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Abstract

Objective: Uveal melanoma is a rare disease with poor prognosis and largely unknown etiology. We studied
potential occupational risk factors.
Methods: A population based case-control study was undertaken during 1995–1997 in nine European countries
using population and colon cancer controls with personal interviews. Occupational exposure to sunlight and
artificial UV radiation was assessed with a job exposure matrix. In total, 320 uveal melanoma cases were eligible at
pathology review, and 292 cases were interviewed, participation 91%. Out of 3357 population controls, 2062 were
interviewed, 61%, and out of 1272 cancer controls 1094 were interviewed, 86%.
Results: Using population controls, occupational exposure to sunlight was not associated with an increased risk
(RR¼ 1.24, 95% CI¼ 0.88)1.74), while an excess risk found with use of colon cancer controls was attributed to
confounding factors. An excess risk in welders was restricted to the French part of the data. Cooks, RR¼ 2.40;
cleaners, RR 2.15; and laundry workers, RR¼ 3.14, were at increased risk of uveal melanoma.
Conclusion: Our study does overall not support an association between occupational sunlight exposure and risk of
uveal melanoma. The finding of an excess risk of eye melanoma in cooks in several European countries is intriguing.

Abbreviations: CI – Confidence interval; ICD-O – International classification of diseases for oncology; ISCO –
International Standard Classification of Occupation; JEM – Job exposure matrix; NOS – Not otherwise specified;
NR – Not relevant; Obs – Observed number of cases; RR – Relative risk; UK – United Kingdom; US – United
States

Introduction

Malignant neoplasm of the eye is rare but carries a fairly
high mortality with only half of the patients alive after
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ten years [1]. In high-risk areas, the age standardized
incidence is around 1 per 100,000 in the World Standard
Population, and almost consistently higher in men than
in women. High risks are found in the Nordic countries,
Scotland, Switzerland, parts of Australia, and in the US
in Iowa and among whites in New Orleans and Los
Angeles. Low risks are found in Japan, China and India,
and among West Coast Americans of Asian origin [2].
In the US, whites have almost ten times the risk of
blacks [3]. In Europe, uveal melanoma accounts for
84% of eye cancer in adults [4].
Both cutaneous and uveal melanomas derive from

melanocytes, but there are considerable differences
between the two tumors in terms of molecular biology
[5], pathology and clinical behavior [6]. Nevertheless, it
is intriguing that the incidence of uveal melanoma
remained fairly stable over the past 50 years: while the
incidence of cutaneous melanoma has increased many
fold [7].
Having blue eyes carries two to three times the uveal

melanoma risk of having brown eyes [8–12], and people
with blond hair and light skin tend to be at increased
risk [8–11]. Presence of naevi is a risk factor [10–13],
particularly atypical or iris naevi [13, 14]. An excess risk
of uveal melanoma has been reported for a variety of
jobs, for instance farmers [15–18], sailors [19], and
teachers [20]. Some, but not all, of these jobs entail
occupational exposure to visible light and ultraviolet
radiation, either from sunlight as for farmers, or from
artificial UV radiation as for welders. Risk of occupa-
tional sunlight exposure has, however, been assessed
thoroughly in only three studies with inconsistent results
[15, 21, 22], and only one study assessed occupational
exposure to artificial UV radiation [21].
To investigate further occupational risks of uveal

melanoma we undertook a case control study, where
cases were recruited over a two-year period among 37
million people from nine European countries.

Material and methods

The study base was the national populations in Den-
mark and Latvia, administrative regions in France,
Germany, Italy and Sweden, hospital recruitment areas
in Portugal and Spain, and an eye hospital in the UK
(Table 1).

Cases

We aimed at including all incident cases of uveal
melanoma in patients aged 35–69 within a period of
normally two years, mostly 1 January 1995 to 31

December 1996, Table 1. Eligible cases were defined
by topography codes 199.0 eyeball, 190.6 choroid, or
190.9 eye not otherwise specified, combined with mor-
phology codes 8720/3, 8722/3, 8730/3, 8771/3, 8772/3,
8773/3, 8774/3 or 8775/3 in the International Classifica-
tion of Diseases on Oncology (ICD-O), version 1 [23].
Patients were identified via personal contacts to oph-
thalmology and pathology departments, or via manual
or computerized hospital records or cancer registries.
The diagnoses were reviewed centrally, for enucleated
patients based on a haematoxylin-eosin stained slide, or
otherwise on the ophthalmological report. Cases with
definite or possible diagnosis were considered eligible.

Controls

Controls were selected for use in the present and six
other rare cancers studies [24, 25]. Controls were
frequency matched with cases by region, sex, and
five-year birth cohorts. Within each stratum we aimed
at selecting a number of controls four times the number
of cases of the most ‘frequent’ of the seven rare cancers.
Population controls were selected randomly at specified
points in time during recruitment of cases from popu-
lation registers in Denmark, Germany, Italy, and
Sweden, and from electoral rolls in France. In the UK,
one control per case was selected from the list of the
general practitioner of the case. Population based cancer
controls were selected randomly from incident colon
cancer cases in Denmark and Latvia. Hospital based
controls were selected randomly from the colon cancer
patients in Valencia and the Basque Country of Spain,
and colon and stomach cancer patients in Portugal.
Patients attending the emergency ward were selected as
controls in Navarra, Spain.

Questionnaire

Based on a literature review [26], a common question-
naire was developed in English and translated into the
eight other languages, and for quality control in part
back-translated into English. Questions covered demog-
raphy, personal characteristics as eye color, medical
history, tobacco and alcohol use, and a number of
occupational exposures such as pesticides and solvents.
A complete occupational history was obtained including
each job lasting at least six months.

Interviews

All countries required approval of the study by the
Ethics Committees, and contact to patients normally
required approval also from the treating physician. In
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most centers, cases were contacted by letter or telephone
by the project physician. When a case agreed to
participate, the interview was undertaken either face-
to-face or by telephone. For population controls, the
granted access to selection of controls from population
registers implied also permission to contact controls by
letter or telephone. For cancer controls, contact proce-
dures were as for the cases. Cases and cancer controls
were interviewed as soon as possible after diagnosis.

Population controls were interviewed concurrently with
the cases. Surrogate interviews, in the order husband/
wife, child or friend, were performed if a case or control
was too ill or died before contact was established.
A total of 359 potential cases were identified, of which

342 underwent pathology review, 320 were considered
eligible cases, and 292 were interviewed, giving a
participation rate of 91%. Out of the 3357 identified
population controls, 2062 were interviewed, with a

Table 1. Study base of the European rare cancer study

Country

region

Study base Total population

of region in million

Recruitment period Data source for

case identification

Type of control

Denmark Population 5.2 January 95–December 96 Register: Pathology,

hospital, cancer

Population colon cancer

France Population 6.4 Department: Population

Bas-Rhin 0.9 January 95–June 97 Pathology + in some

Calvados 0.6 January 95–June 97 regions clinical

Côte d’Or 0.5 January 95–June 97 departments and centres

Doubs 0.5 January 95–June 97 of proton-treatment

Haut-Rhin 0.7 April 95–June 97

Hérault 0.8 January 95–June 97

Isére 1.0 January 95–June 97

Manche 0.5 January 95–June 97

Somme 0.5 January 95–June 97

Tarn 0.3 January 95–June 97

Germany Population 3.8 July 95–June 97 Department: Medicine, Population

Bremen 0.5 oncology, radiology,

Hamburg 1.6 surgery, pathology

Essen 0.6

Saarland 0.7

Saarbruecken 0.4

Italy Population 3.0 January 95–June 97 Department: Medicine, Population

Florence 1.0 oncology, radiology,

Padua 1.1 surgery, pathology,

Torino 0.9 cancer register

Latvia Population 2.5 August 95–December 96 Register: Cancer Colon cancer

Portugal Hospital

referral area

4.3 February 95–December 96 Register: Cancer Colon and stomach

cancer

Porto 2.3

Lisboa 2.0

Spain Hospital

referral area

6.5 January 95–August 97 Department: Clinical +

pathology

Colon cancer and

emergency ward patients

Basque Country 2.1

Navarra 0.5

Valencia 3.9

Sweden Population 5.4 September 95–August 97 Register: Cancer Population

Linköping 1.0

Lund 1.6

Umeå 0.9

Örebro/ Uppsala 1.9

United Kingdom

London

Cancer register

patients from

one eye clinic

Not relevant January 95–May 96 Department: Eye Person selected from

GP-list of the case

Total 37.2
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participation rate of 61%, and out of the 1272 identified
cancer controls, 1094 were interviewed, with a partici-
pation rate of 86%. Only 13 cases, 27 population
controls, and 86 cancer controls had surrogate inter-
views (Table 2).

Coding and data entry

The national study coordinator coded the jobs following
the International Classification of Occupations (ISCO),
from 1968 [27].Datawere entered locally using a common
data entry program in SPSS [28], and the filesweremerged
and checked at the University of Aarhus, Denmark.

Analysis

Occupational exposure to sunlight and artificial UV
radiation was assessed from a Job Exposure Matrix
(JEM) [21]. For each job, defined by the ISCO code,
probabilities were assigned for proportion of workers
exposed, frequency of exposure, and intensity of expo-
sure. An exposure index, called the ‘dose’, was calculated
as the product of these probabilities. For each person, a
cumulative dose was calculated as the product of dose
and length of employment for a given job, and summa-
rized across jobs held. Three cumulative dose levels were
used in the analysis: zero, <median, and ‡ median.
People were defined as belonging to a certain occupation
if they ever held one of the jobs defined by the ISCO codes
for more than six months. This implied that one person
could contribute data to more than one occupation.
The relative risks, RR, of developing uveal melanoma

in exposed persons compared with unexposed persons
were estimated by unconditional logistic regression
controlling for country, sex, and five-year birth cohort
using SAS version 8.2 [29]. The small UK data set was
merged with the German data. Sedentary work is a
known risk factor for colon cancer [30], and sedentary
work could be expected to be negatively associated with
sunlight exposure. We therefore made separate analyses
with population and colon cancer controls. The analysis
was repeated also with control for eye color, which gave
similar results [data not shown]. RRs are presented with
95% confidence intervals (95% CI).

Results

When the colon cancer controls were used in the
analysis, sunlight exposure was associated with a signif-
icantly increased risk of uveal melanoma, 51 obs
(RR¼ 1.91, 95% CI¼ 1.22–2.98), but with no trend by
cumulated dose (Table 3). However, exposure to sun- T
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light was not associated with an increased risk of eye
melanoma when the population controls were used in
the analysis, 63 obs (RR¼ 1.24, 95% CI¼ 0.88)1.74).
With these differences, confounding by sedentary work
could not be excluded when the colon cancer controls
were used in the analysis. Further analysis was therefore
restricted to data from the countries with population
controls. Exposure to artificial UV radiation was
associated with an increased risk of eye melanoma not
reaching statistical significance, 19 obs (RR¼ 1.56, 95%
CI¼ 0.91)2.66). The association was found in France,
as reported previously [21], but not in the other
countries 12 obs (RR¼ 1.08, 95% CI¼ 0.56)2.07).
Previous studies observed excessive risk of uveal

melanoma for a number of occupations. We tested
these associations in our data set with a negative
outcome for most occupations (Table 4). Cooks, how-
ever, had an excess risk, 18 obs (RR¼ 2.40, 95%
CI¼ 1.35–4.28). As part of the previous reports on
cooks came from national subsets of our data [21, 31,
32], we tested also the association excluding data from
France, Germany, and UK. Fourteen exposed cases
remained, giving a RR¼ 3.24, 95% CI¼ 1.58–6.62.
Service workers not otherwise specified had an excess
risk of uveal melanoma (RR¼ 1.43, 95% CI¼ 1.02–
2.00). Among the 66 exposed cases, 26 were cleaning
workers (RR¼ 2.15, 95% CI¼ 1.30–3.54); 16 were
housemaids (RR¼ 1.77, 95% CI¼ 0.94–3.31); and 12
were waiters (RR¼ 1.61, 95% CI¼ 0.84–3.09). The
association remained when France, where the associa-
tion was first found [21], was excluded, 45 obs
(RR¼ 2.06, 95% CI¼ 1.30–3.27). Male welders had an
excess risk, 15 obs (RR¼ 2.18, 95% CI¼ 1.18–4.04),
which, however, disappeared when data from France,
where the association was found previously [21], were
excluded, 8 obs (RR¼ 1.22, 95% CI¼ 0.54–2.73).
Thirty subjects had reported in the questionnaire that
they had worked with welding, giving a RR¼ 0.94, 95%
CI¼ 0.62–1.46. Increased risks close to statistical sig-
nificance, were seen for seamen and fishermen
(RR¼ 2.46, 95% CI¼ 0.94–6.41), and for female farm-
ers (RR¼ 1.84, 95% CI¼ 0.91–3.74).
A search was made for possible associations between

the remaining occupational groups and risk of uveal
melanoma (Table 5). Laundry and dry cleaning workers
had an excess risk, 10 obs (RR¼ 3.14, 95% CI¼ 1.44–
6.86), observed for both men and women. Five of the
cases also reported previous work in dry cleaning in the
questionnaire, 5 obs (RR¼ 5.08, 95%CI¼ 1.58–16.33).
However, none of the 10 cases had an ISCO code
specific for dry cleaning. An increased risk at the
borderline of statistical significance was found for
women in material handling and related occupations

(RR¼ 2.13, 95% CI¼ 0.99–4.60). The small group of
glass formers had an increased risk, 3 obs RR¼ 3.36,
which was not statistical significant (95% CI¼ 0.83–
13.59).
We tabulated the relative risks for uveal melanoma in

relation to the specific exposures recorded in the
questionnaire, but none of these were significantly
elevated (data not shown).

Discussion

Our study assessed the occupational risks of uveal
melanoma in 292 cases coming from nine European
countries. Using population controls, occupational
exposure to sunlight was overall not associated with
an increased risk. An excess risk for sunlight exposure
found with the colon cancer controls was attributed to
confounding factors. Risks associated with artificial UV
radiation and welding were found only in the French
part of the data. Previously reported excess risks for
cooks and service workers were confirmed in our study,
and the study furthermore pointed to an excess risk in
laundry workers.
It is a strength of the present study that all diagnoses

of cases were reviewed centrally. Out of the 342 cases
included in the analysis, 286 had a definite diagnosis of
uveal melanoma according to the reference pathologist.
The participation rate was high among the eligible cases
being 91%. The overall participation rate in population
controls was 61% varying from 54 to 57% in the
Northern part of Europe, Denmark, Sweden, and
Germany, from 74 to 76% in the Southern part of
Europe, Italy, and France. While almost all colon cancer
controls participated in Latvia, Spain, and Portugal,
where the interviews took place in hospitals, only 59%
of the Danish colon cancer controls participated.
In an Australian study, occupational sun exposure was

assessed from the number of hours per day spent outside
onweekdays at ages 10, 20, 30, and 40, respectively. It was
assessed also from the number of hours worked outside
throughout life. For men, both measures showed a dose
dependent risk of uveal melanoma increasing to RRs of
2.6 and 2.3, respectively, in the highest category. The risk
was not increased for similarly measured recreational sun
exposure neither was it increased for women [15].
Occupational sun exposure was assessed also in a

cohort of Swedish male construction workers. Work
predominantly outside was associated with an increased
risk of eye cancer (RR¼ 3.4, 95% CI¼ 1.1–10.5) [22].
A three fold risk of uveal melanoma was found in

sailors and fishermen in 11 western US states [19]. This
association has not been reported in other studies,
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neither was it seen in the two large proportional
mortality data sets from Washington State for 1950–
1979 [33], and from England and Wales for 1979–1980
and 1982–1990 [34]. In our study seamen and fishermen
had an increased risk at the borderline of statistical
significance. Excess risks of uveal melanoma have
previously been reported for farmers from Wisconsin
[16], British Columbia [17], Illinois [18], and Australia
in men but not in women [15]. We found an excess risk in
women, although statistically non-significant, but not
in men. Only one study previously reported no increase in
the risk for farmers [19]. Farmers had an excess risk of
eye cancer in the Washington State proportional mor-

tality data based on eight observed cases [33], but not in
the England and Wales proportional mortality data [34].
Railway workers had an excess risk of eye melanoma in
Montreal, Canada [35], and an excess risk of eye cancer
in both proportional mortality data sets [33, 34], obser-
vations not supported by our data.
The findings on sunlight exposure and risk of uveal

melanoma are thus inconsistent. However, exposure
measurement errors are probable given the uncertainties
with both JEM-assessments and self-reported data of hours
spent outside back to the age of ten. For specific occupa-
tional groups, a reporting bias in the literature favoring
positive findings is furthermore probable. Taking these

Table 3. Occupational exposure to sunlight light and artificial UV radiation as assessed by a Job Exposure Matrix and relative risks of uveal

melanoma

Exposure Population controls Colon cancer controls

Exposed

cases

Exposed

controls

RRa 95% CI Exposed

cases

Exposed

controls

RRa 95% CI

Sunlight

No 163 1531 1 68 705 1

Yes 63 518 1.24 0.88, 1.74 51 375 1.91 1.22, 2.98

Yes by dose

< median 40 307 1.34 0.90, 1.99 26 147 1.95 1.14, 3.36

‡ median 23 211 1.10 0.68, 1.79 25 228 1.86 1.06, 3.25

Yes by sex

Men 49 468 1.09 0.74, 1.62 38 302 1.71 1.00, 2.94

Women 14 50 1.83 0.94, 3.54 13 73 2.36 1.11, 5.02

Yes by country

Denmark 21 89 1.96 0.97, 3.94 21 66 2.15 1.07, 4.31

France 14 136 1.11 0.56, 2.20 – – – –

Germany and UK 14 153 1.28 0.64, 2.56 – – – –

Italy 4 67 1.16 0.35, 3.83 – – – –

Latvia – – – – 13 47 3.05 1.11, 8.43

Portugal – – – – 10 49 1.55 0.57, 4.20

Spain – – – – 7 213 1.13 0.41, 3.16

Sweden 10 73 0.78 0.35, 1.77 – – – –

Artificial uv Radiation

No 207 1897 1 113 1011 1

Yes 19 152 1.56 0.91, 2.66 6 69 0.60 0.22, 1.63

Yes by dose

< median 10 82 1.52 0.74, 3.12 3 30 0.46 0.10, 2.09

‡ median 9 70 1.60 0.76, 3.38 3 39 0.76 0.21, 2.73

Yes by sex

Men 17 149 1.47 0.84, 2.58 5 68 0.47 0.16, 1.41

Women 2 3 3.09 0.50, 19.02 1 1 8.11 0.49, 134

Yes by country

Denmark 5 14 1.88 0.62, 5.63 5 18 1.20 0.40, 3.62

France 7 24 4.45 1.17, 11.58 – – – –

Germany and UK 3 67 0.62 0.18, 2.10 – – – –

Italy 0 29 – – – – – –

Latvia – – – – 1 5 – –

Portugal – – – – 0 9 – –

Spain – – – – 0 37 – –

Sweden 4 18 1.71 0.49, 5.92

a RR adjusted for country, sex, and 5-year age group.
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reservations into account, the data on sun light exposure
and risk of uveal melanoma are at present equivocal.
Occupational exposure to artificial light had not been

assessed in previous studies and no association was
found in our study, except in the French part [21].
Welding turned out to be a risk factor in two of the large
US case-control studies [9, 19], but not in the third one
[11]. Arc welding fumes, metallic dust, iron compounds,
and mild steel dust were risks factor for eye melanoma in
Montreal, Canada [35]. An excess risk was seen for
welders in our study entirely explained by the French
cases [21]. Welders were not at an increased risk of eye
cancer in the two proportional mortality studies [33, 34].
There is overall some, but not consistent, evidence for
welding as a risk factor for uveal melanoma. Different
coding procedures may account for the inconsistencies,
as a worker practicing welding may be coded as a welder
in some settings, but may elsewhere be given another job
title, e.g., ship yard worker. Data have not been reported
on the small group of glass formers in earlier case-control
studies on uveal melanoma [8–11, 15, 35], nor have data
on eye cancer been reported in cohort studies on glass
workers [36–39], and glass workers did not show up with
excess risks of eye cancer in the proportional mortality
data [33, 34]. It is noteworthy, however, that glass
formers are exposed to intensive light.
Female kitchen hands from England and Wales have

previously been reported to have an excess risk of uveal
melanoma [20], and cooks had an excess risk in our
data, both in France [21], Germany [31, 32], and in the
other countries. Cooks did not come out as a risk group
in the proportional mortality data sets [33, 34].
Service workers had an excess risk of uveal melanoma

in our data. Waiters are included in this group. Cooks
and waiters are known to be at an excess risk of cancer
mostly due to alcohol and tobacco related diseases [40].
Alcohol was, however, not a risk factor for uveal
melanoma in our study; intake of beers gave 137 obs
(RR¼ 0.86, 95% CI¼ 0.63–1.18), and intake of wine
gave 164 obs (RR¼ 0.67, 95% CI¼ 0.48–0.93). Tobacco
was not a risk factor either, as current smokers had the
same risk as non-smokers, 77 obs (RR¼ 1.26, 95%
CI¼ 0.88–1.80). It is therefore unlikely that the excess
risk of uveal melanoma for cooks and service workers
was due to excess alcohol and tobacco consumption.
Among the service workers, cleaning workers were the
subgroup with the highest excess risk. Janitors had an
excess risk of eye cancer in the Washington State data
based on three observed cases [33], but not in the
England and Wales data [34].
An excess risk in laundry and dry-cleaning workers in

our study was most likely associated with laundry work
as none of the workers had specific dry-cleaning codes.

However, exposure to carbon tetrachloride and other
cleaning fluids was a risk factor for uveal melanoma in
11 western US states [19], and exposure to solvents was a
risk factor in Montreal, Canada [35]. Laundry and dry-
cleaning workers did not show up with excess risks in
the proportional mortality data [33, 34].
The finding of an excess risk of uveal melanoma in

cooks, first in France [21], then in Germany [31, 32], and
here in the remaining population control countries
Denmark, Italy and Sweden makes this an important
observation. It should be noted though, that no exposed
case occurred in Latvia, Portugal and Spain. The work
tasks of cooks, cleaners, and laundry workers include
elements of traditional female housework activities. One
could therefore expect women to have a higher incidence
of uveal melanoma than men, but the opposite is almost
universally true [2]. Carcinogenic agents explaining the
risks in cooks, cleaners and laundry workers should
therefore most likely be searched for outside the domain
of housework activities. It should be noted that cleaning
products for professional use contain more alkalis and
caustics than products for domestic use.
Associations between occupation and risk of uveal

melanoma have now been reported from several large
case-control studies [8–11, 15] and the present study,
each including between 200 and 400 cases. It is never-
theless apparent that the rarity of the disease implies
that only a few cases will be identified from the same
occupation in a given study, and it is therefore not
surprising that there has so far been limited consistency
in the findings across studies. However, the studies
together now comprise more than 1500 cases, and much
could be learned about the possibly occupational
etiology of uveal melanoma from a joint analysis of
these already collected data. We are in particular
interested in further elucidation of the excess risks
among cooks, cleaners, and laundry workers found in
the present study.
In conclusion, we found no association between

occupational sunlight exposure and risk of uveal mel-
anoma. The fact that this association was positive with
use of colon cancer controls underlines the need for
cautions in selection of controls. We observed excess
risks of uveal melanoma in cooks, cleaners, and laundry
workers. A comprehensive elucidation of occupational
risks for uveal melanoma requires a large data set, and
this could be obtained by merging existing studies.
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