r e g i o n) ,  and in the Southern part . However , it should
also be pointed out that  there is no s ign i f i can t  va r i a t i on  in

inc idence  rate along the Western coast of Norway no r th  of a l a t i —
tude of 60 degrees .  This suggests  that  the e f f e c t s  5If urbarli:a~
t ion may be a s ign i f ican t  f ac to r  in the e t iology of malignant

melanoma . The excess incidence rate  for urban as compared to

rura l  Norway is also illustrated in Figs . 7 and 8 for  the more
recent period 1968—1972.
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FIG URE 14. Incidence of malignant melanoma for U.S. white
male population in 10 areas for the period 1969-
1971
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FIGURE 15. Incidence of malignant melanoma for U .S. white
female population in 10 areas for the period
1969-1 971
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Inc idence  of melanoma of the  skin by sex and province for
Finland in 196 1 to 19 6 9 is i l l u s t r a t ed  in Fig.  18 (Teppo et a l . ,
1975 ) .  Not e tha t , in cont ras t  to the s t rong l a t i t ude  gradient

~‘or squamous cell  carcinoma in males (F ig .  5) , the l a t i t ude
grad ien t  for  ma l ignan t  melanoma in males ( exc lud ing  the 0 . 9
value  for Lapland ) is weak , and the reverse s i tua t ion  prevai ls
for  females .  Also note that the two cent ra l  provinces  which 

V

had the highest  male incidence of squamous cell carc inoma of
approximate ly  5 (Fin. 5), i nd i ca t i ng  ( p r e s u m p tI v e l y ) a maximum
exposure  to solar r ad i a t i on , had melanoma inc idence  ra tes  of
only  approx ima te ly  2 . 5 ,  the  average value for  Finland . Final ly ,
note  that  the male/ female  incidence ra t io  for  the centra l  prov-
ince of Kuopio is 5.19/3.83 or 1.35 for squamous cell carcinoma V

and 2 . 3 /2 . 9  or 0 . 7 9  for mal ignant  melanoma .

A compar i son  of the inc idence  of malignant  melanoma and
o ther skin cancer , excluding  basal cell carcinomas , by the can— V

cer regis t r ies  of Finland , Iceland , Norway , and Sweden is shown
for  the f ive—year ’  period 1962 to 1966 (1957 to 1966 for  Iceland )
in Fig.  19 ( R i n g e r t z  197 1) . Note that  for females  in Norway

and Sweden , and males in Norway , the  inc idence  for  mal ignant
melanoma was higher than it was for  other skin  cancer , exc lud ing
basal cell carcinoma . The Icelandic male—female ratio was 2:1
for  other skin cancer , exc luding  basal cell carcinoma , but
anomalously  reversed to 0 . 6 : 1  for  malignant  melanoma .

The highest  repor ted  inc idence of mal ignant  melanoma in
the world was in Queens land , A u s t r a l i a .  In 1965 an inc idence
of 16.5 pe r 100 , 000 was r epor ted  (Davis et al., 1966). There V

V 

IS ev idence  of a l a t i tude  gradient  in A u s t r a l i a  in the  m o r t a l i ty  
V

s t a t i s t i c s  ( H .  0. Lancaster , 1956). In Queensland , the death

rate  in 19624 was 2 4 . 3  per 100,000, which was triple the death
ra te  of 1.5 in V ictor ia (Herron 196 9 ) .  However , no l a t i t ud e
grad ien t  woo found w i th in  Queensland i t s e l f  (Her ron  19 6 9 ) .
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3. TIME VARIATIONS

3.1 VARIATIONS OVER A RECEN T FIVE—YEAR PERIOD

Skin ca ncer  i nc idence , in general , has varied as a f u n c t i o n
of t ime in a given region as well as geographica l ly  for  a given
period of t ime . Table 3 presen t s  crude* inc idence  ra tes  for
various Caucas ian  popu la t i ons  by sex for  other s l-:in cancer  and
malignant melanoma for  c i rca  1965 (F .  Doll et a l .  , 197 0) and for
circ a 1970 ( J .  Wate rhouse  et a l . ,  197 6)  as e x t r a c t e d  from Vols .
II and III , re spec t ive ly  of “0 ancer Inc idence  in l ive C o n t i n e n t s . ”
Also sh own J o  t h e  last  fou r  columns are t h e  rat~~os of t h e  Vol.

III  to Vol .  II inc idence  rates. Note that nearly all of the

ra t io s exceed un i ty  for  both other skin cancer and malignant

melanoma and fo r  both  sen es , i nd i c at i nn  tha t  bo th  t yp e s  of can-
cer have r e c en t l y  been ir oreasing  on a w o r l d w~~Iie basis. Accord —
ing to th i s  data , for  most regions the recent  ra te  of’ increase of
incidence wi th  t ime has been greater  for  mal ignant  melanoma than
for other  sk in  cancer .  The largest  increases  in m a l i a nant  mel-
anoma inc idence  w i t h  t i Ll were experienced in the Fcandinavian

count r i es , Poland , the U . S . ,  Israel ( n a t i v e— b o r n  I s r a e l i s) ,  and
the Canad ian  pr ov inc~~s of’  N e w f o u n d l a n d  an~ ~!uebec , P U c  l i t t l e
if any changes ~-,er ’e e xper~ enced in Hungary  and the  Canadian
prov inces  of Alber ’ta and .~a s k at c h e wan .

If solar ultravio1~.t radiation is a signit ’Jcmt factor for
mallyriant me].’:-noma as wel l  as o the r  ~k~~n ccncer , on Inco c-ase  in
sk in  cancer  i nc idence  w i t h  t ime in a n i v e n  r eg ion  would  be in—

V d i c a t i ve  of an inc i ’ooo e  popu la t  i m  ex ~ os ure a t h  t ime , and

V 
not age -ad just ed  
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TABLE 3. C~ UDE INCIDENCE VAR IATIONS WITH TIME
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one would expec t  to also see an increase in the  inc idence  of ‘
-

malignant melanoma . The data of Table 3, by and large , appear

to be consistent with this hypothesis. However , as in the case

of geog raphic  var ia t ions , there  are also s i g n i f i c a n t  anomal ies
in the  t ime v a r i a t i o n s .  Among N e w f o u n d l a n d  males there  was  a
5 p ercent  decrease in the inc idence  of other  skin ca :- c e r  b’S t
a 2 424 perce nt increase in the incidence  of rnal~~gn n r ~t me .~an-:~:.i.r .
Among Saskatchewan females , there  was a 26 pe rcen t  i nc r e a s e  in V
the  incidence of other skin cancer but a 7 percent  decrease
in the  incidencC of m a l i g n a n t  melanoma . The grea tes t  t im e  an on— V

aly appears to be in the  El Paso female  p o pu l a t i o n  where  t h e r e
was a 12 percent decrease in the inc idence  of o ther  sk in  cancer
and a reportea 66 percent increase in the ln1:dence of malig-

nant melanoma . The data from five legions of’ the United Kingdom

have a remarkable consistency, with the exception of the Oxford
region male population which had an increase of’ 79 percent in
the incidence of malignant melanoma but only a 9 percent in—
crease in the incidence of other skin cancer.

It is instruct Jve to examine the proocsitJ,oa ahn -~ the cuom-

alies cited above could be explainec as extreme f’isctuations in - V

a random process. The Vol. II El Paso incidence rate of 2.9 for

malignant melanoma is an average value for the period 1960 to

1966. Since the El Paso white female population is approximately

100 ,000, the number of cases during this 7—year period is there-

fore 2.9 x 7 = 20. If one assumes a Poisson distribution for 0’ -

this random process , the estimate for two standard deviations

would be 2/2 0  = 9. The 2o confidence Units on the incidence

rate would therefore be 11 to 29 and the upper 2o confidence

limit would correspond to a 245 percent increase , which is 21

percent less than the observed incidence increase of 66 per-
cent reported in Vol. III. Thus , while some of the ohseovli

increase could be attributed to noJse fisctuati clu~ in -a r a n som  
‘

-

p rocess , ~t is unlLI:ely that there was not some ch o n n e  in the

causal  mechan i sm for  ma l ignan t  melanoma in El Paso betwt:cn
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th e  per iods  coverel  by rv1 O. l. II and Nol . III and proba~.1y in

prior  years . That i t  is a l so  e x t r em e l y  u n l i ke l y  t ha t  the  causal

m e c h a n i sm  tha t  ch an0 ;e :~ l a s e500s15p€? to solar u l t r a v i o l e t  radia-
tion can he seen by e x a m J n isa the  statistics for other skin can-

cer. The Vol. II value of 85.9 °or El Paso women corresponds

to 85 .9  x 7 = 601 cases during a — yea$-’ pe~’ .]. od .  The 2o value
of 2 /UT = 24 9 y ie l i s  con] inence 1 :~ u t s  of 552 and f 5 0 .  The V

lo wer 2a c o r l f i l e n c e  l im i t  c . r r o sp o n d s  to a decrease of’ 8 percent ,

w h i c h  was exceeded  b t h e  12 p e r -c e n t  decrease observed . Since
the very s t rong associat ’ sn of o ther ’  sh in  o a r V c e r ’  ~n c i Je n ce  and
solar rad~~ao i-o n e x p  - s i r e  in  s- i de i y ’sco er  ‘ ed , it ca n be dedu ced
Sn ot  E~ F ’as- r i emales ex f oc~ ’u tn er s s e lv e s  on t h e  averac- e to  soiar
r a d I at i o n  less a f t ? ? : ’  t h e  oe0i?i of c1. II than  b e f o r e .  One
p 055 ~bir: r ’13 -;::0 - f o r ’  t h i s  ~ c a . : or ca n t e  fo~~r,d in the  increased
use of  h o m e  a ~.r cc-ni  ~~ t IC n ]. 1 I I

V c’q~~ • e 
, w h J  ch  di I n u t  oecome

ca nner s irs c O n  U . - .  .n - J l  She s- - s t  J . f f O  n e r i s d .  E es I- ien t s of

El l irc- m a y  0 f i r :  r e l i ef ’  fr om :: the  ex t r ’e ’s e ly  hJ.gh SU mm e r

i:: th e i r  ai~~— c u r - ~: S -‘ - nc--I ~~~~~~~~~~~~~ we~ er , ano’ her
re ser ,t  c~1OO~O? i r ,  she life ss yle  of t he  so th . er r ,  U .  S. p o p u l a t i o n

V h- V S. h ’oLo the : or ’ease  ~ n t h e  co~,c t r u c t  ] .o r ,  of hom e ou tdoor  swim—

ming pools nhJ oh ; - :O0 t - ~1 ha’;~- t er s e e  ~o increase outdoor exposure.

I’hu O x for d  r ’egio:s LU,e anomals- for’ males is vary hard to

e x p J V a i r l , unless there is a i-a r f,e 9343’ r ’T : 7 S  in the reported y o U r’

itself. There are I million male residents in the Oxford reo~on

so thot it is h igh i  ,
‘ : i r -Ji]-:elv t h a t  th e  79 pe rcen t  in c r ea se  in

t h e  incidence r a t e  fo r  m a l i o n a n t  :: c: lanoma ~~~~~~~ be V.3 t t l ~ J b ~~ t e 2

t :) a ran- lam fb o c t - s a t i on .  ‘i:e  n e x f  L ig n es t  i nc i d e n c e  increase
for  males  in Englan d  wa s  in the so s t h we st er n  r e g io n  where the
ci i s at e  is m i l der  ~n.i. where  . .S, l~ a 16 p e r ce nt  inc rease  was s-c 3 - :—

ste r f - : ci . It  car: t ne~’efor ’ e he  re asar :oP  ly  in f er r e d  that  males  lii

V 
O x f or d  ;Ter’e being esroce C to some extraneous u n k o w n  c c u s n t  ly e
f a c t  c: ot:sr ’s ’ t h an  h .s ’ r ’oased so l a r ’  r :rJ ~ a t i o n .
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iThe case for a recent worldwide increase in the incidence

of’ malignant melanoma* is overwhelming from the data of Table 3.
This can be seen bs: mak ing  a s~ r cpl- ~ c a lc o s la t ion  of t he  p r o b —

a b i lit y  tha t  t h e  values for  al l  29 s It e s  fo r  males were the

resul t  of ’ random f l u c t ua t i o n s , i . e .  , a s it e  had equal prob-
a b i l i t y  of showing  a decrease  or increase  in i n c i d en c e .  This

r -m ’o b l e m is an a l o g ou s  to the  p r o b l e m  of ’ t o s s i ng ,  a coin 29 t im e s

arid asking w::at the  p r o b a b i l i t y  i s  of ’ g e t t i n g  29 heads .  The
29 — canswer  is ( 0 . 5 )  = 1.3 x lC V 

- 30~r’ f’ .?rri ales , the proble m is
ana logous  to ask ing  the er oha ~ i l i t~’ of one t a i l  ( S a sk a t c h e w a n )
and 28 h e c , J s .  The ar~swer is 29 x 1.8 x 1O~~

’ = 5 . 2  x 1C~~ for
a j o an t  nrob’ i .b i l i ty  of 10 . }:rwever’ , t u e - r e  is no w ay of a sess-
ing from t h e  data of’ Table 9 the u u d e r l y ] r s g .  cause of t h i s  in—
crease in m al U n a nt  melanoma i r rc i  lenee. The ob s e r v a t i o n  t h a t
in t he  :ca .io r i t y  of r e g i o n s  the in crease  in the  i n c i d e n c e  of
m a l i r r r , cnt  m e l anoma ‘;~as a c c o up a m i e d  by an increase in other  skin
cancer U : l h~r~-ce on ly  se rves  to n o t  di s a l l o w  the p o s s i b i l i t y  of

V a corsrr o rr c a u s a t i v e  factor in  t h o s e  r egi o n s , and in no way ex—
c lodes  the p o s s i b i l i t y  of a c o e x i s t i n g  causa t ive  f a c t o r( s )
o the r t u a n  s i l t ra ’ i iolet  r a d i a ti o n . Irict eed , the t i m e  ari d geographic

anomalies  c i ted  for  some reg is-n o  s t r on g l y  sug~cest  the  e x i s t e n c e
of such an unknown f a c t o r ( s ) .

3.2 L O NG - TERM V AR IAT I0N ~

By exa .mi r u i I : g  l o n g — t e r m  variations irs inciden ce in a given

region , it is possible to smooth over short—term random fluctua-
tions ~nd obtain a clearer’ indication of t ime t r e nd s .  An ex—
cellerlt illustration of this advantage is shown U Fig. 20 which

Increases  in inc idence  and m o r t a l i t y  from m a l i g n a n t  melanoma
have been p r ev ious ly  obse rved  ( J .  A .  H .  Lee , 197 1 , K.  Magns.,s ,
1977 , 0. N . Jensen , and A. II. Bolander).
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V FIGURE 20. Age-ad justed incidence of maligna nt melanoma in
Connecticut by sex , 1935- 1972
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is a plot of the annual  age—adjus t ed  incidence in mal ignant  mel-
anoma for the period 1935 to 1973 as tabulated by the Connecticut

State  Department of Health (H. Eisenberg, 1966 , B. Christ ine
et al., 1966 to 1972). It is clear from FIg. 20 that both males

and females have experienced a linear growth in the annual in-

cidence of malignant melanoma from approximately 1 per 100,000

in the mid 1930 ’ s to approximate ly  5 per 100 , 000 in the ear ly
1970’s. The time rate of change of the malignant melanoma in-

cidence rate has been about one case per 100,000 per decade for

each sex .  From Fig.  20 it is the re fore  possible  to deduce that
only approximate ly  half of the incidence increases reported in
Table 3 for Connecticut were real; the other half were the re-

sult of random fluctuations over the relative short 5—year time

period. Unfortunately, a comparison with the behavior of other

skin cancer incidence in Connecticut is impossible because the

Connecticut State Department does not record such information .

There are few regions in the world where other skin cancer

inc idence has been regis tered  over a long period . In Fig.  21
(E .  J. MacDonald , 1976) are p lo t t ed  other  skin cancer and malig-
nant melanoma incidence for El Paso , Texas for the period l914 LI

to 1966. It is seen that In males there was a doubling of ma-

lignant melanoma incidence over this period but a slight decline

in other skin cancer incidence ; in females there was a slight

dec l Ine  in mal ignant  melanoma inc idence  and other  skin cancer
incidence was essentially unchanged. It appears from Table Lj

C E. J. MacDonald , 1976) that for  the s ix  regions  of Texas for
which data is available , the only group to register a decline in

malignant melanoma incidence between 19LILI to l9LI8 and 1962. to

1966 was El Paso females .  This t rend was ev iden t ly  reversed
over the fo l lowing  5-year per iod (Table 3) .  The data of Fig.  21
and Table LI are age—standard ized  to  the 1970 U . S .  popu la t ion  and
cannot be directly compared to the data of Table 3 which was

age—standard ized  to a European  p o p u l a t i o n .  While the r e l a t i ve ly
small p o p u l a t i o n s  of these regions lead to large fluctuations
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‘s- mp ar ’ed to the data from the s t a t e  of Connec t i cu t , the weight
of the data suggests that there has been a substantial Increase

~~ i i  the  incidence of both  other  skin cancer arid malignant mela—
::ocrt ev e r  th is  2—decade  period in Souther n Texas .

TAB LE 4. AGE -ADJUSTED INCIDENCE RATE S
FOR S IX REGIONS iN TEXA S

~944—48 1 962—66 1962-1966
REGION ____________ _________ ___________ __________ ___________ __________

OTHER MALIGNANT OTHER MALIGNANT OTHER MALIGNANT

______________ 
SKIN CANCER MELONOMA SKIN CANCER MELANOM A SKIN CANCER MELANOMA

M F M  F N F M F M F M  F

El Paso 216 107 1.9 4.0 183 106 4.3 2.9 0.84 O.9~ 2.26 0.73

San Antonio 55 36 2.9 3.1 147 90 8.2 7.9 2.67 2.50 2.83 2.54

Laredo 34 23 6.9 0.9 2.57 131 10.3 5.7 7.56 5.70 1.49 6.33

Harlin9en 16 8 2.8 2.4 285 139 6.8 7.4 17.8 3562 .43 3.08

Corpus Chr isti 106 47 2.6 4.7 371 207 7.0 6.8 3.50 4.40 2.69 1.45

Houston 40 19 2.6 2.2 93 44 7.3 9.0 2.33 2.32 2.81 4.09

L4V 9
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In Finland , over the ne -n od 1953 to 1973 , t h e  i n c - i d e I V c e  of

mal ignant  melanoma (FIg. 22) has aLi y ~V o x t i:.at~ V ly Jeu1sled fos l,c- th

males and females CL. TepL-o et al.). This trend is in excellent

agreement with that of Connecticut (Fig. 20) which has a popula-
tion of approximately the same s i z e .  T h i s  e x am n l e  a g a i n  demon-
s t ra tes  the  advantage  of ex orr : i ni  rsg l a n g — t e r m  t r e n d s , for the V

5—year time t r e nd  for -  F i n l an d  (Tab le  3~ i n d i c a ted th a t  melanoma
fo r females  was U~ i-ea sing at tw ice  the  rate f—s m ales. d o m p a r —

ing this long time trend w i t h  that for other s k i n  cancer , ex-

cluding basal cell carcinoma , an entirely di fsoi- ent behav i or
is fou nd.  From 1953 to 1910 the re  i-its a sharp  r i s e  in o t h e r -

skin cancer , excluding basal cell c a r c i n o m a s , f o l l o w e d  b y a

sharp and prolonged drop for both sexes. The latter’ diver -ant

trend represents a striking anomaly in the link-ac -? of solar ra-

diation exposure to malignant melanoma.

In Norway , over the period 1955 to 1973, the incidence of’

mal ignant  m e i am o m a  ( F i g .  2 3 )  has a p p r o x i m a t e l y  t r i p l e d  (r: . ~-I ag n OS ,

1975) for  bo th s exes .  O t h e r -  sk in  cancer da ta  is O SIt  -a v a i l ab l e
from Norway over this time pe r iod . The higher  r a t e  of ~n cr -o as e
for malignant m e l a n om a  in c id en c e  irs P orw .ay  c c m l ’~i r~ to  F i n l an d

or C o n n e c t i c u t  may be r e l a t — ’d to a h i r -h e - i g e n e t i c  s u s c e p t i b i l i ty

V among Norweg ians .  The o b s er  i t i or s  t h a t  ~o r w e g i a n s  are k n o w n  to
be ge n e t i c a l l y  more  s u s c e - r - t  I ale to other skIn cancer an-I may also

V 

be more susceptible to ::rt l i y iiar1 t mela~, ma I: C015i stent. with th-s

hypothesis linking solar i-a littl e ’, to n r U  ~y san t  mel an oma , b u t ,
again , this -lees not r u le  0-st the ossIble existence of sc-me

o ther  u r i k - I l  51y ca- i sa t  I ye e- t oy ’ .

In oenr:.ar~~~, over 1he p e r i o d  l~~4 3 t o  l~- 2  ( J .  g i a n r oe s e n ,

V 1977) there has beer: a s L u r  i n - o r e  ~se in ‘-h- - incidence of m a li r_

rs m n t  m e - l a o s  ~~~ V
j  (F l . 2 1 4 )  , but th-’ in ,~ i i l r s o e  i i .  f em a l  es has been

r i s i ng  at a f a s t e r  t e -  tu r n U m- ’~~~’~’- , : .a r . c u l a r ly  a f t e r  1555.
While the- Inci den ce st ota~-: skin c a n c e r -  h as  ‘ t l s~ f e - - n  in c r e o s  i n
for  t ’ S tV h s~ xes in Un 0Vrn~~ k-V i V ~~~1 V l r : g  tIY s n-en (Table 3~ , 

t h e r e

n a  t he  a n o m a l y  e f a r .  ~v e r - s  - - r  n t he  no idenace  sex  r at  io

f or t o e  t v . , t y p e s  of  t i r r a r - a

TV Y.V VV -~: - — - 
_~~~~~~~~ _ - V--~~~~~-__ V V 
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Source : L . Teppo et aI., 1975. YEAR
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FIGURE 22. ~4 n nual  age-ad justed inc idence rates (per 1O~ )
of cutaneous melanoma an d other cancers of the
skin (excluding basal cel l carcinomas) in
Finland in 1953 -1 973 , by sex
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3.3 MORTALITY VARIATIONS

A d d it i o n a l  s t rong evidence of an increase  in the v.orl~~x
1 sh-~

in c i d e n c e  of malignant  melanoma can be obtained L’ rc- r:. an exar : .i: s—
ti c-n ~ t’ the t ime t rends in mortality statistios which srcou -o a~
:- ::-e ac isi r -ate  than the incidence s t a t i s t i c s .  Thore  I s  ev i d e n ce -

that shows that the effectiveness of melanoma treatment has

io. arcviri c with time . In Fig. 25, for example , it is seen OO V i t

th e  f i v e — y e a r  surv iva l  ra tes  for  th ree  h o sp i t a l s  in Austral ia

( h .  - . Thaw et a l . ,  1977) ha ve been improving over the aut o-c

J ecades  fo r bo th  males and f ema les .  If there  were  no I n c r e a s e
in the worldwide incidence of malignant m e l a n o m a , it  t h e r e f o re
wo r ld  be expected that the mortality would sh ow a d e cr e a s e  w i t h

V t ime . Instead , there has -been a marked ar.l ste-toy ir sr ase tic

r :on t a l it v  w i th  t ime as i l l u s t r a t ed  in Table 5 for both t he  United

S t a te s  and England and Wales (J. A. H. Lee and A . F. Carter ,

1570), whe,re mortality has approximately doubled over the penis-

1950 to 1967. Similar time trends in mortality rates are f ou n d

for the period 1960 to 1973 In nearly all Cau cas i an  ccmnt r ’i e s
Co. Y . Jensen and A. M. Bo lander) .

151 sp i te  of the be t t er  prognosis  for  f emale  p a t i e n t s  of
malignant melanoma (Figs . 6 and 2 5 ) ,  there  has been a startl ing

increase in female melanoma deaths in Ireland from l9~ i to 1-570
V . as shown in Table 6. Note that the death rate from l91 to 1-510

for malignant melanoma in Ireland with a population of 3 roiilicr .

is approximate ly  7 per million , which is less than the death rate
of approx imate ly  11 in nearby England and Wales durir.c t ra i t t lra~
period.  This comparison between coun t r i e s  w i t h  large p o p u l a t i o n s
casts serious doubt on the validity of’ the A u s tr a l i an  sa rvey  in-

dicating that people of Celtic background are genetIcally almo st

twice  as susceptible to malignant melanoma (N. ‘1. I. b ro wns at a l . ,
197 1) as those of predominantly British extraction.
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TABLE 5. SECULAR TRENDS OF DEATH RATES FROM M AL IGN ANT ~M E L A N O M A :  U . S .  W H I T E S  AND ENGLAND AND WALES

ENGLAND
YEAR U .~~~ and  W A L E S

1950 9.3 5.1

1951 10.0 5.7

1952 10.2 6.7

1953 11.3 6.8

1954  11 .3 7 .4
1955 12.0 8.5
1956 11 .7 7.3

1957 12.4 8.7

1958 12.5 7.3

1959 12. 8 8.4

1960 13.4 8.5

1961 13.9 8.4

1962 13.5 9.0

19 63 14.0 9.0
V 

1964 15.3 9.9
V 

1965 15.3 10.4

1966 15.4 10 .2

1967 16.0 10.2

*
All rates per m i l l ion per year.
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TABLE 6 . NUMBER OF DEATHS FROM MALIG NANT
MELANOMA IN IRELAND

MALE F EMA L L

1961 14 9

1 964 12 9

1974 17 21

* Personal Communic ation with J. tean , Social
Me d i ca l  Boar d , Dublin , Ir e l an d

A time t rend  comparison of the death rates in At soralia
due to malignant mel taoist and otner skin canoe:- is r.ac -a: in

Fig. 26 (5’;. H. Wi~~-0 , 1967). ~Uer the  per i od 1t50 to 196-1 t h e

de a t h  ra te  fr ets  malignant melanoma has doub led  whereas  th e  cse -~th  
V

rate from o the r  skin cancer has oecreased by 50 r s c - r c e n t . Al~o ooc -

identical, behavior in death rates i-rena re-rooted for- 7n~iada be-

tween the periods 1951 to 1955 and 1966 to 1970 (3. A. H. Lee ,

197 6) .  ThI s is an anomalous r e su l t  which would be consistent
with  the hypothes i s  l ink ing  u l t r av io l e t  rad ia t ion  to m a l io na nt

melan oma if  is could be shown ( 1)  tha t  the survival  rate  for ’
other skin cancer has been inc reas ing  at a s ign i f i c a n t l y  f a s t e r
ra te  than the apprec iab le  su rv iva l  ra te  increase for m a l i g n a nt
rnelanoms-. (Fig. 25), or (2) the fraction of cases of d e a t h o
erroneously attributed to other skin cancer has been decreasing

with time . A stud ; in California found that instead of the 130

deaths coded to skin can-s e t- irs 1959, the true niutho r was pr~ o—

ably between 140 and 50 (J. E. Dunn , et al., 1965).

In the U.S. over the perioO 1960 to 1967 the death rate due

so mal i :nant melanoma i n o n ased by 20 r -ercen o . , wr:!le th e ucath

r ’ate o~ e t o  Ot hei’ skin cancer decreose i by 8 percen t  ( J .  A.  H.
i ce  and A.  P.  C a rt e r , 1970). The combined effect iii the U.S.

I s  a st -ab le  c a t - t h  ra te  f r om  all p r i m ar y  m a l ign a n t  tumors  of sh-c I
sk i n over ’  the  period 1950 to 1968 o-f 3 per 100 ,000 i i i  ma le s  and
2 p ar  100 , 000 in fe ma lec ( .1. A. H . Lee , 19 7 2 ) .  In EnoVlonci lad
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FIGURE 26. Deaths due to malignant melanoma of sk in and other
skin cancers in Aust ralia. Rate per million of
p o p u la t i on .
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Wales between the periods 1951 to 1955 and 1961 to 1965 the

death rate due to malignant melanoma Increased by 33 percent ,
while the death rate due to other skin cancer decreased by 30
percent (J. A. H. Lee and A. P. Carter , 1970). Diverging time

tr~ nds irs other  si:in cancer and malignant melanoma mortality
are therefore found in most of the large English—speaking

na t ions  of the wor ld .

During the period 1957 to 1967 it was observed that  for
257 squamous cell  and 1,045 basal cell carcinomas in Houston ,

Texas the basal squamous tumor ratio (Fig. 27) increased sig-

nificant ly (F. G. Freeman and J. N. Knox , 1970). The probable

reason for this behavior is discussed In Section 6 . 2 .



- -.5 - V- ----V—--.----V-- -- ——~~~--’ - -- V

- .~~- -
~ -~---~

- . -  --——.5 V
~ ~~~ 

- - V -.-—---- -—-— V - V  
- —-—. -, - - ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

_ V

_ _  

_ _  _ _

OI1V~I

514

.5 -.5—



1~~~~ 
—

~~~~~~~ - ~~~~ 
V
~~

VV- V
~~~ 

•~~. 5 V V  ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V VV~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —V
V - - - - - V 

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

4 . AG 6 V A R I A T I O N S

4. 1 AGE-SPECIFIC INCIDENCE

The age—speci fi.c incidence rate for other s.-~tr. 0 t 0 e 0 ,

i .e . ,  inc idence  per 100 , 000 pop u l a t i o n  f -cr- each 5— y e a r -  age
group , increases rapidly with iucreas~ ng age tor all Caucasian

popula t ions . In F ig .  28 are p l o t t e d  th -~ age—spec ifIc incidence

ra te  for  o the r  Si- : i r: c a n se r , ot n er s  sk in  can c e r  cxc  it o an g  b a s a l

cell  c arc in -ass a , and m a l i g n a n t  .~eI a nsma ( L .  ‘7e- ppo et a l . ,  19 7 5 ,
Waterhouse  et a l . ,  19 7 6 )  i: the  pe el-a d 1966 to 1970. The be-
havior  of  the o ther  s kin  cancer  inc idence  ra tes  w a s  consistent

w I th  the  hypo thes i s  tha t  o th er  skis,  cancer inc idence  is a r u n c —

Lion of the  l i f e t i m e  -dose of : , i t r a v i o le t  r a d i a t i on .  The

specific incidence rate for malignant melanoma , on the other . 
-
~

bani , behaved in an en t i re ly  d i f f e r e n t  f a sh i o n .  It w a s  hi phe r
than other skin cancer irs young acUlts, but much lower in the
e lder ly  popu la t ion , inc reasing  very  s l o w l y  f o r  pe r sons  over 40

V years of age . The a g e— s p e c i f i c r a t e  for  males  I: F inl and  w a s
a1r~scst i den t i ca l  to tha t  for females  fos  all age groups. Fcu’

per sons  older than  app rox ima te ly  14 5 years of aoe , the in c i d en c e
of o ther  skin  cance r , e x c l u din g  has~il cel l  c a r c i n o m a , s-.-a s sig-
n i f i c a n t l y  higher  fu r  males than  for  females. Since the age—

specific races for other sk in  cancer , inc lud ing  basal  cel l  car-
cinoma , were very close for males and. females , it co-ild be de-

duced that the basal cell male/female ratio w a s  ap~ eu x i ma t e ly
equal to unity in Finland . This is in sharp-  contrast to  tue

basal cell male/female ratios found for four regions in the U.S.

(F. Urbach and J. Sco t to , 1975) which fell in the narrow range
1.60 to 1 .9 2 .  This  5u 0 -e st s  t h e  s t r o n g  l i k e l i h o o d  that basal
cell c a r cl nom a ~ re be ing  s l r g s i fi can t ly  u n d e r — r e po r t e d  In
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F I G U R E  28. A g e - s p e c i f i c  i n c i d e n c e  rates in F i n l a n d  for
ma l i gnant m e lanoma and other sk i n  cancer in
1966-1970
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Finland . Below /4 5 yea rs of age , th~- r is~< of ssa1igr-an~ me lanoma
in Finland was appr ec iab ly  h i g h e r  than  other  s : i n  c a n c er , ex-

cluding basal cell carcinoma , but above ‘~5 year’s of age the r~ sk

was much lower .

Whi le  t h e  behavior  of the a g e — s p e c i f i c  i n c i i e n c e  races  for
malignant uselanoma in Finland clearly indicate t he  unreason-

ableness of ~ny hypo thes i s  a c c o ci at in g  ma l ignan t  melanoma w i t h
l i f e t i m e  ul t r av io l e t  r ad ia t ion  dose , the beh avior  in b w e i e n
(J .  Waterhouse  et a !., 197 6)  c lear ly  cal ls  for  i t s  d e m i se

(Fig. 29). Between the ages of 145 and 65 b o t h  males  a~ d females
in the period 1966 to 1970 had essentially the same age—specific

malignant melanoma incidence rate of 10 per 100,000, i.e., a
V Swede of 65 years of age , although having had 20 mo~-e years of

V 
exu osu re  to solar rad ia t ion  than a Swede of -45~ was found to be

at no greater risk. In Sweden , the risk of m a l ign a n t  me lanoma

was the same for each sex for adults above 40 years of age ; be-

low 40, females  ran a somewhat higher risk. These age— specific

rates are based , of course , on a wide range of different birth

cohort data collected during the same span of t im e . For a given

birth cohort group , incidence of mal ignan t melanoma is a mono—
tonically increasing function of age (see Figs . 35 and 3 6 ) .  By
modelling the dose—response relationship, it is poss ib le  to in— V

vestigate how age—specific rate curves :-iffect birth cohort curves ,

assuming a p rogress ive  decrease or increase in t h e  carc inogenic
esposure over a given time period (P. J.  Cook et al., 1969).

The flatness of the age—specific curves in Fig. 29 for the middle —

V aged group suggests that , whatever increase in incidence of a

given birth cohort is to be expected in the future , its cause

can be attributed primarily to an Increase in some carcinogenic

agent~ s) in the environment , but not to an increase in population

exposure to solar ultraviolet radiation.

In Fig. 30 are plotted the age—specific incidence rates f o r

Geneva , Switzerland in 1970 to  197 2 ( J .  Wate rhouse  et a ] . .  1976).

as evidenced by the coder of magni tud e nipher o the r  skits cancer
i n c ide n c e  ra te  for  a a 5 year old Swede compared to a 60 year old.
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FIGURE 29. Age -specific Incidence rates in Sweden for mal i gn a nt
melanoma and other skin cancer (exclu ding basal cell
carcinoma) in 1966-1970
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FI GURE 30. A ge -specifi c incidence rates in Geneva for malignant
melanoma and other s k i n  cancer in 1970-1 972
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The relatively small population of Geneva (330 ,000) leads to

rather noisy curves , but the consistency of the malignant me lo— 
V

noma rates in the 45 to 65 year’ age region suggests  that  midd le—
aged Geneva males may be running approximately double the malig-

nant melanoma risk of middle-aged Geneva females. In no other

region of the world was so high a male/female ratio for malig-

nant melanoma found among Caucasian populations . The Geneva

rate for middle—aged men of approximately 10 per 100 ,000 ex-

ceeded the rate for Finnish middle—aged males (Fig. 28), ohereas

the Geneva middle-aged female rate was smaller than that for

their Finnish counterparts. The data (Fig. 30) also indicate

that middle—aged Geneva women had a higher rate of other skin

cancer than middle—aged Geneva males , thus further compounding

the Geneva anomaly .

Another anomaly in the age—specific inc idence  rate for ma-

lignant melanoma was found in Ayrshire , fcotland (population V

370 , 0 0 0 ) .  In Fig. 31 (J Wate rhouse  et a !.,  197 6)  it is seen
that  middle—aged (35 to 55 )  females had an inc idence  r a te  v e ry  V

similar  to that  of Geneva females , approximately 5 per 100 ,000 
V

population. The numbers in parentheses along the female curve

denote the number of cases for each of the four 5—year middle

age groups.  There was a to ta l  of seven female  cases over the
1970 to 1972 period , whereas no cases were reported for males.

An insight into how valid a finding this is can be had by assum-

ing the male incidence rate was really the same as the female .

Then , assuming a random process which follows the Poisson dis-
tribution , the probability of zero cases among Ayrsh±re males

aged 35 to 55 is given by e 7 or l0~~ . A check on the validity

of this finding is available In the Vol. II (Doll et al., 1970)
data for 1963 to 1966 in Scotland (Fig. 32) whIch then had a

population of 5.3 million. Note that the assumed seven expected

cases in the 35 to 55 age group is or-eater than the 2.2 one
would have expected had Ayrshlre males followed the in cl-den ct

rate for all Scottish males (see parenthesis In F i g .  3 d ) .  The
probability of zero cases in Ayrshire Is therefore reduced to

60
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FIGURE 31. A ge -s pecific incid ence rates in Ayrshire , Scotland
for malignant melanoma in 1970 -1972
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2 or 0.11. However , the more important conclusion to be

drawn from Fig.  32 is that  male Scot s  u nd er  the age of T~0 did

indeed en joy  a re la t ive  immunity  to mal ignan t  melanoma as com-
pared to female Scots (factor c-f 2) and as compared to males and

females residing In more nor’therly Finland and Sweden (Figs. 28

and 2 9 ) .

A compar ison of the  a g e — s p e c I f i c  ma l ignan t  mela n oma r a t e s
for Connec t icu t , a nor thern  s tat e  in the U . S . ,  and  h-o w r i e x i c o , a
sou thwes te rn  s ta te , is made in Fig . 33 (J. Waterhouse et al. ,
197 6 ) .  The small New Mexico  popu la t ion  of 530 , 000 * ( a p p r o x i —

mately one—sIxth that of Connecticut) leads to relatively noisy

data , but  it is clear tha t  the  i nc i d e n c e  r a tes  for  b o t h  males
and females were very close to heing equal for all age grouts.

From th i s  comparison , it can be r e a s o n a b l y  d -:-d-oced tr :a t  no t only
is mal ignan t  melanoma not re la ted to  a life t ime dose of solar
u l t r av io le t  r ad i a t i on , bu t to a c u t e  doses as w e l l .  For an a C u t e

do se hypo thes i s  to be c o n s i s t e n t  ~V ; i t f i  the da ta  of Fig.  33 , It

would be necessary to assume tha t  the number  of acute  solar  ra-
d ia t ion  doses rece ived  by N ew hexico males and females of all

age groups matched  the  number r ece ived  by the i r  C o n n e c t i c u t
counterparts who lived in an entirely -different climatic and solar

envi ronment . The p r o b a b i l i t y  t h a t  such an a s s u m p t i o n  is
cannot be ca lcu la ted  because of a lack of da ta , bu t one wou l d
t h ink  It would  be exceedingly  smal l .

V 4. 2 A g e - S p e c i f i c  Mor ta l i ty

The dea th  ra tes  from mal ignant  melanoma by age for  the sexes
c omb ined  in England and Wales , 1951 to 1955 and 1961 to  1965 , are
sho wn in Fig .  3~ ( J .  A.  H .  Lee and A.  P. Ca r t e r , 1 9 7 0) .  The
death rate during that decade is seen to have increased most

among the middle—aged. From these data it can be ded000L: t h a t

~Exc 1udes Span i sh /La t in  an d Amer ican In d~ an residents.
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FrGURE 33. Age - specific rates in Connecticut (1968-1972) and
New Mexico (1969-1972) for malignant m elanoma
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the greatest  increase  in in cFhc n -c e of m a l i g n a n t  m e l a n o m a  also
occurred in the middle-aged .

Death rates from malignant melanoma by b loth cohort for the

sexes combined in England and Wai es are shown in Fig. 35 (J . A.  H.
Lee and A. P. Carter , 1970), and separately for Finnish males and

females in Fig. 36 (L. Teppo). These data indicate that there

has been a significant increase ~n inc~ dence of malignant mela-.

noma for each 5—year  b i r t h  c o h o r t .  C l e a r l y ,  the pernicious agent

causing mal ignant  melanoma , whatever  it may be , has become in-

creasingly potent for all adult age groups.

In Fig.  37 ( W .  S. Ward , 1967) are shown death rates by age

group in Australia in 1955 for malignant melanoma and other

skin cancer .  The Aus t r a l i a  melanoma death  ra te  exceeded the
other skin cancer  death rate  for  all age group s younger  than  70 ,
but the skin cancer  death rate g rea t ly  exceeded the melanoma
death  rate  in the elderly population. Since the members of the

younger population were being lost in greater numbers to melanoma ,

they were being deprived of a much longer pr-:-ductive life thar. the

elderly lost- to other  sk in  cancer . M a l ign a n t  me lanom a  therefore

po ses a far  more ser ious hea l th  problem for soc ie ty  than  o ther
skin cancer .

The U.S. death rates due to mal ignant  melanoma and o the r
skin cancer over the period 1950 to 1969 are shown ~n F ig .  38
(T. J. Mason et a !. )  by sex. It is interesting to compare these

mortality rates with those for Australia in 1955 (Fig. 37 ) .  The

similarities are striking : a 60—year—old Australian in 1955 ran

approximately the same risk of death due to melanoma of 3 per

100,000 as a U.S. resident during the period 1950 to 1969, and

a 70—year—old Australian ran approximately the same risk of -death

due to other skin cancer of LI per 100,000.

The total number of deaths recorded in the U.S. during the

period of 1950 to 1969 for males and females due to malignant

melanoma and other skin cancer is given in ‘C. J. Mason et al,
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FIGURE 37. Deaths due to malignant melanoma and other skin
cancers in 1955. Rate per mi l l i o n  of population in
each age group for Australia
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(Table  7). It Is clear  th at  even  w i t h e o t  c o n s i d e r a t i o n  of t h e
d:i f’ : erence in the aoe d i st r i b ut i o n  of deatec  fo r  th e  tan t y p e s
of sk in  tumor , m a l i g n a n t r i c i a r o m a  has ceeri a m ore se r ious  hea~ t h

p r o b l e m in the Un i t ed  S t a t e s .  Since tee sea th  rats due to ma-
lignant  melanoma has been r i s in g  and the dea th  r a t e  doe to s a t e
caesa r has been f a l l i ng , it can L e  expec ted  taut :~otur- e dat-s

will ind i ca te  a much wider - d i s c r e p a n c y  in the  n u m b e r  of ~eat n s
c- eparted f o r  the two types of tumors.

TABLE 7. NUMBER OF WHITE DEATHS IN U .S. DUE TO MALIGNANT
MELANOMA AND OTHER SKIN CANCER , 1950 to 196 9

MALES FEMALES

Mal i gnant  Me lanoma 23 ,4 1 7  18 ,865

Other Sk i n Cance r  21 ,722 12 ,937

;--:aps of malignant melanoma arid other skin cancer mortality

tar t he  U.S. white population , distributed by state economic

or-ca , are available for the period 1950 to 1969 (T. J. Fason

et al.). These show that , in general , mortal ity from both types
of - -- am ccro-c er tend to be highest in the southeastern states.

b ’ r ,ev er ’ , there  are m any s t a t e  econ orc J.c areas where other  sk in
cancer Lucidence is significantly higher than the U.S. average

and rwi1igr~ant rselan crsa i n c i d e n c e  is not significantly different
from t h e  U.S. average arid vice versa. Other mouth and throat

cancer -  i ri f em a le s  was also fou r i i to be h ighes t  i~; so u t h e a s t e rn
s t a t e s , i l l u st r a t i n g  the  point  tha t  a l a t i t u d e  gradient  ih canc er -
ir. c t d e n c e  s , by I t s e l f , insufficient evidence to implicate solar

ultraviolet radiation as a causative factor .
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5 . ANATOMIC S ITE V A R I A T I O N S

5 .1 ANATOMIC S ITE FRE Q UENCY D ISTRIBUT IONS

Squamous cell carcinoma of the  skin occurs primarily on

those skin sites most heavily exposed to solar ultraviolet

radiation (F. Urbach , 19 6 9 ) .  In contrast , it is estimated by

Urbach that one—third of all basal cell carcinomas appear on

areas normal ly  s l i g h t l y  exposed to such radiation , sugges t ing
V that some factor in additon to ultraviolet radiation plays a

significant role in the genesis of basal cell carcinoma (F.

Urbach , 196 9 ) .

The f requency d i s t r i bu t i ons  of other skin cancer lesions
by anatomical  si te for  six regions of Texas dur ing  l9~4 LI to 1966
are shown in F i g .  39 ( E .  J .  Macdonald , 1975) .  The great m a j o r i t y  V

of lesions are found on the most exposed site , the head and neck.

Approx imate ly  85 percent of basal cell carcinomas are found on
the head and neck compared to approximately 65 percent of the

V squamous cell carcinomas . The second most exposed site , the up-

per limb , has the second highest percentage of lesions , but the

frequency of squamous cell carcinomas in that site is approxi-

mately five time s higher than that of basal cell carcinomas .

The ihversion of the basal/squamous risk ratio for these two

sites indicates that there is a significant difference in the

response to ultraviolet radiation for these two tumors , depending

on anatomical site. The low frequencies for both types of tumors

in the relatively unexposed sites , the trunk and lower limb , are

consistent with the hypothesis that solar ultraviolet radiation

is the most significant environmental factor in the genesis of
— these tumors . The low but significantly higher frequencies for

the lower limb in females (presumab ly wearing nylon stockings)
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as compared to males (presumably  wearing relatively opaque
t rousers ) is also cons i s ten t  w i th  the h y p o t h e s i s .  V

The distribution of 5632 squamous cell carcinomas with re-

spect to northern and southern Sweden is given In Table 8

(G. Swanbeck and L Hillstr5m , 1971). The quotient between m ci—

dence rate in the northern and southern part of Sweden was found

to be s i g n i f i c a n t l y  higher for  the head , hand , and lower lir .,t .
Paradoxically , 25 percent of the squamous cell carcinomas were

found in the genital region which receives minimal solar ultra-

violet radiation and was not even represented  as a s i te  category
in the southern Texas data of Fig.  39 . The f inding  tha t  the
incidence  rate for the geni ta l  region was equal for  the  no r the rn
and southern parts of Sweden strongly suggests that a causative

factor other than solar ultraviolet radiation was involved in V

the genesis of squamous cell carcinoma in that unexposed V

anatomic site. 
V

TABLE 8. DISTRIBUTION OF SQUAMOU S CELL CARCINOMAS OF DIFFER ENT BODY
REGIONS WITH RESPECT TO NORTHERN AND SOUTHERN PARTS OF SWEDEN

In 1963 l9.8~ of the population lived in the northern and S0.2 in the
southern part of Sweden.

Percentage In Quotient Between Statistically Sig-
Location Total —— Incidence Rate in nif icant Difference

Number of Northern Southern Southern and From Distribution
_____ Patients Par t Part Northern Part of the Population

HEAD 3 ,c19 14 .6 t 35 . 4  1 . 44 Siqnific a nt p~O.DOl
HAND 129 € . 2  J 3 8  3.74 Si~ ni~~ic-o~t p<O.OOl
LOWER LIMB 143 12.6 37.4  1 .71  S iq n i f ica nt  p<0 .05
TRUNK 100 16.0 34.0 1.30 Not s l i n if i can t
GENITALS 1 ,416 20.0 80.0 0.99 Not si~ n if i c a nt
1-JIM 25 24.0 76.0 0.78 Not siqnific an t

T O T AL 5,632 ________ _______ ______________ ____________ ______
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In Fig. 140. the sqcaI ous cell cite fre~~uency data for

southern Texas in F~ r;. 39 ~s compared ii th t h a t  f a r  Thed er i  (-I .
Swanbeck and L. }iIllot-rU-m , 1971). In Swedish females , 32 r c a —
cent of squamous cell carcir:c- -o s were b on d in  the o c -ri t - s l r e g i o n ,
and 16.5 percent in Swewish males. In order to a r o - re r ly  c a n s - a r e
the Swedish  sit e  f r e cu e n cy  d i s t r i b u t i o n  w i t h  tbsst of s ou t h e r n

Texas , the carcinomas in the- -er i t - -al r e -~ or should he e :-:clcrje-A .

The resulting adjusted site frequency distrib utions are indicated

in Fig.  ~O by t h e  dashed l i n e s .  The c -omp ar i so r .  in  the s-asamous

cell s i te  f r e q u e n c y  d i s t r i b u t i o n s  for  S ’r ed erc , l y i n g  at a lati-
tude above 60 0 N , and s o u t h e r n  Texas , a l m o s t  3 00 c loser  t o t he

equator , shows a s i g ni f  i-c -t r iO change in site fieq-sency - d i s t i - i b u —

t ions . The head -an d neck f r e -cu ency  decreased  ap p r e c I ab l y  for
bo th  sexes wi th  decreased l a t i t ude , upper  limb frequency in—

creased by a f a c t o r  of three  for  males and five for ferraThs ,

t r u n k  f r e q u e n c y  re rcn ine - i  v i r t u a l l y  u n c h a n g e d , and lower limb

frequency decreased a~-pr’oximately 40 r e r ce n t  in fenales and 50
percent  in males. Such a redistribution of a n at o m i c  st a r -  f r e  —
quencies is not inconsistent with the hypothesis associating

solar ultraviolet radiation with squamous cell carcinoma , since

the relative solar exposur e of the s~~tee  :-ro st certa in ly change

significantly w ith latitude and each s~ te Incidence will lie on
a different part of a different slt- e—sne c ific dose :-esr-onse

curve .

In Fir: . ~l the frequency distributions by site Ii Finland

are shown for  basal  cell  c a r c i n o m a , squa mous -cel l  c a r c i n om a ,
and malignant melanoma (L. Tepas et. al.). As expected , the he ad
and neck was again the site of the great majority of basal and

squamous cell carcinomas , hut less t h a n  20 pe r cen t  of mali- a-oat

rnelariomas were located on this ma st exc osed site. Ca the trunk .

the least exposed s i t e , was  -.teomalousiy frond 148 pe r -ce n t  oh the
male and 28 p e r c e n t  of the female maligl ar;t m elariarmi tui : . :r s ,
compared to aprrox im :- t-e]y 10 er-cent for- b ath sexes for - squa-

mous and basa l  cel l  c - a n c i n o n a s .
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F I G U R E  40 . D i s t r i b u t i o n  of squamous cell c arcinomas by a n a t o m i c a l
site for si x regions in Texas and Sweden.
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i~~e h igh ~x - - - - r a o n c y  ~36 r e r - c e n t  I n  - i  r J a r i a ) of n o
V r r e l a n - - n a - . in t h e  I - w o n  Ci r : 0 fr-a - f ema les  i ~ cr ~e of r .h- - ch i e f  - —

p~W ~r i t s advanc ew by t r r e  a r o u c — n e n t s  of the ultraci ole~ hyp -thesis

f a r -  mal ior a- at melanoma. hoaw--irr , if ore acoe r ts the r y r  ot:ueai:

t :bat  the lower limb- of fertles is :- rre r a n s~~t i  v t b - a  s o l a r -  at  ar- - —-

v io l c~ r a d i a t i c r i  than . ar c- other three sites W i ta c u t  o a ’r~a t i n r

t hen , as the head and n eck d o n T h at e :  in c t h e r  sk I n  ca n c e r - , -c-ne

w~ uld e x p e c t  t h a t  Oh ’ - - f r - : :4ue ray  of a -u’- ~cr r  of t h e  leve r l in n
w ou l d .  be higher relative to the other’ cItes in an er virc ’r r :ent-

of di~~her solar r a - l i a t ir n . th i s  is- evi-i -~r a l 7  not One case.

The freoce r. y u z - t r c b u t r o r s tr y  a n a t - c r - c- s i t e  are cr -a r-i ra - c c

Lhi f o r  :oatrrer’a Texas ( E. J. hacdor :arli , 1976 ) arr-d F~ r cl - sr: -i (L.

‘le n— no. )  fo r the  p cr i o d s  1OLb +_ 66 and  1053— 73. r e .rp e V t I v e i  ~~. Tar
V 

fr~ 
-~~ V~~~~~ p .~~~\J for- t h e  1cr-icr l imo ira fe:-~c l a  c was or c~ v 2 3 per  ce : .a  in

southern T e x a s  compared to 3h 
~ 
el-cen t in Finland . The fret-u-trac y

fo r -  t h e  rel at - i ’~ecy  un e x p c s e l t r u n k  in m a Th - e s d c c  -droas f’ r- - n :  0 - 3
p er c e n t  in Fin land  to 25 p erc r a t  in southern Text:. Powever- ,

these d i f f e r en c e s  -c r - ’  p robab ly  not as large a: T r i i c a t e d  b ecause
the  ~verage t i n e  p er i o d  for the  F in l an d  da t a  was 196- ~ , wher~ as

for  the soutrern Texas -data it was 1955. tic Section 5.3 it i a
V shown that  t he  f r e q u e n c i e s  at these  a n a t o m i c  sit e s  have b-err

increasing sharply with time . Incidence of m a l i g n an t  me lon-ca t

of the t runk  in males has t r ip l e d  b e t w e e n  1953 to 1959 an -i  197 1
to 1973 in Finland and i nc i d e n c e  in the  lower  l imb in fems I~ s

has dc - o h lo ( see F i g .  ~~~
9

V 

if c- -or -e at irs for the 01 s—

p l a c e - r e n t  a re r i r - - l e  in F ig .  02 , t a l - p r - -u - s  t h a t  O h- a  f r - .r V l ue i cy
di :t r i b r r t i - r i  for ’ rcal ~-r~ -r r t  melan oma by a n : u - - - - i  s i te  n a y  b e c l o c e

V ta bei ru - irr :epeuuent of latitude. 10 f-csther’ i r r r e s t i o a c o  th i s

pos s i b i l i ty ,  a c o m p a r i s o n  (Fig. 14 3 )  w a s  made of ihC anat L inic r Ito

d is t r ib u t i o n s  of 1400 ma l ignan t  rac la rc on a tumor ’s fo r  the  p r - i - i o i  i~~6 3

to i~~65 in bu ‘n rs land , P u s t r o a ’a  ( N .  C.  k av i s  et a l . ,  1966), 5 4
V percent of w h i r l 1 es w i t h i n  the  t r o p i c a l  :one . w i  O h  t h o s e

Finland (L. Teppe et al.) for  t h e  perIod 1933 to 1973. These ‘-go

rca Ions represent t h ~~ V ex t - re rn e s of’ solar u~1 t ra :  o let  i- ad lo ’t or
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FIGURE 42. DistributIon of malignant melanoma , by anatomic
site , in six regions of Texas (1944-66) and
Finland (1953—73)
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FIGURE 43. Distribution of malignant melanom a by anatomic
site in Queensland Aus tralia (1963-1965) and
Finland (1953-1973)
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exposure in which Caucasian populations live , and if there Is

any change in sex—specific anatomic site frequency distribution

with latitude , it should be most apparent In this comparison.

The average period of time (l96~4 for Australia and 1963 for

Finland ) for this comparison is very close to being the same .

An inspection of Fig. 43 clearly indicates that the sex—specific
anatomic site distribution is independent of latitude and , by

extens ion, to solar ultraviolet radiation . This is certainly

another major anomaly in the hypothesis that solar ultraviolet

radiation is strongly associated with malignant melanoma . Per-

haps the best site—to—site comparison to illustrate the incom-

patibility of the hypothesis with anatomic site frequency in-

variance is the male trunk . It is indisputable that males in

tropical and temperate Queensland expose their trunks more fre-

quently and for longer periods of time to solar radiation rela-

tive to their head and neck than do males in near arctic Finland .

Yet the melanoma risk for the trunk relative to the risk for the

head and neck was the same in Queensland as it was in Finland .

The same argument applies to the case of malignant melanoma of

the lower limb in females. In Iceland , which has cool summers

and lies farther north than southern Finland , 2~I of 48 cases of
malignant melanoma of the skin in females were located in the

lower limb during the period 1955 to 1974 .* While the number of

these Icelandic cases is small , the agreement in frequency for

this anatomic site with that in Finland and Queensland lends

further support to the invariance of the distribution of ana-

tomic site frequencies. A sub—site anomaly is the fact that of

the 24 cases of malignant melanoma of the lower limb in females.

seven were located in the foot , which is very rarely exposed to

solar radiation in Iceland and which constitutes but a small

fraction of the surface area of the lower limb .

*Personal communication with H. Tulinius , Icelandic Cancer
Registry , November 1977.
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It has been reported , for a Queensland 1963 to 1969 series

that the number of cases observed , if the distribution Is assumed

to be proportional to skin area, exceeds the number of cases ex-
pected for the face , leg, neck , and arm in women , and the face ,
ear, neck , and back in men (J. M . Elwood and J. A. H. Lee , 1975).
While , in varying degrees , these are exposed areas, deficits
were found for the exposed areas of the hands of both sexes , the

chest of both sexes , and the male forearm. The frequency for

the male abdomen , rarely exposed In males , was six time s higher

than for the female abdomen which is exposed in those females

wearing bikini swim suits. While the male ear had four times

the frequency of the protected female ear, the partially pro-

tected female neck had a 50 percent higher frequency than the

male neck. The evidence for linking solar ultraviolet radiation

to malignant melanoma on the basis of such unit body area cal-

culations is therefore not very convincing.

5.2 AGE-SPECIFIC ANATOMIC SITE INCIDENCE

The age—specific anatomic site incidence for solar—caused

squamous cell carcinoma increases exponentially with age. This

is best illustrated in a homogeneous population which has not

been subjected to changes in composition due to immigration.

The age—specific incidence for the face and genitals in Sweden

are shown in Fig. 44 (G. Swanbeck and L. Hillstrdm , 1971). Note

that the age—specific incidence for the face falls almost ex—

actly on a straight line on semi—log paper but the curve for the

genitals departs sharply from a straight line with increasing

age. This departure adds support to the conclusion (Section 5.1)

that the squamous cell carcinomas found in the genital region in

Sweden are not related to solar radiation. The age—specific

curve for squamous cell carcinoma of the lower limb is shown in
FIg. 115 (G. Swanbeck and L. Hillström , 1969). SImilar age—

specific rate curves was found for the arm and hand , and head

(G. Swanbeck and L. Hillström , 1970). The shape and the sameness
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in the shape of the incidence rate curves for the various sites

are therefore in excellent agreement with the hypothesis that

squamous cell carcinoma is related to lifetime solar ultraviolet

radiation dose.

The average annual age-specific incidence rates of malig-

nant melanoma of the skin in Norway In 1955 to 1957 by anatomical

site are shown in Fig. ~46 (K. Magnus , 1975). Unlike squamous

cell carcinoma , a sharp distinction is found in the behavior of

the age-specific curves for malignant melanoma , depending on

anatomic site. The face and foot are seen to follow the expo-

nential behavior pattern of squamous cell carcinoma for both
• males and females , but the neck—trunk and lower limb appear to

be almost independent of age for all adult age groups. This

discrepancy in incidence rate behavior strongly suggests that

there are two (and conceivably three) significant carcinogenic

factors in the etiology of malignant melanoma . A postulated

carcinogen X evidently affects the face and foot and induces a

malignant melanoma age response similar to that of most other

carcinogens . A postulated carcinogen Y evidently affects the

neck-trunk and lower limb in such a way as to favor no particular

adult age group . The anomalous behavior of the age—specific

incidence rates for the sites associated with carcinogen Y, to-
gether with the independence of their frequencies with latitude

at a given period of time , apparently rules out the possibility

that carc inogen Y is solar ultraviolet radiation. Carcinogen X
can also be ruled out as being associated with solar ultraviolet

radiation for the following two reasons :

(1) incIdence of the least exposed site , the foot , was al-
most as high as the most heavily exposed site , the face
(F ig. 116). and

(2) in El Paso, where the other skin cancer sex ratio of 2
indicates a heavy excess exposure of solar radiatIon

in males relative to females , the male/female Incidence
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ratio for melanoma was 0.8 (Fig. 9) and the anatomic

frequency for the head and neck was 19 percen t for
males and females (Fig. 42), indicating that females

had a higher incidence of malignant melanoma of the face

there than males. The case against identifying carcin-

ogen X as solar ultraviolet radiation is even more con-

vincing in Queensland (N. C. Davis et al., 1966) where ,

In a total of 1100 case s, the head and neck had a 17

percent frequency in both sexes (Fig. 143) but only -~8

percent of the head and neck cases were located in ~hc

face for males compared to 61 percent for females. The

male/female incidence ratio for other skin cancer in

Queensland was , like El Paso , approximately equal to

2 (G. G. Carmichael and H. Silverstone , 1961).

Recent age—specific anatomic site incidence rates for

Scandinavian countries are reproduced in Fig. ~17 (K. Magnus

1977). The anatomic site dichotomy evidenced in Finland also

exist s in Denmark, Finland, and Sweden, lending further support
to the hypothesis that there are two (or poss~.bly three) signi-

ficant factors in the etiology of malignant melanoma , neither

of which is solar ultraviolet radiation .

5.3 ANATOMIC SITE TIME TRENDS

The variation of age—adjusted incidence rates of malignant

melanoma in Norway with time in the period 1955 to 1970 by ana-

tomic site are shown in Fig. 118 (K. Magnus , 1975). Another

dichotomy is revealed and the same combination of sites is in-

volved. The incidence rates of melanoma of the face and foot

are seen to be invariant with time for both sexes , wherens for

the neck—trunk and lower limb (excluding the foot ) the incicienc~
rates are rising sharply with time . This dIchotomy adds yet .

additional support to the two—factor etiology hypothesis its—

cussed in Section 5.2. Furthermore , Fig. ~48 reveals sc’m~ ~.n-

formation about differences in the time behavior of the wo
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carcinogenic factors. Apparently, carcinogen X is invariant

with time , while carcinogen Y has beLn increasing at a rapid

rate with time . Analogous anatomic site incidence data for

Finland (L. Teppo et al.) for the periods 1953 to 1959, 1961 to

1970, and 1971 to 1973 (Fig. 119) follow the same time trends

observed in Norway . Crossing the Atlantic ocean , this difference

in anatomic site time variation has also been observed in

Connecticut , as shown in Fig. 50. Incidence in the face re-

mained essentially stationary , whereas incidence in the trunk

more than quadrupled in a three—decade period . Carcinogen Y ,

if it is assumed there are only two significant factors , is

evidently more effective in producing malignant melanornas in

the trunks of males and in the lower limb s of females. An alter-

native hypothesis is one in which carcinogen Y ic ~,esponsible

for the increase in the incidence of malignant melanoma of the

trunk and a third carcinogen Z for the increase of the lower

limbs. Carcinogen X may be related to genetic factors but car—

cinogen Y (and possible Z) must clearly involve some agent(s)

whose worldwide toxicity has been increasing with time .

In Fig. 51 are reproduced the truncated age—adjusted m c!-

dence rates of malignant melanoma in four age groups by anatomic

site in Finland for the periods 1953 to 1959, 1961 to 1970 , and

1971 to 1973. The data parallel fairly well the data for ~cin~ay.

There is additional information in the behavior of the inper

limb incidence rates which evidently follow that for the t~ ’in ~~

and lower limb , i.e., the upper limb may be primarily affected

by carcinogen Y rather than carcinogen X. The curves of Fir,.

51 are relatively noisy for the upper limb because of the ~ - la-

tively small number of cases occurring in that site.

The dichotomy between incidence in the face and foot and

the neck—trunk and lower limb is also illustrated in the birth

cohort curves for Norway in Fig. 52 (K. Magnus , 1975) for the
period 1955 to 1970. For the neck—trunk and lower limb there
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has been a re lentless decrease in the age at wh ich the inc idence
excee ds a certa in value , say two per 100,000 . For Norweg ians
born in the period 1881 to 1885 the age corresponding to this

incidence value was approximately 70, an d for Norwe gians born
in the period 19111 to 19115 the age was approximately 25. The

rate of decrease in this age decelerated between 1931 to 1935
and 19141 to 19145. No such behavior is to be observed in Fig.

52 for incidence in the face and foot , which is consistent with

the hypothesis that carcinogen X has been stationary . Most in-

teresting and significant , however , is the additional informa-
tion revealed by the birth cohort data for incidenc4 of the

neck—trunk and lower limb in Fig. 52. Evidently , carc inogen Y
has been increasingly active since the decade of the l88Ot s.
Its or igin there fore dates all the way bac k to the Victor ian
era , and not to a more recent period such as World War II. The

latter period is frequelLtly cited by proponents of the solar

ultraviolet radiation hypothesis as being associated with a sud-

den change in the clothing and solar exposure habits of Caucasian

populations . The slowdown in the rate at which the birth rate

cohort curves in Fig. 52 for neck—trunk and lower limb are being

displaced to the left with age indicates that it is unlikely

that the observed past increases in malignant melanoma for adults

will be seen in children in future years.
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6 . E T I O L O GY OF SK IN  CAN C ER

6.1 SQUAMOUS CELL CARCINOMA

The evidence identifying solar ultraviolet radiation as

the most significant factor in the etiology of squamous ce~~.

carcinoma in Caucasian populations is very convincir !~~. it ccs r.-

sists mainly of the following :

1. Squamous cell carcinoma occurs almost exclusively in

anatomical sites that receive maxima l UV irr~ diatisn ,

such as the rim of the ear (Urbach et al., 1966). They

ar.e distributed primarily over the head and neck , and

secondarily in the exposed areas of the upper i~ r;~b-s in

geographic regions of high isolation such as El Paso ,

Texas (Fig. 39 ).

2. There is a strong dependence of incidence on latitude ,

e.g., the statistically significant higher incidence

of exposed anatomic sites in southern Sweden compared

with northern Sweden (Table 8).

3. There is a much higher incidence on exposed anatomic

sites and in those who spend more time outdoors. This

is illustrated in Table 9 by the Swedish data (L.

Hillstr6m and G. Swanbeck , 1970) showing a male/female

ratio of 1.7 for squamous cell carcinomas of the head .

The major reason for the difference in incidence be-

tween Swedish males and females evidently can be at-

tributed to the protection by hair and clothing of

high—risk sites. For the external ear , which is usu-

ally protected from solar radiation by long hair in

females , the ratio of’ cases is equal to a striking value
of 8.8 , compared to a ratio of 1.1 for the face .
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T A B L E  9. D I S TR IB U T I O N OF T H E SQ U AMO U S C E L L  CAN C E R S
ON THE H EAD BY LOCALIZATIO N AND SEX IN SWEDE N

Localization Male Female Total

Eyelids 104 74 178
External ear 842 96 938
Face 1258 1140 2398
Scalp and neck 195 110 305

Total 2399 1420 3819

14• Squamous cell carcinomas occur rarely  in pigmented
races whose skin is highly r e s i s t an t  to UV pene t ra t ion
and they are usually associated with old burns , lip
scars , or chronic ulcers (E. A. Emmett 1973).

5. Squamous cell carcinomas can be readily produced in

the labora tory  in rodents  wi th  u l t rav io le t  r ad ia t ion
to the exc lus ion  of other types  of mal ignancies
(Eps te in  and Epstein , 1963; Eps te in , 1965; Forbes ,
19 7 1 4) .

6. DNA is damaged by ultraviolet radiation. Those with

the recess ively  inheri ted disease xeroderma p igmentosum
have a d e f e c t  in the repair of DNA damaged by UV ra-
diation and a strong predisposition to the development

of skin cancer (C. Keeler , 1963).

There are apparently no anomalies to be found in the lit-

erature challenging the hypothesis that solar ultraviolet ra-

diation is the dominating factor in the etiology of squamous

cell carcinoma . However , the high incidence in the genital re-

gion in Sweden Illustrates the possibility of etiological factors

extraneous to ultraviolet radiation which may prevail in a given
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region and which may inflate Incidence values for solar—exposure

related tumors in a complete registration of all tumors.

The dominating importance of sun-radiation as an etiologi—

cal factor for squamous cell carcinct~.a in the head makes fruit-

less an invest igation of other et iological factor s for that ana-
tomical site (L. Hillström and G. Swanbeck , 1970). However , an
investigation of 100 cases of the trunk in Sweden indicated 22

were associated with  the following : burn scar ( 3 ) ,  mechanical
trauma ( 3 ) ,  psoriasis ( 3 ) ,  eczema ( 3 ) ,  o ther  skin diseases ( 3 ) ,
f i s tu las  ( L I ) ,  and X—ray t rea tment  ( 3 ) .  Of 1113 pa t ients  wi th
squamous cell carcinoma of the trunk , only 21 pa t i en t s  had a
non—ulcera t ing  tumor ( G .  Swanbeck and L . Hi ll s t r6m , 1969) .  Of
the 122 pa t ien ts  wi th  squamous cell cancer in ulcera tions or
with  ulcerated cancer in the t runk , the fo l lowing associat ions
were found : burn scar ( 6 ) ,  mechanical  inj ury ( 13) ,  Acrodermat i tl s
chronica a trophicans Herxheimer ( 7 ) ,  psoriasis ( 5 ) ,  eczema ( 6 ) ,
other skin disease ( 6 ) ,  os teomyel i t i s  (6), unspec i f i ed  ulcers  ( 6 8 ) .

Prolonged indus t r ia l  and environmental  exposures other
than solar UV radia t ion hav e been found to be associa ted  wi th
skin cancer ( E .  J . Macdonald , 1975) ,  e . g . ,  o c c u p a t i o n a l  expo-
sures to po lycycl i c  aromatic  hydrocarbons  (F .  A .  Emmett , 19 7 5 ) .
Pi tch , tar , or tar products  are the suspected carcinogens in

tar d i s t i l l i n g ,  coal gas m a n u f a c t u r i n g ,  p i t c h  l oad ing ,  b r i q u e t t e
manufacturing from pitch , some soaps , varn ishes , insecticides ,

pesticides , and disinfectants (E. J. Macdonald , 1975). Frac-

tionation and distillation products of oils are also suspected

etiological agents in the following occupations : shale oil

wor ker s, cotton mule spinners , paraffin wax workers , mineral

c u t t i n g  oil users , and refinery workers.

Arsenic  is a skin cancer carcinogen tha t  has been found
in the drinking water in certain population groups residing in

Poland , Argentina , and Ta iwan ( S . Ye h , 1973). In~a population

of approximately 100,000 on the southwest coast of Taiwan , a skin
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cancer prevalence rate of 10.6 per 1,000 was found with a male/

female ratio of’ 2.91:1 (S. Yeh , 1973). This population had been

drinking artesian well water with a high concentration of arsenic

for more than 50 years. A retrospective study of skin cancer in

Lane Count y , Oregon , however , found no correlation between in-

cidence and arsenic levels in the drinking water (W. Morton et

al . ,  1976). The authors state that fewer than expected drinking

water sources were found to contain high arsenic content , so
that the Lane County data does not necessarily contradict pre—

vious reports of positive correlation.

It was found in ~o h e ~’r~ Texas that the squamous cell car—

cinomas resulting from non-solar -induced exposures are the ones

that are most likely to :etastas~~ e (E. . ~acdonald , 1975).

Metastasis in sun—induced s:lu~imr -~~~~ cell c~ ncer was found to

occur in less than 1 percent -~~ ~~ch ca ses. In squamous cell
cancer of the head ariu no ~•, ~~~

-
~~~4 ~ J~ v~ iua1s had 755 metas—

tases in a total o~ B ,(01 cases. O~ !~0 ; - c ~~ •1  skin cancer

patients with s~ uan~~ c coil ~~~~~ ~ ~ nales 3 . 6  percent

had metastasis by the en .i of r~ ~~~~~~~~ :/e 1I , ml a~ ori~~ fema les
1.7 percent had ::iotasta~~l~ ~~; ‘ ho  e ni o~’ t h -  ~‘~~f~~L yem .

genetic predisposlt~~..r; ~o 3- :u:I .- ;s an~ basal cell carcin-

oma has been shown to exist I: . . ; : r s  ~ -r opulat ion groups

residIng in Gaiway , Er ~e1a nd , ~ew ~or~ -2 
~~~~~~~~~ and fhi :adelphia

(S. F. O ’Beirn et a l . ,  1968; G.  A .  Gellln et al., 1966; and F.

Urbach et al, 1971). In Phila ielphia , it wa~ 2ound that the

proportion of Irish and English (including Scottish and Welsh)

ancestry was significantly greater in cancer patients than in

the control groups , while the proportion for those of Slavic

ancestry was smaller (Urbach et al , 1971).

6.2 BASAL CELL CARCINOMA

The evidence associating solar ultraviolet radiation as

the most significant factor in the etiology of basal cell car-

cinoma is almost as convincin g as that for squamous cell carcinoma .
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One missing piece of avidence is the ability to induce basal

cell carc inoma 1n rodents with ultraviolet radiation . The

strong correlation of’ incidence with exposure of anatomic site

is also weaker for basal cel l carc inoma . This can be seen in
Tab le 10 (F.  Ur bach , 1969) for two large series of cases obtained

from 1920 to 1935 at the Radiurnhemmet and from 1957 to 1962 at

the Skin and Cancer Hospital of Philadelphia. For the head and

neck , It was found that approximately 38 percent of all basal
cell carcinomas arose in areas of the sl’in receiving less than

20 percent of’ the maximum of’ ultraviolet radiation , while

squamous cel l carc inoma occurred only rare ly on these sites .

TABLE 10 . C OMPA R ISON OF DIST RIB U TION OF BASAL C ELL CARCINOMA
A N D S QU AMO U S CELL C ARCINOMA OVER PROTECTED AND U NP R OTE C TED
AREAS OF THE HEAD AND NECK . EXPERIENCE OF THE SKIN AND CANCER

H O S P I T A L  TUMOR C L I N I C , 1957-1962 , AND OF THE R A D I U M H E M M E T

Area  S and C Hos p ital Rad i umhemmet
Ma l e Female To t a l Ma le Female To t a l

BASAL CELL CARCINOMA
Head and neck
(unshaded) 63.3 63.0 63.2 57.1 67.3 62.2
Head and neck
(shaded) 36.7 37.0 36.8 42.9 32.7 37.8

SQU AMOUS CELL CARCINOMA
Head and neck
(unshaded) 100 88.0 94.0 84.2 90.0 86.5

Head and neck
(shaded) 0 12.0 6.0 15.8 10.0 13.5

There is evidence that some community-wide urban environ-

mental variable (e.g., air pollutants) may be significant in

the Induction of basal cell carcinoma (W. Morton et al., 1976).

In Fig. 53 individual census tracts in Lane County, Oregon,

characterized by high risk of squamous cell carcinoma in re-

lation to their population age distributions , are divided into
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FIGURE 53. Hig h — r i s k  cen sus tracts for squamou s cell carcin omd
of the ski n in Lane County , 1958 - 1971
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r i sk  categorIes  high and very high. A var ie ty  of urban and
rura l census t r a c t s  showed a high r isk of squamous cell  carc i-
noma . The high—risk census tracts for basal cell carcinoma

(Fig. 5 1 4 )  y ie lded a d i f f e r e n t  geographic pa t t e rn  in which high
risk was concentrated almost entirely within the urbanized core

of the county.

Further evidence of the existence of an urban carcinogen
in the et iology of basal cell carcinoma is found in the low
basal/squamous incidence ratio of 3.32 for the state of Iowa

comp ared to 5. 146 and 6.114 for  the c i t ies  of’ San Francisco—
Oakland and Minneapolis—St. Pau l,respectively (F. Urbach and
J. Scotto , 1975). A Dallas—Ft . Worth ratio of 3. 145 is not

surprising since the relative effect of the urban carcinogen

could be expe c ted  to be reduced in a c i t y  of high solar insola-
t ion .  Indeed , in sun—drenched El Paso there were a total of
30,912 basal cell carcinomas in the period 1914 14 to 1966 and
13,055 squamous cell carcinomas , yielding a basal/squamous cell

carcinoma ratio of 2.37 CE. J. Macdonald , 1975).

If it is assumed that the urban carcinogen is effective in

inducing basal cell carcinoma but not squamous cell carcinoma ,

as indicated by Figs. 53 and 514, then it may be deduced from

the above discussion that in northern U.S. cities the risk of

basal cell carcinoma is much higher than in rural areas at the

same latitude. Indeed , the urban pollutant in northern cities

is apparently almost as significant a factor in the etiology

of basal cell carcinoma as solar ultraviolet radiation .

Miother piece of evidence of the presence of an urban pol-

lutant in basal cell carcinoma is the sharp increase with time

of the basal/squamous tumor ratio in Houston , Texas (Fig. 27).

Dur ing the per iod over which the increase was observed , 1958 to
1967 , and the preceding decade , Houston ex per ience d ver y high
population growth and urbanization .
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F I G U R E  54. H i g h — r i S k  ce nsus t racts for bas al cel l car cinoma

of the sk in in Lane County , 1958-1971
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6.3 MALIGNANT MELANOMA

The evidence for associating solar UV radiation with malig-

nant melanoma , as summarized by the National Academy of Sciences
(1976), consists of the following:

1. The latitude dependence “appears well established .”

However , only U.S. incidence data were considered.

2. Anatomic sites least exposed to solar radiation are

ver y rar e , e.g., regions routinely covered by bathing
suits. However , as acknowledged , me lanomas are no t
concentrated on the most exposed regions of the body ,

e.g., head and neck ( Figs. 111— 43), as is the case for

squamous and basal cell carc inoma s .

3. Some differences in patterns of location in anatomic

site between sexes correspond to differences in expo-

sure to sunlight , e.g., higher incidence for the legs of

females (Figs . 41—43). However , the low incidence for

the head and neck is essentially the same in both sexes ,
despite the fact that male outdoor exposure must surely

exceed female.

There is some evidence indica:~ ng that there may be signi-

ficant but not very large ethnic d1~ ferences in the susceptibility

of Caucasian popu la t ions  to mal ignant  melanoma (Figs . 11—13) .
However , in Queensland a control group study of melanoma patients
found no marked d i f f e r e n c e s  w i t h  hair , eye or skin color , or
Ce l t i c  ances t ry  ( B e ar d cor e , 19 72 ) .

The evidence on degree of outdoor exposure is contradictory .

While Fig. 13 indicates an association of malignant melanoma with

increased outdoor exposure , there are clinical impressions (G.

Olsen * and National Academy of Sciences , 1976) that most cases

of malignant melanoma are found among people in the younger middle

Personal Conmunicatton with 0. Olsen , Finsen Institute ,
Copenhagen.
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and upper c lass .  In t r ea t ing  some 2 , 000 pat ient s of mal ignant
melanoma over her long career as a plastic surgeon , Dr. G. Olsen

of the Finsen Institute could not recall a single pat ient who had

dirty fingernails.* Reinforcing these clinical impressions are

data from England and Wales (J. A. H. Lee , 1975 and R. H. Williaos

an d J . W. Horm , 1977) indicating an excess mortality of malignant

nolanoma in professional and managerial workers as compared to

semis1-~i.11ed and unskilled workers. The social distribution for

mortality from other skin cancer was opposite as would be expected

from the number of outdoor workers in the latter group .

Experimenters have not been successful in inducing malir-

nant melanoma in animals by ultraviolet radiation alone. Th is
particular lack of biological evidence does not rule out the

possibility that ultraviolet radiation is a significant otis—

logical factor for malignant melanoma in humans , as has been

illustrated for the case of basal cell carcinoma .

Wh ile some of the anomalies in the association ultra-

violet radiation with malignant melanoma have been reco::niz~ -l
by epidemiologists (J. A. H. Lee , 1975), there has been greau

reluctance in the literature to abandon the hypothesis that tho

primary etiological factor in the induction of mali .Tr.ant :.ela—

noma is solar ultraviolet radiation. The very large nosber of

significant anomalies of various kinds in this hypcthes~ s, which

were discussed in Sections 2 to 5 of this report , make it h igh l y

unlikely that they will be resolved by the modificat ion of yast

or the proposal of future postulates based on t h ~- di~ for~ ntial

exposure behavior of population groups , solar cir~~u1ating factor

(J . A.  H.  Lee , 1972), etc. While some synerriutic secondary

role for ultraviolet radiation cannot be ruled out- , the primary

culprit(s) must evIdently be sought elsewhere.

Charac ter ist ics of the three types of’ mal ignant- ‘:elcr :ns
tumors are reproduced in Table 11 (National Academy of Science s ,

1976). Frequenc y distributions of these three ~ L:m cr  tybes at

Personal concuni cat ion with Dr. J . Ol no De c em ber , 1 7 7
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TABLE 1 1. PR IMARY MELANOMA OF SKIN (IN WHITE PERSONS )

Type of Median Specific Rate of
Melanoma Age , yr Sites* Development Appearance

Lentigo- 70 Face , Slow : Predominantly
ma ligna neck 5-20 yr flat spot
melanoma and 2-20 cm in

hands size , with
irregu7 ~ar
borders and
with raised
porti ons
throughout.

Superficial 56 Face , Moderately The brown or
spreading neck, slow:l-7 black color
melanoma upper yr is notched;

trunk , or speckled;
and blue , wh ite,
l ower and red; or
legs both
(in fe-

ma les)
Nodular 49 Rapid: Isolated

months small (3.0
cm) nodule
with smoot h
borders ;
color uniform
blue -black

*

All three types occur either on the exposed parts of the face, neck , and
hands or on the relatively exposed areas of the chest, back , and legs.
Only a few lesions are seen on covered areas such as the breasts of fe-
males , bathing trunk areas of males , and bathing suit areas of females.

Source: National Academy of Sciences , 1976
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four U.S. hospitals based on analysis of a total of 1373 n~ io--

none eases a r e reproduced in lable 12 (T. B. Fitznatrick , 197fl.

Frequency d i st r i b u t i o n s  for  only 137 melanoma p a t i e n t s  i ;1 t h e
Cambridge , England area were in fair agreement  w i t h  the  d a t a  of
Table 12, showing frequencies o~’ 11 percent for lentigo—malign s,

50 per-cent for superficial spreading, and 39 percent for nodular
melanoma (L .  Bakos and A .  L.  Macmi l lan , 19 7 2 ) .  :-:ote f rom Table
11 tha t  len t i~~o— m a i 1 r n u  melan oma are more ccmm c-nly found ifl t h e

most exposed si tes of the  face , neck , and hands , and so th is
type  of tumor could be r a t i o n a l l y  su sp e c t cd  of be in o  re la ted
tO sol ar u lt r a v i o l e t  r a d I a t i o n .  The s low r a t e  ol d ev e lo p rce - t
( 5  to 20 y e a r s )  of t h i s  type  of tumor  an - i  the  f a c t  that- it i s
usua l ly  found among the e lder ly  ( o c U l a r  age of 70 y e a r s )  is 3lso
cons i s t en t  w i th  the  solar u l t r a vio l e t  h y p o t h e s i s .  Howev er . n c- c e
tha t  th o  f r equency  of th is  t y p e  of t u m o r  ~Table  l2~ is 5.5 t i me :
h ighe r  in the  h o s p i t a l  in )h i l o d eir h i a  t h a n  in  t h~- h o s p f  t u l  in.

~an F ranc i sco , a m-~ne s o u t h e r n  U . S .  C i ty  r~~ta  a much milder

clim a t e .  The l o w e r  33 cercent  confidence l im I t  for  t}i~
Uni v e r s i t y  lo: it i  ~~ ma l i g na me arrr rca freq e n o y  of 7 .3 Der cer ~
b ased on a p o p u l a t i o n  of 320 case: , i s a i o i r o x i r :a t e ly  -~ r e r o c u t
(Sisenhar t  et  al . , 1) 4 7 ) .  T r i s  value is t r i c l o  the  o b s - r v e c i
San F r a n c i s c o  Ho sp~~ta l  f o o q u e n c y  of 1.11 pe r c e n t .  Th is lar g e
f r e q u e n c y  Jif :er’cnoe therefore r ep resen t s yet  another  anom aly
for  t-~~c solar ul t r avio  let h yr o th es i s . ho wever , the  data  are

nc o . : i s te r t w~ th  a h y p o t h e s i s  in which  some u n k n o w n  ca r—
c i nog e n  X i:~ cc- r e ’  e -  f I c .~ent in the  r - r o d u c t  i n-n of l e n t i g o — m a l i g n a
m e l a n om a  n bh~ ~ad e l n h ia  as compared to San Francisco.

The yo on o -er median  age of ~6 years  for  s u p e r f i c i a l  spread-
ing me i ar ion - -c , t h e  t endency  for  the  tumor to locate in the trunk
and lower legs , the high frequency (63 to 74 percent), and the

moderate ly slow rate of development (1 to  7 years) suggest an
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TABLE 12. PERCENTAGE OF TYPE OF MELANOMA BY INSTITUT ION *

Lentigo- Superficial
Maligna Spreading Nodular Indeter-

No. of Melanoma , Melanoma , Melanoma , minate , Unknown ,
Institution Cases 

________ — ________ . _______

Massachusetts
Gene ra l
Hospital 228 3.5 70.6 17.9 5.2 2.6

San Francisco
Hospital 136 1.4 65.4 17.6 5.8 9.5

New York
University
Hospital 389 3.8 73.7 13.3 8.7 0.2

Temple
University
Hospital 320 7.8 62 .8 14. 3 12.5 2.5

All 1073 4.6 68.7 15.1 8.7 2.6

*

Personal communication wi th 1. B. Fitzpatrick , Harvard
Medi cal School , August 1977.
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associat ion wi th  unknown carcinogen Y .  The still younger median

age of 49 years for nodular melanoma and s t i l l  more rapid de-
velopment time measured in months suggest an even stronger

assoc iation of nodular me lanoma w ith carc ino gen Y .

In Table 13 are given some plausible characteristics of

carcinogens X and Y which might serve to guide f u t u r e  efforts
in unrave l l ing  the myster ies  of the e t iology of rna1~ gnant mel-
anoma . If th is  two—carcinogen hypothes is  is correct , carc inogen
Y clearly poses the more severe threat to public health.

TABLE 13. HYPOTHETICAL CHARACTERISTICS OF
MALIGNANT MELA NOMA CARCI NOGENS

Most Least
Type of Effective Effective Favored

Carcin- Tumor Geographic Geographic Anatomical Time 0rig~n in
ogen Induced Regions Regions Sites Behavior Time

X Lentigo- Australia , Southern Head , Invariant Not
ma ligna New Zealand , Europe hand , applicable
melanoma , Scandinavia foot
Superficial Hawaii
spreading
melanoma

V Superficial Trunk , Increasing ~l880
spreading l ower
me l an oma , leg
nodular
melanoma 

__________ __________ __________ ___________

A tentative rationale for the hypothetical carcinogen char-

acteristics of Table 12 can be made , but it Is quite likely that
rev isions , e.g., another carc inogen , will be needed as gaps in
the presently available information for the th ree  types  of tumors
are filled. The 5 percent frequency for lentigo—maligna mela-

noma is too low to account for the approximately 20 percent fre-

quency registered for the head and neck (Figs . 41 through 4 3 ) .
It is therefore necessary to tap the superficial spreai.ing melanoma
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group of’ tumors which account for approximately 70 percent of

malignant melanoma tumors. This tap of approximately 15 per-

cent is large compared to the lentigo—maligna group , but smal l

in comp arison to the remaining 55 percent for the superficial
spreading melanoma group which affects primarily the trunk and

lower leg. The median age for the reduced superficial spread-

ing melanoma group would be lower than the reported 56 years.

There is evidence that  u r b a n i z a t i o n  increases the r i sk  of
malignant meiuric-ma . In rural Warsaw , Polan d , the age—stand-
ardized melanoma rate for the period 1968 to 1972 was 1.1 per

100,000 for both sexes; in the city of Warsaw it was 3.2 for males

and 2.7 for females (J. Waterhouse , et al., 1976). Incidence

rates for rural Norway are lower than for urban Norway (Figs. 7
and 8), hut the differences are not as striking as they are for

Warsaw . Incidence rates for Finland in 1953 to 1959 and 1961 to

1970 are reproduced in Table 14 by geographic area, sex , and

res idence  CL. Teppo , et al.). Geographic areas I to IV are shown

in Fig. 5 .  Hote that nearly all of the urban rates exceed the

rural rates in a given geographic area, and the total rates for

t~ ~ core urbanized areas III and IV are greater than the values

for areas I and II. Finally, malignant melanoma incidence is

lower in rural Denmark than in the capital city of Cophenhagen

(S. elemmesen , 1977).

Trauma has long been suspected of being a cause of malignant

melanoma , Lot  some dermatoligists consider this a myth (H. Jackson ,

137 1).  There has never been a single documented case report of
trauma of any sort changing a histologically benign naevus into

a histologIcally proven malignant melanoma (Walton and Cox , 19 6 3 ) .
On the other hand , a retrospective method comparing the incidence

of t raumas in mal ignan t  melanoma wi th  the incidence of traumas in
a cont ro l  series of basal cell carcinomas indicated tha t  t rauma
was a factor in the production of malignant melanoma (A. J. Lea ,
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1965). Although certain tribes of India who do not wear shoes

have a higher inc idence of mal ignan t melanoma on the plan tar
surfaces (Sirsat , 1952), the incidence of malignant melanoma ir.

Sou th Afr ican Negroes in the Johannes bur g area has not decr eased
with urbanization and shoe wearing (Davis , 1959). The incidence

of melanoma in the foot of pigmented races was much higher than

amongst white s (V.  J . Mc Govern , 1977). The ultraviolet hypoth-

esis is obviously incompatible with these findings.

TABLE 14. MEAN ANNUAL A G E - A D J U S T E D  I N C I D E N C E  R A T E S  ( P E R  1 O~~)
OF CUTANEOUS MELANOMA IN FINLAND I N  1953 -1959 and 196 1-1970 ,
BY GEOGRAPHIC AREA (I-IV , SEE FIG. 55), SEX AND RESIDENCE.

1953-1959 1961-1970

Sex a n d  —________________________

Residence I I I  II I I V  I I I  I I I  IV

Males
Urban 1.33 1.74 1.99 1.85 3.67 3.12 2.93 3.55
Rural 1.16 1.22 2.22 2.10 1 .77 2.12 2.25 2.10
Total 1.21 1.32 2.15 1.96 2.29 2.38 2.51 3.03

Females
Urban 3.24 2.05 2.14 2.67 1.63 3.12 2.86 3.11
Rural 1.23 1.20 1.58 2.00 2.21 2.12 2.09 1.87
Total 1.63 1.42 1.81 2.43 2.05 2.32 2.47 2.72

There is evidence of a genet ic  f a ct or  in m a l i g n ant  melanom a .
A study of 113 family histories from a total of 125 c cr s e c u tlv e
cases of malignant melanoma in BrI sbane , A u s t r a l i a , covering 923
first—degree relatives , showed a heritability of liability of
approximately 11 percent (D. 2. Wallace et al., 1971). Other
surveys have shown 1 to 7 percent of the total patients have
given information of relatives with malignant melanoma (C. M.
Sutherland et al., 1976). Since relatives might be exposed
to the same kind s of carcinogenic agents , it is difficult to
judge the significance of these findings.
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Source: L . Teppo et al

FIGURE 55. The four areas (I-I’!) used in the ana lysis of the
geograp hic varia tion in the risk of cutaneous
melanoma in Finland
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The role of pregnancy in producing malignant melanoma in
women has been investigated. It was concluded that any produc-
tion of malignant melanomas by the stimulation of melanocytes
in pregnancy must  form a rery small p ropor tion  of the total In-
cidence  of mal ignant  melanoma (J .  A. H.  Lee an d ~~~ . B. Hill , 1970).

There was no difference in the melanoma death rate between

married and unmarr ied women.

There has been recent evidence that virus—like particles

are present in the majority of human malignant nelan nas. To

Br isbane , Australia , evidence of virus—like particles was

in 15 out of 26 (53 percent ) melanoma biopsies ( F .  ii.

et al., 1976). These results sucport  other p ub l i sh eu  ev i -den ~ e
(Brickmayer , et al., 1974 ; Balda , et al., 1975). The exact

nature of these particles rema 1 ns to be defined , and until th~ :
is done it is not possible to interpret their role ir. the In-
duc t ion  of melanoma (P. G. Parsons , et al., 1976).

Until 1892 it was believed that all melanomas arose in

preex istent mo les (V.  J . Mc Govern , 1977). There is today cir-

cumstan t ia l  evidence suppor t ing  the view tha t  most me lanomas
arise in naevi. One recent survey in Sydney , Australia f ou n ~
that nearly two—thirds of 824 patients had an antecedent skin

blemish , while only 29.3 percent seemed to have arisen ae ncvo

in blemish—free skin (Milton , 1972). The average student at

Sydney University was found in a survey to have 16 moles (V. S.

Mc Govern , 1977). If it IS assumed that 60 percent of’ melanomas
arise from a preexistent mole , and the incidence of mal i gnan t

melanoma is 16 per 100 ,000 in Queensland , and the number of

moles does not increase with age , then the probability of a mu~ e

becoming mal ignant  is 6 x lO
_ 6 

per year , and correspondingly
less in regions of smaller incidence. Of course , the number of

moles on a person does increase with age and the true prcbability

is t he r e fo r e  smaller and varies with age .
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At present , there is a cont roversy over w h e t h e r  or not
diet is an important factor in the etiology of malignant mela—

noma . In over 500 consecutive patients who came to a plastic

surgeon ’s office in Los Angeles , 54 percent forced polyunsatura-

ted foods into their diet , and 60 percent of th is group had had

at least one skin lesion removed because of suspected malignancy

after their having altered their dietary fat , while only eight

percent of those who made no special effort to eat polyur .satu—

rates reported removal of any precancerous or cancerous lesions

from their skin at any time in the past (E. F. Pickney , 1973).

In Sydney , Austra lia , five cases of malignant melanoma of’ the
lower limb (four in females) were treated in a 12—week period

In a private dermatologica l  p r a c t i c e  (B .  S. Mackie , 197 14 ) .  It
was found that all five patients had changed from butter to

polyunsaturated margarine as a spread and all had changed to

polyunsaturated oil or margarine for cooking some time before

the lesion was observed . A random survey of 100 patients in-

dicated that 34 patients had used polyunsaturates for six months

or more , 12 had used some polyunsaturates and 524 had used little

or no polyunsaturates. Mackie states that it is a common obser-

vation that cutaneous reactions to oral chemicals tend to affect

the legs first. His explanation is that probably the sluggish

circulation of the legs allows longer periods of’ cellular expo-

sure to the chemicals and permits a buildup of larger molecules .

Therefore , he reasons , if a dietary factor can accelerate the

onset of malignant melanoma , it would be quite likely to affect

the legs first. If there is a difference in the circulation

patterns for the left and right leg, some additional support- to

Mackie ’s explanation may be found in the anomalous asymmetry in
the distribution of the number of female cases arising between
the ankle and knee (National Academy of Sciences , 1976). In a
photograph exhibiting the localization of melanoma skin cancer

in 5314 males and females , 35 melanoma s can be counted for the

left female leg but only 15 for the right female leg.
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There followed a control group study (H. B. Goidricks , et

al . ,  1976) of 29 pa t i en t s  with malignant melanoma ar1d 31 ~atIeo:s

with benign naevi. It was found that patients with mal~~~n ant

melanoma had not consumed excessive quantities of polyunsaturat ed

fats , and that therefore there was no evidence to indicate toot

ingestion of polyunsaturated fats is associated with an increase

in incidence of melanoma . This s tudy  -sas c r I t i c i z e d  ( J .  .‘J .

Donovan , 1976) on the ground s that the controls were sufferin~,
from a related condition , i.e., if’ both benign naevi and . rcali~-
nant melanomas were caused by polyunsaturates , the study as de-
signed would falsely have failed to show any association.

reliability of the questionnaire was also criticized , lesoing

to the conclusion that ::ackie ’s suggestion had not been given
a fair test.

There has been observed a spontaneous regression in primary

as well as secondary  t um o r s , a phenomenon t ha t  seems rrcbabiy
relatF-d to immunological factors (V. C. NcGovern , 1977) and has
only been recognized in cutaneous tumors . About 7 to 3 percent
of all melanoma metastases have no demonstrable nrimar :~

~r-:.m the a~ c’:e a i s-s~~ssior . It Is -ac-partult that the etiology
of malignant m e l a n om a Is t - - lay In a cucotic state.

there are hInts that i::~ c-rtant etiolooiial ::reaktnro-sohs n a y
be made in th~ near f-~tur-- , ~:articular ’ T~g.’ ~n v i ro l o g y  and o l e —
tetic fact-crc .
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7. M O D E L L I N G  O T H E R  S K I N  C A N C E R  I N C I D E N C E

7.1. CHANGE IN ULTRAVIOLET RADIATION DOSE

The p rob l em of ~r ’e d ic t i ng  she p e r c e n t ag e  -change in eryche—

mally weighted oltraviolet raaiation incident an the surface of

the earth for a specified percentage chan ge In the thicfrnc -ss of
the stratosuneric crone layer has been calculated by a number

of in v e st in c t cx ’ s ( L a ta r g et , 1335 ; Sch ~ lt ze , 197 4 , C u t c h i s , 197 24 ;
Green et a l . ,  19 7 4 ) .  T h i s  is a p-irc y uh:,-sical problem , and if

all investigators used the same erythemal resnonse curve , they

should have arrived at essentially the ca me answer. It is tnere—

fore not surprising that they agree that a postulated 1 per-

cent decrease in the thickness of the stratospheric ozone layer

would resu l t  in approxImate ly  a 2 percent increase in the ultra—
violet radiation dose at mid—lat itudes. The ratio of’ percentage

change in UV dose to percentage change in ozone thicl-:n€-ss is con—

monly referred to as the amplification factor A
~~

. For small

changes in ozone (less than 20 percent ) A remains essentially

constant at the value of two , but increases w i th  higher values

of ozone depletion and with increasing latitude . At a latitude

of 60°, a 50 percent ozone depletion would result in a 200 per-
cent increase in UV dose , i.e., A

~ 
= 14 (Schulce , 1974). ::osc

calculations for the amplification factor are based on clear

conditions. Recent ground measurements indi cate that bec ause of

the presence of clouds A
~ 

may have a slightly smaller value ‘ han

2 . 0  ( L .  ~a c h t a  et a l . ,  19 7 5 ) .

7.2. CHANGE I N  O T H E R  S K I N  C A N C E R  I N C I D E N C E

The most cifficult and contro ierslal nart of rreuio tIr~ t u e

change in skin cancer incidence 3cr a specified c h a ng e  In  c c - n e
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thickness is the problem of determining the change in incIdence
for a specified change in UV dose , or the amplification factor

A
~
. The overall amplification factor A relating change in, skin

cancer incidence to change in ozone thickness is given simply

by

A A  A (1)
U 5

The first calculation of the amplification factor A was made

by J. E. McDonald , who arrived at a value of six on the basis

of the latitudinal gradient of the skin cancer incidence observed

in many areas of the world among ethnically homogeneous popula-

tions (J. E. McDonald , 1971).

Urbach and Davies (1975) developed a model in which the

following assumptions were made :

1. Biologically—active UV dose is a linear function of

latitude , within the limits of immediate interest , i.e.,

the latitude band between Dallas , Texas and ~1inneapolis ,
Minnesota.

2. There exists a latitude dependent “effectiveness factor ”
— which relates the biologically active UV dose to the

biologically effective dose actually reaching the tar cet

population and which is assumed to be a linear function

of latitude .

3. The Incidence of skin cancer  is a function of’ the “ef—

fective dose ” of biologically active UV , that portion

of the input dose which actually reaches the target

population . In the absence of adequate data for man ,

the relationship is assumed to be linear .

The results showed about a 10 to 15 percent increase in inci-

dence , depending on U.S. city and sex , for a 10 percent increase

in biologically effective ultraviolet radiation . Lower percent-

age increase values were predicted for the lower latitudes in

the T~ .5.  and these values for males were higher than for females.
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These percentage  increases were almost doubled for Dallas and
tripled for i~1inneapolis when calculations were based on total

instead of effective UV dose .

A. E. C. Green -and T. Mo (1974) suggested an e x p o n e n t i a l
model of age—adjusted incidence rate R. In such a model

R = R e~~ , (2)

where JJ is UV dose , a is a constant , and H is the incidence0
• rate at zero dose.  Such a model has also been  used by the

National Academy of Sciences  (Sco t t  et a l . ,  1975). This model

s u f f e r s  f rom the  f ac t  tha t  H 0 should.  be equal to zero and ob-
v ious ly  cannot be if Eq. ( 2 )  is to be m e a n i n g f u l . The value

of R used by Green (1 97 6)  is 11.1 per 100 , 000 .  If t h i s  v a lu e
is interpreted to represent non—UV related skin cancer incidence ,

then it is far  too low a value . As discussed in Section 6.2, the

incidence of basal cell carcinoma in nor ther r  U . S .  c i t i e s  for
cases not related to solar ultraviolet rad~ at~~on may be as large
as the UV—related i n c i d e n c e .  Exponen t i a l  models lead to high
amplification factors for large percentage increases in UV dose ,

e.g., a 20 percent increase in UV dose has been calculated to

result in a 71 percent increase in male non—melanoma incidence

for  Oklahoma (Fears  et a l . ,  1 9 7 6) .

Green et al. (1976) present a mathematical argument tha t

indicates  the gross nature  of the dose dependence of age—
ad jus ted  skin canc er incidence should exh ib i t  a power law
behavior , i.e.,

R = K D 0 
, ( 3 )

where K and ii are constants. This power law has several attrac-

tive features. The incidenc e rate approaches zero as the UV dose
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C arproaciles :-c~- - -~, c,ncc tos- -c - nsto nt n is ne ar .ailfioot

to:’ since

c / n
( ‘ , )

dreen et a . ( 1 9 7 6 )  3~~sn ~ t h a t  t h e  test fit to their wc’h J~ iue

sata .-~a s a  ~u - - ~- j - - i ..; w i t h K = l 77 an~~ r c = l . ’7 + 0 . 2s . Thea
also f - u c n :  that the nio~~: Ical anrllfication factor of 1.8 for
tI e J . C . acu-ulat ~o- -oeuter’ was greater r. re-i - :ns o: higner

an n u a l  dose , ann smal I-c r in re~ri cno  o:’ - :-w :r- ~nn ua i Ud d o s e .

A ” i y n a m i c ” m c c c l  of ’ ~~~~ cancer in c I - J uo ce has been used
b --  F .  C.  Bead 10 * in wol crc nor il-c t ion se’ - i t  iv l ty  and exposure
are t r ea t es  as v a r I a b l e s .  - e u s i t i v l c v — - c x o o s u r e  ca t e g o rie s  are
d e f I n e d  wh ich form a smoothl.- Inc reasing sen:ia l a i t y — e x p o s u r e
d i st r i b u t i o n .  This model pre -J i -c ’n :-.i a 37 ae rc e n t  decrease  fo r
a 13 ae rcent  decrease  in UV dose  ar.d. a 51 r c e r c e n c  increase f o r
a 0 ce r c e n t  i n cr e a s e  in VU -Jose.  It  a l so  r r~ d~ c ted  a r a p i d  

- 

-

nitial in c rea se  in inc iden ~ f o l lowing a suJu~ rc s t er  f u n c t i o n
In - o r e - -use  In UV dose w~o . . c h  d i f f e r s  f rom the  crc ~ual te mp oral re—
sc on c e  p r e d i c ted by Cu t c h i c  ( 1 9 7 5 ) .  A sudden (witrolo t he  f i r s t
year) in-~rease of 20 pe rcen t  of the s a t u r a t i o n  va lue  ex p e c t e d  a
c e n t u n - ; ;  l a t e r - , when the  p o p u l a t i o n  is in e q u i l i b r iu m  w i t h  the ne w
-

~~~~~ 
e:::ircnmemt , is p r e d icted by Beadle ’s computer calculations.

— I t is a resu l t  which is surprising and difficult to explain since
1 year of exposure to even a 50 percent increase in UV dose con—

— stitutes but a small fraction (approximately 1 percent ) of the
accumulated lifetime dose of the elderly population in which

most  skin cancers occur .

R.  D. Ru n -de l  and D .  .1. N a c h t w e y  have developed a model
( C .  K en n e a y ,  1977 )  w h i c h  uses the a g e — s p e c I f i c  incidence curve

to  de r ive  a d o s e — r e s p o n s e  model for  a g iven  region . It has t h e

• Privst- e commun~ catlc- r , Environmental Sciences Group , British
Aircraft Corr,oratlcn.
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advantage of avoidin the Jiffiouitn ~es i n h er e n t  in comparing -
•

diffE rent r og i o n s  w i t h  d i f fe r e n t  ethnic population groups , cli—

n~ tes , life styles , etc. however , it relies on age—specific

curves  in the U.S. which are unreliable because of migration

arid becau se  the data used is based on the SCI survey (see

Rpp er n - 1x A). Anc -oher objection to this model is the trade—off

assumed between age and UV dose , e.g., the 35 to 45 year age
group , If subjected to i-he lifetinc- dose of the 45 to 55 year
age group , is assumed to have the incidence of the latter. The

shape of the age—specific curves for the young age groups belies

this assumption . ‘The age group 15 to 25 years is almost immune

to skin cancer , and to predict that the incidence of that age

group , if subjected. to the lifetime dose of 25 to 35 year group ,

would have the same incidence as the  l a t t e r  would ce r t a in ly  rep-
resent  a gross overestimate. The problem here is that chrono-

logical age is a concrete and fundamental biological parameter

which should not be confused with a nebulous UV age parameter.

Th is model , which assumed a log—normal dose response relationship,

predicted that for the U.S. as a whole , a 1 percent decrease in

stratospheric ozone thickness , corresponding to a 2 percent in—

crease in UV dose , would lead u l t i m a t e l y  to an increase of 8
percent in skin cancer incidence , i.e., a biological amplifica-

tion facter of 4.

7.3 THE SOLAR RADIATION EXPOSURE FACTOR

Frobably the most significant and difficult factor to quan—

tify in any model of the dose—response relationship is the sun
exposure fact-or for different population groups. A power law

mo de l  w i l l  he used below to demonstrate how these exposure values

are related to the amplification factor. The annual VU dose D

Is ass-5rae d to be the product of the exposure E of that group and

t i-c e annual ultraviolet radiation reaching the ground U at a given

geo~ r’auhic site . Thus , from Eq . ( 3 ) ,

H = K E~ ~
n ( 5 )
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The exposure  f act o r  E may be Interpreted as the f r ac t i on  of the
annual UV dose received by a target population and depends on

climatic and life —style factors. The absolute value of E will

be unimportant to the model as used below , but the ratio of the
E values for different geographic regions will be seen to be of

great importance in determining the most likely value for the

biological amplification factor .

Incidence rates for other skin cancer for males  and females

in Finland , the Canadian provinces of British Columbia and

Manitoba , England , and El Paso , Texas will be compared to de-

termine implications with respect to relative exposure between

these population groups for different assumed values of the

amplification factor. li-c order to achieve this goal , it is

first necessary to assign values to the annual UV dose U for

each geographic s i t e .

In Fig. 56 the annual erythemal dose is plotted as a func—

tion of latitude for the Northern Hemisphere . The curve was

obtained by summing the monthly values calculated by Schuize

(1974). The absolute values for U per se are not important to

this model but the relative values given by the shape of the

curve are. Clear weather was assumed and an ozone layer the
thickness of which varied with latitude and season after
Dopplick , 1972.

The shape of the curve in Fig .  56 reveals the pitfall some
investigators fall into when they cite without qualification a

doubling in inc idence for  every x degrees of l a t i tude  change .
Clear ly,  a change of x degrees of latitude at a latitude of 30
degrees involves a much greater absolute or percentage change in

UV dose than at the equator or at a latitude of 60° N.  La t i t ude
is a poor dummy variable for expressing changes In skin cancer

incidence.

Finland at approximately 60° N latitude is chosen as the

nor the rnmos t  geographic site because the data there is relatively
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FIGURE 56. Annual erythemal dose for Northern Hemisphere ,
assuming clear wea ther conditions
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good (compulsory reporting since 1961) and because Finns are of

mixed Caucasian origin (only 6.5 percent of the population speak

Swedish as their mother tongue ) involving Balt ic and probably
eastern element s (E .  A. Saxen , 1976) .  This e thnic  composit ion
Is ref lec ted in the approximately 30 percent lower other skin
cancer inc idence ra tes for Finland compared to Norway .

British Columbia , Manitoba , and England are chosen as inter-

mediate geographic sites of approximately the same latitude

(approximately 50
0 N) to show how important differences in cli—

mate are to differences in sun exposure .

El Paso was selected as the southernmost geographic site

because it is as close to the equator as one can get and still

have relatively reliable (cancer registry ) skin cancer incidence

data for a Caucasian population.

From Fig. 56 it is seen that the values of U for Finland ,

England and the Canadian provinces , and El Paso are approximately

300, 500,and 1200 biologic units , r e s p e c t i v e l y.

In Table 15 are given the other skin cancer IncIdence rates

for the five selected geographic regions for males and females.

The England incidence ra tes  are approximate average rates for
half a dozen English regions which are in very close aor-eeroent

with each other . 
—

T A B L E  15 . O T H E R  S K I N  C A N C E R  I N C I D E N C E  R A T E S
FOR F I V E  G E O G R A P H I C  R E G I O N S

G E O G R A P H I C  R E G I O N  M A L E  F E M A L E

Fin l and 38 34
England 44 25
Manitoba 80 57
British Columbia 149 97
El Paso 202 102

124

- _ _ _

~~~~II~ 
— -- - - ——°--- ---‘--— — -

~~
---

~~
--- -- 

~~~~ ~
- — — -—- —k -



- — .
~-

---- 

~~~~~~~~~~~~~~~~~ 
-- -

~~- - -  -

Substituting the incidence rates for Finland in Eq. (5),

38 = K(300 EF )
’
~
’ ( 6 )

314 = K(300 EFf )
n (7)

where EFm and EFf are the exposure for males and females in

Finland , respectively.

Dividing Eq. (6) by Eq. (7),

= 1.118 . (8)
\F f /

Assuming n = 1, and measur ing all popula t ion  exposures
relative to that of females in Finland , i.e.,

EFf = 1 (9 )
it follows that

5 = 1.118 . (10)

Dividing the equations for incidence rates of males in
El Paso and Finland ,

202 _ /1200 \fl/E~~~\
~~~~~~~~3O0 ) ~~~ 

(11)

or

= 5.316 
, (12)

Fm

and for  n = 1,

Epm = 1.329 x 1.118

= 1.149 . (13)
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Dividing the e q u a ti ~-ns for incidence ~-ute s uf females i i .

El Paso and I’ inland ,

= ~ — (114 )
EFf 14~

and , f o r  n = I ,

= 0 . 7 5  . 
( 15)

From the above data alone , It can be deduced that a bio-

logical ampUfication factor -of unity is e m i n e n t ly  reasonable .
Females in El Paso could be reasonably expected to avcid the

hot summer sun in their air—conditioned homes or offices and ex-

pose themselves to a scalier fraction of the annual solar ultra-

violet radiation incident in El Paso than the fraction in Finland

that sun —appreciating females would seek out during their com-

fortable summers. Many males in  El Paso , on the other hand , are
constrained by their outdoor occupations and the male group ends . 1
up with double the exposure of the female group in this aggregate
model.

Expo sure  f a c to r s  ca l c u l a t e d  for  o the r  geographic  regions
and other assumed amplification factors l onging from 0.5 to 5.0
are graphed in Fig . Y for females and in Firr . 58 for males.
The h igh order of magnitude spread in exposure factors for
n = 0.5 (square root dose—response relationship) makes that
choice of amplification factor extremely unlikely. The spread
in exposure factors is a minimum for’ n = 2, which appears to make
thi s choice of amplification factor also reasonable. However ,
the male exposure factor for males in El Paso (Fig. 58) drops
in rank from second for n = 1 to fifth foi’ i~~ = 2, and its low
value of 0.6 implies a seemingly unreasonable degree of sun

avo tdm-o e . To any case , an exaininati i~
- of the be~iavior of the

sets of earosure factors in Figs . 57 and 58 leads ~n a choice
a n o t  r ’eao ’) r I a~~ie  -O ” IVL I f’icatien factor’ i i .  the interval
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n - AMPLIF ICATION FACTOR

NOTE: EXPOSURE FACTOR NORMALIZED TO
UNITY FOR FINLAND rE MALES

~~- l 2 - -? -

FIG URE 57. Exposure factors for females versus a m p l i f i c a t i o n
factor
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F I G U R E  58. Exposure factors for males versus amplificatio n
factor
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1 < n < 1.8 . (16)

The value of 1.8 corresponds to the points where the exposure

factors for El Paso and England intersect , and agrees with the

estimate of Green et al. (1976). The lower values in the in—

te-rval agree with Urbach and Davies (1975).

In the region given by inequality (Eq. 16) British Columbia

has the highest exposure factor of the five geographic regions ,

lying somewhere between two and three time s the exposure factor

of England , which lies at approximately the same latitude . This

large discrepancy certainly cannot be explained on the basis of

an ethnic difference in population. The explanation must lie

mainly in the difference in climatic factors and occupations .

The power law model used here allows a ranking of the male/

female exposure factor for the five geographic regions. The

ranking is independent of the assumed amplification factor , as

shown in Table 16. A mp l i f i c a t i o n  f ac to r s  above 2 yield little

variation in exposure factor between geographic regions , and

all approach unity with increasing n. Since males are known to

expose themselves appreciably more to solar radiation than fe-

males at lower latitudes , Table 16 also indicates the improba-

bility that the biological amplification factor exceeds 2. H

T A B L E  16. M A L E /F E M A L E  E X P O S U R E  F A C T O R  R A T I O S

n
R a n k  0 .5 1 2 3 4 5

El Paso 1 3.92 1.98 1.41 1.26 1.19 1.15
England 2 3.10 1.76 1.33 1.21 1.15 1.12
British Columbia 3 2.36 1.54 1.24 1.15 1.11 1.09
Mani toba 4 1.97 1.40 1.12 1.12 1.09 1.07
Finland 5 1.25 1.12 1.06 1.04 1.03 1.02
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7 . 4  C L I M A T I C  F A C T O R S

One of the most significant climatic factors affecting the

solar ultraviolet radiation reaching a target populati on is cloud

cover. Clouds greatly reduce the amount of radiation reaching

the ground and discourage recreational activity . in T a b l e  17,

the pe rcen tage  of occur rence  of th ree  ca tegor ies  of c loud amount
are given for Fort Worth , Texas and Fir~riear- -clI s , limne sota ‘during

the year 1974, as calculated by R. Penndorf. IHinneapolis appar-

ently receives a smaller fraction of its incident solar radiati:r .

than Fort Worth.

T A B L E  17 . C O M P A R I S O N  OF C L O U D I N E S S  I N
F O R T  W O R T H  A N D  M I N N E A P O L I S

P e r c e n t a g e of O c c u r r e n c e s
Cloud Amount Fort Worth Minnea p olis

E
That this is indeed the case can be seen in the monthly frequency

statistics for fair weather’ in Table 18 , after’ R. t e n u d o r t .  The
cloudless category is defined as less than 0.1 sky c~~ver  and the
scattered by 0.1 to 0.5 sky cover-- . As defined , F ort h  W o r t h  had
16 days more of fair weather than Minneapolis during l97~ ai~d 6

days more between April and Sentember , t h e  period of ‘r~~~~ an

solar radiation. However , ~f one compares wai n fair days , i .e.,

fair days during which the temperature rose to above 750 p ,
Fort Worth had 71 more such days during the year- aol 3d more

between April and September. ~nis ~om~-ui-i s n is ~‘u r t h e r  c-an;~ 11—

cated by the large n-umber of warm fair Jays i - r i o -  wh ich the

temperature exceeds )J 0 F in For’- W i t h .  To~ n oncom :’ -:t ~~ ly

days tend to drive people indoors for ~~ let , ~ a~~t l c u i :~~- y  d~ r—
ing the noontime hours when t n - c  t er r i yer a ’:u o - and uU roviolet
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T A B L E  18 . MONTHLY FREQUENCY STATISTICS*
OF “FAIR” DAYS FOR FORT WORTH, T E X A S

A N D  M i N N E A P O L I S , M I N N E S O T A  IN 1974

Fort Worth

Month : J F M A M J J A S 0 N D YR A-S

cloudless 5 9 1 8 1  5 4 — 3 7 7 6 56 21

scattered 4 7 7 4 11 12 22 11 7 8 5 7 105 67
cirrus 3 3 8 5 4 6 — 1 2 1 5 6 44 18

total 12 19 16 17 16 23 26 12 12 16 17 19 205 106

Maximum temperature above 75°F

cloudless — 1 1 4 1 5 4 — 3 7 2 — 28 18
sca t tere d — 2 14 3 11 12 22 11 7 8 3 — 83 66
cirrus — — 6 3 4  6 — 1 2 1 — — 23 16

~~tal — 3 iT~ Io 16 23 26 12 12 16 5 — 134 1X

Minneapolis
all Days
cloudless 4 7 — 5 — 4 — — 14 5 2 5 36 13
sca ttered 7 3 6 6 6 7 20 18 8 7 6 2 96 65
cirrus 7 4 6 7 3 7 2 — 3 7 4 7 57 22

Total 18 14 12 13 9 18 22 18 15 19 12 14 189 100

Maximum temperature above 750~
cloudless — — — 1 - 4 — — 1 — — — 6 6
scattered — — — 1 — 4 20 18 2 — — — 45 45
cirrus — — - 1 1 6 2 — — 2 — — 12 1J
Total — 

— — — 3 1 14 22 18 3 2 — — 63 61

In the above Table YR means total number of days for the year 1974
and A-S means total number of days between April and September.

*By. R . Penndorf , Wellesl ey H i l l s ,  Massachusetts
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x~~~~:ition dose are at their maximum values. The percentage of

solar ultraviolet radiation that reaches a target pon-siation is

therefore very difficult to assess in any quantitative way . - 
-

Temperature may be a significant biological as well as

sociological parameter for the induction of human skin cancer .

hice (40 animals/group ) irradiated with sub-erythemal ultra—

violet light for 400 days at 900 F were found to develop a sig-

nificantly larger number of tumors than a control group main-

tained at room temperature (D. W . Owens , 1977).

Wind may be another climatic variable that may have bIo-

logic significance. Mice (30 animals/group), were exposed to

ultraviolet radiation daily for 4 weeks with one group pro-

tected from the wind and the other exposed to wind of 7 MPH
(P .  W. Owen s, 1977). A significantly greater number of animals

exposed to UV radiation and wind developed tumors than those

animals receiving UV radiation alone . In Fig. 59 the average—

monthly wind speed is shown for four U.S. cities. Note that

during the summer months the aver--age wind speed is far higher

in San Francisco than in the other’ three cities.

Finally , relative humidity may also be a biologically sig-

n i f i c a n t  pa rame te r .  NIce (30 animals per group ) received sub—

erythemal ultraviolet radiation daily with one group of animals

maintained at 20 percent relative humidity and the other group

at 80 percent relative humidity (D. W . Owens , 1977). Those

animals maIntained at higher relative humidity developed tumors

more r’apldly than those maintained at low relative h u m i d i t y .
In Fi~:. 60 it is seen that San Francisco has appreciabiy higher
relative humidity than the other three cities located in the

~~~~ central U.S. The abnormally high ot- 1-ier oRin cancer ~n c iiooce
reported for British Columbia may be partly due to the high rel-

ative humidity in that Canadian province.

Other climatic factors affecting the TV dose are toe natural

fluctuations in ozone thickness , smog, ground refle-2tivity, and

altitude .
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Other causes for uncertainty in any model of Itt1er s k i n

cancer Incidence are the appropriateness of us~ ng the er’-~u n- .

response function for’ sk in cancer , the val~ uity of’ rh : assni .OTI

dose time reciprocity relation , fractionation of’ dose , tue ef-

fect of UV irorounological factors derIII ,nstrate-1 11. n l~~ ( Ia .
Kripke , 1977), artificial sources of UV i-ahoat io:1 from S C t N~c3

such as fluorescent lights in off~ -oes ,4 the OiffereLCe

UV response of basal and squai~ious cell carcinoma , tn~ accui’nc~
of the incidence rate data , the wl’ongf-sl inc lus iun of nun- - solar—

related carcinomas in tue incidenoe rate u— ta , po~J : i . a t ~~tn  t~~g r a —

tion , ethnic composition , occupati ons , recreational activities ,

clothing habits , synergistic eihoc’o~ ( e .g . , chea~ cal.:), etc.

The natuiu~ of this c- - nj- - f X  mul ti -- ili :.r~~si IflSl irokiem Iia~-~-~s

the development of a dose - - resp onse  :~- - -Oei fr e e  of unc ertainty

and controversy an alm~ st hopeless proposith11 at this tine .

Ameliorating this unleful conc lu sic-rJ a ~~~~~~~ ki~uw1eo~ e that ohe

hlological amplification factor most pc -tably lies ~ etwet- r n I

and 2.

To narrow t h e uncertainty in the deteoiiin -a t~ on of the L iO—

logical amplification factor , per-h ors the pr’eatest single step

that can be taken is the development of a o-ers:nal ir:tograt: .Jn

UV dosimeter that can be used to estin~ate the UV dose received

by various populat i-cus .

* 
—

Letter from P. Tutchis to A .  Broder ick , AO J1 u00 12 , 19 7 7 .
Copy available on re-~uect.
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APPENDIX  A

COMPARISON OF SKIN CANCE R INCIDENCE DATA
OBTAINED IN A COOPERATIVE SHORT-TERM

SURVEY AND A LONG- TERM CANCER REGISTRY

In a six month other skin cancer survey conducted by th€-

National Cancer Institute during 1971—72 a meticulous effort

of canvassing data in dermatologists ’ offices as well as hos-

pitals in four U.S. cities was accomplished . A paradox of this

survey was the very high incidence rates (apnr’cximately double)

found for Dallas—Fort Worth as compared to the other s k I n  can-

cer incidence rates reported by H. J .  Macdona ld  fo r  the  more
southern city of El Paso , Texas on the basis of corcnai’abiy con—

p le t e  data  but  accumula ted  over many years at the L~nderson Hos-

pital and Tumor Institute in houston , T ex a s .

The following three observations are usel to ‘u st i S y  a
simple model which indicates that a short—tern coorierati-je s-kin

cancer survey is likely to lead to appreciably hi -n~e:- inc~ dence

rates than a long-term survey.

1. For the NCI survey, it was reported that “abstractors

made periodic visits to physicians ’ offices , :--a thology

labs , and radiotherapy units to obtain medi cal ar.l

demographic information on all newly Siagnosed s k i n

cancers (i.e • , basal cell carcinoma ari d s q u a m o u s  cell

carcinoma ) occerri:iJ during the sui’ .-’ey peri::i of 1
‘eptember 1971 throu~ h 29 February 1972” (F. Urbach

and J. Scotto , 1975). In .  other wovl s , thi s woo a co—

ope-r--~tive survey in which c000er’or . poysicians , in

an attempt to give the U. S. ~-c’:erinc .- nt best poss iL- le
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dat  on s kin  cancer ’  I nc i d e n c e , wc ~~ 1—i  have L-: r. strongly

moti dated to find skin cancer tumors. It would t h e r e —

fore have been only natural for t hen  to order biopsies

for the many clinically marginal cases which , in a more

normal course  of events , would have been diagnosed at

some la ter t ime.

2 .  For the  El Paso da ta , “ the median delay f r om  f i r s t

sympton of skin cancer to first diagnosis is three

years ” (E. J .  Macdonald , 1976), a period of time sI~
times greater than the period of the NCI su rv ey .  Ihere

is certainly no reason to suspect that this time i e ia ~-

In  -: agn~ -.~i: \i )Ul.~ he any d i f f e r e n t  in Dal las  than  is

El Paso un der  cun c i lt i o ns  encoun te red  in norma ~1errca—

t o l l g i ca l  practice in the two citIes.

3. Dur ing  t h e  period o: t he  go v e r nm e n t  s u r v e y ,  i t  c o u l d  be

expectecil that the res dents may also have cooperated ,

a s s - m m ?  of course , t hat  t h ey  nad kn ow ied ue of the ex—
istence of the s-or s-dy. ~.t a t -  v e r y  i eas t  , physacians ,

nurses , and admini - crar. pe l- s- -nooi vo~ wore aware of

t he  survey could have  been mc - r:ivated to suonest to ac-

quaintances w i t h  i0S~~-OflS that they hurry and report for

an examination before the survey was over. St the very

most , a publicity carc c -a ign  c o n d u c t e d  t h r ou gh  toe n . - i I - a

could have rc-.- s-ulted in a huge t u r n o u t  c f ’  p a t i en t s .  Fr -n

the figures cited above , there were potent ially six t i : :~~~
the number of skin cancer cases that could have teen J~-

agnosed in the six month survey i f  t h e  entire :c-o-ciati crr

had been made aware of the government s o r vey  a n - ~ if  ea~ h

individual with a lesion had patriotically rest :r~soi.

Let the number of other skin cancer cases diagnosed In a

6—month period by a continuous cancer renistry be d e si gn - i ted

by N~ , and by a 6 — m o o c h  survey by N s . The l a t t e r  is r I v e n  L~ y

= 
~R + IA + a (6 N~ — N~ ) , (A .1)
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where is the additional r o r s t e r  of cases  t h a t  are d i agnosed  
- 

-

solely as a ~~~~~~ of’ the added diligence of’ the physicians is.

order ing biopsies on those patients who normally would have
visited in the absence of a survey . The term 6 NR 

— ‘1 A repre-

sents the potential pool of patients who had undiagnosed skin

saucer lesions t t  t h e  t ime  of toe  sorvey an-I win; normally ‘~c- cJ --I

ht v e  had t h e i r  sk in  cancers diagnosed subsequent to t h e  6—
‘r - ~nth survey per iod . The c on s t a n t  a o s pr e se n t s  the f r a c t i : -n  of-

those potential patients who sercehow became informed of the sur—

vey , visited a physicia n for an examination , and received an

earlier diagnosis than they otherwise would have receIved .

Toe ratio o~ the surv€r,’ sr-rio c-u n or- incidence I to tue

Cont inuous C:o-.cer registr’: r i - i e - r . - c e  I~ is r i v e n  sy

IF a

= 1 ~ (6 - 

~~
) . (5.2)

I
2 e t tin g  2 a c -c o r i m- s e w i t h  t he  d a l l a s — E l  Paso m c i —

H
deor e iiss rep urr cy, ar~rd solv i r o I - ~r - -

~~ ,

(A . 3 )

/ O~~~ c o m b l r r a t  i o n  of the  p a r am e t e r s  a and N A /N F s a t is f yl ; .--
Err . ( A . 3 ) ,  p - J o t t e d  in F i g .  A . ] , r : oc l d  e xp l a in  t h e  factor of’ 2

d i s cr e r a r c y  i.n i o u  ide-u ce  r a t e s .  Thus , fo r  e x a m p l e , i t’ t he  sur—
v . - y  ~. - - ro. - c o n — l o o t e d  s e c r e t ly ,  i . e .  , a = 0, N~ = N 1, would explain

-i sore ;- tr -:‘ . If the dilllence of physicians yen-: to be

as~ m e - ; to  be independ en e  of w he ther or nc :t  they were pr?rtiirl —

~n a s u r v e y , i . e . ,  
~ A = o~ then a va l u e of’ a = 0.17 w c - u i r

A— 5
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explain it. Neither of these two extreme cases , however , are
likely to have been representative of existing conditions dur-

ing the Dallas survey . The true parameter values could be de—

termined in a retrospective survey of the Dallas records over

a 3—year period following the period of the survey . No publicity

cr i r ros aigr i  was conducted during the Dallas survey, and therefore

s hv s t c i an c  may well have been diagnosing twice as many cases of

sk i n cancer  for essentially the same patient population they

w o u l d  have treated had they not been participating in the survey .

0.20 ~~~~~~~~~-~~-— ——-- - ———---————— — - -

- 
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0.16 - • • - - • 
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FIGURE A-i . Parameter values e x p l a i n i n g  th e D a l l a s - E l  Pa so
skin cancer incidence rate discrep ancy
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