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Assessing exposures in the investigation of occupational cancer 
is difficult because of the historical nature of exposures. Yet, 
misclassification of exposures can have a profound effect on the 
interpretation of risk. It is therefore important to reduce mis- 
classification as much as possible. In an effort to improve our 
ability to assess exposures, the European Concerted Action of 
Research has identified three areas which will be given the at- 
tention of researchers: elaboration of job-exposure matrices (JEMs), 
methods to build ad hoc and general questionnaires, and statis- 
tical issues. JEMs should be developed for specific industries after 
evaluation of individual worksites; improved by using standard- 
ized coding systems and by identifying level, probability, calendar 
time, etc.; and evaluated by comparing their performance with 
other methods of assessment. Questionnaires for specific expo- 
sures, methods to code information obtained from questionnaires 
to allow better evaluation of exposures, and quality control pro- 
cedures should be developed. In addition, evaluations of expo- 
sures using questionnaires should be compared to evaluations 
using JEMs. Statistical measures should be developed that eval- 
uate exposure assessment methods, including evaluations of ac- 
curacy, i.e., how well a method compares to the real exposure; 
evaluations with other methods; and determinations of whether 
a method is able to reproduce well-known relationships. Ways 
of analyzing epidemiologic data should also be developed in- 
cluding indices of cumulative exposure and the use of probability 
of exposure. HBmon, D.; Bouyer, J.; Berrino, F.; Brochard, P.; Glass, 
D.C.; Goldberg, M.; Krornhout, H.; Lynge, E.; Pannett, B.; Segnan, N.; 
Smit, HA.: Retrospective Evaluation of Occupational Exposures in Can- 
cer Epidemiology: A European Concerted Action of Research. Appl. 
Occup. Environ. Hyg. 6:541-546; 1991. 

Rationale and General Objectives 

Different estimates of the proportion of human cancers 
that can be attributed to occupational risk factors in in- 
dustrial countries have been calculated in the past 15 

years.(lP2) It is generally recognized that identified occu- 
pational carcinogenic exposures can be considered re- 
sponsible for no less than 4 percent of all human cancers 
in these countries, with proposed estimates ranging from 
4 to 25 percent. This figure applies to the total population, 
both sexes, and all cancer sites. Occupational risks factors 
may, therefore, play a still more important role if one 
considers specific cancer sites and the exposed individuals 

In the past, identification of occupational carcinogens 
generally resulted from the observation of clusters of cases 
arising in highly exposed groups of workers, followed by 
analytical studies. The great importance of occupational 
risk factors in the etiology of human cancers has led health 
authorities, occupational physicians, industrial hygienists, 
and scientists to look for more systematic approaches that 
could help to identify occupational cancer risks. 

Surveillance of cancer incidence and/or mortality rates 
in large groups of workers has been set up by industries 
in several Record linkage has been con- 
structed in the hope that studies correlating job informa- 
tion with death certificate and/or register data will give 
clues for etiological hyp0theses.(~-9) Finally, case-control 
studies involving various cancer sites and detailed occu- 
pational interviews have been performed to screen for 
u t h o w n  occupational carcinogenic hazards.('O) 

In these different contexts, epidemiologists face diffi- 
culties. Among the most common is the fact that workers 
are frequently exposed to several potentially carcinogenic 
occupational agents, simultaneously and/or sequentially, 
during their professional careers; moreover, these expo- 
sures were likely to have happened a long time ago (recall 
of 20 or 30 years is often needed) and frequently are not 
known by the workers themselves. Another problem is 

0nly.(3) 

APPL. UCCUP. ENVIRON. HYG. 6'16') . JUNE 1991 1047-32w/91/0606-541$2.~/6 0 1991 AIH 541 



that epidemiologists are now looking mainly for carcino- 
gens that do not have very strong effects, may be not 
specific, and are widely dispersed among the workforce 
with a downward trend in levels of exposure. 

Under these circumstances, the discovery of new car- 
cinogens implies large-scale studies (often multicentric and 
performed at an international level) where the problem 
of exposure assessment has become very crucial. Indeed, 
misclassification of an individual’s exposure status through 
lack of precision in qualitative and quantitative assessment 
can have dramatic effects on the power of epidemiologic 
studies. 

Efforts should be made to improve methods of mea- 
suring occupational exposures in epidemiologic investi- 
gation of cancer. The European Concerted Action of Re- 
search that is discussed here attempts to address three 
main topics: 

Elaboration of job-exposure matrices (JEMs). De- 
signed either for population-based, case-control stud- 
ies or for industry-based cohorts or case-control stud- 
ies within cohorts,JEMs are often the only way to perform 
very large-scale studies (based on record linkage using 
mortality or register data on large cohorts or involving 
large case-control studies). Improvements are needed 
to elaborate more specific JEMs, with a more precise 
estimation of exposure levels.(6J-’3) 
Methods to build ad hoc and general question- 
naires. An ad hoc questionnaire is the “classical” method 
for assessing specific exposures when a precise hy- 
pothesis exists; general questionnaires are more suited 
to detect new associations. Improvements could be 
made in the standardization and reproducibility of 
questionnaires(’*) and in the ways that experts in in- 
dustrial hygiene translate job histories into exposure 
histories.(15J6) 
Statistical issues. While elaborating on measurement 
tools, comparison of methods used to assess exposures 
is an absolute necessity to improve these t00ls.(’~-’9) 
Checking the validity of questionnaires or  JEMs against 
objective measurements(20) should be done whenever 
possible. Finally, methods of analyzing complex ex- 
posure data and evaluating the performances of epi- 
demiologic studies need to be improved. 

Job-Exposure Matrices 

Them concept was initially proposed by Hoar in 1983.(12) 
Since then, it has been the subject of many scientific de- 
bates. Recently, Kauppined6) reviewed some aspects of 
the JEM concept and its uses. 

A JEM may be defined as a cross-classification of a list 
of job titles with a list of agents to which persons carrying 
out the jobs may be exposed.(21) The elements of the ma- 
trix indicate the presence o r  absence of exposure within 
each job title, but additional elements may be incorpo- 
rated, e.g., indicators of the proportion of exposed persons 
and the level of exposure. The number and definition of 
the exposures and job titles vary across different JEMs. A 

general JEM covers all job titles in a nationwide classifi- 
cation of occupations. A specific matrix is restricted to a 
selected subset of job titles. 

The main function of a JEM is to provide information 
about the connections between exposures and diseases 
through the linkage of the job titles with the exposures in 
a systematic, unbiased way. From the work already per- 
formed by different teams, some methodological conclu- 
sions already emerge concerning the use of a JEM in 
epidemiology: 

The quality of the occupational histories is of crucial 
importance.(22) Exposure/odds ratio (OR) relation- 
ships are clearly dampened when the job held at a 
point in time is considered instead of the complete 
occupational hist0ry.(~3) 
Consideration of the total duration and level of ex- 
posure is also of i m p ~ r t a n c e . ( ~ , ~ ~ )  For instance, Kjuus 
observed that an exposure/OR relationship based on 
a score incorporating both duration and level of ex- 
posure was clearly steeper than when an “all or none” 
exposure status was u ~ e d . ( ~ 3 )  

*The probability of exposure for a given job should 
be considered rather than simple dichotomic in- 
formation.(2*) 
When using JEMs, as with other methods of evaluation 
of occupational exposures in the context of cohort 
studies, particular attention should be given to latency 
peri0ds.(6,~3) 
The job classification should be as precise as possible 
within the framework of the existing classification (3 
digits instead of only 2 in the frame of the International 
Labour Office code, for instance); however, the benefit 
gained from this extra precision has yet  to be 
evaluated.c23) 
The elaboration of JEMs in specific industries should 
allow a very precise analysis of job situation and should 
be encouragedj6) 
For the purpose of comparing results obtained in dif- 
ferent studies, the use of standard classifications for 
jobs, for industrial activities, and for exposures is 
necessary.(12) 

Only a very small number of studies have been per- 
formed that permit a rigorous evaluation of the perfor- 
mances of JEMs. Although the ones available are very in- 
formative, they only define a general framework in which 
further studies could be designed. Those studies should 
optimally: 

Compare the performances of a JEM and other meth- 
ods (including other JEMs) on the same sets of data. 
Take into account detailed and complete job history 
(including job, industrial activities, calendar period). 
Take into account the level and probability of expo- 
sure, the duration of exposure, and latency periods. 
Propose improved matrices for the general population 
and specific industries using large sets of data where 
case-by-case evaluations by experts have been performed. 
Use standardized codes for jobs, industrial activities, 
and exposures. 
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Questionnaires and ExDerts O R  and other measures of relative risk (RR).(37,38) Green- 

In occupational cancer, the latency periods may vary 
from 5 to 20 years or  more. Because of these long latency 
periods, it is necessary to have detailed occupational his- 
tories of persons enrolled in studies performed to detect 
occupational cancer risks. Information about the occupa- 
tional history of study subjects can sometimes be abstracted 
from existing documentary sources such as clinical rec- 
ords, census records, death certificates, and company rec- 

. ,  
land(39) has shown that the possibility of compensating 
misclassification of exposure by increase in sample size is, 
in fact, limited. 

It is therefore of importance that good methods of eval- 
uating occupational exposures should be available. It is 
also important to improve the indices which can be used 
to evaluate methods on the one hand and statistical meth- 
ods of analyzing data on the other. 

ords. Most often, however, these data are not available or Performance Indices 
only available for one company or  for a small subset of 
persons. There is a need for methods that can elicit in- 
formation on occupational history retrospectively. 

A usehl method could be the application of question- 
naires. Although this method requires the active partici- 
pation of study subjects (or their surrogates), question- 
naires are considered “powerful epidemiological tools 
because they permit collection from the individual of both 
relevant exposure information and confounding factors. 
This applies especially to their use in case-control ~tudies.”(~5) 

Some questionnaires are especially designed to evaluate 

Several techniques for estimating occupational expo- 
sures are used in epidemiological studies: questionnaires 
to workers o r  to plant supervisors, judgments of experts 
(chemists, occupational hygienists), and JEMs. 

An evaluation of the performances of these approaches 
can be carried out in several ways.(**) The first one is to 
evaluate the intrinsic quality of the measurement method, 
the second one is to compare various methods on the 
same data set, and the last one is to evaluate the capacity 
of a method to detect known relationships. 

job titles and/or type of industry. Data from these general intrinsic Qua/ify of the Measurement Method 
questionnaires can either be used as such, or  more specific 
information can be obtained subsequently by experts (case- 
by-case evaluation) or by application of JEMs. 

Other questionnaires are designed to evaluate (specific) 
exposures directly, either in broad categories or in detail 
for specific industries. These detailed questionnaires can 
be administered in conjunction with general question- 
naires; or  the detailed questionnaires may be administered 
after basic information on occupational histories has been 
collected by general questionnaires. 

The method of eliciting retrospective information on 
occupational history by means of questionnaires can be of 
crucial importance for the detection of occupational cancer 
risks. However, little is known of their performance in 
different fields of research, and it is only recently that a 
number of articles o n  this subject have been pub- 

In this context, the work performed in the framework 
of the European Concerted Action of Research endeavors 
to address some specific points: 

Elaboration of ad hoc questionnaires for some specific 
exposures. 
Elaboration of standardized coding procedures for the 
expert evaluation of information available on ad hoc 
and/or open questionnaires. 
Comparison of the performances of JEMs and ques- 
tionnaires on the same data sets. 
Elaboration of quality control methods that can be used 
operationally in the frame of case-control studies in 
the general population. 

lished,(15,16,22,26-36) 

The intrinsic quality of the measurement method is its 
ability to correctly quantify the real exposure. For dichot- 
omous exposure, the intrinsic quality of a measurement 
method is summarized by its sensitivity and specificity. If 
the prevalence of exposure is also known in the population 
considered, it is possible to determine the loss in power 
and the bias of the 0R(39,41,42) which are more relevant 
indices of performance from an operational epidemiologic 
point of view. 

For exposure with several levels or continuous expo- 
sure, there is no unique index of intrinsic quality of a 
measure. Very little work has been performed in this area.(*3) 
Frequently, a good correlation between exact and proxy 
measures is observed;(40) however, errors in measurement 
still exist, and magnitude and frequency are generally not 
quantified. 

Finally, the consequences of measurement errors on the 
ability to control for confounders and/or estimate inter- 
action between several risk factors have not been totally 
investigated.(I8) 

In order to evaluate the intrinsic performances of meth- 
ods, it is necessary to know the “exact” exposure mea- 
surement, or  at least the one considered the best at a given 
time. This is possible only in a very limited number of 
situations when one considers the problem of evaluating 
exposure integrated over long periods of time, e.g., in 
cancer epidemiology. For this reason, comparison be- 
tween methods will often be performed between proxy 
methods, while the search for objective markers of ex- 
posure over long periods of time continues. 

Theoretical and Statistical Aspects 
It is now well known that errors in the evaluation of 

exposures may have important negative effects in epide- 
miology, particularly concerning statistical inference on 

Comparison Between Methods 

If one of the two methods is considered as a reference, 
then indices evoked above can be used. Otherwise, mea- 
sures of agreement such as “kappa” are generally 
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This measure, however, is not the most relevant one in 
the frame of an epidemiological investigation. For such an 
investigation, it is relevant to compare OR and power cor- 
responding to the two methods (assuming that these meth- 
ods are combined with the appropriate statistical inference 
methods). 

Whatever the situation, it is of prime importance to com- 
pare methods on the same set of data. Several authors have 
evaluated the performance of methods in populations that 
were very different from the one for which they were 
elaborated, or  basic information has been used that was 
much poorer.(46) For instance, it is clear that good results 
cannot be expected from a JEM if the information available 
on jobs is poor in terms of precision or  completeness. It 
is also clear that no method will be able to reproduce well- 
known relationships between exposure and cancer risk in 
a population where this exposure is too rare. 

This is the reason why some authors compared methods 
on the same set of data.(40,42,47) This effort should be in- 
deed encouraged and will be developed in the context of 
the present program of research. This will allow evaluation 
of the respective merits of the two methods, definition of 
conditions under which they may be used, and identifi- 
cation of disagreements in order to improve both of them; 
e.g., comparison of expert evaluation and questionnaire 
may lead to improvement in the questionnaire and to op- 
timization of the expert 

Reproduction of Well-Known Relationships 

It is a minimal requirement that a method be able to 
reproduce well-known relationships, e.g., dose-re- 
~ponse (~3)  o r  dichotomous(48) relationships between ex- 
posures and cancer risks. 

e n ,  it is well known that the reproducibility of a known 
relationship is highly dependent on population, sampling 
scheme, information gathered, and the methods by which 
it was obtained. Reproduction of known relationships should 
therefore be considered as a very debatable way of com- 
paring methods. 

Elaboration of Statistical Tools 

The epidemiologic investigation of cancer risk related 
to occupational exposure also involves statistical problems 
in the treatment of data. A number of exposure variables 
may be used to characterize exposure to a given risk factor 
in the context of an epidemiological survey of cancer risk. 
Total duration of exposure, average level of exposure, and 
cumulative exposure are often considered. Also, age at first 
exposure and time elapsed since then can modulate the 
risk associated with a given exposure. 

As underlined by several a~thors , (~9-5~)  it is particularly 
important to consider the totality of the job history. Also, 
the different exposure parameters are tightly correlated 
together, and it is very difficult to separate theii influence 
on risk from epidemiological data.(’) The use of classical 
multivariate methods is of little help in this context. This 
is why some authors have proposed the adoption of an a 
priori model for risks(48) which can be combined with 

classical multivariate methods.(52) It is clear, however, that 
much remains to be done in this field. 

Usually, a JEM associates dichotomous exposure to a 
given job. As underlined by Ol~en,(~3)  this may lead to the 
obviously poor situation where all the subjects with a given 
job are classified a. exposed whereas only 10 percent of 
them were indeed exposed. More extensive information 
is available in a JEM if the frequency of exposure to specific 
occupational risk factors in a given job can be estimated 
from a set of case-by-case expert evaluations of job situa- 
tions (a posterio~ matrices). 

In addition to the imprecision which is intrinsic to JEMs, 
poor statistical treatment of the data may contribute to an 
even greater loss of power and/or bias in OR.(41,54) 

We propose to improve the statistical treatment of JEM 
data by taking into consideration explicitly the probabilistic 
nature of each cell in the matrix. This research effort, 
together with the improvement in the elaboration of mat- 
rices themselves, will lead to a better knowledge of the 
advantages or  disadvantages of the JEM approach. 

The general frame in which statistical inference prob- 
lems related to JEM methodology are embedded is the 
correction of misclassification using information obtained 
in extraneous surveys or in limited subsamples.(39) This 
category of problem ha. only been touched upon at the 
present time; for instance, few approaches have included 
adjustments for confounders. 

Conclusions 
Research in occupational epidemiology has developed 

considerably in the past 15 years. It has benefited from the 
large experience accumulated in this field in a very limited 
number of countries and research centers over the past 
century. However, it has also met methodological prob- 
lems which may be considered new in the sense that the 
very spread of occupational epidemiology has underlined 
the necessity of designing robust, standardized methods. 
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