
j7ournal of Epidemiology and Community Health 1993; 47: 320-325

Case-control studies in cancer patients as a
surveillance system of occupational exposure in the
European Community

R J Rona, N A Taub, Siri Rasmussen

Abstract
Study Objective-The main aim was to detect
known relationships between lung and blood
cancers and various occupational exposures
(using job titles as proxies) using a case-
control design. The suitability of this system
for routine surveillance could then be
assessed.
Design-A case-control study was carried
out in 1989.
Setting-Hospitals in eight European Com-
munity countries.
Subjects-Men aged 25 to 75 years with inci-
dent and prevalent cancer of the lung (190
cases), haematopietic system (210 cases), or
gastrointestinal tract (245 controls) were
studied.
Measurements and main results-The crude
estimate of the overall odds ratio exposure
(OR) for relevant occupational exposure of
lung cancer relative to gastrointestinal can-
cer was 120 (95% confidence interval (CI)
0*82, 1.77). In a logistic regression analysis
adjusting for country, age at diagnosis,
smoking, and alcohol consumption, the over-
all OR was not greatly changed. A significant
interaction ofoccupational exposure and age
at diagnosis showed that lung cancer patients
diagnosed at a younger age had a higher OR
than patients diagnosed at an older age.
Thus, the overall, insignificant result may
have been due to a low reliability of occupa-
tional history in older age or to a selective
mechanism related to age. The overall OR for
occupational exposure of cancer of the blood
relative to gastrointestinal cancer was 0-88
(95% CI 0-60, 1-31). The logistic regression
analysis did not alter these results.
Conclusion-A surveillance based on a case-
control design using job titles would not be
sensitive enough to detect possible occupa-
tional risks.
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A collaborative European Community (EC) study
to develop a surveillance system to assess occupa-
tional and industrial risks based on case-control
studies in cancer patients was carried out between
1986 and 1990. An economical surveillance sys-
tem across EC countries would be helpful in
detecting occupational hazards, especially in less
common work activities or where the level of risk
may be very low.

In the first stage of the study a new ques-
tionnaire was developed and its acceptability,
repeatability, and validity of occupational

information was evaluated.' It was concluded that
the repeatability of industrial occupation informa-
tion was satisfactory for research purposes
(Kappa=77%). The second stage aimed to
determine the utility of case-control studies using
a standardised questionnaire in detecting occupa-
tional exposure related to cancer.

Doll and Peto,2 in their review of avoidable risks
of cancer in the US, emphasised the poor quality
and limitations of current data in estimating the
impact of occupational hazards on cancer deaths.
They recommended a case-control design.
Siemiatycki et a13 provided theoretical arguments
for case-control studies in this context. There are
two commonly used controls for this type of study,
community controls4 and patients with another
severe disease, for example another type of cancer
or chronic disease.5 In a surveillance system the
collection of information would be greatly helped
by selecting hospital controls. In an overview of
this subject, Smith et al6 concluded that this
design has the disadvantage of possible selection
bias but the advantages of minimising recall and
interview bias and of reducing costs. In this phase
ofthe study the "cases" were patients with cancers
known to have some relation to occupation; the
"controls" were patients with types of cancers
seldom associated with occupation. We wanted to
assess whether in common cancers for which
approximately 10 to 15% of cases can be ascribed
to industrial exposure2 the appropriate association
could be detected by a case-control study.

Methods and subjects
The study questionnaire was originally developed
for earlier stages of the study' and was revised to
reduce deficiencies that had become apparent.
The items included were the patient's age; marital
status; smoking behaviour (duration, number of
cigarettes a day, and details ofany recent change in
behaviour); alcohol consumption; occupational
and industrial history7; and the ICD-O coding of
their disease8 in terms of site, morphology,
behaviour, differentiation, and year of diagnosis.
The data on occupation relate to the total

number of jobs that the patient has performed and
to details of his most recent job, his previous job,
and any earlier job lasting at least 10 years. The
details requested are duration of job (in years), the
EC status group, and the industrial classification
for the 1981 census in Britain.7 The industrial
classification was based on a four digit classi-
fication; the first two digits give the class and the
composite four digit number gives the activity.
The questionnaire was administered to male

patients aged 25-75 years. The rationale for the
case-control design of the study was to ascertain
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whether such a design would be robust enough to
identify well established occupational hazards.
The suggested number of cases in each country
was 25 patients with lung cancer and 30 patients
with cancer of the haematopoietic system (non-
Hodgkin's lymphoma, Hodgkin's disease, or leu-
kaemia). The controls were 35 patients with
stomach, colon, or rectal cancer, diseases that
have rarely been reported to be related to an
occupational hazard.
The sample size for lung cancer cases was

estimated by assuming that 24% of the control
group would be exposed to occupations associated
with lung cancer (taken from the corresponding
rate among bladder cancer patients in previous
stages ofthe project). For a relative risk of2-0 to be
detected with an 80% chance with a two-sided test
at the 5% significance level, the minimum sample
required is 149 subjects in each group. If eight EC
countries take part in the study approximately 20
patients with lung cancer and 20 control patients
in each country will be required (25 patients in
each group will be required to allow for
adjustments such as smoking). The sample size for
patients with cancer of the haematopoietic system
was based on a 16% proportion of the control
group being exposed to occupations associated
with blood cancers, likewise estimated from the
rate in bladder cancer patients. A relative risk of
2-0 can be detected with a sample of 187 subjects
in each group as the minimum sample with an
80% chance in a two sided test at a 5% significance
level. If eight EC countries take part in the study,
25 patients with cancer ofthe blood and 25 control
patients (a total of 30 patients in each group to
allow for adjustments) will be required. The
decision to include lung cancer patients as cases
was taken despite the very strong relation between
this cancer and smoking behaviour, because ofthe
sheer number ofcases and the confirmation that in
industries known to be a hazard for lung cancer
this risk still persists.9
A review of the published reports was carried

out to identify the occupations that were currently
reported to be related to the diseases of the cases.
The occupations associated with lung cancer are
listed in table I, those associated with cancers of
the blood are listed in table II. The tables give the
occupation, coding, and relevant references. In

Occupation Coding References
Farmer* 0100 10
Mine worker* 2100 11, 12, 13
Steel worker* 2200 12, 14
Structural metal production 2210 15
Copper smelter 2246 16
Uranium mining, Non-ferrous ore
mining, Underground miners* 2300 12, 13, 16-18
Mining and milling of crocidolite 2396 19
Stone clay* 2400 20
Asbestos goods 2440 10, 17, 21, 22
Stone cutting 2450 13
Ceramic worker 2489 13
Chemical worker* 2500 23
Foundry worker 3111 13
Shipyard/dockyard 3610 24
Bakers and pastrycooks 4136 25
Printing worker 4754 26
Painters construction, plumbers and
electricians, concrete and asphalt
workerst 5000 16, 17
Railway worker* 7100 27, 28
Motor vehicle driver, tracking service* 7200 8, 29
Transport equipment operator* 7700 8
Cleaning services 9230 16
*These are occupation classes, ie include all occupations
starting with the two digits
tThis is a division class

Table II Associations between cancer of the haema-
topoietic system and occupation
Occupation Coding References

Leukaemia
Agriculture* 100 30
Manufacture of product of coal 1115 30
Petroleum products 2512 30, 31
Photographic material and chemicals 2591 31
Chemical co workers 2599 31
Manufacturing* 3100-3700 32
Tobacco manufacture 4290 30
Shoe-leather: (i) Leather goods 4420 31

(ii) Footwear 4510 31
Rubber worker 4812 31
Construction* 5000 32
Sales* 6400-6600 32
Utilities and communication* 7100-7900 32
Finance, insurance, and real estate* 8100-8300 32
Research* 9400 30

Hodgkin's disease
Farmers* 0100 33, 34
Fisherman* 0300 34
Cementer 2420 34
Glass 2478-2479 30, 35
Pottery 2489 35
Chemical processing 2500 35
Dyer 2516 34
Chemist sprayer 2551 35
Photography 2591 34
Spinning, weaving 4321 30
Leather worker 4410 34
Leather goods 4420 34
Woodmakers 4600 34, 36
Carpenter 4630 37
Plastic worker 4836 34

Non-Hodgkin's lymphoma
Agriculture* 0100 38
Forestry* 0200 33
Waterworks and supply* 1700 30
Manufacturing of non-metallic
products* 2400 30
Benzene 2512 34
Canning, preserving and processing
of fish etc. 4115-4150 33
Leather worker* 4400 34
Fencing work 4630 38

*These are occupation classes, ie include occupations starting
with the two digits

relation to lung cancer, we included only those
references that were based on data from indus-
trially developed countries and which quoted a
confidence interval for the estimated risk. With
regard to cancer of the blood, we relaxed the
requirement that the relevant report should quote
a confidence interval for the risk, since there are
fewer relevant papers on cancer of the blood than
on lung cancer. Proportional mortality ratio
studies were excluded. These can be misleading as
differences in mortality from other cancers may
influence the association between exposure and
the relevant disease.

In the statistical analyses, subjects were con-
sidered exposed to a high risk occupation if they
had worked in any of the relevant occupations for
at least three years (see tables I and II). Odds ratios
(ORs) were used to estimate the association of
occupational exposure with lung cancer and with
blood cancer, using gastrointestinal cancer
patients as controls. Where there are (a) exposed
cases, (b) unexposed cases, (c) exposed controls,
and (d) unexposed controls, the crude, unadjusted
estimate of the odds ratio is given by OR=ad.

bc
Confidence intervals were calculated using the

formula:

Var [loge(OR)]=1 +! + 1
a b c d

and the assumption that 1lge (OR) is normally
distributed. Logistic regression models39 were

Table I Significant
associations between lung
cancer and occupation
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developed to adjust for the suspected con-
founding variables: age at diagnosis, country,
amount of smoking, alcohol consumption, and
the dates of diagnosis and of interview (to distin-
guish between prevalent and incidence cases).
The variables for the analysis of lung cancer were
divided into groups of approximately equal size as
follows:
Age at diagnosis: 25-56 years, 57-61 years,

62-66 years, and 67 years or over;
Length between time of diagnosis and inter-

view: up to 36 months or more than 36 months;
Length of time smoking: 0 years, 1-34 years,

35-44 years and more than 44 years;
Cigarette consumption per day: 0, 1-19, 20-24,

and more than 24;
Alcohol consumption (g/week): 0, 1-120, 121-

299, and more than 299;
Age at time of survey: 25-56 years, 57-61 years,

62-66 years, and more than 66 years;
EC job status grouped into eight categories as a

proxy for socioeconomic group;
Which of the eight EC countries.

The exposure variable was divided into less than
36 months or at least 36 months in the relevant
high risk occupations.
The variables for the analysis of blood cancer

were divided in a similar manner except that for
age at diagnosis the classes were 21-49 years,
50-58 years, 59-64 years, and more than 64 years,
since patients with this cancer were younger than
for lung cancer.

Results
DESCRIPTION OF THE SAMPLE
Table III gives the distribution of patients in
relation to type of cancer and country after exclud-
ing 41 patients who did not satisfy the entry
criteria. The age distributions for patients with
lung cancer and gastrointestinal cancer were very
similar both between countries and between these
two types of cancer. Patients with cancer of the
blood were on average younger than patients in

Table III Distribution of patients in relation to mean (SD) age (years), type of cancer,
and country

Gastrointestinal
cancer Lung canzcer Blood cancer

Country No Meani (SD) No Mean (SD) N'o Mean (SSD)
Belgium 16 59 8 (10 1) 25 61-4 (7-4) 28 57-3 (10-9)
Denmark 33 59-8 (6-8) 21 60-9 (6 4) 25 50 1 (15 1)
France 35 61 1 (8 1) 24 59-5 (7-3) 25 44 0 (13 9)
Germany 35 58 9 (9 9) 25 61 1 (6-1) 27 53-5 (13 2)
Ireland 21 56 0 (13 3) 19 60 4 (8 9) 19 51 5 (14-5)
Italy 33 58-7 (7 4) 28 58-1 (8-1) 31 52-0 (11 9)
United Kingdom 36 62 2 (8-9) 25 60 9 (7 7) 31 57 2 (11 2)
Spain 36 61 4 (8 3) 23 64-8 (6 8) 24 55-6 (13 9)
Total 245 60 0 (9 0) 190 60-8 (7 5) 210 52 8 (13 4)

Table IV Mean (SD) numbers ofyears accounted for in the occupational history
explored in the study

Gastroi'ntesti'nal
cancer

Country No Mean (SD)

Belgium 16 34-4 (28 5)
Denmark 33 34-9 (8-4)
France 35 32 0 (11-3)
Germany 35 33 0 (9 9)
Ireland 21 31-4 (12 5)
Italy 33 38 8 (8 2)
United Kingdom 36 36 3 (10 8)
Spain 36 36-1 (10 4)
Total 245 34 8 (12 2)

Lung cancer Blood cancer

No Mean (SD) No Mean (SD)

25 36 5 (11 5) 28 36-6 (21 4)
21 36-5 (9 7) 25 27-4 (15 9)
24 28-9 (11-6) 25 20 4 (13 3)
25 379 (80) 27 26 1 (139)
19 28-8 (164) 19 28 1 (17 0)
28 36 6 (10 3) 31 30 7 (11-3)
25 34 0 (11 4) 31 33-2 (9 8)
23 43-2 (8 4) 24 34 3 (13 3)

190 35.5 (11-6) 210 29 8 (15 3)

the other two groups. In general, patients with
Hodgkin's disease were the youngest (mean age
46 8 years), while patients with lymphoma and
leukaemia had mean ages of 54 0 and 53 4 years
respectively. In terms of cancer site, the distribu-
tions of patients with a gastrointestinal tract
cancer were as follows: stomach (n=49), small
intestine (n=l), colon (n=102), and rectum or
rectosigmoid junction (n=77). Belgian patients
could not be included in the distributions by site
as they were given a diagnosis without further
classification according to site or morphology.
The types of cancer of the blood were:

lymphomas not otherwise specified or diffuse
(n=57), lymphomas (nodular or folicular)
(n=23), Burkitt's lymphoma (n=l), leukaemias
(n=55), reticulosarcoma (n=5), and Hodgkin's
disease (n=41).
Most patients were diagnosed in the last year of

the study. For gastrointestinal cancer 114
patients were diagnosed less than a year before
interview, 68 between one and three years before
interview, and 40 more than three years before
interview. Similar figures for lung cancer were
128, 11, and 19 respectively and for cancer of the
blood 84, 40, and 49 respectively. This informa-
tion was not available for 92 patients, most of
whom were from Belgium.
For each country in the study, both the length of

time smoking and the number of cigarettes
smoked were higher in patients with lung cancer
than in patients with gastrointestinal cancer or
cancer of the blood. When patients who smoked
pipes or cigars were included, only one patient in
the lung cancer group was a non-smoker. Smok-
ing was also highly prevalent in the group of
patients with cancer of the gastrointestinal tract.
Even in patients with cancer of the blood, the
observed percentage of non-smokers was low in
comparison with that often reported in the pop-
ulation.

Patients with lung cancer had on average a
higher level of alcohol intake than patients with
other types of cancer. The variation in alcohol
consumption between countries was very large,
ranging from 88 g per week in Britain to 328 g per
week in Germany.
Table IV gives the number of years accounted

for by the three jobs that patients were asked to
describe that is the last job, previous job, and
earlier jobs lasting more than 10 years. These
occupations together represented approximately
93% of the total time that patients had spent in
employment. On average, the jobs represented
approximately 35 years' work for patients with
gastrointestinal cancer or cancer of the lung and
30 years for patients with blood cancer. The SDs
were, however, very large, indicating that for some
patients the number of years in any employment
was low.

CASE-CONTROL ANALYSIS

Lung cancer (cases) and gastrointestinal tract cancer
(controls)
Table V gives the frequencies of cases and of
controls in relation to country and exposure
category. The overall unadjusted estimate of OR
for occupational exposure was not significantly
different from 1, OR=1-20 (95% CI 0-82, 1-77).
Although the unadjusted ORs varied widely in
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Table V Numbers occupationally exposed and unexposed for cases and controls in
relation to country for lung cancer (cases) and gastrointestinal tract cancer (controls)

Lung cancer Gastrointestinal tract cancer
Exposed Unexposed Exposed Unexposed
cases cases controls controls

Country a b c d Total Odds ratio

Belgium 6 19 6 10 41 0-53
Denmark 8 13 14 19 54 0 84
France 9 15 12 23 59 1 15
Germany 12 13 9 26 60 2-67
Ireland 9 10 10 11 40 0.99
Italy 15 13 14 19 61 1-57
United Kingdom 13 12 17 19 61 1-21
Spain 11 12 14 22 59 1-44
Overall 83 107 96 149 435 1-20

(95% CI 0-82, 1-77)

Table VI Logistic regression model for lung cancer and gastronintestinal cancer:
estimated coefficients, b of smoking behaviour

No b se(b) Odds ratio 95% CI
Time smoking (y):
Non-smokers 39 0.00 - 1-00 -

1-34 133 2-45 1-16 11-54 1-20, 111-67
35-44 129 2-93 1-16 18-70 1-94, 179-43
45+ 134 3-80 1-17 44 70 4-54, 440-68

Daily cigarette consumption:
Non-smokers 62 0 00 - 1-00 -

1-19 99 0 03 0 57 1-03 0 33, 3-16
20-24 123 0-61 0-56 1-84 061, 549
25+ 151 1-02 0-56 2-78 0 93, 8-26

individual countries, from 0 53 (Belgium) to 2-67
(Germany), none were significantly different from
1 (p>0 05).

Logistic regression analysis was carried out to
adjust the OR for the potentially confounding
variables, giving the estimate OR=0-99 (95% CI
0-63, 1-58). The only independent factors that
were significantly associated with case-control
status were: duration of smoking (p<0001),
cigarette consumption (p<0-01), and job status
(p<0 05) (table VI). Two-way interaction terms
between smoking and drinking were then included
in the model and retained, although their overall
significance was marginal (p=0 05).
The presence of any effect modifications was

now assessed by backwards stepwise deletion of
the interaction terms between each independent
factor and occupational exposure. The only factor
found to modify the association of high risk jobs
with lung cancer was the patient's age at diagnosis.
Although this effect is not highly significant
(p=0 03), a gradient where occupational exposure
seems to increase the risk for younger men but to
decrease the risk for older men was shown (table
VII).

Blood cancer (cases) and gastrointestinal tract cancer
(controls)
The overall unadjusted estimate of OR was not
significantly different from 1 (OR=0-88 (95% CI
0-60, 1 -31)). As with lung cancer, the variation in
unadjusted ORs in different countries was wide
but was not statistically significant (table VIII).

In the logistic regression analysis, adjustment
was made for the same set of potentially con-
founding variables as for the previous analysis of
lung cancer except for time smoking because this
variable would be strongly associated with age.

Table VII Logistic
regression model for lung
cancer and gastrointestinal
cancer: age specific odds
ratios of occupational
exposure

The only significant confounder in the model was
age at diagnosis (p<0-00 1) (table IX). Interaction
terms between smoking and drinking were then
included in the model, although they were not
significant (p>005).
The search for effect modification did not

identify any factor that interacted with occupa-
tional exposure.

Discussion
The time available for recruiting patients into the
study was only four months. Most countries
complied with the number ofpatients suggested in
the protocol. Although 41 patients had to be
excluded from the analysis because they did not
fulfil the protocol requirements, some departures
from the rules for age and diagnosis were per-
mitted. Thus, reticulosarcoma was included
within the definition of lymphoma. After exclud-
ing the patients that did not fulfil the
requirements, the number of patients for the
analysis was 90% of the target number.

In general, the percentage of non-smokers was
very low for all types of cancers, although, as
expected, patients with a lung cancer had higher
tobacco consumption levels. In terms of alcohol
intake, there were very large differences between
countries. There are several sources ofartefact: the
wide variation in alcohol content ofbeverages, the
variation between countries in terms of the size of
glass used commercially and in the home, and the
conversion of beverage consumption (as given in
the questionnaire) to that of total alcohol content.
We minimised the second and third types of
artefact by allowing for different sizes of glasses
and by standardising for alcohol content by
beverage.
The occupational history explored in this study

accounted for around 90% of the participants'
total time in employment. The reasons for
choosing lung and blood cancers as the case
diseases in the study were: (i) they were sufficiently
common, (ii) several reports of their relation with
occupation were available, and (iii) they had
contrasting characteristics. Lung cancer is a fairly
homogeneous entity characterised by short sur-
vival and it is strongly related to tobacco consump-
tion. Cancer of the blood consist of a very large
number of disorders, each of them low in
frequency and with a survival time that can be
large. A cure can be achieved for some of these
blood disorders, such as Hodgkin's disease.
The controls used in this study include both an

aggressive type of cancer, such as stomach cancer,
and a cancer with a fairly good survival such as
cancer of the colon. In general, the published
reports available have failed to find many occupa-
tions related to this type of cancer.
The results from the case-control analysis of

lung cancer and gastrointestinal cancer patients
indicated no overall risk as a result ofoccupational
exposure, which indicates that this type of design
is not sufficiently sensitive for a surveillance sys-
tem. There was a significant interaction between
occupational exposure and age at diagnosis; the
OR for the younger patients was higher than that
for the older patients. There are several possible
explanations-chance finding, artefact, a selective
factor, or a real difference due to some change in

Age (y) No Odds ratio 95% CI
22-56 132 1-76 0-73, 4-22
57-61 95 1-58 0-58, 4-30
62-66 126 0-73 0-29, 1-82
67+ 82 0-25 0-08, 0-78
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Table VIII Crude data for blood cancer (cases) and gastrointestinal tract cancers
(controls)

Exposed Unexposed Exposed Unexposed
cases cases controls controls

Country a b c d No Odds ratio

Belgium 10 18 7 9 44 0 71
Denmark 17 8 27 6 58 0 47
France 20 5 22 13 60 2 36
Germany 21 6 26 9 62 1 21
Ireland 18 1 15 6 40 7 20
Italy 13 18 10 23 64 1 66
United Kingdom 19 12 30 6 67 0.32
Spain 17 7 27 9 60 0 81

Overall 135 75 164 81 455 0-88
(9504) CI 0-60, 1-31)

rather low and, if implemented, it should include a
very large number of collaborating institutions in
each country. We fear that many of the true
associations will be missed because of the very
large number of occupations in modern societies.
One of the possible problems, as pointed out by
Siemiatycki et al,3 is that job title covers a group
of workers whose activities and exposures are
heterogenous. A risk may go undetected because
only a subgroup in a job title may have been
exposed to a carcinogen.

Age at
diagnzosis (y) No b se(b) Odds ratio 95% CI

<50 120 0 00 - 1-00 -

50-58 117 -1 23 0-29 0-29 0-16, 0-52
59-64 108 -1-81 0-31 0-16 0-09, 0-30
64+ 110 -1 47 0-31 023 0-13, 0-42

the nature of occupational exposure over time. It

seems that differential reliability and selection
over time are the most plausible explanations for
this finding. The differential reliability of occupa-
tional history (if it were shown in other studies)
would suggest that patients in this type of study be
restricted to a narrow age range, although this
would increase the difficulty of recruitment. This

may be a valid finding for lung cancer and should
not therefore affect the general design of sur-

veillance.
The case-control analysis of blood cancers and

gastrointestinal cancers did not show a significant
overall risk due to occupational exposure either.

The study has been helpful in identifying a

number of problems with this sort of surveillance

system. It was a great advantage that in this study
we could group together the many occupations
already known to be associated with a type of

cancer. In a full surveillance system of occupa-
tional exposure, however, each separate occupa-
tion will have to be tested for an association with a

disease. The diversity of occupations in the

modern world means that a very large number of

patients will be required.
In this study the control group was mixed and

would be expected to be a reasonable group to

choose for this purpose. However, there may be

two caveats. Some of these cancers are associated

with lower socioeconomic status groups and

would include a higher proportion of patients in

semiskilled and unskilled occupations than

would, say, cancers of the blood. We checked this

possibility by including EC job status (as a proxy
for socioeconomic background) in the logistic
modelling. In a surveillance programme there may
be an advantage in using an additional control

group which is not known to be associated with

social status.
The case-control study related to blood cancers

illustrated another possible limitation of this sort

of system. Patients with cancer of the blood are

younger than patients with other types of cancer.

We have adjusted for age in our analysis but other

characteristics that are more prevalent in younger
than in older patients, or vice versa, might have

escaped adjustment.
In conclusion, the study has shown that the

power of a surveillance system for occupational
exposure based on a case-control design would be
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