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1. INTRODUCTION

1.1. PURPOSE AND SCOPE OF THE GUIDELINES

These guidelines revise and replace the U.S. Environmental Protection Agency’s (EPA’s,
or the Agency’s) Guidelines for Carcinogen Risk Assessment, published in 51 FR 33992,
September 24, 1986 (U.S. EPA, 1986a) and the 1999 interim final guidelines (U.S. EPA, 1999a;
see U.S. EPA 2001b). They provide EPA staff with guidance for developing and using risk
assessments. They also provide basic information to the public about the Agency's risk
assessment methods.

These cancer guidelines are used with other risk assessment guidelines, such as the
Guidelines for Mutagenicity Risk Assessment (U.S. EPA, 1986b) and the Guidelines for
Exposure Assessment (U.S. EPA, 1992a). Consideration of other Agency guidance documents is
also important in assessing cancer risks where procedures for evaluating specific target organ
effects have been developed (e.g., assessment of thyroid follicular cell tumors, U.S. EPA, 1998a).
All of EPA’s guidelines should be consulted when conducting a risk assessment in order to
ensure that information from studies on carcinogenesis and other health effects are considered
together in the overall characterization of risk. This is particularly true in the case in which a
precursor effect for a tumor is also a precursor or endpoint of other health effects or when there is
a concern for a particular susceptible life-stage for which the Agency has developed guidance, for
example, Guidelines for Developmental Toxicity Risk Assessment (U.S. EPA, 1991a). The
developmental guidelines discuss hazards to children that may result from exposures during
preconception and prenatal or postnatal development to sexual maturity. Similar guidelines exist
for reproductive toxicant risk assessments (U.S. EPA, 1996a) and for neurotoxicity risk
assessment (U.S. EPA, 1998b). The overall characterization of risk is conducted within the
context of broader policies and guidance such as Executive Order 13045, “Protection of Children
From Environmental Health Risks and Safety Risks”( Executive Order 13045, 1997) which is the
primary directive to federal agencies and departments to identify and assess environmental health

risks and safety risks that may disproportionately affect children.
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The cancer guidelines encourage both consistency in the procedures that support
scientific components of Agency decision making and flexibility to allow incorporation of
innovations and contemporaneous scientific concepts. In balancing these goals, the Agency
relies on established scientific peer review processes (U.S. EPA, 2000a; OMB 2004). The cancer
guidelines incorporate basic principles and science policies based on evaluation of the currently
available information. The Agency intends to revise these cancer guidelines when substantial
changes are necessary. As more information about carcinogenesis develops, the need may arise
to make appropriate changes in risk assessment guidance. In the interim, the Agency intends to
issue special reports, after appropriate peer review, to supplement and update guidance on single
topics (e.g., U.S. EPA, 1991b). One such guidance document, Supplemental Guidance for
Assessing Susceptibility from Early-Life Exposure to Carcinogens (“Supplemental Guidance”),
was developed in conjunction with these cancer guidelines (U.S. EPA., 2005). Because both the
methodology and the data in the Supplemental Guidance (see Section 1.3.6) are expected to
evolve more rapidly than the issues addressed in these cancer guidelines, the two were developed
as separate documents. The Supplemental Guidance, however, as well as any other relevant
(including subsequent) guidance documents, should be considered along with these cancer
guidelines as risk assessments for carcinogens are generated. The use of supplemental guidance,
such as the Supplemental Guidance for Assessing Cancer Susceptibility from Early-life Exposure
to Carcinogens, has the advantage of allowing the Supplemental Guidance to be modified as
more data become available. Thus, the consideration of new, peer-reviewed scientific
understanding and data in an assessment can always be consistent with the purposes of these
cancer guidelines.

These cancer guidelines are intended as guidance only. They do not establish any
substantive “rules” under the Administrative Procedure Act or any other law and have no binding
effect on EPA or any regulated entity, but instead represent a non-binding statement of policy.
EPA believes that the cancer guidelines represent a sound and up-to-date approach to cancer risk
assessment, and the cancer guidelines enhance the application of the best available science in
EPA’s risk assessments. However, EPA cancer risk assessments may be conducted differently

than envisioned in the cancer guidelines for many reasons, including (but not limited to) new
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information, new scientific understanding, or new science policy judgment. The science of risk
assessment continues to develop rapidly, and specific components of the cancer guidelines may
become outdated or may otherwise require modification in individual settings. Use of the cancer
guidelines in future risk assessments will be based on decisions by EPA that the approaches are
suitable and appropriate in the context of those particular risk assessments. These judgments will
be tested through peer review, and risk assessments will be modified to use different approaches

if appropriate.

1.2. ORGANIZATION AND APPLICATION OF THE CANCER GUIDELINES
1.2.1. Organization

Publications by the Office of Science and Technology (OSTP, 1985) and the National
Research Council (NRC) (NRC, 1983, 1994) provide information and general principles about
risk assessment. Risk assessment uses available scientific information on the properties of an
agent! and its effects in biological systems to provide an evaluation of the potential for harm as a
consequence of environmental exposure. The 1983 and 1994 NRC documents organize risk
assessment information into four areas: hazard identification, dose-response assessment,
exposure assessment, and risk characterization. This structure appears in these cancer guidelines,
with additional emphasis placed on characterization of evidence and conclusions in each area of
the assessment. In particular, the cancer guidelines adopt the approach of the NRC's 1994 report
in adding a dimension of characterization to the hazard identification step: an evaluation of the
conditions under which its expression is anticipated. Risk assessment questions addressed in

these cancer guidelines are as follows.

C For hazard—Can the identified agent present a carcinogenic hazard to humans and,

if so, under what circumstances?

C For dose response—At what levels of exposure might effects occur?

! The term *“agent” refers generally to any chemical substance, mixture, or physical or biological entity
being assessed, unless otherwise noted (See Section 1.2.2 for a note on radiation.).
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option may also be used. If critical analysis of agent-specific information is consistent with one
or more biologically based models as well as with the default option, the alternative models and
the default option are both carried through the assessment and characterized for the risk manager.
In this case, the default model not only fits the data, but also serves as a benchmark for
comparison with other analyses. This case also highlights the importance of extensive
experimentation to support a conclusion about mode of action, including addressing the issue of
whether alternative modes of action are also plausible. Section 2.4 provides a framework for
critical analysis of mode of action information to address the extent to which the available
information supports the hypothesized mode of action, whether alternative modes of action are
also plausible, and whether there is confidence that the same inferences can be extended to
populations and lifestages that are not represented among the experimental data.

Generally, cancer risk decisions strive to be “scientifically defensible, consistent with the
agency’s statutory mission, and responsive to the needs of decision-makers” (NRC, 1994).
Scientific defensibility would be evaluated through use of EPA's Science Advisory Board, EPA’s
Office of Pesticide Programs’ Scientific Advisory Panel, or other independent expert peer review
panels to determine whether a consensus among scientific experts exists. Consistency with the
Agency's statutory mission would consider whether the risk assessment overall supports EPA's
mission to protect human health and safeguard the natural environment. Responsiveness to the
needs of decisionmakers would take into account pragmatic considerations such as the nature of
the decision; the required depth of analysis; the utility, time, and cost of generating new scientific
data; and the time, personnel, and resources allotted to the risk assessment.

With a multitude of types of data, analyses, and risk assessments, as well as the diversity
of needs of decisionmakers, it is neither possible nor desirable to specify step-by-step criteria for
decisions to invoke a default option. A discussion of major default options appears in the
Appendix. Screening-level assessments may more readily use default parameters, even worst-
case assumptions, that would not be appropriate in a full-scale assessment. On the other hand,
significant risk management decisions will often benefit from a more comprehensive assessment,
including alternative risk models having significant biological support. To the extent practicable,

such assessments should provide central estimates of potential risks in conjunction with lower
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particularly in their ability to reveal the modes of action of carcinogenic agents at cellular and
subcellular levels as well as toxicokinetic processes.

Weighing of the evidence includes addressing not only the likelihood of human
carcinogenic effects of the agent but also the conditions under which such effects may be
expressed, to the extent that these are revealed in the toxicological and other biologically
important features of the agent.

The weight of evidence narrative to characterize hazard summarizes the results of the
hazard assessment and provides a conclusion with regard to human carcinogenic potential. The
narrative explains the kinds of evidence available and how they fit together in drawing
conclusions, and it points out significant issues/strengths/limitations of the data and conclusions.
Because the narrative also summarizes the mode of action information, it sets the stage for the
discussion of the rationale underlying a recommended approach to dose-response assessment.

In order to provide some measure of clarity and consistency in an otherwise free-form,
narrative characterization, standard descriptors are used as part of the hazard narrative to express
the conclusion regarding the weight of evidence for carcinogenic hazard potential. There are five
recommended standard hazard descriptors: “Carcinogenic to Humans,” “Likely to Be
Carcinogenic to Humans,” “Suggestive Evidence of Carcinogenic Potential,” “Inadequate
Information to Assess Carcinogenic Potential,” and “Not Likely to Be Carcinogenic to Humans.”
Each standard descriptor may be applicable to a wide variety of data sets and weights of evidence
and is presented only in the context of a weight of evidence narrative. Furthermore, as described

in Section 2.5 of these cancer guidelines, more than one conclusion may be reached for an agent.

1.3.4. Dose-response Assessment

Dose-response assessment evaluates potential risks to humans at particular exposure
levels. The approach to dose-response assessment for a particular agent is based on the
conclusion reached as to its potential mode(s) of action for each tumor type. Because an agent
may induce multiple tumor types, the dose-response assessment includes an analysis of all tumor
types, followed by an overall synthesis that includes a characterization of the risk estimates

across tumor types, the strength of the mode of action information of each tumor type, and the
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anticipated relevance of each tumor type to humans, including susceptible populations and
lifestages (e.g., childhood).

Dose-response assessment for each tumor type is performed in two steps: assessment of
observed data to derive a point of departure (POD),* followed by extrapolation to lower
exposures to the extent that is necessary. Data from epidemiologic studies, of sufficient quality,
are generally preferred for estimating risks. When animal studies are the basis of the analysis,
the estimation of a human-equivalent dose should utilize toxicokinetic data to inform cross-
species dose scaling if appropriate and if adequate data are available. Otherwise, default
procedures should be applied. For oral dose, based on current science, an appropriate default
option is to scale daily applied doses experienced for a lifetime in proportion to body weight
raised to the 3/4 power (U.S. EPA, 1992b). For inhalation dose, based on current science, an
appropriate default methodology estimates respiratory deposition of particles and gases and
estimates internal doses of gases with different absorption characteristics. When toxicokinetic
modeling (see Section 3.1.2) is used without toxicodynamic modeling (see Section 3.2.2), the
dose-response assessment develops and supports an approach for addressing toxicodynamic
equivalence, perhaps by retaining some of the cross-species scaling factor (see Section 3.1.3).
Guidance is also provided for adjustment of dose from adults to children (see Section 4.3.1).

Response data on effects of the agent on carcinogenic processes are analyzed (nontumor
data) in addition to data on tumor incidence. If appropriate, the analyses of data on tumor
incidence and on precursor effects may be used in combination. To the extent the relationship
between precursor effects and tumor incidence are known, precursor data may be used to
estimate a dose-response function below the observable tumor data. Study of the dose-response
function for effects believed to be part of the carcinogenic process influenced by the agent may
also assist in evaluating the relationship of exposure and response in the range of observation and

at exposure levels below the range of observation.

‘A “point of departure” (POD) marks the beginning of extrapolation to lower doses. The POD is an
estimated dose (usually expressed in human-equivalent terms) near the lower end of the observed range, without
significant extrapolation to lower doses.
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Section 3.3.3). The linear approach is used when: (1) there is an absence of sufficient
information on modes of action or (2) the mode of action information indicates that the dose-
response curve at low dose is or is expected to be linear. Where alternative approaches have
significant biological support, and no scientific consensus favors a single approach, an
assessment may present results using alternative approaches. A nonlinear approach can be used

to develop a reference dose or a reference concentration (see Section 3.3.4).

1.3.5. Susceptible Populations and Lifestages

An important use of mode of action information is to identify susceptible populations and
lifestages. It is rare to have epidemiologic studies or animal bioassays conducted in susceptible
individuals. This information need can be filled by identifying the key events of the mode of
action and then identifying risk factors, such as differences due to genetic polymorphisms,
disease, altered organ function, lifestyle, and lifestage, that can augment these key events. To do
this, the information about the key precursor events is reviewed to identify particular populations
or lifestages that can be particularly susceptible to their occurrence (see Section 2.4.3.4). Any
information suggesting quantitative differences between populations or lifestages is flagged for

consideration in the dose-response assessment (see Section 3.5 and U.S. EPA 2002b).

1.3.6. Evaluating Risks from Childhood Exposures

NRC (1994) recommended that “EPA should assess risks to infants and children
whenever it appears that their risks might be greater than those of adults.” Executive Order
13045 (1997) requires that “each Federal Agency shall make it a high priority to identify and
assess environmental health and safety risks that may disproportionately affect children, and shall
ensure that their policies, programs, and standards address disproportionate risks that result from
environmental health risks or safety risks.” In assessing risks to children, EPA considers both
effects manifest during childhood and early-life exposures that can contribute to effects at any
time later in life.

These cancer guidelines view childhood as a sequence of lifestages rather than viewing

children as a subpopulation, the distinction being that a subpopulation refers to a portion of the
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population, whereas a lifestage is inclusive of the entire population. Exposures that are of
concern extend from conception through adolescence and also include pre-conception exposures
of both parents. These cancer guidelines use the term “childhood” in this more inclusive sense.

Rarely are there studies that directly evaluate risks following early-life exposure.
Epidemiologic studies of early-life exposure to environmental agents are seldom available.
Standard animal bioassays generally begin dosing after the animals are several weeks old, when
many organ systems are mature. This could lead to an understatement of risk, because an
accepted concept in the science of carcinogenesis is that young animals are usually more
susceptible to the carcinogenic activity of a chemical than are mature animals (McConnell,
1992).

At this time, there is some evidence of higher cancer risks following early-life exposure.
For radiation carcinogenesis, data indicate that risks for several forms of cancer are highest
following childhood exposure (NRC, 1990; Miller, 1995; U.S. EPA, 1999c). These human
results are supported by the few animal bioassays that include perinatal (prenatal or early
postnatal) exposure. Perinatal exposure to some agents can induce higher incidences of the
tumors seen in standard bioassays; some examples include vinyl chloride (Maltoni et al., 1981),
diethylnitrosamine (Peto et al., 1984), benzidine, DDT, dieldrin, and safrole (\VVesselinovitch et
al., 1979). Moreover, perinatal exposure to some agents, including vinyl chloride (Maltoni et al.,
1981) and saccharin (Cohen, 1995; Whysner and Williams, 1996), can induce different tumors
that are not seen in standard bioassays. Surveys comparing perinatal carcinogenesis bioassays
with standard bioassays for a limited number of chemicals (McConnell, 1992; U.S. EPA, 1996Db)

have concluded that

. the same tumor sites are usually observed following either perinatal or adult

exposure, and

. perinatal exposure in conjunction with adult exposure usually increases the

incidence of tumors or reduces the latent period before tumors are observed.
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. Induction of developmental abnormalities can result in a predisposition to
carcinogenic effects later in life (Anderson et al., 2000; Birnbaum and Fenton,
2003; Fenton and Davis, 2002).

To evaluate risks from early-life exposure, these cancer guidelines emphasize the role of
toxicokinetic information to estimate levels of the active agent in children and toxicodynamic
information to identify whether any key events of the mode of action are of increased concern
early in life. Developmental toxicity studies can provide information on critical periods of
exposure for particular targets of toxicity.

An approach to assessing risks from early-life exposure is presented in Figure 1-1. In the
hazard assessment, when there are mode of action data, the assessment considers whether these
data have special relevance during childhood, considering the various aspects of development
listed above. Examples of such data include toxicokinetics that predict a sufficiently large
internal dose in children or a mode of action where a key precursor event is more likely to occur
during childhood. There is no recommended default to settle the question of whether tumors
arising through a mode of action are relevant during childhood; and adequate understanding the
mode of action implies that there are sufficient data (on either the specific agent or the general
mode of action) to form a confident conclusion about relevance during childhood (see Section
2.4.3.4).

In the dose-response assessment, the potential for susceptibility during childhood
warrants explicit consideration in each assessment. These cancer guidelines encourage
developing separate risk estimates for children according to a tiered approach that considers what
pertinent data are available (see Section 3.5). Childhood may be a susceptible period; moreover,
exposures during childhood generally are not equivalent to exposures at other times and may be
treated differently from exposures occurring later in life (see Section 3.5). In addition,
adjustment of unit risk estimates may be warranted when used to estimate risks from childhood
exposure (see Section 4.4).

At this time, several limitations preclude a full assessment of children's risk. There are no

generally used testing protocols to identify potential environmental causes of cancers that are
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Figure 1-1. Flow chart for early-life risk assessment using mode of action framework.
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2. HAZARD ASSESSMENT

2.1. OVERVIEW OF HAZARD ASSESSMENT AND CHARACTERIZATION
2.1.1. Analyses of Data

The purpose of hazard assessment is to review and evaluate data pertinent to two
questions: (1) whether an agent may pose a carcinogenic hazard to human beings, and (2) under
what circumstances an identified hazard may be expressed (NRC, 1994). Hazard assessment
involves analyses of a variety of data that may range from observations of tumor responses to
analysis of structure-activity relationships (SARs). The purpose of the assessment is not simply
to assemble these separate evaluations; its purpose is to construct a total analysis examining what
the biological data reveal as a whole about carcinogenic effects and mode of action of the agent,
and their implications for human hazard and dose-response evaluation. Conclusions are drawn
from weight-of-evidence evaluations based on the combined strength and coherence of
inferences appropriately drawn from all of the available information. To the extent that data
permit, hazard assessment addresses the question of mode of action of an agent as both an initial
step in identifying human hazard potential and as a component in considering appropriate
approaches to dose-response assessment.

The topics in this chapter include analysis of tumor data, both human and animal, and
analysis of other key information about properties and effects that relate to carcinogenic
potential. The chapter addresses how information can be used to evaluate potential modes of

action. It also provides guidance on performing a weight of evidence evaluation.

2.1.2. Presentation of Results
Presentation of the results of hazard assessment should be informed by Agency guidance
as discussed in Section 2.6. The results are presented in a technical hazard characterization that

serves as a support to later risk characterization. It includes:

C a summary of the evaluations of hazard data,

C the rationales for its conclusions, and
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C an explanation of the significant strengths or limitations of the conclusions.

Another presentation feature is the use of a weight of evidence narrative that includes
both a conclusion about the weight of evidence of carcinogenic potential and a summary of the
data on which the conclusion rests. This narrative is a brief summary that in toto replaces the

alphanumerical classification system used in EPA’s 1986 cancer guidelines (U.S. EPA, 1986a).

2.2. ANALYSIS OF TUMOR DATA

Evidence of carcinogenicity comes from finding tumor increases in humans or laboratory
animals exposed to a given agent or from finding tumors following exposure to structural
analogues to the compound under review. The significance of observed or anticipated tumor
effects is evaluated in reference to all the other key data on the agent. This section contains
guidance for analyzing human and animal studies to decide whether there is an association
between exposure to an agent or a structural analogue and occurrence of tumors. Note that the
use of the term “tumor” in these cancer guidelines is defined as malignant neoplasms or a
combination of malignant and corresponding benign neoplasms.

Observation of only benign neoplasia may or may not have significance for evaluation
under these cancer guidelines. Benign tumors that are not observed to progress to malignancy
are assessed on a case-by-case basis. There is a range of possibilities for their overall
significance. They may deserve attention because they are serious health problems even though
they are not malignant; for instance, benign tumors may be a health risk because of their effect on
the function of a target tissue such as the brain. They may be significant indicators of the need
for further testing of an agent if they are observed in a short- term test protocol, or such an
observation may add to the overall weight of evidence if the same agent causes malignancies in a
long-term study. Knowledge of the mode of action associated with a benign tumor response may
aid in the interpretation of other tumor responses associated with the same agent. In other cases,
observation of a benign tumor response alone may have no significant health hazard implications

when other sources of evidence show no suggestion of carcinogenicity.

2-2






experience increased tumor incidence can strengthen the weight of evidence of human
carcinogenicity. Furthermore, biochemical or molecular epidemiology may help improve

understanding of the mechanisms of human carcinogenesis.

2.2.1.1. Assessment of Evidence of Carcinogenicity from Human Data

All studies that are considered to be of acceptable quality, whether yielding positive or
null results, or even suggesting protective carcinogenic effects, should be considered in assessing
the totality of the human evidence. Conclusions about the overall evidence for carcinogenicity
from available studies in humans should be summarized along with a discussion of uncertainties
and gaps in knowledge. Conclusions regarding the strength of the evidence for positive or
negative associations observed, as well as evidence supporting judgments of causality, should be
clearly described. In assessing the human data within the overall weight of evidence,
determination about the strength of the epidemiologic evidence should clearly identify the degree
to which the observed associations may be explained by other factors, including bias or
confounding.

Characteristics that are generally desirable in epidemiologic studies include (1) clear
articulation of study objectives or hypothesis; (2) proper selection and characterization of
comparison groups (exposed and unexposed groups or case and control groups); (3) adequate
characterization of exposure; (4) sufficient length of follow-up for disease occurrence; (5) valid
ascertainment of the causes of cancer morbidity and mortality; (6) proper consideration of bias
and confounding factors; (7) adequate sample size to detect an effect; (8) clear, well-documented,
and appropriate methodology for data collection and analysis; (9) adequate response rate and
methodology for handling missing data; and (10) complete and clear documentation of results.
No single criterion determines the overall adequacy of a study. Practical and resource constraints
may limit the ability to address all of these characteristics in a study. The risk assessor is
encouraged to consider how the limitations of the available studies might influence the
conclusions. While positive biases may be due, for example, to a healthy worker effect, it is also
important to consider negative biases, for example, workers who may leave the workforce due to

iliness caused either by high exposures to the agent or to effects of confounders such as smoking.
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The following discussions highlight the major factors included in an analysis of epidemiologic

studies.

2.2.1.2. Types of Studies

The major types of cancer epidemiologic study designs used for examining environmental
causes of cancer are analytical studies and descriptive studies. Each study type has well-known
strengths and weaknesses that affect interpretation of results, as summarized below (Lilienfeld
and Lilienfeld, 1979; Mausner and Kramer, 1985; Kelsey et al., 1996; Rothman and Greenland,
1998).

Analytical epidemiologic studies, which include case-control and cohort designs, are
generally relied on for identifying a causal association between human exposure and adverse
health effects. In case-control studies, groups of individuals with (cases) and without (controls) a
particular disease are identified and compared to determine differences in exposure. In cohort
studies, a group of “exposed” and “nonexposed” individuals are identified and studied over time
to determine differences in disease occurrence. Cohort studies can be performed either
prospectively or retrospectively from historical records. The type of study chosen may depend on
the hypothesis to be evaluated. For example, case-control studies may be more appropriate for
rare cancers while cohort studies may be more appropriate for more commonly occurring
cancers.

On the other hand, descriptive epidemiologic studies examine symptom or disease rates
among populations in relation to personal characteristics such as age, gender, race, and temporal
or environmental conditions. Descriptive studies are most frequently used to generate
hypotheses about exposure factors, but subsequent analytical designs are necessary to infer
causality. For example, cross-sectional designs might be used to compare the prevalence of
cancer between areas near and far from a Superfund site. However, in studies where exposure
and disease information applies only to the current conditions, it is not possible to infer that the
exposure actually caused the disease. Therefore, these studies are used to identify patterns or

trends in disease occurrence over time or in different geographical locations, but typical
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limitations in the characterization of populations in these studies make it difficult to infer the
causal agent or degree of exposure.

Case reports describe a particular effect in an individual or group of individuals who were
exposed to a substance. These reports are often anecdotal or highly selective in nature and
generally are of limited use for hazard assessment. Specifically, cancer causality can rarely be
inferred from case reports alone. Investigative follow-up may or may not accompany such
reports. For cancer, the most common types of case series are associated with occupational and
childhood exposures. Case reports can be particularly valuable for identifying unique features,
such as an association with an uncommon tumor (e.g., inhalation of vinyl chloride and hepatic
angiosarcoma in workers or ingestion of diethylstilbestrol by mothers and clear-cell carcinoma of

the vagina in offspring).

2.2.1.3. Exposure Issues.

For epidemiologic data to be useful in determining whether there is an association
between health effects and exposure to an agent, there should be adequate characterization of
exposure information. In general, greater weight should be given to studies with more precise
and specific exposure estimates.

Questions to address about exposure are: What can one reliably conclude about the
exposure parameters including (but not limited to) the level, duration, route, and frequency of
exposure of individuals in one population as compared with another? How sensitive are study
results to uncertainties in these parameters?

Actual exposure measurements are not available for many retrospective studies.
Therefore, surrogates are often used to reconstruct exposure parameters. These may involve
attributing exposures to job classifications in a workplace or to broader occupational or
geographic groupings. Use of surrogates carries a potential for misclassification, i.e., individuals
may be placed in an incorrect exposure group. Misclassification generally leads to reduced
ability of a study to detect differences between study and referent populations.

When either current or historical monitoring data are available, the exposure evaluation

includes consideration of the error bounds of the monitoring and analytic methods and whether
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the data are from routine or accidental exposures. The potential for misclassification and for
measurement errors is amenable to both qualitative and quantitative analysis. These are essential
analyses for judging a study’s results, because exposure estimation is the most critical part of a

retrospective study.

2.2.1.4. Biological Markers

Biological markers potentially offer excellent measures of exposure (Hulka and Margolin,
1992; Peto and Darby, 1994). In some cases, molecular or cellular effects (e.g., DNA or protein
adducts, mutation, chromosomal aberrations, levels of thyroid-stimulating hormone) can be
measured in blood, body fluids, cells, and tissues to serve as biomarkers of exposure in humans
and animals (Callemen et al., 1978; Birner et al., 1990). As such, they can act as an internal
surrogate measure of chemical dose, representing, as appropriate, either recent exposure (e.g.,
serum concentration) or accumulated exposure over some period (e.g., hemoglobin adducts).
Validated markers of exposure such as alkylated hemoglobin from exposure to ethylene oxide
(Van Sittert et al., 1985) or urinary arsenic (Enterline et al., 1987) can improve estimates of dose
over the relevant time periods for the markers. Markers closely identified with effects promise to
greatly increase the ability of studies to distinguish real effects from bias at low levels of relative
risk between populations (Taylor et al., 1994; Biggs et al., 1993) and to resolve problems of
confounding risk factors. However, when using molecular or cellular effects as biomarkers of
exposure, since many of these changes are often not specific to just one type of exposure, it is
important to be aware that changes may be due to exposures unrelated to the exposure of interest
and attention must be paid to controlling for potential confounders.

Biochemical or molecular epidemiologic studies may use biological markers of effect as
indicators of disease or its precursors. The application of techniques for measuring cellular and
molecular alterations due to exposure to specific environmental agents may allow conclusions to
be drawn about the mechanisms of carcinogenesis (see section 2.4 for more information on this

topic).
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2.2.1.5. Confounding Factors

Control for potential confounding factors is an important consideration in the evaluation
of the design and in the analysis of observational epidemiologic studies. A confounder is a
variable that is related to both the health outcome of concern (cancer) and exposure. Common
examples include age, socioeconomic status, smoking habits, and diet. For instance, if older
people are more likely to be exposed to a given contaminant as well as more likely to have cancer
because of their age, age is considered a confounder. Adjustment for potentially confounding
factors (from a statistical as contrasted with an epidemiologic point of view) can occur either in
the design of the study (e.qg., individual or group matching on critical factors) or in the statistical
analysis of the results (stratification or direct or indirect adjustment). Direct adjustment in the
statistical analysis may not be possible owing to the presentation of the data or because needed
information was not collected during the study. In this case, indirect comparisons may be
possible. For example, in the absence of data on smoking status among individuals in the study
population, an examination of the possible contribution of cigarette smoking to increased lung
cancer risk may be based on information from other sources, such as the American Cancer
Society’s longitudinal studies (Hammand, 1966; Garfinkel and Silverberg, 1991). The
effectiveness of adjustments contributes to the ability to draw inferences from a study.

Different studies involving exposure to an agent may have different confounding factors.
If consistent increases in cancer risk are observed across a collection of studies with different
confounding factors, the inference that the agent under investigation was the etiologic factor is
strengthened.

There may also be instances where the agent of interest is a risk factor in conjunction with
another agent. For instance, interaction as well as effect-measure modification are sometimes
construed to be confounding, but they are different than confounding. Interaction is described as
a situation in which two or more risk factors modify the effect of each other with regard to the
occurrence of a given effect. This phenomenon is sometimes described as effect-measure
modification or heterogeneity of effect (Szklo and Nieto, 2000). Effect-measure modification
refers to variation in the magnitude of measure exposure effect across levels of another variable

(Rothman and Greenland, 1998). The variable across which the effect measure varies and is
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considered here (e.g., in characterizing lag structures and concentration-response relationships),
but are more directly addressed in the design and analyses of the individual epidemiologic studies
included in this assessment. As discussed below, these salient aspects are interrelated and
considered throughout the evaluation of the epidemiologic evidence generally reflected in the
integrative synthesis of the mode of action framework.

The general evaluation of the strength of the epidemiological evidence reflects
consideration not only of the magnitude of reported effects estimates and their statistical
significance, but also of the precision of the effects estimates and the robustness of the effects
associations. Consideration of the robustness of the associations takes into account a number of
factors, including in particular the impact of alternative models and model specifications and
potential confounding factors, as well issues related to the consequences of measurement error.
Consideration of the consistency of the effects associations involves looking across the results of
studies conducted by different investigators in different places and times. Particular weight may
be given, consistent with Hill’s views, to the presence of “similar results reached in quite
different ways, e.g., prospectively and retrospectively” (Hill, 1965). Looking beyond the
epidemiological evidence, evaluation of the biological plausibility of the associations observed in
epidemiologic studies reflects consideration of both exposure-related factors and toxicological
evidence relevant to identification of potential modes of action (MOAS). Similarly, consideration
of the coherence of health effects associations reported in the epidemiologic literature reflects
broad consideration of information pertaining to the nature of the biological markers evaluated in
toxicologic and epidemiologic studies.

In identifying these aspects as being particularly salient in this assessment, it is also
important to recognize that no one aspect is either necessary or sufficient for drawing inferences
of causality. As Hill (1965) emphasized:

“None of my nine viewpoints can bring indisputable evidence for or against the
cause-and-effect hypothesis and none can be required as a sine qua non. What
they can do, with greater or less strength, is to help us to make up our minds on

the fundamental question — is there any other way of explaining the set of facts
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results to humans. The middle and lowest doses should be selected to characterize the shape of
the dose-response curve as much as possible. It is important that the doses be adequately spaced
so that the study can provide relevant dose-response data for assessing human hazard and risk. If
the testing of potential carcinogenicity is being combined with an evaluation of noncancer
chronic toxicity, the study should be designed to include one dose in addition to the control(s)
that is not expected to elicit adverse effects.

There are several possible outcomes regarding the study interpretation of the significance
and relevance of tumorigenic effects associated with exposure or dose levels below, at, or above
an adequate high dose. The general guidance is given here; for each case, the information at

hand should be evaluated and a rationale should be given for the position taken.

C Adequately high dose. If an adequately high dose has been used, tumor effects are
judged positive or negative depending on the presence or absence of significant

tumor incidence increases, respectively.

C Excessively high dose. If toxicity or mortality is excessive at the high dose,

interpretation depends on whether or not tumors are found.

- Studies that show tumor effects only at excessive doses may be
compromised and may or may not carry weight, depending on the
interpretation in the context of other study results and other lines of
evidence. Results of such studies, however, are generally not considered
suitable for dose-response extrapolation if it is determined that the
mode(s) of action underlying the tumorigenic responses at high doses is

not operative at lower doses.

- Studies that show tumors at lower doses, even though the high dose is

excessive and may be discounted, should be evaluated on their own merits.
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highlighted in the risk characterization. A two-tailed test or a one-tailed test can be used. In
either case a rationale is provided.

Statistical power can affect the likelihood that a statistically significant result could
reasonably be expected. This is especially important in studies or dose groups with small sample
sizes or low dose rates. Reporting the statistical power can be useful for comparing and
reconciling positive and negative results from different studies.

Considerations of multiple comparisons should also be taken into account. Haseman
(1983) analyzed typical animal bioassays that tested both sexes of two species and concluded
that, because of multiple comparisons, a single tumor increase for a species-sex-site combination
that is statistically significant at the 1% level for common tumors or 5% for rare tumors
corresponds to a 7-8% significance level for the study as a whole. Therefore, animal bioassays
presenting only one significant result that falls short of the 1% level for a common tumor should

be treated with caution.

2.2.2.1.3. Concurrent and historical controls. The standard for determining statistical
significance of tumor incidence comes from a comparison of tumors in dosed animals with those
in concurrent control animals. Additional insights about both statistical and biological
significance can come from an examination of historical control data (Tarone, 1982; Haseman,
1995). Historical control data can add to the analysis, particularly by enabling identification of
uncommon tumor types or high spontaneous incidence of a tumor in a given animal strain.
Identification of common or uncommon situations prompts further thought about the meaning of
the response in the current study in context with other observations in animal studies and with
other evidence about the carcinogenic potential of the agent. These other sources of information
may reinforce or weaken the significance given to the response in the hazard assessment.
Caution should be exercised in simply looking at the ranges of historical responses, because the
range ignores differences in survival of animals among studies and is related to the number of
studies in the database.

In analyzing results for uncommon tumors in a treated group that are not statistically

significant in comparison with concurrent controls, the analyst may be informed by the
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experience of historical controls to conclude that the result is in fact unlikely to be due to chance.
However, caution should be used in interpreting results. In analyzing results for common
tumors, a different set of considerations comes into play. Generally speaking, statistically
significant increases in tumors should not be discounted simply because incidence rates in the
treated groups are within the range of historical controls or because incidence rates in the
concurrent controls are somewhat lower than average. Random assignment of animals to groups
and proper statistical procedures provide assurance that statistically significant results are
unlikely to be due to chance alone. However, caution should be used in interpreting results that
are barely statistically significant or in which incidence rates in concurrent controls are unusually
low in comparison with historical controls.

In cases where there may be reason to discount the biological relevance to humans of
increases in common animal tumors, such considerations should be weighed on their own merits
and clearly distinguished from statistical concerns.

When historical control data are used, the discussion should address several issues that
affect comparability of historical and concurrent control data, such as genetic drift in the
laboratory strains, differences in pathology examination at different times and in different
laboratories (e.g., in criteria for evaluating lesions; variations in the techniques for the
preparation or reading of tissue samples among laboratories), and comparability of animals from
different suppliers. The most relevant historical data come from the same laboratory and the
same supplier and are gathered within 2 or 3 years one way or the other of the study under

review; other data should be used only with extreme caution.

2.2.2.1.4. Assessment of evidence of carcinogenicity from long-term animal studies
general, observation of tumors under different circumstances lends support to the significance of
the findings for animal carcinogenicity. Significance is generally increased by the observation of
more of the factors listed below. For a factor such as malignancy, the severity of the observed
pathology can also affect the significance. The following observations add significance to the

tumor findings:
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uncommon tumor types;

tumors at multiple sites;

tumors by more than one route of administration;

tumors in multiple species, strains, or both sexes;

progression of lesions from preneoplastic to benign to malignant;
reduced latency of neoplastic lesions;

metastases;

unusual magnitude of tumor response;

proportion of malignant tumors; and

O O O OO O O O O O O

dose-related increases.

In these cancer guidelines, tumors observed in animals are generally assumed to indicate
that an agent may produce tumors in humans. Mode of action may help inform this assumption
on a chemical-specific basis. Moreover, the absence of tumors in well-conducted, long-term
animal studies in at least two species provides reasonable assurance that an agent may not be a

carcinogenic concern for humans.

2.2.2.1.5. Site concordance Site concordance of tumor effects between animals and humans
should be considered in each case. Thus far, there is evidence that growth control mechanisms at
the level of the cell are homologous among mammals, but there is no evidence that these
mechanisms are site concordant. Moreover, agents observed to produce tumors in both humans
and animals have produced tumors either at the same site (e.g., vinyl chloride) or different sites
(e.g., benzene) (NRC, 1994). Hence, site concordance is not always assumed between animals
and humans. On the other hand, certain modes of action with consequences for particular tissue

sites (e.g., disruption of thyroid function) may lead to an anticipation of site concordance.

2.2.2.2. Perinatal Carcinogenicity Studies
The objective of perinatal carcinogenesis studies is to determine the carcinogenic

potential and dose-response relationships of the test agent in the developing organism. Some
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2.2.2.3. Other Studies

Intermediate-term and acute dosing studies often use protocols that screen for
carcinogenic or preneoplastic effects, sometimes in a single tissue. Some protocols involve the
development of various proliferative lesions, such as foci of alteration in the liver (Goldsworthy
et al., 1986). Others use tumor endpoints, such as the induction of lung adenomas in the
sensitive strain A mouse (Maronpot et al., 1986) or tumor induction in initiation-promotion
studies using various organs such as the bladder, intestine, liver, lung, mammary gland, and
thyroid (Ito et al., 1992). In these tests, the selected tissue rather than the whole animal is, in a
sense, the test system. Important information concerning the steps in the carcinogenic process
and mode of action can be obtained from “start/stop” experiments. In these protocols, an agent is
given for a period of time to induce particular lesions or effects and then stopped in order to
evaluate the progression or reversibility of processes (Todd, 1986; Marsman and Popp, 1994).

Assays in genetically engineered rodents may provide insight into the chemical and gene
interactions involved in carcinogenesis (Tennant et al., 1995). These mechanistically based
approaches involve activated oncogenes that are introduced (transgenic) or tumor suppressor
genes that are deleted (knocked out). If appropriate genes are selected, not only may these
systems provide information on mechanisms, but the rodents typically show tumor development
earlier than in the standard bioassay. Transgenic mutagenesis assays also represent a mechanistic
approach for assessing the mutagenic properties of agents as well as developing quantitative
linkages between exposure, internal dose, and mutation related to tumor induction (Morrison and
Ashby, 1994; Sisk et al., 1994; Hayward et al., 1995).

The support that these studies give to a determination of carcinogenicity rests on their
contribution to the consistency of other evidence about an agent. For instance, benzoyl peroxide
has promoter activity on the skin, but the overall evidence may be less supportive (Kraus et al.,
1995). These studies also may contribute information about mode of action. It is important to
recognize the limitations of these experimental protocols, such as short duration, limited
histology, lack of complete development of tumors, or experimental manipulation of the
carcinogenic process, that may limit their contribution to the overall assessment. Generally, their

results are appropriate as aids in the interpretation of other toxicological evidence (e.g., rodent
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whether route of exposure is a limiting factor on expression of any hazard, e.g., absorption does
not occur by a specified route, are generally based on studies in which effects of the agent or its
structural analogues have been observed by different routes, on physical-chemical properties, or
on toxicokinetics studies.

Adequate metabolism and toxicokinetic data can be applied toward the following, as data

permit. Confidence in conclusions is enhanced when in vivo data are available.

C Identifying metabolites and reactive intermediates of metabolism and determining
whether one or more of these intermediates is likely to be responsible for the
observed effects. Information on the reactive intermediates focuses on SAR
analysis, analysis of potential modes of action, and estimation of internal dose in

dose-response assessment (D’Souza et al., 1987; Krewski et al., 1987).

C Identifying and comparing the relative activities of metabolic pathways in animals
and in humans, and at different ages. This analysis can provide insights for

extrapolating results of animal studies to humans.

C Describing anticipated distribution within the body and possibly identifying target
organs. Use of water solubility, molecular weight, and structure analysis can
support qualitative inferences about anticipated distribution and excretion. In
addition, describing whether the agent or metabolite of concern will be excreted
rapidly or slowly or whether it will be stored in a particular tissue or tissues to be
mobilized later can identify issues in comparing species and formulating dose-

response assessment approaches.
C Identifying changes in toxicokinetics and metabolic pathways with increases in

dose. These changes may result in important differences between high and low

dose levels in disposition of the agent or generation of its active forms. These
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profiles, physicochemical properties, and structure-activity relationship (SAR) analyses in a
weight-of-evidence approach (Dearfield et al., 1991; U.S. EPA, 1986b; Waters et al., 1999). Key
data for a mutagenic mode of action may be evidence that the carcinogen or a metabolite is
DNA-reactive and/or has the ability to bind to DNA. Also, mutagenic carcinogens usually
produce positive effects in multiple test systems for different genetic endpoints, particularly gene
mutations and structural chromosome aberrations, and in tests performed in vivo which generally
are supported by positive tests in vitro. Additionally, carcinogens may be identified as operating
via a mutagenic mode of action if they have similar properties and SAR to mutagenic
carcinogens. Endpoints that provide insight into an agent’s ability to alter gene products and
gene expression, together with other features of an agent’s potential mode of carcinogenic action,

are discussed below.

2.3.5.1. Direct DNA-Reactive Effects

It is well known that many carcinogens are electrophiles that interact with DNA, resulting
in DNA adducts and breakage (referred to in these cancer guidelines as direct DNA effects).
Usually during the process of DNA replication, these DNA lesions can be converted into and
fixed as mutations and chromosomal alterations that then may initiate and otherwise contribute to
the carcinogenic process (Shelby and Zeiger, 1990; Tinwell and Ashby, 1991; IARC, 1999).
Thus, studies of mutations and other genetic lesions continue to inform the assessment of
potential human cancer hazard and in the understanding of an agent’s mode of carcinogenic
action.

EPA has published testing guidelines for detecting the ability of an agent to damage DNA
and produce mutations and chromosomal alterations (as discussed in Dearfield et al., 1991).
Briefly, standard tests for gene mutations in bacteria and mammalian cells in vitro and in vivo
and for structural chromosomal aberrations in vitro and in vivo are important examples of
relevant methods. New molecular approaches, such as mouse mutations and cancer transgenic
models, are providing a means to examine mutation at tissue sites where the tumor response is
observed (Heddle and Swiger, 1996; Tennant et al., 1999). Additionally, continued

improvements in fluorescent-based chromosome staining methods (fluorescent in situ
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understanding. In studies of proliferative effects, distinctions should be made between
mitogenesis and regenerative proliferation (Cohen and Ellwein, 1990, 1991; Cohen et al., 1991).
In applying information from studies on cell proliferation and apoptosis to risk
assessment, it is important to identify the tissues and target cells involved, to measure effects in
both normal and neoplastic tissue, to distinguish between apoptosis and necrosis, and to
determine the dose that affects these processes. Gap-junctional intercellular communication is
believed to play a role in tissue and organ development and in the maintenance of a normal
cellular phenotype within tissues. A growing body of evidence suggests that chemical
interference with gap-junctional intercellular communication is a contributing factor in tumor

development (Swierenga and Yamasaki, 1992; Yamasaki, 1995).

2.3.5.3. Precursor Events and Biomarker Information

Most testing schemes for mutagenicity and other short-term assays were designed for
hazard identification purposes; thus, these assays are generally conducted using acute exposures.
For data on “precursor steps” to be useful in informing the dose-response curve for tumor
induction below the level of observation, it is often useful for data to come from in vivo studies
and from studies where exposure is repeated or given over an extended period of time. Although
consistency of results across different assays and animal models provides a stronger basis for
drawing conclusions, it is desirable to have data on the precursor event in the same target organ,
sex, animal strain, and species as the tumor data. In evaluating an agent’s mode of action, it is
usually not sufficient to determine that some event commences upon dosing. It is important to
understand whether it is a necessary event that plays a key role in the process that leads to tumor
development versus an effect of the cancer process itself or simply an associated event.

Various endpoints can serve as biological markers of effects in biological systems or
samples. These may help identify doses at which elements of the carcinogenic process are
operating; aid in interspecies extrapolations when data are available from both experimental
animal and human cells; and under certain circumstances, provide insights into the possible
shape of the dose-response curve below levels where tumor incidences are observed (e.g., Choy,
1993).
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2.3.5.4. Judging Data
Criteria that are generally applicable for judging the adequacy of mechanistically based
data include:
C mechanistic relevance of the data to carcinogenicity,
number of studies of each endpoint,
consistency of results in different test systems and different species,
similar dose-response relationships for tumor and mode of action-related effects,

conduct of the tests in accordance with generally accepted protocols, and

OO O O O O

degree of consensus and general acceptance among scientists regarding

interpretation of the significance and specificity of the tests.

Although important information can be gained from in vitro test systems, a higher level of
confidence is generally given to data that are derived from in vivo systems, particularly those
results that show a site concordance with the tumor data.

It is important to remember that when judging and considering the use of any data, the
basic standard of quality, as defined by the EPA Information Quality Guidelines, should be

satisfied.

24. MODE OF ACTION—GENERAL CONSIDERATIONS AND FRAMEWORK
FOR ANALYSIS
2.4.1. General Considerations
The interaction between the biology of the organism and the chemical properties of the
agent determine whether there is an adverse effect. Thus, mode of action analysis is based on
physical, chemical, and biological information that helps to explain key events in an agent’s
influence on development of tumors. The entire range of information developed in the
assessment is reviewed to arrive at a reasoned judgment. An agent may work by more than one
mode of action, both at different sites and at the same tumor site. Thus the mode of action and
human relevance cannot necessarily be generalized to other toxic endpoints or tissues or cell

types without additional analyses (IPCS, 1999; Meek et al., 2003). At least some information
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C effect of high dose exposures on the target organ or systemic toxicity that may not
reflect typical physiological conditions, for example, urinary chemical changes
associated with stone formation, effects on immune surveillance;

C presence of proliferative lesions, for example, hepatic foci, or hyperplasia;

C effect of dose and time on the progression of lesions from preneoplastic to benign

tumors, then to malignant;

C ratio of malignant to benign tumors as a function of dose and time;

C time of appearance of tumors after commencing exposure;

C development of tumors that invade locally or systemically, or lead to death;

C tumors at organ sites with high or low background historical incidence in laboratory

animals;

C biomarkers in tumor cells, both induced and spontaneous, for example, DNA or
protein adducts, mutation spectra, chromosome changes, oncogene activation;

and/or

C shape of the dose-response curve in the range of tumor observation, for example,

linear versus nonlinear.

Some of the myriad ways in which information from chronic animal studies influences

mode of action judgments include, but are not limited to, the following:

. multisite and multispecies tumor effects that are often associated with mutagenic agents;
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2.4.2. Evaluating an Hypothesized Mode of Action
2.4.2.1. Peer Review

In reaching conclusions, the question of “general acceptance” of a mode of action should
be tested as part of the independent peer review that EPA obtains for its assessment and
conclusions. In some cases the mode of action may already have been established by
development of a large body of research information and characterization of the phenomenon
over time. In some cases there will have been development of an Agency policy (e.g., mode of
action involving alpha-2u-globulin in the male rat [U.S. EPA, 1991b]) or a series of previous
assessments in which both the mode of action and its applicability to particular cases has been
explored. If so, the assessment and its peer review can focus on the evidence that a particular
agent acts in this mode. The peer review should also evaluate the strengths and weaknesses of
competing modes of action.

In other cases, the mode of action may not have previously been the subject of an Agency
document. If so, the data to support both the mode of action and the associated activity of the

agent should undergo EPA assessment and subsequent peer review.

2.4.2.2. Use of the Framework

The framework supports a full analysis of mode of action information, but it can also be
used as a screen to decide whether sufficient information is available to evaluate or whether the
data gaps are too substantial to justify further analysis. Mode of action conclusions are used to
address the question of human relevance of animal tumor responses, to address differences in
anticipated response among humans, such as between children and adults or men and women;
and as the basis of decisions about the anticipated shape of the dose-response relationship.
Guidance on the latter appears in Section 3.

This framework is intended to provide an analytical approach for evaluating the mode of
action. Itis neither a checklist nor a list of required criteria. As the type and amount of
information will depend on the mode of action postulated, scientific judgment is important to

determine if the weight of evidence is sufficient.
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discussion of various aspects of the experimental support for hypothesized mode(s) of action in
animals and humans (see Section 2.4.3.2). The possibility of other modes of action also should
be considered and discussed (see Section 2.4.3.3); if there is evidence for more than one mode of
action, each should receive a separate analysis. Conclusions about each hypothesized mode of
action should address whether the mode of action is supported in animals and is relevant to
humans and which populations or lifestages can be particularly susceptible (see Section 2.4.3.4).
In a risk assessment document, the analysis of an hypothesized mode of action can be presented

before or with the characterization of an agent’s potential hazard to humans.

2.4.3.1. Description of the Hypothesized Mode of Action

Summary description of the hypothesized mode of action. For each tumor site, the mode
of action analysis begins with a description of the hypothesized mode of action and its sequence
of key events. If there is evidence for more than one mode of action, each receives a separate
analysis.

Identification of key events. In order to judge how well data support involvement of a key
event in carcinogenic processes, the experimental definition of the event or events should be
clear and reproducible. To support an association, experiments should define and measure an

event consistently.

C Can a list of events be identified that are key to the carcinogenic process?

C Are the events well defined?

Pertinent observations may include, but are not limited to, receptor-ligand changes, cytotoxicity,

cell cycle effects, increased cell growth, organ weight differences, histological changes, hormone

or other protein perturbations, or DNA and chromosome effects.
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If there is evidence for more than one mode of action, each should receive a separate
analysis. There may be an uneven level of experimental support for the different modes of
action. Sometimes this can reflect disproportionate resources spent on investigating one
particular mode of action and not the validity or relative importance of the other possible modes
of action. Ultimately, however, the information on all of the modes of action should be
integrated to better understand how and when each mode acts, and which mode(s) may be of

interest for exposure levels relevant to human exposures of interest.

2.4.3.4. Conclusions About the Hypothesized Mode of Action

Conclusions about the hypothesized mode of action should address the issues listed
below. For those agents for which the mode of action is considered useful for the risk
assessment, the weight of the evidence concerning mode of action in animals as well as its

relevance for humans would be incorporated into the weight of evidence narrative (Section 2.5).

(a) Is the hypothesized mode of action sufficiently supported in the test animals?
Associations observed between key events and tumors may or may not support an inference of
causation. The conclusion that the agent causes one or more key events that results in tumors is
strengthened as more aspects of causation are satisfied and weakened as fewer are satisfied.
Consistent results in different experiments that test the hypothesized mode of action build
support for that mode of action. Replicating results in a similar experiment does not generally
meaningfully strengthen the original evidence, and discordant results generally weaken that
support. Experimental challenge to the hypothesized mode of action, where interrupting the
sequence of key events suppresses the tumor response or enhancement of key events increases

the tumor response, creates very strong support for the mode of action.

(b) Is the hypothesized mode of action relevant to humangan hypothesized mode of
action is sufficiently supported in the test animals, the sequence of key precursor events should
be reviewed to identify critical similarities and differences between the test animals and humans.

The question of concordance can be complicated by cross-species differences in toxicokinetics or
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events. Any information suggesting quantitative differences between populations or lifestages
should be flagged for consideration in the dose-response assessment (see Section 3.5). This
includes the potential for a higher internal dose of the active agent or for an increased occurrence
of a key precursor event. Quantitative differences may result in separate risk estimates for
susceptible populations or lifestages.

The possibility that childhood is a susceptible period for exposure should be explicitly
addressed. Generic understanding of the mode of action can be used to gauge childhood

susceptibility, and this determination can be refined through analysis of agent-specific data.

2.4.4 Evolution with Experience

Several groups have proposed or incorporated mode of action into their risk assessments
(see, e.g., U.S. EPA , 1991b; Sonich-Mullin et al., 2001; Meek et al., 2003). As the frameworks
and mandates under which these evaluations were produced differ, the specific procedures
described in and conclusions drawn may also differ. Nevertheless, the number of case studies
from all venues remains limited. More experience with differing modes of action are expected to
highlight and illustrate the strengths and limitations of the general framework proposed in these
cancer guidelines. Moreover, additional toxicological techniques may expand or change
scientific judgments regarding which information is useful for mode of action determinations.
As warranted, additional guidance may be proposed as experience is gained and/or as

toxicological knowledge advances.

2.5. WEIGHT OF EVIDENCE NARRATIVE

The weight of evidence narrative is a short summary (one to two pages) that explains an
agent's human carcinogenic potential and the conditions that characterize its expression. It
should be sufficiently complete to be able to stand alone, highlighting the key issues and
decisions that were the basis for the evaluation of the agent’s potential hazard. It should be
sufficiently clear and transparent to be useful to risk managers and non-expert readers. It may be
useful to summarize all of the significant components and conclusions in the first paragraph of

the narrative and to explain complex issues in more depth in the rest of the narrative.
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The weight of the evidence should be presented as a narrative laying out the complexity
of information that is essential to understanding the hazard and its dependence on the quality,
quantity, and type(s) of data available, as well as the circumstances of exposure or the traits of an
exposed population that may be required for expression of cancer. For example, the narrative
can clearly state to what extent the determination was based on data from human exposure, from
animal experiments, from some combination of the two, or from other data. Similarly,
information on mode of action can specify to what extent the data are from in vivo or in vitro
exposures or based on similarities to other chemicals. The extent to which an agent’s mode of
action occurs only on reaching a minimum dose or a minimum duration should also be presented.
A hazard might also be expressed disproportionately in individuals possessing a specific gene;
such characterizations may follow from a better understanding of the human genome.
Furthermore, route of exposure should be used to qualify a hazard if, for example, an agent is not
absorbed by some routes. Similarly, a hazard can be attributable to exposures during a
susceptible lifestage on the basis of our understanding of human development.

The weight of evidence-of-evidence narrative should highlight:

. the quality and quantity of the data;

. all key decisions and the basis for these major decisions; and

. any data, analyses, or assumptions that are unusual for or new to EPA.

To capture this complexity, a weight of evidence narrative generally includes

C conclusions about human carcinogenic potential (choice of descriptor(s), described

below),
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C a summary of the key evidence supporting these conclusions (for each descriptor
used), including information on the type(s) of data (human and/or animal, in vivo

and/or in vitro) used to support the conclusion(s),

C available information on the epidemiologic or experimental conditions that
characterize expression of carcinogenicity (e.g., if carcinogenicity is possible only

by one exposure route or only above a certain human exposure level),

C a summary of potential modes of action and how they reinforce the conclusions,

C indications of any susceptible populations or lifestages, when available, and

C a summary of the key default options invoked when the available information is

inconclusive.

To provide some measure of clarity and consistency in an otherwise free-form narrative,
the weight of evidence descriptors are included in the first sentence of the narrative. Choosing a
descriptor is a matter of judgment and cannot be reduced to a formula. Each descriptor may be
applicable to a wide variety of potential data sets and weights of evidence. These descriptors and
narratives are intended to permit sufficient flexibility to accommodate new scientific
understanding and new testing methods as they are developed and accepted by the scientific
community and the public. Descriptors represent points along a continuum of evidence;
consequently, there are gradations and borderline cases that are clarified by the full narrative.
Descriptors, as well as an introductory paragraph, are a short summary of the complete narrative
that preserves the complexity that is an essential part of the hazard characterization. Users of
these cancer guidelines and of the risk assessments that result from the use of these cancer
guidelines should consider the entire range of information included in the narrative rather

than focusing simply on the descriptor.
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“Carcinogenic to Humans.” Adequate evidence consistent with this descriptor covers a broad
spectrum. As stated previously, the use of the term “likely” as a weight of evidence descriptor
does not correspond to a quantifiable probability. The examples below are meant to represent the
broad range of data combinations that are covered by this descriptor; they are illustrative and
provide neither a checklist nor a limitation for the data that might support use of this descriptor.
Moreover, additional information, e.g., on mode of action, might change the choice of descriptor

for the illustrated examples. Supporting data for this descriptor may include:

. an agent demonstrating a plausible (but not definitively causal) association between
human exposure and cancer, in most cases with some supporting biological,
experimental evidence, though not necessarily carcinogenicity data from animal

experiments;

. an agent that has tested positive in animal experiments in more than one species,
sex, strain, site, or exposure route, with or without evidence of carcinogenicity in

humans;

. a positive tumor study that raises additional biological concerns beyond that of a
statistically significant result, for example, a high degree of malignancy, or an early

age at onset;

. a rare animal tumor response in a single experiment that is assumed to be relevant to

humans; or

. a positive tumor study that is strengthened by other lines of evidence, for example,
either plausible (but not definitively causal) association between human exposure
and cancer or evidence that the agent or an important metabolite causes events
generally known to be associated with tumor formation (such as DNA reactivity or

effects on cell growth control) likely to be related to the tumor response in this case.
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“Suggestive Evidence of Carcinogenic Potential”

This descriptor of the database is appropriate when the weight of evidence is suggestive
of carcinogenicity; a concern for potential carcinogenic effects in humans is raised, but the data
are judged not sufficient for a stronger conclusion. This descriptor covers a spectrum of evidence
associated with varying levels of concern for carcinogenicity, ranging from a positive cancer
result in the only study on an agent to a single positive cancer result in an extensive database that
includes negative studies in other species. Depending on the extent of the database, additional

studies may or may not provide further insights. Some examples include:

. a small, and possibly not statistically significant, increase in tumor incidence
observed in a single animal or human study that does not reach the weight of
evidence for the descriptor "Likely to Be Carcinogenic to Humans.” The study
generally would not be contradicted by other studies of equal quality in the same
population group or experimental system (see discussions of conflicting evidence

and differing results, below);

. a small increase in a tumor with a high background rate in that sex and strain, when
there is some but insufficient evidence that the observed tumors may be due to
intrinsic factors that cause background tumors and not due to the agent being
assessed. (When there is a high background rate of a specific tumor in animals of a
particular sex and strain, then there may be biological factors operating
independently of the agent being assessed that could be responsible for the
development of the observed tumors.) In this case, the reasons for determining that

the tumors are not due to the agent are explained,;

. evidence of a positive response in a study whose power, design, or conduct limits

the ability to draw a confident conclusion (but does not make the study fatally
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flawed), but where the carcinogenic potential is strengthened by other lines of

evidence (such as structure-activity relationships); or

. a statistically significant increase at one dose only, but no significant response at the

other doses and no overall trend.

“Inadequate Information to Assess Carcinogenic Potential”
This descriptor of the database is appropriate when available data are judged inadequate
for applying one of the other descriptors. Additional studies generally would be expected to

provide further insights. Some examples include:

. little or no pertinent information;

. conflicting evidence, that is, some studies provide evidence of carcinogenicity but
other studies of equal quality in the same sex and strain are negative. Differing
results, that is, positive results in some studies and negative results in one or more
different experimental systems, do not constitute conflicting evidence, as the term is
used here. Depending on the overall weight of evidence, differing results can be

considered either suggestive evidence or likely evidence; or

. negative results that are not sufficiently robust for the descriptor, “Not Likely to Be

Carcinogenic to Humans.”

“Not Likely to Be Carcinogenic to Humans”

This descriptor is appropriate when the available data are considered robust for deciding
that there is no basis for human hazard concern. In some instances, there can be positive results
in experimental animals when there is strong, consistent evidence that each mode of action in

experimental animals does not operate in humans. In other cases, there can be convincing
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evidence in both humans and animals that the agent is not carcinogenic. The judgment may be

based on data such as:

. animal evidence that demonstrates lack of carcinogenic effect in both sexes in well-
designed and well-conducted studies in at least two appropriate animal species (in

the absence of other animal or human data suggesting a potential for cancer effects),

. convincing and extensive experimental evidence showing that the only carcinogenic

effects observed in animals are not relevant to humans,

. convincing evidence that carcinogenic effects are not likely by a particular exposure

route (see Section 2.3), or

. convincing evidence that carcinogenic effects are not likely below a defined dose

range.

A descriptor of “not likely” applies only to the circumstances supported by the data. For
example, an agent may be “Not Likely to Be Carcinogenic” by one route but not necessarily by
another. In those cases that have positive animal experiment(s) but the results are judged to be

not relevant to humans, the narrative discusses why the results are not relevant.

Multiple Descriptors

More than one descriptor can be used when an agent's effects differ by dose or exposure
route. For example, an agent may be “Carcinogenic to Humans” by one exposure route but “Not
Likely to Be Carcinogenic” by a route by which it is not absorbed. Also, an agent could be
“Likely to Be Carcinogenic” above a specified dose but “Not Likely to Be Carcinogenic” below

that dose because a key event in tumor formation does not occur below that dose.
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2.6. HAZARD CHARACTERIZATION

The hazard characterization contains the hazard information needed for a full risk
characterization (U.S. EPA, 2000b). It presents the results of the hazard assessment and explains
how the weight of evidence conclusion was reached. The hazard characterization summarizes, in
plain language, conclusions about the agent’s potential effects, whether they can be expected to
depend qualitatively on the circumstances of exposure, and if anyone can be expected to be
especially susceptible. It discusses the extent to which these conclusions are supported by data or
are the result of default options invoked because the data are inconclusive. It explains how
complex cases with differing results in different studies were resolved. The hazard
characterization highlights the major issues addressed in the hazard assessment and discusses
alternative interpretations of the data and the degree to which they are supportable scientifically
and are consistent with EPA guidelines.

When the conclusion is supported by mode of action information, the hazard
characterization also provides a clear summary of the mode of action conclusions (see Section
2.4.3.4), including the completeness of the data, the strengths and limitations of the inferences
made, the potential for other modes of action, and the implications of the mode of action for
selecting viable approaches to the dose-response assessment. The hazard characterization also
discusses the extent to which mode of action information is available to address the potential for
disproportionate risks in specific populations or lifestages or the potential for enhanced risks on
the basis of interactions with other agents or stressors, if anticipated.

Topics that can be addressed in a hazard characterization include:

. summary of the results of the hazard assessment;

. identification of any likely susceptible populations and lifestages, especially

attending to children, infants, and fetuses;

. conclusions about the agent's mode of action, and implications for selecting

approaches to the dose-response assessment;
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descriptor, dose-response assessments are generally completed for agents considered
“Carcinogenic to Humans” and “Likely to Be Carcinogenic to Humans.” When there is
suggestive evidence, the Agency generally would not attempt a dose-response assessment, as the
nature of the data generally would not support one; however, when the evidence includes a well-
conducted study, quantitative analyses may be useful for some purposes, for example, providing
a sense of the magnitude and uncertainty of potential risks, ranking potential hazards, or setting
research priorities. In each case, the rationale for the quantitative analysis is explained,
considering the uncertainty in the data and the suggestive nature of the weight of evidence.
These analyses generally would not be considered Agency consensus estimates. Dose-response
assessments are generally not done when there is inadequate evidence, although calculating a
bounding estimate from an epidemiologic or experimental study that does not show positive
results can indicate the study's level of sensitivity and capacity to detect risk levels of concern.

Cancer is a collection of several diseases that develop through cell and tissue changes
over time. Dose-response assessment procedures based on tumor incidence have seldom taken
into account the effects of key precursor events within the whole biological process due to lack of
empirical data and understanding about these events. In this discussion, response data include
measures of key precursor events considered integral to the carcinogenic process in addition to
tumor incidence. These responses may include changes in DNA, chromosomes, or other key
macromolecules; effects on growth signal transduction, including induction of hormonal
changes; or physiological or toxic effects that include proliferative events diagnosed as
precancerous but not pathology that is judged to be cancer. Analysis of such responses may be
done along with that of tumor incidence to enhance the tumor dose-response analysis. If dose-
response analysis of nontumor key events is more informative about the carcinogenic process for
an agent, it can be used in lieu of, or in conjunction with, tumor incidence analysis for the overall
dose-response assessment.

As understanding of mode of action improves and new types of data become available,
dose-response assessment will continue to evolve. These cancer guidelines encourage the
development and application of new methods that improve dose-response assessment by

reflecting new scientific understanding and new sources of information.
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3.1. ANALYSIS OF DOSE

For each effect observed, dose-response assessment should begin by determining an
appropriate dose metric. Several dose metrics have been used, e.g., delivered dose, body burden,
and area under the curve, and others may be appropriate depending on the data and mode of
action.

Selection of an appropriate dose metric considers what data are available and what is
known about the agent's mode of action at the target site, and uncertainties involved in estimation

and application of alternative metrics. The dose metric specifies:

. the agent measured, preferably the active agent (administered agent or a metabolite);
. proximity to the target site (exposure concentration, potential dose, internal dose, or

delivered dose,” reflecting increasing proximity); and

. the time component of the effective dose (cumulative dose, average dose, peak

dose, or body burden).

Analyses can be based on estimates of animal dose metrics or human dose metrics. The
assessment should describe the approach used to select a dose metric and the reasons for this
approach. The final analysis, however, should determine a human equivalent dose metric. This
facilitates comparing results from different datasets and effects by using human equivalent
dose/concentrations as common metrics. When appropriate, it may be necessary to convert dose
metrics across exposure routes. When route-to-route extrapolations are made, the underlying

data, algorithms, and assumptions are clearly described.

5 Exposure is contact of an agent with the outer boundary of an organism. Exposure concentration is the
concentration of a chemical in its transport or carrier medium at the point of contact. Dose is the amount of a
substance available for interaction with metabolic processes or biologically significant receptors after crossing the
outer boundary of an organism. Potential dose is the amount ingested, inhaled, or applied to the skin. Applied dose
is the amount of a substance presented to an absorption barrier and available for absorption (although not necessarily
having yet crossed the outer boundary of the organism). Absorbed dose is the amount crossing a specific absorption
barrier (e.g., the exchange boundaries of skin, lung, and digestive tract) through uptake processes. Internal dose is a
more general term, used without respect to specific absorption barriers or exchange boundaries. Delivered dose is

the amount of the chemical available for interaction by any particular organ or cell (U.S. EPA, 1992a).
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Timing of exposure can also be important. When there is a susceptible lifestage, doses
during the susceptible period are not equivalent to doses at other times, and they would be

analyzed separately.

3.1.1. Standardizing Different Experimental Exposure Regimens

Complex exposure or dosing regimens are often present in experimental and
epidemiologic studies. The resulting internal dose depends on many variables, including
concentration, duration, frequency of administration, and duration of recovery periods between
administrations. Internal dose also depends on variables that are intrinsic to the exposed
individual, such as lifestage and rates of metabolism and clearance. To facilitate comparing
results from different study designs and to make inferences about human exposures, a summary
estimate of the dose metric, whether the administered dose or inhalation exposure concentration
or an internal metric, may be derived for a complex exposure regimen.

Toxicokinetic modeling is the preferred approach for estimating dose metrics from
exposure. Toxicokinetic models generally describe the relationship between exposure and
measures of internal dose over time. More complex models can reflect sources of intrinsic
variation, such as polymorphisms in metabolism and clearance rates. When a robust model is not
available, or when the purpose of the assessment does not warrant developing a model, simpler
approaches may be used.

For chronic exposure studies, the cumulative exposure or dose administered often is
expressed as an average over the duration of the study, as one consistent dose metric. This
approach implies that a higher dose administered over a short duration is equivalent to a
commensurately lower dose administered over a longer duration. Uncertainty usually increases
as the duration becomes shorter relative to the averaging duration or the intermittent doses
become more intense than the averaged dose. Moreover, doses during any specific susceptible or
refractory period would not be equivalent to doses at other times. For these reasons, cumulative
exposure or potential dose may be replaced by a more appropriate dose metric when indicated by
the data.






unbiased estimate rather than a conservative one. Equating exposure concentrations in food or
water is an alternative version of the same approach, because daily intakes of food or water are
approximately proportional to the 3/4 power of body weight.

The aim of these cross-species scaling procedures is to estimate administered doses in
animals and humans that result in equal lifetime risks. It is useful to recognize two components
of this equivalence: toxicokinetic equivalence, which determines administered doses in animals
and humans that yield equal tissue doses, and toxicodynamic equivalence, which determines
tissue doses in animals and humans that yield equal lifetime risks (U.S. EPA, 1992b).
Toxicokinetic modeling (see Section 3.1.2) addresses factors associated with toxicokinetic
equivalence, and toxicodynamic modeling (see Section 3.2.2) addresses factors associated with
toxicodynamic equivalence. When toxicokinetic modeling is used without toxicodynamic
modeling, the dose-response assessment develops and supports an approach for addressing
toxicodynamic equivalence, perhaps by retaining some of the cross-species scaling factor (e.g.,
using the square root of the cross-species scaling factor or using a factor of 3 to cover
toxicodynamic differences between animals and humans, as is currently done in deriving
inhalation reference concentrations [U.S. EPA, 1994]).

%4_d scaling factor does not use

When assessing risks from childhood exposure, the mg/kg
the child's body weight (U.S. EPA, 1992b). This reflects several uncertainties in extrapolating

risks to children:

. The data supporting the mg/kg®*-d scaling factor were derived for differences across
species and may not apply as well to differently sized individuals of the same

species or to different lifestages.

. In addition to metabolic differences, there are also important toxicodynamic
differences; for example, children have faster rates of cell division than do adults, so
scaling across different lifestages and species simultaneously may be particularly

uncertain.
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3.1.3.2. Inhalation Exposures

For inhalation exposures experimental exposure concentrations are replaced with human
equivalent concentrations calculated using EPA’s methods for deriving inhalation reference
concentrations (U.S. EPA, 1994), which give preference to the use of toxicokinetic modeling.
When toxicokinetic models are unavailable, default dosimetry models are employed to
extrapolate from experimental exposure concentrations to human equivalent concentrations.
When toxicokinetic modeling or dosimetry modeling is used without toxicodynamic modeling,
the dose-response assessment develops and supports an approach for addressing toxicodynamic
equivalence.

The default dosimetry models typically involve the use of species-specific physiologic
and anatomic factors relevant to the form of the agent (e.g., particle or gas) and categorized with
regard to whether the response occurs either locally (i.e., within the respiratory tract) or remotely.

For example, current default models (U.S. EPA, 1994) use parameters such as:

inhalation rate and surface area of the affected part of the respiratory tract for gases

eliciting the response locally,

. blood:gas partition coefficients for remote acting gases,

. fractional deposition with inhalation rate and surface area of the affected part of the

respiratory tract for particles eliciting the response locally, and

. fractional deposition with inhalation rate and body weight for particles eliciting the

response remotely.

The current default values for some parameters used in the default models (e.g., breathing rate
and respiratory tract surface area) are based on data from adults (U.S. EPA, 1994). The human
respiratory system passes through several distinct stages of maturation and growth during the first

several years of life and into adolescence (Pinkerton and Joad, 2000), during which
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3.2. ANALYSIS IN THE RANGE OF OBSERVATION

The principle underlying these cancer guidelines is to use approaches that include as
much information as possible. Quantitative information about key precursor events can be used
to develop a toxicodynamic model. Alternatively, such information can be fitted by empirical
models to extend the dose-response analysis of tumor incidence to lower doses and response
levels. The analysis in the range of observation is used to establish a POD near the lower end of

the observed range (see Section 3.3).

3.2.1. Epidemiologic Studies

Ideally, epidemiologic data would be used to select the dose-response function for human
exposures. Because epidemiologic data are usually limited and many models may fit the data
(Samet et al.,1998), other factors may influence model choice. For epidemiologic studies,
including those with grouped data, analysis by linear models in the range of observation is
generally appropriate unless the fit is poor. The relatively small exposure range observed in
many epidemiologic studies, for example, makes it difficult to discern the shape of the exposure-
or dose-response curve. Exposure misclassification and errors in exposure estimation also
obscure the shape of the dose-response curve. When these errors are unsystematic or random,
the result is frequently to bias the risk estimates toward zero. When a linear model fits poorly,
more flexible models that allow for low-dose linearity, for example, a linear-quadratic model or a
Hill model (Murrell et al., 1998), are often considered next.

Analysis of epidemiologic studies depends on the type of study and quality of the data,
particularly the availability of quantitative measures of exposure. The objective is to develop a
dose-response curve that estimates the incidence of cancer attributable to the dose (as estimated
from the exposure) to the agent. In some cases, e.g., tobacco smoke or occupational exposures,
the data are in the range of the exposures of interest. In other cases, as with data from animal
experiments, information from the observable range is extrapolated to exposures of interest.

Analysis of effects raises additional issues:
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case-control studies), (2) include only one population segment (e.g., male workers or workers of
one socioeconomic class), or (3) include only one lifestage (e.g., childhood leukemia following
maternal exposure to contaminated drinking water). To obtain a more complete characterization
that includes risks of other cancers, estimates from these studies can be supplemented with
estimates from other studies that investigated other cancers, population segments, or lifestages
(see Section 3.5).

When several studies are available for dose-response analysis, meta-analysis can provide
a systematic approach to weighing positive studies and those studies that do not show positive
results, and calculating an overall risk estimate with greater precision. Issues considered include
the comparability of studies, heterogeneity across studies, and the potential for a single large
study to dominate the analysis. Confidence in a meta-analysis is increased when it considers
study quality, including definition of the study population and comparison group, measurement
of exposure, potential for exposure misclassification, adequacy of follow-up period, and analysis

of confounders (see Section 2.2.1.3).

3.2.2. Toxicodynamic (“Biologically Based”) Modeling

Toxicodynamic modeling can be used when there are sufficient data to ascertain the mode
of action (see Section 2.4) and quantitatively support model parameters that represent rates and
other quantities associated with the key precursor events of the mode of action. Toxicodynamic
modeling is potentially the most comprehensive way to account for the biological processes
involved in a response. Such models seek to reflect the sequence of key precursor events that
lead to cancer. Toxicodynamic models can contribute to dose-response assessment by revealing
and describing nonlinear relationships between internal dose and cancer response. Such models
may provide a useful approach for analysis in the range of observation, provided the purpose of
the assessment justifies the effort involved.

If a new model is developed for a specific agent, extensive data on the agent are important
for identifying the form of the model, estimating its parameters, and building confidence in its
results. Conformance to the observed tumor incidence data alone does not establish a model's

validity, as a model can be designed with a sufficiently large number of parameters so as to fit
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1985). Many different curve-fitting models have been developed, and those that fit the observed
data reasonably well may lead to several-fold differences in estimated risk at the lower end of the
observed range. Another problem occurs when a multitude of alternatives are presented without
sufficient context to make a reasoned judgment about the alternatives. This form of model
uncertainty reflects primarily the availability of different computer models and not biological
information about the agent being assessed or about carcinogenesis in general. In cases where
curve-fitting models are used because the data are not adequate to support a toxicodynamic
model, there generally would be no biological basis to choose among alternative curve-fitting
models. However, in situations where there are alternative models with significant biological
support, the decisionmaker can be informed by the presentation of these alternatives along with
their strengths and uncertainties.

Quantitative data on precursors can be used in conjunction with, or in lieu of, data on
tumor incidence to extend the dose-response curve to lower doses. Caution is used with rates of
molecular events such as mutation or cell proliferation or signal transduction. Such rates can be
difficult to relate to cell or tissue changes overall. The timing of observations of these
phenomena, as well as the cell type involved, is linked to other precursor events to ensure that the
measurement is truly a key event (Section 2.4).

For incidence data on either tumors or a precursor, an established empirical procedure is
used to provide objectivity and consistency among assessments. The procedure models
incidence, corrected for background, as an increasing function of dose. The models are
sufficiently flexible in the observed range to fit linear and nonlinear datasets. Additional
judgments and perhaps alternative analyses are used when the procedure fails to yield reliable
results. For example, when a model’s fit is poor, the highest dose is often omitted in cases where
it is judged that the highest dose reflects competing toxicity that is more relevant at high doses
than at lower doses. Another example is when there are large differences in survival across dose
groups; here, models that includes time-to-tumor or time-to-event information may be useful.

For continuous data on key precursor effects, empirical models can be chosen on the

basis of the structure of the data. The rationale for the choice of model, the alternatives
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limit on the lowest dose level that can be supported for modeling by the data. SAB (1997)
suggested that, "it may be appropriate to emphasize lower statistical bounds in screening analyses
and in activities designed to develop an appropriate human exposure value, since such activities
require accounting for various types of uncertainties and a lower bound on the central estimate is
a scientifically-based approach accounting for the uncertainty in the true value of the ED,, [or
central estimate].” However, the consensus of the SAB (1997) was that, “both point estimates
and statistical bounds can be useful in different circumstances, and recommended that the
Agency routinely calculate and present the point estimate of the ED,, [or central estimate] and
the corresponding upper and lower 95% statistical bounds.” For example, it may be appropriate
to emphasize the central estimate in activities that involve formal uncertainty analysis that are
required by OMB Circular A-4 (OMB, 2003) as well as ranking agents as to their carcinogenic
hazard. Thus, risk assessors should calculate, to the extent practicable, and present the central
estimate and the corresponding upper and lower statistical bounds (such as confidence limits) to
inform decisionmakers.

When tumor data are used, a POD is obtained from the modeled tumor incidences.
Conventional cancer bioassays, with approximately 50 animals per group, generally can support
modeling down to an increased incidence of 1-10%; epidemiologic studies, with larger sample
sizes, below 1%. Various models commonly used for carcinogens yield similar estimates of the
POD at response levels as low as 1% (Krewski and Van Ryzin, 1981; Gaylor et al., 1994).
Consequently, response levels at or below 10% can often be used as the POD. As a modeling
convention, the lower bound on the doses associated with standard response levels of 1, 5, and
10% can be analyzed, presented, and considered. For making comparisons at doses within the
observed range, the ED,, and LED,, are also reported and can be used, with appropriate
adjustments, in hazard rankings that compare different agents or health effects (U.S. EPA,
2002c). A no-observed-adverse-effect level (NOAEL) generally is not used for assessing the
potential for carcinogenic response when one or more models can be fitted to the data.

When good quality precursor data are available and are clearly tied to the mode of
action of the compound of interest, models that include both tumors and their precursors may be

advantageous for deriving a POD. Such models can provide insight into quantitative
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relationships between tumors and precursors (see Section 3.2.2), possibly suggesting the
precursor response level that is associated with a particular tumor response level. The goal is to
use precursor data to extend the observed range below what can be observed in tumor studies.
EPA is continuing to examine this issue and anticipates that findings and conclusions may result
in supplemental guidance to these cancer guidelines. If the precursor data are drawn from small
samples or if the quantitative relationship between tumors and precursors is not well defined,
then the tumor data will provide a more reliable POD. Precursor effects may or may not be
biologically adverse in themselves; the intent is to consider not only tumors but also damage that
can lead to subsequent tumor development by the agent. Analysis of continuous data may differ
from discrete data; Murrell et al. (1998) discuss alternative approaches to deriving a POD from

continuous data.

3.2.5. Characterizing the POD: The POD Narrative

As a single-point summary of a single dose-response curve, the POD alone does not
convey all the critical information present in the data from which it is derived. To convey a
measure of uncertainty, the POD should be presented as a central estimate with upper and lower
bounds. A POD narrative summarizes other important features of the database and the POD that

are important to account for in low-dose extrapolations or other analyses.

(a) Nature of the responsels the POD based on tumors or a precursor? If on tumors,
does the POD measure incidence or mortality? Is it a lifetime measure or was the study
terminated early? The relationships between precursors and tumors, incidence and mortality, and
lifetime and early-termination results vary from case to case. Modeling can provide quantitative
insight into these relationships, for example, linking a change in a precursor response to a tumor
incidence (see Section 3.2.2). This can aid in evaluating the significance of the response at the

POD and adjusting different PODs to make them comparable.

(b) Level of the responseWhat level of response is associated with the POD, for

example, 1% cancer risk, 10% cancer risk, or 10% change in a precursor measure?
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(c) Nature of the study populationls the POD based on humans or animals? How large
is the effective sample size? Is the study group representative of the general population, of
healthy adult workers, or of a susceptible group? Are both sexes represented? Did exposure

occur during a susceptible lifestage?

(d) Slope of the dose-response curve at the PGIdw does response change as dose is
reduced below the POD? A steep slope indicates that risk decreases rapidly as dose decreases.
On the other hand, a steep slope also indicates that errors in an exposure assessment can lead to
large errors in estimating risk. Both aspects of the slope are important. The slope also indicates
whether dose-response curves for different effects are likely to cross below the POD. For
example, in the ED,, study where 2-acetylaminofluorene caused bladder carcinomas and liver
carcinomas in mice (Littlefield et al., 1980), the dose-response curves for these tumors cross
between 10% and 1% response (see Figure 3-2). This crossing, which can be inferred from the
slopes of the curves at a 10% response, shows how considering the slope can lead to better
inferences about the predominant effects expected at lower doses. Mode of action data can also
be useful; quantitative information about key precursor events can be used to describe how risk

decreases as dose decreases below the POD.

(e) Relationship of the POD with other cancergiow does the POD for this cancer
relate to PODs for other cancers observed in the database? For example, a POD based on male

workers would not reflect the implications of mammary tumors in female rats or mice.

(f) Extent of the overall cancer databasélave potential cancer responses been
adequately studied (e.g., were all tissues examined), or is the database limited to particular
effects, population segments, or lifestages? Do the mode of action data suggest a potential for
cancers not observed in the database (e.g., disruption of particular endocrine pathways leading to

related cancers)?
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explicit dose-response information may develop and apply methods that are informed by the

methods described in these cancer guidelines.

3.3.1. Choosing an Extrapolation Approach

The approach for extrapolation below the observed data considers the understanding of
the agent's mode of action at each tumor site (see Section 2.4). Mode of action information can
suggest the likely shape of the dose-response curve at lower doses. The extent of inter-individual
variation is also considered, with greater variation spreading the response over a wider range of
doses.

Linear extrapolation should be used when there are MOA data to indicate that the dose-
response curve is expected to have a linear component below the POD. Agents that are generally

considered to be linear in this region include:

. agents that are DNA-reactive and have direct mutagenic activity, or

. agents for which human exposures or body burdens are high and near doses
associated with key precursor events in the carcinogenic process, so that
background exposures to this and other agents operating through a common mode
of action are in the increasing, approximately linear, portion of the dose-response

curve.

When the weight of evidence evaluation of all available data are insufficient to establish
the mode of action for a tumor site and when scientifically plausible based on the available data,
linear extrapolation is used as a default approach, because linear extrapolation generally is
considered to be a health-protective approach. Nonlinear approaches generally should not be
used in cases where the mode of action has 