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Steven Bernard Blum. Stomach Cancer Among Rubber Workers: A
Case-Control Study. Under the direction of Herman Tyroler, Dragana
Andjelkovich, Carl Shy, Allan Smith and Michael Symons. The following
report is an adaptation of the dissertation submitted to the faculty

of the University of North Carolina in partial fulfillment of the
requirements for the degree of Doctor of Philosophy in the Department

of Epidemiology. In addition to the dissertation committee jdentified
above, the following professionals contributed to this report: Earl Arp,
John Gamble and Ted Williams. ‘ -

SUMMARY

Mortality data collected for ten year cohorts (1964-1973) at two
major tire manufacturing companies revealed an excess of deaths from
stomach cancer, based on elevated point estimates of Standardized
Mortality Ratios (SMRs) at these companies. The present analytic
investigation was undertaken to examine possible associations between
this excess and numerous occupational and non-occupational factors
operating within the rubber industry.

This study utilized a matched case-control design, with two sets
of two controls (for a total of four) matched with each case - the-
first set matched on age, race, and sex and the second matched on these
factors, and on duration of employment as well. The former control
group was used to test the hypothesis of a generalized effect of employ-
ment within the industry, which would be evidenced by a longer duration
of employment among cases. The latter was used %ﬁr gxamining for-_
differences in the detailed work histories of cases and controls, after

having ensured equal opportunity, by the matching constraints, for each
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group to have worked anywhere within the industry and these analyses
allowed us to draw concTusions‘concerning the risk of developing stomach
cancer in relation to work within specific areas of tﬁe plant. _In all,
there were 102 cases of stomach cancer and 393 confrols, with subjects

- from both sex and race groups included in the study. -

A thorough literature review of the relationship between stomach
cancer and pertinent occupatioﬁa] and non-occupational risk factors is
presented in Chapters III - XII of the enclosed report, although these
chapters neéd not be read for a thorough understanding of the findings.

After appropriate analyses, the two control groups were merged and
examination of the data indicated that there was no statistically
significant association between stomach cancer cases and numerous
poteritial explanatory factors, such as nativity, education, age at hire,
and total duration of empioyment-within the industfy.

This was followed by an analysis of the detailed work history of
each subject, a history which contains a-listing of each job held by
the individual, as well as the dates during which these jobs were held.
Using a system developed by the Occupational Health Studies Group (OHSG)
at the University of North Carolina, the thousands of unique jobs within
the industry have been condensed into a more manageable number of
approximately 100 Occupational Titles (0Ts) which share common production
processes, and these QTs have, in turn, been further condensed into‘ZO
standard OCCUpétionai Title Groups {OTGs) with even broader common
features.

The work histbry analysis involved an examination of the his;ories
of stomach cancer cases and their controls for different 0T frequencies

between the two groups, a finding which would indicate possibly different
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exposures to known or suspect gastric carcinogens. Initial use of the
standard 0TGs did not reveal differences in possible exposure. After
these analyses, a new job classification was constructed by expert OHSG
environmental hygienists. This new classification grouped 0Ts thought

to have potential for exposure to numerous known or suspect stomach
carcinogens. Use of this system_revealed that cases at one company had
significantly different work historieé from controls, and this difference
involved a history of employment within 0Ts judged to have-substantial
exposure to detackifiers (anti-sticking agents). Further analysis
indicated that this exposure, among the cases, lasted longer and occurred
in an earlier calendar period than did the control group exposures.
Because of the common use of talc as a detackifier, and the possible
contamination of talc with asbestos, which is a suspect stomach

carcinogen, the possibility exists that asbestos exposure may explain

a substantial proportion of the observed stomach cancer excess.
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INTRODUCTION

In 1970, the United Rubber Workers Union negotiated with the six
major U. S. rubber ;ompanies for a comprehensive program of research
into work-related health problems. The Occupational Health Studies
Group {OHSG)} at the University of North Carolina is.conducting
research within four of these companies. We have access tao large,
Astab]e populations of industrial employees on whose health status
we have already cbmp]eted numerous studies, with many more still in
progress. One of our most recent investigations has revealed a
substantial excess of stomach cancer, based on Standardized Mortality
Ratios (SMRs), among rubber workers, and we have accumulated evideﬁce
of the nature of the environmental agents within the industry which 7
may be of etiologic importance. The OHSG has developed methods to
analyze employee work histories, which is of prime importanée in an
industrial setting, enabling us to categorize work experience into
distinct Occupational Titles (0Ts), each of which shares common |
industrial processes. These 0Ts can be further condensed into
broader categories called Occupational Title Groups (0TGs}, which
are helpful in initial analyses. MWhile the OTs are not exactly
sim%1ar in every company under study, the GHSb has déQé!éped a
cross-classification system (Appendix I) which enables us to pool -

data across the companies and piants included in this investigation.
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Retrospective cohort studies, which identified employee cghorts
as of 1964, were initiated at one plant in each of two companies in
Akron, at which time all active and retired male workers who were
alive and between the ages of 40-84, were identified. The wortality
experience of tﬁese cohorts was obtained from the companies' 1ife and
pension insurance departments, with additional data collected from
various state departments of vital statistics when unavailable from
company sources. At both companies A and B these data we;e collected
through 1973, so we have ten-year cohort analyses at both plant;.

The U. S. general population was useq as the referent (standard},
from which appropriate age- and cause-specific rates were derived

for the determination of "expected" numbers of cases, and the results
are presented in Table 1.

However, since the completion of these analyses, additional
- gastric cancer deaths, beyond the termination years, have been recorded
at both companies., Company Bhas also collected data on the
mortality experience of a "runningf cohort for the interval.1950-63.
Table 2 presents the total pool of stomach cancer deaths available
for this studv. Despite this large number of potential inclusions,
the cases actually included were part of the ten-year cchorts, with
the addition of cases which occurred in 1974 and the first part of 1975.

The present study is based on 102 deaths from gastric cancer and
examines, in case-control ‘mode, the possible association between this

disease and numerous non-occupational and occupational factors.
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RATIONALE

Workers in the rubber industry are, or have been, exposed to a
variety of-chemical agents which are either clearly established carcinogens
or are highly suspected of being so. Table 3 presents a partial list of
chemical carcinogens believed to have been present in the working
environment of the rubber industry. As can be seen, the three classes of
chemical agents {benzpyrene, nitrosamines, and asbestos) most often
correlated with the incidence of gastric malignancies are either used as
such or formed during the industrial process. Table 2 presents the stomach
cancer mortality data collected by the Occupational Health Studies Group
(CHSG) at the University of North Carolina prior to the initiation éf the
present study. In view of the high case fatality and the five-year survival
rate of only 12 per cent, the use of mortality instead of incidence cases
seemed justified for case identification. In those companies for which
retrospective identification of populations at risk have been completed,
_standardized mortality ratios for males are presented. As is evident from
Table 1, there is a 30-90 per cent higher mortality from Stomach cancer
for males, based on age-comparable U. S. national mortality data. It
should be noted, however, that the indicated mortality excess in males
is probably a conservative estimate, since the national data are compifed
for all males, including those who are bed-ridden or disablied, within'the
specified age categories. The workers comprising the populations at risk

within the rubber industry, however, are healthy enough to be actively employed,
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and comparing'their rates with national data would therefore probably
result in an under-estimation, as witness the SMR of less than 100 for
all causes {(Column 1). This pheromenon is commonly called the "healthy
varker effectf-[]]. For this reason, Column 3 in Table 1, the adjusted-
by-ail-causes rate. gives a closer approximation of fhe true increase in
mortality rate.

In view of the evidence of increased gastric cancer mortality among
rubber workers, and the concomijtant presence of known c;rcinogenic agents
within the industrial environment, an epidemiologic study seemed
appropriate. As mentioned earlier, the QHSG had already collected a
substantial amount of data on employees of the rubber manufacturing
plants, and the remaindér of the pertinent information was available.

A case-control epidemiologic study, by comparing the occupational | -
histories of cases and controls, would be able to determine, most
importantly, if the cases had some cormmon work area or exposdre not
shared by the controls. If this were to be true, and we suspected it
woufd be, then using as a population-at-risk only that sub-group of
workers employed in high risk areas would be expected to yield

~ standardized mortality rates far higher than the overall excess reported
vthus far, a finding which would be possible when the dilutign effect is
eliminated. V |

The case-control approach was chcsgn because it wqu]d ai}qw us to
-immediately use the ascertainments of death collected for the éeriqd'
under study. In addition, other types of information, which were either
immedjately available or which could be feasibly collected, would a]]qw

us to examine other types of variables which are suspected of being
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associated with the development bf cancer. There are a number of
advantages to this method. First, by anaTyzing-both duration of employ-
ment and occupational histories we wouid be able to determine if length
of employment within specific work areas was a good index of exposure to
carcinogens and subsequent development of disease. Also, by gathering
data on variables such as ethnicity, we would be able to contro]'for
these possible confounding factors. For instance, mortality rates from
gastric cancer show significant geographic variation. Séﬁe Eastern
European countries, such as Czechoslovakia and Poland, have mortality rates
three tb four times higher than those in the U. S. This may well have
been a factor at some of the plants under study and has the potential to
explain the entire observed excess within the industry.

The most provocative general finding has been the consistently
elevated point estimates for the gastric cancer SMR in all companies
and plants thus far examined, indicating that any responsible agent or
agents may be used extensivé]y throughout the entire industry and not
limited to only a few.facilities, and that the excess is probably not
entirely explained by the presence of a single common confounder. The
case-control design enables us to determine if cases are generally more
associated with some specific aspect of the production process, both
within individual plants and acress the two companies, than thgir

approximately chosen controls.
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Table 1

Summary of Preliminary Stomach Cancer Mortality Data for Males

Employed in the Rubber Industry

SMR
Observed <
Number : (3) Adjusted by all
of (1) ANl (2) Stomach causes rate
Company Race| Deaths Causes Ca (3)=(2)=(1)
A W&B 39 99 187 1.89
B W 34 95 124 1.31
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Table ?

Total Numbers of Stomach Cancer Deathé Ascertained from
Death Certificates, by Race-Sex Groups

Race-Sex Group
Company WM WF BM Total
A .
1. 1964-73 (a) 37 5 6 43
2. 1964-73 (b) s | s 6 52
| B

. 1. 1964-73 (a) 36 4 2 42
2. 1964-73 (b) 41 5 2 48

B 3. 1950-63 (a) 24 1 2 27
4. 1950-63 (b) 28 1 2 31

a = UCD (Underlying Cause of Death) only

b = anywhere on death certificate, and not Jjust UCD
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Table 3

Partial List of Chemical Carcinogens
Believed to be Present Within the Rubber Industry

Nitrosamines

N-nitrosodiphenylamine

dinitrosobenzene

N-N-Dinitraso N,N-dimethylterepthalamine
1,2-dihydroquinoline

Polycyclic Aromatic Hydrocarbons

3.4 benzpyrene
chrysene

pyrene

1,2 benzpyrene
1,12 benzperylene
1,2 benzanthracene

Asbestos and Asbestos-Containing Talc
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SIGNIFICANCE

While the rate of stomach cancer mortality in the United Stétes
has been steadily declining during the last four decades, rubber workers
are experiencing'a significantly elevated risk compared with the general.
population. In addition, the prognosis for stomach cancer is poor, with
a median survival time of Jess than five months and a Ffive-year survival
rate of only 12 per cent [2]. There exists rather convincing evidence
from animal studies that certain environmental pollutants are capable
of inducing gastric malignancies, and many of these agents are present
in the occupational environment of the rubber industry. This. investiga-
tion was the first analytic study concentratingy specifically on
the stomach cancer problem among American rubber workers.

The overall objective was to identify work areas or Jobs in which
fatal stomach cancer cases have clustered, and there aiready Was some
preliminary evidence of case-concentration within the industry. From
the results of this study, we hoped to be able to make definitive
statements concerning the specific areas involved, and we foresaw the
possibility of following with detailed measurements of polTutant levels
which would result either in their removal from the production process
or in the development of Protective devices for the workers. It was
also possible that this study would implicate previously unsuspecfed g
carcinogens and thus contribute to the existing theory of carcinogenesis.

In addition, serious consideration was also given to the possibiTity
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that carcinogens which are present in the induétria] environment of
the rubber industry and associated with a higher ircidence of gastric
cancer may also be present in the ambient air, in smaller doses, and
may therefore be affecting the genéra] population. The design of this
- study wou1d~perhit us to draw conclusions about the effect of length
of exposure and age at first ekposure on mortality from this disease.
Only about 10 per cent of stomach cancer diagnoses are made when
the disease is in a Tocalized stage, during which surgicé] treatment is
most effective. The five-year survival rate for these diagnosed during
the localized étage and treated surgically is 50 per cent, compared
with 12 per cent for all gastric cancer patients [Zj. The 1impact of
identifying those specific aspects of the ﬁroduction process in which
workers are at highest risk was thought to be considerable, since
workers in these areas who had already been inadvertently exposed
would be é]erted to their increased risk. This could result in
diagnoses being made at an earlier stage of the disease process,
thereby significantly improving the prognosis. More importantly,
if carcinogenic agents were identified in the industrial environment,
they could be either removed or rep]aced, or workers could be provided

with protective gear.
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NATIONAL AND INTERNATIONAL RATES AND COMPARISONS

Stomach cancer incidence rates vary coﬁsiderab]y both between and
within countries, and estimates of these rates differ accordihg to the
calendar period for which they are computed. In additioa, many
researchers use mortality, rather than incidence, rates becéuse the
former are more easily and accurately compiled. Mortality ratés are
considered a valid reflection of incidence because of the very short
median survival time and the low five-year survival rates [2].

Dol1l [3] (Tables 4-6) and Dunham and Bailar [4] (Table 7 and
Figure 1) have compiled data illustrating the international variation
in age-adjusted mortality and incidence rates. While there is some
variation in these rates, depending on which of the two are used, the
general ranking of countries remains quite constant. Specifically,
high rates were found in the USSR, Chile, Japan, Iceland, Finland,
Central Europe, and most of Latin America. Geographical areas with
low rates include North America, Africa, and Southern and Southeast
Asia. Dunham and Bailar have condensed these data into a map
(Figure 1) which illustrates the geographic areas with low, inter-
mediate, and high rates. They found the highest male rates, based
on mortality, in Soviet Russia (112 per 100,000) and the lowest in
Singapore (1.6 per 100,000). Doll found the highest male rates;'
based on mortality, in Japan (153.1 per 100,000) and the lowest 1in
the United States (18.7 per 100,060).
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‘ TABLE 5

Cancer’ of

¢ 108,000 persons

the stomach: anaual mostall t) ruies pe
43-G4 yours old, stnadnrdizad for nus
: Rate pee 106,000 ATide rate
Courtry per usit -
female rate
Az F .
153.1 73.3 2.0
1448 81.6 1.5
100.0 47.2 2.1
’ 93.7 1L.3 - 2.3
8.7 35.6 2.4
T 85.9 37.8 2.5
S4£.1 42.0 2.0
75.8 37.7 2.1
71.6 35.5 2.0
. = 71.6 35.8 2.0
67.6 20.6 S 2.3
63.7 2.7 1.5
65.6 2157 3.
65.2 25.9 2.
38.0 23.3 2.
" 54.6 L 37.3 .
54.3 25.3 2
2.3 221 2.
40.9 20.2 2.
43.9 24.1 2.
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23.9 10.8 2.
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Among white males in the United States between 1950-67 [5] (Table 8)
the lowest rates were found in South and North Caralina (9.76 and 9.90)
and the highest rate occurred in Morth Dakota (20.77).

As is seen in Table 4-6, the sex ratio (male rate per unit female
rate) is approximately 2.0, i.e., the rate of gastric cancer is twice
as high among males compared with females in most countries. When the
sex ratio, however, is corre]aféd with the specific site of the cancer
within the stomach, or with age, considerable variability becomes
evident. Sterup and Mosbech [6] studied 1,983 consecutive cases of
stomach cancer treated in Copehhagen hospitals during the period
1940-57, of which 1,212 diagnoses (61 per cent) were established
histologically and 771 (39 per cent) were determined by other means
(X-ray, during surgery, or at autopsy). Of these 1,983 cases, 43 per
cent were in the pylorus, 36 per cent occurred in the corpus, 12 per
cent were found invading the entire stomach, 5 per cent were confined
to the cardia, and 4 per cent were in the fundus . They found that the
sex ratios varied considerably by site. While the overall ratio was
1.7, the site-specific ratios were as follows: cardia - 4.0, fundus -
3.8, corpus - 1.8, pylorus - 1.5, and entire stomach - 1.2. MacDonald
[7] studied 51 cases of adenocarcinoma of the cardia and compared their
clinical features with those of 169 patients with cancer elsewhere in
the stomach. He found the following sex ratios: cardia - 7, other -
2.3. Flamant, et al., [8] reviewed 298 surgical cases of gastric cancer
and found a sex ratio of 3 for the fundus, cardia, and corpus, while
the ratio for the pylorus was 1.4.

Griffith [9] found that the sex ratio, based on mortality rates,

varies by age. He studied mortality rates in 24 countries for the six-
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year period 1958-63. Overall, the mean ratio for all countries was
approximately 1.0 for the youngest age group (25-29), rose steadily to
a maximum of 2.23 at age 55-59, and then declined steadily to 1.46 at
age 80-84. While these data are cross-sectional, Griffith cites
evidence that the same trend can be seen in cohort studies as well
and is therefore not a cohort phenomencon. This sex ratio pattern was
remarkably similar in all 25 countries analyzed and was not seen in
cancers in other parts of the gastrointestinal tract. G;iffith
attributes this sex ratio Variabi]ity to calorie consumption and
states that fthe available data suggests that the sex ratio of total
calorie consumption would fit the observed pattern after allowing

for an appropriate latent interval.”
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SOCIOECONOMIC, OCCUPATIONAL, RELIGIOUS AND
ASSOCTATED FACTORS

Numerous factors, some of which are of etiologic importance,
influence gastrfc cancer incidence rates. Haenszel [10] conducted an
exhaustive review of avaj]ab]e data up to the year 1953 and looked at
variations in age-standardized stomach cancer incidence and mortality
in relation to demographic characteristics, socideconomic status,
urban-rural residence, geographic latitude, and nativity within the
United States. He found a race ratio (nonwhiie rate per unit white
rate) of 1.33 for males and 1.28 for females, with this difference
persistiﬁg in all regions of the country as well as in metropolitén
and non-metropolitan areas. There were very small urban-rural dif-
ferences, with the urban rates generally slightly higher. The greatest
urban-rural differences were found in areas with large central cities:
Los Angeles, New York, Chicago, and Cleveland. Haenszel points out;
however, that this may be due to the fact that these cities have
sizeable foreign-born groups. This small urban-rural disparity has
been duplicated in England and Wales, Norway, and Finland. Levin and
associates [11] also found very small urban-rural differences for both
maies and femaies in New York and in Connecticut and Iowa as well.

Stomach cancer mortality rates, Haenszel found, were higher‘in
Northeast and Northcentral states compared with rates in the éouth,
and the rates appeared to vaky with latitude. This appears consistent.

with the observation that countries furthest north of the equator have
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the highest rates, as is seen in Figure 1. Within the Y. S., this
pattern also seems to hold, based on Hoover's et al., [12] mapping of
gastric cancer mortality by county. Based on three studies, Haenszel
also concluded that the lower social classes exhibited the highest rates.
Indeed, one study found this pattern in cases among married women
classified by their husbands' occupaticn.

Gregor, et al., [13] reported on a 33-country ecological study
where the investigators examined the mortality rates for 511 cancers
against the rates for stemach and intestinal cancers and cerrelated
these rates with the standard-of-living as measured by thé.fntake of
animal protein. They found that, while cancer in general was not
correlated with protein intake, there‘was a strong negative correlation
between protein intake and staomach cancer for both sexes. This again
indicates that the higher social ¢lasses have the Jowest rates.  The
authors, however, express the possibility that living standards may be
related to other factors which influence the etiology or pathogenesis
of cancer. Newell and Waggoner [14] determined the correlation between‘
age-adjusted stomach cancer mortality rates and two indicaters of
socioeconomic status - per capita inéome and number of physicians per
100,000 popuiation. Tney found negative coefficients of 0.87 and 0.77
for white males an& females, respectively, for the former, and
coefficients of 0.182 and 0.77 for the latter. They also correlated
the death rates with the temperature index (mean annual temperature
plus range) .and found a very high negative correlation, a relationship
which they suggest is not of etiologic importance and which may ihﬂicate
a secondary association with social class. Davies and Griffith, [15]

in their study of the relationship between soil and cancer to be
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discussed later, also found that gastric cancer mortality rates Qere
inversely correlated with social class.

Numerous investigators have examined,‘in depth, the association
between social class and stomach cancer incidence. Cohart {16] studied
all cases of carcinoma of the stomach in New Haven,'Connecticut
between the years 1935-49. Each case was assigned to one of twenty-
four ecological (socioeconomic)vdistricts based on residence. The
districts were delineated according to a determination of the character,
of the dwellings in the area, along with other factors such as family
income, occupation, dependency, delinquency, religion, race; and
nativity. A total of 658 cases was collected during this period -

380 among males and 278 among females, although 22 were not avajlable
for study. The 24 districts were condensed into seven fairly
homogeneous socioeconomic areas which ranéed from rich to poor. Cohart
‘found that the observed male rates were significantly lower than
expected in the richest area and higher than expected in one of the
middle and in the lower class area. When these seven areas were
further reduced to three {well-to-do, middle class, and poor), the
difference between observed and expected number of cases among females
residing in the poor area became statistically significant, but
significént differences for males disappeared, a finding which is in
disagreement with the premise that social class and stomach cancer
incidence are inversely related. , . , .

Graham, et al., [17] examined the records of all patients with
cancer who were residents of Buffalo, New York and whose cases were
reported to the Erie County Cancer Registry during the five year

period 1948-52. Socioeconomic status was determined on the basis
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of the median rental in the patients' census tract of residence
according to the U. S. 1950 ceﬁsus. The 72 census tracts of Buffalo
were divided into quartiles, with quartile I having the highest median
rental. The investigators found that there was an increasing age-
standardized sfomach cancer incidence rate with decreasing socio-
economic status for both sexes. Among males, the age standardized
incidence rates per 300,000 inéreased from 19.6-24.9-28.0-38.0 among
those in quartile I to IV. Among females, the rates- increased from
11.8-14.5-13.7-23.0. They also attempted to explain Cohart's
inconsistent findings with the observation that New Haven had an
unusually large proportion of Italian-Americans, most of whom were in
the lower social classes, and that this ethnic group had extremely low
rates of gastric cancer, although Italy is reported to have rather
high stomach cancer mortality rates.

Seidman [18] examined the age-adjusted mortality rates amqng the
non-Puerto Rican white population of New York City between 1949-51 for
those aged 25-64. The rates were classified jointly by sex, religion,
and socioeconomic status. The ]atéer was defined accofding to the
socioeconomic status of the Health Area of residence of the deceased.
These Health Areas are combinations of contiguous census tracts of
about 22,000 persons. Table 9 presents the results of the study. As
is seen, there was, among males, an increasing mortality rate as
social class decreased, but this pattern.did not hold among females.
When social class was cross-classified by religion, there were
increasing rates among males within each religious group as social
class decreased from high to low. Among females, however, this trend

was inconsistent. Interestingly, there was not much difference
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between the rates of males and_females of different religions, although
one might expect the rates among Jews and Cathelics, among whom there.
are a greater proportion of first and second generation immigrants, to
‘be higher than the rate among Protestaﬁts. In fact, male Jews had the
lowest rate of any religious group while fema]es had the highest,
although the range was rather small.

Newill [19} also studied cancer‘morta]ity among white residents of
New York City. He investigated a total of 83,341 deaths:.of which
approximateTy 10 per cent (8,566) were ascribed to stomach cancer.
Examination of religious afiiliation was restricted to those aged 45
and over and rates were not age adjusted "“on the assumption that
variations in the religious distribution of thé population by. age is
inconséquentia] after age 45"3 an assumption which must be serfous]y
questioned. In addition, tests of significance were not presented.
Newi]l found that for each sex separately, and for both séxes combined,
Jews had the highest average annual death rate from stomach>cancer,
followed by Protestants and Catholics, although the differences were
not very great. These conclusions, therefore, are in pértialAagreemént
with those reported by Seidman. |

Buell, Dunn, and Breslow [20] analyzed 10,401 male cancer deaths
in California among those aged 20-64 during the period 1949-51- Each
death was assigned to one of five social class:levels based on the
reported occupation on the death certificate. The occupational-social
class levels, based on "intuitive judgements,f were déveloped'by the
National Office of Vital Statistics. The five categories, from highest
to lowest are: professionals; intermediate; sales, clerical, and

skilled; semiskilled; and unskilled. ‘Farmers were excluded from the
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classification. The investigators found a strongly increasing stomach
cancer mortality rate from Social Class I to V, indicating a definite
inverse relationsihip.

They also found nine occupations with an excess number of deaths,
based on Standardized Mortality Ratios, significant at the 0.05 per
cent 1evel: Social Class III - bakers, masons, plumbers, toolmakers;
Class IV - meatcutters and cooks; Class V - lumbermen, laborers, Tong-
shoremen. Significant deficits were found in : Class 1 - accountants;
Class I; ~ teachers, managers, officials, .proprietors in trade, in
manufacturing and in "all other industries"; Class III - “other"
clerical workers.

Kraus, Levin, and Gerhardt {21], in an excellent hospital-based
case-control study, examined the relationship between occupational
exposures and gastric cancer among males aged 25-74 admitted to Roswel]
Park Memorial Institute in Buffalo, N. Y., between November 1948 and
September 1951. Occupational histories were obtaingd by personal
interview and included all occupations in which the patient was ever
employed. In addition, informaticn aboﬁt exposure to a‘specific list
of physical and chemical agents were elicited from the patients; This
was followed by the compilation, by a team of industrial chemists, of
a probabTe list of exposures to physio-chemical agents based on the job
.descriptions reported. Information on a total of 55 stomach cancer
cases was reported.

Four control groups were selected: 1. patiénts with digestive
cancers other than stomach or esophagus; 2. non-digestive cancer'patients§
3. non-tumor diagnoses of the digestive system othgr than esophagus or

stomach; 4. other non-tumor diagnoses.. A total of 667 controls was
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selected in this manner. Each control group was matched with the case
on age and population size of residence, apparentiy by group frequency
matching, to eliminate the possibility that age or urbanicity would be
responsible for any differences found. There ware 18. broad occupational
~groups. Cases énd controls were compared regarding the‘péoportion
who had ever worked in any of these groups and regarding the proportion
who had ever been exposed to the specific physical and chemical agents.
Duration and concentration of exposure were also examinedi

Only one occupational group was significant]y associated with
stomach cancer - the metal-products occupation - in which there is
exposure to iron dust. The investigators determined that 66 pef cent
of the cases and 43 per cent of the controls had ever worked in this
industry, a difference which was highly statistically significant
(p<0.002). It should be noted that the proportion of both cases'énd
controls ever employed in this industry seems exceptionally high, and
perhaps the possibility of selective admission to Roswell Park should
have been considered. At any rate, Kraus, et al., found that 12.5
per cent of the cases had been exposed to iron dust for 10 or more
years against only 1 per cent of the controls. Subsequent to 10-year
employment involving exposure to metals, 12.5 per cent of the cases
had been exposed to grain dust for 5 or more years, usually as a farmer,
compared with 1.5 per cent of the controls, although the aufhors suggest
that the relationship between stomach cancer and farming life is
probably dependent on some factor other than grain dust itself.
Additionally, of all stomach cancef cases, 17.9 per cent were exﬁdsed
to inorganic dust with free silica for 10 or more years against 7.8

per cent of the controls. These individuals were not included in the
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iran dust and grain dust exposure groups. No significant differences
between cases and controls were found when analyzed for smoking hébits
and marital status, but almost four times as many céses (23.2 per cent
vs. 6.4 per cent) had been born in Poland (p <0.0001), a finding

which was independent of occupational factors. Sigurjonnson [22]
‘examined the death certificates of all adult males between the ages
35-64 who died in Iceland duriné the period']951-60. A total of 486
deaths due to gastric cancer were identified and proportf@nate

mortality rates, which apparently were not standardized, were
calculated for five socioceconomic classes into which all cases were
categorized:: I - farmers, Il - labourers, IFIL - seamen, IV - craftsmen.,
V: - white collar workers. The,proportion of all deaths.due to stomach.
cancer: decreased; progressively; (25 per cent - 19 per cent - 15.5. per
cent - 9.9 per cent - 8.4 per cent), although it is diﬁficﬁlt,_it-

would seem, to infer that seamen, for example, belonged to a higher
social class than farmers or laborers.: The author attempts to correlate
all differences in these classes to differencgs in dietary. consumption
of 3,4 benzopyrene, an attempt which.may beuof’dubious_va]ueiwhen{

based on proportionate mortality rates which, additionally, have not

been standardized.
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MIGRANT AND ETHNIC STUDIES

Lombard and Doering [23] in 1929, made the first attempt to analyze
and compare cancer mortality ratés for foreign and native-born. They
studied cancer deaths in Massachusetts during the five-year period
1920-24, -age-adjusted to the 1920 state population. Rates at numerous'
sites, including stomach, were calculated separately for male and female
foreign-born, native-born of foreign parents, and native-born of native
parents. Results for stomach cancer are presented in Table 10 and, as
fs seen, there is a definite decreasing trend from foreign-born tc native-
born of native parents in each sex. Surprisingly, females had higher
rates in two of the three nativity categories, a finding which has not
been duplicated and which must lead to a serious doubt about the accuracy
of the data. The authors tried to relate the differences found in
Massachusetts on a nativity basis to the differences found in England
on an economic {social class) basis. Apparent]j, no attempt was made
to standardize for socio-economic status, which seems feasible since
age-standardization was employed. The attempt to explain'the.differences
jn this manner was supported by results of a survey which indicated that
a greater proportion of foreign-born were poor when compared with the
other two nativity groups (native-born of native and of forefgn parents).
When cancer death rates were analyzed by specific country of birth, it
was found that Russians and Scandinavians had the highest rates among

males while Teutons (Austria, Germany, Holland, Belgium) and Canadians

BATO/JACKSON 025471



TABLE 10
Stemzch Caneer Mortedity Rates (poe 100,000) in
Massachuseits, 1920-24, by letivity

31

- Nativity ~ Hale Female

Foreign born | 35.5 30.5

Native hurn of foreign 20.3 22.4
paronts :

Native born of native 11.8 14.3
parents

fram [23]
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had the highest rates among females, a finding consistent with subsequent

“surveys. The authors conclude that foreign-born.have much higher stomach

cancer mortality rates than native born of native parents,and that
stomach cancer rates are abnormally high among both males and females in
all foreign~born.groups. wWhile there apparently were some shartcomings
in collection and analysis of the data, Lombard and Doering should be
credited with first realizing the-importance of ethnicity in cancer
incidence. )

Choi [24] investigated the general ethnic distribution of gastro-
intestinal cancer mortality among the foreign-born ih Manitoba'dufing
the years 1955-65, and presenteq SMRs based on the rates .among native-
born and all Manitobans from the 1951 census. A total of 1,198 gastric
cancer deaths among forgign-born Manitobans was recorded during this
period - 839 among males and 359 among females. For males, the average
annual age-adjusted gastric cancer death rates among the foreign-born -
32.5/100,000 - were almost twice as high as among natives - 17.7/100,000..
Immigrants from over twenty countries were jncluded in this study and
among males for every country; except the U. S., the SMRs were above
100, with the highest among foreign born from Scandinavia (SMR - 248),
the USSR (SMR = 221) and Poland (SMR = 208).

Graham and associates. [25] studied all admissions, with regard to
ethnicity, to Roswell Park Memorial Hospital between 1 January 1945
and 31 December 1956. Of the 35,701 admissions during this period,
18,677 were diagnosed és having some form of malignancy. A control
group was chosen from admissions, during the same period, not assdciated
with cancer and all findings are based on adjustment for variations in

age, occupation, urban-rural residence, and tobacco use.
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The investigators found that there were 21.4 per cent more foreign-
born patients among the stOmacH cancer groups compared with the confro]s
(p<0.0001). The relative risk of gastric cancer among foreign-born
compared with native-born was 2.5. When Poles were analyzed separately,
they found that 22.4 per cent of the gastric cancer patients were of

~Polish origin, compared with 9.8 per cent of the controls (p<0.0001);
and Poles, overall, had a re]aﬁive risk of 1.2 when compared against
all other foreign-born. Adjustments were made for the fdur factors
mentioned above because it was found that the various ethnic groups
differed substantially in the distribution of these factors which are
~generally closely associated with cancer etiology.

Haenszel [26] examined all cancer deaths which occurred among
foreign and native-born in 35 states in the U. S. during this single
year 1950 and computed age-sex-site specific mortality rates for
native white, total foreign white, and 12 major foreign-born groups
(England, Iceland, Norway, Sweden, Germany, Australia, Czechoslovakia,
Poland, USSR, Italy, Canada, and Mexico). Age adjustment was by the
indirect method and SMRs are presented based on three separate
referents - U. S. native whites, total whites, and referents dérived
from foreign countries. SMRs for gastric cancer, based on U. S.
native whites, were statistically significantly elevated (p<0.01)
for total foreign-born whites and for foreign-born wﬁites from each
of the 12 countries used in the study, and the SMRs were elevated
for both males and females. In fact,stomach cancer was the only site
in which the SMRs were consistently elevated. Among males, they
ranged from a low of 115 among Mex{cans‘to a high of 171 among Czechs.

Among females, the SMRs ranged from 130 among Canadians ta 264 among

BATO/JACKSON 025474



34

Czechs. Overall, the highest risks were found for migrants from
Poland, Czechoslavakia, Norway, and the USSR.

Many inyestigators, both in this and other countries, have
examined cancer incidence and mortality rates among Jap?nese and
Polish migrants; especially in relation to stomach cancer, for which
the two native countries have rates among the highest in the world.
Smith [27] studied the mortality experience, for the years 1949-52,
of Japanese residing in Hawaii and the continental U. S-: based on
information provided by the National Office of Vital Statistics. Both
SMRs based on the indirect method of adjustment and rates deri§ed from .
a direct adjustment were calculated but, since they were generally
similar, only SMRs were presented based on two different referents -
the white and non-white U. S. popu]ations. When both @ale aﬁd female
cancer rates among the Japanese were compared against g%e white and
non-white U. S. populations, on which the SMRs were basgd, stomach
cancer SMRs were significantly elevated (p = 0.01). Gastric cancer
was the only one of approximately 15 sites studied for which the SMRs
were significantly high in a}] four comparisons. For both males and
females separately, the SMRs were approximately 300 when U. S. whites
were used as a referent and 200 when compared with U. S. non-whites.
These calculations were based on 395 male stomach cancer.deaths and
125 female deaths.

Buell and Dunn [28] studied the Issei (first or immigrant generation
Japanese) and Nisei (second generation) in California. Among the Issei,
there were 16,377 males and 20,271 fema]es, while the Nisgi incfﬁded
63,373 males and 59,424 females. Cancgr deaths during the.pgriod |

1949-62 were analyzed in two separate 7-year calendar periods, centered
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around the years 1952 and 1959, to enable use of census data for 1950
and 1960. Generally, it was found that Issei males had gastric caﬁcer
death vates closer to male rates in Japan, where they are exceptionally
high, than to the rats among white Californians. Male Nisei, on the
other hand, had rates which were closer to those found among
Californians. :

SMRs were calculated separéte]y for males aged 45-64 and‘for those
65 and over with the expected number based on the rates among California
white males. Based on thisﬁreferent, the SMR among those aged 45-64
for Japan was strikingly high at 840, while it was 380 for Issei and
280 for Nisei. 1In the 65 and over group, the SMR for Japan was 530
and 480 for the Issei (no data were available for the Nisei). The
authors suggest that differences in diet or other environmental
factors may account for some of these findings and rule out the
possibility of bias due either to under- or over-diagnosis or false
information about birth place.

Staszewski and Haenszel [29] studied age-and site-specific cancer
mortality rates among the 860,000 Polish-born iﬁ the U. S., ﬁsing
Haenszel's technique described earlier. Rates among these migrants
were compared with rates among U. S. native whites and with native
Poles. The results indicated that gastric cancer mortality rates
for both male and female Polish migrants were quite close to the rates
in Péland among those aged 35-75. The authors state that "the
persistence of characteristic dietary customs among ... ethnic groups

in the United States assumes significance in this context.”

Staszewski et al. [30] also studied the cancer mortality of Polish

migrants to Australia, during the period 1962-66, and compared

BATO/JACKSON 025476



36

the age-specific mortality rates of this group, for those aged 48 and
over, with the rates in Po]and.and Australia for the period 1964-65.
Among males, the migrant rates were intermediate between the high rates
in Poland and the Tow rates in Australia for the entire age range 40
and over. Female rates were intermediate beginning at about age 50,
but between 40-50 the rates were the same as those in Poland. Calcula-
tions were based on 59 male andA26 femaie deaths and three~qﬁarters of
the deaths occurred among those'residing in Australia qu a period of
7-18 years.

"The intermediary position found here differs from a_similér study
by Staszewski and Haenszel, [29]_cited above, where migrant rates were
not intermediate, but were rather almost tha same as Polish rates.
Staszewski suggests that since the former study pertained to 1950
rates while this study invoived 1962-66 rates, there is a "possibility
that migrants' risks changed with time." He also suggests, as possible
explanations for the different findings, the foilowing: differences in
‘Jength of residence in the host country, differences in the environment
of the host country, and differences in_migrants' backgrounds due to
selection.

Monk and Warshauser [31] capitalized on a unique situation fo'
investigate the relative importance Qf early environmental aﬁd
constitutional factors on the incidence of stomach cancer. Generally
when migrants are studied it is assumed that they have perménent]j
Teft their country of birth and the finding that their:mOrtality or
incidence rates lie closer to the host than the adopted cbuntry can
be explained on the basis of an early environmental factor, the effects

of which linger despite the transition. There is in New York City a
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large Puerto Rican population, however, which is unique because many
of them returr frequently to their native country and. stay forAuﬁknown
lengths of time. As a group, therefore, they are being coﬁtinual]y
re-exposed to the environmental factors prevalent in Puerto Rico,
where mortality rates are higher than in New York City.

Deaths among Puerto Ricans in New York and in Puerto Rico, and
among the white and non-white populations in New York City were examined
during three periods: 1958-62, 1963-67, and 1968-71. Apﬁarent]y, an
indirect standardization was used, based on 1960 and 1970 census
figures and on an intercgnsa] estimate, and admission criteria were
based on death certificate information. The results indicated that the
age-adjusted mortality rates, among males, decreased during the three
periods under study in each of thg four population groups, while the
same trend was seen among females, except for Puerto Rican born women,
whose rates remained ratner stabTe. In all three periods, also, the.
rates among Puerto Rican migrants to New York were lower than among
Puerto Rican natives, and higher than among native whites in New York.
These results paraliel, to a degree, the findings of other ﬁigrant
investigations, where the country of origin experiences rates ﬁigher
than that of the host country. In this study, however, the rates
among Puerto Rican migrants were closer to the rates in NeQ York than 7
to those in Puerto Rico, indicating that the occurrence of this disease
is more responsive to recent, rather than eaf1y, environmental exposurés,
despite the fact that Puerto Ricans tend to return to their homeland
often for extended periods. Other possible explanations offered by
the investigators for these uneipectgd findings include: differences

in diagnostic procedures and treatment, differences in resistance to
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dietary changes, selective migration of Puerto Ricans at lower risk
of developing stomach cancer, and selective return of migrants to
Puerto Rico before retirement or death. The best explanation according
to the investigators, howevér, is the "recency of migration and the
young age of Puerte Rican migrants," which seems to account rather
incompletely for the fact that‘rates among migrants were closer to those
among native whites in New York, rather than to rates in Puerto Rico.

Tulchinsky and Modan [32] studied the incidence pf ;astric cancer
among Jews in Israel for specific ethnic groups between 1967-63,
based on 1]72-cases. Israe] is an ideal country for studying rates
among different nationalities because of its exceptionally heterogeneous
ethnic compqsition. Cases were classified info those with definite
and probable diagnoses. The former were dependent upon elther a
post—mortgm examination or on evidence-from operative procedures with
a biopsy, while the latter were based on explorative surgery, x-rays,
clinical signs and symptoms,for death certificate information. The
overall mean annual incidence was 23.4/100,000 amqng males and
15.0/100,000 among females, while the sex ratio was 4:1 for those
aged 35 or younger and ].6:1 amang thosg over 35 years of age.

The cases were then classified into one of three population
- groups: immigrants from Europe, Africa, and Asia. Analysis of the
age-specific rates revealed that male European immigrants had higher
rates in every age group excgpt among those.75 and over. The ocverall
incidence rates were indirectly adjusted to the 1961 Israél population
and ratios of these standardized rates are presented, although thay
are not really mutually éomparab]e. The adjusted rates among males

indicated a distinct gradient: Europeans = 25.5, Africans = 20.8,
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1

Asians = 12.4, native Israelis = 8.7. When these were further
analyzed according to specific country of origin, immigrants frem

the following countries had the highest rates: Rumania, Germany
Austria, Morocco, and Bulgaria, A1l but Morocco are eastern European
countries, and these results therefore agree with the findings of
other investigators.

On the basis of these ethﬁic ditferences in gastric cancer
incidence and mortality, and on other analyses not mentioned here,
Terris and Hall [33] considered the hypothesis that the decline in
mortality from stomach cancer in the U. S. may be at least partly
attributable te the change in the population composition; specifically,
the declining rates may be a result of a decreasing proportion of
foreign born, amo_hg whom the rates are highest, within the U. S.

Accordingly, they examined the age-specific ﬁorta]ity rate trends
among three population group - white native-born, white foreign-born,
and Negroes - in residents of New York City for two triennial periods:
1949-51 and 1959-61. The age-specific mortality rates, among both
sexes in each of the three population groups, declined during the
decade under study, end the age-adjusted mortality rates revealed
that males had considerably higher rates than females in each of the
three groups, with Negroes experiencing the highest rates, followed
by foreign-born and then native-born whites.

Based on the declining rates within éach of the three population
_groups, and on other pertinent information, the authors conclude that
the declining mortality rate within the U.'s. can be a?tributgd"
neither to a decrease in the proportion of foreign-born, nor to

improvement in therapy, and probably not to improvement in diagnostic
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accuracy. The decline, instead, is considered to be “real® And can
probably be explained by a-decfeased exposureAto some unknown
environmental or dietary factor 20-30 years (the incubation period)
prior to wmortality or alternatively, by an increasing exposure to some
protective factor.

In addition to these international migration studies, there is at
least one intra-national studylof migration from areas in the southern
region of the U. S. to the state of Ohio. Mancusc, - [343 in this
study, reports that non-white migrants to the state from the. South
experienced stomach cancer rates which were approximately twice as
high as expected (28vobserved and 13.7,expected).‘ Unfortunately, not
enough discussion concerning the many selective -factors involved in

migration is presented, which leads to a less than convincing argument.
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DIETARY FACTORS

Dietary factors are, perhaps, the most attractive explanation for
the vast differences in international gastric cancer incigence and
mortality rates and for differences between groups, with different
attributes, within countries. After all, all peop1e have the potential
for exposure to presumed carcinogens in food, especially in view of
numerous animal studies which have indicated that many food additives
and preservatives are indeed carcinogenic, either in thelr primary
form or after metabolic or bacterial conversion. Dietary factors are
also tempting explanations for the results of migrant studies, which
general]y indicate that first generation migrants experience rates
closer to their home rather than host country, while second and third
generation offspring gradda]ly approach the rates of the host country.
1t is reasonable to assume that the latter also gradually alter their
diet as they are assimilated into the host.country culture. The
problems in assessing an accurate dietary history in retrospective
studies, however, are overwhelming. If thé Tatency period is assumed
to be on the order of at least two or three decades, prior to whiéh
there.must have been sustained exposﬁre to the putative carcinogen,
the investigator must precisely estimate the specific dietary
components quantitatively and chronologically. Since this is ra;ely,
if ever, possible, qualitative estimates are often accepted instead.

While even the latter can generate leads and hypotheses, it is
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difficu]t to accept these results as strong evidence for implicating
a specific food or carcinogen as being of causative importance iﬁ the
etiology of gastric cancer, despite statistical significance. These
problems are compounded by the fact that investigators genera11y do
not provide, im scientific papers, the questionnaire used in their
'studies,'sq that a comparison of results is often difficult and may
in fact, be meaningless.

Natura]]y, it would be ideal to conduct prospective’studies to
determing the relationship between dietary consumption and subsequent
development of stQmach and intestinal cancers, although opportunities
for this type of study are, at best, infrequent. Perhaps this type
of inveétigation could be incorporated into large intefvention trials,
such as thg LIPID stqdy being conducted by the Department of
Biostatistics and Epidemiology at UNC, if participants were relativefy
young at entry and, if thgse individuals have a high compliance rate
with thg dietary demands for a long period of time subsequgnt to
inclusion in the study. Despite these shortcomings of dietéry
investigations, findings cannot be ignored, although they should be
interpreted with great caution.

Bielke [35] has exhaustively reviewed the literature on case-
control dietary studies and its.relationship to gastrqinigstinal
cancer, and he concluded that ffindings indicating any association

between diet and these cancers ... were few, equivocal, and sometimes

conflicting.” However, he found the evidence of a negative association

between gastric cancer and intake of vegetables fairly strong. While
a negative association between consumption of fruits and Vitamin €

were found by two investigators, they explained these findings as
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being either a consequence of the gastric condition or as a secondary
association, with the primary relationship between socioeconomic status
and gastric cancer. Nevertheless, no studies have indicated a higher
intake of fruits or vegetables among stomach cancer patients compared
with controls. Intake of highly salted foods was the only dietary
factor which was convincingly positively associated with stomach
cancer. '

Bjelke also nicely summarizes the major methodblogic-broblems
encountered in case-contrgl dietary studies. »

“"Most veports give little specific information about

the actual dietary questions that were used and what time

period they referred to, few details are given on the

selection of cases, no mention is made of how they might

correspond to all new cases occurring in a defined popula-

tion, and information which might aid an assessment of how

the source population for the controls might compare to

the general population on pertinent variables is almost

equally scarce.”

It sﬁould be reiterated, however, that methodologic problems and
iﬁconsistencies notwithstanding, dietary hypotheses are still attractive
and may yet explain variations in gastric cancer incidence in either a
primary or secondary manner. As an example of the former, Shamberger
et al. [36] suggest that the declining gasiric cancer incidence in the
U. S. may be partly attributable to dietary factors: -the widespread
consumption, beginning in 1920, of wheat cereals rich in antioxidants,
and the increasing use of antioxidants as food preservatives which
began in the last 1940's. Antioxidants act by terminating the
propagation of chain reactions which accelerate the oxidation process,
and Shamberger suggests that antioxidants applied near the site of

carcinogenesis may prevent peroxidation and attachment of the carcinogen

to DNA, which may be one of the rate Timiting steps in carcinogenesis.
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Some of the most common antioxidants are BHT (butylated hydroxytoluene)
and BHA (butylated hydroxyanisole), as well as lecithin, seIenium;

and tocopherols. While gastric cancer rates have been declining
steadily since 1930, the author points to the deflection in the curve
in 1947, hearlding an even more rapid decline. This, he impiies, could
bg explained by the introduction of the antioxidants BHA and BHT as
food preservatives.

In thg spirit of an ecological comparison, Shambgrge; examined 14
male cancer sites in 17 paired cities, with'the latter dichotomized into
high and<]qw selenium consumption areas, but the method of assignment
of cities into high or Tow selenium areas is not discussed. He found
that, for all gastrointestinal cancers, the high selenium areas had
Tower SMRs, although the choice of a standard was not identified. ‘

Correa and associates [37] on the other hand, present a model for
- gastric cancer pathogenesis in which dietary composition plays a
secondary rolg. They postulate that "intestinal type" gastric

carcinoma results from mutations and cellular transformations which

begin during the first decade of 1ife but which are mgdia;gd by
abrasive or irritant food substances, such as hard grains‘or salty
foods, which permit the carcinogen to pass the‘mucous barrier of the
stomach, if the synthesis of these substances is not initial]y by the

presence of antioxidants.
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OTHER RISK FACTORS

ABO Blood Groups

Stocks, [38] in a study of geographic variation in the incidence
of stomach cancer, fouﬁd that towns in England and Wales-whose water
supply was of moderate hardness had lower standardized mortality rate$
than towns whose water was soft or very hard. The former were mostly
in southern, and the latter in northern, counties. Aird, et al;, {39]
however, felt that the true correlation may not be with water hardness
but rather with genetic differences between northern and southern
provinces, as reflected in fhe frequency of ABO blood groups. They
drew cases of stomach cancer from "a number" of hospitals in England
and Scotland whose diagnoses, in most instances, were based on
histological evidence but, in "a few" cases the diagnosis was based on
non-histologic findings. An unspecified number of cantrols was cbtained
either from "a cross-section of the patients from the hospital
concerned" or from “local transfusion centers" which putatively
represent the general population of the locale from which the patients
were drawn. While they did not prove their original hypothesis, they
found that blood group A was more frequent, and b less frequent, in
patients suffering from stomach cancer compared with the blood group
distribution, based on the control series, found in the general i
population of the same Jocality.

Buckwalter, et al. [40] conducted a case-control study with cases

drawn from six hospitals. Individuals were included in the study
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if both their blood type and a histological diagnosis of stomach cancer
were available. Overall, they found an excess of type A among cases -
(52.1 per cent) which was significantly different from the proportion
of type A among controls {47.6 per cent) who were selected from among
"healthy" blood donors at either of two hospital blood banks. There
was no apparent matching for sex and age, which admittedly may not be
confounders with respect to b]obd type, nor was there any matéhing for
ethnicity, which may be a confounder. There does, however, seem to
have been an attempt to.contro1 for these factors in the analysis,
although sufficient data are not presented. |

Some investigators have broadened blood type anatyses to include
| the site of the cancer within the stomach. Billington [41] attempted
to demonstrate that carcinoma of the stomach is associated with
differing ABO blood groups dependent upon the site of the cancer in
relation to the three major types of gastric glands. He studied 483
cases of adenocarcinoma of the stomach, excluding those which occurred
among immigrants, at the teaching hospitals afilliated with the
University of Sydney during the period 1947-54. A1l diagnoses were
confirmed microscopically and classified aécording to invo]vemenf of
the three major types of gastric glands, based an thg site of the,-
lesion - cardiac; body, and prepyloric. He then, Tike Aird, [39] compared
his results with the ABO blood type distribution of blood donors from
the same geographic area. | '

His analysis indicated that there was no overall assdciation
betweeh blood group A_and carcinoma. When further analyzed by site,
however, there was a significant association between type A and

prepyloric and cardiac lesions, while the body and fundus were
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significantly associated with hlood group 0. Billington attempts to
explain Aird's findings of an association witﬁ type A by suggesting
thét Aird may have had a greater proportion of prepyloric and cardiac
lesions in England, along a generally greater percentage of blood type
A's, compared with Sydney which, from other evidence, may be true.
White and Eisenberg [42] reported similar findings. They examined
707 cases of gastric cancer and tategorized them by blood type, site,
sex, age, and place of residence. Sites were determined from hospital
records, pathology and radiography reports, or from findings at
surgery. They found that blood group A was commoner than 0.1in the
series as a who}e, with the excess of A most marked among males with
cancer in the pyloric region. These site specific analyses may help
explain negative findings by other investigators, such as those of
Crumb and Willets [43] who concluded, on the basis of 123 cases of

gastric cancer, that there was no association with blcod group A.

Tobacco and Alcohol

Flamant [84] and his group in France has examined the relation
between smoking and alcohol use and the incidence of gastric cancer.
One Survey included 64,834 cancer cases recorded between 1943 and
1960 and the investigators found that, in general, the higher the
correlation between a site and the use of alcohol and tobaccd, the
higher was the standardized sex ratio. In addition to this large
survey, the study included a series of 298 surgical cases of gastric
cancer selected with “"great diagnostic accuracyf, although the
selection criteria arz not offered. They found that the sex ratio

for the fundus, cardia, and corpus was: 3, while it was 1.4 for the
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pylorus. The authors imply that since females smoke and are.believed
to %Ifnk more infrequently than males, a strong association between
smoé}ng or drinking and cancer will result in 2 higher sex ratio. This -
sex ratio would therefore provide evidence for an association. However,
in another inveétigation conducted by this group, [45] the conclusions
differ. The study was a retrospective analysis of 3,937 male cancer
patignts matched for age and interviewer with two controls = one healthy
and the other 11 but not cancerous. The authors found n5 differences
between stomach cancer cases and cohtro}s in the proportion of smokers,
total amount smoked, and in the'proportion of cigarette smokers who
inhaled the smoke.

Hammond, [46] however, did find some differencgs, based on a
prospective study of over one million persons, of whom 422,000 males
between 40-84 years of age were followed for approximately three years.
This group included smokers and non-smokers and the investigators

determined that the stomach cancer mortality ratic for smokers:non-

smokers among males aged 40-69 and 70-89 was 1.39 and 1.38, respectively.
For gastric ulcer, however, the corresponding mortality ratios were '
exceptionally high - 5.38 and 2.97,-respective1y. It wqu?d seem that
the smoking ratios of peptic ulcer and gastric cancer cases should be
similar if.ulcer is a precursor, unless ulcer patients wha smoke
selectively experience a higher mortality rate than do non4smoking ulcer
cases. |
Wynder [47], as chairman of a gastrointestinal cancer conference v
in 1965, caoncluded that "there appears to be no associatiqn betweéh
tobacco and gastric cancer". Zacho, et al. [48, 49], in a series of

papers, have attempted to refute this conclusion. One of their studies
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did not include a control group of any kind, and while we are informed
that the cases were drawn from admissions to the Finsen Institute in
Cbpenhagen between 1948-69, no mention is made of the selection criteria
or of the proportion of cases interviewed. In another study apparently
drawn from the same hospitai, there is an attempt to compare the
proportiqn of cases who ever smoked with a survey of smoking habits
conducted by the Danish Nationai Health Service in'1952—54. The study
was poor]y designed and the comparisons are of dubious value since there
was no standardization of information collection. Nevertheless, the
investigators attempt to explain the sex ratio for gastric Cancer, which
they determingd from their study, by the difference in tobacco consumption
in the two sexes and conclude that “this would seem to be a weijhty
indication of the aetiological roie of tobacco."

Stocks [50], using an ecological design which he seems to prefer,
studied the age-adjusted mortality rates at diffErgnt sites in 20
countries for the pericd 1905-65 and corre]atgd these rates with
average national consumpticn of four commodities: cigarettes, tea,
coffee, and solid fuel. He found no statistically significant associations
between stomach cancer rates and any of these commodities although
significant associations were found in both sexes between solid fuel and
tea consumption and rates of intestinal (excluding rectum) cancer. Stocks
attempts to explain these findings by stating that only a Iimitgd pro-
portion of people are susceptib]é to gastrointestinal cancers but the
most likely target, in the presence of certain carcinogens, seems to be
the intestine. There appears to be a conviction among some invest}gators,
therefore, that there must be aﬁ association between smoking and

" stomach cancer, notwithstanding the equivocal results.
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For alcohol consumption, also, there is no convincing evidence of
any association. This was the conclusion reached by Bjelke [35] in |
his thorough review and also hy the Flamant [44] group cited above.
Graham et al. [51] reached similar conclusions from a retrospective
dietary study of 168 male and 68 female gastric cancer patients at
Rqswe]] Mgmorial Institute. They matched cases on age, country of
birth, and nationality with non;heop1astic gastrointestinal dfsease
controls and found no relationship between gastric cancer”and frequency
of use of various alcoholic beverages.  The possibility should be-
considered, hqwever, that alcohol may be of etio]ogic importance in
both cancerous and non-cancercus_gastrointEStinal diseases, in.which

case one would not expect any differences between the two groups.

Soil and Fertiljzer

Davies and Wynne Griffith [52] studied cancer mortality in Anglesey

County, England, during the years 1943-52 in relation to soil type near

the home of the dececent, social class, and water supply. A total of

178 male cases of gastric cancer and 140 female cases were eiamined,

and-expected numbers were calculated on the assumption that the

proportion of cancefs at a specific sitg having a specific attribute

(e.g., soil type) was the same as the proportion of all cancers with

that attribute. Soils were classified according to two criteria:

nature of the parent.matérial and seasonal productivity as detérmined

bylmoisture cantent and drainage. Water supply was catggqrized into

two groups - public mains and other sources, including wells, springs,

and stored rainwater. o ‘ .
For stomach cancer, highly statistically significant associations |

were found for soil, socia]-c]ass, and water supply. There was a
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.re1ative excess of deaths seen on B-soils (which show great biologic
activity over a long season)}, among those of low social cIass,»and among
those whose water supply came from "other" sources. The general
association betwegn gastric cancer and soil remained intact even after
adjustment for age, sex, water supply, and social class, although the
associa?iqn maintained statistical significance only among those 65
years of age and older. |

Tromp and Diehl [53] studied the relationship betwegﬁ'major regional
sotl typgs and mortality from stomach cancer in the. Netherlands between
1946-52. A total of 14,072 deaths were studied in this manner and they
found that, in almost every age group, fhose Tiving near riverclay and
ordinary sandy soils had averaged stomach cancer mortality rates below
the national average, while those living near sea-clay, peat; and
reclaimed peat soils had higher rates in every age group. MWhile the
authors were unable to explain the observed relationships they
expressed the opinion that it was, at least to some degree, of
etiologic importance, perhaps because of differences in trace element
distributions within soils. Unfortunaté1y, they make no mgntion'of ho&
their soil classification compared with that of Davies.

Stocks and Davies [54] examined the zinc and copper content of the
soil in gardens of people who had just died of cancer (cases)ﬂand other
diseases (controls). To qualify, the berson must have Tived in that
house for at least 10 years, on the assumption of a 1at¢ncy pgriod at
least that long. They computed the logarithm of the zinc:copper ratio
and found that the average log of thg ratio was higher in the gardens of
people who had just died from gastric cancer after 19 or more years of

residence, compared against houses whose occupants had died of ather
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causes. Similar analyses of other cancer types showed no differences
between cases and controls.

While the investigators did not postulate any possible carcinogenic
mechanisms {nVO]ving copper or zinc. they suggest that the zinc:copper
ratio may be of importance and demonstrate that, while there is no
statistical association between zinc and copper soil content separately
with potatoes grown on it, there is a fairly strong correlation between
the ratio in the soil and potatoes grown on that soil. -

In a recent ecological study by Armijo and Coulson [55], there was
an attempt tocorrelate the use of nitrogen fertilizers in Chile with the
stomach cancer mortality rates in different provinces. of that country,
which ranks second in the world in mortality from stomach cancer. The
investigators found that the three counties with the highest nitrogen
fertilizer use during the period 1945-1972 had the highest age-adjusted
gastric cancer mortality rates for the fifteen year period 1957—19?1.

These findings, the authors state, would agree with the demonstrated

ability of certain bacteria to synthesize nitrosamines from secondary-

aromatic amines and nitrates within achlorhydric stomachs.

Liguid Parrafin

| Boyd and Doll [56] determined the frequency of use of purgatives

among 614 patients with gastrointestinal cancer and 1313 controls. Of

the 614 cancer patients, 387 had cancers of the large bowe1 and 227 had

stomach cancer. Half of the coﬁtro]s had Jung cancer and the remaining

half had non-gastrointestinal diseases other than cancer. Expected

numbers of those who "never, occasionally, or oftenf used purgatives »

were based on the experience of the entire group - both cases and
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controls.  The overall difference between them in the use of purgatives,
after adjustment for age and sex, was not statistically significant

(p >0.1). However, when use of specific types of purgatives was
considered it was found, from an analysis of age and sex specific rates,
that the proporfion of cases who used liquid parrafin was approximately
twice as high as the proportiaon of users of this type among controls.
Analysis Qf the age and sek-adjusted expected and observed numbers of
"often" users revealed that among all gastrointestinal cancer patients
combined, and also among stomach and large bowel cases separate]y, the
use of ]iquid parrafin was statistically significantly more freguent
among cases compared with controls.

Liquid parrafin is a mixture of 1iquid hydrocarbons obtained from
petroleum. While the purification process should remove most of the
polycyclic compounds, the authors found that this did not always occur.
They express the opinion, however, that liquid parrafin is probably not
of direct etiologic imﬁortance, but may be associated wfth some other
unknown etiologic factor.

Graham et al., [57] based on a case-control study of 188 male and
88 female cases of stamach cancer and 800 non-neoplastic, non-digestive
disease controls, reported similar findings. In their group, cases were
significantly more frequent users of cathartics, although the specific
types of cathartics were not determined. These investigators caution

that purgative use may be secondary to another relationship, such as

chronic constipation, with this disease.
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Betel Chewing

Schonland and Bradshaw [58] undertook an ecological study to
determine the relation between upper alimentary tract cancers and
betel chewing among South African Indians in Durban. Age-adjusted
cancer incidence rates were calculated for IndiansAand English of
both sexes, and they found that Indian females had a significantly
,éreater incidence of upper alimentary cancers than did Eng]ish females,
while there was no differences between majes. Among the.}qrmgr, the
stomach cancer incidence was 30/100,000, while theilattgpﬂgroup
experienced an incidence of 12.4/100,900.. The investigation further -
established that a far greater proportion of Indian women than men
chew betel and that, among chewers, females chgw more heavily than
males. Specifically, 8.3 per cent of Indian males and 54.2 per cent
of the females aged 20 and over are addicted to betel chewing. No
attempt, however, was made to analyze the cases themselves for betel

chewing characteristics.
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ANTECEDENT CONDITIONS

A constellation of inter-related factors - peptic ulcer, gastric
polyps, gastritis, achlorhydria, and pernicious anehia -~ have been
imp]icatgd in the etiology and pathogenesis of gastric cancer, although
the evidence for the involvement of these factors is equivocal and
often in dispute.

Ulcers are only raré]y, if ever, considered to be precancerous
lesions, although some investigators feel that they may be foci of
increased susceptibility, since the integrity of the gastric mucoesa
has been destroyed. However, it is difficult to distinguish an
ulcerating primary carcinoma of the stomach from one developing secondarily
in a peptic ulcer, which complicates the problem of determining
antecendent-ﬁonsequent relationships. Additionally, an existént ulcer
may possibly be overgrown and concealed by a secondary carcinoma, thus
masking the co-existence of both. Numerous investigators have
histologically examined ulcer series for the présence of cancerous
development. Elliot, et al. [59] examined 109 ujcers apd found that
0.8 per cent in the greater curvaturé were malignant while 2.2 per cent
of those in the prepyloric area were cancerous. Cohn, et al. [e0}
differentiated peptic u]cefs by size and found that, of a total of 533
patients with ulcers, 28 per cent of the ulcers measuring less than 2.5
cm. in diameter were cancerous, while 37 per cent of those greater than

4 cm. were malignant.
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Hirohata and Kuratsune [61] investigated the geogréphjca]
relationship between mortality from gastric ulcer and carcinoma in
dapan, where mortality rates from stomach cancer among males were
the highest in the world in 1962-63, as were gas;ric ulcer mortality
rates for both males and females. Based on results of pathological
.examinations by other investigators, the authors estimated the ulcer/
cancer rate to be between 2.5 per cent and 39 per cent,.and-the
relative risk of devgioping stomach cancer, among thosé w%thAulcers,
has been estimated to be approximateiy five. The investigétors WEré
of the opiniqn that the geographical variation in the incidence of
gastric ulcer and carcinoma should follow simiiaf patterns if either
of two hypotheses are true: the carcinoma develops from the ulcer
or both conditions have simjlar etiologies.

Accordingly, indirectly age-adjusted rates were caljculated for
two triennial periods (1949-51 and 1959~61) separately for each sex

and each prefecture in Japan. Correlation coefficients were then

calculated for different combinations of calendar period, sex, and
disease. There was essentially no corre]ation, in gither séx,~between
mcrta]ity rates of stomach céncér and u]cer during,thé two periods
under study, nor was there any significant correlation bgtween the
ulcer mortality rates during 1949-51 and the cancer mortality rates
ten years later, on the assumption that a substantial amount-of time
would be necessary for the deye]opment of cancer from ulcer. The
possibility that this latter comparison may be misleading becausg of'
the potentiality that those ulcer cases at high risk, for some reason,
of developing cancer had already died, leaving only the Tow risk ulcer

cases alive, was not discussed. The authors do admit that ulcer
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mortality rates are not the best measure of incidence becausevthe,case—
fatality rate is low and that selective migration and accuracy of
diagnosis are potential problems, but they do not feel that their
cqnc]usion of no association between the two diseases would be
challenged by these shortcomings.

Gastric adenomatous polyps are also consideréd by some to be
direct precursors of cancer. Polyps are benign glandular neoplastic
~growths and cellular atypias are often, but not necessarif&, pfesent-
Bera [62] presents histologic observations on a series of 106 gastric
adenomatous polyps from 45 patients. Of these polyps, 13 per cent
showaed a definite transition, within the poliyp, from benign to invasive
cancer, while 65 per cent had some degree of cellular atypia. Berg
concludes that adenomatous polyps may be precancerous lesions and
that they are reflections of generalized gastric neoplastic tendencies.
In attempting to demonstrate, however, that polyps are precancerous
Tesions it should be kept in mind that gastric poiyps are very uncomnon
lesions, which are seen even leSS'frequently than stomach cancer. |
Peptic ulcers, on the other hand, affect as many as 10 per cent of the
population.

Ming and Goldman [63] examined 90 polyps removed from 49 patients,
76 of which were classified as regenerafive (hyperplastic) pqupé )
lacking a distinct neoplastic nature. Of the remaining 14, 10 |
adenomatous polyps were considered to be truly neopiastﬁc and in four
of these (14 pér cent), focal malignant changes were demonstrated, and
these generally had marked hyperplasia and mgtap]ésia. Additiona11y,

there was a co-existing adenocarcinoma of six of the 49 patients.
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Tomasulo [64] studied 97 cases of gastric polyps and also
differentiated bétween those whfch were. hyperplastic and adenomatous. -
Overall, 34 (35 per cent) were found incidentally during gastrectomies A
for gastric carcinoma and five (5 per cent) were incidental findings
during gastrectomies for peptic ulcers and other diseases. Overall,
59 per cent of the ad2nomatous polyps and 28 per cent of those which
were hyperp]astic werse associated with gastric cancer, and changes
identified as carcinoma in situ were seen in five of 23 cases of
adenomatous polyps. The authors conclude that adenqmatous gastric
polyps may be precursors of invasive gastric carcinoma énd ekpress the
opinion that thosg who say they are not may be basing their eyidence
on an analysis which has not differentiatgd between the different
histological types. |

Some investigators have also differentiated betwegn polyps of
different.sizes; Monaco et al. [65] studied 153 patients, 15 (10 per

cent) of whom had large polyps greater than 2 cm. in diameter, which

is gengra]]y considered the type most likely to undgrgo malignant
transformation. While there was marked epithelial atypicality and

small foci of carcinoma-in-situ in nine of these 115 cases, none Showed
metastases and the authors conclude that "there is no evidgnce in our
series that adenomatous polyps progress to the usual invasive infiitfating
carcinoma or that the residual stomachs are more prone to the development
of carcinoma”, which disagrees with the conclusions of Bgrg [62] and
Tomasulo [64]. Marshak and Feldman [66] reviewed the literatire and
conc1uded‘that estimates of the transformation of beniﬁn qastric polyps

to a malignancy varied from 0-51 per'cgnt and they felt Fhat the.

disagreement may be due to differences in terminology and patho}dgic
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criteria. Based on available evidenca, they recommend that, if on
roentgenblogic examination the polyp measures less than 2 cm. in
vdiameter, conservative treatment should be undertaken. If the polyp
is smooth and greater than 2 cm. in diameter, however, it is usually
benign but sincé there may be such a finding with po]ypofd carcinoma,
surgery 1s indicated.

Achlorhydria is probably iﬁportant as a ref]ection of the integrity
Qf the parietal celis, in which hydrochloric acid is prddﬁced. Gastric
mucosal atrophy is therefore generally accompanied by a state of a- or
hypo-chlorhydria. There are some who believe, however, that gastric
atrophy, which leads to achlorhydrfa, may actually increase susceptibility
to carcinogens which might otherwise be destroyed by the normal pH in
the stomach. At any rate, numerous studies have indicated that
achlorhydria is, in many cases, concomitant with gastric atrophy and
cancer.

For instance, Comfort et al. [67] determined that mean gastric
secretory activity was lower at a mean interval of 11.2 years prior to
the diagnosis of stomach cancer. It was actually lower as early as the
third decade of life, but the decrement was more marked in thg younger
decades. The authors express the opinion that atrophy of thg gastric -
mucous membrane is responsible for this decreased gastric acidity and
point out that gastric cancers develop most often in stomachs with
lower than normal mean secretory activity, many of thgm diseased with
~gastritis and peptic ulcers.

Stempien et al. [68] obtained quantitative estimates of gastric
acid secretion among patients with numerous cqnditions including super-

ficial gastritis, gastric ulcer, and atrophic gastritis. They found,

BATO/JACKSON 025500



60

however, that onty 4 per cent of patients with atrophic gastritis were
hyposecretors, compared with 17 per cent among those with normal mucosa, -
and 28 per cent of the patients with gastric ulcers. Surprisingly,

also, their series indicated that, among patients with ulcer and atrophic
gastritis, 28 per cent and 24 per cent, respectively, were hypersecretors.
Pastor and associates 169] avoided the problems of cross-sectional
determinations and conducted two iO-year retrospective cohort analyses

on Japanese of both sexes. In the first, which included 71000 people,
they determined that males with low serum pepsin levels eXperienced aﬁ
age-adjusted stomach cancer incidence thfee times highgr than fhoSe with
normal secretion, although this difference was not found amang women.

The second study involved 1,250 Japanese and they found that, in general,
bersons with achlorhydria had a significantly higher age-adjusted
incidence of gastric cancer than those with normal Tevels. Additionally,
almost 700 patients had both tests and it was found that the highest

incidence occurred among those with both low pepsin levels and

achlorhydria.

Although the site of production of intrinsic factor (IF) which is
necessary for absorbtion of Vitamin By,, without which red blood cells
do not properly mature, is presently unknown, there is some'recgnt
evidence [70} that it is produced within parietal'ce11s. In the
absence of IF, pernicious anemia develops. It would therefore not be
unreasonable to find, simultaneously, achlorhydria and pernicious anemia
in some gastric cancer patients, especially when the gastric céncer has
been preceded by chronic atrophic gastritié, which 1is charéterized by
progressive and irreversible atrophy of the glandular epithelium of the ‘ -
stomach. In addition, atrophic gastritis is believed by some to be a

percursor of gastric carcinoma.
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Siviralla and Seppala [7]] conducted a follow-up study of 53
patients with biopsy evidence of atrophic gastritis among whom there
vas no sign of gastric carcinoma on the basis of roentgenolegic and
gastroscopic examination. As controls, they chose 210 patients for whom
gastroscopic examination revealed no signs of gastric carcinoma, gastric
ulcer, or benign tumor and among whom the gastric mucoesa appeared
normal. The controls and cases were very similar in sex and age
distributiqn and in the follow-up period {5.8 years for cases and 6.0
years for controls). Of the 52 cases, a total of 20 either died during
the observation period or refused re-examinatiqn, with 33 undergding
re-examination at the end of the follow-up period. Unfqrtunate]y, the
controls were not re-examined, and the investigators apparently relied
on the development of gastric carcinoma among the controls to somehow
come to their attention.

Sign of gastric carcinoma appeared in five of the cases, four of
whom died during the follow-up period and dne of whom was diagnosed as
having gastric carcinoma at re-examination; none of the controls showed
signs of gastric cancer. In only one instance, however, was the
diagnosis of carcinoma confirmed by histologic examinationm, while among
the remainder the diagnosis was based on roantgeno}ogicai, gastroscopic,
or esophagoscopic examinations or upon macroscopic examihation at
autopsy. Because of these Jimitations, the aufhors hesitate to conclude
definitely that atrophic gastritis is a precursor of the malignant
lesion, although they suggest that carcinoma might develop from advanced
atrophic gastritis with metaplasia.

KapTan and Rigler [72].examined a series of_43,021 consecutive

autopsies at the University of Minnesota during the period 1915-43 for
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the co-existence of pernicious anemia EPA) and gastric carcinoma. The | .

diagnosis of pernicious anemia Qas based on departmental records when

it had been made prior to death. The investigators were concerned that

the diagnosis of PA mey have been discarded or unrecognized if a carcinoma

“was found, so they essentially took a sample of autopsies to determine

the propqrtion of occult cases. Diagnosis of PA, for this sample, was

based upon information co]]ected:about the patient during hiS»Iifetime,

.since,the best post-mortem evidence of the disease would come.from an

examination of the bone marrow which undergoes rapid post-mortem

autolytic changes. The results indicated that in 293 cases of perniéious

anemia, 36 (12.3 per cent) also had carcinoma of'the stomach. This

proportion of stomach cancer was more than three times as great as the

existence of carcinoma in the remaining autopsy population of similar

age. _ ) . v
In a pair of companion,artic]es [73,'74] Morson first attempted to

establish the presence of intestinal metaplasia in patients with

duodenal and gastric ulcers and gastric carcinoma and dgtermined that
intestinal metaplasia was most common in stomachs removgd because of
carcinoma (92 per cent), compared with those removed for gastric ulcer
(82 per cent) and duodenal ulcer {65 per cent). In cancer stomachs,
the metaplasia was fairly even]y distributed, while it was most common
at the pylorus in ulcer stomachs. However, the mean ages, and presumably
the age distributions, differed in the.three groups and, whiTe thgre
was no adjustment for these differences, Morson cites qthgr studies f
where this was done and there was still more intgstinal metap]asia in
cancerous, compared with non-cancgrous stomachs.

In the second paper, Morson demonstrates that carcinqma can arise

from areas of intest’nal metaplasia, which was observed in 33 per cent

of 107 gastrectomy sections.
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SUMMARY OF MAJOR FINDINGS

International Rates

great variability, with highest rates in Japan, Russia,

tastern Europe, and South American

National Rates

great substantial variability, with highest rates in

North Dakota and lowest in South Carolina

Sex Ratio (Male:Female)
approximately 2.0

Social Class
decreasing rates as social class increases

Religion

no major difference aside from differences in ethnicity
and sacial class

Migrant Studies
first generation migrants generally have rates closer to
home, rather than host, country, but second and third

. generations gradually approach rates of host couniry

Dietary Factors

negative association with vegetable consumption, positive
association with highly salted foods, and possibie
protective effect of antioxidants, as well as possible
association with nitrosamines

Blood Type

s1ightly higher among those with blood type A

Alcchol
no apparent association

Tobacco .
equivocal findings, weak association, if any

Soil Type | o
possible association, but findings essentially unexplained

Occupaticonal Studies

inconclusive, although may be elevated among metal products
workers, possibly associated with high dust levels
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PATHOLOGICAL CONSIDERATIONS

Histologic Type

By far, the most common histologic type of stomach cancer is
adenocarcinoma, implying involvement of the glandular epithelium, and
estimates of the proportion of &ll gastric cancers which are of this
type range from 70-90 per cent. Ming [75] has summarizéd the results
of numerous surveys (Table 11) and has determined that, on the average,
adenocarcinomas account for 88 per cent of all stomach tumors, whether
benign or malignant, followed by lymphomas (3 per cent), and Tejomyo-
sarcomas (1.7 per cent). In total, these three tumors account for 93
per cent of all stomach tumors, and almost 100 per cent of all malignant
ones. Stout, [76]1 however, who is probably the most frequently quoted
authority on stomach cancer, is of the opinion that the histological
classification is "hopeless and unrewardingf, since a]mdst all stomach
cancers involve mucous secreting glands or p{ts and the histological
classification, which presumahly differentiates between different
tumor types, becomes very arbitrary.

Lauren, [77] in 1965, citing Stout's dissatisfaction, proposed a
new classificatory system which he considered to be histo—ciinical in
nature. Accarding to this system; there are two main types of gastric
carcinoma - intestinal and diffuse - and classification of a tumor
into one of these two types is hased on general and cellular structure,
secretory properties, mode of growth, and clinical fgatures- A sﬁmmary
of the characteristics of intestinal and diffuse type gastric carcinomas

is presented below:
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1. Intestinal type: distinct, large, glandular lumens with

~glandular structure rarely completely absent; cells large
and clearly defined with large nucliel and morphologic
variability; cells Tining the glandular lumens are well
polarized columnar cells; few mucous secreting cells;
spread to a clearly and often distinctly defined area;
spread not wider in the mucosa than above the infiltrating
part of the tumor.

2. Diffuse: glandular lumens are rarely seen and cells are
scattered; cytoplasm indistinctly defined and cells are
more uniform; nuclei small and more regular in form;
cells 1ining the lumen are unpolarized and randomly
grouped; secreting cells very extensive; wider spread
inside the mucosa; spread not well defined.

In a series of 1,344 patients, Lauren found 53 per cent intestinal
types, 33 per cent diffuse, and 14 per cent heterogeneous in composition,
He then correlated the two main types with sex, age, and other charac-
teristics of the disease and found that 65 per cent of the intestinal
type carcinomas and only 54 per cent of the diffuse occurred among males.
The mean age of patients with intestinal typé was 55.4 while it wa:
quite a bit lower - 47.4 - for patients with diffuse type. Both mean

ages, however, are lower than the general estimates made by other

investigators and Lauren did not further analyze mean age by sex. The

‘_age distributions also differed, with a greater proportion of diffuse

patients below the age of 50 and a swaller proportion older than 60.

The mucosa in the immediate vicinity of intestinal-type carcinomas
was less frequently normal than among the diffuse types, and a_greater
proportion of intestinal types (88 per cent) exhibited gaStfitis and
intestinal metaplasia in the surrounding muceosa and also intestinal
metaplasia. There was no correlation between the'two main types apd
the site of the tumor within the stqmach, but the prognosis was slightly
better among those with the intestinal type. Lauren concludes that the

two main types, “"at least to some extent are caused by different

aetiologic factors and that they differ pathogenetically as well”.
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Munoz and Coltelly [787 were interested in détermining whether
Lauren's two main fypes differéd etiologically, and whether the dectine
of gastric cancer rates within the U. S. was related to these types.
They slightly modified Laureﬁ‘s classification and assigned 127.
histologically éonfirmed gastric cancer cases from Hartford Hospital
during two time periods - 1940-44 and 1960-64 - into one of three
categories: intgstina] (wé]!~differentiated) adenocarcinoma, diffuse
(uhdifférentiated) adenocarcinoma, and Tothers?. In addition, cases
were classified by age, sex, and place of birth, the 1att§r to
differentiate between high and low risk birth areas.

There was a total of 62 native-born and 65 foreign-born cases,
and 74 intestinal, 45 diffuse, and 8 "others". Intgstiné? type
carcinoma was statistically significantly more common among those
from high risk birth places. Although the authors do not explicitly
specify how risk was determingd, the foreign-born group inc!udéd 44
Europeans and 15 Russians and Poles. _This difference persisted after
controlling for sex and time period. The age and sex distributions
during the two time periods were similar and, although there was a
decrease in the proportion of intestinal types between the two periods
under study,; the decrement was not statistically significant. They
also determined that the ratio of intestinal te diffusé ﬁncreased with
age in both sexes ard in both risk groups and ccrrobqrated Lauren's
finding that intestinal metaplasia was significantly more COmmon among
those with intestinal type carcinoma. |

Munoz and Collelly, like Terris [33] werg of the opinion that
declining U. S. gastric cancer mortality rates could not be explained

by the decreasing proportion of foreign-born in this country. An
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indirect age-adjustment was then carried out to determine morbidity
rates by histologic type for the two periods, although the method of
calculation is somewhat unclear and no adjustment was made for nativity
composition, which would seem to be important in view of their finding
that the intestinal type was more common among the foreign-born,
especially sihce the proportion of cases from high risk areas in each
of the time periods is not presehted. Nevertheless, the authors
explain that the 38 per cent drop in gastric cancer incidence during
the two periads is accounted for mostly by a drop in the intestinal
type. It seems questionable to calculate adjusted rates and draw
inferénces to the general population, based only on their hospital
sample, from which a.large proportiop of appareﬁt cases without
histalogic confirmation were excluded, especially if there is some
selective difficulty in making one or the other type of diagnosis.
The authors conclude that the “decline in gastric cancer incidence ...
is related to a reduction in the frequency of intestinal type carinoma.
Since this type is also related to intgsfina] metaplasia, the etiology
of theITatter should be investigated". |

Munoz et al. [79] conducted another study, based on tauren's
classification, to determine if there were differences betw:en high
and low risk. areas. This one was based on 322 cases of gastric cancer
from Columbia and Mexico, and assignment to a high or Tow risk area
was based on a single estimation, by another investigator, of the rates
in the cities from which the cases were drawn. While the mean age of
" the patients was similar in both risk areas, neithgr thelage nor the
sex distributions are presented, although male;female ratios for both

area and type are freely used. The results indicate that a greater
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proportion of cases from high, compared with low risk areas, were of

the intestinal types (51.8 per cent vs. 35.9 per cent).

Location

Estimates 6f the site of the tumor within the stomach vary slightly,
and these estimates are doubtlessly complicated by the fact ﬁhat, by
the time the tumor is discovered and examined, it may be very large
~ and probably involves more than one region. Ming [75] ha; collected
estimates from more than 7,000 examinations by different investigators
and found the following mean ranges - pyloric: 47-50 per cent, lesser
curvature: 13-39 per cent, cardia: 10 per cent, diffuse: 6-8 per
cent. These findings generally agree with those observed by Stout
{761 (Figure 2), and it is clear that the most common site is the-
distal portion of the stomach. Crane et al., [80] for instance,
found that 75 per cent of the cases in their series of over 1000

occurred in the pyloric region.

~ Metastases |

Determination o7 tumor spread depends, naturally, upon its site
and stage, although there are fairly clear patterns, based on the data
presented by Stout,. [76] Ming, [75] and Crane [80]. The most common
metastatic sites are - perigastric lymph nodes: 80-90 per cent;
peritoneum, omentum andimesentery: 20-40 per cent; liver: 15-50 per
cent; pancreas: 17-20 per cent; lung: 30 per cent.

Metastases to the stomach from other sites, or direct invasions,
are very rare, and estimates of their occurrence are one per cent or

Tess.
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Prognosis

The outlook for victims of‘stomach cancer is very bleak, and
prognosis is apparently not improving very much with time. While
survival rates depend, to some degree, upon age, sex, site, extent of
disease at diagnbsis, and freatment, the picturé‘is, overall, very
dismal. Based on data from the National Cancer Institute, [2] the
overall five~year relative survi;a1 rate, adjusted for mortality,
among non-diseased people of similar age, race, and sex distributions,
is only 12 per cent. The median survival time is approximately six
months, even if the patient is less than 45 years of age. About haif
of all stomach cancer patients.receive no treatment, and among those
who do, surgefy is the usual treatment. This low treatment rate is due
to the fact that half of all cases are diagnosed at a stage beyond
localized or regional involvement. The best prognosis is found among
patients diagnosed in a localized stage and who are treated surgically,
among whom the five-year relative survival rate is 50 per cent, although
this group accounts for only about 12 per cent of all cases. Similar

survival patterns were found in England [81].

BATO/JACKSON 025512



CARCINOGENESIS

The field of Carcinogenesis is very broad and encompasses many
different areas, such as the events which occur at the cellular,
sub-cellular, and molecular levels; the histologic characterisfics
of malignant growth; and the results of animal experimentation with
specific carcinogens, as well as their mode of action. Unfortunately,
despite the tremendous efforts expended thus far, little is definitively
known aboutrthe'carcinogenic_process. This very brief review will
stress the broad concepts and attempt to establish the plausibility,
based mainly on animal studies, of the existence of a chemical
carcinogenic process, within the rubber industry, which may be
responsible for the greater than expected number of cases of gastric

cancer.

Histolocic Characteristics

There are innumerable definitions of neoplasia, but perhaps the
simplest and most appealing is one offered by Hopps [82]: "necplasia
is a new growth of tissue, autonomous in nature, serving no useful
purpose, obeying its own laws without repect for the organism as a
whole, and growing at the expense of, rather than for the benefit of,
the body." ) T |

This definition, however, describes the entire neoplasm. The next
question is: what are the characteriﬁtics of a neoplastic cell compared

with a normal one? Robbins and Angell .[83] have summarized these

attributes, and there seems to be general agreement among patho}ogists
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cbncerning the behavioral characteristics of cancer cells: 1loss of or
decreased adhesiveness, loss of ﬁontact inhibition, increaSEd motility,
increased contact guiCance; and synthesis of enzymes or metabglites
which may be injurious to normal tissue and which increase penetrative
ability. '

Normal adhesiveness between cells is dependent upon certain
structural and electrical properi%es of cells. Desmosomgs normally
anchor adjacent cells and contact is strengthened by anionic bonds
between cells, for which calcium binding by the cell is gssentia]. In
neoplastic cells, desmosomes are eithgr absent or substantially reduced
in number, and this is coupled by the inability of cancer cells to bind
calcium, which results in the presence of negative charges, which repel
each other, on the outside of every cell. These a?teratiqns jead to
decreased adiesivyeness.

One of the fundamental characteristics of normal cells is thg
inhibition of growth and mobility when they make contact with other cells.
Cancer cells, on the cother hand, have not only lost this contact inhibition,
but there is evidence which indicates that mobility and growth are
actually increased when they come in contact with hormal cells. Even
in the absence of contact with normal cells, however, éancer ce]]s have
been shown to be more mobile and more capabig qf répid migration than
most narmal cells, with a few exceptions, such as macrophages. However,
the very mobile normal cells are generally not capable of mitotic
divisions, so the combination, in cancer cél]s, of increased mobility
and retention of mitotic ahility facilitates penetration and invasiveness.

Normal cells generally grow in an orderly fashion along strands of

connective tissue in vivo, or along grooves in a glass culture dish in
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vitro. If cancer cells destroy these connective tissue strands, they
grow in a disorganized mass. If these strands are present, howevér,
cancer cells will exhibit a greater than normal contact guidance which
gives dirvectionality to its mobility, thereby increasing its invasive
and penetrating capacity. There is also fairly good evidence, although
total agreement is lacking in this aspect, that cancer cells are capable
of synthesizing proteolytic substances, such as hyaluronidase, which
destroys connective tissue substance in preparation for invasion by the
cancer cells. It has also been postulated that they synthesize toxins
which are capable of destroying normal cells, which enhances the
propagation and spread of cancer cells.

Metastasis, or spread of cancer tg]]s, is considered the most
serious complication, because surgical removal of a non-metastasized
cancer, even though it is not encapsulated as is a benign neoplasm,
generally results in a fairly good prognosis. In the neighborhood of
the primary growth, metastasis generally is accomplished by direct
invasion of adjoining tissue, which is enhanced by the increased
mobility and penetrance of cancer cells described above. This often
leads to penetration of blood or lymph vessels, resulting in hematogenous
or lymphatic metastases, respgctive]y. The cancer cells then lodge in
new tissue, often far removed from the primary site, which is called
secondary foci or foci of metastases. Once a cancer has me;astasized,
the prognosis is drastica1L¥ impaired. Metastases are exacerbated by
another feature of cancer cells, nameg, their differentially high
reproductive rate, which gives the appearance of being essentially
autonomous jin nature. This increased rate of growth is especially ]

apparent in undifferentiated {or anaplastic) malignancies, as opposed
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to the we]]-dffferentiated type. It should be remembered, however, that
despite the rapid rate of growth of cancer cells, there is a very long
interval, measured in decades, between initiation of the process and

clinical manifestations.

Chemical Carcinogens

‘Before proceeding to a discussion of chemical carcinogens, it
would be best to briefly describe some terminology and a]t;rnative
hypotheses of the carcinogenic process. Direct acting, or proximate
carcinogens are those.which do not require host enzymatic metabalism
to generate the key reactive substance, or ultimate carcinogen.

Many synthetic and industrial chemicals are proximate carcinogens.
Preecarcinogens, however, become active only after metabolic conversion
by the host and are not carcinogenic in their native form. Included

in this group are most chemical carcinogens. Proximate,carcinogens are
generally highly reactive substances, which is almost a requirement of
industrial chemicals, since-they are normally quickly deactivated. If
they are not deactivated, however, they become highly carcinogenic.
Pre~carcinogens can also be either activated or inactivated, a process
which generally occurs in the 1iver, which contains the énzymg systems
necessary for metabolic conversion. In fact, it is beTievgd that all
carcinogens can be activated by the 1iv§r and a1sq by othgr organs, such
as the lung, kidneys, and placenta, among others. Note, howevgr, that
proximate carcinogens do not requirg activation, while pre—cafcinpgens
do, although both may be deactivated.

There is another important genera] cqncept of the dif%erence

between initiators and promoters. An initjator is capable of initiating
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the carcinpgenic process by itself, and is therefore a true carcinogen,
but the process is often very stow. Carcinogensis can be hastened,
however, by application of a promoter, or co-carcinogen, which is
itself generally not carcinogenic. Application, to a site, of &
promoter before the addition of the initiator generally does not

result in cancer, unless the interval is very short, in which case

the promoter may still be active. This hypothesis is called the
fTwo—Stage Theory of Cancer Inductionf although it shou]d.be remembered
that the initiator, by itself, is capable of inducing carcinogenesis

in 1argg enough doses. Therefore, while the initiatoer may or may not
require a bromoter, promoters can do no damage in the absence of
initiators since they are not independent]y carcinogenic.

Regardless of the pathway or mode of action of a spgcific carcinogen,
the cellular alteration must be heritable. This alteration then becomes
capable of storage, replication, and transfer, to all new cells and
indeed new generatiqns of cells may incorporate additidnal changes
which also become heritable and further increase the difference between -
normal and neoplastic ce]]s. The mechanism of action of alteration,
however, is presently moot, with theorists divided between two alternative
pathways: genetic or epigenetic. Proponents of the genetic theory
insist that cancer induction results from an interaction of the carcinogen
with DNA, resulting in a perménent alteration in the DNA information
which, naturally, becomes heritable, This is generally believed to -
occur by a binding of the carcinogen to nucleic acids, resulting in a
permanent alteration of the base sequence. According to this thédry,
initiators are capable of inducing just a few mutations which are not

capable of autonomous growth or replication, but the appliication of a
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promoter, which may lead to additional alterations in the presence of
the promoter, may lead to heritability and autonomy. The epfgeneticists, -
on the other hand, believe that the.primary mechanism involves some
alteration in the cytoplasmic feedback mechanism, pertaps by some

alteration of me§senger RNA, which may lead to a permenently altered
but stable metabolic pathway. According to this theory, the carcinogenic
process is reversible because thérbasic alteration is in the gene
expression and not in the genome jtself. B

In a classic review article, Miller,[84] who is one of the pioneers

in the field of carcinogenesis, has reviewed thg pertinent findings to
date. He notes that almost all chemical carcinogens, with the exception
of alkylating agents (such as uracil mustard) are pre-carcinogens which
require activation before they become ultimate carcinogens. The single
basic characteristic of almost all ultimate carcinogens, whether or not
they require activation, is their strong electrophilic property, which - -
" enables them to react with nucleoplilic substances such as nucleic acids
and proteins. For instance, it has begn shown in vivo and/or in vitro
fhat the aliphatic agents, including nitrosamines, are alkylating agents
either in their native form (proximate carcinogens) or after enzymatic
or non-enzymatic activation (pre-carcinogens) which iateract with nucleic
acids and protein. Arcmatic carcinogens, on the other hand, have not
been shown to bind with nucleic acid in vivo, but the evidence is very
convincing that they form strong electrophilic reactants. which can
displace, at least in vitro, the weaker electrophiles such as H+. Despite
the magnitude of the effort invested in elucidating the mechanism of
chemical carcinogenesis, however, Miller concludes that fin no case of

chemical carcinogenesis do we.know unequivocally the nature of the
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molecular target{s) critical to the induction of that carcinogenic
process”. The known carcfnogens of greatest interest within the vubber
industry are the aromatic hydrocarbons (including 3,4 benzpyrene),
nitrosamines, and asbestos, The remainder of this discussion will
focus on these agents.

It is generally be]ieved that the. aromatic hydrocarbons are
precarcinogens which require activation. Kellerman, et al. [85] have
shown that the ultimate carcinogen is probably an epoxide which is
formed in the presence of the inducible enzyme aryl hydrocarbon
hydroxylase (AHH), which shows increased'activity after administration
of numerous chemical agents, inciuding benzpyrene. They have further
demonstrated that the U. S. white population can be divided into three
phenotypic inducibility groups - high, intermediate, and low. The degree
of inducibility is presumably under genetic control with two alleles at
a single locus, resulting in homozygous high and low groups and the
heterozygous intermediates. They then determined AHH activity in
cultured leukocytes from three different groups - histologically
confirmed cases of bronchogenic carcinoma, cases with a range of different
types of tumors, and a healthy control group. While no mention is made
of confounding factor distributions in the three groups, this presumnably
is not an important factor in this type of study. They found highly
. statistically significant differences, in the phenotypic distribution,
between ung cancer cases and healthy controis: 30 per cent of the
cases had high inducibility compared with 9.4 per cent of the controls,
while only 4 per cent of lung cancer cases had Tow inducibility against
45 per cent of the‘contro1s.v The differences between the *other” tumor

group and healthy controls were not significantly different. They
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conclude that this evidance supports the hypothesis that.susceptibi1ify
to lung cancer is inherited. Unfortunately, these results have not
been duplicated after attempts by numerous investigators.

There is fairly goad evidence the polycyclic hydrocarbons require
suspension in pafticu1ate matter to be carcinogenic., Winkelstein and
Kantor [86] have studied the relationship between suspended particulate
air pollution and gastric cancer in Buffalo, New York, among males and
fema1¢s 50—59 years of age. According to the authors,‘theffinding that
mortality rates from gastric cancer were twice as great among residents
of high, compared with low, areas of suspendgd air pq11utidn, is
independent of soc%oeconomic and ethnic effects. To e]iminaté:the
effects of a large Polish population’, the investigators assumed that
this group would have a rate (70/100,000) 2-1/3 times as high as the
average death réte among whites in.the age range under study, then.
from a census estimate of the propqrtion of the total population of
Polish origin, they calculated the number of deaths expected among
this g;hnic_group. These deaths were subsequently removed from thé
numerators and denominators which were used to estimate,morta]ity
experience. This appears to be a novel approach to the problem which
may or may not be methodologically sound, but their estimatg that a
mortality rate of 70/]00,090.is,2-1/3 times the average is appargnt1y
not corrdborated by the evidence which they themse1ves present,
indicating tﬁat, among males, as the four-component spectrum of
pollution levels from ]ow.to high is travgrsed, the rates are approximéte]y_
25, 40, 50 and 75/100,000Q,

At any rate, the evidence indicates that polycyclic hydrocarbons,

such as benzpyrene, must be suspended in particulate matter to be
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carcinogenic. Both the carcinogenic hydrocarbons, and particulate
matter in the form of carbon black and perhaps talc, are abundantly
present within the rubber industry.

Matolo, et al [87] studied the incidence of gastric cancer in two
coal mining counties in Utah and compared these rates with those found-
in one non-coal mining county and with the entire state. They found
that the incidence of gastric cahcer in coal miners was 15 times
higher than in non-ceal miners in the mining counties and 40 times
higher than in non-miners in the entire state of Utah. The authors
stress thg fact that coal soot has a rather high benzpyrene content,
and contains both large and small particles to which this hydrocarbon
may adhere. Théy conclude that there is a statistically significantly
higher incidence of gastric cancer in the two coal-mining counties, and
add that cocal mining, and the extensive use of soft coal by both miners
and non-miners for heating and cooking, might be an eticlogic factor.
Creagan, et al., [88] however, suggest that the correlation may be with
sociceconomic class rather than with exposure to coal mining and its
use. |

In a study on the relationship between atmospheric pollution and
mortality from certain chronic diseases in England and Wales, however,
Percy Stocks [89] found that intestinal and gastric cancers were related
significantly with smoke containing many different types of polycyclic
hydrocarbons. Stocks further states that this r¢1ationship can only
be partly explained by social differences in the populations concerned.

There has been much research conducted on thg carcinogenicity of
many different types of nitrosamines, since 1956, when Magee and Barnes

[90] discovered the development of malignant liver tumors in rats fed
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dimethylnitrosamines. In subsequent animal investigations, these
compounds have been shown to‘beAvery potent carcinogens at man& dif-
ferent sites, including the trachea, lung, kidney, bladder, and

stomach in many mammalian species, fish, and birds. Nitrosamines have
been shown to belmutagen1C'and teratogenic as well as oncogenic. It~ ~
has been reported that nitrosamines can be formed in vivo in the
stomach via an acid-catalysed reéction between a secondary amine and
nitrife,and also by a bacteria-catalysed reaction at any site in the
presence of a secondary amine, and nitratg,or nitrite. Hill, et al.,
[91] studied mortality from gastric céhcer in ten towns in England -
one experimental town with a mean nitrate content in drinking watér

of 90 mg/1iters and 9 control towns with a mean content of about 10
mg/liters. While mortality from all malignant neoplasms combined was
significantly lower than expected, mortality from stomach cancer was
significantly higher for both sexes taken together, with the greatest
'~excess in females. The authors hypothesize.the formation of nitrosamines
in the bladder which subsequently induces gastric cancer via a systemic
reaction. A number of investigators [92,93] have expréssed the opinion
that industrial workers are at particu1ariy high risk of exposure
either to nitrosamines or their precursors.

Numercus studies have shown that p]eural mesothelioma and other
pulmonary diseases are statistically correlated with asbestos exposure.
Recently, a number of studies have suggestgd that gastric carcinoma;
as well, may be associated with exposure {o asbestos and asbgstos—
containing talc (94-96, 131-139), and talc is wideiy useéd during tire
production. Industrial hygienists at the Occupational Health Studies

Group have estimated that the asbestos content of talc used in the
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industry may have been fairly high in the past. Merliss [94] has
suggested that the high incidence of gastric cancer in Japan may be

due to treétment of rice with talc, although others believe that the
increased Japanese incidence may be due to the formatioﬁ of nitrosamines,
as described above. In a study of talc miners in New York State,
Kleinfeld, et al. [95] found a significantly higher than expected
mortaiity from gastrointestinal malignancies. Other studi;s,_hbwever,
disagree with the conclusion that gastric carcinoma is associated with
exposure to asbestos.

In an interesting study which bears on these matters, an English
group [96] used an analytical electron microscope to study the particu-
late material present in stomach tumors in Japanese males. Their ana]jsis
indicated the presence of Kaolin, aluminum and calcium silicates, talc,
and some types of asbestos fibers, including both amphibole and
chrysolite. Unfortunately, the authors do not mention anything concerning
the levels of these substances in “control" tissues, nor do they discuss

the implications of these findings or their relationship to carcinogenesis.
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REVIEW OF MAJOR OCCUPATIOMAL STUDIES

Awareness of occupationally related diseases reaches far back into
antiquity, and sﬁientific investigations to determine their causes have
been conducted, with varying degrees of success, for hundreds of years.
Included in thié chapter will be a review of the methodologies used to
determine unique disease occurrences in three occupational groups -
steelworkers, asbestos workers, and uranium miners. These have been
chosen because of the thorough manner in which the studies have been
conducted and because it was felt that they are fairly representative
of the methods generally used in occupational studies. The purpose of
this short phépter, it should be kept in mind, is not to present results
or conclusions, but rather to illustrate the methodologies generally
employed by investigators to establish relationships between disease

and exposure in occupational groups.

Steelworkers

These studies, conducted by a group from the University of Pittsburgh
Graduate School of Public Health, incollaboration with the U. S. Public
Health Service and the National Cancer Institute, are both recent and
exhaustive, and are very similar to our own rubber study, within which
this present investigation is being conducted. For this reason, all
papers thus far published will be reviewed in detail.

The introductory paper [97] begins with a general description of
the methodologic approaches used in long-term industrial studies, and

includes an historical review. The authors caution the reader about an
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ignorance of selective factors, of major concern in studies of this
nature, which may lead to biased estimates of disease occurrence, and
also describe additional sources of bias, such as improper definition

of the population-at-risk, or an inappropriate choice of comparison or
referent group. As an illustration of the latter, the authors use the
example of what we call the "healthy worker effect", which may lead to
incorrect conclusions about the health status of an employed population.

To overcome these types of problems, they recommend 1qngitudina1
studies, although they note the impracticality of this épproach for .
diseases with long latent periods, a category which eﬁc0mpasses
essentially all chronic diseases and not only malignancies. They suggest
instead, and themselves use, the retrospective cohort approéch.

The cohort used for this study includes all men employed by three
firms in 1953 in seven plants within Alleghany County, Pennsylvania.
This cohort represents approximately 60 per cent of all men employed
by the steel industry within the U. S. in 1953. In all, just uﬁder
60,000 steelworkers were included, and follow-up information on alil
but 97 (0.2 per cent) workers was obtained, with all deaths contirmed
by death certifiéétes.

Since analyses according to specific occupational history would
routinely be performed throughout the course of the study, a method
was needed which would assign each member of the cohort to his
appropriate occupational group. As in our study, changes in job title
terminology over the years, as well as different usage by each of the
three firms involved, made this task more difficult. AécordingTy:
personnel offices at each plant were requested tq provid¢ a translation

to currently used titles, and in this manner the 14,000 distinct titles
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were reduced to 76 subgroups, and further into 10 basic groups, a
procedure very similar to the one utilized by the rubber study.

Initial simple mortality analyses were based on SMR's, with expected
numbers calculated from county rates, separately for whites and blacks.

Interestingly, the first more detailed mortality analyses [98]
were correlated with socio-economic, rather than physical, factors. In
1947 an income index, used to determine wages, was introduced into the
industry. Each job, according to this system, is assigned a total score
and a corresponding hourly wage. The total score comprises twelve
elements which assess skill, responsibility, effort, and working
conditions on the job. Because this total job score is the industry
basis for the determination of salary level, it concomitantly measures
income and reflects the education and work experience of the employee.
Use of this total score avoids the problems caused by fluctuating
econqmic conditions in that it remains relative1y stable and is thérefore
a more reliable indicator of socioeconomic status than are the actual
wages.

These scores were further categorized, for analytic purposes, into
~one of four groups. In general, a negative association was found between
total job score level and mortality among whites. Additionaily, the
earlier reported excess non-white mortality was explained by jqb score
level, and racial factors were therefore ruled out, an instance where
the investigators did not stop at the holy dﬁa]ity (because all subjects
in this study are maie) but sought real explanations, other than the
nebulous factors of vace and sex, for their findings.

The next paper [99] in this series descrfbes in detail the

methods used for tracing large industrial populations over extended
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periods of time. The authors stress the importance of determining the
vital status of as large a prbportion of the cohort as possible, because
of the possibility of drawing erroneous conclusions or biased estimates
of disease occurrence. They especially caution against relying on data
only for those who remain in an industry, in whic% case total mortality
will be understated. Additionally, distribution of cause of death will
Tikely be different for those who remain within an industry cémpared
with those who leave. )

The investigators examine the operation of some of these factors
within the present study, where 1381 of 4716 deaths, at the time of
this analysis, among the cohort members, were unknown to the employers.
The differential distribution of the unknown causes of death was
striking - 45 per cent of .deaths from malignancies, compared with
21 per cent of heart and circulatory disease deaths, were unknown to
the employers. There was a racial difference as well, with employers
unaware of 28 per cent of the deaths among whites and 36 per cent of
deaths among non-whitas.

They also indicate that employee age is itself a selective factor
which may lead to biased estimates, because the pension system favors
_greater awareness, among employers, of deaths among older, compared
with younger, employees.

The authors then review available sources of fallow-up fnformation

including: the Social Security Administration, Veterans Administratiaon,
-county death lists, city directories, and Internal Revenue Seryice

sources, among others. The follow-up scheme is summarized in Figure

3, and Tables 12 and 13.
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In the fourth paper of this series [100]. the authorstdescribe the
methods used to determine morta]ity by work area, a procedure whicﬁ
leads to the identification of general and caus?-specific, high and
7 Tow morta]ity risk areas within the plant, when compared with the
experience of the total steelworker popu1ation; The authors again
caution us about the attribution”of unusual disease occurrences, within
specific work areas, to enyironmental exposures without considering
sources of non-etiologic associations due to bias. )

For instance, in using the total steelworker group as a referent,
selection due to employability (healthy worker effect) is avoided, but
selection for health within a specific work area is not, and, as a
consequence, deficits or excesses within an area may be unrelated to
exposures. Because little is known about these internal selective
factors, much cautidn is suggested before drawing any conclusions of
an etiologic nature.

In all, 53 work areas were defined and workers were assigned to
one of two groups - work area at initial observation in 1953 and areas
in which. at least five years had been spent by the end of 1961. Expected
deaths within each work area were race - , age - , nativity - , and
residence-specific, and were calculated on the basis of rates from the
total steelworker population, which were then compared with observed
rates within each area.

Analyses were_first performed according to the capegorization 5y
work area in 1953, and these were followed by analyses of workers with
a minimum of five years of experience within a specified work area.
This second group was included because of the probability that disease

response is a function of duration of exposure, in which case the first
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type of analysis, by including men with very short exposure durations;
may wask true differences.

In additijon, because it was assumed that the mortality experiencés
of workers with long and short employment durations differed, the
comparison group for those with five years of experience within an 0T
was comprised of steelworkers who had attained five years of employment
within the industry prior to cr during the period 1953-61.

Next [101], an earlier finding of a two-fold excess of respiratory
cancer among men employed in the coke plant is examined, and a differ-
ential mortality anaiysis among whites aﬁd‘non—whites separately, by
calendar period and by duration of employment in several specific areas
within the coke plant, is performed. Once again, an internal comparison
is made between the observed morta]ity_experience during the period
1953-61, and expected mortality predicted by the age - , race - , and
nativity-specific rates for the total steelworker population, within
each of two work areas within the coke plant - coke oven workers and
nonoven workers. Also, two different employment groups were examined.-
those employed in the coke plant in 1953, and those not employed in
1953 but with experience in the coke plant prior to that date. The
latter group was included so as not to restrict subjects to those
emnloyed at a single point in time, among whom certain se1ect1ve factors
might be operating. 1In all, 3530 men were studied and it wes found that
the excess respiratory cancer was limited to men employed at the coke
ovens. When this was further ana]yzed, it was found that among those
working at the tops of the ovens there was a five-fold lung cancer risk
and, of these, among those with five or more years of experience the

relative risk was ten. Again, an earlier reported black-white difference
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was explained by differencgs in work histories, which presumably indicates
an environmental, and not a racia1, difference.

This finding among Allegheny county steelworkers led to an
additional study [102] in ten selected plants within the U. S. and
Canada, in an attempt to establish confirmatory evidence for the excess
risk reported above. The study subjects included men in these_p]ants
with coke oven experience durinénthe period 1951-55, and the experience
of this group was compared with the experience of a group of men
employed at the same plant during the same period. Two controls were
chosen for every case, matched on race and date of initial employment,
and while two different matching schemes were used, the basic prpcédure
was the same at all plants.

The analyses utilized various work areas within the coke
oven area {full topside, partial topside, side oven) as well as varying
employment durations, and contrasted the rates in these different groups
with those of men employed in different work areas of the p]ant, with’
adjustments for specific plant, race, age at entry and calendar years
of follow-up. In genaral, the conclusions reported earlier were con;
firmed by these studies, which also yielded a new finding of a kidney
cancer excess ameng this group.

The next three papers in this series [103-10%] examine disease
occurreﬁces within three specific groups of workers - crane operators,
open hearth workers, and sheet and tin'mill workers. In each instance,
an appropriately chosen control group, from within the industry, was
used for the estimation of relative risks. Cranemen were classified
according to their most Tikely type of exposure (gaseous, particulate, .-

gaseous and particulate, clean, unknown) and were compared with a group
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of controls who were never cranemen. In addition, exposure duration
estimates were utilized. It was found that men with particulate
exposure had higher renal and cardiovascular mortality risks than men
in other categories, and there was a generally increasing relative risk
as exposure duration increased, with the expected exception of those
who were emp1oyed in a fre1ative]y clean” area. The last two studies
were conducted in ways very similar to those already described, and
need no further comment, especially since nei;her presents-definitive
conclusions.

Similarities between the steelworker and rubber worker have been
‘noted throughout this review, although there is one major difference
in the approach to "matched" studies. We generaliy 1d¢nt1fy individuals
with a specifié disease and compare them with appropriately chosen
controls in the classic "case-control" mode, during which we look for
differences in work histories which would indicate different environ-
mental exposures, and from which we estimate relative risks. The
steelworker group has chasen the follow-up (retrospective cohort)
approach, in which their two groups are exposed - not exposed as of a
certain date, from which more precise and direct relative risks can
be calculated. Because our initial analyses were not performgd by
work area {OT), and because our initial identification of mortality
excesses and deficits were not calculated according to work area, this

approach would be more difficult within the rubber study.

Asbestos Workers

Lynch and Smith [106], in 1935, were the first to report the case

of an asbestos worker with both pulmonary asbestosis and associated
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carcinoma of the lung, and they speculated on the possible etialogic
significance of asbestos exposuré in pulmonary malignancies. Since

this first report, many others have found the joint occurrences of these
two conditions. In 1960, Wagner, et al. [107] identified 33 cases of
pleural mesothelioma, 2 generally rare tumor, in an asbestos mining |
area in South Africa among both whites and blacks of both sexes. OFf the
33 cases, the investigators were Able to establish definite evidence of
asbestos exposure among eight cases, and a probable exposure among
another twenty. ‘

Numerous more thorough studies followed these initial reports o%
the relationship between an occupational exposure and a malignancy.
Doll1 [108], in 1955, cited autopsy data from Engiand on persons known
to have been employed at a large, unidentified, asbestos factory and
showed that, of 18 cases ofhiung cancer among thjs group, 15 were
associated with asbestosis. He then estimated the latency period
among these 15 men by determining the elapsed time between first
exposure and death, which varied from 16-36 years among those with
associated asbestosis, while the exposure ranged only from 2—11 years
among the three cases of lung cancer without asbestosis. ATl 15 men
in whom both conditions prevailed had started work in the industry
before 1921, and therefore had at least ten years of concentrated
exposure before national standards were instituted in 1933.‘

Dol11 alse used a prospective approach in his investigation,
reported in the same paper, of 113 men employed for at least 20 years
within the industry in areas of high asbestos exposure, based on
personnel information supplied by the company under study. The group

included some who were still active and others who were no longer
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employed within the industry. The group was followed, and causes of
death were determined from deatﬁ certificate/autopsy information.

This was fol1owed'by the calculation of an indirectly standardized

rate, using the male rates for England and Wales as a referent. A

total of eleven deaths due to lung cancer, with mention of asbestosis,
was found, while none were expected. From these data, Doll concluded
that asbestos workers experienceua lung cancer risk ten times higher
than the general male population, and ﬁhat the risk becamé‘progressive1y
lower as the duration of employment under dusty conditions decreased.

Seiikoff [109], who has studied asbestos workers probably more
exhéustive]y than any other investigator, studied and examined asbestos
insulation workers in ihe New York - New Jersey area, where the first
union was established in the late 1800'5.7 He identified all 1522 men
who were ever members of the union local under Study during the period
1942-62, of whom 1258 were still altive at the start of thz study in
1963. Over 90 per cent of this group, which included actives, retirees,
and withdrawals from the industry, presented thgmse]ves for a history
and physical examination.

Detailed work histories were solicited from the men- The
information included exact type of work performed, use of protective
respirators, prior health experiences, and smoking habits. This
was supplemented with a physical examination which included x-rays.
Overall, more than half of those examined had evidence of pulmonary
asbestosis, and the proportion with this condition increasgd with
increasing exposure, the latter having been categorized into five
exposure levels. In addition, eleven cases of lung cancer were
discovered dufing these examinations, all amang men with 20 or more

years of exposure within the industry.
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Concentrating on the 632 men with 20 or more years of exposure
among this group, Selikoff, in a subsequent analysis [110], calculated
SMRs based on U. S. rates. Among the group under study, almost ha]f
(339) had 40 or more years of exposure, and, in all, the group had
. experienced 8738 man-years of exposure within the irldustry. SMRs of
700 for cancer ;% bronchus and p]eura, and 300 for stomach and
colorectal cancers, were reported, although the latter were based on

small numbers;‘

Enterline [111] identified 2833 white males who had worked in the
asbestos products (mainly texii]es) industry between 1948-51 for 13
different manufacturers, using social security records. Deaths wefé
identified from death claims made to the Social Security Administration
and, of the 286 deaths so identified, certificates were obtained for
273.

The mortality experience of these asbestos workers was compared
with the experience of cotton textile workers because the latter were
thought to be engaged in work similar to.that of asbestos workers and
to have similar socio-economic status, without conzcmmitant exposure.
In all, 6243 cotton workers were included and cause-specific SMRs ware
prééented: The all-causes SMR was 112 for asbestos workers and 88 for
cotion workers, while the respiratory cancer SMR was approximatg]y 200
among the former and 30 (2725.6) among the latter.

'E;aun and Truan [112] undertook a cohort study after complaining
about the absence, in prior studies, of a well defined population of
asbestos workers and jmproper épidemio1ogic methodo]qu. They 1identified

an apparently exhaustive cohort of asbestos workers in>Quebec, all of

whom had at least five years of experience as of 1950.. The.cohort
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included 6091 men, 133 of whom were lost to follow-un, with the
remainder being followed for six years. During this period there
were 187 deaths, of which nine were definite, and three highly
probable, lung cancers. Members of the cohort were studied with
respect to age,.duration of employment, smoking habits, and a
weighted exposure average, based on number of years spent at yarious
dustiness levels. These exposure categories were determined from
fconsultations with persons familiar with the environment‘and conditions
in the various work areas". Three levels were used, with category
11 considered to be twice as dusty, and category IIl three times as
dusty, as category I, quite an assumption in view of the manner in
which dustiness determinations were made.

While complaining about the paucity of epidemiologic éxpertise in
earlier studies, the authors themselves employ questionable analytic
techniques and epidemiologic reasoning on numerous occasions, and
conclude that asbestos miners in Quebec do not have higher death
rates from lung cancer than expectgd, and further that the mortality
rate does not increase with increasing length or severity of exposure.

Selikoff [118], concerned that most studies do not differentiate
between the different types of asbestos, such as chrysolite, crocidolite,
anthophyllite, and amosite, identified all workers in an unnamed
company who started work between 1941, when production bégan, and 1945.
From a reyiew with plant management, from product samples, and from
warkmen's old respirator filters, it was ascertained that only amosite
was used in this particular plant, which continued production until 1954.
In all, 868 or 93 per cent of the original group was traced, and expected

deaths for the period 1960-71 were determined. Selikoff calculated
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2.4 expected deaths from lung cancer, while 25 were observed, although
smoking histories; since unavailable, were disregarded.

Meurman, et al. [114] studied anthophyliite miners in Finland who
had worked in one of two mines for three months or more between 1936—67,‘
with the roster Supplied by the company. Location and follow-up of
subjects was accomp]ished by use of the Finnish national population -
registry and the detailed records of the state church. Follow-up was
complete for 95 per cent of the more than 1000 employees Jho met the
inclusion cfiteria. Interestingly, a comparison group was selected
from a nearby nonmining and nonindustrial town, and every asbestos
miner was matched with a control for date of birth, sex, and date of
death, if the miner was deceased. In addition, a questionnaire was
sent to each miner and control, soliciting information on current health
status, smoking habits, and the duration, quality, and intensity of
work in a dusty environment, as well as age at first exposure. In alil,
there were 248 deaths, with cases exhibiting a lung cancer excess
compared with controls, while digestive system cancers were fouhd in
equal frequency in the two groups. 7

McDonald [115], in a large study, investigated the mortality
experience of chrysolite miners in Quebec. Records were collected from
44 companies 1isting all current and previous employees as of 1965.
Approximately 28,000 mingrS‘were identified, a quarter of whom were
employed as of 1966. Detailed work histories, inc]uding'mére than
13,000 different jobs, were collected. This numkber was rgduced to
just under 6000 and, for each of thesé, and for every year of opékation,
average dust exposures were assessed on a 13-point sca]e, based partly

on environmental measures conducted since the late 1940's and, for
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levels prior to that date, based_on interviews with employees of Tong
standing.

Of the original 28,000 members, a cohort of about 12,000 was
selected, comprised of persons born betweén 1891-1920, provided that
they had been emﬁ]oyéd for at ]e;st one month, and a detailed search
was conducted for all Tung cancer deaths among this group. Observed
and expected mortaTity rates were calculated and, in the highest dust
category, in which were found 5 per cent of aill subjects,-the age-
standardized mortality rate was 20 per cent higher than in other groups.
In addition, the difference in respiratory cancer mortaTity rates
between individuals with minimal and maximal dust exposure was five-fold.

Lung cancer is not the only malignancy associated with asbestos
exposure. In two separate hospita]-b&éed case-control studies [116, 117],
neither of which can properly be called an industrial study since they-
were not conducted within specific industries, but both of which are
quite interesting, a relationship between ashestos exposure and
laryngeal cancer has been indicated. The first was conducted in England
on 105 consecutive laryngeal cases matched with non-malignant controls,
where it was found that 31 per cent of the cases, and only 3 per cent
of the controls, reported industrial asbestos exposure, with an average
of 27 years exposure.'

The second included 43'Cases in Canada, each matched with -one control
for age, sex, and'residence'withig mgtropo]itan Toronto. From personal
1nferviews, occupational exposures to a number of envirqnmenta] agenté,
including asbestos, were detefmined, and smoking histories were obtained,

Among the cases, ten had prior industrial exposure to asbestos, while

none of the controls reported similar exposure. The mean latent period
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was 28.2 years (range = 1-55), although these estimates are based on

rather small numbers. An interesting finding was that among men -
exposed at a younger age, the latent period was longer, although this -
is not discussed in any detail. The two studies, therefore, report

similar findings regarding latency period, and the proportion of all

cases with an industrial asbestos exposure (approximately 25 per cent)

which seems highly significant, especially if replicated in other,

-

large studies which utilize more detailed work histories.

Uranium Miners

Lorenz [118], in a 1944 paper, summarizes the history of the
elucidation of an association between uranium mining and pulmonary
diseases. Among miners at Schneeberg (Germany) and Joachimsthal
(Czechoslovakia), in the Erzgebirge or Ote Mountain region between .
Saxony and Bohemia, an ailment called "mountain disease” or .-
Bergkrankheit was described as early as the sixteenth century. In
1913, a German investigator, using a proportional mortality approach,
reported that malignarcies of the Jung accounted for approximately
40 per cent of all deaths among miners in this region. He further
stated that during the period 1875-1912, there had been ameng this
~group of miners 276 deaths from ]ung cancer, 64 from tuberculosis,
119 from other lung diseases, and 206 from other causes. Over the
years,; investigators in this region continued reporting proportional
mortality lung cancer rates of 40—70 per cent among miners. |
Included in this fine paper are a summary of the physical findings
regarding radium exposure in the mines, a review of the data, up to >

that point, from animal exposure studies, as well as a rather depressing
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description of the stark cqnditions in which the miners worked and lived.
In addition, a summary is presenfed of the different etiologies to Which
the excess lung disease was attributed over the years, including fungi,
mud, and dust containing arsenic, cobalt, and silica. Radon was first
suggested as an etiologic agent in 1924,

Arther [119] describes the initiation of studies of uranium miners
in 1950, based on the knowledge éﬁat uranium and its decay products
(radqn daughters) are toxic, and based on the evidence from Schneeberg
and Joachimsthal cited above. Health examinations were initiated in
1950 and continued through 1960 and included a physical exam and
laboratory procedures, as well as obtainment of an occupational-hi%tory
and pertinent social data. Preliminary analysis indicated twice as
many observed as expected cases of lung cancer, although based on very
small numbers (5 expected), as well as an excess cardiovascular disease
and accident rate.

In a rather large study of underground metal miners, Wagoner, et al.
[120] selected miners who had completed at least 15 years of employment
between 1937-48. The year 1937 was chosen as the initial date because |
the Social Security System was then inaugurated, and it was used as a
source of follow-up information. Mortality analyses were pérformed‘
through 1959.

Of the.75,000 employee company records reviewed, 1759 miners met
the study criteria. Because of discontinucus work patterns,'estimates
of the number of years of exposure were based on the number of under- )
~ground shifts worked and, for analytical purposes, the number of
person-years of expaosure was used. Follow-up was accomplished through
the use of insurance records, state vital statistics departments,

A

company retirement programs, and social security records.
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In all, death certificates for 930 miners reported to have died
during the study period were obfained. A11 other members of the
cohort were assumed to be alive, a procedure which makes conservative -
the estimates of excess mortality. Overall mortality and cause-of-death
distributions .among miners were compared with similar findings in the
state in which the miners worked, although the name of the company and
its location were not divu]ged..-ln this manner, expected-number of
deaths for each cause and calender year were calculated.
The study population was divided into two grecups, Cohorts I and
I1, as follows: those in Cohort I must have completed at Teast their
fifteenth year of underground mining before 1/1/37 and must have been :
alive as of that date; members of Cohdrt 11 completed their fifteenth
year between 1/1/37 and 12/31/48. These groups were created to determine
- whether "survivorship bias" existed among the members oflCohort I "as
would happen if the men who met the fifteen year requiremen£ before - -
January 1, 1937, and survived to enter fhe study were hardier than those.

who completed their fifteenth year at a later date"“.

Age-cause-specific mortality ratios were computed separately for
each cohort, and excess was essentially limited to diseases of the
heart and lungs. The excess in lung cancer (SMR = 300)~W?5 not
Jattributed to excess tigarettersmoking among underground metal miners,
on the assumption that their smoking histories would not differ
substantially from the histories of -uranium miners, among whom.Tung
cancer mortality was increased only 10 per cent due to smqking habits.
Nativity effects were contrc]]gd by separate ana]yses for bqth foreign v
and native-born, and the resultant SMRs were elevéted in.both groups,

although the excess was greater among native-born.
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Autopsies had been performed on 15 per cent of the subjects vho
died, according to death certificates, and verification by either
pafhological or radiographic examination was available for 73 per cent
of the deaths. Sincg these figures compare favorably with autopsy
and verificationvrates among similar groups from the general population,
the Tung cancer excess is not as;ribed to differences in death certifi-
cation.

An examination of the data presented in this paper iﬂﬁicates that,
on the avérage, employment within each of the two cohorts lasted 15
years (25,033 person-years of exposure for 1759 persons}, although one
must wonder why there were not more person-years of exposure, since
15 years was the minimum inclusion criterion. Also, while the authors
postulate radiocactive "inhalants” as being of possible etiologic
~ importance, no measure of their prevalence within the industry are.
repbrted. |

Wagoner, et al. [121] conducted a major study of uranium miners 1in
the Colorado plateau with the intention of conrclusively demonstrating.
that the excess lung cancer zmong uranium miners is due to airborne
radiation, an association which was demonstrated by Archer in 1962.

The pool of available subjects came from 5370 miners in the Colorado
Plateau, a group which was the basis for numerous additional studies
soon to be described. Of this group, 3415 white uranium miners had
earlier valunteered for a physical examination, and there was sufficient
social and occupational data available for these miners. Follow-up was
based on continuing physical examinations, annual company cgnsuéés,
questionnaires, newspaper t1ippings, emp1qyment offices, vital statistics

bureaus, and the Veterans and Social Security Administrations.
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Follow-up was 95 per cent complete as of the 1963 cut-off date, with all
those of unknown status conservafive1y considered to be alive. Informa-
tiqn from death cgrtificates, autopsy reports, and hospital and
physician reports was used by two investigators to arrive at independent
diagnoses for the 249 certified deaths among this group of miners.

Expected numbers of deaths for the group under study were computed
from age-race-cause-specific morfé]ity rates for whites within the
same states as the cases, and total expected deaths were calculated for
the periqd 1950-63. An SMR of nearly 400 (22 observed and 5.7 eXpected)'
was determined for malignant neopiasms of the respiratory system:

The investigators capitalized on nearly 12,000 radon daughter
(thelexpected carcinogenic agent) measurements made during the period
under study by federal and state agencies. When multiple measures for
2 given calendar year-were available, an average was used, while measures
for adjoining years were used when data wére not available. These
estimates were used to place each subject into one of six cumulative
exposure categories, and this was followed by an indirecf age adjustment;
The analysis indicated that the standardized incidence, per 10,000,
increased from 3 to 116 as the cumulative exposure increased.

The reader should be cautious about selective factors in this
study, which may eithar invalidate or strengthen the conclusions drawn.
The 3415 miners included in this study are drawn from the 5270 miners
in.the Colorada Plateau who volunteered for at least one physical, and
for'whom sufficient data were available. In another report ocn this
~group [122], to be reviewed next, it was claimed that by 1960, 90 per
| cent of all miners in this area had presented themse]ves for a health

examination, although this estimate has:not been unequivocally verified.
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In the absence of verification, it must be concluded that no well-
defined cohort has been established, which means that a precise
denominator does not exist, and SMR calculations are therefore
questionable. Also, the authors state that members of the study group
“worked in 1200 different mines during the period under study. Despite
“these objections, the selective factors, if any, may well have resulted
-jn an under-estimation of mortality from lung cancer, which would serve
to strengthen the findings reported.

7 Using the same group described above, Wagoner et al. [122] stratified
the 5370 eligible miners into one of five cohorts, according to uranium
.exposure - non-white uranium miners and millers, white millers, white
miners (surface and underground), among whom 317 deaths were observed
during the study period. Among white underground miners, an SMR of
approximately 400 for respiratory cancer was calculated. In addition,
workers were further categorized, according to duration of underground
mining, into one of two groups: 1-4 years and 5 or more years. Among
the latter, the respiratory cancer SMR was 1000 (11 observed and 1.1

expected) :

This same group of miners within a 15 county region of the Colorado
plateau was used by Saccomanno [123] for a lung cancer study which
utilized a case-case matching scheme. Cases were divided into one of
three groups: 51 uranium miners who had mined for one week or longer
and had tived in any of the counties, 121 cases among all other male
residents of the 15 counties, and 37 transients who had either received

medical care or who had died in the Colorado Plateau. The 51 cases
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among uranium miners were further stratified into one of three levels
of cumulative radon daughter exposure. The matched analysis indicated
that miners got the disease at a younger age than non-miners, that
there was an excess of small cell tumor types (oat, round, and polygonal
cells) - 57 per éent among miners against 16 per cent among the other
cases, and that the proportion-of small cell malignancy types increased
as cumulative exposure increased. Archer [124] used the data from this
study and others and had the cases reviewed by a qua]ifieé.three man
panel. They found that epidermoid and small cell undifferentiated
carcinomas, as well as adenocarcinomas, were all found in excess among
‘yranium miners, with small cell carcinomas the predominant type and the
only one which was significantly elevated in all cumulative exposure
categories. They also concluded, however, that the relative frequency
of histologié types is dose-independent, a conclusion which disagrees
with the earlier report, -
Archer et al. [125} again used Colorado Plateau miners for an
updated analysis in 1973, which includes 3366 white and 780 non-white
miners of the original 5370, who are said to represent approximately
90 per cent of all miners in the area under study. Miners included in
this study had at least one month of underground employment prior to
1964, with 99 per cent follow-up, and mortality analyses for the period
1950-68, during which period there were 437 observed deaths agalinst 277
expected. The investigators then Tooked at respiratory cancer SMRs
separately according to cumulative exposure (7 categories)} and fyears
after start of undergroﬁnd mining" (6 categqries) when the cases
developed. There was no excess in the lowest exposure category, a .

significant excess in the next three exposure categories, and an
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increasing ratio of observgd to expected in the two higher exposure
categories. These relationships prevailed across all “years after®
categories.

A 1ife-table analysis was used to quantitatively relate person-
months of exposure to observed lung cancer occurrence, although the
authors admit that there may be distortion, in the same‘direction, from
two sources. First, miners worked throughout most of the study, and
therefore most of the latent period, which means that if a~miner
developed cancer while in the highest accumulated exposure category,
most of his person-months of experience would have been in the Jower
categories. Sécond; most men in the lower exposure categories started
mining more recently than those who contributed most to the higher
categories, leading to less elapsed latency time for person-months in
the lower exposure groups. Both distortions tend to maximize incidence
in the higher accumulated exposure categories, especially when assuming
a long latency period. in which case the life-table approach is not
jdeal. Accordingly, adjustments had to be made for latency period, age,
and dose-rate effect, for which two approaches were used: the calcula-
tion of observed and expected rates for five-year intervals "after start™
of uranium mining, which controls for latency period; and use of a model
which makes adjustments for time after the radon daughter expasure

within each year.

-
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SUMMARY OF QCCUPATIONAL STUDY DESIGNS

It would be useful, at this point, to summarize the different
methods and procedures utilized in the occupational studies reviewed
in the previous chapter, and to briefly comment on some of the benefitsand

drawbacks encountered in their use.

Study Designs and Measures of Effect

A cohort design is generally most desiraﬁTe for epidemiaologic
studies since this design allows for a direct determination of the
risk-ratio based on a true population at risk. In occupétionaT studies,
it is almost always necessary to utilize the retrospective cohort
design because of the long latency periods of chronic diseases,
although at present there is much activity, among industrial epidemiologists,
to initiate true prospective studies, which would naturally involve
surveillance. Notwithstanding the benefits of a cohort design, a |
problem is often encountered in exposﬁre allocation-~that is, how does
one determine the exposure category to which a subject should be
assigned? In non-occupational studies, it is generally rather stfaight—
forward, since the choices are often dichotomoﬁs—-exposed or non-exposed,
as, for instance, smoker or non-smoker. The occupational milieu, however,
often necessitates a judgemental determination of exposure status. For
example, the steelworker study utilized the reductionist approacﬁ;

condensing 14,000 jobs to 75 subgroups, and further into 10 basic groups.

BATO/JACKSON 025549



108
Workers, however, have a tendency to be very mobile within industries,
which means that they have often spent time in many different jobs
with diverse exposures.

The steelworker study, additionally, generally required that a
worker have a minimum of five years of exposure within an OT (sub-group)
before he was assigned to that exposure group. The experiences of this
~group were then compared with the experiences of a comparison (non-
exposed) groﬁp chosen from within the industry. The trouble with this
approach is that the individual assigned to the high risk OT has almost
always worked in other OTs as well, and is therefore not truly unexposed
to the hazards of these other wdrk areas. He may even have worked for a
number of years in the referent OT, with which his experiences are being
compared. While this would tend to conservatize the measures of effect
and might therefore be dismissed as only strengthening faith in our
conclusions, we must be concerned with the possibility that this |
“contamination" may mask smaller differences which would otherwise be
uncovered.

These methods, then are very similar to the use, within the rubber
study, of the most representative 0T, which classifies a worker into
the OT in which he spent the greatest amount of time during his employ-
ment within the industry. Unfortunately, this similarity results in
similar drawbacks as well, and should be interpreted cautiously.

- Additionally, when using the retrospgctive design one should be very
careful to avoid differential outcome bias--among stee1work9rs; for

instance, it was found that the employers were unéware of 43% of deaths

from malignancies and only 21% of heart and circulatory disease deaths.
Naturally, these differences could cause havoc with.even the best:

designed studies.
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The use of the cohort design, whether retrospective or prospective,
requires the very care%ul enumeration of the population-at-risk {PAR),
which is generally a highly expensive and difficult task. As an
alternative, the case-control design can be used without PAR determination,
although the investigator must be very concerned with bias in case
jdentification. In a hospital based industrial exposure case-~control
study, for instance, such as the laryngeal cancer studies (116,117)
among asbestos workers, the researchers must take great care ta make
certain that cases of a certain type do not systematically seek care at
a specialized hospital and thereby avoid the scrutiny of the investigators.
When time, money, and extreme rarity of the disease are important |
considerations, this design is often the one of choice.

We come now to the ambidirectional design, which is the one utilized
in the present investigation of stomach cancer, but which was not used
in any of the three industrial studies described in thié_chapter. The
ambidirectional design involves the identification, enumeration, and
foliow-up, in this case accomplished retrospectively, of a cohort of
individuals, for whom estimates of risk of various diseases are determined.
When an excess risk is identified, it is foliowed by a case-control
study to determine the specific exposures responsibie for the excess.

Since this design is based only on a comparison of the experiences of

the cases and referents, and does not require detailed histories of all
other unaffected members of the cohort, it serves to economize exposure
determinations, although the necessity for exhaustive cohort identification
remains. The present study is net a truly ambidirectional study,‘however,
but should more properly be described as a hybrid design.A Had we utilized
a true prospective cohort design, the term ambidirectional would have been

rigorously appropriate.
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Aside frdm these semantic considerations, a number of additional
comments should be made. The sfudy, in this‘review, most comparable to
ours is the steelworker study, because of the diversity of jobs within
the industry.. In that study, the ambidirectional approach has not yet
been used because of the manner in which excess rvisks were initially
identified. While the rubber study first determined overall excess
risks for specific diseases, the“steeIworkers investigators determined
these risks for specific OTs. Once having identified a risk, they then
followed with a retrospective cohort design which compared the exposed
(members of thg high risk OT) with a carefully chosgn‘unexposed‘(another
0T) group, while we must follow with a case-control study since the data
necessary for the steelworkers' approach has not been collected.

In all designs discussed, & referent group must be choseh for
purposes of comparison. Generally, an attempt is made to chose a
comparison group from within the industry under study, to avoid any .-
unforeseen differences or exposures, and to avoid problems of the k
*healthy worker' type which will be momentarily discussed. In most of
the cohort studies cited, the referent was another OT deemed to be
unexposed for the hypothesis under consideration,.althqugh this is by no
means always the case. For instance, in one of the asbgstos studies
(114) a matched control group was chosen from a nearby non-mining town,
while the two laryngeal case~contrdlstudiesA(116, 117) utilized hospital
controls. |

The appropriateress of the referent group is not only important in
analytic studies but may be of even greater significance in the initial
descriptive studies on which the analytic investigations are based. As .

mentioned earlier, occupational étudies generally begin with an assessment
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of risk in the general industrial population, or in some large Sub—groups
within this population, most often by use of the standardized morta]ity
ratios (SMRs) or standardized proportionate mortality ratios (SPMRs),
both of which require a referent or standard population.

Since the SMR is an indirect standardization, age-specific (if we
are dealing with an age standardization) disease rates for some "standard"
are needed for the cé1cu1ation df expected numbers of deaths. Usually
the most precise available estimates of these rates are for the general
U. S. population, and, because of their accuracy and availability, are
often used. The problems which the use of these non-industrial referents
engender are well known and referred to as the healthy worker effect.
Briefly, use of disease rates from these groups often leads to an
underestimation of the SMR because an employed population, by virtue
of being employed, is healthier than the general population, which
includes disabled and hospitalized people. Therefore, the observed
disease frequency is lower, and the expected frequency is higher, in
a relative sense, and this often leads td Tow SMRs. If the SMR is
underestimated, however, important disease excesses may be missed
entirely. Ideally, disease rates should be derived from other
jndustrial populations which are free from the exposure under consideration.
Use of a referent of this nature would make the jdentification of a
specific disease excess, within the unique population Qnder study, more
probable. In the absence of a disease rates for a suitable industrial
referent population, however, general populations are usgd instead and
are quite suitable as long as the invgstigator is aware of their-

limitations.

”
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When enumeration of the PAR is not possible, the SPMR is often used
to provide some evidence of diséase excess. The well-known limitation
of the SPMR, however, is that it indicates a relative, and not absolute,
excess, and can therefore by quite misleading. Despite these drawbacks,
however, there are instances where a cause-specific proportional mortality
ratio is so clearly elevated, as in the early uranium miner studies {118),
that concern about tais 1imitatfon would not be apbropriate.

Confounding and Effect Modification

Epidemiologists are always concerned about the role of confounders
in the estimate of effect, especially when dealing with known confounders.
These known confounders are controlled either during subject selection or
data analysis, and the methods used for control of confounding in
occupational studies do not differ, at least in this literature review,
from methods generally used in other studieé.

The confounders most commonly encountered are age, race, sex, date
of initial employment and total duration of employment, which were all
of importanée in the present study as well. The methods used for control
of these confounders, in the studies reviewed here, include matching
during subject selection and stratification in the anailysis. In addition,
there are available a number of multivariate statistical techniques which
allow for the separation of the effects of confounders and true risk
factors, among which is Miettinen's confounder summarization score.

In the studies reviewed here, matching was used in both éohort and
case-control studies. The intent of matching is to make the subjects
as nearly alike as possible for extraneous factors s0 that any differences

between subjects (cases and controls or exposed and non-exposed) will be
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explained by the putative etiologic factors under investigation. The
major limitation of course, is that once the investigator has matched
~on a factor, the effects of that factor can no longer be determinéd,
although by its nature of being a confounder, the interest of the
investigator is ﬁot focused on that factor anyway.

The other method used to control confounding was to stratify in the
analysis without héving matched during subject selection, although it
should be here pointed out that even when matching has been performed,
stratification in the analysis is still used. When stratification without
matching is Qsed, the idea is to determine the effect of the vafiabies
under study within narrow ranges of the known confounders, so that these
coﬁfounders cannot have much of an impact on the measure of effect. This,
method of stratification in the analysis was quite commonly used in the
studies reviewed here.

In only one study, where the combined effects of smoking and asbestos
exposure in neoplasia were examined, did the investigators look for
interactive relationships or effect modification, the 1at;er being defined
as the non-uniform association between exposure and disease across
different categories of the modifier, a term which is sometimes used
interchangeably with interaction. Selikoff and associates (126) report
the experiences of 370 men who were alive as of 1963, 94 of whom had
died during the next four years, and for whom there were available accuréte
smoking and asbestos exposure histories. Of the 370 men under investigation,
283 had smbked cigarettes regularly at some time.

Using a lifetabie approach, based on the U. S; general white'malé
age-specific death rates, for the calculation of expected nuimbers of

deaths, it was determined that only 47.5 deaths were expected, compared
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with the 94 that were observed. Furthermore, the excess deaths were
due to bronchogenic carcinoma, mesothelioma of the pleura and peritoneum,
asbestosis, and cancer of the stomach, colon, and rectum. The authors
then calculated the expected number of deaths that would have occurred
among this group of 370 men if their lung cancer mortality experience
did not differ from other men, taking both age and smoking habits into
consideration. The investigatofﬁ found 24 deaths from bronchogenic
carcinoma in this group, while only 3.16 weré expected, a ratio of
approximately 8 to 1, although they found no bronchogenic cancer deaths
among men in this group who had never smoked regularly, or who had only
smoked cigars or pipes, leading the authors to conclude that asbestos
dust exposure, without concomitant smoking, does not increase the risk
of bronchogenic carcinoma. The authors further calculated that only
0.26 workers who had regularly smoked would have been expected to die
of bronchogenic carcinoma, during the period under study, if they had
neither smoked nor been occupationally exposed 'to asbestos dust, while
there were actually 24 deaths due to this cause. This is the really

" startling conclusion--the interactive effect of both smoking and
asbestos exposure results in a nearly one hundred-fold risk of dying
from bronchogenic cancer compared with men who were not exposed to
either. This finding is an excellent illustration of the importance

of searching for interaction when there are additional known risk

factors and when the appropriate data are available.

Exposure and Latency

There is an attempt, in most occupational studies, to estimate

exposure qualitatively and quantitatively, so that some detérmination

~
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of the relationship between exposure characteristics and disease occurrence
is possible.

Generally, an initial minimal exposure duration, in years, is
necessary for inclusion in the "exposed" group. For instance, a minimal
five-year exposure was necessary in most of the steelworker analyses,
while a minimum of 15 years of employment was necessary for in;]usion
in one of the uranium studies (fZO). After the inclusion criteria had
been set, however, there was thén additional classification into
categories of total duration, in years or months. This procedure was
used in studies of all three occupational groups feported here.
Additionally, in one of the steelworker studies involving cranemen (103),
there was an attempt to qualitatively determine the type of exposure
(gaseous, particulate, or clean) with which duration was correlated.

In two of the asbestos studies cited (112,115}, there was some
determination of dust levels. In the first, dustiness was assigned to
one of three Iéve]s which were assumed to be interval data, with level
three having 3 times as much dust as level one. In the second, average
dust exposures were assessed on a 13-point scale, based on both
environmental measures and on interviews with knowledgeable employees.
Observed and expected mortality rates were then determined for each of
the dustiness levels.

In addition to independent correlations between disease occurrence
and duration or type of exposure, these two characteristics are often
combined, such as in the asbestos study (112) with three dustiness
levels, where a weighted exposure average, based on thgse Tevels and
on total duration, was used.

The most extensive determinations of exposure viere made for the

uranium studies (127), where working levels (WL) and working Tevel
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months (WLM) were used. The working level is a measure of concentration,
specifying an amount of radom daughters in a liter of air releasing a
specified amount of potential alpha energy. After the determination of
the WL had been made, the investigators then calculated the working
level months. These WLMs represent the cumulative product of the length
of underground exposure in working months (170 hours) and the_concentra~
tion of radon daughters in working 1¢vels (WL) for specified mines and
calendar years. ) 7

In most studies where latency period was examined, it was calculated
as elapsed time between first exposure and death. Death was used as the
endpoint because mortality data were generally used, although these
latency estimates cen be rather misleading for diseases with long
survival times or low case-fatality rates. Since lung cancer, however,
was the major type of malignancy under investigation in these studies,
t,ese two limitations were probably not of major importance. When
latency was presented in a straightforward manner, it was generally
reported as a simple mean and range. In one study (125), however,
latency period, in zerms of years after the start of underground |
mining when the case developed, was cross-classified with cumulative
exposures for a total of 42 cateqories in which were found an jncreasing
ratio of observed to expected deaths in the two highgst exposure categories;

a relationship which prevailed across all “"years after" categories.

Summary

A careful analysis of the studies cited above, which are felt to
be representative of generally good occupational studies, reveals that
there are certain basic characteristics of properly conducted investiga-

tions in this field.
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First, and most important, is the careful definition and delineation
of the cohort, on which all subsequent determinations of excesses or
deficits of disease occurrence will be based, and from which generally are
drawn all caseslof a specific disease for retrospective, such as case-~
control, studieé. SMRs are consistently used for comparisons of
observed and expected numbers of cases, although the referent group
varies from study to study, and {nc]udes rates derived either from the
U. S. general population, from the geographic area nearest the site of
investigation, from within the study population, or from comparable
industrial groupé with similar work characteristics but without the
exposure under investigation.

When possible, precise types of exposure are determined (e.g.
particulate vs. gasegus), preferably verified by environmental sampling.
Almost always, disease rates are correlated with an estimate of duration
of exposure, an estimate which depends on availability of data and often
takes the form of years orvperson-years of exposure to the agen: under
study. Work experience is generally further categorized into different
levels of intensity of exposure, often based on retrospective questionnaires.
Mean latency periods are also generally presented, and they are usually
based on elapsed time from first exposure. When dafa are available,
occupational disease occurrences are compared across different geographic
areas and across plants. It should be remembered, however, that estimates
of exposure are quite complicated when there exists more fhan one putatiﬁe
etiologic agent, as is the case in the steel-and rubber industries, but
which is apparently not a problem in the uranium miner and asbgstbs
worker studies.

Wagoner (121) has summarized the types of evidence needed to

reasonably infer causality from an occupational study, while at the
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same time advocating the use of retrospective work histories and

exposure data for the identification of occupational etiologic agents.:

The steps are:

1)
2)
3)

4)

5)

6)

demonstration of an excess risk
demonstration of a dose-response relationship

persistence of both 1. and 2. when known
confounders are eliminated

establishment of the consistency of the
association

establishment of the specificity of the
association

description of the histologically distinctive
distribution of the disease, especially among
malignancies, when possible, according to site
and type

But even when all of these criteria have been satisfied, associative

conclusion should be made with great caution, for, as Donaldson (128)

says:

epidemiologic studies can reveal the existence of a
health hazard, can define its distribution and
dimensions in the population, can identify associa-
tions which may be suggestive of eticlogy, and can
provide estimates of levels of risk under varying
conditions. Epidemiologic data will not - and
should not be expected to - provide incontrovertible
proof of a cause-effect relationship. This fact,
however, makes neither the epidemiologic method,

nor the data derived therefrom, any less scientific.
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MATERIALS AND METHODS

Cohort Description

A1l but three of the cases, and all controls, were selected froh the

ten year cohorts which were reconstructed for two companie%'
plants in Akron, Ohio. These cohorts were retrospectively identified, in
very similar fashion, at both companies, and include all hourly (factory)
active and retired employees who were 40-84 years of age as of 1 January
1964. The cohorts, or populations at risk, were followed for the ten
year period 1964-73, and death certificates for almost all deaths among
members of these cohorts were collected. At Company A, the cohort numbered
6678 while at Company B, the population at risk numbered 10,655.

| These cohorts were enumerated on the basis of a very thorough check
of both management and union records and included a search of both payroll
and pension records, death claims, severance awards, and employment exits
and transfers. Deaﬁhs among cohort members were jdentified mainly from life
insurance death claims, but were cross-checked both internally against
company records and externally with the U. S. Internal Rgvenue Service.
Because of the company financed life insurance policy, to which hourly
employees are entitled after ten years of seryice, follow-up is approximately
97% complete for each of the two companies. In all, during the ten year
period under cbservation there were 1983 deaths at Company A and 2508 at

Company B.
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Case Selection

Nearly all of the approximafe]y 500 subjects in this study were chosen
from the cohorts just described, with the exéeption of three cases which
occurred during 1974 or 1975. Before this present study was undertaken,
standardized mortality ratios, based entirely on the cohorts described
above and using the age-sex-specific stomach cancer rates from the 1968
U. S. general population, were defermined after completion of nine years
of the ten year period under study, and we calculated an SMR of 187 at
Company A and 123 at Company B for the full age range 40-84, the former
including both white and black males, while the latter examined the
experience of white males only. To correct for an all-causes SMR of under
100 among the group under study, the stomach cancer SMR was divided by the
all-causes SMR (Table 1) to arrive at adjusted stomach cancer SMR, which
was 189 at Company A and 131 at Company B. Additionally, since there was
some objection to the use of 1968 U. 5. national data for the calculation
of SMRs during a relatively long ten year period, stomach cancer SMRs were
calculated senarately for the five year periods 1964-68 and 1969-73, using
national data from the midpoints of these quinquennial periods, from which
we derived SMR estimates which did not differ appreciably from these
estimates already presented. -

In this manner, we established the existence of an "excess" of deaths,
in contrast with an age-race-sex comparable group, from gastric malignancies,
based on nosologized death certificate analysis, within the rubber'industry :
and we decided to conduct the present investigation to detérmine in which
manner, if any, the work histories and other appropriate attributes of
cases of stomach cancer differed from match d controls. As mentioned above,
however, case selection was expanded to include those which occurred in 1974

and 1975, as well as those which were identified during the interval 1964-73.
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Despite the two year extension for case inclusion, all controls were
nonethe]éss 1imited to the initial ten year period under investigation,
reasoning that since the controls were to be matched, on numerous factors,
with the cases, the restriction of controls to the ten year interval would
not in any way bias our conclusions, so long as properly matched controls
could be found for each case. In addition, death certificates for all
" controls through 1974 were checked to make certéin that none of the controls
had died from stomach cancer. )

We examined the death certificates which arrived at OHSG and defined
a case of stomach cancer as anyone whose death certificate anywhere
included a diagnosis of stomach cancer, either as an underlying or
contributory cause of death (50), or when listed in the "ofher significant
conditions" (6) section or as immediate cause (34). Initially, 50 cases
were identified among Company B employees and 54 among those who worked at
Company A, based on computer printouts requesting a listing of all individuals
who had an ICDA code of 151.9 anywhere on the death certificate. During a
subsequent search of existing death certificate files for the two companies,
only 46 of the 50 (92%) of the Company B, and 44 of the 54 (81%) Company A,
death certificates were located, the others presumably being lost, although
our computerized records indicated the presence of stomach cancer somewhere
on lost death certificates. For the available death certificates, Table
14  presents the place where the Tisting was found and Tab]e 16 summarizes
the terminology used to describe the cancer and the frequency of each type,
according to information abstracted from the death.certificates.

An examination of these records indicated that one of the Company A
cases was a “caréinoma of dﬁodeum" and this was subsequently confirmed by
tumor registry data, while ahong(kmmanyB cases we found one Tisted as

“Jarge bowel carcinoma with metastasis (Tinitis plastica)”, and another
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PLACE ON DEATH CERTEIFICATE WHERE STOMACH CANCER WAS LISTED

PLACE NUMBER PER CENT

- A (Immediate_Cause)
B (Underlying Cause)
C (Underlying Cause)
D (Other Significant Conditions)

TOTAL

TABLE 15

TERMINOLOGY USED TO DESCRIBE THE STOMACH

TERMINOLOGY

Carcinoma

Adenocarcinoma

Signet Cell Adenocarcinoma
Esophageal & Gastric Carcinoma
Mesenchymal Tumbr {Stomach)

Gastric Ulcer (Cancer) y
Lymphosarcoma of Stomach

Large Bowgl Carcinoma with Metastases

(linitis plastica)

TOTAL

3% 38

31 34

19 21
_6 _1-

90 100

CANCER PRIMARY

NUMBER
67

17

I

I

S0 -
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as "esophagga] and gastric carcinoma", and one listed as "gastric ulcer
{cancer)" with no confirmatory tumor registry information available for

any of these. The first of these four was excluded while the remaining
three were included as unconfirmed cases. It should be immediately noted
that all "cases™ were eliminated from the case pool when there was evidence,
from either death certificates or tumor registries, that the primary was

at a site other than the stomach.

Tumor Registry Confirmation

As just described the selection of cases was based on a computerized
listing of all cohort members who had an ICDA code 151.9 Tisted on their .
death certificate, in addition to the few cases identified from 1974-75
deaths. This list was then checked against the records of the four largest
hospitals in the Akron area: Akron City, Akron General, St. Thomas, and
the Barberton hospitals. The first three had hospital-based tumor
registries, while the last did not. Each hospital searched for the records
of all of the 105 "cases" on the list and this author personally abstracted
the pertinent information at all hospitals except Akron City, where tﬂé
tumor registrar performed this task. The information abstracted included
tﬁe following when available: date and method of diagnosis, histoTogiéal
(pathological) description, site of tumor within the stomach. In all,
hbspita] records were found for 76 (72%) of the 105 subjects, and either
all or some of the desired information was. obtained, although it should
be noted that the acquisition of the reéord does not necessarily mean that
a definitive diagnosis was made, as for instance some records which
indicated carcinoma {NOS) of the stomach based only on a clinical impressidn,
which does not differ much from an unvalidated opinion which might be found

on some death certificate.
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At the Barberton Hospital, which was the only one of the four
without a hospital-based tumor registry, this author examined the entire
hospital record, from which was abstracted the desired information. At
Akron General and St. Thomas, the abstract prepared by the tumor
registrar was uSed as a basis for information collection, although tﬁese
abstracts often did not include the site of the tumor within the stomach,
which was instead determined by an examination of surgical and/or radiol-
_ogfcal répoirts; when possible. This investigator was notléiioweﬂ personal
access to the records at Akron City, where the data were compiled by the
tumor registrar, and although requested, the sité within the stomach is
often missing because the registrar apparently limited herself to informa-
tion on the registry abstract, which generél]y does not request
jdentification concernihg the specific site within the organ with the
primary. Wher available, however, it was included.

Based on all the diagnostic information collected, a four digit code
was constructed and assigned to each case, with the following information
included: method of diagnosis, histolegic type, site within stomach, and
death certificate diagnosis. Table 16 1is included to indicate the>range
of values for each of the four variables, and these codes will be used
during analysis to differentiate between definite and possible cases,
the former including those confirmed anywhere in the hospital tecord-

Control Selection

Control selection at both Company A and Company B was conceptually
simiTar. As discussed earlier in the description of the design, two sets
of controls, with two subjects in each set, were selected for gach‘case-
The first set was matched with the case on three factors: age as determined

by year of birth and age at death (each within three years), race, and sex.

\
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TABLE 16

CODING SCHEME FOR THE FOUR DIGIT PATHOLOGY CODZ

DIGIT 1 | DICIT IT
METHOD OF DIAGNOSIS HISTOLOCY
1 Ristology 1 Adenoca~N0S
2 Radiology -2 Adenoca (undiff,
3 Autopsy or poorly diff.)
4 Clinical 3 Adenoca (well diff)
5 Sursgery 4 Careinoma/Cancer
8 A 5 Other
9 UNK 8 NA
9 UAK
DIGIT 111 DIGIT TV
SITC WITHIN STOMACH DEATH CERTIFICATE DIAGNOSIS
CRE MEAVING ¥, G MG 0
1 Cardia & Fundus 1 Stomach Cancer
(upper third) mentioned
Body (mid third) §  NA - Other Primary
Pyloric region - 9 I '

(lover third)
L Other Combination
8 NA
9 N

gzl
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This group will be referred to as the ARS group. The second group

of two controls, to be called the ARSD group, was matched on duration of
employment, within three years, in addition to the three factors on which
the first group were matched. It was aIsb stipulated, for the four
controls of a given case, that if the case was deﬁeased the controls must
have achieved at least the same age at death as the case with which they
were matched, in addition to the exclusion of_any deceased control whose
death certificaté anywhere indicated a malignancy (ICDA codes 140-239).
If the control was alive at the time of selection, naturally, this last
stipulation was not applicable, although the possibility exists that the
control had, in fact, experienced a non-fatal malignancy of which this
investigator would be unaware.

Two notes are appropriate at this time. First, the matching which
involved calendar years (year of birth, age at death, and employment
duration in years) was executed in disregard of months and days and may
therefore result in an actual matching rahge greater than the stated one.
For instance, the birth date of a case may be 1 Jan. 1900, while that of
its matched control can be 31 Dec. 1903, resulting in an actual range of
four, rather than three, years. Since the maximum difference is therefore
four years and the minimum zero, the average difference was probably in
the two-year range.

second, the 'duration' used for matching is an estimate of that
variable, based on what is variously refgrred to as seniority or
continuous service date. These dates are determined by thg individual
companies based on a formula, agreed upon by both union and management,
which subtracts from the actual starting date the amount of time spent

away from the plant during unexcused, or unrecognized, absences. These
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seniority dates are therefore adjusted and not actual starting dates. :
Because of the great amount of work which would have been hecessary to

calculate actual duration, which is not already on existing computer

fi]eé for the_PARs under study, this surrogate measure was used instead.

This drawback, coupled with the use of calendar years discussed in the

preceeding paragraph, can 1eadvto differénces in actual duration which are
considerably greater than the stated matching criterion Jf three years.

We will examine this during analysis of the actual work histories,

to be described in the next chapter. |

It should be immediately noted, however, that before the duration
match was executed, some preliminary analyses were conducted in one
company to determine the difference between the two methods of estimating
employment duration. Table 17 presents the frequency distribution be-
tween duration determined by subtracting actual date in from date out,
and duration calculated by subtracting seniority date from date out.

This variable is called DURDIFF and, as can be seen from an examination
of the table, the longer the duration of employment, the greater the
likelihood of a difference in estimated duration, with an overall agree-~
ment rate of 61%.

The decreasing agreement between the two estimates as duration of
employment increases may be explained in one of two ways: first,
seniority dates were calculated, by management, in a manner which has
become, with time, less stringent and more favorable to the employee,
and second, the longer one has been employed the greater the opportunity
for unexcused leaves of absence.

Not to be lost in this comparison of the two methods of determining

duration of employment, however, is the fact that neither is an entirely

accurate .stimate of time duration. The one which uses seniority data is
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TABLE 17/

DIFFERENCE IN DURATION (DURDIFF) WHEN CALCUGLATED
ACCOQRDING TO TWO DIFFERENT METHODS ,
ACCORDING TO TOTAL EMPLOYMENT DURATION?

PER CENT OF INSTANCES b
WHERE DURDIFF=0 TOTAL DURATION
77.9 10 years )
81.5 10-19
79.6 | 20-29
39.5 30-39
27.6 40 and over
61.0 ‘ TOTAL (ALL DURATIONS)

4DURDIFF = DURl - DURZ
DUR 1 = Date Out - Actual Date In
DUR 2 = Date Out - Continuous Service Date

bTotal Duration, for this analysis, is based on DUR 1
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dependent on the unique management-union agreements and methods of
determination on which it is baséd, whj]e the estimate which makes use

of actual starting date does not subtract from total duration the time
the employee was actually away from the job. The analysis of the
difference between the two methods, described above, was conducted on

the total 1964 Company B cohort, which includes over 13,000 individuals
of all race-sex combinations. As noted, the general agreement rate,
expressed as agreement within one year, was 6]%,'a1though:the differences
ranged from 1-40 years.

The actual mechanics of ﬁontrol selection differed somewhat at the
two companies. At Company B; lists of eligible controls for each subject
were generated by computer, from which the appropriate number of controls
was randomly selected. At Company A the entire procedure was executed
manually, which was a very time consuming process based on a one-liner
printout which contains very basic information such as yéars of birth and
hire, social security number, etc. of all individuals who were part of
what is variously called the 20% or PAR sample, which is an age-race-sex
stratified random sample of the entire 10 year cohort on which the SMRs
are based. Control selection was limited to this PAR sample because the
detailed work histories for the individuals included in this sample have
already been entered on the computer, presumably in a relatively final form
although in actuality these work histories require so much editing and
correcting that their utility, in present condition, is far from ideal.

Since Company A deficiencies have already been broached, control
selection at this company will be described first. As mentioned,.a one-
Viner, which included year of birth_and death, race and sex and ehp]oyment
duration based on seniority date for a)]l members of the PAR sample, was
the basis of control selection. First, the year of birth of the case

was noted and all subjects in the sample Qhose birth date was within three
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years of that of the case, and whose race and sex matched, were blocked
off and counted. A table of random numbers was then used to choose
randomly two of these eligible controls for the ARS group. Within
this same blocked off list, those whose durations fell within three years
of that of the case were then ticked off and-counted and, once again, a
table of random numbers (ordice or a single die, if the number of
eligibles was small), was used to randomly select two of these individuals
as ARSD controls. Before a subject was finally chosen as a control
however, two additional checks were made, as stipulated in the chapter
describing our design: if the control was deceased, he muét have achieved
at least the same age at death as the case with which he was being
matched,and he was not eligible if a malignancy of any kind was indicated
anywhere on his death certificate. This latter determination was made by
an examination of the Company A death certificates which are here at OHSG
and which are reasonably up to date through approximately 1975. Oniy when
a control met all of these eligibility requirements was he accepted, and
quite a few were rejected because of an unacceptable age at, or cause of,
death. Additionally, individuals were eligible as controls for oniy one
case and, once chosen, could not be chosen again. Some individﬁals were
occasionally chosen twice, but these errors were subsequently spotted and
corrected. Becadse of the numerous matching constraints, howeVer,ra full
complemént of controls could not be found for a few of the cases. -
The procedure was conceptually similar at Company B, although the
initial stage of identification of all eligibles was computgrized and the
reservoir of eligible controls included the entire 10 year cohor; and not
just arsamplé of it. For each case, a printout was obtained which included

all ARS eligible controls, while those who were ARSD eligible as well were
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so identified. Included in this program were the same restrictions concerning
age at, and cause of, death and those individuals who did not meet these
criteria were eliminated a priori and did not even appear on the printout.
For each case the pages listing eligible controls were numbered aﬁd a

random number table was used, first to select a page, and then a subject,
this procedure being executed twice for the selection of the ARS controls.
For ARSD selection, after a page was randomly choéen the number of‘starred
entries on that page was tallied and either dice or é réndom number table
was used for final control selection, this procedure again being twice
executed.

As can be seen, therefore, while the mechanics of control selection
differed slightly at the two companies, the matching criteria and
restrictions were identical, if one accepts as identical the use of either
a stratified random sample of a PAR or the entire PAR as a cuntrol reservair.
Because of these similarities in case and control selection, as well as
the availability of a cross-referenced OT dictionary which transforms
company-~specific OTs into common or standard ones, the possibility exists
for combining strata (a stratum is a case and its controls), when

appropriate, during the analysis.

Additional Data Aquisition

Much of the data necessary for this study were not available at
OHSG and visits were made to corporate headquarters at both Company
A and B in Akron,

As described above, . Company A contro]s were members of the PAR
sample, whose detailed work histories had already bgen entered on the
computer and, while the cases were naturally not restricted to this sampTé,

almost all of them were on one file or another at OHSG. 1Im addition,
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the raw work histories which Company A sent te OHSG include place of

birth, so the combination of these serendipitous factors made the task at
Company A headquarters rather simple. Some minor problems were encountered,
however, in trying to determine years of education from the work history
folder face, which listed only completed years of high school or college.
Since original applications were often unavailable, this summary had to
suffice, although the interpretation of zero years of high school is moot
since one cannot assume that the individual had completed junior high

school or elementary or, in fact, that the individual had any education at
all.

In addition, the contents of some.of the very old personnel envelopes
were destrayed after “"sometime" and all that was kept was a copy of the
folder face, which 1ists only thé first portion of the work his<tory. Alsoc,
old pieces of work histories (and indeed there are numerous piecesrof work
histories scattered throughout the folder), were sometimes so aged that they
could not be read or opened without tearing or breaking them. Ueébite these
minor problems, however, data collection proceeded quite smoothly and
almost all necessary data were collected.

The problems at Company B cerporate headquarters, unfortunately, were
more numerous, but most of them were more or less satisfactorily resolved
before departure. A brief overview of the record system‘may prove quite
helpful in following this discussion and will therefore be presghtEd first.

Personnel folders of employees who retired prior tq 1962 are stored
separately from those who retired after this date, the former being stored
in the basement at corporate headquarters and not subject to the same cavre
in up-keep as the later retirees. Specifically, misfiling. is not uncommon
and the aging of the folders themselves often lead to gaps in the work

histories, a problem which was encountered at Company A as well. The
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folders themselves are arranged in the following manner: :the work
histories for the period 1911, when the plant was apparently opened, to
approximately 1930 were entered on index-sized cards kept in the fo]def,
jobs held between 1930-1962 were entered on the folder face, and those
_held after 1962 are typed by some apparently computerized system onto
special large sheets kept within the folders, and the legibility of these
different components differed substantially. Least legible were those on
the folder face, since the dates indicating when an emploﬁee began a
specific job were written at the extrene edge of the folder, which was
apparently subject to the greatest wear. In cases where the dates could
not be determined, a careful estimate was made and, when no additional
evidence was available, the midpoint between the preceding and succeeding.
dates was used.

The determination of education caused some interesting problems as
well. First, there was often more than one employment application within
the folder, each of which reguested information concerning education in a
different manner. In one, the applicant was fequested to indicate the
nﬁmber of completed years of education while the other Jjust requestéd a
tick next to either elementary, junior, or senior high school although it
is not clear whether the tick indicated completion of that level or just
some exposure to it. And even in the latter case if the applicant
indicated the completion of one year of high school, is this nine or ten
years of eduation? While on this topic, two additional observations will
be related. First, there are very many Company B, Akron employees frqm the
neighboring state of West Virginia and, in fact, Akron is sometimes jqcu}arly
referred to as the capital of West Virginia. Curiously, almost every West
Virginian indicated eight years of education, almost as if they were

instructed to do so. Also, the educational attainments of foreigners are
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difficult to determine because over twenty foreign countries are
represented and educational equivalents between these counfries and the .
United States, especially as long as 50-75 years ago, are not readily
available. This conversion problem was encountered among the foreign-
born at Company A as well.

The frequent existence of more than one application form caused
problems in the determination of\marita] status as well, since a numbef
of years separated the two fofms, during which time marital status may
have, and often did, change. Since not all folders contained more than
one application, we used the status reported on tﬁe first application for
the sake of consistency. _

A number of individuals had indicated, in their personnel folders,
transfers to salaried positions; sometimes permanently but genefa]iy for
short periods of time. Thesé are generally all classified as simply "transfer
to salary" although Ef should be noted that if the salaried position was -
that of a foreman or some similar job, exposures aﬁfua?]y continued during
this period and we have no knowiedge of the specific exposures involved.
Additionally, there is no subtraction of time for isolated work stoppages
and industry-wide strikes which, although prebably involving relatively

short time perieds, should perhaps be taken into account.

Socio-Economic Status (SES)

Despite the fact that all subjects in this study are blue-collar
workers, we were interested to know whether their socio-economic status
was similar, especially since this factor has been associated with much of the v

variation in stomach cancer incidence. ;In 1949, Company A instituted a system of
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identifying each job with a five-digit code which, along with the Department
number, uniquely determined eacﬁ specific job within the plant. Each of
these jobs was then evaluated for twelve factors: education, experience,
skill, initiative and ingenuity, mental effort, physical effort, responsi-
bility for material, responsibility for equipment, responsibility for
safety of others, responsibility for work of others, work conditions, and
hazards. |

An evaluation of éach factor was made for évery job, and points were
then assigned for each factor according to its importance, the latter
based on different weights for each factor. In this manner, a score was
determined for each factor, based on which a total score was then
calculated by summation of the individual scores. For the purboses of
this study, the scores for the first four factors and the total score
were used to determine the skill level of the job which in turn was used
as a surrogate measure of socio-economic status, on the assumption that
the more highly skilled jobs generally pay the highest salaries. Despite
the imperfectness of this measure of SES, we felt that along with education
we would get a reasonable estimate of differences in the socio-economic
~ status of the sﬁbjects in this study.

It should be recalled, however, that this evaluation was initiated
in 1949, so a substantial number of subjects had few, if any, evaluated
jobs. 1In addition, some of the five-digit job codes were illegible on the
work histories, so even when an evaluation was available we occasionaf?y
could not use it, and scores were not always found even when a five-digit
code was present. The existence of a similar system at Company B is not

well documented.
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COmments Concerning Some Variables aon File

Occupational Titles (0Ts) are categories of jobs based on similar
production processes and provide a mechanism for condensing the thousands
of jobs within the industry into a manageable number for analytic purposes.
Company A uses a four letter 0T code and has 110 0Ts, while Company B
has 119 and uses a three digit code. Because we wished to poo] data from
both companies for some analyses we needed a uniform OT system, and since
there is not a one-to-one correspondence between the 0T systems of the two
companies, we had to use the Company A system which has fewer 0Ts.

Specific analyses were based either on 0Ts or 0TGs (Occupational Title
Groups) which number approximately twenty for standard use. OTGs may,
however, be created to reflect specific exposures, a procedure which was
ﬁsed to determine odds ratios for carcinogen-specific 0TGs in this
investigation., Appendix I contains detailed descriptions of both the 0OTs
and the standard 07Gs.

An examination of the file format indicates two calculations involving
duration- JOB DURATION and TOTAL DURATION. The former is i.em specific,
indicates the number of days spent in the job which the item represents,
and is calculated by subtracting the date into that job from the date out,
on the basis of 30.42 days in a month and 365 days per year. For instance,
if the dates in and out were 1/1/49 and 3/29/49, the JOB DURATION would be
89 days, from which the reader sﬁou]d notice that weekends, hofidays, and
other non-work days are inciuded. This was done because we had no readily
available way to determine how many real work days were included, especially
since week-end work was not uncommon. TOTAL DURATION is sfmply the sum of
JOB DURATICNS expfessed in moﬁths (based on 30.42 days per month) in active .
0Ts, with durations from the fo]Towing 0Ts excluded: salary, inactive,

retired, sick, lay off, dead, leave of absence, miscellaneous absence, exit,
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disability retirement, and military duty.

One additional variable - AGE AT DEATH - requires comment here.
‘Examination of the file reveals a value for this variable for every
subject in the study, even when the date of death = 888838 {(not applicable
or still alive). For deceased subjects, this variable has literal meaning;
when the subject was still alive as of 1/1/76, this variable actuaily
represents the subjects' age on fhat date, which is the termination date

of the study.

Format
An intermediate file, including all available information for this
study was created at OHSG. This file was used for daté analysis either
direct]y or as the basis for creation of specific files for different
types of analyses, the tatter including an SPSS file of fixed record
‘Xength and a special file for the matched case-control analysis. The
format of the intermediate file is presented in Table 18 and a list of

variables, with appropriate explanations, is shown in Table 193. Tables

20-22 show the coding Formats for marital status, education, and birthplace.

Analysis

_ SPSS 6r SAS procedures were used for all statistical analyses
reported in this study, with the exception of the matched case-control
procedure. The latter computerized procedure was developed at the QHSG
and a detailed description of it, along with the algorithm on which it
was based, is presented in Appendix I1I. For the packaged procedures, the
algorithms are available in the manuals from which they are derived.

The general format of thg analysis is the presentation and discussion
of the descriptive findings separately for case and control groups by

compahy. This is followed by a comparison of these findings which include
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TABLE 19

Col.

1
2-3

. 5-9
10-11
12-13
14-315
16-17
18-20
21-24
30
31
32
i3
34-35
36-39
40-45
46-51
52~55
56-58
59-62
£€3-68
69-64
75-80
§1-84
87-92
54-97
98--99
100--393

104-105
106108
109-110
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Q = Company Ay 1 = Compnny B
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I 4 2 = ARG controls

5 digil code, stirtwl in 1949

1 = male, 2 = female

1 = white, 2 = black
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See coding instructions

A vork-history entry

a 4--}etter code

for specific item nuvmber
for speciflic item pumber
for specific item nuwber
a 4 digit code

duration, iu days, in specific item
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TABLE 20

CODING FORMAT FOR MARITAL STATUS

Company A
'l = gingle
2 = married
3 = separated or divorced

4 = widowed

9 = unknown

Company B

1

i

single
2 = married
3 = separated
4 = divorced
5 = widowed

9 = unknown
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TABLE 21

CODING FORMAT FOR EDUCATION

Company A
1 = completed grade school (6 years)

Company B

1 = some or all grade school ( 6 years)
Company A and B

2 = some junior high school (7-8 years}

3 = graduated junior high school (9 years)
4 = some high school (10-11 years)

5 = graduated high school (12 years)

6 = some college or technical school

7 = graduated college

8 = not applicable (nc education}

9 = ynknown

142
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01
02
03
04

06
07
038
09
10
11
12

14
15
16
17
i8
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

TABLE 22

143

CONING TORMAT FOR BIRUHPILACE

ALABAMA
ARLZONA
ARFAUSAS
CALIFORMIA
COLORADD
CONNECTICUT
DELAWARE
D1STRICT OV COLUMBIA
FLORIDA
GEORG 1A

IDAHO
ILLINOIS
INDIANA

10WA

KANSAS
KENTUCKY
LOUISIANA
MATINE
MARYLAND |
MASSACHUSETTS
MICHIGAN
MINNESOTA
MISSISSIPPI
MISSOURL
MONTANA
NEBRASKA
NEVADA

NEW HAMPSUHIRE
NEW JERSEY
NEW MEXICO
NEW YCORK
NORTH CARDLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGON

37
38
39

.40

41
42
43
44

45

46
47
48
49
50
51
52
53
54

PENNSYLVANTA
RHODE 1SLAND
SOUTH CAROLTNA
SOUTH DAEOTA
THNNESSEE
TEXAS

UvAH

VERMON [
VIRGINIA
WASHINGTON
WiST VIRGINTIA
WISCONSIN
WYOMING
ALASKA

RAWATT
ARMENTA
GERMANY

SYRIA
ENGLAND-WALES
CZECLOSLAVAKIA
AUSTRIA

ITALY

HUNGARY
AUSTRO-HUNGARY
RUSSTA
TURKEY
YUGOSLAVIA
RUMARTA
POLAND

W. UKRAINA
SCOTLAND
LITHNANTA
TRELAND
SWEDLN

GREECE

FRANGE

USA (KOS)
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frequency distributions for all variables and descriptive statistics
inciuding mean, median, standard deviation, and standard error of the
mean for continuous variates. The findings for all study factors gther
than OTs and OTGs are presented in the first analysis chapter, followed
by the presentat{on of findings from the detailed work histories in the
second. |

The basic procedure used for'ana1ysis was an examination of effecf
measures for various factors and/or the presentation of thé differences
in the distribution of variables between cases and controls. The former
was accomplished mainly through extensive use of the Mantel-Haenszel Odds
Ratio (OR) for matched studies with a variable number of controls per
case and is the case-control equivalent of the relative risk estimate
derived from cohort studies. As such, it can be considered a measure of
effect although we have not, strictly speaking, directly measured this
effect. The presentation of the odds ratio and its associated confidence
interval is descriptive and, for this investigation, the effect measure
was not considered statistically significantly elevated if the 90% interval
included one, whiéh is the null value for an odds ratic or relative risk.
The confidence interval itself was 'test-based' because it was ca]cu]ated
using the formula which is derived from the data or 'test’ of hypothesis
beipg conducted.

The major procedure for the second type of analysis, where distributions
and summary statistics‘of variates are considered, was the Paired T-Test.
This procedure was the one of choice, and was used whenever possible,
because it makes full use of continuous data and because it is'a
. statistically vé]id procedure for the analysis of data generated from a
matched design. The former reason is quite important in light of the fact

that utilization of the program available at the OHSG for the calculation
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of ORs and their associated tests of significénce forces the investigator
not only to categerize but to dichotomize the exposure or the putatively
causal factor, a procedure which Teads to l1oss of information and which is
anathema to epidemiologic investigations. While the Paired T-Test does
not utilize a direct equivalent of an OR, it does not, at the same time,
lead to inefficiency and does allow for a statistical test of the signifi-
cance of the mean differences of the variable between the groups being
compared, this latter being an indirect measure of effect.”

It should be added here that the T-Test was condhcted in a manner
- which differed somewhat from the usual procedure because the difference
befween a case and its contr61s was based on an average va]ué for the
controls. Since all cases did not necessarily have a full complement of
controls, the average is not based on a constant number of controls which
means that the assumption of normality is not being met precise]y,_but
this slight departure from normality was not considered very damaging ..
because of the robustness of the Paired T-Test procedure.

The major measures of effect, then, are odds ratios and comparisons
of distributions and summary statistics such as means. When using these
procedures, control for confounders was accomplished by stratifying on
" these factors in the analysis and examining the odds ratios or p-values
for the T-Tests at different levels of the confounder, bearing in mind
tﬁat control for some potential confounders {age, race, sex, duration)
was accomplished in the design by matching on these factors. For instance,
an OR for a specific exposure was calculated separately for native and
foreign-born subjects and, if these ORs were pragmatically similar, an
overall non-nativity-specific OR was thén presented. It was felt that a .
test for homogeneity of oddsvratios across stréta would not be very helpful

since we were more interested in practical, rather than statistical,
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significance when considering the pooling of strata for the presentation
of findings. When stratum~spec{fic rates differ _considerably, the
reader's attention is directed toward this difference and the measures
of effect are presented separately.

We were naturally concerned with interactions between factors and
their possible effects and, while statistical tests for interactions
were genera]}y not used, decisions were based on an assessment bf their
practical "effects after examining different combinations of the interacting
variables. For instance, after determining that an OR differed neither
between sexes nor between nativity groups, the ORs were examined for
combination of these variables (e.g., female native-born, female foreign-
born, male native-born, etc.) and decisions concerning data pooling were
based on these examinations.

Two final comments regarding statistical tests are in order here.
First, two-tailed probability tests were most often used because of.the
hypothesis-generating nature of this investigation, resulting in our
inability to consistently predict the nature and direction of the
differences. Second, 90 and not 95 per cent confidence intervals were
calculated for the odds ratios so occasionally an interval whose’IOwer
bound is greater than unity is not starred as significantly elevated |
since the chi statistic is used for the purposé of establishing

‘statistical significance.
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ANALYSIS I: DEMOGRAPHIC AND OTHER FACTORS

This chapter will present the general descriptive findings along
with the analytic results which do not deal directly with the detéi]ed
work histories on which both exposures and 0Ts (Qccupational Titles)
are based. These Tatter wili bé exhaustively examined in the following

-

chapter.

Matched Variables

Subjects were matched on factory (A or B), age (year of birth and
age at death, both within three), race, sex, and, for one contrcl group
(ARSD), duration of employment. An edit program run on the study file
indicated that the matching constraints had been executéd properly
during the subject selection procedures, resulting in similar distri-
butions for these factors among both cases and controls. It is of
interest, nonetheless, to present these distributions in describing the
general attributes of the subjects included in this study.

In total, the study included 495 subjects- 52 cases and 197
controls in Company A and 50 cases and 196 controls in Company B.

While the original design called for fouf}controls for each case,
suitable comparands could not be found in 15 instances, as is obvious
from the totals presented above. Despite this inability, cases were
not excluded unless it was impossible to find at least one'control for
each of the two control groups.

Overall, 46 subjects, or approximately 10 per cent, were females,

including 10 cases and 36 controls. From this can be seen that it was
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relatively more difficult to find controls for females since they
comprise 10 per cent of the study population but they account for 25
per cent of the unsuccessful attempts at matching which is probably due
to the rather small pool of womwen employed in the industry.

A slightly smaller proportion of subjects (41 or 8 per cent) were
black, and this group was comprised of 9 cases and 32 controis. All
blacks in this study were ma]es‘and a disproportidnate number of these
subjects (32) had been employed by Company A. More than haif (8 of 15)
of the missing controls, therefore, were not found for cases wha were
either female (all of whom were white) or black males. Table 23

summarizes the race and sex distribution of all subjects.

Marital Stdtus )

Overall, 77 percent of cases and 83 per cent of all controls were
married at the time they were first empioyed, and the company-specific
rates are quite similar to these, as an examination of Tables 24-26
indicates. It ShOqu'aTSO be noted that, in both companies, the
proportion of cases who were separated or divorced, and the proportion
widowed, was approximately twice that of controls, although the numbers
in these categories are quite small.

At the time of death, from available death certificates, 68 per cent
of Company A cases znd 75% of those in Company.B were still married,

while 27 and 22 per cent, respectively, were either widowed or divorced.
Education

There were no striking overal] or company-specific differences in

educational attairments of cases and controls, as an examination of
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Tables 27-29 will reveal with about 75 per cent of both groups having
completed only junior high school or less. 1In general, Company B
subjects completed more years of schooling than those in Company A,
especially as regards the proportion who completed their high school
education. This may be partly due to the fact that 7 of the 9 black
cases and 25 of the 32 controls in this race group were employed at
Company A and only one member of this group had graduated junior high
school, with the great majority of the remaining ones havigé a grade
school education or less.

Cases in both companies tended to have s]ightiy fewer yéars of
schooling than controls, with mdst subjects having formal education less
than high school., 1t should be remembered, however, that many of the
subjects in this study were of school age early in the century when high
school completion was not common, a fact which, along with the blue-collar
status of employees, doubtliess explains the reported levels of formal
education received. It should alsc be mentioned that a fair proportion
of subjects had been born in foreign countries, most of whom were born in
Europe where one year of education may be more than the equivalent of one
year of American education. It should finally be noted that females, as
expected, had received less education than males, but since the number
of females was approximately equal in both companies, this had no effect
on the differences in company-specific educational attainments.

We also conducted a further analysis of Socio-Economic Status (SES)
by using Job Codes within Company A, with which were associated evaluations
on 12 factors, including education, skill, initiative, and experience.
These codes were introduced in 1949, so a relatively small propertion of

jobs within our study were eligible for inclusion in this analysis. After
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extensive efforts in creating the file for this analysis, however, we
observed a score for only one of the 52 cases within this company, while
over half the controls had scores. Because of the dearth of scores among

cases, the analysis was impossible.

Life Status and Age at Death

Stomach cancer case identification for this study was based on
mortality data, so all cases are deceased. The age match,-however, was
based on two factors: year of birth, +3 and age at death, for which the
control must have been at least as old as the case (#3) if the control
was deceased. According to this constraint, however, the controls could
have still been alive at the time they were selected and many, in fact,
were.- Table 30 presents the distributions of age at death for the cases
and decedent controls and of age as of 1 January 1976 for living controls,
as well as the number and proportion of controls in the latter category.

As is seen, 75 per cent of the controls were still alive on the
closing date of the study, and many in this group have already attained
very advanced ages. In additiop, a greater proportion of the deceased
controls attained older ages than did the cases. These findings, as
indicated, are doubtless exﬁ]ained by the matching constraints.

The ages of subjects at death were further analyzed according to
pathology, and the mean among confirmed cases (70.5) was virtually equal
to the mean age at death among the unconfirmed cases (71.5). In addition,
the cumulative proportions of cases dying by the age of 65 were nearly
equal in the pathology groups (22 vs. 21 per cent) as were the cumulative
proportions dying by the age of 80 (91 vs. 84 per cent). Overall, the .

mean age at death of Company A cases was 70.4, while among those at

Company B, the average age at death was 71.4.
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Place of Birth

Ascertainment of the birthplace of subjects in this study was
exceptionally good, with only one unknown among the 495 subjects.
Overall, 22 per cent of all cases and 17 per cent of controls were
foreign born, although there were differences in theée proportions
between the two companies. In Company A, 25 per cent of the cases and
23 per cent of all controls weré foreign born, while the respective
proportions in Company B were 20 and 12 per cent, a findiﬁg which may
indicate different hiring policies at Company A. Fo} both companies,
then, the proportion of foreign born among cases was greater than among
controls, with this trend holding for three 6f the four control groups,
the only exception being the ARSD control group at Company A where 32
per cent of the controls in this group were not born within the United
States. It should also be noted here that three of the ten female cases
and seven of the thirty six female controls were foreign born and these
proportions are quite similar to those among males. In addition, as
expected, all black subjects were pative born. -

Nativity is a'factof of much importance in this study since it may,
| by itsé]f, account for the excess of mortality from gastric cancer among
empioyees of the rubber industry; further analysis of this variable is
therefore appropriate. The list of foreign countfies in which subjects
were born (Table 31 ), which numbered 21, wa§ divided inta tertiles
according to mortality from stomach cancer, using Doll'’s { 3 )} male
age-adjusted international mortality rates for this disease. High risk
countries had death rates of 75 per hundred thousand anrd above, inter-
mediate risk countries had rates between 50-74, and those classified as

low risk countries had death rates below 50. Before examining the
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results, however, numerous limitations should be stated. First, the
mortality rates used for creation of the risk categories are based on
age-standardized rates for males between the ages of 45 and 64 years.
In our study, however, only 22 of the 102 cases (22 per cent) dijed at
an age belJow 65, leaving open the possibility fhat the ranking procedure
might have differed from the one Qsed if the age-standardized mortality
experience for all, and not just the younger, age groups had been used
as the basis of the categorization. Second; assumptions ~concerning two
of the countries on the list were made: people born in 'Germany' were
assumed to have been baorn in what is presently West Germany, whilé those
subjects born in 'Austro-Hungary' were assumed to have mortality rates
somewhere between those of what is presently Austria and Hungary.

_An examination of the distributions presented in Table 32 reveals '
very little differen:e_in natfvity risk between cases and controls,
with 48 per cent of cases and 46 per cent of controls having been born
in countries categorized as being at high risk of mortality from stoﬁach
cancer. Similarly, the proportions born in countries with moderate and
Tow risks are also essentially equal. Hasty conclusions should not be
dréwn from these-data, however- since the factor of most 1mportance.is'
that a greater proporfion of cases were born in foreign countries, and
all of these countries have higher mortality rates than those of the
United States. )

Because of the limitation concerning the age range of mortalfty
rates on which the risk stratification was based, use was made of
World Health Organization (129 ) age-specific data for the availahle
13 of the 21 countries im which subjects were born. Tab]g 33 presents
mortality rates for agé groﬁps 65-74 and 75 and above. The data for

!

each of these age groups was used, independently, to generate risk
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rankings and a comparison of these separate distributions is presented.
When using the younger age range as the basis for the rankings, the
categories are almost exactly the same as those based on Doll's rates,
while there are appreciable differences in the ranking of countries
based on the older age group. In addition, the proportion of cases and
controls in each of the risk categories in the categorization based on
mortality among the younger maies are essentially equal and very similar
to those which use Doll's data, although there is some d%vergence of
proportions in the ranking based on mortality among those aged 75 and
over. |

When these data were analyzed separately for confirmed (64 cases)
and unconfirmed (38 cases), the results indicated that 17 (27 per cent)
of the confirmed cases and 6 (16 per cent) df the unconfirmed cases had
been born in foreign countries. Using the risk categorization based on
Doll's data, we get the results presented in Tabla 34 , from which we
can see that among confirmed cases and their matched controls a greater
proportion of caxes (9 or 53 per cent) were born in high risk countries
than their matched contrals (17 or 40 per cent), in addition to which a
. greater proportion of confirmed cases {53 per cent) compared with those
who were unconfirmed {33 per ceﬁt) were born in countries at high risk
of mortality from stomach cancer. When confirmed casés and their
matched controls are further analyzed, however, we see that the
cumulative proportion through the moderate category are essen;ialTy
equal (88 vs. 85 per cent) while among the unconfirmed cases and their
matched controls, the cumulative proportion in these two categories is
higher for the controls (66 vs. 85 per cent). |

The birthplaces of native American subjects were further examined

to see if cases were more likely to have been born in states with
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higher death rates. As expected, the greatest proportion of subjects
was born in Ohia. This proportion is 22 per cent and is the same for
both cases and controls separately. The two states in whicﬁ the

- next greatest proportion of subjects was born are West Virginia and
Pennsylvania, in which a combined proportion of 31 per cent of the

cases and 26 per cent of the controls were born. In fact, approximately
half of all subjects had been.bofn in one of these three states.

A1l states in the continental United States were then categorized
into one of three groups according to death rates among white males
{ 5 ), and the results of thié stratification are presented in Table 35
As can be seen, a s]ightiy higher proportion of both confirmed and
unconfirmed cases had been born in high risk states, although the
differences between these proportions, and the differences in death .
rates between the states, are not striking and there does qot appear to
be much difference in the distributions according to pathology status,
as well.

It should be mentioned here that one might object to all the
categorizations of risk presented here because the mortality rates on
which they are based are all rather recent, while the subjecté had Jeft
these areas, for the most part, long ago. This objection, however, is
not disturbing because the relative rankings, and not the absolute
values, are the major concern and these rankings seem to be rather
consistent temporally. | ~

One fin31 analysis was peffofmed because of Mancuso's { 130)
finding that there is an excess of deaths from stomach cancer among the
southern-born who have migrated to Ohio. Among subjects from Company A,

17 of the 52 cases (33 per cent) and .85 controls (43 per cent) had been
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born in the South (South Atlantic, East South Central, West South
Central) while the comparable figures for Company B were 34 and 33
per cent, respectively.

In summary, then, the only important differences in nativity
between cases and controis is in the overall proportion born in foreign
countries, although even this difference is not great. Among these
subjects, however, approximatelj equal proportions were born in countries
with high, intermediate, and low mortality rates from stomach cancer,
while among native born subjects the same conclusions can be drawn

regarding states.

Underlying Causes of Death

The inclusion criteria for cases in this study was the listing
of stomach cancer anywhere on the death certificate. As expected,
however, it was listed most frequently (89 of 102 or 87 per cent) as the
underiying cause of death, as reference to Tables 36-37 1indicates,
with the second most frequently mentioned underlying cause of death
being ischemic heart disease (ICDA 410-414), which appeared on fiQe per
cent of the death certificates.

Controls were eligible for inclusion only if there was no mention
of a malignancy anywhere on their death éertificates, if deceased.
Examination of Table 37 reveals that of the 96 decedent controls, 56
(58 per cent) had ischemic heart disease mentioned as the underlying
cause of death, followed by cerebrovascular diseases (ICDA 430-438),
diseases of the arteries (ICDA 440-448), and emphysema (ICDA 492} .so
that 76 of the decedent controls (79 per cent) died of circulatory
diseases. The disproportionate number dying from ischemic heart disease
is not surprising in Tight of the control selection restriction regarding

malignancies.
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Pathology Data

As described earlier, the four major hospitals in the Akron area
to which cases of stomach cancer were 1ikely to have gone for treatment
were searched for reccrds of the cases included in this study, and we
were able to gather some confirmatory evidence for the disease, as
stated on the death certificate, for 64 of the 102 (63 per cent) cases
included in this study, with confirmation based on evidence from either
autopsy, histology, radiology, surgery, or clinical impressions. In
addition to this information, data on type of cancer and site of the
disease within the stomach were collected, and these findings are
sunmarized in Table 38. In examining the section describing the methdds'
of diagnosis, it should be kept in mind that the order of precedence for
the Misting presented is: autopsy, histology, surgery, radielogy, and
clinical impressions.

An examination of this table indicates that 56 of the 64 (88 per
cent) confirmed cases were verified on the basis of either pathology or
autopsy reports, the two methods generally thought to be the most
>re1iab1e method of diagnosis. In addition, 55 of the 69 cases (86 per
cent) for whom the specific diagnosis was known were classified as having
adenbcarcinoma of some form, ind]uding well or moderately differentiated
and poorly or undifferentiated adenocarcinoma, a finding which agrees
closely with other published reports, including Ming's ( 75 ) findiﬁgs
cited earlief. The finding that 18 of the 35 cases (51 per cent) for
whom the specific site within the stomach was established had the lower
third or pyloric region indicated was also in general agreement with
Stout's ( 76 ) reported findings. When these factors were examined

separately by company, there was no overall difference in the proportion
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of verified cases, but among subjects for whom pathology data were
availeble a greater proportion of Company A Subjects. {12 of 34 or 356
per cent) had the cancer in the pyloric region of the stomach than did

those at Company B {6 of 31 or 19 per cent).

Calendar Year of Hire

Calendar year of hire is an important factor because of the
possibilitj that gastric carcinogens may have been either introduced
or eliminated in different calendar years. Any significant differences
between cases and controls, therefore, in year of hire would be of
interest and would require further examination. |

Overall, approximately half of cases and controls had entered the
industry by 1929. This was followed by a relatively small proportion
entering during the next decade and a large number entering during the
period 1940-1949, almost all of whom.had begun working in the industry
during the war years, probably immediately after discharge from the
service.

While the general pattern of‘entry is similar in both companies,
there are differences worth noting. At Company A the largest proportion’
of both cases and controls (40 per cent) entered during the 1920 decade,
followed by the 1940 and 1910 decades. At Compahy B, on the other hand,
entry was much more common during the years 1910-1919 (abproximate1y
40 per cent) and this was followed by entry into the industry during the
1920 and 194Q decades. It shbu]d he noted here, howevef, ?hat while there
were major inter~company differences, the proportions of cases and

controls beginning their employment within the industry within each
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company separately were quite similar, as an examination of Tables

39-41 will reveal except for entry into Company A during the first
decade. It should also be noted that none of the female cases, and no
black subjects (both cases and controls) had entered the industry
during the first decade (1910-1919) of plant operations at both
companies.

To further analyze for differences in this importapf factor,
Paired t-tests were performed on the groups to be descrihed, with the
stight modification of using an average for the controls in any given
stratum (a case and its matched controis), and a two-tailed tesf of
significance was used since we could not always predict the direction
of the expected difference. Results of this analysis are presented in
Table 42 from which it can be seen that only in the comparison of cases
with ARSD contrels at Company A were the differences in year of hire
statistically significant and this difference is probably reflected in
the different entry rates for the first decade of pilant existence.
Further analysis of the sex-and race-specific differences and their
probabilities revealed that statistical significance for this difference
was maintained among confirmed white male cases at Company A only
(p = 0.022) and not for white females and black males, although the
numbers in the latter two categories are small. While the difference in
entry year between white male cases and controls did achieve statistical
'significance, héwever, the practical importance of this difference (3.0
years) is questionable, aithough it should be added that this finding
was initially interesting because it occurred in the comparison of cases
with ARSD-matched controls, the 'D' of course signifying that thege
controls were matched on total duration of emp]oymen? as well as on the

other three factors. This interest dihinishes, however, because of the
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statfstica]]y non-significant differences for the comparisons with

the ARS group and with both groups in Company B and because, while the
grdup was matched on duration, the estimate of duration was indirect
and was based on a surogate measure, as described in Materials and
Methods.

Further analysis according to pathology confirmation status did
not alter any of the findings described and the distributions are
presented in Tables 43-44 . Generally, there were non-significant
differences between cases aﬁd controls within both the confirmed and
unconfirmed groups, with cases tending to have started slightly earlier
than controls. A comparison across these groups revealed thét unconfirmedA’
cases had started their employment within the industry at a slightly
earTier calendar period than those cases whose illness was confirmed.

After these analyses had been completed, we decided to Tock a bit
more closely at the group in Company A, comprised of 11 cases and 21 controls,
which had entered the industry during the fir;t decade (1910-1915) of
existence of the plant in Akron, because there had been a disproporticnate
number of cases in this group, as reference to Table 39 will confirm.
Because the only significant differences within Company A occurred in the
comparison of subjects in this company with ARSD controls, the following
description will be Timited specifically to thls group.

A1l subjects in this group were white males. Five of the 1] cases
(45%) and 8 of the 20 ARSD controls ( 40%) were foreign-born while only
8 of the remaining 41 cases (20%) and 23 of the 76,contr01s (32 %) who
entered the plant after the first decade had been born in countr1es ather
than the U.S. It is therefore apparent that all subjects, 1nc1ud1ng both
cases and controls, who entered the plant during the first decade were

more likely to have been foreign-born than those who entered after the

first decade.
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The analysis of other important factors reveals striking
differences both between cases and their matched controls who entered
during the years 1910-1919 and between subjects who enfered during this
period compared witk those entering later, with a summary of these
findings appearﬁng in Table 45. As can'be seen,first decade of entry cases
worked approximately 70 months']onger than théir ARSD matched controls
(385 vs. 317) in active 0Ts and began at an age approximately 9 years
younger {25 vs, 34). 1In addition to these findings, we é&so see that
these cases worked 10n§er and started younger than the remaining cases
as well. While the age at death of these cases was about 8 years older
than the remaining cases, we must remember that the design called for
inclusion of cases who had died only during the decade 1964-1973.

»Sincé tnese cases started earliest, they would be expected to have lived
longest. Age at death of controls is not presented because most were
still alive and because the constraint was that they must have 1ived at
teast as long {(or longer) than the case, making a comparison meaningless.

Further examination of this group reQeaTed one additional interesting
finding: The overall significant differences between cases and ARSD
controls in age at hire, and year of hire are accounted for entirely
by this group which entered during tﬁe first decade. Whep this is
further examired by pathalogy confirmation status, these signmificant
" differences persist only among the 6 confirmed cases, which means that
the overall significant differences described earlier are explained

entirely by this one small group of cases and their matched controls.

These results are summarized in Table 46 .
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Total Duration of Employment

As just reiterated, the matching procedure for total duration of
employment was based on the difference between the last year employed
and the seniority year which is a reasonable, but not an exact, measure
of duration. For this analysis, however, total duration Qas based ogn
time spent within active 0Ts, which excludes sick leaves, leaves of
absence, military duty, etc. Tables 47-51 present the di}tributions
for these variables, in months, from which it can be seen that the
overall means (358 vs. 353) and the medians {386 vs. 369) are
remarkably similar, as are thevgenera1 distributions of the categorized
values for this factor. Once again, however, there are some differences
between companies, with subjects from Company B having somewhat longer
durations than those from A, although the intra-company differences
between cases and controls, 1ike the overall differences, are rather
small and inconsequential.

The results of the t-tests are presented in Table 52 , and an
examination of these findings again indicates that the differences in
“total duration of employment in active OTs is neither statistically nor
practically significant. In cht, the greatest discrepancies, albeit
small, were found in the comparison of cases with ARSD controls, again
noting that this group was matched on duration of emp?oyment. Ohce
again, the explanation probably lies in the fact that the matching
procedure was based on an indirect determination of the value for this
variahle.

When these data were further examined accerding to patho}ogy-gtatus,
we found that confirmed cases had worked slightly longer than unconfirmed

cases, but this difference did not appéar to be of practical significance,
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while the differences within groups ﬁere nejther of practical not
statistical significance.

Despite the fact that one control group (ARSD) was matched on
duration of employment while the other (ARS) was not, the duration
within active O0Ts did not differ much between cases and both coentrol
groups.separately and combined, nor did it differ wmuch between control
~groups themselves. To test thi%, paired t-tests were performed on the
ditference between the mean total durations in active 0Ts of the ARS
vs. ARSD control groups; These differences were minimal and not
statistically significantly different. Accordingly, in subsequent
analyses the distinction between the two control groups will be

ignored.

Age at Hire

Age at hire is a factor of particular importance because of the
generally held belief that the younger the age at which exposure to a
carcinogen begins the greater the risk of developing cancer. Tables
53-57 display the proportions of subjects in different categories of
this variable, and we once again observe rémarkab1e similarities in the
means and medians of this variable in both overall and company specific
findings, with slight differences between companies. In genera], subjects
began working in the industry around the age of 30, with Company B
subjects beginning work at a slightly younger age than thdse a; Company
A, the difference being approximately three years. A closer examinaticn »
of the distributions, however, reveals that the cumu]atiye frequencies
for 'Age at Hire' before the age of 29 are greater for cases in both

companies, and the proportions of cases hired at the youngest ages are
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also greater than the corresponding proportions for controls.

These apparent differences mostly disappear., however, when results
of the Paired t-test presented in Teble 58 , a procedure which maintains
the integrity of the matched strata, are examinedT These results again
indicate no statistically significant differences between cases and
controls, except for the,cdmparison of cases with ARSD controls at
Company A, where the difference approaches statistical significance
(p = 0.02) but prdbab}y not~practica1 significance. Further ana1ysi$,
as with the previously discussed factor, again indicates that a
statistically significant difference in this'group was found only among
white males {p = 0.027) and not among black maies or white females.

It is worth noting, however, that while the differences between cases
énd controls were indeed slight, cases had been consistently hired at
younger ages than controls.

As with the variables described previously, separate analyses for
confirmed and unconfirmed cases and their matched controls did not
reveal any appreciable differences, and whatever discrepancies did

exist were not statistically significant.
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TABLE 23

RACE AND SEX DISTRIBUTION OF SUBJECTS

All Cases

White Black Tdtal
Males 83 9 92
Females 10 - 10
Total 93 9 102 =
All Controls

White Black  Total
Males 325 .32 357
Females 72 - 36
Total 361 32 393
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E 24

MARITAL STATUS OF SUBJECTS AT EMPLOYMENT

COMPANY A CASES V5. CONTROLS

165

Cases Controls
Marital Status Frequency Per Cent Frequency Per Cent
Single 8 15.4 20 10.2
Married 37 71.2 167 R 84.8
Sep/Div 3 5.8 6 3.0
Widowed 4 1.7 _ & 2.0
Totals 52 100.0 197 100.0
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TABLE 25

MARITAL STATUS OF SUBJECTS AT EMPLOYMENT
2. COMPANY B CASES VS. COSTROLS

- Gasss  Gomtwels |
Marital Sratus Frequency — Per Cent Frequency  Pex Cent
Single ' 0 0.0 14 7.1
Married 41 82.0 . 158 80.6
S=p/Div : 3I 6.0 9 L.6
Widowad 4 8.0 8 4.1
Unkacim | 2 4.0 -__“‘7.~ 3.6
Totals | 50 100.0 196 100.0
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TABLE 26

MARITAL STATUS OF SUBJECTS AT EMPLOYMENT
3. ALL CASES VS. ALL CONTROLS

Cases Controls
Marital Status Frequency Per Cent Frequency Per Cent
 Single . 37 36.3 181 46.1
Married 49 48.0 178 - 45.3
Sep/Div 6 5.9 15 3.8
Widowed 8 7.8 12 3.0
Unknown 2 2.0 _ 7 1.8
Totals 102 100.0 393 160.0
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TABLE 27

EDUCATTONAL ATTAT

MERSTS OY SURJILCTS

COMPANY A CASES VS. COWTROLS

168

Cages Conrruels
Education Frequency — Per Ceur Frequeanzy
Grad. Crade Schl. 26 50.0 117 59.4
Some Jr. High 10 19.2 -36 13.3
Crad. Jr. High 7 13.5 18 9.1
Some High Schl. 1 1.9 5 2.5
Grad. High Schil. 0 - i 0.5
Unknown 8 _15.4 _20 10.2
 Totals 52 100.0 1957 100.0
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TABLE 28

EDUCATION AL AVTATHMERTS OF SULIRCTS
2. COUPANY B CASES VS. CONTROLS

Lases Controls
Education Frequency  Per Coul Frequency Per Cent

Grad. Crade Schl. - 6 12.0 26 13.3
Suie Jv. High 24 48.0 83 42.3
Crvad, Jr. High 3 6.0 17 » 8.7
Sone High Schl. 5 10.0 26 13.3
Crad. High Schl. 3 6.0 22 11.2
Some Coll/Tech 1 2.0 1 0.5
¥No Education 2 4.0 1 0.5
Unknouwn 5 10.0 20 10.2

Totals 50 100.0 196 100.0
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“TABLE 2¢
FOUCATLONAL ATTATNMENTS OF SURJECTS ‘
3. ALL CASES VS. ALl CONTROLS
e et e ._muum_w,_E;;;;émw"“~WM~"-»m_mh.-___ Ezglggéié_ e
Blucation Frequency — Per_Cent Frequency ~— Per Ceat
Grad. Grade Schl. 32 31.4 143 36.4
Some Jr. High 34 33.3 119 30.3
Grad. Jr. High 10 9.8 35 8.9
Some High Schl. 6 5.9 31 7.9
Crad. High Schl 3 2.9 23 5.9 °
Some Coll/Tech 1 1.0 i 0.3
No Fducation 3 3.0 i 0.3
Unknown 13 12.7 _40 ____l_.i. 2.
Totals 102 100.0 393 1Qe.0
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TABLE 30

LIFE STATUS AND AGE AT DEATH OY SURJUECTS

LIFE STATUS O) CONIROLS AS ©F 1 JAN 76

Number Froportion
Alive 295 75
Dead - 98 25
Total 393 100 -
i Cases Controls Controls
Age at Death Age at Death | Age on 1 Jan 76
Age # Per Ceat # Per Cont # Per Cent
4049 1 ) 1.0 - - - -
50-59 13 12.7 4 4.1 12 4.1
60-64 8 7.8 2 2.0 15 5.1
65-69 18 17.6 6 6.1 35 11.9
70-74 24 23.5 17 17.3 54 18.3
75-79 23 22.5 31 31.6 56 19.0
80-34 13 .. 12.7 29 29.6 82 27.8
E5+ 2 _2-0 2 _9.2 _41 13.9
Totals 102 160 98 100 295 100
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TABLE 31

BTG 0

[

ALT, CASAS V&L ALL CUNindds

Cascy Controis

birthploce Frequrney Froguency Per_ Cent

U.S. 78 70.5% 325 32.7
Foralgn 23 22.5 68 - 17.3
Armenia - : 2
Austria 3 6
Austro-Hnag 1 5
Czerhoslovakia i3 5
Englaad-YWalca 3 S
France LX

Germany l 3
Greoce 1

Hungary 2 ' g
Jreland 1

Italy 3 17
Lithuania -~ ’ 1
Poland 2 2
Ruaaniat ~ 3
Rususia 2 . A
Scotland 1

Sweden - 1
Syrin - 1
Turkey - ‘ 3
W. Ukrainia - ' 1

Yugoslavia 1 3
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TABLE 32

V0¥ pfnu el RO

ESOFOR MUHTALIYY PRy

-----

1
N

Vit RLOW CATRGHE:

HIGH Lisk Coantries (8o >75)

Cazes Contrul =
SPR Numliee  Per Cent Nuwber  Pev_Gzat

Russia 123 2 §.7
Yolind 96 2 )
]
2

.

o~

.7
Czuchaclvakin g7 .3
Huvoar 18 .7
Runani = 84
Utralnia 77 -
Aastria 75 3 13.0
Avstro-langary (/5-86) 1 4.3

—

1]

oo v N~

OO0 ML) NN
1] ]

F Y RN R NN

Totzals 11 48.0 31 6.0

MO AT Risk Countries (SDR = 50-74)

13.0
4.3
13.0
4.3

3.0
Totals 35.90

ita”y . 68
_Cermany G5
Lithuania . 62
Scotland 54
‘Erciand-tales 50

w1
S ot
S W

oo

LO¥ Risk Countries (5OR <50}

N 3
4.4

Yugoeslavia 49 1
Ireland 49 1. A3
Frauce 42 1
Armenia 46 -
Swaeden 38 -~ -
Creeca 31 1 4.3 =

Totals 4 17.4 13.2

2.9
1.5

]
W RN WwW

WIKHOHN, Riuk

Syt ia - - 1 1.5 :
Turkey - - 1 1.5
- - 2 2.9

1. S0R« from Doll ¥: Worldwide distribuiion of gastruintestinal cancoer.
Nat Can Iust Mone 25, 19638 .

SR = Standavdized Death Ratoe per 100,000
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AGE- AN COUNTRY-SPECTIFIC DEATH RATES (TER LO0%000)
FROM STOMACH CANCER AMUNG MALES

ARD RTSK CATEGORIZATIONS BASKED OX

Country

Austria
Czechoslovakia
Eugland-Wales
Frunce
Germany
Grecece
Hongary

Italy

Poland
Rumania
Sweden
Scotland
Yugoslavia

THESE RATES

Mortality pev 100,000

75+

439
432
247
242
429
160
464 -
379
342
261
286
227
215

CATEGORIZATION BASED ON RATES FOR YOUNGER MALESI

174

High Risk Moderate Risk Low Risk
% % p 4 % Z %
Country Cases Contrels Country Cases Controls Country Cases Contrels

Hungary 10.5 16.7 Italy 15.8 - 31.5 Scotland 5.3 -
Poland 10.5 3.7 Cermany 5.3 5.6 Sweden - 1.8
Czechoslovakia 5.3 9.3 Yugoslavia 5.3 5.6 France 5.3 .-
Austria 15.8 11.1 Eng-Wales 15.8 9.3 Greece 5.3 -
Punania - 5.6 o _

Totals 42 46 42 52 16 2

CATEGORTZATION BASED ON RATES FOR OLDER MALES

Hungary 10.5 16.7 Poland 10.5 3.7 France 5.3 -
Austria 15.8 11.1 Sweden - 1.8 Scotland 5.3 -
Czechoslovakia 5.3 9.3 Rumania - 5.6 Yugoslavia 5.3 5.6
Germany 5.3 5.6 Eng-Wales 15.8 9.3 Greece 5.3 -
Italy 15.8 31.5 o . .

Totals 53 74 26 20 21 6
1. HMortality Rates frow World Health Statistics Anaual I: Vital Statistics and

Causes of Death, World Health Organization, Geneva, 1976
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TABLE 34
BIRTHPLACE OF SUBJECTS ACCORDING 10 RISK CATEGORIZATIGH
AN CONFIRMATION STATUS

Confirwed Cases (N = 6%)

Number Per Cent Matched Controls
I-I‘i.é,h Risk 9 53 i7 40
Moderate Risk 6 35 19 45
Low Risk 2 _12 __.é_ _15
Totals 17 100 42 100

Unconfirmed Cases (N = 38)

Bumber Per Cent Matched Controls
Iigh Risk 2 33 15 58
Moderate Risk 2 33 7 27
Low Risk 2 33 ' 4 _1s
Totals 6 100 26 100
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TABLE 35
BIRTHPyACE OF NATIVE AMERLCAN SURIRCTS, BY PATHOLOGY

CATECORIZATION OF STATBSl

1. High Risk - Death Rate > 16 per 100,000

Conn, I11, Maine, Mass, Mich, Mian, Xi, KJ, NM, NY, Kby, Pean, RI, SD, Wis
2. Moderate Risk - Death Rate 13 aand 16

Cal, Col, ldaho, lowa, La, Md, lont, Meb, Nev, Ohiu, Or, Utah,”Ver, Wash,

W Va, Wy :
3. Low Risk - Death Rate < 13

All other states aud D.C., except Alaska and Havaii

Confirmed Cases and Matched Controls

Cases Controls
Frequency Per Cent Frequeacy Per Conc
High Risk States 12 25 36 17
Moderabte Risk . 21 45 102 49
Low Risk 14 390 .89 _33
Totals ' 47 100 L 207 100

Unconfirmad Cases and Matched Controls

Cases Contrels
Frequency Per Ceat Frequency Fer Cent
High Risk 7 23 ' 23 20
Moderate Risk 17 54 , 49 42
Low Risk 7 23 _45 .38
Totals 31 100 117 1C0

1. Based on white male death rates in Caucer by County [5]
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TABLE 36

UNDERLYING CAUSES OF DEATH
1. ALL CASES

QQE_ ICDA Code Frequency Per Cent
Malig. Neo. Esoph. 150 1 1.01
Malig. Neo. Stom. 151 89 87.2
Malig. Neo. Sm. Int. 152 1 1.0
Malig. Neo. Skin 173 1 1.0
Lymph. & Hema. Neo. 202 1 1.0
Isch. Heart Disease 410-414 5 5.0
Sympt. Heart Dis. 427 1 1.0
Dis. of Art. 447 1 1.0
Sen and I1ll-Def. Dis. 796 1 1.0
Unknown - 1 1.0
Totals 102 100.0
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UNDERLYING CAUSES OF DEATH

178

2. ALl CONTROLS
ucp ICDA Codes Frequency Pex Cent
- Lymph. & Hemat. Neo. 202 1 1.0
Diabetes.Mellitus 250 3 3.1
Hypertensive Disease ‘404 1 1.0
Ischenic Hrt. Dis. 410-414 56 ) 58.3
Sympt. Hrt. Dis. 427 1 1.0
I1l-def. Hrt; Dis. 429 1 1.0
Cerebrovasc. Dis. 430-438 11 11.5
Dis. of Art. - 440-448 E 5.2
Phleb. and Thrombo. 451 1 1.0
Prneunonia 480-486 2 2.1
Emphysema 492 5 5.2
Othr. Dis. of Resp. Sys. 510-519 2 2.1
Acute Append. 540 1 1.0
Intest. Obs. 560 1 1.0
Othr. Liver Dis. 573 1 1.0
Chron. Nephritis 582 1 1.0
I11-Def 796 1 1.0
Fract of Humerus 812 L 1.0
Open Back Wound ‘876 1 1.0
Total - 96 100.0
Alivel - 290

lThese subjects were still alive on 01/01/76, the termination date

of the study.
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TABLE 38

SUMMARY OF PATHOLOGY FINDINGS

Method of Diagrnosis Number Per Cent
Autopsy 6 6
Histology 50 49
Radiology ‘ 4 4
Surgery 4 - 4
Clinical 2 2
Death Certificate Only ‘ _38 _37
Totals 102 100

Type of Cancer _ Number Per Cent
Adenocarcinoma, NOS 49Q 39
Un- or poorly differentiated Adenoca 10 10
Well differentiated Adenoca 5 5
Carcinoma or Cancer, NOS 9 9
Other 5 5
Unknown _33 _32
Totals 102 100

Site Within Stomach _ Number Per Cent
Upper Third (cardia and fundus) 10 10
Mid Third (body) 7 | 7
Lower Third (pylorus) 18 18
Other Combination ’ 5 5
Unknown _62 _61
Totals _ 102 102
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FIRST CALENDAR YEAR IN THE INDUSTRY

1. COMPANY A CASES VS. CONTROLS

180

Cases Controls
Calendar Year. Frequency FPer Cent - Frequency Per Cent
1910-1919 1l 21.1 23 11.7
1920-1929 21 40.4 78 - 39.6
1930-1939 2 3.8 22 11.1
1940-1949 17 32.7 70 35.5
1950-1959 1 1.9. _ 4 2.0
Totals 52 100.0 197 1G0.0
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- TABLE 40

FIRST CALENDAR YEAR IN THE INDUSTRY
2, COMPANY B CASES V5. CONTROLS

Cases Controls
Calendar Year Frequency Per Cent Frequency Per Cent
1910-1919 21 - 42 73 37.3
1920-1929 16 32 71 36.-
1930-1939 1 2.0 5 2.6
1940-1949 11 22.0 40 20.4
1950-1959 1 2.0 1 3.6
Totals 50 1060.0 196 100.0
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FIRST CALENDAR YEAR IN THE INDUSTRY

3. ALL CASES VS. ALL CONTROLS

182

Cases Controls
Calendar Year Frequency Per Cent Frequency Per Cent
1910-1919 32 31.4 96 24.4
1920—1§29 37 36.3 149 -~ 37.9
1930-1939 3 3.0 27 6.9
1940-1949 28 27.5 110 28.0
1950-1959 2 2.0 11 _ 2.8
Totals 102 100.0 121 . 100.0
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QVERALL

COMPARTSON

ALL Cases vs, ALl Controls

All Cases vs, AlL ARS Controls

All Caces vs, ALl ARSD Controls

Company A
ALl Cases vs. ALl Controls

« Cases vs, ARS Controls

.= Cases vs. ARSD Controls

Company B
ALl Cases vs, ALl Controls
- Cases vs, AR Controls
« Cases vs, ARSD Controls
Confirmed Cases
ALl Cases vs, ALl Controla
COMP A Casey vs, Controls

COMP B Cases va. Contyols

PAIRED T-TESTS FOR YEAR OF HIKE

TABLE 42

fen S TwosTailed
Cases  Controls  Cases  Comtrols  Cases  Comtrols . Probabiiity
960 19260 W0 87 Ll 09 0,24
1928.0 1988 IO 95 Ll 0 0,44
980 1992 100 103 Ll L0 0,07
000 L6 103 12 b Lo 0.17
W0l 93 03 &S Lk 12 0,48
1000 W23 103 88 Lb L2 0,015
W58 W61 W3 83 L6 1) 0.78
W58 1% W3 88 LE L4 on
1958 1960 L3 09 L6 LS 0.73
W4 1929.6 o4 83 1 1 0,20
04 WIS 85 13 LT L0
1963 1965 L1 103 20 L8 0,87
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Unconfirmed Cases

ALl Cases vs, All Controls

00MP A Cases vg, Controls

COMB B Cases vs. Controls

TABLE 42 (cont'd)

PAIRED T-TESTS FOR YEAR OF HIRE - cont. p. 2

: M _S..'_D.'. | .S.'_EL Two=Tailed

Cases  Controls  Cases Controls  Cases  Controls  Prahopility

19,3 w08 1.0 11 2.0 12 0,12
1929.6 19303 12.0 1.0 2.7 1.6 0,78
1925,¢ 19254 12,0 1.8 2.8 1.8 0.82

¥8lL
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TABLE 43

FIRST CALENDAR YEAR IN THE INDUSTRY, BY PATHOLOGY
I.  CONFIRMED CASES VS. MATCHED CONTROL

CONFIRMED CASES AND MATCHED CONTROLS

Cases Controls
Calendar Year Frequency Fer Cent Frequency Per Cent
1910-1919 16 25 62 . 25
1920-1929 27 42 86 ) 34
1930-1939 3 5 ' 20 8
1940-1949 17 27 72 29
1950-1959 1 _ 2 9 _4
Totals 64 100 249 100
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TABLE 44

FIRST CALENDAR YEAR IN THE INDUSTRY, BY PATHOLOGY
II. UNCONFIRMED CASES VS. MATCHED CONTROLS

Cases Controls
Calendar Year Frequénc; Per Cent Frequency Per Cent
1910-1919 16 42 3% 24
1920-1929 10 26 63 . 44
1930-1939 - - 7 5
1940-1949 11 30 38 26
1950-1959 1 _3 _2 1
Totals 38 100 144 100
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TABLE 45

187

CHARAUTIRISTICS OF COMPANY A SUBIRCUS Wil ENTERED THE
INDUSTRY DURING AWD AFIRR THID FIRSY DRCADE, COMDPARED

ecades 1910-1919

1. Cases

Total Imacation
Age at Hire

Age at Death

2. ARSD Controls
" Teial Duration
Agy at Hire

ecada 1920 +

1. Cases

Total Duration
Age at liire

Age at Death

2. ARSH Controls
Total Duration

Age at Hire

WITH APPROTRIATE

Mean

385
25.5

76.8

325
32.9

68.7

321

33.5

38

2.6

COIiLGLS

117

4.3

126

120
12.1

9.7

1G7

10.5

Median tode
420 i67
25.2 22
77.0 73
336 88
33 24.5
332 318
31 19
69.7 63
354 150
31.1 22.0
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COMPARISON

Comp A Cases vs, ARSD Controls
1, Total Dyration
3, Age at Hire
3. Year of Hire

Firse Decade Cases vg, ARSD
{ontrols

1, Total Duration
2, Age at Hire

3. VYear of Hire
L. Total uration
2, Age at Hire

3. Year of Hire
1, Total Duration
2, Age at Hire

3, Year of Hire

THLE 46

T-TESTS FOR CROUP WIRED DURING FIRST DECADE, BY PATROLOGY -

Cases  Controls  (Cases Controls  (Cases
338 n 121 110 17
L4 35 1. 10.0 1.6
19301 19323 1023 8,8 1.4
385 1w 12 3
25,5 3.4 6.0 8,5 1.2
1.1 1969 2.0 i 0.6
326 280 150 116 67
2%.4 15,0 17 4,8 0.7
1916, 1829.1 2.7 3.4 1
i3 347 5) 137 2
2.3 33,9 5.4 1,1 22
1917,3 19351 1.5 9,3 0.6

SIE!

Two-Tailed

Controls  Probability
15 0.09
L4 0.02
1.2 0.015
38 0,078
2.6 0.006
2.2 0.002
52 0.3%
, 2.1 0,014
13 0,007
56 0,156
4,6 0,145 _
)
o
3.8 0,093 ®
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TABLE 46 (cont'd)

7.TESTS FOR GROUP HIRED DURING FIRST DECADE, BY PATHOLOGY - cont. p. /]

Mean 5.0, 5.E. - .
— — _— Two-Tailed
Cases  Controls Cases  Comtrols  Cases  Controls  Probability

Later Decade (ases vs,
ARSD Controls

1, Total Duration B 20 W1 1 0.643
2 Meattire 38 $Bs 1l 106 L9 1] 0,365 )
3. Vear of Bire 19336 19340 8.6 8.6 L4 L 0,557

68L
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. TABLE 47

190

TOTAL DURATION OF EMPLOYMENT (IN MONTHS) IN ACTIVE QTs

1. COMPANY A CASES VS . CONTROLS
Cases Controls
Total Duration Frequency Per Cent Freéuencz Per Cent

<149 3. 5.7 16 8.0
150-199 8 15.4 14_ 7.1
200-249 4 7.7 17 8.6
250-299 4 7.7 31 15.7
300-349 6 11.5 32 16.2
350-399 6 11.5 35 17.8
400-449 9 17.3 23 11.7
450-499 9 17.3 20 10.1
>499 3 5.8 9 4.6
Totals 52 100.0 197 ~ 100.0

Mean 337.7 325.0

Median . 351.5 331.4

S8.D. 120.9 110.9

S.E. 16.8 7.9
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TABLE 48

TOTAL DURATION OF EMPLOYMENT (IN MONTHS) IN ACTIVE OTs
2. COMPANY B CASES VS. CONTIROLS

Cases Controls
Total Duration Frequency Per Cent Frequency Per Cent
< 149 1 | 2.0 2 - 1.0
150-199 3 6.0 13 - 6.7
200-249 3 6.0 14 7.2
250-299 8 16.0 | 23 11.7
300-349 3 6.0 14 7.2
350-399 5 10.0 36 18.4
400~449 ' 12 24 .0 28 14.3
450~-499 7 14.0 -39 19.9
> 499 8 16.0 | _27 _13.8
Totals 50 100.0 196 100.0
-‘Mean 380.0 380.5
Median 406.5 394.5
5.D. | 113.2 112.1
S.E. ' 16.0 8.0
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TABLE 49

TOTAL DURATION OF EMPLOYMENT (IN MONTHS) IN ACTIVE OTs
3. ALL CASES VS. ALL CONTROLS

Cases Controls
Total Duratidn Frequency Per Cent Frequency Per Cent
< 149 ' 4 4.0 18 | 4.7
150-199 li 10.8 27 . 6.9
200-249 7 6.9 31 7.9
250~299 12 11.7 54 13.8
300-349 9 8.8 - . 46 11.7-
. 350-399 1 10.8 71 18.1
400-449 21 20.6 51 13.0
' 450499 16 15.7 59 15.0 '
> 499 11 10.8 _36 9.2
Totals 102 100.0 393 100.0
Mean 358.5 "352.7
Median 385.5 369.3
S.D. 118.6 114.8
S.E. 11.7 5.8
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TABLE 50

TOTAL DURATION OF EMPLOYMENT (IN ACTIVE OTs) BY PATHOLOGY
I. CONFIRMED CASES VS. MATCHED CONTROLS

193

BATO/JACKSON 025634

Lases Controls
Total Duration Frequency Per Cent Frequency Per Cent
<149 1 2z 1o 4
150-195 8 13 13 . 3
200-249 4 6 22 9
250-299 8 13 34 14
300-349 6 9 28 11
350-399 3 5 45 18
400-449 14 22 34 14
450-499 12 19 34 14
500+ 8 13 29 a2
Totals 64 100 249 100
Mean 368 360
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TABLE 51

TOTAL DURATION OF EMPLOYMENT (IN ACTIVE OTs), BY PATHOLOGY
I1. UNCONFIRMED CASES VS. MATCHED CONTROLS

Cases Controls
Total Duration | Frequency Per Cent Frequency Per Cent

<149 | 3 8 8 6
150-199 3 8 .14 - 10
200-249 3 8 9 6
250-299 4 10 20 14
300-349 . 3 8 i8 12
350-399 8 21 26 18
400-449 7 18 17 12
450-499 4 10 25 17

500+ 3 _8 _7 s
Totals 38 100 144 100

Mean 342 342
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(VERALL

COMPARISON

All Cases vs. All Controls

A1l Cases vs. ALl ARS Controls

All Cases ve, ALl ARSD Controls

Company A
All Cases vs. All Controls
- Cases vs, ARS Contxols

- Cases vs, ARSD Controls

Compaﬁy B
All Cases vs, All Controls
- {1ges vs, ARS Controls
- Cases vs. ARSD Controls
Al} (ases vs, ALl Controls

COMP A Cases vs, Controls

COMP B Cases vs, Controls

PAIRED T-TESTS FOR DURATION IN ACTIVE OTs

TRBLE 52

Rty 5.0 5L Two-Tailed
Cases  Controls Cases  Controls  Cases  Controls  Probability
358 353 118 76 12 8 0,54
358 357 118 88 12 ¢ 2.9
358 350 118 109 12 1l 0.2
338 326 121 75 17 10 0.38
338 333 121 81 16 12 0.90
318 320 12 110 17 15 0.09
380 381 113 b7 16 10 0.96
380 380 113 83 16 12 0.98
. 380 382 113 100 16 14 0.88
368 360 119 1 15 10 0,39
ik 3 124 13 22 13 0,35
3% 178 11 69 20 12 0.82

S6 1L
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Unconfitned Cases
All Cases vs, All Controls
COMP 4 Cases vs. Controls

COMP B Cages vs. Controls

TABLE 52 (cont'd)

PATRED T-TESTS FOR DURATION IN ACTIVE OTs = cont. pg. 2

Hean R SE Two-Tailed

Cases  Controls  Cases  Controls  Cases  Controls  Probability

3462 34l 17 14 19 12 0,96
KV 119 118 19 2 18 0.76

¥ W W6 n U 0.61

961
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TABLE 53

AGE AT HIRE
2. COMPANY B CASES VS. CONTROLS

Cases Controls
Age at Hire Frequency Per Cent Frequency Per Cent
15-19 ' 7 14.0 21 10.7
20-24 15 30.0 61 _ 31.1
25-29 12 24.0 38 19.4
30-34 7 14.0 21 . 10.7
35-39 3 6.0 28 14.3
40-44 1 2.0 14 7.1
45-49 2 4.0 8 4.1
50~54 2 4.0 4 2.0
>54 1 2.0 1 0.5
Totals 50 100.0 196 100.0
Mean 28.1 28.8
Median 25.5 26.6
S.D. 9.6 9.0
S.E. 1.4 0.6
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TABLE 54

AGE AT HIRE
1. COMPANY A CASES V5. CONTROLS

Cases Controls
Age at Hire Frequency Per Cent Frequency Per Cent

15-19 | 6 11.5 8 4
20-24 12 23.1 39 *© 19.8
25-29 11 21.2 34 17.3
30-34 7 13.5 36 18.3
35-39 3 5.8 24 12.2
40-44 4 7.7 22 - 11.2
45-49 4 7.7 14 17.1
50-54 4 7.7 14 17.1
>54 1 1.9 _6 3.0
Totals 52 100.0 197 100.0
Mean 31.4 33.4

Median 27.5 31.6

S.D. 11.2 10.4

S.E. 1.6 6.7
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TABLE 55

AGE AT HIRE
3. ALL CASES VS. ALL CONTROLS

Cases Controls
Age at Hire Frequency Per Cent Frequency Per Cent

15-19 | 13 12.7 29 7.4
20-24 27 26.5 100 - 25.4
25-29 23 22.5 72 18.3
30-34 14 13.7 57 14.5
35-39 6 5.9 52 13.2.
40-44 5 4.9 36 9.2
45-49 6 5.9 22 5.6
50-54 6 5.9 18 4.6
>54 2 2.0 -1 1.8
Totals 102 100.0 393 100.0
Mean 29.8 31.1

Median 26.8 29.1

5.D. 10.5 10.0

S.E. | 1.04 0.5
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TABLE

AGE AT HIRE, BY PATHOLOGY

56

CONFIRMED CASES VS. MATCHED CONTROLS

- 200

Cases Controls
Age at Hirxe Frequency Pexr Cent Frequency Per Cent
15-19 8 12 20 8
20-24 15 23 6L - 24
25-29 19 30 43 17
30-34% 6 9 34 14
35-39 4 6 35 14
40-44 4 6 30 12
45-49 4 6 13 5
50~-54 3 5 11 4
>54 1 _2 _2 1
Totals 64 100 249 100
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AGE AT HIRE, BY PATHOLCGY

TABLE 57

201

II. UNCONFIRMED CASES VS. MATCHED CONTROLS
Cases Controls
Age at Hire Frequency Per Cent Frequency Per Cent

15-19 5 13 9 6
20~24 12 32 39 . 27
25-29 4 11 29 20
30-34 8 21 23 16
35-39 2 5 17 12
40-44 1 3 6 4
45-49 2 5 9 6
50-54 3 8 7 5
>55 1 3 _3 3'
Totals 38 144
Mean 30.2 31.1
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OVERALL

COMPARISON

all Cages vs. All Controls

All Cases vs. All ARS Controls

a1l Cases vs, All ARSD Controls

Company A
ALl Cases vs. All Controls
- Cases vs, ARS Controls
- (ages vs. ARSD Controls
Company B
A1l Cases vs, 411 Controls
- Cases vs, ARS Controls
~ Cases v8, ARSD Controls
Confirmed Cases
AL Caves vs, ALl boutrols
COMP A Cases va, Controls

COMP 3 Cases vs, Controls

PAIRED T~TESTS FOR AGE AT HIRE

TABLE 58

fean 2B Rz Two=Tailed
fases Controls Cases  Comtrols  Cases  Controls Probability
298 30.1 10,5 1.1 1.0 0.7 0.26
29.8 30,5 10,5 1.4 1.0 0.8 0,49
29.8 3.0 10.5 9.2 1.0 0.9 0.07
.4 32.9 11.2 7.8 1.6 1.1 0.18
1.4 32,5 1.2 8.1 1.6 1,1 0.49
3.4 33,5 11.2 10.0 1.6 L4 0.02
81 B4 96 51 L 0.8 0.8
28.1 28,5 9.6 6.9 1.4 1.0 0.81
28,1 28,5 9.6 7.6 14 1,0 0.73

'

29,6 30.6 | 16.2 1.3 13 ¢.9 0,24
Nl 3O LA 1.4 3,0 1.3 0,14
80 A8l 8.8 6.4 L6 1,1 0,88

202
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Unconfirmed Cases
All Cases vs, ALl Controls
COMP & Cases vs. Controls

C0¥? B Cases vs, Controls

1.l

!
TABLE 58 (cont'd)
PAIRED T-TESTS FOR AGE AT HIRE - cont. pg. 2

fean £D. SE Two-Tailed
Cases  Controls  Cases Comtrols Cases  (Conrrols  Probability
30.2 30.8 11,2 6.8 1.8 11 0,69
3.8 32.8 11.3 8.1 2. L9 0.68
2.4 28,7 11,1 4.1 2.5 0.89

€02

A
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ANALYSIS I1I: OCCUPATIONAL EXPOSURE

This second of two analysis chapters will present the findingé
relating specifically to occupational exposures and will utilize the OT
and OTG System used previously in other OHSG studies. Eecause the
differences between cases and“contro], in total duration of empfoyment
within active OTs were not statistically significant, the analysis of
control work histories will not be terminated at the point where the
- control attained the duration of the case, as was stipulated during
the earlier description of fhe design for this study. Also, because
there was no statistically significant difference in duration within
~active OTs between ARS- and ARSD-matched controls, this dichotomy will

be essentially ignored during the following discussion.

Most Representative 0TGs

Before the calculation of odds ratios for specific 0TGs, it would
be useful to view the work history data in a general manner, for which
purpose Tables 59and 62 present the first and second most representative
0TGs, defined as those 0TGs in which subjects spent the longest and
second largest periods of time, for both cases and controls in each
company separately and combined. Among Company A cases, the five most
representative 0TGs are general services, fabrication of tires and beads,
batch preparation, curing, and metal handling, whi]e controls had general
services, chemfcals, fabrication, maintenance, and three 0TGs tied for
fifth, as their mosf representative OTGs. Among Company B subjects,

the most representative 0TGs for cases were Maintenance, fabrication,
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general services and batch preparation, while amoﬁg contfo]s the
MROTGs were maintenance, fabrication, general services, batch
preparation, and calendering. Among Company A subjects, therefore,
two of the five MROTGs were shared in common by cases and controls,
while among Company B éubjects, four were shared in common. We then
calculated odds ratios and chi squares for each of these 0TGs and did
not find'any significant elevations for MROTGs and observed only two
second MROTGs (Batch Prep, Inspection, Prep Other) in Com;any B with

significantly elevated ORs.

Standard OTG Ana]ysés

The data were first examined according to the standard OTG
¢lassification, used in numerous other OHSG reports, a classification which
includes twenty-one 0TGs (See Appendix I for a description of the
jndustrial processes included in the OTGs which comprise them), based
on similar production processes and materials, but not necessarily
based on similar exposures. For this reason, analyses were also
performed on chemica]4specific 0TGs created especially for the suspect
gastric carcinogens in this investigation. |

The 0dds Ratios for the standard OTGs were examined in numerous
ways, each addressing a different question, with each examination
being equivalent to stratification on the factor under examination,

a procedure which controls for confounding. In all, we examined-thé
odds ratios according to control group (ARS and ARSD), pathology
confirmation status, year of hire, bikthp]ace, age at hire and aéé

at death, in addition to the chemical specific analyses, with many of

these stratifications including four different exposure times:
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ever, two years, five years, ahd ten years - each of which were
compared with no exposure. The results of these analyses are presented
in Tables 63 to 95. It should be noted, before examining these tables,
that one or two asterisks indicate the p-value (two-tailed) for a test
of significance of the odds ratios being different from unity. The
test.statistic (CHI) is an approximate standard normal variate. In
addition, the ninety percent confidence interval is presented, along
with the numbers of exposed and unexposed cases and controls.
Examination of the first seven tables, which present the overall
and company and control group specific odds ratios on an ever-never
exposure basis, reveals not a single significantly elevated odds
ratio, although the ORs for calendering, tuber, and cure preparation
were somewhat elevated for comparisons with one or the other control
group within Company A. In Company B, on the other hand, the OR for
calendering was twice statistically significantly lower than unfty-
This first set of analyses of the data, examining exposure on an
ever-never basis, was followed by further examination on the basis of
two, five, and ten years of exposure within each of these 0TGs, all
compared with no exposure at all. Each of these analyses was performed
separately for each company (Tables 70 to 75).and only aone OR -
Calendering among Company B subjects in the comparison of two years
of exposure versus none - was statistically significantly elevated,
while Fabrication appeared elevated twice in this sequence of éna]yses.
When these analyses were further stratified according to pathology
confirmation status, the following significantly elevated ratios, with
a considerable number of exposed cases, were observed: amoeng confirmed

cases - metals for two or more years in Company A (OR = 2.30 with 14
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exposed cases) Fabrication for both two {(OR = 3.1 with 8 exposed cases)
and five or more years (OR = 3.5 with 7 or more cases) in Company A and
among unconfirmed cases - none.

We then stratified subjects according to their pathology confirma-
tion status (Tab]es 76 and 77), analyzing separately confirmed and
unconfirmed cases and their matched controls, on the assumption that
there may be "contamination" by non-stomach cancef cases among the
unconfirmed group. This analysis indicated two elevated ORs - for
curing and Prep -Other, both of which occurred among the unconfirmed
cases.

The next ané1ysis was based on the age at hire of the case, which
was dichotomized according to whether the case began work in the
industry either before or after the age of twenty-four. The attempt
here was to separate those for whom the exposure began at a young |
age compared with those whose exposure began at an older age, and the
results of these analyses are presented in Tables 78 to 83. Among
the younger group overall, we observed elevated odds ratios for
Fabrication and Cure Preparation, with cases in Ccmpany B statisfical]y
associated for the overall elevation. Within this company, the odds
ratios for Curing and Prep. - Other, were slightly, although not
statistically significantly, elevated as well. Among Company A
subjects exposed at younger ages, on the other hand, there was a
significant elevation for Calendering and non—éignificant]y elevated
ORs for Tuber, Cureprep, Curing, and Chemicals, although the numbgr of
exposed cases, in all of these instances, was small. Similar analyses
for individuals whose first exposure oc;urred at an older age did not

reveal any elevated ratios at all. Since the groupings for age at hire
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are based on the values for the case, when the matched analyses are
conducted the age at hire for the controls can take én any value.
Accordingly, we dissolved the matching and cé1cu]ated unmatched odds
ratios but did not observe any significant elevations.

He next looked separately at cases, and their matched controls,
who died before and after the age of sixty-five (Tables 84-87) since it
has been postulated that these may be two distinct entities with different
causal mechanisms, one among young cases and the other among the older
ones. There were a few elevated ORs among those who died at younger.
ages - Curing, General Service, Final Inspection, Calendering, and
Chemicals -~ in Compdny A, and none among this same group in Company B.
Among those who died at older ages in Company A, on the ather hand, there
were no significant e]evatidns, although Tubers was somewhat high. Among
subjects in Company B, once again, we found nothing of interest.

For the analysis based on birthplace and decade of hire, we
dissolved the matching for reasons stated earlier. For the former,
the on]y significant elevated odds ratios were found for the Calendering
and Tuber OTGs among native born employees at Company A;-where the ratios
were each 2.6, with 9 and 11 exposed cases, respectively. For the decade
of hire analysis, separate odds ratios and CHIS were calculated for each
of the 0TGs for five decades (1910-1959), in each Company separately.
The only significant finding was that for both Company A and B, the odds
'ratios were high (5.6 and 4.0) for cases in Fabrication who entered the
industry during the first decade. For the 11 Company A cases in this
group, 5 were exposed, while 15 of 21 cases in Company B had been-émployed

in the Fabrication OTG.
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The next series of analyses examined the odds ratjos for those
O0Ts judged to have potential for exposures to four specific chemicals
or classes - polycyclic hydrocarbons, nitrosamines, carbon black, and
asbestos or asbestos containing talc. Three environmental scientists
at OHSG, whose résponsibi]ities include detailed studies of the
occupational environment of workers at the two companies-under’study,
were asked to independantly rate each of the 0Ts according_to the
exposure 1eVe]-hfgh, moderate, low, or none - for each of the four
chemicals under study. Since this was anordinal-level assessment
(high, moderate, low or none), the numerical values of three; two, one
and zero were assigned‘to these levels, and an average of all three
judges was then calculated for each 0T (see Appendix III for inter-
observer reliability). After these means had been calculated,
cut-off points for each type of exposure were established, after which
‘we had groups of OTs considered to have high, moderate, low, or no
worker potential for exposure to the four chemicals under investigation
“and a listing of these groups is presented in Table 98, Because those
judgements were 5ubjectivé, we first analyzed the high groups compared
with all others, and we then combined the high and moderate group and
compared those against thg remainder, the former always being considered
exposed while the latter was considered unexposed. Each of those
analyses was herformed, in addition, for the four exposure-time groups
of ever-never and two, five, and ten years versus none, and the results
~are presented in Tables 88 to 95. Examination of these results
indicates the following: no elevated odds ratios in either company for
the aromatic hydrocarbons; a slightly but significantly elevated OR

for Company B subjects exposed for five or more years to high levels of
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nitrosamines (OR = 1.7) with non-significant elevations for Company B
subjects as well; slightly elevated ratios for exposure to carbon
black among Company A and B subjects, although none were statistically
significant; and statistically significantly elevated odds ratios for
Company A subjects exposed to high or moderate levels of asbestos,.
while Company B subjects had significantly low ratios for exposure to
this same chemical. These low ratios among Company B subjects, however,
were found only for the combined high or moderate exposures. UWhen
moderate exposure was compared against all others (including high), we
observed slightly elevated ORs even in Company B.

Hhen these chemical specific analyses were further stratified
according to pathology, there were no significantiy high ratios among
confirmed cases in either company for any of the chemicals. Among
unconfirmed cases, on the other hand, we found high odds ratios for.
numerous combinations of asbestos exposure, as well as for numerous
time and exposure categories of polycyclic hydrocarbons, nitrosamines,
and carbon black, with all significant elevations occurring within
Company A. It should be kept in mind when considering these findings,
however, that there were only sixteen (31 percent} unconfirmed cases
among the fifty-two total cases in Company A.

Because of the finding of elevated odds ratios for asbestos
exposure among Company A subjects, and because of the large number of
potentially exposed subjects'(27),additiona] attention was directed
towards this category. We next performed a paired T-Test and founq
that Company A cases averaged approximately four years (49 months) in
0Ts judged to have pofentially high asbestos exposure, while their

matched controls averaged half that exposure time (25 months). Using
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a one-tailed probability test of significance, this differénce was
statistically significant at the five percent level. A similar
analysis among Company B subjects revealed no significant differences
betwéen cases and conparands, as we expected from the absence of
significant odds ratios for this chemical, although subjects in this
company spent slight’y more time in high asbestos exposure OTs (eighty-
four mbnths for éasés and eighty for controls) than did the subjects
in Company A. )

After this finding, two groups of Company A cases were further
- examined - those who entered before and after 1920, since we had
earlier found a disproportionate number of cases among the former.
Pajred T-Tests revealed that the eleven early entry cases averaged
82 months in areas with potentially high asbestos exposure, with their
matched controls averaging 24.5 months, while the respective findings
for the 41 later entry cases and their matched controls were 40 and 26
months, with neither of these differences achieving statistical
significance. When exposure differences among the early entry group
was further analyzed separately for ARS- and ARSD-matched controls, the
cases again averaged 82 months, of course, while controls averaged 35
and 12 months, respectively. The overall significant difference in
potential asbestos exposure, therefore, appears to be statistically
accounted for by the differences between early entry cases and their
matched controls.

-These analyses were further pursued by the calculation of
unmatched odds ratios for potential asbestos exposure for each decade
of entry, and the results of these calculations are presented in Table

96 , from which we see that only for the second decade was the odds
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ratio significantly elevated,'a1though there was a non-significant
elevation for the first decade as well. O0Of the 32 cases who entered
during the first decade, fully half had been exposed with 30 of the

73 controls having similar experiences, while 7 of the twenty cases

and 21 of the 74 controls who entered in 1930 or later had worked in
areas with potentially high asbestos exposures. it is interésting to
note here that the similar matched analysis described elsewhere in this'
chapter, which utilized standard 0TGs, did not indicate any consistent
excesses.

Because these earlier entry odds ratios were found to be elevated,
we next examined the distributfcns of total time spent in potentially
high asbestos OTs only for those individuals who had ever worked in
these areas and who entered the industry before 1930. The cases in
this group averaged 81.3 months in these 0Ts while controls had a-mean
of 66.8. For subjects entering in 1930 or later, the mean duration in
potentially high asbestos exposure areas was 48.9 months while controls
averaged 70.8.

The final analysis in this series examined the odds ratios, and
related factors for different latency periods, beginning with 40 years.
These latency periods are calculated by subtracting the year of hire
from the year of death, although the reader should recall that most
contro}s were still alive on 1/1/76, althoﬁgh this date was used as fhe
'year of death' in these calculations. Based on this determination ofk
latency period, we observe a statistically significantly e!evateq_odds
ratioc of 2.24 for potential asbéstos exposure among cases, compared
with controls who had the same potential latency period. The results

of this analysis are presented in Table 97. The results of both the

potential latency and calendar year of entry analyses are summarized in
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Table 99.

This analysis was followed by one which examined the calendar
perjods during which the two groups in Company A actually worked in
these high risk 0Ts, and the frequency distributions revealed that
approximately fifty percent of the case instances of employment within
these 0Ts had occurred by the year 1940, while only thirty pérceht of
the control instances had occurred by this date. ATthough_this find%ng
indicates that the exposures occurred well before the disease, we
further examined the T-Test for cases who died before and after the
age of seventy. Since retirement is mandatory by the age qf.sixty-
five, any exposureslamong those who died after the age of seventy must
have occurred at least five years prior to death, a time frame which
can be considered well within the latency period. Among Company A
subjects, the results indicate that the difference in asbestos |
exposure between cases and controls was even greater among those Qying
at older ages (fifty-four versus twenty-one months), a finding which
strengthens our confidence that exposures may have occurred enough

earlier than the disease to have had an impact, with a reasonably long

latency period.
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MOST REPRESENTATIVE OTGs (MROTGs) FOR COMPANY A

CONTROLS CASES
Cu 5 . cuM
OTG 4 p 4 N X OR % 4 N
GENERAL SERVICE | 15 15 30 | 0.01 1.0 | 15 15 8
CHEMICALS 13 28 25 [ 5.10 0.1 2 17 1
FABRICATION 10 8 19 [l 0.64 15 13 30 7
MAINTENANCE 10 48 19 fo.77 0.6 6 36 3
CALENDER 7 55 14 | 0.02 1.1 8 44 &
CURING 6 61 13 Y 0.56 1.5 9 53 5
MILLING 7 68 14 0.73 0.5 4 57 2
METAL HANDLING 6 76 11 [ 1.11 1.8 9 66 5
BATCH PREP. 5 79 10 | 1.50 2.0 9 75 5
INSPECTION 5 84 10 | 0.04 1.1 6 81 3
RECLATM 4 88 9 || 0.05 0.8 4 85 2.
SHIP. & REC. 3 91 6 |l 0.08 1.3 4 89 2
TUBER 3 94 6 | 0.88 2.0 6 g5 3
FIN. INSPECT. 1 95 3] - - - 95 -
TURES ~FABRIC 1 96 3 §1.13 2.6 4 99 2
UNKNOWN 1 97 3 - - - 99 -
CURE PREP. 1 98 2 I - - - 99 -
OTHER RUBBER - 98 - - - 99 -
PLASTICS - 98 - - - - 99 -
PREP. OTHER - 98 - - - - 99 -
SALARY - 98 -0 - - - 99 -
TOTALS 98 197 99 52
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TABLE 60
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CONTROLS CASES
cuM 5 cur
QTG % % N X OR pA FA N
GENERAL SERVICE | 9 9 17 || 0.46 0.6 6 6 3
CHEMICALS 8 17 16 | 2.5 2.1 | 15 21 8
MAINTENANCE 8 25 16 || 0.01 0.9 7 28 4
UNKNOWN 8 33 16 || o.01 0.9 “ 7 35 4
BATCH PREP. 6 39 12 || 0.39 0.6 4 39 2
MILLING 6 45 12 { 0.39 0.6 4 43 2
CALENDER 4 49 9 { 0.81 1.7 7 50 4
CURING 4 53 9 { 0.13 1.3 6 56 3
RECLATM 4 57 9l - - - 56 -
TUBES 4 61 9 fl 0.13 1.3 62 3
CURE PREP. & 65 8 |l 0.28 1.4 68 3
FABRICATION 4 69 8 || 4.34 3.1 f 11 79 6
INSPECTION 4 73 8 u 0.54 0.5 2 81 1
SHIP. & REC. 4 77 8 " 0.54 0.5 2 83 1
METAL HANDLING 2 79 5 || 0.26 1.5 4 87 2
TUBER 2 81 4 I o.58 1.9 4 91 2
OTHER RUBEBER 1 82 1 - - - 91 -
PREP. OTHER 1 83 1 - - - 91 -
FINAL INSPECT. - - - - - = -
PLASTICS - - -t - - - o -
SALARY - - - - - - 91 -
NO. 2nd MROT 15 98 29 || - - 7 98 4
TOTALS 98 197_ﬂ— 98 52
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MOST REPRESENTATIVE OTG.s FOR COMPANY B
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CONTROLS “ g&SE_S
CUM 5 M

0IC 2 % N X OR % % N
MAINTENANCE 19 19 38 |l 0.05 0.9 | 18 18 9
FABRICATION 11 - 30 21 || 0.43 1.6 || 14 32 7
GENERAL SERVICE |- 11 41 21 || 0.07 1.1 J 12 ke 6
BATCH PREP. 50 18 foo3 1.1 10 54 s
CALENDER 59 18 ” 0.52 . 0.6 6 6 3
CURING 65 12 | 1.35 0.3 2 62 1
TUBES-FAER. 71 12 | 0.33 0.6 4. 66 2
CURE PREP. <1 71 1 [ra 4.0 2 68 1
INSPECTION 76 0.03 0.9 4 72 2
PREP. OTHER 81 10 || o0.06 1.2 | 6 718 3
TUBER <1 81 1 - - - 78 -
PLASTICS 4 85 8 | o.o1 1.0 4 82 2
SHIP. & REC. 4 89 7 § 0.60 1.7 6 83 3
UNKNOWN 4 93 7 1 o0z 1. 4 92 2
FINAL INSPECT. 1 9% 3 || 1.22 2.7 4 9% 2
METAL HANDLING | 1 95 3 [ oos 1.3 ] 2 98 1
MILLING 1 96 2 || 0.3 2.0 2 100 1
OTHER RUBBER 1 97 3 - - - 100 -
CHEMICALS <1 97 1 - - - 100 -
RECLAIM a4 97 1 || - - - 100 -
SALARY - 97 - - - - 100 -
TOTALS 97 196 100 50
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SECOND MOST REPRESENTATIVE OTGs FOR COMPANY B

CONTROLS CASES
cont ) cuM
0TG v % N X OR % % N
GENERAL SERVICE | 15 15 29 ) 0.4 3
TUBES 10 25 20 3. 0.2 - 1
CALENDER 8 33 16 - - - 8 -
MAINTENANCE 7 40 13 § 0.03 . 6 14 3
BATCH PREP. 6 46 11§ 4.13 14 28 7
FINAL INSPECT. 5 51 9 § 0.17 1. 6 34 3
CURE PREP. 4 55 7 - - - 34 -
FABRICATION 4 59 8 | 1.32 8 42 4
INSPECTION & 63 7 | 5.65 12 54 6
UNKNOWN Y 7 1 0.60 i 6 60 3
CURING 370 6 - - - 60 -
PLASTICS 3 73 6 - - - 60 -
PREP. OTHER 2 75 5 833 5.2 1z 72 6
RECLATM 2 77 5 | 0.os 0.8 2 74 1
SHIP. & REC. 3 80 6 - - - 74 -
CHEMICALS 1 81 3 - - - 74 -
MILLING 2 83 4 - - - 74 -
OTHER RUBBER 2 85 & | 2.26 3.0 6 80 3
TUBER 1 86 3§ 1.22 2.7 L 84 2
METAL HANDLING 1 87 2 - - - 84 -
SALARY - 87 - - - - 84 -
NO. 2nd MROT 13 100 25 - - l16 100 8
TOTALS 100 196 100 50
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TABLE 63

00DS RATI08 FOR ALL CASES COMPARED WITH ALL THEIR ATCHED CONTROLS. EXPOSURE = EVER-NEVER

‘C_)}_:_vl_.‘j_ C_OE_"{B_QL_& . CONFIDENCT INTERVAL
1. IATCH PRERARATION 271 8L 2 L4 L8 0% 1)
2, MILLING B % 4y W L8 052 0.5 L8
1, CALEDER 5 Wm0 08 052 LS
b TUBER o a0 L2 00 L9
5, FABRICATION ¥ 66 L9 w& 0.9 129 086 L0
o onS-MBRICATION B T 18 20 03 090 060 LA
e R R T
8, CURING 20 noow 20 075 1.0 081 LT
9, INSPCCTION o @ W W 0 an 0% L
10, MAINTENANCE 28 I 90 . IN 0,90 1.2 0.82 l.§7
11, GENERAL SZRVICE 42 60 163 225 0.18 0.9% 0,66 1.40
12, SHIP, & REC, BT R I I 19 06 L8
13, RECLALY W ow @ M 0.8 01 0k LA
16, CIEXICALS 4 % 2 73 0.8 076 030 L9
15, DLASTICS . | s % W LA 066 018 L0
16, fm, « OTHER U 8 67 26 1,42 1.46 0.9 2,28
17 po Iveery B0 8% w0l 104 0.60 LTS
18, METAL HANDLING R I T T R A O S
19, OTHER RUBBER B % A M 0 0.60 029 L2
R RN T TS U 1 R (¥ 088 035 L2
21, UNKNOW 5§ 65 M ol 005 0.5 L6

e probability.f_o.05 wk w probabjlity 0.0

8L
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TABLE 64

ODUS RATIOS FOR COMPANY A CASES COMPARED WITIL ALL THEIR MATCHED CONTROLS. EXPOSURY EVER-NEVER

CASES CONTROLS | CONFIDENCS INTERVAL

L onvcn PEMMIIN L 4 28 160 148 L9 092 3.9
2. VILLING R 086 035 Al
3, CALLDER oo 3 w0 0.9 L0 28
4 TUBER R L R 141 0.9 3.3
S, TAZRICATION 5y @ 15 LD L 0 28
o i FARRICATION 12 40 3% 1L 08 136 073 156
7. CURE PREPARATION 8 kb B9 LA 1.9 0.9 h.25
8, CURINC AT S VRS U B X1 N 13 07 LA
g, INSPLCTION 7 LR 166 0,50 69 O3 LN
10, MAINTENANCE 13 39 43 156 0.80 1.3 0.68 2.1
11, GENERAL SERVICE .25 2 16 120 11 1,47 0.56 2,48
12, P, b REC. TR TV I X ) 036 04 D3
13, RECLAIM AR N SS [ B 050 021 L3
14, CHEMIGALS Lo 1 w0 LY 241 084 - 6.9
15, PLASTICS . (.- oW - - - -

16, IRED, = OTHER 5 ] 10. 8 Lk 1,74 0.1 39
17, FINAL INSPECTICN S 4 12 185 0.80 1.58 0,61 4,11
18, METAL NANDLING 2 23 85 DV X 1.48 0.87 2,52
16, QiR SUBBER A SR SRS U B B VIR BV AL
0 sy s s b B 0% 04 005 L
g TKIOR s 3 16 055 Ly e L

# o probubllity Q05w probabliity _<_0;01

612
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AY

0DUS RATLOS FOR COMMANY A CASES CONPARED WLTY THEIR AXS-MATCIED CONTROLS, EXPOSURE = EVEL-XEVER

016
BATCH PREPARATION
VILLING
CALENDER
TUBER
FABRICATION
Tues ~FABRICATTON
CCRE PREPARATION
CURLNG
INSPECTION
MAINTENANCE

. GENERAL SERVICE

SHIP, & REC,
RECLATY
CHEMICALS
PLASTICS

PRED, = OTHER .
FINAL THSPECTION
YETAL HANDLING

-~ OTUER RUBBER

SALARY
ITRXNOWN

> - P O

1l 4]
Y
nooon
nooa
5
oW
g b
W
Y
LR
50
m

8

6@

t s
Y
54l
Y
18
a0
Y

TABLE 65

o

138
1w
20 81
%o.o8
0
n 80
10
%1
19 8
2 . 15
¥ 8
o8
B8
398
010
5. %
6%
7 6
YR
9 9
15 8

oL RS
1.64
0,49
0.5
1,00
0.59
0.35
1,06
0.39 .
0.75
0,00
(L.
0.33
1,66
1.44
0.88
0.6
1.82
020
112
0.40

®
2.50
1.3
131
148
1.2
1,16
L7
1,17
0,69
1.00
1,54
0.85
042
3,50

1.67

1.50°

1,86
0,73
0,38
1.30

CONFINENGE INTERVAL

L 6
05 38
066 .60
018 L83
0.65 250
05 0.3
WY
06l 2n
030 LSS
085 280
0,37 L0
0l 099
086 1660
NIRRT
052 43
106 326
00 LW
009 L9
05 LS

# = probability <0.05

i o prodability <0.01

oee
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TABLE 66

0DUS RATLOS FOR COMPANY & CASES COMPARED WITH THELR ARSD-MATCIED CONTROLS.

UXPOSURE = FVFR-NIVER

CASES CONTAOLA CONFIDENCE INTERVAL
v parcY MEMRMMIIN 1t 41§ 8 Lo 15 006 A
2, MILLING R A R X 1 0.5 0.0 LSk
3, CALENDER I IRt A I 150 080 2.8
b, TUBIR n 4 0 % L8 28 L0 5
5, FABRICATION 5oy 18’ LAl LB 00 A
5, mmss-FABRICATION 12 40 15 8L L8 190 0.8 388
7. CURE PREPARATION 8§ W8 8 L6 225 040 5.60
B, CURING W% 17 L. L6 083 30
9, INSPECTION 7 45 4 8 0.8 036 042 2,18
10, MAINTENANCE 13 19 17 . 19 1.18 1,67 0.82 3.40
11, CENERAL SERVICE % o ® % L0 L4 080 2.5
12, SIP, & REC. o 46 10 8 0 R IR S B
13, RECLATY 4 W1 85 0.6 06 021 L8
14, CHEMICALS PR R B X 148 061 5
15, PLASTICS 0 5l 0 %
1§, PRSP, - OTHER 3 k! 3 )\ 1,34 2,25 0.8) §,11
17, FINAL INSPECTION - i W b 90 0.78 170 0,35 5,22
15, METAL HANDLING 2 25 48 48 0.48 LY, 05 2.1
19, (IR RUSBER l 51 1 93 0.50 2.00 0,20 19,36
0 Sy , w1, B on 051 00 210
21, UNKNOM SR TR B | B BV 02 043 200

k « probadility ¢0.05

#k w probability <0.0

LeZ
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TABLE 67

0DDS RATIOS TOR COMPAMY 1 CASES COMPARED WLTLI ALL TUEIR KATCHED CONTROLS, EXPOSURE = EVER-MEVER,

: CASES CONTROLS | CONFIDENCE INTEAVAL
V. pATCH PREDARATION 16 % 51 1@ 0.8 L
2, MILLDYG 1 a0 Uy L% 019 0.0 077
3, CALENDER I T A R 0 024 0.8l
b, TUBER 6 4 3 - 1l 0.8 06 000 L
5, FABRICATION . I LI R L1366 :
6, TUBES ~FABRICATION 13 kY] b7 129 .14 0,67 0.3 119
) cmo mEARATIN 9 AL 3165 08 L1606 L
8, CURING 16 34 59 137 0,26 . ~ 1,09 0.64 184
9, IySPECTION 15 %5 19 0.09 Lok 056 .0
10, YAINTENAYCE 1535 50 L6 0.6 L0 0.6 249
11, GENERAL SERVICE 1§ o090 0 L4 0.60 0.5 1,00
12 SHI?, § REC. 100 W % i 04l L7 06 2
13, RECLAIM 6 419 1T k6 126 056 L84
14, CHEMICALS 0 50 2 171 .84 0.00 - _—
15, PLASTICS 5 45 3 160 L4 06 008 L0
6, M. - OTHER 9 R w1 L LY 0.8 L% |
7w escioy 00 W0 M1 04 0.85 04 LGS |
18, VETAL HANDLING . 1 49 0 16 151 0.2 0,07 1,12
g ommmy 0 ] @ 4w Ll 0.5 0.5 LU
0 LRy 2 2, 18 L0 Wio 087 1829
a1, TNRAORY S5 sl 0 09 0 LS

# » propability <0.03

t = probability <0.01

z2ze
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TABLE 68

0DDS RATIOS FOR COMPANY D CASES CONPARED WITH THEIR ARS-MATCRED CONTROLS EXPOSURE = EVIR-NEVIR

CASES CONROLS CONPIDERC TNIERMAL
i, DATCH PREPARATION 16 % 2 75 LI L6 085 3.
2, VILLING o469 Lw 033 006 L3l
3, CALENDER VI T R . I . 042 020 0.8
4, TUBER 6 Wooon 9 L8 0,59 026 L
5. FAIRICATION NNy W s 0l 089 050 Ll
6, TUSES-FABRICATION 13 ) 39 % LN 05 oW 0%
7. CURE PREPARATION g ARSI B 0.0 L3 030 LD
8, CURING 6 % 9 6 0.0 L8 057 AN
9, INSPECTION 53 0 6 04 096 045 L9
10, MATSTENANCE 5 3% n 16 0% LA 0 2.8
10, GEXERAL SERVICE 18 kY] 50 48 Ln 0,56 0.32 0,98
12, SHIP. & REC, W w0 097 050 L0
13, BECLAIY 6 hl 8 9 078 1.5 0,61 4.0
1, CHEMICALS R S Y N T —
1§, PLASTICS 54 179 L6 047 0.0 L0
16, TREP, w OTEIR 9 31 3 68 0.0 13 003 2.6
0L TNTETIN 10 40 B T3 08 0.0 03 L&
18, ETAL HANDLING AT S TR B N 0.0 005 L0
19, OTUER RUBBIR T I R R | 0k 020 0
20, SALARY | 2 8 0 99 2,00
21, URKYOM 545 1 85 0.0 L0 e e

¥ = probability (0,05 ¥ = prodabllily <0,00

€22
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TABLE 69

U505 KATLOS UK COMPANY B CASES COMPARED WLTH TUBIR ARSUMATCHED CONTRULS, EXIUSURE = LVER-NEVER

CASES CONTROLS CONFIDENCE INTRAVAL

L nued ROMRATOY 16 M %0 e 00 LG 05 L%
2, MILLING 18 B 8B L 0L 00 0
1, CALEMDIR % B 80 L% 046 024 0.8
G 6 W16 0 B2 0.6 0L 030 LE
5, EABRICATION N oW B 5 098 146 08 LN
6. TUIES-FABRICATION 1 3 28 0 0.3 08 045 LY
7. CURE PREPARATION g 4 16 82 0.8 LI 0.6 268
3, CURING 6 M % 68 0.8 106 0.60 L83
6, TNSPRCTION 5% om0 L6 05T M

MAISTENANCE 5 3% 8. 100l L 0% 236
1, CEERAL SERVICE RV R R O P 01 0y L3
12, SHIP. § REC. 040 W 8% 0.9 LS 0L 33
1), TeCLATY f W 8 0.0 LS 04 8
1h, CHEMICMS o 0 8 % LM BT
15, PLASTICS | 5 45 1 81 L4l 038 002 L8
16, PRIP, « OTHIR 9 3% 89 L.06 Li 08 9
17, FISAL INSPECTION 00 4 11 0 LB 05 LR
18, YETL HADLING A R 036" 00 LY
19, OMER RUBDER: T8 LUt 0.6 02 08 LIS
20, SNARY Ty W 2 % ol 200 040 10.09
210 UNKNONY 5 45 W 8 om 066 025 1.6

b o probability <005 4w probability 0.0

vee
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TABLE 70

0005 RATIOS FOR CQMPANY A SCBJECYS COMPARED WITH THEIR MATCRED CONTROLS

EXPOSUKE > YEARS VS, NONE

CONTRELS

CASES CONFTRENCE TATIRYAL

1, BATCH PREPARATi'ON 1 41 17 182 1,15 2.0 0.74 5.40
2, MILLING 4 43 1 160 0.92 0.3 0.1 1.63
3, CALINDER § 39 n 143 0,53 1,26 0.61 2.62
4, T S R L B [/ S W) LB 0% 36
5. TASRICATION 11 3 n 145 L7 2,08 L.04 6,15
6, TUSES <FABRICATION 8 40 17 150 L0 1.67 0.76 3,03
7. CUAE PREPARATION b 44 12 167 0,97 1.78 0.67 L1
g, CURING 8 38 18 135 0.88 1,46 0,12 295
9, INSPECTION . 3 45 n 12 079 0.61 0.2 L0
10, MAINTENANCE A Lo 051 Al
11, CLNERAL SERVICE - 12 2 5 86 0.52 079 038 Lo
12, SHIP, & REC, A SR« SRS (R 3 10 04 A8
13, SECLALY T4 16 16 0 060 0 LS
14, CUEMICALS 2 48 b w2 0,29 1,30 0.0 5.0
15, PLASTICS 0 3 0 197 e - - -
16, PREP. - OTHER 2 1) 2 173 1.% 11 0,69 3,95
17, FINAL INS’PECTION 0 41 5 169 1,15 0.00 uae -

METAL HANDLING 16 2 4] 92 1.2 1,59 0.87 2.9
19, OTHEX RUBBER - (R S AP ) S, ) N T
20, SMARY T R R R I} 076 049 3,05
21, UNKNOWN 4 43 Y 152 0,33 0.82 0,32 2.1

ko probablity <0.05 ¥« probeddlicy .01

R TAA
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TABLE 71

0DDS RATIOS FOR COMPANY A SURJECTS COMPARED WITH THEIR MATCHED CONIROLS

EXPOSURE >5 YEARS VS, NONE

076 BEOMmP Be pee On UANE O LT
| ogcimemmeiy 7 W 182 LY 200 05 54
2, WILLING 24515 15 L 0,29 0.06 L.
3, CALENDER B 0» 1 W L0 1.58 02k 33
b TUIER | g 17 L6 2,26 099 5,15
5, TASRICATION Wy U M L 2,77 109 473
5, TusES ~FABRICATION 3 40 8 ul L2 2.16 0.80 5.8
7. CURE PREPARATION 1 b 30155 00 1,02 016 6.4
8. CURING 7% n 1 L4 1.9 0,89 4.2
g, INSPECTION . (Y g 12 09 113 005 3.3
10, YATTENANCE 100 1 Lok .53 0,00 Lk
1L, CHCRALSEWICE 0 3% 8 ol 0.9 039 2.2
12, SHIP, & REC, b 46 100 16 0.0 1,03 035 L0
13, RECLAIM R (R e % 0.47 DA 160
1, CHEMICALS 1 48 6 U8 0.5 0,50 0,06 4.3
15, PLASTICS o . 0 1 e - . e
16, PREP, - OTER )k 15 Ln .2 LS B3 '
U, ML RECTIN 0 4] W9 00 0.00 I —
1, METAL BAYDLING - g 5 8 0N 0n 0.9 0.45 2,06
19, OWMER RUBBER 0 3 0 101 - -— wa na-
20, SALARY ' 150 5018 020 0.80 0,13 4t
0, UM o8 8 W0l L 03

4 = probabllity <0.05  # e probability <0.01

9zZ
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TABLE 72

0DDS RATIOS FOR COMPANY A SUBJECTS CONPARED WITH THEIR MATCUIED CONTROLS

EXPOSURE »10 YEARS V3. NONE

s CONTROLS |  CONFINENCE INTERUAL
L SACH RERAMTION. 4 @10 18 08 L6l 050 5.
2, MILLING B AR A B 00 - e
3, CALENDER 53 15 1% O L8 04 2,00
b, TUBER ! 6 6 08 L0 085 5
5, FAIRICATION 7w 13 W L LA 085 &M
6 TULSFARRICATION 5 40 515 L0 NI KR
7. CURD PREPARATION 1 b 115 0.9 15 036 3836
3, CURING 5% g 15 0,86 160 065 L9
9, INSPECTION | 24 g U8 0. 08l 02 297
10, MAINTENANCE I I R S N A R A 8!
11, GESTRAL SERVICE SR/ A R E T B U 006 0.3 A7
12, SKIP, & REC, 1k 6 1l 0.1 112 030 420
13, RECLAIM 2 48 9 161 0.45 0.70 0.19 261
14, CHEMIGALS 1 M 518 0.8 05 006 519
15, PLASTICS 0 R oW -
16, DRED. = OTHER - 0 46 0 L8 e
g, om0 @ @ 1@l o
19, ETAL HANDLING R VRS L B 41} 07 026 A0
19, QIR KEBLR R R () R
20, SALARY ' 0 50 R/ )1 0,00
2'1. NSO | A 3 L4 0.08 .00 0.8 6.5

# = probability <0,05 ik w probayility <0.0L

£2e
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TABLE 73

0DDS RATI08 FOR COMPANY B CASES COMPARED WITH THEIR MATCHED CONTROLS

EXPOSURE >2 YEARS VS, NONE

CASES CONTROLS CONFIDINCS TIERAL
L, nATcH MREDARATION - L 3% 8 1L 0.89 L4 073 20l
2, MILLING ST S (S VLR .1 03 005 LD
3 uEDR S % W 16 8+ 026 000 0.6
4, TUBER W W W 0% 0 0A3 L
5, FABRICATION I N R A Y, .66 0.8 338
6, TubsS-FABRICATION 7 3 35 L6 .08 08 03 Lo
7, CIRE PREPARATION 14 1 W 0.2 08 0B 256
8, CURING 8§ MW B W 0.8 679 0% L
g, INSPECTION 0 35 0 16 LD L5 0 5
10, NAINTENANCE 0 35 B w0 0.2 090 040 202
0 GREML SIVIE 0 1 % 8 8 LB 056 026 L0
12, SHIP, & RIC, 54 13 Wk 004 L 058 b3
13, RECLAIY S 5159 0 08 009 232
16, CHEMICALS 0 50 5 183 LIS 0.00 - e
15, PLASTLCS s o4 W 6 04 o7 0l L4
16, BRD, - OTHRR O S R T L1 086 3%
U, ML IWPETIN 5 M 15 19 0 L2 045 28
18, METAL HANDLING 1 W T8 0.83 (VR S AR X )
19, OTUER RUBBER" b8 e 0.0 0.0 0.4 LA
T S T T A 2 200 00 L4
70, YRR 14 00 158 Lo 036 0.7 LES

# » probability <005 W prodabillty <0.0L

8ee
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CASES covTRoLs CONTTDRNCE INTERVAL
L wATCH PRERARATION 100 % 2 1 LI 166 082 333
2, MILLING 1w § 115 0.4 0,60 O 149
3. CALENDER 108 on W Al 0l 005 0.8
4 TUDER \ 7k sw 0. 132 0% 5.3
ool 00 M0 om0 00 L L 09 Ll
5. TUSES -FABRICATION  ° £ 23 108 1.8 039 0.6 0.9
7, CURE PREPARATION 7 W S 19 0.3 1% 033 5.6l
8, CURING 6 % W 0 0.8 0.3 L8
9. INSPECTION | Sy s oo w0 L 0. A
10, MAINTENANCE U A B U 0 042 206
0 opEmL SWIGE o 1L R - ¥ 86 O 0l 0 L
19, 12, & REC, o401 12 056 LA 048 b
13, RECLAIN R D L B a0 189
14, CRRMICALS 0 s 1 183 0% 000 e e
15, BLASTICS ) 45 1 12 088 ol 008 208
14, DPREP, =~ OTHER § k) 13 104 1.6l 233 0.9 5,92
g omewemenoy 4 W 1 18 L LS 0.6 5.0
18, MOTAL HANDLING 1 4 5 8 0.3 08 015 LG
19, OTUER RUSDER 14 515 046 058 008 40T
90, SALARY ' 148 0 100 2,00 e - wen
R 0 4 4 1 oLl 000 e e

THLE T4

0DDS RATIOS FOR COMPANY B SUBJECTS CCMPARED WITH THETR MATCHED CONTROLS

EXPOSURE 25 YEARS VS, NONE

s probabilify 0,05 e probabilicy <001

622
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§ -

1,

34
B4
1,
8
9
10,
139
12,
13,
14,
L5,
16,
17,

19,
20,

i,

TABLE 75

0DDS RATIOS FOR COMPANY B CASES COMPARED WITU THEIR MATCHED CONTROLS
EXPOSURE >10 YEARS VS, NONE '

CONTROLS

076
BATCH PREPARATION
MILLING
CALENDER
TUBER
TABRICATION

TUBES-FABRICATTON
CURE, PREPARATION
CURING
INSPECTION |
HATNTENANCE
GENSRAL SSRVICE
SHIP, & REC,
RECLATM
CHENICALS
PLASTICS

PREP, ~ OTHER
FINAL TNSPECTION
METAL HANDLING
OTHER RUBBER
SALARY |
UKW

CASES

EP

ODO#—‘WU‘QO!—‘:‘,\I\D.&-NH|—-n.pp-‘Aq.n|_-c\-

TR
34
9
36
bh
29
3

41

%
%
3
3
40
m
50
T
1
40
W

Y

1y
45

EXP

16
4
19
0
15
14
2
140
8
33
2

§
/!
l
2
§
3
]
1
0

l

118
175
9
144
9)
100
136
95
115
130
83
139
159
183
148
9
13
192
133
186
155

So—————

0.48
.11
1,95
L3
1.6l
194
0.1
1.70
0.46
0.12
0.34
0.49
0.49
0.58
0,86
121
13l
0.12
0.50

(oL DUALXT

0,50

®”
130
0.89
0.2

———

2,16
0.1
1.6

0.3

1.3}
1,06
0.84

14

178
0.00

0.00 -

2.2
.41
0.89
0,00

wan

0.00

CONFIDENCE INTERVAL

TR
035 5.
n06 00
098 LN
0O 06
0 10,05
01 08
IR
08 L1
0% L
0 S

06 13

L LT

0,75 6,50

0,90 1L99
0.19 WA

- -y

# o probability <005 * = probability (0.0

t

oee
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o

70,
2L,

TABLE 76

00DS RATIOS TOR ALL CONFIRMD CASES, COMPARED WITH THEIR MATCHED CONTROLS. EXPOSUKL = RVER-NIVER,

. 016

BATCY PREPARATION

NILLING
CALENDER
TUBER
FABRICATION

TUEES-FABRICATION

CURE PREPARATION
CURING
INSPECTION -
}MI&TENANCE
GENIRAL SERVICE
SHIP. & RIC,
RECLAIM
CHEMICALS

DLASTICS

PRE?, - QTHIR

FINAL INSPECTION

VETAL HANOLING
OTHER RUSBER
SATARY '
UNRNOWY

CASES

1Y
5
16

»>

12

il

e~

41

54
i
69
3%
1l
69
3
11
I3
55
115
3
28
11
13
b4
3

0

3
11
3

CONTROLS

i ———

34)

195
218
10
215
1
180
218
178
176
194
134
214
m
238
231
203
214
148
Ay

o

114

CHI PJALE OB

0,89
L1
0.50
0.46
0.83
0,72
0.41
0.86
1,10
1,08
0.58
0.64
0.81
0.07
L
0.16

0,35

1.50
1,50
0.68
0.02

Ll
0.53
0.65
11
Ll
0.78
118
0.76
0.5
L
0.8
1,29
0.67
105
0.3
1,06
.86
112
0.44
150
L0l

CONFIDENCE INTERVAL

0.73
0,20
0.49
0.64
0.77
0.4
0.61
0.4k
0.3
0.82
0,51
0.61
0.29
0.3
0.09
0.60
0.6
0.3
0.8
0,56
0,46

LEZ

# o provability <0.03

# s prodability <0.01
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TABLE 77

0DDS RATION FCR ALL UNCONFIRMED CASES, COMPAREL WITH THEIR MATCUED CONTROL3. EXPOSURY = EVER-REVER

CASES CONTHOLS CONFIDENCE TATIRVAL
1, DATCH MREPARATION 100 2% 2 17 L1 159 045 L9
2, HILLLVG 3035w 1% 09 0.50 006 LIS
3, CALLVORR 830 45 19 095 060 03 L
L, TUIER 7B 1 0.0 LG 049 2L
5, FASRICATION W% 0.5 1% 0.6 LS
b, TUNS-FABRICATION 10 28 3% 120 0.8 L7 068 W
) emEmmMMIy 6 %0 1B 16 L4 188 097 . 3.8
5, CLANG BB ow W s L0 L% L
9, INSPECTION 0 8 % 1 LN Le 01 4
10, VAINIENANCE oo % 16 0 103048 L5
1, GENERAL SERVICE 5 2 % 1 04 L1 0.6 AN
12, SHIP. & BEC, s on o on Ll 0R 08 03 LSS
13, RECLATY 5B 0 1 0.0 005 041 22
b, CHEMICALS l 3 9 145 0.83 0,44 0,09 - 2l
15, PLASIICS . 3% 1B L6 0w 05 016 L3
16, DRED, = OTHER 12 % 1 129 2,05 249 L0 5D
17, TINAL INSPECTION 7 3 ) 133 0.66 140 080 LY
18, NETAL HAMLING /B RPN VR ¥ SG 1O RN 8 (N VS O
19, OTHER RUEDER %15 190l 08 030 3.
6 s R S BT/ R I 00 e e
6

cEee

oL, NKNOWN 32 b 18 - 0.4 . 0,88 0.38 - 2,06

% » probability 0,05 = probabllity <0.0L
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-

£

£~ L

10,
11

e

BATCH TREPARATION
MILLING

CALENDER

TY2:R
FABRICATION

TUSLS ~FABRICATION
CLRE PRECARATION
(RIS

INSPECTION
YAINTENANCE
CEVERAL STAVICE
SHID, & REC,
RECLATH
CHEMICALS
PLASTICS

PREP, = OTHER
FIVAL INSPECTION
VETAL HANDLING
OTUER RUIBER

. SALARY

UNKNJNY

TABLE 78

ODDS RATIOS FOR ALL CASES WHO ENTERED THE INDUSTRY AT AGE <24,
COMPARED WITIl THEIR MATCHED COXTROLS. EXPOSURE = LVRR-NEVER

CASES

e

17
3

13

—_— D > O O

2
k)]
25
31
16
30
28
22
26
20
23
3
39
k)
40
2
3
3
K}
36
3

40 115
2 133
46 109
2 7
60 95
i 113
18 137
4 108
b 11l
38 W
ih) 85
2 128
16 13
g 146
% ul
30 125
2 132
38 107
19 136
g 146
29 130

CNI P-VAE QR

0.58
1.10
0.71
0.65
2,41
0.%
2,90
162
0.82
137
0.31
0.02
0,44
0,38
2,11
1,90
0.03
0.67
0,90
0,16
21

1.28
0.49
1,2%
L2
.47
0.89
2,93
1.80
1,48
Ln
0.90
0.99
125
1.3
0.00

2I16 .

0.9

070

0,51
0.8
1.H

CONFINENCT INTERVAL

o e
0.6 08
VAL
072 2
068 2.4
L34
04 185
159540
L6 3.06
0.68 3.5
030 3.
051 L6
LA 2
0.5 L&
040 630
LU &2
040 2.4
030 L

Sl LS
00 340
4,51 2.0

% w probabilicy <003 k= probability <0.01

£EZ
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TABLE 79

ODDS RATIOS FOR ALL CASES Wi ENTERED THE INDUSTle AT ACE »24
COMPARED WITH THEIR MATCNED CONTROLS, EXPOSURE = BVER-NEVER

CASES CONTROLS , CONFIDENCE TNTENVAL
1, BATCY PREPARATI_ON 15 07 41 197 1,40 1.67 0,92 23,03
1, MILLINC ) 5 2 2] 0.99 0,54 0.20 1.49
3. CALEDER 10 52 (3] m L8 0.5 0.28 0,92
4, TURER 8 54 i 200 0,09 0,9 0.48 142
§, TABRICATION 12 50 59 VA 0.89 0N 0.39 }.33
¢ UMS-FARICATION 1 @ 6w o 09 05 L9
7, C{RE PREPARA’EIOﬁ 3 37 k) 207 1.02 0,58 0.25 i.39
S, CUING nooos% s w08 0y ok L
g, mspécnoy 8 54 46 192 112, 0,63 0.32 LA
10, YAINTEMANCE % 48 % 18 0,00 Lo -
11, CENERAL SERVICE 2 36 98 W 0.0 1.0 0.62 i.65
19, P, § REC, s @ u w0 ERCEERE K B R
13, RECLAD sy omoom LIS 05 0% LM
16, CHEMICALS 1 61 11 21 L.06 0.36 0,08 1,76
15, PLASTICS . 5 51 2 A6 025 0,83 0,30 2,44
16, PREP, = OTHER 11 3l 39 199 0.2 1,10 -~ 0,60 2,01
17, FINAL INSPECTION 9 53 kY| 05 0.6 1.0 .53 2,18
15 ML SAOLING 0 @ 0w L 150 08 Al
19, CTNER RUBER 505w oni 0.0 06 07 LY
0 SN 7 9 om0l 089 025 3.
2, GO 8 oo w0 0.8 037 L .
S

% » probabtlity <0,03 k= probability <0.0
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0DDS RATIOS TOR COMPANY A SUBJECTS WHO ENTERED THE INOUSTRY AT AGE <24,

TABLE 8(

CONPAXED WITH THEIR MATCHED CONTROLS, EXPOSURE = EVER-NEVER

CASES CONTROLS CONFIDERCE 1NTERVAL

|, pATCH TREMARATION 4 1411 59 061 L8 0.5 6.0
2, MILLING 71 100 6 0 005 06 34
3, CALENDER T I VAN L6 1.8 1.0
4, TUER. ¢ 1 10 0 60 L8 24 LU 59
5, FAIRICATION A I Y Lol 0.8 436
o msomEROATN b W W % 006 L 0.3 @2
) cmpBCARATIY 6 M 6 8 L7 300 L0883
8, CURLNG § 1w un. 23 L 56
9, NSVECTION v W % 00 08 007 LS
10, MATNTENANCE b 0. 50 0.4 L 049 334
. GEGMLSEWIE 10§ 2 M L4 200 088 630
1, S, & REC, R L0 5
13, KECLATY L 050 0l
14, CHINICALS . 71 ) 8 L 25 LA 205
15, DLASTICS o v 0 N -
16, PREP, - OTHER 2 16 0. 10 1.19 13 075 6,06 /
V. P TMPRTIN 2 16 4 6 O 039 1204
18, YETAL RANDLING § 8 33 3 0.2 0.89 0,36 2,18
9, OTIER RUBBER L R T B A 036 .56
0, SALARY Loy 9 6 08 0% 006 .46
21" UNKNONY P A T N )N Lo 0.0 b

ke probabilyity .05 e probudility <001

SEl
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20,
Y

TABLE 81

O0DS RATIOS FOR COMPANY A SUBJECTS WO DNTERED THE INDUSTRY AT ACE »14,

COMPARED WITH THEIR MATCHED CONTROLS.

016

. BATCH PREPARATION

NILLING

CALENDER

VLR
FALRICATION
TUBSS ~FARRICATION
CURE PREPARATION
CURING
INSPICTION
MATYTEAANCE
GENSRAL SERVICE
SIP, § REC,
RECLATY
CHENICALS
PLASTICS

PRER, - OTHER
FIYAL INSPECTION
METAL RANDLING

 OTHER RUDER-

SALARY
UNKNORN

7
5
;
5
§
8
]
6
5
1

CASES

s

15

[T

L2

19
0
1
6

UNEXP

28
2
21
19
)1
31
kX

o

3l
3
15
k1

3
28

‘

£

1
18
26
14
19
3
12
2
19

2.

50
15
U
4
0
7.
§
52
/

7.,

23

(hEXD
110
109
101
113
108

104

FXPOSURE = EVER-NEVER

I PVAUE (R

1.2 1.96
0.10 0.93
0.73 0.69

0.4 131
0.3 1.20
0.80 146

0.1 1.42
0,40 - 0.61
0.08 1.0
0.63 1.0
0.4) 1,20
0,44 0,75
1,10 0.50
0.00 1,00
0.61 LS
0.4 137
11 2.01
0.1l 0.00
0.5 0.57
0.06

1,04

CONFIDENCE INTERVAL

Lo
0.79
0.3
0,29
0.3
0.47
0.68
0.46
0.3
0.43
0.5
0.59

02

0,18

0,49

0.43

1.03

0.10
0.37

483
2.82
1,69
3,41
3.0
313
4,39
1.94
2,43
2.66
2,43

4,84
4,36
3.93

3,25
2.9

* = probabilicy <005 -probalbility‘ @00

gge
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TABLE 82

© 0DDS RATIOS FOR COMPANY B SULJECTS WHO ENTERED TED INDUSTRY AT AGE <24,

COMPARED WITILTHEIR MATCIED CONTROLS, EXPOSURE = LVER-NEVER

CONFIDENCE TATERVAL,

I, BATCH ERMEMARATION &8 M 29 %6 0.0 110 048
2. MILLING ) SRS VRS N oo 00 L
1, CRLENMR 715 ¥ 4 Ll 056 00 LY
k0B 1019 B8 6 0T 059 0l LS
5. FATMICATTON 15 T B R N BN A
6. TUSES -FABRICATION 0 16 28 3 0.44 0.7 0,2 2.16
7. CLAL ZREPARATION 3 4 L o7l 20 1% 6.0
8, CLRING wooonoon s 0.8 14907 30
9, INSPECTION oW N % LS 06l L0 64
10, YAINTENANCE 8 u 1. 0 L8 200 0% 5.6
11, CENERAL SERVICE T W & L0 038 08 G
1SR GREC P TS TR B R 0L 0N L
13, HECLALY - 58 8 Mm L 2,00 0% S8l
14, CHEMICALS 0 on 6 1% LD 0,00  we- -
15, PLASTICS | o 0®»m W 000 e e
16, TREP, » OTHER. noon w8 L% 2 09 A
17, FIiAL INSPECTION b 18 19 66 0k 015 0% LU
18, ML RAOLING 0 2 5 8 1.8 0,00
| 19, OTUER RUBBEIO; 2 20 BT 67|. 132 0.28 0.00 Ly
20, SA4RY oo 0 B 2,00
21, LAKAON TRNRENU RS VIS | B 1 002 01 L

k e probability <0.03

o w probability <001

LEe
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L

TABLE 83

0DDS RAT108 VOR COMPANY B SUBJNCTS W0 ENTERED THE INDUSTRY AT ACE >24,

COMPARED WITIl THETR MATCHLD CONTROLS. EXPOSURE = EVER-NEVER

016 Y UEXP
BATCH PREPARATION 8 20
NILLING 0
 CALRYDER Y
TIER 3 25
FAIRICKTION 6D
mipes ~-FABRICATION 7 2
CURE PRPARALION l 2
CIRTHG 6N
TYSPICTION 5 25
MATVEENANCE 7o
COVDRAL STRVIGE - M D
SAtE, & REC, Y
RECLALY 1%
CEMICALS o %
PLASTICS 5B
BRER, - OTHER 520
L SRCIOS 6 2
NETAL BANDLING 1w
OTHER RUBIIR 500
SALARY | 1
~ ERNONY 7%

26

LORTLOLS
% §7
9 102
¥ N
17 g

W
180
19 92
9 B
2 £
.
8 3
6 9%
10
70
28
w0
il 90
9 10
B

o
13 08

L R
0.79
1.59
1,95
0.61
1.42
110
1.85

0,55

166
0.62
0,44
0.92
0.46

1.3

0.2
0,03
0.4
1.01
0.62

0,58

0.67

0
L4
0.00
0.3
0,69
0.48
0,64

0.1
0.77
0.32
0,78
0.83
1,61
0.68
0.00
0.85
0.9%
¢.93
0.41
0.7
2.00
0,38

CONPIREHGE INTERVAL

0.66
0.15
0,25
0,20
0.52
0.03
0.3
0.10
0.29
0,41
0.67
517
0.30
0,48
0,38
0,10
0,29
0,25
0,15

328

§ = probability <005  #% = probubdlity <0.01

BEZ
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ODDS RATIOS FOR COMPANY A SUBJECTS WHO DIED AT AGE <63,
COMPARED WITH THEIR MATCHED CONTROLS, EXPOSURE = EVER-NEVIR

TABLE 84

CASES CONTROLS CONFIDENCE INTEACAL

016 B DNE me UNEKP CML VAR QR o Al
1, BATCH PREBAMATIN 3 9 7 ¥ L0 2,05 Q6L 3L
2, MILLING ) 10 8 W 0.0 1,00 aee e
3, CALENDER b 6 1l 3B LA 3,24 LI G4
4, TUER 3 9 10 % 0.2 L 041 3.
5, TABRICATION 5 718 8 0.0 Loy 036 3%
6, TUMS-FABRICATION ¢ . & 12 3 0.0 LS 040 40
7. CLRT PREPARATION 3 9 6 40 110 200 07 5.6
B, CURING 6 5100 % 0 329 LW &1
9, INSPECTION | 1w % 108 0.4 0.0 AN
10, MAINTENANCE 5 /R C T B (N L6 057 b
11, GENERAL SRVICE 9 SR VA R .| 5.6 86 1.8
1, SEI, 6 REC, 3 9 5 4 LW 235 08 4N
13, RECLAIM 1n 7 ¥ 0.6 T K KR
16, CHEMICALS 3 9 3 i L¥ 525 L%
15, DLASTICS 0 1 0 46 wes — " m—-
16, PRUP, « OTHER 2 10 1 B 0,80 .66 057
R D LN - e e ,
18, METAL HANDLING ! 5085 o0 0 L1 0L AR
19, OP4ER RUBEER 1m0 kLm T
0, SRy 11 g 2. 0.86 0,38 006 L4
1, DO ;w5 k08 L35 040 6.0

b e probability <005 = probability <0.01

GeEZ
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TABLE 85

(DUS RATTOS FOR COMPANY A SUBJECTS WHO DIED AY ACE »63,
COMPARED WITH THETR MATCMED CONTROLS, EXPOSURE = EVER-NIVER

CONFIDENCE INTIRVAL

1, BATCH PREPARATION 8 Y R ¢ Y R I
7, MILLING 5035 00 1L 0B 0.60 0.8 2.3
1, CALENDER 3 % 15 00 100 048 212
G T0R T R T A B 2 Ll L)
5, TABRICATION 0 0 U LY 180 085 9
6, TUBES ~FABRICATION 8 n k% 1 0,58 1.3l 0L 279
7. C[RE PREPARATION s 0% 1wy L0 1,9 0.6 5.8
5, CURING g % % W 0.8 042 188
9, INSPECTION . 6 % B 18 0.8 L4 045 0
10, MAINTENANCE I R L ! L 05 2
11, CENERAL SERVICE - 16 % 6l % 0.2 05 030 LA
12, SHIP, & REC, 10N B 1 06 0.60 0.0 L2
13, RECLAIM 1y o 19 L8 08 07 L3
16, CHEMICALS {39 b W 000 100 e e
15, PLASTICS L -
16, PRED, = OTHER 3N 6 W5 0.8 L8 0% A
17, FDWAL INSPECTION O/ | S U I ) L0, 035 286
18, METAL HANDLING 0 20 60 9 LA 150 086 2.9
19, OTHER KUBBER o w3 - 1 0 S0 -
20, SAARY 1 ¥ 7 W 0,93 0,57 010 3D
21, UNENORN B 32 28 133 0,34 1.19 0,51 2,79

k = probabtlity <0.03 i o prodability <0.01

ove
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TABLE 86

ODDS RATI0S FOR COMPANY B CASES WHO DIED AT AGE <65,

COMPARED WLTH THEIR MATCHED CONTROLS. EXPOSURE = CVER-NEVER

CONFIDENCE THTERVAL

1, BAYCH DREPARATION ) 8 0 2 0.20 115035 380
2, MILLIYG 1 N ¢ % 000 L e
3, CALENDIR 11 16 26 o 0.00 - e
G TOMR 110 B 3% 078 0.4 000 L%
3, FARRICATION ! S R L 8 0,36 007 L
6. TUSES ~FARRICATION  ° 9 12 30 1,08 0,38 0.0 1,66
7. CIRE PREPARATION (! )i 0.8 0,00 - -
B, CURING 56 BN 08 RSN % B N
9. INSPRCTION . 2 g 6 3% 0.0 L4 020 1025
10, MAISTIVANCE 3 8 14 28 ,0'36 0.69 0.13 3.703
11, GENERAL SERVICE G708 o 0 L
12, SHTP, & REC, 19 6 % 0.3 L 0% 08
13, RECLAIM 2 '9 3 3 1.10 3.1 0,5 1,0
16, CIEYICALS 01 5 3 L8 N T —
15, PLASDICS ? 9 1w 0.8 048 001 220
16, PAIP,  OTHER R TR VA R LY 04 D |
17, T TASPECTION ! 7 I (R WY L4 0 040 50
METAL HANDLING 0 Ul ) B LI 0,00 e e
19, OUMER RUBBER : 9 14 N 0,00 1.00 -— L)
20, SRy )| 0 A -
2L, (RKXONY 1 W b % 0,00 1,00

# = probability ¢0,05 e prodabiliey <0.01

I T

BATO/JACKSON 025662



TABLE 87

0DDS RATIOS FOR COMPANY B CASES WHO DIED AT ACE >65,
COMPARED WITH THEIR MATCESD CONTROLS. EXPOSURE = RVIR-NEVER

CASES CONTROLS . CONFIDENCE TNTEAVAL

016 DR Neyp  BXP UNRRE CRI P-VALE R L hIcH
1, DATCH PREPARATION 13 . 26 X Ul 0.66 LA 067 2.5
2, MILLING I R A A R N I —
3, CALSDER non 6 9 Lk 05 030 L8
b, TULR . 50 % 1 121 01 0.60 030 Ll
5, PAIKICATION T I L L 0% e
6. TUMES -FABRICATION L 0¥ 8 ol 03 075 039 Ll
7. CURT PREPARATION g 3% ® 15 0 L 066 23
5, CURTHS O D I B 09 05 LI
9, INSPICTION . - L R U I X 055 047 L0
10, MAINTESANCE- 2y % U8 0.% 150 AT L0
11, CENDRAL SERVICE - L 1S Th 80 L4 0.5 031 1.09
12, SEIP, § BEC. 8w B 6 0. L3 0.5 L8
13, RECLAIM 3% 1 18 003 098 0,39 2.4
14, CHENICALS ¢ » 8 L6 LA 000 e e
15, PLASTICS 1% BlLn 042 003 L
16, PREP, - OTHIR oo @ m LG 148 . 080 A ,
0 Fmmemmy 6 B 2w 0 0 030 L
16, METAL HANOLING 1% 1 W 0.5 IV VU N
19; OTIER RUSBER s % % u LA 050 022 L2
20, SALARY ' P ! 152 150 W00 087 18,29
1, LN S O X o 0 LY

% w probability <0.05  #* s prodability <0.01

cra
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TABLE 88

0DDS RATIOS FOR COMPANY A SUBJECTS WITH POTENTIAL EXPOSURE TO
POLYCYCLIC HYDROCARBONS, COMPARED WITH THEIR MATCHED CONTROLS

CONTROLS CONFIDENCE INTERVAL
EXP DNEKR DR INEXP CRD P-VALUE QR LW HIGH
EXPOSURE = EVER-NEVER
1. High Exposure () )y} 33 34 143 | 0.87 1,34 0,77 2,35
2. High or Mod. Exp. -2 25 97 100 | 0.3 ‘ 1.10; 0.68 1.79
EXPOSURE »2 yrs, vs, N,
1, Hieh EIXPOSUI'Q ' 12 34 34 121 0,58 1.25 : 0,66 2,36
2, High ot Yod, Pxp. 0 | 23 | @ | 1 loa 18| 061 | L9l
~ EXPOSURE 5 yrs, vs. Ny
1, High Exposure 8 3b 23 109 | 0,03 0.981 0,46 2,09
2, High or Mod, Exp, 1 23 8 L 71 |0.14 105) 0.36 1.9
EXPOSURE 210 yrs, vs, K,
l;_ﬁiﬂh E'xposure b 33 14 107 0.60 137 0.8 3.9
2, Hiph or Mod, Txp, 11 73130 68 1 (.44 1,191 0,62 2,31

k = probability <0,03

# = probability <0.01
(a) See Appendix III and Table 9%

€2
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TABLE 89

0DDS RATIOS FOR COMPANY B SUBJECTS WITH POTENTIAL EXPOSURE T0
POLYCYCLIC HYDROCARBONS, COMPARED WITH THEIR MATCHED CONTROLS

CONTROLS

CASES CONFIDENCE INTERVAL
e T R G R VN A TV T

EXPOSURE = EVER-NEVER

1, High Exposure 2 | a8 | 9 | 104 | 0.0 0.88) 0.5 | 150

9. Hiphor Mod, Bxp. | 3L L 19 1 1 | 713 |00 096 0.5 | 176
- EXPOSURE >2 yrs. vs, N,

1. Righ Bxposure 17 27 57 88 | 0,14 0,951 0.5 1.J8

2, Bigh or Mod, EX'P- 23 18 81 631 0,18 1020 0.5 2,04
" EXPOSURE 25 yrs, vs. Ni

1, Floh Dxposure 150 7 | 38 | 85 |0.69 1320 068 | 2.5

), High or Yod, Bep, 2% | 18 | 6 | 6 0.6 130 068 | 249

EXPOSURE >10 yrs, vs, N,

1. High Bxposure NS LT R LA 5 Lol oos | 2.9

) BighorVod Bxp, | 18 | 18 | 40 | 53 10.36 LI 038 | 2.3

o prbebtlity .05 M = probability <001

vvc
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0DDS RATIOS BOK COMPANY A SUBJECTS WITH POTENTIAL EXPOSURE T0

TABLE 90

NITROSAMINES, COMPARED WITH THEIR MATCHED CONTROLS

CASES CONROLS (ONFIDENCE INTERVAL
0P GER  BP WER G MMME @ WF WO
EXPOSURE = EVER-NEVER
1, High Bxposre ] o | s | 1w | IR NEE:
3, High or Nod, Txp, EE R R 130] 08 | 2.0
EXPOSURE 2 yrs, va. M.
1. igh Bxposure 0] 2 | 3% | 1o |0y 0.2 0.39 | 217
7. Righ or Mod, Exp. 20 B 72 78 | 1.5 164} 096 | 2.719
| |
.
" EXPOSURE >3 yrs, vss Yo !
1, High Byposure 61 32 | 19| 102 |02 088 031 | 250
2, High ov Mod, Exp, a4 19 3 6L | 1.08 14| 0,81 | 2,74
EXPOSURE >10 yrs, vs, N,
1, High Brposure v | u | 9L dul o0 | LU
2. Hloh or Mod, Exp. | 1 | % | s |0 L1g| 059 | 242

# = probability <0.05  #+ = probability <0.01

(a) See Appendix III and Table 98

cve
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TABLE 91

ODDS RATIOS FOR COMPANY B CASES WITH POTENTIAL EXPOSURE T0
NITROSAMINES, COMPARED WITH THEIR MATCHED CONTROLS

CASES CONTROLS CONFIDENCE INTERVAL

[P Y

B BNEP DX DWKR CML RVALE R 100 EGE

EXPOSUAL = EVER-NEVER
1. Bigh Exposure ' 3l 19 98 98 | 1.51 1.63) 0.96 2,79

%, Hieh or Mod. Exp. . 36 14 131 63 0,70 1310 0,69 | 2.46

EXPOSURE 7 yrs. vs. N,

l. High Exposure 23 ].9 60 80 1.46 I 1-68 : 0.94 3¢02
7, Bieh or Mod, Rxp, 30 14 91 3 0.7 1,35 0.70 2.60

" EYPOSURE >5 yrs. vs. N

1, Righ Exposure 21 19 46 76 12,39 * 1741 0.9 3,12
2, High or Mod, Exp, 28 14 14 55 1 0.86 o | L40) 0.74 2,67

EXEOSURE 210 yrs, vs, N,
1, Righ Fxposure 0 S 5 13l 067 | 254

) WishorVod Bp. | 19| M6 | 48 | 45 1031 illel 0T L3

k= probability €005 = probability <001

ave

BATO/JACKSON 025687



TABLE 92

0DDS RATI0S FOR COMPANY A CASES WITH POTENTIAL EXPOSURE T0

CARBON BLACK, COMPARED WITH THEIR MATCHED CONTROLS

CONTROLS -

CASES COKFIDENCE INTERVAL
EXPOSIRE = EVER-NEVER | y
1, High Brposure™® o | @ | n | s |16 230 1ol | o5
oo e | 19 | Ly L49] 0.8 | 2,66

|
EXPOSURE 22 yrs. ys, N,
1, High Exposure

b 42 13 164 | 1.3 2,52 0.85 1.49

2, High or Mod, Exp, 13| 30 B { 11 {060 (1297 0.66 | 2.6
" EXPOSURE 5 yrs, vs. N |

1, High Exposure 6 | 42 12 | 164 | 1.42 2.56( 0.86] | 7.59

2, High or Mod. Exp, 13 1 3 29 111 | 1.38 1.871 0.89 3,93

EXPOSURE 210 yrs, vs. N,

1. Moh Fxposure Y 7] 159 136 boal 080 (10,87

2, High or Mod, Fxp, 708 |18 97 |0.42 | 1281 048 | 243

% = probebility <0.03

t = probability <001

(a) See Appendix III and Table 98

P rdrd
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TABLE 93

0DDS RATIOS FOR COMPANY B SUBJECTS WITH POTENTIAL EXPOSURE TO
CARBON BLACK, COMPARED WITH THEIR MATCHED CONTROLS

CASES CONTROLS " CONFIDENCE INTERVAL

TNPOSIRE = WER-NEVER | |

1. Nigh Fxposure 14 | 36 | 4L | 155 [ 1,06 | 1.65] 081' | 2.5
), WighorMod Brpo | 33| 17 | 10 ] 93 [ LI0 L6 100 | 0.9
EXPOSURE >2 yrs, vs. N,

1, High Exposure 9 | 36 1| 138 | L0 1581 0.5 | 3.3
2, Righ or Mod, Exp. 1wl w 60 69 | 1.23 1.58]  0.86 2.90

" EXPOSURE >3 yrs. vs. M. | |
1, High Txposure 8 3% | 16 ] 15 | LD 179 0.8 | 188
2, Hizh or Mod, Exp, 2 17 46 63 | 1.26 1.66] 0.86 3.23
| |

PXPOSIRE >10 yrs, vs, N

1, High Froosure s 1% | 10| 16 |09 nI6| 0.8 | 450
2, High or Mod, Exp, W |1 30 52 10,90 1,561 0,69 2.51

BYE

% = probability <0,05 = probebility <0.01
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TABLE 94

0DDS RATIOS FOR COMPANY A CASES WITH POTENTIAL EXPOSURE 10
ASBESTOS, COMPARED WITH THEIR MATCHED CONTROLS

CASES CONTROLS ‘ CONFIDENCE INTIRVAL

XPOSURE = EVER-NEVER

1, High Exposure @) 13 39 40 157 1 0.72 1321 0.6 230

) mmordod B | 2| 2 | e | 19 |l W | iaL |4

EXPOSURE 2 yrs, vs. M.

1, figh Exposure o | 3 | 19| w5 |y 120 | 009 | 3.6

3, Yish_or Yod. Exp. 6| 25 | m | e 26| ¢ pas| 1w | 4
" BXPOSURE 25 yrs, va, N

1, Hioh Exposure 7 39 9 160 | 1,86 2,10 | 112 6,50

2. High or Yod. Exp, 3| s | 18 | o ey | ¢ s 16 | 556

EXPOSURE 210 yrs, vs, N,

1, High Eposuze 3o | 4w unl 3 | 006 113,05

2. igh or tod, B, )3 ool oe s 00| LA 6

% = probability <0,05  ** = probability <0.01

(a) See Appendix ITT and Table 98

et
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TABLE 95

0DDS RATIOS FOR COMPANY B SUBJECTS WITH POTENTIAL EXPOSURE T0
ASBESTOS, COMPARED WITH THEIR MATCHED CONTROLS

CASES CONTROLS CONFIDENCE INTERVAL

et

CER BEe  DP DEe O BMUE B L0 MG

g ——— ——
T

EXPOSURY = EVIR-NEVER
1, Nieh Exposure :

| o | oslous lanel o+ L0A6) 026 | 084

2, Beh or Mod. Bxp. Bl 1| w % | 0,46 1160 0.68 2,00
FXPOSURE *2 yrs. vs. N,

1, Righ Fxposure g 3 s 105 | L.46 0.,51. 0.29 1.08
2. Hish or Yod. Bxp. %l 16 | 16| 5 | 0.6 17l 068 | 2.3

" EXPOSURE 25 yrs, vs, N
1, High Exposure

b 3 3 | 9% | 2,20 k 0,29 011 | 0.73

yal 1% | 49 51| 0.82 1.38] 0.72 7,64

2, High or‘Mdd. Pxp,

EXPOSURE >10 yrs, vs, N,
1, High Exposure

ooy ol o] o+ [oa] 06 | 0.6

9, High or Mod., Bxp,

14 16 30 43 10,32 1,26 0,60 2.4

k = probability <0,03

0se

¥ = probability <0.01
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TABLE 96

251

UNMATCHED 0ODDS RATIOS FOR POTENTIAL ASBESTOS EXPOSURE,

DECADE
1910-1919
1920-1929

1930-1939

1940-1949

1950-1959

BY DECADE OF ENTRY INTO THE INDUSTRY

CASES CONTROLS
EXP UNEXP EXP UNEX?P
4 7 5 18
12 9 25 55

0 2 9 13

6 11 19 51

1 0 2 2

CHI

0.81

4.80

1.31

C.44

0.83

2.05

. 2.93

1.46
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TABLE 97

UNATCHED 00DS RATIOS FOR POTENTIAL ASBZSTOS EXPOSURE AT VARYING LATENCY}PERIODS

UASES s

HEAN EXPOSUSE VEAY EXPOSURE

BHONG EXPOSED B
EIPUNEP (1N KONTHS) BPOWER (o) 2

Latency >4

KR 8.1 N 60,2 - ERY

30 < Latency <4
b 5 8.8 6 6 112.8 - 1

20 ¢ Latency <30
T T Y SRR TSR B TR

]Latency defined as Year of Death « Year of Hire

PASPA
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TABLE 98
COMPOSITIQN OF CHEMICAL - SPECIFIC OTGs

I. POTENTIAL ASBESTOS EXPOSURE

1. High Exposure - CMTR, CRTU, FITU, FUSP, MIMG, TUBU
2. Moderate Exposure — BPMC, BPIR, BPTU, IRDA, MITU, MEMS, MNCP,
SBPU, SBPR, STOX, STTU
3. Low Exposure - CEMG, CRBA, CRFB, CRSX, CRTR, CRVV, MIFB, MIMS,
MIPL, MITD, MNMA, MNWR, OTHR, PALL, PIBE, PWPT,
RCMI. SREC, TCKR, TEST, TUBC, VVMA
4. No Exposure - All other OTs mot included above

II. POTENTIAL CARBON BLACK EXPOSURE

1. High Exposure - BPMC, BPTR, BPTU, PIBE, SBPR, SBPU
2. Moderate Exposure — CMTR, INDA, MNMS, SJAN
3. Low Exposure — CRBA, CRFB, CRSX, CRTR, CRTU, CRVV, FIRA, FIRB,
FITU, FUSP, INDG, MIFR, MIMG, MIMS, MIPL, MITD,
MITU, MNEC, MNEL, MNWR, RDCV¥, RCMI, RCFR, REDE,
. SREC, STOR, TCKR, TEST
. 4, No Exposure — All others

ITII. POTENTIAL POLYCYCLIC HYDROCARBONS EXPOSURE

! 1. High Exposure - BPMC, BPTR, BPTU, CMTR, CRBA, CRFB, CRSX, CRTR,
CRTU, CRVV, MIMG, PIBE, RCDV _

2. Moderate Exposure - FIRB, INDA, MIFB, MIMS, MIPL, MITD, MITU,

RCMI, RCPA, SBPR, SBPU, SREC '

3. Low Exposure - BEBL, CALO, CALT, CEMD, CEMG, FIRA, FITU, FUSY,
INDC, INRE, MNMS, OTHR, OTINT, PLHA, PWPT, REDE,
SJAN, SLIN, SMOL, SRLC, STBB, STOD, STOR, STOX,
STTU, TCKR, TEST, TRBL, TUBC, TUBD, TUBU, VVMA

4. No Exposure - All others

IV. POTENTIAL NITROSAMINES EXPOSURE

1. High Exposure — BPMC, BPTR, BPTU, CRSX, FOAM, INDA, MIFB, MIPL,
MIMG, MIMS, MIPL, MITD, MITU
2. Moderate Exposure - CALO, CALT, CMTR, CRBA, CRFB, CRTR, CRTU, CRVV,
FIRB, RCDV, RCMI, SBPR, SBPU, SMOL, TUBC, TUBD,
TUBU .
3. Low Exposure - BEBL, CEMD, FIRA, FITU, FUSP, INDC, MNEL, MNWL,
SMOL, OTHR, OTNT, PLHA, PLST, RCPR, REDE, ROCK,
ROCP, RSMF, SJAN, SLIN, SREC, SRLC, STOD, STOR,
STOX, STTU, SYNT, TCKR, TEST, TRBL, URET
4. No Exposure - All others ~
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SUMMARY CT FTADINGS FOR ASBLEP0S EXPOSURE DY POTENTTAL LATENCY™ AND D

- TABLE 99

ECADE OF ENIRY

MEAN POTENTIAL

POTENTIAL ASRLESTOS EXPOSURE
LATENCY (MONTHS) 4 TYPOSED 0% (nl
1, 40 years
cases b1 13/28 = 461 .
controls 18 h6/165 = 287 82 .58
2. 30-39 years
cases 41 5110 = 50% 1.9 )
controls 56 6/12 = 507 '
3, 20-29 years
~cases b 6/14 = 35%
controls 18 6/20 = 30% L2 0.14
Entry
Decade
1, <1930
. cages 4] 16/32 « 50% |
controls 18 28/101 = 287 2'§l Sl
g 1 1320 = 354
£ases 1 . .
contrals 7 wes = | 8| PR

!

\ lLateancy de'fine.d ag Year Qut - Year In,

rse
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TABLE 99 {cont'd)

gIVMARY OF FINDINGS FOR ASBESTOS EXPOSURE BY POTCRTIAL LATENCYl AXD DECADE OF ENTRY

DOTENTIAL % FOREIGN YOAN TOTAL | MBAN AGD | MEAN AGE
LATENCY BORN ACTIVE DUBATION | AT HIRE | AT DIATA

1. 40 years
cases 2) 409 26 13 ,
controls 2 350 3 -

2, 30-39 years
cases - 0 326 28 63
controls 33 22 40 -

3, 2029 years |
cases 30 204 45 10
controls 20 171 41 - |

' |
Entry l
Decade |
1, a9 - | |
cases o3 399 S 72
controls 25 364 28 - |
20 >1930 ‘ ’
© cnses 25 240 40 7
controls 0 - 260 39 L.

1Latency dofined ag Year Out = Year In.

5562
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DISCUSSION

This investigation exp]ored_the possible work-related excess of
stomach cancer,-while coﬁtrol]ing for as many non-occupational confounders .
as possible and Table 100 summarizes all findings not dire;tly refated to
the OT analyses. Because.of the nature of the analyses we used (mostly
odds ratios and t-tests), it was necessary tc assign individuals to
etther an.exposed or unexposed group, regardless of which of the chemical
groups was being investigated. The central 1imiting factor, however, in
all investigations conducted at the OHSG, and indeed in much of occupa-
‘tional research, concerns the validity of these exposure classifications,
which often involve arbitrary decisions. While these arbitrary decisions
are certainly based on reasonable approximations to the truth, it becomes
necessary to make rather extensive generalizations and assumpt1ons.

There is also much room for subjectivity and error, and both of these
factors may Tead to misclassification and loss of validity.

Exposure classification for all analytic studies conducted ta date
at the OHSG is based on the Occupational Tit]e (OT) system. This system
condenseg the thousands of jobs within the rubber industry into-
approximately 160 OTs which share common production processes. It
sh0u1d.be noted that this system does not claim to be basgd on specific
expasures, although the agsumption is qften made that caommon production

processes can be equated with common exposures. This equation is, at
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TABLE 100

SUMMARY OF MAJOR FINDINGS NOT DIRECTLY RELATED TO EXPOSURES

Marital Status

Slightiy higher proportion of separated, widowed or divorced in
Company A; no difference in Company B.

Educationr

No significant differences in either company.

Birthplace

Slightly greater proportion.of cases were foreign-bern in -each
company,rwith a-greater discrepancy in Company B.

Calendar fear of Hire

Earlier year of hire for Company A; no difference for Company B.
Difference in Company A confined to comparison of cases with
ARSD-matched controls.

Age at Hire

No difference for Company B; slightly younger age at hire for
cases in Company A, with difference confined to comparison of
cases with ARSD-matched controls.

Total Duration in Active OTs

No difference for Company B; slightly 1qnger duratianfqr quPany

A cases, with difference confined to ARSD comparisan.

BATO/JACKSON 025698
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best, moot. We note, however, that even two individuals performing the
same job can differ considerably in their exposure to toxic substances.
by virtue of the precise manner in which they perform their Jobs, much
as two smokers who consume the same number of cigarettes may differ
considerably in the amount of carcinogen they inhale. by virtue of their
style of smoking.

The difficulty in assessing exposures and exposure levels, therefore,
begins at the level of the individual and is compounded at each step of
the decision process, which results in ever broader classifications. At
the OT level, we may be dealing wifh,a category which includes perhaps
fifty different jobs in more than one area of the plant, with obvious
inherent difficulties regarding assumptions that all individuals in this
0T are subject to the same exposures. TheSe difficulties are further
compounded by the next categorization, which involves condensing the 100
OTs into a more manageable number of perhaps twenty, which are more
easily handled in analyses.

What we have, therefore, is a system which requires,ﬂat'every step,
ever brpader classification schemes and ever more general assumptions
which may be drifting further and further from truth, 211 of which may
lead to serious loss of validity. To further c0nfu§e the issue, we
assume in our system that a surrogate for dose fs estimated by duration
of employment within.an OT,. already having assumed that atl individuals
have the same exposure dose for cne days' work, and that this exposure

has not temporally changed so that whether the exposure occurred in 1930

or 1970, they are qualitatively and quantitatively similar.

BATO/JACKSON 025699



259

Despite these limitations, it must immediately be added that the s
system in use at the OHSG is probably as good as any other available
for hypothesis generation in occupational studies. After all, any
large lndustry demands the performance of very many dlverse Jobs and the
1nVest1gator is faced with the problem of condensing this large number
into a small number of meaningful subgroups, the classification being
based on thé particular investigation being conducted. While the
creatiaon of these groups is difficuit enough even when a specific
hypothesis is being tested, it becomes overwhelmingly diffﬁcu]t when
the investigator is engaged in a hypathesis-generating endeavor where he
essentially admits that he is uncertain about the nature of the agent v
which he believes is responsible for an excess of some disease. In this
investigation, both approaches, hypothesis test{ng and generating, were
used, although the study should be considered mainly of the hypotﬁesis-
generating type. For the hypothesis generating portion of the Study; we
used twenty-one more or less.standard 07Gs used in ather investigations,
with the hope of uncovering some high risk area which could then b more
fully explored in terms of specific exposures within these areas.
Because of the possible existence, within the industry, of four specific
agents or classes of chemicals (nitrosamines, polycyelic hydrocarbons,
talc containing asbestos, and carbon black} implicated as possible
etiologic factors in the developmeng of gastric malignancies, we created
specific 0TGs for these chemicals, For each chemical, we created four
QTGs with potential for high, moderate, low, and no exposure based on an

ordinal exposure scale ranging from 0 to 3. Fach of three industrial
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scientists at OHSG (Messrs Arp,:Gamble and Williams) independently
evaluated each 0T and determined where each of these four classes of
chemicals would have been used or generated within the indusiry if they
were present at all, and this was done for the broad time frame 1915-1970,
based on which an exposure score was assigned. These scores were then
averaged, following Which the exposure categories were created;and
analyzed. We have, therefore, a system of exposure classification which,
while imperfect, nevertheless has a reasonable inter-ohserver reliability
and can be considered an appfoximation to definitive exbosure indiées.

Now that we have considered the validity of the exposure é]assifica-
tion, or external validity, we should turn our attention to the question
of internal validity, or the validity of the specific comparison of cases
with controls and of the concjusion based on these comparisons. The.
essence of intérna] validity involves the unbiased nature of the estimate
of.effect which is said to be biased (from lack of internal vaTidity) if
the estimate is inaccurate because one or the other of the coﬁpahison
groups has certain attributes which can affect the outcome and which
are differentia]]y.distributed between the groups. That is, the outcome
“is being affected in a differential way by this attribute so that>the
estimate of effect, which is based on an internai comparison (e.g. rate
among expoSed vs. rate among the unexposed) is nc longer accuraté or valid,
this being an issue of internal validity. The attribute referred to is
generally called a confounding factor because its existence confounds or
obscures the vrelationship of interest, destroys iﬁternal validity, and

leads to a biased estimate of effect.
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A confounder can be concethalized as a predictor ar alternate
cause of the outcome under study and it must be differentially distributed
among the groups being compared for the estimate of effect to be biased.

This can be presented diagramatically as

S(Ionfounder \,

Exposure ———>-Disease .

In other words, a factor is a confounder if it is distributed differently
among the groups being compared (exposed and unexposed) while it is
predictive of the disease in each group separately {or independent of
exposure). The former condition is represented by a squiggle while the
latter is represented by an arrow. For instance, if one conducts a ten
year lung cancer cohort study where members of the exposed group are all
young while the unexposed group is older, we can expect to find a higher
lung cancer rate among the unexposed than wculd otherwise have occurred
simply because they are older than the exposed group and age is predictive
of lung cancer among both smokers and non-smokers. ﬂn1ess this difference
is controlied for, the estimate 6f the effect of smoking on the incidence
of lung cancer will be biased due to confounding by age. The most widely
used methods for the control of confounding include matching in the desién,
stratification on the confounder in the analysis, or use of multivariate
aha]ytic techniques such as multiple regression or ana]ysié‘of cqyariance.

Investigators often assume that ceftain factors, most commonly age,
race, and sex, are "univeréa]" confqunders, meaning that they will

confound any investigation undertaken. To prevent this pqtgn;ia] loss
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of internal validity, therefore; subjects are matched on these
characteristics during the subject selection phase of the study.
Methodologists often stress, however, despite this "universal" assumption,
that a factar is a confounder only if it is a confounder in tﬁe data for
the specific study being conducted. If one accepts this admonition in a
practical way, one would never match during the design of any study. |
‘We, on the other hand, felt that it was reasonable to assume that
differences in the age, race, and sex of subjeCts would Tead to a biased
estimate of effect in our study since it did so in virtually all reviewed
studies of stamach cancer. |
| In addition to matching on these three attributes, we matched one of
the control groups (ARSD) on total duration of eﬁployment as well,
because we felt we had to provide egqual opportunity for all subjects to
have worked in all 0Ts. If we had not provided this equal opportunity,
it could have been argued, on finding an elevated odds ratio, that the
explanation 1ies not with some disease-related exposure but that the
' elevated ratio could be function of the greater length of_timé spent by
the group ﬁnder study within the iﬁdustry. To circumvent this additional
problem in data intérpretétion, therefore, we matched one groﬁp on this
factor, using the difference between the senjority date and the last date
worked as an estimate of total duration of employment.

When a determination was made, howgver, of the total duration of
- employment within actjve 0Ts for each of the two control groups, there
was no statistically significant difference between the two control groups

in this modified duration. In essence, therefore, we had four controls
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for each case matched eithef"directly or indirectly on age, race, sex,
and duration of employment in active OTs. The absence of any difference
between the two control groups is probably .explained on the basis of the
age match; most workers within the rubber industry begin their employment
at a re]ativé]y young age (approximate]y 30) and spend most of their
productive lives within the industry. Having matched on ;gé (year of
birth and age at death), therefore, we have apparently 4ﬁdirect]y matched
on duration of employment as well. This.finding may, however, a1so;be
explained by the long latency of the diseasé_;nd the commion practice of
working until retirement age, with the combination of these fwo factors
responsible for the similar durations of employment, and thiﬁ would have
occurred even without matching.

Because the two control groups had similar total active durations,
and these durations did not significantly differ from the durations of
the cases, the original plan calling for the termination of the work
history of controls when they had attained a duration equal to that of
the case was ignored. For most analyses, therefore, data from all controls
were pooled and no artificial termination of work expérience was executed.
While those simi]arities in‘duration'simp]ified the analyses, however, it
should be borne in mind that we. lost the opportunity to test the hypothes1s
of a generalized effect, which would have been evidence by a difference in
duration between cases and comparands. Having matched indirectly on
duration, the opportunity to.test this hypothesi; disappggred. While on
this subjec£ of indirect matching, it should also be noted that_there

were no consistent statistically significant differences between cases and
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controls for year of hire and‘age at hire and this, also, may haye been
caused by indirect matching.

At this point, a word about the analysis is in order. Because we
avoided many confounders by matching during subject selection, we were
forced to utilize specific analytic procedures, such as Mantel-Haenszel
0dds Ratios and Paired T-Tests, which maintain the integrity of the
matched sets (or stata). Referring back to the.dipgram of a confounder,
_we see that since the confounder is itself a predictor, or alternate
cause, of the disease (or outcome), the exposed,and unexpoéed groups can
be expected td have, because they were matched on numerous true confounders,
outcomes whicﬁ are more similar to one another than would otherwise have
occurred had they not been matched on these factors. That is, matching
on true confounders decreases the difference in outcome between the two
groups by reducing the variance in the measure of effect and henée
incfeasing the precision of this estimate. As a consequence, ma tched
analyses can be conceptualized, although not in a strictly mathematical
sense, as procedures which take into account this smaller difference,

thereby permitting the conclusion of a statistically significant difference
between the groups being compared, even though this difference may be
smaller than would otherwise be necessary for conc]uding that a significant-
difference exists. - -

While use of an appropriate analytic-procedure maintains the integrity
of the matched sets, however, there are fewer of thqse procedures avaitable
and they are often computationally more difficult to use. For this

reason alone, investigators should carefully consider all aspects of this
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study before making a decision regarding matching in the design.
Alternative methods for control of cbnfounding, such as stratification
in the analysis (which was used for numerous confounders in this study)
or subject selection restriction (which was not used) should be
extensively weighed before any conclusions are made, since an ideal
design is not much use without ‘the approprfate tecﬁniques.fofénalysié,
especially when the questions being asked are rather complicated and
require sophisticated analytic procedures.

While it is obvious from reading this report that most of the
analyses presented maintained the matching, we did occasicnally avail
ourselves of unmatched analyses. For instance, in examiﬁing thé‘odds
ratios separately for foreign and native born cases, it would be
counter-productive to maintain the matching, since matched controls may
or may not have the same birthp]ace as the case, which means that we
might be comparing odds ratios for foreign born cases and native born
controls, or vice versa, which woufd defeat the purposerf the analysis,
in which instance dissolution of the matching would be the more
appropriate analytic technique.

At this point, before discussing the results of this 1nvest1gat10n,
it would be in order to present some poss1b1e l1m1tat1ons aside from
the difficulty of determining true exposqres, of this study- First
consideratign must. be given to thé fact that case identification for
this study relied upon mortality from, and not Fhe incidence of, stomach
cancer. While we have great confidence in our fo]lqw-up of the large

cohorts'studied at OHSG (approximately 95%), and deépite the fact that
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the median survival time for stomach cancer is less than half a year,
the possibility nevertheless exists that we have systematically missed
the younger and/or less severe cases with the greatest chance for
survival, especially but not exclusively since the cohort from which the
cases were derived required that all members be forty years of age or
greater at inception of the study. These cases, if they exist, may
indeed be qualitatively different, and may have had different exposures,
from those which were included in tﬂis study.

In additjon to this possible limitation concerning casés, it Qhouid
also be noted that there»was no check of the hospital records of controls,
so the exclusion of individuals,és eligible controls because of
malignancies was based entirely on the conditions listed on the death
certificates. Indeed, one may even question the validity of excluding all
jndividuals with malignancies from the comparand pool, since there is
certainly no evidence that all malignancies are associated with the same
exposures as those believed to be responsible for the excess mortality
from gastric cancer. And one must a]éo consider that by excluding
malignancies from eligibility, we have "forced" most of the deceased
controls to have died from either heart disease or stroke, the two
conditions which, along with cancer, are responsible fqr the great majority
of deaths in this country. And, if those contrb]s who died of cardiof
vascular diseases happen to have exposures similar to'thosg with stomach
cancer, for whatever reason, we are faced with estimates qf effect
(exposure) biased towards the null and hence loss of validity.

Restrictions regarding control selection, therefore, are, and will
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probably always remain, debatable regardiess of which criteria are
employed.

Three final brief points should be made at this time regarding this
project study. First, while there wasAa considerable effort expended
to determine the‘SOCio-economic status (SES) of subjects in this study
from evaluations pf each job by the ‘industry, on which their pay scale
was at Jeast partly based, there were problems with this aga]ysis-which'
precluded its inclusion in the present study. Wnhile we do not expect
much variation in SES among blue-collar workers, and analysis of
educational attainments did not reveal any differences between cases
and controls, this factor is important in the study of stomach cancer.
Second, there is evidence thatAfhe relati?e risk of developing stomach
cancer—for smokers compared with non-smokers is approximately 1.3, and
the same may be true for alcohol consumption. Since we were unable to
determine smoking and drinking histories the possibility exists that
there was a higher proportion of smokers or drinkers among cases, whiﬁh
could explain part of the excess. Third, the nativity factor is of
major importance in the study of stomach cancer and even second and
perhaps third (this is just now being extensively studied among migrants
from Japan) generation Americans, born of parents or grandparents from
high risk countries, continue to experience excess mortality from .
stomach cancer. Since we were only ab]g to dé;ermine the nativity of’
the subjects included in this investigation, and not the nativity of
their forebearers, there may have been differencés which contributed

to the excess disease.
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Occupational Associations

The most consistent finding in this study is the very general
observation that there is not much difference, in either occupational
or non-occupational factors, between cases and comparands in Company B,
while there are some differences in the comparisons of Company A cases
and controls.

We found, among Company A subjects, that cases had worked in
active OTs slightly longer than controls (3?5 vs. 338 monthsj,_and this
difference was'significant.in the comparison with one (ARSD) of fhe tvic
control grouﬁs.  we élso found that cases started at a slightly (1.5
years) younger age and slightly earlier (1.5 years) than their matched
controls, this latter difference being statistically signif{cant for
the comparisoﬁ with one of the control groups although most of these
differences were traced to the group of cases entering during the first
decade of plant operation. The differences between Company B cases and
controls were generally less pronounced, and not statistically
significant as well, although slight differences often were found. 1In
addition to these factors, a higher proportion of Company A cases were
foreign-born, although a greater proportion of controls were foreign
born as well. _ |

The analysis of occupational exposures was based gn two djfferent
exposure classification systems - one using "standard" 0TGs based on
similar aspects of production and not necessar1ly on common exposures,
and the second based on the potential fqr spgcifié chemical expgsures,
a system developed exclusively for this study and based on a feyiew of

the literature, including hoth human and animal studies, from which were
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dgrived a list of chemicals - aromatic hydrocarbons, nitrqsamines,
asbestos, and carbon tlack, the latter possibly being a cércinogen'in
its own right or a particulate to which the polycyclics may be absofbed -
whose association with stomach cancer appeared regujar1y in the
literature and which were used as raw materials, or generated by industrial
processes, within the industry. |

The creation of the chemical-specific high risk 0TGs; as described
earlier in this chaper, was based on three independent assessments of
the levels of these chemicals within eacﬁ of the'OTs, and. those assessments
were made by the three QHSG envirgmnmentalists most knowledgeable about
these matters. While they are based on extensive experience, fhey must,
in the end, be considered at least partially subjective‘to varying
degrees. (as will soon be explained) and they do not escape the limitations
of the 0T system.

The reference to varying subjectivity must be further discussed here.
One of the groups, the nitrosamines, are not used as raw materials per se
and an estimate of their probable levels is therefore based on a judgemept
concerning where they might be generéted although in principle one can
sample for a precise determination of levels. Aromatic hydrqcarbons,
as well, are not used in raw form, although they may be contamiﬁants of
some Common]yvused solyents. Considerable knowledge is presently avaijlabie
concerning the use of these sq@lvents within differgn; OTS. The determina-
tion of carbon black levels is rather dirgct because we know exact]y
what it does, and wheré it is used, in additiqn to being Yisib1¢.
Assessment of asbestos levels, on the othgr.hand, are indirect becéﬁse

they are based on the presence and use of anti-sticking (detackifying)
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agents which are most often talc or soapstone although other agents, such
as mica, or even cornstarch, are also used, depending on costs at the
time of purchase. The most used agent, however, is believed to be talc,
and this substanée is believed to contain asbestiform material to

varying degrees. Despite the assumption on which asbestos-level
determinations are based, however, ta]c, 1ike carbon blacka is visible
and its use within the industry is reasonably well documented.

An examination of the results from the standard OTG classification
system did not reveal any pattern of consistently elevated odds ratios,
with most elevations being géneraI]y scattered throughout the eaflier
end of the industrial process and being found in the following 0TGs -
Calendering, Tuber, Tire and Bead Fabrication, Tube Fabrication, Cure
Preparation, and Curing. While there was no striking consistency to
these findings, it is interesting to note that these OTGs generally
have high dust levels, consisting mostly of talc or other detackifiers,
and also use solvents extensively, the latter being possibly contaminated
with polycyclic hydrocarbons.

The most provocative finding occurred when using the chemical-
specific OTG classification, which indicated significahtly elevated
odds ratios for potential exposure to high or moderate talc levels,
with the ratios being significantly elevated for exposure on an

ever-never basis, as well as for exposure of two, five, and ten years
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duration, each compared with no exposure at all. While these
statistically significant1y elevated ratios are not indépendent of one
another, since subjects with ten years of exposure are included in the
other three groups, the consistency was nevertheless striking. This
finding pertains only to Company A, however, and the similar analysis
conducted wiihin Company B ihdicated interestingly, that the odds ratios
were significantly low, a finding which may be attributed to random
fluctuations and not to some underlying protectiye elements within these
0Ts. Equally, and perhaps more Jlikely, may be selectfye out-migration
from dusty areas, a reasonable exp]anation only if company policies and
practices differed in regard to selective job changes. |

In addition to these findings of statistically significantly elevated
odds ratios within Company A, we have additional evidence for the
association of stomach cancer with OTs high in probable talc (or
vdetackifier) exposures from the T-Test utilizing durations of employment
within these 0Ts, which.indicated significantly more time {forty-nine
versus twenty-five months) spent in these OTs by the cases, and the
additional finding that the exposures among the cases occurred earlier
than it did among the controls when dust levels may have been higher.

Since there was a question concerning the possible causal effects
of the slightly younger age and earlier ca]endar year of'en;ry_into the
industry for cases in tomparison wiFhlgRSD—matched cqntrqls, sgparate
T-Tests and Odds ratios for asbestos exposure were calculated fqr this
Qréup, as wel]l as for the ARS-matched controls. The T-Tests results,
described in the previous chapter, indicated virtually no differenéé

in duration of exposure for the two groups and the ORs were similar.
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The combination of those findings demonstrates the existence of an
assaciation between stomach cancer and dusty areas in which talc may
have been used and which could have been ingested via capture by mucus
in the nasopharynx or by expectoration and subsequent swallowing, a
mechanism postulated by numérous investigators for the ingestion of
particulates.

Because of the earlier finding of a disproportionate number of
early entry cases, separate analyses by decade of entry and by latency
period were performed, the latter based on the difference between year
of death and year of hire, on the assumption that low-level exposures
began during the first year within the industry. These analyses were
unmatched and indicated that the odds ratios for potential asbestos
exposure were elevated for the earlier decades and longer latency periods,
with the OR for a latency of 40 or more years significantly elevated
(OR = 2.24)'wh11e the ratio for entry prior to 1930 (OR = 2.61) was also
significantly elevated. It appears, therefore, that much of the excess
can be statistically attributed to those individuals who began working
in the industry quite early, at which time the dust (and hence potential
asbestos) exposure may have been higher than the levels during later years.
This is further confirmed by the fact that the group with the 40 year
potential latency first entered a high talc 0T, on the average in 1930,
while controls with a similar potential latency had a mean first entry
year of 1937. The medians for these two groups were 1926 and 1936,
respectively. From an examination of Table 97, we observe a clearly
decreasing gradient of mean exposure among exposed cases, but this same

gradient does not exist among controls. In fact, only among those with
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the longest potential latency do we observe 10nger éxposures amgng cases.
From these decade of entry and latency qnalyses, therefgre, it appeérs »
-that the excess of deaths from stomach cancer is attributable to a
combination of earlier and Tonger exposures. |

The attributable risk per cent (among the exposed) (OR-1/0R multiplied
by the proportion of cases exposed} for this exposure, using an odds
ratio of 2.5 and a case exposure proportion of fifty-two percent {27/52)
is calculated to be thirty-one percent, which indicates overall that the
occurrence of thirty-one percent of the fifty-two cases,'ér approximately
sixteen cases, can be attributed to detackifier exposure assuming no bias
or random measurement errors. Similar calculations are not presented
fof Company B, natura]iy, since no associatién was demonstrated.

Insview of the fact that the point‘estimateg of the SMR, on which
these studies are based, were ohe—hundred.eighty—seven and one-hundred
twenty-four for Companies A and B, respectively, and consicdering that the
published Company A SMR (135) was presented'as being statistically
significantly elevated while the published Company B SMR (136) was not.,
it appears that the absence of a statistically significant excess in
Company B is confirmed by the absence of any consistent findings for that
compény jn this study, while the significant excess among Company A
subjects is confirmed.by our analysis and may be-]arggly exp]ained by a-
histaony of working- in areas'with probahle exposﬂre to anti—s?icking
agents, mostly talc. Beéahse of thg‘presumed contaminapign of talc with
asbestos, especially in earlier calendar periods, there is a fairly
strong possibility that this involved asbestos exposure as well. in

Company A, we observed fifty-two cases and expected twenty-eight, and
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of the twenty-four excess deaths, sixteen appear to be.attributable to
employment withjn 0Ts thought to contain high levels of asbestos.

These findings, therefore, appear to explain most of the ohserved excess.

Suggestions for Further Reseadrch

First consideration for further research must be given to the
creation of a classification system based directly on e;pqﬁures. Such a
system is presently being developed here at the 0H§G and is Eeing based
on a grid system in which workers in close physical proximity to each
other are grouped together. While this system is very pfomising, it wilnl
probably not be appropriate for retrospective use, which means that the
present OT system is the only, and therefore the best, available. Since‘
we are now entering the surveillance phase of our acti?ities, however,
every effort should be made to refine this new system as quickly aé
possible. |

The data on which our conclusions are based in this present study
would doubtless have been better if we had knowledgg concerning'the{éctua]
dose of exposure, and hot just the amodnt of time spent in the various 0Ts.
If these levels can be reconstructed, perhaps from purcﬁasing rgcords,
re-analysis wjth'this addijtional factor, would be appropriate. ‘It‘wou1d
be especially interesting to compare sémp]es 6f Company A and B taTc
(or detackifiers) co]lected when most exposures in th]S study (1915 1950)
occurred or, in l}eu of this, to trace the suppllers, and from. thxs to

reconstruct the asbestos levels within these products.A
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In addition to further analysis of the asbestos levels, it would
be appropriate to further examine these data for a determination of the
historical periods during which both cases and controls were exposed to
solvents, since there is some ‘suggestion in our data concerning an
association between stomach cancer and solvents and since the purity of
the solvents and hence possible contamination by polycyclic hydrocarbons
apparently changed significantly around 1940. Since eXpeé%oration and
subsequent ingestion or via the mucus system is the presumed mechanism,
it would be very interesting to examine those 0Ts associated with both
chronic puimonary diseases and high asbestos levels, since the former may
cause a greater frequency of expectoration, and hence of ingestion.

It would also be desirable to perform a more detailed analysis of
the specific exposures which occurred during the estimated latency
period (twenty-forty years) for stomach cancer, although the vafiabi]ity
in the estimate of this latency period is great and the perijod itself
is long.

Finally, in view of the many factors, both occupational and non-
occupational, which may be associated with the incidence of stomach
cancer, such as nativity, socio-economic status, and age and calendar
year at hire, among others, it would probably be best to control for all
of these factors simultaneously by the use of anlappropriate technique,

such as, perhaps, the zonfounder summarization score,
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OCCUIATTIONAL YTTLES

Rumber Code  OT
001 B Batch I'meparation-Tires
Q32 BivFY patch Prepavarion-Tubeg, Flaps, & Bladders
033 Pine Pigment Elending
o4 CEMG Cement: MHibxing
005 cHTIL Cutting & Milling~-Tiven
G35 CMLY Cutting & Milling-Tubes
o7 SBRR Servicc-batel Preparation-Tires
oo 1131 Scrvice--Batel Preparation-Tubes
Q09 MITD Milling--Tteads -
010 MIPI. Milling-Plystock
o1x MIFB Fiiling-Flaps & Bladders
0L2 MLTU Milling-Tuhes
013 (LS Milling-Miscellaneous
[N 014 CA1D Calender Operation
¢ 0I5 CALT Calender Tendiug
016 SeLC Roll Changing—irel. Trucking & Service
017 PLHIA Plystock Handlirg-incl. Band Building
N 018 SLIA Liner Service (reroll, mend, clean)
0i% - TUBD Tuber Operation-Treads
020 TUEU Tuber Operation-Tubes
021 TUBC Tuber Operation-Flaps & Bladders
. : 022 STEJ Tuber Service-Tubes
023 STOX Tuber Service—-Flaps & Bladders
' 024 STOD Tuber Service-Tread Tuber (incl. booking & slitting)
’ 025 CEHD Cemeating-Treads
026 BEBL Read Building
027 TRBL Tire Building
028 STRB Service-Tire & Bead Building
029 INRE Inspection, Repair, & Sort Green Tires (incl. trucking)
030 PALT Paint & Line~Green Tires
031 VVHA Valve Preparation
032 FUSP Tube & Flap Building
033 CHTR Curing-Tires
03+ crtyU ~  Curing-Tubes
035 CRER Curing-Flaps (black)
. 036 CRF¥U Curing-Flaps (white)
- 037 CEPRA Curing-Rladders
03S cuRvv Curing-Volves
. 039 SMOL Mold Cleaning & Repair .
040 FIRA Finishing & Inspecting-Tires
041 FIRB Repairing Yires
042 FITU Finishing & Repairimg-Tubes & Airbags
G43 FINX Finishing & Repairing-TFlaps, Bladders, & Sleeves
044 MNPT Maintcnance-Painting '
45 MNWR Maiuntenance-Milluright
0%6 MNEL Maintenmance-Flectrical
047 MNSH Maintenan-e-Sheet Metal
048 MNWL Maintenanco-Woelding
049 MIEC Mechanic
050 MNCP Carpentry
051 MEMA Machinist
052 MNMS Maintenance-Mise. (pipefitters, ccment finisher, etc.)
’ - -

Vi
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Number
0,3
04
055
[tkYA
057
ons
059
060
061
062
063
054
035
066
067
068
069
070
071
072
073
074
075
076
077
078
ery
050
081
082
083
0384
035
0586
-1 087
088
089
090
091
092
093
094
095
096
097
093
099
100
101
102
103
104
105
106
107
108
109

Code
PHE Y
THEST
TCRR
CLEX
SJAN
Ston
OThLR
MLHG
RCPR

"RCDLV

RCHT
SRr.c
SBRY
CcHCP
RoOCP
¥Ficp
SRCP
FOAM
ROCK
URET
PLST
RSMF
PFMX
PEFR
PFFI
BPHC
INDA
CRSX
INDC
OTHT
BPMC
INDA
CRSX
INDC
REDE
OTHR
SYNT
SYNT
SYNT
METL
MECH
srce
EPF1
PLST
YUCE
ARSP
METL
MECH
SALA
UNKN
INAC
RETI
SICK
LOVF
ACTY
DEAD
LOAD

_Finish & Inspect-Ind. Frod. _ -
.0ther Ruhber Worker~{uon-tire & tuhe)

or

Power Pilant

Quality Couitrel Testing
Trucking {geal.)

Clevicat

Janiior

Shipping & Receiving
Othor Rebler Worker (fives & tuboes)
MLLY INixing

Prep.--Hevlain
Devulcanizing-Reclain
tilling-Reclainm (refining)
Scervice-Raclailm

Service -BiR-Misc.

Cpd. & Mix-Chem. Prod.
Reaction Opr.-Chem. Prod.
Finishing (dry, bag)-Chewn. FProd.
Ship. & Rec.—-Chem. Frod,
lanufacture Foam Prod.
Rocket Linexr Mfg.

Urethane

Vinyl Prod. ¥fg.

288

Resin Prod. Mfg. (chenigum, pliclite, dispersite) 345A split

Pliofilm HMixing
Plijofilw Fabrication
Pliofila: Finishing
Bat'ch Prep.-Ind. Prod.
Prep.-Thd. Prod.
Curing-Tnd. Prod.

Ratch Prep.-llose & Lelt
Fabrication-tlose & Belt
Curing-Hose & Belt

Finish & Inspect-lose & Belt

Special Rubber Prod. Development (381A & 3357A)

Other Worker (non-rubber-such as police, cafeteria, ete.)

Batch Prep.-~Syathetic Latex
Preparation & Reaction-Synthetic lLatex
Finishing & Packing-Synthetic Latex
Rim Plant-tetal Treatment

Rim Plant-~Forming & Machining

2in Plant-Velding

vim Plant-Fiuishing & Inspocting
Plastics—Productian & Manufacture

Fuel Cell

Aerospace

Motal Preparation—(mostly degreasing operations)

Mechanical Building
Salary

Unknawn

Inactive File
Retired

Sick Suspense
Layoff

Active

Dead

Leave of Abscnce
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Nuaher  Code OF

114G HSAYL tige. Ahseonce

111 ANOD Anode Process (Congultation dip)

11z RBPR Rubber Preparation

113 RETR kKetread

114 ADItE Adhesives

115 EXTH . - Exit From Vork fox Other Reazous

116 DREY Dizability Retirvemeat

117 MILT Absence f[or Military Service

118 THCR Tube Puilding & Curing

119 FOOT Footware -

120 RCIP Reclaim-Industrial Products

121 PUSY Prior Work With Selveuts or Solvent-Containing Moterials

122 PURI Prior Work With Radlo Frequancy Facreics or Encrpy Enttring Dov icos

123 PWHA Prior Work With Kaown Dermatitis Producing Agents oT Fnvirvoaeant
Corenonly Associated With Derwatitis Froblans (Ixclueding Solveats)

124 PWHF Prior Work With Metal Fune

125 PWNR Prior Work Experience Stiows Mo Potent ial Exposurus Relevant To This
Study
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Qeeupational Vitle Desepiplion
BV Bead Building This involves a11 prounst
associctod wilh building boads.

BRIR Batch Prepavation-Tires Bixing of rubboe, acceloratcrs,
entioxidants, filters, etc. in
banburys. Includos BB, opsrateoss
and belpers. -

BPTU Batch Preparation-Tubes Semma as 01 except Tor tiube
and bladdars.

’S,,,_
85, {ic;'_J:-,

CALD Calender cperation This 0.T. is for those individuzls
: who opzrats the calonders.,

CRLTY Calendzyr tc*dxng This includas Tndividuals {hat
assist the calendzr orerator
{1st & 2nd helpers), and in the
Firaestone 0.T.'s those on dip

opcraticns as wall.

CEnl : Cementing-Trezads : After the troads zar
proj2r size, ithe cu

‘ ‘ ceiiznl pat on thes
bUTldan pul the tre
tire they will stick

3 Cement Mixing Hixing of 1iauid mat
' solvents) for use th
CLax Clerical
MR - Cutting & Milling-Tires After inteornal mi xing in ihe B3, tho
: batch is kiilled into long shests, deizd
and then cut inte Jeag shemts and
st2cked, or p~11nfi?:f. The palleis oo
sheais are thzn eithzr raturnod to in
BG, or ns]led FFQ? tatcty to Turihnr

CHTU . Cuiting & Hilling-Tubas ‘Samz as CHIR only o
tudas, flens or bthdﬁﬂrs.

CREA Curing-bladdars

et Ry S AT A S Bt Vs AR T e L i CRINIR A LA 5L S A Y ISP I S e, L Ay e ety 4 s
. o~

8N T R e MR R e M s tane e ke cne A e e s
VAFTRENA e ST I e .
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)i,

¢t Code

CRED
Cér !

CRsx
cRyi
CrYv
F X

FIeA

TOo
int

FITU

FUsP

Ny
n.\"

iECH
MIFB

FIkG

MIHS .

HITD

Ocenpuiioan? Tille
Curing-fldp;v(h1c¢k)

Cuping-flaps (white)

Fiszollancous Curing
Curing-luwes

Curing-valves

Repairing tires

finishing & Repair
Tubes and Axabggs

ring -

-

Tubz end fiap building

Inspoction & repair -
Crean tires

¥echanical building

1i1ling-Fleps & Bladders

Hi11 HMixing

Mi1ling - Miscellanzous

Mi1ling - plystock

Milling - treoads

e e g AP ofT e el T - N AP ST T A AR AT o T} AT, T BT S N e LA T T L T I e R AT S T T A

291

Boscriblion

Fold precs cure of

Tlags

Pol hoaler cuve or tels

coateil Flygps

Industriel Producis

Sama es FITU except for flaps

Bladdors and slcevas.
1r1n, balence, label, tubz & 0]
sarvice, Torce grind Pnd classify

cured tires.

R°pair, buff, rag, r
repaivs of cured tire
Final inspection and repair of
tubes and airbags.

rib dress, curc
&5,

Splicing and booking tubes & flaps.
Insnec gresn tires for detecis. @
epair, preparetory for curing.

Largely machinist typs work.

Same a2s MITD only %
slugs for flaps & b

Simitar to Bztch preparatisn
done on wmill, i.e. pigmant
by land onto a mill. This
has largaly been rcplaced

This is milling that daes nat
of the zbovz producis, or whar
not kno.n vnat Lhe proauct is.

s ?IID gnly it is sent to =
s Tor rr&1nJ plvstl 1
Tinoer,

as
gz

“

etc.

The mixed rubbar (with 211 it
additives) is milled so tha
rubhor is hot and plastic. Th

[ A
s
i

-oad stock is then s=at to a tubse

e
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07 Cod

LI

g
\ch .

Ly
it b

RCHI

Occupatinnal 1ille

Hilling - tubos

Mochoanie
Cavponiry
Mxinlenencze-elocirical

Machinist

sheet motal

=
(3%
-ty
e
r
5
=
[}
e
|

laintenance - walding

==
1y
-y
-
re
m
k]
v
=
Q
1
t

milluright

Othars
Paint & Tine - green tircs
Pigmant blanding

Plystock kandling

Powar Plant

Devulcenizing - reclaim

¥illing - reclain

292

Lescripiion

Includas p1":F1tters, cciizni
finishers and other raintenance
Jobs not inciuded in fw—51.

Ventilation ducts, B3 collectors, etc.
flachinz Rzpair
Jobs not included in gbove and

non-production (guard, wailress,
caferteria hzipar, ste. ).

(i

curing. Talc is apg11nd to sem

Spraj paint onto grezn tirez bazfor
tires, and treads Janmad in other

a
by
SrsS.

W2ighing & mixing of pigments

(eccelaratars, antioxidanis) for
bztch building.

This 0.7, irncludes the splicing of
material maring plystock for tires,
and band building.

A1l onaretions associated with

posar plant.

Procasses of devulcanizaiion

{heating, Tiber separatien, grinding,
batch preparation), digestion (batch
preparation, digestion, dowatering,
drying)

Processes of w1x1ng & bTLuu1ng,
refining, straining, packaging,
extruding, batch building.
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Oi Codiz

RCPR

RETR

N
U
-~
p)

SEPR

SJIAN

SLIER

0L

SREC -

SRLC

STES

5705

Ocoupation:t Tidde

-~
o~
-

Preparelion — r

s

Retread
Salary

Service - Batch
Preparaticn - Tires

Service - Batch
Freparation - Tubes

-

Spacial Products
Janitor
Linsr Sorivee

(revell, mond, clean)

Mold cleaning & repair

Service - reclain

Ro1l chanying (including
trucking & service}

Service - tire & bead building

Tuber service - trezd tuoer
(including booking & slitting)

293

Besceinlion

Frocesaes of digoestian, hopting,
surt1ng, cvagk g, shiftiug,
Loagnstic ,.ulxltien, coliecLion

ancl slorage.

Truck materials to BE Tor wixing
(suzh as lube stock frow GHIR Lo
b rumn thro'J 18 & second Loz,
supply wixad pigmanis okj.

Sam> as S8PR only for tube, flap,
end bladder stock.

Largely defense products madsz
during WIIE.

Som2 janitors {e.g. BE clewners)
be in service O““”au1uﬂw.

This QT
thez p1yst
up by the
and u:n's

includes truc

A1 service cpevation 2sscoiated witl

reclaim oparation.

Thase are service p:oﬁ1c Tnvalvad

in p]ystc”” preparation. 1t incivisz
thosa changing tha rolls on the
calendars, bias cutting machinas,
truciers {teking rolls io storaga
arpas), etc.

Trucking plysiccl, traad, inner
linars, etc., and m2terials to tivs
buildzrs and bzad Luildevs.

Simitar to STTU cxcent Tovr Troud
steck.  Includes s1itting the treads
and. putting cemanted troads inta tre
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Ocoupaticart ditle

Stipping & roceiving

Tubzy sopvice - Tlaps
and bleddoirs

Tubar service - tubzs

Trucking {genaval)
Tire building

Tubar opevration -~ flaps
and bladdors

TJubar cperation - treads

Tuber opsration - tubes

Unknouia

Valve Pieparation

«

294

Leve prne s R

Poneriplion

El1l ectivilies of receiving,
undcding, paiking and Toading
ratevials end finished produc s,

Simiioe to STTY excenl Tor flaws
end hluddurs - cutiing slugs,
bookar, etc. :

Thx« \Ju]d include sevvica opgreti
to lunﬂr _maring tubes, s
nolos 7

A1l zctivities associated with
auality centrol {pigusnts, stocks,
tires, tubzs, etec.)

Sawn 25 TUSD and TUR
tladdars are mad
This COT run; {the tu
tnﬂ sLoLk om a rii
orini

Do rot know enough gboul the job
to put in above 0T's, or does not
fit abova OT's.

Making, spreying end bufiing valvas.
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QLCUPA TOIAL TITHE Gy L0y [ONARY

014 PAL BESCIOPTION

Fatch Preparelion Pav dugrodicnts (cebber, Tillers, oils, Rt 3
are worighod e wixed togethor in @ h"nﬁury
EUVinlm*nLL1 moaures te particulates
Cormounznt Off«: LBOTR, BMU, PIGL, CHRG, ,
Sh.h,<5f[J, MinG, BEGD, B?HC, REBR. -

Mitling Rubbzr mix fro. Lhe basbirys s procassed 3
keat and pressure, till the vubber is in a

state Compoiznt 0T's: WETD, HIPL, it o

Czlendering The rubber stcck Trom teh2 mill is relled out into 2
sheet of contralled thicknass. The plystock is cut
and spliced for use in building ths ply af the tirs.
Some exposurea to reactisn )roducts and solvants exitsis.
Componant 0T's: CALO, C7LT, SRLC, PLHA, SLIR.

Tuber lwubbhar stach from a w111 1s for-;d tnrouon n oy
a tread orv tubz. Tho tread to 3
and comznted with solvants on the ¢ t rovids &
tacky surface. Cormpenent 0T's: 1USD, 1USE S10%, SYC3,
CEMD.

Fabrication - tirecs Eeads ave rubbzr and Tebric-covared wires lhal rest on

end boads ‘ . the rim of the whzal in & finishad tire. Treads, tzads

and plystock ere used to build the tire. Major
exposures arc to solveats. Componcnt OT's: Ezll,
THBL, STBB.

Tutes The tube from tha exirudzsr is cut,

- ’ .and thz insidz of itho tubz is coated w
spliced togethzr. Velve making involvs:
p*tcn to tha valve. Thz rubbar 15 then cur
and Sﬁrajcu with a solvzat to reke it tachy. Comioxnznt
OT's: TUsH, SYTU, V¥YMA, FUsSP, CRTU, CRYV, FITU.

Curing preparation Spraying green tires cr
ropairing and inspacting
curing. Cowpcrent GT's:

Curing The green uncured product s cure d uader hoat and

. pressure. Madsr cnvirennantal exposures are to YoIgLion

products {euring d talec. Componont Gffs: CHIR,
CRFE, CREW, CRZA ol ’

Inspaction Tha cured tire is inspacted (repxtucd if nocéscacy) and
macde ready for shipping (finishing). Connu‘a“t 0i's:
FIRA, FIOQB. '

BATO/JACKSON 025736



16

1

12

13

16

17

Mainvenance

Goneral Service

Shipping & veceiving

Beclainm

Chymi 2ls

Plastics
Praparation cther than
tire and tubes

18 l2tal handling

Other vubber

GLUERAL GDSCHIPEION

This GIC incle
vieldiin, path col e
Corpanent O7's: 'fi“{, P, BEOL,

PRCE, BISA, RTINS, Pavd.

Mo, pipﬁ

group Vilh a
goonent O7's:

This dis & miscollanoy
joHs gid exnosuras.
JAN, OTHR, CVilp.

Recaiving,
that go invo rz=k
pigmants, r2w rubber,

trucks and/ar boxcars.

ing the final product,
cte.  Loading 1h
Comnonent OT's
vulcanizad vubhezr producls
devu]c>n1/‘m

Scrapg ?d
Up, atied

chawicals.
devylcanizing 2g2nts.
RCti1, SREC.

Cowponent O1's:

Cherical preducis,
plant), are CeTpoun
OTG. Comaonent 07
PERMX, PEC B PrEdN,

Jobs in this croup included the manufaciuring of
and vi wj1 products with a varicty of &x

erethanz

Componant OT's: FOAM, URET, PLSY.

Raw ingrodianis are compoundad and mixs

banbury milling.

Component OT's: I8DA.
The cured tub2 is insnzcied (repeirad
made ready for shipping (Finishing).

I110C.

Rim plant Jjobs are currantly Lﬂlnq phia
A mininum amoin
matal handling and walding oTfer o
exposure to 1"7r|caL1r" olls, solvents,
COmpﬂlan OT's: HMETL, KECH, SiCP, PRP

i
This OTG includos e varioty of diff
producis obhzr than tires and tubos ar
adhesives and Tuel cells, for ecxample.
ROCK, OfNT, REDE, FUCE, ARSP, ARDD, AD

Fithers,

Hiinid,

ExpoJu“e to pJ1L1CL]a
espzcially during and prior to extrusion

Qivyoerey

s o
e.q

SRER

La1 Voreays and na 3

et
LI B PN LY
,
it e,

P

uuYoadihg end storing c11 Trconnnyg i
1.

ha fipal pcluce
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- Ty
- STOR.

ara sy
The robber corﬁuuad
its original plastic state through ana1|c

Primary exposures are to yaFIICUTdL-S &ndt

RCPR, RCUY,

ad

sed out
1t of exporimantal typs jobs inv ‘oiving

and pari

f

|I{:

in ~uren.

h‘.l.\.

L-l] 2 L\A 5

- 1
IOy s

\J -

BATO/JACKSON 025737



20 Sa?cr@ﬂ

21 Uiknown

297

Gl RAL T SCRENTION

This OLG includes monag eial, scvarelarial ond oilher
arfice jobso. (Forcumn eve nob Tncludzd bove, vathor
are assigned Lo Lhe othaer Q1C's).

Cospunnt 07's; SALA.

ol cocush information on the vork history Lo assicu
to speeifine GiG.
Cewporizi, O7's: Wi
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SUMMARY OF MAJOR POTENTIAL EXPOSURES TO CHEMICAL AGENTS
IN TIRE MANUFACTURING OTG's

Compounding and Mixing Accelerators, (e.g., thiazoles, guanidines,
thiruam_sulfides, carbamates).
Antioxidants '
Fillers (carbon black)
Extender
Cutting and Milling Talc _
Milling *tmission from Vulcanization Process
Extrusion Solvents
Calendering , *Emissions from Yulcanization Process
Tire Building Solvents
Curing Preparation ~ Variable exposure to solvents, talc
Curing *Emission from Vulcanization Products
fFinal Inspectioﬁ Cured rubber dust, solvents

*Emissions from the hot rubber mix can be of two sorts (based on
theoretical considerations), and will not be the same for milling,
calendering and curing.

1. VYolatization -

a. Residual monomers (probably only milling and calendering)
styrene, acrylonitrile, chloroprene

b. Antioxidants and Antiozonants and Accelerators - higher
loss in milling and calendeinrg

¢. Processing Aids - oils

d. Miscellaneous Ingredients - special ingredients (amines,
esters, organic acids) and impurities (5-40% of main
ingredient).

2. Formation of New Compounds - Oxidative products are formed in
milling and calendering; reductive products are formed in the
mold during curing, oxidative products when the curing press
is opened. The compound classes formed include amines and
ammonia, organic sulfides, hydrocarbons, acids, esters, water.

It has been estimated that 0.5-0.7% volatile material would be
released and conceivabty 1,000 or more different compounds.
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PG2 | |
- OHSG COMPUTER GROUP
APPENDIX 11 ~ UPDATE 0
MAY, 1977

VARIABLE CASE-CONTROL STUDY PROGRAM

OCCUPATIONAL HEALTH STUDIES GROUP
SCHOOL OF PUBLIC HEALTH

UNIVERSITY OF NORTH CAROLINA
CHAPEL HILL, NORTH CAROLINA 27514
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GENERAL DESCRIPTION

ABSTRACT

The Variable Case-Control Study program is designed to produce
statistics for case-control studies when either a fixed or a variable
number of controls are matched to the cases in a file, The statistics

may be generated for one or more fields in the records and they are:

1. odds ratio 3. Chi
2. Chisq 4. Confidence Interval
SQURCE

Allan Smith (Department of Epidemio1ogy) requested the development of
this program, supplied the formulas, and also participated in the
documentation. It is an expansion of an earlier OHSG program designed
by Ravi Mathew (Programmer) and Professor Anthony McMichael (Depart-
ment of Epidemiology) which analyzed case-control files that had a

fixed number qf controls matched to a case.

COMPUTATIONAL PROCEDURE

For case-control studies, a case record and the one or more control
records that are matched to that case make up a single entity for
analysis purposés. For these groups, formulas have been developed
which uses a 2-by-2 matrix as the basic component for solving the
equations. The matrix contains exposure information on a field to

be analyzed.
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2-by-2 Matrix

Exposed Not Exposed

Case Ai ‘ Bi wi
Control Ci Di Xi
U1 Vi Y1

where: i = a group which consists of a single case and

the controls that are matched to that cag?.

™
"

1 if the case is exposed and 0 if unexposed.
B. = 1 if the case is not exposed and 0 if exposed.
= The number of controls exposed.

= The number of controls not exposed.

= The sum of Ai + Ci'

= The sum of Ai + Bi'

C

D

u

V. = Thg sum of Bi + Di'
W

X. = The sum of Ci + Di'
Y

= The sum of Ui + Vi or the sum of wi + Xi’

Formulas based on the 2-by-2 matrix

Odds Ratio = g(Ai Di)
1 Yi

LfB; Ci)
Ny
i
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Chi = \! Chisq

Confidence Interval = Exp (Gn {odd ratio% (1 + Z vaiue))
Chi

where 2 vaiue for normal distribution is 1.96 for-a 95%

confidence 1imit and 1.645 for a 90% confidence Timit.

There can be more than one field in the Data records for which
the analysis is desjred and the concept of the 2-by-2 matrix
would have to be produced for each of them. The program will
treat all blanks or zero as not exposed and treat any other
value in a field as exposed. Changing of values to.meet these

criteria must take place outside of this program, if necessary.

INSTRUCTIONS FOR USE

ORDER OF JOB DECK

//JOBNAME JOB UNC.OHS ..... Ceereannn REST.OF. JOB_CARD. . ............
//*PW=......PASSWORD....,.. eneeaene
/] EXEC PGM=CASE
//STEPLIB DD DISP=SHR,DSN=UNC.OHS.F207F.LOAD
//CONTROL DD * -
[CONTROL INFORMATION]
//DATA DD DISP=OLD ..........- . ......DEFINITION.OF.DATA.FILE,....
//SYSPRINT DD SYSOUT=A :
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PREPARATION OF CONTROL CARDS

Card 1.
A1l of the fields on this card must be numeric, each field must be
separated by one or more blanks, and the values must be contained

within column 1-79,

1. The length of a DATA record.

2. Location of an ID field in the DATA record which identifies
a case and the controls that are matched with that case.

3. tength of the ID field.

4. Location of a case-control-number in thé DATA record which
jdentifies an individual record as being a case record or
a control record.

5. Length of the case~control-number.

6. The value of the case-control-number which identifies a
case. _ | -

7. Maximum number of control records that are matched to
any one case.

8. Location of the first time-work-field in the DATA record for
which an exposure check is to be made.

9. Length of a time-work-field.

10. Number of digits in é time-work-field which denotes a
fraction.

11. The number of time-work-fields in a record.

12. The Z-value which is to be used in the confidence interval

formula.
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Card 2.

This card contains a title whicﬁ will appear on thz print out above
the tables generated, it may be alphanumeric, contained in column
1-89, and column 1 must be a non-blank character.

Card 3-N.

These cards contain labels which will appear on the print out
identifying the time-work-fields. Their use is optional._ If
they are not given, the program will label each time-work-field
as OT# 1 - OT# N where N is the number‘of time-work-fields in a
rgcord. If they are given, there may be as many put on a card

as will fit, there must be one for each time-work-field, they
may be alphanumeric and must have a length of 1-8 characters,
must be enclosed within quote marks, and each name with its

enclosing quote marks must be separated by one or more blanks.

DATA FILE
The data file must be sorted in ascending order by ID and case-
control-number order and there must be a separate record for each

case and control as follows:

First case record

Control 1 for the first case record

4

Control N for the first case record

Second case record

Control 1 for the second case record

BATO/JACKSON 025746
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The required fields in a record are:

1. An ID field which identifies a case and the controls which
are matched to that case. This field may be alphanumeric
and may contain blanks.

2. A case-controi-number which identifies a record as being a
case or as being a control. This number must be all numeric
and cannoct contain leading blanks even if more than one diéit
long. .

3. The time-work-fields. These fields may contain blanks, numbers,
and a decimal point. If a decimal point is included in the
value, it overrides the fractional specification given in the
Control cards. If a decimal point is not included in the
value, the fractional part is taken to be the number of
rightmost digits 'specified in the Control cards. All of the
time-work-field which are to be analyzed must be adjacent to‘-
one another.

In order for a group of records having the same ID to be included

$n the analysis, they must pass the criteria of the above items as

well as the following:

1. There must be a case record and some control records for each
ID.

2. There cannot be duplicate case numbers or duplicate'controi
numbers for an ID.

3. The value that identifies a record as being a control must
be greater than the value that identifies a record as a case.

4. The number of control records matched with any one case cannot

exceed the maximum specified in the control cards.
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EXAMPLE EXECUTION

//B10% JOB UNC.OHS.F299E ,R-LEGGETT
//*PU=9907

// EXEC PGM=CASE

//STEPLIB DD DISP=SHR,DSN=UNC.OHS.F207F.LOAD
//CONTROL DD *

163 5 2 4 1 1 4 23 7 3 5
B109 Matched analysis on Memphis 1975 data.
‘TBLD' 'CADM! "QRSM' 'TTLD!' TTLD!

//DATA DD DISP=0LD,DSN=UNC.OHS.F9907 .MEMPHIS
//SYSPRINT DD SYSOUT=A

EXECUTION TIMING
The run time used to process 616 records with 21 exposure fields to
analysis on each record was 10.8 seconds on an IBM 370/165 computer.

The core storage used was 102K.
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INTER-OBSERVER AGREEMENT ON ESTIMATE OF POLYCYCLIC HYDROCARBONS LEVELS

OCCUPATIONAL TITLE Higu | Med.] Low None { Unk.

001 BaLEE_Preparation—T%fgs B 1 1 1

002 Batch Preparation-Tube, Flaps, Bla%ﬁcrs } 1 1

003 Pigment Blend;?;ng 1 2

004 Cement Mixing 1 2
005 Cutting & Milling-Tires 1 1 1
006 Cutting & Milling-Tubes 1 1 1
007 Servige—Batch Preparatioh—Tires 1 2

008 Service-Batch Preparation-Tubes 1 2

009 Milling-Treads 1 2

010 Milling-Plystock 1 2

01l Milling-Flaps & Bladders 1 2

012 Milling-Tubes 1 2

013 Milling-Miscellaneous 1 2

014 Calender Operation 2 1
015 _Calender Teuding 2 1
016 Roll Changing-includ. Trucking & Service 1 2
017 Plystock Handling—includ. Band Building 1 2
018 Liner Service (xeroll, mend, clean)’ 1 2
019 Tuber Operation-Treads 2 1
020 Tuber Operation-Tubes - 2 1
021 iuber Operation-Flaps & Bladders 2 _l
022 Tuber Service-Tubes 2 lj
023 Tuber Service-Flaps & Bladﬁers "2 1
024 FY0SE STy acEing and Shitting) i
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OCCUPATTICHAL TITLE ’“‘*‘”"”;g;ﬁ' tled. | Low None | Unk.

-~025 Cementing-Treads 2 1

026 Bead Buildiog 2 1

027 Tire Building 2 1

028 Service-Tire & Bead Building 2 1

029 {gggiﬁg?og%ugﬁgigg & Sort Green Tires 1. 2'

030 Paint & Line-GCreen Tires 3

031 Valve Preparcation 1 2

032 Tube & Flap Building 1 2

033 Curing-Tires 1 A 1

034 Curiﬁg—Tubgs 1 1 1

035 Curing-Flaps (black) 1 1. 1

036 Curing—flaps (white) 1 1 1

037 Curing-Bladders « 1 2 fans

038 Curing-Valves 1 1 1

039 Mold Cleaning & Repair | 1 2

040 Finishing & Inspecting Tires 3. 2

041 Repairing-Ti;es - 1 2

042 TFinishing & Repairing—Tubes & Airbags 2 1

043 gigiggiggeg Repairing-Flaps,'Bladders 2 1

044 Maintenance-Paiuting 2 1

045 Maintenance-Millwright 2 1

046 Maintenance~Electrical 2 1

047 Maintenance-Sheet Metal 2 1

048 Maintenance-Welding 1- 1 1
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OCCUPATIONAL TITLE High| Med. | Low Mone { Unk.
F 049 Mechanic 2 1
050 Carpentry 2 1
051 Machinist 2 1
e : | o
053 Power Plant 1; 2
054 Quality Contfol Testing 2 1
055 Trucking {(genl.) 1 1 1
056 Clerical 3
057 Janitor 1 1 1
058 Shipping & Reqeiving 2 1l
059 Other Rubber Worker (tires & tubes) 1 1 ' 1-
060 Mill Mixing 2 1
061 Prep. - Reclaim 1 1 1
062 2 Devulcanizing - Reclaim -] 1 1
063 Milling - Reclaim (regining) 1 2
064 Servicé —.Reclaim 1 1 1
065 Service — BB ~.Miscei1aneous i | 2
066 Compounding & Miﬁing ~ Chem. Prod. 1 1 Y
067 Reaction Operator - Chem. Prod. 2 1
068 Finishing (dry, bag) — Chem. Prod. 2 1
069 Shipping & Receiving - Chem. Prod. 2 1
070 Manufacturé Foam Prod. 2 ‘1
071 Rocket Liner Mfg. 2 1
072 Urethane 3
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- OCCUPATIONAL TITLE Med.}! Low | Noue | Unk.

073 Viayl Prod. MfEg. | 3
or4 %ssin Prods Yie: (chepisum, pliolice, 3
075 Pliofilm Mixing . 3
076 Pliofilm Fabrication 3
677 Pliofilm Fini.shing Sl o3
078 Batch Prep. — Ind. Prod. 1 1
079 Prep. - Ind. Prod. 2 1
080 Curing - Ind. Praod. 1 1
081 Finish & Inspect - Ind. Prod. 2 1
082 - Other Rubber Worker - (non-tire & tube) 2 1
083— ﬁatch_Prep. - Hose & Belt 1 i
084 Fabrication - Hose & Belt 2 1
085 Curing - Hose & Belt 1 1

| 086 Finish & Inspect - Hose & Belt 1 2
087 %ggiiaé gg?R§r Prod. bevelopment 1 2
088 Othgr Worker (nqn—rubber such as 2

police, cafeteria, ?tc.)

089 Batch Prep. ~ Synthetic Latex 2
090 Prgparatioﬁ & Réaction~8ynthetic Latex 2
051 Finishing & Packing-Synthetic Latex 2
092 Rim Plant -~ Metal Treatment 3
093 Rim Plant - Forming & Machining 3
094 Rim Plant-Welding | 3
095 Rim Plant-Finishing & Inspecting 3
096 Plastics-Production & Manufacture ° f 3
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OCCUPATIONAL TITLE High { Med. ] Low None | Unk.

097 Fuel Cell 2 1

098 Aerospace 2 1

059 éﬁgiélgrggzgzsigﬁg oper.} 3

100 Mechanical Building 2 1

101 Salary - 3

111 A?ode Process (Coagulation dip) 2

112 Rubber Preparation 2

113 Retread 3

114 Adhesives 3

118 -Tube Building. & Curing 1 2 |

119> Footware 3
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INTER-OBSERVER ACREEMENT ON ESTIMATE OF ASBESTOS LEVELS

OCC&PAf;;&XEMiITLE High | Hed. | low None | Unk.

__001 Batch Pr§paration—Tires L 1 2

002 Batch Preparation-Tube, Flaps, Bladders 1 2

003 Pigmeut Blending 1 2

004 Cement Mixing 1 2

005 Cutting & Milling-Tires 1 2

006 Cutting & Milling-Tubes 1 1 ) 1

007 Service-Batch Preparation-Tires 1A 1 1

008 Service-Batch Preparation-Tubes 1 2

009 Milling—-Treads 1 2

010 Milling-Plystock 2 1

011 Milling-Flaps & Bladders 2 1
— 012 Milling—Tubes 2 i

013 Milling-Miscellaneous 3

014 Calender Operation 1 1

015 Calender Tending 3

016 Roll Changing-includ. Trucking & Service 3

017 Plystock Handling-includ. Band Building 3

018 Liner Sarvice (r;roll, mend, clean) 3 ]

019 Tuber Operation-Treads 3

020 Tuber Operation-Tubes 1 2 '

021 Tuber Operation-Flaps & Bladders 3

022 Tuber Service-Tubes 1 _2

023 Tuber Service-Flaps & Bladﬁers 3

024 (IneTuds bookies and Siitting) 3
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OCCUE’ATIO-.‘!-!‘;: T.[Thf'.E a _ High | Med.| Low None Unk.j

’__925 Cenenting-Treads B 3

026 Bead Building | ) ) e 3

027 Tire Building 3

028 Service-Tire & Bead Building 3

029 {?ggfﬁg?o?%ugﬁggég & Sort Green Tires . 3

030 Paint & Line—Green Tires 2 1

031 Valve Preparation | 2 1

032 Tube & Flap Building 2 i

033 Curing-Tires 3

034 EiFing-Tubes 3

035 Curing-Flaps (black) 1 2

036 Curing-Flaps (white) 1 1 1

037 Curing-Bladders 2 1

038 Curing-Valves 1 2

039 Mold Cleaning & Repair- 2

040 Finishing & Inspecting Tires 3

041 Repairing Tires - 3

Q042 Finishing & Repairing-Tubes & Airbags 2 1

043 gig?gggggeg Repairing-Flaps, Bladders 2 1

044 Maintenance-Painting 2 1

045 Maintenance-Millwright 2 1

046 Maintenance—Electrical 1 l'. 1

047 Maintenance-Sheet Metal 2 1

048 Maintenance-Welding - 2 1
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OCCUPATIONAL TITLE ] ;igh Med. ] Low Foaz | Unk. 1

049 Mechanic 2 1

050 Carpentry 1 1 1

051 IHMachinist 1 1 | 1

e i Y 2 )

053 Power Plant A - 4i 2

054 Quality Control Testing i 1 1

055 Trucking (genl.) 1 1 1
- 056 Clerical 3

057 Janitor 2 1

058 Shipping & Receiving 1 2

059 Other Rubbar Worker {tires & tubes) 1 1

060 Mill Mixing 1 2

061 Prep. — Reclaim 3

062 Devulcanizing - Reclaim 3

063 Milling — Reclaim (refining) 1 2

064 Service -— Reclaim' 2 1

065 Service — BB —:Misceilaneous 2 1

066 Compounding & Mixing — Chem. Prod. 2 1

067 Reaction Operator — Chem. Prod. 2 1
W7068 Finishing (dry, bag) - Chem. Prod. 2 1
w069 Shipping & Receiving ~ Chem. Prod. y 2 1
hﬁ070 Manufacture Foam Prod. - 3

071 Rocket Liner Mfg. 2 1

072 Urethane 3
S
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OCCUPATIO:-.':;;_'_E'—ITJ?I.,E - High | Med. tow | zone | Uak.
073 Vinyl Prod. Mfg. | 2 1
T Besin Freds gy (epgpieee, pliolie, RE
075 Pliofilm Mixing | 3
076 Pliofilm Fabrication a B 3
077 Pliofilm Finishing | - 3
078 Batch Prep. — Ind. Préd. 2 1
079 Prep. — Ind. Prod. ' ' 2 1
080 Curing - Ind. Prod. 1 2
| 081 Finish & Imspect - Ind. Prod. ‘ ' 3
082 - Other Rubber Worker — (non-tire& tube) 2 1
083 Batch Prep. — Hose & Belt 3
b_fDSA Fabrication — Hose & Belt 1. 2
085 Curing - Hose & Belt | 3
086 Finish & Inspect - Hose &.Belt . 3
087 ?ggiiat %ggz§r Prod. bevelopment . 2 1 T
088 Other Worker (ngn—rubber such as 3
- police, cafeteria, etec.)
089 Batch Preﬁ. - Synthetic Latex 3
»—090_ Preparatioﬁ & Réaction—Synthetic Latex 3
091 Finishing & Packing-Synthetic Latex ' 3
092 Rim Plant - Metal Treatment 3
093 Rim Plant ~ Forming & Machining 3
| 094 Rim Plant-Welding |3
095 Rim Plant-Finishing & Insbecting | ) 1 3
B 096 Plasties-Production & Manufacture . 3
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Med.

OCCUPATIOSAL TITLE High Low | None | Uak.
097 Fuel Cell 2 1
098 Aerospace 2 i
099 ?ﬁgzilgrsgziigiﬁﬁg oper.) 3
100 Mechanical Building 2 i
101 Salary | 3 ’
111 Anode Process (Coagulétion dip) 3
112 Rubber Preparation 2 1
113 Retread 3
114 Adhesives 3
118 +Tube Building. & Curing 2 1
119 Footware

Al
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INTER-OBSERVER AGCREEMENT ON ESTIMATE OF NITROSAMINE LEVELS

OCCUPATIONAL TITLE High{ Med.| Low None { Unk.

001 Batch Preparation-Tires 1 1 1

002 Batch Prepara;ion—Tube, Flaps, Bladders| 1 1 1

003 Pigment Blending 3

004 Cenent Mixing 3
005 Cutting & Milling-Tires 1 .l:' 1
006 Cutting & Milling-Tubes 1 1 1
007 Service-Batch Preparation-Tires 1 2

008 Service—Batch Preparation-Tubes 1 2

009 Milling-Treads 1 1 1
010 Milling—-Plystock 1 1 1
0l1 Milling-Flaps & Bladders 1 1 1
012 Milling-Tubes 1 1 1
033 Milling-Miscellaneous 1 1 1
‘014 Calender Operafion 1 1 1
015 Calender Tending 1 1 1
016 Roll Changing-includ. Trucking & Service 1 2
017 Ply=arock Handling-includ. Band Building 2 1
018 Liner Service (recvell, meand, clean) 1 2
019 Tuber Operétion—Treads 1 1 1
020 Tuber Cperation-Tubes 1 1 1
021 Tuber Operation-Flaps & Bladders 1 1 1
022 Tuber Sérvice—Tubes 1 2
023 Tuber Service-Flaps & Bladaers 1 2
I e e e T 1 {2
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[ " OCCUP;&IOEAL f;TLE - Hig;_{ﬂed, Lo None | Unk.
025 QE?enting-Treads 1 2
026 Bead Puilding 1 2
027 7Tire Building 1 2
F 028 Service-Tire & Bead Building | 3
029 {?ggfﬁg?o?fugﬁggég & Sort Creen Tires 3
030 Paint & Line-Green Tires 3
031 Valve Preparation 3
032 Tube & Flap Building 1 2
033 Curing-Tires 1 1 1
034 Curing-Tubes 1 1 1
035 Curing-Flaps (black) 1 1 1
036 Curing-Flaps (white) 2 1
037 Curing-Bladders 1 1 1
038 Curing-Valves 1 - 1 1
039 Mold Cleaning & Repair 1 2‘
040 Finishinz & Inspecting Tires 1 2
041 Repairing Tires . I 1 2
042 Finishing & Repairing-Tubes & Airbags 2 1
043 gégiggégéeg Repailring-Flaps, Bladders 2 1
- 044 Maintenance-Painting 2 1
QAS Maintenance-Millwright 2 1
046 taintenance-Electrical 1 1 1
L
047 Maintenapce-Sheet Metal 2 1
048 Maintenance-Welding 1 1 , 1

BATO/JACKSON 025761



321

CCCUPATIONAL TITLE High | Med. ] Low Nona Unk_‘_-
049 Mechanic 2 1
050 Carpentry 2——m 1
051 Machinis£ 2 1
052 Cantht Fratshiss ofBipefitters, 2 1
053 Power Plant N 2 1
054 Quality Control Testing 2 1
055 Trucking (genl.) 1 1 1
056 Clerical 3
057 Janitor 1 1 1
G58 Shipping & Receiving 1 2
059 Other Rubber Worker (tires & tubes) 1 1 1
060 Mill Mixing 2 1
061 Prep. _ Reclaim 1 2
062 Devulcanizing - Reclaim 1 1 1
063 Milling — Reclaim (refining) 1 1 1
064 Service — Reclaim 1 2
065 Service - BB —.Miscailaneous 3
066 Compounding & Mi%ing — Chem. Pred. 2 1 1
067 Reaction Operator — Chem. Prod. 1‘ 1 1
068 Finishing (dry, bag) - Chem. Prod. 1 1 1
069 Shipping & Receiving - Chem. Prod. 1 1 1
070 Manufacture Foam Prod. 1 1 1
071 Rockes iiner Mfg. 1 | 2
072 Urethane 1. 2
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“

OCCUPATIO}JAL TITLE High | Med.§ Low A None | Unk.

073 Vinyl Prod. Mfg. 2 1

075 Pliofilm Mixing | 2. 1

076 Pliofilm Fabrication .2 1

077 Pliofilm Finishing - 2 1

078 Batch Prep. - Ind. Pr;)d. 2 1

079 Prep. — Ind. Prod. 2 1

030 Curing — Ind. Prod. 1 1 1

081 Finish & Inspect - Ind. Prod. 2 1 '
- Q§g - Other Rubber Worker -~ (non-tireé tube) 1 1 1 .

633 Barch Pfep. - Hose & Belt 2 1

084 Fabricarion - Hose &'Belﬁ 1 2 -

0353 Curing — Hose & Belt 1 1 1

086 Finish & Inspect - Hose & Belt 2 | 1

087 %ggiiaé %ggg§r Prod. Development 1 2

038 Other Worker (ngn—rubber such as 3

< police, cafeteria, gtc.)

089 Batch Prep. - Synthetic Latex 1 2

030 Preparatioﬁ & Réaction-Synthetic Latex 1 2

091 Finishing & Packing-Synthetic Latex 1 2

092 Rim Plant - Metal Treatment 3

093 Rim Plant - Forming & Machining 3

094 Rim Plant-Welding. 3 ‘

095 Rim Plant-Finishiag & Inspecting ) 3 .

096 Plastics-Production & Manufacture 1 1 1
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r--—ﬂ_"_--~_q__;;(;—L;’:1;'_I—sOI-EAL—E";L?—_AF__——_n_M__ Migh | Hed. Low None —runv- . ‘
Fuel Cell 2 1
Aerospace 2 1
Metal Preparation o
(mostly degreasing oper.) 3.
Mechanical Building 3

- Salary 3
Anode Process (Coagulétion dip) 3
Rubber Preparation 1 1 1
Retread 1 1
Adhesives 2 1
“Tube Building, & Curing 1 1

] Footware 1 1

.
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INTER-OBSERVER AGREEMENT ON ESTIMATION OF CARBON BLACK LEVELS

(includ. booking and slittiog)

OoCCy P:\-’L-’IOXK\L TITLE B o ﬂ_}ji-;'uv ;I;“;:‘ m—lt)—f;“r_l‘:;:e—_E:

001 Batch PreparationiTircs 3

002 Batch Preparation«Tube, Flaps, Bladders| 3

003 Pigment Blending 1 2

004 Cement Mixing 3

005 Cutting & Milling-Tires 1 1. |2

006 Cutting & Milling-Tubes 1 1 1

007 Service-PBatch Preparation~-Tires i 2

008 Service—-Batch Preparation-Tubes 1 2

009 Milling-Treads 1 2
010 Milling-Plystock 1 2
011 M%llingéFlaps & Bladders 1 2
012 Milling-Tubes 1 2
013 Milling-Miscellaneous 1 2
014 Calender Operation 3
015 Calender Tending 3
0l6 Roll Changing-includ. Trucking & Service 3
017 Plystock Handling-includ. Band Building 3
018 Liner Service (reroll, mead, clean)’ 3
"0l9 Tuber Operation-Treads 3
020 Tuber Operation-Tubes 3
021 Tuber Operation-Flaps & Eladders 3
022 Tuber Service-Tubes 3
023 Tuber Service-Flaps & Bladaers ’ 3
024 Tuber Service-Tread Tuber 3

BATO/JACKSON 025765



325

[ OCCUPAT LONAT, ;'ITLET“ “Hh“_--m_m;;g-;;'tk ;;i; I.(:w NHone r_[;r:]:._
F__QEEﬁﬂEgmenting~Tr§?ds 3 L
026 Bead Buildiﬁg | 3
027 Tire Building 3
028- Service-Tire & Bead Buildiné . 3
629 %gﬁgfﬁ&?ogfuggggég & Sort Green Tires f - 3
030 Paint & Line—Gréen Tires 3
031 Valve Preparation 3
032 Tube & Flap B;ilding 1 2
033 Curing-Tires 1 2
034 Curing-Tubes 1 2
035 Curing-Flaps (black) 1}z
036 Curing-Flaps (white) 1 2
037 Curing-Bladders 1 2
038 Curing-Valves 1 2
039 Mold Cleaning & Repair_ 3
040 Finishing & Iuspecting Tires 1 2
041 Repairing Tires ~ 1 2
042 Finishing & Repairing—Tubes & Airbags 1 1
043 Figishing & Repairing-Flaps, Bladders 1 2
044 1IMaintenance-Painting 2 1
045 Maintenance-Millwright 1 lﬁ ;
046 Maintenance-Electrical 1 1 1
047 Maintenance-Sheet Metal 1 ) 1 1
048 Maintenance-Weldiag 1 - 1 1
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OCCUPATIONAL TITLE -ﬂ-High Med.] lov None | Unk.

049 DMechanic | . 1 1 ) 1
050 Carpentry - 2 1
051 Machinist 2 1
ose RTINS oI HE :
053 Power FPlant | . 3

054 Quality Control Testing 1 2

055 Trucking (genl.) 1 1 1
056 Clerical 3

-057 Janitor 1 1l 1
058 Shipping & Recelving 2 1

059 Other Rubber Worker (tires & tubes) 2 1
060 Mill Mixing 1 1 1
061 Prep. - Reclaim 1 2

062 Devulcanizing - Reclaim 1 2

063 Milling — Reclaiam (fefining) 1 2

064 Service — Reclaim 1 2

065 Service - BB —:Misceilaneous 1 2

066 Compounding & Mixing - Chem. Prod. 1 2

067 Reaction QOperator - Chem. Prod. 3

068 Finishing (dzry, bag) - Chem. Prod. 3

069 Shipping & Receiving — Chem. Prod. 3

c70 Ménufacture Foam Prod. ] '3

071 Rocket Liner Mfg. 3

072 Urethane 3

BATO/JACKSON 025767



327

OLCU“ATIU\AL TITLE High { Med. | Low None F;;;T“
073 Vinyl Prod. Mfg. - _ 3 o
074 5&’2;25{?‘!) 5‘5% e(“il,i’“‘i"rlg““’_—;ﬁa;;:w | , |
075 Pliofilm Mixing ﬁ 3’
076 Pliofilm Fabrication 3
b77 Pliofilm Finiéhing 3
078 Batch Prep. — Ind. Prgd. 2 1
079 Prep. - Ind. Prod. . 1 1 1
080 Curing - Ind. Pred. 1 2
081 Finish & Inspect — Ind. Prod. 1 2
082 - Other Rubber Worker - (non-tire & tube) 2
G83 Batch Prep. — Hose & Belt 2 1
084 Fabrication - Hose & Bzlt 1 1 1
085 Curing - Hose & Belt 1 2
086 Finish & Inspect - Hose & Belt 1 2
087 (gg;iaé gg?3§r Prod. Development 1 1 1
ogg Other Worker (non-rubber such as 3
police, cafeteria, etec.)
089 Batch Prep. - Synthetic Latex 3
090 Preparatioﬁ & Reaction-Synthetic Latex 3
091 Finishing & Packing-Synthetic Latex 3
092 Rim Plant - Metal Treatment 3
093 Rim Plant - Foraing & Machining 3
054 Rim Plant-Welding 3
095 Rim Plant-Finishing & Inspecting 3
096 Plasticé-Production & Manufacture 3
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T OCCU_PATIOZ‘.'A[; TITLE T High ‘l'l*:zd_._ lLow None | Unk.
097 Fuel Cell 2 1
098 Aerospace - 2 1

Metal Preparation o

_*~999 {mostly dégreasing oper.) 3
100 Mechanical Building 2 i
101 Salary 3
111 Anode Process (Coagulétion dip) 3
112 Rubber Preparation 1 1 1
113 Retread 1 1 1
114 -Adhesives 3
1i8 - Tube Building. & Cu;ing 1 2
11¢ TFootware 1 1 1

-
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