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Editorial

Is asbestos or asbestosis the cause of the increased risk

of lung cancer in asbestos workers?

"Does silica or asbestos or the fibrosis of the lung they
produce tend to inhibit cancer of the lung or to produce
it? If the latter, do either of these two substances act as
specific carcinogenic agents like tar, or is it that the
disease they produce only prepares the soil for the
occurrence of cancer?... With asbestosis, among 103
fatal cases in which asbestosis or asbestosis with tuber-
culosis was present, cancer ofthe lung was associated in
12 cases (116%)."

This quotation from the 1938 report of the Chief
Inspector of Factories (written by Merewether) posed
a question which, in the case of asbestos, has still not
been settled. Ten years later, Merewether reported
that 17% of deaths in workers suffering from asbes-
tosis were associated with lung cancer,' a figure which
had risen to nearly 50% of deaths in 1961-3.2 The
increase was attributed partly to the increase in lung
cancer in the general population but more especially
to improvements in hygiene and medical surveillance
so that workers developing asbestosis were tending to
survive through the longer latent period for lung can-
cer.

In 1955 the first mortality study of asbestos work-
ers had shown 11 deaths from lung cancer associated
with asbestosis, and none (0-8 expected) without.3
Lung cancer in asbestos workers in the United King-
dom was made a prescribed disease when (but only
when) it was accompanied by asbestosis, and there
was optimism that if asbestosis were eliminated the
excess lung cancer risk would disappear. The 1960s
brought the membrane filter method of fibre count-
ing, and with it the first calculation of dose-response
in asbestosis.4

In the next decade several mortality studies of
asbestos workers were published with estimates of
dust concentrations to which they had been exposed;
dose-response calculations proliferated and epi-
demiology relegated pathology to the background.
Many studies suggested a linear relation between lung
cancer and cumulative exposure to asbestos,
expressed as f/cc years or an equivalent. Because of
the long latent period between first exposure and the
appearance of disease the relation was unavoidably

based on the high exposures of past years. But
whereas the evidence related to the effects of high
doses of asbestos, extrapolations were made to esti-
mate the effects of exposure to the much lower dust
concentrations in contemporary factories, and then to
the minute exposures found in the environment. In
the past few years these extrapolations, at first
acknowledged as "a convenience"5 that "might best
serve to protect the public"6 have come to be
accepted as representing scientific fact. A review of
the evidence therefore seems desirable. In his brief
review in 1980 Sluis-Cremer was concerned mainly
with evidence from pathology, animal experiments,
and radiology,7 and I will begin with these topics
before considering epidemiological issues.
Two characteristics of lung cancer in asbestos

workers have been claimed. Firstly, some have shown
that the normal preponderance of tumours in the
upper over the lower lobes is reversed.7-12 Because
the interstitial fibrosis of asbestosis normally begins in
the lower lobes, it is suggested that this may indicate
an aetiological connection. Secondly, several series
have shown an increased incidence of adeno-
carcinomas over other types,10 11 13 though not
always statistically significant,9 and both Whitwell et
al,'0 and Newhouse et al'4 have shown an increased
proportion where asbestosis is also present compared
with when it is absent. In no series, however, is the
association so pronounced as to suggest that the
asbestos risk is associated with only one histological
type, a finding which probably applies to other
occupationally related carcinogens.'5 Nevertheless,
since in all series a proportion of lung cancers are to
be expected from smoking independently of asbestos,
and will therefore dilute the asbestos effect, even a
small increase in one histological type cannot be
ignored. This is particularly the case with adeno-
carcinoma, which is the cell variant bearing the least
relation to smoking.'6
Two explanations have been offered for the

enhanced carcinogenesis: firstly, that asbestos fibres
become trapped in the fibrotic areas, disrupting the
normal clearance mechanisms and adsorbing and
concentrating carcinogens from tobacco smoke and
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elsewhere.'7 Asbestos fibres tend to accumulate pref-
erentially in the peripheral regions of the lower
lobes,18 the commonest site for adenocarcinomas.
The alternative explanation is that areas of fibrotic
scar tissue may become the focus of carcinogenesis as
in other "scar cancers" known to occur in relation to
tuberculosis and other lung lesions; these are com-
monly adenocarcinomas.'9 Premalignant changes in
the epithelium in areas of fibrosis have been
reported202' and an increased risk of lung cancer
occurs in non-smoking asbestotic patients.22 Finally,
an important related observation is the high incidence
of bronchial carcinoma in other fibrotic lung diseases
unrelated to asbestos, such as cryptogenic fibrosing
alveolitis and pulmonary systemic sclerosis.'6 This
has led to the suggestion that more than one
aetiological mechanism may operate.23

In inhalation experiments with rats Wagner et al
found a relation between the degree of asbestosis and
the incidence of lung tumours.20 They also found that
in a group of rats with brief exposure to asbestos, six
tumours occurred in the 157 rats which did not
develop asbestosis (3.8%), an incidence no higher
than the controls, whereas 11 tumours (25%) were
seen in the 44 rats with the same exposure which
developed asbestosis. In another series of inhalation
experiments in rats Davis et al found, in comparing
different chrysotile samples that the fibrogenic and
tumorigenic effects were closely correlated.24 25 This
relation was confirmed in further inhalation experi-
ments using a specially prepared sample of amosite
fibres averaging only 2 i in length. This material pro-
duced no asbestosis, and no excess of tumours
occurred.25 26

In an international study comparing inhalation
effects of man made mineral fibres and chrysotile,
only minimal fibrosis occurred with mmmf and no
excess of neoplasms, whereas both occurred in the
rats exposed to asbestos.27 The development of bron-
choalveolar hyperplasia in areas of interstitial fibrosis
leading to adenomatoid lesions with cellular meta-
plasia and subsequent neoplastic development has
been shown.2'
The apparent discrepancy between the carcinogenic

potential of chrysotile-at least as great as that of
amphiboles-in animal experiments compared with
its lesser potential suggested by human experience has
often received comment. It has been suggested that
the discrepancy may be due to the greater tendency of
chrysotile to separate into individual fibrils in the
lungs and dissolve or fragment and be more easily
cleared; in consequence, it may survive long enough
to produce tumours in rats but not for the much
longer period required for tumour induction in
man.28 While this is an important observation, it
must also be realised that mesotheliomas resulting

from asbestos inhalation, as distinct from
implantation, are rare in rats.29 If the rat tumours are
almost all bronchial adenomas or carcinomas and if
these are dependent on the degree of fibrosis present
which in turn is related to the numbers of long fibres
present in the dust clouds, some of the deductions
from these experiments are seen to have been mis-
placed.

In vitro experiments have also raised as many prob-
lems as they have solved. Asbestos is not mutagenic in
bacterial tests30 and does not yield covalent binding
electrophiles characteristic of initiators of the carcino-
genic process.3' Asbestos fibres induce chromosome
aberrations in established cell lines32 but not sister
chromatid exchanges, and the former effect may
merely result from the cytotoxicity of the fibres.33 On
the basis of in vitro studies it has been suggested that
asbestos may be a complete carcinogen for meso-
thelial cells but only a promoter for bronchial cells,
but the evidence is unconvincing.34 Several studies,
on the other hand, have shown that asbestos may
behave as a classical tumour promoter35 36 requiring
previous interaction with the DNA of the target cell
by an initiator before malignant change can take
place. The carcinogens in cigarette smoke readily sug-
gest themselves as candidates for this role, but the
high incidence of lung cancer in non-smokers suggests
that an alternative mechanism is required. It is char-
acteristic of promoters that their action must occur
over a prolonged period; it may be reversible and
involves a threshold dose. Possibly these conditions
are met only where the fibres are trapped in the
fibrotic lung tissue of asbestosis. In this connection it
is noteworthy that in implantation experiments Stan-
ton et al commented on the abundant collagen in the
preneoplastic pleural scars,37 and Suzuki and
Kohyama on fibrosis as an important precondition
for the induction of neoplasms38; implantation of
minerals that did not produce tumours was accom-
panied by only mild and minimal fibrogenicity.

Bohlig et al in a study of radiographs of asbestosis
in asbestos workers during life noted a lung cancer
prevalence per thousand cases of eight in severe asbes-
tosis, one in minimal cases, and 04 in those without
disease, the latter figure not exceeding that for the
normal German population.39 A relation between the
severity of asbestosis and the risk of death from lung
cancer was noted by Berry,40 though this may merely
reflect increasing exposure. A similar conclusion was
reached by Liddell and McDonald.4' In their cohort
of Canadian chrysotile miners who had had at least
one chest radiograph taken while at work, 118 deaths
from lung cancer occurred, an excess of 52 deaths.
The SMR of the 49 men whose last radiograph was
recorded as normal was 1 08 (and some of these
would probably have gone on to develop an asbestos
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related abnormality in the years between this radio-
graph and death) whereas in those with "less than
normal" radiographs the SMR was 3 5. The authors
concluded "... most, but not necessarily all, cases of
lung cancer attributable to chrysotile exposure in
mining and milling probably have small parenchymal
opacities before death. Presumably, histological evi-
dence would be more sensitive."
A causal relation between lung cancer and asbes-

tosis cannot be established by epidemiological means.
On the other hand, there are certain prerequisites to
be met if the relation is to be possible. It is generally
accepted that there is a threshold dose below which
clinical asbestosis will not appear (the Ontario Royal
Commission estimated it to be about 25 f/ml years42).
If a causal relation were true a threshold should also
exist below which no excess risk of lung cancer
appears. Likewise, in studies of occupational
exposure to asbestos in which asbestosis is not
recorded, there should be no excess of deaths from
lung cancer. It is fashionable to emphasise the linear-
ity of the dose-response curve for lung cancer and the
absence of any evidence for a threshold.
Unfortunately, the inaccuracies in exposure estimates
inevitably result in some smoothing of the dose-
response curve, so that a threshold response may
appear linear.43 A numerical example will make this
clear. Assume ex-employees from a factory are
classified into four categories of cumulated exposure,
10, 20, 30, and 40 f/ml years, and that a threshold for
disease exists at 25 f/ml years, above which the inci-
dence is 20%. Assume also that exposures are
misclassified to the extent that 25% of the individuals
in any category really had exposures of the adjacent
lower category and 25% of the adjacent higher cate-
gory (this would represent quite a conservative esti-
mate of error in real life); then instead of disease rates
in the four categories being 0, 0, 20%, 20%, the
apparent response would be 0, 5%, 15%, 20%.

Despite the smoothing effect on the dose-response
curve that results from imperfect exposure records,
evidence of a threshold for an asbestos related
increase in lung cancer risk does exist. Weill,
reviewing the epidemiological evidence in 1979, said it
suggested that the carcinogenic dose of asbestos may
be higher than the fibrogenic dose." There is now
considerable evidence to support his statement in
series published since then in which asbestos exposure
for each subject has been estimated individually in
duration and intensity. Every one contains some evi-
dence for a threshold.556

In addition to those cohorts which provide evi-
dence of a dose related increase in the risk of lung
cancer several others have recently been reported with
lower dose occupational exposures in which lung can-

cer rates have not been raised. These include the fric-
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tion materials factory of Berry and Newhouse" and
perhaps McDonald, asbestos-cement factories,57 58
dockyard,5960 and shipyard workers.61 The most
fully documented of these is the Devonport naval
dockyard59 and in this, as in some of the other stud-
ies, confirmation that exposure to asbestos was not
negligible is provided by the occurrence of meso-
theliomas, pleural changes, and even some asbestosis.
There is therefore strong prima facie evidence that

in occupational exposure to asbestos a threshold
exists before the risk of lung cancer is increased.

Unfortunately, however, the interpretation of dose
response figures at low levels of cumulative exposure
is complicated by the higher mortality so frequently
found in short term workers, and is discussed in some
detail by Doll and Peto62 and McDonald et a154 in
relation to their own series. There is evidence that
unskilled manual jobs, particularly in the dusty
trades, attract a shifting population with an atypical
lifestyle; they may have a higher death rate from
violence63 -65 or suicide66 and a higher incidence of
lung cancer64 65 67 68 after short exposures, and any
attempt to relate excess risks to cumulative exposure
must take account of this complication. It must also
take into account that longer exposures at lower
intensities may have proportionally greater carcino-
genic effects than briefer, heavier exposures of equal
cumulative totals.69 On the other hand, atypical mor-
tality rates of short term workers cannot upset con-
clusions drawn from cohorts showing no increase in
lung cancer rates, or case-control studies matched for
duration of employment (though this was not done in
the studies discussed).

It is frequently stated that a no-threshold dose
response for asbestos related lung cancer should be
assumed because it is a safer assumption when
occupational hygiene standards are being set.5642
While this may be true (although as a policy it is not
without its side effects, such as panic removal which
may create more hazard than it prevents), it is
important that it should not inhibit scientific exam-
ination of the problem. The pressure to find substi-
tutes for asbestos is resulting in the use of other respi-
rable fibrous minerals such as wollastonite, sepiolite
or attapulgite, or synthesised aluminosilicates, or
organics such as aramids, of whose carcinogenic
potential much less is known, and an understanding
of the mechanism of asbestos induced lung cancer
would help greatly in assessing the risk ofnew materi-
als.

Epidemiology is probably too blunt an instrument
to bring much further enlightenment, although on the
data available a threshold seems probable. On the
other hand, despite the disappointingly uninformed
comment on the subject by Doll and Peto62 there is
growing evidence from other disciplines, particularly
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from experimental pathology, that asbestos is not a
complete carcinogen,70 and that neoplastic change
may appear only in the wake of inflammation and
subsequent fibrosis and adenosis. It seems probable,
in Merewether's terminology, that it is not asbestos
per se but asbestosis which prepares the soil for sub-
sequent malignancy. But a definitive answer to this
question is still urgently awaited.

KEVIN BROWNE
Department of Occupational Medicine,
Brompton Hospital,
London SW3 6HP.
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