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PREFACE

e What role does the environment play in
breast cancer?

e Why do some groups of women bear a
greater burden of this disease than others?

The answers to these questions have thus far
eluded scientists, yet answering them could lead to
great progress against breast cancer. Recognizing
the need for more research into these questions,
the California Breast Cancer Research Program
(CBCRP) is launching our Special Research
Initiatives, a five-year effort to find answers that
will push breast cancer research forward.

We are setting aside 30 percent of our funds over
five years for the Special Research Initiatives,
approximately $18 million. To select the research
that will lead to the most progress against breast
cancer, we are following a carefully-crafted, two-
year, publicly-accessible strategy development
process. An initial step in the process is this
report reviewing previous research.

We are embarking on the Special Research
Initiatives because research has been conducted
for decades, and yet too many women are being
diagnosed with breast cancer, living with the
threat of a recurrence, and dying. There is no
action women can take to assure they won't get
breast cancer. Our goals are:

e To initiate research that will point to
actions that can be taken to reduce the
burden of breast cancer

e To conduct research that will provide
recommendations to advocacy
organizations and policy makers for
evidence-based change.

e To stimulate more research into the
environment-breast cancer connection and
the reasons why some groups of women
bear a greater burden of breast cancer.

We plan to identify and involve California
organizations and institutions who can join forces
and increase the resources available to conduct
this research.

This report is not a comprehensive review of all
research on the environment-breast cancer
connection or the reasons why some groups of
women bear more of the burden of the disease. It
is instead a review of existing research—gathered
from widely scattered sources—pointed toward
discovering research areas that show some
connection with the disease, and recommending
further investigations that are likely to make the
most difference toward eliminating the death and
suffering caused by breast cancer.

The Need for This Research

Breast cancer is a complex disease. Despite
decades of intensive research, its causes and basic
biology remain unclear. From the 1940s until
very recently, the U.S. breast cancer rate has been
rising, and this increase is not explained by better
detection methods.

Scientific studies have uncovered a number of risk
factors for breast cancer. Some of these risk
factors can be modified by individuals to lower
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their risk, and others cannot. One known risk
factor is a family history of the disease, which
raises a woman's risk. This can't be modified by
individuals. Another known risk factor is not
having children or having children later in life.
Although this can be modified by individuals, it
isn't a feasible strategy for most women in the
U.S. economy and culture today. Other risk
factors include lack of regular exercise and
obesity. These can be modified by individuals and
are the focus of a good deal of current research.

However, all known risk factors for breast cancer
taken together can only account for some
percentage of the disease. The percentage is in
dispute, with estimates ranging from 50-70
percent. This means that for 30-50 percent of all
cases of breast cancer, we can pinpoint nothing
that may have even contributed to causing the
illness. Clearly, there is a lot yet to be understood
about breast cancer.

Studies of immigrant populations provide
evidence that environmental causes may play a
role in the 30-50 percent of unexplained breast
cancer cases. For decades, researchers have
noticed different patterns of breast cancer in
different populations. For example, women in
Asia have far lower rates of breast cancer than
women in the U.S.. Soon after they move to the
U.S., Asian women's rates of breast cancer begin
to rise. The risk rises further for the next
generation of Asian women who grow up in the
U.S.. These patterns, which have remained
largely unexplained for 50 years, suggest that the
environment has a role in causing breast cancer.
These patterns also suggest that further study into
breast cancer differences among various

population groups could not only lead to a
decrease in inequality among groups of women
with breast cancer, but also reveal crucial
information about the disease itself.

One major reason that more research has not
already been done on the questions we are
addressing is that they are difficult and
complicated to research. There's no scientific
consensus about where to begin. Previous
research, as this report reveals, has been reported
in widely scattered sources and conducted under a
variety of paradigms and philosophies. These
approaches include basic science, epidemiology,
toxicology, social justice/critical theory, health
services, health policy, and community-based
participatory research. Each of these research
paradigms has methodological challenges. Multi-
disciplinary research combining some or all of the
research approaches will be a complex endeavor.
It will require establishing communication lines
across diverse scientific subcultures.

California: The Unique Laboratory

California has unique resources for investigating
the environment-breast cancer connection and
reasons why some groups of women bear a greater
burden of the disease. This combination of
resources creates an opportunity no other state or
country can match. These resources include:

e Geographic variety, with large rural,
urban, and suburban areas.

e Diverse population, with a wide spectrum
of income, social class, and cultures; many
ethnic groups; and first, second, and third
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generation immigrants from low-incidence
areas such as Asia.

e Unique databases, with high-quality data
on cancer incidence and data on pesticides
and pollutants mandated by state
Proposition 65.

e Excellent research institutions, including
schools of public health and a strong state
Health Department, with some experience
in collaborative research.

e Strong environmentalist and breast
cancer advocacy groups.

What We Mean by "Environment"

Some researchers define the influence of
environment on breast cancer as everything that is
not due to the influence of genes. For the
purposes of our Special Research Initiatives, the
CBCRP is using a narrower definition. We define
"environment™ as all of the non-genetic factors
that might lead to breast cancer that are also
largely outside an individual's control. This
definition includes possible causes of breast
cancer resulting from exposure to sources such as
air pollution, second hand smoke, and
pharmaceuticals.

Defining "environment” in this way means that
under our Special Research Initiatives, the
CBCRP will not pursue further studies into the
well-researched connection between breast cancer
and lifestyle, including diet. We believe studies of
this type are valuable and should be continued.
However, the focus of our Special Research
Initiatives will be on how the environment directly

affects breast cancer or affects lifestyle in a way
that can lead to breast cancer. For example, we
might pursue an investigation of how the
environment shapes American women's diets, by
investigating how different neighborhood
characteristics affect women's food choices.

"Environment,” by this definition, includes the
human-created, built environment. We may
include investigations of how features of the built
environment might impact breast cancer, for
example, whether racial segregation makes
survival less likely. We may also include ways
the built environment has an impact on lifestyle.
For example, we would not investigate further the
question of whether regular exercise may help
prevent breast cancer, but we might study the
ways that features of the built environment, such
as neighborhood design, create opportunities or
barriers to women getting exercise.

Challenges of Investigating the
Environment-Breast Cancer Connection

One logical place to look for causes of breast
cancer in the environment is to investigate the role
of toxic chemicals, pollutants, and other similar
agents. This type of research already has led to
controversy, with some experts claiming that
research has demonstrated that there is no
connection, and others saying researchers have
barely scratched the surface of these questions.

Researching the connection between toxic
exposures and breast cancer presents
methodological challenges. These include:

Lack of basic biological knowledge.
Researchers do not know exactly what biological
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changes a cell goes through as it transforms from
normal to cancerous. Therefore, it is hard to
determine whether exposure to a particular
substance or a particular combination of exposures
stimulates the development of breast cancer.

Many subtypes of the disease. DNA analysis
shows that breast cancer is not one disease, but
many. A particular toxic exposure could be
related to just one subtype.

Timing of exposure. A toxic exposure may lead
to breast cancer years, or even decades, after the
substance has been eliminated from the body.
Toxic exposures as early as when a baby girl is
still in the womb could predispose her to breast
cancer as an adult. Uncovering the connection
between the exposure and the disease is difficult.

Dose. Researchers don't know how much the
amounts of exposure matter. For example, it is
unclear whether one massive dose of a toxic
chemical is more or less likely to cause breast
cancer than exposures to small amounts of the
same substance over a long period of time.

Combinations of exposures. Testing for the role
of one toxic substance ignores the fact that most
people have experienced a variety of toxic
exposures in combination.

Gene-environment interactions. Some toxic
exposures may only increase the risk for breast
cancer in women who carry certain genes.

Privacy Concerns. Federal privacy regulations
make it difficult to conduct studies on large
populations of women who may have experienced

toxic exposures, because each individual must
consent to the use of her medical record.

Lack of tests for exposures. The single biggest
challenge to researching the breast cancer-
environment connection is that scientists have
developed few reliable tests to determine whether
a given woman has been exposed to chemicals,
pollutants, or other agents that could lead to
cancer in breast tissue. Especially needed are tests
that can detect biomarkers that provide a trace of
past exposure to toxics that the body eliminates
quickly.

All of these challenges complicate research into
the breast cancer-environment connection.

The Unequal Burden of Breast Cancer

Different groups of women in the U.S. are
impacted differently by breast cancer. African
American women, for example, get the disease at
younger ages. They are less likely than white
women to get breast cancer, but once they have it,
they are more likely to die from the disease. Some
of the disparities between various groups of
women can be explained by unequal access to
care, but not all of them.

Much of the previous research into why some
groups of women bear more of the burden of
breast cancer has been descriptive and has not
addressed how to decrease or eliminate the
inequality.
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Challenges of Investigating Why Some
Women Bear More of the Burden of Breast
Cancer

Investigating why different groups of women are
impacted differently by breast cancer presents its
own set of challenges. These include:

Problems with definitions. "Race™ is more of a
social construct than a biologic category. The
commonly-used racial groupings in the U.S.—
African American, white, Hispanic, Asian, Pacific
Islander—do not have consistent genetic profiles
within the groups or consistent genetic differences
between groups. However, this is an area of
scientific controversy, with some geneticists
arguing that some genes are commonly distributed
among some racial groups. In any case,
differences in breast cancer among various groups
are probably due to a combination of genetics and
differences in the environments in which these
groups live and work. This underscores how
intertwined are the two questions being
investigated under the CBCRP's Special Research
Initiatives.

Variations within groups. There are great
variations within racial/ethnic groups. "African
American™ includes people whose ancestors were
brought to this country as slaves eight generations
ago, and people who immigrated from Kenya last
month. Their genetic profiles, environmental
exposures and experiences of the human-made
environment are likely to be very different.
Similarly, "Asian/Pacific Islander" combines
people of Japanese ancestry with people from
India, who aren't similar. However, if each
subgroup in the "Asian/Pacific Islander"

population of California is studied separately, the
numbers of women are often too small for
statistically meaningful research.

Socioeconomic status adds complexity. Higher
socioeconomic status is a risk factor for breast
cancer. Comparisons of breast cancer incidence
and death rates for various ethnic groups often fail
to address differences in socioeconomic status.
Taking socioeconomic status into account adds
another level of complexity.

Confusion between the biological and the
environmental. Differences in breast cancer
related to race may be biological, environmental,
or a combination. For example, African American
women being more likely to die from the disease
could be due to a genetic predisposition toward
more lethal types of tumors. It could also be due
to the stress of racism, to lack of access to
treatment, to living in neighborhoods that make
survival less likely, or to a combination of any of
these factors and other unknown factors.
Untangling multiple, related causes complicates
research.

The Framework for Each Chapter of this
Report

Researchers JudyAnn Bigby and Michelle D.
Holmes have provided a framework for studying
how breast cancer differently impacts various
groups of women. Each chapter of this report
follows a framework we have adapted from Bigby
and Holmes:

1) We begin by defining the factor related to
breast cancer.
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Chapters in Section I, Exposures from the Physical
Environment, define the exposure, for example,
pesticides, light at night, or compounds in
cosmetics and personal care products.

Chapters in Section |1, Disparities in Breast
Cancer: Domains of Individual-Level Social
Inequality, define the characteristics of groups of
women who bear unequal burdens of breast
cancer. Examples include ethnicity, age, sexual
orientation, and insurance status.

Section 111, Disparities in Breast Cancer:
Neighborhood Built and Social Environment,
defines features of the human-created environment
that may underlie geographic differences in breast
cancer rates in California. Examples include
racial segregation in housing and human-created
features of the environment that alter personal
behavior.

2) We summarize the biological evidence that
this factor is relevant to breast cancer.

3) We review research that links the exposure,
characteristic of groups of women, or human-
created feature of the environment to breast
cancer:

a) incidence
b) etiology/prevention
C) screening
d) diagnosis
e) treatment

f) morbidity

g) quality of life after diagnosis
h) survival
i) mortality

Many chapters discuss only one or a few of the
topics above, because each chapter covers only
those areas where some research has been
conducted. The chapters in Section I, Exposures
from the Physical Environment and Breast Cancer,
mostly deal with etiology and tumor promotion.
For example, no research has been conducted on
the relationship between exposure to pesticides
and quality of life after diagnosis. Therefore,
quality of life after diagnosis is not discussed in
Section I, Chapter B.4, Pesticides.

4) We discuss limitations and gaps in
knowledge.

5) We recommend the highest priority/highest
payoff research for the factor being reviewed.
We also recommend other future research and
future policy interventions that could result from
research.

There is considerable overlap among the chapters
that follow. For example, studies of breast cancer
and race (Section Il, Chapter A), often overlap
with studies of breast cancer and culture (Section
I, Chapter D).. Some of the same chemicals
discussed in Section I, Chapter B.2, Persistent
Organic Pollutants, are chemicals of concern in air
pollution, which is discussed in Section I, Chapter
B.1. Where there is a large overlap in the
research, we discuss the issue in detail in one
chapter, and refer to it in other chapters.
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A General Recommendation

One general recommendation emerges from
multiple chapters of this report. It concerns
possible future partners for the Special Research
Initiatives. Many of the toxic exposures
considered here are likely causes of other types of
cancer and other diseases. This is also true of
features of the built environment. Just as breast
cancer impacts various population groups of
women in unequal ways, some groups of women
bear a greater burden of other diseases and health
problems. One way to increase the financial
resources for the Special Research Initiatives
would be to conduct joint research with
organizations investigating other diseases. For
example, breast cancer researchers, childhood
asthma researchers, and birth defects researchers
might team up to study the role of air pollution in
causing or exacerbating all three.
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Introduction

The nature and direction of scientific inquiry is
neither neutral nor random, but is best explained
by its social and political context." Breast cancer
research is not exempt from the influence of social
and political forces. However, the systemic forces
that shape the creation of science are often
sufficiently subtle to maintain the illusion that
scientific inquiry is free of these powerful
influences.! Ignoring such forces may constrain
contemplation of the full range of possibilities in
studying the environment, disparities, and breast
cancer. Therefore, the following introduction
briefly explores the social and political forces that
have helped script what we know and what we do
not know about the environment, disparities and
breast cancer.

The Gaps in Knowledge

“The best way not to see something is not
to look for it.”

Alice Stewart, Epidemiologist, discoverer of the
link between fetal exposure to ionizing radiation

and childhood cancer.

While the science reviewed on the following pages
will guide future research efforts by what the
studies say, it is equally informative to consider
what these studies do not shed light on. Brody et
al recently reported that the overwhelming
majority of chemicals identified as animal
mammary carcinogens or endocrine disrupting
compounds have never been included in an
epidemiologic study of breast cancer, and the
overwhelming majority of chemicals to which we
have been exposed have never been included in an

animal cancer bioassay.’

Of those environmental pollutants for which
questions have been asked, the science is
dominated by research examining single agents or
classes of chemicals one at a time, examined under
the toxicological lens of “the dose makes the
poison.” As described in the introduction to
Section I, research exploring the relationship
between breast cancer and exposure to chemical
mixtures, the influence of when in a lifetime
exposure occurs, and a search to understand
environmental agents with the power to modify

known reproductive risk factors is largely lacking.

The relative amount of information on individual
topics in the science review does not imply a
relative worth. We may know more about some
chemicals than others simply because regulations
have led to the scrutiny of some chemicals but not
of others. For example, the fact that there is not a
lot to say about the relationship between
antibiotics and growth hormones in food and
breast cancer does not mean that these exposures
are not important. It only means these questions
have not been addressed.

The research reviewed on disparities also has
systemic shortcomings. Although the U.S. Public
Health Service has been documenting the nation’s
health and related disparities for a century, there
has been a lack of progress in undertaking the
research needed to address the unequal burden of
disease including breast cancer. While in the
1950s African Americans had lower rates of
cancer mortality than Whites, they currently have
higher rates. But we do not yet fully know why
such disparities exist. As described in Section III,
in many cases, the broad, socially-constructed
categories used to group individuals by race and
ethnicity tend to obscure rather than illuminate
underlying differential patterns of disease.

Introduction
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The scientific evidence presented on the following
pages also suffers from the compartmentalization
of the research between three discrete areas: the
physical environment, disparities, and the social
environment. The reality of the lives of people of
color and the poor is more likely to resemble a
coming together of the physical and social
environment and disparities. Twenty years after
the 1987 United Church of Christ Commission for
Racial Justice released its groundbreaking study
that found race to be the most potent variable in
predicting where commercial hazardous waste
facilities were located in the U.S., significant
racial and socioeconomic disparities persist in the
distribution of the nation’s commercial hazardous
waste facilities.* The perfect storm of the
geography of environment risk, race and social
vulnerability is profoundly visible in the wake of
Hurricane Katrina.*

The atomized nature of these prevailing models of
inquiry is incongruous with the mechanisms of
breast cancer, which reflect a complex web of
potential interactions among multiple factors to
produce the circumstances in which breast cancer
develops, is promoted, and becomes clinically
apparent (Table). The current understanding of
the mechanisms of cancer indicates that all cancers
arise from a convergence of the environment and
genes,” and that neighborhood and social factors
such as racism, the physical and chemical
exposures incurred where people live, work, and
play, biology, and other factors may all have a
role. But most epidemiologic studies of breast
cancer have focused on a narrow range of personal
behaviors or genetics, ignored a broader spectrum
of potential environmental risk factors, and
neglected the question of how these exposures
interact with genes.®

Table 1. Mechanisms of Breast Cancer Development

Mechanism

Description

Initiation

Promotion

Progression

Epigenetics

Tumor initiation may occur as much as 20
to 40 years before diagnosis, and consists

of permanent changes in a cell.” Carcino-
gens that initiate tumor formation are

genotoxic or able to directly damage DNA.

Promotion involves the stimulation of cell
proliferation or tumor growth and is
thought to require repeated exposure to
endogenous or exogenous compounds.
Estrogen is believed to influence mammary
carcinogenesis through promotion. Wolf
and Weston state that tumor growth may be
promoted by exposure to endogenous hor-
mones or exogenous environmental hor-

mone mimics.’

Progression is the transition from a benign
to malignant tumor and also involves some

level of genotoxicity.®

Epigenetic mechanisms cause heritable
changes in gene function without a change
in the sequence of the DNA. There is evi-
dence epigenetic mechanisms are involved
in the regulation of critical tumor suppres-
sor and growth regulatory genes in breast
cancer that are important for DNA repair,
cell cycle control, as well as cell growth

and differentiation.” '

Introduction
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Where Does the Money Go?

Research follows the money. The gaps in the
science review echo where the money has not
gone. Of those resources directed to cancer
research, only a small amount of funding has been
allocated to explore avoidable exposures to a wide
range of occupational and environmental industrial
carcinogens. Only 10 percent of the National
Cancer Institute’s (NCI’s) $5.9 billion 2008
budget request is allocated to “cancer prevention
and control,” and based on a review of NCI’s
stated research goals, most of NCI’s expenditures
in the field of prevention appear to be in search of

. . 11
improved detection and other control measures.
12

Money has also not flowed to disparities research.
Although health disparities have been documented
for a century, as recently as 1999, an Institute of
Medicine committee charged with reviewing the
programs of research at the National Institutes of
Health (NIH) relevant to ethnic minority and
medically underserved populations concluded that
an inadequate one percent of the NCI’s 1997
budget was allocated to research and training
programs relevant to these populations, and that
“no blueprint or strategic plan to direct or
coordinate [health disparities] research activity

. 1
appears to exist.”"

Historically, breast cancer research has focused
primarily on identifying targets for therapy and
treatment. Prioritizing funding for treatment and
related research while neglecting primary
prevention research-related activities parallels the
overall imbalance among health care and public
health resource allocations. An analysis of U.S.
state and local public health agency expenditures
found that mean per capita spending for public

health in 2004-2005 was $149, compared to
$6,423 for overall health care.'* Public health,
charged with creating healthful conditions for all,
has competed unsuccessfully for resources
supporting technologically intensive disease
treatment aimed at individual consumers."> '® In
2006, America’s pharmaceutical and
biotechnology research companies set a new
record for biopharmaceutical research, spending
$55.2 billion to develop new medicines and
vaccines, or about double the entire NIH budget of
$28.4 billion budget in the same year."’

Gaps in knowledge that stem from the lack of
resources directed towards understanding the
impact of environmental pollution on breast
cancer feed back into society as messages that
“there is no evidence” that pollution plays a role.’
NCT’s breast cancer prevention advice to patients
explicitly downplays environmental etiology,
stating “studies have not proven that being
exposed to certain environmental exposures (such
as chemicals, metals, dust, and pollution) increase
the risk of breast cancer.”'® The “no evidence”
message informs clinicians’ perceptions about the
role of the environment in the etiology of cancer,
may influence the likelihood that clinicians ask
their patients about workplace and community
exposures, and thus may diminish the important

. . e . 19
historical role of clinicians as sentinel reporters.

Finally, the decline in cancer funding — funding of
federal grant applications for cancer research has
fallen from about 30 percent to about 9 percent —
is further reducing progress in cancer prevention
research. An academic researcher and NCI grant
reviewer stated recently in the New York Times
that due to decreases in cancer funding, ““a whole
generation of American scientific researchers is at
risk; careers are ending because of a lack of

Introduction
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federal dollars ... in effect, American mothers
have been asked to swallow their objections
instead of their tamoxifen; breast cancer is simply

not an administration priority anymore.”*

What Questions Are Asked?

Institutional racism and prejudices impact what
questions are asked and what knowledge is
included in science. To address disparities, we
must understand how the legacy of racism and
prejudice against people of color, sexual
minorities, the disabled, immigrants, the poor and
others in all its manifestations, (i.e., stressful
experiences on the individual level, residential
segregation, etc.) interacts with social, physical
and other factors to impact health. Such research
challenges our notions of ourselves, our nation,
and our policies and practices that sustain
inequalities and prejudices. The scientific
infrastructure, the individuals and institutions that
establish research priorities and disperse funding,
are uncomfortable with this type of research.
Their discomfort gets translated into policy that is
reflected in the science review.

On a practical level, segregation serves to make
the experience of others invisible and therefore
questions are not formed in the first place. For
example, clinicians who by virtue of the
segregated nature of our society do not see young
African American women dying of “triple
negative” breast cancer would be less likely to
ponder the reasons for this disparity than
physicians who must relate this devastating news

to their patients.”'

Whether disparities research is framed as a social
or biological question has profound implications.

While in historical hindsight, the assumptions that
led some scientists to search for biological
answers to social inequalities were clearly racist in
nature, it would be perilous to assume science is
free of such blinders in the present day.”” The role
of race in biomedical science has been and
remains an area of fierce controversy.”' >
Advances in genetics have made it possible to
characterize the genetic differences between
individuals and populations and have led to the
abandonment of “race” as a biological category
during the last quarter of the twentieth century.”
The fact that race is not a scientific category but
rather captures socially-determined distinctions
provokes skepticism about the study of race and
genetics among some scientists, including Harold
Freeman, former director of the NCI Center to
Reduce Cancer Health Disparities.”’ Schwartz
maintains in the New England Journal of Medicine
that attributing differences in a biologic end point
to race is imprecise and of no proven value in
treating an individual patient, warns of the dangers
inherent in practicing race-based medicine, and
recommends that any investigation involving so-
called racial distinctions should begin with a
plausible, clearly defined and testable
hypothesis.*®

Other scientists, while acknowledging the historic
and current inequities based in perceived racial or
ethnic identities, believe there can be validity and
benefit in the use of racial/ethnic self-
categorizations in scientific research.”*"** These
scientists believe that ignoring race and ethnic
background would be detrimental because this
information serves as a necessary surrogate
measure to identify, track and investigate health
disparities and risk factors, and to facilitate testing,
diagnosis and treatment when genetic factors are
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involved.” They argue that because racial and
ethnic groups differ from each other on a variety
of social, cultural, behavioral, and environmental
variables as well as gene frequencies, “race-
neutral” epidemiology that relies solely on
genotype cluster analysis could lead to spurious
genetic inferences due to confounding by the
many other ways the groups might differ.?’

Who Frames the Questions?

The 1999 Institute of Medicine review of the
health disparities research portfolio at the NIH
spoke to the fundamental difference between
inclusion as a research subject versus individual
and group inclusion in processes that pose what
questions are asked and how they are answered.
The report found “diverse study populations do
not, in and of themselves, address the research
needs of ethnic minority and medically
underserved populations unless meaningful
research questions relevant to these groups can be
posed a priori and answered based on the
appropriateness (i.e., diversity and generality) of
the study population.”"

Following the Institute of Medicine’s findings that
the research priority-setting process at NCI and
NIH fails to serve the needs of ethnic minority and
medically underserved groups, the National Center
on Minority Health and Health Disparities was
established with the goal of promoting minority
health and to lead, coordinate, support, and assess
the NIH effort to reduce and ultimately eliminate
health disparities.”” In FY 2008 NIH proposes to
spend $12 million dollars to support community-
based participatory research on health disparities.”

This laudable effort on the part of NIH as well as
foundations to fund disparities research also

reveals the systemic tensions that are perpetuated
throughout the production of science that greatly
influence the outcome of research. For example,
while institutional decision-makers may place
much value on the scientific merits of a well-
written grant proposal, populations that are
directly impacted by disparities are more inclined
to judge expertise by researchers’ demonstrated
commitment to developing the trust of the
population under study. Research that
incorporates the perspective of communities who
are directly impacted by disparities faces many
other hurdles. The concerns of community
advocates include: (1) the resources committed for
disparities research may be unequal to address the
task at hand; (2) pre-existing systemic inequalities
in educational opportunities make it difficult to
generate qualified researchers with roots in the
impacted population; and (3) differences in the
maturity of programs across racial and ethic
populations place communities new to disparities
research at a structural disadvantage compared to
other populations. The concern is that the sum of
these tendencies may produce the “scientific”
conclusion that community-based health
disparities research has been a failed experimental

model.

Research has often fallen short of ensuring the
incorporation of the direct knowledge of the
activities, experiences, and ideas of workers,
clinicians, community members, minority
populations and others with insights relevant to
scientific discovery, a practice that has adversely
impacted environmental epidemiology. While
exposure assessment conducted without the
incorporation of such local knowledge is
inherently limited, research funding rarely values
the time and resources essential to gain the trust,
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and to gather the first hand knowledge, of directly-
impacted populations. Illustrative of this problem,
reconstruction of radiation doses incurred by
Native Americans as a result of the production and
testing of nuclear weapons was severely flawed by
a failure to include Native Americans’ knowledge
of their diet, activities, and housing. Important
pathways of exposure were missed including
exposures to radioactive iodine from eating small
game.”!

Summary

There are many limitations in the science review
on the following pages. Methodological issues
discussed throughout the review do not alone
account for these shortcomings. Non-scientific
economic, social and political forces have and
continue to shape our knowledge of the
environment, disparities and breast cancer. How
funding priorities were set, money was awarded,
questions asked and not asked, framed in one way
versus another, all help explain the deficiencies in
our knowledge. The examples provided are by no
means an exhaustive accounting of the non-
scientific currents that are embedded in the papers
that follow.

We are moving towards answers to questions
about the environment, breast cancer and
disparities as a direct result of political action on
the part of advocates who waged a successful
campaign that led to the passage of the Breast

Cancer Act in 1993 leading to the establishment of

the California Breast Cancer Research Program,
and in turn to the Special Research Initiative.
While patient, environmental and community-
based advocates have had great success in
promoting changes at NCI and other academic

funding mechanisms regarding the nature and
extent of research on disparities and
environmental pollution, their influence is likely
dwarfed by the historical factors, social, and
political described above. A clear understanding
of the impact of these forces can inform strategic
thinking about how to effectively bolster the
influence of communities impacted by breast and
other cancers in setting a new research agenda.
Only in this way can we frame the right questions
and find the path to relevant answers about the
relationship between the environment, disparities
and breast cancer. The limitations of the current
science as reflected in this review speak volumes
about the need to proceed with a sense of urgency.
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Breast Cancer and Exposures from the
Physical Environment:

Introduction and Overarching Issues

In May 2007, 200 leading environmental scientists
convened in the Faroe Islands north of Scotland to
consider the human health effects of early-life
exposures to environmental toxicants. This
gathering, the International Conference on Fetal
Programming and Developmental Toxicity,
resulted in a signed declaration that made
headlines around the world, for example, in the
Los Angeles Times.! The Faroes Statement
warned that low-level exposures to common
environmental chemicals during fetal life and
early infancy increase risks for various health
problems later in life. According to the document,
these problems include diabetes, attention deficit
disorders, obesity, infertility, and thyroid
disorders. They also include breast cancer.?
Singled out for mention were the common
pesticide atrazine and the common plastics
ingredient, bisphenol A, which, according to the
document’s consensus statement, can alter breast
development in early life in ways that increase
susceptibility to breast cancer in adulthood.

The Faroes Statement goes on to call for a fresh
approach to research on breast cancer and other
diseases that recognizes a new paradigm of
toxicologic understanding:

"The old paradigm, developed over
four centuries ago by Paracelsus,
was that 'the dose makes the
poison." However, for exposures
sustained during early
development, the most important

issue is that 'the timing makes the
poison." This extended paradigm
deserves wide attention....Among
the mechanisms involved,
particular concern is raised about
changes in gene expression due to
altered epigenetic marking, which
may not only lead to increased
susceptibility to diseases later in
life, but the effects may also be
passed on to subsequent
generations.”

Andreas Kortenkamp, a toxicologist at the
University of London, has likewise called for a
new approach to breast cancer that recognizes the
existence of critical periods in early life and
during development that sensitize the breast to
carcinogenesis by hormonally active chemicals.
Emphasizing the biological plausibility of such an
approach, Kortenkamp points out that the majority
of cancers arise from the terminal end buds of the
breast ducts. Any environmental chemical that
increases the number of cells in the end buds
during early life or that delays the maturation of
these structures can raise the risk for cancer—even
without direct genetic damage.®* The weed killer
atrazine, to which 60 percent of the U.S.
population is exposed daily, is such a chemical. In
laboratory animals, atrazine exposure in utero
retards the maturation of the mammary gland in
puberty and increases the number of end buds.>°
The insecticide DDT may also be such a chemical.
A study of women in Oakland, California has
found that high serum levels of DDT predicted a
five-fold increased risk of breast cancer among
women exposed prior to age 14. Women exposed
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after age 14 showed no link between blood levels
of DDT and breast cancer.’

For environmental exposures that do induce
genetic damage, such as ionizing radiation, timing
of exposure also matters. Among atomic bomb
survivors in Hiroshima and Nagasaki, for
example, breast cancer increased significantly
only among those exposed during puberty.® More
recently, a study of breast cancer patients who had
been treated previously with radiation therapy for
childhood cancers found a link between timing of
radiation exposure and the development of
HER2-positive tumors: the highest risk occurred
in patients irradiated within four years of
menarche.® And yet, in spite of evidence such as
this, conventional epidemiological and
toxicological testing does not routinely take into
account developmental differences at the time of
exposure.

Many leading researchers, including Kortenkamp,
have also urged increased attention to chemical
mixtures in environmental health research. Real-
life exposures to environmental agents, these
researchers point out, are not limited to one
chemical but, most often, result from low-level
exposures to a changing kaleidoscope of
chemicals, some of which may operate down
similar molecular pathways.® 4 112

A recent Spanish study, for example,
demonstrated that breast cancer risk among
women was associated with the body burden of all
estrogenic chemical contaminants, excluding
natural hormones.*® Among grazing sheep in
Scotland, males exposed in utero to a cocktail of
chemicals found in sewage sludge developed
testicular abnormalities,* while females reared on

pastures treated with sewage sludge showed
abnormalities in mammary gland development.*
In lab animals, exposure to dioxin in fetal life
sensitizes mammary glands to carcinogenic assault
by other chemical agents in later life.> More
specifically, dioxin-exposed breast tissue is less
able to fend off the damage caused by subsequent
free radical exposure.'® And yet, again,
conventional testing has not routinely taken into
account the effects of low-level exposures to
chemicals in combination. Like atrazine,
bisphenol A has been detected in ground water
and private wells.*"*® What is the risk for a young
girl whose drinking water contains both?

Exposures from the physical environment may
also play a role in the breast cancer story if they
amplify the effects of known risk factors. Early
puberty — especially early menarche — is a well-
established risk factor for breast cancer. As age of
menarche decreases, overall risk of breast cancer
increases.”® Menarche before age 12, for example,
raises breast cancer risk by 50 percent when
compared to menarche at age 16.° Environmental
factors that hasten the timing of sexual maturation
may thus contribute to breast cancer risk. Some
researchers have posited that greater use of
estrogen- or placenta-containing hair preparations
may be contributing to the falling age of puberty
among U.S. black girls.** % If so, they may also
contribute to racial disparities in breast cancer. In
addition, chemicals in the physical environment
may contribute to early puberty — and thereby to
breast cancer risk — if they shorten human
gestation, lower birth weight, or increase the risk
for obesity and insulin disregulation. All of these
factors are associated with earlier sexual
maturation in girls.? 2%
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In contrast to early puberty, breast-feeding is a
reproductive factor known to lower breast cancer
risk, especially among post-menopausal women.*®
Thus, chemical exposures that interfere with
lactation may increase the risk for breast cancer.
Some organochlorine chemicals have been
associated with shortened duration of breast-
feeding among nursing mothers in North Carolina
and Mexico®”?® and decreased milk volume
among mothers in the Netherlands.® And yet,
although pubertal timing and duration of breast-
feeding are both known to modify breast cancer
risk, little research has explored the impact of the
physical environment on these two reproductive
factors.

In sum, a fresh approach to the question of breast
cancer’s environmental roots would take up the
question of chemical mixtures, would consider the
timing of exposure, (with an emphasis on
exposures that happen in utero and in early life),
and would expand the search to include
environmental agents with the power to modify
known reproductive risk factors.

The chapters of this report that follow do not, for
the most part, take this tack. Instead, they
summarize the evidence—from in vitro, animal,
and human studies—for individual environmental
agents in isolation from one another. While there
are obvious shortcomings to this kind of analysis,
the hope is that the atomized organization of these
chapters will, nevertheless, inspire the reader to
consider the various ways in which these
individual agents might interact with one another
in a web of causality and, in so doing, will reveal
potential avenues of inquiry that would be fruitful
to pursue. As two new papers reveal, exposure to

mammary gland carcinogens is widespread.*
Many of these have not yet been included in
human studies.®* Among the 216 compounds
identified as mammary carcinogens in animals, 73
are found in food or consumer products; 35 are air
pollutants; and 29 are produced in the U.S. in large
amounts.*® Thus, even using old-fashioned
criteria — investigating one mammary carcinogen
at a time using conventional toxicological research
— we still have much to learn about how to identify
chemical contributors to breast cancer and
eliminate them from the environment.

Understanding the role of industrial chemicals and
other environmental factors in the story of breast
cancer, a disease characterized by complexity and
multi-causality, will require bringing the best
time-honored techniques of traditional toxicology
and epidemiology together with holistic
approaches that, so advise the authors of the
Faroes Statement, focus on systems and tissue
biology.
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Environmental Tobacco/
Second Hand Smoke

Introduction

It is widely acknowledged that tobacco smoke is a
known human carcinogen.' Approximately 60
percent of nonsmokers in the U.S. show biological
evidence of exposure.” In California, where
smoking rates are below the national average (14.8
percent currently smoke versus 20.9 percent
nationwide)™* and strict antismoking legislation is
in place, environmental tobacco smoke (ETS)
exposures are likely to be less pervasive, yet
remain significant.” There is consistent evidence
that ETS exposure, also referred to as second hand
smoke (SHS), is an established risk factor for
lung cancer.'” Over the course of the last 30
years, nearly 100 studies of tobacco exposures and
breast cancer have been published, with recent
studies re-conceptualizing causal models in ways
that promise to clarify the role of tobacco smoke
exposures in the etiology of breast cancer.>®

In keeping with the CBCRP’s emphasis on
environmental, rather than lifestyle, factors for the
purposes of this report, the focus of this chapter is
the role of ETS exposure in breast cancer etiology.
However, because much of the research and
discussion of ETS exposure has been interwoven
with that of the potential effects of active smoking,
we include some discussion of the active smoking
literature where we feel it helps clarify the role of
ETS exposure.

Concept/Exposure Definition

Following the abundance of research documenting
the adverse health effects of active smoking,
researchers began to investigate the health

consequences of exposure to ETS among

nonsmokers. ETS is comprised of a mixture of
exhaled mainstream smoke and sidestream smoke
released from the smoldering end of a cigarette or
other smoking device. Other terms used to
describe this exposure include passive smoking,
second hand smoke, and involuntary smoking. As
there currently is considerable debate over the
most appropriate term, for the purpose of this
report we will use the combined term
environmental tobacco smoke/second hand smoke
(ETS/SHS) throughout.

ETS/SHS is composed of both vapor and particles.
Its composition changes during its dilution and
distribution in the environment over time. The
concentrations of ETS/SHS components in a
physical space depend on the number of smokers,
the rate at which they smoke, the type of smoking
device used (e.g. filter versus non-filtered
cigarettes, cigars, pipes, etc.), and the volume and
ventilation characteristics of the space in which
smoking is occurring.""* ETS/SHS is a complex
mixture comprised of thousands of different
compounds. The volatile phase contains 400—500
compounds, while more than 3,500 different
compounds have been identified in the particulate
phase. At least 50 known or suspected
carcinogens have been identified in ETS/SHS,
including the widely-studied known carcinogens
polycyclic aromatic hydrocarbons, nitrosamines,
and aromatic amines.> >’ Furthermore, at least
twenty constituents of tobacco smoke (listed in
Table 1 below) have been identified as mammary
carcinogens.” These carcinogens are not exclusive
to tobacco smoke. Women can be exposed
through many other sources, including

occupational exposures, diet, and pesticides.’
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Table 1. Mammary Carcinogens Identified in Tobacco Smoke

Benzene
Benzo[a]pyrene

Dibenz[a,h]anthracene

N-nitrosodiethylamine
N-nitrosodi-n-butyl-amine

4-Aminobiphenyl

Acrylamide
Acrylonitrile

1,3-Butadiene

Dibenzo[a,e]pyrene Nitrobenzene Isoprene
Dibenzo[a,h]pyrene Ortho-Toluidine Nitromethane
Dibenzo[a,l]pyrene Propylene oxide Vinyl chloride
Dibenzo[a,l]pyrene Urethane

Source: California Air Resources Board (ARB).?

Because the smoldering end of a cigarette burns at
lower temperatures, leading to incomplete
combustion of organic materials, the
concentrations of many carcinogens can be
considerably higher in sidestream, compared to
mainstream, smoke.” ® While the actual
exposure to carcinogenic compounds is much
higher in active smokers, ETS/SHS exposures can
amount to the exposure equivalent of actively

smoking several cigarettes a day.’

Assessing exposure to ETS/SHS in epidemiologic
investigations of breast cancer has been
challenging. Problems include the lack of
adequate long-term biomarkers or physical
measurements, as well as difficulties in assessing
ETS/SHS exposure via epidemiological
instruments. Cotinine, the primary metabolite, or
breakdown product, of nicotine, is presently the
biomarker of choice for assessing ETS/SHS
exposures. It is easily measured in a number of
biologic media (e.g., blood, urine, saliva), is
highly specific to tobacco smoke exposures, and
has proved useful in distinguishing active from
passive smokers.” Its usefulness in breast cancer
research, however, is limited in that measurements
can only capture recent exposures. Furthermore, it

only represents one component of a complex
mixture and may not reflect exposures to other
compounds of concern. Finally, cotinine levels
are not simply a function of exposure but also
reflect individual variations in metabolism and
excretion rates. Thus, no good biomarker of
chronic long-term exposure to ETS/SHS currently
exists. Air monitoring and personal sampling are
other approaches utilized to assess SHS exposures.
Again, these are of limited usefulness in breast
cancer research because they cannot be used to
measure prior/long-term exposures.

Consequently, the majority of epidemiologic
studies of tobacco exposure and breast cancer rely
on questionnaires to estimate exposure. The
quality of the data captured by epidemiological
questionnaires is a function of reliability and
validity. A questionnaire is considered reliable if
the same person gives the same response when
asked multiple times. Further, an instrument is
valid if it actually measures what it is intended to
measure. Reliability and validity studies of ETS/
SHS questionnaires have shown that they are
reasonably good at capturing current or recent
exposures, demonstrating good agreement with
cotinine levels.” However, evaluating the validity

Section I. Physical Environment
Chapter A. Second Hand Smoke

DRAFT - 6-15-07



Identifying Gaps in Breast Cancer Research

of questionnaires to capture lifetime or early
exposures is problematic, as there is no biological
measure against which to compare. Evidence on
the reliability of questionnaire answers is mixed.
While people give consistent responses about the
presence of spousal smoking, which is a key
measure of adult exposure, the reliability of
quantitative information about these exposures
(i.e., how many cigarettes a spouse smokes in the
woman’s presence) may be less than optimal.?

Early studies of ETS/SHS exposure and breast
cancer often relied on ‘living with a smoking
spouse’ as the index of exposure. Thus, these
studies were typically limited to evaluating adult
household exposures. Prior to 1970, this may
have been adequate at capturing the predominant
source of ETS/SHS exposures for women during
adulthood.” However, as more women entered the
workforce in the latter part of the last century, this
measure missed the substantial contribution of
workplace exposures. Prior to the enactment of
restrictive legislation, California workplaces likely
were the source of some fairly significant ETS/
SHS exposures.'’ More recent studies have
attempted to assess ETS/SHS exposures across
settings (household, workplace, social) and over
time. This body of literature, however, is still
relatively small (see Critical Review of the
Literature subsection below). The vast differences
in ETS/SHS exposure assessment are likely to
have greatly contributed to the observed
inconsistencies in findings of studies aimed at
investigating ETS/SHS exposure in breast cancer
etiology.

Biologic Plausibility

From a toxicological perspective, the relationship
between tobacco smoke and breast cancer risk is
likely to be complex, as there is evidence that

tobacco smoke may both be genotoxic and anti-
estrogenic. As described above, tobacco smoke
contains a multitude of known or suspected
carcinogens, several of which are mammary
carcinogens.” >’ Many of these carcinogens are
lipophilic and accumulate in adipose tissue
throughout the body, including the adipose-rich
tissue of the breast.>’ Metabolites of cigarette
smoke have been found in the breast fluid of non-
lactating smokers.'" "> The presence of smoking-
specific DNA-adducts and p53 gene mutations in
breast tissue are reportedly more prevalent in
smokers compared to non-smokers.”*"’ Thus,
there is evidence that tobacco carcinogens not only
reach the breast tissue, but also are able to induce
biological effects that are common in breast
carcinogenesis.

At the same time, breast cancer is an estrogen-
mediated disease and there is considerable
evidence that tobacco smoke has anti-estrogenic
properties. Smoking has been linked to early
menopausal age with fewer total years of
menstruation, higher incidence of osteoporosis,

6.20-24 411 of which would

and lower breast density,
suggest a protective effect for breast cancer.
Whether these effects appear in nonsmokers
exposed to ETS/SHS has not generally been
explored, although two recent studies have
reported results to the contrary, with earlier age at
menarche found among girls exposed to ETS/

SHS.> %

Thus, tobacco exposures may work to both
increase breast cancer risk through its genotoxic
properties and decrease risk through its anti-
estrogenic properties. How these mechanisms
ultimately affect breast cancer risk may in part be
determined by both the timing of exposure and the
genetic susceptibility of an individual.
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Genetic susceptibility to the genotoxic effects of
tobacco smoke is reflected in an individual’s
inherited capacities in carcinogen metabolism and
detoxification, DNA repair, and various cell-cycle-
related and apoptotic pathways. Thus, smoking
women with a genetically-determined high
capacity (i.e., CYP1A1 variant genotype) to
metabolize nongenotoxic pro-carcinogens to
genotoxic ultimate carcinogens might be at greater
risk of breast cancer than women who smoke, but
are less effective in these metabolic processes. On
the other hand, women exposed to tobacco who
carry genotypes associated with higher
detoxification of genotoxic carcinogens (i.e.,
NAT?2 rapid acetylator genotype), might be at
lower risk of breast cancer than are women with
similar exposures and lower capacity to detoxify
carcinogens. These same principles apply for
genes relevant in DNA repair, cell cycle control,
and apoptotic processes.

The idea that timing of exposure is critical in
influencing risk is predicated on the fact that the
rate of breast tissue proliferation and levels of
cellular differentiation vary over the course of a
woman’s life and are tied to reproductive events.**
*7 During times of rapid proliferation, breast
tissue is likely to be more susceptible to the
harmful effects of carcinogens. Highest rates of
proliferation occur during childhood and decrease
markedly after puberty, pregnancy, and lactation,
as well as gradually with aging. Cellular
differentiation of the breast tissue also occurs
episodically with puberty, pregnancy, and
lactation, reaching its fully differentiated state
only after lactation occurs.”® Less-differentiated
tissue is likely to be more susceptible to
carcinogenic insults. Thus, it has been suggested
that the genotoxic effects of tobacco smoke may

be most evident when experienced early in life,
especially before a woman’s first pregnancy.
Conversely, the anti-estrogenic effects of tobacco
smoke may prevail when exposures are
experienced later in life.”® %

Critical Review of the Literature

Over the past three decades, a large body of
epidemiologic studies has evaluated the role of
tobacco exposures (both active and passive
smoking) and breast cancer risk. In the last five
years, a number of U.S and international agencies
have reviewed the research on tobacco exposures
and breast cancer. While there is some dispute on
this issue, as evidenced by the recent concurrent
assessments by the U.S. Surgeon General and the
California EPA, at least one report maintains that
the weight of the more recent evidence supports an
association in younger women, with remaining
uncertainty about the effect on post-menopausal
women. It is important to consider this current
evidence in the context of the succession of expert
reviews over the last few years, as summarized in
Table 2.

One of the problems in evaluating the evidence for
ETS/SHS exposure and breast cancer has been
reconciling the findings for active and passive
smoking. Early studies of tobacco exposures and
breast cancer have yielded inconsistent findings,
with some studies demonstrating risk reductions,
but most studies showing null results or very small
risk elevations.™** The vast majority of these
early studies on active smoking, however, did not
account for ETS/SHS exposures in their analyses.*
337 Given the pervasiveness of ETS/SHS
exposures, it is likely that the ‘unexposed’ referent
group used in these studies included substantial
numbers of individuals exposed to ETS/SHS. If
tobacco exposures are in fact causally related to
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smokers in the referent category would serve to

dilute the risk estimates for active smoking

towards the null. This argument has been cited as

a possible explanation for the apparent association

of breast cancer with passive, but not active,

smoking in the few of these early studies that

measured ETS/SHS exposure.

6,37

Consequently, many of the next generation of

studies on active smoking, especially those
published within the last few years, carefully
measured ETS/SHS exposures.” *****7 The most
recent large-scale reviews of active smoking and
breast cancer conducted by IARC and the U.S.
Surgeon General, both of which concluded there
was no evidence of an association, were published
before most of these results became available and
therefore were not included in their assessments.

Of the 11 recent geographically and

Table 2. Summary of conclusions from recent reviews by international, national, and state agencies on the relationship be-
tween smoking and breast cancer

Type of Latest year
Agency, Smoking of studies
Year Published Evaluated included Conclusions
Surgeon General Active and 2000 “The totality of the evidence does not support an association be-
2001% Passive tween smoking and the risk for breast cancer”
“...several issues were not entirely resolved, including whether
starting to smoke at an early age increases risk, whether certain
subgroups defined by genetic polymorphisms are differentially
affected by smoking, and whether ETS exposure affects risk”
IARC Active and 2001 “There is evidence suggesting a lack of carcinogenicity of tobacco
2004 Passive smoking in humans for cancers of the female breast”
Surgeon General Active and 2001 “The evidence is suggestive of no causal relationship between ac-
2004°! Passive tive smoking and breast cancer.”
“in light of the evidence showing no overall association between
active smoking and breast cancer, passive smoking would also be
expected not to be associated with breast cancer risks, assuming
that the same mechanisms apply to both active and passive smok-
ing9’
Surgeon General Passive 2005 “The evidence is suggestive but not sufficient to infer a causal rela-
2006 tionship between secondhand smoke and breast cancer.”
CAL EPA Passive 2005 “Overall, the weight of evidence...is consistent with a causal asso-
2006*** ciation between ETS exposure and breast cancer in younger, pri-
marily pre-menopausal women. In contrast to the findings in
younger women, in studies which reported statistics for women
diagnosed with breast cancer after menopause, risk estimates clus-
ter around a null association.”
Section I. Physical Environment DRAFT - 6-15-07 5
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methodologically diverse studies that excluded
women with ETS/SHS exposures from the referent

39,45

group, all but two reported an increased breast

cancer risk associated with active smoking.” ***®

40-44, 48

These more recent studies of active smoking and
breast cancer have also begun to test some of the
hypotheses suggested by the postulated competing
anti-estrogenic and genotoxic effects of tobacco
smoke. A number of these studies have suggested
that an early age at smoking initiation imparts an

increased risk, while a later age does not” ** 44!

43.46.99.50 which is consistent with the idea of
adolescence being a particularly vulnerable period
of the breast to the genotoxic effects of tobacco
smoke. These results, however are not in

3158 a5 well as

agreement with many earlier studies
some of the later studies.” > The use of different
cut-points for age at initiation, the increasing
proportion of smokers initiating smoking during
adolescence among more recent birth cohorts,*
different referent groups (with most of the more
recent positive studies removing ETS/SHS
exposures), and the mix of pre- and post-
menopausal populations across studies might

explain such heterogeneity in results.

Overall, however, there is emerging evidence that
the effects of smoking on breast cancer risk may
be limited to women who began smoking at an
early age. Because early smoking initiation is so
highly correlated with duration of smoking (for
which there also is substantial evidence of an
effect), it is difficult to determine whether this is
truly an age effect or simply a duration effect.
Furthermore, some studies have suggested that the
risks associated with early smoking may vary by

29,42, 44, 61

menopausal status, endogenous estrogen

38,39

levels,* tumor hormone responsiveness, and

certain genetic polymorphisms.*”**

There also is mounting evidence that active
smoking prior to a first pregnancy may increase a
woman’s risk of breast cancer,’ 2% 3% 40 43.46.62
which also supports the hypothesis that breast
tissue may be especially vulnerable to carcinogens
prior to terminal differentiation of the breast cells.
It has been suggested that the best strategy for
discriminating the competing effects that smoking
may have on breast cancer risk would be in
situations where the carcinogenic effect was
maximized and the putative anti-estrogenic effect
less evident and vice versa.” So, the chances of
detecting the potential carcinogenic effects would
be maximized by studying breast cancer in women
who smoked only before and/or during a first
pregnancy and then stopped. Conversely,
smoking’s anti-estrogenic effects would best be
discerned in women who started smoking after a
first pregnancy when the breast tissue is no longer
as susceptible to carcinogenic insults. While only
a few studies have been able to employ such a

Strategy,g’ 43, 46, 63

the results tend to suggest
elevated risk in women who smoked only before a
first pregnancy, and a reduced (or no different
risk) among women who solely smoked after their
first pregnancy. This analytic strategy is difficult
to implement, given the generally small proportion
of women who take up smoking after having

children.

In summary, at least some of the rationale for
initially rejecting a causal relationship between
ETS/SHS exposures and breast cancer has been
based on the apparent lack of an association of
active smoking with breast cancer."*' The flurry
of studies recently published tend to show a
positive association between breast cancer and
active smoking, at least within certain
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subpopulations or those exposed early in life or
over the course of many years.>® It should also
be noted that some of these recent studies with
positive findings were specifically designed to
investigate the association between smoking and
breast cancer. On the other hand, almost all of the
earlier studies were so-called secondary data
analyses, meaning that these studies were designed
to examine different exposures (i.e., diet or
physical activity), and smoking was collected as a
potential confounder. Thus, the quality of
smoking data, especially ETS/SHS exposure,
differs significantly between these groups of

studies.

There is a significant body of research that has
focused on the effect of genetic polymorphisms
relevant to tobacco carcinogens on the association
between active smoking and breast cancer risk.
These studies have focused on a variety of genes
involved largely in carcinogen activation and
detoxification. Results from these studies have
largely been inconsistent, with the exception of the
NAT?2 slow acetylator and the GSTM1 null
genotypes. The inconsistency is likely due to

differences in methodologies, smoking cut-off
points, and small samples sizes.” A more detailed
discussion of this body of work goes beyond the
scope of this review, which is aimed at ETS/SHS

exposure.

As pointed out above, a number of studies have
directly investigated the role of ETS/SHS
exposure in breast cancer etiology. To date there

have been eight prospective cohort studies™ ***>*>

6669 and 15 case-control studies.?® 7> 3% 41-4443. 35,
61.70-7 Results have been fairly mixed, with four
of the eight cohort studies yielding positive results
and ten of the 16 case-control studies reporting
positive findings. The most recent large-scale
reviews published in the last year” > have
considered nearly all of these studies in their
assessments. In addition to a qualitative
assessment of the literature, both the California
EPA and the U.S. Surgeon General performed
quantitative meta-analyses to generate summary

risk estimates (see Table 3 below).

While each agency employed slightly different
methods and included slightly different subsets of
studies, the summary point estimates are generally

Table 3. Summary of results from recent ETS/SHS exposure meta-analyses

Summary RR

Agency Exposure Subset of Studies Number of studies 95% CI)

CAL EPA Lifetime All 19 1.25 (1.08—1.44)
CAL EPA Lifetime  Those with full exposure assessment 5 1.91 (1.53-2.39)
CAL EPA Lifetime  Pre-menopausal women 14 1.68 (1.31-2.15)
Surgeon General Lifetime  All 10 1.40 (1.12—1.76)
Surgeon General Any Cohort 7 1.02 (0.92—1.13)
Surgeon General Any Case-control 14 1.40 (1.17-1.67)
Surgeon General Best Pre-menopausal women 11 1.64 (1.25-2.14)
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similar, yet the conclusions from each agency are
different. California EPA felt the evidence was
strong enough to declare a causal relationship
between ETS/SHS and breast cancer among pre-
menopausal women. This conclusion was
bolstered by their analysis, in which they only
included those studies with full lifetime exposure
assessment (including childhood residential and
adult residential and occupational sources) and
found even stronger risk elevations. The U.S.
Surgeon General’s office, however, while noting
the strength of the association among pre-
menopausal women, cited the lack of association
among cohort studies, the strong potential for
recall and selection bias among many of the case-
control studies—where many of the positive
findings tended to come from hospital-based,
rather than population-based, studies—and
evidence of publication bias as arguments limiting
their ability to declare causality. These differing
conclusions highlight the state of the evidence to
date and point towards needed future directions.

Conclusion and Future Directions

While overall the evidence to date suggests there
may be a causal association between ETS/SHS
exposure and breast cancer, there remains
substantial variability in results. Clearly more
research is needed to discern whether such
discrepancies are a function of methodological
flaws related to study design or are a reflection of
varying risks associated with differing times of
exposure and/or subpopulations of susceptible
individuals. Most of the positive findings are
derived from case-control studies. These case-
control studies tend to have more fully
characterized exposure assessments (taking into
account timing, duration, and intensity in various
settings) than the cohort studies, and thus may be

less likely to have misclassified exposure. Only
one cohort study has been published to date that
has been able to characterize ETS/SHS exposures
in settings other than the home and for a variety of
time periods.* In keeping with the conclusions of
the California EPA report, this study reported an
effect for both active smoking (RR = 3.9, 95%
CI=1.5-9.9) and ETS/SHS exposure (RR = 2.6,
95% CI = 1.3-5.2) for pre-menopausal women,
but not post-menopausal women (RR = 1.1, 95%
CI =0.8-1.6 for active smoking; RR =0.7, 95%
CI=0.4-1.0 for ETS/SHS).*

On the other hand, the case-control studies tend to
be smaller and more susceptible to the possibility
of selection and recall biases. A few of the key
positive findings from the case-control studies
were from studies in which participants were re-
contacted specifically and solely to ask about ETS/
SHS exposures, raising the likelihood of
differential recall between cases and controls.*" >
However, those studies that employed the most
detailed ETS/SHS exposure assessment’ 447377
consistently reported statistically significant risk
elevation for women with the highest levels of
ETS/SHS exposure. The need for more cohort
studies with full characterization of ETS/SHS
exposures across time periods and settings (home,
workplace, social) is glaringly apparent. It also is
critical to create a ‘clean’ referent group in all
these studies that includes lifetime never smokers
with no ETS/SHS exposures for any time period
or from any setting. To date, investigators from
only one cohort study characterized their referent

group according to these criteria.*

Given the likely complexity of mechanisms
underlying the relationship between smoking and
breast cancer, it is very important not only to
construct a full lifetime exposure profile for ETS/
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SHS exposure, but also to examine the risks in the
context of the hormonal milieu in which the
exposure occurs. The provocative finding recently
reported by Manjer and colleagues*’—of an
increased risk of breast cancer associated with
active smoking only among women with high
levels of endogenous estrogens—deserves more
attention. Furthermore, consideration of
genotypes both that affect the activation,
detoxification, DNA repair, and cell cycle control/
apoptotic processes in tobacco-related
carcinogens, as well as estrogen metabolism,

may help to reveal the mechanistic pathway by
which smoking exposures may differentially
influence risk during different time periods of life.

Finally, while most of the studies to date have
taken into account confounding by other known
breast cancer risk factors, more attention to some
covariates may be warranted. The large
collaborative pooled analysis of active smoking
and breast cancer published in 2002 suggested that
the smoking-related risk of breast cancer reported
in the literature was entirely an artifact of alcohol
consumption.” In this pooled analysis of over
50,000 cases of breast cancer, it was reported that
when the analysis was limited to nondrinkers,
there was no longer a smoking-related risk. In the
recent analysis by Reynolds, et al., stratifying the
data by alcohol consumption did not eliminate the
smoking-related risks.” Nevertheless, given that
both active and passive smoking are strongly
correlated with alcohol consumption, this issue
deserves further attention and highlights the
importance of going beyond simple covariate
adjustment to examining the potential for effect
modification for this and other covariates.

California has one of the lowest rates of active
smoking and some of the strictest anti-tobacco

legislation in the country. Consequently, most
Californians are fortunate not to have to endure
substantial exposures to ETS/SHS. From an
attributable risk perspective, ETS/SHS exposure
(if it is in fact related to breast cancer), is unlikely
to be a large contributor to breast cancer incidence
in California. There are, however, certain
subpopulations that remain at risk for substantial
exposures. Children, especially those riding in
motor vehicles with smoking adults, are at risk for
fairly high exposures.” Women working in the
hospitality industry (bars and restaurants) are also
at particular risk for high exposures. In fact,
waitresses (an occupational group often dominated
by young women), experience the highest
occupational exposures to ETS/SHS (72.3 percent
nationwide).*® While California legislation
prohibits smoking in such workplaces,
compliance, although improving, is still far from
complete.®’ Legislation is currently pending in
California that would ban smoking in cars with
young children present.”” Thus, elucidating the
breast cancer risk associated with both active and
passive smoking during early life may be
particularly important in helping to provide the

impetus to eliminate these exposures.

From a public health perspective, if tobacco
smoke is found to be causally related to breast
cancer, it could point to one of the few modifiable
avenues for preventing this disease. Furthermore,
research has suggested that women fear breast
cancer more than other smoking-related diseases
that carry a higher mortality threat.>® If tobacco
smoke exposure is found to be linked to breast
cancer risk, it may serve as an especially strong
motivating factor in reducing tobacco use and its
accompanying host of related adverse health

outcomes.
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Air Pollutants from Fuel, Additives, and
Combustion

Introduction

Aiir pollutants are chemical, physical, and
biological agents that modify the natural
characteristics of the atmosphere. Air pollution is
generated by combustion of fossil fuels and other
materials; industrial, agricultural, and residential
activities, including chemical releases and use; and
natural events, such as wildfires. Fuels such as
gasoline, diesel, and coal are particularly of
concern because of the vast quantities extracted,
formulated, transported, and used in vehicles (on-
and off-road) and by industry, particularly utilities.

A great deal of research has demonstrated the
impact of air pollutants on respiratory health,
including lung cancer, and cardiovascular disease.
There is also evidence that ambient air pollutants
affect birth outcomes, including the quality of fetal
growth and development® which may affect
susceptibility to adult diseases, including breast
cancer.? The number of suspected mammary
carcinogens that are air-borne makes air
contaminants an intriguing area for breast cancer
research.

Levels of these contaminants vary greatly in
California, given the tremendous geographic and
meteorologic diversity. The state is currently
organized into 15 regional air basins to monitor
and model air quality.® The South Coast air basin
(which includes Orange county and parts of Los
Angeles, Riverside and San Bernardino counties)
historically has some of the highest air pollution
levels due to the relatively high temperatures,
concentration of population and industry, and

surrounding mountains that trap pollutants. The
Great Basin Valleys (Alpine, Mono and Inyo
counties) are more rural and very dry, with winds
blowing over dried up lakes creating some of the
highest particulate matter concentrations in the
U.S. Wind and rainfall impact air conditions, such
that pollution levels vary greatly across and even
within these air basins.

This subsection will address air pollutants that
may be measured individually and some that are
constituents of particulate matter. For some, such
as polycyclic aromatic hydrocarbons (PAHS),
there has been a great deal of research, while fuels,
including additives, are much less studied. Dioxins
are another combustion by-product of concern.
While dioxin exposure is mentioned here, this
environmental pollutant is discussed in more detail
in Section I, Chapter B.2, Persistent Organic
Pollutants.

A number of other air pollutants may also be
associated with breasts cancer. Rudel et al.
identified 35 pollutants of outdoor or indoor air
that are possible animal mammary gland
carcinogens, and listed several other chemicals
that are known air toxics.* Several volatile organic
compounds of concern for breast cancer risk are
monitored by the California Air Resources Board
(CARB) as hazardous air pollutants. Benzene, for
example, is a natural constituent of crude oil and
has been used in the past as an additive in
gasoline, but much higher exposure is associated
with its use as an industrial solvent and precursor
in the production of drugs, plastics, synthetic
rubber, and dyes. Therefore, benzene is discussed
in Section I, Chapter B.5, Solvents and Industrial
Chemicals. Other combustion by-products and air
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pollutants of concern covered in other chapters of
this report include 1,3-butadiene, nitromethane,
isoprene, styrene and ethylene oxide (also in
Section I, Chapter B.5); DCBP, atrazine,
chlordane, dichlorvos, and simazine (in Section I,
Chapter B.4, Pesticides); and metals (in Section I,
Chapter B.7).

PAHs

Polycyclic aromatic hydrocarbons (PAHS) are a
group of over 100 different chemicals that are
formed by the incomplete combustion of coal, oil
and gas, garbage, or other organic substances like
tobacco or charbroiled meat. PAHSs are usually
found as a mixture of two or more of these
compounds, such as soot. Some PAHSs are
manufactured. These pure PAHSs are usually
colorless, white, or pale green solids. PAHSs are
found in coal tar, crude oil, creosote, and roofing
tar; a few are used in medicines, or to make dyes,
plastics, and pesticides. Of the 15 PAHSs listed as
reasonably anticipated to be human carcinogens
according to the 11" Report on Carcinogens
(RoC),’ six are monitored by CARB as part of
CARB's ambient toxics data collection.

Concept/Exposure Definition

Mixtures of PAHSs are present in ambient air,
tobacco smoke, and in foods that are grilled,
smoked, or contaminated by air pollution. The
primary route of exposure is inhalation of
contaminated air, with some PAHSs ingested in
contaminated water and in foods. PAHSs inhaled
through the lungs can be carried through the
bloodstream to the breast, where they can be
stored, concentrated, and metabolized, and affect
the types of cells where breast cancer arises.®

Benzo[a]pyrene is of particular concern because of
its ubiquitous exposure pattern. It is found in
gasoline and diesel exhaust, cigarette smoke, other
types of smoke, soot, grilled foods, coal tar,
petroleum asphalt, creosote, shale oil, and
solvents.* The main sources of human exposure
are tobacco smoke, ambient air pollution from
exhaust and coal-fired power plants, and foods.
Nitropolycyclic aromatic hydrocarbons (nitro-
PAHS) are formed at high levels from diesel oil
combustion.” In addition to exposure from ambient
air, the general population may be exposed to
nitro-PAHSs via drinking water and dermal contact.

Background levels of PAHs are much higher in
urban areas than rural. PAH emission levels and
composition vary over time and geography, as do
those of other air pollutants, which may influence
their potential for affecting health, including
carcinogenicity.®

Critical Review of Literature

The International Agency for Research on Cancer
(IARC) has listed soot and other PAH mixtures as
known human carcinogens, and individual PAHs
as probable human carcinogens.® PAHs are
genotoxic and potentially carcinogenic to the
human breast.” Nitro-PAHs and PAHs are both
associated with increased mammary gland tumors
in animals, with some, although not entirely
consistent, evidence from studies in humans of an
association with both male and female breast
cancer.*®
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In vitro

Gilli et al. found that PAH concentrations
extracted from the ambient air were statistically

correlated with mutagenicity in Salmonella assays.

This occurred both with and without metabolic
activation, suggesting they are both direct
mutagens and promoters.® They did not, however,
observe a linear dose-response relationship with
either benzo[a]pyrene or total PAHs, mutagenicity
ratios were highly variable, and the levels of fine
particles (PM2.5) and unsubstituted PAHSs did not
account for the total observed mutagenicity. The
researchers noted that the role of other pollutants
was not studied and should be investigated, as
should nitro-PAHSs and ultra-fine particulate
matter.

In vivo

PAH mixtures and some individual PAHSs are
mammary carcinogens in animals. Five of eight
studies on one nitro-PAH, 1-nitropyrene, reported
increased benign and/or malignant mammary
tumor development in exposed animals.* When
administered by subcutaneous injections, 1-
nitropyrene induced mammary tumors, including
adenocarcinomas, in female rats.> One study in
female rats injected intraperitoneally with 1-
nitropyrene showed increased mammary tumors,
while another found an increase that was not
statistically significant. Mammary gland tumors
were also increased following oral administration
of 1-nitropyrene to female rats.” Further,
benzo[a]pyrene, administered either by gavage or
intraperitoneal injection, induced mammary
tumors in female rats.*

Human

Brody et al.? identified seven case-control studies
of the association between breast cancer risk and
environmental exposure to PAHSs, including
several that evaluated air pollution in a limited
geographic area. One study found an association
between exposure to total suspended particles
(TSP), a surrogate for PAH exposure, and breast
cancer risk.'® These investigators reported a
statistically significant trend (p-trend < 0.05) for
higher breast cancer risk among women who lived
at birth in areas with higher TSP levels. Among
post-menopausal women, odds ratios were
elevated but statistically unstable for higher TSP at
birth, menarche, and first full-term pregnancy. The
lack of an association at menarche and first full-
term pregnancy for pre-menopausal women could
be due to declining TSP levels in more recent
years, shorter lag time (the time between a
woman’s exposure and when the researchers
assessed the health effect), or other factors.

Another study used indicators of industrial and
traffic density to estimate exposure to air pollution
and PAHSs. Lewis-Michl et al. reported a
statistically significant higher risk associated with
living near industrial air pollution sources in one
county (OR = 1.61; 95% CI, 1.06-2.43), but not
another county.* Results for living near high-
density traffic were inconsistent.

A Belgian study found that exposure to PAHs
from the ambient air was associated with a
significant delay in breast development in a cohort
of 200 adolescents (15.8-19.6 years old).**** The
delay was also associated with a doubling of
serum dioxin concentrations.
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Many studies of breast cancer risk among women
with work exposure to PAHs have been small
and/or did not control for known breast cancer risk
factors. Brody et al. identified two occupational
studies of exposure to gasoline and vehicular
exhaust that found elevated risk of breast cancer
among females and males.’ Men who worked for
more than three months in an exposed job were
particularly at risk if their first exposure was
before 40 years of age (OR =3.7; 95% ClI, 1.7-7.9
with no lag time; OR =5.4; 95% ClI, 2.4-11.9 with
10 years lag time).** Women with occupational
PAH and benzene exposure had higher breast
cancer risk in a New York study (OR = 1.82; 955
Cl, 1.02-3.16).°

The Long Island Breast Cancer Study assessed
PAH exposure by measuring PAH-DNA adducts,
a gauge of DNA damage caused by these
compounds. This case-control study found the
odds ratio for detectable versus non-detectable
adducts was 1.32 (95% Cl, 1.00-1.74)."® Women
with the highest compared to lowest PAH-DNA
adducts had about 50 percent higher breast cancer
risk, taking into account an extensive list of breast
cancer risk factors. Results showing the strongest
effects in premenopausal women are consistent
with the Cal-EPA Report, “Proposed Identification
of Environmental Tobacco Smoke as a Toxic Air
Contaminant” that concluded tobacco smoke is
associated with higher breast cancer risk in women
under age 50.*" The Long Island results did not
show a dose-response relationship. However, dose
may not be well-characterized in this study:
measurements were taken after diagnosis and
therefore represent exposure over the previous
months to a few years, not consistent with the
known latency of breast cancer; and they do not

consider the effects of DNA repair mechanisms.
The study did not identify a relationship between
grilled food or tobacco and PAH-DNA adducts,
suggesting that other sources, perhaps air
pollution, may be important or that women’s
recollections of diet and tobacco exposure are not
relevant to recent blood measurements.’
Additional analyses of the Long Island data
suggest that certain genetic polymorphisms may
influence the relationship between PAH exposure
and breast cancer risk; and it will be informative to
see whether these associations are observed in
other studies as well.?

The small, hospital-based studies of PAH-DNA
adducts in breast tissue are limited by low
statistical power and lack of breast tissue samples
from healthy controls for comparison.® %

Biological Mechanisms

Combustion byproducts are well known for
causing oxidative stress, which leads to respiratory
and cardiovascular diseases. Oxidative stress can
disturb redox homeostasis, resulting in OH-
adducts in breast tissue, and distort the geometry
of the DNA in measurable ways that are predictive
of breast cancer.

PAHSs are known to damage DNA and researchers
are looking into the possible association between
breast cancer, PAHs, and polymorphisms in
carcinogen activation, detoxification, and DNA
repair genes.” ?? Studies have investigated
interactions with polymorphisms in XRCC1,
XPD, SULT1AL1, and GSTML1, yielding some
positive and some null results.’ It will be
important to see whether consistent associations

Section I. Physical Environment
Chapter B. Pollutants; 1. Air Pollutants, Fuels and Additives

DRAFT 8/1/07

Page 4



Identifying Gaps in Breast Cancer Research

emerge in multiple studies of these or other
polymorphisms.

PAHSs and their metabolites have been associated
with mutations in the tumor suppressor gene p53,
which are associated with poorer breast cancer
outcomes.? %

Some studies have found p53 mutations to be
more common among African American than
white women or differences in the pattern of
mutations between racial groups. A study found
that African American women were significantly
more likely than white women to have mammary
tumors that over-express p53.2> A previous study
had not found a difference.?® PAHs and their
metabolites can also be agonists or antagonists in
hormonal pathways.?

Dioxins

Dioxins are organochlorine compounds, discussed
in Section I, Chapter B.2, Persistent Organic
Pollutants. However, because the primary source
of dioxins is the combustion of organic material in
the presence of chlorine, and they are commonly
released into the air, some exposure issues are
addressed here.

Concept/Exposure Definition

Nearly 80 percent of dioxin emissions come from
coal-fired utilities, metal smelting, diesel trucks
and equipment (on- and off-road), land application
of sewage sludge, and burning of treated wood and
trash. After incineration, dioxins can reform in the
atmosphere above the stack. With new emissions
rules from 1995-97, the EPA estimated that
incinerator emissions of dioxins would be reduced

by more than 95 percent, making it a minor
contributor to atmospheric dioxin.?” Dioxins are
also present in smoke from typical cigarettes,
particularly in those with chlorine-bleached paper
and residues of chlorinated pesticides.

For the general population, most dioxin exposure
occurs through the diet, with more than 95 percent
of dioxins stemming from consumption of fats in
milk, fish and meat. A much smaller proportion of
exposure comes from inhalation of trace amounts
of dioxins on particles in ambient air and in vapor
form, from inadvertent ingestion of soil containing
dioxins, and from absorption through the skin
contacting air, soil, or water containing minute
levels.?® The ambient environmental contribution
would be higher for people living near point
sources where emissions are not adequately
controlled. Workers may be exposed to dioxins in
the chemical industry, or in the application of
chemicals, notably herbicides.

Dioxins are commonly found in human adipose
tissue, serum, and milk. Children are exposed to
dioxins in utero and from breast-feeding. Animal
experiments indicate the most sensitive stages to
disruption of mammary gland development by
dioxin occur in the womb and from infancy to
sexual maturity *2

Critical Review of Literature

Evidence regarding dioxins is sparse and
methodologically limited, but suggestive of an
association with breast cancer. One dioxin
congener, Tetrachlorodibenzo-p-dioxin (TCDD) is
a known human carcinogen, based on an increase
in all cancers.” TCDD binds strongly to the aryl
hydrocarbon receptor (AhR), which is involved in
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signaling and activating genes in mammary and
other tissues. This binding can change gene
expression, metabolism, and cell growth and
differentiation, and can also disrupt hormone and
growth factor pathways. The offspring of mice
treated with TCDD during pregnancy had
significant impairment of mammary gland
differentiation, and slight impairment of hormone
production.?®

TCDD and other dioxins are also reported to have
multiple endocrine effects, including estrogenic
and anti-estrogenic activity;*® although they cause
cancer in animal models, they have been explored
as possibly protective against breast cancer.
Human evidence of the role of dioxins in breast
cancer has come primarily from occupational
studies and increasingly from the residents of
Seveso, Italy, who were highly exposed from an
industrial accident.” *! The Belgian study cited
above found that dioxins were also present in the
ambient air, and that the significant delay in breast
development in the adolescents was also
associated with a doubling of serum dioxin
concentrations.'? Dioxins are discussed further in
Section I, Chapter 2.2, Persistent Organic
Pollutants."®

Fuel Additives

With increases in fossil fuel prices and the stricter
regulation of fuel economy and emissions, fuel
formulations have been changing, particularly for
motor vehicles. This leads to the production of
different levels and mixtures of combustion
byproducts. These changes are often made in
response to economic, political and/or
environmental concerns, before a thorough study

of potential long-term health effects has been
conducted.

The main source of exposure to fuel additives
among the general population is from inhalation
while fueling at gasoline filling stations, driving,
and in parking garages or homes with attached
garages.* These products vary in solubility; some
but not all may affect ground water quality.

Fuel Oxygenates: Under the 1990 Clean Air Act
amendments, oxygenates must be added to
gasoline to reduce carbon monoxide (CO)
emissions. The oxygenate methyl tertiary-butyl
ether (MTBE) reduces engine knocking and
improves combustion, thereby minimizing CO and
aromatic hydrocarbon emissions.* Nonetheless,
MTBE is listed as a toxic in the volatile organic
compounds monitored by the CARB, and
combustion of MTBE results in increased
formaldehyde, tertiary-butyl alcohol (TBA) and
isobutene emissions. Due to concern for MTBE
contamination of ground water and drinking water
supplies, MTBE use in gasoline was discontinued
at the end of 2002.%*

MTBE is widely distributed in body tissues and
can metabolize to formaldehyde, a genotoxic
agent, within the body.* The weight of the
evidence does not support a genotoxic mode of
action for MTBE.** MTBE does not affect the
estrogen receptor, but it increases estrogen
catabolism. It has been associated with decreased
incidence of endometrial hyperplasia and changes
in other estrogen-sensitive organs, but serum
estrogen levels and ER functions were not
affected.®
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MTBE is listed as unclassifiable as to its
carcinogenicity to humans. Carcinogenicity by
oral and inhalation routes has been observed in
animals,* and as have weak tumorigenic
responses,> but neither was observed specifically
in breast tissue. No human cancer studies were
identified. Some experts note that such actions
either do not occur in humans, or that humans are
less susceptible to these effects, concluding that it
is unlikely that humans would be exposed to
sufficient levels of MTBE to cause these
tumorigenic responses.** One model predicted that
the overall health effect of increased MTBE use
would include a decrease in all cancers compared
to gasoline that has not been reformulated,
primarily due to the reduction of volatile organic
compounds—specifically a decreased exposure to
1,3-butadiene and benzene.*

Ethyl tertiary-butyl ether (ETBE) and tertiary-
amyl methyl ether (TAME) are alternative
oxygenates used in gasoline. California limited the
amount of these and other fuel additives shortly
after the MTBE ban.*” Data on ETBE and TAME
are even more limited than MTBE, but the latter is
considered more acutely toxic and from in vitro
study, a dose-related chromosome aberration has
been reported.* The single rat study of ETBE
carcinogenicity found increased incidence of
neoplasms at several sites, including malignant
Schwannoma in the uterus.® The study design and
interpretation have been questioned and it is not
listed by IARC, National Toxicology Program, or
other organizations classifying cancer risk. ETBE
toxicity is sometimes inferred from data on
MTBE. Computer modeling of the ETBE
chemical structure has predicted that it is neither
genotoxic nor carcinogenic.*

TBA, another oxygenate and a fairly persistent
metabolite of both MTBE and ETBE, is not
believed to be genotoxic.*® TBA has not been
classified as to its carcinogenicity by any major
organization. One review found that while TBA
exposure in drinking water was associated with
adenomas and carcinomas at certain sites, it was
associated with a decreased incidence of
mammary adenomas, fibromas, and carcinomas in
female rats.®® At least one study found that there is
great inter-individual variability in the metabolism
of MTBE, ETBE and TAME, suggesting that the
genetic polymorphism of a critical enzyme
(CYP2AG6) is important in determining individual
sensitivity to these oxygenates.*

Ethanol/Acetaldehyde: The increasing use of
ethanol as a substitute and oxygenate for gasoline
will result in higher atmospheric concentrations of
acetaldehyde (the first metabolite of ethanol
oxidation) from motor vehicle exhaust, as well as
peroxyacetylnitrate (PAN),*® and ozone.* When
unburned ethanol is released, it is also converted
to acetaldehyde and eventually to PAN and
formaldehyde.® Acetaldehyde is used in chemical
production, including flavorings, fragrances,
pesticides, disinfectants, drugs varnishes, and
dyes, from which it is commonly released into the
air.® It also occurs naturally in plant respiration
and alcohol fermentation. Acetaldehyde is a
Hazardous Air Pollutant listed as a Toxic Air
Contaminant in California based on evidence of
carcinogenicity (reasonably anticipated to be a
human carcinogen per the 11" RoC®).

In addition to vehicle exhaust, the general public
may be exposed to acetaldehyde in ambient and
indoor air from cigarette smoke, wood burning
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and other fuel combustion, and air deodorizers. It
has been detected in breast milk.> Ethanol use in
gasoline may increase the spread of benzene and
other volatile organic chemicals (VOCs) in ground
water.*> While it has been assumed to pose a lower
risk for ground water contamination than MTBE,
the California Air Resources Board felt it would
not affect the public health impact of air
pollution.*

The vast majority of the research on
acetaldehyde’s role in cancer has focused on the
direct consumption of alcohol, where it is
suspected of co-carcinogenic effects, including
dysregulation of proliferation and apoptosis.*
Researchers have found that cancer risk related to
acetaldehyde levels and metabolism is affected by
genetics;** no literature on this genetic linkage was
identified for inhalation exposure.

Among the limited inhalation research, some
studies have found an association with other
cancers,” * but there is no evidence regarding
mammary gland tumors. Acetaldehyde binds to
proteins and DNA, resulting in impairment of
cellular morphology and function, and which
could provide a mechanism for replication errors
and/or mutations in oncogenes or tumor
suppressor genes.*!

Research indicates that ethanol can also interact
with cellular macromolecules and produce DNA
damage through free radical mechanisms.** #*
While this risk may be most significant for the
increasing number of people working with
ethanol, it remains to be seen whether this can
occur with atmospheric ethanol. Exposure to
peroxyacetylnitrate (PAN) is not well
documented.*® While PAN has not been tested for

carcinogenicity, it is reportedly genotoxic®® and a
weak point mutagen.? Further evaluation could
also be directed at the potential impact of
increased levels of acetaldehyde and PAN.

Air Pollutants

1,3-Butadiene: Carcinogenicity Potency
Database, National Toxicology Program and the
National Library of Medicine Chemical
Carcinogen Research Information System list 1,3-
butadiene as a probable human carcinogen. 1,3-
Butadiene is a component of gasoline, vehicle
exhaust, and cigarette smoke. It is used to produce
other compounds, including synthetic rubber,
which also involves the use of styrene (see Section
I, Chapter B.5, Solvents and Industrial
Chemicals).

The most common route of exposure is inhalation.
Air levels are higher near petrochemical facilities,
while industrial releases have decreased.’
Although some food packaging contains residual
1,3-butadiene, data suggest that it does not usually
migrate to the food.* Certain cooking oils, such as
rape oil (canola) release 1,3-butadiene when
heated.

1,3-Butadiene metabolites are known to be
mutagenic and carcinogenic and have been found
in the urine of exposed workers. Metabolites
appear to alter proto-oncogenes and/or tumor
suppressor genes.® Three studies found increased
levels of mammary tumors in mice and rats.* One
of the rat studies found that mammary tumor
formation involved the endocrine system.**
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Nitromethane: This compound is primarily used
to synthesize derivatives used as pharmaceuticals,
agricultural soil fumigants, and industrial
antimicrobials, and is also addressed in Section I,
Chapter B.5, Solvents and Industrial Chemicals.
Moreover, nitromethane is used as a fuel or an
additive with methanol in racing cars and boats,
and in the production of explosives.’> The most
common nitromethane exposure sources are motor
vehicle exhaust and tobacco smoke. However,
people working with or near this hazardous
substance may be exposed to higher levels through
inhalation of fumes. Nitromethane is reasonably
anticipated to be a human carcinogen.
Administered by inhalation, it significantly
increased benign and malignant tumors at multiple
sites in both mice and rats, including mammary
gland tumors in female F344/N rats. However, no
human studies were found in the published
literature and the mechanism by which
nitromethane causes cancer is not known.’

Conclusions and Future Directions

People are thinking about much too narrow a set
of chemicals in relation to breast cancer, so it is
important to think about all of the chemicals for
which we have animal evidence that they are
mammary carcinogens. With the advent of
ethanol, continued use of oxygenates and other
changes in fuel formulations, additional study of
the impact of the parent compounds, metabolites
and combustion byproducts is critical. Primary
research into these issues is needed to identify
possible links to breast cancer.

It is critical to study oxygenates, such as methyl
tertiary hexyl ether and methyl tertiary octyl ether,
before they are introduced.* Using these products

in fuel ensures their introduction into the
environment and the potential for human
exposure; therefore these compounds should be
thoroughly tested.® Acetaldehyde and PAN are
potentially significant carcinogens, indicating a
need to better understand their health effects and
the toxicokinetics of ethanol.

Methodological problems include inadequate
dioxin and TCDD exposure assessment, lack of
unexposed populations, and lack of preclinical
markers to identify associations that may be
obscured by disease latency. Work on identifying
an appropriate biomarker is continuing.*® It may
also be important to study specific congeners,
rather than look at total dioxins.

Perhaps most promising would be research into
the polycyclic aromatic hydrocarbons (PAHS).
Studies to date are suggestive of causal and
promotional relationships between PAHs and
breast cancer. It has been difficult to measure or
estimate exposure to PAHS, since exposure occurs
over a lifetime from multiple sources. Biological
measurements in blood are intrusive and
expensive, and would require repeated testing to
represent long-term exposure. Ambient air
monitoring and mapping of traffic and industrial
sources to estimate exposures from outdoor
pollution do not directly indicate exposure to
individuals and do not account for time indoors.?*
*" Self-reported exposures from tobacco smoke
and diet involve errors and often bias in recall.
Improvements in biomonitoring methods,
additional ambient and personal air pollution
monitoring, and refined modeling of relationships
between environmental databases and individual
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exposure will improve future epidemiologic
studies.

Given the variety of PAHs and the mixtures
encountered, further research needs to be carried
out on nitro-PAHSs and fine particles to understand
the dose and mechanism for a mutagenic effect.®
The relative contributions to adduct formation and
breast cancer of the various PAH sources also
need further study and may help distinguish
between dietary and ambient air exposures. The
development of new methods may help; for
example, Binkova et al. reported that exposure to
cigarette smoke and ambient air pollution, and a
single polymorphism, were predictive of a PAH-
DNA adduct specific to benzo[a]pyrene.?

While it is possible to directly measure the
genotoxic effect (PAH-DNA adduct) in target
tissue, this adduct is short-lived and it has been
argued that higher levels may be “a biomarker of
greater susceptibility.”?® Better biological
measures are needed and work is underway to
develop new biomarkers.*® To better understand
the role of PAHSs in breast cancer risk,
epidemiologists could identify and monitor
susceptible subpopulations or highly-exposed
workers over time, improving the exposure
estimates.

Other than PAHSs, data on exposure to hazardous
air pollutants, such as MTBE, acetaldehyde and
1,3-butadiene, are very limited. These exposures
vary geographically in California. One attempt to
model the cancer risk from volatile organic
compounds (VOCs) in the ambient air in Los
Angeles found levels from two to 100 times the
U.S. EPA benchmark.*®

Assessment of actual exposure to these pollutants
has been challenging. Data from monitors is
limited, so the CARB also uses emissions
inventory and air quality models to evaluate air
quality.®® Their periodic air quality modeling may
not be frequent enough or on a geographic scale
that is useful for health studies, however they
make an extensive collection of modeling software
available to researchers and the public.

More robust, validated exposure assessment
methods are needed to examine the relationship
between various air pollutants and breast cancer,
as well as other adverse health outcomes.
Researchers at California universities and the
California Department of Public Health’s
Environmental Health Investigations Branch
(EHIB) have been working on health effects
associated with air pollution and evaluating
models to estimate exposure for their usefulness in
health studies.”>* It may be most useful to study
air contaminants together, given that actual
exposure is never limited to a single component.
Future studies should also take into account that
ambient concentrations of pollutants are not a
good indicator of indoor where people spend most
of their time.>*

Finally, future research into the relationship
between air pollutants and breast cancer should
consider the significant potential confounding with
neighborhood level disparities. Air pollution levels
are often higher in lower income areas, given their
proximity to traffic, industry and other sources of
contamination. While the correlation is not
perfect, racial and ethnic minorities are
disproportionately exposed to air and other toxics,
and associated health risks even across economic
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strata, but most pronounced in neighborhoods with
high levels of poverty.”™ Recent research
suggests that disparities associated with ambient
air toxics are affected by segregation and that
these exposures may have health significance for
populations across racial lines.®® These
interactions between the physical environment and
social disparities deserve additional research.
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Persistent Organic Pollutants

Introduction

Persistent organic pollutants (POPs) are a family of
synthetic, carbon-based chemicals defined by their
behavior. They are toxic, lipophilic, and resistant
to degradation. Their structural durability means
that POPs persist in the environment and can
circulate globally — far from where they are
produced, used, and discarded. Most POPs are
semi-volatile, which means their transport is
temperature dependent. They evaporate from
warm regions and condense in cold regions and,
hence, tend to drift toward the Poles and
mountainous areas. Their ability to dissolve in
lipids means that POPs bioaccumulate in the fatty
tissues of living organisms. Many also biomagnify,
which means that their concentration in fatty
tissues increases by a factor of 10-100 with each
rung of the trophic ladder ascended. Organisms at
the top of the food chain thus bear the highest body
burdens of POPs. Traces of POPs are found in the
blood and body fat of all Americans, including
newborns. Indigenous peoples in the Arctic, who
are located at the receiving end of POPs transport
and whose traditional diets are heavy in animal fat,
have some of the highest recorded levels of POPs
in the world.

POPs serve many different functions. Most
famously, POPs include a raft of chlorinated
insecticides that were introduced into the U.S.
economy after World War II: aldrin, chlordane,
dichlorodiphenyl-trichloroethane (DDT), dieldrin,
endrin, heptachlor, hexachlorobenzene (HCB),
lindane, mirex, and toxaphene. POPs also include
industrial compounds, such as polychlorinated
biphenyls (PCBs), which were used as heat

exchange fluids, in electric transformers and
capacitors, and as additives in paint, carbonless
copy paper, sealants, and plastics. Polybrominated
flame retardants (polybrominated diphenyl
ethers/PBDES) are another subgroup of POPs that
offer fire protection to plastics, textiles, and
furniture. The insecticide mirex has also been used
as a fire retardant in plastics, rubber, and electrical
products.?

Because of their toxicity, longevity, affiliation for
fatty tissues, and tendency toward long-distance
transport, many POPs have been banned for
production and use in the United States.
Consequently, body burdens for these POPs have
been decreasing in recent decades among members
of the general public. An exception is PBDEs,
which are still used widely in the United States as
flame retardants and for which human body
burdens are increasing exponentially.®> Another
POP still in widespread use is perfluorooctanoic
acid (PFOA, also known as C8), which is used in
the manufacture of non-stick cookware and in
stain-resistant, grease-resistant, and water-proof
materials, such as food packaging and upholstery
finishes.

Some POPs are of no commercial use but are
generated as unintentional byproducts during other
industrial processes, such as pesticide
manufacturing, metal recycling, pulp and paper
bleaching, or combustion. Unintentional POPs
include dioxins and furans, and certain polycyclic
aromatic hydrocarbons. Another unintentional
POP is methylmercury, which is created, for
example, when elemental mercury released during
coal burning combines with carbon as a result of
bacterial action in soils and sediments.
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Many, but not all, POPs are suspected carcinogens.
One dioxin congener, for example,
tetrachlorodibenzo-p-dioxin (TCDD) is classified
as a known human carcinogen by the International
Agency for Research on Cancer.* The agency
classifies PCBs as a probable human carcinogen
and considers chlordane, DDT, heptachlor, HCB,
mirex, and toxaphene as possible human
carcinogens.

Many POPs, including TCDD, are endocrine
disruptors, and some behave like steroidal
estrogens. This realization — together with the
ubiquitous presence of POPs chemicals in breast
milk and breast fat — has raised long-standing
questions in the minds of both breast cancer
activists and breast cancer researchers about the
role of POPs in breast cancer etiology.>” The
strong evidence linking endogenous estrogens to
breast cancer risk has lent biological plausibility to
a causative role for POPs. Accordingly,
considerable research has been directed toward
illuminating the possible contribution of POPs to
breast cancer. The results of these studies are
summarized below.

This chapter is limited to a discussion of POPs for
which the main route of exposure is dietary.
Polycyclic aromatic hydrocarbons, an ingredient of
air pollution, are described in Section I, Chapter
B.1. on air pollutants. PBDEs, for which
household dust appears to serve a second major
vector of exposure and for which exposures are
rising rather than falling, are considered in a
companion chapter, which immediately follows this
one. Organochlorine pesticides are considered here
in this chapter as well as in the preceding chapter

on pesticides. This redundancy reflects that fact
that some epidemiological studies have considered
chlorinated pesticides in the context of POPs
exposure, while others have examined their role in
the context of exposure to pesticides of all kinds.
Not intended to serve as a comprehensive review of
the POPs literature, which is considerable, this
chapter spotlights new discoveries and draws
heavily on material contained in Brody et al.’s
recent systematic critical review in Cancer, which
represents an up-to-date assessment of the
epidemiological studies of these and other
pollutants.*

Regulatory History of POPs

POPs enjoyed three decades of extensive use.
Most were introduced after World War 11 and
quickly insinuated themselves into the food chain.
By 1950, produce free of pesticide residues was so
scarce that the Beech-Nut Packing Company began
allowing detectable levels of residue in baby food.®
By 1951, DDT metabolites were discovered in
human breast milk.> Thus, women of the baby
boom generation were the first to be exposed to
POPs in utero, in infancy, in childhood, and/or
during puberty. This cohort is just entering the age
of maximum breast cancer risk.

With the passage of the Toxics Substances Control
Act in 1976, many POPs were phased out of
domestic use, including PCBs and several
chlorinated pesticides. However, this
generalization obscures important waxings and
wanings among individual chemicals. For
example, DDT reached its peak usage in 1959,
whereas toxaphene, which replaced DDT after its
ban in 1972, did not peak until the early 1970s,
when it quickly became the most heavily used
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insecticide in the United States. Toxaphene was
finally banned in 1990."%** While dieldrin was
banned in 1975, aldrin, which converts to dieldrin
in soil and in human tissue, was allowed as a
termite poison until 1987.> Thus, even within the
baby boom generation, different age cohorts were
exposed to a changing kaleidoscope of different
chemicals during different stages of early breast
development.

POPs are currently being phased out globally in
accordance with the United Nation’s Stockholm
Convention on Persistent Organic Pollutants. This
treaty was adopted in Sweden in May 2001 and
became international law in May 2004. Over 90
countries, including Canada, have joined as parties;
the United States has not. The Convention has
targeted 12 POPs for eventual worldwide
elimination. It also provides a mechanism for
adding additional chemicals to the list and compels
member states to submit national implementation
plans to the Stockholm Convention Secretariat.
The original 12 POPs named in the treaty are
aldrin, chlordane, DDT, dieldrin, dioxins, endrin,
furans, heptachlor, hexachlorobenzene, mirex,
PCBs, and toxaphene. There is variation in the
manner in which different chemicals are treated
under the treaty. For example, all production and
use of endrin and toxaphene is banned outright,
while DDT is restricted to controlling disease
vectors, such as malarial mosquitoes. Under the
treaty, governments are required to minimize the
release of dioxins and furans as combustion
byproducts with the goal of complete elimination
where feasible.! The Convention gives
governments until 2025 to phase out electrical
equipment containing PCBs.

The nine pesticides regulated under the Stockholm
Convention are no longer registered for sale or
distribution in the United States. Uses were
cancelled between 1969 (aldrin) and 1990
(toxaphene).** PCBs were banned domestically in
1978, although stocks still remain in electrical
equipment.

By 2015, PFOA will be voluntarily phased out of
consumer products but will still be allowed in
manufacturing processes. The long residency times
of POPs — which often exceed a human generation
— ensure that POPs will be part of the ecological
world long after their economic prohibition.

Routes of Exposure

More than 90 percent of human exposure to POPs
comes from diet, with freshwater fish the source of
highest exposure. The primary source of exposure
to PCBs is fish. The primary source of exposure to
dioxins is dietary fat, particularly dairy products,
fish, meat, and breast milk.* A major dietary
source for young children is breast milk.** A
breast-feeding mother transfers 20 percent or more
of her body burden of POPs during the first six
months of breast-feeding. This quantity leaves
breast-fed children with higher body burden levels
of POPs contaminants than their formula-fed
counterparts. Nevertheless, breast milk serves to
protect infants from the neurological and
immunological risks posed by prenatal exposures to
these same chemicals' and appears to counteract
the adverse developmental effects of PCBs and
dioxins.™

Other than PBDEs, the most prevalent POPs found
in human tissues are DDE (the major metabolite of
DDT) and PCBs. Levels in human tissues rise with
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age and are consistently higher in African
Americans than in Caucasians.”

Since the discontinuation of the use of chlorinated
pesticides and PCBs in the 1970s, levels of these
POPs detected in food and human tissues have
declined in western nations, including the United
States.”

Critical Review of the Literature
In vitro Studies

The ability of many POPs to act as endocrine
disruptors was first appreciated by Rachel Carson
in her 1962 book Silent Spring. Her observations
were based on animal and human studies. They
have since been corroborated by in vitro studies.
Many POPs are weakly estrogenic in experimental
models. The pesticides endosulfan, toxaphene, and
dieldrin, for example, have estrogenic effects on
human estrogen-sensitive cells.*® The ability to use
estrogen-sensitive cell lines to screen POPs for
endocrine disruption was perfected with the
development of the E-SCREEN assay by Soto and
others in 1995.%7

Most illuminating are the bioassays that attempt to
replicate the real-life mixtures of POPs to which
human populations are exposed. For example, a
mixture of POPs, including DDT and HCH, acted
together to create proliferative effects on MCF-7
cells, even when each mixture component was
present at levels below its no-observed-effect
concentration. Combined effects were both
additive and synergistic.'®

In vitro studies have demonstrated that, while DDT
itself is estrogenic, its persistent metabolite, DDE,

does not bind with estrogen receptors and instead
acts an anti-androgen. While some PCB congeners
are estrogenic, the most persistent forms are
actually anti-estrogens.™® Thus, the hypothesis that
guided much early epidemiological research — that
PCB and DDT/DDE exposure may raise breast
cancer risk via increased estrogenicity — is based on
a false presumption.

In vivo Studies

Animal studies point to the importance of early life
exposures, that is, exposures that take place at the
time of birth or around puberty.?> Compounds that
retard development of the mammary gland are
associated with increased risk of breast cancer.?

Mammary gland development is guided by cells at
the blind ends of the ducts called terminal end
buds. These are the branching and dividing points
in the ductal tissue that blaze the trails for new
networks of epithelial ducts in the growing
mammary gland.”* With each menstrual cycle
before a full-term pregnancy, estrogen directs the
elongation and branching of the duct system.?
Terminal end buds are especially vulnerable to
carcinogenic damage. Rodent studies indicate that
the number of terminal end buds exposed to the
carcinogen is related to the risk of tumor formation.
The sooner the terminal end bud differentiates into
adult structures, the more protected the animal is
against mammary carcinogenesis.”> POPs known
to delay mammary gland development in laboratory
animals following early-life exposure include
dieldrin, TCDD dioxin, organochlorine mixtures,
PCBs, and PFOA.?! PFOA has been identified as a
mammary gland carcinogen in animal studies.?
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Exposure to PFOA in mice is associated with
stunted mammary gland development. Female
mice exposed during pregnancy exhibited
diminished epithelial branching of mammary
glands that disrupted the ability to lactate. Exposed
female offspring also displayed stunted mammary
growth and branching patterns.* This finding is
significant, in that delayed mammary development
is associated with increased susceptibility to
carcinogenesis.?* In rats, prenatal exposure to
dioxins can increase the susceptibility of the
mammary gland to subsequent carcinogenic
insults.?

Human Studies

A large number of epidemiological studies have
investigated the role of PCB body burden in breast
cancer etiology. Overall, the vast majority of these
studies have not provided strong evidence for an
association between PCBs and breast cancer.
However, the evidence to date generally supports
an association between breast cancer and PCB
exposure for subpopulations of women who have
inherited polymorphisms in cytochrome P450
genes.* More specifically, women with a variant of
the CYP1ALl gene called m2 are at greater risk for
breast cancer when they are exposed to PCBs.
Cytochrome P4501A1 (CYP1ALl), which is
involved in the metabolism of steroid hormones
and polycyclic aromatic hydrocarbons in humans,
is induced by PCBs. About 10-15 percent of U.S.
white women possess the variant genotype.
Another CYP1A1 polymorphism with presumed
similar function is present in an even larger
proportion of African American women. Women
with high PCB body burden and the CYP1A1
variant genotype have a two- to three-fold

increased risk of breast cancer, compared to women
with lower levels and without this genetic trait.
This risk elevation is higher than the excess risk
reported for many established breast cancer risk
factors.* %

Regarding dioxins and breast cancer, evidence is
sparse but suggestive. Occupational cohort studies
of dioxin-exposed female workers and studies of
Russian women living near a dioxin-contaminated
chemical plant yielded positive findings, but these
studies involved women exposed to many
chemicals. Moreover, some of the studies were not
controlled for confounding by established risk
factors.* Much of our knowledge about dioxin and
breast cancer comes from a cohort of women
exposed by a 1976 industrial accident in Seveso,
Italy. Early studies with limited follow-up time
showed no links between dioxin exposure and
breast cancer incidence.”® ?" But by 2002,
researchers had found a statistically significant,
dose-response-increased risk for breast cancer
incidence with individual serum dioxin level
among women in the Seveso Women's Health
Study. More specifically, a 10-fold increase in
dioxin level — as measured shortly after the
accident — was associated with a two-fold increase
in breast cancer incidence.?® This study highlights
the significance of long latency periods and the
importance of having knowledge of chemical
exposures decades before diagnosis. Breast cancer
incidence may continue to increase in this cohort of
981 women and further follow-up is warranted.
Many members in the cohort, who, at the time of
the explosion ranged from infancy through 40 years
old, are just now old enough to be at risk for breast
cancer.*
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More than 50 investigations have been published
that ask whether women with breast cancer have
elevated body burdens of organochlorine
chemicals. The results are conflicting and
unpersuasive. Many of these studies focused on
PCBs or DDT and its metabolites. While early,
small-scale studies found higher levels of, for
example, DDE in cases than in controls, newer,
larger, better-designed studies, by and large, have
not replicated these results. Meta-analysis of
prospective studies, as well as pooling of
retrospective studies, has failed to yield odds ratios
above unity. In other words, women with breast
cancer, as a group, do not have higher body
burdens of particular POPs contaminants than
women without breast cancer.*® % While some
earlier studies seemed to suggest that high body
burdens of organochlorines may increase risk in
African American women, results from a recent
case-control study of nearly 700 African American
women did not confirm these results.*

Researchers are divided on the significance of these
negative findings. Some believe these results
reassuring.” Others argue that the putative role for
endocrine-disrupting POPs should not be dismissed
prematurely, because most epidemiological studies
have so far not considered timing of exposure and
genetic polymorphisms relevant in the biological
pathways by which certain POPs might influence
breast cancer risk. Further, recent evidence from in
vitro models demonstrates that estrogenic
pollutants — POPs and non-POPs alike — can act
together at low levels to influence cancer risk.®
Moreover, as one researcher points out, the
demonstration that hormone replacement therapy
contributes to breast cancer risk required an
investigation of more that 150,000 women. By

contrast, the pooled analysis of prospective studies,
which relied on only 1857 women with breast
cancer, has limited statistical power. From this
point of view, the jury is still out on POPs and
breast cancer.®

Epidemiological studies of POPs and breast cancer
are limited due to three important methodological
shortcomings. One is the presumption that
contemporary measures adequately reflect past
exposures.” However, as indicated above, the PCB
congeners that are estrogenic are short-lived and
more difficult to measure in biological samples.
Hence, existing studies may not be able to assess
the importance of POPs that are most quickly
metabolized.> One Danish study that examined a
bank of blood samples drawn many years prior to
the development of breast cancer found higher
levels of dieldrin in women who went on to
develop breast cancer. Women with the highest
levels of dieldrin had more than double the risk of
breast cancer compared to women with the lowest
levels.® However, this study also measured other
POPs with similar biological activity and observed
no excess risk associated with these chemicals. It
is therefore possible that the excess risk associated
with dieldrin could be due to chance alone.

The second limitation of epidemiological studies of
POPs and breast cancer is that many studies have
not considered combined effects of environmental
estrogens.® Some researchers have therefore called
for studies that measure the total effective
xenoestrogen burden. One recent Spanish study
measured levels of 16 organochlorine pesticides in
the adipose tissue of 198 breast cancer patients at
the time of diagnosis and compared them to 260
women without breast cancer matched on age.
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Researchers found an increased risk for breast
cancer in leaner, post-menopausal women that was
related to the total body burden of all estrogenic
chemicals, excluding natural hormones. The
pesticides aldrin and lindane were also individually
associated with risk.*

A third problem is that many studies do not
consider the timing of exposure. The results of
animal studies suggest that future epidemiological
studies need to focus on exposures that occur when
the mammary gland is most sensitive to hormones
in order to capture time-specific responses.?* *2 A
new study that used banked blood samples gathered
from young women from 1959-1967 in Oakland,
California did find an association between exposure
to DDT before age 14 and breast cancer risk before
age 50. By contrast, women who were not exposed
to DDT before age 14 showed no association
between DDT levels and breast cancer.®* In other
words, girls' and younger adolescents' DDT
exposure during the years of peak DDT usage in
the U.S. was linked to breast cancer risk, while
DDT exposure at older ages was not. As the
authors note, many baby boom women heavily
exposed to DDT in childhood have not yet reached
age 50. The significance of early-life exposure to
DDT for breast cancer risk may not yet be fully
understood and may be quite large.®

Two others areas of research are noteworthy. The
first examines the effect of POPs exposure on
breast cancer survival or relapse. A few studies
have found a significant association between high
PCB levels and the risk of death among women
with estrogen-positive breast cancer. Another
found that higher levels of PCBs were associated
with more aggressive breast cancer.* Dieldrin has

also been linked to higher breast cancer mortality,*
and organochlorine exposure has been linked to
higher rates of breast cancer recurrence.*® In light
of the higher POPs body burden in African
American women and their higher mortality rate
from breast cancer, this line of inquiry seems worth
pursuing.

The second examines the effects of POPs exposure
on lactation. A small body of evidence suggests
that some POPs contaminants interfere with human
milk production, possibly by inhibiting prolactin.
In studies conducted in both North Carolina and
Mexico, women with the highest levels of DDT in
their breast milk had poorer lactational
performance and consequently weaned their infants
sooner than mothers whose pesticide levels were
lower. Similar studies come from the Netherlands,
where mothers with high levels of PCBs and
dioxins in their breast milk had significantly lower
volumes of milk and lower fat content.*> %%
These studies support animal studies, described
above, that indicate that POPs can interfere with
the ability to lactate. Such studies indirectly affect
breast cancer risk, as breast-feeding has a
protective effect against breast cancer.®

Conclusions and Future Directions

POPs exposures are pervasive and, indeed,
universal. The absence of an unexposed population
and the long latency period between exposure and
onset of disease make epidemiological study
challenging. In vitro studies indicate the
importance of considering mixtures of chemicals
that share pathways of endocrine disruption. In
vivo studies indicate that early-life exposures to
POPs can alter the development of the mammary
gland in ways that make the breast more
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susceptible to later carcinogenic assaults. Human o]
studies that measure exposure at the time of a
breast cancer diagnosis are not helpful in
explicating the role that POPs may play in breast
cancer etiology. Epidemiologists, chemists, and
toxicologists should work together to develop
methods to study the associations between complex
mixtures of POPs and breast cancer, as well as
other health outcomes.

Outstanding questions include:

o0 Do POPs contribute to a cocktail of
estrogenic chemicals that act in concert to
raise the risk of breast cancer? Or, in
practical terms, does the blood sera of
women with breast cancer exhibit increased
mitogenicity?

0 Can bioassays such as the E-SCREEN test
provide a measure of internal exposure to
estrogen-like chemicals?

0 Does exposure to POPs interfere with the
ability to lactate? (Longer duration of
breast-feeding affords increased protection
against breast cancer.)

o0 How do POPs exposures during crucial
periods in early life — especially prenatal
and pubertal — alter mammary gland
development in girls?

Do POPs exposures make breast cancer
more lethal? And do the higher POPs body
burdens in African American women
explain their higher rates of breast cancer
mortality?

Finally, which are the most relevant POPs
to study? As pointed out above, many
studies have focused on the role PCBs and
DDE may play in breast cancer
development, yet resources may be better
directed at other compounds in light of the
fact that neither DDE nor most PCBs are
estrogenic or mammary carcinogens.
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Polybrominated Flame Retardants

Introduction

Polybrominated diphenyl ethers (PBDEs) are a
class of persistent halogenated organic compounds
widely used as flame retardants. Like dioxins and
PCBs, PBDE molecules resemble bicycles. They
consist of two phenyl rings studded with bromine
atoms (the wheels) and attached by an oxygen
bridge (the frame). When PBDE molecules are
exposed to heat—a s in a house fire—the
bromines detach and quench the flames.

PBDEs, like PCBs, exist as more than 200
potential congeners. However, only three mixtures
have been available for commercial use, as
identified by the average number of bromines in
the dominant congener: Deca, Octa, and Penta.
Deca, with ten bromine atoms, is used in hard
polystyrene plastics, textiles, and electronic
equipment such as televisions. It is also used in
polyethylene for wires, cables, and pipes. Octa-
PBDE, with eight bromine atoms, has primarily
been used in the plastic housings of computer
monitors and in circuit boards. With five bromine
atoms, Penta-BDE has been used in flexible foam
products, such as polyurethane furniture cushions,
carpet padding, and mattresses. Penta has also
been used in rigid foams.'™ These three mixtures
are not strictly homogeneous and can contain
PBDEs with other numbers of bromine; for
example, Penta can contain some fraction of
Tetra-BDE. The only mixture currently available
in the United States and the European Union is
Deca-BDE. The European Union banned Octa and
Penta in 2004, and the sole U.S. manufacturer
voluntarily stopped production in the same year.’

PBDEs first became commercially available as
flame retardants in 1960* and have been widely
used throughout the world for the last 30 years.
Usage has tripled during the previous two
decades.® In 2001, approximately 67,440 metric
tons of PBDEs were manufactured, with the
majority of use occurring in North America.” The
U.S. has been, by far, the predominant producer
and user of Penta.® Over time and under ordinary
conditions of use, PBDEs have diffused out of the
polymer matrices in which they were embedded
and are now a ubiquitous contaminant of indoor
and outdoor environments.> *'° By the late 1990s,
Swedish researchers had documented exponential
increases in PBDE levels in breast milk samples
collected from 1972 to 1997. These findings were
one factor that inspired a ban on PBDE
manufacture in the European Union. Between
1998 and 2002, levels in human milk in Sweden
decreased significantly.>* 1

Here in the United States, PBDE levels in Great
Lakes fish rose rapidly during the 1980s and
1990s and doubled in less than three years. PBDEs
have also turned up in commonly consumed fish,
including salmon, mackerel, swordfish, herring,
catfish, and shellfish; and they have been detected
in many types of wildlife around the world, with
some of the highest levels found in harbor seals in
the San Francisco Bay.” This discovery, together
with the Swedish breast milk results, prompted
researchers to measure levels of PBDEs among
U.S. human residents. U.S. inhabitants have the
highest documented levels of PBDEs in the world.
These levels are 10- to 100-fold higher than levels
observed in Europe, Asia, or New Zealand.” 1113
Moreover, as seen in fish and wildlife, body

burdens appear to be increasing.* '* ' 1415
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Owing to their similar molecular structure and
toxic profile, PBDEs are often referred to as the
‘PCBs of the future.”® '® The less-brominated
forms—Penta and Octa—are the more persistent,
lipophilic, and biologically active. Some of the
congeners contained in Penta-DBE have been
identified as estrogenic.* By contrast, Deca-BDE
is less well absorbed and less bioaccumulative. Its
bulky size and high molecular weight restrict its
toxicity and ability to biomagnify. Furthermore,
Deca-BDE binds strongly to soil and sediments,
limiting its bioavailability.> > '*!'7 Ominously,
however, debromination of Deca can generate the
lighter, more toxic forms. The degree to which
Deca degrades to the less brominated congeners in
the environment is a source of ongoing debate.

Despite their widespread use, very little is known
about the human health effects of exposures to
PBDEs. Only a few epidemiological investigations
have been conducted.'® '” Limited data from
animal studies suggest that these compounds may
exert endocrine-disrupting effects at levels close to
those being documented in the current U.S.
population, especially among children,”® making
them of particular concern for breast cancer.

Regulatory History of PBDEs

The banning of PBDEs in Sweden in the late
1990s inspired a European Union-wide ban of the
Penta and Octa formulations in 2001, which
became effective in 2004.'%2! In 2003, California
followed suit and became the first U.S. state to
enact a ban of Penta and Octa, which will go into
effect in 2008. Since that time, eight other states
have enacted legislation to ban these two congener
formulations and, in 2004, the sole American
manufacturer of PBDEs voluntarily removed

Penta and Octa from the U.S. market.
Subsequently, the U.S. EPA issued a regulation to
ensure no new manufacture or import of Penta and
Octa after January 2005. These various legislative
efforts effectively ceased the introduction of new
sources of Penta- and Octa-DBEs from entering
the U.S. marketplace. They do not, however,
eliminate exposures from products currently in use
or the manufacture of new products with recycled
materials containing PBDEs or from the disposal
of products containing Penta and Octa.”

There are no comprehensive bans on the use of
Deca-BDE anywhere in the U.S. In April 2007,
the Washington state legislature passed a bill, now
signed by the governor, that bans the use of Deca
from mattresses by 2008 and from televisions,

23 .
1.”” Maine

computers, and furniture by 201
recently introduced similar legislation and has
already passed some of the strictest laws to date.**
However, in both states, the bills contain a number
of loopholes/exemptions for Deca, including
provisions that proven safer alternatives must be
available prior to phasing it out. It remains unclear
if the use of Deca-BDE will actually decline in
these states after 2008. As of March 2007, nine
states had introduced legislation to restrict or
prohibit uses of PBDEs, including Deca, for
specific purposes. More states will likely follow.
The National Caucus of Environmental Legislators
monitors PBDE legislation. An annotated
compilation of enacted laws, executive orders, and
introduced bills that seek to limit the use of
PBDEs can be found on its website, www.ncel.net.

PBDEs in the Environment

PBDE:s are detectable in many environmental
media, including air, soil, household dust, clothes
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dryer lint, sewage, fish, and wildlife."* ' 11+ 13:2*-

33 In North America, Penta-BDE is the primary
contaminant found,'' although Deca is often
dominant in house dust. A recent meta-analysis of
environmental PBDE concentrations reported
exponential increases over the last 30 years, with a
doubling time of approximately four to six years."!
This study also demonstrated especially high
levels of contamination in North America
compared to Europe and Japan, the other two
regions of the world with available data.* %
Sources of contamination have not been fully
evaluated. One important non-point source of
contamination is thought to be household trash,
which often contains furniture, bedding, foam
cushions, and electronics loaded with PBDEs. No
information, however, is currently available on the
degree to which incineration and landfills
contribute to environmental contamination.®
Recent work in Great Britain along urban-rural
transects suggests that cities themselves may be
sources, possibly from leakage of PBDEs from
indoor to outdoor air.** Because incomplete
combustion may produce brominated dioxins and
furans, concern has also focused on incomplete
incineration and accidental fires as additional
sources of exposure.® '’ Sewage sludge is a well-
documented source of persistent environmental
contamination, especially for Deca, which binds
strongly to sediment.'""* Concentrations of
PBDEs in water generally haven’t been assessed
due to their low solubility in water.®*° Fish and
marine mammals tend to have higher levels than

do their terrestrial counterparts.'"*

PBDEs in People

PBDEs have been detected in human blood, breast
milk, umbilical cord blood, and in adipose, brain,
liver, and placental tissue.”® ' 12133540

Over the past three decades, PBDE body burden
levels have increased 100-fold, representing a
doubling time of approximately five years. On
average, U.S. blood levels (35ng/g lipid, which
equals 35 ppb) are 17 times higher than in those
seen in European populations (2 ng/g lipid or 2
pbb)."' PBDE levels in the breast milk of U.S.
mothers are 10—100 times those seen in the breast
milk of European mothers.* Within the U.S.,
human body burdens of PBDEs vary wildly. Most
PBDE researchers report levels between 4 and 400
in human blood and breast milk. However, in
2005, a team of researchers found individuals in
New York City with levels as high as 9,630 ppb
(in a 32-year-old man) and 4,060 ppb (in a 23-
year-old woman). These levels are 4 to 9.5 times
higher than any previously reported in people
anywhere in the world.*" **

The exponential rise in body burden levels of
PBDE:s stands in stark contrast to the temporal
trends of other well-known organohalogenated
compounds, many of which have markedly
declined over the last few decades.” "> A recent
analysis comparing body burden levels of PBDEs,
dioxins, furans, and PCBs measured in current and
archived sera from 1973 in a U.S. population
demonstrated this dramatically changing exposure
proﬁle.7 PCBs, dioxins, and furans all declined
dramatically during the 30-year span (1973-2003)
marked by the collection of the two sets of sera,
presumably reflecting the banning and regulation
of these compounds. In contrast, PBDEs were
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virtually undetected in the 1973 samples but were
the predominant compound in the current sera. On
average, these levels were more than twice those
of current levels of PCBs, and 100 to nearly 2,000
times those of the dioxins and dibenzofurans.
These levels may decline in the U.S. population
with the recent ban of Octa and Penta. Initial
reports from Sweden indicate that body burden
levels there may be leveling off or even declining
after exponential increases observed during the
1980s and 1990s."! However, the Swedish ban on
PBDE:s is more comprehensive.

Routes of Exposure

Routes of human exposure to PBDEs and the
relative contribution of different sources depend
on the congener or congener group, the country,
and the life stage of the individual."®*** Food is
a vector for exposure but appears to play a lesser
role than it does for other common persistent
organic pollutants.**” There is now good
evidence that both diet and the indoor environment
(probably inadvertent dust ingestion) contribute to
exposure to Penta-BDE in adults in the U.S.*’ The
indoor environment — both dust ingestion and dust
inhalation — may dominate for exposure to Deca-
BDE in the U.S.*

The Debromination Question

Some human exposure to bioactive Penta- and
Octa-PBDE may come from the degradation of
Deca. In contrast to industry claims, several
studies now indicate that Deca can debrominate
under ordinary environmental conditions,
including through exposure to sunlight and via

1732, 48-52 and there is some evidence for metabolic

debromination of Deca in mammals.”®> While Deca
is not easily absorbed across the gut wall, its less

brominated congeners are.'* !

Moreover, recent
studies of workers exposed to Deca indicate that
some fraction of Deca is absorbed. Deca has also
been detected in blood and breast milk samples

from the general population.*
Occupational Exposures

Occupational exposures may be important for
workers in computer and electronic
manufacturing, recycling, and disassembly plants

and in PBDE formulation facilities. > % 1134

Diet

Diet is not the sole significant route of exposure to
PBDEs and appears to explain only a portion of
the variability in PBDE levels.'%?% 3 447

Several lines of evidence suggest a smaller role for
diet than the lipophilic nature of PBDEs might
suggest.'” 337 First, research has established a
link between Penta-BDE concentrations found in
people with the quantities found in dust from their
homes, independent of diet.*” Second, although
levels of fish contamination are orders of
magnitude higher in North America than they are
in Japan or Europe, analyses in U.S. populations
tend not to see a large correlati