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Abstract | In the early 1990s, breast cancer
advocates petitioned the United States
Congress to investigate the high rates of
breast cancer on Long Island in the state

of New York. The resulting law led to the
Long Island Breast Cancer Study Project
(LIBCSP) — more than ten research
projects designed to study the possible
causes of this increased incidence of
cancer. This project reported that there was
no evidence that environmental exposures
were responsible. Controversial from its
start, the LIBCSP has had an important role
in efforts to understand the reasons for the
high rates of breast cancer in some regions
of the United States.

In the United States, there are several
regions in which there is an unusually high
incidence of breast cancer, such as Marin
County near San Francisco, California, and
much of the Northeast. Chemical and physi-
cal environmental factors in these areas have
been proposed as a cause for this increased
incidence, resulting in many epidemiologi-
cal investigations — including several stud-
ies carried out in the northeastern states.
One of the most detailed analyses was
carried out on the Long Island population,
and the results of this project have given
valuable lessons about possible aetiologies
of breast cancer, as well as some insights
into the other ‘breast cancer clusters.

Long Island lies to the east of New York
City in the state of New York. A set of
research studies comprising the Long Island
Breast Cancer Study Project (LIBCSP)
has included case-control studies of the
relationship between breast cancer and
environmental factors, development of a
geographical information system (GIS), and
other research that has yielded a wealth of
information about what factors are or are not
associated with the risk of developing breast
cancer on Long Island.

The LIBCSP is not the only significant
effort to investigate the reasons underlying
the high rates of breast cancer in specific
geographical regions. However, the congres-
sional genesis of the LIBCSP, the role of the

advocates in the research enterprise, the level
of controversy engendered by the research,
and the research findings themselves make
the study unique. The findings from the
study are important because geographical
variation in cancer incidence and mortality
remains a public health as well as personal
concern for many people. The LIBCSP has
also revealed many of the challenges of
examining geographical patterns of cancer.
What was the genesis of this project, how was
it executed, and what did the outcomes tell us
about the environmental factors involved in
the development of cancer?

The genesis of the LIBCSP

Maps describing mortality patterns across
the United States' (FIG. 1) provide clear evi-
dence that death rates for patients with breast
cancer are higher in the northeastern United
States, including parts of Long Island, than
in the United States as a whole. As a result of
these observations, in 1992 the United States
Congress passed a law requiring the National
Cancer Institute (NCI) and the National
Institute of Environmental Health Sciences
(NIEHS), both part of the federal National
Institutes of Health, to fund a study on fac-
tors that might contribute to the high rates of
breast cancer mortality in the northeastern
and mid-Atlantic states. Six proposed studies
were funded and became collectively known
as the New England/Mid-Atlantic (NE/MA)
Breast Cancer Study.

Meanwhile, these mortality patterns also
generated interest, concern and activity on
Long Island — one of the NE/MA studies
was conducted there. In the early 1980s,
the New York State Department of Health
(NYSDOH) published statistics on breast
cancer, and it was found that Nassau County
on Long Island had one of the highest inci-
dence rates of breast cancer in the state’.
Statistics on the incidence of cancer from
1988-1992 (REE 3) showed that 137.8 per
100,000 females in Nassau County and 133.0
per 100,000 females in the adjacent Suffolk
County developed breast cancer annually,
whereas for New York State as a whole the
rates were lower (121.8 per 100,000; FIG. 2).

The publication of these statistics created
concern among the residents of Long Island,
especially among survivors of breast cancer.
In 1990, the NYSDOH issued a series of
reports that suggested that this pattern was
probably because of known, primarily socio-
demographic and reproductive risk factors*”,
and this conclusion was repeated in a report
by the federal Centers for Disease Control
and Prevention (CDC) in 1992 (REE 2).
Much of the Long Island area had for-
merly been farmland, and pesticides had
been used extensively both in agricultural
and residential settings®, which generated
concern that these agents might be involved
in the high incidence of breast cancer. So,
owing to their disappointment in the initial
findings from the NYSDOH and the CDC
and their concern about toxic substances,
groups of breast cancer survivors and oth-
ers organized themselves to address the
issue”!’. They demonstrated for action
at the Nassau County Courthouse, and
lobbied their congressmen to legislate an
investigation that focused on potential
environmental contributions to this pattern
of disease. With the persistence of these
congressmen, a law was passed by Congress
in 1993 mandating the NCI and the NIEHS
to conduct a case—control study “to assess
biological markers of environmental and
other potential risk factors contributing
to the incidence of breast cancer in ... the
Counties of Nassau and Suffolk, in the state
of New York” and in two other counties.
This included specifying the development of
“... a geographic system to evaluate the
current and past exposure of individuals™!.

Environmental exposures

In response to the congressional mandate,
the NCI identified and encouraged a number
of studies, which, collectively, formed the
LIBCSP. The mandated GIS, also called
the GIS for Breast Cancer Studies on Long
Island (Long Island GIS), has been completed
and is available to researchers (BOx 1). GISs
can be especially useful for capturing and
mapping information about the locations of
multiple environmental exposures in relation
to patterns of disease. However, there are
limitations of GISs, including the difficulty
in identifying data for periods of time in the
past that might be relevant to diseases of long
latency such as breast cancer, accounting for
people at different levels of disease risk who
are migrating in and out of the geographi-
cal area, and other methodological issues.
Although there has been limited interest in
and use of the Long Island GIS for studies on
Long Island specifically, the custom spatial
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Figure 1 | Map of mortality from breast cancer among white women in the United States for
1970-1994, by state economic area. Areas of high incidence are shown in red, and areas of low
incidence are shown in blue. The map shows that populations in the northeastern United States, as well
as the Great Lakes area and regions of California, had exceptionally high rates of breast cancer mortality
during the period 1970-1994. Figure reproduced from REF. 1.

and statistical tools developed for the LIBCSP
by the federal contractor, Titan Corporation,
are available for free download and are being
extensively used by many investigators for
GIS studies.

The other important LIBCSP studies
involve populations of women on Long
Island and nearby areas, and the most
important findings of these studies so far, are
described below. Many of the studies were
case—control studies (BOX 2). In these studies,
information about possible breast cancer risk
factors was usually obtained using a stand-
ardized questionnaire that was given to the
study participants by trained interviewers.
The environmental risk factors that were
investigated in these studies are described in
BOX 3. A description of these studies and the
most important findings regarding physical
and chemical exposures are summarized
here, and additional information is available
in supplementary information S1 (table).

The Breast Cancer and the Environment
on Long Island Study. The Breast Cancer
and the Environment on Long Island Study
(BCELIS) is the largest case-control study
of the LIBCSP'™. As the study is population-

based, both the newly diagnosed cases and
the control subjects were generally repre-
sentative of the geographical areas where
the study took place'. This investigation
was led by Marilie Gammon, now of the
University of North Carolina. Eligible case
subjects were all females who had been
newly diagnosed with breast cancer in
Suffolk and Nassau counties on Long Island
in 1996 and 1997, and who were identified
through the New York Cancer Registry.
Population-based controls were identified.
Overall, 1,508 women who had been newly
diagnosed with breast cancer and 1,556
control subjects were studied.

The investigators hypothesized that
exposure to organochlorines and polycyclic
aromatic hydrocarbons (PAHs) increase
the risk of breast cancer among women
on Long Island. They focused on organo-
chlorines because laboratory animals that
were exposed to the chemical agents were
found to have increased risks of mammary
cancer® and because the chemicals have both
oestrogenic and anti-oestrogenic effects'.
The investigators found no increased risk
of breast cancer associated with blood con-
centrations of individual organochlorines,

including the pesticides 1,1,1-trichloro-
2,2-bis(4-chlorophenyl)ethane (DDT)
and its metabolite 1,1-dichloro-2,2-bis
(4-chlorophenyl)ethylene (DDE), chlordane
and dieldrin among others. Also, no associa-
tions were found between breast cancer risk
and blood concentrations of the four most
common members of a class of organo-chlo-
rines, the polychlorinated biphenyls (PCBs),
that were previously used in some industrial
processes.

However, a 50% increase in cancer risk
was noted for women in the highest quartile
of levels of exposure to PAHs. PAHs can
cause mammary cancers in animal models'
through their ability to bind DNA'® and form
PAH adducts. Adducts that were measured
in mononuclear cells only reflected expo-
sures up to 3 years before the time of collec-
tion of the blood in this case-control study,
which might not have reflected long-term
exposures that would be more aetiologically
relevant to breast cancer carcinogenesis.

The New York State Cohort Study of Diet and
Cancer. The New York State Cohort Study of
Diet and Cancer, conducted with separate
funding, included male and female long-term
residents of the state in 1980. The investiga-
tors identified individuals in the cohort who
developed cancer over the next 12 years. Erin
O’Leary and her colleagues identified the
3,097 female cohort members who were resi-
dents of Nassau and Suffolk counties in 1980
(REE 8). In this regional cohort, 105 individu-
als who developed in situ and invasive breast
cancer were identified and each matched
with 2 control subjects drawn from the same
cohort. Pesticide-exposure estimates were
based on records of previous agricultural
land use near the homes of the study partici-
pants, physical distance of the residences of
the study participants from hazardous waste
sites containing pesticides, and pesticide con-
centrations in drinking water. The key find-
ing was an almost threefold increased breast
cancer risk that was observed for residents
living within 1 mile of hazardous waste sites
containing organochlorines.

Hospital-based studies. Two hospital-based
case—control studies were conducted. One of
these studies involved cases that were iden-
tified at two large Long Island hospitals'”.
The investigators enrolled women who were
undergoing breast biopsies or breast surgery
between 1994 and 1996. Organochlorine con-
centrations were determined in the women’s
breast adipose tissue, obtained during the
biopsies/surgeries. Total pesticide, DDE, total
PCBs, and individual PCB chemical variant
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Figure 2 | Map of breast cancer incidence in New York, 1993-1997, by ZIP code. The hatch marks on
the map indicate areas where the incidence of breast cancer is statistically higher than New York State as a
whole. Long Island, which lies in the lower right corner of the state, has breast cancer rates that are 10-14%
higher than for New York State during the time period 1993-1997. Figure reproduced from REE. 68.

concentrations were not found to be increased
in the samples taken from 232 women with
breast cancer, compared with samples from
the 323 who did not have breast cancer.

In this study, the investigators also exam-
ined whether organochlorines increase
the risk of breast cancer recurrence. The
researchers assessed concentrations of PCBs
in the breast adipose tissues of women who
had been diagnosed with breast cancer and
assessed the risk of recurrence of cancer
after an average of 3.6 years of follow-up'®.
The risks of recurrence after diagnosis were
four times higher for those with high con-
centrations of a specific PCB variant. Other
organochlorines and self-reported exposure
to termiticides were not associated with
recurrence in this study.

A second study was conducted in
Connecticut and was based on 304 breast
cancer cases and 186 controls from 1994~
1997 (REE 19). These individuals were patients
at a single hospital who had breast surgery
or biopsies, and were subsequently classi-
fied either as having or not having cancer,
or were from Tolland County, Connecticut®,
a county with high breast cancer incidence
rates. In this study there was no evidence of
an increased breast cancer risk associated
with adipose concentrations of a number
of organochlorines in the women’s breast

adipose tissue. In the Tolland County com-
ponent, serum concentrations of PCBs
and DDE were not higher in cases than in
controls®.

In summary, the LIBCSP investigators
observed no association between breast
cancer risk and levels in breast adipose tis-
sue of DDT" and DDE'"*, total pesticides”,
total PCBs and various variants or configu-
rations of PCBs'”?!, hexachlorobenzene?,
the fungicide B-benzene hexachloride®, or
oxychlordane and trans-nonachlor®. Also,
following analysis of the blood samples,
there were no associations between the risk
of developing cancer and concentrations of
DDT?%; DDE**; chlordane, dieldin, and the

four most common PCB variants®; and total
PCBs* and various PCB variants*>*. The
only exception was a threefold increased risk
of breast cancer among residents living within
1 mile of hazardous waste sites that contained
organochlorines® and increased risks of breast
cancer recurrence in patients who had been
exposed to B-benzene hexachloride (also
known as 3-hexachlorocyclohexane).

In the congressionally mandated NE/MA
studies, some positive findings for some
chemicals were observed from individual
studies. However, when the data were pooled
in a combined analysis, there was no associa-
tion made between cancer risk and concen-
trations of DDE or PCBs in blood?.

Electromagnetic fields and breast cancer. The
Electromagnetic Fields and Breast Cancer
on Long Island Study”*, led by M. Cristina
Leske, drew its participants from the BCELIS.
The investigators included only women from
the latter study who had been at their current
residence for 15 years or more. The residence
restriction was needed because the investiga-
tor’s hypotheses concerned past exposures
to electromagnetic fields, which could only
practically be evaluated by taking measure-
ments on the current home and extrapolat-
ing back in time*”?*. Breast cancer risk was
not associated with the levels of 24-hour
electromagnetic-field exposure in the wom-
en’s bedrooms or the rooms that they spent
the most time in, or the measurements
of ground current in those rooms®”?.
Furthermore, in this study, neither measure-
ments that were based on types of outdoor
overhead wiring near the home?*”*® nor
reported electric blanket use showed any
association with breast cancer risk®.

Summary of the findings from Long Island.
In short, the reports arising from the LIBCSP
have not identified any environmental fac-
tors that could be responsible for the high
incidence of breast cancer in the area. The

Box 1 | Long Island Geographical Information System — a research resource

Geographical information systems (GISs) are powerful computer systems that can be used to
store, manipulate, analyse and display the spatial (geographical location) relationships
between dissimilar data types. The Long Island Geographical Information System (Long
Island GIS) research resource was initiated for use in examining environmental factors that
the Long Island population were exposed to and exploring relationships between these
exposures and breast cancer incidence. The Long Island GIS warehouse has more than 80
datasets that cover geospatial data on Long Island. These include demographical data, health
data, data on breast cancer incidence (by ZIP code) relative to the rates of cancer incidence in
New York State, and environmental data for Long Island. Researchers can go to the Long
Island GIS to apply to use the Long Island GIS warehouse database, as well as the suite of GIS
tools, or to download free custom software extensions developed for the Long Island Breast
Cancer Study Project, but also available for other GIS applications.
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exceptions among the many negative find-
ings are a report of a modest increase in the
risk of breast cancer from PAH exposure
in the largest of these studies'®, a risk with
proximity to organochlorine-containing
hazardous waste sites in one smaller study,
and a possible risk of breast cancer recur-
rence in women who have been exposed to
B-hexachlorocyclohexane!'®.

The LIBCSP case-control studies have
many strengths. By undertaking case-
control studies the investigators were able
to address specific high-priority environ-
mental exposures. They were able to rule
out other breast cancer risk factors, such as
age and reproductive history, when exam-
ining these specific environmental factors.
This is because the investigators were able
to measure these factors and, statistically or
using other methods, remove their effect in
estimating the relationship between organo-
chlorines and breast cancer. Although a few
of the studies are small with limited statisti-
cal power, the BCELIS included more than
1,500 cases. In addition to its large size, the
BCELIS had the advantage of using popu-
lation-based methods of identifying study
participants, which means that the study
population was representative of the geo-
graphical area from which the participants
were drawn — namely Suffolk and Nassau
counties on Long Island.

An additional strength was that several
of the studies evaluated organochlorine con-
centrations in adipose tissue'”'**'-*, which
is where PCBs are stored in the body*, and
also showed that the concentrations of these
chemicals were similar in the blood and adi-
pose tissue®. This helped to interpret findings
from earlier studies that made measurements
on blood — a much easier biological specimen
to obtain than fat tissue — and to justify using
blood measurements in future studies. In the
largest of the case—control studies, information
about environmental exposures was obtained
from both the physical environment in which
the study participants lived as well as from the
measurements made on their blood and urine,
which can provide information about the bio-
logical dose of the environmental agents that
the women received.

However, there are also limitations to
case—control studies. By definition, they
involve identifying people who already
have the disease that is being studied and
comparing them to control subjects (people
without the disease), assessing their histories
of exposure to factors that might be involved
in the development of the disease. This can
be a problem for studies of environmental
exposures and cancer risk because cancer

Box 2 | Epidemiology terms

Case-control study

A study in which people with a particular disease are compared with people who do not have
the disease with respect to exposures that have occurred in the past. In this article, ‘cases’ are
women with breast cancer and ‘controls’ are women who do not have breast cancer. In these
studies, the women with breast cancer were compared with women who did not have breast
cancer with respect to past reproductive factors, environmental exposures and other factors.

Cohort study

A study in which a group of people without the disease of interest is categorized as ‘exposed’ or
‘not exposed’ to certain environmental factors. These people are followed over time and disease
incidence is tracked.

Odds ratio
The odds of exposure among the cases divided by the odds of exposure among the controls.

Relative risk
The risk of disease for those who have been exposed to a potential risk factor divided by the risk
of disease among the non-exposed.

Population-based cases and controls

The cases and of controls in a case-control study are considered to be ‘population-based’ if
they are identified in such a way as to be representative of the geographical area from which
they are derived.

Population-based cases. In the United States, ‘population-based cases’ are usually all cases of a
particular type of cancer in a geographical area over a defined time period that are
systematically identified from a cancer registry.

Population-based controls. There are usually no lists available in the United States that contain
names and contact information from which to obtain a random sample of people to serve as

controls. A common alternative is to obtain eligible control subjects under the ages of 65 using
random digit dialling — a technique that involves random dialling and telephone screening to

find eligible controls. To find controls who are 65 years of age and older, lists of nearly all
people who are of these ages can be obtained from Medicare lists provided by the federal
Centers for Medicare and Medicaid Services. Because nearly all Americans have telephone
service, and the Medicare lists provide nearly complete coverage of people in the United States
who are 65 years and older, these two processes are generally considered to yield controls that
are representative of the geographical area from which the cases are derived.

takes a long time to develop, and the relevant
environmental exposures that potentially
caused the cancer might have occurred in
the past. This can make it difficult to obtain
accurate information about environmental
factors because records that document envi-
ronmental exposures might not be available,
and study subjects might not recall or might
not have been aware of the exposures when
they occurred.

Towards a better understanding

Implicit in the wording of the legislation
mandating the LIBCSP was that environ-
mental factors were to be studied as poten-
tially significant causes of breast cancer on
Long Island. However, although the BCELIS
had an initial focus on environmental risk
factors, the investigators have pursued
many additional lines of investigation in this
population. These include an evaluation of
whether organochlorine exposures influence
prognosis after breast cancer. The LIBCSP

has provided the opportunity to examine
other factors that could increase breast can-
cer risk (as discussed below and in BOX 4), as
well as initiating development of the Long
Island GIS (BOX 1) — a resource that can be
used for other studies of geographical and
spatial factors in disease.

Gene-environment interactions. Although
no significant environmental risk factors
were found in the BCELIS, it will be impor-
tant to follow up the finding of an increased
cancer risk among women who had higher
concentrations of PAH adducts. It is also
possible that environmental factors could
have a role only in genetically susceptible
women. Gammon et al. are aggressively
pursuing studies of gene-environment
interactions. Interestingly, reductions in the
risks associated with particular genotypes
were only evident in (or more often among)
women who consume large amounts of
fruits and vegetables (TABLE 1; BOX 4).
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Box 3 | Environmental factors studied by the LIBCSP

Organochlorines

Organochlorines are a class of chemicals that includes the pesticides 1,1,1-trichloro-2,2-bis(4-
chlorophenyl)ethane (DDT), its metabolites (1,1-dichloro-2,2-bis(4-chlorophenyl)ethylene
(DDE) and 1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane (DDD)), chlordane, dieldrin, trans-
nonachlor, hexachlorobenzene and B-hexachlorocyclohexane, as well as polychlorinated
biphenyls (PCBs). PCBs have previously been used in transformers, capacitors and other

electrical equipment.

Evidence for an association between exposure to these chemicals and cancer risk in humans
is unclear. Organochlorines can have oestrogenic effects'*. These chemicals cause cancer
in vitro and in vivo". These chemicals are also components of pesticides, which were often

used on Long Island.

Polycyclic aromatic hydrocarbons

Polycyclic aromatic hydrocarbons (PAHs) are products of combustion that are found in
cigarette smoke, burned fossil fuels, and grilled and smoked food®.

Before 1993, PAHs were known to be carcinogens that caused mammary tumours in animal
models", so they have been proposed to cause breast cancer in human populations’’.

Electromagnetic fields

Electromagnetic fields are the regions of space near electrical currents, magnets, broadcasting
antennas, and so on — regions in which electrical and magnetic forces are present.

The effects of exposure to electromagnetic fields and its relationship to breast cancer were
studied in the Long Island population because of reports that these fields increased melatonin
production. Melatonin increases oestrogen production, and higher levels of oestrogen
production have been associated with an increased risk of developing breast cancer””.

Negative results — success or failure?
Some members of the advocacy community
and the media have been disappointed in the
findings of the LIBCSP. They are unhappy
with the length of time that it took to com-
plete the case—control studies and the Long
Island GIS*?*. They are also disappointed
that certain chemicals of interest to them
were not studied®” and that specific envi-
ronmental factors have not been identified
that are responsible for the increased breast
cancer incidence on Long Island*****.

However, there are few established envi-
ronmental causes of cancer in the general
population — for example, radon*, environ-
mental tobacco smoke”, arsenic in drinking
water®, and solar and ultraviolet radiation®.
Additionally, cancer clusters are very difficult
to assess — studies of these generally find no
environmental cause®.

In the view of some, findings of no asso-
ciation (findings not supporting a hypothe-
sis) indicate failure of the research. However,
findings of no association that are obtained
through rigorous research are important.
The LIBCSP studies were able to fairly con-
clusively rule out several suspected environ-
mental agents. If the evidence shows that
there are no credible associations between
the studied putative causative factors and
the disease, then research resources can be
directed toward other potential carcino-
gens. At least one prominent scientist has
suggested, based on the evidence to date on
environmental factors and breast cancer

risk, that research resources be focused
elsewhere*'.

Negative studies that have been well
executed, as the LIBCSP studies have, can
reassure people that exposures that they have
experienced have probably not caused their
cancer. They also reduce anxiety among
women without cancer who are living in
these geographical areas and are concerned
about their own risk. However, some mem-
bers of the advocacy community on Long
Island continue to think that environmental
factors are responsible for the increased
cancer rates there#>%,

Other breast cancer clusters

Women on Long Island are not the only
people who are concerned about locally
high rates of breast cancer incidence. Two
other areas of concern are Marin County,
outside San Francisco, California, and the
area of Cape Cod in Massachusetts. In these

areas, residents are concerned about high
rates of breast cancer and whether environ-
mental factors could be involved. Research
projects that have been carried out in these
locations have also provided insights into
geographical variations in breast cancer
incidence and mortality.

Cancer rates in a geographical area
depend on many factors. One factor is the
accuracy in measuring incidence. For exam-
ple, the breast cancer rate in Marin County
was thought to be increasing during the
1990s at a rate of 6.7% per year for women
aged 45-64 (REE 44). However, as the authors
of that report suspected, some of the appar-
ent increase over time was accounted for
by the rates being calculated, by necessity,
based on population size projections from
the earlier 1990 Census of the population*>S.
The migration of women into the county
during the 1990s was not captured in these
population projections, leading to inflated
breast cancer incidence rates during that
time period®. However, corrected incidence
rates in Marin County during the 1990s,
based on the now available 2000 Census,
are still 7% higher than the rest of the San
Francisco Bay area and 18% higher than the
United States as a whole®. Other factors that
can affect cancer rates in geographical areas
include the age distribution of the popula-
tion (as most cancer rates increase with age),
the distribution of other known risk factors
in the population, local environmental risk
factors, and other factors that are unknown
or not measurable.

Marin County in California, and Nassau
and Suffolk counties in New York are among
the wealthiest counties in the United States®.
Women who have a higher socio-economic
status will probably have reproductive
factors that increase breast cancer risk,
including later age at first birth and fewer
pregnancies*. Two studies in California that
included Marin County or the entire San
Francisco Bay area, in which Marin County
is located, indicate that socio-economic sta-
tus might account for some, if not all, of the

Box 4 | Other breast cancer risk factors identified by the BCELIS

¢ Increased consumption of aspirin is associated with a lower risk of developing hormone-

receptor-positive breast cancer’”.

o Increased consumption of fruits and vegetables lowers the risk of developing breast cancer”.

o In a small case-control study, certain oestrogen metabolites detected in urine samples were

associated with an increased breast cancer risk”*.

o Weight gain after the age of 20 years is associated with an increased breast cancer risk,

especially after the age of 50 (REE. 75).

o There was an increased breast cancer risk in a subgroup of non-smoking women who lived

with a spouse for more than 27 years™.
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Table 1 | Genes examined in the Breast Cancer and the Environment on Long Island Study

Gene (function of gene Comparison of Effect on Interacting factors that also affect breast cancer Reference
product) genotypes or amino-acid breast risk
differences cancer risk*
CAT (catalase enzyme) 262CC (high activity of = 262CC is associated with a reduced risk among those 7
gene product) versus who consume large amounts of fruits and vegetables
262TC and 262TT but do not take supplemental vitamins$
MTHFR (folate-reducing B677TT (reduced activity + 677TT is associated with an increased risk among 78
enzyme) of gene product) versus those who have the lowest intake of folatet and those
677CC who do not take supplemental vitamins*
MTHFR (folate-reducing 1298CC or 1298AC versus — 1298CCs and ACS are both associated with a reduced 78
enzyme) 1298CC risk among those who do not take supplemental
vitamins
XRCCT (DNA repair protein)  399GIn/Gin or GIn/Arg ND One or two alleles of 399GiIn are associated with 79
versus Arg/Arg an increased risk, but only for never smokers with
detectable DNA adducts*
XRCC1 (DNA repair protein)  194Trp/Trp and Trp/Arg ND One or two alleles of 194Trp are associated with a 79
versus Arg/Arg reduced risk, but only in individuals who consume
large amounts of fruits and vegetablest and who
consume and take supplemental anti-oxidants®
MGMT (repairs 84TT or 84CT versus 84CC ND One or two alleles of 84T are associated with an 80
nitrosamine-related DNA increased risk, but only among heavy smokers#*
adducts)
MGMT (repairs 143GG or 143GA ND One or two alleles of 143G are associated with 80
nitrosamine-related DNA versus143AA a reduced risk in individuals who consume large
adducts) amounts of fruits and vegetablest, dietary o-carotenet,
or B-carotene plus B-carotene supplementss
MGMT (repairs 178GG or 178GA versus ND No data available 80
nitrosamine-related DNA 178AA
adducts)
ERCC2 (DNA repair 751CC(GIn/GIn)or + 751CC(GIn/GIn) is associated with an increased risk in 81
protein that is mutated in 751AC (Lys/GIn) versus current smokers® and for those who have high levels of
patients with xeroderma 751AA(Lys/Lys) polycyclic aromatic hydrocarbon (PAH)-DNA adducts?
pigmentosum)
XRCC1 (DNA repair protein) 194C/T and 399G/A, CAor ND No data available 82
CG versus TG
MPO (haem protein thatis ~ 463AA and 463AG versus  — 463AAS and 463AGs are both associated with a 83

synthesized during myeloid  463GG
differentiation)

reduced risk in individuals who consume large
amounts of fruits and vegetables

*Increased risk of breast cancer indicated by ‘+’; decreased risk of breast cancer indicated by ‘~’; ND, no difference. Indicated differences are either statistically
significant (indicated by *) or marginally significant (indicated by $). ERCC2, excision repair cross-complementing rodent repair deficiency complementation group 2;
MGMT, 0°-methylguanine DNA methyl-transferase; MPO, myeloperoxidase; MTHFR, 5,10-methylenetetrahydrofolate reductase; XRCC1, X-ray repair complementing

defective repair in Chinese hamster cells 1.

regional variation of breast cancer rates in
California**. Findings from a case-control
study in Marin County, which included 285
cases and 286 controls, indicate that breast
cancer occurrence in these areas is associ-
ated with high levels of alcohol consumption
(2 or more drinks per day)*'. Additionally,
there has been an increase over time in the
incidence of oestrogen- and progesterone-
positive tumours among women, which
could potentially be explained by the high
level of alcohol intake® or the use of hor-
mone-replacement therapy®’. Cases and
controls were similar in their distributions of
age at first residence, and years of residence
in Marin County*'.

The Cape Cod area of Massachusetts is
another area where environmental factors
and breast cancer risk have been studied

and where pesticide use was widespread*>.
Relative to the rest of Massachusetts, the
breast cancer incidence rates were 20%
higher on Cape Cod during the period 1982—
1994 (REE 54). To evaluate the reasons for this
excess, the state of Massachusetts mandated
research® that resulted in a population-based
case—control study involving 1,121 breast
cancer cases and 992 controls ascertained
from 1988-1995. Cases were more likely to
have lived on Cape Cod for 5 or more years
than controls, with women who had been
living there for 25-30 years — since 1948,
the year that use of DDT began in that area
— being those with the greatest odds ratio
for developing cancer™.

The investigator team also used a GIS
approach on Cape Cod by geocoding (pin-
pointing the geographical location of) the

cases and controls, and incorporating into
the analysis extensive data on pesticide
exposures, models of wind dispersion,
and other factors. This analysis yielded no
evidence of an effect of pesticides on breast
cancer risk’, although a subsequent report
noted a clustering of breast cancer cases near a
military reservation, which have been caused
by groundwater-related exposures”. In this
study population, a small increase in breast
cancer risk with an estimate of exposure to
tetrachloroethylene in drinking water flow-
ing into the home in one analysis® was not
confirmed in another analysis that incorpo-
rated indicators of personal drinking and
bathing behaviours™. Factors that were not
linked to breast cancer in this population
included physical activity®, electromagnetic
field exposure® or workplace exposures to
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33 substances that had oestrogenic activity®,
including many of those studied in the Long
Island case—control study®.

Future directions

The LIBCSP has been important not only
because of its findings, but also because it set
an example for the role that patient advocates
and the United States Congress can have in
shaping research, based on the public’s deep
concern about regional differences in cancer
incidence and mortality. The cancer advocacy
community had a key role in determining the
research agenda and conduct — an important
reality of this type of research. The project also
highlighted the challenges that studies of the
environment and cancer typically face.

Although some of the LIBCSP studies
have ended, others will continue to yield
additional scientific findings. Future
research will probably improve the under-
standing of gene—environment interactions
in the aetiology of breast cancer, and result
in better measurements of environmental
exposures.The Long Island GIS has also
provided a research resource and a set of
tools that can both be used in other studies
involving geospatial patterns of health and
disease.

There are several key messages that
can be derived from the LIBCSP. One is
that extensive research on the Long Island
population has not identified any significant
environmental risk factors for breast cancer.
This is even though the geometric mean
concentrations of at least two of the agents
studied, DDE and dieldrin, were higher
among women on Long Island compared
with the rest of the United States®. Findings
for the Long Island population are consistent
with those from studies in two other geo-
graphical areas, which reported no correla-
tion between breast cancer incidence and
environmental factors, as well as the findings
from the NE/MA Breast Cancer Study?.

Studies of other populations with a high
incidence of breast cancer have used different
approaches to those of the LIBCSP to assess
the role of environmental factors, but all have
reached similar conclusions. The Long Island
case—control studies focused on measure-
ments in biospecimens from the cases and
the controls, as well as objective measures of
electromagnetic fields. In the Marin County
and Cape Cod studies, the length of residence
in a particular area was used as an indicator
of potential exposure to local environmental
agents, along with GIS analyses that employed
historical documents to identify geographical
areas that had been exposed to pesticides. The
lack of evidence for an association between

environmental factors and breast cancer risk
in these studies is consistent with studies of
other populations®-*.

The LIBCSP was in the forefront of the
current trend to include cancer survivors
and advocates as an integral part of research
teams. These people served on the advisory
committee of the Long Island GIS, provided
input on the large case—control study and
served on the advisory committee of the
project as a whole. The community was fre-
quently updated on the status of the research
throughout the course of the various studies.
This is not to say that the scientist-advocate
partnerships that were forged during the
LIBCSP were always smooth. However,
the research benefited from the relation-
ship, and it is now commonplace to include
patient advocates in many different capaci-
ties throughout epidemiological research
studies®.

Investigating the reasons for the high
rates of cancer in limited geographical
areas is a serious challenge for many rea-
sons. Cancer is sufficiently rare that small
numbers and chance findings are a sig-
nificant problem. Measuring environmental
exposures that occured in the past is very
difficult. Some measurements, such as the
assessment of organochlorines in adipose
tissue or blood, provide accurate indica-
tors of past exposures, but biomarkers for
other chemical exposures are not avail-
able. Routine cancer surveillance systems
can be used to predict incidence, mortal-
ity and survival rates of patients based on
various characteristics of people and places.
However, it would be difficult to develop a
surveillance system to collect data on all
the risk factors that are associated with
each cancer type to determine the extent to
which the distribution of known risk factors
can account for differences in breast cancer
rates. GISs and the addition of new features
to surveillance systems, such as the inclu-
sion of socio-economic data, are helping to
address some of these issues.

The LIBCSP has provided some evidence
of the effects of genetic predisposition
on breast cancer risk, although prima-
rily among women who consume large
amounts of fruits and vegetables (TABLE 1).
Studies of gene-environment interactions
present many challenges because of the
need for large sample sizes and because of
inconsistencies in genetic analysis. So, the
data from the BCELIS need to be carefully
compared with those from other studies
before we can draw conclusions about the
role of gene-environment interactions in
breast cancer aetiology.

The studies in California*** indicate that
differences in the socioeconomic factors of
areas at higher and lower risk of breast cancer
might account for a significant amount of the
differences in breast cancer incidence rates
across the state. This provides some indirect
evidence that in California, region-specific
environmental factors probably do not play
an important role in explaining higher rates
in some geographical areas. These socio-
economic characteristics could reflect non-
environmental risk factors for breast cancer,
such as reproductive history (for example,
late age at first birth), or behavioural factors,
such as the level of alcohol consumption.
However, what breast cancer-related char-
acteristics are captured by socioeconomic
status variables is not clear.

A 1995 study found that the high breast
cancer mortality rates in the Northeast
and other important regions of the United
States relative to the South could be partially
accounted for by regional breast cancer risk
and breast cancer progression factors®®. In
both the Long Island and Marin County
populations, certain known risk factors were
associated with increased breast cancer risk,
including low parity, late age at first birth and
little or no breast feeding. On Long Island,
a family history of breast cancer'? and, in
Marin County, drinking alcohol were both
associated with breast cancer risk®. When the
BCELIS is fully analysed, it might be feasible
to assess the contribution to the incidence of
breast cancer on Long Island from the specific
breast cancer risk factors identified.

However, even if most of the regional var-
iation in nationwide breast cancer incidence
can be explained by known risk factors, most
cases are not associated with any known fac-
tors*!. Breast cancer aetiology is complex,
and no single scientific approach can be used
to fully understand the factors that cause
this cancer. There are inherent strengths and
weaknesses in study designs and approaches
for evaluating regional differences in cancer
incidence and mortality.

One innovative approach that is being
used to better understand the role of envi-
ronmental factors and breast cancer risk
is being undertaken by the Breast Cancer
and the Environment Research Centers.
This approach comprises four NIEHS-
and NCI-funded studies that are focused
on the determinants of puberty in young
girls, as well as in animal models, and the
effect of environmental factors on this
process. These studies represent a different
direction from the study of environmental
factors and breast cancer because they
focus on a developmental window that is
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thought to be important in breast cancer
development.

a

This initiative resulted, in part, from

‘brainstorming’ session in 2002 that

brought together scientists from various
disciplines, patient advocates and breast
cancer specialists, who jointly identified
research gaps and promising future areas
of research®”. At this session, the direc-
tor of the NIEHS remarked on the role of
the breast cancer advocacy community
in the research from conception through
to implementation of the studies. Future
studies will focus on the role of factors that
influence the onset of puberty in breast
cancer risk, and, again, patient advocates
will work closely with members of the
NIEHS and NCI to coordinate the studies.
In this manner, the LIBCSP has already
provided some answers to important ques-
tions about breast cancer aetiology, and has
served as a good example for future cancer
epidemiology studies.
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&) Online links

DATABASES

The following term is in this article are linked online
to:

National Cancer Institute: http://www.cancer.gov

breast cancer

FURTHER INFORMATION

Breast Cancer and the Environment Research Centers:
http://www.bcerc.org/

Cancer and the environment: http://www.cancer.gov/
cancertopics/prevention-genetics-causes/causes

Cancer and the environment: what you need to know, what
you can do: http://www.cancer.gov/cancerinfo/wyntk/
overview/page16

National Cancer Institute factsheet on cancer clusters:
http://cis.nci.nih.gov/fact/3_58.htm

National Center of Environmental Health cancer clusters
factpage: http://www.cdc.gov/nceh/clusters/
Geographical patterns of cancer mortality in the United
States: http://www3.cancer.gov/atlasplus/

Long Island GIS: http://www.healthgis-li.com/

Silent Spring Institute for Breast Cancer studies on Long
Island: http://www.silentspring.org/newweb/research/cape.
html

SUPPLEMENTARY INFORMATION
See online article: S1 (table)
Access to this links box is available online.
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