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Table 8 Revision ofunderlying cause ofdeath 1970-80

Underlying cause of death Mesothelioma diagnosed on review
on death entry ofhistology

Male Female
Cancer of lung/bronchus 3 1
Carcinomatosis 4 5
Cancer of bowel 3
Other 1
Cancer of ovary - 1

30 September 1972 in all women and in men exclud-
ing laggers. The above data now makes it possible to
compare the observed number with those predicted
at that time. Up to the end of 1975 another 23
deaths from mesothelial tumours had occurred
compared with a range of predictions of between 17
and 22. In the next five years (41/2 for women) 17
deaths from this cause occurred compared with a
range of predictions of between 28 and 37. The
figure shows the cumulative number of
mesothelioma plotted against calendar year. The
reduced rate during 1976-80 is encouraging but
would need confirmation by several more years'
data before we could be confident that it was a real
effect. The reduction from 28 deaths from
mesothelioma in the quinquenium 1971-5 to 17 in
1976-80 is not significant at the 5% level.

AGE AT START OF EMPLOYMENT
The mortality due to lung cancer and to
mesothelioma separately have been examined in
relation to the age at which a person started working
in the factory, distinguishing between those who
started before age 25 and those who were 25 or
older. Table 9 shows the comparisons for men
(excluding laggers) and women. The ratio of
observed to expected lung cancers is similar in the
two groups of men, but for women those who started
young had a rate almost 12 times the expected figure
compared with five times the expectation for those
who had started when they were older.
Mesothelioma rates were similar for the two age
groups for both men and women. There was some
imbalance between the two age groups for category
and duration of exposure but, allowing for this, the
differences in the excess lung cancer rates for
women was significant (p < 0-05).
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GASTROINTESTINAL AND OTHER TUMOURS

There is a statistically significant excess of deaths

from gastrointestinal tumours among men (table 1).
A similar excess was found in women, although it

was not significant (table 2). Tests of significance of

effect on duration and severity of exposure do not

reach significant levels.
Nevertheless, as is seen in table 10 when the

known mesothelial tumours are excluded from the

calculation, the observed to the expected ratio of

gastrointestinal tumours is higher in the severely
exposed groups of men, though the trend is not

obvious among women. Though here there is a

twofold risk both among the women with low mod-

erate exposure and with severe exposure for long
periods.
Carcinoma of the larynx (table 11) is included in

the "other" group. It is a rare cause of death and

was not found among the laggers (expected 0.26) or

women workers (expected 0. 17). Three deaths in all

were found among severely exposed factory workers

with 0-81 expected (p < 0-10).

Table 9 Age at first employment and mortality for lung cancer and mesothelioma

Lung cancer (excluding mesotheliomas) Mesotheliomas

Age started Observed Expected Ratio No Rate*

Men 24 38 13-5 2-8 34 119
>25 120 49.7 2-4 26 105

Women 24 22 19 11-6 15 145
>25 15 3-1 4-8 10 130

*Per 100 000 subject-years.
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Table 10 Observed to expected ratio ofgastrointestinal
cancers excluding peritoneal mesotheliomas

Exposure (years) Obs Exp OIE

Men
Low/mod <2 14 12-9 1.1
Low/mod >2 11 10-4 1-1
Severe s2 23 14-2 1-6
Severe >2 19 105 1-8

Women
Low/mod 62 2 1-4 1-4
Low/mod >2 2 1-0 2-0
Severe s2 12 7-5 1-6
Severe >2 7 3-3 2-1

Table 11 Carcinoma oflarynx among male factory
workers

Obs Exp

TIM s2 years 0 0-4
IJM >2 years 0 0*3
Severe <2 years 2 0-5
Severe >2 years 1 0-4

All severely exposed 3 0-8

TIM = Low to moderate.

Among the women workers mortality from car-
cinoma of the ovary and carcinoma of the breast
have been followed up with care. One tumour
certified as carcinoma of the ovary proved on his-
tological examination to be a tubulopapillary
mesothelioma. A further woman certified as dying
of cancer of the lung proved to have secondary
tumours from carcinoma of the ovary. Neither of
these cases are included among the nine deaths
shown in table 12. Among these, histological slides
were available for four, in all of whom the diagnosis
was confirmed. The total number of tumours
remains low but the excess rates were higher in the
severe and long exposure category, and this excess
was statistically significant.
There were 12 deaths from cancer of the breast.

Histology was reviewed and the diagnosis confirmed
in four. In two lung tissue was available, in one there
was severe asbestosis, and in the other minimal
asbestosis. In another woman necrospy showed evi-
dence of moderately severe asbestosis, but no slides
were available to us. In a further woman who had a

Table 12 Carcinoma ofbreast and ovary among female
factory workers

Ex category Ca of breast Ca of ovary

Obs Exp Obs Exp

TiM all periods 1 1-6 2 0-6
Severe 62 years 5 6-1 2 2-1
Severe >2 years 6 2-6 5 0.9**

**P < 0L01.
TiM = Low to moderate.

very long history of chest disease asbestosis appears
to have been considered as her occupational history
was known, but widespread secondaries from car-
cinoma of the breast caused her terminal illness, and
no necropsy was performed. Evidence of concurrent
asbestosis suggests severe exposure in a number of
these women, but there was no significant evidence
of dose response.
Among those with severe exposure there is an

excess of deaths due to causes other than deaths
from cancer. Chronic respiratory diseases including
asbestosis are included in this disease group. Deaths
due to asbestosis were most frequent among those
with severe exposure for more than two years; nine
among male factory workers, four among laggers,
and five among women in this category. Another six
deaths were due to this cause, all in men: two with
severe but short exposure, two among laggers with
short exposure, and two after low/moderate expos-
ure of more than two years.

Discussion

This group of factory workers was exposed to both
amphibole and chrysotile fibres. Exposure was
admittedly heavy, and there was no recruitment to
the cohort after 1964, well before the implementa-
tion of the Asbestos Regulations of 1969. Even in
departments categorised as having " low to moderate
exposure" fibre concentrations were higher than
would be found under modem conditions.'4 The
severity of the asbestos effect on mortality may be
gauged by the mortality from mesothelial tumours
which accounted for almost 10% of the total mortal-
ity, and from lung cancer, where in groups followed
up for more than 20 years there was a twofold excess
mortality rising to fivefold in severely exposed men,
and higher among women.

It has not been possible in this study to isolate
groups of workers with exposure to a single fibre,
but crocidolite was used in many departments, par-
ticularly in textiles, mattress making, and making of
sectional asbestos pipes. The women in the cohort
were all employed during the period when crocido-
lite was used. Some of the women worked in
departments making filters for army gas masks from
crocidolite asbestos from Australia, which was sub-
sequently assembled in factories and has been
studied by Wignall and Fox'5 and Acheson et al.'6
To improve the quality of the evidence efforts

have been made to follow up deaths and obtain nec-
ropsy reports and histological material. As in the
previous report5 further information was obtained in
about half of the cases followed up. The
pneumoconiosis panels contributed most of the
material for the studies of carcinoma of lung and
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mesothelial tumours, but since the previous report
of 1969 a further 17 mesothelial tumours have been
identified by these methods and these have not been
reviewed by the pneumoconiosis panels.

It has been a major interest to determine whether
adenocarcinoma was the predominant type of lung
cancer among this group of asbestos workers. A
previous study of 86 workers with certified asbes-
tosis who died of lung cancer found that among the
28 judged to have normal lung tissue or mild asbes-
tosis, adenocarcinoma accounted for 25% of the
cases; among the remaining 58 with moderate or
severe asbestosis the proportion with adenocar-
cinoma rose to 38%." The overall proportion was
34%. In Whitwell's series of non-occupationally
exposed patients from Liverpool the proportion of
adenocarcinomas was 2% in the bronchial biopsy
series, 9 4% in the operation specimen series, and
27*2% in the necropsy series.'8 Whitwell pointed
out that squamous and oat celled tumours are widely
held to be the type of tumour caused by cigarette
smoking, but it is suggested that cigarette smoking
can exert a carcinogenic effect on different parts of
the bronchial tree, usually producing squamous or
oat cell tumours when proximal parts are affected
and adenocarcinoma when distal parts are affected.
From this study and the more complete study of
197219 it is known that all but about 6% of the men
in the cohort smoked, and that 60% of the
women-a high figure at that period-also smoked.
Asbestos fibre reaches the periphery of the lung and
with the cocarcinogen of cigarette smoke produces
the distal tumours: in this series, however, which is
predominantly derived from necropsy specimens,
the proportion of adenocarcinomas among men was
22%, not suggesting a pronounced difference in cell
type of lung cancer between this series and the
Liverpool series. In Liverpool, however, the preval-
ence of pleural plaques in the general population is
high and asbestos exposure may have been more

common than in other parts of the country.
Nevertheless, from the information available no par-

ticular cell type of lung cancer can be implicated.
An excess of risk of gastrointestinal cancer

appears to be persistent in all groups among both
men and women, but there is no clear evidence of
dose response and the excess risk only reached a
twofold level among women with long exposure
(table 10). A similar magnitude of risk is found by
Selikoff et al.2'
Cancer of the larynx is an uncommon cause of

death. In this study only three deaths were recorded,
all among severely exposed workers; less than one
was expected. Selikoffs study of insulators shows an

excess of deaths from this cause,20 but the findings
were negative among chrysotile miners and mil-
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lers.2' By contrast with the study of Stell and McGill
of patients in Liverpool,22 a study of the occupa-
tio'nal histories of patients in London with laryngeal
diseases did not suggest that occupational exposure
to asbestos was an important factor,23 but the'
number of patients included in the study was small.
Cigarette smoking and alcohol consumption are
important aetiological factors, and perhaps exposure
to amphibole fibres combined with cigarette
smoking exerts a multiplicative effect of the risk.
Among the severely exposed women there was an

excess of deaths from carcinoma of the breast and
carcinoma of the ovary, reaching statistical
significance for carcinoma of the ovary. In the mor-
tality studies of women assembling gas masks" 16
there was also a significant excess number of deaths
from this cause. The evidence for excess number of
deaths from carcinoma of the breast is less convinc-
ing, but Doniach showed that a high concentration
of asbestos bodies occurred in the lungs of non-
occupationally exposed women dying from this
cause.24 Among the four women in this study where
further information is available evidence was found,
suggesting exposure had been heavy.

In this study 39% of the female cohort factory
workers, 28% of the male factory workers, and 11%
of the laggers have died. All the women workers
have been followed up for more than 30 years. Over
80% of the male factory workers and 64% of the
laggers have had 20 years' or longer follow up.
Although no dust measurements were available,
there is evidence of dose response relationship for
both mesothelial tumours and cancer of the lung. In
total, 1249 of the 4949 workers have died compared
with an expected number of deaths of 872 (tables
1-3). Thus there was an excess of 377 (30%). Of
the excess, 154 were due to lung cancer (233
observed, 79 expected), 98 to mesothelioma, and 24
to asbestosis. These three causes, which are all well
established as being related to asbestos exposure,
accounted for an excess of 276 deaths. There was an
excess of 64 due to other cancers (207 observed,
143 expected), and it is less certain to what extent
these could be attributed to asbestos exposure. The
remaining causes accounted for an excess of only 37
deaths (687 observed, 650 expected), indicating that
the causes of death selected for study included most,
if not all, deaths associated with exposure. In sum-
mary, between 22% and 27% of all deaths were due
to asbestos exposure.
A projection of mortality from mesothelial

tumours made in 1976'3 appears to date to have
slightly overestimated the mortality from this cause,
but in view of the interest, particularly in the United
States, on the total toll of asbestos related can-
cers2526 continued surveillance of this population,
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which experienced conditions fortunately not likely
to recur, would appear to be desirable.
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ogists and coroners, too many to mention by name,
who have provided us with reports and histological
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