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abstract In 1964 it was first reported that asbestos workers had a higher risk of gastrointestinal 
cancer. This notion has persisted despite several studies that have found no increased risk. The risks of 
gastrointestinal cancer to workers exposed to asbestos were reassessed, based on the results of 
published studies on 32 independent cohorts of asbestos workers. Not all studies provided risk 
estimates (SMRs) for all gastrointestinal sites (ICD codes 150-159). No consistent evidence was 
found to indicate that exposure to asbestos increases the risk of gastrointestinal cancer. Generally, the 
higher SMRs came from studies conducted in the United States or Canada and might reflect factors 
not related to exposure to asbestos. In studies in which asbestos exposed and non-asbestos exposed 
workers were evaluated the SMRs were not consistently higher for the group exposed to asbestos. 
There was no apparent dose response relation between accumulated asbestos dose and the risk of 
gastrointestinal cancer. It is concluded that there is no dose response relation between exposure to 
asbestos and risk of gastrointestinal cancer, and asbestos workers are not at an increased risk of 
gastrointestinal cancer. — ~ “ " ~ ~ ~

In 1964 SelikolT and coworkers reported on the 
mortality experience of 632 asbestos insulation work­
ers in the New York metropolitan area.' The study- 
showed that these workers had an apparent excess of 
gastrointestinal cancers: there were 12 deaths from 
gastric cancer compared with 4-3 expected (standar­
dised mortality ratio (SMR) = 2-79) and 17 deaths 
from cancer of the colon or rectum compared with 5-2 
expected (SMR = 3-27). 1'th SMRs were
significantly greater than 1 (p - 05). indicating an
increased risk compared with all United States white 
men. In the 24 years since the publication of this paper 
the notion of an increased risk of gastrointestinal 
cancer to asbestos workers has persisted even though 
several other papers have failed to substantiate it.

In 1978 Miller reviewed reports relating to exposure 
to asbestos and the risk of gastrointestinal cancer and 
concluded that they were causally related/ Another 
review was published in 1985 by Morgan et al who 
found some raised risks of cancer to some parts of the 
gastrointestinal tract but believed that these rises were 
not related to exposure to asbestos.' The present paper 
provides a m^rc Hfija^L^nnii i.";ffWiTii irUrc of

gastrointestinal cancer to asbestos workers and is 
based on data from published studies. Studies that 
evaluated risks of gastrointestinal cancer from ■‘by­
stander" expo-tire including exposures from asbestos 
contaminated drinking water were not included.

Study methods

Thirty two cohorts of asbestos exposed workers were 
idcntihcd that pros ided data on their risks of gastroin­
testinal cancer' . tabic I summarises the types of
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Table 2 Standard ntortu(tt\ ratios S\f R\ lor «oncer of various ?astrotnre\imai sites'
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occupational exposure. Data on some ot‘ the cohorts 
hate heen published numerous times auBi the 
illusion that there is considerably more evidence on the 
risks of gastrointestinal and other cancers to .-.shesios 
workers thtm actuallv exists. For each cohort the most 
up to dale data have been used. Studies were included 
in the review if ihcv provided data on the risks of 
cancer to anv gastrointestinal site i International Clas­
sification of Diseases (IC'D) codes Ifu L'di. Studies 
that gave P\1 Rs (proportional mortahtv ratiosi or 
odds ratios were not included. If causes o( death 
according to death certificate information and the be'i 
evidence of death based on medical and oilier ev idcmc 
were given onlv the death certificate data were used

The statistical significance of the SMRs was mes­
sed assuming, the observed mini her of deaths I'ollowco 
a Poisson distribution. Statistical tests of'igmiicaucc 
(two sided) were performed using the procedure 
described hv Bailur and Ederer.

The risks of gastrointestinal cancer i IC'D codes 1 *n 
If"-)) to asbestos workers were evaluated bv consider­
ing the following:

M s 5J = 1 M

x xnx = u se • a u = ( si

' 150— 15X: digestive. probuMv l.'D-t?"

(I) The SMRs lor gastrointestinal ca 
comparison of.SMRs lor gastrointestinal ... 
asbestos exposed and non-exposed worker 
evaluation of the dose-response relation be 
risk of gastrointestinal cancer and some m
asbestos dose,

SVtRS FOR (.(ASTRO! S TESTIN' A L CANCER
Table 2 shows the SMRs for cancers o 
gastrointestinal sites for each of the 32 eor 
table separates the studies into those conduv 
United States, the United Kingdom, and ot 
tries. Not all studies gave SMRs for all gastro 
sites Some studies identified the cancers 
"gastrointestinal" (GIi without further ina 
to which IC'D codes were included.

Table 2 shows that, except for one studv e 
Utiucti States Canadian studies were anv of; 
'ignmcanilv ip < iM)5i greater than I. Fori1 
for which there were data from the Unite 
Canada and other countries, the larges 
i regardless of whether or not thev dtffercd sig
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from I) occurred in the United States Canadian 
studies and the smallest occurred in studies conducted 
in other countries. This was true for all ICD codes 
except for the GI category. Since m most studies the 
expected number of deaths was calculated from 
national death rates, it might be hypothesised that in 
countries other than the United States and Canada the 
workers exposed to asbestos and national populations 
are more homogeneous and less subject to factors that 
might confound the relation between asbestos 
exposure and the risk of gastrointestinal cancer.

The data in table 3 summarises the SMRs given in 
table 2. Ten were significantly greater than I 
(p < t)-05) and nine were significantly less than I 
(p < 0 05).

sxirs fur xsiusros fxposfd and no\-
VSItf-N ros F\ Pc JXFD WORKERS 
Six studies provided gastrointestinal cancer SMRs lor 
non-asbestos expired workers I table 4). No consistent 
pattern in the relative m/c of ihc pairs of SMRs is seen 
for the asbestos exposed and non-ashestox exposed

workers n \ of the 12 SMRs shown in the table were 
lower loi -itc asbestos exposed workers. The data 
presentee ■; table 4 do not indicate any increased risk 
ol gastrointestinal cancer for asbestos exposed com­
pared will! non-asbesios exposed workers

DOSE RESPOs.SK RELATION' BE TWEEN 
EXPOSURE TO XSBFSTOS AND 
GASTROtNTI STtN AL (AMTR
Dose response data were given in nine studies. The 
relation between the risk of death from gastrointes­
tinal cancer, lung cancer, and in some eases other 
diseases, and the accumulated dose of asbestos is 
shown in the figure ra gt. No attempt was made to 
convert accumulated asbestos dose to common units. 
Deaths from lung cancer are also shown since many 
investigators have reported a dose response relation 
between the risk of lung cancer and asbestos dose.1’ 
None of the studies listed in the figure computed dose 
response relation for lung cancer for workers with 
different lifetime smoking habits. Failure to do this 
could obscure a dose response relation, especially if the
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Table 5 Summary at SMRs divert m tuble -

ta> Studies Median S'\f R Runze of SUR*
SWR* < t
p < n it*

SUR* >1
p <

150 0 1 u 0-64-2 62 0 l
151 4 1 00 o-r-:o4 1 0
150-151 s i:: 091-1 82 0 2
155 4 1 44 0-56-::: 1 n
154 t 1 09 0-^-1 24 0 0
155-154 lo 1 IS 0 74_; M> 2 2
150-154 in 1 08 0*4-: 46 1 2
15* - 0-49 0-00-2 97 0 1
15iM54 ii 1 06 047-| 52 X 2
Gastrointestinal 6 1 05 0 49-1 55 X 0

smoking habits of the asbestos workers differ from 
those of the populations with whom the asbestos 
workers are compared.

The figure shows no consistent dose response rela­
tion for gastrointestinal cancers. Although the data 
from some studies suggest dose response relations, 
they are most probably an artifact of the way in which 
accumulated dose was measured. For example. 
.McDonald et al in their study of miners and millers 
show that the SMR for colon and rectal cancer 
increases with accumulated asbestos dose/4 They also 
show that the same relation exists for deaths from 
respiratory tuberculosis and cerebrovascular disease. 
In another study of miners and millers death rates 
from lung cancer, gastrointestinal cancer (ICD 151- 
159). tuberculosis of the lung, and cardiovascular 
disease increased with increasing accumulated dose of 
asbestos. " Since diseases such as cardiovascular dis­
ease and respiratory tuberculosis have not been

associated with asbestos exposure, it appears that the 
reported “dose response" relation are in fact a 
measure of other factors unrelated to accumulated 
asbestos dose.

Discussion

In evaluating the risks of gastrointestinal cancer to 
workers exposed to asbestos several problems were 
encountered.

(I) The studies reviewed made no attempt to 
evaluate gastrointestinal tract death rates in terms of 
any of the known risk factors.

12) Some studies identified the site of the gastrointes­
tinal cancer by an ICD code, others did not. The 
different ways in which the ICD codes were combined 
precluded comparisons of cancer risks among the 52 
cohorts.

Table 4 Comparison ot SMRs lor gastrointestinal tamers /root studies that included a group of Markers not exposed to 
asbestos

Rcrcrcm r Oi t upattomu st'oup C'jtu cr \iie 4*he\nt* worker* Other workert

ft Shipsard workerst Oesophagus, stomacn.
v.olon. rectum 45 47 ■s n-96« IS 25-6 - 0-70

i: Insulation board manufacturing Stomacn " " s ■= 044 4 ' 5 - 1-59
Colon h 44 = i r 2 1 4 = 1 4i
Rectum 4 t 2 - 1 24 0 11 — 0 00

15 Asbestos cement factors GI i IC’D 1 i— 1541 4 \ r»5 ■= : 46* 1 1 64 = 0 61
:s Shipsard workerst Oesopnaeus 1 ! -M = 0 "l 1 x_^s = 0-18

Stomach h f-i" - i 05 51 :i 54 * l 45
Colon ' 4 <4 s 1 M 14 10-49 = 1 si-
Rectum t 2 '4 ) 114 5 * 72 = 0 68
Pancreas •1 ; - i) no \ 4 2a •= 0 '1

*4 Anthophviltte miners* GI i ICD i .'11-1591 14 a - U 4~* 4 144 - 0-60
55 Asbestos production (building

products, melton materials, 
textile products) GI i IC'D 150-1*91 V < *': - ■ Hh 22 x = 0 96

GI = Gastrointestinal.
*p < u »5
fNon«expos<d worker* included workers who had no or ai most minimal likelihood .»i a-mesi.ix exposure
^Separation into asbestos reposed and non*exposcd was nude on tne basis ot Jcv.r.r".«ou% «i ovwjpjtiort' and whether they brought the 
workers into contact with asbestos.
;Non-e\pose\l group consisted of subjects selected imm an agricultural area *»m no mines «*r other :ndu>ir:al plants This croup was 
matched to the asbe>to> workers by age and and lor date oi death tor those worker *no nad J.cd 

Non«ex posed group consisted of workers irom cotton textile plants
4 For the exposed group the SMRs were >imilur lor JiiTcrcni l.itencs intervals • i*-w 2i»-2g s -.car' srom tirst cmplosutcnt i and durations 
oi exposure t 15. ? 15 yearsi For the non*c\poscd group the SMRs were similar tor dolerem Gtctu.* intervals
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(.') Although mesotheliomas were identified in most 
studies, in some it was not clear whether these cancers 
were included or e\cluded from the croup of gastroin­
testinal cancers, including the group of cancers under 
GI and ICD codes 150-159.

(4) Since there is a high likelihood of misdiagnosing 
mesotheliomas as gastrointestinal cancers and since 
some studies mas have included mesotheliomas 
among the gastrointestinal cancers, the reported 
SMR' mat overestimate the true SMRs for gastroin­
testinal cancers

Numerous articles have identified factors that might 
place an individual at an increased risk of cancer to 
anv gastrointestinal site ilCD codes 150 159). These 
risk factors include smoking; diet including alcohol, 
beer, and beef, familial inheritance factors—for exam­
ple. adenomatosis, history of ulcerative colitis; and 
place vif residence.

Small but significantly increased relative risks 
(relative risks less than 2. for example) may occur 
because of spurious associations or failure to account 
for the effects of other risk factors, such as diet or 
smoking, that might affect the relative risk. For 
relative risks that lie between I and 2 it is extremely 
difficult to disentangle the various contributions of 
biased information, confounding of two or more 
factors, and cause and effect. Doll and Peto note that 
the simplest and most likely explanation of the excess 
mortality of gastrointestinal cancer reported for asbes­
tos workers in some studies is from the misdiagnosis of 
cancer of the lung and mesothelioma of the pleura or 
peritoneum. ' In studies that seek out moderate risks 
considerable care must be taken both in the analytical 
methods used and in the interpretation of the results, 
since the biases inherent in poorly controlled and 
designed epidemiological studies may exceed the mag­
nitude of the effects that could be observed.

Doll and Pcto noted that unless local death specific 
rates are used. ratiostSMRsi under 1-5 nia> bo largely 
or wholly artifactual. ' The importance of using local 
death rates is illustrated hv the study of brewery 
workers reported by Dean ci al. ' These investigators 
found a higher SMR for colonic cancer based on all 
Ireland death rates 11 -65. p < 005) than the SMR 
based on death rates in Dublin county borough (1 Iff 
p > O-IOl.

One major difficult} with the dose response data 
provided in most studies is that the accumulated 
asbestos dose (either in terms of the quantii} ofdusi or 
asbestos fibres) is computed for workers in terms of 
their average exposure in different jobs multiplied h} 
the duration of exposure. This procedure does not 
differentiate between workers with high exposures of 
short duration or low exposures of long duration. In 
addition, if there are no major differences in level of 
exposure between workers in different |oh categories

the procedure will result in people with longer dura­
tions of exposure being placed in the higher exposure 
groups. These higher exposure groups will tend to 
include the older workers who are at an increased risk 
of death, regardless of their exposure to asbestos. One 
approach to the evaluation of dose response relations 
that would not suffer from the above defietenc} woulu 
be to compute mortality risks (SMRs. mortalit} rates, 
odds ratiosi for cohorts of workers who experienced 
relative!} constant doses of asbestos over time.

The data in the figure show no consistent dose 
response relation between accumulated asbestos dose 
and lung cancer. This certain!} raised questions con­
cerning the validity of this reported dose response 
relation. One problem with the lung cancer dose 
response data is that the lifetime smoking habits of the 
asbestos workers were not taken into consideration. 
Even if the smoking habits of the asbestos workers 
were known similar information was not available on 
the comparison populations. Since rates of lung cancer 
generally increase with the duration of smoking, one 
may expect to find higher SMRs for higher 
accumulated asbestos doses, especially if the 
accumulated asbestos dose is computed as a product 
of the average concentration of asbestos and duration 
of employment. Since in most of the studies the 
accumulated asbestos dose was a function of the 
duration of employment, the dose response relation 
between lung-cancer and accumulated asbestos dose 
might more correctly reflect a dO'C response relation 
between lung cancer and duration oiNmoking.

If asbestos has a carcinogenic effect on the gastroin­
testinal tract it should be possible to show this effect 
through lifetime ingestion studies in laboratory 
annuals. Selikolf and Lee noted that "attempts to 
inuuce carcinoma in the intestinal epithelium or 
me'vuhelioma in the peritoneum by feeding asbestos 
have been uniformly disappointing . . . In a later 
review of published studies of asbestos administered 
by mouth Condie concluded, "the bulk of the 
experimental evidence indicates that the long-term, 
high-level ingestion exposure to various types of 
asbestos fibres laded to produce any definite, 
reproducible, organ-specific carcinogenic effect."'1 
Condie cued the evidence from 12 studies that had 
evaluated the carcinogenic effects of ingesting asbes­
tos. In two Mibv.'quent life lime -tuuies of asbestos 
ingesiion hv K'44 rats and Syrian golden hamsters 
McConnell i; M reported no increase in the incidence 
of gustroiniesiin.tl cancers'’' and rea(firmed the con­
clusions ofCondie.' 'A ard i (ul evaluated the effects of 
intrugu'iically administered ashc'lO' in F.'J4 rats a 
Some group' of rais ai'o received -uheutuneous 
injection' of a/oxymethane (AOM). a known gas­
trointestinal carcinogen. The proportions of rais ihai 
developed mic'imol tumours were 77-1 and

002050
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Exposure in asbestos am/ tlw risk nl casirointestinal cane
32-6° o in the AOM (48 rats). AOM plus amosite 
asbestos (48 rats), and amosite asbestos (49 rats) 
treated groups, respectively The authors noted that 
F344 rats at the same laboratory "rarely develop 
intestinal tumours." Several investigators have sug­
gested that the feed of the rats who received amosite 
might have been.contaminated by AOM. thus giving 
an erroneously high rate of intestinal tumours.41

The criteria that should be met to establish cause 
and effect relation have been stated in many different 
ways bv numerous investigators. These criteria as 
restated bv Sehkoff and Lee* are that:

(1) a statistically significant association be establi­
shed between exposures of subjects to the agent 
(asbestos) and the subsequent development of the 

v ndrome:
12) some degree of dose response relation should be 

demonstrable:
(3) in the event that the agent or its metabolic 

product can be shown in tissue, the concentration in 
exposed subjects should be greater than in unexposed 
subjects:

(4) the demonstration of pathological changes in 
animals after exposure to the agent, similar to those 
seen in man. would strengthen the evidence for 
causation, but the failure to obtain such changes 
would not negate other evidence supporting a 
causative relation: and

(51 the role of numerous attendant circumstances 
capable of influencing the appearance of manifesta­
tions of the disease initiated by the agent should be 
evaluated.

The present evaluation found no consistent statis­
tical association between exposure to asbestos and 
gastrointestinal cancer, a dose response relation was 
not apparent, and results of ingestion studies in 
laboratory animals were negative. In terms of these 
criteria the findings of the present evaluation do not 
support a cause and effect relation between exposure 
to asbestos and gastrointestinal cancer. The third 
criterion was not evaluated since studies have not been 
conducted to evaluate the concentration of asbestos 
fibres or bodies in the gastrointestinal tissues of 
asbestos exposed and non-exposed subjects. Although 
various factors associated with an increased risk of 
gastrointestinal cancer have been identified, none of 
the 32 studies made any adjustments to the risk 
estimates for gastrointestinal cancer for any of these 
factors. Based on the epidemiological, clinical, and 
experimental studies evaluated, there is no evidence to 
support a cause and effect relation between exposure 
to asbestos and cancer of any gastrointestinal sue.

Requests for reprints to Dr D A Fdelman. Medical 
Research Consultants. Inc. 6 Windine Creek Lane. 
Chapel Hill. \C 2“514.
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