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Abstract: The U.S. Environmental Protection Agency (EPA) issued guidelines for
assessing human risk from exposure to environmental carcinogens. The guidelines set
forth principles and procedures to guide EPA scientists in the conduct of Agency
risk assessments, to promote high scientific quality and Agency-wids consistency,
and to inform Agency decision-makers and the public about these scientific
procedures. In publishing the guidance, EPA emphasized that one purpose of the
guidelines was to 'encourage research and analysis that will lead to new risk
assessment methods and data,' which in turn would be used to revise and improve the
guidelines. Thus, the guidelines were developed and published with the
understanding that risk assessment is an evolving scientific undertaking and that
continued study would lead to changes.
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NOTICE

Mention of trade names or commercial produéc: does not constitute
endorsenment or recommendation for use.

This workshop was organized by Eastern Research Group, Inc., Arlington,
Massachusetts, for the EPA Risk Assessment Forum. ERG also assembled and

produced this workshop report. Sections from individual contributors were
edited somewhat for clarity, but contributors were not asked to follow a

Relevant portions were reviewed by each workshop chairpersen
The

single .format. ] h 3
‘and speaker.- Their time and contributiciis are gratefully acknowledged.
"views presented are those of each contributor, not the U.S. Environmental

Protection Agency.
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WORKSHOP REPORT ON EPA GUIDELINES FOR CARCINOGEN RISK ASSESSMENT:
USE OF HUMAN EVIDENCE

June 26-27, 1989

Washington, DC

INTRODUCTION
1. Guidelines Development Program

On September 24, 1986, the U.S. Envirommental Protection Agency (EPA)
issued guidelines for assessing human risk from exposure to environaental
carcinogens (51 Federal Register 33992-34003). The guidelines set forth
principles and procedures to guide EPA scientists in the conduct of Agency
risk assessments, to promote high scientific quality and Agency-wide
consistency, and to inform Agency decision-makers and the public about these
scientific procedures. In publishing this guidance, EPA emphasized that one
purpose of the guidelines was to "encourage research and analysis that will
lead to new risk assessment methods and data,” which in turn would be used to
revise and improve the guidelines. Thus, the guidelines were developed and
published with the understanding that risk assessment is an evolving
scientific undertaking and that continued study would lead to changes.

As expected, new information and thinking in several areas of carcinogen
risk assessment, as well as accunmulated experience in using the guidelines,
bhas led to an EPA review to assess the need for revisions in the guidelines.
On August 26, 1988, EPA asked the public to provide information to assist this
review (53 Federal Register 52656-52658). 1In addition, EPA conducted two
workshops to collect further information. The first workshop for analysis and
review of these issues was held in Virginia Beach, Virginia, on January 11-13,
1989 (53 Federal Register 49919-20). That workshop brought together experts
in various areas of carcinogen risk assessment to study and comment on the use
of animal evidence in cousidering both qualitative issues In classifying

potential carcinogens and quantitative issues in dose-response snd
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extrapolation. The report from this workshop was made available to the public
on april 24, 1989 (54 Federal Register 16403).

On June 16, 1989, the Agency announced that a workshop for the study and
review of the use of human evidence in risk assessment would be held in
Washington, D.C., on June 26 and 27, 1989 (54 Federal Register 25619). This
report is a compilation of the discussions and presentations from that

~meeting. As with the Virginia Beach meeting, the Agency'’'s intention was not
..to achieve consensus on or resglution.pf“all fissues. It was hoped instead
that these workshéps would provide a scientific forum for objective aiscussion

and analysis,

These workshops are part of a three-stage process for reviewing and, as
appropriate, revising EPA’s cancer risk assessment guidelines. The first
stage began with several information-gathering activities to identify and
define scientific issues relating to the guidelines. For example, EPA
scientists and program offices were invited to comment on their experiences
with the 1986 cancer guidelines. Also, the August 1988 Federal Register
notice asked for public comment on the use of these guidelines. Other
information was obtained in meetings with individual scientisfs who regularly
use the guideiines. Information from the wirkshops and these other sources
will be used to decide when and how the guidelines should be revised.

In the second stage of the guidelines review process, EPA is analyzing the
information described above to make decisions about changing the guidelines,
to determine the nature of any such changes and, if appropriate, to develop a
formal proposal for peer review and public comment. EPA's analysls of the
information collected so far suggests several possible outcomes, ranging from
no changes at this time to substantial changes for certain aspects of the

guidelines.

In the third stage of this Agency review, any proposed changes would be
submitted to scientific experts for preliminary peer review, aad then to the
general public, other federal agencies, and EPA’'s Science Advisory Board for

8:8802£202



comment. All of these comments would be evaluated in developing final

guidance.

2. Human Evidence Workshop

On June 26 and 27, 1989, epidemiologists and others met in Washington,
D.C. to study and comment on the scientific foundation for possible changes in
thé human evidence sections of the 1986 carcinogen guidelines. .In general,
although these guidelines emphasize that relisble human evidence takes'
precedence over animal data, guidance on the use of human evidence is
considerably less detailed than that for animal data. Thus, workshop
discussions focused on the possibilities of expanding and clarifyirg the
guidelines by adding new language for (1) study design and interpretatioa, (2)
quantification of human data, and (3) weight-of-evidence analyses for human

data.

The workshop participants met both in plenary sessions and in separate
work groups to consider "strawman” language for potential inclusion in revised
guidelines for carcinogen risk assessment. They also addressed rélated
questions posed by the EPA Technical Panel. The work group on study design
issues was chaired by Dr. Marilyn Fingerhut, Chief, Industrywide Studies
Branch, at the National Institute for Occupational Safety and Health (NIOSH).
Dr. Philip Enterline, Emeritus Professor of Biostatistics at the University of
Pittsburgh School of Public Health, chaired the work group on dosa-response
issuss. The work group on weight of evidence classification issues was
chaired by Dr. Raymond Neutra, Chief of the Epidemiologic Studies Section of
the California Department of Health Services. Dr. Enterline was the overall
chair for the workshop. The strawman language and questions were developed by
a subcommittee of tha EPA Technical Panel. These documents were intended to
iniciate and guide work group discussions rather than to formally propose
specific language or policy. Members of the EPA Technical Panel also
participated in each work group. Other EPA scientific staff and the public

attended the workshop as observers.

688020202
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As a scientific forum for objective discussion and analysis among the
invited panelists, the workshop was designed to assist EPA epidemiologists and
sciontists in developing the scientific foundation for proposed guidance on
the use of human evidence in risk assessment. Broader policy issues will
become important later in the process when the public is invited to review any

proposed chianges i{n the guidelines.

-4~
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EPA CANCER GUIDELINES REVIEN

WORKSHOP ON BUMAN EVIDENCE
June 2§-27, 1989

AGENDA_AND WORRGROUP ASSIGNMENTS

Chairman, Dr. Philip Enterline

Monday, June 26

Time Topic Principals

7:30 a.m. o ﬁégiairation Check-in - :{. all’ -

8:30 a.m, Welcome Dr. Patton

8:35 a.m. Opening Comments Dr. Enterline

8:50 a.m. Public Interest Views Dr. Neutra and Panelists
9:20 a.m. Private Sector Views Dr. Ott and Panelists
9:50 a.m. Administrative Announcements Ms. Schalk

10-10:20 a.nm. COPFEE BREAK

10:20 a.m. Observer Comments

11:30 a.nm. Charge to Work Groups pr. Parland

12:00-1:1i5 p.m. LUNCH

1:15 p.m. Workgroups
A: Study Design and pr. Pingerhut, Chair
Interpretation
B: Weight cf Bvidence Dr. Neutra, Chair
C: Dose Response Dr. Enterline,.Chair
3:15-3:30 p.m. COPPEE BREAK
3:30 p.m. Workgroups
A&B pr. Neutra & Dr. Pingerhut
c Dr. Enterline
5:30 p.m. Adjourn
5:30-7:00 p.m. Cash Bar Reception

(1.#5\ ~

1888028202




Tuesday, June 27

Time
8:00 a.m.

10:15-10:30 a.m.
10:30 a.m.

11:30 a.n.

12:15 p.nm.
12:30 p.m.

Members:

Workgroup C:

Topic Princigals

Workgroup Chairs
(Drs. Enterline, Fingsrhut
& Neutra); Panelists

Workgroup Reports and
Discussion
BREAK

Obgerver Comments and
Discussion

Workgroup. Reconmendations Drs. Fingerhut, Neutra,

‘Enterline A
Wrap—up Dr. Euterline

ADJOURNMENT

- WORKGROUP ASSIGNMENTS
Study Design and Interpretation
Dr. Fingerhut
Drs. Matanoski, Bulka, Buffler, Cantor, Friedlandez,
D. Rill, Halperin, Hogan, Koppikar
Weight of Evidence
Dr. Neutfa
Drs. Cole, Ott, Blair, Falk, Infante, M.Chu, Bayliss,
Blondell, Margosches
Dose-Response

Dr. Enterline

Drs. Crump, Checkoway, Gibb, PRaabe, Smith, Krewaki, Chen,
Nelson, K. Chu, Farland, Scott

EPA Technical Panel: Drs. Farland, R. Hill, Patton, M. Chu, thnberg, Wiltse,

Rees, Gibb, Bayliss, Blondell, Chen, D. Hill, Hogan,
Margosches, Nelson, Scott

Risk Assessment Forum Staff: Drs. Patton, Rees

-
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COLLECTED WORKSHOP MATERIALS

Study Design and Interpretation
Strawvman Language and Related Questions

Chair summary of Work Group Session

EPA Classification System fcr Categorizing Weight
of Evidence for Carcinogenicity from Human Studies

gtrawman Language and Related Questions

Chair BSummary of Work Group Session

Dose-Response Assassment
Strawvman Language and Related Questions

Chair Summary of Work Group Session
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Strawman language and Related Questions
Introduction and Study Tvpes'

Epidemiologic studies provide unique information about the response of
humans who have been exposed to suspect carcinogens. These studies allow the
pos:ible ovaluation of the consequences of an environmental exposure in the
ptccise manner in which it occurs and will continue. to occur in human ]
populations (OSTP, 1985). There are various types of studies or study deslgﬁs
that are well-described and defined in various textbooks and other documents
(e.g., Breslow et al., 1980, 1987; Kelsey et al., 1986; Lilienfeld et al.,
1979; Mausner et al.. 1985; Rothman, 1986). The more common types are
described below.

A variety of study designs are considered to be hypothesis-generating.
In general, these studies utilize already existing collections of data (e.g.,
vital statistics, census data), but only produce indirect associations,
because they are based on broadly defined group or population characteristics.
Studies depending on case reports typically are also considered hypothesis-
generating, because the relatively limited numbers of cases and the absence of
comparison groups generally do not permit causal inferences. Generally cross-
sectional studies are hypothesis-generating. Sometimes a population may be
well enough followed or restricted that bias is unlikely to arise from
migration, mortality or similar removal from the observed group; a cross-

sectional or prevalence study may then offer some sort of risk estimate.

Epidemiologic studies designed to test a specific hypothesis, such as
case-control and cohort studies, are more useful in assessing risks to exposed

humans. These studies examine the characteristics of individuals within a

'Editor’s Note: Unless otherwise noted, paragraph numbers refer to the
Human Studies section of the 1986 Guidelines for Carcinogen Risk Assessment in
Appendix E of this document.

-9-
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population. Case-control studies can provide reasonable estimates of
population-based risk when cortrols are properly chosen, while cohort designs
have the best capability to provide accurate estimates of population-based
risz. Under certain circumstances, case-report studies may support causal

associations, and prevalence studies may provide population-based risks.

Issyes:

a&. . We have noted that use of the "descriptive/analytical”

© ‘characterization of the array of study designs may provoke .
‘classification disagreements, detracting from the desired focus on
which designs have what utility for use in risk assessment. For
that reason, two sentences previously in the Guidelines have beean
omitted. Does the Panel believe they should be restored or
suppliecd in some other fashion, or does the current text provide
sufficient discussion?

b. Should PMR studies or clusters be specifically addressed? Where
do they fit in?

c. Should the guidelines point out that studies designed specifically
to test hypotheses also can generate other hypotheses, but the
distinction between these types of information should be
maintained.

Adequacy (to replace current paragreph 2)

Criteria for the adequacy of epidemiologic studies for risk assessment
purposes include, but are not limited to, factors which depend on the study

design and conduct:

1. The proper selection and characterization of study and comparison
cases or groups.

2, The adequacy of response rates and methodology for handling
missing data.

3. Clear and appropriate methodology for data collection and
analysis.

b, The proper identification and characterization of confounding
factors and bias.

-10-
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S. The appropriate consideration of latency effects.
6. The valid ascertainment of the causes of morbidity and death.

7. Complete and clear documentation of results.

For studies claiming to show no evidence of human carcinogenicity
associated with an exposure, the statistical power to detect an appropriate
outcome should be included in the assessment, if it can be calculated. It
should be noted that sufficient statistical power alonc does not determine the
adequacy of a study.

Although not unique to huzan studies, it is imp. rtant to reiterate that
sufficient and thorough evaluation of susbect carcinogens requires that
evidence be available in a form, quality, and quantity suitable for
asgessment. In some cases, the availability of and access to raw data may be
important. Guidelines for reporting epidemiological research results have
been previously published (IRLG, 1981; others?)

Issues:

a. Application of various criteria are dependent on study type; most
listed here usually apply to case-control and cohort scudies. Is

this a problem?

b. Should we address rationales for combining sites and tumor types
in this section, as done in the animal section?

c. Given the discussion in the weight-of-evidence section, do we need
much more here on what constitutes an adequate study?

d. Any suggestions for appropriate citations?

e. Is there too much emphasis on statistical power?

Epidemiologic data are often used to infer causal relationsnips. Many
forms of cancer are stated as causally related to exposure to agents for which

there is no direct biological evidence, most notably, cigarette smoking and

-11-
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lung cancer. As insufficfent knowledge about the biological basis for disease
in humans makes it difficult to classify exposure to an agent as causal,
spidemiologists and biologists have provided a set of criteria that define a
set of relationships about data. A causal interpretation is enhanced for
studies that meet the following criteria. None of these criteria actually
proves causality; actual proof is rarely attainable when dealing with
environmental carcinogens. The absence of any one or even several of these
criteria does not prevent a causal interpretation; none of these criteria
should be considered either necessary or sufficient in itself.

Criteria for causality are:

1. Consistency: Several independent studies of the same exposure in
different populations, all demonstrating an association which persists despite
differing circumstances, usually constitute strong evidence for a causal
interpretation (assuming the sane bias or confounding is not also duplicated
across studies). This criterion also applies if the association occurs

consistently for different subgroups in the same study.

Isgue: Diverse rasponses from similar populations (races or species)
lend weight to human conclusions but seem to detract from animal ones.
How should we address this inconsistency?

2. Strength (magnitude) of association: The greater the estimate of the

risk of cancer due to exposure to the agent, the mors credible will be a
causal interpretation. It is leus likely that nonrandom error (e.g., bias or
some confounding variable) or chance can explain the association because these
factors themselves have to be highly associated with the disease. A weak
association might be mors readily explained by the presence of chance or bias.

Iasues:

a. Should we provide a guideline value, such as a relative risk of
5.0, since magnitide of association can also depend on, for
instance, the variety and range of magnitudes of exposure present
and the rarity of the cancer?

-12-
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b. Should the example of smoking-alcohol-esophageal cancer be
considered here?

3. Ienporal relationship: The disease occurs within a reasonable enough

time frame after the initial exposure to account for the health effect.

Cancer requires a latent peried during which transformation of neoplasia into
maligiancy occurs and a period of time passes before discovery. While latency
periods vary, existence of the period is acknowledged. Since the time of
transformation {s seldom known, however, the initial period of exposure to the

agent is the accepted starting point in most epidemiologic studies.

4. Doge-response or biologic gradient: An incfonse in the measure of effect

is correlated positively with an increase in the exposure or estimated dose.

A strong dose-response relationship across several categories of exposure caa
be considered to be evidence for causality if confounding effects are unlikely
to be correlated with exposure levels. The absence of a dose-resporse
gradient, howaver, may mean only that the maximum effect had already occurred
at the lowest dose or perhaps all gradients of exposure were too low to
produce a measurable effect. The absence of a dose-response relationship

should not be construed as evidence of a lack of a causal relationship.

5. Specificity of the association: If a single, clearly-defined exposure is

associated with an excess risk of one or more site-specific cancers, while
other sites show no association, it increases the likelihood of a causal
interpretation. Different agents, however, may be responsible for more than
one site-specific cancer. Replication of the specific association(s) in
different population groups (cf. consistency) would then be needed to provide

strong support for a causal interpretation.

Issue: Shall wve retain this last sentsnce? A comment has been made that
specific locations (1i.e., microenvironments) influence expression of
cancer.

In some cases, conclusions regarding an association may be based on a
mixture of chemicals rather than the specific chemical in question. In ({hese

cases, judgment on the causal relationship to the specific chemical will

-13~
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depend on such other information as the pharmacokinetics of the chemical or

other blologic or epidemiologic data.

lasue: Shall we include: In some instances, it may be concluded only
the mixture can be held culpable, e.g., in the process to produce benzyl
chloride.

6. Biological plausibility: The association makes sense in terms of what is

known about the biologic mechanisms of tlie diseese or other epidenlologic
_knawlodgo. It is not incousistont vith biological knouledgo about how the
exposure under study could produce the cancer.

7. Collateral evidence: A cause-and-effect interpretation is consistent
vith what is known about the natural history and biology of the disease. A
proposed association that conflicted with existing knowledge would have to be

examined with particular care.
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Chaix Summary of Work Group Session on
Stdy Design and Interpetation

Chair: Dr. Marilyn Fingerhut

Intxoduction

The Study Design Work Group focused on three questions contained in the

strawvman language suggested by the EPA scaff as a preliminary revision of

Section 11.B.7: 1) What types of epidemiclogic studies are acceptable to the

. 'EPA -for risk assgssment? ‘2).What characteristics are desirable in a study to
be used for risk assessment? iﬁd 3)'Wha£ criﬁcfia strengthen the view that an

epideniologic association may reflect a causal relationship?

The Study Design Work Group and the Weight-of-Evidence Work Group met

together to consider the first question and to agree upon the types of studies

to be discussed in each Work Group. The members of the Study Design Group

discussed Questions 2 and 3.

The sections below briefly describe the discussions pertaining to the
three questions, and identify the recommendations and suggestions made to EPA.
The sections contain revised strawman language for Section II.B.7, which
reflects the ideas suggested by the Study Design Work Gioup. This chair’s
summary presents the work group’s views within the context of the strawman

document.

Question 1: What types of human studies are acceptable to

the EPA for purposes of risk assessment?

The members of both the Study Design and Weight-of-Evidence groups
discussed this question in some detail and concluded that all valid
epidemiologic studies can contribute information to an EPA risk assessment.

Consequently, the paneclists rejected suggestions by a few members to weight
There was general agreement

certain study types more heavily than others.
that the various types of epidemiologic studies, properly conducted, could be

-15-
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useful. These include cohort, case-control, cross-sectional, proportional
mortality (incfdence) ratios, clusters, clinical trials, and correlational
studies. Each type has strengths and limitations. It was agreed that "case
reports” do not constitute studies, but that some of these should be reviewed
by EPA during a risk assessment effort, because series of case reports have

provided key information about human risk for several chemicals. Vinyl

chloride was one example cited.

Both groups strongly recommended that EPA needs additional experienced
"epidemiologists to evaluate ¢épidemiologic data and to assist in’risk
‘assessments, because professionally Sophisticated judgments are required when

evaluating the stﬁdies.

The Study Design Croup reviewed the EPA strawman language suggested as a

replacement for the current paragraph 1 of Section 1I1.B.7 Human Studies. The

group generally agreed that the proposed revision not be used. The group

suggested a brief replacement paragraph:

Introduction and Study Types (to replace the current paragraph 1)

Epidemiologic studies with various study designs can provide unique
information about the response of humans who have been exposed to suspect
carcinogens. Each study must be evaluated for its individual strengths
and limitations. Conclusions about causal assoclations usually also
include consideration of the entire body of literature, including

toxicology and bilologic mechanisms.

The Study Design Work Group suggested that guidelines be written for use
by exper_enced epidemiologists.
te the questions posed by the EPA on page 2 of the strawman text {p. 9 of this
documeut). There is no need to distinguish studies as analytical vs.
descriptive, or hypothesis-generating vs. hypothesis-testing, or complete vs.

incomplete (as suggested by one member of the group) because experienced

-16-
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epidemiologists, who are aware of strengths and limitations of the various
study designs, will judge studies by their inherent validity and applicability
to the particular risk assessment. For this reason, there is no need to
specifically address proportional mortality ratios (PMRs) or clusters, or to
address the distinction between hypothesis-generating and hypothesis-testing

in the guidelines.

The Study Design Work Group recognized that it may be desirable to provide
in the guidelines an overview of epidemiologic principles and study types.
- The information would be useful for professionals trained in other
disciplines. The information could also explain to the public how the EPA"
uses human studies in risk assessment. The group suggested that this overview

of epidemiology might be placed in an appendix.

The group suggested that EPA continue to provide epidemiologic training to
nonepidemiologists in the Agency who are involved with the risk assessment
activities. However, the key judgments on epidemiologic studies should be
nade by experienced epidemiologists. Upon learning that EPA has very few
epidemiologists on staff, the group recommended expanding this expertise in
the Agency. A few of the members of the combined Study Design and
Weight-of-Evidence Groups suggested that EPA might wish to consider using, for
risk assessment, the approach of the International Agency for Research on
Cancer (IARC) in which the entire evaluation of human data is conducted by
expert epidemiologists, and is thus free from political interference. Other
participants observed that political concerns may influence any such group.

They suggested that the regular use of EPA staff provides an objective

approach to risk assessment. There was some discussion but no agreement in

the groups about this point.

-17-
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Question 2: What characteristics are desirable in a study

used for risk assessment?

The EPA had provided strawman language to replace paragraph 2 of Saction
I1.B.7 Human Studies, which focused on the question of "criteria for adequacy
of epidemiologic studies for risk assessment purposes."” Because the members
of the group generally agreed with the view that all valid epidemiologic
studies may contribute information to a risk assessment, discussion by the
Study Design Work Group- led to substitution of a different quascion *What
characteristics are degirable in a study used’ for risk assessment?” Since’
each type of study has particular characteristics, strengths, and limitations,

the group suggested revising of the EPA strawman language for paragraph 2 to

Jdescribe characteristics desirable (rather than required) for risk assessment.
Several new characteristics were added to those ldentified by the EPA version.

The following suggested revision is a restatement of ideas from the Group

and should not be considered a polished or finished revision.

’

Adequacy (to replace current pacagraph 2)

Criteria for the adequacy of epldemiologic studies are well recognized.
Considerations made for risk assessment should recognize the
characteristics, strengths, and limitations of the various epidemiologic

study designs. Characteristics which are desirable in the epidemiologic

studies are listed here.

1. Relevance
- The study deals with the c(xposure-response relationship central to

the risk assessment.

2. Adequate Exposure Assessment

- Study subjects have exposure.
< Analysis deals with time-related measures as far as study type

permits, e.g., duration, intensity, age act first exposure, etc.

-18-
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10.

11.

Proper Selection and Characterization of Study and Comparison groups

- Selection and characterization are carefully described.

- Source population is appropriate.

- Results are generalizable to populations %o be protected by the
risk assessment.

Identification of a Priori Hypotheses

Adequate Sample Size

Adequate Rasponse Rates and Methodology for Handling Missing Data

Clear and Appropriate Methodology for Data Collection and Analysis

Proper ldentification and Characterization of Confounding and Bias

Appropriste Consideration of Latency Effects

Valid Ascertainment of Causes of Morbidity and Death

Complete and Clear Documentation of Results

The panelists recormended that EPA continue to actively seek available

unpublished studies, if an unpublished report (or the documentation for a

published report) might contribute to the risk assessment process.

Question 3: What criteria strengthen the view that an

epidemiologic association may reflect a causal relationship?

Strawman language had been provided by EPA to substitute for paragraphs 3

and 4 of Section 1I.B.7 Human Studies. The Study Design Work Group suggested

that the EPA staff consider rewriting this text to express an historical

19~
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approach, indicating that Koch’s postulates were modified by Bradford Hill for
use in environmental studies, and that his criteria have been modified by EPA

for consfderations relevant to risk assessment.

The panelists were in general agreement on most points that are contained
in the suggested text below. Some members suggested deleting "specificity."”
They viewed it as misleading or incorrect, basazd upon the view that most
agents are observed to cause several effects. However, all agreed that as
expressed below, it is a useful criterion when it is present.

The panelists agreed that only one criterion (temporal relationship) was
essential for causality. The presence of other criteria may increase the
credibility of a causal association, but their absence does not prevent a
causal interpretation. The panelists viewed all but specificity and coherence
as applicable to an individual study.

The panelists’ ideas for a suggested revision follow:

Epidemiologic data are often used to infer causal relationships. A causal
interpretation is enhanced for studies to the extent that they meet the
criteria described below. None of these actually establishes causality;
actual proof is rarely attainable when dealing with environmental
carcinogens. The absence of any one or even several of the others does
not prevent a causal interpretation., Only the first criterion (temporal
relationship) is essential to a causal relationship: with that exception,
none of the criteria should be considered as either necessary or
sufficient in itself. The first six criteria apply to an individual
study. The last criterion (conerence) applies to a consideration of all

evidence Iin the entire body o7 knowledge.

1. Temporal relationship: This is the single absolute requirement, which

itself does not prove causality, but which must be present if causality
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i{s to be considered. The disease occurs within a blologlcally
reasonable time frame after the initial exposure to account for the
specific health effect. Cancers require certain latency periods.
While latency periods vary, existence of the period is acknowledged.
The initial period of exposure to the agent.ia the accepted starting
peint in most epidemiologic studies.

. Consistency: When compared to several independent studies of a similar

exposure in different populationa, the study in question demonstrates a
similar association which persists despite differing circumstances.
This usually constitutes strong evidence for a causal interpretation
(assuming that the same bias or zonfounding is not alsc duplicated
across studies). This criterion also applies if the association occurs

consistently for differant subgroups in the same study.

Strength (megnitude) of asscciation; The greater the estimate of risk

and the more precise (narrow confidence limits), the more credible the

causal association.

. Dose-gesponse or biologic gradient: An increase in the measure of

effect is corr:lated positively with an increase in the exposure or
estimated dose. A strong dose-response relationship across several
categories of exposure, latency, and duration is supportive although
not conclusive for causality, assuming confounding effects are unlikely
to be correlated with exposure levels. The absence of a dos;-response
gradient, however, may be explained in many ways. For example, it may
mean only that the maximum effect had already occurred at the lowest
dose, or perhaps all gradients of exposure were too low to produce a
measurable effect. If present, this characteristic should be weighted
heavily in considering causality. However, the absence of a
dose-response relationship should not be construed by itself as

evidence of a lack of a causal relationship.
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5. Specificity of the association: In the study in question, if a single

exposure is associated with an excess risk of one or more cancers also
found in other studies, it increases the likelihood of a causal
interpretation. Most known agents, however, are responsible for more
than one site-specific cancer. Therefore, if this characteristic is

present, it is useful. However, its absence is uninformative.

6. Biological plausibility: The association makes sense in terms of

biological knowledge. Information from toxicology, pharmacokinetics,
genotoxicity, and in vitro studies should be considered.

7. Coherence: This characteristic is used to evaluate the entire body of
knowledge about the chemical in question. Coherence exists when a
cause-and-effect interpretation is in logical agreement with what is
known about the natural history and biology of the disease. A proposed
association that conflicted with existing knowledge would have to be

examined with particular care.

In a joint session of the Study Design and Weight-of-Evidence Groups at
the end of the meeting, some panelists noted the desirubility of having
epidemiologic data availeble for use in risk assessment at the time that
animal studies are completed by the National Toxicology Program (NIP). A -
suggestion was made by some that EPA consider undertaking an effort to assess
the feasibility of conducting a human epidemiologic study at the same time the
Agency recommends- that NTP undertake an animal study. There was only limited
discussion of this point. Some panelists objected to it, mainly because of

logistic difficulties.
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Assesanent of Weight of Evidence for Carcimogenicity from Studies in Humang

Thers are a variety of sources of human data. %hen the totality of human
evidence is considered, the conditions under which the information has been
collected are of importance in defining the limits of its inference. These
limits are particularly critical for studies where no positive results have

been seen, although they contribute to conclusions in all circumstances.

In the evaluation of carcinogenicity based on epidemiologic studies it is
necessary to consider the roles of extraneous factors such as bias and other

nonrandom error and chance (random error) and how they might affect evaluation

and estimates of an agent’s effects. Some extraneous factors of concern are

selection bias, information bias, and confounding. Five classifications of
human evidence are established in this saction. The following discussion

includes some Iinterpretation and illustration of their use.

1. The category of gufficient implies the existence of a causal relationship

between the exposure in question and an elevation of cancer risk. Most if not

all of the criteria for causality as defined in Section II. B. 7. should be
met. Most agents or mixtures falling into this category would require at
least one methodologically sound epidemiologic study meeting most of the

criteria for causality and whose results cannot be explained by chance, bias,

or confounding.
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Lssyes:
a. If one such study is available, would others be needed as
confirmatory?

b. Is it necessary to specify what are "most criteria?"

Sometimes a case series will present data that drive a causal conclusion.

Issues:

&. Are supporting studies needed? Language that migh: serve is: One or
more supporting epidemiologic studies that also demonstrate a
relationship between the exposure and cancer should be availnble.
The latter studies need not be definitive by themselves although the
stronger they are in terms of their validity the more credible will
be a "sufficient” categorization of the epidemiologic data.

b. Sometimes studied populations will differ only in cumulative dose or
in dose rate. Should a conclusion of carcinogenicity be limited to
circumstances of exposure?

Corollary: Shall we include discussion of the evaluation of a body
of studies where some show effccts at one site and some show them at
another or where some are of different ethnic or geographic groups or
where there are age and sex differences?

c. The Agency receives studies, some by statute, from a variety of
sources, that may not have appeared in the open or peer-reviewed
licerature. Should comment be made regarding our intent to use such

studies?

2. The category of limited implies that a causal interpretation is more
credible than nonrandom error, although it cannot be entirely ruled out as an
explanation for the statistically significant positive association found in at
least one or more epidemiologic studies. Such studies would typically include
a vigorous effort by the author or be carefully reviewed by the Agency to
explain why nonrandom error (confounding, information bias, etc.) is unlikely

to account for the association.
Also included in the limited category are agents for which the evidence

consists of some number of independent studies exhibiting statistically

significant positive associations between the exposure and the same site-
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specific cancer but for which nonrandom error could not be ruled out entirely
as the explanation for th‘ association in each study. This c.tegory may also
include substances for which a series of epidemivlogic studies (some number of
wvhich must be considered valid) exhibit apparent but not significant positive
associations for the same site-specific cancer without any series of valid

studies in which there is apparent lack of association to counter the observed

association.

lagues:
a. How many studies would suppert each conclusion?

b. Is it necessar: for responses in a series of studies to be specific
to site in order to fall into the limited category?

3. The category of inadequate implies that the data, although perhaps
suggestive, do not meet the criteria for a limited categorization of the
evidence. This would include studies that demonstrate statistically
significant positive associations that could be explained by the presence of
nonrandom error and which are not specific with respect to site. Also
included i{n this category are studies deemed of insufficient quality or
statistical power, and where there is no confidence in any particular
interpretation. For example, results may be consistent with a chance effect,
or expasurs may not clearly be tied to the agent in question. Alternately, a

report of a study may render it Incapable of being evaluated owing to

insufficient documentation.

Issye: 1Is it proper to modify or downgrade a category by such language as
"Studies showing no positive results can be used to lower the
classification from limited to inadequate . . . " ?

Poasible Choices to Copplete This Statement Might Bel
*only if the exact same conditions {(including sensitivity) have been

replicated {n a statistically significantly positive study of the kind
described under this category. The results would thus be contradictery
and the nat effect of the latter study would be to negate the findings

of the former."
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or
"{f they are at least as likely to detect an effect as an already-
completed study providing lim{ted evidence."

Corollary: How explicit shtiould we be?

4. The category of ng _data indicates no data are available directly regarding

humsans.

5. The category of svidence of not being & caxcinugen in humans is reserved

for circumstances in vhich the body of evidence indicates that no association
It should be

exists betweea the suspected agent and an increased cancer risk.
recognized that altsrations in the conditions under which a study is done may

lead to statistically significant risk estimates where they did not exist
before. Studies of uncertain quality with no positive results should rot be
used to reduce the weight of evidence.

Isgyes:
a. Ve are reluctant to use the word "negative” because it has come to
mean a variety of things including (1) a study with no cases of

cancer, (2) a study judged statistically to have no excess cases of
cancer, and (3) a study that leads readers to believe there is no
need for concern about carcinogenicity. We do naot wish to perpetuate
the misuse of the term "negative” when referring to certain
epidemiologic studies. Have we adequately described the
circunstances under which we would conclude that the body of

epidemiologic evidence suggests an agent is not a carcinogen?

b. Do we need this category? Will it ever be used?

-26-

IOGQO&CZOE



chaix Sumwrary of Work Group Session on Clasaification Systen
for Categorizing Weight of Evidence for Carcinogenicity -
fxom Human Studies

Chair: Dr. Raymond R. Neutra

I. INTRODUCTORY DISCUSSIONS

Veizhing evidence refers to the act of reviewing and summarizing human
evidence ranging from case studies to randomized trisls. Evidence which
suggests positive, null, or even protective carcinogenic effects is considered
vwhile taking note of the quality of each pilece of information. The group
seemed to advocate a procedure that considers all study results regardless of
direction, rather than only positive studies, in other words, a "veight of

evidence approach® rather than a "strength of evidence approach,”

respectively.

One workshop pcrticipint pointed out that those who review human evidence
assign some informal prior probability to the hypothesis that the substance
under investigation causes cancer in humans. Without advocating formal
Bayesian statistical procedures, it should be noted that this “"prior
probability” is influenced by the nature of the substance, information on its
metabolism, and behavior in short-term tests. The group decided that results
of animal biocassays or subchronic tests should not influence judgments on the
prior probability or in the interpretation of the human studies, since a
separate process, in EPA deals with the weight of animal evidence. In a
subseqden; process, the two streams of évidence will be combined by scieniis:s

to give a final "posterior" characterization of the evidence.

It was agreed that the adjective

It has been used to mean

There was a discussion of nomenclature.
"negative” should be avoided, as it is ambiguous.
*bad,"” "protective effect,” "no effect,” or "absent." For the purposes of the
work group it was agreed that "null" wouid be used for a study that had a
relative risk close to 1.0 with confidence limits which included 1.0, and that

"inverse assocfiation" is the appropriate terminology for a study that showed a
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relative risk less than 1.0 and confidence limits which did not include 1.0.
A positive study is one with a relative risk greater than 1.0 with confidence
limits which do not include one.

The group recognized that the evaluation of a body of evidence depends
on, but {s different from, the process of evaluating individual studies. The
latter process was discussed by che Study Design and Evaluatfon work group,
vhich listed a series of study charscteristics and criteria for likely
causality that should be considered in characterizing a single study. In the
process of evaluating the evidenca from a single study, one of the following
categories might be designated: clear, some, equivocal, or no evidence of
human carcinogenicity. The study design group falt that it was not possible
or desirable to have a rigid algorithn for making this categorical
determination on a particular study. For the purposes of discussion in the
weight-of-evidence work group, these terms were used even though definitions
wvere not developed by that group. Similarly the weight-of-evidence group was
not in favor of a rigid algorithm for combining evidence among individual
studies. Instead, it was suggested that a review of all the studies by a
jualified group could lead to an ordinal classification. It was agreed that
assigning a ratio scale rumerical score of evidentiary sufficiency would not
be halpful since the Agency would need to categcrize the score enyway for
action purposes. An artificial numerical score might well complicate rather
than simplify the regulatory process.

The general consensus of the workshop was to avoid too narrowly defined
guidelines, e.g., the use of specific numerical standards in defining "tight
confidence limits. " S '

It was further noted that overly specific guidelines had a numher of
drawbacks. First, they could never capture all conceivable contingencies and
thus would be a Procrustean bed. Second, a cookbook could be inappropriately
used. This is a particular problem in an agency such as EPA where the
prevalence of epidemiologists is below 1/1000 (15 total in this organization
of 16,000 employees). The group encouraged EPA to increase the number of
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epideniologists on their staff and to have continuing education for
epidemiologists and others to foster interdisciplinary work.

One participant urged that an IARC-like process using external experts
should be employed for weighing evidence. A number of drawbacks were pointed

out,

There was discussion about the methods that EPA should employ in
sumparizing bodies of evidence. For example, should thers be an appendix
presenting techniques for meta analysis and its graphical presentation? No
consensus emerged bacause of concern that these techniques could be misused.

I1. PROPOSED MODIFICATION OF THE STRAWMAN CATEGORIES FOR WEIGHED EVIDENCE

The strawman language suggested the categories of Sufficient, Limited,
Inadequate, No Human Data, Evidence of Not Being a Carcinogen in Humans.

The work group suggested the categories: Sufficient Evidence for Human
Carcinogenicity, Limited Evidence for Human Carcinogenicity, Inconclusive
Evidence for Human Carcinogenicity, No Human Data. There was no consensus and
considerable argumentation about two additional possible categories: Human
Evidence Not Suggestive of Carcinogenicity and Sufficient Evidence for Lack of
Human Carcinogenicity. The work group'’s understanding of the catsgories and
ics responses to specific strawman issues raised by EPA staff in each

respective section are dealt with below.
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III. SPECIFIC COMMENTS ON EACH EVIDENTIARY CATEGORY
1. Sufficient Evidence for Human Carcinogenicity
Issuer A and B. Required Nuzsber end Quality of Studies

In some circumstances where the information "prior probability” was high
and the scudy was particularly strong, the work group felt that a single study
vwith clear evidence could provide sufficient evidence for a substance. In
sost cases, thers would probably be more than one study with clear evidence.
The group did not want to provide a cookbook to define the criteria for
sufficiency.

Issues A, B and C. Need for Supportive Information and Peer Review

The work group felt that only in the rarest circumstances would a case
series provide sufficient evidence for human carcimogenicity, e.g., vinyl
chloride. They were reluctant, however, to provide a rigid algorithm which
alvays requires supporting studies.

The work group did not wish to limit hazard identification to the dose
scenario covered in the epidemiological study. That is deslt with during
dose-response assessment. It also advised that a series of studies which show
an increased risk of cancer at a perticalar site should be given more weight
than a series showlng.an increased risk at various sites. In the latter case,
the mechanisa of causstion should.enter into the veighing process. Also, ,
hazard identification should not be limited to the particular races, sex, or

age group covered by the epidemiological studies.

Most work group members thought that unpublished studies should be
considered in weighing evidence. Two strong caveats were voiced. There
should be deadlines for submission to prevent a continual stream of last-

minute submissions which delay the regulatory process indefinitely. There
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should be regulatory peer reviev and perhaps a requirement that any journal
acceptance or rejection correspondence be submitted to the Agency.

2. Limited Evidence For Human Carcinogenicity

Issues A and B, Number of Required Studies and Sites Specificity

e  on

One or more studies providing "some evidence® even if there are some
Alternatively, a series

*null® studies, will qualify for this classification.
of positive equivocal evidence studies in the absence of any null studies
The work group did not have suggestions for an

would qualify as well.
algorithm to deal with these issues,

3. Inconclusive Evidence For Human Carcinogenicity

The work group preferred the term “inconclusive" to the term "inadequate”

because the latter implies poor quality evidence when in fact the studies may

be of good quality but contradictory.

The evidence may gain this characterization under thiee cbntingencies: 1)
the evidence i{s a mixture of equivocal and null studies; 2) the evidence is a
mixture of imprecise null studies which do not add up to a precise null study;
or 3) The evidence does not meet the criteria for the other categories.

Issue A. Modifying and Downgrading Categories

The work group did not discuss exact wording to cover the situation in
which a positive study is followed by a null study so that a substance would

fall from the limited category into the inconclusive category.
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4, No Human Data

The category of No Data indicates no data are available directly
regarding humans. The subcommittee had no comments on this self-evident

category.

5. No Evidence for Human Carcinogenicity (Human Evidence Not
Suggestive of Carcinogenicity)

There was considerable discussion about the concept of this and the
following category and of the names which should properly apply to them.
should be kept in mind that this epidemiological categorization was to be
based on human studies and interpreted in the light of short-term studies and
mechanistic insights, but not subchronic or chronic cancer animal bloassays.
The ultimate classification would weight the two streams of evidence.

1t

The sensitvivity of this and the following category has to do with the
weight requirec. for human studies to overcome sufficient animal evidence. The
veight of evidence for a substance would fall into this category rather than
the "fnconclusive®” category if all the human studies had been null studies yet
animal risk assessment would have predicted null studies at the human dose
delivered to the population size exposed, and there were possible mechanisms
of action which would predict a nonthreshold dose-rasponse curve. In this
case, a series of good null studies are simply not good enough to definitively
cincél out sufficient animal evidence. Yet the evidence of a series c¢f null
studies with individually tight confidence intervals or tight intervals whén
taken together somehow warrants more than an "inconclusive™ label. The weight
of evidence regarding EDB is an example of this »ituation. The substance is
genotoxic and animal risk extrapolations would have predicted that the worker
studies carried out could not have detected the fairly small relative risks

expected from the doses received.
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There was some discussion about what it meant to be "taken togetherQ'
Subjecting a series of small studies to a Mantel-Haenszel procedure was
suggested. There were some iechnical objections, but it was agreed that

consensus might be found for some analogous procedure.

6. Sufficient Evidence for Nomcarcinogenicity in Humans

There was no consensus on this classification. Many members felt that a
series oi strong null studies with tight confiderce limits would qualify if
coupled with a widely accepted mechanistic understanding that suggested that
the agent should not cause cancer at doses to which humans could be accidently
exposed at work or in the environment. This kind of mechanistic and
epidemiological evidence could cancel out a series of positive animal

bioassays for the purpose of hazard identification.

A few others in the workshop pointcd out that null studies could be used
to determine if humans were substantially less sensitive than animals in the
dose-response stage of risk assessment. In the hazard identification stage,
however, only a much more stringent criterion was appropriate. The confidence
limits around the null value needed to be so tight that they excluded the
possibility of added risk of public health and regulatory concern. One
proposal supported by two of the workshop participants was that "risk of

regulatory concern" be quantified.

The majority who disagreed with this proposal seemed to have two views.

" First, that it was unwise to tie the Agency’s hand with a number ﬁh;ch'mighc

change and which was an issue of risk management. Second, it was perceived
that no study would be able to rule out all risks of potential regulatory
concern. Such power is not practically achievable, and even it if were, one
would not trust epidemiology’s ability to control confounding sufficiently to
accurately assess relative risks so close to the null. This stringent
requirement might also create disincentives for government and corporate

sponsors who fund epidemiological studies in the hope that they would givs the
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candidate chemical a “"clean regulatory bill of health" in the hazard
identification phase. Everyone recognized that it is not possible to prove an

absolute zero risk.

The advocates of the more stringent definition, e.g., to require
exclusion of all risks of regulatory concern, responded that this was exactly
the point. Sponsors should give up the vain hope that null epidemiological
evidence could be used in the hazard identification process to get their
substances "off the list"' when there is sufficicat evidence from animal

studies.

Although epidemiology can rarely get a substance off che hazard
identification list once an animal study has put it there, a series of good
quality null studies would put the substance in the Human Evidence Not
Suggestive of Carcinogenicity category. If the human response was
considerably lower than that predicted from animal studies, this may lead to
higher tolerated industrial emissions of the substance, which in turn, may, in
some cases, have important economic implications. Thus incentives exist for
carrying osut epidemiological investigations even if these studies can rarely
be used to justify delisting a substance.

Saccharin was cited as an example of a substance that should not get a
*clean bill of health.” A series of strong null human studies was still
easily ccupatible with the animal predictions of 8G0 extra cases per year in
the United States. Although this is equivalent to a relative risk of 1.01,
small by epidemiological standards, one is hard pressed to exonerate a
substance with a study which does not have the powor to exclude the very
number predicted by animal risk assessment. It is for this reason that some
members in the subcommittese demanded a null study with the power to exclude
the low added lifetime risks of interest to regulatory agencies. The wording
used by IARC for a siﬁilar category was proposed with the addition of a
sentence dealing with the need for power tec exclude risks of regulatory

.'Editor’s note. Concept of a list arose during the work group discussion,

and was not previously referred to the strawman language.
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interest. This line of argument was unfamiliar and even 1rr1tatiﬂg to many of

the epidemiologists present.

The proponents for the category, Sufficient Evidence for
Noncarcinogenicity in Humans, responded that saccharin was a good candidate
for the category since there was experimental and mechanistic evidence that
bladder cancear in rats should only occur at high doses and that downward
extrapolation of risk to dietiry levels in humans was not warranted. There

was 2 question as to whether there was scientific consensus on this.

Although mest of the discussants did not question the use of widely
accepted mechanistic arguments separating man from animal, there were a few
concerns that there could always be other carcinogenic mechanisms that were
shared between humans and rodents that migh: still operate. This is something
which needs to be examined carefully.

A consensus did seem to emerge against the more permissive strawman
language which suggested that a series of unopposed null studies constituted

Sufficient Evidence for Noncarcinogenicity in Humans.

The work group agreed with EPA staff sbout not using the word "negative"
because of the many different interpretations that can be given to this word.

The discussion in the strawman document about how to interpret null

studies was not adequate and prompted the arguments outlined above. The work

. group did not come to a consensus sbout categuries that dealt with null

studies:
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IV. MISCELLANEOUS OBSERVATIONS

1. Control of Smoking

When a series of studies show an effect but smoking has not been
controlled for, this should not automatically disqualify the studies for
consideration. It should not always be assumed that controlling for smoking
would weaken an observed chemical effect. Highly exposed individuals may

smoke less.

2. Multiple Exposures

There was a discussion of the problem of concomitant exposure to other
chemicals in a series of studies. One should determine if all of the studies
were characterized by exposure to the same set of chemicals. If not, some of
the other chemicals could be removed as confounders. If so, the partic}pants

recommended following the IARC policy of implicating the process as a whole.

3. Carcinogenic Metabolites

Sometimes a substance produces by metabolism another substance that has
achieved scme degree of evidentiary sufficiency even though the parent
compound has not been studied. If the target organ of main exposure is the
same, the workshop members agreed that the parent compound should be
classified similarly to the metabolite. As circumstances'deviate from: this

paradigm, more judgment will be needed in the classification process.

4. Proper Use of Power Calculations

The work group came to a consensus that it made no sense to calculate the

power of the study after the fact. Instead, one should inspect the confidence

limits to see if they include the expected effect.
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5. Epldemiologic Research Needs

A number of participants suggested that EPA fund an epidemiological study
every time a request was made to the National Toxicology Program (NTP) for an
animal study. Others felt that this would be wasteful of scarce
epidemiological resources and that one should wait for positive animal results

before embarking on an epidemiological study. Still others felt that we could

be missing human carcinogens that happened to have negative animal results.
There seemed to be some consensus that a search be initiated for an exposed

cohort and an exposure assessment be carried out, in parallel with each NTP

scudy.
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Strawpan Language and Related Questions'

1. Selecticn of data: As indicated in Section II.D., guidance needs to be
given by the individuals doing the qualitative assessment (epidemiologists,
toxicologists, pathologicts, pharmacologists, etc.) to those doing the
quantitative assessment as to the appropriate data to be used in the dose-
response assessment. This {s determined by the quality of the data, {its
relevance to the likely human modes of exposure, and other technical details.

A. Hupap studies. Estimates based on adequate human epidemiologic data
are preferred over estimates based on animal data. Intraindividual
differences, including age- and sex-related differences, should be considered
vhere possible. If adequate exposure data exist in a well-designed and well-
conducted epidemiologic study that has shown no positive results for any
relevant endpoints, it muy be possible to obtain an upper-bound estimate of
risk from that study. Animal-based estimates, if available, also should be
presented when such upper bound estimates are calculated. More carefully
executed dose-response assessments benefit from the availability of data that
permit the ages of exposure and onset of disease and the level of exposure and

duration to that exposure to be incorporated in the assessment.

1ssues: :
a. Should an upper-bound risk estimate he made frcm a nonpositive \uman
study if it is the only risk estimate that can be made?

The first two paragraphs of the strawman language provided are intended
to be parallel to the first two paragraphs of III1.A.l1. of the current
guidelines (see Appendix E). The second three paragraphs of the strawman

language are intended to be parallel to the first three paragraphs of II1.A.2.

of the current guidelines.
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b. Should we describe what is ainimal and vhat is preferred data? A
discussion of "preferred data" could become so extensive that
description in the guidelines would be cumbersome, such data may
never ba obtainable, and the discussicn in the guidelines would
probably never be exhaustive. Alternately, would it be possible to
spacify levels of preferred data?

c. In the absence of dose-rate information, {s the use of cumulative
dose an appropriate default position? Should that be specified in

the guidelines?

d. Should the guidelines be made to reflect possible differences in
dose-response between children and adults because cf differences in
tissus growth, metabolisma, food and fluid intake, etc.?

e. Should the use of person-years of observation be counted from the
beginning or the end of exposure for dose-response assessment?
Should this be discussed in the guidelines?

2. Choice of mathematical extrapolation model: Since risks at low-exposure

levels cannot be measured directly either by animal experiments or by
spidemiologic studies, a nuaber of mathematical models have been developed to
extrapolats from high to low dose. Models should wmake optimal use of biologic
data vhere possible. Different extrapolation . . . (The language here would
be the same as that in the current guidelines.) . . . A rationale will be
included to justify the use of the chosen model.

A. BRupan data. Dose-response assessments with human data should
consider absolute as well as relative risk models when the data are available.
Where possible, results from both models should be presented. If selecting
one model over another, the rativnale should be described. In the absence of
information to the contrary, a dose-response model that is linear at low doses
.will be employed with human data. A point estimate from the model may ve used

to estimate rigsk at doses below the observable range.

B. Animal data. For arimal data, the linearized multistage procedure
will be employed in the absence of information to the contrary. The
linearized multistage model is a curve-fitting procedure. It does not model
what {s believed to be a multistage process of tumor developmeni. It is

appropriate as a default procedure, however, in that it is linear at low
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doses. Uhere appropriate, the results of different extrapolation models may

be presented for comparison with the linesrized multistags procedurs. When

longitudinal data . . . (Continue discussion in current guidslines.)
lasues:
a. Point estimates from models of human data have been used in the

Agency in the past for dose response assesssent. This differs from
risk estimates made from animal data in that the estimates from
animal data are statistical upper bounds. The rationals for using a
point estimate with human data {s that (1) there is no cross-species
extrapolation with the human dita (2) exposures to humans in the
epidemiologic data sets used for modeling (usually occuyational
studies) are much closer than the doses used in animal studies to the
environmental exposures of concern and (3) the point estimate, though
not a statistical upper bound, provides an upper bound in the sense
that the response at lower doses is likely to be less than that
predicted by a model with low-dose linearity. Should statistical
upper-bound dose-response estimates be used with human data for
consistency with the dose-response estimates from animal data?

The linearized multiscage model is recognized as a curve-fitting
procedure. It does not model stages of cancer. I3 it appropriate to
recommend the linearized multistage procedure in absence of
information to the contrary for the dose-response assessuent of
animal data? Uould it be more appropriate to simply recommend a
model that is linear at low doses in the absence of information to
the contrary?

Are there sxamples of agents which have supralinear dose response for
humans at low doses? If so, a model with low dose linearity may not
be protective of public health.




Chair Summary of Work Croup Session on
Dose-Response Assessment

Chair: Dr. Philip Enterline

The Dose-Response Work Group discussed two major questions posed by EPA in

the strawman language. These were:

(1) How should the most apprcpriate data be selected for use in dose-
response assessment?

(2) How should the most appropriate extrapolation model be selected for
estimating risks from human data sets and should these models be
consistent with those used for animal data?

The sections below apply to Section III.A.1 and 2 of the current
guidelines (see Appendix E). Some suggestions are given for changes to the

strawrman language.
1. Selection of Data

While estimates based on adequate human epidemiologic data are preferred
over estimates based on animal data, many issues need to be considered so that
these estimates will be scientifically sound. The following paragraphs
address some of EPA’s critical issues in choosing data for dose-response

assessment.
Issue A. Estimating Risk from Nonpositive Studies

The group felt that when no positive evidence (either Qnimal or human) is
available, an upper bound risk estimate should not be made from a nonpositive
human study. In the presence of a good positive animal study, however, it was
felt that a human study could he used and that, under appropriate conditionmns,
the upper bound from the human study could be used rather than the upper bound

based on animal studies.
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Issue B. Acceptable Quality of Data

With regard to the kind of epidemiologic data needed, the committee felt
that the new strawman language proposed, which appears on page 1 (p. 39 of
this document), is adequate: “"more carefully executed dose-response
assessments benefit from the availability of data that permit the ages of
exposure and onset of disease and the level of exposure and duration of

exposure to be incorporated in the assessment."
Issue C. Default Position for Dose-Rate Information

The committee felt that cumulative dose is an appropriate default
position. 1t is assumed that the wording that now appears in the first full
paragraph on page 91 of this document (Appendix E), applies to epidemiologic
irformation. Clearly, the use of daily average or cumulative dose is not
always ideal and dose rate information by time would be desirable.
Extrapolation from occupational studies that deal with only part of a
lifetime-to-lifetime risk may not always be appropriate. The committee felt
that using lifetime daily averages will probably not grossly understate risk

but in some cases might cause an overstatement.
Issue D. Adjustment: for Children as Compared to Adults

It was felt that the assumpticn that there is no difference between
children and adults is a default position. After taking dosimetry into
account, other factors such as remaining lifetime, tissue growth, metabolisa,

foéd and fluid 1ncakel etc., should be taken into consideratioh wherever

possible.
Issue E. Options for Counting Person Years of Observation

The committee couldn’t comment directly on the issue of whether person
years of observation should be counted from the beginning or the end of

exposure for dose response assessment. The committee did feel, however, that
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latency should be considered in calculating dose for the purpose of examining

dose-response relationships. This might take the form of lagging (5 years, 10
years, etc.) or of weighting dose by a time-to-tumor distribution with litcle

weight given to times distant from some average value.

The workshop group suggested the following changes in the strawman

language:

Section IIIA. Dose-Resjponse Assessment, Paragraph 1. Selection of Data.
On page 1 of the strawman text (pp. 39 and 89 of this document) delete "by the
individuals doing the qualitative assessment (epidemiologists, toxicologists,

pathologists, pharmacologists, etc.)."

Section IIIA. Dose-Response Assessment, Pavagraph 2. Selectjon of Data:
Human gtudies: On page 1 of the strawman text {pp. 39 and 89 of this
dccument) add to the first line the word "positive" so that the first sentence
Xeads, "Estinmates based on adequate positive epidemiologic data are preferred

over estimates based on animal data.”
2. Choice of Mathematical Extrapclation Model

Vhile mathematical models must be relied upon, since risks at low exposure
levels cannot be measured directly, a range of choices exists regarding the
type of model and its assumptions. The following paragraphs provide guidance
based on the work group discussions for the critical issues identified by EPA

in the strawman documenc.

Issue A. Use of Statistical Upper Bound Dose-Response Estimatés

The conmittee felt that when dose-response estimates are made from
positive human data, statistical upper bounds should be used so as to be
consistent with dose-response estimates from animal data. While it is true

that there is no cross-species extrapolation with the human data and that

exposures are closer to those actually experienced by humans in risk
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assessment calculations, it was felt that this might be offset by the fact
that the general population to which risk assessments apply may be more

heterogereous {n terms of susceptibility than the data sets (often based on
Moreover, the

occupationally exposed groups) from which risk is estimated.
committee was not certain that the true dose-response relationship for humans

was always concave upward, and thus linear extrapolation may not always

provide a margin of safety. In addition to upper bound estimates, the
committee felt that point estimates as presently calculated by the EPA should

be shown.

Issue B. Use of the Linearized Multistage Hodel

The committee discussed the appropria.eness of the linearized multistage
model as compared with simple linear models. It was felt that the question of

appropriate models was a subject that might be better dealt with at a workshop

where this was the main focus and in a context where other models could be

presented and discussed.

Issue C. Modeling Nenlinear Dose Response

The committee felt that where dose is environmentally determined, there
are agents (e.g., radiation, arsenic) where response is concave downward.

Under these conditions an assumption of low-dose lineararity would not be

protective of the public. This was considered in the decision to recommend

the calculation of statistical upper bounds from human data.

The workshop' group suggested the following change in the ‘strawman -

language:

Section IIIA. Dose-Response Assessment. Chojice of Mathematical
Extrapolation Model: Humap data. On page 2 of che strawman text (p. 40 of

this document) delete the following sentence: "a point estimate for the model

may be used to estimate risk if dose i{s below the observable range.”
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Philip Enterlire, Ph.D.

Professor Emeritus of Bilostatistics
University of Pittsburgh

School of Public Health

1 was pleased to learn of EPA’s decision to expand and clarify its
guidelines for the use of human evidence in quantitative risk assessment. As
perhaps many of you are aware, of the fairly large number of risk assessments
th=t have thus far been made, only a handful are based upon human evidence.

Most are based on extrapolations from animal experimental data.

In principal, there is no difference between epidemiologic evidence and
experimental evidence. The problem lies in the design and analysis of these
studies. VWhen I first bDecame interested in epidemiolsgy, it was not
considered to be a hard science and many of the "best" scientists were quite
undecided as to how much faith to put on epidemiologic observations. One of
the doubters was Bradford Hill, a then well-known British medical
statistician, who suggested that perhaps epidemiology could be useful if in
designing these studies “"the experimental approach was kept firmly in mind."
I think that is truly the key to good epidemiologic investigations. Somehow
we must conduct epidemiologic studies so as to approach the conditions of an

experiment as closely as possible.

We have made much progress here with a great boost from advances in
statistiﬁal hethodology and computers. Perhaps the major problem with
epldemioleogic studies as a tool in quantitative risk assessment is a lack of
firm environmental data, although as Allan Smith has pointed out, it is
difficult to imagine how the envirormental data could be more in error than
aniral to human extrapolations. I also feel that producers of epidemiologic
data need more guidance from consumers as to what kind of data is needed.
Most of us are primarily concerned with answering the question, "Is there a

disease excess?” rather than "What is the putency of the agent?*
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It is oy feeling that all well-designed epidemiologic studies involving
defined exposures provide sons information that can be useful in risk
agsessment. This is true even if positive findings are not statistically
significant. For a number of years I taught a course in Introductory
Biostatistics and in that course we covered measurements and tests of
significance, with the latter being particularly difficult for many of my
students. As part of my final examination, 1 sometimes ask the following
question, "Suppose your grandmother has a cancer and your parents, wanting to
take full advantage of your place in the medical science field, ask you to see
what kind of treatment is curréntly in vogue. You search the literature and
find two treatments that are being viewed favorably. Results from a large
recent clinical trial show treatment A to give a 60 percent five-year survival
and treatment B to give a 75 percent five-year survival. Numbers of subjects
studied were about the same in each of the two treatment groups and the
difference in survival rates is not statistically significant. Which

treatment would you select for your grandmother?"

Perhaps not surprisingly most of my students conclude that since the
difference in treatment was not statistically significant, there was no
difference. If pressed they would simply toss a coin to decide on a treatment
for their grandmother. There are, however, a few students who would notice

that one of the treatments actually gave better results than the other.

Epidemiologic studies are not different from clinical trials. All contain

some information. Some studies are more positive or some more negative than
others and this fact alone may be important. A relative risk of 1.2, even if
not stacistiéally'significant, may mean more in a partiéulaf setting than a
relative risk of .8. Perhaps the former might be called nonpositive and the
latter called negacive. EPA clearly recognizes the usefulness of such
{nonpositive] epidemiologic data when they evaluate animal data. A very
typical situation is one in which there is a positive animal study and a
nonpositive or negative human study. While EPA mlghf dismiss the human study
because of a belfef that there is no such thing as negative epidemiology, they

do use the upper confidence interval of the human data to set an upper limit
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of risk calculated from the animal study. I think that is a fair way to view
human evidence, since the confidence interval is both a function of the power
of the study, that is, the sample size, and of the actual results of the
study. Incidentally, I don't think it is proper to calculate power after the
study has been completed, since it ignores what was found in the study and the
situation is clearly different than it was before the study was ever

undertaken.

Some people seem to feel that the doses of toxic agents received by humans
are too small to cause disease excesses large enough to be detectable by
epidemiologic studies. In fact, my students often comment to me that it must
have been great in the good old days when there were so many things to
discover. 1 would point out here, however, that for the most part, in the
"good old days," there was little to guide us in terms of what to look for or
where to look. I recall when the first U.S. epidemiologic study of cigarette
smoking and cancer was reported in the early 1950s, there was a great deal of
debate as to whether this could be in fact true. Why did it take us so long
to find such a grand relationship? Even Bill Hueper of NIH, who was prcbably
our greatest prophet as to environmental causes of cancer, had missed this

relationship, attributing only cancer of the tongue and cheek to the use of

tobacco. Of course, it was the human evidence that led to what is now perhaps-

our greatest effort in the field of preventive medicine - the anti-smoking

campaign.

I feel that there are many discoveries yet to be made from epidemiologic
_studies. Some of these involve simply a careful review of existing

literature, while others will require some new investigations guided perhaps
by observations made in animal experiments as well as the new field of
structural activity research (SAR). In studies of working populations, we
really need to take a hard look at studies that show large rumbers of
statistically significant deficits in various diseases. Can these all be
attributed to worker selection or is it possible that something in the design

or execution of these types of studies is systematically causing understated

risks?
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In closing, let me assure you based on a couple of years experience as a

member of EPA’s Science Advisory Board, that EPA is one federal agency that
listens to its consultants. Your work during the next day and a half could
have an important impact on the quality of EPA’s risk assessment activity in

the future,
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Raymond Richard Neutra, M.D., Dr.P.H.
Chief - Epidemiological Studies Section
California Department of Health Services

1. Should We Be Regulating Substance by Substance?

It should be noted that there are 60,000 chemicals in commercial use and
that our regulatory scheme has been to regulate them one by one after years of
scientific debate. This is analogous to regulating fecal pathogens one by one
instead of simply separating people from chemicals the way we have separated
them from feces. This is worth pondering before we plunge into the

difficulties which this general approach presents us.

II. Epidemiologically Non-Detectable Risks May Be of Societal Coucern.

Figure 1 gives a schematized example of diseases according to their
baseline, lifetime, cumulative rates, and the relative risks conveyed by the
hypothetical carcinogens in each case. Common cancers, whose baseline risks
are multiplied many times by a carcinogen, are easy to detect and are of
societal concern. Rare cancers affected by carcinogens that convey small
relative risks are neither important nor detectable. But what of moderately
rare cancers exposed to agents that convey relative risks less than two? They
may convey lifetime risks greater than one in a nillion or one in a hundred
thousand, and not be detectable with epidemiology Saccharin {s an example of
a widely used agent for whom the animal risk assessment suggested an added
burden of 800 bladder cancers a year. Yet this was a relative risk of only
1.01! Even the enormous case control studies that were done could not rule
out this added risk. Epidemiologists said this study showed there was no risk
of public health concern, but eight hundred cases a year (if identifiable)
would attract public and legal attention (compare it to the number of
Guillaine-Barre (GB) cases in swine flu vaccine, or the number of rabies cases

a year). The pubiic is not calmed by the fact that only a small percentage of
/
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risk in this cell Socially | Socially
Important : Important
-3 '
210 Detectable Detectable

Figure 1. Possible Environmental Risk Scenarios.
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all GB cases were attributable to the vaccine nor would they be calmed by a

similar claim for diet drinks. The null Hoover study was useful in ruling out
some of tha outlier risk assessments, and in reassuring us that humans are not
dramatically more sensitive than animals. Ultimately, mechanistic evidence

The point here is that just because an

may lay the issue to rest.
Hence,

epidemiologist can‘t see it doesn’t mean it is unimportant.
epidemioliogy will rarely, if ever - by itself, be able to give a clean bill of

health during the Hazard Identification phase of risk assessment.

ITI. Keep the Four Kinds of Evaluation Conceptually Separate.

One evaluates individual studies for Hazard Identification (Clear

Evidence, Some Evidence, Equivocal Evidence, No Evidence).

One weighs a body of evidence for Hazard Identification (Sufficient,
Limited, Inconclusive, Evidence Not Suggestive of Carcinogenicity, Sufficient
Evidence for Noncarinogenicity).

One evaluates individual studies for their usefulness in Dose-Response

Assessment (Very Useful, Somewhat Useful, Not Useful)

One combines useful studizs for the purposes of dose-response assessment.

(This has no nomenclature since a summary number comes out of the combined

dose-response assessment.)

The strawman document was sometimes unclear about-the distiaction between

these various activities.
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Systematically Anticipate What to Do When Dose-Response Assessment Is

Iv.
Based on Conflicting Human and Animal Data

California health department staff have found unforeseen scenarios in
which animal and human dose-response assessment may or may not agree. Figure
2 shows a simplified flow diagram spelling out the possible combinations.
This diagram could serve as a guide to generate "scenario queries" to the

participants, e.g., "How would you handle this one?"”

What do you do if you have "sufficient animal evidence" but human evidence
is "inconclusive" because the only human studies gave null results? According
. to this flow diagram one would choose the "best" null study to see if the
upper confidence level risk was lower than the risk predicted from animals.

If so, (as was the case with cadmium) the human upper confidence level risk

would be used.
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Figure 2. Flow Diagram of Possible Combinations of Associations
between Human and Animal Data.
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Gerald Ott, Ph.D.
Senior Consultant, Epidemiology
Archur D. Licttle, Inc.

Background

The views which I present today undoubtedly reflect my experience as an
occupational and environmental epidemiologist working in the private sector:

however, they are my own views and not necessarily those of any specific

organization.

Our standard of 11§ing in the United States has ULeen achieved through the
individual and collective efforts of people to convert resources, some
renewable and others not, into useful products. This production of goods and
services almost inevitably leads to the generation of waste byproducts that
may be released to the environment. Wastes are any materials that are deemed
to be of no discernable value and to have no utility to individuals,
institutions, or society in general. Because of the costs of recovery, che
unintended release of valued products to the environment may also render these

products classifiable as waste.

In an increasingly congested world, there is ample reason to be concerned
about the release of hazardous materials to the work and general environments.
Human health and envirommental quality have been adversely affected by

hazardous wastes in the past when both the production of goods was at a lower

. level and people.were not residing in such close proximity to omne another. . To

minimize adverse impacts on human health and the environment, waste control
problems must be recognized and addressed using all of the scientific
knowledge and appropriate resources available to us.

The ihpact of wastes may be controlled through:

e« Decreased production of goods and services.

-71-

aV6802£202



s Waste minimizacion (e.g., continuous production in enclosed systems
versus batch production in open systems).

s Recycling (extracting greater value frowm mateiials otherwise viewed as
useless).

s Confinement in on-site and off-site disposal areas.

» Incineration (with subsequent dispersion and/or confinement of
residual materials).

e Intentional dilution or dispersion in various environmental media.

None of these approaches to waste maragement is free of risks. With each
approach, there may be impacted populations that do not share proportionately

in the costs and benefits of the enterprises producing the products.

In Table 1, various waste control approaches are listed together with the
populations that may be impacted. These include employee populations,
compunity populctions, ecologic populations, and global populations. By
ecclogic populations, I mean the interacting biologic species that exist
within an i{zpacted ecosystem. Clearly, there are tradeoffs in control
strategies that could differentially impact the various populations. For
example, venting used to reduce the likelihood of employee exposure may

subject the coﬁmunicy population to greater exposure opportunities.

The United States Congress and varicus governmental agencies have
recognized the need to assure that employees and communities are informed of
the potential risks and are afforded an opportunity to participate in risk
managemént decisfions related to hézardous vastes. This recognition has been
reflected in recent employee and community right-to-know laws and regulations
and in regulations related to the siting of hazardous waste facilities.
Attendant with right-to-know is an obligation to inform people of both the
potential health effects of substances to which they may be exposed and the
risks projected to result from those exposures. Quantitative risk assessment
has become an important tool for informing persons about the projected risks

associated with hazard control decisions.
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Epideniology and Ouancitative Risk Assessment

The epidemfologic soproach to assessing health risks of environmental
factors relies on inductive reasoning, that is, reasoning from a part:icular
set of facts to general principles. Consequently, epidemiology is Zata-
driven. The epidemiclogic approach requires (1) a characterization of both
exposures and health sutcoumes in the selected human population of interest,
and (2) analyras of the relationships between exposures and the health

outcomes in that population. There are, of course, both stresngths and

weaknesses in the epidemiologic approach. Among the strengths is its direct

relevance to the subject at hand, namely, determining the effects of exposures

on human health.

Major limitations are:

The size of the population available for study may be tow small to
allow detection of low level but iuportant health risks.

The observation period may not have been sufficiently long; for chrenic
health effects to have occurred.

The ;Eudy design may not address all alternative explarations for the
observed health findings.

The occurrence of real adverse health effects can only be demonstrated
after the fact.

This latter limitation suggests that the toxicity endpoints evaluated

should emphasize early indicators of reversible adverse effects. An

additional, frequently clted limitation is :he lack of quantitative exposure

assessments in support of epidemiologic studies However, with more extensive

use of modeling techniques to e=x itimate exposures and with increasingly precise
measuremen” procedures, it may te possible to minimize the practical

importance of this limitation in both occupational and environmental settings.

Quantitative risk assessment has emerged as the major sicientific tool for

deductively determining the likelihood that harm will come to people as a
consequence of predictable exposue to hazardous substances. The four steps

o
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of the quantitative risk assessment process are hazard identification,
toxicity or dose-response assessment, sxposure assessaent, and risk
characterii;iacion. Since quantitative risk assessment utilizes external
toxicity information to define a hazard profile for the environaental agents
of concern, it ls appropriaze to include the results of epidemiologic research
as vell as animal bioasszys and other toxicity tests in identifying specific
hazards (e.g., establizhing the carcinogenicity of & particular substance), in
describing exposures and identifying sensitive populations, and in assessing

the dose-reuponse relationship.

There are several notable strengths of the quantitative risk assessaent
spproach. First, a quantitative risk assessusnt establishes what effects
could take place in the absence of intervention measures. Thus, there may be
opvortunities to initiate corrective actions before injury to health has
occurred. Secondly, the quantitative risk assessment approach is "highly risk
sensitive®., This stems from the use of wodels to predict risks that are far
below the risk levels that could be detected in a health study of the subject
population. Through the use of across species and low dose extrapclations,
acceptable expusure concentrations can be calculated which would yield
virtually safe doses provided the assumptions of the risk assessament are
valid.

For the remalnder of this presentation, I would like to discuss the role
of epidemiologic evidence in several specific aspects of the quantitative risk

assessment process. These are (1) the selection of relevant epidemiologic

. studies to be in-luded in the evaluation of risks, (2) the nethods.by which

evidence for or ignﬁnsf a particular effect is combined across-studies, and
(3) the use of epidemiologic evidence as a final check of the dose-response

assessment.
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The Selection of Rzlevant Epidemiologic Studies

Evaluating the consequences of exposure to an agent requires a critical
review of the available toxicolegic and epidemiologic data for that substance
and other interrelated substances. The purpose of the review is to determine
appropriate toxicity endpoints and, in particular, to determine the evidence
for and against carcinogenicity. In evaluating the available epidemioclogic
data, two important decisions need to be made. The first decision is whether
or not a particular study is relevant (admissible) to the evaluation process.
The second decision relates to how the evidence is to be combined across the
relevant epidemiologic and toxicologic studies to assess the overall evidence

for human carcinogenicicy.

In addressing the first decision, it is necessary to identify and
characterize each candidate study on the basis of both relevance and
wethodological strengths. Studies under consideration may rang: from case
reports to cohort studies which specifically examine the expnsure of interest.
To be admissible, each study should address a relevant biologic outcome, there
should be a reasonable basis for ascribing exposure to the agent of interest,
and the research should be methodologically sound within the context oir its
intended purpose.

An assessment of the internal evidence for or against a causal
relationship should nct be part of the admissibility criteria. In other
words, studies should not be selected based on their outcomes or conclusions.

From a methodologic viewpoint, the guidelines for evaluating a study should be

. conslscenc with good laboracory practices” -and with guidelines developed by

the National Academy of Sciences and other ptofessional organizations for

judging the quality of epidemiologic research.

Based on these guidelines and relevancy criteria, studies can be
classified as (1) not relevant, (2) relevant but methodologically unsound, or
(3) admissible by virtue of both relevancy and soundness of methodology. The
decision that a study has utilized sound methodology strengthens the basis of
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its admissibility. However, studies that have marginal or even important
methodologic deficiencies should not be excluded at this point except where

other clearly superior studies are available.

While it is essential that peer revieu takes place, the available studies
shouls’ not be restricted to those appee:ing only in the peer-reviewed
literature. This is important for two reasons. First, highly relevant and
admissible studies may otherwise be excluded from consideration while awaiting
publication. is would seem a harsh .enalty to exact because of time
constraints. Secondly, there are indications that publication bias may result
in a shift of the published literature toward positive findings, thus making
it difficult to combine evidence across studies without aggregating the bias
component. The effort to review critically those few relevant studies not

already published would appear to be effort well spent.

Combinjng Evidence Across Studies

A variety of approaches have been proposed to assist the risk assessor in
combining evidence across studies. These include expert or judgment-based
approaches, categorical accept-reject analysis, classical statistical
approaches, and meta-analysis. These approaches to decision-making are
conceptually similar in assigning weights to each component study and
combining the weighted evidence i{n some fashion to arrive at am overall
judgment regarding causality. They may differ consicerably in the methods for
determining how much weight to assign to each study and how explicit to be in

_assigning weights. The system used by the International Agency for Research,
éh banCer in evaluating the'ﬁeigﬁt of evidence for human carcinogenicity is
well known and relies primarily on expert judgment to combine evidence across
studies.

Methods for aggregating biological eviderce may differ fundamentally from

those used te combine statistical evidence. For example, the statistical

power to detect a difference can be increased by combining results across
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comparably conducted parallel studies and yield a different conclusion than
any of the studies viewed in isolation. 1t is certainly plausible that two
studies, neither of which provides statistical evidence of an etfect alone,
could demonstrate statistical significance when combined. Biologic support
for a hypothesis may come from dissimilar studies that demonstrate a
connection between different aspects of a particular disease process. Thus, a
study demonstrating that methylene chloride is metabolized to carbon monoxide
in the liver and a separate study on the cardiovascular effects of carbon
monoxide may convincingly link methylene chloride exposure to adverse

cardiovascular effects.

WVhile statistical attributes of a study may be judged on the basis of
that study alone, biological attributes include elements that are frequently
external to the study. This is evidenced by the common organizatiomal
structure of most research reports. When reporting findings, researchers
typically provide a summary of their own study results followed by an
interpretation of their results in the light of existing studies and accepted
biologic knowledge.

This suggests that evidence for a causal relationship is primarily
aggregated on a biologic plane. The biologic evidence may be combined either
in serial or parallel fashion, whereas statistical evidence is only aggregated
in parallel. Various explanations may be invoked to describe a viable
argument for causation, with the most direct argument consistent with biologic
knowledge and obsexvatjon and requiring the fewest assumptions being accorded

the highest status. Statistical evidence secures our sonfidence in the
validity of componént. statements within.the various arguments but does not
make the case for causaiity in and of itself. Broad statements. that arise
from ecologic or correlational studies generally provide weak arguments since
they typically require many assumptions about component statements in the

argument.

Evaluating the strengths of various causal arguments may represent an

alternative approach to performing weight-of-evidence determinations for human

SY6802.£202




RN

carcinogenicity. In other words, coapeting arguments would be put forward and
then evaluated to determine the most plausible arguments. The plausible
arguments themselves would then be subjected to a weight-of-evidence
determination. One potential advantage of this approach is that future
research may be more readily directed to address the weakest links in existing

causality arguments.

oge-Kespo cegsme

In addition to their other contributions, enidemiologic studies may also
serve as an overall validation check on the final prcposed dose-response model
for a given substance. The field of observation potentially open to
epidemiologic assessment includes chemical process employees in direct contact
with the substance of interest, employees whose assignments involve
intermittent direct contact with the substance, employees assigned to the same
production site, but whose assignments result in indirect exposure to the
substance, members of communities surrounding the production sites and perhaps
customers who purchase the substance for subsequent use or who purchase
products contaminated by the substance. Quantitative exposure estimates would
be required to carry out this exercise; however, continued improvements in
exposure modeling suggest that it is feasible to develop appropriate exposure

estimates.

Presumably, the most sensitive validation test would be one which
compares the total projected excess of cases throughout the period of
observation and across all exposed populatiorns with the observed excess of
caseﬁ devélopéﬁ through'epid;miologic followup of the impactéd populations.

An additional consistency test might be one which examines only persons in the
upper portions of the exposure distribution with sufficient latency to allow
for manifestation of a carcincgenic response. From the standpoint of
determining that a dose-response model overestimates the risks, this exercise
is only viable for substances that were in commercial use prior to the mid-
1950s. For evaluating the possibility that risks have been underestimated by

the model, the approach has merit under a broader range of circumstances.
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TABLE L. HAZARDOUS WASTE CONTROL APPROACHES AND IMPACTED POPULATT.ONS

CONTROL OF HAZARDOUS WASTES IMPACTED POPULATIONS

ON-SITE CONTROLS

Waste Minimization ' Employee Populations
Recyling of Wastes Informed/Uninformed
Voluntary/Involuntary

Effective on-site Confinement

OFF-SITE CONTROLS

Decreased Production of Goods and Services Employee Populations
Community Populations
Ecologic Populations

Effective off-site Confincment Global Populations

Ineffective Confinement Informed/Uniformed
Voluntary/Involuntary

Recycling of Wastes (off-site)

Intentional Dilution

Intentional Dispersion
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51 FR 33892

GUIDELINES FOR CARCINOGEN RISK
ASSESSMENT

SUMMARY:On September 24, 1986, the U.S.
Eavironmental Protection Agency issued the
following five guidelines for assessing the health
risks of environmental pollutants.

Guidelines for Carcinogen Risk Assessment
Guidelines for Estimating Exposures
Guidelines for Mutagenicity Risk Assessment

Guidelines for the Health Assessment of Suspect
Developmental Toxicanis

Guidelines for the Health Risk Assessment of
Chemical Mixtures

This section contains the Guidelines for Carcinogen
Risk Assessment.

The Guidelines for Carcinogen Risk Assessment
(hereafter "Guidelines®) are intended to guide
Agency evaluation of suspect carcinogens in line
with the policies and prucedures established in the
statutes administered by the EPA. These Guidelines
were developed as part of an interoffice guidelines
development program under the auspices of the
Office of Health and Environmental Assessment
(OHEA) in the Agency's Office of Research and
Development. They reflect Agency consideration of
public and Science Advisory Bourd (SAB) comments
on the Proposed Guidelines for Carcinogen Risk
Assessment published November 23, 1984 (49 FR
46294).

This publication completes the {irst round of risk
assessment guidelines development. These
Guidelines will be revised, and new gu:dehnes will
be developed, as appropriate.

FOR FURTHER INFORMATION CONTAC’I‘

Dr. Robest E. McGaughy - .
Carcinugen Assessment Group -

Office of Health and Environmental Assessment

(RD-689)

401 M Street, S.W,
Washingtlon, DC 20460
202-382-5898

SUPPLEMENTARY INFORMATION: In 1983,
the National Academy of Sciences (NAS) published
its book entitled Risk Assessment in the Federal
Covernment: Managing the Process. In that book,
the NAS recommended that Federa! regulatory
agencies establish "inference guidelines™ to ensure

consistency and technical quality in risk
assessments and Lo ensure that the risk assessment
process was maintainad as a scientific effort
separale from risk management. A task force within
EPA accepted thal recomnendation and requested

that Agency scientists begin to develop such

guidelines.
General

The guidelines are products of a two-year

Agencywide effort, which has included many
scientists from the larger scientific community..

These guidelines set forth principles and procedures
to guide EPA scientists in the conduct of Agency risk
assessments, and to inform Agency decision makers
and the public aboul these procedures. In particular,

the guidelines eniphasize that risk assessments will'
be conducted on a casc-by-case basis, giving ful®:

consideration Lo all relevant scientific information.
This case-by-case approach means that Ag:ncy
experts review the scientific information on each
agent and use the most scientifically appropriate
interpretation lo assess risk. The guidelines also
stress that this information will be fully presented
in Agency risk assessment documents, and that
Agency scientists will identify the strengths and
weaknesses of sach assessment by describing
uncertainties, assumplions, and limitations, as well
as the scientific basis and rationale for each
assessment. ’

Finally, the guidelines are formulated in part to
bridge gaps in risk assessment methodology and
data. By identifying these gaps and the importance
of the missing information to the risk assessment
process, EPA wishes to encourage research and
analysis that wilt lead to new risk assessment
methods and data.

Guidelines for Carcinogen Risk Assessment

Work on the Guidelines for Carcinogen Risk

.Assessment begun in January 1984. Draflt

guidelines were developed by Agency -work groups
composed of experi scientizis from throughout the
Agency. The drafls were neer-reviewed by expert
scientists, in the field of carcinogenesis from
universities, environmental groups, industry, labor,
and other governmental agencies. They were then
proposed for public comment in the FEDERAL
REGISTER (49 FR 46294). On November 9, 1984,
the Administrator directed that Agency offices use
the proposed guideiines in performing risk
assessments unlil final guidelines become available.
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After the close of the publlc comment period,
Agency stafl prepared summaries of the comments,
analyses of the major issues prcsentnd by the
commentors, and proposed changes in the language
of the guidelines to deal wiih the issues raised.
These analyses were presented to review panels of
the SAB on March 4 and April 22-23, 1985, and to
the Executive Committee of the SAB on April 25-26,
1985. The SAB meetings were announced in. the
FEDERAL REGISTER as follows: February 12,
1985 (50 FR 5811) and April 4, 1985 (50 FR 13420
and 13421).

in 4 letter to the Administralor dated June 19,
1985, the Executive Committee generull- concurred
on al. five of the guidelines, but recommended
cerliin revisions, and requested that any revised
guidelines be submitted to the appropriate SAB
review panel chairman for review and concurrence
on behalf of the Executive Committce. As described
in the responses to comments (see Part B: Response
to the Public and Science Advisory Board
Comments), each guidelines document was revised,
where appropriate, consistent with the SAB
recommendalions, and revised draft guidelines were
submitted to the panel chairmen. Revised draft
Guidelines for Carcinogen Risk Assessment were
concurced on in a letter dated February 7, 1986.
Copices of the letters are available at the Public
Information Reference Unit, EPA Headquarters
Library, as indicated elsewhere in this section.

Following this Preamble are two parts: Part A
contains the Guidelines and Part B, the Response to
the Public and Science Advisory Board Comments (a
summary of the major public comments, SAB
comments, and Agency responses to those
comments).

The Agency is continuing to study the risk
assessment issues raised in the guidelines and will
revise these Guidelines in line with new information
as appropriate.

References, supporting documents, and
comments received =n the proposed guidelines, as
well as copies of the final guidelines, are available
for inspection and copying at the Public Information
Reference Unit (202-382-5926), EPA Headquarters

Library,- 401 M .Street, S.W., Washington, DC .

between the hours of 8:00 a.r. and 4:30 p.m.

1 certify that these Guidelines are not major
rules as deflined by Executive Order 12291, because
they are nonbinding policy statements and have no
direct effect on the regulated community. Therefore,
they will have no effect on cosls or prices, and they
will

(51 FR 33993}
have no other
significant adverse effects on the ecouviy. Thaee
Guidelines were reviewed by the Office of

Management and Budget under Execulive Order
12291,

Aygust 22, 1986
Lee M. Thor.2as,
Administrator
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Part A: Guidelines for Carcinogen Risk
Assessment
I Introduction

This is the first sevision of the 1976 Interim
Procedures and Guidelines for tleaith Risk

Assessments of Suspected Carcinogens (U.S. EPA,,
1976; Albert et al., 1977). The impetus for Lhis'

revision is the need tu incorporate into these
Guidelines the concepts and approaches to
carcinogen risk assessment that have been
developed during the last ten years. The purpose of
these Guidclines is to promole quality and
consistency of carcinogen risk assessments within
the EPA and to inform those outside the EPA about
its approach to carcinogen risk assessment. These
Guidelines emphasize the broad bul essential
aspects of risk assessment that are needed by
experts in the varivus disciplines requiredi (e.g.,
toxicology, pathology, pharmacology. and statistics)
for carcinogen risk assessment. Guidance is given in
general terms since the science of carcinogenesis is
in a state of rupid advancement, and overly specific
approaches may rapidly become obsolete.

These Guidelines describe Lhe general
framework to be followed in developing an analysis
of carcinogenic risk and some salient principles to be
used in evalualing the qualily of data and in
formulating judgments concerning the nature and
magnitude of the cancer hazard from suspect
carcinogens. It is the intent of these Guidelines to
permit sufficient flexibility to accommodale new
knowledge and new assessment methods as they
emerge. It iy also recognized that there is a need for
new methodology thal has not been addressed in this
document in a number of areas, e.g., the
characterization of uncertainty. As this knowledge
and ussessment methodology are developed, Lhese
Guidelines will be revised whenever appropriate.

A summary of the current state of knowledge in
the field of carcinogenesis and a statement of broad
scientific principles of carcinogen risk sssessment,
which was developed by the Office of Science and
Technology Policy (OSTP, 1985), (urms an important
basis for these Guidelines; the format of these
-Guidelines is similar to thal proposed by the

National Research Councit (NRC) of the National:

Academy of Sciences in a book entitled Risk
Assessment in the Federal Government: Managing
the Process (NRC, 1983).

These Guidelines are to he used within the
policy (ramework already provided by applicable
EPA statutes and do not alter such policies. These
Guidelines provide general directions for analyzing
and organizing available daata. They do not imply
that one kind of data or another is prerequisite for
regulatory action to control, prohibit, or allow the
use of a carcinogen.

Regulatory decision making involves two
components: ~isk asscsament and tisk masagement,
Risk ussessment defines the adverse health
consequences of exposure Lo loxic agents. The risk
assessments will be carried oul indcpendently from
considerations of the consequences of regulatory
action. Risk management combines the risk
assessment with the directives of regulatory
legislation, together with sociveconomic, technical,
political, and other considerations, Lo reach a
decision as Lo whether or how much to contral future
exposure to the suspected loxic agents.

Risk assessment includes one or more of the
lollowing components: hazurd identification, dose-
response assessment, exposure assessment, and risk
characterization (NR{, 1983).

Hazard ideatification is a qualitative risk
assessment, dealing with the process of determining
whether expusure to an cgent has the potential to
increase Lhe incidence of cancer. For purposes of
these Guidelines, both malignant and benign
tumors are used in the evaluation of the
carcinogenic huzard. The hazard identification
component qualitatively answers the question of
tiow likely an agent is to be a human carcinogen.

Traditionally, quantitative risk assessment has
been used as an inclusive term to describe all or
parts of dusc-response assessment, exposure
assessment, and risk characlerization. Quantitative
risk assessment can be a useful genera! term in
some circumstances, but the more explicit
terminology developed by the NRC (1983) is usually
preferred. The dose-response assessment defines the
relationship between the dose of an agent and the
probability of induclivn of a carcinogenic effect. This
component usually entails an extrapciation from the
gencrally high doses administered to experimental
animals or exposures noted in epidemiologic studies
to the exposure levels expected from human contact
with the agent in the environment; it also includes
considerations of Lhe validity of these
extrapolations.

The exposure assessment identifies populations
exposed Lo Lhe agent, describes their compousition
and size, und presents the types, magnitudes,
frequencies, and durations of exposure to the agent.
. (51 FR 33594| :

In risk characterization, the results of the
exposure assessment and the dose-response
assessment are combined Lo estimate quantitatively
the carcinogenic risk. As part of risk
characterization, a summary of the strengths and
weaknesses in the hazard identification, dose-
response assessment, exposure assessmeat, aad the
public health risk estimates are presented. Major
assumptions, scientific judgments, and, to the extent
possible, estimates of the uncertainties embodied in.
the assessment are also presenicd, disiinguishing
clearly between fact, assumption, and science policy.
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The National Research Council (NRC, 1983)
pointed out that there are many questions
encountered in the risk assessment process Lhat are
unanswerable given current seientific knowledge.
To bridge the uncertainty that exisls in these areas
where there is no scientific consensus, inferences
must be made to ensure that progress continues in
the assessment process. The OSTP (1985) reaffirmed
this position, and generally left to the regulatocy
agencies the job of articulating these inferences.
Accordingly, the Guidelines incorporate judgmental
positions (science policies) based on evaluation of the
presently available information and on the
regulatory mission of the Agency. The Guidelines
are consistent with the principles developed by the
OSTP (1985), although in many instances are
necessarily more specific.

. Hazard ldentification
A. Overview

The qualitative assessment or hazard
identification part of risk assessment contains a
review of the relevant biological and chemical
information bearing on whether or not an agent may
pose a carcinogenic hazard. Since chemical agents
seldom occur in a pure state and are often
transformed in the body, the review should include
available information on contaminants, degradation
products, and metabolites.

Studies are evaluated according to sound
biological and statistical considerations and
procedures. These have been described in several
publications (Interagency Regulatsry Liaison
Group, 1979; OSTP, 1985; Peto et al., 1980; Mantel,
1980; Mantel and tiaenszel, 1959; Interdisciplinury
Panel on Carcinogenicity, 1984; National Center for
Toxicological Reseurch, 1981; National Toxicology
Program, 1984; U.S. EPA, 1983a, 1983h, 1983¢;
Haseman, 1984). Results and conclusions
concerning the agent, derived from different types of
information, whether indicating positive or negative
responses, are melded together into a weight-of-
evidence determination. The strength of the
evidence supporting a potential human
carcinogenicity judgment is developed in a weight-
of-evidence stralification scheme.

" B. Elements of Hazard ldentification

Hazard identification should include a review of
the following information to the extent that it is
available.

L. Physical-Chemical Properties and Routes and
Patterns of Exposure. Parameters relevant to
carcinogenesis, including physicul state, physical-
chemical properties, and exposure pathways in the
environment should be described where possible.

2. Structure-Activity Relationshios. This section
should summarize relevart structure-activity

correlations that support or argue against the
prediction of potential carcinogenicity:

3. Metabolic and Pharmacokinetic Properties.
This section should summaurize relevant. metabolic
information. Information such us whether Lhe agent
is direct-ucling or requires conversion Lo a reactive
carcinogenic (e.g., un electrophilic) species,
metabolic puthways for such conversions,
macromolecular interactions, and fate (e.g.,
transport, storage, and excretion), as well as species
differences, should be discussed and critically
evaluated. Pharmacokinetic properties determine
the biologically effective dose and muy be relevant to
hazard identification and other components of risk
assessment.

4. Toxicologic Effects. Toxicologic effects other
than carcinogenicity (e.g., suppression of the
immune system, endocrine disturbances, organ
damage) thal are relevant (o the evaluation of
carcinogenicity should be summarized. Interactions
with other chemicals or agents and with lifestyle
factors should be discussed. Prechronic and chronic
toxicity evaluations, as well as other test results,
may yield information on target organ effects,
pathophysiological reactions, and preneoplastic
lesions Lhat bear on the evaluation of
carcinogenicity. Dose-response and time-to-response
analyses of these reactions may also be helpful.

5. Short-Term Tests. Tests for point mutations,
numerical and structural chromosome aberrations,
DNA damage/repair, and in vitro transformation
provide supportive evidence of carcinogenicity and
may give information on potential carcinogenic
mechanisms. A range of tests from each of the above
end points helps to characterize an agent'’s response
spectrum.

Short-term in vivo and in vitro lests that can
give indication of initiation and promotion activity
may also provide supportive evidence for
carcinogenicity. Lack of positive results in short-
term tests for genetic toxicity does not provide a
basis for discounting positive results in lung-term
animal studies.

6. Long-Term Animal Studies. Criteria for the
technical adequacy of animal carcinogenicity
studies have been published (e.g., U.S. Food and
Drug Administration, 1982; Interagency Regulatory
Liaison Group, 1379; Nutional Toxicology Program,
1984; OSTP, 1985; U.S. EPA, 1983a, 1983b, 1983c;
Feron et al., 1980; Mantel, 1980) and should be used
to judge th: acceptability of individual studies.
Transplacental and multigenerational
carcinogenesis studies, in addition to more
conventional long-term animal studies, can yield
useful information aboul Lhe carcinogenicity of
agents.

It is recognized that chemicals that induce
benign tumors frequently also induce malignant
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tumors, and th:t benign tumors often progress to
malignaat tumors (Interdisciplinary Panel on
Carcinogenicity, 1984). The incidence of benign and
malignant tumors will be combined when

scientifically defensible (OSTP, 1985; Principle 8)..

For example, the Agency will, in general, consider
the combination of benign and malignant tumors to

be scientifically defensible unless the benign tumors:

are not considered o have the potential o progress
to the associaled malignancies of the sume
histogenic origin. If an increased inciderce of benign
tumors is observed in the absence of malignant
tumors, in most cases the cvidence wil! be
considered as limited evidence of carcinogenicity.

The weight of evidence that an agenl is
potentially carcinogenic for humans increases (1)
with the increase in number of tissue sites affected
by the agent; (2) with the increase in number of
animal species, strains, sexes, and number of
experiments and doses showing & carcinogenic
response; (3) with the occurrence of clear-cut dose-
response relationships as well as a high level of
statistical signilicance of the increased tumor
incidence in treated compared to control groups; (4)
when there is a dose-related shortening of the time-
to-tumor occurrence or time to death with tumor;
and (5) when there is a dose-related increase in the
proportion of tumors that are malignant.

Long-term animal studies at or near the
maximum tolerated dose level (MTD) are used to
ensure an adequate power for the detection of
carcinogenic

(51 FR 339951

activity (NTP,
1984; IARC, 1982). Negative long-term animal
studies at exposure levels above the MTD may not be
acceptable if animal survival is so impaired that the
sensitivity of the study is significantly reduced
below that of a conventional chronic animal study at
L:\‘e MTD. The OSTP (1985; Principle 4) has stated
that,

The carcinogenic effects of agents muy be influenced by nun-
physiologicsl responses (such as extensive organ damage, radical
disruption of hormonul function, saturation of metabolic
pathways, formation of stones in the urinary tract, suturution of
DNA repair with a functional loss of the system) induced in the
maodel systems. Testing regi ind g these resp s'wuld
be evaluated for their relevance to the liuman resprnse to an
sgent and evidence from such u study, whether positive oc
negative, must be carefully reviewed.

Positive studies at levels above the: MTD should be
carefully reviewed to ensure that the responses are
not due teo fuctors which do not operate at exposure
leveis beiow the MTD. Evidence indicating that high
exposures alter tumor responses by indirect
mechanisms that may be unrelated to effects at
lower exposures should be dealt with on an
individual basis: As noted by the OSTP (1985),
"Narmal metabolic activation of carcinogens may
possibly. also be altered and carcinogenic potential
reduced as a consequence (of high-dose testing]."

Carcinogcnic responscs under conditions of .he
experiment should be reviewed careflully as they
relate to the relevance of the evidence to human
carcinogenic risks (e.g., the occurrence of bladder
tumors in the presence of bladder stones and
implantation site sarcomas). Interpretation of
animal studies is aided by the review of turget organ
toxicity and other effects (e.g., changes in the
immune and endocrine systems) that may be noted
in prechronic or other toxicological studies. Time
and dose-related changes in the incidence of
preneoplastic lesions may also be helpful in
inler g eting animal studies.

Agents that are positive in long-term animal
experiments and also shcw evidence of promoting or
cocarcinogenic activily in specialized tests should be
considered as complete carcinogens unless there is
evidence to the contrary becuuse it is, al present,
difficult to determine whether an agent is only a
promuling or cocarcinogenic agent. Agents that
show pusitive results in special tests for initiation,
promotion, or cocarcinogenicity and no indication of
tumor response in well-conducted and well-designed
long-term animal studies should be dealt with on an
individual basis:

To evaluate carctnogenicily, the primary
comparison is tumor response in dosed animals: as
compared with that in contemporary matched
control' animals. Historical control data are often
valuable, however, and could be used along with
concurrent control data in the evaluation of
carcinogenic responses (Haseman et al.,, 1984). For
the evaluation of rare tumors, even small tumor
responses may be significant compuared tv historical
data. The review of tumor data at sites with high
spuntancous background requires special
consideration (OSTP, 1985, Principle 9). For
instance, a response that is significant with respect
to the experimental control group may become
questionable if the historical control duta indicate
that the experimental control group had an
unusually low background incidence (NTP, 1984).

For a number of reasons, there are widely
diverging scientific views (OSTP, 1985, Ward et al.,
1979a, b; Tomatis, 1977; Nutrition Foundation,
1983) about the validity of mouse liver tumors as an
indication of potential carcinogenicity in humans:
when such tumors occur in strains with high
spontuneous background incidence and when they
constitute the only tumor response Lo an agent.
These Guidelines take the pusition that when the
only tumor rcsponce is in the mouse liver and when
other conditions for a classification of “sufficient”
evidence in animel studies are met le.g., replicate
studies, malignancy; see section IV), the data should
be considered as "sufficient” evidence of
carcinogenicity. It is understood that this
classification could be changed on a case-by-case
basis to "limited " if warrauted, when fuctors such as
the following, are observed: an increased incidence
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of tumors only in the highest dose group and/or only
at the end of the study; no substantial dosc-related
increase in the proportion of tumors that are
malignant; the occurrence of tumors thut are
predominantly benign; no dose-related shurtening of
the time to the ppearance of tumors; negative or
inconclusive results from a spectrum of short-term
tests for mutagenic activity; the occurrence of excess
tumorsonly in & single sex.

Data {rom ell long-term animal studies are to be
considered in the evaluation of carcinogenicity. A
positive carcinogenic response in one
species/strain/sex is nol generally negated by
negative results in other species/strain/sex.
Replicate negative studies thal are essentially
identical in all other respects Lo a positive study may
indicate that the positive results are spurious.

Evidence for carcinogenic action should be basced
on the gbservation of statistically significant tumor
responses in specific organs or Lissues. Appropriate
statistical analysis should be performed on data
from long-term studies to help determine whether
the effects are treatment-related or possibly due tu
chance. These should at least include a statistical
test for trend, including appropriate correction for
differences in survival: The weight to be given (o the
level of statistical significance (the p-vaiue) and to:
other aveilable pieces of information is a matter of
overall scientific judgment. A statistically
significant excess of tumors of ali types in the
aggregate, in the absence of a statistically
significant increase of any individua! tumor type,
should be regarded as minimal evidence of
carcinogenic action unless there arc persuasive
reasons Lo the contrary.

7. Human Studies. Epidemiologic studies
provide unique information sbout the response of
humans who have been exposed to suspect
carcinogens. Descriptive epidemiologic studies are
useful in generatiug hypotheses and providing
supperting data, but can rarely be used to make a
causal inference. Analytical epidemiologic studies of
the case-control or cohort variety; on the other hand,
are especially useful in assessing risks to exposed
humans.

_ Criteria for the adequacy of epidemiologic
studies are well recognized. They include factors
such as the proper sclection and characterization of
exposed and control groups, the adequacy of
duration and quality of follow-up, the proper
identification and characterization of confounding
fuctors and bias, the appropriate cunsideration of
latency effects, the valid ascestainment of the causes
of morbidity and death, and the ability to detect
specific effects. Where it can be calculaled, the
statistical power to detect an appropriate outcome
should be included in the assessment.

The strength of the epidemiologic evidence for
carcinogenicity depends, among other things, on the

type of analysis and on the magnitude and
specificity of the respense. The weight of evidence
increases rapidly with the number of adequate
studies that show comparuble results on populations
expused to the same agentl under different
conditions.

It should be recognized that epidemiologic
studies are inherently cupable of detecting only
comparatively large increasesin the relative risk of

(51 FR 339986)

cancer. Negative
results from such studies cannot prove the absence
of carcinogenic action. however, negative results
from o wellldesigned and well-conducted
epidumiologic study that contains usable exposure
data can serve W define upper limits of risk: these
are useful if antma’ evidence indicates that the
agent is potentially carcinogenic in humans:

C. Weivht ol Evidence

Evidence of possible care « sgenicity in humans
cuomes primarily frum two sources: long term animal
tests and epidemiologic investigations. Results from
these studies are supplemented with available
information from skurt-lerm tests, pharmacokinetic
studies, comparative metabolism studies, structure-
aetivity relationships, and other relevant toxicologic
studies. The question of huw likely wn agent is Lo be
4 human curcinogen should be answered in the
framework of a weight-of-evidence judgment
Judgments about the weight of evidence involve
considerations of the quality and adequacy of the
data and the kinds and consistency of responses
induced by a suspect carcinogen. There are three
major steps to churacterizing the weight of evidence
for earcinogenicity in humans: (1) characterization
of the evidence ffom humaun studies and from animal
studies individually, (2) combinetion of the
characterizations of these two types of dala into an
indication of the overall weight of evidence for
human carcinogenicity, and (3) evaluation of all
supporting information to determine if the overall
weightiof evidence sheuld be modified.

EPA has developed a system lor stratiflying the
weight of evidence (see section V). This
classification is not meant to be applied rigidly or
mechanicaily: At various points in the above
discussion, EPA has emphasized the need for an
overall, balanced judgment of the totality of the
available evidence. Particularly for weli-studied
substances, the scientific data base will have a
complexily that cannot be captured by any
classification scheme. Therefore, the hacard
identification section should include a narrative
sumn.aury of the strengths and weaknesses of the
evidence as well as its calegorization in the EPA
scheme,

The EPA classification system is, in general, an
adaplation of the International Agency for Research
on Cancer (1ARC, 1982) approach for classifying the
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weight of evidence for human dutu and animal data.
The EPA classification system for the
characterization of the overall weight of evidence for
carcinogenicity (animal, human, aud other
supportive data) includes: Group A -- Carcinogenic
to Humans; Group B -- Probably Carcinogenic to
Humans; Group C -- Possibly Carcinogenic to
Hunians; Group 1) - Not Classifiable as to Human
Carcinogenicily, and Group E -- Evidence of Non-
Carcirogenicity for Humans.

The following modifications of the [ARC
approach have been made for classifying human and
animal studies.

For human studies:

(1) The observation of a statistically sigrificant
association between an agent and life-threatening
benign tumors in humans is included in the
evaluation of risks to humans.

(2) A "nodata available” classificution is added.

(3) A "no evidence of carcinogenicily”
classification is added. This classificaton indicates
that no association was found between exposure and
increased risk of cancer in weli conducted, well-
designed, independent analytical epidemiologic
studies.

For animal studies:

(1) An increased incidence of combined benign
and malignant tumors:will be considered o provide
sufficient evidence of carcinogenicity il the other
criteria defining the “sufficient” classification of
evidence are met (e.g., replicate studies,
malignancy; see section 1V). Benign and malignant
tumors will be combined when scientifically
defensible.

{2} An increased incidence of benign tumors
alone generally constitutes "limited” evidence of
carcinogenicity.

(3) An increased incidence of neoplasns that
occur with high spontaneous background incidence
(e.g., mouse liver tumors and rat pituitary tumeors in
certain strains) generally constitutes “suflicient”
evidence of carcinogenicity, but may be changed W
*limited” when warranted by the spccilic
information aveiiableon the agent.

(4) A "nu dala available” classiﬁca“ion has been

added.. \
(5) A "no evidence of carcincgenicity”
classification is also added. This operational
classification would include substances "or which
there is no increased incidence of neoplasms in at
least two well-designed and well-conducted animal
studies of adequate power and dose in aifferent
species.

D. Guidance for Dose-Response Assessment

The qualitative evidence for carcincgenesis
should be discussed for purposes of guiding the dose-
response assessment. The guidance should be given
in terms of the appropriateness and limitations of
specilic studies as well as pharmacokinetic
considerations that should be (actored inlo the dose-

response assessment. The appropriate method of
extrapolation should be faclured in when Lhe
experimental route of exposure differs from that
oczurring in humans:

Agents that are judged Lo be in the EPA weight-
of-evidence stratificution Groups A and B would be
regarded as suilable for quantitative risk
assessments Agents that are judged to be in Group
C will generaliy be regarded as suitable for
quantitative risk dassessment, but judgments in this
regard may be made on a case-by-case basis. Agents
that are judged to be in Groups D and E would not
have quantitative risk assessments.

E.Summary and Conclusion

The summary should' present all of the key
findings in all of the sections of the qualitative
assessment and' the interpretive rationale that
forms the basis for Lhe conclusion.. Assumptions,
uncertainties in the evidence, and other fuctors that
may affect the relevance of the evidence to humans
should he discussed. The conclusion should present
both the weiglt-of-evidence ranking and a
description that brings out the more subtle aspects of
the evidence that may not be evident from the
ranking alone.

I1l. Dose-Response Assessment, Exposure
Assessment, and Risk Characterization

After data concerning the carcinegenic
properties of a4 substance have been collecied,
evalualed, and calegorized, it is requently desirable
to estimate the likely range of cxcess cancer risk
associated with given levels and conditions of
human exposure. The first step of the analysis
needed to make such estimations is the development
of the likely reiationship between dose and response
tcancer incidense) in the region of uman exposure.
This information on dose-response relationships is
coupled with information on the nature and
magnitude of human exposure to yield an estimale
of human risk. The risk-characterization step :lso
includes an interpretation of these estimates in light
of the biological, statistical, and' exposure
assumptions and uncertainties that hive arisen
throughout the process of assessing risk.

The elements of duse-response assessment are
described in scction I1f.A. Guidance on human
exposture assessment is provided in another EPA

51 FR 33997|

document (U.S.
EPA, 1986); however, section l1[.B. of these
Guidelines includes a brief description of the specific
type of exposure information that is useful for
carcinogen risk assessment. Finally, in section lI1.C.
on risk characterizztion, there is a description of the
manner in which risk estimates shouid be presented
so us to be mosL informative.

It should be emphasized that calculation of
quantitative estimates of cancer risk does not
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require that an agent be carcinogenic in humans..
The likelihood thal an agent is a human carciacgen.
is a function of the weight of evideace, as this has
been described in the hezard identification section of
these Guidelines. It is nevertheless important to
present quantitative estimates, appropriately
qualificd and interpreted, in those circumstances in
which there is a reasonable possibility, based on
human and animal data, that the agent is
carcinogenic in humans.

It should be emphasized in every quantitative
risk estimation that the results are uncertain.
Uncertainties due to experimental and
epidemiologic variability as well as uncertainty in
the exposure assessment can be important. There
are major uncertainties in extrapolatling both from
animals to humans and from high to low doses.
There are important species differences in uptake,
metabolism, and organ distribution of carcinogens,
as well as species and strain differences in target-
site susceptibility. HHuman populations are variable
with respect to genetic constitution, diet,
occupational and home environment, activity
patterns, and other cultural factors. Risk estimates
should be presented together with the associated
hazard assessment (section 1il.C.3.) to ensure that
there is an appreciation of the weight of evidence for
carcinogenicity that underlies the quantitative risk
eslimates.

A. Dose-Response Assessment

1. Selection of Data. As indicated in section I1.D ,
guidance needs Lo be given by the individuals doing
the qualitative assessment (toxicologists,
pathologists, pharmacologists, etc.) to those doing
the quantitative assessment as to the appropriate
data to b'e used in Lhe dose-response assessment.
This is uetermined by the quality of the data, its
relevance to human modes of exposure, and other
technical details.

Ifavailable, estimates based on adequale human
epidemiologic dulu are preferred over estimates
based on animal data. If adequate exposure duta
exist in a well-designed and well-conducted negative
epidemiologic study, it may be possible to obtain an
upper-bound’ estimate of risk from that study..
Animal-based estimates, if available, also should be
presented.

In the absence of appropriate human studies,
data from a species that responds most like humans
should be used, if information to this effect exists.
Where, for a given agent, several studies are
available, which may involve different animal
species, strains, and sexes at several doses and by
different routes of exposure, the following approach
to selecting the data sets is used: (1) The tumo-
incidence datz are separated according to organ site
and tumor type. (2) All biologically and statistically
accept~ble data sets are presented. (3) The range of

the tisk estimates is presented with due regard to

biological relevance (particularly in the case of
animal studies) and appropriateness of -oule of
exposure. (4} Because it i3 possible that human
sensitivitly is as high as Lhe most sensitive
responding animal species, in the absence of
evidence Lo the contrary, the biologically acceptable
data set from: long-term animal studies showing the
greatest sensitivity should generally be given the
greatest emphasis, again with due regard to
biolugical and statistical consideralions.

When the exposure route in the species from
which the dose-response information is obtained
differs from the route occurring in environmental
expusures, the considerations used in making the
route-to-route extrapoelation must be carefully
described. All assumptions should be presented
along with a discussivn of the uncertainties in the
extrapolation. Whatever procedure is adopted in a
given case, it must be consistent with the existing
melabolic and pharmacekinetic inforniation on the
chemical (e.g., absorption efficiency via the gut and
lung, target organ doses, and changes in placental
transport throughout gestation for transplacental
carcinogens).

Where two or more significantly elevated tumor
sites or lypes are observed in the same study,
extrapolations may be conducted on selected sites or
types. These selections will be mude on biological
grounds. To obtain a total estimate of carcinogenic
risk, animals with one or more tumor sites or types
shuwing significantlly elevated tumor incidence
should be pooled and used for extrapolation. The
pooled estimates will generally be used in preference
to risk estimates based on single sites or types.
Quantitative risk extrapolations will generally not
be done on the basis of totals that include tumor sites
without statistically significant elevations.

Benign tumors should generaily be combined
with malignant tumors for risk cstimates unless the
beni;;n tumors are not considered to have the
potential Lo progress to the associated malignancies
of the same histogenic origin. The contribution of
the benign tumors, however, to the tolal risk should
be indicated.

2. Choice of Mathematical Extrapolation Model.
Since risks at low exposure levels cannot be
measured directly either by animal experiments or
by epidemiologic studies, a number of mathematical
models have been developed to extrapolate from
high to low dose. Different extrapolation models,
however, may fit the observed data reasonably well
but may lead to large dilferences in the projected
risk at low doses.

As was pointed out by OSTP (1985, Principle
26),

Ni single muthematical procedure is recognized as the most
apprupriate for low-dose extrapalution in curcinogenesis. When
relevant biolagical evidence un mechanism of action exists (e.g.,
piuiacmacokinetics, target organ duse), the models or procedures
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employed should be consistent with the evidence. When data and’
infwrmation are limited, however, aid when much uncertuinty

exists regurding tive mechamsm of carcinogenic action, models or
procedures which incorporate low dose linesrity are preferred
when computible with the limited wformation.

At prescnt, mechanisms of the carcinogenesis
process ure !argely unknown and data are generally
limited. If a carcinogenic agent acts by accelerating
the same curcinogenic process that leads to the
background occurrence.of cancer, the added effect of
the carcinogen al low doses is expected to be
virtually linear ‘Crump et al., 1976).

The Agency will review each assessment as to
the evidence on carcinogenesis mechanisms and
other biological or statistical evidence that indicates
the suitability of a particular extrapolation model
Guodness-of-fit to the experimental observations is
nol an effective means of discriminating among
models (OSTP, 1985). A racionale will be included to
justify the use of the chosen model. [n the absence of
adequate information to the contrary, the linearized
multistage procedure will be employed. Where
appropriate, the results of using various
extrapolation models may be useful for comparison
with the linearizced mullistage procedure. When
longitudinal data on tumor development are
available, time-to-tumor models may be used.

It should be emphasized that the linearized
mullistage procedure leads to
(51 FR 33998]

a plausible upper
limit to the risk that is consistent with some
proposed mechanisms of carcinogenesis. Such an
estimale, however, does not necessarily give a
realistic prediction of the risk. The true value of the
risk is unknown, and may be as low as zero. The
range of rishs, defined by the upper limit given by
the choseu model and the lower limit which may be
as low as zero, should be explicitly stated. An
eslablished proucdure does not yel exist for making
"most likely® or "best” estimates cf risk within Lhe
range of uncertainty defined by the upper and lower
limit estimates. If data and procedures become
available, the Agency wili also provide "most likely”
or "best" estimates of risk. This will be most feasible
when humen data are avaiiable and when exposures
are in the dose range of the data.

In certain cases, the linearized multistage
procedure cannot be used with the observed data as,
for example, when the data are nonmonotonic or
flatten out at high doses. In these cases, it may be
nucessary to make adjustments o achieve low-dose
linearity.

When pharmacokinetic or metabolism data
are available, or when other substantial evidence on
the mechanistic aspects of the carcinogenesis
process exists, a low-dose extrapolation model other
than. the linearized multistage procedure might be
considered more appropriate on biological: grounds:
When a different model is chosen, the risk

- st o e

assessment should clearly discuss the nature and
weight of evidence that led to the chaice.
Considerable uncertainty will remain concerning
response al low doses; therefore, in most cuses un
upper-limit risk estimate using the linearised
multistage procedure should also be presented.

3. Equivalent Exposure Units Among Species.
low-dose risk estimates derived frem laboratery
animal data extrapolated to humans are
complicated by a variety of fuctors that differ among
species and potentially affect the response to
carcinogens. Included among these factors are
differences between humans and experimental test
animals with respect to life span, body size, genelic
variabilily, population homogeneity, existence of
concurrent discase, pharmacokinetic effects such as
metahbolism and excrelion patterns, and the
expusure regimen.

The usual approach for making interspecies
comparisons hax been to use standardized scaling
factors. Commonly employed standardized dosage
scales include mg per kg body weight per day, ppm
in the diet or water, mg per m2 budy surface area per
day, and mg per kg body weight per lifetime. In the
absence of comparative toxicological, physiological,
metabolic, and pharmacokinetic data for a given
suspect carcinugen, the Agency takes the position
that the extrapolation on the basis of surface area is
considered to be appropriate because certain
pharmacological effects commonly scale according to
surface area (Dedrick, 1973; Freireich et al., 1966,
Pinkel, 1958).

B. Exposure Assessment

In order to oblain a quantitative estimate of the
risk, the results of the dose-response assessment
must be combined with un estimate of the exposures
to which the populations of interest are likely to be
subject. While the reader is referred to the
Guidelines for Estimating Exposures (U.S. EPA,
1986) for specific details, it is important to convey an
appreciation of the impact of the strengths and
weak nesses of exposure assessment on the overall
cancer risk assessment process.

At present there is no single approach to
exposure assessment thali is appropriate for all
cases. On a case-by-case basis, approptiate methods
are selected to maich the data on hand and the level
of sophistication rvequired. The assumptions,
approximalions, and uncertainties need to be clearly
stated because, in some instances, these will have a
major effect on the risk assessment.

fn genecral, the magnitude, duration, and
frequency of exposure provide fundamental
information for estimating the concentration of the
carcinogen Lo which the organism is exposed. These
dala are generated from monitoring information,
modeling resulls, and/or reasoned estimates. An-
appropriate treatment of exposure should consider
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the potential for exposure via ingestion, inhalation,,

and dermal penetration from relevant sources of
exposures including multipie avenues of intuke from
the same source.

Special problems arise when the humuaa

exposure situation of concern suggests exposure
regimens, e.g., route and dosing schedule that are
substantially different from those used in the
relevant animal studies. Unless there is evidence to
the contrary in a particular case, the cumulative
dose received over a lifetime, expressed as average
daily exposure prorated over a lifetime, is
recommended as an appropriate measure of
exposure to a carcinogen. That is, the assumption is
made that a high dose of a carcinogen received over a
short period of time is cquivalent to a corresponding
low dose spread over a lifetime. This approach
becomes more problematical as the exposures in
question become more intense but less {requent,
especially when there is evidence that the agent has
shown dose-rate effects.

An altempt should be made Lo assess the level of
uncertainty associated with Lthe exposure
assessment which is to be used in a cancer risk
assessment. This measure of uncertainty should be
included in the risk characterization (section !11.C.)
in order to provide the decision-maker with a clear
understanding of the impact of Lhis uncertainty on
any final quantitative risk estimate. Subpopulations
with heightened susceptibility (either because of
exposure or predisposition) should, when possible, be
identified.

C. Risk Characterization

- Risk characterization is composed of two parts.
One is a presentation of the numerical estimates of
cisk; the other is a framework to help judge the
significance of the risk. Risk characterization
includes the exposure assessment and dose-response
assessment; these are used in the estimation of
carcinogenic risk. It may also consist of a unit-risk
estimate which can be combined elsewhere with the
exposure assessment for the purposes of estimating
cancer risk.

Hazard identification and dose-response
assessment are covered in sections Il. and I1].A_, and
a detailed discussion of exposure assessment is
contained in EPA's Guidelines for Estimating
Exposures (U.S. EPA, 1986). This section deals with
the numerical risk estimates and the approach to

_summarizing risk characterization.

1. Options for Numerical Risk Estimates.
Depending on the needs of the individual program
offices, numerical estimates can be presented in one
or more of Lhe following three ways.

2. Unit Risk - Under an assumption of low-dose
linearity, the unit cancer risk is the excess lifetime
risk due o a continuous constant lifetime exposure
of one unit of carcinogen concentration. Typical

exposurc units include ppm or ppb in foud or water,
mg/hg/day by ingestion, or ppin or ug/m3 in air.

b. Dose Corresponding to u Given Level of Risk --
This appreach can be useful, particularly when
using nonlinear extrapolation models where the
unit risk would differ at different dose levels.

¢. Individual and Population Riiks -- Risks may
be characterized either in terms of the excess
individual iifatime risks, the excess number of
cuncers

[51 FR 33999}
produced per
year in the exposed population, or both.

Irrespective of Uic:«tiuns chosen, the degree
of precision and accuracy in the numerical risk
estimates currently do not permit more than one
significant figure to be presented.

2. Concurrent Exposure. In characterizing the
risk due to concurrent expusure to several
carcinogens, the risks are combined on the basis of
additivity unless there is specific information to the
contrary. Interactions of cocarcinugens, promoters,
and inilitators with known carcinogens should be
considered on a casc-by-case basis.

3. Summury of Risk Characterization.
Whichever method of presentation is chosen, it is
critical that the numerical estimates not be allowed
to stand alone, separated from the various
assumptions and uncertainties upon which they are
based. The risk characterization should countain a
discussion: and interpretation of the numerical
estimates that affords the risk manager some
insight into the degrec to which the quantitative
estimates are likely to reflect the true magnitude of
human risk, which generally cannot be known with
the degree of quuntitative accuracy reflected in the
numerical estimates. The finul risk estimate will be
generally rounded to one significant figure and will
be coupled with the EPA classification of Lhe
qualitative weight of evidence. For example, a
lifetime individual risk of 2X10-4 resulting from
exposure to a "probable human carcinogen” (Group
B2) should be designated as 2x10-4 [B2] . This
bracketed designation of the qualitative weight of
evidence should be included with all numerical risk
estimates (i.e., unit risks, which are risks at a
specified concenlralion or concentralions
corresponding lo a given risk). Agency statements,
such as FEDERAL REGISTER nolices, briefings,
and action memoranda, frequently include
numerical estimates of carcinogenic risk. It is
recommended that whenever these numerical
estimates are uscd, the qualilative weight-of-
evidence classificaiion should also be included.

The section on risk characterization should
summarize the hazard identilication, dose-response
assessment, exposure assessment, and the public
health risk estimates. Major assumptions, scientifiz
judgments, and, to the extent possible, estimates of

-g]1 -
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the uncertainties embodied in the assessment are
presented.

IV. EPA Classification System for Categorizing
Weight of Evideace for Carcinogenicity from Humen
and Animal Studies (Adapted from IARC)

A. Assessmeni of Weight of Evidence for
Carcinogenicily (rom Studies in llumans

Evidence of carcinogenicity from human studics
comes from three main sources:

1. Case reports of individual cancer patients who
were exposed to the agents).

2. Descriptive epideraiologic studies in which the
incidence of cancer in human pspulations was found
to vary in space or time with exposure to the
agent(s).

3. Analytical epidemiologic (case-control and
cohort) studies in which individual exposurc to the
agent(s) was found to be associated with an
increased risk of cancer.

Three criteria must be met before a causal
association can be inferred between exposure and
cancer in humans:

1. There is no identified bias that could explain
the asso:iation.

2. The possibility of confounding has been

considered and ruled out as explaining the
assaciation.

3. The association is unlikely to be due to
charnce.

In general, although a single study may be
indicative of a cause-effect relationship, confidence
in inferring a causal association is increased when
several independent studies arc concotdant in
showing the association, wher: the association is
strong, when there is a dose-response relationship,
or when a reduction in exposure is followed by a
reduction in the incidence of carcer.

The weight of evidence for carcinogenicily! from
studies in humans is classified as:

1. Sufficient evidence of carcinogenicity, which
indicates that there is a causal relationship between
the agent and human cancer.

2. Limited evidence of carcinogenicity, which

indicates that a causal interpretation is credille, but

that alternative explanations, such as chance, bias,
or confounding, could not adequately be excluded.

1 Far purpoaes of public heslth praiection, agents
associated with life-threatening benign t inh are
included in the evaluation.

1 An increascd incidence of neopluams Lhat occur with high
spoataneous beckground incidence (e.g., \oouse liver tumors
and rut pituitary tumors in certain strains) generaily
constitutes "sufficisct” qvid of carcinogenicity, but may be
changed to "limited” when warrunted by the specific
information available on the agen:.

3 Benign and malignant tumors wiil be combined unlese
the benign tumors are not considered to have the potential to
progress to the associated malignancies of the same histogenic
origin.
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3. Inadequatc evidence, which indicates that one
of two conditions prevailed: (a) there were few
pertinent data, or (b) the available siudies, while
showing evidence of association, did not exclude
chance, bius, or confounding, and therefore a causal
interpretation is not credible.

4. No data, which indicates that data are not
available,

5. No evidence, which indicates Lhat no
associalion was found between exposure und an
increased risk of cancer in well-designed and well-
conducled independent analytical epidemiologic
studies.

B. Assessment of Weight of Evidence for
Carcinogenicity frem Studies in Experimental
Animals

These assessments are classified into five
groups:

1. Sufficient evidence? of carcinogenicity, which
indicates thal there is an increased incidence of
malignant tumors or combined malignant and
benign tumors:3 (a) in mulliple species or strains; or
(b) in multiple experiments (e.g., with different
routes of administration or using different dose
levels); or (¢) Lo an unusual degree in a single
experiment with regard to high incidence, unusual
site or type of tumor, or eariy age at onset.

Additional evidence may be provided by data on
dose-response effects, as weil as information from
short-term tests or on chemical structure.

2. Limited evidence of carcinogenicity, which
means that the dala suggest a carcinogenic effect
but are limited because: (aj the studies involve a
single spccies, strain, or experiment and do not meet
crileria for sufficient evidence (5ee section IV B.1.c);
(b) the experiments are restricted by inadequate
dosage levels, inadequate duration of exposure to the
agent, inudequate period of follow-up, poor survival,
ton few animals, or inudequate reporting; or (c) an
increase in the incidence of benign tumcrs only.

3. Inadequale evidence, which indicates that
because of major qualitative or quantitative
limitations, the studies cannot be interpreted as
showing either the presence or absence of a
carcinogenic effect.

4. No data, which indicates that data are not
available.

5. No evidence, which indicates that there is no
increased incidence of neoplasms in at least two
well-designed

{51 FR 34000]
and well-
corducted animal studies in different species.

The elassifications "sufficient evidencc” and
“limited evidence” refer only to the weight of th.
experimental evidence that thes. agents are
carcinogenic and not to the patency of their
carcinogenic action.




C. Cutegorization of Overall Weight of Evidence for
Human Carcinogenicily

The overall scheme for categorization of the
weight of evidence of carcinogenicity of a chemical
for humuns uses a three-step process. (1) The weight
of evidence in human studies or animal studies is
summarized; (2) these lines of information are
combined Lo yield a tentative assignment to a
category (see Tauble 1); and (3) all relevant
supportive information is evaluated to see if the
designation of the overall weight of evidence needs
to be modified. Relevant factors to be included along
with the tumor information from human and animal
studies include structure-aclivity relationships;
short-term test findings; results of appropriate
physiological, biochemical, und toxicological
obgecvations; and comparalive metabolism and
phermacokinetic studies. The nature of these
findings may cause one to adjust the overall
categorizalion of the weight of evidence.

‘The agents are calegorized into five groups as
follows:

Group A -- Human Caicinogen

This group is used only when there is sufficient
evidence from epidemiologic studies Lo support a
causal associalion between exposure to the agents
and cancer.

Group B -- Probable Human Carcinogen

This group includes agents for which the weight
of evidence of human carcinogenicity based on
epidemiologic studies is "limited” and also includes
agents for which the weight of evidence of
carcinogenicity based on animal studies is
“sufficient.” The group is divided into two
subgroups. Usually, Group B1 is reserved {or agents
for which there is limited evidence of carcinogenicity
from epidemiclogic studies. 1t is reasonable, for
practical purposes, to regard an agent for which
there is "sufficient” evidence of carcinogenicity in
animals as if it presented a carcinogenic risk to
hum~ns. Therefore, agents for which Lhere is
"sufficient” eviderice from animal studies and for
which there is "inadequate evidence™ or "no data®
from epidemiologic studies would usually be
categorized under Group B2,

Group C -- Poseible Human Carcinogen

This group is used for agents with limited
evidence of carcinogenicily in animals in the
absence of human data. It includes a wide variety of
evidence, e.g., (a) a malignant tumor response in a
single well-conducted experiment thatl does not meet
conditions for sufficient evidence, (b) tumor
responses of marginal statistical significance in
studies having inadequate design or reporting, (¢)
benign but not malignant tumors with an agent
showing no response in a variety of short-term tests
for mutagenicity, and (d) responses of marginal

statistical significance in a tissue known to have a
high or variable background rute.

Group D -. Nat Classifiable as to Human
Carcinogenicity
This group is generally used for agents with

inadequale human and animal evidence of
carcinogenicity or for which no dulu are available.

Group E -- Evidence of Noa-Carcinogenicity for
Humans

This group is used for agents that show neo
evidence for carcinogenicity in at least two adequate
animal tests in different species or in both adequate
epidemiologic und animal studies.

The designation of an agenl as being in Group E
is based on the available evidence and should not be
interpreted as a definitive conclusion that the agent
will not be a carcinogen under any circumstances.
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Part B: Response to 'ublic and Science
Advisory Board Comments

1. Introduction

This section summarizes the major issues raised
during both the public comment period on the
Proposed Guidelines for Carcinogen Risk
Asnessment published on November 23, 1984 (49 FR
46294), and: also during the April 22-23, 1985,
meeting of the Carcinogen Risk Assessment
Guideiines Panel of the Science Advisory Board
(SAB).

In order to respond Lo these issues the Agency
modified the proposed guidelines in two stages:
First, changes resulling from consideration of the
public comments were made in a drafl sent to the
SAB review pauel prior to their April meetinyg.
Secondly, the guidelines were further modified in
response o the panel's recommendutions.

The Agency received 62 sets of comments during
the public comment period, including 28 from
corporaciens, 9 from professional or trade
associations, and 4 from academic institutions. In
gereral, the commentls were favorable. The
commentars welcomed the update of the 1976
guidelines and felt that the propesed guidelines of
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1985 reflected some of the progress that has occurred
in understanding the mechanisms of carcinogenesis.
Many commentors, however, felt that additional
changes were warranted.

The SAB councluded that the guidelines are
“reasonably complete in their conceptual framework
and are sound in their overall interpretation of the
scientific issues”™ (Report by the SAB
Carcinogenicity Guidelines Review Group, June 19,
1985). The SAB sugges.ed various editorial changes
and raised some issues regarding the content of the
proposed guidelines, whick are discussed below.
Based on these recommendations; the Agency has
modified the draft guidelines.

1. Ofjice of Science and Technology Policy Reporton
Chemical Carcinogens

Muny commentors requested that the final
guidelines not be issued until after publication nf the
report of the Office of Technology and Science Policy
(OSTP) on chemical carcinogens. They further
requested Lhat this report be incorporated. into the
final Guidelines for Carcinogen Risk Assessment.

The final OSTI’ report was published in 1985 (50
FR 10372). In its deliberations, the Agency reviewed
the final OSTP report and feels that the Ageucy's
guidelines are consistent with the principles
estabiished by the OSTP. In its review, the SAB
agreed that the Agency guidelines are generally
congistent with the OSTP report. To emphasize Lhis

consistency, the OSTP principles have been

incorporated into the guidelines when controversial
issues are discussed.

Il Inference Guidelines

Many commentors felt. that the proposed
guidelines did not provide a sufficient distinction
between scientific fact and policy decisions. Others
felt that EPA shou!d not attempt to propose firm
guidelines in the absence of scientific consensus. The
SAB report also indicated the need to "distinguish
recommendzations based on scientific evidence from
those based on science policy decisions."”

The Agency agrees with the recommendation
that policy, judgmental, or inferential decisions
should be clearly identified. In its revision of the
proposed guidelines, the Agency has included
phrases (e.g., "the Agency takes the position that®)
to more clearly distinguish policy decisions.

The Agency also recognizes the need to establish
procedures for action on important issues in the
absence of complete scientific knowledge or
consensus. This need was acknowledged in’both the
National Academy of Sciences book entitled Risk
Management in the Federal Government: Managing
the Process and the OSTP report on chemical
carcinogens. As the NAS report states, “Risk
assessment.is an analytic process that is firmly
based on scieatific considerations, but it also

requires judgments to be inade when the available
information is incomplete. These judgments

inevitably draw on both scientific and policy

considerations.”
151 Fit 34002)

The judgments of the Agency have been based on
current available scientific information and on the
combined experience of Agency experts. These
judgments, and the resulting m:idance, rely on
inference; however, the pusivivia ianen in these
inference guidelines are felt o be reasonable and
scientificaily defensible. While all of the guidance is,
to some degree, based on inference, the guidelines
have attempted to distinguish those issues that
depended more on judgment. In these cases, the
Agency has stated a position but has also retained
flexibility to dccommodale new data or specific
circumslances that demonstrate that the proposed
position. is inaccurate. The Agency recognizes that
scientific opinion will be divided on these issues.

Knowledge about carcinogens and
carcinogenesis is progressing at a rapid rate. While
these guidelines are considered a best effort at the
present time, the Agency Bas attempted to
incorporate flexibility into the current guidelines
and also recommends that the guidelines be revised
as oflen as warranted by advances in the field.

IV. Evaluation of Benign Tumors

Several commentors discussed the appropriate
interpretation of an increased incidence of benign
tumors alone or with ua increased incidence of
malignant tumors as part of the evaluation of the
carcinogenicity of an agent. Some coinments were
supportive of the position in the proposed guidelines,
ile., under cettain circumstances, the incidence of
benign and malignant tumors would be combined,
and an increased incidence of benign tumors alone
would be considered an indication, albeit limited, of
carcinogenic polential. Other commentors raised
concerns about the criteria that would be used to
decide which tumors should be combined. Only a few
commentors felt that benign tumors should never be
considered in evalualing carcinogenic potential.

The Agency believes that current information
supports the use of benign tumors: The guidelines
have been modified to incorporate the language of
the OSTP report, i.e., benign tumors will be
combined with malignant tumors when
scientifically defeasible. This position allows
flexibility in evaluating the data base for each
agent. The guidelines have also been modified to
indicate thal, whenever benign and malignant
tumors have been combined, and the agent is
considered a candidate for quantitative risk
extrapolation, the contribution of benign tumors to
the estimation of risk will be indicated.

V. Traasplacental and Multigenerational Arimal
Bioassays
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As one of its Lwo proposals for additions o the
guidelines, W2 SAB recommended a discussion of
transplacental and multigencrational animal
bicassays for carcinogenicity.

The Agency agrees that such data, when
availabie, caa provide useful information in the
evaluation of a chemical’s potential carcinogenicily
and has stated this in the fingl guidelines. The
Agency has also revised the guidelines to indicate
that such <tellivs may provide additional
information on the metabolic and phurmacokinetic
properties of the chemical. More guidance on the
specific usc of these studies will be considered in
fulure revisiong of these guidelines.

VI Maximum Tolerated Dose

The nroposed guidelines discussed the
implications of using a maximum wlerated duse
{MTD) in bioassays [or carcinogenicity. Maay
commentors requested that EPA define MTD. The
tone of tae comments suggested that the
cuommentors were concerned aboul the uses and
interpretations of high-dose testing.

The Aguncy recognizes thal controversy
currently surrounds these issues. The appropriate
text from the OSTP report has been incorporated
into the final guidelines which suggests thai the
consequences of high-dose tesling be evaluated on a
case-by-case basis.

VII. Mouse Liver Tamors

A large number of commentors expressed
opinions about the assessme nt of bivassays in which
the only increase in tumor iucidence was liver
tumors in the mouse. Many felt thai mouse liver
tumors were afforded too much credence, especially
given existing information that indicates that they
might arize by a different. mechanism, e.g., tissue
damage fol!lowed by regeneration. Others felt that
mouse liver tumors were but one case of a high
background incidence of one particular tvpe of
tumor and that all such tumors should be treaied in
the same fashior.

The Aguncy has reviewed these comments and
the OSTP principle regarding this issue. The OSTP
report does not reach conclusions as to the Lreatment
of tumors with a high snontancous background raie,
bul states, as is now included in the text of the
guidclines, that these data require special
concideration. Although questions have beea raised
regarding the validity of mouse liver tumors in
general, the Agency feels that mouse liver tumors
cannot be ignaored as an indicator of carcinogenicity.
Thus, the positiou in the proposed guidelines has not
been changed: an increased incidence of only mouse
liver tumors will be regarded as “sufficient”
evidence of carcinogenicity if all other criteria e.g.,
replication and malignancy, are metl with the
understanding that this classification could be
changed to "limited™ if warranted. The factors that

may cause this re-evaluation are indicated in the
guidelines.

VUI. Weight-of Evidence Catagories

The Agency was praised by both the public and’
the SAB for incorporating a weight-of-e- idence
scheme inio ily evaluation of car~inogenic risk.
Certain specific aspeets of the scheme, howevar,
were criticized. ’

1. Several commentors noted that while the text
of the proposed guidelines clearly states that EPA
will use all available duta in its categorization of the
weight of the evideace that a chemical is a
carcinogen, the classification system in Part A,
section [V did not indicale the manner in which EFA
will use informalion other than duiv from humans
and long-term animal studies in assigning a weight-
ol-evidence classification.

The Agency has added a discussion to Part A,
section 1V.C. dealing with the characterization of
overall evidence for human carcinogenicity. This
discussion clarifies EPA's use of supportive
information to adjust, as warranted, the designalion
that would have been made solely on the basis of
human aitd long-term animal studics.

2. The Agency agrees 'vith the SAR and those
commentors who felt that a simple clussification of
the weight of evidence, e.g., a single letter or even a
descriptiv > Litle, is inadequate to Jescribe fully the
weight of evidence for each individual chemical. The
final guidelines propose that a paragraph
snmriarizing the data should accompany the
numerical estimate and weighi-of-evidence
classification whenever pussible.

3. Several commentors objected to the
descriptive litle E {No Evidence of Carcinogenicity
for Humans) because they feli the title would be
confusing to people inexperienced with the
classification systam. The title for Group E, No
Evidence of Carcinogenicity for Humauns, was
thought by these commentors te suggest the absence
of data. This group, nowever, ix intended Lo be
rese-ved for agents or which there exists credible
data demonstrating that the agent is not
carcinogenic.

Based on Lhese comments and further
discussion, the Agency has changed the

(51 FR 34003)
title of Groun E
to "Evidence ¢f Non-Carcinogenicity for llumans.”

4. Several commentors felt “that tde title for
Group C, Possible Human'Carcinngew, was not
sufficiently distinctive from Group: B, Probatle
Human Carcinogen. Other commentors f2it that
those agents Lthat minimally qualified for Graup C
would lack sufficient data for such a 1abel..

The Agency. recognizes that Group C covers a
range of chemicals and h s considered whether Lo
subdivide Group C. The consensus of the Agency's
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Carcinogen Risk Assessment Commillee, however,
is that the current groups, which ure bused on Lhe
IARC categories, are a reasunable stretification und
should be retained at present. The structure of the
groups will be reconsidered when the guidelines ure
reviewed in Lthe future. The Agency also feels that
the descriptive title it originally selected best
conveys the meauning of the clussificution within the
context of EPA’s past and current activities.

S. Some commentors indicuted u concern about
the distinct.on between BB1 und B2 on the busis of
epidemiologic evidence only. This issue has been
under discussion in the Agency and muy be revised
in futyre versions of the guidelines.

8. Comments were also received about the
poasibility of keeping the groups {or unimal und
human data separate without reaching a combined
classification. The Agency feels that u combined
classificution is useful; thus, the combined
classification was retained in the final guidelines.

The SAB suggested thut a tuble be added to Part
A, section 1V to indicute the munner in which
human and animal data would be combined to
obtain an overall weight-of-evidence category. The
Agency realizes Lhat a table that would present all
permutations of pocentially available deta would be
complex and possibly impossible to construct since
numerous combinations of ancillury data (e.g.,
genetic toxicity, pharmacokinetics) couid be used to
raise or lower the weight-of-cvidence classificution.
Nevertheless, the Agency decided W include a \uble
to illustrate the most probable weight-of-evidence
classification that would be assigned on the basis of
standard animal and humun duta without
consideration of the ancillary data. While it is hoped
that this table will clarify the weight-of-evidence
clussifications, it is ulso importunt to recognize that
an agent may be assigned to a finul categorization
different from the category which would appear
appropriale from the table and still conform to the
guidelines.
I1X. Quantitative Estimates of Risk

The method for quantitative estimates of
carcinogenic risk in the proposed guidelines received
substantial comments from the public. Five issues
were discussed by the Agency and have resulied in
modifications of the guidelines.

1. The major criticism was the perception Lhal
EPA would use only one method for the
extrapolation ol carcinogenic risk and would,
therefore, obtain one estimate of risk. Even
commentors who concur with the procedure usually
followed by EPA felt that some indication of the
uncertainty of the risk estimate should be included
with the risk estimate.

The Agency feels that the proposed guidelines
were 1ol intended to suggest that EPA would
perform quantitative risk estimates in a role or

mechanicul fashion. As indicated by the OSTP
report and puraphrused in the propoied guidelines,
no single mulhematicul procedure hus been
determined to be the most uppropriate method for
risk extrupolation. The finul guidelines quote rather
thun puraphrase the OSTP principle. The guidelines
have been revised lo stress the importance of
congidering ull uvuiluble dutu in the risk assessnent
and ~ow stale, "The Agency will review euch
asiessment ay W the evidence on carcinogenic
mechunisms and other biological or statistical
evidence that indicates the suitability of u particular
extrupolution model.” Two issues are emphasized:
First, the text now indicates the potentiul for
phurmacokinetic informalion to coatribute o the
assessment of curcinogenic risk. Second, the [linal
guidelincs state Lhat time-to-tumor risk
extrupolution models may be used when
longitudinal data on tumor development are
uvailable.

2. A number of commentlors noted Lhat the
proposed guidelines did not indicate how the
uncertuinties of risk characterization would be
presenled. The Agency has revised the proposed
guidelines to indicate that major assumptions,
scientific judgments, and, to the extent possible,
estimates of the uncertainties embodied in the risk
assessmen! will be presented along with the
estimation of risk.

3. The proposed guidelines stated Lhat the
appropriuteness of quuntilying risks for chemicals in
Group C {Possible Humun Carcinogen), specifically
those agents that were on the boundary of Groups C
and D (Not Clussifiable as to Human
Carcinogenicity), would be judged on a case-by-case
basis. Some commentors felt that quantitative risk
assessment should not be performed on any agent in
Group C.

Group C includes a wide range of agenis,
including some for which there are positive results
in one species in one good bicassay. Thus, the
Agency feels thut many ugents in.Group C will be
suitable for quantitative risk assessment, but that
judgments in this regard will be made on a case-by-
case basis.

4. A few commentors felt that EPA intended %o
perform quuntitalive risk estimates on aggregute
tumor incidence. While EPA will consider an
increase in total aggregate tumors as suggestive of
polential carcinogenicity, EPA does not generally
intend to make quantitative estimates of
carcinogenic risk bused on ‘otal aggregate tumor
incidence.

5. The proposed choice of body surface area as an
interspecies sciling fuctor was criticized by several
commentors who felt that body weight was alse
appropriate and that both methods should be used.
The OSTP report recognizes that buth scaling factors
are in common use, The Agency feels that the choice
of the baody surface area scaling factor can be
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justified from the duta on effects of drugs in various
species. Thus, EPA will continue Lo use this scaling
{uctor unless data on a specific ugent suggest thal &
different scaling factor is justified The uncertainty
engendered by choice of scaling fuctor will be
included in the summary of uncertainties ussociated
with the assessment of risk mentioned in point 1,
above.

In the second of its two propusals for additions to
the proposed guidelines, the SAB suggested that a
sensitivity analysis be included in EPA's
quantitative estimate of a chemical's curcinogenic
potency. The Agency agrees that an analysis of the
assumptions and uncertainlies inherent in an
assesament of carcinogenic risk must be accurately
portrayed. Sections of the final guidelines that deal
with this issue have been strengthened to reflect the
concerns of the SAB and the Agency. In particular,
the last paragraph of the guidelines states that
“major assumptions, scientific judgments, and, to
the extent possible, estimutes of the uncertainties
embudied in the assessment” should be presented in
the summary characterizing the risk. Since the
assumptions and uncertainties wili vary for each
assessment, the Agency feels that a formal
requirement for a particulur type of sensitivity
analysis would be less useful thun a case-by-case
evaluation of the particular assumptions and
uncerluinties most significant for a particular risk
assessment.
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