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ABSTRACT

This thesis reports the results of a prospective multi-

centred case-control study of mesothelioma carried out in

South Africa. The objectives of the study were:

1) to examine asbestos exposure of cases in detail with
respect to source, risk occupations, fibre type and
duration;

2) to determine relative risks for level (certainty) of
exposure (definite, probable, possible, unlikely), for
category of exposure (occupational, environmental), and
for fibre type and skin colour;

3) to determine whether cases without recall of exposure
were exposed to other non-asbestos putative agents;

4) to investigate the possible protective effect of certain

dietary components.

Previous studies of mesothelioma in South Africa had, with
the exception of one incidence study, focused on particular
occupational or case material, exposure data had been
gathered in a non-systematic way, often indirectly from
surrogates, and non-asbestos agents had not been
investigated. In this case-control study these issues are all
addressed. In addition, special efforts were made to minimise
potential sources of bias (e.g. interviewer bias) and so to

furnish reliable effect estimates.

The study incorporated the following methodological features:

1) a prospective approach to gather exposure and dietary
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2)

3)

4)

5)

6)

information directly from the cases and controls in life
and so avoid the use of surrogates for this information;
the study was multicentred with study teams established
in six cities, each with a major referral hospital, to
maximise nation-wide coverage;

information was gathered with interviewers blind (at
least at the beginning of the study) to study objectives
and case control status at the time of the interview;
rigorous pathologic review was used to establish the
diagnosis of mesothelioma;

two controls were selected for each case, a cancer and a
non-cancer patient matched for hospital, sex, age and
skin colour;

in analysis the case control datasets were treated
separately (i.e cases and cancer controls, and cases and
non-cancer controls were treated as two separate

datasets).

One hundred and twenty three cases were accepted into the

study. No case was documented with purely chrysotile

exposure nor exposure to a putative non-asbestos cause of the

tumour without some evidence of asbestos exposure. A minimum

of 22 cases (18%) had exclusively environmental exposure, 20

were from the NW Cape (a crocidolite mining region). Fifty

eight percent had occupational exposure, three of whom had

mined amosite. The relative risks associated environmental

exposure in the NW Cape were larger than for environmental

exposure in the NE Transvaal: 21.9 versus 7.1 for the cancer
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control dataset and 50.9 versus 12.0 for the medical control
dataset. Increasing consumption of carotene rich fruit was
found to be protective for mesothelioma when adjusted for
asbestos exposure.

The results confirm the high disease burden due to
occupational exposure, the importance of environmental
exposure in the crocidolite mining area of the NW Cape, the
relative paucity of cases linked to amosite, the rarity of
chrysotile cases, and are consistent with the view that there
is a fibre gradient in mesotheliomagenic potential for South
African asbestos with crocidolite > amosite > chrysotile. The
evidence for a protective effect of carotene rich fruit is

new in the South African context.
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TERMINOLOGY USED FOR REGIONS OF SOUTH AFRICA

The names of the provinces of South Africa were changed when
this thesis was in its final stages. For a number of reasons
the old regional terminology has been retained in the thesis.
The most important is familiarity with the old names, for
example the NE Transvaal asbestos fields bring to mind a
particular belt of asbestos deposits which are amosite at one
extreme and Transvaal crocidolite at the other. It would
have been confusing to rename the locations of the fields and
would have made reading the thesis difficult. Also the
location of some of the asbestos deposits occurred near new
provincial borders and it was not always clear into which new
province they now fell. Table 2.1 lists asbestos deposits by
magisterial district and region: these regions are the old
regions of South Africa and are not used in the sense of

provinces of South Africa.
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1.1 MESOTHELIOMA: DIAGNOSIS AND AETIOLOGY.

1.1.1 Introduction

Diffuse malignant mesothelioma (subsequently termed
mesothelioma) is a lethal tumour which arises from
mesothelial cells of the pleura, pericardium and peritoneum.
The condition is of particular importance in South Africa
because of the high rates of the disease in general [Zwi et
al., 1989] and in exposed communities in particular [Reid et
al., 19901, and because South Africa has mined, milled,
transported and used the three main commercial varieties of
asbestos for decades. Despite the local importance of this
tumour epidemiologic research has been limited in extent and
generally confined to mine workers, the NW Cape or series of
cases presenting to the National Centre for Occupational

Health (NCOH) Occupational Medicine clinic.

1.1.2 Diagnosis

The diagnosis of mesothelioma is difficult histologically
[McCaughey and Oldham, 1973] largely because of the
morphological variability of the tumour. Malignant
mesothelial cells are difficult to distinguish from benign
reactive mesothelial cells (the extent of invasion into
surrounding tissue is important) and may mimic other
neoplasms metastatic to the sites of mesothelioma.
Adenocarcinomas are especially important in this regard.
Procedures in which larger amounts of tissue are collected

are considered diagnostically superior, hence thoracotomy



and thoracoscopy are preferred to cytology and closed
pleural biopsy (e.g. Abrams needle biopsy) [Martensson,
1990], although protocols have been developed to improve
diagnostic accuracy when only pleural fluid and limited
biopsy material are available [Whitaker and Shilkin, 1984].
Immunohistochemical techniques have improved the diagnosis
of mesothelioma. Carcinoembrionic antigen (CEA) stains
positive in under 10% of all mesotheliomas compared to more
than 90% of adenocarcinomas of the lung (Brown et al., 1993;
Joglekar et al., 1991; Otis et al., 1987]. Anti CEA has been
found to be the best discriminating antibody for most types
of mesothelioma [Brown et al., 1993; Joglekar et al., 1991;
Otis et al, 1987]. Electron microscopy can be used very
successfully to distinguish malignant mesothelial cells from
adenocarcinomas but is of little value in separating
malignant from benign reactive mesothelial cells [Whitaker
and Shilkin, 1984].

The diagnostic difficulty was one factor which lead to a
panel of pathologists being formed to examine the diagnosis
of mesothelioma in South Africa. This Panel, called the
South African Asbestos Tumour Reference Panel was formed in
the mid-1960’s and disbanded in early 1993, partly because
of affordability and partly because of a perception that the
effort in sustaining the Panel and the register was not
justified by subsequent data usage. The Panel reviewed
tissue submitted to it and cases considered definite or
probable mesothelioma were added to a mesothelioma register

maintained by the Pathology Department of the National



Centre for Occupational Health (NCOH) in Johannesburg.

1.1.3 Aetiology: asbestos fibre type

Once Wagner, Sleggs and Marchand [1960] had provided a case
for the link between mesothelioma and asbestos exposure the
disease was extensively investigated and many hundreds of
papers have been published. Nevertheless, important
questions about mesothelioma remain partially answered.
Among them is the aetiology of this tumour.

The association with asbestos exposure is indisputable. The
capacity for the different asbestos fibre types to cause
mesothelioma in exposed individuals is less clear. A large
body of evidence suggests that amphiboles are much more
potent mesothelial carcinogens in humans than is chrysotile
[Acheson et al., 1982; Berry, 1986; Mcdonald et al., 1982;
Mossman, 1990; Wagner, 1986] and that crocidolite (blue
asbestos) is more potent than amosite (brown

asbestos) [Mcdonald et al., 1982; Churg and Wiggs, 1984;
Gibbs et al., 1989; Sluis-Cremer et al., 1992].

The role of chrysotile (white asbestos) is controversial.
The mining and milling of Canadian chrysotile is associated
with a risk of mesothelioma [Churg et al., 1984a)l and animal
experiments have shown convincingly that all the major
asbestos varieties including chrysotile can produce the
cancer [Wagner et al., 1973]. Nevertheless, the causal
association between chrysotile exposure and mesothelioma in
humans is not established because certain chrysotile ores

contain a small proportion of the amphibole tremolite and



this fibre has been found in the lungs of chrysotile miners
[Pooley, 1976]. It has been shown to cause mesothelioma in
rats [Wagner et al., 19821 and has been implicated as the
causative agent of mesothelioma in workers exposed to
vermiculite contaminated with tremolite [Mcdonald et al.,
1986]. It has been suggested, therefore, that the fibrous
tremolite rather than the chrysotile itself, may be
responsible for the disease in the majority, if not all, of
the chrysotile exposed cases [Churg and Wiggs, 1984]. Elmes
[1994] has summarised the mesothelioma risk from chrysotile
by writing "that it may be possible to mine chrysotile ore
containing less than a certain amount of fibrous tremolite
without any risk of mesothelioma. This may already be
happening. Such ’clean’ chrysotile should carry no risk to
the user or general public provided current safety
procedures are enforced".

This low risk of chrysotile, an exclusively amphibole
theorey of mesothelioma causation is one end of the spectrum
of opinions, is disputed by Mancuso [1988], Nicholson et al.
[1990] and others, and by the findings of some studies of
chrysotile exposed workers. Mancuso [1988] found that
mesothelioma accounted for almost 10% of deaths in a cohort
of railroad machinists exposed to chrysotile. The cohort was
probably exposed to crocidolite as well as chrysotile [Churg
and Green, 1990] which limits the value of the study.
Nicholson and colleagues [1990] argue that the risk of
mesothelioma per fibre exposure in three studies where it

can be estimated directly from exposure and incidence data,



is identical for exposures to 98% chrysotile plus 2%
crocidolite, 60% chrysotile plus 40% amosite, and 100%
amosite, respectively. They add that in other studies where
the risk cannot be estimated directly, the ratio of the
number of mesotheliomas to excess lung cancers is the same
for exposures to predominantly chrysotile, to 100% amosite,
and to mixtures of chrysotile, amosite and crocidolite,
within the uncertainties of the estimation. Supporting this
view of a greater risk of mesothelioma following chrysotile
exposure are reports of mesothelioma in cases whose lungs
contain chrysotile but no amphiboles [Langer and McCaughey,
1982; Moringa et al., 1989; Maltoni, et al., 1990; Rogers et
al., 1991]. A number of recently published studies of almost
exclusively chrysotile exposed workers have shown high risks
of mesothelioma. Raffn and colleagues [1992] reported on 269
men heavily exposed to asbestos and almost exclusively to
chrysotile. The relative risk for mesothelioma was 22.73 for
workers who had been employed at the facility for 20 or more
vyears. Chrysotile cannot be dismissed as a cause of
mesothelioma, and, given the very large number of
individuals exposed to this agent, in mixtures or alone, it

remains an important issue.



1.1.4 Aetiology: asbestos fibre type in South African

cases

The relative contribution each variety of asbestos makes to
the case load of mesothelioma in South Africa is not well
established, although Cape blue (crocidolite from the NW
Cape) is responsible for the great majority of cases in
which fibre type is known. Webster [1973] examined the
exposure history in 232 cases of pleural mesothelioma
confirmed by the Panel: in 78 exposure was exclusively in
mining and related activity. Seventy five of these cases
(96%) had worked on crocidolite asbestos mines of the NW
Cape; 2 or 3 had had amosite exposure (Penge mine) and one
probably had exposure to Transvaal blue only. The author
notes that the production of amosite far exceeded that of
blue asbestos prior to the study and that under-
ascertainment of cases from the NE Transvaal region
sufficient to explain the findings was unlikely. A minor
limitation of the study was that in 22 cases (9%) an
exposure history was missing.

Data that amosite is less dangerous than crocidolite as far
as mesothelioma is concerned have been presented by Sluis-
Cremer et al. [1992]. A cohort was established in 1981 of
7317 white employees in the amosite and crocidolite mines in
South Africa whose names had appeared in the personnel
records of the major companies. Miners employed only on
Transvaal crocidolite mines were not included in the cohort.
Three sub-cohorts were defined: 3212 men whose only asbestos

exposure was to amosite, 3430 exposed to crocidolite and 675



to both amphiboles. Vital status and causes of death were
established from Medical Bureau for Occupational Disease
files and from death certificates. Loses to follow-up
numbered 167 (2%) and there had been 1225 deaths, 30 of
which were attributed to mesothelioma on "best available
evidence". Twenty were in crocidolite miners, 4 in amosite
miners and 6 had had exposure to mixed asbestos. A group of
90 men had been exposed to Transvaal crocidolite as well as
to amosite. Two of these men died of mesothelioma, thus 6.7%
of mesothelioma deaths occurred in this small group
comprising 1.2% of the cohort. The incidence per 100 000
subject-years was 7.8 and 44.6 for amosite and crocidolite
miners respectively and the proportional mortality ratio in
men followed from 20 years after first employment was 1.7%
and 11.9% respectively. The authors’ conclusion that there
can now be no question that crocidolite is far more
dangerous than amosite as far as mesothelioma is concerned
appears justified since fibre concentrations were roughly
similar in the two types of asbestos mines.

Mesothelioma cases from South African chrysotile mines have
not been recorded [Wagner, 1986]. This statement is
supported by the Panel’s mesothelioma register which
contains over 2000 cases, none with a history of asbestos
exposure exclusively on a chrysotile mine either in South
Africa or Swaziland [Personal communication: Webster I,
Pathology Department NCOH, 1993]. It should be noted that an
exposure history is not recorded in about 50% of these cases

[NCOH Annual Report, 1990] thus reducing the significance of



these data. The lack of cases cannot be explained adequately
by the small number of workers employed in chrysotile mines:
from the 1930’s to mid 1980 roughly 1000 to 2000 workers
were employed in chrysotile mining at any one time (Personal
communication, du Toit NCOH, 1991 RAT 16.27). Cullen and
Baloyi [1991] described four cases of probable mesothelioma
attributed to chrysotile exposure on Zimbabwean chrysotile
mines but either the diagnosis (chest radiographs only in
two cases) or the exposure (fitter and turner with likely
asbestos exposure elsewhere in a third, and a manager for
less than two years in the fourth) can be questioned in each
case. There are suggestive data that Southern African
chrysotile contains relatively little tremolite [Rees et
al., 1992} which may be an explanation for the paucity of
chrysotile cases in the region. These data are preliminary
as they are based largely on a small study of lung fibre
content of four ex-miners with asbestos related disease and
asbestos mining exposure exclusively in chrysotile mines.
Confirmatory studies are required.

The studies cited above provide convincing evidence that the
risk of developing mesothelioma is determined, in part, by
the nature of the asbestos fibre. These studies and other
South African investigations have, however, not
satisfactorily determined the relative contribution of each
fibre type to the total case load. This is due to missing or
incomplete exposure data [Webster, 1973; Zwi et al., 1989;
NCOH Annual Report, 1990] or selection bias because referral

into the case series was primarily for workers’ compensation



claims and thus favoured occupationally exposed subjects and
underrepresented miners and those living around mines
[Solomons, 1984]. Other investigations of the tumour have
been restricted to a single geographic region, namely the NW
Cape [Talent et al., 1980; Botha et al., 1986; Reid et al.,
1990])] or to selected occupational cohorts [Sluis-Cremer et
al., 1992).

A study to estimate the relative contributions of the
various fibre types to the mesothelioma case load in South
africa would thus provide missing information and was one

question this thesis aimed to investigate.

1.1.5 Aetiology: the extent of asbestos exposure in South
African cases

Despite the importance of the disease in South Africa the
proportion of local cases with known asbestos exposure and
the nature of this exposure are uncertain. Cochrane and
Webster [1978] found exposure in 69 of 70 cases referred to
the NCOH Clinic and Solomons [1984] 75 of 80 but these cases
were probably unrepresentative of South African cases as
individuals with exposure, and occupational exposure in
particular, were probably selected for referral
preferentially so that compensation claims could be
submitted by the Clinic. The Panel’s national mesothelioma
register provides exposure information but the data are
limited as about half of the cases have either no available
history or no known exposure [NCOH Annual Report, 1990]. The

only incidence study in South Africa relied on medical
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records and other documents and there was no exposure
information in 33% of cases and a further 10% had no known
contact with asbestos [Zwi et al., 1989]. The proportion of
cases with exclusively environmental exposure was 14% for
the register cases [NCOH Annual Report, 1990]; 10% in males
and 35% in females in the incidence study [2Zwi et al., 1989]
and 9% in the Clinic series comprising 73 men and 7 women
[Solomons, 1984]. The contribution of domestic and para-
occupational contact was not established. Methodological
problems such as incomplete exposure information or
misrepresentation of the study base reduce confidence in
these data and limit the investigation of issues such as
duration and likely intensity of exposure and risk

occupations.

In summary, South African studies of mesothelioma have
provided important information but no study has attempted to
investigate the details of asbestos exposure in a
standardised way in cases restricted neither geographically
nor by exposure experience. Thus incomplete exposure
information or under- representation of exposure categories
has reduced the available data on the importance of various
fibre types, the identification of risk occupations and an
examination of duration and type (e.qg.
environmental/occupational) of asbestos exposure in cases.

This thesis aimed to provide data on these issues.

1.1.6 Aetiology: putative causes and a background rate

11



Asbestos is not the only cause of mesothelioma. Natural
fibrous zeolites, particularly erionite, are found in
certain villages in Turkey and in the absence of asbestos
exposure, villagers have a very high incidence of
mesothelioma [Baris et al., 1987]. Erionite fibres have been
shown to cause mesothelioma in rats [Wagner et al., 1985].
The evidence for non-fibrous causes of mesothelioma is less
convincing. Ionising radiation is probably the strongest
candidate [Antman et al., 1983; Beier et al., 1984; Anderson
et al., 1985] but the putative agents include chronic
inflammation (Hillerdal and Berg, 1985] and a variety of
chemical agents. Pelnar [1983, 1988] reviewed the literature
and listed ionising radiation, chronic irritation (e.g.
following infections such as pleural tuberculosis), heavy
metals (beryllium and nickel), a variety of chemicals and
sugar cane as possibilities. Peterson and colleagues [1984]
suggest radiation, minerals {(nickel, silica dust and
beryllium), man made mineral fibres (MMMF), organic
chemicals, viruses and chronic inflammation. The
mesothelioma risk from MMMF is unconvincing [Brown et al.,
1991] and recent studies of sugar cane have not confirmed
its association with the tumour [Brooks et al., 1992]
despite the presence of fine biogenic silica fibres in the
cane [Newman, 1986]. The case for mesothelioma arising only
following exposure to fibres was summarised by Davies [1988]
while Ilgren and Wagner [1991] have reviewed the evidence
supporting a background incidence. Support for non-asbestos

causes and a background rate for the tumour centre on the
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consistent finding of an absent exposure history in a
proportion of cases; usually 10%-20% [Solomons, 1984; van
Gelder et al., 1989] but frequently higher. Ratzer et al.
[1967] obtained a positive history in only 13% and Chiappino
and colleagues [1985] 23%. Of course absent exposure may be
explained by poor recall or knowledge of exposure,
particularly if this occurred in childhood or to low doses
of fibre. Analysis of lung fibre loads have not provided the
answer as some cases without reported exposure have a lung
fibre content higher than those with reported exposure and
other cases have loads overlapping with controls without the
disease or known exposure [Gibbs et al., 1989; Mowe et al.,
1984; Mowe et al., 1985; Churg et al., 1984a]. Consequently,
whether the tumour can arise in the absence of exposure to
fibres is difficult to answer even with data from lung
mineralogy studies, particularly since the composition,
morphology, size distribution [Stanton and Wrench, 1972;
Stanton et al., 1981], durability, residence time and
location of fibres may all be factors related to
carcinogenesis as are the biologic characteristics of
exposed individuals.

The issue of a background rate may be relatively unimportant
in South Africa as mining and related activity has exposed
whole communities. The background rate, if it exists, may
thus be overwhelmed by the vast proportion of cases with
exposure. This thesis intended to explore this issue by a
detailed examination of exposure to asbestos and other

putative causes using an exposure questionnaire administered

13



to cases themselves. It would thus be the first study in
South Africa which aimed to collect exposure data
prospectively (i.e. in-life from the subjects) from a
representative set of cases so that the role of non-asbestos

agents could be examined.
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1.2 CONFOUNDING OR EFFECT MODIFYING VARIABLES.

A confounder is an extraneous variable that is a risk factor
for the study disease (in subjects unexposed to the study
exposure) and is associated with the study exposure but must
not be an intermediate step in the causal path between
exposure and the disease [Rothman, 1986]. A confounder’s
association with the disease can be noncausal if it results
from the confounder’s association with causal factors other
than the study exposure [Schlesselman, 1982].

The definitions above suggest that confounding may not be an
important bias in measuring the association between asbestos
and mesothelioma due to the extreme degree of specificity
between the fibre and the tumour. If one accepts that
asbestos and erionite are the only causes of mesothelioma
then no risk factors satisfy the requirements for
confounding the association between asbestos exposure and
mesothelioma. Erionite 1is restricted to specific localities
so asbestos is the only established cause of the disease in
South Africa; increasing age is associated with increasing
incidence of the tumour but only in asbestos exposed
individuals. Tobacco smoking has no influence on mesothelial
carcinogenesis [Rogers et al., 1991]. Nevertheless,
confounding could occur in a particular dataset if a
background rate exists for the tumour or if one was
"created" through underascertainment of asbestos exposure in
cases because of inadequate exposure assessment. In either

instance a proportion of the cases would not be associated
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with asbestos exposure. A variable extraneous to the
association between asbestos exposure and mesothelioma which
was a risk factor for mesothelioma in cases not exposed to
asbestos could thus be present in a dataset.

Asbestos exposure may be a confounder in the examination of
putative causes of the tumour and in the examination of
factors such as diet and skin colour, if these factors are

linked to asbestos exposure.

Effect modification is possible, in theory, particularly
since only a relatively small proportion of asbestos exposed
individuals develop the tumour. One explanation for this is

that a factor modifies the effect of exposure.

1.2.1 Diet and mesothelioma

The role in carcinogenesis of dietary factors, which may be
protective (e.g. beta-carotene) or promote tumorigenesis
(e.g. fats for colon cancer), has been the subject of
numerous investigations. There is a need for the further
elucidation of the role of dietary factors in carcinogenesis
[Freudenheim and Graham, 1989]. Mesothelioma has not been
exempt from this interest in diet and cancer. Schiffman and
co-workers [1988] reported lower consumption in mesothelioma
cases than controls of homegrown produce, cruciferous
vegetables, all vegetables combined and estimated usual
carotene intake. A reduction in risk with increasing
consumption of vegetables, especially cruciferous

vegetables, was found also. They postulated a protective
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effect of some vegetable related constituent.

1.2.2 Skin colour and mesothelioma

Skin colour is associated with mesothelioma rates. For
example, Zwi et al. [1987] found white South Africans to
have the highest incidence rates followed by those of mixed
race and then black South Africans. Spirtas and colleagues
(1986) found higher rates of the tumour in white than in
black Americans. It is likely that differential access to
health care and related factors account for these
differences [Zwi et al., 1987] but a comparison of skin

colour-specific risks would clarify the role of this factor.

The large number of cases of mesothelioma diagnosed in South
Africa and thus available to provide a dietary history, and
the diversity of South African society suggest that this
country would be suitable for the investigation of diet,

skin colour and mesothelioma.
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1.3 CASE-CONTROL STUDIES.

1.3.1 Asbestos exposure

Mesothelioma has a number of characteristics which make the
epidemiologic study of its causes and the investigation of
the details of past exposure of cases problematic. It is
rare (except in certain high risk groups [Reid et al.,
1990]), has a long latent period between first exposure and
disease and is rapidly lethal [Solomons, 1984]. The long
latency reduces the availability of high quality exposure
records and rarity and short survival makes it difficult to
accumulate satisfactory numbers of cases for personal
exposure interviews. An additional factor is that the
exposure of major interest (asbestos) is present in a large
variety of workplaces and dwellings and has been used in
thousands of products. In mining regions it is a pollutant
around mines, mills and transport routes. Exposure,
therefore, can occur from birth to death and occupational or
employment histories provide incomplete exposure profiles.
The case-control study design is appropriate for rare
diseases and consequently is not unusual in the study of
mesothelioma; the earliest such investigation was conducted
in the 1960’s [Newhouse and Thompson, 1965] soon after the
link between asbestos and mesothelioma was shown in
descriptive studies. These studies were successful in
establishing the strong association between asbestos and
mesothelioma but for the most part, because of the factors

discussed, have suffered from relatively poor exposure data.
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In many studies the details of exposure were obtained not
from the cases themselves but from proxy informants such as
spouses, relatives, neighbours or friends [Newhouse and
Thompson, 1965; McDonald et al., 1970; McEwen et al., 1970;
Rubino et al., 1972; McDonald and McDonald, 1973; McDonald
et al., 1980; Chiappino et al., 1985]. Others relied on, or
supplemented these data with, employer, death certificate,
insurance, compensation or other documentation [Ashcroft,
1973; Zielhuis et al., 1975; Teta et al, 1983; Berry, 1983;
Mowe et al., 1984; Mowe et al., 1985; Schenker et al., 1986;
Cicioni et al., 1991]. Lung fibre loads contributed to
exposure data in some [Ashcroft, 1973; Berry, 1983; Mowe et
al., 1985; McDonald et al., 1982; Rogers et al., 1991; Tuomi
et al., 1991)]. In a few investigations the minority of cases
and controls were interviewed in life to obtain exposure
data [Ashcroft, 1973; Zielhuis, 1975; Mowe et al., 1984;
Schiffman et al., 1988]. In one all subjects were
interviewed [Muscat and Wynder, 1991] and in another 51 of
57 cases gave a job history [Tuomi et al., 1991] but were
not asked about asbestos exposure.

The effect of proxys has been to underestimate asbestos
exposure in both cases and controls [Zielhuis et al., 1975],
i.e. misclassification has occurred, sometimes apparently
grossly, for example Rubino and colleagues [1972] obtained a
history of asbestos exposure in only 18% of 50 mesothelioma
cases. This 1is in contrast to the study which administered a
questionnaire to all subjects: likely asbestos exposure was

identified in 78% of 105 male cases (Muscat and Wynder,
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1991). Underestimating exposure limits the examination of
details such as sources of exposure, duration and likely
intensity as well as the role of agents other than asbestos
(since non asbestos exposed individuals are not confidently
identified). Studies which rely on lung fibre load
satisfactorily quantify cumulative amphibole but
underestimate chrysotile exposure [Pooley, 1976; Glyseth et
al., 1983] and provide limited information on the nature or

source of this exposure.

This thesis aimed to address the limitations of proxy
informants in case-control studies of mesothelioma by
conducting personal exposure interviews with all cases and

all controls participating in the study.

1.3.2 Bias: misclassification, misrepresentation and

confounding

1.3.2.1 Misclassification

Comparable accuracy in measurement of exposure is required.
to avoid misclassification of exposure [Wacholder et al.,
1992al but a number of potential sources of bias may
increase relative asbestos exposure in cases of mesothelioma
compared to controls. Cases (and proxy exposure informants)
with a disease known to be associated with asbestos are
likely to be repeatedly questioned and to search their

memories for exposure to a greater extent than controls with

20



diseases unrelated to known exposures. Cases may, therefore,
be more likely than controls to recall exposure when
questioned for a study. In contrast, the exposure
recollection of healthy controls may be better than that of
seriously sick cases, this would increase relative exposure
in controls and thus reduce the strength of association
between disease and exposure. The use of cancer controls
has been suggested as a strategy to minimize this recall
bias where the exposure of interest has received extensive
publicity [Linet et al., 1987}.

Recall bias is not the only way in which differential
exposure misclassification can occur. Interviewers aware of
the disease status of subjects and the possible link between
the disease and exposures of interest may preferentially
seek exposure information from cases. Medical and other
records may exhibit the same bias particularly where medico-
legal imperatives drive a search for exposure and its
documentation in mesothelioma cases but not in controls.
Misclassification of diagnosis can arise when a disease is
closely linked to an exposure so that reported exposure
becomes a criterion in diagnosis or positively influences
diagnostic outcome: this has been called diagnostic
suspicion bias [Sackett, 1979]. This is the case for
mesothelioma [Whitaker and Silkin, 1984]. The result is
preferential selection of exposed individuals as cases and
is of importance in more recent studies of mesothelioma due

to widespread publicity of the role of asbestos.
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1.3.2.2 Misrepresentation

In general, cases and controls should be representative of
the same base experience [Miettinen, 1985]. Bias will arise
if the subset of the individuals studied misrepresents the
study base. Since case-control studies of mesothelioma
usually study a sample of individuals in a secondary base
rather than a random sample from a population or primary
base, misrepresentation is an important consideration .
Hospitals or medical (often pathological) practices, disease
registers (e.g. cancer registers) or occupational cohorts
formed the base from which cases and controls were selected
in all the case-control studies cited above. An important
consideration in using a secondary base is to ensure that
the distribution of the exposures under study in the
controls 1s the same as that in a random sample from the
same base that produced the cases (Wacholder et al., 1992b).
This can be achieved in part by selecting as controls only
subjects with diagnoses unrelated to asbestos exposure - for
example Zielhuis and co-workers [1975] used patients with
cardiovascular disease.

A particular problem with hospital controls in asbestos
mining regions is non-uniform catchment of diseases by the
hospital. Mesothelioma is likely to be diagnosed and treated
in regional referral hospitals which thus become the source
of both cases and controls. If the referral hospital is also
the medical care facility for people living in the vicinity
of the hospital, then the base experience of cases and

controls will differ: cases are likely to be referred from
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afar into the hospital while many patients and hence
potential controls will be locals. Selection bias will occur
in distant referral hospitals serving asbestos mining
regions when cases resident near mines and mills are
referred into regional hospitals while potential controls
from the same area are treated at a local medical facility.
These potential controls are unavailable for selection and
will be replaced by locals without the exposure experience
thus leading to misrepresentation of asbestos exposed
controls in this subset of the study base. One method of
restricting this source of bias is to limit controls to
patients with the same referral potential as cases i.e.
those with diseases sufficiently severe to have lead to
referral into the regional hospital. Differential
distribution of asbestos exposure across socio-economic
strata will be important if controls and cases are of
incomparable socio-economic status. Matching on hospital or
likely patient profile (e.g. public or private) has been

used to control this bias.

1.3.2.3 Confounding

As discussed in section 1.2 there is reason to believe that
confounding may not be an important issue in case-control
studies of mesothelioma, although confounding may be
observed when underreporting of exposure is sufficiently
large to result in a substantial proportion of cases without
asbestos exposure. Confounding variables have not been

reported in previous case-control studies of mesothelioma.
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In summary, it can be seen that case-control studies of
mesothelioma should be designed to maximise exposure

information and minimize bias due to misclassification and

misrepresentation.
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1.4 STUDY OBJECTIVES.

The study objectives can be summarised as:

1. To examine asbestos exposure in detail in South African
cases of mesothelioma studied during a prospective case-
control study. Exposure detail to include sources of
exposure, risk occupations, likely fibre type and duration
of asbestos exposure. The contribution to the case load by
Cape crocidolite, amosite and chrysotile to be determined.
Incomplete exposure information was limited by restricting
cases to living subjects (thus avoiding reliance on proxy
informants). To reduce selection bias cases were not limited

by geographic region, industry nor medical facility.

2. To determine relative risks for level (certainty) of
asbestos exposure (definite, probable, possible and
unlikely), for category of exposure (e.g. occupational and

environmental), and for fibre type.

3. To determine whether cases of mesothelioma without recall
of asbestos exposure were exposed to non-asbestos agents
putatively associated with mesothelioma. Agents examined
included glass-fibre, other manufactured mineral fibres, X-
rays, radioactive material, beryllium, nickel and sugar-

cane.
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4. To investigate the possible protective effect of the
consumption of vegetables, cruciferous vegetables, carotene
containing fruit and vegetables, and homegrown vegetables on

the development of mesothelioma.
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2.1 STUDY DESIGN.

A prospective multi-centred case-control study of
mesothelioma using a secondary base of referral hospitals

for cases and controls.

2.2 STUDY CENTRES AND RESEARCH TEAMS.

The study was conducted in six study centres. These were
major industrial centres of South Africa and each centre
included all hospitals within 50 kilometres of the city
centre. Greater Bloemfontein, Cape Town, Johannesburg,
Kimberley and Pretoria were selected as study centres
because they are major industrial centres, house academic
medical complexes and are geographically placed so that
their tertiary hospitals serve much of South Africa
including the asbestos mining regions (without being in an
asbestos region itself). Port Elizabeth was selected
because, except for the academic complex, it satisfied these
criteria and is the largest city in the Eastern Cape and has
an important harbour.

A local research team comprising a team coordinator and two
interviewers was established in each study centre. The team
coordinator was a doctor (community health registrars in
three centres, oncologists in two and the author in
Johannesburg) and interviewers were either nursing sisters
or university graduates with an honours or higher degree.

One interviewer was fluent in English and Afrikaans and the
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other in the predominant vernacular and English. Each team

was trained as follows:
1. An interactive instruction manual was sent to
interviewers and the coordinator in preparation for a
day long training session in the study centre (Appendix
2.1). The manual included general principles on the
administration of questionnaires, information on the
actual questionnaire and a detailed description of the
study. The objectives of the study were not explained,
however. The manual was designed to be kept as a
reference and included material such as a discussion of
ethics in research. It was presented in a manner
designed to involve the interviewer, for example
suggestions on improving the questionnaire were invited
- this was not only to develop the questionnaire but
also to build commitment to the project. The
coordinators’ information package included criteria for
selection of cases and controls and technical

information on the management of the project.

2. Training of the local research teams was done by the
same individuals in all the study centres and consisted
of intensive discussion of the role of the interviewers
and the administration of questionnaires in a standard
manner, and role plays of administration and, finally,
practice with the questionnaire on patients selected

from local hospitals.
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