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ABSTRACT The relation of occupation to the risk of testicular cancer was investigated in a case-
control study using data from the files of the South Thames Cancer Registry. Risks by age and
histology subdivisions of the tumour were investigated since there is epidemiological evidence of
differences in aetiology between these subdivisions but no previous systematic study of occupational
risks by age and histology. Analyses were conducted comparing 1605 cases of testicular cancer
incident in the region during 1958-77 with 7187 controls selected from other cancers incident in men
in the region during the same period. The greatest risks of testicular cancer overall were for
administrators and managers, sales workers, professional and allied workers, electrical workers, and
clerical workers; these occupations were generally also at high risk of subdivisions of the tumour age
and histology. Risk of testicular cancer overall and in each age and histology subgroup was greater in
men ofhigh than oflow occupation based social class. Occupations with high risk of testicular cancer
for their social class are of particular interest for further investigation of possible occupational risk
factors; occupations with this characteristic for testicular cancer overall or in subdivisions in the
present and some previous data are farmers, electrical workers, and paper and printing workers.

The incidence of testicular cancer in young men is
increasing in many "developed" populations'`3 but the
reasons for this increase remain unknown. Several
data sets show a raised risk of the tumour in profes-
sional and administrative workers,2"9 farmers or
subgroups of farmers,47-'4 and military men,'5 and
there have been unconfirmed reports of a raised risk in
various other groups.6"3'6 No specific occupational
carcinogens have been identified, however, and it is
not clear to what extent those occupational associa-
tions which have been found repeatedly are due to
possible occupational exposures or to possible lifestyle
or other associations of occupation. There is evidence
that testicular cancer has different epidemiological
characteristics in young men and in older men, and
that testicular cancers at these different ages should be
regarded as different aetiological entities.'7 18 No
studies of occupation and testicular cancer have
subdivided their data by age in this manner, however.
There is also evidence that for some variables risk of
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testicular cancer differs by histology,'9 but few data
have been published comparing risks by histology and
then for only two occupations.420 The present study
used 20 years of data from a population based cancer
registry to investigate the relation of occupation and
occupation based social class to risk of testicular
cancer, both overall and subdivided by age and by
histology.

Materials and methods

The South Thames Cancer Registry* was a population
based registry covering the population of the South
West and South East Thames Health Regions as well
as, before 1973, the Wessex Region. Completeness and
accuracy of registration appear generally to have been
high,2122 although some variations in quality have
probably occurred in collecting data over a long
period from a population of over six million. The
registry collected data on occupation and occupation
based social class of patients with cancer, coded
according to the Registrar General's classifications23:
the 1960 classification for data from 1958 to.1969 and

*Now superseded by the Thames Cancer Registry.
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the 1970 classification for data from 1970 to 1977. The
differences between these two classifications were
minor for occupation order (the only substantial
relevant change was the transfer ofthe occupation unit
boiler scalers from order XVII to order XVIII) and for
social class23 and were therefore ignored in the present
analyses. Certain occupation orders (II, III, IV, V, IX,
X, XI, XIV, and XVII) occurred rarely among the
study subjects and were therefore combined in the
analyses to form a single group designated below as
"other stated occupations."
Denominator data to calculate rates for the vari-

ables of interest were not available. Case-control
analyses were therefore conducted to assess the rela-
tion of these variables to risk of testicular cancer. The
case-control approach was preferred to a proportional
registration ratio (PRR) analysis because unlike PRR
analysis it is independent of the size of the auxiliary
causes-that is, non-testicular cancer-domain,24 and
because it avoids the bias that occurs in PRRs
calculated using all occupied men or all men as the
comparison, that the occupation of interest influences
both the observed and the expected values, and this
influence is greater for common than for rare occupa-
tions or classes-that is to say, PRRs for common
occupations and classes are biased towards 100 more
greatly than are PRRs for rare ones.
Data on all malignancies classified in the Inter-

national Classification of Diseases (ICD)25 as primary
testicular cancer (ICD7 178 from 1958 to 1967; ICD8
186 from 1968 to 1977) registered in residents of the
South Thames Cancer Registry area during 1958-77
were extracted from the computer files of the registry.
The controls for the study were selected in the
following manner from other cancers in men in the
same years of the registry files: a file was created
containing all cancers in men aged 15-19, a 50%
random sample of cancers in men aged 20-44, and a
10% random sample of cancers in men aged 45-74.
From this file two types of exclusion were made to
leave the controls for the study. Firstly, men with
cancers of the testis, other cancers of the genital
system, and cancers of unspecified primary site were
excluded. Secondly, for each three digit ICD site which
constituted more than 15% of the controls in any five
year age group, reductions in the number ofcancers of
that site included in the control group were made by
random sampling such that after the reductions in
each age group no individual cancer site constituted
more than 15% of the controls. The intention of this
reduction was to ensure that in each age group cases
were compared with a wide range ofcontrol diagnoses
rather than mainly with one or two control diagnoses
(such as Hodgkin's disease in young adults or lung
cancer in older adults).
The case and control groups thus constituted were

Swerdlow, Skeet
analysed as an unmatched case-control study with
stratification by age.2"28 The baseline group used for
calculation of relative risks was the largest group28: for
occupational analyses this was XXV professional,
technical workers, artists; for social class analyses it
was social class III. This method of analysis was used
to give relative risks for different occupations which
may be compared directly with each other; it should be
noted when examining the results, however, that it is
the comparative magnitudes of the risks thus cal-
culated that are of interest, but there is little impor-
tance in the absolute values of the relative risks
compared with 1 0 and the relations of the confidence
limits to 10 because the baseline group were not
"unexposed" (there can be no consistent unexposed
group in an investigation of the present type). Risks of
testicular cancer were analysed for the age groups 15-
44 and 45-74, as well as for age 15-74 overall. Risks
age 65-74 were also examined separately to seek
whether inclusion of these retired men in the above
analyses would lead to bias; since this examination did
not give evidence of bias (although based often on
small numbers), risks age 65-74 have not been presen-
ted separately here.

Results

Altogether 2250 cases of testicular cancer were regis-
tered in residents of the South Thames Cancer Regis-
try Region in 1958-77; their age and histology dis-
tribution is shown in the figure. Fifty four per cent of
the 191 1 tumours of known laterality were right sided
(54% of seminomas and 56% of teratomas; 59% age
15-24 years decreasing to 50% age 45-54 and around
50% thereafter) and under 1% were bilateral.
A total of 314 000 cancers of sites other than the

testis were registered in male residents of the region,
1958-77; 224 000 of these were in men aged 15-74, of
which 9834 were included in the control file for the
study. The commonest cancer sites among the controls
were bonchus (7 5% of the controls), larynx (6 6%),
brain (5 7%), urinary tract other than bladder (5 4%),
rectum (5 1%), oesophagus (4-6%), lymphosarcoma
(4 6%), pancreas (4 1 %), and cutaneous melanoma
(3 9%). Occupation was known for 1605 (75.2%)
cases and 7187 (73 1%) controls and social class for
1533 (71 8%) cases and 6855 (69 7%) controls. The
percentage known did not vary greatly between age
and histology subgroups of the cases, although it was
slightly higher age 45-74 than 15-44 and for teratoma
than seminoma.

Table I shows the relative risks of testicular cancer
by occupation order. For testicular cancer overall the
greatest risks were for XXIV administrators and
managers, XXII sales workers, XXV professional,
technical workers, and artists, VI electrical and elec-
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Occupational associations of testicular cancer in south east England

Seminoma (n=1159)
Teratomra (n= 844)
(including mixed teratoma-seminoma*)
Other (n=203)

Age group (yeors)
Age specific incidence rates of testicular cancer, by histology,
1958-77, South Thames Cancer Registry regions not
including 42 testicular cancers ofunknown histology, and two
seminomas ofunknown age, incident during the study period.

* Teratoma and mixed teratoma-seminoma were coded as one

in the registryfiles and could not therefore be analysed
separately.

tronic workers, and XXI clerical workers.
These occupations had a risk twice or more that in

the lowest risk occupations, and in general they were
also at high risk of subdivisions of the tumour by age
and histology. For two other occupations there was
notably high risk of particular subgroups of testicular
cancer, although based on small numbers ofcases: risk
was high for I farmers, foresters, and fishermen aged
45-74, and for XIII paper and printing workers aged
45-74 and for teratoma.

Testicular cancer was co.mmonest in higher social
classes (table 2), for ages 15-74 combined and for each
age group within this span. Risk for social class II

compared with other classes diminished with increas-
ing age but otherwise age did not appreciably affect the
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relation of risk to social class. Risk by social class did
not vary notably by histology.

Discussion

The use of routine data from a cancer registry has the
advantage of providing far larger numbers ofcases for
analysis of occupation and risk of testicular cancer
than have been available in ad hoc studies. This is
particularly of value for the examination of risks by
histology and age. Routine data have potential dis-
advantages-potential lower accuracy than data
obtained by interview, information available on most
recent occupation not lifetime occupational history, a
greater proportion of missing data than would be
expected at interview; however, the similarity of most
of the present results for those analyses previously
undertaken to the results of previous studies using a
range of different methods, discussed below, suggests
that these potential difficulties were not of important
effect in the present data and that potential control
biases too were not of importance.
The high risks of testicular cancer found in the

present data for administrators and managers, and
professional and allied workers, are also found in
England and Wales national registration data78 (and
OPCS unpublished data) and mortality data,9 and in
other material from England6 and the United
States,24 5 and are consonant with the high social class
of these occupations. The high risk of testicular cancer
overall in adults of high socioeconomic status or
education has been found in the present study and
most,2-582029 but not all,"7 previous studies, and has
been evident since 1921 in England and Wales mor-
tality data.3 Published histology specific data on
socioeconomic or educational status gradients of risk
of testicular cancer have been inconsistent: two studies
have found a gradient for seminoma but not clearly for
non-seminoma histologies,303' whereas Coldman et al
found no gradient for seminoma,32 and Ross et al
found a steeper gradient for embryonal carcinoma
than for seminoma.2 The present larger study suggests
that the social class gradient is not limited to a single
histological type of testicular cancer.

In mortality data for England and Wales the social
class gradient for testicular cancer has been found
generally greater at the young adult peak of the disease
than at older ages3 but this was not clearly the case in
the present material. Mortality data unlike incidence,
however, may be affected by class differences in case
fatality. Also, mortality data are potentially affected
by a coding artefact of little effect for incidence:
lymphomas of the testis, which are a relatively com-
mon histology at older but not younger ages, are coded
in the International Classification of Diseases25 to
lymphoma not to testicular cancer if the histology is
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Table I Age adjusted odds ratiosfor testicular cancer by occupation order, compared with order XXV-professional, technical
workers, and artists

Odds ratios by histology and age group

No of cases Seminoma Teratoma All testicular cancers
age 15-74

Occupation order in the order 15-44 45-74 15-74 15-44 45-74 15-74 15-44 45-74 15-74

I Farmers, foresters, fishermen 45 0-69 1 06 0 81 0 78 1 35 086 068 1 05 080
VI Electrical and electronic workers 73 096 1-09 099 0 80 1 15 0-82 092 1-22 098
VII Engineering and allied trades workers 182 0 70 0-75 0-72 0 70 0 93 0-72 0 71 0 77 0 72

nec
VIII Woodworkers 37 0 59 0 65 0 61 0-58 2-60 0-74 0 61 0-89 0-68
XII Food, drink, and tobacco workers 13 053 023 0-42 060 1-18 066 061 049 057
XIII Paper and printing workers 33 0-66 093 073 1 05 3 37 1 22 084 1 05 089
XV Construction workers 35 0-37 0 60 0 44 0 56 0 85 0 59 0-46 0-58 0 49t
XVI Painters and decorators 15 018t 0-78 0-44 0-56 0 53 0 55 0-33 0 61 0-45
XVIII Labourers nec 60 0-36t 0 48 0-40t 0 61 0-62 0 62 0 49 0 60 0 53t
XIX Transport and communications workers 162 0-74 092 0 79 0 77 1 36 0-83 0 75 095 0 80
XX Warehousemen, storekeepers, packers, 20 0-26 0 50 0 37 0 78 0 50 0 73 0-56 0-48 0-53

bottlers
XXI Clerical workers 176 094 0-78 0-89 093 1 79 1 01 0.96* 097 0.97*
XXII Sales workers 152 1.03* 0-88 0.98* 1.15* 0-57 1 09 1.06* 0-87 1.01*
XXIII Service, sport, and recreation workers 105 0 54 0 88 0-65 0 53 0 62 0 54 0 58 0 92 0 68
XXIV Administrators and managers 122 1-15* 081 1-04* 1-10 2 26 1.25* 1.09* 1 22 1.13*
XXV Professional, technical workers, artists 273 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00
XXVI Armed forces 60 0 40t 0 61 0-43t 0 41t 2-07 0-47t 0 40t 0-84 0-45t
11, III, IV,

V, IX, X,
Xi, XIV,
XVII Other stated occupations 42 0 29t 0-74 047 096 060 090 0 58 0-72 063

All occupations except XXV 1332 069 078 071 075 1 18 079 072 086 075

*The 95% confidence limits for this odds ratio are entirely above the point estimate of the relative risk for the aggregate of all occupations except
XXV for the same age and histology category.
tThe 95% confidence limits for this odds ratio are entirely below the point estimate of the relative risk for the aggregate of all occupations except
XXV for the same age and histology category.

stated but are coded to testicular cancer if the his- of testicular cancer in the present study and in most
tology is not stated; thus in mortality data, where England and Wales data sets79 (and OPCS unpub-
histology is frequently not stated, appreciable num- lished data). They share with administrators and
bers of lymphomas of the testis, the proportion professional workers that they often work in an indoor
varying by age, are likely to have been coded under the non-industrial environment and, with exceptions
rubric testicular cancer, whereas the present incidence mainly among sales workers, usually work seated.
data included few testicular cancers that were of Their social class is somewhat lower than that of
unknown histology and therefore potentially lym- professional and allied workers (who are largely I & II)
phomas. and administrators and managers (who are entirely

Sales workers and clerical workers were at high risk II); in 1971, 90% of clerical workers were of social

Table 2 Age adjusted odds ratios for testicular cancer by social class

All testicular cancers Teratoma Seminoma

Age group I 11 III IV V I II III IV V I II III IV V

15-24 1*00 1*36 0-95 0 47 0-67
25-34 1*00 1*29 1*02 0-72 0-68 1 00 1.44 1 09 0-79 0-65 1 00 1-25 0-92 0 51 0-48*
35-44 1-00 1-35 0-95 0-59 0.44*
45-54 1 00 0-98 0 91 0 70 0-53
55-64 1-00 099 1-08 1-14 068 1*00 0-88 1*09 056 0-45 1*00 074 0-76 0-69 043
65-74 1 00 0-64 0-63 043 048 J

15-74 1-00 1 23 0-97 0-67 0.58* 1-00 1-37 1-09 0-76 0-63 1-00 1-1 1 0-87 0 56 0.46*

No of
cases
age 15-74 124 345 827 159 78 45 130 343 57 29 73 186 425 84 37

*Linear trend in risk by social class significant at p < 005.

228 Swerdlow, Skeet
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Occupational associations of testicular cancer in south east England
class IIIN, and sales workers were mainly II (47%) and
IIIN (44%) (OPCS unpublished data).
Men in the armed forces, who had raised observed

to expected ratios for testicular cancer in some
previous routine data sets,'5 were not at high risk in the
present data. This occupation, however, is one where
biases are particularly likely to occur in routine data
sources because of tendencies to early retirement from
the occupation and for the occupation to be reported
even when it was not the last job held.9

Three mainly manual occupations-farmers, for-
esters, and fishermen (57% social class IV, 40% II
(OPCS unpublished data)), electrical and electronic
workers (97% IIIM) and paper and printing workers
(over 99% IIIM)-were at high risk of testicular
cancer at some or all ages, based on moderate or small
numbers in the present data but also on examination
of large numbers of cases in all ages England and
Wales data. In the available registration data for
England and Wales (from 1966 to 81) (and OPCS
unpublished data) there were PRRS greater than 100
for farmers, foresters, and fishermen (largely farmers,
less than 5% are foresters and fishermen (OPCS
unpublished data)) in all but two years, electrical and
electronic workers in all but one year, and paper and
printing workers in all years. The raised PRRs for
paper and printing workers, which do not appear to
have been noted previously, were particularly striking:
in all but two years the PRR was greater than 150. In
less extensive national mortality data9 SMRs were
greater than 100 for farmers, foresters, and fishermen
but not the other two occupation orders.
There is some evidence of raised risk for each of

these three occupations in data from other sources.
Farmers or subgroups of farmers have been found at
high risk of testicular cancer in several previous
studies4 '1'4 although not in all3"35; differences in the
type of farming in different studies may have con-
tributed to the differences in results. In two United
States data sources printing workers and electricians
had raised risk but based on very small numbers." " A
non-significant excess of testicular cancer has been
noted in a cohort of power station operators,36 and
printing workers were at raised risk in a case-control
study32 restricted to seminoma (and therefore likely to
include many older men). Printing workers have in
common with professional and office workers, who are
also at high risk of testicular cancer, exposure to
printing ink.
The raised risk of testicular cancer for farmers,

electrical workers, and paper and printing workers
compared with their social class suggests that possible
occupational risk factors for these groups may be
worth further investigation. These occupations had
another feature in common in the present data, which
although based on small numbers here and thus not of

substantial weight as evidence, is suggestive of a
direction for future investigation. Each had par-
ticularly high risk at older ages. If there are
occupational causes of testicular cancer one might
expect them to manifest particularly at older ages for
two reasons. Firstly, many of the patients with tes-
ticular cancer at the young age peak ofthe disease have
been in employment for few ifany years. Secondly, the
peak of testicular cancer incidence in young adults is
not the age distribution which would most obviously
be expected from an occupational cause (since men
usually continue working until age 60 or 65), whereas
the age distribution in older men (rising in incidence
with age) is compatible with a response to chronic
cumulative exposure to a carcinogen-for instance,
occupational.
For several occupations discussed in this study there

is evidence in the present and other material for an
association with testicular cancer. It is not yet clear,
however, to what extent if at all this reflects possible
occupational aetiological behaviours or exposures, or
behaviours or exposures outside work associated with
particular occupations. It would be of value in future
person based studies of testicular cancer aetiology to
include questions about exposures and behaviours
related to these occupations.

We thank DrM R Alderson for helpful comments on a
previous version of this paper and Miss D Alexander
for typing.
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