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d the risk of gastrointestinal

PLAINTIFF’S EXHIBIT

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 relati
asbestos and risk of gastrointestinal cancer. and asbestos workers are not at an increased risk of

(o]

gastrointestinal cancer.

In 1964 Selikoff and coworkers reported on the
mortality experience of 632 asbestos 1nsulation 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 327y, "»th SMRs were
significantly greater than | (p ~ -05). indicating an
increased nisk compared with all United States white
men. In the 24 vears since the publication of this paper
the nouion of an increased risk of gastrointestunal
cancer 10 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 rnisk of gastrointestinal cancer and
concluded that they were causally related.” Another
review was published in 1985 by Morgan er af who
found some ruised nisks of cancer to some parts of the
gastrointestinal tract but believed that these rises were
not refated 10 exposure 10 asbestos.’ The present paper
provides a m : Fmtks of
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* Table |

gastrointestinal cancer to asbestos workers and s
bused on data lrom published studies. Studies that
evaluated nisks of’ gastrointestinal cancer from “by-
stander” exposure including exposures from asbestos
contaminated Jrinking water were not inciuded.

Study methods

Thurty two coliorts of asbestos exposed workers were
wdenunied that provided data on therr rish s of gastron-
tostinal cancert L wable T osummarises the tvpes of
COccapatimiagr e s e it sins ot velten 1
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occupattomil exposure. Data on some of the wohorts
hase heen pubhshed numerous tumes wung the
luston that there is consideriably more cudence on the
risks of gustromntestinal and other cancers o ashestos
workers than actually exists. Foreach cohuort the most
up to date data have been used. Studies were imcluded
i the review o they provaded data on the risks of
cancer o any zastromtestinal sie chnternasuonal Clas.
sification of Diseases (1CD) codes 130 1391 Stadies
that garve PMRs (proportonal mortality ratioss or
odds ratios were not included. [ causes af death
according to death certficate information and the best
evidence ot death based on medical and other evudenee
were ginen only the death certnicate data were usad

The statisiical signiticance of the SVRS was tnwes-
sed assunung the observed numiber of deaths toliowey
a Porsson distribution. Statistical tests of signicances
ttwo sided) were pectormed  using the procedare
described by Balar and Ederer.

The risks of gastromtesumad caneer 11CD codes 150
T390 1o ashestos workers were evaluated by consuder-
iy the following:

(I The SMRs lor wastrontestinal <
compiarson of SR tor gastroteesuinal «.
dasbestos exposed and non-expased worker
evluation of the dose-response relation be
vk of gustromtesuinald cancer and some o
anbestos dose,

SMRS FOR GASTROINTESTINAL CANCER
Table 2 shows the SMRs tor cuncers o
gastromtesunal sites for cach of the 32 cot
table separates the studies into those conduc
United States. the United Kingdom. and ot
tries. ot allstudies wive SMRs forall gastre
sites Some studies wdenufied the cancers
“wastrointesunal” (Gl without further na
o which [CD codes were included.

Tuable 2 shows that, exeept for one studs ¢
Unstee States Canadian studies were any of' ¢
sigmiticanthhy tp < U-O3rgreater than . For [
for which there were data from the Unite
Canada and other countries, the large:
tregardless of whether or not they differed sig
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from 1} occurred in the Unuted States Canadian  workers S v ol the 12 SMRs shown i the table were

studies und the smallest occurred in studies conducted
in other countries. This was true for all ICD codes
except for the Gl category. Since in most studics the
expected number of deaths was culculated trom
nauonal death rates. it might be hypothesised that n
countries other than the Umited 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 nsk of gastrointestinal cancer.

The data in table I summarises the SMRs given in
table 2. Ten were significantly greater than |
{(p < 0-0%) and nine were significantly less than !
p < 003

SRS FOR ASBESTOS EXPOSFD axND NON-
WRESTOS FXPOSED WORKFERS

Sivstudies provided gastromeestunal cancer SMRs tor
non-ashestos exposed workers ttable 41 No conistent
pattern o the relistive size arfthe panres oF SVRS s seen
tor the asbeston exposed and noa-ashestos exposed

lower o e asbestos evposed workers. The data
prosented 1 aable 4 do not mdicate any inercased risk
of astroeestimal caneer for ashestos exposed com-
pared wits non-ashestos exposed workers

DOSE RESPONSE RELATION BETWEEN
EXPOSURE TO ASBFSTOS a\D
GASTROINTISTINAL CANCER

Dose response data were given in nine studies. The
relation between the risk of death rom gastroinies-
unal cancer. lung cancer. and 1in some cases other
discases, and the accumulited dose of asbestos s
shown n the figure (1 21 No attempt was made o
convert accumulated asbestos dose (o common units.
Deaths {rom lunyg cuncer are also shown since many
investigators have reported a dose response relation
between the rish ol lung cancer uand ashestos dose.™
None of the studies Tisted 1 the figure computed dose
response relution tor lunyg cancer tor workers with
ditferent lifeume smohing habus. Fatlure w do this
could obscure adose response refation. espectaliy it the
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Table 3 Summuary of SMRs given in 1able 2

Edeiman

SVRs </ SMRs >/
nwn Studies Mediun SVIR Runge of SM R« p < uns p < 1uf
150 (] 113 0-64-2 62 0 1
151 9 100 0-17-204 1 ]

130-1 51 3 122 091~ 82 0 2
152 4 149 0-36-227 | 1
154 3 109 077 28 0 )
133133 10 113 07423 2 2z
130-153 i 103 0732 36 1 2
13 h e -2 97 ] |
150=139 H 116 04741 32 2 2
Gastraintestingl ) 108 0491 35 2 ]

smoking habits of the asbestos workers differ (rom
those of the populauons with whom the asbestos
workers are compared.

The figure shows no consistent dose response rela-
tion for gastrowntestinal cancers. Although the data
from some studies suggest dose response relattons.
they are most probably an arutact of the way 1n which
accumulated dose was measured. For example.
McDonald er of 1n therr study of miners and millers
show that the SMR for colon and rectal cancer
increases with accumulated asbestos dose.”* They also
show that the same relatton exists for deaths from
respiratory tuberculosts and cerebrovascular disease.
{n another study of miners and millers death rates
from lung cancer. gastrointestinai 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

assocrated with usbestos exposure. it appears that the
reported “dose response” relauon are n tact a
measure of other fuctors unrelated o accumulated
asbestos dose.

Discussion

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

(1} The studies reviewed made no Jattempt Lo
evaluate gastrointestinal tract death rates in terms of
any of the known nisk factors.

{2} Some studies idenufied the site ot the gastrontes-
tinal cancer by an ICD code. others did not. The
ditferant ways in which the ICD codes were combined
precluded comparisons of cancer rishs among the 32
cohorts.

Table 4 Comparison ot SMRs 1or gustromestingl cancers tfrom sudiey that included a group of workers not exposed to

ushestos
Rererene Ocupdiieat Croup Cunteer vite Ashestos waorkers Other workers
[ Shipsard workerst Oesophagus. stoman,
wolon, rectum 1337 = 0960 1§ 236 =070
12 {nsulation board manufuciuning Stomaen T =0 4 23 =19
Colon A dd =137 213 =142
Rectum 4 32 =12 Ll =000
L3 Asbentoy cement fuctory GHICD 150=154) v oAl = 236 1 164 =061
] Shipyard worken? Oevopnagus It =071 I 333 =004
Stomuch ToanT =103 M2AUM =13
Colon B S S Y 9 )49 = |-8|"
Rectum LR R N F Tl =068
Pancreas a0 - o T3l =07
i3 Anthophsfhie minersy GHICD i1 THdY -4t 9149 = sl
i Asbestos production tbuillding
producty. frction matenals,
tesule products? GHICD 130=1 59 NTD - e 22 =09k

Gl = Gastrwintestinal.
*p eyl

£Non-exposed workers included workers who had no or at most mnimal hkelihood o asPestin sxposure

sSeparation o asbentos cxposed and noA-Cxped was MLde 0n 1AC basis of desesPtasis o occupations and whether they brought the

workers into contact with asbestos,

sNhofespored group consisted of subjects elected irem an agncultural area ann oo munes or ather :adasiral plaats This group was
maiched (o the asbestos warkers by age and ~ex. and tor dute ol death tor those workers wnve nag Jwed

Nuneexposed group consisted of workers tfrom cottun texule piants

¢ Fur the exposed group the SMRS were wimslar for duferent Liteaes intervgds =21 20-29 0~ 3 eass trom tirst emplos aient s and Juratioas
atevposure t< 13 2 13 vedrst For the aoneespased group the SMRS were smtlar tor daterant Latens mtersalbs
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() Although mesotheliomuas were identified 1n most
studies. 1n some 1t wds not clear whether these cancers
were included or excluded from the group of gastromn-
tesunal cancers. including the group of cancers under
Gl and [CD codes 130-139.

{41 Since there 1s a high likelihood of misdiagnosing
mesotheliomas o> gastromntesitnal cancers and since
some studies may  have ncluded mesotheliomas
amony the watrotntestnal cancers. the reported
SMR~ may overestimate the true SMRs tor gastron-
testinal cancers

Sumerous articles have idenutied tactors that might
place anindividual at an inereased nisk of cancer to
any gastromntesunal site (1CD codes 130 139), These
risk factors mclude smoking; diet including aleohol.
beer. and beel, funuhial inhentance tactors—tor exams-
ple. adenomutosis. history of uleerative cohis: and
place al remdence.

Small but sigmificantdy increased  relatne risks
(relatinve risks fess than 2. for example) may occur
because of spurtous assoctations or tulure to account
tor the etfects of other sk tactars. such as diet or
smohing, that mught affeet the relanve sk, For
relatne risks that hie between |and 2 i1 extremely
difficult to disentungle the vartous contributions of
brased nformation. conlounding of (w0 or more
tactors. and cause and effect. Doll and Peto note that
the sumplest and most bkely explanation of the excess
mortahity of gastrointestunai cancer reported for asbes-
10y workers in some studies s from the misdiagnosis off
caneer of the lung and mesothelioma of the pleura or
peritoneum. © In studies that seek out moderate risks
considerable cure must be tauken both in the analbvucal
methods used and 1n the interpretauon of the results.
since the biases inherent in poorty controlled and
designed eprdenuological studies may exeeed the muag-
nitude of the etfects that could be observed.

Doll and Peto noted that unless locul death specific
rates are used. ratios (SMRs) under -3 may be largely
or wholly arutactual. * The importance of usng local
death rates s illustrated by the study of hrewery
worhers reported by Deun er of. * These imvestigators
found 4 higher SMR for colorie cancer hised on !
frelund death rates 1163, p < 04031 than the SMR
based on death rates tn Dublin county borough (1-1%.
p > 010

One major difficulty with the dose response data
provided 1n most studies 1s that the accumulated
ashoestos dose (erther in terms of the quanuty of'dust or
dsbestos fibres) s computed lTor workers 1n terms off
therr aserage exposurce in ditfferent jobs muitiplicd by
the duration ot exposure. This procedure does not

differenuate between workers with high exposures of

short duration or low exposures of long duration. In

additon.af there are no magor difierences in lesel of

cxposdre hetween workers in different job categories

Edelmun

the procedure will result in people with longer dura-
uons 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. regurdless of their exposure Lo asbestos. Ona
approach to the evaluation ol dose respense relattons
that would not suffer from the aboy e deficiency woulu
be to compute mortality risks (SMRs. mortality rates,
odds ratios) fur cohorts of workers who expernenced
relatvely constant doses ol asbestos vver ume.

The data n the figure show no consisient dose
response relatton between accumulated asbestos dose
and lung cancer. This certanly ratsed questions con-
cerning the validuy of this reported dose response
refation. One problem with the lung cancer dose
response duta 1s that the lifetime smoking habits of the
asbestos workers were not taken nto consideration.
Even if the smoking habits of the asbestos workers
were known simtlar information was not available on
the comparison populations. Since rates of lung cancer
generually increase with the duration of smoking. one
may expect to find higher SMRs for higher
accumulated ashestos doses. especially if the
accumulated asbestos dose 1s computed us a product
of the average concentration ot asbestos and durauon
of employment. Since in most of the studies the
accumulated usbestos dose wus 4 tunction of the
duration of employvment. the dose response relation
between lung-cancer and accumulated asbestos dose
might more correctly reflect a do~¢ response relauon
between lung cancer and duration of smoking.

If asbestos has a carcinogenic effect on the gastroun-
testinal tract it should be possible to show this effect
through lifeume ingestion studies 1n laboratory
arnals. Selikotf and Lee noted that “attempts to
incuce carcinoma in the intesunal epichelium or
mesothelioma 1n the peritoneum by leeding asbestos
have been uniformly disappoinung .. .. In a later
resiew of published studies ot asbestos admunistered
by mouth Condie concluded, “the bulk of the
experimental evidence indicates that the long-term.
high-level ngestion exposure to ‘arious types of
asbestos  libres  faled to produce any  definite,
reproductble. organ-specific carcinogenie effect.”™
Condic cited the evidence trom 12 studies that had
evaluated the caranogenic effects of ingesting asbes-
tos. In two subseguent hfe ume studies of asbestos
mgestion ™ F3H mas and Synan golden hamsters
MeConnell o1 of reported noinereise in the incidence
uf gastromtesunal cancers™* and reatlirmed the con-
clustons ol Condie.” Ward oraf es afuaied the efects of
intrasteadly cdmnmistered ashestos e FA4E rags 2
Some yroups of ras tiso recened  subcutaneous
injections o szovymethane (AOM) o known gas-
trointestnal carcmogen, The proportions of rats that
developed mtestnad tumours were 66-"%, 7719, and
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32:6% in the AOM (38 rutst. AOM plus amosite
asbestos (48 rats). and amosite ashestos (49 rats)
treated groups. respectinely. The authors noted that
F34d rats at the same laboratory “rarely develop
intestinal tumours.” Several invesugators have sug-
gested that the leed ol the rats who received amosite
might have been.contamnated by AOM. thus giving
an erroneously high rate of intesunal tumours.* '

The cntena that should be met o establish cause
and effect relatton have been stated in many different
ways by numecrous mvestigators. These critenia as
restated by Schhoff und Lee* urc that:

(11 a stausucally significant associauion be establi-
shed between exposurcs of subjects to the agent
{asbestos) and the subsequent desclopment of the

vndrome;

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 conceniration in
exposed subjects should be greater than in unexposed
subjects:

{4) the demonstration of pathological changes in
animals after exposure to the agent. simular to those
seen n man. would strengthen the c¢vidence for
causauon. but the failure to obtain such changes
would not negate other evidence supporting a
causative relation: and

(31 the role of numerous attendant circumstances
capable of influencing the appearance of manifesta-
tions of the disease imuated by the agent should be
evaluated.

The present evaluation found no consistent staus-
tical associauion between exposure to asbestos and
gastrointesunal cancer. a dose response relation was
not apparent. and results of ingesuon studies in
laboratory amimals were negative. In terms of these
criteria the findings of the present evaluation do not
support 4 causc and cffect relation between exposure
1o asbestos and gastromntesunal cancer. The third
cniterion was not cvaluated since studies have not been
conducted to evaluate the concentration of asbestos
tibres or bodies in the gastrointesunal lissues of
asbestos exposed and non-exposed subsects. Although
various factors associated with an ncreased risk off
gastromntestinal cancer have been identified. none of

the 32 swdies made any adjustments to the nsk
estimates for gastromntestinal cancer for any of these
factors. Bused on the epidemiolomenl. clinical. and
experimental studies evaluated. there 1s no evidence to
support ¢ cause und etfect relation between exposure
to asbestos and cancer of any gastromtesunal site.

Regquests tor reprints 1o Dr D A Fdelnman, Medical
R.c.\c;lruh Consaltants, Inc. 6 Winding Creeh Lune.
Chapel Hill. \C 27514,
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