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Pathways to Breast Cancer:
A Case Study for Innovation in Chemical Safety Evaluation

Executive Summary
Breast cancer, the most common invasive
cancer in women, is hypothesized to be linked
to industrial chemical exposure through the
environment and the use of consumer
products. A major challenge in understanding
the extent to which chemicals contribute to
breast cancer is a lack of toxicity information—a
data gap—for tens of thousands of commonly
used chemicals. Through its Green Chemistry
Initiative, California is attempting to address
this data gap by seeking ways to develop
toxicity information for chemicals used in
consumer products. A bill recently introduced in
the U.S. Congress to reform the decades‐old
Toxic Substances Control Act (TSCA) calls for the
generation and disclosure of information on the
toxicity of industrial chemicals. Generating the
data to inform these programs will require new,
more efficient approaches to produce reliable
information on the hazards posed by the tens of
thousands of chemicals already in commerce.
To investigate how such efforts could help
identify chemicals that may raise the risk of
breast cancer, the California Breast Cancer
Research Program 1 designed and funded the
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Breast Cancer and Chemicals Policy (BCCP)
project. 2 The goals of the BCCP project were
three‐fold:





Develop an approach for identifying
chemicals that may contribute to the
development or progression of breast
cancer,
Identify research needs and recommend
improvements to existing test methods, and
Pilot a model process that can be applied to
other disease endpoints, enabling the
ultimate aim of producing a comprehensive
approach for identifying hazardous
chemicals.

Drawing on the fields of cancer biology,
toxicology, medicine, epidemiology, public
health, and public policy (Figure 1), a
multidisciplinary expert panel (Panel) reviewed
existing methods for chemical toxicity testing
and developed a testing scheme, called the
Hazard Identification Approach. This approach
provides a methodology for the identification of
substances that could elevate breast cancer
risk.

The Panel’s analysis followed the lead of major
new initiatives in chemical hazard evaluation
that seek to shift emphasis from decades‐old
whole animal testing protocols to more efficient
in vitro mechanism‐based chemical screening. 3,
4, 5, 6, 7

The Panel used a four step process to achieve
the stated goals. Working from current
epidemiologic and laboratory evidence, the
Panel first identified changes in biological
processes associated with the development or
progression of breast cancer. Second, they
identified existing toxicity testing methods that
detect these changes. Third, the Panel designed
a testing scheme, calling it the Hazard
Identification Approach, for identifying
chemicals that may raise the risk of breast
cancer. The panel also recommended ways of
prioritizing the types of chemicals that would
undergo testing. The fourth step was to conduct
a virtual pilot test of the recommended Hazard
Identification Approach. Following is a
description of each step.
1. Identification of biological processes
associated with breast cancer
The Panel determined toxicity endpoints:
alterations to biological processes associated
with the development, progression, or
susceptibility to breast cancer. These toxicity
endpoints were divided into three categories
(Figure 6):
 Cellular and molecular mechanisms, (e.g.,

activity at hormone receptors),
 Tissue changes (e.g., altered mammary gland

development), and
 Susceptibility factors (e.g., early puberty).

Within each category, the Panel identified
distinct biological endpoints that could be
evaluated in a toxicity test.

Figure 1. Framework of the Breast Cancer and Chemicals
Policy Project. The Breast Cancer and Chemicals Policy
Project was conducted by a multidisciplinary panel
consisting of experts in toxicology, cell and mammalian
biology, medicine, epidemiology, endocrine disruption,
environmental justice, science policy and breast cancer
advocacy. The Panel developed a method for identifying,
prioritizing, and testing chemicals that may raise the risk of
breast cancer.

2. Identification of toxicity testing assays for
evaluating chemicals
The Panel identified examples of computational
(in silico), * in vitro, in vivo, and epidemiological
methods for evaluating a chemical’s ability to
alter biological processes relevant to breast
cancer. Validated assays were catalogued, as
were those that could be validated in the near
future (based on their current use in laboratory

*

Computational toxicology, is described by U.S. EPA
(U.S. EPA, 2003) as “the application of mathematical
and computer models to predict the effect of an
environmental agent and elucidate the cascade of
events that result in an adverse response.”
3

research), and those that are emerging from
high throughput toxicity testing methods. †
3a. Propose methods for setting priorities
As tens of thousands of largely untested
chemicals are considered for toxicity testing,
substances should be prioritized based on
preliminary indicators of hazard (e.g., potential
estrogenic activity). Additionally, substances to
which people are likely to be exposed, which
have physical or chemical properties of concern
(such as persistence or bioaccumulative
potential), or which have been flagged by
computational methods—should be prioritized
for evaluation of any potential harmful human
health effects, not only breast cancer.
3b. Designing an overall Hazard Identification
Approach
The Panel designed a testing scheme for
identifying chemicals that may raise the risk of
breast cancer. This testing scheme is the Panels’
Hazard Identification Approach (Figure 7),
which recommends testing chemicals for their
potential to increase breast cancer risk through
any of the following mechanisms:
 Mechanisms associated with carcinogenesis in

general, including cell cycle changes and
genotoxicity,
 Mechanisms associated with endocrine
disruption, and
 Altered development and maturation of the
mammary gland.
4. Pilot testing the Hazard Identification
Approach
The panel conducted a virtual validation of the
proposed Hazard Identification Approach—a
pilot test of 20 substances for which sufficient
animal or human data exist to characterize their
†

A National Academy of Sciences committee
(NAS/NRC 2007) defined high‐throughput testing as
“efficiently designed experiments that can be
automated and rapidly performed to measure the
effect of substances on a biologic process of interest.
These assays can evaluate hundreds to many
thousands of chemicals over a wide concentration
range to identify chemical actions on gene, pathway,
and cell function.”
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links to breast cancer. This pilot test consisted
of a literature review, searching for results of
toxicity tests from the Panel’s Hazard
Identification Approach. The findings of this
pilot test will be published separately in a peer‐
reviewed publication.

Recommendations of the Breast Cancer
and Chemicals Policy Project
Based upon their expert consensus and
preliminary assessment, the Panel recommends
the following approach to toxicity testing to
increase its relevance to breast cancer:
1. Chemicals used in industrial processes or
found in the environment, consumer products,
or workplaces must be tested for their possible
impact on breast cancer risk. Testing should
identify alterations in biological processes
relevant to breast cancer, including:
 Cell cycle changes,
 Genotoxicity,
 Endocrine disruption (estrogenicity and other

hormonal effects), and
 Mechanisms associated with altered
mammary gland development or maturation.
2. To accurately evaluate the potential of a
chemical to raise the risk of breast cancer,
toxicity tests must be designed and conducted
with the understanding that effects vary
depending on timing of exposure and
underlying susceptibility factors. To account for
this, toxicity tests need to:
 Assess the impact of chemical exposure

during a variety of life stages, including
gestation, puberty, pregnancy, and post‐
menopause; and
 Account for increased susceptibility due to
genetic variation, underlying disease, or
exposure to other chemicals and
environmental stressors.

3. New research is needed to improve the
scientific tools available to identify chemicals
that contribute to breast cancer risk. This
includes:
 Further investigation of the biological

processes that, when altered, increase the
risk of breast cancer;
 Development and validation of new toxicity
testing methods, including high‐throughput
screening, to detect chemicals that alter
relevant biological processes;
 Adaptation of current toxicity testing
methods to more specifically address
mechanisms relevant to breast cancer; and
 Interdisciplinary efforts to link current
knowledge of breast cancer etiology with the
design and implementation of chemical
toxicity tests.
4. A similar process as that used by the Panel
should be used to develop testing methods
specific to other diseases. In practice, a
comprehensive approach to identifying
chemicals that may pose a human health hazard
is necessary to generate information for
regulatory agencies as well as chemical
producers and end users.

Conclusions
Chemical toxicity testing—and the public
policies that require it—can be critical tools in
breast cancer prevention, providing a practical
basis for reducing potentially harmful
exposures. 8 9 The Hazard Identification
Approach developed by the Panel can guide the
development of toxicity testing specific to
breast cancer. Information generated by
implementing the Hazard Identification
Approach could a) increase the relevance of
chemical assessments for public health; b)
provide a scientific basis for identifying and
prioritizing chemicals that may increase breast
cancer risk; and c) generate data to support use
of less toxic alternatives.

More comprehensive and efficient detection of
chemicals linked to breast cancer will require
both ongoing research into the biological basis
of breast cancer and development of new
toxicity testing methods, particularly the
development of in vitro chemical screening
techniques and high‐throughput methods.
Meanwhile, it is essential that practical
approaches to identifying potential breast
carcinogens are implemented now, to begin
addressing the backlog of untested chemicals
and inform the development of new chemicals
policies. These approaches should include use
of currently
Chemical toxicity testing—and
available
methods (e.g.
the public policies that require
tests for
it—can be critical tools in breast
estrogen‐like
cancer prevention, providing a
effects or
practical basis for reducing
genotoxicity),
potentially harmful exposures
as well as the
adaptation of
existing tests to include endpoints relevant to
breast cancer. For example, the OECD
extended‐one generation assay currently used
in international toxicity testing guidelines could
easily be modified to include an evaluation of
changes to mammary gland development after
chemical exposure. 10
When fully developed, the Hazard Identification
Approach recommended by the Panel has the
potential to generate toxicity information useful
to consumers, workers, product manufacturers,
chemical producers, and policy makers. Applied
to large numbers of chemicals, this could
greatly improve our ability to focus the
lengthiest and most expensive tests on
chemicals with the highest potential for
increasing the risk of breast cancer or other
diseases. Ultimately, this should lead to the
ability to identify and use the least toxic
chemical alternatives.
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