
disproportionate increases in the excision ofbenign skin
lesions.2" Some of these lesions will appear and be
treated as invasive melanoma, with all that it signifies to
the patient, even though they have no capacity to
metastasise.'7 Thus an adequate evaluation of the cost
effectiveness of different approaches to promoting the
early diagnosis of melanoma should be a high priority
for research.
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Abstract
Objective-To study incidence of and survival

from cutaneous malignant melanoma in relation
to socioeconomic status.
Design-Application of Carstairs deprivation

score to all malignant melanoma patients diag-
nosed in a geographically defined area over a 15
year period.
Setting-West of Scotland (area population

2 716 900).
Subjects-3142 patients first diagnosed with

malignant melanoma in the period 1979-93.
Interventions-Surgical excision of primary

malignant melanoma with additional treatment as
appropriate and follow up until December 1994.
Main outcome measures-Malignant mela-

noma incidence, primary tumour thickness and
five year survival by socioeconomic status
Results-From 1979 to 1993, the age standard-

ised incidence rate for cutaneous malignant mela-
noma was 9.1/100 000 for the most affluent men
and 2.4/100 000 for the least affluent men and 16.1I/
100 000 and 5.0/100 000 respectively for most and
least affluent women (P<0.001 for trend in both).
The incidence increased steadily over time in both
sexes in all socioeconomic groups. Good prognosis
tumours (<1.5 mm thick) were most common in
the most affluent men and women, and over the

study period the proportion of such tumours
increased most in the intermediate affluence
group (both sexes) and in the least affluent
women. Five year disease free survival from mela-
noma for the sexes combined was 81% for most af-
fluent, 77% for intermediate, and 73% for least
affluent groups. Even after adjustment for known
prognostic factors of tumour thickness, ulcer-
ation, age, and body site of primary melanoma,
the more affluent the group, the better the
survival.
Conclusion-Although the incidence of cuta-

neous malignant melanoma is higher among more
affluent people, the prognosis is better in this
group than for less affluent individuals. Early
diagnosis campaigns should be targeted particu-
larly to less affluent men and primary prevention
campaigns should emphasise the greater risk in
more affluent women.

Introduction
Cutaneous malignant melanoma has been reported

to be a disease of those in higher paid occupations.' 2
This could relate to differences in exposure to the sun
and to affluence: short intense episodes of burning sun
exposure, as occur on foreign holidays, are currently
believed to be important in the development of
malignant melanoma.3
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Table 1 Age standardised incidence rates of melanoma by socioeconomic category for
men and women; based on cases diagnosed 1979-93

Men Women

No of cases No of cases
(n=1134) Rate (SE) (n=2008) Rate (SE)

Socioeconomic group:
1 (affluent) 115 9.1 (0.9) 210 16.1 (1.1)
2 141 7.2 (0.6) 266 12.6 (0.8)
3 256 6.5 (0.4) 418 9.8 (0.5)
4 238 5.5 (0.4) 441 9.5 (0.5)
5 209 5.3 (0.4) 332 7.9 (0.4)
6 134 4.2 (0.4) 244 7.0 (0.4)
7 (deprived) 40 2.4 (0.4) 90 5.0 (0.5)
Not known* 1 7

Test for trend P< 0.001 P< 0.001

Population denominators for each postcode sector are available from the 1981 and 1991 national censuses.
A 1986 population was estimated by averaging appropriate age groups from the 1981 and 1991 censuses,
allowing for the 10 year aging between censuses. Incidence rates for 1979-83 used the 1981 population, for
1984-8 the 1986 population, and for 1989-93 the 1991 population. All incidence rates have been age stan-
dardised to the Scottish 1981 population.
*Lived in very small postcode areas or had imprecisely quoted addresses.

No analysis has been yet been made of melanoma
survival by socioeconomic status with control for
important predictors of prognosis such as age, sex,

ulceration, and tumour thickness of the primary
melanoma at the time of initial surgery.4We carried out
such an analysis, looking at all patients presenting with
malignant melanoma over a 15 year period in the west
of Scotland where there is available, as a result of the
activities of the Scottish Melanoma Group, detailed
information on clinical and pathological details of all
patients presenting with cutaneous melanoma in this
area (population 2 716 900). In addition, each patient's
postcode enables an area based classification of their
socioeconomic status to be made. Throughout the west
of Scotland area, groups of very different socioeco-
nomic status experience the same daily climatic
conditions, living within 2-3 km of each other.

Methods
Details of melanoma patients were drawn from the

records of the west of Scotland section of the Scottish
Melanoma Group, which records details of all patients
presenting with primary cutaneous malignant mela-
noma in Scotland.' A total of 3142 patients (2008
women and 1134 men) diagnosed as having invasive
primary cutaneous malignant melanoma (level 2 or

deeper) between 1979 and 1993 were identified and
were allocated an economic grouping by using the

1980 82 84 86 88 90

Year

92

{omen

I

I"

, /

Affluent
---- Intermediate

Deprived

I I I.I

1980 82 84

Fig 1-Incidence of melanoma (five year moving averages) in men and women in affluent,
intermediate, and deprived categories, 1979-93

86 88 90 92
Year

method of Carstairs and Morris.6 This classifies areas

according to four measures derived from census data:
unemployment, car ownership, overcrowding, and
percentages of households where the occupation of its
head is classified as social class IV and V. Thus, given a

postcode sector of residence, it is possible to allocate a

person to one of seven categories from 1, the most afflu-
ent, to 7, the most deprived. All deaths up to December
1994 were recorded.

STATISTICAL METHODS

We examined trends in incidence across deprivation
categories, comparing observed and expected numbers
of cases and applying the X2 test for trend. Expected
numbers of cases for each affluence category were

calculated by applying the overall incidence rates for
each age group, sex, and year of diagnosis to the appro-

priate age-sex distribution for each deprivation category
for each year of the study; data were then aggregated.
Trends in incidence over time were assessed by fitting
linear regressions of age standardised rates on year of
diagnosis for the affluence-sex subgroups. The gradi-
ents derived from the regression models represent aver-

age annual increases in rates and were tested
statistically, assuming a t distribution.

Dates of death were obtained through contact with
the patient's general practitioner and with the registrar
general for Scotland through linkage with the west of
Scotland cancer registry. Deaths due to melanoma were

identified.
The trend in disease free survival across deprivation

categories for the different age and sex groups was

tested using the log rank statistic.7 Calculation ofhazard
ratios, to compare disease free survival between
affluence categories while allowing for the major recog-

nised prognostic factors (tumour thickness, ulceration,
etc), was carried out using Cox's proportional hazards
model.8 All variables included in the model were

entered as categorical variables with stage at presenta-
tion with melanoma in six categories: primary

melanoma <1.5 mm, 1.5-2.49 mm, 2.5-3.49 mm,

3.5-4.99 mm, >5 mm thick, and melanoma spread
beyond the primary site.

Results
Table 1 presents the average annual age standardised

incidence by deprivation category over the 15 year

period 1979-93. For both sexes there was a strong
(P<0.001) trend in incidence ranging from 2.4/100 000
for least affluent men to 9.1/100 000 for most affluent
men and from 5.0/100 000 for least affluent women to
16.1/100 000 for most affluent women. Figure 1 shows
that for all six subsets-men and women in most afflu-
ent, intermediate, and least affluent circumstances-
there was a steady increase in incidence over the 15
years studied. The slopes of the six curves are similar,
implying that the factors responsible for the rising inci-
dence are acting in all six groups.

Figure 1 and table 1 also show the clear difference in
incidence of malignant melanoma between the sexes,

with a female:male ratio of 3:2. This relative over-

representation of women is maintained across the
socioeconomic spectrum.

Table 2 lists the percentage of patients presenting
with tumours less than 1.5 mm thick divided by socio-
economic status and over time. For men in the affluent
and intermediate categories, there has been a significant
increase in the proportion presenting with thin mela-
nomas between 1979-84 and 1991-3. The highest pro-
portion of thin melanomas in men was seen in the
affluent group (61%) in the period 1985-90. For
women, the overall trends are similar, and there have
been significant increases over time in the proportion of
thin tumours in the intermediate and least affluent
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Table 2-Percentage (number) of patients presenting
with primary melanoma <1.5 mm thick by socioeconomic
category over time*

Socioeconomic category

Time period Affluent Intermediate Deprived

Men:
1979-84 34 (23/68) 29 (54/188) 26 (13/50)
1985-90 60 (73/121) 45 (1 38/310) 40 (32/81)
1991-93 54 (36/67) 54 (111/205) 40 (17/43)
P valuet <0.05 <0.001 >0.05

Women:
1979-84 52 (80/154) 38 (136/358) 29 (28/96)
1985-90 61 (121/199) 57 (310/544) 51 (77/152)
1991-93 59 (72/123) 58 (167/289) 57 (49/86)
P valuet >0.05 <0.001 <0.01

*156 patients included above presented with stage 2 disease (involve-
ment of regional lymph nodes with no detectable primary tumour).
tChange in proportion of small tumours over time for each
sex/deprivation category.

groups of women. Affluent women had a significantly
higher proportion of thin tumours than affluent men
(52% v 34%) during the 1979-84 period. As with men,
the highest proportion of thin tumours in women (61 %)
was seen in the most affluent group in the 1985-90
period. In all groups except the least affluent men, the
proportion of primary melanomas < 1.5 mm at excision
is now over 54%.

Table 3 and figure 2 show the relation between five
year survival and socioeconomic status. For the most
affluent men, five year survival is 74% and for the most
affluent women it is 84%, compared with 68% and 82%
for the intermediate men and women and 61% and
79% for least affluent men and women. The difference
in survival between the most affluent group and the
other groups was significant (P for trend <0.001), as
was the difference in survival between the most affluent
men and woment (P<0.001).

Table 3-Five year survival by socioeconomic category,
sex, and age group

Socioeconomic category P value
for

Affluent Intermediate Deprived trend)*

Sex
Men 64 (256) 58 (703) 56 (174) <0.001
Women 79 (476) 72 (1191) 70 (334) <0.001
Age (years)
<45 90 (222) 84 (520) 79 (128) 0.02
45-54 77 (150) 78 (320) 73 (73) <0.01
55-64 83 (132) 70 (356) 67 (107) <0.001
65-74 65 (111) 55 (373) 62 (102) 0.51
75 36 (117) 38 (325) 40 (98) 0.81

*Trend in survival rates across seven deprivation categories; age and
sex adjusted where appropriate.
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Fig 2-Kaplan-Meier survival curves for men and women in
affluent, intermnediate, and least affluent groups. Only deaths
related to melanoma were included for analysis

Table 3 further divides five year survival by affluence
and by age group. In the most affluent groups the five
year survival for younger people was 91% while in the
least affluent group it was 80% (P=0.04). In people
aged 55-64, survival was better in the more affluent
groups (P<0.001).
The relative hazard ratios for patients under 65 years

presenting with melanoma are shown in table 4. After
adjustment for all known prognostic factors such as age,
sex, site, ulceration, and primary tumour thickness, the
most affluent patients continued to have a survival
advantage over the intermediate group, which in return
had a better survival than the least affluent group (P for
trend <0.001).

Discussion
This study is the first to show a relation between thick-

ness at presentation and socioeconomic status, and also
the first to relate socioeconomic status to survival. It shows
that affluent individuals have more favourable five year
survival prospects. Even after the major prognostic factors
(tumour thickness, ulceration, age at diagnosis, and site of
primary tumour) were controlled for, this difference
remained significant. Tumour thickness is commonly
regarded as a measure of early diagnosis; when patients
were matched for tumour thickness, socioeconomic status
continued to be a factor influencing survival. This suggests
that a greater knowledge ofthe features of early melanoma

Table 4-Relative hazard ratios derived from Cox's proportional hazards model for survival differences between socio-
economic categories for melanoma patients under 65 years of age. Based on 450 deaths among 2008 patients

Socioeconomic category
P value (test for

Affluent Intermediate Deprived trend)

Unadjusted 0.60 (0.46 to 0.77)*** 1.00 1.34 (1.05 to 1.70)* <0.001
Adjusted for age and sex 0.61 (0.47 to 0.78)*** 1.00 1.38 (1.09 to 1.75)* <0.001
Adjusted for age, sex and tumour

thickness 0.75 (0.57 to 0.98)* 1.00 1.32 (1.04 to 1.68)* <0.001
Adjusted for age, sex, tumour

thickness and ulceration 0.76 (0.58 to 0.99)* 1.00 1.30 (1.02 to 1.64)* <0.001

*P<0.05, ***P<0.001 for comparison with intermediate group.
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Key messages

* Affluent people have a significantly higher risk of
developing malignant melanoma than deprived
individuals
* Paradoxically, five year disease free survival
prospects are better for affluent people
* Variations in incidence could be explained by
differences in sun exposure related to socio-
economic status
* Variations in nutrition and possibly immune
function by socioeconomic status could explain
survival differences
* In public education campaigns, deprived men
should be targeted to encourage earlier diagnosis
* Primary prevention campaigns should be tar-
geted to more affluent socioeconomic groups

in the affluent group, leading to earlier self referral and
thus earlier diagnosis and treatment, does not wholly
explain our results.

Recent results from the same geographic area also
showed poorer survival for the less affluent patients with
breast cancer.9We speculate that a common factor, such
as poor nutrition leading to low levels of antioxidants, or
immunological defects, could be responsible in both
tumour types.
The pattern of higher incidence but better survival

for the most affluent compared with the least affluent of
both sexes is mirrored in the greater incidence of mela-
noma but better survival in women. The greatest risk of
developing melanoma is seen in affluent women, and
the poorest five year disease free survival prospects in

deprived men. It is possible that behavioural differences
with regard to sun exposure between the sexes and
between affluent and deprived individuals may explain
some of the differences in incidence, but this would not
explain the differences in survival.

Table 2 shows clearly that over the three time periods
studied the proportion of thin tumours has increased in
all groups, and that this increase is significant in
intermediate and deprived women and affluent and
intermediate men. Over 50% of all tumours are now
<1.5 mm thick, but among deprived men the
proportion is only 39%, indicating that early detection
activities need to be targeted particularly at less affluent
men.
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Abstract
Objectives-To examine whether the incidence

of non-Hodgkin's lymphoma in different areas of
England and Wales is associated with levels of
solar ultraviolet radiation.
Design-Geographically based study examining

the association between incidence of non-
Hodgkin's lymphoma and estimated levels of solar
ultraviolet radiation, controlling for social class
and employment in agriculture.
Setting-59 counties in England and Wales.
Subjects-All registered cases ofnon-Hodgkin's

lymphoma during the period 1968-85.
Main outcome measure-Age and sex adjusted

odds ratio for non-Hodgkin's lymphoma in each
county.
Results-Incidence of non-Hodgkin's lymphoma

was significantly associated with solar ultraviolet
radiation levels (P<0.001), even after social class and
employment in agriculture were controlled for
(P=0.004). In a comparison ofcounties in the highest
and lowest quarters ofsolar ultraviolet radiation, the
relative risk of non-Hodgkdn's lymphoma was 1.27
(95% confidence interval 1.24 to 1.29), rising to 1.34
(1.32 to 1.37) after adjustment for social class and
employment in agriculture.
Conclusions-The incidence of non-Hodgkin's

lymphoma in different areas ofEngland andWales
is positively associated with levels of solar

ultraviolet radiation. These results are consistent
with the hypothesis that exposure to solar
ultraviolet radiation increases the risk of non-
Hodgkin's lymphoma.

Introduction
The incidence of non-Hodgkin's lymphoma has

increased greatly in many countries,' including England
and Wales.2 An established risk factor is chronic
immunosuppression34as in individuals with congeni-
tal immunodeficiency syndromes,' patients treated with
immunosuppressive drugs,6 and those infected with
HIV.' Particular types of non-Hodgkin's lymphoma are
also associated with infection with the Epstein-Barr
virus and with HTLV-I.' Risk is also raised in a number
of occupations,9 10 notably in agriculture, where
exposure to pesticides may be a factor." However,
trends in known risk factors and in diagnostic practices
can account for only a small part of the observed
increase in non-Hodgkin's lymphoma.'2 '3 Part of the
rise may have been the result of increased population
exposure to some other widespread risk factor.

It has been hypothesised that exposure to solar ultra-
violet radiation may be a cause of non-Hodgkin's
lymphoma.'4 This is an important cause of skin
cancers," which have been increasing even more rapidly
than non-Hodgkin's lymphoma,'6 probably as a result of
the adoption of lifestyles involving increased exposure
to the sun." Increased exposure to sunlight might also
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