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PREFACE

Responding to both internal and external questions about the U.S.
Environmental P}otection Agenty’s (EPA’s) 1985 Health Assessment Document for
Polychlorinated Dibenzd-g—Dioxins, the EPA Administrator asked the Assistant
Administrator of the Office of Research and Development (ORD) to re-exaﬁjne the
data and methodology upon which the assessment fbr’2,3,7,8-tetrach1orod1benzo-
p-dioxin (2,3,7,8-TCDD) was based in light of new data or alternative
intefpfétéfions of the older literature that have become available éince~1985'
an&, jfyappropriate, to modify EPA’s approach. This report, entitled "AlCahﬁér
Risk-Specific Dose Estimate for 2,3,7,8-TCDD,"* and its appendices present the
results of that effort.

Although there are many components to any risk assessment for
2,3,7,8-TCDD, two factors have been particularly ihportant in recent Agency
decisions, i.e., estimates of cancer potency'and estimates of human exposure.
Consequently, while other issues were reviewed and are briefly discussed in the

appendices to this report, the report itself focuses on cancer potency and

*In EPA terminology, the risk specific dose (RsD) is an estimate of dose, or
exposure, that would equal the dose estimated to result in an upper-bound
estimate of incremental lifetime cancer risk, e.g., one in a million.

The reference dose (RfD), which is referred to later in this document, is an
estimate (uncertainty spanning perhaps an order of magnitude) of a daily
exposure to the human population (including sensitive subgroups) that is
likely to be without an appreciable risk of deleterious effects during a
lifetime (U.S. EPA, 1987b). .
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exposure issues. This analysis is thds not a complete risk characterization
for 2,3,7,8-TCDD, but rather a re-examination of the haiard jdentification and
dose-response assessment for the pofeﬁtia] human carcinogenicity of this
chemical.

An ad hoc "inter-office workgroupj(hereafter, the "Workgroup") prepared the
report and recommendations. While scientists outside of this group have |
provided useful analyses, review, andicomment, the conclusions and
recommendatjonf are those of the Workgroup alone. Similarly, although the-
appendices to the report contain impo%tant background information on a broad -
range of 2,3,7,8-TCDD issues discusse& in the report, the special focus of the
report precluded use of many of theseianalyses in the final document. Other
major related sources include:

- the report of an EPA WOrkshop on the Development of Risk Assessment
Methodologies for Tumor Promoters,

+ the report on Estimating Exposure to 2,3,7,8-TCDD

- the report of the "Dioxin" Update Committee

This report, its appendices, and the reports listed above represent an
effort by many people within EPA to gtapp]e with the difficult scientific
issues presented by the very large buﬁ incomplete data base on 2,3,7,8-TCDD.
Credit for each report or appendix in%this overall effort belongs to the

individual authors.
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I. OVERVIEW

This report re-examines the scientific basis and methods used by the U.S.
Environmental Protection Ageney (EPA) for estimating the cancer potency for
2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) (U.S. EPA, 1985). The
object 1s to determine if the 1985 assessment should be mod1f1ed in light of
recent data and other plausible risk assessment methods or alternative data
1nterpretat1ons

] The ana]ysis uses two d1fferent approaches. One examines EPA’s ear11er'

analysis in terms of new data and recent reviews that offer scientific ’

“information and views for re-assessing 2,3,7,8-TCDD cancer risks. The other

involves comparing{EPA’s 1985 assessment with that of other regulatory agencies
in this country and elsewhere. The Agency Workgroup could not reach consensus
on all issues. However, for the reasons developed below, the Workgroup
convened for this task agreed that (1) the 1985 assessment that associates a
0.006 pg/kg/day dose with a plausible upper-bound increased cancer risk of one
in a million (10'5) should be reconsidered, and (2) a majority of the group
agreed that a change to a 0.1 pg/kg/day dose as a plausible upper-bound
associated with an increased lifetime risk of one in a million is‘consistent
with the available data and theories, and represents a reasonable science

policy position for the Agency.

A. NEW DATA AND METHODS
Although the scientific literature is replete with studies on
2,3,7, 8 TCDD, which might be brought 1nto a comprehensive characterization of

cancer risk, most d15cuss1ons and debate about quantitative risk focus on the




interpretation and use of a small‘subget of animal and human studies.
Laboratory studies conclusively estabﬁish a relationship between exposure to
2,3,7,8-TCDD and cancer in test animajs. There is, however, considerable
uncertainty and controversy about the?mechanism by which‘223,7,é-TCDD‘causes
cancer, an uncertainty that can stronb]y influence both qua]itativé assessments
and the mathematical methods used to Essess cancer risk to humans. Also,
variabilities in conduct and response?among studies in human populations that e,
may have been exposed to 2,3,7,8—TCDDf—an assumption that is itself | |
uncertain--raise additional questionsiand obscure the overall assessment.

A question often asked is wheth@r 2,3,7,8-TCDD is a "complete carcinogen,"
a "promoter," or whether it produces icancer by some unknown mechanism that may
functionally have elements of initiatﬁon, promotion, and progression;1 The
previous EPA assessment (U.S. EPA, 1985) analyzed 2,3,7,8-TCDD as a complete

carcinogen. Recent studies support the assertion put forth a number of yéars

ago that one of the major mechanisms%of action for 2,3,7,8-TCDD involves the

“promotion" of carcinogenesis in ce]Ts. However, despite changes and additions
to the data base, the analysis for risk assessment is neither obvious nor
simple, and important uncertainties femain.

These considerations give rise to the issues upon which this analysis is

founded.

laccording to generally accepted theory (OSTP, 1985; U.S. EPA, 1986a), both

complete carcinogens and promoters are capable of increasing cancer incidence

in humans. Thus, the question of complete carcinogenicity versus promotion e
has 1ittle effect on identifying potential human cancer hazard associated

with exposure to 2,3,7,8-TCDD. Differences, however, in mechanisms of

carcinogenesis may lead to differences in approaches to quantitative risk

assessment, with resulting differences in numerical risk estimates.
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« Is the carcinogénic mechanism of action better understood today than it
was for the previous assessment?

+ Is the Tinearized multistage (LMS) model as employed by the EPA to
estimate the risk associated with exposure to carcinogens appropriate
for estimating risk from exposure to 2,3,7,8-TCDD?

- Are there other appropriate ways to characterize the risk associated
with exposure to 2,3,7,8-TCDD that more fully incorporate the .
biological data? Are these approaches more appropriate than the LMS
model (as used by EPA) for 2,3,7,8-TCDD assessments?

- Does the choice of approach (and related assumptions) have any bearing
on a discrepancy perceived by some between the observed human cancer

. experience and human risk estimates based on animal studies?

* What is currently understood about the mechanism(s) of action of
2,3,7,8-TCDD?

How significant are the remaining uncertainties?

This analysis identifies several reasonable approaches to estimating
2,3,7,8-TCDD cancer risk, but concludes that there do not appear to be
compelling scientific reasons for regardingrany one of them as a "most
appfopriate" approach. Indeed, among the several contributors to this report,
there was a diversity of viewpoints. Preferring somewhat different assumptions
and interprétive crjtefia, the individual contributors brought different
perspectives to the review process. ‘Therefore, based on rationales grounded in
science and/or science policy, several different risk assessment approaches
have been considered. |

The Workgroup recognizes thaf there is a range of‘cancer risk estimates

for 2,3,7,8-TCDD (see Figure 1). Estimates at one end of the range are based

‘on several different linearized models and those at the other end are based on
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Figure 1. Some e¢xamples of risk specific doses (10’6 ) and reference doses calculated by
individual scientists, scientific organizations, and regulatory agencies for 2,3,7,8-TCDD. Solid
lines represent conclusions reached by regulatory agencies or scientific organizations; hatched
lines represent research efforts. Some values represented as lines with a single point could
be represented as a range. The point shown is generally the lowest RsD or RfD of the range.

* Very preliminary analysis, taking into aceouni the longer half-life of 2,3,7,8-TCDD in humans
relative to rats.

Abbreviations used in the chart are as follows:i | .

cbe Centers for Disease Control, U.S. Public Health Service
EPA U.S. Environmental Protection Agency , . , |
FDA U.S. Food and Drug Administration : - . - e
FRG Federal Republic of Germany ,

LMS Linear muitistage model |

M-K-V Moolgavkar, Knudson, Venzon

MLE Maximum likelihood estimate

NRC National Research Council, Canada

The line indicated as "Canada” represents both Health and Welfare Canada and the
Province of Ontario, Canada | .

Source: Taken from Appendix A.




o

a traditional toXico]ogicd]vépproach.z Based on science policy considerations

developed in‘sectiOn II1.B.2.b.6., the Workgroup proposes that the Agency adopt
a'dosé of 0.1 pg/kg/day as a’p1aﬂsib]e upper-bound increased lifetime risk of
one in a million. The estimate is consistent with the available datavand

theories and represents a reasonable science policy position.

B. COMPARISON OF POTENCY ESTIMATES

.;,P1au§ip1e upper-bound cancer potency estimates for 2,337,é—TCDD published

by'EPA,'othér U.S. agencies, some state agencies, foreign governments, and

individual investigators fall within a range that spans more than three orders
of magnitude. This range represents the lack of current consensus regarding
approaches to estimating levels associated with potential cancer risk.
Comparison of the various assessments has two purposes: (1) to demonstrate how
scientisfs, using the same data but differenﬁ assumptions and/or science
policies, arrige at different risk estimates, and (2) t§ discuss alternative
methods to EPA’s customary approach, which is based on the upper-confidence
Timit (UCL) of the LMS model, for estimating human cancer risk from exposure to
2,3,7,8-TCDD. This exp]iéit discussion'of assumptions and policy choices
high]ights some of the uncertainties inherent in the risk assessment process
genekai]y, and in analyses and assessments specific to the carcinogenicity of

2,3,7,8-TCDD.

21t should be recognized that neither of these methods attempts to estimate the
"true risk" posed by exposure to a chemical. In the case of the linearized
models, because our understanding of the mechanism of carcinogenesis is so
Timited, an upper 1limit to the risk is calculated. 1In its risk assessment,
using the LMS model, EPA stresses that the true risk is likely to be lower
than the "plausible upper bound," and may be zero. Likewise, the traditional
toxicological approach does not attempt to estimate risk; rather, it estimates
a Tifetime daily dose 1ikely to be without significant risk.
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Alternative approaches to estima%ing cah;er'risk are diScussed in terms of
existing 2,3,7,8-TCDD risk assessment% to give EPA risk assessors and riék
managers established points 6? referehce apd to‘distinguish science, sciencé
policy, and assumptions. The ana1ysi§ shows that differences among the risk
assessments for 2,3,7,8-TCDD,deve1opea by various regulatory agencies are not
due to disagreements about the scienthfic data base per se, but rather are due
to the judgments, science policy posifions, and methods used in estimating .;
human risk. Indeed, a major factor aLcounting for the differences in the “ :
various assessments is the judgment ﬁeached on,whether or not a threshold -
exists for'the carcinogenic activity%of 2,3,7,8-TCDD. U.S. agencies, {ﬁc1hding
EPA, have selected the LMS model, a‘éathematica] model based on a dose-response
function that does not have a thresho]d (that is, some non zero risk can be

!

calculated for all dose levels) and has a low-dose response character1st1c that

s essentially linear. Some Canad1an and European env1ronmenta1 agenc1es, as
well as some state agencies in this country, have se1ected a trad1t1ona1
toxicological approach based on an exper1menta11y estab11shed _
no-observed-effect51eve1 (NOEL)3 to est1mate a presumed."safe do§e." While
choice of model often reflects, in part, the historical or phi]osophica]v
tradition of a particular agency, in the case of 2,3,7,8-TCDD it also reflects
important differences in the way different scieﬁtiéts intérpfet and weigh the

scientific evidence and related uncertainties.

3pose in the chronic animal bioassay at wh1ch no ‘increase in tumor 1nC1dence
was observed.




C. ORGANIZATION

The backgrouﬁd information in Chapter II refers to a report on sources and
routes of human exposure to 2,3,7,8-TCDD, summarizes animal and human data on
the potential for human cancer, and surveys existing quantitative cancer risk
assessments for 2,3,7,8-TCDD. The section on mechanisms of carcinogenesis
evaluates 2,3,7,é-TCDD.in light of several different mechanistic hypotheses,
while the remainder pf the chapter focuses on mathematical approaches for risk
ext?apo1ati0n. Chapter III synthesizes the range of qualitative and
quantitative considerations beéring on the human cancer risk potential of
2,3,7,8-TCDD, and explains the basis for selecting 0.1 pg/kg/day as a cancer
risk-specific dose (1076) for this chemical.

While this report draws on EPA’s 1985 Health Assessment Document (HAD)
for‘Polych1orinated Dibenzo-p-Dioxins (U.S. EPA, 1985) for certain data, it .
incorporates new information and alternative interpretatidns of the scientific
evidence.® The analysis follows EPA’s Guidelines for Carcihogen Risk
Assessment which call for articulation sf "major assumptions, scientific
judgments and to the extent possible, estimates of the uncertainties embodied
in the assessment. . .distinguishing C]early between fact, assumption, and

science policy" (U.S. EPA, 1986a).

40ther sources include a "Dioxin" Update Committee Report of a meeting held
July 1-2, 1986 (submitted to the Office of Pesticides and Toxic Substances
August 28, 1986; hereafter called the "Pitot Report") (U.S. EPA, 1986c), the
"Report of the EPA Workshop on the Development of Risk Assessment
Methodologies for Tumor Promoters" (hereafter called the U.S. EPA "Promoter
Workshop") (U.S. EPA, 1987c), and six issue papers developed as background
information for this reanalysis (Appendices A through F).
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I1. ?ANALYSIS

In this chapter data from Taboratory and human studies are eva1uated in
terms of the factors that influence rﬁsk assessment methodology generally and
that raise specific questions about e?isting cancer risk assessments for
2,3,7,8-fEDD. In place of models tha& appear to be based upon a dichotomous
view of carcinogens as either comp]et% carcinogens or pure promoters,
researchers are exploring more sophisticated models which span a variety of
direct and indirect mechanisms, inc]@ding a combination of several modes of
action. Qualitative answers to the duestions regarding mechanism(s) by which
2,3,7,8-TCDD exerts its carcinogenicfty could have a significant effect on the
quantitative estimates of risk. |

This chapter addresses these quéstions. Section Avidentifies relevant
data from laboratory and human'studiés. Section B brieny reviews current
theories on mechanisms of carcinogenésis as they apply to this chemical. 'In
section C, several risk assessment méde]s are reviewed -in Tight of current data
on 2,3,7,8-TCDD and mechanistic cons{derations. The special question of body
burden data, particularly its meaniné for the epidemiologic studies, is
reviewed in section D. The imp]ications of these several factors for human

cancer risk from exposure to 2,3,7,8-TCDD is discussed in section E.

A. BACKGROUND

This section summarizes basic d%ta 6n the effects of 2,3,7,8-TCDD in
animal, human, microbial, and in vit?o studies. Section l‘out1ines data on
sources and routes of exposure; sect%on 2 summarizes the animal and human |

studies that provide the foundation for most risk assessments for 2,3,7,8-TCDD;

8




and Qection 3 presents relevant ancillary information. These summaries
abstract data reviewed and'analyzéd in the issue papers prepared for this
report (Appendices A through F) and other sources cited.
1. Exposure Considerations

A comprehensive review and analysis of human exposure to 2,3,7,8-TCDD
appears”%ﬁgé draft document entitled "Estimating Exposures to 2,3,7,8-TCDD"
(U.S. EPA, 1987&). This report should be consulted for information on sources
of 2,3,7,8-TCDD, its movement through the environment, routes of human
exposure, and possible human doses resulting from those exposures.

The report was prepared by scientists and engineers from the Exposure
Assessment Group, Office of Health and Environmental Assessment. The primary
purpose of the report is to provide a review and update'of information related
to‘exposure to 2,3,7,8-TCDD that has come to light since 1984. 1In addition,
this report provides an 111ustra£icn of the application of this information in
performing exposure assessments for 2,3,7,8-TCDD. This is accomplished by
using the information to construct several scenarios where contaminated
materia1 may fesult in exposure to 2,3,7,8-TCDD, and estimating what the
exposure would be for various pathways from source to humans exposed. Sources
used as examples in this report include contaminated soil, various land
disposal situations, and municipal waste incinerators. It must be emphasized
that these,scenarios are not to be interpreted as an exposure/kisk assessment
for all sources of these types. This report should, hoﬁever, provide a sound
Starting point for many exposure assessments 6f 2,3,7,8-TCDD contamination.

2. Carcinogenicity of 2.3,7.8-TCDD

The carcinogenic potential of 2,3,7,8-TCDD for humans has been the focus

of intensive study and debate for almost a decade, and the issue is still not

9
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resolved. While chronic exposure stydies in laboratory animals dehonstrate
that 2,3,7,8-TCDD is a potent carcinbgen‘in rodents, epidemiologic data have
been much more difficult to interpre& and mbre controversial. These issues are
addressed in this section and described more fully in the issue papers prepared
by Bayard (Appendix A) and Bayliss (Appendix B).

a. Chronic Animal Studies |

There is general agreement thaf 2,3,7,8-TCDD is carcinogenic in laboratory
animals. The critical studies are from two independentllaboratories and show
effects in both rats and mice. Thege and other experimental animal studies are
fully discussed in EPA’s HAD (U.S. éPA, 1985). |

In a chronic toxicity and oncoéénicity study by Kociba et al. (1978),
dietary doses of approximately 0, 1J000, 10,000, and 100,000 pg/kg/day
2,3,7,8-TCDD were fed to rats for uﬁ to 2 years (1 pg = 10712 gram, so that
100,000 pg/kg/day is equal to 0.1 ug/kg/day). In the high-dose group, both
male and female animals had significant site-specific increases in tumprs. The
target organs and tumor types in maTe animals were squamous cell carcinomas of
the tongue, hard palate, and nasal turbinates, and adenomas of the adrenal
cortex; in female animals, the targét organs and tumor types were |
hepatocellular carcinomas and squaméus cell carcinomas of the tongue, nasal
turbinates, and lung. Most 1nvestiéators interpret this study as demonstrating
that dietary exposure to 2,3,7,8-TC$D at 100,000 pg/kg/day or greater results

in increased tumor incidences in boih male and female rats.  If neoplastic
| ‘
|
" .
|
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nodules are combined with hepatocellular carcinomas; a statistica]ly
significant response is also seen at 10,000 pg/kg/day in female rats.S

The National Toxicology Program (NTP) has also tested 2,3,7,8-TCDD for
carcinogenicity in rats and mice following administration by gavage (NTP,
1982). Réts were expesed to weekly doses of 0.0, 10,000, 50,000, and 500,000
pg/kg. The only tumors that appeared to be treatment-related were follicular
cei1 adenomas or carcinomas of the thyroid in male animals, and neoplastic
no@u]es or hepatocei]u]ar carcinomas of the'iiver in female animals. The
ineidence‘of these tumors was significantly greater in the high-dose ggaués‘
than in contro]s,Aand the incidence of tumors at both sites showed a positive
dose-related trend. Under the conditions of this bioassay, the NTP concluded
that 2,3,7,8-TCDD was carcinogenic in both male and female rats.

In the NTP mouse study, male mice were exposed to weekly doses of 0.0,
10,000, 50,000, and 500,000 pg/kg, whi]e female mice were exposed to weekly
doses. of 0.0, 40,000, 200,000, and 2,000,000 pg/kg. An inc‘:reasled incidence of
liver tumors was also observed in the NTP study in the high-dose male mice and
in the high-dose female mice. Female mice also had an increased incidence of
follicular-cell adenomas of the thyroid. In this study, 2,3,7,8—TCDD was
carcinogenic to mice, with effective doses ranging‘between 500,000 and

2,000,000 pg/kg/week (0.5 and 2.0 ug/kg/week) depending on sex.

5The EPA Guidelines for Carcinogen Risk Assessment (U.S. EPA, 1986a) address
the question of combining benign and malignant lesions of identical histogenic
origin. In addition, the Agency s Risk Assessment Forum has published
guidance on the use of various proliferative hepatocellular lesions of the

rat in risk assessment (U.S. EPA, 1986b). In the case of 2,3,7,8-TCDD, both
would recommend combining benign and malignant lesions; however, both suggest .
that when such lesions are combined, the impact of the benign lesions on the
quantitative response should be presented exp11c1t1y
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On the basis of information contained in these two studies, and other
animal data described in the HAD (U.S{ EPA, 1985), the Agency concluded that
the evidence from animal studies for % carcinogenic response induced by
exposure to 2,3,7,8-TCDD is “sufficieﬁt" under the weight-of-evidence system in
EPA’s then Proposed Guidelines for Caﬁcinogen Risk Assessment (U.S. EPA, 1984).

b. Epidemiologic studies %

Several epidemiologic studies de%igned to evaluate cancer in humans
potentially exposed to 2,3,7,8-TCDD o% substances presumed to contain
2,3,7,8-TCDD are subjects of sharp deﬁate. Results of these studies, including
both cohort and case-control designs,%are arguably conflicting, with some
studies reporting high risks and dthe#ﬁ reporting low or no detectable risks.

Although most of the studies havé followed standard. epidemiologic
procedures, the conclusions of all aré subject to specific limitations. Of
particular concern are uncertainties ébout the nature and‘extent of aciua]
exposure to 2,3,7,8-TCDD.6 In every %nstance, because of a lack of empirical
exposure data, some surrogate basis fér estimating exposufe has been used.
Studies in which human populations ha@e been examined for carcinogenic
responses to exposure to substances'cbntaining 2,3,7,8-TCDD are reviewed in the
issue paper by Bayliss (Appendix B). ’

Two epidemiologic studies from SFeden (Hardell and Sandstrom, 1979;
Eriksson et al., 1981) are considered by many to be critical studies in

assessing potential human cancer risk. They suggest a high cancer risk

associated with exposure to chemica]s?contaminated with 2,3,7,8-TCDD. These

6Recent analyses of tissue from subjects in some of these studies suggest that.
"control" and "exposed" have roughly the same levels of 2,3,7,8-TCDD in their
tissues (Hardell, 1987). The impact of this finding on the interpretation of
the studies has not been fully assessed.
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studies have reported statistically significant, five- to sevenfold elevated
risks of soft tissue sarcoma (STS)7 related to occupational exposure to phenoxy
herbicides and/or chlorophenols, some of which were assumed to contain
2,3,7,8-TCDD. While some methodo1ogica1 questions have beén raised about these
studies,_itaappears that the elevated risks (at some Tevel of exposure) are
rea] andm;Lou1d be considered in hazard eva]uation. |

| In addition to the two Swedish studies and certain cage reports, other
studies’ (including studies in certain U.S. popuiations) may give some support
to ihefassqbiation between exposure to 2,3,7,8-TCDD and STS (see‘Appendik B);
however; such an assessment is widely debated. These and other studies have
also reborted associations between other forms of cancer and exposure to
2,3,7,8-TCDD or chemicals 1ikely to be contaminated with chlorinated dibenzo-p-
dioxins (CDDs). For example, Hardell et al. (1981) reported a statistically
significant risk of non-Hodgkin’s Tymphoma (NHL) in agricultural, forestry, and
woodworking employees exposed to phenoxy herbicides, cﬁ]oropheno]s, or both.
The relative risk ratio ranged from 4.3 tb 6.0 for both classes of compounds
together as well as separately. In addition to NHL, results from these studies
have raised questions about increased risks of stomach cancer, prostate cancer,
Hodgkin’s disease, and kidney cancer. Since reports of increased risksvfor
cancers other than STS and NHL occur sporadically throughout these studies,

they are generally considered inconclusive.

7"Soft tissue sarcomas constitute a category of rare cancers with a total
mortality rate of 1 STS per 100,000 persons per year in the United States.

The soft tissue sarcomas are malignant neoplasms of diverse histologic
subtypes, which occur throughout the body in mesenchymal connective tissue
other than bone. These malignancies are often not reported accurately on
death certificates and may not be recognized accurately by general
pathologists" (Fingerhut, 1986). The effect of such misdiagnoses could either
under- or overreport the number of STS cases in a study.
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In contrast, several studies involving populations believed to have been
exposed to 2,3,7,8-TCDD or 2,3,7,8-TCDd-containing chemicals have not shown any
significant increased incidence of canéer (Abpendix B).

Studies of Vietnam veterans have Been the subject of particular interest
because it is thought that some of thege veterans were exposed to 2,3,7,8-TCDD
as a result of exposure to Agent Orangg in Vietnam.8 Based on Agent Orangé use
and potential for exposure under the cdnditions in Vietnam, it has been éssumed
some subsets of the population may havé been exposed to relatively high lTevels
of 2,3,738—TCDD.' To date, most of thege studies ﬁave shown no stafisticaf}yﬁ
signiffcaﬁt correlation between Vietnaﬁ service (énd, therefore, possible
exposure to 2,3,7,8-TCDD) and an incre#sed risk of cancer. For example, the
Ranch Hand study has so far reported oﬁ]y a limited number of deaths (six) from
cancer among the exposed group, none‘of which was from STS or 1ymphom#l
(Fingerhut et al., 1984). Studies of éhe mortality patterns among New York

\
service men with and without Vietnam experience found no significant

association between cancer and service in Vietnam (Greenwald et al., 1984),

|
although it should be noted that a stuﬂy of Massachusetts Vietnam veterans

reports a significant excess of conneciive tiésue‘sarcomas compared to
non-Vietnam veterans (Kogan and C]app,§1985).
Although the epidemiologic data a}e not persuasive regarding one

interpretation over another, the high ie]ative risks seen in the Swedish

studies are noteworthy. While an assobiatioﬁ may exist between exposure to

8Agent Orange, an herbicide widely used in Vietnam, was composed of equal parts
of butylesters of 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) and 2,4-
dichlorophenoxyacetic acid (2,4-D). 2,3,7,8-TCDD, a contaminant in Agent -
Orange, has been shown to originate from the 2,4,5-T component with levels
ranging from 0.1 to 47 ug/g (U.S. EPA, 1985).
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chemicals contaminated with 2,3,7,8-TCDD (e.g., phenoxy herbicides) and
increased incidences of cancer, the data are still too uncertain to attribute
the effects seen to'2,3,7,8~TCDD.9
In 1ight.of the above considerations, and in accordance with the Agency’s

Guidelines for Carcinogen Risk Assessment (U.S. EPA, 1986a), the human evidence
supporting an association between exposure to 2,3,7,8-TCDD and cancer is
éonside}ed inadequate. |
3. Altered Cell Function

' Animajs given 2,3,7,8-TCDD as a single dose of 300,000 to 3,000,000 pg/kg:

exﬁibitéd é significant increase in a variety of enzymes responsible for the
toxification/detoxification of foreign chemiéa1s in the. liver (increased
enzymatic activity has also been found in other organs) (Poland and Glover,
1975). Sloop and Lucier (1987) have shown a statistically significant increase
in arylhydrocarbon hydroxylase (AHH) in animals exposed to 15,000 pg/kg of
2,3,7,8-TCDD in corn 0i1.10 In other systems it has been shown that the

toxification/detoxification process can, in some cases, yield genotoxic

intermediates when metabolizing ingested chemicals to harmless substances

%0ne current investigation involves a National Institute for Occupational
Safety and Health (NIOSH) registry of U.S. workers who have

been employed in industries that manufactured chemicals thought to be
contaminated with 2,3,7,8-TCDD, as well as other chlorinated dibenzo-p-
dioxins (CDDs) and chlorinated dibenzofurans (CDFs). A study of this
group of 7,000 workers, scheduled for completion in 1989, could provide
substantial, valuable, and additional information on the question of the
carcinogenic potential of 2,3,7,8-TCDD in humans.

10aHH is a cytochrome P450-mediated microsomal mono-oxygenase that metabolizes
numerous chemicals. AHH is induced by a sequence of events starting with
the binding of 2,3,7,8-TCDD to the Ah receptor located at the cellular mem-
brane. It is the translocation of the Ah receptor/2,3,7,8-TCDD complex to
t?e nucleus and binding to the DNA that leads to the transcription/induction
of AHH. '
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suitable for excretion. 2,3,7,8- TCDD is poorly metabolized, and therefore the
increased activity of these enzymes 1s likely to have little effect on the
genotoxic potential of 2,3,7,8-TCDD 1$se1f. Available data suggest that
2,3,7,8-TCDD has Tittle or no abi]ity?to act as a direct genotoxin. However,
the increase in toxification/detoxifiéation enzymes does increase the
possibility that other exogenous chem1ca1s will be act1vated to genotoxic
substances. Thus, it is possible to postu]ate a process whereby 2,3,7,8-TCDD,
through a secondary route, causes cancer through a mech§n1sm jnvolving
genotoxicity. | ‘ . T é“

The available information on enz&me induction indicates that 2,3, 7 8 TCDD -
is one of the most potent inducers stud1ed Poland and Glover (1984) found
that 0.85 nmoles/kg of 2,3,7,8-TCDD eH1c1ted the EDgg level of AHH hydrocarbon
hydroxylase in rat liver compared to BS 500° nmo]es/kg of 3- methy]cho]an-
threne.11 |

In addition, the increased enzyﬂatic activity elicited by 2,3,7,8-TCDD
remains elevated, near peak level, for over 30 days while the ehzymatic'
activity elicited by 3-methy1cho]antﬁrene returned to normal in 8 days, - é
reflecting the influence of 2,3,7,8-fCDD’s Tong half-life (see Appendix A). |
Limited data using human cells in cufture indicate that enzyme induction'is
likely to take place in humans expos%d to 2,3,7,8-TCDD (Jaiswal gt al., 1985).
Additional cellular data suggest an {mpact of 2,3,7,8-TCDD on such diverse

| .
responses as increased pro]iferation{ antagonism of hormone-mediated responses, .

cytotoxicity, and in vitro transformation (see section B)

i

t

113. Methylcholanthrene is used rout1ne1y by investigators -as an inducer of
AHH.
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While this information is of interest and does signal qualitative concern
for carcinogenicity in humans exposed to 2,3,7,8-TCDD, it is not possible at

present to factor these observations into a quantitative risk assessment.

4. Weight-of-Evidence Conclusion

Based on sufficjent evidence in animal studies, inadequate human evidence,
and consideration of ancillary or supportive information, 2,3,7,8-TCDD is
classified as a BZ--probab1e human carcinogen in EPA’s weight-of-evidence
scheme. Tﬁe.Agency reached the same conclusion in the 1985 HAD without
invoking‘fﬁé contribution of thé ancillary data.

This classification represents alqua1itative Jjudgment as to the 1ikelihood
that 2,3,7,8-TCDD maj be a human'carcinogen at some dose. It does not reflect
a calculation of potency nor does it resolve the issue of threshold versus
nonthreshold épproaches to describe the carcinocgenic dbse-response. In its
simplest terms, this classification represents the consénsus of scientific
opinion that ". . .in the absence of adequate data oh humans, it is
biologically plausible and prudent to regard agents for which there is
sufficient evidence. . .of carcinogenicity in experimental animals as if they

presented a carcinogenic risk to humans." (IARC, 1987).

B. MECHANISMS OF CARCINOGENESIS

Qualitative evidence for designating a chemical as a potential human
carcinogen comes from a variety of observationé--human epidemiologic studies,
chronic animal bioassays, in vitro studies, metabolic studies, and mechanism
studies. Thus, conclusions depend not on a single piece of information, but
rather, a weight-of-evidence assessment of all &ata bearing on whether the

chemical is or is not carcinogenic.
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At present, carcinogenesis, as a;process, is hypothesized to be a
continuum of events characterized by a number of steps--some irreversible and
others reversible--that result in the transformat1on of a normal cell to a
malignant one. While some of these steps have been def1ned by responses
observed in laboratory experiments, the actual sequgnce of cellular events
Teading to (1) initiation of a cell, #2) clonal expansion 6f the population of
initiated cells, and (3) progression %eading to ma11gnént transformatioh is
still unknown for even a single chem1ca1 12 Thys, chemicals are often
categorized by responses seen in vivo| and in vitro studies and/or where in the
carcinogenic process they act. For examp]e, simply stated, a "comp1ete
carcinogen" is one that can lead to tumor formation in the absence of any other
known exogenous factor and a “promote?" is a substancevthat.can affect the
growth and clonal expansion of a popuﬁation of initiated cells, and can alter
gene expression (U.S. EPA, 1987c). |

While such categories are theore&ica]ly easy to describe, in practice it
is often difficult (if not impossib1e§ to separate carcinogens into discrete
categories based on mechanism of action This‘process is further complicated
by the possibility of multiple carc1nogen1c mechanisms, d1rect and indirect,
occurring as a result of exposure to g single compound. In fact, especially at
Tow doses it is not clear that any ca%cinogen affects all Stages;‘the

hypothesis of "linearity-at-low-doses% does not require this.

121t should be noted, that initiation, promot1on, and transformat1on may
also be made up of a series of steps

!
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1. Hypothesis 1: 2.3.7.8-TCOD as a Direct-Acting, Complete Cafcinoqeh

a. Qualitative Consideration

At present, carcinogens are defined operationai]y because of ‘a lack of
understanding of the mechanisms by which chemicals cause cancer. Thus, obser-
vations of an increased'number of rare tumors, a decrease in the time-to-tumor,
or a statistically significant increase of site-specific tumor incfdence in
multiple species and strains in animal bioassays have generally been taken to
suppdrt‘theAconclusion that the test chemical is a complete carcinogen.
Unfoftunéféiy, the‘bioassay gives us no 1nfdrmation about the process leading
to the tumorigenic response. To give further support to the characterization
of a chemical as a diréct-acting, complete carcinogen, f.e., one that acts
through a‘mechanism that 1nv01ves.DNA.damage,lthe weight-of-evidence analysis
includes information from a variety of other observations. These include
short-term mutagenicity studies, irrevérsib1e binding to DNA, clastogenicity,
and other indications of genotoxicity.‘ Pogitive results in some or all of
these types of tests are considered by some as necessary before a chemical can
be considered to be a complete carcinogen. Conversely, negative results in
these types of tests are considered by some as an indication that a chemical
may not be a complete carcinogen. Although some mechanisms, such as oncogene -
activation, may also be considered as "direct" negative results in more
traditional genotoxicity tests, they have been used to argue against
intérpretation of positive bioassays results as the consequence of direct,

complete carcinogenesis.13

13The use of the term "direct” in this context is meant to convey the notion of
a direct impact of a chemical or its metabolites on the carcinogenic process
and should not be confused with the use of the term direct (parent compound)
versus indirect (metabolite) carcinogenicity as described by some in the
scientific literature.
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2,3,7,8-TCDD produces tumors inEanima]s in 1ifetime_studies (Kbciba et
al., 1978; NTP, 1982). Tumors were %een at multiple sites in rats and mice of
both sexes. However, attempts to de@onstrate that 2,3,7,8-TCDD is either
mutagenic or genotoxic have been mosi1y negative. Recent reviews by Fishbein'
(1987), Giri (1987), and Shu et al. k1987) of over 20 studies have concluded
that 2,3,7,8-TCDD is probably not gehotoxic. In addition, Randerath et'a1.
(1987) demonstrated that 2,3,7,8-TCD$ exposure does not result in measurable
DNA adducts, and, therefore, probab]& does not bind irreversiblylto DNA.
Furthermore, Lim et al. (1987) pub]i%hed data that show a lack of |
clastogenicity in animals exposed to!2,3,7,8-TCDD. Thus, the kind of
mechanistic data that would support t]ass%fication of 2,3,7,8-TCDD as a
direct-acting, complete carcinogen oh the basis of genotéxicity are lacking.

A recent review comparing the r;su1ts from shokt—term tests and long-term
chronic bioassays for 76 chemicals (iehnaht et al., 1987) showed that the
concordance between short-term tests%and a response in a chronic bioassay was
only 60%. While highly predictive fbr certain,c]assés of compounds and for
those substances that are routinely %ositive, this review indicates that the
Tack of positive results in short-tekm tests is often not a predictor of the
outcome of a chronic bioassay, and, &herefore, may not be a reliable predictor
of direct, complete carcinogenicity.| Also, Reynolds et al. (1987) have shown
that at least two chemicals that tes& negative in mutagenicity tests conducted
by the NTP can activate oncogenes wh%ch may result in a specific irreversible
cellular change. This is considere% by many scientists to affect control of
cell proliferation and, perhaps, to?be an important step in the caréinogenic
process. These kinds of observation@ suggest that as new approaches to
investigating molecular events poteﬁtia]]y'involvedin the carcinogenic process
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become available, our understanding of how particular chemicals exert their
carcinogenic effect may change.

It is importantlto note that while the promoting capability of
2,3,7,8-TCDD has been clearly demonstrated in the 1iyer, the tumors observed in
one animal bioassay in the 1ung, soft pa1ate, and nasal turbinates can be taken
as eV1dence supporting comp]ete carc1nogen1c1ty, although even in these
t1ssues, promot1on of pre- ex1st1ng initiation (or complete carc1nogenes1s by
unkpown mechanisms that are not representative of response at the administered
do;e),'based on Tocally high levels of 2,3,7,8-TCDD found in food particles,
ceaﬁét be ruled oht (Kociba, 1984). In addition, studies that use a 11ver |
.system to show promoting effects of 2,3,7,8-TCDD y1e1d data suggesting that
some initiating potential cannot be totally ruled out. In sum, it is not
possible, at this time, to conclude definitively whether or not 2,3,7,8-TCDD is
acting as a comp1ete carcinogen in some tissues.

b. Quantitative Considerations '

For complete carcinogens that act by directly ceusing an irreversible
initiating event and then by fosteriﬁg promottcn and progression of the cells
to a frank tumor, no threshold would be expected on the basis of current
theory. In addition, if a carcinogen caused its effect by adding irreversibly
to a background process already underway, linearity at low doses would be
. expected. The EPA has ihtegrated the two concepts of irreversibi]ity and
additivity in deriving the use of a p]ausib]e upper bound from the LMS mode1
for carcinogens as a matter of science policy. While a number of models, in
addition to the LMS model, incorporate.the.cpncept of Tow-dose Tinearity, there

is currently no biological basis for the choice of one of these aTternatives

over the LMS model.
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Consequently, if thevAgeney consﬁders 2;3;7,8—TCDD to be-a‘direct—actiné,-l
complete carcinogen, then; the use byiEPA”of a pTausibie opper‘bouhd derived
from the LMS model is appropriate and cons1stent with Agency sc1ence po]1cy
To the extent that the mechanism of aot1on of 2,3,7,8-TCDD 1s not in accord
with the derivation of the model, the,use.of'the LMS mode] may be less

apprupriate.

2. Hypothesis 2: 2,3,7,8—TCDD as_a fPure"'Promoter

a. Qualitative Considerations ; |

Like complete carcinogens, promoﬁers are defined operaiiona11y. 'Promoters
are defined as providino a certain paétern of resu1ts in initiation/prohotioh ‘
tests. In theory, therefore, becausey"pure" promoters do not cause initiation,
one might expect a promoter to g1ve negat1ve results in an an1ma1
carcinogenicity b1oassay. In pract1ce, however, - a promoter could y1e1d
positive results in such a test because of 1n1t1atedrcells present as a result
of "background" events that can be promoted to yield a tumorigenic response.
For most promoters, the sensitivity of the bjoassayIWOuld'be,expected‘to'be'too ‘
low to yield a statistically signifjc%nt response based onTy on background
events. Thus, under these terms,vbio?ssay studfes would allow certain
promoters to be distinguished from coTp1ete carc1nogens

In order to characterize a chem1?a1 as hav1ng promoting potent1a1 only,
additional information from other tests is genera]]y considered to be
necessary, such as: a lack of 1n1t1a¥1ng potent1a1 as measured by a 1ack of

genotoxicity, reversibility of the promot1on response, 1nh1b1t1on of

cell-to-cell communicationl? and/or demonstration of a'dose4response having

l4gaveral jnvestigators (e.g., Trosko, 1983) have suggested that many promoters
may act by inhibiting cell-to-cell Fommun1cat1on as measured in metabolic -
cooperation or dye-transfer stud1es; :

|
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threshold characteristics. It should be nofed, however,;that promoters do not
necessarily have to exhibit all of these cheracteristice,:but that positfve |
results in these kinds of feste ceﬁ help to.supportlihe categorization of a
chemical as having on]y promotion potentié] | |

Currently, two in vivo systems are commonly used to study the promot1ona1
phase of the carc1nogen1c process-—rat Tiver and mouse -skin. In both systems
the animal is given a very sma11 amount of a known potent initiator fo110wed by
a promoter, in the case of one of the contro]s, the order is reversed.
Assum1ng the test compound is a promoter only, the resu]ts of such experlments
can be expected to yield results as follows:

Test Protoco] _ Result -

initiator only ~ no tumors
initiator followed | tumors

by a promoter

promoter folleowed ' no tumors
by an initiator :

promoter only no tumors

~ In both rat Tiver and in some mouse skin studies, 2,3,7,8-TCDD is a petent'
promoter when tested with a known initiator (U.S. EPA 1986¢c; 1987c).  In both
systems, however, a low incidence of tumors in animals given oniy 2,3,7,8-TCDD
suggests that 2,3,7,8-TCDD may have some initiating potential or that the
observed tumors are the result of potent promotion'of background events or
unidentified initiators found in the ahima1é’ environment (e.g., substances in
food). The results of such a study involving diethyinitrosamine (DEN) and
‘2,3,7,8—TCDD in partially hepatectomized rats are illustrated in Table 1.

In addition to the in vivo studies for promotional activity, a number of

laboratories have investigated the promotion potential of 2,3,7,8-TCDD in
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TABLE 1. PROMOTING EFFECT OF 2,3,7,8-TCDD (TCDD) ON HEPATOCARCINOGENESIS IN PARTIALLY
HEPATECTOMIZED FEMALE RATS BY A S;NGLE DOSE OF DIETHYLNITROSAMINE (DEN)

b
1
i

| . Mean volume ‘No. of
No. of enzyme- of enzyme- % liver rats
altered foci per altered volume  with
No. of cubic centimeter foci (cubic occupied car-
Group Treatment animals of liver millimeter) by foci cinoma *
1 DEN2 4 . 309+ 980 0.02 0.7 o
2 TCDD (Tow dose)© 4 34+ 17 0.05 0.2 0 ‘
3 TCDD (high dose)d 5 . 254+ 7 0.04 0.1 0
4 Phenobarbital (control) 4 86+ 13 0.01 0.1 0 |
5 DEN + TCDD (low dose) 5 1068 + 166 0.08 9.0 0¢ :
6 DEN + TCDD (high dose) 7 871 + 66 0.49 43.0 5f |
7 DEN + phenobarbital 10 ' 533 + 103 0.15 = 6.0 8 |

a DEN given at dose of 10 mg/kg. ‘ ' : ?
b Mean + SD. j |
C 0.14 ug/kg/2 weeks. é
d 1.40 ug/kg/2 weeks. |
e Three rats exhibited neoplastic nodules ﬁn the liver.

f One rat exhibited neoplastic nodules in ﬁhe Tiver.

Source: Pitot et a1.,'1980.
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isolated cell systems (see, for example, Abernethy et al., 1985). The results
of these studies clearly demonstrate that 2,3,7,8-TCDD affects isolated cells
as a promoter but does not alter the cells in a manner which would suggést that
an initiating event has occurred. Hence, under the most stringent conditions
(in vitro), 2,3,7,8-TCDD may act as a "pure" ﬁromoter; but under in vivo
conditions the results are not as cféér cut.

The réveréibi1ity of}clona1 expansion after the removal of a promoting
substénce has been considered a key effect in éharacterizing promotioﬁa1~
activity. For example, Pitot et al. (1987) showed that the size of liver foci
in rats increased in the presence of phenobarbital (a bhemica] generally
regarded as a "pure" promoter) and thén returned to normal when phenobarbital
was removed from the diet.15 Investigation of 2,3,7,8-TCDD for feversibi]ity
of foci formation in similar experiments has not been attempted because of its
long half-life iﬁ tissues, making results less easily interpretab]é.

It can also be argued that 2,3,7;8-TCDD does not meet the above criteria
for a "pure" promoter. Some tumofs observed in the 1ﬁng, nas§1 turbinate, and
hard palate may be the result of "complete carcinogenicity," although, as
discussed previously, this is not uniformly accepted. Similarly, the
reversibility of the promoter step has not been demonstrated for 2,3,7,8-TCDD.
Finally, some evidence of clastogenicity exists although the results have not

been duplicated (Green et al., 1977).

151t should be noted that re-administration of phenobarbital in this experiment
-resulted in a greater than anticipated clonal expansion which could be
interpreted to mean that in addition to reversible effects, some irreversible
step(s) had occurred. S
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b. Quantitative Consideration§ ; » v

A "pure" promoter that acts by féci]itating clonat expansion of a
population of initiated cells withoutfany capacity to induce irreversible
changes in DNA may be expected to,deanstrate a threshold, theoretiéaT]y; .
although no quantitative framework ex%sts which demonstrates that thresholds
must exist under all circumstances. For example, the Moo]Qavkar, Knudson, and
Venson (M-V-K) model, now being inves&igated by a number of scientists for
modeling the carcinogenicity of promokers, does not require an assumption‘of a
threshold. The theoretical basis forEthe threshold response would be the
Tikelihood of a dose at which the net| response of clonal expansion and normal
cell death (or control of cell pro]ifération) ﬁou]d be zero. Consequently, for
such a situation an appropriate methop to estimate a level of exposure that
would be unlikely to pose a significint risk may be the traditional -
toxicological approach for organ-speqific_toxicity via the derivation of a
reference dose (RfD). This RfD is c%lcu]ated from the no-observed-adverse-
effect-level (NOAEL) based on carcinégeniqity noted in the bioassay, divided by
several uncertainty factors. ;

To the extent that the data deménstrate that 2,3,7,8-TCDD is a "pure"
promoter, the traditional toxico]ogiéal approach is arguably appropriate.
Conversely, data that indicate that é,3,7,8—TCDD has the ability to initiate
the carcinogenic process or that 2,3ﬁ7,8-TCDD may be a complete carcinpgen

would make the application of the above method less appropriate.

3. Hypothesis 3: Secondary or Indirvect Mechanisms of Carcinogenesis
f
a. General Considerations
As stated earlier in this chapter, a carcinogenic response in animals may

be the result of direct interaction éf the chemical (or its metabolites) under

|
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test with sensitive cellular targets. On the other hand, this response may be
the result of indirect effect§ or even a combination of the two.

While it is.not possible to distinguish between direct and indirect
responses in animal bioassays, a variety of test data may be used to draw a
cbnc1usion that indirect carcinogenicity may be responsible for an observed
effect. The nafure of such indirect effects may be such that the chehica]
affetts the pool of "initiated celis" eithér qua1itatfve1y by making cells more
sensi;ivg to initiating agents or quantitatively by causing increased anbers
of initiated cells. On the other hand, chemicals may indirectiy affect the
establishment or progression of preneoplastic lesions by makiﬁg the cellular
environment more conducive to suéh events or by inhibiting the cellular
processes which keep tumor growth in check. It is quite plausible that
induction or inhibition of enitymes, competitive inhibitfon 6f normal feedback
mechanisms regulating cell proliferation, cytotoxicity, or effects on the

immune system could be responsible for an indirect increase in carcinogenic

response.

A wide variety of experimental data may be used to eyaluate the inference
of indirect carcinogenicity. These may be studies focused on molecular
mechanisms or they may be at the 1evei of altered organ function. The
following section discusses such experimentd] data on 2,3,7,8-TCDD. ‘It should
be understood that this discussion is included to establish the plausibility of
thié approach, and does not represent an indepth review of potential
mechanistic data. A number of 1ine§vof evidence require further development

before their impact on carcinogenicity can be assessed. A more detailed

-discussion of several aspects of this approach can be found in Appendix F.
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b. Qualitative Evaluation of 2,3,7,8-TCDD as an Indirect
or Secondary Carcinogen E

(1) Enhancement of Ihitiat‘ion1 |

One way in which 2,3,7,8-TCDD could affect the pool of initiated cells is
by inducing enzymes that activate o¥her endogenous and exogenous chemicals to .
proximate carcinogens. The effects?of 2,3;7,8-TCDD on the induction of AHH
activity is well established in a némber of in vitro and in vivo systems
(Poland and Knutson, 1982). This e%zymé induction could result in increased
levels of reactive intermediates frém other xenobiotic chemicals, and |
ultimately increased numbers of ini&iated cells and increased potential
carcinogenicity. Further enhanceme;t of carcinogenicity could result from the
potent promotional activity of 2,3,%,8-TCDD acting on indirectly initiated

cells. Studies have shown increased genotoxicity of chemicals such as

benzo(a)pyrene that require metabo]ﬁc activation when they are administered or

incubated with 2,3,7,8-TCDD in systéms capable of responding to enzyme inducers
(Pahiman and Pelkonen, 1987). ;

The integrity of the DNA mo]ebb]e is generally thought to be important for
normal cellular function. Specific{types of DNA damage alter DNA molecular’
weight and may increase the probabihity of initiation. One measure of both’
normal metabolic processing and 1nc%éa$es in DNA damage is quantification of
single strand breaks in DNA. Such %tkand bréaks may be caused by increased ‘
levels of free radicals in activelyimetabo]izing tissues. Direct measurements
of strand breaks have indicated inc&eésed breakage with exbosure to
2,3,7,8-TCDD (Randerath et al., 1987). Studies that examined changés in DNA
molecular weight after 2,3,7,8-TCDD£trgatment'have provided conflicting

results. Molecular weight increases were observed in treated animals 1
b i
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indicating fewer rather thaﬁ‘increased numbers of single strand breaks. Strand
breaks may also be associated with. increases in DNA adducts either directly or
indiréct1y to chemical éxposures. Randerath et al. (1987) found no DNA adducts
within the Timits of detection of his assay in the Tivers of rats chronically
exposed to low doses of 2,3,7,8-TCDD, and Romkes and Safe (1987) did not find
2,3,7,8-TCDD enhancement of DNA adduct formation from endogenous steroids.

Changes in DNA repair capacity could also have an impact on the pool of
inifiated cells. While few studies have measured kepair parameters after
2,3,7,8-TCDD treatment, several observations can be noted. Treatment with
2,3,7,8-TCDD causes increases in’0—6-methylguanine content in DNA. This
observation may be consistent with an indirect effect on methylating capacity
or on a failure to rapidly repair these lesions. Studies to date have not
demonsfrated that 2,3,7,87TCDD causes increases in unschedu]ed DNA synthesis
(UDS). This observation suggests that, under the conditions of the study, DNA
damagel ha§ not increased to a level that can be measured with this type of DNA
repair. Based on recent studies by Busser and Lutz (1987) and Deh Engelse et
al. (1986), effects on the repﬁir system itself cannot be ruled out.

Another way that 2,3,7,8-TCDD could impact the pool 6F initiated cells
indirectly is‘through its ability to cause organ-specific cei] proliferation,
thereby increasing the number of‘pre-existing initiated cells, which may
represent an increase of potential tumors. The ability of 2,3;7,8—TCDD to
cause hypertrophy and hyperplasia in sgvera] tissues where tumors arise has
been noted in chronic-toxicity studies (Kociba et al., 1978). The question of
stimulation of DNA synthesis caused by exposuré to 2,3,7,8-TCDD is still an

open one (Busser anerutz, 1987).
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| |
(2) Enhancement of Carcinogenic Progression

Currently accepted theory suggesis that an aspect of the carcinogenic
process is the ability of chemical ca?cinogens'to affect the progression of
preheop]astic cells or foci towards the malignant state. It is generally held
that this part of the process shows ah irreversible dédifferentiation based on
permanent genetic change. In the cask of 2,3,7,8-TCDD, the‘1bng half-1ife of
the molecule in human and animal sysths allows for a constant' impact over a
prolonged period of time, somewhat aﬁin to the éonstitufive presence of a
regulator of cellular differentiatio@. While there is no evidence of permanent
genetic changes associated with 2,3,#,8-TCDD exposure, there are data to
suggest that the chemical can affect%termina1 differentiétion and carcinogenic
transformation in vitro. Increases in "flat cell"/"XB cell" (Gierthy and
Crane, 1985) transformation support ﬁhe notfon of the potential to cause
dedifferentiation, and studies in “1QT1/2‘0e115“ (Abernethy et al., 1985) show
increased cellular transformation. | ”

These activities represent a re{ease from growth control which is
characteristic of the carcinogenic p%ocess and might é]]ow for the appearance
of increased carcinogenic response in an indirect mannef. Further support for
this role of 2,3,7,8-TCDD comes from its apparent ability to act as a hormone
agonist or antagonist (Umbreit and Gél]o, 1988), without competing for sites on
certain hormone receptors. The suggéstion that 2,3,7-8 TCDD may be acting
through cellular receptors as opposeé to acting through the disruption of"
membranes, as many “classical promotérs“ do, is further supported by evidence
that 2,3,7,8-TCDD does not disrupt Cé]]-to-ce]] communication iﬁ vitro (Lincoln

et al., 1987). Disruption of cell-to-cell communication has been suggested by

some investigators (e.g., Trosko, 19é3) to‘be an attribute of many promoting




,\compounds‘* Th1s act1v1ty,’or perhaps 1ack ‘of act1v1ty,g1s found in ce11s w1th
~and w1thout an 1nduc1b1e AHH system,vso the characterlst1c is 1ndependent of :

- that event, aga1n suggest1ng the necessary but not suff1c1ent role that enzyme
‘1nduct1on m1ght have in the carc1nogen1c process Th1s 1ssue 1s descr1bed more
rfu11y 1n the 1ssue paper prepared by Ga]lo (Appendlx F)

c. Quant1tat1ve Con51derat1ons o ‘

“The suggestxon, in qua11tat1ve terms, that 2, 3 7 8 TCDD may be acting as

- an 1nd1rect or. secondary comp]ete carC1nogen through mu1t1p]e mechan1sms .
<affects the way that this chem1ca1 1s V1ewed in quant1tat1ve terms. Th1s
hypothes1s 1s a]so cons1stent w1th the observed potency of 2,3,7,8- TCDD in
“produc1ng a carc1nogen1c response 1n v1vo, in’ that the observed tumors cou1d be
postu]ated to resu]t from mechan1sms such that 2, 3 7 8 TCDD  may 1ncrease the

poo1 of 1n1t1ated ce11s, either d1rect1y or 1nd1rect1y, 1s a potent promoter

- based on exper1menta1 ev1dence in spec1f1c test systems may be act1ve1y

involved 1n st1mu1at1ng progress1on of tumors from ben1gn to ma11gnant and may .

be 1nd1rect1y 1nf1uenc1ng both repa1r and surve111ance capab111t1es in V1V0
Such act1v1t1es, if V1ewed as add1ng to events that are already underway and
contr1but1ng to the background or "spontaneous" 1nc1dence rate of tumors, have
Ay been argued as reasons for cons1der1ng a nonthresho]d 1ow dose 11near type of
dose- response curve as " be1ng app11cab]e (OSTP, 1985 Crump and Howe, 1984)
‘Th1s would 1mp1y an approach under the Agency s current gu1dance, that m1ght

'be 1dent1ca1 to that genera]?y used for carc1nogens, name]y the use of the LMS

model to descr1be a p]aus1b1e upper bound on the r1sk It would not be 11ke1y .

'r‘that such 1nd1rect effects wou]d resu]t in a greater response than wou]d direct
: effects, a]though th1s cannot be ru1ed out These issues are d1scussed further

1n sect1on II B 1 b. of th1s document and 1n Append1x F
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C. EVALUATION OF 2,3,7,8-TCDD AS A& "ANTICARCINOGEN"
Another attribute of chemical &arcinogens that should be taken into

b

account when attempting to understand their behavior is the activity termed
"anticarcinogenesis." In some caseé, chemicals have been shown to overcome
background processes or their own eﬁfects at some doses to produce a net
negative effect on the carcinogenic}outcome of animal bioassays. Such |
responses could have a profound efféct on expectations of the dose-response if
anticarcinogenic effects were cancef]ing out carcinogenic effects at a given
dose in some tissues. The reproducfb]e dip in response (at low doses) to below
background tumor levels in female rét Tiver (Kociba et al., 1978; NTP, 1982)
has suggested to some observers thaﬁ 2,3,7,8-TCDD may show such a phenomenon.
These observations are supported bylmore recent data which showed that:
induction of liver foci were reduceé at low doses of 2,3,7,8-TCDD in an
initiation/promotion assay (Pitot eﬁ al., 1987). Responses in other rat
tissues (i.e., uterine and breast t{ssue), also show decreases in background or |
spontaneous tumor incidence which aéain support the observation that there is }
an overall decrease in the carcinogenic response wfth some doses of -
2,3,7,8-TCDD (Kociba et al., 1978).

The implications for an analys{s of dbse-response and the applicability

of certain models based on the obseﬁvation of a potentially "anticarcinogenic"

response for 2,3,7,8-TCDD is discusged in the next section.

| .
| T

D. USE OF PREDICTIVE MODELS
Scientific interest in interspécies and high- to low-dose extrapolation

has led to the development of a var%ety of predictive models, including models

for estimating the 1likelihood of huﬁan cancer based on data from animal
! . ‘
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studies. Selection of‘thevabb;dpriate model ih a given set of circumstances is
difficult because of a lack of know]édge of concordant events across species
and at Tow doses. Selection is further complicated by the possibility of
multiple effects affecting the carcinogenic process.

Pleiotropism, i.e., action through multiple pathways, is not an uncommon
finding with molecules such as 2,3,7,8-TCDD. One has only to review the
ear1ief experiments on multistage mouse skin carcinogeneQis of 2,3,7,8-TCDD to
. see that, in some cases, it inhibited tumor formation by PAH initiators
(D{Giovéﬁﬁiget al., 19775.1980; Berry et al., 1978). ‘it must bevemphasized
that the ?esponses in mu]tistage models are dependent on time, sequence;of '
administration, dose, and species. Hence, inhibition under some conditions
might have been predictable. This is contrasted with the two-stage Tiver model
(Pitot et é]., 1980) 1in which it has been shown that orally administered
2,3,7,8-TCDD enhances the tumoriQEnic‘action of DEN. In subsequent experiments
at lower doses of 2,3,7,8-TCDD, a parabo1ic dose-response curve has been |
reported in the DEN/TCDD initiation-promotion protocol (Pitot et al., 1987).
These results are not well understood, but they do not appear to be solely the
function of enhanced metabolism or Ah recebtof binding (Safe et é]., 1987).
Perhaps it is the result of alteration of epidermal growth factor (EGF)
receptors at low doses (Madhukar et al., 1984) which displays a tommona]ity
with severai steroid hormone receptors.

These findings are of importance to the approximation of human and animal
health risks from exposure to 2,3,7,8-TCDD and related molecules. Mathematical
hode]ing of physiq1ogica] phenoﬁena, especially those related to recéptor
function, is often conducted using the Michaelis-Menton equation (1913) as

modified by Clark (1933) for the "classical" receptor model. The weight of
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evidence for the most prevalent 2,3,7}8-TCDD effects falls into the category 6f
the receptor model (Poland and Knutsoﬁ, 1982). According to recent findings,
hepatocarcinogenesis observed after exposure of animals to 2,3,7,8-TCDD is |
related to estrogen levels or to the presence of functional ovéries (Goldstein
et al., 1987), and diethylnitrosamine hepatocarcinogenesis in partially

hepatectomized rats is first 1nh1biteH and then promoted by 2,3,7,8-TCDD (Pitot

et al., 1980; 1987). These findings indicate that 2,3,7,8-TCDD is not causing

its myriad of effects in liver by a s1mp1e one-step event such as binding to
the Ah receptor and subsequent 1nductnon of cytochrome Pj-450. |

Risk modeling for carcinogenic Qenob1ot1cs can be segregated into three
classes or types of models: (1) phys1oTog1ca11y based pharmacokinetic (PBPK)
models in which the body is cons1dergd to be a small group of physiological
compartments (Hoel et al., 1983; Kreﬁski et al., 1986; Bischoff, 1987); (2) .
biologically motivated models of caréinogenesis (BMMC) in which the
carcinogenic process is considered to occur through a series of linked
reactions that resuit from two or moﬁe molecular events followed by a cellular
amplification by "promoter" mo]ecu]eg (Moolgavkar et al., 1987; Thorslund ef
al., 1987; Krewski et al., 1987; U.SJ EPA, 1987a); and (3) the LMS model of
Armitage-Dol1 as modified by Crump aﬁd Howe (1984) in which it is assumed that
a sequence of events occur within a éing1e cell, some of which are
jrreversible, leading to the neoplastic change (Armitage, 1985).

A model that appears to accommo#ate most of the critical components from
the biological data base on 2,3,7,8-ICDD is the BMMC model, which is generally
referred to as the M-V-K model (Moo]Qavkar,and Venzon, 1979; Moolgavkar and
Knudson, 1981). This model a11ows,f6r several of the concepts of

initiation-promotion-progression, a16ng with the growth-stimulating role of
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endogenous substrates such as hormones (Moolgavkar, 1987). Incorporation of
some of the factors necessary for the PBPK model can also be done using the |
M-V-K model as expanded by Thorslund et al. (1987)7 These expansions of the
M-V-K model give the risk assessor a powerful tool for looking at cancer‘risk
mechanistically. This approach requires the use of assumptions for several
critical parameter§ and, thus,.is testable but as yét unva1iéated. ‘This
approach 1s not available with the LMS model as originally proposed.

The LMS model might be accommodated if one hypothesizes that: (1) the

1n1t1at1ng event is the resu]t of an 1nd1rect action of 2,3,7,8-TCDD through

mod1f1cat1on of exogenous or endogenous compounds; (2) a population of 2

initiated cells exist; or (3) 2,3,7,8-TCDD acts through a variety of
mechanisms, some of which are, at low doses, additive to other processes
related to carcinogenicity and already underway.

Recent reports have shown that 2,3,7,8-TCDD and other promoters in liver
enhance stimulation of DNA synthesis in situ, and stimulate repair of
0-6—methy1guanin¢ in Tiver DNA (Bussér and Lutz, 1987; Den Englese et al.,
1986). Lutz et al. (1984) presénted a scheme for promoter potency based on
stimulation of DNA synthesis and the assumption that cell division is a
prerequ151te for several stages in the carc1nogenes1s process. These reports
1nd1cate that 2,3,7,8-TCDD may act as a complete, indirect carc1nogen,
including promoter activity, despite the lack of DNA binding or direct
mutagenesis. The sum of all these findings, along with the myriad of other
toxic responses, suggests a complex hypothesis for 2,3,7,8-TCDD carcinogenesis
in rodent Tliver, which is illustrated schematically in Figure 2. This
hypothesis can‘accdunt for the dose-response data in the bioassays and the

multistage promotion experiments,vas well as allow for incorporation into
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existing risk models, and the scheme is not inconsistent with the reports of
decreased tumor formation in some tissues. If the pathway through AHH activity
can be verified by demonstration of a net increase of reactive intermediates
after 2,3,7,8-TCDD treatment, then the LMS model can be used. The scheme also

presents several testable hypotheses that should be examined.
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IIT.: CONCLUSIONS

This re-examination of the carcinogen risk assessment for 2,3,7,8-TCDD
identifies several approaches to de;cribing the possible carcinogenic
mechanisms for this chemical and reviews severa] different mathematical models
for estimating its carcinogenic potency However, the enormously rich data
base on 2,3,7,8-TCDD is incomplete When it comes to answering the questions
posed at the beginning of the ana1y$is. The available data permit
consideration of a broad array of péssib]e scientific theoriés and scieﬁée"
policy approaches when reconsidering EPA’s 1985 carcinogen risk assessment for
2,3,7,8-TCDD (U.S. EPA, 1985), but &hey do not provide a clear basis for
confidently choosing among them. The evaluation of each possible theory
results in varying degrees of confi&ence as to their plausibility, as discussed
in more detail below.

The 1iteréture review regardiné 2,3,7,8-TCDD leads the Workgroup to
several conclusions: ‘

- 2,3,7,8-TCDD is a potent pr?moter of carcinogenesis;

+ the possibility that 2,3,7,é-TCDD acts as a direct-acting, complete
carcinogen cannot be eliminated;

- 2,3,7,8-TCDD may act througb a secondary mechanism(s) which may affect
the carcinogenic process at different stages; and

- 2,3,7,8-TCDD may act through a number of different mechanisms so that
the observed effects represent an integrated composite of several
mechanisms in operation.

After considering all of the déta, the Workgroup has concluded that

thinking about 2,3,7,8-TCDD either %o1e1y as a "promoter" or as a "complete"
carcinogen is an oversimplification; Rather, while it is clear that 2,3,7,8-

TCDD acts as a potent promoter, it may also affect other important carcinogenic
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processes, some of which may result in a linear carcinogenic response in the
low-dose region.

Schematically, this multiple mechanism hypothesis for 2,3,7,8-TCDD
carcinogenicity is graphically displayed in Figure 3. The upper curve is the
UCL of the LMS mode], as applied in U.S. EPA (1985), in which the chemical is
treatéd as a complete carcinogen with no distinction made for the specific
contributions of initiation, promotion, or progression to the response. The
Tow-dose behavior that is appropriately modeled by the LMS approach for the
multiple mechanism hypothesis is depicted by the dotted 1ine for the co@p@site
effeci, represented here by an arbitrarily placed 1ine. However, the magnitude
of any difference between the slopes Qf these two lines is uncertain.
Particularly from the available information, it is impossible to determine
whether there is any difference at all, or if the "true" difference is
negligible or substantial. The fact that the promoting behavior is taken as a
major factor in the tumor response for 2,3,7,8-TCDD could argue for a greater
rathervthan a lesser difference between the two slopes. On the other hand,
becausé the animal tumor response observed is the net result of many processes,
2,3,7,8-TCDD potency at low doses could be characterized by the LMS upper-bound
estimate, even if promotion is the predominant activity, because the linear
portioﬁ of the curve would be the composite of a number of different activities
acting in concert.

Quantitatively, it is not easy to fit such a hypothesis into currently
available and well-accepted risk assessment models. Accordingly, the Workgroup
recommends that, until either a more appropriate model is developed or
additibna] data demonstrate that a currently available model is correct, as

assessment approach that recognizes the possibi1ity of linearity at low doses
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Figure 3. "Multiple mechanism" hypothesis for 2,3,7,8-TCDD
carcinogenesis.
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and presents estimates in terms of plausible upper bounds would be preferable
as a interim approach.

The basis for these conclusions is set forth below. Section A summarizes
qualitative factors relating to choosing a mathematical model, while section B
reviews related quantitative considerations. Section C sets forth a rationale

for a recommended cancer risk-specific dose (RsD) for 2,3,7,8-TCDD.

A. :QUALITATIVE CONSIDERATIONS : v .
Qualitatively, at least three classes of mechanisms of carcinogenic'action
for 2,3,7,8-TCDD have been considered in this document. First, tumors found in
long-term bioassays in which 2,3,7,8-TCDD is the only known agent suggest that
this agent is, at Teast operationally speaking, a complete carcinogen. Second,
data from in vivo studies for promoter activity demonstrate that 2,3,7,8-TCDD
is a potent promoter of carcinogenesis with 1ittle or no demonstkated ébi]ity
to act as a direct genotoxin. Finally, an indirect impact on carcinogenic
proce§ses is suggested by studies 1inkfng 2,3,7,8-TCDD to responses such as
enhancement of initiation, increased cell proliferation, antagonism of
hormone-mediated responses, cytotoxicity, and in vitro transformation actiyjty.
Despite evidence supporting each potential mechanism, 2,3,7,8-TCDD does
not exhibit certain properties generally expected for each of the first two
mechanisms. For example, if 2,3,7,8-TCDD directly initiated a "complete"
carcinogenic response, genotoxicity or binding to DNA would be expected. The
absence of these effects in studies involving this chemical does not rule out
the possibility that 2,3,7,8-TCDD is a direct initiator, but it suggests that
2,3,7,8-TCDD is not a "typical"” complete carcinogen. Unlike many promoting

agents, 2,3,7,8-TCDD acts at Tow doses. (2,3,7,8-TCDD is active at doses 1000
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times less than other known promoters.) Furthermore, reversibility, an
oft-cited characteristic of promoti&n, has not and cannot easily be
demonstrated because of the long haﬁf—]ife of 2,3,7,8-TCDD in biological
systems. :

In short, it appears that Z,B,F,B-TCDD has characteristics of a potent
bomp]ete carcinogen. As observed

|
previously, the Workgroup has conc]@ded that thinking about 2,3,7,8-TCDD either

promoter, and, operationa]]y, of a

solely as a "promoter" or as a “coﬂp1ete“ carcinogen is an oversimp]ification.
Rather, 2,3,7,8-TCDD produces a br%ad spectrum of biological responses that I
allows many hypotheses regarding tﬁe mechanism of 2,3,7,8-TCDD toxicity and
carcinogenicity. Because the avaifab]e data are not adequate to absolutely
confirm or refute one or more of tﬂese approaches, each is considered in
evaluating potential quantitative #ethods for estimating the risk associated

with exposure to this chemical.

B. QUANTITATIVE CONSIDERATIONS £

The range of potential mechan{sms suggests a range of different
quantitative approaches. If 2,3,7,8-TCDD is treated as a direct-acting,
complete carcinogen, a model incoréorating linearity at low doses would be
appropriate for dose-response asse%sment, for the reasons mentioned in the EPA
guidelines and the OSTP Cancer Priﬁcip]es (U.S. EPA, 1986a; OSTP, 1985). At
the other end of the spectrum, if 2,3,7,8—TCDD is regarded solely as a
promoter, a threshold approach to éuantitative assessment may be more
appropriate. And, finally, if 2,3;7,8~TCDD is regarded as an indirect
carcinogen, possibly acting by mu1%ip1e mechanisms in the carcinogenic process,

some of which may display linear béhavior at low doses, then a linearized model
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could be appropriate although the slope of the response wif] be uncertain. It
should be noted here that the 1985 estimate of the potency of 2,3,7,8-TCDD
(U.S. EPA, 1985) has always been characterized as a plausible upper bound to
the risk; the extent of this "overestimate" is unknown, but it may be higher
than prev@gys]y thought,

Ah agsessment of several potential approaches for estimating thé
carcinogehic potency of 2,3,7,8-TCDD and related risk-specific doses is |
summarized in the following section.

1.:aSe1ecti§n of Models

a. NOEL/Uncertainty Factor (Threshold Approaches) 7

If 2,3,7,8-TCDD acts solely as a promoter, the traditional toxicological
approach based on a NOEL or a Towest-observed-effect-level (LOEL) may be an
appropriate risk estimation approach under certain circumstances. However,
while there is evidence that 2,3,7,8-TCDD acts as a promoter, the data suggest
that this chemical may also act through multiple methanisms, direct or
indirect. If some of these component mechanisms were linear at low doses, then
the composite dose-response curve would be expected to be linear at Tow doses,
and a threshold approach would not be appropriate. Although 2,3,7,8-TCDD is a
strong promoter, biological data and statistical limitations to the power of
bioassays suggest that a threshold cannot be adequately demonstrated and may
not exist. This assessment is tempered somewhat by observations both in vivo
and in vitro suggesting "anticarcinogen" effects at low doses which could
offset the other effects of 2,3,7,8-TCDD and possibly produce a threshold. An
anticarcinogenic effect working in conjunction with a carcinogenic effect in
the same tissue might result in a net response of zero over background and

might be described as a threshold effect, in summary.
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Until such time that some of th?se critical issues are resolved, the '
Workgroup concluded that it would nok be prudent to adopt a threshold approach
for estimating human cancer risk for52,3,7,8-TCDD.

b. Sielken Approach | |

Sielken has produced a risk assbssment with several provocative aspects;
e.g., generating a maximum 1ike1ihoo§ estimate (MLE, as opposed to a UCL);
discarding the data obtained from th% highest dose, using time-to-tumor
information, and drawing attention tb the lower-than-background response.
observed at the lowest dose in both &he Kociba et al. (1978) and the NTE (1982)
studies. While this type of exp]ora&ory analysis is interesting and raises
points that should be examined more ?1ose1y, the Workgroup is ré]uctant to
adopt this approach at this time for several reasons. For example, the use of
the MLE has traditionally been avoidgd due to its instability in the face of
relatively small changes in the data}(see Appendix A) and, for this reason, the
UCL has generally been preferred. Crump (1987) provided a critical review of
the Sielken analysis and observed th?t even if "the true shape of the dose
response is a straight line connectipg the background response and the response
at the mid-dose," the probability of?an MLE of zero for the Tinear term in the
multistage model is about 1/3. He cbnc]udes that while the data are consistent
with Sielken’s interpretation of a hﬁgher RsD, they are also consistent with
much Tower RsDs, as displayed in thejconfidence Timits.

c. M-K-V model |

This model, which is based on tﬁe use of biologically-based models (see

Section II.D.), represents significant progress in carcinogen risk assessment.

Its use for estimating the carcinogenic potency of chemicals in general, and of

2,3,7,8-TCDD in particular, is viewed by this group as premature for several
|
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reasons. There are concerns about its biological bases and assumptions, the
statistical derivation and application of the mode], the resulting large range
df "best" estimates (as opposed to upper-bound estimates) for which there are
no adehuate criteria for selecting any estimate within the range, and the lack
of use and "experience" with other chemicals. Other concérns include
uncerfainties and sensitivities about application of the model. Although this
mode] Has many interesting features, énd the Agency will continue to encourage
its development, the reasons described above and in Appendix A preclude
récommendatfon of its use to select an RsD at this time.

d. LMS Model

Although there are many uncertainties about the mode of action of
2,3,7,8-TCDD, data from bioassays and information on possible indirect
mechanisms provide some basis for assuming that this chemical might initiate
the carcinogenic response. If 2,3,7,8-TCDD is both an initiator and a promoter
of carcinogenesis, or if it functions in some other way as a complete
carcinogen, a model that is linear at Tow dbses would be appropriate for
estimating an upper bound on the carcinogenic potency. If the chemical acts by
a comBination of direct and indirect mechanisms, some with the characteristic
of low-dose linearity, the composite dose-response might be expected'to exhibit
1ow-do§e linearity as well, but perhaps with a Tower slope than previously
estiméted.

The EPA has elected to use the LMS model for cancer risk assessments, in
general, because it has a plausible biological basis, incorporates the
assumhtions of nonthreshold 1inearity‘at low doses, provides a plausible upper
bound to the risk, and can be used as a "yardstick" to compare the "potency" of

one chemical with another. The EPA guidelines for the assessment of risk from
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carcinogens point out that other modF]s can, and should, be used if biological

considerations dictate. 1In the case}of 2,3,7,8-TCDD, some other models have

been proposed (Longstreth and Hushon} 1983), but the biological basis that
would justify their use is not any s}ronger than with the LMS model.
Consequently, the Workgroup has concﬁuded that the use of these alternative
models provides no additional advant%ges to the risk assessment of
2,3,7,8-TCOD. *

In summary, the Workgroup conc1pdes that none of the available models
adequate1y éescribe the carcinogenicgbehavior of 2,3,7,8-TCDD at low doses. -

Specifically: |
- While there is evidence that}2,3,7,8-TCDD acts as a promoter, there is
Tittle evidence on which to conclude that a threshold exists. Without
a more scientific basis for §uch a radical departure from EPA’s
traditional approach to the risk assessment for carcinogens, the
Workgroup is unwilling to adppt a threshold approach for 2,3,7,8-TCDD.

- The innovative approaches offSie1ken and Moolgavkar, Venson, and
Knudson are interesting, but; untested. Therefore, the Workgroup
concludes that it would be imprudent to use them at this time for
2,3,7,8-TCDD. 3

- The available evidence suggests that reliance on the LMS model, as
traditionally used by EPA, may be less appropriate for 2,3,7,8-TCDD
than for many other chemicals, and that the Agency’s 1985 assessment
based on the LMS model may overestimate the upper bound on the risk by
some unknown amount. However, a rationale for a possible linear ,
behavior at lTow doses has been developed in this report, and the LMS
model provides a useful and familiar context which is widely used in
the Federal government when discussing risk estimates. Therefore, the
Workgroup discusses its recommendation using the LMS model as a
construct, that is, the p]au#ib]e upper-bound estimate of risk and the
risk-specific dose. *

2. Selection of the RsD Range
a. Base Analysis 7
Application of the LMS model to;estimate the carcinogenic potency of
2,3,7,8-TCOD results in a range of RéDs (10'5) from 0.001 pg/kg/day to 1.2
pg/kg/day depending on the data usedias the basis for the analysis and the
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assumptions made in the a§§e$§méﬁf; ‘This range would be even greater if the
RfDs established in Canada, Europe, and some states in the United States were
included. Moreover, it is not clear where in the range potency estimates,
based on composite direct and indirect mechanisms, would fall. In fact, it is
possible that such estimates may fall outside of the LMS model range described
previously. The discussion in the subsequent sections attempts to narrow this
‘wide range and provide a bound to the RsD selected.

bL,.Mpqification of Base Analysis

(1) Incorporation of A]ternaéive Inferences

Ihcorporation of the factors used b& the FDA for scaling from animals to
humans, along with use of only the tumors of the 1ung, hard palate, and nasal
turbinates observed in the Kociba et al. (1978) study results in an RsD (10'5)
of 1.2 pg/kg/day, the highest RsD we have developed based on the LMS model.
This analysis excludes the tumors observed in the Tiver because of the strong
promotér activity shown by 2,3,7,8-TCDD in this organ.‘ However, the Workgroup
gives less weight to this point on the range because (1) it excludes 90% of the
response observed in the biocassay, and (2) there is controversy whether the
tumors. of the lung, hard palate, and nasal turbinates should be considered at
all (Kbciba, 1984), since they may be a localized carcinogenic’response to
inhaled microscopic food particles containing 2,3,7,8-TCDD. This suggestion
gains support from the fact that these tumors were not observed in experiments
using other routes of exposure, i.e., dermal, gavage, and intraperitoneal,
while Tiver tumors were common to all four routes. The Workgroup concludes
that tﬁerevis not, as yet, sufficient evidence to accept or reject this

hypothesis.
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(2) Incorporation of Relatjve Ha]f—Lives

The Tlowest RsD in the range is ﬁased on differences in the relative
half-1ives of 2,3,7,8-TCDD in rats a%d humans. The Workgroup gives less weight
to this point because of numerous un#ertainties about the pharmacokinetics of
2,3,7,8-TCDD, particularly the absenée of information on species differences .
and rates of incorporation and absorbtion of 2,3,7,8-TCDD in different tissues
and species. Similarly, the rate ofére1ease of this chemiéa] is Tikely to be
different from tissue to tissue and ;pecies to species. Furthermore, it is not
clear how 2,3,7,8-TCDD will behave i% different species, particularly humans,
under conditions of chronic exposureL incorporation, and release.

(3) Alternative Dose-Response ; . v

The suggestion by Hoel (1987) that AHH induction may be useful for
defining the shape of the dose—respo%se curve is interesting, but it is not
clear how the results of such a ca1c%]ation would be incorporated into a final
risk assessment. Initially, use of 6HH data to define the curve is appealing
because many data points are avai]abie, AHH induction is c1ose1y related to
many of the toxic effects observed iﬁ 2,3,7,8-TCDD, and AHH induction appears
to be linear at low doses. However,%there is no demonstrated correlation
between AHH induction and tumorigeni@ity, and it is not apparent that the shape
of the AHH dose-response curve ref]e@ts the shape of the dose-response curve
for 2,3,7,8-TCDD’s carcinogenic effetts at low doses.

(4) Multiple Mechanisms

Qualitatively, the concept of multiple mechanisms acting in concert, or o
even opposition, is given added weigbt because it allows inclusion of much of
the body of scientific data on 2,3,7,8-TCDD other than the standard bioassay

I

data. As discussed previously, it i$ not unreasonable to assume that a
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composite dose-response curve may, under certain conditions, exhibit linearity
at low doses. However, quantitative application of this approach is limited
because we do not have information on the slopes of the component curves that
would pe necessary to define the overall slope of the linear bortion of the
curve. In general, if such multiple mechanisms‘cou1d be incorporated into the
vLMS methdddTogy, the slope of the line would be lowerv(extent not quantifiab]e)
rather than higher than that derived as a plausible upper bound for direct-
acting; complete carcinogens.

(5) Different Base Assumptions
Using the same basic LMS model approach, EPA, CDC, and FDA have estimated

carcinogenic RsDs (10"5) for 2,3,7,8-TCDD of 0.006, 0.03, and 0.06 pg/kg/day,
respectively. Several different policy-based assumptions account for the
differences. For example, EPA scales from animals to humans on the basis of
relative body surface area, while FDA uses relative body weights. In addition,
both EPA and FDA used the 2,3,7,8-TCDD concentration in rat food as a surrogate
‘for.dose, while CDC used the concentration of the chemical in rat liver as a
measure of dose. There is no obvious scientific basis for excluding any of
these values from the range.

(6) Choice of RsD

As noted previously, a majority of the Workgroup has coné1uded that the
1985 EPA estimate of the upper-bound potency (RsD) generated from the
application of the UCL LMS model to the Kociba et al. (1978) data is likely to
have led to an overestimate of risk (or underestimate of the risk-specific
dose). The weight of evidence indicates that a more appropriate upper-bound
estimate would be obtained by a reduction of the potency by some unquantifiable

amount . Therefore, in recommending a new RsD and indirectly suggesting a
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change in potency, the Workgroup waF confronted with the question, "How great a
reduction in slope (or increase in RsD) is appropriate?”

The Workgroup concluded that tbere is currently no definitive scientific
basis for an answer to that questiob. 'Given, however, that the question must
be answered for Agency purposes, thk answer should be grounded in rational,
prudent science policy. | .

While some argument could be mbunted that a threshold for the
carcinogenicity of 2,3,7,8-TCDD may in fact exist, the evidence for such a
contention %s not compelling. Theréfore, prudence dictétes against adopting a
simple threshold approach to settiné an RsD. Hence, the Workgroup recommends
against adopting a policy positioh similar to that of the European countries at
this time. j '

The Workgroup encourages the type of analysis generated by Sielken and the
application of the newer M-K-V modeh to 2,3,7,8-TCDD. These fresh looks at the
problem stimulate discussion and ch%]]enge old ways of thinking. However, as
noted previously, neither of these %pproaches is sufficiently develoged nor has
received sufficient standing in the%critica] scientific community that the
Workgroup feels comfortable in recoﬁmending a potency (RsD) on this basis at
this time. |

The Workgroup is not convincedéthat the UCL LMS model 1is an appropriate
model for estimating upper-bound capcer'risks éssociated with exposure to
2,3,7,8-TCDD. However, without a b%tter alternative the Workgroup has used the
UCL LMS model as a construct withinéwhich to discuss the carcinogenic potency
or RsD of 2,3,7,8-TCDD. The scient%fic evidence is consistent with, and would
support, a recommended science po]iLy position that the RsD (10‘6) for

. |
2,3,7,8-TCDD be 0.1 pg/kg/day, which is associated with a qf, in the UCL LMS

50




construct of 1 x 104/mg/kg/day, for the following reasons:

the scientific data indicate that the Agency’s current upper bound for
2,3,7,8-TCDD may be an overestimate;

- the scienfific data do not permit an estimate of the extent of the
overestimate; -

al]l of the UCL LMS RsD estimates generated by the Federal agenc1es are
,warguab1y of equal scientific merit at this time;

for strictly policy purposes, there is great benefit in Federal
agencies’ adopting consistent positions in the absence of compelling
scientific information; and
:an order of magnitude estimate of the RsD (potency), as opposed to some -
- more precise estimate of the risk- spec1f1c dose, helps to convey the -
notion that the numerical expression is only a rough est1mate (the
science permits no greater accuracy).

The available scientific data can give us no clearer guidance. .Some of
the research now underway holds the promise of clarifying the issue but not
resolving it totally. While a series of considerations, based on science, may
be brought to bear on the selection of the RsD, the Workgroup does not advance
them as compelling scientific support for a recommended RsD (10'6), which is,
in this case, simply a rational and prudent science policy position. The
Workgroup further recommends that the 2,3,7,8-TCDD risk-specific dose issue be
examined again regularly as new information'becomes'avai1ab1e. It is felt that
the rate of research on this chemical is so great and the fundamental questions
relating to multistage carcinogenicity and risk are so important to Agency

decision-makers that a regular re-evaluation of the science and/or science

po]icy underlying the selection of an RsD is appropriate.
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