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In a continuous series of 300 patients with cutaneous
malignant melanoma the site of the primary lesion was
recorded, and incidence rates per unit area of skin were
calculated. These rates were high for the face, back and
upper arm and low for the abdomen, buttocks, forearm
and hand for both sexes. Rates for the leg were high for
the women but low for the men. Tumours on the back
were evenly distributed among the men but occurred less
frequently on the lower back among the women. In
general, sites that were usually covered by clothing had
lower rates than those usually exposed, with the excep-
tion of the forearms and hands. No relation was seen
between tumour site and age, sex, depth of invasion or
month of diagnosis. Superficial spreading and nodular
melanomas did not differ in their site distribution.
Incidence rates per unit area at different ages were
estimated for sites grouped by their degree of usual
exposure: while the rates for unexposed sites were low,
those for usually or intermittently exposed sites were
higher and similar to each other.

Chez une sfrie de 300 patients souffrant de m.lanome
malin cutan. on a enregistr. le foyer de la lesion
primaire et calcul. les fr.quences par unite de surface de
peau. Chez les deux sexes ces fr&quences etaient .lev&s
pour le visage, le dos et la partie supfrieure des bras;
elles .taient basses pour l'abdomen, les fesses, les
avant-bras et les mains. La fr.quence pour les jambes
.tait &lev.e chez les femmes mais basse chez les hommes.
Les tumeurs localis&es au dos .taient .galement distri-
bu.es chez les hommes, mais elles touchaient moms
souvent le bas du dos chez les femmes. En g&nfral, les
surfaces habituellement recouvertes de v.tement mon-
traient des fr.quences inf&ieures A celles des surfaces
expos&s, sauf pour les avant-bras et les mains. Aucun
rapport n'a . &tabli entre la localisation de la tumeur et
l'Age, le sexe, la profondeur d'envahissement ou le mois
du diagnostic. Les m.lanomes A extension superficielle ne
difffraient pas des m6lanomes nodulaires par la distribu-
tion des foyers. Les fr.quences par unit& de surface A
difffrents Ages ont . appr&i.es pour des localisations
regroupees selon leur degr. d'exposition habituelle: alors
que les fr.quences des localisations cach&es .taient
faibles, celles des surfaces habituellement expos.es ou
expos.es de fa.on intermittente .taient plus .lev.es et
semblables entre-elles.
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The location of cutaneous melanoma is of interest for
several reasons. First, the prognosis appears to vary by
site, independent of sex and depth of invasion, with, for
example, tumours on the trunk and foot having a worse
prognosis.1 Second, it is conceivable that melanomas in
more observable sites will be diagnosed earlier and will
not have invaded as deeply. Most importantly, however,
study of the site distribution of melanoma should assist
in understanding the causes of these tumours. Incidence
and mortality rates for melanoma in many Caucasian
populations have been increasing rapidly over recent
decades, most markedly for tumours of the lower limb
in women and the trunk in men.5 The increase in
melanoma incidence and mortality with decreasing
latitude in North America and Australia suggests a
positive relation to solar exposure.6-8 This geographic
distribution is not seen in Europe, perhaps because of
differences in pigmentation characteristics in different
countries.9 However, the relation to solar exposure is
clearly not as simple as it is with squamous cell
carcinoma, as outdoor workers do not show a high
incidence of melanoma, and, in contrast to squamous
cell carcinoma, melanoma has a considerably higher
incidence in the upper social classes.'011

Information from cancer registries and mortality
statistics'2 are based on broad groupings by site (e.g.,
trunk, upper limb, and head and neck). In this paper we
present a detailed analysis, by site, of a large, continu-
ous series cif melanomas seen in one major centre, and
we assess the relation of body site to incidence rates per
unit area, depth of invasion and pathological subtype.

Methods

From Jan. 1, 1976 to Dec. 31, 1979, 300 adult
patients with newly diagnosed cutaneous malignant
melanoma were seen at the A. Maxwell Evans Clinic in
Vancouver, which provides specialized cancer services
for the province of British Columbia. A detailed history
and results of examination at the first visit were
recorded on standardized forms that included anatomic
diagrams on which the site of the primary lesion was
recorded. The pathological report on the tumour was
reviewed in all cases, and the tumours were classified as
lentigo maligna or as superficial spreading or nodular
melanoma and by depth of invasion, according to the
levels established by Clark and associates.'3 For this
study the records were reviewed by one observer, and
the tumour site was recorded by assigning coordinates
on a grid matching the standard anatomic diagram.
This allowed later computer plotting of the sites.
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Previous studies have used a variety of schemes for
documenting the surface area of paths of the body.
However, some of these, such as the familiar "rule of
nines "14 and similar methods,'5 are gross approximations
designed to aid memorization. Others are based on
unverified geometric estimates.'6 Tables produced by
Berkow'7 have been widely used. Lund and Browder'8
reviewed these earlier publications and presented figures

for well defined body surface divisions that avoid the
major errors of the Berkow estimates; thus, we used the
Lund and Browder figures. Direct assessments of sur-
face area based on measurements of an appropriate
population sample do not appear to be available.

In assessing the significance of the ratio of observed
to expected numbers of tumours at given sites, the
conventional x2 statistic with continuity correction was
used.

Results

The site distribution of all 300 melanomas in the
series is shown in Figs. 1 and 2. For further analysis
four tumours in the axilla and four subungual tumours
were excluded because of the obvious difficulty in
calculating the relevant area, seven cases of lentigo
malignant melanoma were excluded because of the
predilection of this type for exposed sites,'9 and four
tumours were excluded because they could not be
classified.

In Table I the distribution of the remaining 281 cases
of superficial spreading or nodular melanoma is ex-
pressed more quantitatively: here the distribution of
cases by site is compared with the distribution of surface
area to yield a ratio; if the ratio is above 1, the
occurrence rate per unit area at that site was greater
than the average rate for the body as a whole.
The incidence per unit area of the face was higher

than average for both sexes, while for the scalp and neck
the rates were higher than average for the men and

FIG. 1-Distribution of cutaneous malignant melanoma, ant-
erior. (Four axillary tumours in men, three on right and one on FIG. 2-Distribution of cutaneous malignant melanoma, post-
left, not shown.) erior.
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lower than average for the women, although the differ-
ences were not statistically significant. For the chest the
incidence rate per unit area was significantly below
average for the women but slightly above for the men.
The frequency of tumours on the back was much higher
than average for the men, while for the women it was
somewhat above average, but Fig. 2 shows that the main
difference between the sexes was in tumours of the back
below the scalpulae; the frequency of tumours on the
upper back and shoulders was similar in the two sexes.
Few melanomas occurred on the abdomen or buttocks,
where the rates per unit area were significantly below
average for both sexes.
Melanoma appeared to be more common than aver-

age on the upper arms in both sexes, and significantly so
in the women. Few tumours occurred on the forearm
and hands, the rates per unit area being significantly
below average for both sexes. Although a considerable
number of tumours occurred on the hip and thigh, the
rate per unit area was about average for the women and
significantly below average for the men. On the leg the
rate was also below average for the men, while it was
significantly above average for the women. The inci-
dence per unit area on the feet was about average for
both sexes, although Fig. 1 suggests that while tumours
on the soles of the feet had similar incidence rates in the
two sexes those on the dorsum were more frequent in
the women.
On the upper arm, thigh and leg, melanomas oc-

curred more frequently on the anterior than on the
posterior surface, the distribution being 73:41. This
trend was seen for each sex and for each site. A lateral
to medial comparison showed no marked difference.

There were no significant differences in the ratio of
superficial spreading to nodular melanoma by site, sex
or age. A total of 56 patients had nodular melanoma (24
men, 32 women) and 225 had superficial spreading
tumours (94 men, 131 women).
The mean age at diagnosis was 44.9 years; 31% were

under 35 years, 33% between 35 and 49 years and 36%
50 years or older. The age distributions did not differ
appreciably by sex or by tumour type, but did vary by
site, the mean age of patients with tumours of the face,
scalp, neck and foot being 52 years, compared with 43
years for those with tumours of the trunk and 44 years
for those with other limb tumours.

There was no significant variation in the depth of
invasion of the tumour either by site or by sex. This was
assessed separately for nodular and superficial spreading
tumours, as the nodular tumours tended to be, as
expected, more deeply invasive (Table II).
As a site-specific seasonal variation in melanoma

incidence has been reported20 we examined the month of
diagnosis. Of the 281 melanomas 142 (51%) were
diagnosed in the 6 months between October and March,
and no variations by site, sex, age or tumour type were
seen.

Seven patients with lentigo maligna melanoma were
excluded from the main analysis. Four of these lesions
(two in each sex) were on the face, and the other three
(all in women) were on the shoulder, upper arm and
calf. These patients were older than the others (mean
age 58.1 years). The four unclassified melanomas were

on the chest in a man and on the back, upper arm and
leg in three women. We excluded four melanomas, two
superficial spreading and two nodular, in the axilla (all
in men). We also excluded four subungual tumours:
three were superficial spreading lesions on the hand
(two in men and one in a woman), and the fourth was a
nodular tumour on the foot (in a woman).
To evaluate site differences at different ages we

grouped the sites into those that are usually exposed
(face, neck, scalp and hand), intermittently exposed
(upper arm, back, thigh, leg, forearm and man's chest)
and less frequently exposed (abdomen, foot and wo-
man's chest). Such groupings are arbitrary and reflect
only general patterns of dress. We then calculated
incidence rates per unit area for site groupings ,at
different ages. Table III shows that for each site group
the incidence rates rise with age, that in each age group
the rate for unexposed sites is lower than the rates for
exposed or intermittently exposed sites, and that the last
two rates are similar to each other.

Discussion

Malignant melanoma is justifiably receiving much
attention because of its remarkably rapid increase in
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incidence over the last few decades. In Canada mortali-
ty rates have doubled in about 15 years.2' Incidence
rates recorded in British Columbia since 1970 have
shown an even greater rise," although part of this rise is
probably due to earlier diagnosis and the reporting of
more borderline lesions. The increase in incidence and
mortality has been demonstrated in every Caucasian
population in which they have been studied.5 While
incidence and mortality rates have increased in all age
groups, in Canada and in most other societies the
greatest increase has been in people under the age of 50.
The increase has been most marked for tumours of the
lower limb in women and for tumours of the trunk in
men. This was first shown with data from the Connec-
ticut cancer registry covering a period from 1935 to
1970 and has since been demonstrated for several other
sOcieties.5'23'26 The division into broad groupings (e.g.,
trunk and lower limb) was the only way in which such
data could be analysed, as they were obtained from
routine cancer registration or mortality registration
systems using conventional coding schemes that did not
allow any finer breakdown. In these studies cross-
sectional data applicable to one recent period showed a
very high female:male ratio for tumours of the lower
limb and a high male:female ratio for tumours of the

12,27

It seems possible that the recent rise in melanoma
incidence, the excessively high incidence of melanoma in
women, particularly younger women, and aspects of the
site distribution might be explained by the more rapid
recognition of early lesions, especially at exposed sites
and in women. Thus, we could expect that lesions at
exposed sites, lesions in women and perhaps lesions
diagnosed in the summer would tend to be earlier and
therefore smaller and less invasive; our data show that
this is not the case.
Our data allow us to be much more specific about the

male:female distribution of tumours. The high incidence
of melanomas on the lower limb in women is most
marked for melanomas of the leg but is clearly present
for melanomas of the thigh and may be present for
melanomas of the dorsum of the foot. The high inci-
dence of melanomas of the trunk in men is most marked
for tumours on the back below the scapulae and also for
tumours of the chest. On the upper back from the
scapulae to the neck there is an approximately equal sex
distribution of melanoma, while there is a higher
incidence of tumours of the upper arms and shoulders in
women. Tumours of the face are common in terms of
distribution per unit area in both sexes, while on the
scalp and the neck there is a higher incidence in men.

These patterns of distribution are consistent with the
areas left uncovered by clothing, especially the type of
clothing worn by younger people today. The one excep-
tion to a general etiologic hypothesis of exposure to
sunlight in the data presented here is the remarkable
infrequency of melanomas on the forearms and hands,
areas that are very frequently exposed. The large series
of Davis and coworkers28 showed a similar low propor-
tion (4.3%) of melanomas on the forearms and hands.

In our series there were seven lentigo maligna mela-
noma tumours, four on the face; these tumours tended
to occur at advanced ages. It is generally accepted that

lentigo maligna melanoma, like squamous cell skin
cancer, occurs on exposed sites at advanced ages and is
probably related to long-term solar exposure. The
possibility that nodular and superficial spreading mela-
noma have different causes has received little attention,
but the lack of any difference in site distribution does
not support this notion.
A more detailed study of the incidence rate of

melanoma would not only take into account skin area
and clothing habits but also epithelial thickness and
perhaps melanocyte density. Estimates of melanocyte
density per square millimetre for the skin of the head
and neck, limbs and trunk are 2000, 1150 and 900
respectively.29 In our study the age-standardized inci-
dence rates per unit area of these sites were 12.5, 6.9
and 6.2 per 100 000 population per year, suggesting a
positive correlation with melanocyte density.

However, this correlation between melanoma inci-
dence and melanocyte density tells us little about the
origins of melanoma. Melanocyte density can be in-
creased by ultraviolet radiation.30 Therefore, a positive
association between ultraviolet radiation and melanoma
incidence could result from ultraviolet radiation either
increasing the probability of an individual melanocyte
becoming cancerous or increasing melanocyte density
alone, or from a combination of the two effects. In
contrast to the positive correlation between melanocyte
density and melanoma incidence suggested here, Sober
and Fitzpatrick3' found no correlation, but they com-
pared melanocyte density with the proportion of mela-
nomas occurring on that part of the body, taking no
account of the percentage of surface area.

Earlier studies using less detailed data showed a lower
mean age for women with tumours of the lower limb
and for men with tumours of the trunk than for patients
with other melanomas.23'25 This distribution, taken with
the increases seen over time, is consistent with a
birth-cohort-related effect, suggesting that the cause is
one to which younger people tend to be exposed. One
hypothesis is that the increase in melanoma occurs
because young people today expose themselves to sun-
light more than earlier generations did at the same age.
If melanoma occurrence were related directly to the
total amount of solar exposure, as is the case for
squamous cell carcinoma of the skin, the site-specific
increase in melanoma could be explained by the argu-
ment that the exposure of those sites (the lower limbs in
women and the back in men) has increased in recent
years owing to changes in recreational and clothing
habits, whereas the solar exposure of sites such as the
face has presumably not changed. If this is so, then at
any given age the incidence rates of melanoma at sites
that are almost totally exposed, such as the face, should
still be higher than the rates at sites that are only
intermittently exposed, such as the chest and thighs.
The data in Table III, however, suggest that the
incidence rates per unit area for exposed sites, particu-
larly at lower ages, are no higher than the rates for
intermittently exposed sites.
How can the observation that the rates are similar for

totally and intermittently exposed skin be explained?
One explanation would be that the relation of melanoma
incidence to total sunlight dose is not linear but becomes
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less strong at higher doses, perhaps having an S-shaped
curve; thus, intermittently exposed skin may be suffi-
ciently exposed to achieve incidence rates nearly as high
as totally exposed skin. An alternative explanation
would be that intermittent acute exposure may be more
harmful for a given dose of radiation than chronic
exposure; thus, similar incidence rates can result from
intermittent and continuous exposure. This hypothesis is
consistent with the absence of a higher melanoma
incidence in outdoor workers and with the markedly
higher incidence in the upper social classes, which may
be due to increased sun exposure during the recreational
activities and vacations permitted by affluence.'0 It
would also be consistent with the indication that mela-
noma patients tend to burn rather than to tan on
exposure to the sun.32 A third explanation would be to
question whether the site distribution delineates sites in
their degree of total solar exposure. The face, neck and
scalp are not always exposed: the scalp and neck are
protected by hair, particularly at lower ages, and the
face may also be protected by hair on men or by hats.
Light clothing still allows some exposure; a typical
man's white shirt may transmit 20% of solar ultraviolet
radiation, and open-weave clothing may transmit much
more.33

Recording the precise site distribution of cutaneous
melanoma has an important part to play in understand-
ing the causes of the condition, and we urge colleagues
in other centres to employ precise recording of site.
Moreover, because the site distribution of melanoma has
been changing over time and may differ from one centre
to another because of differences in site-specific inci-
dence or differences in referral patterns, recording of
site is important, as the prognosis of melanoma varies by
site, independently of sex and depth of invasion. This
has to be kept in mind when comparing treatment
results from different centres, and in designing and
interpreting clinical trials.
We are grateful to our clinical colleagues for their excellent
record keeping, to Mr. Calum Stewart (medical student) for
data abstraction and to Miss Linda Christian and Mrs. Anne
Zamorski for the artwork.
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