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Abstract—Exposure to asbestos is associated with the subsequent development of gastrointes­
tinal malignancies. In the absence of an explanation to the contrary, this exposure must be 
regarded as causal. There appears to be a latent period before the effect is demonstrable. Thus 
on present evidence, only those causes that are identified as developing gastrointestinal malig­
nancies after a period of 20 yr or more from first exposure should be accepted. All anatomical 
sites of the gastrointestinal tract appear to be affected. The degree of increased risk of gastro­
intestinal cancer in asbestos workers 20 yr or more following first exposure approximates to 
3-fold. There is no evidence that any other factor either contributes to our subtracts from 
the causal relationship between asbestos exposure and cancer of the gastrointestinal tract.

INTRODUCTION

This review is based on a report prepared at the request of the Workman's Compensa­
tion Board of Ontario.

I have restricted my attention to population-based epidemiological or statistical 
studies that have produced data relevant to a consideration of the association between 
asbestos fibre dust exposure and the subsequent development of gastro-intestinal malig­
nancies.

REVIEW OF THE LITERATURE

Of the references consulted, several were non-contributory in the sense discussed 
.above, [1-10].
.. The second group of references [11-19] consists of those studies in which, although 
j gastrointestinal cancer was discussed, it was not further considered in relation to site. 
;This, unfortunately comprises much of the literature available on the subject. Although 

.0.;. jo .totality, this might seem to comprise a substantial amount of experience, in practice, 
;; v4^ °ftpn consists of reports from the same group essentially describing the same series 

Pf individuals. Even if it were possible to obtain from the authors a breakdown by 
/**!eand to attempt a consolidated analysis, it seems unlikely that this would contribute 

t ; ^ more to a refinement of the association than those larger studies in which the 
Perm*tte^ a breakdown by site within the gastro-intestinal tract.
\‘terature sources will therefore not be discussed in detail, except to point 
in general their findings are consistent with the more detailed studies, but 

-*0 emphasize that without specification by diagnosis, it seems very likely that a 
^ mtial proportion of the cases reported may be due to peritoneal mesotheliomas, 
|igOplem of diagnosis eloquently discussed by Newhouse and Wagner [19]. Indeed, 
jgjoeajs very likely that this difficulty accounted for the earlier suspicion raised by 

:fies£*K°rt ^eaI [*6] *bat asbestos was associated with ovarian cancer, as peritoneal 
iom?s are Pr°bably difficult to distinguish from relatively undifferentiated 

■*ri \*^bis indeed seems to have been the opinion of subsequent reviewers [20]. 
maybe noted that although the studies of Enterline and his colleagues [11-15]
~ * 23
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seem to ignore this issue, that of Mancuso and El-Attar [17], although they did not 
separate off different digestive organ sites, for example stomach, colon or rectum, did 
at least provide data that enables one to determine the numbers of deaths due to 
malignant neoplasms of the digestive organs if those of the peritoneum were excluded. 
This study is important because a number of the methodological problems of other 
studies were understood by these workers, and one of them particularly was tackled 
by using an internal control, that is, those workers in the same plants with minimal 
exposure, to develop their expectation for occurrence of disease in those workers with 
more severe exposure. Although this may not completely remove possible confounding 
by socio-economic status and other factors, and although it is not clear that they used 
an ascertainment of confirmation of death that would ensure that all peritoneal mesothe­
liomas had been excluded from the other group, it is relevant that their observed 
expected ratio calculated with the removal of those who died of malignant neoplasm 
of the peritoneum and/or of mesothelioma is fully consistent with the data from more 
completely analysed studies, particularly those of Selikoff and others [21-27].

Of the studies in which details of the site of diagnosis of gastro-intestinal malignancies 
by major organ are given, five provide relatively scant information, either because the 
cohort under observation was small and/or the data was not sufficiently ana­
lysed [28-32].

Elmes and Simpson [28] identified 170 men who made up the total population of 
insulation workers in Belfast in 1940. These men were traced up to 1966, 5 men were 
untraced and the mortality experience of the remainder was compared with that of 
other men in Northern Ireland during the same time period. Seventeen deaths due | 
to non-respiratory malignant disease were observed, compared to 5.16 expected using | 
rates from Northern Ireland males. Of the 17, 15 were classified as gastro-intestinal, | 
though 3 of these were mesothelioma and another 1 classified as gastric and 1 classified 2 
as rectal carcinoma could have been mesotheliomas. If these are excluded together with •§ 
the one observed carcinoma of the pancreas and one lymphosarcoma of the small intes- ’ 
tine, there still remain three deaths due to carcinoma of the stomach, 4 to carcinoma 1 
of the colon and 1 from rectal cancer, to compare with an expectation of the 5.16 j? 
from all non-respiratory malignant disease considered together. This is obviously cons is- % 
tent with at least a 2-fold excess of gastro-intestinal cancer excluding mesotheliomas.-^ 
though further refinement is not possible because of the small numbers. It may bej 
noted that the authors attempted to adjust the excess mortality by factors correcting | 
for social class, domicile and smoking. The adjustment factor for all cancers is 1.22, 5 
which if applied to the basic prediction for all cancers in this cohort of 6.84, produces^ 
an adjusted prediction of 8.35. As- a considerable amount of this adjustment is for^ 
factors more relevant to respiratory cancer, it still seems unlikely, if adjustment had.; 
been possible for the small numbers of observed compared to expected gastro-intestinal^ 
cancers, that the excess would have been eliminated.

Kleinfeld, Messite and Kooyman [29] studied 152 asbestos workers who had 15 yri 
or more of asbestos exposure by 1945, or achieved 15yr of exposure to asbestos dustj 
between 1945-1965. The expected mortality was calculated by a proportional mortality 
analysis using as base yr the mortality from U.S. white males in 1948 as this was- 
the median yr of death among the 46 deaths observed. This comprises 7 observed, 
deaths of which 2 were cancers of the stomach, 1 of the colon, 1 a lymphosarcoma 
of the small intestine, and 3 peritoneal tumours. .

This particular report is almost impossible to interpret. Apart from the potential 
bias of proportional mortality analyses of this type [33], there is an additional bias 
in that it is not certain that the mortality experience in the cohort was correctly ascer­
tained for comparing with the expectation to avoid the bias noted recently in studio 
of cohorts exposed to vinyl chloride [34-36]. Thus, although the observed proportion 
is likely to be greater than the expectation if the mesotheliomas and other diagnoses, 
could be excluded, and thus this report would again be compatible with others^®? 
•particular reliance could be placed on such a finding. gj?
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Knox and others [30] described the mortality experience of 794 men and 220 women, 
who had been exposed to asbestos fibre dust for a period of 10 yr or more in an 
asbestos textile factory in England. The men were considered in four groups, the majority 
had exposure to asbestos fibre for 10-19 yr and no exposure prior to 1933, the remainder 
had had an exposure for 20 yr or more, and were sub-divided according to whether 
their exposure prior to 1933 was 10 yr or more, less than 10 yr or none. In 1933 ventila­
tion systems were introduced, and thus presumably the 57 workers exposed for 10 yr 
or more prior to 1933 had had the greatest dust exposure. They only, however, comprise 
918 person-years at risk of death. These were designated group 1 in their report. 
Expected numbers of deaths were computed from national figures, though dividing up 
the groups according to intensity of exposure enable an internal comparison to be 
made. Data of observed numbers compared to the expectation were supplied for all 
neoplasms with cancer of the lung or pleura separately identified. Excluding the latter 
group, for the total cohort 14 deaths were observed compared to an expectation of 
18.39. In those men exposed for 20 yr or more, who had worked at least for some 
period prior to 1933, the observed numbers were 8 compared to an expectation of 
4.99. Details were provided of the cause of death. Of these, 5 occurred in Group 1, 
one was a cancer of the stomach, 2 colon cancers, 1 gallbladder, and 1 prostate. This 
total of 5 compared to an expectation of 2.61. It is obvious the expectation of this 
subcohort, and possibly the period of observation of the other cohorts was insufficient 
to confirm or refute the findings of others, particularly that of Selikoff and his 
group [21-27] though it may be noted that the findings in this study were confirmatory 
for lung cancer.

Mancuso and Coulter [31] reported on a cohort from an asbestos company identified 
through the use of Bureau of Old Age and Survivors Insurance Data. The cohort com­
prised individuals employed at any time during the period 1938-39. These were followed 
through the BOASI source Id mid 1960. Person-years at risk were computed and com­
pared for selected underlying causes of death on the basis of death rates from the 
state of OH from 1950 to 1960. Ohio data was used as corresponding data for the 
state in which the plant was located was not available and the period 1950-1960 was 
used instead of 1940-1960 because of the unavailability of earlier data. It was believed 
that OH death rates reflected the expectation from the corresponding state though 
it was noted that any excess in observed deaths over expected deaths due to specific 
causes of mortality would be underestimated for causes of death with rising mortality 
trends and somewhat over-estimated for causes with declining mortality trends because 
of the use of mortality rates from the second part of the observed 20 yr period. This 
would have been important if an excess of deaths from carcinoma of the stomach had 
been claimed. In practice this was not so, although a detailed tabulation showed that 

- the observed numbers (with the expected in brackets) for digestive organ and peritoneum 
.. were 18 (8.07), while by major organ the breakdown was esophagus 1 (0.53), stomach 

: -'2(1.87), large intestine except rectum 3 (2.29), and rectum 2 (1.15). This report, however, 
only permits a maximum 20 yr follow-up and no data was supplied to permit analysis 
•by duration of employment or intensity of exposure. Furthermore, the study was restric- 

■ • 10 ^ges 25-64 and the authors themselves felt that the order of excess noted for
. rang cancer 19 (5.61) and peritoneal cancer 3 (0.08) were conservative estimates. Never­

. must be regarded, as far as it goes, as a largely negative study;
M^urman, Kiviluoto et al. [32] studied 1092 asbestos workers first employed at two 
T^yMe as^estos m*nes between 1936-1967. Follow-up was to June 1969, 95% 

h workers being traced, 248 of whom had died. A unique feature of this study 
rmAn r 1 n0t °n^ Were deaths observed compared to an expectation for national 
ati.. ^ata year 1958 was used as the mid year of deaths in the cohort), they 

ted a matched control cohort of individuals residing in a town 60 km northwest 
raining community during the period 1936-1967, using a local population registry, 

igestive organ cancers were observed in the asbestos workers, 9 in the control 
. i t0 an expectation of 14.9 from national rates. There was no excess
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in any age group, for example, at ages 65-74 the corresponding numbers were 4, 4, 
and 4.2. In a subgroup of employees, exposed for 10 yr or more, 2 deaths from digestive 
system cancer were observed compared to 2.1 expected. It may be noted that in a 
comparable analysis for lung cancer there were 8 cases observed compared to 2.4 
expected. Thus, it would seem that this study has failed to shown any evidence of 
an excess of digestive organ cancer even though the cohort superficially seems reasonable 
in size. However, this may be a spurious assessment because those who most recently 
entered the cohort can have only had a 2 yr period of observation while the numbers 
of workers who had a 20 yr period of follow-up is likely to have been very small. 
As reviewed below, it is only this group which showed the excess in the studies of 
Selikoff et al. [27]. Furthermore, it is possible that using a single year for deriving 
expected rates may have over-estimated the expectation, especially for stomach cancer, 
which has been declining in mortality during the time period considered. Thus, although 
this must be regarded as a negative study, it is still possible that further follow-up 
of the cohort might reveal findings similar to those of other workers.

There remain studies by 2 groups of workers [21-27] and [37,38] which seem to 
be more contributory to the subject under consideration.

McDonald and his colleagues have produced two reports on mortality experience 
of workers in the Chrysotile Asbestos Mines and Mills of Quebec [37,38]. The cohort 
identified for the study comprised 11,788 persons bom between 1891-1920, who had 
been employed for 1 calender month or more. These were then traced by various mech­
anisms in order to establish live or dead status as of Nov. 1, 1966. Information was 
obtained concerning 10,421 (88.4%) of the cohort. Of those traced, 2457 (23.6%) were 
dead. For the majority of these copies of death certificates were obtained and for those 
suspected as dying from gastro-intestinal cancer. Of the total cohort, 1203 had worked 
30 yr or more, while 3738 had worked for less than 1 yr and an additional 1080 had 
worked for more thanlyr, but had had low dust exposure. A “dust index” for exposure 
was determined and the analysis was performed by calculating what was described 
as equivalent average death rates per 1000 men for different categories of malignant 
neoplasms according to the dust index. These rates were age standardized. Table 4 
of the 1971 report [37] indicates an increasing trend of mortality for intestinal or rectal 
cancer by dust index, the ratio between the highest and the lowest categories being 
3.5, but an inconstant trend for esophagus and stomach cancer considered together 
mainly because the lowest category of dust index had almost as high a mortality rate 
as the highest, the ratio being 1.3 even though those with a dust index towards the 
middle of the scale had a substantially lower mortality than either of the two extremes 
of the distribution. A comparison with Quebec mortality rates was carried out for all 
causes of death and for lung cancer, but if performed for gastro-intestinal cancer, was 
not reported. For all causes of mortality, the expected numbers of deaths were 18241 
in men compared to 1674 observed, while for lung cancer, the numbers were 91 and. 
94 respectively. In the discussion of results in the 1971 paper, the authors indicate] 
that they feel that an excess of lung cancer in most heavily exposed categories of workers | 
might be of the order 3 to’5-fold, possibly substantially less than that reported by; 
Selikoff and his colleagues. They did not attempt to further interpret the findings foi\ 
gastro-intestinal cancer. . __

In a subsequent paper [38], no additional data was presented, however, they didj 
state “the primary method of analysis used in our report on deaths up to 1966 hadj 
two main weaknesses. The first was that length of the exposure might well have beefl^ 
related to length of survival and thus might tend to obscure differences in mortality 
between exposure groups—the second lay in the fact that deaths accumulated ovey 
many years \yere used in a single calculation of mortality.” Thus the authors have] 
admitted that their analysis had many of the potential pitfalls of such analyses [34-3tp^ 
Nevertheless, it is difficult to see how a significant trend for colo-rectal cancer withuy 
the different exposure categories could have been introduced by the errors admitted 
Rather the comparison with Quebec mortality will have underestimated the magnitudes
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of the increased mortality due to asbestos exposure. Clarification of the present position 
(G. W. Gibbs, Personal Communication, 1976) elicited the information that deaths up- 
to the end of 1974 had been ascertained and are currently in the process of analysis. 
It may be noted that in their 1974 report, the authors indicate that the analysis they 
propose will be based on man-years of exposure to minimize those errors noted. It 
is unfortunate the data is not available from this cohort in the detail and format that 
would be required for proper interpretation as this is probably the largest experience 
likely to become available in the forseeable future.

The second group of workers that have reported extensively, but generally speaking, 
repetitively on the same cohorts, is that of Selikoff et al [21-27]. The publications 
of these workers have been frequent and, in addition, particularly in recent years, earlier 
papers have been updated in a number of ways including presentations at meetings. 
Unfortunately, presentations at meetings often do not permit adequate description of 
details of ascertainment of studied individuals and their subsequent follow-up and the 
analysis of their experience. This has caused some difficulty in interpretation and at 
times has lead to the suspicion that the data may not be as firm as the published 
claims or the claims made in presentations may have indicated.

.Three differing, but in one respect overlapping cohorts have been identified and stud­
ied by these investigators. The first is a cohort of 632 asbestos insulation workers, 
who were members of the NY and NJ locals of the asbestos workers union, that is 
locals 12 and 32 of the International Association of Heat and Frost Insulators and 
Asbestos Workers. These men had all entered employment prior to Dec. 31, 1942 and 
were alive on that date and in the initial publications were followed through to Dec. 
31, 1962 [21,22]. Coincidentally, as this cohort of 632 workers was identified another 
890 workers, who entered the relevant union locals between Jan. 1, 1943 and Dec. 
31, 1962 were also identified, but these have never been the subject of an independent 
report except to the extent they contribute to the reports on the third cohort to be 
described. Subsequently, a subsegment of the cohort of 632 workers comprising 370 
who were alive and examined and followed from Jan. 1, 1963 were described as being 
of particular interest with regard to the interaction between smoking and asbestos expo­
sure and lung cancer [23,24]. This particular subsegment, however, though having their 
experience in relation to gastro-intestinal cancer described, is not of particular value 
with regards to the question of prime interest in this report and they will not be referred 
to further.

The second cohort comprised 933 Amosite factory workers, who started work in 
a single factory some time between June 1941, when the factory began production and 
Dec. 1945. The plant continued production until Nov. 1954, when it closed its doors 
and in the first publication, the population was followed through to June 30, 1971 [25].

The third cohort comprised the entire membership of the International Association 
of Heat and Frost Insulators and Asbestos workers of the U.S.A. and Canada on Jan. 
1, 1967,-comprising 17,800 workers who also included those members of cohort one 
that were still alive on the date of ascertainment. This cohort has never been described 

■ *0 an independant publication, but was referred to in two reports which served also 
to update the experience of the other two cohorts [26,27],

• -‘ The ascertainment and follow-up of all three cohorts essentially followed an identical 
pattern and may be summarized as the identification of a total group of occupationally 

posed workers within defined limits, who are established as being alive on a date 
; ^®sctluent or immediately following the last date of the period of time used to establish 

■;;>r~^co^10rt- It is important to note that this procedure removes nearly all the potential 
^s.that have been described by others [34-36]. All were subsequently followed by 

tK^t^IiCally ConfirminS t*iat the men were alive and for those who were dead eliciting 
death certificates, tracing hospital records wherever possible and collecting 

maIer*a* tor the large majority where it seemed likely that a cause of death 
!£?•'*- kttst had in fact occurred. Considerable care was taken in this review of the 

j^of death to confirm that certified. Indeed, where it was not possible to obtain

1:
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detailed information, preferably histological, though it seemed likely that an individual 
had died of malignant disease, then the case was categorized as dying from other cancer 
and included in the tabulations under the heading “All other cancer”. (I. SelikofF, Per­
sonal Communication, 1976.) This certainly explains the reason why there is an excess 
of observed and expected deaths under this category, but also they may serve to under­
estimate the difference between observed and expected in other categories to the extent 
that individuals who in fact died of, e.g. stomach or colo-rectal cancer were incorrectly 
tabulated under all other cancer. Thus the reported observed/expected ratios are conser­
vative. The calculation of expected deaths was based on age specific mortality data 
derived from U.S.A. National Centre for Health Statistics. To the extent that these 
reflect a different expectation than the cohort then the results of the analysis will be 
in error. For example, it might be anticipated that a group of NY, NJ workers might 
not necessarily have the mortality experience identical to that of national rates while 
it is not clear the extent to which U.S.A. national rates are similar to Canadian rates 
for the expectation of deaths for that relatively small portion of the third cohort which 
was established and living in Canada. The effect of an error from this source, however, 
is likely to be very small. A possibly more basic criticism is the fact that all comparisons 
are based on expected rates derived from national data and no control from another 
source was established for any of these cohorts. For some of the data, internal controls 
are, however, available, especially when analysis is performed according to duration 
of employment. Duration of employment has in fact been used by these investigators 
as the closest approach to determining a dose response relationship. This is because 
most of the workers studied performed a number of different jobs, the nature of which 
could not be clearly specified in terms of intensity of dust exposure.

The latest published results [27] can be summarized as follows. In cohort one, the 
632 workers, of whom 623 have been exposed for 20 yr or more from first employment, 
18 cases of carcinoma of the stomach were observed with an expectation of 5.1, and 
for carcinoma of the colon and rectum 22 with an expectation of 7.5.

In cohort two, the 933 Amosite workers, 10 cases of carcinoma of the stomach were 
observed with 4.89 expected and 16 of carcinoma of the colon and rectum, 7.65 expected. 
It may be noted that in Table 4 of [27], the ratio of observed to expected tabulated 
for cases before 1953 for carcinoma of the stomach is printed as 7.78, but this is an 
error. It should be 1.78. It may also be noted that the observed to expected ratio 
increases the longer the period since the establishment of the cohort. Table 8 of the; 
same publication considers occurrences according to duration of employment for car-j 
cinoma of the stomach. A clear trend is observed of increasing ratios of observed to; 
expected with increasing duration of employment, though these are based on small ( 
numbers. For carcinoma of the colon and rectum, all the ratios show an excess ofj 
observed compared to expected, though in this instance a trend is not seen.

In cohort 3 (the 17,800 workers) the numbers permit a breakdown according to obser^j 
vation periods for less than 20 yr from onset of work and more than 20 yr from onset 
of work. Unfortunately the latest published results (Table 5 of [27]) are only up toj 
the end of 1972 and consider all gastro-intestinal cancers (excluding peritoneal mesothe*| 
liomas) together. Nevertheless, there is no indication that a risk is demonstrable less] 
than 20 yr from onset of exposure, the numbers observed being five with an expectation^ 
of 4.6, while for 20 yr or more from onset of exposure the figures are observed 5f 
expected 33.2. Subsequent analyses up to the end of 1974 have confirmed this distribC 
tion, and demonstrated that it holds for the major sites at risk, esophagus, stomacly 
and colo-rectum (I. Selikoff, Personal Communication, 1976).

DISCUSSION

There is no doubt that an association has been demonstrated between exposure^ 
asbestos and the subsequent development of cancers of the gastro-intestinal tract,’ pa 
ticularly that of the esophagus, stomach, colon and rectum. The important quesbjtf 
is the extent to which this association can be interpreted as being causal.
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A number of authors have described the criteria which should be applied before 
deciding that the most likely interpretation of an association is causation. Perhaps one 
of the clearest of these expositions is that of Bradford Hill [39] and I shall discuss 
this issue according to the headings he uses.

Strength. There can be little doubt that the demonstrated association between gastro­
intestinal cancer and asbestos exposure is weak. The risk ratios quoted, i.e. the ratio 
between the observed and the expected deaths, rarely seem to exceed three and in 
many instances are around two. The worry over weak associations is the possibility 
that they may be explicable on the basis of other factors whose relevance was not 
considered either in the study design or in the subsequent analysis. The most obvious 
example is socio-economic status and, indeed, as most of the comparisons that have 
been conducted are between the observed mortality in an identified cohort and an 
expectation based on national mortality rates, this might be expected to confound the 
issue. Nevertheless, it may not be correct to anticipate that this would necessarily operate 
in the direction of causing a spurious association to appear. Thus, asbestos insulation 
workers are not necessarily unskilled, falling more under the category of skilled workers 
such as might be categorized under the British Registrar General’s category of 3 rather 
than 4 or 5. This might indicate an expectation of mortality very similar to the national 
average. In addition, although it might be expected that in a low socio-economic group, 
stomach cancer might be higher than the national expectation, the reverse would be 
anticipated for colon and rectal cancer, yet both appear to be increased in most studies 
to almost the same extent. It seems difficult, therefore, to believe that socio-economic 
status should be a cause of a spurious association when different directions of effect 
in these two cancer sites would be anticipated. Furthermore, in those studies where 
either internal controls have been utilized or control has been attempted for socio-econo­
mic status, the analyses indicate that socio-economic status does not explain the differ­
ences observed.

In many respects use of national mortality data to derive expectation may underesti­
mate the magnitude of the difference and thus the strength of the association. It has 
been frequently observed that occupational groups have lower all-causes mortality (other 
than those possibly associated with the occupation) than would have been expected 
from the general population. This has been almost universally the experience of cohorts 
studied for disease experience subsequent to asbestos exposure when causes other than 
those suspected or established as due to this exposure, were considered. Nevertheless, 
it has not so far been established how a correction for this “healthy worker effect” 
could be applied.

In his discussion of this criterion, Bradford Hill points out “We must not be too 
ready to dismiss a cause and effect hypothesis merely on the grounds that the observed 
association appears to be slight.” Although this seems to have been the grounds an 
advisory committee on asbestos cancers convened by the International Agency for 
Research on Cancer [20] failed to conclude that a causal relation existed, they did 

-not discuss all the criteria that should be applied and indeed met at a time when 
some of the more recent evidence was not available.
- Consistency. As already discussed, a number of the studies reported, which failed 
to show the association, seemed either to be too small or possibly to be observing 

.. •cohort for too short a period since exposure to expect that an association might 
rie;ki.*!!^raonstrated- Tor those studies which do not seem to have such limitations, even 

not specify gastro-intestinal cancer by organ of origin, the criterion 
131, *^^fetency seems t0 be met* Although most of the studies were analysed using 

approach, a number of different cohorts are involved, some exposed to different 
of •sbestos and in different countries and for this reason the consistency criterion 

^ "Important.
^Specificity, This characteristic, essentially demanding an almost one to one relationship

l***ee:o a suspected causal agent and the ensuing disease, is obviously not met. Thus 
3J0*15 accepted as an etiologically relevant agent for one type of pulmonary fibrosis
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and in malignancies for lung cancer and for the very different pleural and peritonea) 
mesotheliomas. With regard to gastro-intestinal cancer, the association exists for esopha­
geal, stomach, and colorectal cancer, though with regard to the latter, it is not particu­
larly dear as to whether or not the association has been demonstrated for rectal as 
distinct from colonic carcinoma. Few studies enable the data to be distinguished on 
this point, though it seems certain that the association is present for colonic carcinoma.

However, as Bradford Hill points out, “one to one relationships are not frequent. 
Indeed, multicausation is generally more likely for a disease than single causation” 
so that the lack of specificity does not necessarily rule against causation.

Temporality. This fourth criterion is designed to distinguish between those associations 
which arise because of or after a disease has occurred or which clearly preceded the 
disease in a reasonable causal chain of events. As all the studies reviewed have been 
essentially the same type, namely cohort or prospective, even if some of the cohorts 
were established in retrospect, the temporality of the association has been dearly demon­
strated.

Biological Gradient. This criterion is most clearly expressed in terms of a dose/response 
relationship. As already indicated, there are few studies which enable this to be deter­
mined. The one that most clearly tackles this issue is that of McDonald and his col­
leagues [37,38], though the authors of these reports accept that their analysis may have 
been faulty. However, the errors in the analysis are of a type which it seems likely 
will have underestimated the strength of the association or resulted in failing to demon­
strate a dose/response relationship. It is difficult to visualize that the errors in the 
analysis would have created a dose/response relationship for colorectal cancer and this 
must be regarded as a strong point in favour of regarding this particular association 
as causal. Furthermore, other approaches to attempting to obtain dose/response relation­
ships such as duration of exposure or period since initiation of employment contribute 
to the suspicion that a dose/response relationship does in fact exist.

Historically, the suspicion that asbestos exposure was causally related to lung cancer 
was delayed in its confirmation because insufficient time was allowed both to ensure 
that those individuals in the studied cohorts had acquired sufficient exposure and that 
they had been observed for long enough to exceed the “latent period” between initiation 
of exposure and development of disease. The studies of several workers, particularly 
those of Selikoff and his colleagues, appear to confirm the presence of a latent period 
which is probably 20 yr or more [27]. For this reason, it seems possible that the largest 
cohort under observation by Selikoff (cohort 3, the 17,800 workers) has yet to experience 
its greatest mortality from gastro-intestional cancer. Indeed, in many respects, this is 
a far younger cohort than the other two studied by these investigators and McDonald 
and his colleagues.

Even so, the various observed/expected ratios reported by Selikoff do not indicate 
any consistent trend to increasing ratios with further follow-up of the early cohorts 
established by this group. Nevertheless, this may not necessarily be expected in studies 
in which essentially the same small group of workers are repetitively reanalysed.

It may, however, be noted that in more recently established cohorts, the expectation 
for death from gastro-intestinal malignancies, or indeed any other asbestos related condi­
tion, may fall if there is a threshold effect for induction of these diseases and if measures 
taken almost universally in asbestos related industries to reduce exposure to asbestos 
dust have reduced the exposure of the majority of workers below the threshold. This 
indicates that it is highly desirable to study not only existing cohorts already under 
observation, but to attempt to establish more recently exposed cohorts so that if the 
risk is reduced to the extent that no further excess is demonstrated after suitably pro* 
longed periods of observation, such absence of risk can be documented. Indeed, one. 
of the important aspects yet to be established in relation to asbestos and cancer that 
has been clearly demonstrated in relation to smoking in the absence of asbestos exposure 
and lung cancer is the fact that the risk of disease is substantially reduced in individuals 
in whom exposure has ceased. Nevertheless, as asbestos appears to persist in the tissues
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and possibly to act in this regard either as solely an initiating agent or as both an 
initiating and a promoting agent, whereas smoking clearly acts as a promoting agent 
alone, then expectation of a reduction of risk in individuals once exposed may be unrea­
listic.

Plausibility. In Bradford Hill’s words, “It will be helpful if the causation we suspect 
is biologically plausible, but this is a feature I am convinced we cannot demand. What 
is biologically plausible depends on the biological knowledge of the day.”

Data on this criterion cannot be obtained through epidemiological studies. Even 
though asbestos is generally inhaled, it may be anticipated that those who are exposed 
to inhalation would tend to trap many asbestos particles in the sputum and then these 
would then expose the gastro-intestinal tract when the sputum was swallowed. Indeed, 
unless all peritoneal mesotheliomas develop through penetration of fibres through the 
diaphragm, it is difficult to see how they could arise, except through penetration through 
the gastro-intestinal tract. Thus it would seem to be plausible to anticipate, even in 
the absence of demonstrated fibres in tumours, that swallowed asbestos fibres are car­

' cinogenic, by whatever biological mechanism in fact operates, in all parts of the gastro­
intestinal tract. .

Coherence. In Bradford Hill’s words, “On the other hand, the cause and effect interpre­
tation of our data should not seriously conflict with the generally known facts of the 
natural history and biology of the disease.” Coherence in this sense is difficult to establish 
in the absence of information on the etiology of most cancers of the gastro-intestinal 
tract other than suspicions of the effect of highly spiced or irritant foods in producing 
gastric cancer or high fat or animal protein diet in producing colorectal cancer. Whether 
or not asbestos is acting in association with such factors cannot be determined on 
present knowledge. Thus, although it is obvious that asbestos exposure is not necessary 
for the development of gastro-intestinal cancer, we cannot determine whether alone 
it is sufficient or whether it acts"ih collaboration with other etiological agents. By analogy 
with lung cancer and cigarette smoking, it seems possible that asbestos may require 
to\act in association with another agent though knowledge is just not available on 
this point.

Experiment. This criterion is used by Bradford Hill not in the sense that animal 
experimental data may help, he presumably relates this to biological knowledge; (in 
passing, it may be noted that animal experimental data on causation of gastro-intestinal 
cancers through asbestos exposure is still controversial), but in regard to the possible 
effect of an experiment in the human situation. Thus the strongest evidence might come 
if it were possible to remove exposure to an etiologic agent. The difficulties over this 
in relation to asbestos have already been alluded to, at least in terms of already exposed 
individuals. Furthermore, it seems unlikely in view of the ubiquity of exposure to 
asbestos that any occupational group that uses it could in fact be completely prevented 
from exposure of their lungs or gastro-intestinal tract. Thus, apart from the difficulty 

\ ^ long term observation that would be required, expectation of establishment of causa­
:' V°n on this criterion may be somewhat academic.
- - Analogy. The final criterion used by Bradford Hill is the reasonableness of ascribing 

oration, if in fact a similar mechanism has been shown to operate for another condi­
:; uon. In practice, asbestosis is so unique that it seems unlikely that one would be able 

to demonstrate a similar chain of events in relation to gastro-intestinal cancer. The 
• 0ne cou^ come to analogy is that of the occurrence of lung cancer and pleural

Peritoneal mesotheliomas.
farther points require comment. Firstly, one of the difficulties of the literature 

absence of data relating to exact anatomical sites of cancers. Although it would 
10 *n a Pos^on to identify cancers of particular sites within the stomach 

her parts of the gastro-intestinal tract or even more so a particular histological 
( that would facilitate identification of clearly asbestos related cancers, data is 

available on this point and it is unrealistic to expect that it will become available 
^Xistmg methods of epidemiological study. So far it has not been possible using
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anatomical or histological criteria to clearly identify those cancers of the gastrointes­
tinal tract that are due to exposure to asbestos (I. SelikofF, Personal Communication, 
1976). Nevertheless, in view of the nature of the agent, it may be unrealistic to separate 
off gastro-intestinal cancers even by organ. If one is dealing with a statistically rare 
event, and if the nature of the agent is such as to cause fairly uniform exposure to 
the gastro-intestinal tract, then maybe all we should expect is a general increase in 
the incidence of those cancers which normally occur. That the esophagus is not preferen­
tially at risk compared to the stomach and the stomach compared to the colon seems 
to be established on the data that is available. Furthermore, the marked excess of 
peritoneal mesotheliomas in all series seems to suggest that in many, if not most in­
stances, asbestos exerts its neoplastic potential when it comes to rest in the peritoneum 
and that possibly the rule is that either it is excreted or that it passes through the 
epithelium lining the gastro-intestinal tract and only rarely lodges for a sufficient period 
of time to induce neoplasia. If this is so, then what may be anticipated is an increase 
to a certain degree in the incidence of cancers that normally occur and in general 
all studies are supportive of this.

Secondly, it should be noted that the type of methodology normally utilized in occupa­
tional studies is such as to facilitate identification of strong associations (such as has 
lead to the demonstration of a causal association of asbestos and lung cancer, especially 
in the presence of smoking), but which does not facilitate the refinement of the nature 
of the relationship, especially if the association is relatively weak, as in the present 
case. Although further data can be anticipated in the years to come from continued 
observation from the cohorts studied by Selikoff and his colleagues and McDonald 
and his colleagues, the type of information that will be obtained is already known. 
Therefore, it seems likely that the data currently available is as good as may become 
available in the future unless extremely detailed studies of large cohorts carefully categor­
ized by intensity of exposure, preferably with control through other occupational or 
general population groups, prove possible in the near future. It may be noted that 
no such studies are being conducted as far as I am aware and that even the study 
in Finland [32], which has some of the features of an ideal design, and from which 
further confirmatory evidence may become available after another decade of follow-up, 
appears to lack detailed information on extent of exposure. •

A decision, therefore, has to be taken on the basis of available evidence and on. 
the basis of weighing the data that is available in spite of the acknowledged deficiencies 
already discussed in this report.

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Ashcroft T: Asbestos bodies in routine necropsies on Tyneside. A Pathological and Social study, Brit 
Med J 1:614-618, 1968 .
Bader ME, Bader RA, Tierstein AS, Selikoff IJ: Pulmonary function in asbestosis. Serial tests in a 
long term prosepctive study. Ann NY Acad Sci 132: 391-405, 1965.
Dohner VA, Beegle RG, Miller WT: Asbestos exposure and multiple primary tumours. Am Rev 8«p 
Dis 112; 181-199, 1975 '%
Jacob G, Aspach M: Pulmonary neoplasia among Dresden asbestos workers. Ann NY Acad Sci 132:: 
536-547, 1965 '
Langlands JHM, Wallace WFM, Simpson MJC: Insulation workers in Belfast-2. Morbidity in men- 
still at work. Brit J Indust Med 28: 217-225, 1971 .
Selikoff IJ, Bader RA, Bader ME. Churg J. Hammond EC (Editorial): Asbestos and neoplasia. At*,' 
J Med 42: 487-496, 1967 ,
Selikoff IJ, Churg J, Hammond EC: The occurrence of asbestosis among insulation workers in U.S-A 
Ann NY Acad Sci 132: 139-155, 1965 i
Wagner JC, Berry G, Skidmore JW, Timbrel! V: The effect of the inhalation of asbestos in rats. 8t». 
J Cancer 29 : 252-269, 1974 \
Wagner JC, Gilson JC, Berry G, Timbrel! V: Epidemiology of Asbestos Cancers. Brit Med Bull .27? 
71-76, 1971 ‘
Wallace WFM, Langlands JHM: Insulation workers in Belfast. 1. Comparison of a random samp 
with a control population. Brit J Indust Med 28: 211-216, 1971 ’H
Enterline, P.E: Mortality among asbestos products workers in the U.S.A. Ann NY Acad Sci 138: 156-A^

1965 lM*
Enterline P, De-Coufle P, Henderson V: Mortality in relation to Occupational exposure in the Asb<5;“ 
industry. J Occup Med 14: 897-903, 1972



Gastro-Intestinal Malignancies 33

:ers 01 the gastro-intes- 
rsonal Communication,
2 unrealistic to separate 
with a statistically rare 
ly uniform exposure to 
s a general increase in 
ophagus is not preferen- 
tred to the colon seems 
, the marked excess of 
i many, if not most in­
) rest in the peritoneum 
t it passes through the 1 
;es for a sufficient period 
nticipated is an increase 
y occur and in general 

'■0-

mally utilized in occupa-' 
ssociations (such as has! 
id lung cancer, especially | 
refinement of the nature 
weak, as in the present’ 
o come from continued 
lleagues and McDonald, 
lined is already known;j 
as as may become' 
;ohc .arefully category 
h other occupational orj 

It may be noted that| 
and that even the studyj 
design, and from which,; 
ther decade of follow-up,^

ailable evidence and oi§ 
icknowledged deficiencies

ogical and Social study, .Brijj

asbestosis. Serial tests in*
rtf'

■nary tumours. Am Rev Re 

kers. Ann NY Acad Sci |32| 

Belfast-2. Morbidity ia.fff 

Asbestos and neoplasia.^ 

insulation workers in UJ
-A

ition of asbestos m rats. *

> Cancers. Brit Med Buiy 

pa of a random si 

nn NY Acad Sci 13S:.15feJ 

onai exposure in the As*

27.

Enterline P, De-Coufle P, Henderson V: Respiratory Cancer in relation to occupational exposures among 
retired asbestos workers. Brit J Indust Med 30: 162-166, 1973
Enterline PE, Henderson V: Type of Asbestos and Respiratory Cancer in the Asbestos Industry. Archs 
Environ HIth 27: 312-317, 1973
Enterline PE, Kendrick MA: Asbestos-dust exposures at various levels and mortality. Archs Environ 
Hlth 15: 181-186, 1967
Keal EE: Asbestosis and Abdominal Neoplasms. Lancet ii: 1211-1216, 1960
Mancuso TF, El-Attar AA: Mortality pattern in a cohort of asbestos workers, a study based on employ­
ment experience. J Occup Med 9: 147-162, 1967
Newhouse ML, Berry G, Wagner JC, Turok ME: A study of the mortality of female asbestos workers. 
Brit J Indust Med 29: 134-141, 1972
Newhouse ML, Wagner JC: Validation of death certificates in asbestos workers. Brit J Indust Med 
26: 302-307, 1969 • .
Advisory Committee on Asbestos Cancers. Biological Effects of Asbestos a report to the Director of 
the International Agency for Research on Cancer. Ann Occup Hyg 16: 9-17, 1973 
Hammond EC, Selikoff IJ, Churg J: Neoplasia among insulation workers in U.S.A. with special reference 
to intra-abdominal neoplasia. Ann NY Acad Sci 132: 519-525, 1965
Selikoff IJ, Churg J, Hammond EC: Asbestos Exposure and Neoplasia. JAMA 188: 22-26, 1964 
Selikoff U, Hammond EC, Churg J: Asbestos exposure. Smoking, and Neoplasia. JAMA 204: 106-112, 
1968.
Selikoff IJ, Hammond EC: III Community effects of nonoccupational environmental asbestos exposure. 
Am J Pubi Hlth 58: 1658-1666, 1968 '
Selikoff IJ, Hammond EC, Churg J: Carcinogenicity of Amosite Asbestos. Archs Environ Hlth 25: 
183-196, 1972
Selikoff IJ, Hammond EC, Seidman H: Cancer risk of insulation workers in the U.S.A. In Biological 
Effects of Asbestos. Ed. Bogovski P, Gilson JC, Timbrell V, Wagner JC: International Agency for Research 
on Cancer. 209-216, 1973
Selikoff IJ, Hammond EC: Multiple Risk Factors in Etiology of Environmental Cancer. Implications 
for prevention and control. In: Persons at High Risk of Cancer, An approach to Cancer Etiology and 
Control. Ed. JF Fraumeni, J. Academic Press, New York. 467-483, 1975
Elmes PC, Simpson MJC: Insulation workers in Belfast. 3. Mortality 1940-66, Br J Indust Med 28: 
226-236, 1971 • •
Kleinfeld M, Messite J, Kooyman O: Mortality experience in a group of asbestos workers. Archs Environ 
Hlth 15: 177-180, 1967
Knox JF, Holmes S, Doll R, Hill ID: Mortality from lung cancer and other causes among workers 
in an asbestos textile factory. Brit J Indust Med 25: 293-303, 1968
Mancuso TF, Coulter EJ: Methodology in Industrial Health Studies: The cohort approach with special 
reference to an asbestos company. Archs Environ Hlth 6: 210-226, 1963
Meurman LO, Kiviluoto R, Hakama M: Mortality and morbidity among the working population of
Anthophyllite asbestos mines in Finland. Brit J Indust Med 31: 105-112, 1974
Bahn AK (ltr.) Hodgkins disease and schoolteachers. N Engl J Med 291: 207, 1975
Wagoner JC, Infante PF, Saracci R: Vinyl chloride and mortality? Lancet 2: 194-195, 1976
Berry G, Rossiter CE: Vinyl chloride and mortality? Lancet 2: 416, 1976
Fox AJ: Vinyl chloride and mortality? Lancet 2: 417, 1976
McDonald JC, McDonald AD, Gibbs GW, Siemiatycki J, Rossiter CE: Mortality in the Chrysotile 
Asbestos Mines and Mills of Quebec. Archs Environ Hlth 22: 677-686. 1971
McDonald JC, Becklake MR, Gibbs GW, McDonald AD, Rossiter CE: The health of Chrysotile Asbestos 
Mine and Mill workers of Quebec. Archs Environ Hlth 28: 61-68, 1974
Hill AB: The environment and disease: Association or Causation. Proc Roy Soc Med 58: 295-300, 

’ 1965

mi:


