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This dissertation had two central goals. The first was to examine and clarify meth-
odologic issues related to retrospective follow-up studies of cancer incidence among oc-
cupational groups in the United States. The second was to determine if employment fac-
tors were associated with the incidence of any type of cancer among 89,054 International
Business Machines empléyees at a semiconductor facility and a storage device facility.

We used data from studies of microelectronics industry employees to assess meth-
ods for developing residential histories, which are required for a cancer incidence inves-
tigation, and to determine the relative informativeness of cancer incidence and mortality
studies. Use of postemployment residential histories increased person-years by up to 62%
and increased the observed number of cancers by up to 28%. The number of observed
cancer cases in the incidence study was 60% higher than the number of observed cancer
deaths in the mortality study.

We compared employees’ incidence rates with general population rates and exam-
ined incidence patterns by facility, duration of employment, time since first employment,
potential for exposure to workplace environments other than offices, and work activity.

Employees had lower than expected incidence for all cancers combined (2,860 observed
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cases, standardized incidence ratio = 84, 95% confidence interval = 81-87). Analysis of
incidence patterns by potential exposure and by years spent and time since starting in
specific work activities did not provide strong or consistent evidence of causal associa-
tions with employment factors.

Assumptions about residential history had little impact on validity in the incidence
study. Despite geographic and temporal restrictions, incidence studies provide more data
than mortality studies on cancers with good survival. Employees had fewer than expected
cases of cancer compared to general populations. Incidence was increased for several
cancers in some employee groups, but interpretation of these results was difficult because
data on employees with long potential induction time and many years worked were
sparse and beéause of potential cqnfounding by nonoccupational risk factors, impreci-
sion, and other limitations. There was no strong and consistent evidence that any form of

cancer was associated causally with employment factors.

11
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INTRODUCTION

This dissertation evaluates cancer incidence among employees at semiconductor
and storage device manufacturing facilities. It also investigates methodologic issues re-
lated to retrospective follow-up studies of cancer incidence among occupational groups in
the United States (US).

In the US the semiconductor and storage device manufacturing sectors of the mi-
croelectronics industry have undergone rapid and complex expansion since the 1950s and
have had a major impact on the economy (1). The semiconductor industry employed
283,875 people in the US in 2000, and semiconductor sales by US companies totaled
$102 billion in 2000 or 50% of total worldwide sales (2). The productivity growth in the
US in the 1990s was attributable in large part to computer production and to advances in
information technology that depended on the semiconductor industry (3, 4).

During the early years of semiconductor and storage device manufacturing, use of
chemicals was intense, and workers” handling of chemicals was frequent (5, 6). High-use
chemical categories included solvents, acids, alkalis, and metals. Although the potential
for workers to be eyfposed to these agents has declined with the development of engineer-
ing controls and with increased use of automated, enclosed processes, concern remains
about the possible health effects of past workplace exposures (1, 5-10).

Ten epidemiologic studies (11-24), conducted both in this country and abroad,
have investigated the occurrence of spontaneous abortion, reduced fertility, and other ad-

verse reproductive outcomes among semiconductor and other microelectronics industry
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workers; however, information on mortality and cancer incidence is limited. Only two
small studies have been conducted (25-28). Both were in the United Kingdom. The pre-
sent study includes 89,054 subjects employed at semiconductor and storage device manu-
facturing facilities in the US between 1965 and 2000. It is the first major study of cancer
incidence in this important industry.

Epidemiologists typically use retrospective follow-up studies of mortality to ob-
tain information on a wide range of chronic diseases among occupational groups. How-
ever, incidence data may be of greater value in studies of certain types of cancer, particu-
larly those types associated with relatively long survival (e.g., cancers of the colon,
breast, prostate, and bladder and non-Hodgkin lymphoma). Because incidence data in-
clude both nonfatal and fatal cancers, incidence studies may provide a more comprehen-
sive and informative assessment of cancer occurrence than mortality studies.

The existing epidemiologic literature does not completely address the method-
ologic challenges of retrospective cancer incidence studies. Ascertainment of nonfatal
cancer cases is difficult in the US because a national cancer registry does not exist. Using
a state or regional cancer registry for case ascertainment imposes temporal and geo-
graphic restrictions on the study base that are characteristic of the particular registry. Use
of registries also requires the development of residential histories to determine the per-
son-time that subjects contribute while living in the registry’s catchment area. Case ascer-
tainment through special surveys of individually traced subjects requires considerable
time and other resources. Simply locating subjects who have separated from employment
can be difficult, nonparticipation may affect validity and precision, and confirmation of

self-reported cancers is problematic. Irrespective of the means of case ascertainment, per-
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son-time specification for analyses of multiple types of cancer is an unresolved method-
ologic issue. This dissertation reviews current practices and proposes contemporary ap-
proaches for meeting these challenges based upon analyses of the data collected for the
cancer incidence study of semiconductor and storage device manufacturing workers, de-

scribed in the first paper of this dissertation, and its companion mortality study.

Background

Semiconductor and storage device manufacturing.' Semiconductor manufacturing
involves the creation of electronic devices on the surface of a thin circular disc of silicon.
Silicon’s conductive properties allow for the creation of electronic on/off switches that
indicate a value of one or zero in a computer’s binary language. Hundreds of complex
processing steps build the switches and connect them into circuits, millions of which can
be placed on a single chip. The exact nature and number of steps needed to manufacture a
semiconductor chip varies with its design and complexity, but the basic process remains
the same.

Manufacturing processes involve many chemicals, physical agents, and tools, and
there is potential for exposure associated with each process. In brief, ultrapure silicon is
processed into cylinders that are sliced into thin, five- to eight-inch-diameter wafers on
which hundreds of individual computer chips can be made. The wafers are cleaned, in-
spected, and placed in high temperature furnaces, where they are coated with noncon-
ducting oxide film. A thin layer of light-sensitive plastic, called photoresist, is applied

over the oxide. A glass “mask,” containing the chip’s circuit pattern, is placed over the

! The description of the manufacturing processes is based on direct observations of the workplace and un-
published documentation furnished by the International Business Machines Corporation (IBM).
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wafer and precisely aligned. In a process called photolithography, ultraviolet light or an
X-ray beam is projected through the mask to print each chip’s circuit pattern on the wafer
surface. Exposure of the photoresist causes polymerization (hardening) in some areas but
not in others.

The photoresist that has not been hardened is washed away in solvent baths, ex-
posing the oxide layer with the shape of the circuit pattern. Using either a wet or dry etch
method, holes also are etched in the oxide layer. The wafer is then bombarded with ions
(electrically charged particles) that penetrate the holes etched in the oxide surface. The
depth and concentration of these materials (“dopants”) determine the specific electrical
characteristics of the chip. The processes of oxidation, photolithography, etching, and ion
implanting are repeated to build transistors and other electronic circuitry that make up
each chip.

Once the electronic components have been implanted in the silicon, interconnect-
ing wiring is added to the chip by placing the wafer in a vacuum chamber and coating it
with copper mixed with aluminum or other metals. The aluminum is etched away, leav-
ing the desired wiring. A thin layer of material is added to protect the wafer. The wafer is
then cut into individual chips by diamond-bladed saws and mounted in metal or plastic
packages, called modules. These modules are tested, inserted into printed circuit boards,
and eventually become part of a computer or computer system.

Storage device manufacturing mainly involves the development, production, and
packaging of hard drives, network servers, magnetic tapes, and, more recently, mi-
crodrives. The production of hard drives entails head manufacturing, disk manufacturing,

and head-disk-drive assembly. The manufacture of magnetic heads consists of the crea-
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tion of integrated circuits on the surface of man-made garnet wafers by several processes,
similar to those in semiconductor manufacturing. The wafers are then sliced, polished,
and cut into individual heads. The heads are placed on a suspension mechanism and
stacked together, enabling their assembly into a drive. Disks are manufactured from alu-
minum or glass substrates that can be magnetized to create peaks and valleys. The disks
are tested by writing on them to ensure that all areas on the disk can be read. Next, the
disks and the heads, along with a controller card and electrical connections, are assem-
bled and encased in a plastic shell. With the exception of the head and the disk, all other
components of hard drives usually are purchased from vendors.

The separation of components and the width of connections in many semiconduc-
tors and storage devices is microscopic, and so many of the semiconductor and storage
device manufacturing steps described above must take place in the particle free environ-
ment of a “clean room.” A clean room creates an environment wherein the humidity,
temperature, and contamination are controlled precisely. Clean rooms are rated by the
number of dust particles 0.5 p or more in diameter contained in one cubic foot of air.
Usual designations in increasing order of cleanliness are Class 10,000, Class 1,000, Class
100, Class 10, and Class 1. Temperature and humidity control also increases with class
rating: a typical specification for a Class 1 space is 70°F + 0.5°F and 50% relative humid-
ity = 5%.

The semiconductor and storage device manufacturing industries have undergone
rapid technological advances, with concomitant changes in processes and in work envi-
ronments. Concerns about occupational exposures center on the clean room environment

and on the wide variety of agents that have been used in clean room processes. Clean
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room and other semiconductor and storage device manufacturing employees have poten-
tial exposure to solvents, acids, metals, caustics, gases, dopants (e.g., arsenic, phospho-
rous, or boron), photoresists (e.g., polymethylmethacrylate and diazonapthoquinone-
novolak), and physical agents including ionizing and nonionizing radiation. Some of
these agents such as arsenic, chromium, dichlorobenzene, isopropyl alcohol, tetra and
trichloroethylene, trichloroethane, ionizing radiation, and sulfuric acid are established or
suspected carcinogens and may, under certain exposure conditions, produce acute or
chronic respiratory, neurological, and other medical effects. However, it is not known
whether actual exposures in the industry have been high enough to have any, or a detect-
able, impact on the occurrence of cancer or other chronic diseases among employees.
Other agents, including glycol ethers and fluorides, are suspected causes of adverse re-
productive outcomes, including spontaneous abortion, reduced fertility, and congenital
malformations. A large amount of information is available on the occurrence of sponta-
neous abortion among semiconductor industry workers. In contrast, as noted earlier, rela-

tively little is known about the occurrence of cancer and other chronic diseases.

Mortality and cancer incidence among semiconductor workers. The first study
was reported in 1985 (26) and updated in 1992 (27) and again in 2004 (28). This study
assessed mortality and cancer incidence among 1,807 semiconductor workers in the
United Kingdom. The follow-up period of the most recent update was 1970 through ?002
for mortality and 2001 for cancer incidence. The original study was prompted by the oc-
currence of several skin cancers among employees, and it sought to determine if these

cases might have been due to exposure to ultraviolet radiation in the photolithography
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process. In the original report, workers had 52 observed compared to 73 expected deaths
when compared to the general population of England and Wales (standardized mortality
ratio (SMR) = 71, 95% confidence interval (CI) = 53-93) and had 25 observed/27 ex-
pected cancer deaths (SMR =91, 95% CI = 59-135). In the first update, workers had
107/149 deaths (SMR = 72, 95% CI = 59-87) and had 46/58 cancer deaths (SMR = 79,
95% CI = 58-105). Cancer incidence data indicated 93/97 total cancer cases (standardized
incidence ratio (SIR) =96, 95% CI = 77-118) and 3/1.5 cases of melanoma. In the more
recent update, workers had 307/385 deaths (SMR = 80, 95% CI = 71-89), 111/145 cancer
deaths (SMR = 77, 95% CI = 63-92), and 239/240 cancer cases (SIR = 100, 95% CI = 87-
113). The observed number of cases was higher than the expected number for cancer of
the rectum (19/10) and melanoma of the skin (12/6) among all workers and cancer of the
pancreas among women (10/4).

McElvenny et al. evaluated mortality during 1970-1999 and cancer incidence dur-
ing 1970-1998 among 4,388 workers at another semiconductor facility in Scotland (25).
Compared to the Scottish population, workers had a 34% deficit of deaths from all causes
combined (71/108, SMR = 66, 95% CI = 51-84) and had 29 observed and 31 expected
cancer deaths (SMR = 94, 95% CI = 63-134). There were 79 observed and 73 expected
incident cancers (SIR = 108, 95% CI = 66-135). The observed number of cases was
higher than the expected number for cancers of the lung (13/6.0), stomach (3/1.4), and
female breast (20/16). There were 4 observed and 4.1 expected cases of melanoma of the
skin. Men had more than expected cases of brain cancer (3/0.8); results for brain cancer

were not reported for women.
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Beall et al. conducted a case-control study of 149 decedents with a primary ma-
lignant intracranial neoplasm among US employees of International Business Machine
Corporation (IBM) who died in 1975 through 1989 and who were active in 1968 or later
(29). Of these 149 cases, 38 also were included in the present investigation. The odds ra-
tio (OR) for all primary malignant intracranial neoplasms combined was slightly in-
creased for subjects ever employed as engineers and technicians (OR = 1.2, 95% CI =
0.8-1.9), and the OR was 1.9 (95% CI = 1.0-3.6) for subjects employed for 10 years or
more as engineers or technicians. This study did not include a separate evaluation of the
risk of primary malignant intracranial neoplasms among workers at semiconductor manu-

facturing facilities.

Reproductive health among semiconductor workers. Ten studies evaluated the as-
sociation between work in the microelectronics industry and spontaneous abortion or
early fetal death, reduced fertility, and other adverse reproductive outcomes (11-24).
Some of these studies reported that fabrication work (12, 13, 16-18, 21, 22), work in pho-
tolithography (12, 14, 17, 22), and potential exposure to ethylene glycol ethers (11, 12,
16, 17, 21-23) are weakly associated with spontaneous abortion and subfertility. How-
ever, not all studies found positive associations, and the interpretation of the positive re-
sults is uncertain because workers were potentially exposed to many agents, and, in one
positive study, nonmanufacturing workers, with no chemical exposuré, had an elevated
risk of spontaneous abortion (16, 17, 21).

One of the studies that investigated spontaneous abortion in relation to work in

the semiconductor industry also considered congenital malformations as an outcome of
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interest (16), largely because toxicologic research has found that certain glycol ethers are
teratogenic (30, 31). Although these investigations were informative with regard to com-
mon adverse reproductive outcomes such as spontaneous abortion, they were too small to
provide useful information on congenital malformations. This is because the occurrence
of spontaneous abortion in the general population is frequent (7-50% of all pregnancies
end in spontaneous abortion), whereas the occurrence of congenital malformations is rare
(2-5% of all live births have a congenital malformation) (32). Thus, current evidence is
insufficient to determine whether occupational exposure to glycol ethers causes congeni-

tal malformations (33).

Other medical conditions among semiconductor workers. Pastides et al. examined
general illness symptoms in a cross-sectional study of 744 semiconductor workers (14).
The prevalence of self-reported symptoms was higher among women in photolithography
than among women who were unexposed.

A cross-sectional study, sponsored by the Semiconductor Industry Association
and conducted in the late 1980s, examined respiratory symptoms, dermatologic symp-
toms, headache, nausea, and musculoskeletal symptoms among 3,175 semiconductor fab-
rication workers (34, 35). Fabrication workers reported a variety of symptoms more fre-
quently than nonfabrication workers. However, the symptoms were nonspecific, they did
not cluster within any specific work group, and they did not seem to involve exposure to

particular agents.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10

A cross-sectional study in Taiwan examined lung function among 246 semicon-
ductor workers (36). Workers in photolithography and etching/diffusion experienced
lower forced vital capacity when compared to nonfabrication workers.

A small cross-sectional study of 57 US microcircuit development workers as-
sessed markers of neurologic function (37). Compared to nonexposed workers, workers
exposed to solvents had neurobehavioral deficits as measured by tests of mood, reaction

time, symbol substitution, vibration sensitivity, visual contrast, and grip strength.

Studies of other groups having exposures similar to those of semiconductor work-
ers. Semiconductor fabrication workers are exposed potentially to a variety of solvents,
metals, gases, and radiation. Some of these agents have been evaluated in other occupa-
tional groups. For example, the possible carcinogenic and neurological effects of solvents
have been studied in acrospace workers, in dry cleaners, and in a variety of other manu-
facturing groups. The International Agency for Research on Cancer has classified tri-
chloroethylene and tetrachloroethylene, both of which have been used historically in the
fabrication of semiconductors, as possible human carcinogens (38). Arsenic is used in the
doping of semiconductors and as a component of the substrate (i.e., gallium arsenide wa-
fers). The International Agency for Research on Cancer has determined that inorganic
arsenic compounds are skin and lung carcinogens (39). Recent studies of occupational
and environmental arsenic exposure support this conclusion (40-50). Chromium is used
in several stages of semiconductor manufacturing, from the making of masks to the ter-
minal metals operations. The International Agency for Research on Cancer has deter-

mined that soluble hexavalent chromium is a definite human respiratory system carcino-
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gen (51). Recent studies support this determination (40, 52-60), and one has suggested
that insoluble trivalent chromium compounds also may be carcinogenic (55). The Intermna-
tional Agency for Research on Cancer has classified ionizing radiation as a definite hu-
man carcinogen (61) and low-frequency magnetic fields as possible human carcinogens,
based pﬁmaﬁly on residential studies involving children (62). Low frequency electric
fields have not been classified as human carcinogens (62). Most other forms of nonioniz-
ing radiation have not been evaluated for carcinogenic potential. It is not known if semi-
conductor industry workers have had exposures to any of the above-mentioned agents
that were high enough to cause cancer or other chronic diseases.

The microelectronics industry employs many software engineers and computer
programmers. In a recent hospital-based case-control study of occupation and glioma, De
Roos et al. found that computer programmers and analysts had an elevated incidence of
glioma (OR = 2.4, 95% CI = 1.0-3.8) (63). The association was restricted to men, and it
was larger among men who had worked as programmers for 5 years or more (OR = 3.8,

95% CI=1.2-12.3).

Retrospective follow-up studies of cancer incidence among occupational groups.
Retrospective investigation of cancer in occupational groups is advantageous because of
the long induction period characteristic of most types of cancer. Retrospective follow-up
studies of cancer incidence may be of greater value than mortality studies for cancers as-
sociated with relatively long survival (e.g., cancers of the colon (63.0% 5-year survival,
1992-1999), breast (87.9%), prostate (98.4%), and bladder (82.6%) and non-Hodgkin

lymphoma (57.2%)) (64). Research in this country and abroad consistently indicates that
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cancer incidence studies are more informative than mortality studies for cancers associ-
ated with long survival because of the ability to identify both nonfatal and fatal cases (65-
72). In studies with follow-up periods of similar length for mortality and cancer inci-
dence, the number of cases of all types of cancer is about 1.5 to 2.0 times greater than the
number of cancer deaths (65-67, 69, 70, 72). However, even in studies with cancer inci-
dence follow-up periods that are as much as 20 years shorter than the mortality follow-up
periods, cancer cases will often exceed the number of cancer deaths (68, 71). The advan-
tages of incidence over mortality studies may be particularly strong for studying the rela-
tively young workforce that characterizes the semiconductor manufacturing industry,
which has been in existence only for the last several decades.
Despite the advantages of retrospective follow-up studies of cancer incidence, few
. such investigations have been done in the US (73-79) because of methodologic difficul-
ties. Retrospective case ascertainment of nonfatal cancer cases is difficult in the US for
several reasons. Workers often change their state of residence after they retire or separate
from employment. The US does not have a centralized cancer registry that would facili-
tate the identification of cases among employees in multiple states, and there is not a uni-
form mechanism for conducting record linkage with all existing registries. The North
American Association of Central Cancer Registries has member registries in all 50 states,
the District of Columbia, and Puerto Rico. However, most of these registries are of recent
origin, and many do not meet the 98% case ascertainment standard of the Surveillance,
Epidemiology, and End Results program of the National Cancer Institute. Although the
Surveillance, Epidemiology, and End Results program provides high quality data on inci-

dent cancer cases, only five state registries (Connecticut, Hawaii, lowa, New Mexico, and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



13

Utah) and two regional registries (Detroit and San Francisco-Oakland) have participated
in the program since its inception in 1973. The Surveillance, Epidemiology, and End Re-
sults program has since added coverage for other selected state and regional registries
including four counties in the San Jose-Monterey area south of San Francisco beginning
in 1992 and Greater California in 2001. With its expansion in 2001, Surveillance, Epide-
miology, and End Results program coverage increased from 14% to 26% of the US popu-
lation (from about 39 million to nearlty 74 million people).

Under circumstances where there is no state or regional cancer registry with a
catchment area that includes a study facility, investigators may perform incidence surveys
in which cancer information is obtained from interviews with employees or family mem-
bers, with confirmation from medical records. Studies using special surveys for case as-
certainment are seldom done because they require that investigators locate subjects, re-
cruit them to participate in a questionnaire survey, and confirm self-reports of cancer di-
agnoses. These procedures require considerable time and other resources.

When case ascertainment relies on a cancer registry, it is necessary to develop
residential histories and to estimate the person-time contribution of subjects while they
are living in the area covered by the registry. If person-time enumeration is inaccurate,
selection bias will occur. Other investigators who have used cancer registries to identify
cases have described their efforts to develop residential histories (73-76, 79-84). How-
ever, only a few conducted analyses to assess the impact of inevitable uncertainties about
residential history and person-time at risk (73, 79, 84).

The complexity of developing residential histories, especially for subjects who

separated from employment without retiring, stems from the need to use records from
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sources other than the employer to obtain residential information. Employer data consti-
tute the main source of residential information on subjects while they are actively work-
ing and, if pension data are available, while they are retired. Employees who separate
without retiring are the most difficult subjects for determining residential history because
employers do not consistently have records of the postseparation residences of such sub-
jects. Sources commonly used to determine postseparation residences include public re-
cords from departments of motor vehicles and voter registration rolls. Record linkage
with these sources is difficult because it usually is not possible to use social security
number to identify matches between subjects and people with records in the source data-
base. Also, it is possible that reliance on such sources could lead to the selective inclusion
in the study of cancer-free person-time. This is because diagnosis of cancer may be fol-
lowed by death, and deceased subjects are less likely to have records from departments of
motor vehicles and voter registration rolls than are living subjects. Data available from
various private vendors of residential information, such as LexisNexis, have not been
used widely in epidemiology other than for small studies (76, 77). Finally, death certifi-
cate information indicating the place of residence at the time of death has been used in
some studies as a source of residential information, despite the possible selection bias in-
herent in such use. Some investigators have opted to avoid the complex task of develop-
ing residential histories by excluding the postseparation person-time of separated em-
ployees. The existing literature on cancer incidence studies does not thoroughly address
the utility or pitfalls of the above information sources for determining residential history.
Irrespective of how cases are detected, proper analytic procedures for subjects

who are cases, and especially for subjects with multiple primary cancers, are a matter of
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debate. Options include counting a case’s person-years of follow-up only until the first
cancer diagnosis date in all analyses and excluding all second or subsequent primary can-
cers; counting a case’s person-years until the diagnosis date in analyses of the particular
type of cancer experienced by the case but leaving the case under follow-up in analyses

of other types of cancer; or counting all of a case’s person-years until death, loss to fol-
low-up, or the closing date of the study. Other investigators truncated follow-up of cases
on their diagnosis dates but did not report how their results would have differed had cases |
been allowed to remain under follow-up (76, 79, 80, 82, 85-87). Tsai et al. allowed cases
to remain under follow-up after their diagnosis dates, and they also performed, but did

not present findings for, an uncertainty analysis that truncated follow-up for cases on

their diagnosis dates (84).

Overview of Dissertation Research

A central goal of this dissertation was to examine and clarify methodologic issues
related to retrospective follow-up studies of cancer incidence among occupational groups
in the US. Drawing on data from a study of cancer incidence, presented in the second part
of the dissertation, and its companion mortality study that included the same workers
(88), the objectives of this part of the dissertation were 1) to evaluate the completeness
and accuracy of information sources used to develop residential histories, 2) to assess the
impact on validity and precision of different procedures and assumptions used to develop
residential histories, 3) to evaluate variation in the impact of follow-up restrictions among
subcohorts specified on the basis of work activity, 4) to describe the relative informative-

ness of a recently completed cancer incidence study and a companion mortality study for
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specific types of cancer, and 5) to evaluate different procedures that address person-time
specification for subjects who experienced multiple primary diagnoses of one or more
types of cancer.

Another goal was to evaluate cancer incidence among 89,054 employees at IBM’s
semiconductor manufacturing facility in East Fishkill, New York, and storage product
device manufacturing facility in San Jose, California. The dissertation includes the first
large investigation of cancer incidence in the semiconductor and storage device manufac-
turing sectors of the microelectronics industry. The purpose was to determine if patterns
of cancer incidence were related to employment in the industry as a whole, in either of

the two facilities, or in groups with particular work activities.
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Abstract

PURPOSE: Incidence studies of occupational factors and cancer in the United States are
problematic because the use of population-based registries to identify cases requires de-
velopment of historical data on subjects’ residences and often severely restricts the time
period of follow-up. This paper describes procedures for addressing these challenges. -
METHODS: We used data from studies of cancer incidence and mortality among microe-
lectronics industry employees to assess various methods for developing residential histo-
ries and the relative informativeness of the two studies.

RESULTS: We developed residential histories for 98% of 99,229 mortality study sub-
jects. Analyses making alternative assumptions about residential histories yielded stan-
dardized incidence ratios varying by at most 6%. Use of postemployment residential his-
tories increased person-years by up to 62% and increased the observed number of cancers
by up to 28%. The proportion of mortality study person-years included in the cancer inci-
dence study ranged from 40% to 77% among work activity subcohorts. The number of
observed cancer cases in the incidence study was 60% higher than the number of ob-
served cancer deaths in the mortality study.

CONCLUSIONS: Assumptions about residential history had little impact on validity.
Use of information sources with national coverage to develop residential histories in-
creased the incidence study’s precision. Despite geographic and temporal restrictions,
incidence studies provide more data than mortality studies on cancers with good survival.
However, the potential for selection bias in incidence studies may vary considerably

among subcohorts, indicating the need for cautious interpretation of such research.
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Introduction

Follow-up studies of cancer incidence are potentially more comprehensive and in-
formative than mortality studies but may pose several challenges (1, 2). Most incidence
studies use record linkage with cancer registries to identify cases because obtaining inci-
dence data directly from large numbers of subjects is problematic (3-5). Reliance on reg-
istries to identify cases requires development of historical data on subjects’ residences to
compute person-time at risk accurately because cancer registry coverage in the United
States (US) is temporally and geographically limited (6, 7). This paper evaluates the
completeness and accuracy of information sources used to develop residential histories,
assesses the impact on validity and precision of procedures and assumptions used to de-
velop residential histories, evaluates variation in the impact of follow-up restrictions
among subcohorts specified on the basis of work activity, describes the informativeness
of a recent cancer incidence study relative to its companion mortality study, and evaluates
different procedures that address person-time specification for subjects who experienced

multiple primary diagnoses of one or more types of cancer.

Methods

Data came from a mortality study of International Business Machines employees
at three microelectronics facilities (8) and a cancer incidence study of employees at two
of the three facilities (9). The latter two facilities were located in East Fishkill, New York
(NY), and San Jose, California (CA). Electronic databases of personnel records were
used to identify subjects and to develop work histories. We classified work histories ac-

cording to manufacturing activity (15 “work groups” at East Fishkill and 19 at San Jose)
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(8, 9). International Business Machines records and record linkage with several national
and state databases provided information on vital status. Cause of death information came
from death certificates and from the National Death Index. Subjects accumulated person-
years of follow-up between the later of January 1, 1965, or the employee’s facility hire
date and the earliest of the date of loss to follow-up, death date, or December 31, 1999.
Standardized mortality ratios compared the mortality rates of employees with the rates of
the general population of the states where the facilities were located (10).

Subjects in the cancer incidence study were employees who were in the mortality
study (8) and who 1) worked at East Fishkill between 1965 and 1999 and lived in NY at
any time between 1976 and 1999 or 2) worked at San Jose between 1965 and 1999 and
lived in CA at any time between 1988 and 1999 (9). These eligibility requirements were
necessary because of procedures used to identify cancer cases, described later.

Employees’ work histories included, for each job, a code indicating the state of
employment, which we assumed was the state of residence. For retirees, work histories
also contained records with address information for each year of retirement.

For employees who had separated without retiring, work histories provided resi-
dential history only during active employment. The postemployment residential histories
of these employees came from state departments of motor vehicles (DMVs), voter regis-
tration records (VRs), and the EZFIND file from LexisNexis, a private vendor of residen-
tial information. Record linkage with DMVs and VRs used matching based on name and
birth date. Linkage with LexisNexis records used Social Security number, name, and
birth date. DMV and VR records provided one or more addresses and dates of activity

(i.e., license issuance, registration). LexisNexis provided current and previous addresses
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with associated dates. For decedents, LexisNexis often provided only information on the
state of residence at death.

For each subject, we compiled data from all sources into a chronological series of
addresses and estimated the dates of entry into and exit from NY or CA (the “facility
state”). We assumed that separated employees for whom we had no postemployment
residential history left the facility state after their last date of employment (11).

We identified cancer cases through record linkage with the NY State and CA can-
cer registries. We counted a case if the diagnosis date was between the beginning and
ending dates of follow-up for the incidence study, was after starting work at the facility,
and occurred when the residential history indicated the subject was living in the facility
state (9).

Person-year accumulation began on the latest of the cancer registry inception date
(NY, January 1, 1976; CA, January 1, 1988) or the subject’s facility hire date and ended
on the earliest of the study closing date, the last date of residence in NY or CA, the date
of loss to follow-up, or the death date. Between these beginning and ending dates, sub-
jects accrued person-time only while they lived in the facility state. We computed stan-
dardized incidence ratios (SIRs) to compare the cancer incidence rates of employees with
rates of the facility state general population (10).

To assess the completeness of each external residential history source, we deter-
mined the proportion of subjects having a record and the median number of dated ad-
dresses in the record. To evaluate each source’s accuracy, we compared states from work
histories with those from external sources during periods of active employment or retire-

ment. We evaluated the potential for each source to introduce selection bias by determin-
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ing if the proportion of subjects having a record in the source differed by race, gender,
vital status, age at the end of follow-up, socioeconomic status (SES), employment status,
year of first work, year of separation, years worked, and years since first record of em-
ployment at the facility. We assigned each subject to one of three SES groups based on
salary information for the job in which the subject worked longest (8).

Postemployment residential histories of separated employees had the greatest po-
tential for inaccuracy and required the most effort to produce. We carried out five uncer-
tainty analyses (UAs) to quantify the impact on validity and precision of different as-
sumptions about these residential histories. The main analysis of the incidence study in-
cluded the postemployment experience of separated workers; UA-A completely excluded
this experience. The main analysis assumed that subjects lived continuously in or outside
the facility state from one transition to the next; UA-B expanded postemployment follow-
up of separated employees to include every person-year except those specific years in
which an address outside NY or CA occurred, and UA-C restricted postemployment fol-
low-up of separated employees to those specific years in which an address in NY or CA
occurred. The main analysis allowed subjects to exit and reenter the facility state multiple
times; UA-D restricted follow-up to experience before the first NY or CA exit date. The
main analysis did not use death certificates to specify residential histories for decedents;

UA-E expanded follow-up to include the entire postemployment experience of all em-
ployees who died in NY or CA.

To evaluate the impact on validity of the temporal and geographic restrictions im-
posed by using cancer registries to identify cases, we partitioned the total mortality study

person-time into three categories: 1) included in the cancer incidence study; 2) lost from
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the cancer incidence study (i.e., accrued before the registry period); and 3) lost (i.e., ac-
crued during the registry period but while subjects were living outside NY or CA). We
compared the distribution of mortality study person-time included in the cancer incidence
study with the distribution of lost person-time according to selected demographic and
employment characteristics. We used Poisson regression to compute cancer mortality rate
ratios (MRRs) that compared rates for lost person-time with rates for included person-
time. The MRRs provided an indirect assessment of potential bias, assuming that, if can-
cer mortality rates for lost person-time were similar to rates for included person-time,
cancer incidence rates may also be similar for lost and included person-time. MRRs were
adjusted for age, race, gender, SES, years worked, years since first record of employ-
ment, and, when possible, calendar time. We examined the variation in the proportion of
mortality study person-time included in the cancer incidence study by work group.

To evaluate the impact of restrictions on precision, we compared expected num-
ber of cancer cases computed for the lost person-time with the expected number for in-
cluded person-time. To determine expected numbers, we applied gender, race, age, cal-
endar time, and state-specific cancer incidence rates to the corresponding distributions of
person-time. To compute expected numbers for the time period before the state registries
began, we used the earliest available rates (1976-1979 for NY and 1988-1989 for CA).
Finally, to evaluate the informational gain from inclusion of nonfatal and fatal incident
cases, we compared the observed number of cancer cases in the incidence study to the

observed number of cancer deaths in the mortality study.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



24

We evaluated alternative approaches for person-time specification for subjects
who experienced multiple primary diagnoses from one or more types of cancer. This

work is described in the Appendix.

Results

Assessment of information sources. Of the 99,229 employees in the mortality
study, 96% had LexisNexis records (Table 1). LexisNexis records contained a median of
six dated addresses for each subject. The proportion of subjects with DMV records was
47% overall, 60% for San Jose, and 32% for East Fishkill. DMV records contained a me-
dian of one dated address. Thirty-four percent of subjects had VR records, containing a
median of one dated address. Only 388 subjects (<1% of all subjects) had DMV or VR
records and lacked LexisNexis records. The average proportion of a subject’s postem-
ployment address records from each source was 77% LexisNexis, 10% DMV, and 13%
VR.

Agreement with states listed in work histories during periods of active employ-
ment or retirement was 90% for LexisNexis states, 92% for DMV states, and 99% for VR
states. Agreement was similar for East Fishkill and San Jose for LexisNexis and VR data
but varied by facility for DMV data (83% for East Fishkill and 98% for San Jose sub-
jects).

The proportion of subjects with LexisNexis records varied little by demographic
and employment characteristics (Table 2). Having a LexisNexis record was more com-
fnon among subjects who were alive (97%) at the end of follow-up for the mortality study

than among subjects who were deceased (94%) or who had unknown vital status (80%).
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The proportion of subjects with a DMV record and the proportion with a VR record also
were higher for subjects who were alive than for subjects who had unknown vital status
or were deceased. In addition, DMV records were more likely to be available for Hispan-
ics and Asians, for subjects under age 60 years, for production workers, for subjects who
separated in the 1990s, and for subjects with 5+ years of employment. VR records were
most likely to be available for subjects ages 40-59 years, for professionals and techni-
cians, for active employees, for subjects with 5+ years of employment, and for subjects

with 15+ years since first record of employment.

Uncertainty analyses. The alternative assumptions used to specify residential his-
tories for UAs resulted in modest to large changes in the numbers of person-years and
cases as compared to the main analysis (Table 3). However, differences between the UAs
and the main analysis with regard to SIRs for all types of cancer combined were small.
The three analyses that restricted follow-up (Table 3: UA-A, C, and D) included fewer
person-years and cases and produced slightly higher SIRs for most types of cancer. The
postemployment person-time accrued by separated employees constituted 52% of the to-
tal follow-up at San Jose. In the UA that completely excluded this experience, the SIR in
the uncertainty analysis for all cancers combined was 6% greater than the SIR in the main
analysis (Table 3: A). At East Fishkill, where the postemployment person-time of sepa-
rated employees constituted 28% of the total follow-up, the same UA produced an SIR
for all cancers combined that was only 1% greater than the SIR in the main analysis. Of
the analyses that expanded postemployment follow-up of separated employees, the analy-

sis having the greatest impact on SIRs assumed that employees who died in the facility
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state spent their entire postemployment residential history in that state (Table 3: E). In

this analysis SIRs were higher than those in the main analysis for many types of cancer.

Relative informativeness of cancer incidence and mortality studies. Of the 99,229
mortality study subjects from the two facilities, 89,054 (90%) were eligible for the main
analysis of the cancer incidence study. At East Fishkill, the cancer incidence study in-
cluded 42,612 (94%) of the subjects and 61% of the person-time of the mortality study
(Table 4). The person-time distributions of the mortality and cancer incidence studies
were similar with regard to median values of calendar year, age, years worked, and years
since first record of employment at the facility. Compared to the total mortality study, the
cancer incidence study had a lower proportion of person-years among men and in the
highest SES group. Most of the mortality study person-time lost from the cancer inci-
dence study occurred during the operational period of the cancer registry but while sub-
jects were living outside NY. If incident cancer cases had been detectable for all mortal-
ity study person-time, 3,005 cases would have been expected, which is 59% more than
the expected number of cases (N = 1,892) in the cancer incidence study. Comparison of
cancer mortality rates pertaining to person-time lost from the incidence study with rates
for the included person-time yielded cancer MRRs at East Fishkill of 0.7 (0.5-1.0) for
person-time that occurred before the registry period and 0.9 (0.8-1.1) for person-time that
occurred during the registry period while subjects were living outside NY (Table 4).

At San Jose, the cancer incidence study included 46,912 (86%) of the subjects and
43% of the person-time of the mortality study (Table 4). The person-time distributions of

the mortality and cancer incidence studies were similar with regard to years worked and
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years since first record of employment but differed with regard to median values of cal-
endar year (1988 vs. 1994) and age (39 vs. 42). Compared to the mortality study, the can-
cer incidence study had a higher median value of calendar year and of age and a lower
propprtion among Whites and men and in the highest SES group. Most of the lost person-
time accrued before the registry period. If incident cancer cases had been detectable for
all mortality study person-time, 2,925 cases would have been expected, which is 76%
more than the expected number of cases (N = 1,496) computed for the cancer incidence
study. With the included person-time as the referent, the MRR was 1.1 (0.9-1.3) for per-
son-time that occurred before the registry period and 1.0 (0.9-1.2) for person-time that
occurred during the registry period while subjects were living outside CA.

At East Fishkaill, the proportion of mortality study person-years included in the
cancer incidence study varied by work group from 65% to 77% (Table 5). At San Jose,
the proportion of person-years included varied by work group from 40% to 66%.

Comparison of observed numbers of cases in the incidence study with deaths in
the mortality study indicated that the number of cases was‘ less than or equal to the num-
ber of decedents for types of cancer having poor survival, including cancers of the lung
(322 cases vs. 463 decedents), ovary (34 vs. 35), and central nervous system (55 vs. 82)
(Table 6). Incident cases outnumbered decedents for types of cancer having good sur-
vival, including cancers of the breast (338 vs. 112), prostate (611 vs. 101), bladder (154

vs. 29), and thyroid (44 vs. 9).
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Discussion

Investigators in the United States have access to several information sources use-
ful for developing residential histories. A source with national coverage, such as Lex-
i1sNexis, should provide more complete residential history than state-specific DM Vs or
VRs, especially for people similar to our subjects who were relatively young, mobile, and
of high SES. LexisNexis records contain more information than DMV and VR records,
and the accuracy of that information is high and compares favorably with DMV and VR
data. The accessibility, record linkage options, and record format also make LexisNexis
more useful than DMV or VR data. The effort expended to obtain and process DMV and
VR records was not justified in terms of the information yielded.

No residential history sources provided information for every postemployment
year, and none provided much information that predated 1990. We are not aware of
available data that would provide earlier residential history. Although 14% of subjects
with VR records had addresses dated before 1990, VR records were available for a small
proportion of our subjects. In any study that does not contact subjects directly, investiga-
tors must make assumptions about postemployment residential history that occurred be-
tween the last day worked and the earliest address from an external source.

Errors in the residential histories were unavoidable. Most dates of transition into
and out of NY or CA were approximate. Inaccuracies in the external information could
have occurred because of linkage errors or the external source’s delay in recording when
subjects moved. Other errors stemmed from assuming that subjects who lacked postem-

ployment addresses did not live in NY or CA after their last date of active employment.
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Although our residential histories had limitations, all UAs produced similar re-
sults. Alternative approaches that expand or restrict the inclusion of person-time and
cases might have a greater impact in a future update or in another study with older sub-
jects and more cancer cases. We would expect a larger difference between the main
analysis and the UAs that completely excluded the postemployment experience of sepa-
rated workers as the proportion of their contribution to total follow-up grows or that used
death certificates as a source of residential history as the number of decedents grows.

Among the other investigations that used cancer registries to identify cases and
described the development of residential histories (1, 12-20), only a few conducted UAs
to evaluate assumptions about postemployment residential history (14, 17, 20). Those
studies, like ours, found little impact on results.

Our comparison of cancer mortality rates for person-time included in the cancer
incidence study with rates for lost person-time provided minimal evidence of an impact
of temporal and geographic restrictions on validity for the overall cohorts from the two
facilities. We expected this result at East Fishkill because the cancer incidence follow-up
period included most of the mortality study follow-up period. At San Jose, where only 12
years were included in the cancer incidence follow-up, the included person-time and the
total mortality study person-time differed with respect to several characteristics, suggest-
ing an effect of the restricted observation period on validity of the incidence results.
However, mortality rates for included and lost person-time were similar.

The proportion of mortality study person-years included in the cancer incidence
study varied considerably by work group, particularly at San Jose, and the validity of the

cancer incidence results also may vary considerably across these subcohorts. A compan-
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ion paper describes in more detail the impact on the incidence study of selection bias due
to follow-up restrictions (9). In the latter paper, when we found that the relation between
a work group and a particular cancer differed in the mortality and cancer incidence stud-
ies, we examined the overlap of subjects counted as deaths vs. cases in the studies and
determined that most of the differences in the results could be attributable to follow-up
restrictions and consequent selection bias in the cancer incidence study (9). Thus, investi-
gators should examine variation in the potential for selection bias due to restricted fol-
low-up across cohort subgroups and should use this information in interpreting the results
of cancer incidence studies that rely on cancer registries that do not cover the entire po-
tential follow-up experience of the study group. At present, the only alternative to the re-
liance on such registries in retrospective studies of cancer incidence is to conduct a sur-
vey to identify cancer cases by directly contacting all cohort members. Although meth-
odologically superior, an incidence survey is often not feasible because of difficulties lo-
cating cohort members or surrogates, recruiting their participation, and obtaining medical
records for case confirmation. Thus, this approach has rarely been used (3-5).

Although cancer registration is being implemented in all states, most registries are
of relatively recent origin. The methodologic issues discussed in this paper will persist as
challenges for any study of cancer incidence with cohorts established before the inception
date of one or more registries.

The number of cancer cases substantially exceeded the number of cancer deaths at
both facilities. Although the follow-up period for the cancer incidence study at San Jose
was quite limited compared to that for the mortality study, much of the person-time that

was lost from the cancer incidence study was accrued before 1988 when most subjects
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were young and when there were few cancer deaths or expected cases. The enhanced pre-
cision of the incidence study compared to the mortality study depended in part on devel-
oping postemployment residential histories, and the UA that eliminated the postemploy-
ment experience of separated employees discarded hundreds of cases and thousands of
person-years.

Research in this country and abroad consistently indicates that, for cancers for
which survival is relatively long, cancer incidence studies are more informative than mor-
tality studies (21-30). In studies with follow-up periods of similar length for mortality and
cancer incidence, the number of cases of all types of cancer 1s 50-100% greater than the
number of cancer deaths (23-30). Even in studies with cancer incidence follow-up peri-
ods that are as much as 20 years shorter in duration than the mortality follow-up periods,
cancer cases can exceed the number of cancer deaths (21, 22). Cancer incidence studies
are also better in delineating occupational exposure with a certain subtype of cancer or
specific histology (e.g. acute myeloid leukemia, B-cell lymphoma) as this information is
often recorded by the registry but absent from death certificates (17).

Based on the data available for this study group, the small differences between
SIRs for our main analysis and SIRs for UAs that alternatively removed all cases from
follow-up on their first diagnosis date in all analyses or removed cases from follow-up on
a cancer-specific basis do not justify the loss of precision and added analytical burden of
these analyses (Appendix). Results could differ with a longer follow-up period for this
study group or for a different study group.

Many of the challenges we described are specific to conducting cancer incidence

studies in the United States. In Canada and several European countries, relying on record
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linkage with cancer registries to identify cases does not require temporal restrictions on
follow-up because registries have existed for many years (23-30). Furthermore, the na-
tional coverage of these foreign registries makes it unnecessary to develop detailed resi-
dential histories or to apply geo graphical restrictions.

In summary, development of optimal residential histories for cancer incidence
studies in the United States should use information sources with national coverage. Con-
ducting UAs to examine the limitations of the residential histories and the impact of vari-
ous assumptions is prudent until there is an accepted standard for developing residential
histories. The cancer incidence study had much more precision than our mortality results
for evaluating cancers associated with relatively long survival. The temporal and geo-
graphic restrictions on our cancer incidence study did not appear to affect the validity of
the results for the overall analysis, but the potential for selection bias varied considerably
by work group subcohort. The proportion of mortality study follow-up included in a can-
cer incidence study and the overlap of individuals counted as cancer deaths vs. cases
should be evaluated critically when interpreting the results for a cancer incidence study.
The impact of cancer incidence follow-up restrictions may vary among studies, depend-
ing on the age distribution and mobility of the study groups and the relative survival of

specific cancers of interest.
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TABLE 1. Number of subjects with records from LexisNexis, departments of motor
vehicles (DMV), or voter registration (VR) records and time coverage provided by
each source of residential history

36

LexisNexis DMV VR
N % N % N %
Any record 95,432 96 47,029 47 33,702 34
Yes 3,797 4 52,200 53 65,527 66
No 99,229 100 99,229 100 99,229 100
Total 95,432 96 47,029 47 33,702 34
Number of dates or dated addresses®
0 2,873 3 103 0 0 0
1-4 30,447 32 45,615 97 25,319 75
5-9 54,956 58 1,276 3 6,764 20
10+ 7,156 7 35 0 1,619 5
Total 95,432 100 47,029 100 33,702 100
Median (Range) 6 (0-16) 1 (0-15) 1(1-25)
Number of calendar years in which dates occur”
1 5,927 6 35,219 75 20,708 61
2 11,635 13 8,624 18 1,842 5
3+ 74,997 81 3,080 7 11,152 33
Total 92,559 100 46,926 100 33,702 100
Median (Range) 4 (1-10) 1(1-9) 1(1-15)
Time span of dates (years) b
<5 24,790 27 40,280 86 22,041 65
5-9 28,045 30 6,149 13 4,904 15
10-14 30,593 33 421 1 2,806 8
15+ 9,131 10 76 0 3,951 12
Total 92,559 100 46,926 100 33,702 160
Median (Range) 8 (1-37) 1 (1-28) 1(1-37)
Median year of dates®
<1990 3,016 3 743 2 4,552 14
1990-1994 21,518 23 9,444 20 4,001 12
1995-1999 49,674 54 23,726 51 17,996 53
2000+ 18,351 20 13,013 28 7,153 21
Total 92,559 100 46,926 100 33,702 100
Median (Range) 1997 (1969-2001) 1998 (1973-2002) 1998 (1953-2003)

*Among those with records.
®Among those with 1 or more dates.
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TABLE 2. Number of subjects with records from LexisNexis, departments of
motor vehicles (DMV), or voter registration (VR) by selected demographic and

employment characteristics and percent of total subjects in each category

37

Demographic & employment Total LexisNexis DMV VR
characteristics N N % N % N %
Total 99,229 95,432 96 47,026 47 33,702 34
Gender/race or ethnicity
Men, total 65,125 62,498 96 30,599 47 21,841 34
White 45,153 43,284 96 19,235 43 15,862 35
Hispanic 4,489 4,313 96 2,684 60 1,455 32
Asian 10,715 10,318 96 6,411 60 3,240 30
African American 4,512 4,343 96 2,156 48 1,217 27
American Indian 172 163 95 71 41 43 25
Unknown 84 77 92 42 50 24 29
Women, total 34,104 32,934 97 16,427 48 11,861 35
White 20,130 19,407 96 8,777 44 7,515 37
Hispanic 4,010 3,894 97 2,486 62 1,275 32
Asian 5,480 5,285 96 3,160 58 1,643 30
African American 4,293 4,161 97 1,917 45 1,369 32
American Indian 138 135 98 71 51 44 32
Unknown 53 52 98 16 30 15 28
Vital status®
Alive 89,388 86,791 97 44995 50 33,156 37
Deceased 5,379 5,074 94 707 13 33 1
Unknown 4,462 3,567 80 1,324 30 513 11
Age®
<40 36,810 35,001 95 17,645 48 10,495 29
40-49 23,629 22,802 97 11,985 51 9,136 39
50-59 20,637 19,978 97 9,706 47 7,822 38
60+ 18,153 17,651 97 7,690 42 6,249 34
Socioeconomic status group
Professionals 38,045 36,456 96 17,257 45 13,800 36
Technicians 9,806 9,486 97 4,084 42 3,544 36
Production 51,378 49,490 96 25,685 50 16,358 32
Employment status®
Active 20,367 19,505 96 9,621 47 8,991 44
Retired 19,305 18,919 98 8,412 44 7,045 36
Separated 59,557 57,008 96 28,993 49 17,666 30
Year first at facility
<1965-1969 19,874 19,118 96 7.806 39 6,465 33
1970-1979 18,392 17,722 96 8,418 46 6,988 38
1980-1989 32,397 31,168 96 16,006 49 12,104 37
1990-1999 28,566 27,424 96 14,796 52 8,145 29
Median 1984 1984 1984 1982
Separation date
1965-1979 11,201 10,469 93 3,882 35 2,814 25
1980-1989 23,722 22,680 96 10,021 42 7,319 31
1990-1999 64,306 62,283 97 33,123 52 23,569 37
Median 1993 1993 1993 1993
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TABLE 2. (Continued)
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Demographic & employment Total LexisNexis DMV VR
characteristics N N % N % N %
Years worked at facility®
<1 35,730 33,910 95 16,282 46 10,033 28
1-<5 29,361 28,261 96 13,074 45 8,610 29
5+ 34,138 33,261 97 17,670 52 15,059 44
Median 2 2 2 4
Years since first record of employment at facility®
<15 46,984 44,569 95 22,505 48 13,498 29
15+ 52,245 50,863 97 24,521 47 20,204 39
Median 16 16 15 17

2At the end of the mortality study.
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TABLE 3. Number of person-years (PY) and cases included in each of several uncertainty analyses, the standardized incidence ratio
(SIR) and 95% confidence interval (CI) for all forms of cancer combined, and a summary of the changes in the uncertainty analysis

SIR (SIRy) compared to the main analysis SIR (SIRy) for 26 specific types of cancer, by facility

Specific forms of cancer

Specific forms of cancer

All forms of cancer combined with SIRy; > SIRy, with SIRy <SIRy

Change Change Change (+) Change (-) Change
Facility, Change inPY Change  in cases SIR, in SIR Number in SIR Number in SIR
analysis® PY in PY (%) Cases in cases (%) 95% CI (%) of forms (% range) of forms (% range)
Panel 1. East Fishkill & San Jose
Main 861,520 2,860 84, 81-87
A. 531,903 - 329,618 - 38% 2,233 - 627 - 22% 86, 83-90 + 3% 16 2-21% 8 1- 13%
B. 940,092 + 78,571 + 9% 2923  + 63 + 2% 82,79-85 - 2% 6 1- 4% 18 1- 11%
C. 644,910 - 216,611 - 25% 2,443 - 417 - 15% 85, 81-88 + 1% 16 1- 10% 8 0- 9%
D. 832,744 - 28,777 - 3% 2,759 - 101 - 4% 84, 81-87 + 1% 14 0- 5% 10 0- 7%
E. 863,054 + 1,533 +<1% 2927 + 67 + 2% 85, 82-89 + 2% 15 1- 10% 9 <1%
Panel 2. East Fishkill
Main 499,445 1,541 81, 77-85
A 359,560 - 139,885 - 28% 1,309 - 232 - 15% 82, 78-87 + 1% 14 1- 20% 10 0- 22%
B 566,377 + 66,932 + 13% 1,594 + 53 + 3% 79, 75-83 - 2% 6 1I- 6% 18 1- 14%
C. 406,686 — 92,7760 - 19% 1,393 - 148 - 10% 81, 77-86 + 0% i1 1- 11% 13 0- 24%
D. 481,193 - 18252 -~ 4% 1,490 - 51 - 3% 82, 78-86 + 1% 16 0- 5% 8 0- 8%
E 500,748 + 1,303 +<1% 1,593 + 52 + 3% 83, 79-88 + 3% 14 0- 24% 10 0- 1%
Panel 3. San Jose
Main 362,076 1,319 87, 82-92
A 172,344 - 189,732 - 52% 924 -~ 395 - 30% 92, 86-98 + 6% 20 1- 36% 4 3- 15%
B 373,714 + 11,638 + 3% 1,329+ 10 + 1% 86, 82-91 - 1% 7 0- 10% 17 1- 4%
C. 238,225 — 123,851 - 34% 1,050 - 269 - 20% 90, 84-95 + 3% 16 1- 24% 8 0- 16%
D. 351,551 - 10,525 - 3% 1,269 - 50 - 4% 87, 82-92 + 0% 13 0- 4% 11 0- 7%
E 362,306 + 230 +<1% 1,334+ 15 + 1% 88, 83-93 + 1% 8 1- 11% 16 <1%
*Procedure:

A: Completely excluded the postemployment experience of separated employees.
B: Expanded follow-up to include each year of postemployment experience for separated employees unless they were known to have been living outside the facility state during

a specific year.

moaQ

Restricted postemployment follow-up of separated employees to years when they were specifically known to have been living in the facility state.
Restricted follow-up to experience prior to employees’ first facility state exit date.
Assumed that employees who died in the facility state spent their entire postemployment residential history living in the facility state.
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TABLE 4. Mortality study person-years included in and lost from the cancer incidence
study because of temporal and geographic restrictions imposed by using cancer
registries to identify incident cases, by facility

Facility, demographic, & Lost
employment Included in During RP®, Total in
characteristics® Incidence outside state Before RP® Total Mortality
Panel 1. East Fishkill
Person-Years 496,049 212,794 105,118 317,911 813,961
Year 1989 1992 1971 1984 1988
Age 39 41 33 37 38
YRS 4 2 2 2 3
YSF 10 14 3 8 9
White 85% 82% 89% 85% 85%
Male 67% 74 % 82% 76% 71%
SES 1 38% 47% 51% 48% 42%
Cancer cases:
Observed 1,541
Expected 1,892 964 149 1,113 3,005
SIR 81
Cancer deaths:
Observed 630 283 35 318 948
Expected 771 388 67 454 1,226
SMR (95% CI) 82 (75-88) 73 (65-82) 52 (37-73) 70 (63-78) 77 (73-82)
MRR (95% CI) 1.0 (referent) 0.9 (0.8-1.1) 0.7 (0.5-1.0)
Panel 2. San Jose
Person-Years 354,097 102,222 360,576 462,798 816,895
Year 1994 1994 1980 1982 1988
Age 42 46 36 38 39
YRS 2 2 2 2 2
YSF 11 16 5 7 9
White 56% 78 % 79% 79% 69 %
Male 64% 73% 74% 74% 70%
SES 1 39% 53% 50% 51% 46%
Cancer cases:
Observed 1,319
Expected 1,496 553 876 1,429 2,925
SIR 88
Cancer deaths:
Observed 414 167 249 416 830
Expected 539 205 327 531 1,070
SMR (95% CI) 77 (70-85) 82 (70-95) 76 (67-86) 78 (71-86) 78 (72-83)
MRR (95% CI) 1.0 (referent) 1.0 (0.9-1.2) 1.1 (0.9-1.3)

*Number of person-years; median values and percentages for selected demographic and employment characteristics;
observed and/or expected cancer cases, standardized incidence ratio (SIR); observed and expected cancer deaths,
standardized mortality ratio (SMR); and cancer mortality rate ratio (MRR) comparing lost person-years to included
person-years, adjusted for age, years worked (YRS), years since first record of employment (Y SF), race, gender,

socioeconomic status (SES), and, when possible, calendar year.

PRegistry period.
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TABLE 5. Number of person-years in the mortality and cancer incidence studies and
the proportion of mortality study person-years included in the cancer incidence study,
by facility and employment factor

Person-years

Facility & work group® A. Mortality Study B. Cancer Incidence Study % (B/A) b
Panel 1. East Fishkill
Semiconductor fabrication 327,754 215,366 66
Masking 23,222 17,973 77
Packaging 173,830 125,387 72
Facilities/labs 87,613 57,724 66
Research & development 78,541 51,039 65
Process equipment maintenance 64,096 42,752 67
Test/probe/dicing/slicing/die 111,868 73,350 66
removal/wire bonding
Other Manufacturing 65,453 47,340 72
Panel 2. San Jose
Head fabrication 86,206 54,731 63
Disk manufacturing 70,870 40,869 58
Head wafer/tape head 52,505 34,692 66
Facilities/labs 61,013 26,972 44
Research & development 54,042 24,374 45
Test/slice/dice 75,783 36,027 48
Head suspension/head disk/ 166,561 96,470 58
assembly/box
Other manufacturing 104,746 42249 40
Assembly 134,152 63,432 47

*Work groups are not mutually exclusive.
Proportion of mortality study person-years included in the cancer incidence study.
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TABLE 6. Observed number of cases of or deaths from specific types of cancer by

42

facility
East Fishkill Total

Type of cancer Cases Deaths Cases Deaths Cases Deaths

All cancers 1,541 948 1,319 830 2,860 1,762
Oral cavity, pharynx 32 11 33 12 65 22
Esophagus 7 13 9 20 16 33
Stomach 18 26 23 28 41 54
Colorectum 184 102 148 96 332 196
Liver 8 21 12 18 20 39
Pancreas 37 65 20 42 57 107
Larynx 14 5 12 4 26 9
Lung 199 253 123 210 322 461
Melanoma of skin 45 32 71 14 116 45
Breast 185 56 162 56 347 111
Cervix , 20 6 12 2 32 8
Endometrium* 29 5 17 1 46 3
Ovary 21 16 13 19 34 34
Prostate 277 48 334 53 611 100
Testis 17 3 13 3 30 6
Bladder 99 22 55 7 154 29
Kidney 55 28 29 19 84 45
Central nervous system 34 40 21 42 55 82
Thyroid 19 2 25 7 44 9
non-Hodgkin lymphoma 74 59 60 42 134 100
Hodgkin lymphoma 25 5 9 5 34 10
Leukemia 35 37 37 34 72 70
Multiple myeloma 21 21 13 17 34 38
Other cancer 86 72 68 79 154 151

*Endometrium includes uterus, not otherwise specified.

This table omits soft tissue sarcoma because the mortality study did not consider this form of cancer.
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APPENDIX
Introduction
Person-time specification is not only complicated by subjects’ residential histories
but also by the possibility that subjects may have more than one cancer diagnosis. This
Appendix evaluates different procedures that address person-time specification for sub-

jects who experienced multiple primary diagnoses of one or more types of cancer.

Methods

We evaluated alternative approaches for person-time specification for subjects
who experienced multiple primary diagnoses from one or more types of cancer. In the
main analysis, we allowed cases to continue to accrue person-time after their diagnosis
date in all analyses, regardless of the type of cancer. We compared the results from the
main analysis to results obtainéd when we 1) removed all cases from follow-up on their
first diagnosis date in all analyses, regardless of the type of cancer being analyzed or 2)
removed cases with a particular type of cancer from follow-up for analyses of that type of
cancer but allowed such cases to contribute person-years for analyses of other types of

cancer.

Results

Removing all cases from follow-up on the first diagnosis date in all analyses had
similar effects for East Fishkill and San Jose. The analysis included 1% fewer person-
years and 6% fewer cases and yielded an uncertainty analysis standardized incidence ra-

tio for all types of cancer that was 2% lower than the main analysis standardized inci-
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dence ratio (Appendix Table 1). The number of specific types of cancer with an uncer-
tainty analysis standardized incidence ratio less than the main analysis standardized inci-
dence ratio was approximately equal to the number of types with an uncertainty analysis
standardized incidence ratio greater than the main analysis standardized incidence ratio,
and ranges of percent decreases and percent increases were comparable.

In analyses restricting postdiagnosis follow-up for cases in analyses of their par-
ticular type of cancer, East Fishkill and San Jose subjects accrued a median of 226 fewer
person-years (range: 15-2,326; <1% decrease) than in the main analysis (Appendix Table
1). The analysis included between 3 and 9 fewer cases (1-5% decrease) of those cancers
for which at least one subject experienced multiple primary diagnoses of the same type of
cancer (oral, colorectal, lung, breast), but the observed number was unchanged for analy-
ses of all other cancers. The uncertainty analysis SIR was equal to the main analysis SIR

for most types of cancer.

Discussion

The small differences between standardized incidence ratios for our main analysis
and standardized incidence ratios for uncertainty analyses that alternatively removed all
cases from follow-up on their first diagnosis date or removed cases from follow-up on a
cancer-specific basis do not justify the loss of precision and added analytical burden of
these analyses. It is possible that the differences between these SIRs could increase
slightly as the study group ages and a larger number of subjects develop multiple cancers.
Subjects already diagnosed with cancer may be at higher risk of developing additional

cancers than subjects never diagnosed, but attempting to adjust for this heterogeneity in
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risk by partitioning first diagnoses from additional diagnoses and person-time at risk for
first diagnoses from person-time at risk for additional diagnoses can be problematic. Do-
ing so has the potential of introducing an information bias in external comparisons be-
cause registries do not make similar adjustments in computing rates for the general popu-
lation. Furthermore, given the temporal and geographic restrictions of cancer registries,
investigators cannot be certain that the first diagnosis recorded for a subject by the regis-
try was not preceded by a diagnosis that occurred before the registry was operational or
outside its catchment area. Other investigators truncated follow-up for cases on their di-
agnosis dates but did not report how their results would have differed had cases been al-
lowed to remain under follow-up (1-7). Tsai et al. allowed cases to remain under follow-
up after their diagnosis dates, and they also performed, but did not present findings for,

an uncertainty analysis that truncated follow-up for cases on their diagnosis dates (8).

Conclusion
Truncating person-time for cases on their diagnosis dates serves no useful pur-

pose.
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APPENDIX TABLE 1. Observed number of cases (Obs), standardized incidence ratio (SIR)* and 95% confidence interval (CI) for

all subjects in the main analysis and in uncertainty analyses that 1) removed all cases from follow-up on their first diagnosis date in
all analyses or 2) removed cases with a particular type of cancer from follow-up for analyses of that type of cancer but allowed such
cases to contribute person-time for analyses of other types of cancer, by facility

Facility & Main analysis Uncertainty analysis #1 Uncertainty analysis #2

type of cancer Obs SIR 95% CI Obs SIR 95% CI Obs SIR 95% CI Person-years

Panel 1. East Fishkill & San Jose

Person-years: 861,521 851,141

All cancers 2,860 84 81-87 2,688 82 79-85
Oral cavity, pharynx 65 56 43-72 58 52 39-67 62 54 41-69 861,182
Esophagus 16 38 22-62 16 40 23-65 16 38 22-62 861,506
Stomach 41 57 41-77 38 55 39-75 41 57 41-77 861,455
Colorectum 332 90 81-100 303 86 7797 327 89 80-100 860,247
Liver 19 50 30-78 19 52 31-81 19 50 30-78 861,494
Pancreas 57 77 59-100 54 77 58-100 57 77 59-100 861,473
Larynx 26 49 32-71 25 48 31-72 26 49 32-71 861,423
Lung 322 61 54-68 293 58 51-65 318 60 54-67 860,972
Soft tissue 18 73 43-115 18 74 44-118 18 73 43-115 861,443
Melanoma of skin 116 98 81-118 108 94 77-114 116 99 81-118 860,950
Breast 347 103 92-114 329 100 90-112 338 101 91-113 859,839
Cervix 32 78 53-110 32 79 54-111 32 78 53-110 861,326
Endometrium® 46 83 61-111 45 84 61-113 46 84 61-112 861,251
Ovary 34 76 53-107 33 76 52-107 34 76 53-107 861,393
Prostate 611 108 100-117 591 11 102-120 611 111 103-120 859,195
Testis 30 81 55-116 29 79 53-114 30 81 55-116 861,313
Bladder 154 90 76-105 136 84 70-99 154 90 77-106 860,681
Kidney 84 91 73-113 75 85 67-106 84 91 73-113 861,218
Central nervous system 55 93 70-121 55 96 72-124 55 93 70-121 861,415
Thyroid 44 87 63-117 42 84 61-114 44 87 63-117 861,293
non-Hodgkin lymphoma 134 93 78-110 131 94 78-111 134 93 78-110 861,056
Hodgkin lymphoma 34 107 74-149 34 108 75-151 34 107 74-149 861,252
Leukemia 72 84 66-106 66 80 62-102 72 84 66-106 861,295
Multiple myeloma 34 92 64-129 32 91 62-128 34 92 64-129 861,431

*The expected number is provided in brackets, without the SIR and the 95% confidence interval, when the observed number and the expected number of deaths were both <5.

Endometrium includes uterus, not otherwise specified.

Ly
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Abstract

PURPOSE: Epidemiologic research on cancer among workers in semiconductor and re-
lated industries has been limited. We evaluated cancer incidence among 89,054 Interna-
tional Business Machines employees at a semiconductor facility and a storage device fa-
cility.

METHODS: We compared employees’ incidence rates with general population rates and
examined incidence patterns by facility, duration of employment, time since first em-
ployment, potential for exposure to workplace environments other than offices, and work
activity.

RESULTS: Employees had lower than expected incidence for all cancers combined
(2,860 observed cases, standardized incidence ratio = 84, 95% confidence interval = 81-
87). Standardized incidence ratios were increased for a number of cancers in certain em-
ployee subgroups; however, analysis of incidence patterns by potential exposure and by
years spent and time since starting in specific work activities did not provide strong or
consistent evidence of causal associations with employment factors.

CONCLUSIONS: Interpretation of the results was difficult because data on employees
with long potential induction time and many years worked were sparse and because of
potential confounding by nonoccupational risk factors, imprecision, and other limitations.
Further follow-up will permit a more informative analysis of cancer incidence in the co-

hort.
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Introduction

Epidemiologic research on cancer among workers in semiconductor manufactur-
ing has been limited (1-4). There have been no epidemiologic studies of storage device
manufacturers. We recently carried out a mortality study of 126,836 employees at three
facilities owned by International Business Machines (IBM) (5). Two of the facilities, in
East Fishkill, New York (NY), and Burlington, Vermont, made semiconductors, and the
third, in San Jose, California (CA), made computer hard drives and other electronic stor-
age devices (6). Employees had fewer than expected deaths from all cancers combined
and from most specific types of cancer. There was no firm evidence of a causal associa-
tion between occupational factors and cancer, but several facility- and work activity-
specific subgroups had more than expected deaths from central nervous system and pros-
tate cancer and several other cancers.

The present study evaluated cancer incidence among employees at the East Fish-
kill and San Jose facilities. Investigation of cancer incidence in addition to mortality per-
mitted a more thorough assessment of potential occupational associations for cancers
with relatively long survival (7, 8). We did not include the Burlington facility because

linkage with the Vermont cancer registry was not feasible.

Methods

To be eligible for the cancer incidence study, an IBM employee must have
worked at either facility for at least one day between 1965 and 1999; not been a foreign
citizen on temporary assignment; and had records containing information on birth date,

gender, race, Social Security Number, IBM hire date, and facility start date (5). In addi-
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tion, eligible subjects at East Fishkill had to have lived in NY sometime between 1976
and 1999, and eligible subjects at San Jose had to have lived in CA sometime between
1988 and 1999. The latter eligibility requirements were necessary because of procedures
used to identify cancer cases, described later.

We used IBM’s electronic personnel files to identify subjects and to develop a de-
tailed work history file for each employee (5). The data on each IBM position held by an
employee, since the later of January 1, 1965, or the IBM hire date, consisted of the start
and end dates, location (facility) code, division code, division name, department code,
department name, job code, and job title.

Assessment of eligibility required development of residential histories (9). The
work history file provided residential history for employees who were actively working
for IBM or retired and provided residential history during active employment for em-
ployees who separated without retiring. Postemployment residential histories of employ-
ees who separated without retiring used information from departments of motor vehicles
and voter registration records in NY and CA and from private vendors of residential data.

We described in detail elsewhere (5, 6) the development of facility-specific work
groups based on division, department, and job assignments; categorization of work activi-
ties as “potentially exposed” (i.e., entailing any type of work other than office work) or
“unexposed” (i.e., entailing office work only); and assignment of subjects to one of three
categories of socioeconomic status (SES).

Information on vital status as of December 31, 1999, came from IBM records and
from linkages with the Social Security Administration, the National Death Index, de-

partments of motor vehicles and voter registration records in NY and CA, and several
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other sources (5). Cause of death information came from National Death Index (10) or
from subjects’ death certificates if they died before 1979.

We identified cancer cases through record linkage with the NY State and CA can-
cer registries. The registries described case reporting as being statewide and population-
based beginning in 1976 for NY and in 1988 for CA. We converted International Classi-
fication of Diseases for Oncology codes into 9th revision International Classification of
Disease codes (11). We counted as cases all invasive cancers plus in situ bladder cancers
identified among subjects during 1976-1999 (East Fishkill) or 1988-1999 (San Jose) if
the date of diagnosis was between their beginning and ending dates of follow-up for the
incidence study and occurred when their residential histories indicated they were living in
the facility state.

Cancer incidence analyses considered all subjects and subgroups specified by fa-
cility, years since first record of employment, years worked, potential exposure, and work
group. External analyses compared employees’ cancer incidence rates to the general
population rates for the facility state (NY State minus NY City or CA). We also carried
out analyses with the general populations of the counties surrounding each facility pro-
viding the referent rates. Results were similar to those of analyses using state population
rates and are not presented.

External analyses used the standardized incidence ratio (SIR) as the measure of
association (12). Person-year accumulation began on the latest of the cancer registry in-
ception date (NY, January 1, 1976; CA, January 1, 1988), the subject’s first date of em-
ployment at the facility, or the date of entering a particular category of an employment

factor and ended on the earliest of the study closing date, the last date of residence in NY
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or CA, the date of loss to follow-up, or the death date. Between these beginning and end-
ing dates, subjects accrued person-time only while they lived in the facility state. When
there were at least five observed or expected cancer cases, we computed SIRs and exact
95% confidence intervals (Cls) under the assumption that the observed number of cases
followed a Poisson distribution.

Internal analyses used Cox regression to obtain maximum likelihood estimates of
cancer rate ratios (RRs) for employees with potential exposure compared to unexposed
employees and to compute RRs for employees ever, compared to never, exposed in a par-
ticular work group at a facility. We also used Cox regression to evaluate the relation be-
tween years of work in potentially exposed work groups and specific types of cancer. In
all Cox regression analyses, age was the time variable; all exposure variables were time-
dependent; and the models controlled for year of birth, gender (except when analyzing
gender-specific cancers), race, SES, and, for analyses of work groups, employment (ever

vs. never or years) in other work groups.

Results

Of the 99,229 employees in the mortality study who worked at East Fishkill or
San Jose, 89,054 (90%) were eligible for the cancer incidence study (Table 1). Of those
eligible, 64% were men, and 64% were White. Employees’ distribution by SES differed
by gender: 46% of men and 21% of women were in SES group 1, 12% of men and 5% of
women were in SES group 2, and 42% of men and 74% of women were in SES group 3.
Median values were 1984 for first recorded year of work at the facilities, 2.2 for years

worked, and 15.0 for years since first recorded work. At the end of follow-up, 92% of
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subjects were alive, 4% were deceased, 4% were lost to follow-up, and subjects’ median
age was 43 years. Person-years of follow-up were 861,521 in total, 499,445 at East Fish-
kill, and 362,076 at San Jose.

Overall, employees had 2,860 observed compared to 3,418 expected cancer cases
(SIR = 84, CI = 81-87) (Table 2). SIRs at the two facilities combined were below 100 for
21 of 24 specific types of cancer; were substantially below 100 for cancers associated
with smoking and alcohol except bladder cancer; and were marginally above 100 for
breast cancer, prostate cancer, and Hodgkin lymphoma (Table 2, panel 1). Employee
subgroups with 15+ years since first work and with 5+ years of employment or with 20+
years since first work and with 10+ years of employment had total cancer rates that were
9-11% lower than expected and did not have any large deficits or excesses of specific
types of cancer. In these subgroups, SIRs ranged from 110 to 120 for cancers of the pan-
creas, breast, prostate, and central nervous system; for melanoma of the skin; and for
multiple myeloma.

Analyses of specific cancers by facility indicated that for all cancers combined the
SIR was 81 (1,541 observed, CI = 77-85) at East Fishkill and 87 (1,319 observed, CI =
82-92) at San Jose and that the subgroups with many years since hire and long duration of
employment had cancer deficits of 3-16% (Table 2, panels 2 and 3). At each facility the
subgroups with many years since hire and long duration of employment did not have any
large excess or deficit of any type of cancer. In these subgroups, SIRs were slightly ele-
vated and ranged from 110 to 143 for pancreas cancer, breast cancer, non-Hodgkin lym-
phoma, and multiple myeloma at East Fishkill and from 110 to 129 for melanoma of the

skin, non-Hodgkin lymphoma, and cancers of the stomach, prostate, and central nervous
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system at San Jose. The only increase that was based on substantial numbers was for
prostate cancer at San Jose (all men: 334 observed, SIR = 115, CI = 103-128; men with
15+ years since starting and 5+ years of employment: 243 observed, SIR = 120, CI =
106-136).

SIR analyses indicated that both potentially exposed employees (70% of all sub-
jects) and unexposed employees had cancer incidence rates that were less than or equal to
the general population rates for most cancers (Table 3, panel 1). For specific cancers at
each facility, no SIR was above 150 among the potentially exposed or approached statis-
tical significance, and none of the corresponding RRs indicated a strong association with
potential exposure (all RRs were <2.5).

Appendix B provides the number of subjects and person-years in each work group
(Appendix Table 1) and results of SIR and Cox regression analyses for specific cancers
for employees ever, compared to those never, in each work group (Appendix Table 2).
Tables 4 and 5 present summary data for work groups associated with specific cancers
and having at least five observed cases of the cancer of interest, an SIR of 150 or higher,
and an RR of at least 1.5. For results meeting these criteria, we examined incidence pat-
terns by years worked and years since starting in the work group.

At East Fishkill, some of the associations meeting the above criteria were limited
mainly or entirely to short-term employees in the respective work groups and did not dis-
play a duration-response trend (Table 4). These results included masking and lung cancer
among women, packaging and cervical cancer, research and development and central
nervous system cancer, test/probe/dicing/slicing/die removal/wire bonding and Hodgkin

. lymphoma, and process equipment maintenance and multiple myeloma. For these three
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work groups, results for employees with 15+ years since starting and 5+ years in the
group were based on 0, 1, or 2 observed cases, respectively, and expected numbers were
below 1.0.

Several other associations at East Fishkill displayed a trend with years spent in a
work group (Table 4). These included other manufacturing and cervical cancer (6 ob-
served, SIR =300, CI = 110-652; RR = 4.7, CI = 1.7-12.7), other manufacturing and en-
dometrial cancer (7 observed, SIR =195, CI = 78-401; RR =2.2, CI = 0.9-5.3), and re-
search and development and multiple myeloma (9 observed, SIR =251, CI=115-477;
RR=4.1,CI=1.5-11.1).

The process equipment maintenance work group was associated with central
nervous system cancer at East Fishkill (8 observed, SIR =192, CI = 83-379; RR = 1.5, CI
= (.6-3.5), as in the companion mortality study (5). The excess was concentrated in em-
ployees with 15+ years since starting and 5+ years worked (4.0 observed and 0.8 ex-
pected), but this duration-response relation was within the limits of chance (8= 0.02, se =
0.06, p = 0.80).

At San Jose, further examination of several associations indicated that they were
limited mainly or entirely to employees with fewer than 5 years in the respective work
groups and did not display a duration-response trend (Table 5). These associations in-
cluded head wafer/tape head and melanoma, research and development and melanoma,
head fabrication and ovarian cancer, assembly and bladder cancer, test/dice/slice and cen-
tral nervous system cancer, and head fabrication and leukemia.

Other associations displayed a positive trend with length of employment in a work

group at San Jose but were characterized by sparse data on employees who had both
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many years since starting and relatively long duration (Table 5). These included other
manufacturing and melanoma (18 observed, SIR = 161, CI =96-255; RR =1.7, CI = 0.9-
3.1), head fabricatioﬁ and cervical cancer (6 observed, SIR =157, CI = 58-342; RR =7.2,
CI = 1.8-27.8), disk manufacturing and endometrial cancer (6 observed, SIR =361, CI=
132-785; RR =9.7, CI = 3.3-28.1), and cleanrooms-occasional and testicular cancer (9

observed, SIR = 195, CI = 89-370; RR =4.5, CI = 1.4-14.8).

Discussion

Our study included large numbers of subjects, person-years, and cases and had
several other strengths, including low potential for selection bias and differential informa-
tion bias, residential histories that permitted the inclusion of person-time after employees
stopped working at the study facilities, and the ability to assess nonfatal as well as fatal
cancers. We conducted several uncertainty analyses to evaluate assumptions about
postemployment residential history, and the consistency of these analyses indicated that
our results were robust (9). Internal analyses allowed us to assess potential associations
between employment variables and cancer incidence while reducing potential distortion
due to confounding and detection bias stemming from the relatively high SES of subjects
compared to the general population (13-19). For cancers associated with relatively long
survival, the incidence study provided more precision than the companion mortality study
(5). For example, there were six times more prostate cancer cases in the incidence study
than deaths among East Fishkill and San Jose employees in the companion mortality

study and five times more melanoma cases than deaths.
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Limitations of the study were subjects’ young age, lack of agent-specific exposure
information, temporal and geographic restrictions due to the use of state-based cancer
registries to identify cases, lack of adequate postemployment residential information pre-
dating 1990 (9), lack of information on specific agents in the workplace, and lack of data
on nonoccupational confounders. External analyses of many types of cancer may have
been positively or negatively confounded by correlates of SES, and internal analyses,
while possibly reducing such a problem, could still have been compromised by residual
confounding. Our analyses examined thousands of relationships, and some or all ob-
served positive and inverse associations may have been due to chance.

Employees had total cancer incidence rates that were lower than general popula-
tion rates overall and in subgroups with many years since starting and relatively long du-
ration of employment. These deficits reflected employees’ low incidence rates of most
cancers related to smoking, alcohol, and nutritional deficits that are inversely correlated
with SES.

When compared to the general population, some employee subgroups had small
increases in several cancers, including melanoma and cancers of the colon, breast, pros-
tate, and thyroid, which are results consistent with subjects’ relatively high SES. SES
tends to be associated positively with these cancers because of positive correlations with
nonoccupational risk factors, better detection, or both (13-19).

The results of the study do not provide any strong evidence of a causal association
between employment factors and cancer. Potential exposure to work environments other
than offices was not consistently associated with any type of cancer in both SIR and RR

analyses. Most associations with work group were based on small numbers, with insuffi-
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cient data to determine if a duration-response relation or a consistent pattern with poten-
tial induction time were present. Several work group associations displayed positive dura-
tion-response, but the underlying data were limited to short-term employees and/or to
employees with short potential induction time. Work group associations observed for
lung cancer among women, melanoma, and cancers of the cervix and endometrium could
have been due in part to confounding by well-established nonoccupational causes that
may not have been completely controlled for in the internal analyses.

The incidence study and its companion mortality study characterized the same
study group using similar analytical approaches, but the results differed in many respects.
These inconsistencies should not be interpreted as undermining the credibility of either
study. Divergent results could be attributed easily to differences in the observed numbers
of cancers and person-years in the two studies. Differences appeared to stem mainly from
temporal and geographic restrictions on follow-up for the incidence study that resulted in
the loss of cases and person-years accrued outside the facility state or before the registry
period and variation by work group of the proportion of lost mortality study follow-up
9). |

Incidence results for central nervous system cancer at East Fishkill and for pros-
tate cancer at San Jose warrant further consideration because of work group associations
seen for these cancers in the companion mortality study (5). The incidence study found a
weak association between central nervous system cancer and process equipment mainte-
nance at East Fishkill, but chance could not be ruled out as an explanation for this asso-
ciation. The association was concentrated in the subgroup with many years since starting

and long duration of employment, but Cox regression analyses did not find a duration-
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response trend. The mortality study found similar, but stronger, association, with a posi-
tive duration-response trend. Because of geographic and temporal restrictions, the inci-
dence study included only 67% of mortality study person-years in this work group (9)
and 80% of the central nervous system cancer deaths. One of the decedents not included
in the incidence study because he died out-of-state had worked about 22 years in process
equipment maintenance, and the exclusion of this decedent from the incidence data had a
large influence on the duration-response analysis. Although associations with central
nervous system cancer might be more reliably assessed with results of the mortality
rather than the incidence study, interpretation of both studies was hampered by small
numbers.

Although the mortality study found an association between employment in facili-
ties/laboratories and prostate cancer at San Jose (5), the incidence study did not. This dif-
ference may be due in part to the incidence study’s inclusion in this §Vork group of just 9
of 18 fatal prostate cancers and only 44% of the mortality study person-years (9).

Previous research on two groups of semiconductor industry workers in the United
Kingdorh have not consistently reported positive findings for any type of cancer (1-4).
Nichols and Sorahan found a 50% excess of colorectal cancer cases and a twofold in-
crease in the incidence of melanoma of the skin (3), and McElvenney et al. reported a
twofold increase in lung cancer incidence (4). The results of the present study are not
consistent with those of the British investigations. Storage device manufacturing workers
have not been studied previously.

This study found that IBM employees at East Fishkill and San Jose had fewer

than expected cases of cancer compared to general populations. Incidence was increased
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for several cancers in some employee groups, but interpretation of these results was diffi-

cult because data on employees with long potential induction time and many years

worked were sparse, particularly in specific work groups, and because of potential con-

founding by nonoccupational risk factors, imprecision, and other limitations. There was

no strong and consistent evidence that any type of cancer was associated causally with

employment factors. Further follow-up will permit a more informative analysis of cancer

incidence in the cohort.
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TABLE 1. Number of subjects by selected characteristics for each facility and for all
subjects combined

Demographic & employment East Fishkill San Jose Total®
characteristics N (%) N (%) N (%)
Total 42,612 (100) 46,912 (100) 89,054 (100)
Gender/race or ethnicity
Men, total 27,946 (100) 29,795 (100) 57,350 (100)
White 23,355 (84) 15,450 (52) 38,543 ©7
Hispanic 696 2) 3,519 (12) 4,211 @)
Asian ' 1,808 ©®) 8,683 29) 10,384 (18)
African American 2,016 @) 2,007 @) 4,005 @)
American Indian 35 (V)] 108 0) 143 0)
Unknown 36 0 28 0) 64 (0]
Women, total 14,666 (100) 17,117 (100) 31,704 (100)
White 11,047 (75 7,289 (43) 18,296 (58)
Hispanic 490 3) 3,371 (20) 3,860 (12)
Asian 651 )] 4,771 28) 5,395 amn
African American 2,408 (16) 1,585 ©) 3,982 (13)
American Indian 27 () 93 ) 120 (V)]
Unknown 43 ) 8 ©) 51 0)
Vital status
Alive 38,927 on 43541 93) 82,019 92)
Deceased 2,359 ©6) 1,200 A3) 3,545 O]
Unknown 1,326 3) 2,171 ®) 3,490 (€))]
Age at end of follow-up (years)
<40 15,735 @37 19,212 4D 34,858 39
40-49 10,716 (25) 11,400 24) 22,006 (25)
50-59 7,940 19 9,317 (20) 17,098 19
60+ 8,221 19) 6,983 (15) 15,092 a7
Median 44 43 43
Gender & socioeconomic status group
Men
Professionals 13,386 (48) 13,232 (44) 26,315 46)
Technicians 4,435 (16) 2,559 ® 6,929 (12)
Prod/cler/other 10,125 (36) 14,004 “n 24,106 (42)
Women
Professionals 2,827 (19) 4,012 (23) 6,792 21)
Technicians 1,119 8) 450 3 1,562 &)
Prod/cler/other 10,720 (73) 12,655 (74) 23,350 (74)
Year first at facility
<1965 0 ® 0 ) 0 ()]
1965-1969 7,840 (18) 6,591 14) 14,520 (16)
1970-1979 8,315 (20) 7,408 (16) 15,528 a7
1980-1989 18,002 (42) 12,594 27 30,440 34)
1990-1999 8,455 20) 20,319 (43) 28,566 (32)
Median 1983 1987 1984
Years worked at facility
<5 25,110 (59) 32,625 70) 57,321 (64)
5+ 17,502 41 14,287 (30) 31,733 (36)
Median 3.1 1.6 22
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Demographic & employment East Fishkill San Jose Total®
characteristics N (%) N (%) N (%)
Years since first record of employment at facility

<15 18,347 (43) 26,605 57 44,649 (50)

15+ 24,265 ) 20,307 43) 44,405 (50)

Median 159 11.4 15.0
Employment status

Active 11,048 (26) 8,378 (18) 19,243 22)

Retired 9,893 23) 6,989 (15) 16,731 (19)

Separated 21,671 (E2)) 31,545 67) 53,080 (60)
Exposure category

Exposed, ever 31,686 74) 31,133 (66) 62,535 (70)

Unexposed 10,391 (24) 15,221 (32) 25,430 (29)
Person-years 499 445 362,076 861,521

*Total is less than the sum of the number of employees at each facility because 470 subjects worked at both

facilities.
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TABLE 2. Observed number of cases (Obs) of specific types of cancer, standardized incidence ratio (SIR)* and 95% confidence in-
terval (CI) among all subjects, those with 15+ years since first record of employment (YSF) and 5+ years worked (YRS), and those

with 20+ YSF and 10+ YRS, by facility

Facility & All subjects 15+ YSF, 5+ YRS 20+ YSF, 10+ YRS

type of cancer Obs SIR 95% CI Obs SIR 95% CI Obs SIR 95% C1

Panel 1. East Fishkill & San Jose

All cancers 2,860 84 81-87 1,580 89 84-93 1,086 91 86-96
Oral cavity, pharynx 65 56 43-72 35 60 42-83 18 47 28-75
Esophagus 16 38 22-62 11 45 22-80 9 53 24-101
Stomach 41 57 41-77 27 68 45-99 22 83 52-126
Colorectum 332 90 81-100 200 95 83-109 135 96 81-114
Liver 20 48 29-74 8 37 16-72 3 20 4-59
Pancreas 57 77 59-100 40 94 67-128 33 116 80-162
Larynx 26 49 32-71 18 59 35-93 11 55 27-98
Lung, Men 256 59 52-66 173 64 55-75 125 68 56-81
Lung, Women 66 71 55-90 28 72 48-104 18 77 46-122
Soft tissue 18 73 43-115 7 71 28-146 4 65 18-167
Melanoma of skin 116 98 81-118 56 107 81-140 40 120 85-163
Breast 347 103 92-114 113 105 86-126 63 110 85-141
Cervix 32 78 53-110 7 84 34-173 | [3.7] -
Endometrium® 46 83 61-111 17 86 50-138 11 101 50-180
Ovary 34 76 53-107 14 106 58-178 7 101 41-208
Prostate 611 108 100-117 445 114 103-125 331 113 101-126
Testis 30 81 55-116 4 61 17-156 2 [2.9] -
Bladder 154 90 76-105 98 93 76-114 71 98 76-124
Kidney 84 91 73-113 41 81 58-110 28 82 55-119
Central nervous system 55 93 70-121 27 107 71-156 18 113 67-178
Thyroid 44 87 63-117 11 77 39-139 5 63 20-146
non-Hodgkin lymphoma 134 93 78-110 70 104 81-131 47 107 79-142
Hodgkin lymphoma 34 107 74-149 7 96 39-197 2 [4.0] -
Leukemia 72 84 66-106 36 85 59-117 25 89 58-132
Multiple myeloma 34 92 64-129 22 106 67-161 16 115 66-187
Other cancer 136 61 51-72 65 62 48-79 41 60 43-82
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TABLE 2. (Continued)

Facility &

All subjects

15+ YSF, 5+ YRS

20+ YSF, 10+ YRS

type of cancer Obs SIR 95% C1 Obs SIR 95% C1 Obs SIR 95% C1

Panel 2. East Fishkill

All cancers 1,541 81 77-85 822 84 79-90 535 85 78-93
Oral cavity, pharynx 32 51 35-72 20 64 39-99 8 42 18-83
Esophagus 7 27 11-56 5 34 11-78 4 41 11-105
Stomach 18 45 27-71 10 46 22-84 7 50 20-104
Colorectum 184 83 72-96 112 90 74-108 73 92 72-116
Liver 8 47 20-92 4 41 11-106 2 31 4-111
Pancreas 37 83 59-115 28 112 74-162 23 143 91-214
Larynx 14 40 22-67 11 58 29-103 7 60 24-123
Lung, Men 159 60 51-70 90 57 46-70 60 59 45-76
Lung, Women 40 73 52-100 17 74 43-119 9 66 30-126
Soft tissue 8 54 24-107 1 17 0-97 1 [3.4] -
Melanoma of skin 45 83 61-111 22 94 59-142 15 107 60-176
Breast 185 104 89-120 66 114 88-145 39 126 90-173
Cervix 20 95 58-147 2 [4.1] - 0 [1.8] -
Endometrium® 29 90 61-130 10 88 42-161 6 96 35-208
Ovary 21 86 53-131 9 121 55-230 3 [3.9] -
Prostate 277 101 89-113 202 107 93-123 142 102 86-120
Testis 17 69 40-111 1 [4.2] - 1 [1.7] -
Bladder 99 93 75-113 61 97 74-125 42 102 74-138
Kidney 55 101 76-131 29 98 66-141 19 99 60-155
Central nervous system 34 94 65-132 14 94 52-158 9 102 46-193
Thyroid 19 71 43-111 4 53 14-135 1 [4.2] -
non-Hodgkin lymphoma 74 94 74-118 © 36 98 69-136 25 110 71-162
Hodgkin lymphoma 25 114 74-169 5 110 36-256 0 [2.2] -
Leukemia 35 70 49-98 15 62 35-103 11 73 36-131
Multiple myeloma 21 103 64-157 13 114 61-196 9 123 56-234
Other cancer 78 69 54-86 35 64 45-90 19 57 34-88
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TABLE 2. (Continued)

Facility &

All subjects

15+ YSF, 5+ YRS

20+ YSF, 10+ YRS

type of cancer Obs SIR 95% CI Obs SIR 95% C1 Obs SIR 95% CI

Panel 3. San Jose

All cancers 1,319 87 82-92 758 94 88-101 551 97 89-105
Oral cavity, pharynx 33 62 43-87 15 55 3191 10 53 25-97
Esophagus 9 56 26-107 6 61 23-133 5 70 23-162
Stomach 23 71 45-106 17 96 56-154 15 120 67-198
Colorectum 148 101 85-118 88 103 83-127 62 102 78-130
Liver 12 49 25-86 4 33 9-84 1 12 0-66
Pancreas 20 68 42-106 12 69 36-121 10 80 39-148
Larynx 12 64 33-112 7 62 25-127 4 48 13-122
Lung, Men 97 57 46-69 83 75 60-93 65 79 61-100
Lung, Women 26 68 44-99 11 69 34-123 9 93 42-176
Soft tissue 10 929 47-182 6 144 53-314 3 [2.8] -
Melanoma of skin 71 111 87-140 34 119 82-166 25 129 84-190
Breast 162 102 87-119 47 94 69-125 24 92 59-136
Cervix 12 59 31-104 5 118 38-275 1 [1.9] -
Endometrium® 17 73 43-117 7 84 34-174 5 108 35-252
Ovary 13 65 35-111 5 87 28-202 4 [3.0] -
Prostate 334 115 103-128 243 120 106-136 189 123 106-141
Testis 13 106 56-181 3 [2.3] - 1 [1.2] -

" Bladder 55 85 64-111 37 87 61-120 29 92 62-132
Kidney 29 77 52-111 12 57 29-99 9 60 27-114
Central nervous system 21 91 56-139 13 126 67-215 9 127 58-241
Thyroid 25 105 68-155 7 106 43-219 4 [3.8] -
non-Hodgkin lymphoma 60 91 69-117 34 110 76-154 22 104 65-158
Hodgkin lymphoma 9 90 41-170 2 [2.7] - 2 [1.7] -
Leukemia 37 103 73-142 21 115 71-175 14 109 60-183
Multiple myeloma 13 79 42-135 9 96 44-183 7 105 42-217
Other cancer 58 53 40-68 30 60 40-85 22 64 40-97

*The expected number is provided in brackets, without the SIR and the 95% confidence interval, when the observed number and the expected number of cases were both <5.

®Endometrium includes uterus, not otherwise specified.
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TABLE 3. Observed number of cases (Obs) of specific types of cancer, standardized incidence ratio (SIR)* and 95% confidence in-
terval (CI) among all subjects who were unexposed, ever exposed, and exposed with 15+ years since first exposure (YSF) and 5+
years of exposure (YRS), and rate ratio (RR)" and 95% CI for exposed compared to unexposed, by facility®

‘uoissiwgad 1noypm pauqiyosd uononpolidad Jayung “Jaumo 1ybuAdoo ayy Jo uoissiwiad yum pasonpoldey

Facility & Exposed, Ever Exposed, 15+
type of cancer Unexposed Exposed 15+ YSF, 5+ YRS Exposed YSF, 5+ YRS
Obs SIR  95%CI Obs SIR  95%Cl Obs SIR  95%CI RR, 95% CI RR, 95% CI
Panel 1. East Fishkill & San Jose
Oral cavity, pharynx 17 55 32-88 46 56 41-74 22 60 37-90 1.1,0.6-1.9 0.8,0.3-2.0
Esophagus 6 59 22-128 -9 29 13-56 5 31 10-73 0.6,0.2-1.6 0.8,0.2-3.3
Stomach 8 43 19-85 32 61 42-86 19 75 45-116 1.6,0.8-3.5 2.5,1.0-6.4
Colorectum 85 88 70-109 238 90 79-102 136 101 85-120 1.1,0.8-1.4 1.3,0.9-1.8
Liver 4 37 10-94 14 47 26-78 6 43 16-94 - -
Pancreas 16 33 47-134 38 72 51-99 23 85 54-127 0.8,0.5-1.5 1.2,0.6-2.6
Larynx 6 45 17-99 19 49 29-76 13 66 35-113 1.0,0.4-2.5 1.0,03-3.4
Lung, Men 67 64 50-82 182 56 48-65 100 57 47-70 0.8,0.6-1.1 0.9,0.6-1.3
Lung, Women 22 62 39-93 43 78 56-105 18 83 49-132 1.4,0.8-2.4 0.8,0.3-2.4
Soft tissue 4 59 16-150 14 80 44-134 6 96 35-210 - -
Melanoma of skin 35 95 66-132 79 100 79-125 31 99 67-140 1.1,0.8-1.7 1.1,0.6-2.1
Breast 149 112 94-131 193 97 84-112 51 89 66-116 1.0,0.8-1.2 0.8,0.5-1.3
Cervix 7 44 18-90 25 101 66-150 5 112 36-261 2.4,1.0-5.8 3.2,0.6-16.5
Endometrium? 15 69 39-114 30 92 62-132 11 103 52-185 1.4,0.7-2.7 2.0,0.7-5.4
Ovary 12 68 35-118 21 81 50-123 8 114 49-225 1.1,0.5-2.3 1.5,0.4-5.6
Prostate 167 115 98-134 428 105 95-115 265 106 94-120 1.0,0.8-1.2 1.1,0.9-14
Testis 6 69 25-150 24 87 55-129 3 [43] - 1.3,0.5-3.3 -
Bladder 35 81 56-112 116 94 77-112 66 98 76-125 1.1,0.8-1.7 1.5,0.9-2.4
Kidney 24 97 62-145 57 87 66-113 28 87 58-125 0.8,0.5-1.4 0.9,0.5-1.8
Central nervous system 15 90 51-149 40 97 69-132 21 133 82-203 1.0,0.5-1.8 1.3, 0.6-3.0
Thyroid 19 112 67-175 23 70 44-105 7 82 33-170 0.6,0.3-1.2 -
non-Hodgkin lymphoma 41 102 73-138 91 90 72-110 42 99 72-134 0.9,0.6-1.3 0.8,04-1.4
Hodgkin lymphoma 9 100 46-191 25 111 72-104 3 [46] - 1.3,0.6-3.0 -
Leukemia 22 95 60-144 50 82 61-109 23 86 54-128 1.1,0.6-1.9 0.5,0.2-1.3
Multiple myeloma 9 92 42-175 24 91 58-135 17 129 75-206 0.9,0.4-2.0 1.2,05-33
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TABLE 3. (Continued)

Facility & Exposed, Ever Exposed, 15+
type of cancer Unexposed Exposed 15+ YSF, 5+ YRS Exposed YSF, 5+ YRS
Obs SIR  95%CI Obs SIR  95%CI Obs SIR  95%CI RR, 95% CI RR, 95% CI
Panel 2. East Fishkill
Oral cavity, pharynx 5 42 14-97 26 53 34-77 12 54 28-95 1.3,0.5-3.1 1.2,0.5-3.4
Esophagus 1 [46] - 0 29 11-63 4 37 10-95 - -
Stomach 2 27 3-99 15 47 26-78 8 51 22-100 - -
Colorectum 27 62 41-91 150 86 73-101 87 99 79-122 1.2,0.8-1.8 1.4,0.9-2.1
Liver 0o 31} - 7 51 21-105 4 57 16-146 - -
Pancreas 9 104 48-198 25 71 46-105 17 96 56-153 0.7,0.3-1.3 0.8,0.4-1.8
Larynx 1 16 0-86 12 43 22-76 9 67 30-126 - -
Lung, Men 31 69 4797 123 57 47-68 53 47 35-61 0.7,0.5-1.1 0.6, 0.4-0.9
Lung, Women 9 52 24-100 31 85 58-120 11 77 39-138 1.8,0.8-3.8 1.6, 0.6-4.0
Soft tissue 2 321 - 6 53 20-116 1 [0 - - -
Melanoma of skin 8 65 28-129 37 9] 64-125 15 93 52-153 1.2,0.6-2.7 1.0, 0.4-2.6
Breast 69 115 89-145 113 98 81-117 32 94 65-133 0.8,0.6-1.1 0.8,0.5-1.2
Cervix 3 42 9-124 17 125 73-199 2 [24] - - -
Endometrium? 7 65 26-134 22 106 66-160 7 103 41-212 1.8,0.7-4.5 1.4,04-4.1
Ovary 9 107 49-203 11 70 35-125 4 [43] - 0.6,0.2-1.4 -
Prostate 44 97 71-130 227 102 89-116 148 107 90-125 1.1,0.8-1.6 1.2,0.8-1.6
Testis 3 [45] - 14 71 39-118 0 [3.0] - - -
Bladder 17 86 50-137 79 93 74-116 45 101 73-135 1.0, 0.6-1.7 1.2,0.7-2.0
Kidney 8 75 32-147 44 103 75-138 21 100 62-153 1.1,0.0-2.3 1.1,0.5-2.5
Central nervous system 6 77 28-168 28 101 67-147 12 116 60-203 1.2,0.5-3.0 1.0, 0.3-2.8
Thyroid 6 80 30-175 12 63 33-111 2 40 5-144 0.6,0.2-1.5 -
non-Hodgkin lymphoma 13 80 43-137 61 100 76-128 28 109 72-157 1.2,0.6-2.2 1.2,0.6-2.5
Hodgkin lymphoma 4 76 21-196 21 129  80-197 1 [3.1y - - -
Leukemia 8 79 34-157 27 70 46-102 12 70 36-123 1.1,0.5-2.4 1.1, 0.4-2.8
Multiple myeloma 4  [3.9] - 17 105  61-168 11 136 68-243 - -
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TABLE 3. (Continued)

Facility & Exposed, Ever Exposed, 15+
type of cancer Unexposed Exposed 15+ YSF, 5+ YRS Exposed YSF, 5+ YRS
Obs SIR  95%ClI Obs SIR  95%CI Obs SIR  95%CI RR, 95% CI RR, 95% CI
Panel 3. San Jose
Oral cavity, pharynx 12 64 33-111 20 60 37-93 10 68 33-125 1.0, 0.5-2.1 1.2,0.5-2.8
Esophagus 5 88 29-206 3 30 6-88 1 19 1-104 - -
Stomach 6 53 20-116 17 82 48-132 11 113 57-203 2.0,0.7-5.1 2.4,0.8-6.8
Colorectum 58 109 83-141 88 98 78-120 49 107 79-141 1.0,0.7-1.4 1.1,0.7-1.6
Liver 4 52 14-132 7 43 17-89 2 29 4-104 - -
Pancreas 7 65 26-134 13 73 39-125 6 64 24-140 1.3,0.5-3.3 1.4,0.4-42
Larynx 5 74 24-173 7 61 25-126 4 65 18-166 0.8,0.2-2.6 -
Lung, Men 36 61 43-85 59 55 42-71 47 78 57-104 0.9,0.6-1.4 1.3,0.8-2.0
Lung, Women 13 70 37-120 12 64 33-112 7 95 38-195 1.1,0.5-24 1.3,0.5-3.6
Soft tissue 2 k37 - 8 128 55-251 5 223 73-521 - -
Melanoma of skin 27 110 72-160 42 111 80-150 16 105 60-171 1.1,0.7-1.8 0.9,0.5-1.8
Breast 80 109 87-136 80 97 77-121 19 80 48-125 1.2,0.8-1.6 0.9,0.5-1.6
Cervix 4 45 12-115 8 73 31-143 321 - - -
Endometrium® 8 73 32-144 8 69  30-136 4 39 - 0.9, 0.3-2.6 -
Ovary 332 79 10 98 47179 4 27 - - -
Prostate 123 123 102-147 201 109 95-125 117 106 87-127 0.9, 0.8-1.2 0.9,0.7-1.1
Testis 3 [431 - 10 127  61-233 3013 - - -
Bladder 18 77 45-121 37 94 66-130 21 92 57-141 1.3,0.7-2.2 1.2,0.6-2.3
Kidney 16 115 66-187 13 57 30-98 7 62 25-127 0.6,0.3-1.2 0.5,0.2-1.4
Central nervous system 9 102 47-193 12 87 45-152 9 164 75-311 0.8,0.3-1.9 1.6, 0.6-4.3
Thyroid 13 137 73-234 11 79 39-141 5 143 46-334 0.7,0.3-1.6 1.5,0.5-4.5
non-Hodgkin lymphoma 28 116 77-168 30 74 50-106 14 84 46-141 0.7, 04-1.1 0.7,0.3-1.3
Hodgkin lymphoma 5 134 44-313 4 65 18-166 2 [t5] - - -
Leukemia 14 107 59-180 23 104 66-156 11 112 56-200 1.1,0.5-2.2 1.1,0.5-2.5
Muttiple myeloma 5 85 28-199 7 69 28-141 6 118 43-257 0.7,0.2-2.1 1.0,0.3-3.3
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*The expected number is provided in brackets, without the SIR and the 95% confidence interval, when the observed number and the expected number of cases were both <5.
°RR, adjusted using Cox regression for year of birth, socioeconomic status, gender, and race; computed when there were at least five cases, both among the unexposed and
among the exposed.

“Totals of exposed and unexposed exclude employees who worked only in jobs that could not be classified according to exposure because of missing or uninterpretable DDJs
(535 at East Fishkill, 558 at San Jose, and 1,089 at both facilities combined).

Endometrium includes uterus, not otherwise specified.
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TABLE 4. Summary of results of analyses for specific types of cancer by work group,
including observed number of cases (Obs), standardized incidence ratio (SIR)® and
95% confidence interval (CI), rate ratio (RR)” and 95% CI, and Cox regression results®,
East Fishkill

Type of cancer, work group, & subgroupd Obs SIR, 95% CI RR, 95% CI B3, se (p-value)

Lung cancer among women in masking
Ever in work group 6 203,75-442 3.2,1.3-7.7 0.03, 0.13 (0.81)

15+ YSF, 5+ YRS 1 [0.5]

Cervical cancer in packaging

Ever in work group 10 191, 92-351 3.1,1.3-75 0.07, 0.10 (0.49)
15+ YSF, 5+ YRS 0 [04)

Cervical cancer in other manufacturing

Ever in work group 6  300,110-652 47,1.7-12.7 0.40, 0.14 (0.01)
15+ YSF, 5+ YRS 0 [0.1]

Endometrial cancer in other manufacturing

Ever in work group 7 195,78-401 22,0953 0.23,0.10 (0.02)
15+ YSF, 5+ YRS 1 [03]

Central nervous system cancer in research and development

Ever in work group 10 188,90-346 1.6,0.7-3.5 <0.01, 0.10 (0.97)
15+ YSF, 5+ YRS 0 [0.5]

Central nervous system cancer in process equipment maintenance

Ever in work group 8 192, 83-379 1.5,0.6-3.5 0.02, 0.06 (0.80)
15+ YSF, 5+ YRS 4 [0.8]

Hodgkin lymphoma in test/probe/dicing/slicing/die removal/wire bonding

Ever in work group 6 194,71-423 2.1,0.8-5.4 -0.04, 0.15 (0.81)
15+ YSF, 5+ YRS 0 [0.3]

Multiple myeloma in research and development

Ever in work group 9  251,115-477 4.1,1.5-11.1 0.18, 0.07 (0.01)
15+ YSF, 5+ YRS 2 [0.4]

Multiple myeloma in process equipment maintenance

Ever in work group 5 192,62-448 2.1,0.7-6.3 0.07, 0.08 (0.37)
15+ YSF, 5+ YRS 1 [0.6])

*The expected number is provided in brackets, without the SIR and the 95% confidence interval, when the observed
number and the expected number of cases were both <5.

PRate ratjo, ever-employed compared to never-employed in the work group; Cox regression used to adjust for year
of birth, gender (except for gender-specific analyses), race, socioeconomic status, and ever-'exposed' in other work
groups.

B, Cox regression coefficient for years spent in the work group (continuous variable), adjusted for year of birth,
gender (except for gender-specific analyses), race, socioeconomic status, and years spent in other work groups en-
tailing potential exposure; se, standard error of the regression coefficient; p-value of regression coefficient, equiva-
lent to p-value for linear trend.

4YSF, years since first record of employment in the work group; YRS, years spent in the work group. Criteria for
inclusion of results for a work group in this table: for subjects ever in the work group, observed number of cases =5,
SIR =150, and RR = 1.5.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE 5. Summary of results of analyses for specific types of cancer by work group,
including observed number of cases (Obs), standardized incidence ratio (SIR)® and
95% confidence interval (CI), rate ratio (RR)" and 95% CI, and Cox regression results®,

San Jose

Type of cancer, work group, & subgroupd Obs SIR, 95% CI RR, 95% CI B3, se (p-value)

Melanoma of the skin in head wafer/tape head

Ever in work group 9 160, 73-303 1.8,0.9-3.6 0.12,0.07 (0.12)
15+ YSF, 5+ YRS 0 [0.4]

Melanoma of the skin in research and development

Ever in work group 10 160, 77-295 1.6,0.8-3.1 0.02, 0.06 (0.78)
15+ YSF, 5+ YRS 2 [1.2]

Melanoma of the skin in other manufacturing

Ever in work group 18 161, 96-255 1.7,0.9-3.1 0.11, 0.04 (0.01)
15+ YSF, 5+ YRS 4  [2.5]

Cervical cancer in head fabrication

Ever in work group 6  157,58-342 7.2,1.8-27.8 0.23, 0.06 (<0.01)
15+ YSF, 5+ YRS 2 [0.3]

Endometrial cancer in disk manufacturing

Ever in work group 6 361, 132-785 9.7,3.3-28.1 0.20, 0.08 (0.01)
15+ YSF, 5+ YRS 1 [0.1}

Ovarian cancer in head fabrication

Ever in work group 7 193,77-397 5.9, 1.7-20.0 0.13,0.08 (0.09)
15+ YSF, 5+ YRS 2 [0.4]

Testicular cancer in cleanrooms occasional

Ever in work group 9 195, 89-370 45,1.4-14.8 0.17, 0.06 (<0.01)
15+ YSF, 5+ YRS 1 [0.6]

Bladder cancer in assembly

Ever in work group 19 152,91-237 2.2,1.24.0 0.04, 0.05 (0.48)
15+ YSF, 5+ YRS 4 [25]

Central nervous system cancer in test/dice/slice

Ever in work group 5 175,57-408 2.2,0.8-6.5 -0.03, 0.16 (0.84)
15+ YSF, 5+ YRS 0 [04]

Leukemia in head fabrication

Ever in work group 7 150,60-310 1.7,0.7-4.1 0.02,0.11 (0.87)
15+ YSF, 5+ YRS 1 [0.5]

*The expected number is provided in brackets, without the SIR and the 95% confidence interval, when the observed
number and the expected number of cases were both <5.

PRate ratio, ever-employed compared to never-employed in the work group; Cox regression used to adjust for year
of birth, gender (except for gender-specific analyses), race, socioeconomic status, and ever-'exposed' in other work
groups.

°B, Cox regression coefficient for years spent in the work group (continuous variable), adjusted for year of birth,
gender (except for gender-specific analyses), race, socioeconomic status, and years spent in other work groups en-
tailing potential exposure; se, standard error of the regression coefficient; p-value of regression coefficient, equiva-
Ient to p-value for linear trend.

Y SF, vears since first record of employment in the work group; YRS, years spent in the work group. Criteria for
inclusion of results for a work group in this table: for subjects ever in the work group, observed number of cases =5,
SIR = 150, and RR = 1.5.
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APPENDIX TABLE 1. Number of subjects and of person-years by facility and ex-
posed work group

Facility and work group® Subjects Person-years

Panel 1. East Fishkill

Cleanrooms, always/frequently 18,516 223,594
Semiconductor fabrication 18,022 215,366
Masking 1,185 17,973

Cleanrooms, occasional® 22,568 262,781
Packaging 11,590 125,387
Facilities/laboratories/environmental health & safety 4,476 57,724
Research & development 3,771 51,039
Process equipment maintenance 3,443 42,752
Test/probe/dicing/slicing/die removal/wire bonding 5,856 73,350

Other manufacturing 3,455 47,340

Panel 2. San Jose

Cleanrooms, always/frequently® 9,360 60,917
Head fabrication 8,718 54,731

Cleanrooms, occasionalt 17,062 127,349
Disk manufacturing 6,271 40,869
Head wafer/tape head 5,491 34,692
Facilities/laboratories/environmental health & safety 2,706 26,972
Research & development 2,586 24,374
Test/probe/dicing/slicing 4,594 36,027

Head suspension/head disk assembly/box ‘ 12,564 96,470

Other manufacturing 4,845 42,249

Assembly 7,173 63,432

*Work groups are not mutually exclusive.

®This category included some work groups that were not analyzed due to small numbers. At East Fishkill, the work
groups were chem mix, field service and chemical mechanical planarization/backlap; at San Jose the groups were
chem mix, process equipment maintenance and quality control/quality assurance.

At San Jose this category included two work groups, VLSI/semiconductor and masking, that were not analyzed due
to small numbers.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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APPENDIX TABLE 2. Observed number of cases (Obs) of specific types of cancer, standardized incidence ratio (SIR)® and 95%

confidence interval (CI), and rate ratio (RR)b and 95% ClI, by facility and exposed work group

Oral cavity & pharyngeal

Esophageal

Stomach

Facility and work group Obs  SIR, 95% CI RR, 95% Cl Obs  SIR,95% CI RR, 95% CI Obs  SIR, 95% CI RR, 95% CI
Panel 1. East Fishkill
Work group, exposed
Cleanrooms, regular 19 59,36-92 1.5,0.7-3.1 5 37,12-85 2.6,0.5-13.4 10 49,23-89 1.1,0.4-2.8
Semiconductor fabrication 19 61,37-95 1.6,0.8-3.4 5 38,12-88 2.8,0.5-14.8 10 50,24-92 1.2,0.4-3.1
Masking 0 [3.0] - 0 [1.3] - 0 [2.0] -
Cleanrooms, occasional 18 46,27-73 0.7,0.3-1.5 5 30,10-70 1.4,03-7.2 13 51,27-88 1.4,0.5-4.2
Packaging 8 47,20-92 1.0,0.4-2.2 2 27,3-99 - 3 27,6-80 -
Facilities/labs 4  36,10-93 - 2 [4.9] - 1 13,0-75 -
Resesearch & development 8 69,30-136 1.2,0.5-2.9 2 38,5-138 - 6 80,29-173 2.3,0.8-6.7
Process equipment 1 12,0-67 - 2 3.7 - 4 73,20-186 -
maintenance
Test/dice/probe’ 7 58,23-120 1.2,0.5-2.7 2 38,5-138 - 4 51,14-131 -
Other Manufacturing 7 87,35-179 1.8,0.8-4.2 3 [3.6] - 1 19,1-103 -
Panel 2. San Jose
Work group, exposed
Cleanrooms, regular 7 84,34-173 1.4,0.6-3.4 0 [24] - 4 75,20-192 -
Head fabrication 7 99, 40-205 1.7,0.7-4.1 0 [2.0] - 2 [4.5] -
Cleanrooms, occasional 14 62,34-105 1.0, 0.5-2.2 2 28,3-102 - 14 100, 55-167 1.8,0.7-4.7
Disk manufacturing 3 45,9-132 - 1 [2.0] - 6 147,54-320 2.5,0.9-6.5
Head wafer/tape head 7 142,57-292 2.8,1.2-6.6 0 [1.5] - 3 [3.2] -
Facilities/labs 4 04, 18-165 - 2 [2.2] - 5 124,40-289 1.7,0.6-4.7
Resesearch & development 4 67,18-172 - 0 [2.0] - 5 135,44-315 1.8,0.6-5.1
Test/dice/slice 5 68,22-158 1.2,0.5-3.4 1 [24] - 4 {4.5] -
Head suspension/head 9 68,31-128 1.0,0.4-2.3 1 [3.9] - 8 96,41-188 1.4,0.6-3.6
disk/assembly/box
Other manufacturing 7  66,27-136 1.2,0.5-3.0 0 [3.7] - 7 105, 42-216 1.4,0.5-3.7
Assembly 5 46, 15-107 0.7,0.3-2.0 1 [3.3] - 5 74,24-173 1.0,0.3-2.7
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APPENDIX TABLE 2. (Continued)

Colorectal Liver Pancreatic
Facility and work group Obs  SIR, 95%CI RR, 95% CI Obs  SIR,95% CI RR, 95% CI Obs  SIR, 95% CI RR, 95% CI
Panel 1. East Fishkill
Work group, exposed
Cleanrooms, regular 88 78,63-97 0.8, 0.6-1.1 4 45,12-114 - 19 83,50-130 1.0,0.5-1.9
Semiconductor fabrication 84 77,02-96 0.8, 0.6-1.1 4  46,13-118 - 19 86, 52-134 1.1,0.5-2.1
Masking 11 98,49-175 1.2,0.6-2.1 0 [0.8] - 2 [2.3] -
Cleanrooms, occasional 120 88,73-106 1.2,0.9-1.6 5 46,15-107 0.9,0.2-3.8 23 84,53-126 1.2,0.6-2.4
Packaging 58 97,74-126 1.2,0.9-1.6 1 [4.9] - 7 57,23-118 0.7,0.3-1.6
Facilities/labs 37  93,65-128 1.2,0.8-1.7 2 [3.1] - 8 101, 44-199 1.3,0.6-2.9
Resesearch & development 33  84,58-118 1.0,0.7-1.5 2 [3.2] - 7 88, 35-181 1.0, 0.4-2.3
Process equipment 22 76,48-115 0.8,0.5-1.3 0 [2.3] - 3 52,11-151 -
maintenance
Test/dice/probe’ 44 104, 75-139 1.3,0.9-1.8 2 [3.4] - 8 93,40-183 1.3,0.6-2.9
Other Manufacturing 35 117, 82-163 1.5, 1.0-2.1 1 [23] - 5 82,27-192 1.1, 0.4-2.9
Panel 2. San Jose
Work group, exposed
Cleanrooms, regular 21 91, 56-139 0.9,0.6-1.5 1 [4.3] - 5 110, 36-256 1.8,0.6-5.3
Head fabrication 21 108, 67-165 1.2,0.7-1.9 1 [3.7] - 5 131,43-300 2.2,0.7-6.2
Cleanrooms, occasional 59 95,73-123 0.9,0.6-1.3 5 46, 15-108 0.9, 0.3-3.1 9 73,34-139 1.3,0.5-3.4
Disk manufacturing 15 87,49-144 0.9, 0.5-1.5 0 [3.4] - 1 [3.4] -
Head wafer/tape head 14 103, 56-173 1.1,0.6-1.9 1 [2.6] - 2 [2.7] -
Facilities/labs 25 134,87-198 1.5,1.0-24 3 [2.8] - 3 3.7 -
Resesearch & development 17 103, 60-164 1.0, 0.6-1.7 2 2.7] - 1 [3.4] -
Test/dice/slice 18 90, 54-143 0.8,0.5-14 2 [3.5] - 5 124,40-290 2.6,0.9-7.7
Head suspension/head 33 91,63-128 0.9,0.6-1.3 2 30,4-108 - 2 28,3-101 -
disk/assembly/box
Other manufacturing 27 88,58-128 0.8,0.5-1.3 2 [4.8] - 3 48,10-141 -
Assembly 25 84,55-124 0.8,0.5-1.2 2 37,5-135 - 6 101,37-219 1.4,0.5-3.9
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Laryngeal Lung, Men ' Lung, Women
Facility and work group Obs  SIR, 95% CI RR, 95% CI Obs  SIR,95% CI RR, 95% CI Obs  SIR, 95% CI RR, 95% CI
Panel 1. East Fishkill
Work group, exposed
Cleanrooms, regular 8 44,19-87 1.1,0.4-3.2 69 50,39-63 0.7,0.5-1.0 23 93,59-139 1.8,0.9-3.4
Semiconductor fabrication 7 40, 16-82 0.8,0.3-24 67 50,38-63 0.8,05-1.0 19 80, 48-126 1.2,0.6-2.3
Masking 2 (17N - 11 83,42-149 1.4,0.7-2.5 6 203,75-442 32,1377
Cleanrooms, occasional 11 49,25-88 2.1,0.5-8.0 103 58,47-70 1.0,0.7-1.3 17 77,45-124 1.1,0.6-2.0
Packaging 7 74,30-152 2.4,0.8-7.0 44 60, 44-81 1.1,0.8-1.5 8 57,25-112 0.7,0.3-14
Facilities/labs 1 15,0-82 - 35 61,43-85 1.0,0.7-14 2 [2.1] -
Resesearch & development 5 70,23-164 2.3,0.7-7.6 32 55,37-77 1.1,0.7-1.6 3 [1.7] -
Process equipment 3 59,12-171 - 25 58,37-85 1.0,0.7-1.6 0 [0.5] -
maintenance
Test/dice/probe® 3 44,9-128 - 27 51,33-74 0.9,06-1.3 10 120, 58-221 1.8,0.9-3.8
Other Manufacturing 1 [47] - 20 55,34-85 0.9,0.6-1.5 4 59,16-150 -
Panel 2. San Jose
Work group, exposed
Cleanrooms, regular 1 [2.7] - 15 62,35-103 1.2,0.7-2.1 7 93,37-191 1.7,0.6-4.7
Head fabrication 0 [2.2] - 11 58,29-104 1.1, 0.6-2.0 7  96,39-198 1.8,0.7-5.0
Cleanrooms, occasional 6 73,27-158 1.1,0.3-4.0 47 59,44-79 1.1,0.7-1.7 8 87,37-171 1.4,0.5-3.7
Disk manufacturing 1 [2.3] - 15 68,38-113 1.4,0.8-2.5 1 [2.6] -
Head wafer/tape head 1 [1.7] - 11 73,36-131 1.5,0.8-2.9 4 [3.7] -
Facilities/labs 3 [2.5] - 19 74,45-116 1.3,0.8-2.2 2 [l.6] -
Resesearch & development 0 [24] - 10 42,20-76 0.8,0.4-1.5 0 [0.8] -
Test/dice/slice 3 [2.8] - 17 65,38-104 1.3,0.7-2.2 2 [3.0] -
Head suspension/head 2 [44] - 27  69,45-100 1.4,0.8-2.2 10 91,44-168 2.0,0.7-5.2
disk/assembly/box
Other manufacturing 2 [4.3] - 26 62,4091 1.3,0.8-2.1 4 [3.7] -
Assembly 2 [3.8] - 26 76,49-111 1.4,0.9-2.3 4 52,14-133 -
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APPENDIX TABLE 2. (Continued)

Soft tissue sarcoma

Melanoma

Breast, Women

Facility and work group Obs  SIR, 95% CI RR, 95% CI Obs  SIR, 95% CI RR, 95% CI Obs  SIR, 95% CI RR, 95% Ci
Panel 1. East Fishkill
Work group, exposed
Cleanrooms, regular 4 57,15-145 - 17 66,38-105 0.5,0.3-1.0 74 99,78-124 0.9,0.7-1.2
Semiconductor fabrication 4 59,16-150 - 17 68,39-108 0.6,0.3-1.1 69 97,75-123 0.9,0.6-1.2
Masking 0 [0.6] - 3 [23]) - 7 88,35-181 0.8,0.4-1.8
Cleanrooms, occasional 4 47,13-121 - 34 110, 76-153 2.1,1.0-4.4 61 92,70-118 0.8, 0.6-1.1
Packaging 2 [3.9} - 15 108, 60-178 1.4,0.7-2.6 37 85,60-118 0.8,0.5-1.1
Facilities/labs I 2.2] - 11 130, 65-232 1.4,0.7-2.9 6 87,32-188 0.9,0.4-2.0
Resesearch & development 1 [2.1} - 7 84,34-174 0.8,0.3-1.8 6 134,49-293 1.4,0.6-3.3
Process equipment 0 [l.6} - 4 62,17-159 - 0 [1.7] -
matntenance
Test/dice/probe® 0 [2.5] - 13 141, 75-241 1.7,0.9-3.4 22 96, 60-146 0.9,0.6-1.4
Other Manufacturing 0 [L7] - 2 33,4-118 - 12 66, 34-114 0.6, 0.3-1.1
Panel 2. San Jose
Work group, exposed
Cleanrooms, regular 2 [1.6] - 7 73,29-150 0.7,0.3-1.5 26 85,55-124 1.0,0.6-1.5
Head fabrication 2 [1.4] - 2 24,3-87 - 25 85,55-126 1.0,0.6-1.5
Cleanrooms, occasional 7 178,71-366 2.7,0.6-11.6 28 113, 75-163 1.0, 0.6-1.7 36 90,63-125 0.9,0.6-1.3
Disk manufacturing 2 [1.2] - 9 123, 56-234 1.2,0.6-2.4 6 51,19-110 0.5,0.2-1.1
Head wafer/tape head 1 [0.9] - 9 160, 73-303 1.8,0.9-3.6 12 74,38-129 0.8,0.4-1.4
Facilities/labs 1 [1.0] - 7 103,41-212 0.8,0.4-1.8 7 106,43-218 0.9,0.4-2.0
Resesearch & development 4 [0.9] - 10 160, 77-295 1.6, 0.8-3.1 5 131,42-305 1.1,0.4-2.6
Test/dice/slice 3 [1.2] - 9 114, 52-217 1.0,0.5-2.0 12 108, 56-189 1.1,0.6-2.0
Head suspension/head 1 [2.6] - 14 91,50-153 0.8,0.4-1.5 29 65, 44-94 0.6,0.4-0.9
disk/assembly/box
Other manufacturing 4 [L.7] - 18 161, 96-255 1.7,0.9-3.1 10 78,38-144 0.7,04-1.4
Assembly 2 [1.9] - 13 108,57-184 1.0,0.5-1.8 28 99, 66-144 1.1,0.7-1.8
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APPENDIX TABLE 2. (Continued)

Cervical Endometrial Ovarian
Facility and work group Obs  SIR, 95% CI RR, 95% CI Obs  SIR, 95% CI RR, 95% CI Obs  SIR, 95% CI RR, 95% CI
Panel 1. East Fishkill
Work group, exposed
Cleanrooms, regular 12 135, 70-236 2.1,09-5.3 16 115, 66-187 1.4,0.7-3.1 10 96, 46-177 1.3, 0.5-3.1
Semiconductor fabrication 11 130, 65-233 1.9, 0.8-4.7 15 113, 63-187 1.4,0.6-2.9 9 91,42-173 1.2,0.5-2.9
Masking 2 [0.9] - 2 [l.6] - 1 [L.1] -
Cleanrooms, occasional 12 149, 77-261 2.4,1.0-6.0 15 122, 68-201 1.6,0.7-3.4 6 65,24-141 0.7,0.2-1.7
Packaging 10 191, 92-351 3.1, 1.3-75 5 63,21-148 0.6, 0.2-1.7 4 67,18-173 -
Facilities/labs 0 [0.9] - 1 [1.3] - 0 [1.0} -
Resesearch & development 3 [0.5] - 3 [09] - 2 [0.6] -
Process equipment 0 [0.2] - 2 [0.3] - 0 [0.2] -
maintenance
Test/dice/probe® 4 [2.6] - 6 135,50-295 1.4,0.6-3.6 1 [3.2] -
Other Manufacturing 6 300, 110-652 4.7,1.7-12.7 7 195, 78-401 2.2,09-53 4 [2.5] -
Panel 2. San Jose
Work group, exposed
Cleanrooms, regular 6 149, 55-325 6.5,1.7-25.2 1 [4.5] - 7 184,74-379 5.6,1.6-19.4
Head fabrication 6 157,58-342 7.2,1.8-27.8 1 [4.3] - 7 193,77-397 5.9,1.7-20.0
Cleanrooms, occasional 3 56,12-163 - 7 122,49-252 3.7,1.2-10.9 4 80, 22-205 -
Disk manufacturing 1 [1.6] - 6 361, 132-785 9.7,3.3-28.1 0 [L5] -
Head wafer/tape head 2 [22] - 2 [2.3] - 1 [2.0] -
Facilities/labs 1 [0.9] - 0 [1.0] - 2 [0.9] -
Resesearch & development 0 [0.5] - 1 [0.5] - 0 {[0.5] -
Test/dice/slice 0 [1.3] - 3 [1.7] - 1 [1.4] -
Head suspension/head 5 87,28-204 2.0,0.5-7.3 2 31,4-111 - 5 91,29-212 0.9,0.3-2.9
disk/assembly/box
Other manufacturing 3 [14] - 3 (2.0} - 3 [l.0] -
Assembly 3 [3.3] - 3 [44] - 3 [34] -
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APPENDIX TABLE 2. (Continued)

Prostate Testicular Bladder
Facility and work group Obs  SIR, 95% CI RR, 95% CI Obs  SIR, 95% CI RR, 95% CI Obs  SIR, 95% CI RR, 95% CI
Panel 1. East Fishkill
Work group, exposed
Cleanrooms, regular 166 114,97-133 1.3,1.0-1.7 8 72,31-143 1.0,0.4-2.8 57 105,79-136 1.3,0.9-2.0
Semiconductor fabrication 163 115,98-134 1.3,1.0-1.7 7 65,26-135 0.9,0.3-2.5 56 1006, 80-138 1.4,0.9-2.1
Masking 12 86, 44-150 0.8,0.5-1.5 1 [0.7] - 8 149, 65-294 1.7,0.8-3.5
Cleanrooms, occasional 186 100, 86-115 0.9,0.7-1.2 8 55,24-109 0.6, 0.2-1.7 65 95,74-122 1.1,0.7-1.7
Packaging 83 105, 84-130 1.0,0.8-1.3 3 47,10-137 - 31 108, 73-153 1.3,0.8-1.9
Facilities/labs 60 99, 75-127 1.0,0.8-1.4 2 [3.3] - 18 84,50-133 0.9,0.6-1.6
Resesearch & development 76 123,97-154 1.2,0.9-1.5 1 [2.5] - 15 71,40-117 0.7,04-1.2
Process equipment 50 108, 80-142 1.0,0.7-1.4 2 [2.8] - 22 137,86-208 1.7,1.0-29
maintenance
Test/dice/probe® 61 108, 82-138 1.0,0.8-1.4 1 [3.8] - 13 63, 34-108 0.6, 0.3-1.1
Other Manufacturing 41 1006, 76-144 1.1,0.8-1.5 1 [2.2] - 14 98, 54-165 1.1, 0.6-1.9
Panel 2. San Jose
Work group, exposed
Cleanrooms, regular 46 112, 82-150 1.0,0.8-1.4 2 [1.7] - 8 90,39-178 1.0,0.5-2.2
Head fabrication 40 126,90-172 1.2,0.9-1.7 2 [L5] - 8 114,49-225 1.3,0.6-2.8
Cleanrooms, occasional 140 101, 85-120 0.8,0.6-1.0 9 195,89-370 4.5,1.4-14.8 24 83,53-124 0.8,04-1.4
Disk manufacturing 43 115, 83-155 1.1,0.8-1.5 3 [l1.6] - 8 106, 46-209 1.2,0.6-2.6
Head wafer/tape head 27 104, 68-151 0.9,06-14 4 [1.0] - 5 92,30-215 1.1,04-2.7
Facilities/labs 44 96, 69-128 0.8,0.6-1.2 2 [1.0] - 9 92,42-175 1.0, 0.5-2.0
Resesearch & development 47 110, 81-147 1.0,0.7-1.3 1 [1.0] - 4 46,13-118 -
Test/dice/slice 43 96, 69-129 0.8,0.6-1.2 1 [1.3] - 12 129, 66-225 1.5,0.8-3.0
Head suspension/head 69 104, 81-131 0.9,0.7-1.2 3 [3.1] - 15 104, 58-172 1.2,0.7-2.4
disk/assembly/box
Other manufacturing 86 115,92-142 1.0,0.8-1.3 1 [L5] - 9 59,27-112 0.6,0.3-1.3
Assembly 55 95,71-123 0.8,0.6-1.1 1 [2.2] - 19 152,91-237 2.2,1.2-4.0
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APPENDIX TABLE 2. (Continued)

Kidney Central nervous system Thyroid
Facility and work group Obs  SIR, 95% CI RR, 95% CI Obs  SIR, 95% CI RR, 95% CI SIR, 95% CI RR, 95% CI
Panel 1. East Fishkill
Work group, exposed
Cleanrooms, regular 32 115,79-162 1.4,0.8-2.3 16 92,53-150 0.8,04-1.6 6 51,19-110 0.5,0.2-1.4
Semiconductor fabrication 31 115,78-163 1.3,0.8-2.3 15  89,50-147 0.8,04-1.5 5 44, 14-102 0.4,0.2-1.3
Masking 3 [2.6] - 2 [1.5] - 1 [1.0] -
Cleanrooms, occasional 33 98,67-137 0.9,0.5-1.5 25 120,78-177 1.6,0.7-3.7 7 54,22-111 0.5,0.2-1.4
Packaging 15 100, 56-165 1.0,0.5-1.8 9 95,44-181 1.0, 0.4-2.1 3 44,9-129 -
Facilities/labs 7 72,29-148 0.7,0.3-1.5 8 145, 63-286 1.3,0.6-2.9 1 [2.7] -
Resesearch & development 10 100, 48-184 0.9,0.4-1.9 10 188, 90-346 1.6,0.7-3.5 2 [2.4] -
Process equipment 9 122,56-232 1.1,0.5-2.4 8 192,83-379 1.5,0.6-3.5 0 [1.8] -
maintenance
Test/dice/probe® 10 96,46-177 0.9,0.5-1.8 9 145,67-276 1.4,0.6-3.0 1 [3.8] -
Other Manufacturing 6 85,31-185 0.8,0.4-2.0 4 [4.1] - 3 [2.6] -
Panel 2. San Jose
Work group, exposed
Cleanrooms, regular 3 53,11-154 - 2 [3.5] - 3 [4.2) -
Head fabrication 3 [47] - 2 [3.0] - 2 [3.9] -
Cleanrooms, occasional 12 76,39-133 1.2,0.5-2.7 11 123,61-220 1.6, 0.7-4.0 6 77,28-167 0.7,0.3-1.9
Disk manufacturing 3 [45] - 4 [2.0] - 2 [24] -
Head wafer/tape head 2 [34] - 2 [2.0] - 2 [24] -
Facilities/labs 4 [4.7] - 3 [24] - 2 [1.7] -
Resesearch & development 5 115,37-268 1.6,0.6-4.5 3 [2.3] - 2 [1.4] -
Test/dice/slice 4 706,21-195 - 5 175,57-408 2.2,0.8-6.5 2 [2.2] -
Head suspension/head 4 44,12-113 - 5 90,29-209 1.1,0.4-3.3 4 63, 17-161 -
disk/assembly/box
Other manufacturing 5 63,21-148 0.8,0.3-2.3 6 148,54-321 2.1,0.7-6.0 4 [2.7] -
Assembly 6 79,29-172 1.5,0.6-4.1 3 [44] - 1 [4.1] -
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APPENDIX TABLE 2. (Continued)

Non-Hodgkin lymphoma

Hodgkin lymphoma

Leukemia

Facility and work group Obs  SIR, 95% CI RR, 95% CI Obs  SIR, 95% CI RR, 95% CI Obs  SIR, 95% CI RR, 95% CI
Panel 1. East Fishkill
Work group, exposed
Cleanrooms, regular 45 1106, 84-155 1.5,1.0-2.5 9 95,43-180 0.7,0.3-1.7 19 77,47-121 1.3,0.6-2.5
Semiconductor fabrication 42 112, 81-151 1.4,0.9-2.2 9 98,45-187 0.8,04-1.8 18 76,45-120 1.2,0.6-2.3
Masking 4 T[3.5] - 1 [0.7] - 2 [2.3] -
Cleanrooms, occasional 47 101, 74-134 1.1,0.6-1.7 12 105, 54-183 1.0,04-2.3 20 67,41-103 0.9,0.5-1.9
Packaging 25 118,76-173 1.3,0.8-2.1 6 113,41-245 1.0, 0.4-2.4 9 68,31-130 0.9, 0.4-2.0
Facilities/labs 10 80, 38-147 0.8,04-1.6 2 [2.6] - 8 95,41-187 1.7,0.7-3.8
Resesearch & development 13 107,57-182 1.2,0.6-2.3 2 [22] - 7 85,34-176 1.4,0.6-3.5
Process equipment 7 75,30-154 0.7,0.3-1.6 2 1.9} - 2 32,4-116 -
maintenance
Test/dice/probe® 18 128, 76-202 1.4,0.8-2.3 6 194,71-423 2.1,0.8-54 5 55,18-129 0.8,0.3-2.0
Other Manufacturing 11 117, 58-208 1.2,0.6-2.2 3 [2.0] - 7 114, 46-234 1.8,0.8-4.2
Panel 2. San Jose
Work group, exposed
Cleanrooms, regular 5 49,16-114 0.5,0.2-14 1 [1.6] - 8 145, 63-286 1.7,0.7-3.8
Head fabrication 3 34,7-100 - 1 [t.4] - 7 150, 60-310 1.7,0.7-4.1
Cleanrooms, occasional 22 83,52-125 1.0,0.5-1.7 3 [3.6] - 13 88,47-151 0.6,0.3-1.3
Disk manufacturing 3 38,8-111 - 1 [1.1} - 2 [4.2] -
Head wafer/tape head 4 67,18-173 - 0 [0.9] - 3 [3.2] -
Facilities/labs 3 41,9-120 - 1 [0.8] - 3 [43] -
Resesearch & development 10 149,71-274 2.0,1.0-4.2 0 [0.8] - 4 [3.8] -
Test/dice/slice 8 94,41-185 1.2,0.6-2.6 1 [1.0] - 5 108, 35-251 09,04-25
Head suspension/head 11 67,34-120 0.8,0.4-1.6 2 [2.5} - 11 125,63-224 1.4,0.7-3.0
disk/assembly/box
Other manufacturing 10 83,40-153 0.9,04-1.9 1 [1.3] - 7 102, 41-210 0.9,04-2.1
Assembly 12 92, 48-16t 1.2,0.6-2.3 1 [1.8] - 5 72,23-167 0.6, 0.2-1.6
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APPENDIX TABLE 2. (Continued)

Multiple myeloma

Facility and work group Obs  SIR,95% CI RR, 95% CI
Panel 1. East Fishkill
Work group, exposed
Cleanrooms, regular 11 104,52-186 0.9,04-2.3
Semiconductor fabrication 11 108, 54-192 1.0,0.4-2.5
Masking 0 [1.0] -
Cleanrooms, occasional 15 119, 66-195 1.7, 0.6-4.8
Packaging 5 87,28-204 0.8,0.3-2.1
Facilities/labs 3 [3.5] -
Resesearch & development 9 251, 115-477 4.1,15-11.1
Process equipment 5 192, 62:448 2.1,0.7-6.3
maintenance
Test/dice/probe® 4 [4.0] -
Other Manufacturing 1 [2.8] -
Panel 2. San Jose
Work group, exposed
Cleanrooms, regular I [2.7] -
Head fabrication 1 [2.3] -
Cleanrooms, occasional 6 86,32-187 1.5,0.5-5.0
Disk manufacturing 2 [2.0] -
Head wafer/tape head 0 [l.e6] -
Facilities/labs 2 [2.0] -
Resesearch & development 3 [1.8] -
Test/dice/slice 2 [2.3] -
Head suspension/head 2 [4.2] -
disk/assembly/box
Other manufacturing 2 [3.4] -
Assembly 2 [3.4] -

*The expected number is provided in brackets, without the SIR and the 95% confidence interval, when the observed number and the expected number of cases were both <5.
°RR, rate ratio; in work group analyses, adjusted for year of birth, gender, race, socioeconomic status and employment in other exposed work groups; RR not computed when

the observed number was <5.

“Test/probe/dicing/slicing/die removal/wire bonding.

8
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CONCLUSIONS

Concerns about the possible health effects of past exposures in semiconductor and
storage device manufacturing have arisen because of intensive use of chemicals and other
agents during the early years of operation (1, 5-10). Information on employees’ disease
patterns is limited (26-28, 89). To address this deficiency, we carried out a mortality
study at three facilities, and we evaluated cancer incidence at two of the three facilities.

We investigated cancer incidence in addition to mortality because incidence stud-
ies may yield more information on cancers with relatively long survival. Also, incidence
studies may detect an occupational association earlier than mortality studies or provide
more definitive reassurances that such an association does not exist, especially when the
employment group is relatively young (81, 90). Incidence data therefore m‘ay offer en-
hanced precision and an earlier opportunity to detect and to minimize the impact of health
hazards. However, investigators in the US must confront several methodologic challenges
when conducting a study of cancer incidence.

A central goal of this dissertation was to examine and clarify methodologic issues
related to retrospective follow-up studies of cancer incidence among occupational groups
in the US. Another goal was to evaluate cancer incidence among employees at two mi-
croelectronics facilities owned by IBM in order to determine if employment factors are
associated with the occurrence of any type of cancer.

This dissertation addressed five main objectives relating to the conduct of cancer

incidence studies in occupational groups in the US. The first was to evaluate the
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completeness and accuracy of information sources used to develop residential histories.
We found that investigators in the US have access to several information sources useful
for developing residential histories. A source with national coverage, such as LexisNexis,
should provide more complete residential history than state-specific departments of motor
vehicles and voter registration records, especially for people similar to our subjects who
were relatively young, mobile, and of high socioeconomic status. The accuracy of Lex-
isNexis data was high and compared favorably with departments of motor vehicles and
voter registration data. None of our external residential history sources provided informa-
tion for every postemployment year, and none provided much information that predated
1990.

The second objective was to assess the impact on validity and precision of differ-
ent procedures and assumptions used to develop residential histories. In any study that
does not contact subjects directly, investigators must make assumptions about postem-
ployment residential history that occurred between the last day worked and the earliest
address from an external source. Although our residential histories had limitations, all the
uncertainty analyses we performed to consider alternate assumptions produced similar
results. The assumptioné we adopted for the main analysis therefore seemed reasonable,
and our results were robust.

The third objective was to evaluate variation in the impact of follow-up restric-
tions among subcohorts specified on the basis of work activity. The proportion of mortal-
ity study person-years included in the cancer incidence study varied considerably by
work group, particularly at San Jose, and the validity of the cancer incidence results also

may vary considerably across these subcohorts. In the second paper, when we found that
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the relation between a work group and a particular cancer differed in the mortality and
cancer incidence studies, we examined the overlap of subjects counted as deaths vs. cases
in the studies and determined that most of the differences in the results could be attribut-
able to follow-up restrictions and consequent selection bias in the cancer incidence study.
Thus, investigators should examine variation in the potential for selection bias due to re-
stricted follow-up across cohort subgroups and should use this information in interpreting
the results of cancer incidence studies that rely on cancer registries that do not cover the
entire potential follow-up experience of the study group.

The fourth objective was to determine the relative informativeness of the cancer
incidence study of IBM employees and the companion mortality study for specific types
of cancer. Our comparison of cancer mortality rates for person-time included in the can-
cer incidence study with rates for lost person-time provided minimal evidence of an im-
pact of temporal and geographic restrictions on validity: mortality rates for included and
lost person-time were similar. The number of cancer cases substantially exceeded the
number of cancer deaths at both facilities. The enhanced precision of the incidence study
compared to the mortality study depended in part on developing postemployment resi-
dential histories, and the uncertainty analysis that eliminated the postemployment experi-
ence of separated employees discarded hundreds of cases and thousands of person-years.
The results illustrated that, as others have consistently found, cancer incidence studies are
more informative than mortality studies for cancers with relatively long survival (65-72).

The fifth objective was to evaluate different procedures that address person-time
specification for subjects who experienced multiple primary diagnoses of one or more

types of cancer. The small differences between SIRs for our main analysis and SIRs for
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uncertainty analyses that alternatively removed all cases from follow-up on their first di-
agnosis date in all analyses or removed cases from follow-up on a cancer-specific basis
do not justify the loss of precision and added analytical burden of these analyses. Results
are presented in Appendix A.

The next part of the dissertation sought to determine if the incidence of cancer
might be related to employment at the study facilities. This was accomplished by compar-
ing employees’ cancer incidence rates to the general population rates for the facility state
(New York State minus New York City or California) or by comparing the cancer inci-
dence rates of potentially exposed employees (any non-office work) with the rates of un-
exposed employees (office work only).

Employees had total cancer incidence rates that were lower than general popula-
tion rates overall and in subgroups with many years since starting and relatively long du-
ration of employment. These deficits reflected employees’ low incidence rates of most
cancers related to smoking, alcohol, and nutritional deficits that are inversely correlated
with socioeconomic status.

When compared to the general population, some employee subgroups had small
increases in several cancers, including melanoma and cancers of the colon, breast, pros-
tate, and thyroid, results which are consistent with subjects’ relatively high socioeco-
nomic status. Socioeconomic status tends to be associated positively with these cancers
because of positive correlations with nonoccupational risk factors, better detection, or
both (91-97).

The results of the study provide, at most, limited evidence of a causal association

between employment factors and cancer. Potential exposure to work environments other
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than offices was not consistently associated with any type of cancer in both SIR and rate
ratio analyses. Most associations with work group were based on small numbers, with
insufficient data to determine if a duration-response relation or a consistent pattern with
potential induction time were present. Several work group associations displayed positive
duration-response, but the underlying data were limited to short-term employees and/or to
employees with short potential induction time. Work group associations observed for
lung cancer among women, melanoma, and cancers of the cervix and endometrium could
have been due in part to confounding by well-established nonoccupational causes that
may not have been completely controlled for in the internal analyses.

The incidence study and its companion mortality study characterized the same
study group using similar analytical approaches, but the results differed in many respects.
These inconsistencies should not be interpreted as undermining the credibility of either
study. Divergent results could be attributed easily to differences in the observed numbers
of cancers and person-years in the two studies. Differences appeared to stem mainly from
temporal and geographic restrictions on follow-up for the incidence study that resulted in
the loss of cases and person-years accrued outside the facility state or before the registry
period and variation by work group of the proportion of lost mortality study follow-up
(98).

Incidence results for central nervous system cancer at East Fishkill and for pros-
tate cancer at San Jose warrant further consideration because of work group associations
seen for these cancers in the companion mortality study (5). The incidence study found a
weak association between central nervous system cancer and process equipment mainte-

nance at East Fishkill. The association was concentrated in the subgroup with many years
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since starting and long duration of employment, but Cox regression analyses did not find
a duration-response trend. The mortality study found similar, but stronger, association,
with a positive duration-response trend. Because of geographic and temporal restrictions,
the incidence study included only 67% of mortality study person-years in this work group
(98) and 80% of the central nervous system cancer deaths. One of the decedents not in-
cluded in the incidence study had worked about 22 years in process equipment mainte-
nance, and the exclusion of this decedent from the incidence data had a large influence on
the duration-response analysis. Although associations with central nervous system cancer
might be more reliably assessed with results of the mortality rather than the incidence
study, interpretation of both studies was hampered by small numbers.

Although the mortality study found an association between employment in facili-
ties/laboratories and prostate cancer at San Jose (88), the incidence study did not. This
difference may be due in part to the incidence study’s inclusion in this work group of just
9 of 18 fatal prostate cancers and only 44% of the mortality study person-years (98).

Previous research on two groups of semiconductor industry workers in the United
Kingdom has not consistently reported positive findings for any type of cancer (26-28,
89). Nichols and Sorahan found a 50% excess of colorectal cancer cases and a twofold
increase in the incidence of melanoma of the skin (28), whereas McElvenney et al. re-
ported a twofold increase in lung cancer incidence (89). The results of the present study
are not consistent with those of the British investigations. Storage device manufacturing
workers have not been studied previously.

In summary, assumptions about residential history had little impact on validity in

the incidence study. Use of information sources with national coverage to develop resi-
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dential histories increased the incidence study’s precision. The temporal and geographic
restrictions on our cancer incidence study did not appear to affect the validity of the re-
sults for the overall analysis, but the potential for selection bias varied considerably by
work group subcohort. This study found that IBM employees at East Fishkill and San
Jose had fewer than expected cases of cancer compared to general populations. Incidence
was increased for several cancers in some employee groups, but interpretation of these
results was difficult because data on employees with long potential induction time and
many years worked were sparse, particularly in specific work groups, and because of po-
tential confounding by nonoccupational risk factors, imprecision, and other limitations.
There was no strong and consistent evidence that any type of cancer was associated caus-
ally with employment factors. Further follow-up will permit a more informative analysis

of cancer incidence in the cohort.
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