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NOTICE

This document has been reviewed in accordance with U.S. Environmenta Protection Agency
(EPA) policy and approved for publication. Mention of trade names or commercia products does not
congtitute endorsement or recommendation for use.

This report was prepared by Eastern Research Group, Inc. (ERG), an EPA contractor
(Contract No. 68-C-98-148, Work Assignment No. 2000-01) as a general record of discussions
during the Workshop on Information Needs to Address Children’s Cancer Risk. This workshop was
co-sponsored by EPA’s National Center for Environmental Assessment and Nationa Ingtitutes of
Hedth's Nationd Ingtitute of Environmental Hedlth Sciences. As requested by EPA, this report
cgptures the main points and highlights of discussions held during plenary sessons. Thereport isnot a
complete record of al details discussed nor doesit embellish, interpret, or enlarge upon matters that
were incomplete or unclear. Statements represent the individua views of each workshop participant;
none of the statements represent analyses by or positions of the NIEHS or the EPA.
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INTRODUCTION

On March 30-31, 2000, the U.S. Environmental Protection Agency (EPA)’ s Office of
Research and Development and the Nationd Ingtitute of Environmental Hedlth Sciences (NIEHS)
cosponsored aworkshop entitled “Information Needs to Address Children’s Cancer Risk.” The
workshop focused on adiscussion of children’s cancer risk assessment and related data needs to
address issues that were raised during public review of The Agency’s 1999 Draft Revised Guiddines
for Carcinogen Risk. These issues include:

C Characterizing the ided data set to adequately address children’s cancer risk.

C Proposed approaches to using available data in the absence of the idedl data set.

The background for discussions a the Workshop is the redlity that chemical-specific data are
often lacking to specificaly address children’s cancer risk from environmenta chemica exposures.
Consequently, the assessment of children’srisk is currently addressed by evaluations of traditiona
bioassays in mature animals, comparative biochemistry and physiology between adult and developing
animds and humans, and public-hed th-protective default positionsin the absence of child-specific data.

The Workshop focused on four topics aress.

C Topic 1: Current and Proposed Approaches to Assessing Children’s Cancer Risk.
C Topic 2: Enhanced Use of Test Data Related to Children’s Cancer Risk.
C Topic 3: Future Directions for Toxicology Testing to Address Children’s Cancer Risk.

C Topic 4: Epidemiologica/Molecular Epidemiology Information to Address Children’s Cancer
Risk.
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The cogponsorsinvited the participation of leadersin the area of human hedth testing, research,
and assessment who represented the pediatric, toxicological, and risk assessment communities. The
invited participants addressed not only the induction of childhood cancer, but aso increased risks of
cancer during adulthood as a consequence of childhood exposure. Observers participated in the
discussions of issues specific to topic areas and contributed comments during periods of generd

discussion.

This report summarizes the Workshop discussions. Appendix A ligts the Workshop participants,
and Appendix B provides alist of observers. The meeting agenda and charge to participants can be
found in Appendices C and D, respectively. Appendix E contains copies of the overheads used in the
presentations. Appendix F lists the background materias provided to participants prior to the meeting.

THURSDAY, MARCH 30

WELCOME AND CHARGE TO WORKSHOP PARTICIPANTS
William Farland and Michad Firestone

William Farland, Director of EPA’s Nationa Center for Environmental Assessment, and George
Lucier of NIEHS welcomed the participants and observers on behaf of the sponsoring Agencies.

Michedl Firestone of EPA’s Office of Children’s Hedlth Protection noted that the intent of EPA
and NIEHS in sponsoring the Workshop was not to seek recommendations or reach consensus
decisons. The main purpose, he said, was to obtain individua views and perspectives on children’'s
cancer risk assessment and related data needs, and to address issues that have arisen during review of
EPA’s Draft Revised Guiddines for Carcinogen Risk Assessment. He said Workshop participants

should focus on how discussions might have an impact on the ongoing effort to revise EPA’s Cancer
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Guiddines. He listed the specific issues that would be the focus of discussion during the Workshop (see
“Charge to Workshop Participants’ in Appendix D and “ Charge to the Children’s Cancer Workshop

Participants’ in Appendix E):

. Characterizing the content of the ideal data set to adequately address children’s cancer risk, with
afocus on data needed for assessing the impact of childhood (including in utero) exposuresto
carcinogens and the issues related to hazard identification and dose-response anayses.

. Addressing not only induction of childhood cancer, but aso increased risks of cancer during
adulthood resulting from childhood exposure.

. Consdering how current bioassay testing protocols might be redesigned to better answer
guestions related to children’s cancer risk and what additional types of data might be brought to
bear on children’s cancer risk assessment.

. Defining whet are the dements of a“cogent biological rationale,” as presented in the draft
revised cancer guidelines, for addressing modes-of-action for children’s cancer.

. Answering whether and how a“cogent” rationde that is sufficiently hedth-protective of children
can be made based on the kinds of data that aretypically collected by and available to
Federal and State hedlth science agencies at the present time.

. Defining what additional data, such as cancer mode-of-action and comparative
pharmacokinetics and pharmacodynamics in adults and children, might be ussful in developing a
“cogent” rationde.

. Addressing whether the assessment of children’srisks, asit is currently conducted by
evaluations of traditiond bioassays in mature animals using sengtive responders, is sufficiently
public-heath-protective in the abosence of child-specific data

In discussing these points, participants noted that the Workshop' s purpose was not to describe
idedlized research protocols that might be developed to provide al data necessary to characterize
children’s cancer risks, and urged that discussions remain focused on the questions of how best to use

available methods and data to address children’s cancer risks. An obsarver noted that the last
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issue—whether current use of traditiond bioassays in mature animasis sufficiently protective in the
absence of child-specific data—might imply asmple “yes’ or “no” answer, and urged that the
Workshop go beyond that answer. Abe Tobia asked whether the Workshop would be involved in
looking a design of future studies, noting that it would require a Sgnificant effort. Lynn Goldman replied
that the Workshop's charge alows discussion of new study designs, but emphasized the need to
consider current issues as expressed in the draft Guidelines. George L ucier encouraged Workshop
participants not to get bogged down with a great ded of detail and specificity when addressing future
needs. He dso asked them to remember, during the discussons, that the revised Guidelines should be
able to stand the test of time and adequately capture the need for new approaches and strategiesto be
used in toxicology testing as it relates to childhood cancer. Abe Tobia repeated his view that the
Workshop should focus on what is currently being done and potentialy relevant to the current
Guidelines. William Farland noted that the Workshop schedule included an opportunity to discuss
possible directions for future research. He suggested that specific changes in protocol should be
addressed by a separate pandl or Workshop in the future.

SENSITIVITY OF CHILDREN TO ENVIRONMENTAL TOXICANTS
Lynn Goldman

Dr. Goldman noted that the Workshop faced a chalenging task in addressing childhood cancer
and its potential causes as well as children’s exposures to carcinogens, which are two separate but
important issues in terms of risk assessment. She said Workshop participants should be mindful of the
fact that EPA and other government agencies represented at the Workshop make decisions each day
with respect to cancer risks and that the goa of the Workshop was to make positive contributions to
those decisons. She noted that the purpose of the Workshop was not to specificaly evaluate EPA’s
Cancer Risk Assessment Guidelines or to replace other mechanisms for review of the Guiddines. Dr.

Goldman presented an overview of issues related to childhood cancer:
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C They have alow rate of occurrence and there is uncertainty about trends in occurrence.

C Childhood cancers are limited to afew unique types that are found in children but not adults and
tend to reflect fetd derivation of cdlls and prenatal exposures.

C Most childhood cancers have short latency periods, many are characterized by known genetic
and familid asocidions.

C Thereisahigh probability of genetic/environmentd interactionsin children’s susceptibilities to
cancer.

Dr. Goldman noted that childhood cancer mortality has been decreasing but that there were
increasesin the rates of acute lymphocytic leukemiaand brain cancers among children 1980s. Some
research suggests that childhood is atime of greater susceptibility to cancer, Dr. Goldman said. The
possihility that children and the developing fetus face risks not seen in adults is supported by examples
such asin utero exposure to DES during a specific period of fetal development and the subsequent
occurrence of vagina cancer and diseases that resemble birth defects. This suggests a hormonaly
driven process that changes cdll differentiation. Other examples of childhood-specific risks are
incidences of radiation-induced cancers that have a short latency and suggest increased risk during
developmenta periods of rapid cell division. Exposure to tobacco during periods of rapid cel divison
may aso explain observed re ationships between age of smoking initiation and lifetime risk for lung
cancer and apersistence of risk after people stop smoking. Although only asmall percentage of
cancers are due solely or in part to environmental exposures, these cancers may account for 5-25
percent of annual cancer deaths, and therefore represent alarge public health burden. Dr. Goldman
suggested that, in considering the adequacy of the rodent bioassay mode, the Workshop's discussions
of childhood susceptibility should focus on:

C Genetic susceptibilities, including inherited predigposition and polymorphisms that result in
pharmacokinetics that affect dose.
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C Reduced latency that results from rapid tissue growth during childhood.
C The persstence of effects due to mutations or aterations of cdll differentiation.
C Nutritiona factors.

C Hormond factors, including the influence of exogenous hormones such as DES.

Dr. Goldman asked participants and observers to respond to these points and to add other
issues that would be relevant to the Workshop's gods of considering how the EPA Guidelines can

properly address children’s cancer risks.

Discussion

Rochelle Tyl said the Workshop should consder the repair capacity of ayoung organism
compared with an older more devel oped organism, the differences in metabolism between prenatal or
perinatd animas and adult animas, and clearance. These issues may reved reasons why the young may
be more susceptible, Dr. Tyl said.

Paul Foster recommended consideration of the developmenta “window” during which exposure
occurs. Chris Portier said that consideration of cancers resulting from viral exposures aso should be
consdered. Dr. Portier and Dr. Goldman both noted that the interaction of multiple factorsis an
important consderation but one that would be very difficult to examine in bioassays. David Wallinga
suggest adding consderation of immature immune systems and the protective factors such as the the
patency of the blood-brain barrier in immature animals. Lauren Zeise noted that certain exposure
factors should be considered; she cited as an example the increased exposure to contaminants in

drinking water of a child being fed infant formula
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Frederica Perera said that racid, ethnic, or cultura variability may play arole in susceptibility but
cannot be modeled using rodent bioassays. Joseph DeGeorge observed that possible genetic
predispositions and racid or ethnic variabilities may play aslarge arolein adults asin children, and
might therefore be beyond the scope of the Workshop. Dr. Perera and Dr. Goldman responded that
genetic predigpogtion may play an important role in cell growth and differentiation and therefore might
be particularly important during periods in life when there is rgpid cdll growth. George Lucier said there
would be amushrooming of informetion about the relationship between genetic predispositions and
diseasesthat are eadly detectable, such as childhood cancers. How to use that information in childhood
cancer risk assessmentsis going to be very difficult, he said. Dr. DeGeorge repested his observation
that genetic predispositions and racia or cultura factors do not represent defining factors between the
effects of fetd or children’s exposures and adult exposures, and are a bigger issue than the Workshop's
focus on childhood cancer risks. Mark Miller noted that there are genes that may be associated
carcinogenicity or susceptibility in childhood but are not associated with adult cancers. Chris Portier
sad that genetic predigpogtion is an important area to explore for differences between adults and
children. For example, genesthat “turn on” during a particular stage of development may point out
windows of opportunity. Polymorphisms in those genes coupled with exposure at a certain time could
have a serious effect. Because these genes tend to be selected out of the population, it is very difficult to
gather information without specificaly looking for it, Dr. Portier said.

Michadl Thun sad that an underlying theme in the discusson seemed to be the question of the
conditions under which a study in rodents can give the wrong answer to questions about childhood
cancer. For example, he noted, a study in animals may not show a problem but under a specid
circumstance such as nutritiona deficiency or the presence or absence of a polymorphism there may be
aproblem. The number of possble permutations of conditions that would need to be studied is huge,
and it will be along time until there is abioassay that will tel whether thereisa problem in dl subjects.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Summary of EPA Workshop on Information Needs to Address Children’s Cancer Risk
Final Report, October 31, 2000

EPA now factorsin a protective margin—the upper 95 bound—to cope with this problem, but from the
point of view of abiologist, Dr. Thun sad, dl bioassays provide incomplete information.

Lauren Zaeise suggested that another issue to condder istiming. Exposure early in life has more
time to interact with other exposures to cause cancer, but timing is not now addressed in Guideline
default procedures, she said.

Ledie Robison noted that children’s cancers tend to be very specific types of cancers, and said
that extrapolating from data acquired in anima modes may not have anything to do with the induction

of the unique spectrum of cancers that occur in children.

Abe Tobia sad that 90-day anima assays may not reved problems but do not dlow for a
pathologica continuum that leads to some childhood cancers and, from that perspective, short term
sudies may yield fase negative data. A very important issue, he said, is the need to conduct a long-
term definitive study that detects these cancers and can be used to determine whether that relates back
to childhood. Rochelle Tyl said that the key problem with 90-day studies and chronic studiesis that
exposure gartsin animals that have gone through puberty and are essentidly adults. This missesthe
most vulnerable stages of development for some cancers, and even 2-year or 3-year bioassays that

begin exposure at 6 to 8 weekswill not detect cancers resulting from in utero or lactationa exposure,

CHILDREN'SENVIRONMENTAL HEALTH
Lynn Goldman

Itis crucid to recognize thet children are not little adults and are exposed in ways that have no
pardld in adult life. For example, breast-feeding is an exposure route only for infants. Moreover, a
child’s metabolism may be more or less cgpable than an adult’s of bresking down, inactivating, or
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activating toxic substances. The rapid growth and development of organ systems that takes place during
childhood increases the vulnerability of children, who aso have more years of future life in which
diseases with long latency periods might develop.

Children’s exposure to dioxin is more than two orders of magnitude greater during their first
years of life, when they are breast fed, than later in life, Dr. Goldman pointed out. Intake rates for
water, food, and air, per kilogram of body weight, are greater for children than for adults, and some
routes of exposure are different in children. Because infants, toddlers, and preschool-age children
gpend much of their time on the floor or on the ground and use their hands and mouths to explore these
environments, they are exposed in different ways to different contaminants than are adults. In addition,
children’s diets frequently focus on certain foods that are rdatively uncommon in adult diets, she noted.

Discussion

George Lucier asked what types of information are now available that indicate the relative
magnitude of children’s body burdens of toxics compared with those of adults. Dr. Goldman replied
that there is very little available. William Farland said that the EPA was initiating studies of very smal
populations as afirg step in measuring nationa human exposures, and is participating in planning stages
of alongitudina birth cohort study that will provide more detailed information on exposure and body
burden. Chris Portier said that measurement of body burdens would provide more relevant information
than measurement of exposure and intake. Dr. Goldman said that there are very few anima studies that
provide information relating body burden in mothersto body burden in the fetus. Joseph DeGeorge
noted that intake rates as well as metabolic dimination rates change rapidly throughout childhood. Dr.
Goldman noted that anima studies may not be able to accurately modd these changes in humans. Dr.
DeGeorge said that the Food and Drug Administration had conducted surveys of literature to obtain
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information on organ development and profiles of metabolism as it changes through childhood. The data
are difficult to find and, he added, it is very difficult to develop a pardld between adult animals and
adult humans, and even more difficult to find juvenile anima models that represent juvenile humans. Dr.
Farland suggested that pharmacokinetic modding may offer a better understanding of dosein both
humans and animds. Refining these sudies, he said, will improve the ability to understand the effects of
target doses on target tissues. This would eliminate the sometimes mideading reliance on measuring

exposure and intake levels.

Frederica Perera noted that the multiple or repeated exposures lead to complex interactions that
are not well understood, and that these interactions may have different effectsin children than in adults.
David Wallinga said thet, unlike adults, children have afairly predictable set of exposures through types
of food or specific medications, but these predictable mixtures have not been congdered in risk
assessment. Lauren Zeise suggested that studying body burdens of compounds that act by smilar
mechanisms may be more valuable than concentrating on the body burden of a single compound,
particularly when determining whether the observed dose-response should be considered in alinear or

nonlinear way.

Joseph DeGeorge noted that existing data acquired through neonatal rodent assays
demondtrates that juvenile animas are more susceptible than adults to carcinogens. Thereisno need to
develop new tests to detect differential sengitivity. What is needed, he said, is an understanding of why
there is greater sengtivity and how it gpplies to humans. George Lucier noted that for afew effects,
such as breast cancer, information exists to show that anima data can be applied to human risk. Using
lessons from these few models that have been well explained would help develop other mechanistic
anima models that can be applied to humans. Dr. DeGeorge noted that more than 90 chemicals have
been tested in juvenile animds, and a neonata mouse assay, which can identify tumor effects within a

10
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year, isnhow being sudied as an dternative to the two-year adult bioassay. Dr. Portier noted that much
of the published datais from studies that rely on one or two doses and does not tell very much about
the curvature of the dose-response. Thisisimportant, he said, because there may be chemicals that
cause adult cancer through a very nonlinear mechanism but have alinear mechaniam in infants. Dr.
Goldman observed that it isimportant to fully explore the issue of susceptibility versus exposure,
because differences in susceptibility would result in different dose-response curves in children and

adults with the same exposures.

Dr. Portier noted that the same mechanism of action can have different effects a different ages
or stages of development. For example, he said, a carcinogen may be activated by metabolism but is
then mediated by an organism’ s repair cgpacity. If that capacity islow in the child and high in the adult,
there might be linearity in the child and nonlineerity in the adult, even though the same mechaniam is

involved.

Chris Wilkinson said the Workshop should recognize that the EPA’s current draft represents a
good st of cancer risk assessment guidelines that should not be further delayed by extensive discussion
of specific children’s cancer issues. These issues are very important, he said, but should not become a
barrier to findizing the Guiddines. He suggested that the Workshop's goa should be to identify four or
five mgjor factors that could be incorporated into the Guiddines and move forward. Dr. Farland noted
that the Workshop has been charged specifically to address childhood sensitivity and to assure that the
guidance put forward is public-health-protective. Abraham Tobia said the Workshop should focus on
identifying afew topics that can be fully explored. He said the Guidelines represent a solid framework
and should be implemented, and that fuller discusson of other issueswill come later. It isimportant thet
the regulated community understand what kind of information it is expected to generate.

11
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David Goldamith said that susceptibility must be looked at as aresult of interactive effects. He
aso noted that it is necessary to understand the role of changes in immunologic competence as achild
matures. Sam Kacew said that the role of lactation and breast feeding, which had been mentioned as
means of exposure, should aso be consdered in terms of development of the immune sysem. He
suggested that the Workshop also consider other nutritiona factors, both protective and harmful. Paul
Fodter said that fetal dosimetry and lactationd transfers are critica measures that should be devel oped
to provide first-hand practica information on how much of achemica crosses the placenta and how
much istransferred in milk.

Jeanette Wiltse said that information about mode of action from a 2-year bioassay or from a 2-
generdion study is not relevant when exposure beginsin utero. She suggested that Guideines should
encourage studies on mode of action in the very young animal, which is not part of the sandard
protocol. Dr. Tobia said that the regulated community wants to provide information that will be used in
the risk assessment process. Sometimes that information is outside the required data but may help make
acasefor adifferent way of modding a carcinogen. But, he added, unlessthe informationisused in
decison-making there is no benefit to doing the work necessary to gather it. Dr. Farland said that
relevant information may be available in data that are routinely collected for endpoints other than
children’s cancer. Dr. Portier said that it isimportant to determine what kind of information is necessary
to understand the mode-of-action issue in children, and that type of information cannot be derived from
current data on adult animas. Philip Landrigan said that it is Smply not possible to extrapolate from the
adult experience to predict what is going on in the neonate or the infant. He urged that the Workshop
focus on the role of the Guiddines as ameans to protect human hedth. He said that thisgod is best
achieved by assessing the risks in children, who are the most vulnerable segment of the population.

12
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FRIDAY, MARCH 31

EXPOSURE OF CHILDREN TO ENVIRONMENTAL TOXICANTS
Philip Landrigan

Workshop chair Philip Landrigan opened the Workshop' s second session by observing that the
explicit god of the Guiddines should be prevention of disease, not detailed understanding of
mechanisms of action. Risk assessment should be consdered in a public hedth context, he said, and he
noted that two centuries of medica advances had dramaticaly reduced the incidence and mortality of
infectious diseases in the U.S. During the past 50 years the number of synthetic chemicas entering the
environment has increased enormoudy, and few of these chemicas have been subjected to toxicity
testing. To discuss detailed mechanisms of action for afew chemicals while basic toxicity data are
lacking for many chemicasis putting the cart before the horse, he said.

Petterns of diseasein children are changing in ways that are not well understood, Dr. Landrigan
sad, noting that asthma, childhood cancers, congenita urinary tract defects, and testicular cancer in
young men have increased steadily since the early 1970s. Ten years ago the National Academy of
Sciences (NAS) Committee on Pesticides and Children was charged to answer three questions that are

directly relevant to the Workshop's purpose, Dr. Landrigan said. The questions are:

. Are children more heavily exposed than adults?
. Are children more susceptible to toxicity than adults?
. Do current laws and decisions protect children?

Childhood exposure to carcinogens is vastly different and greater by orders of magnitude than
adult exposure. Moreover, Dr. Landrigan noted, children live and play on the floor and often put their

13
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hands in their mouths, and their exposures come from a wider variety of environmenta sources than do
adults . Children are so more vulnerable to environmenta toxicants, as indicated by such examples as
children’ sincreased risk of cancer following exposure to nitrosamines and vinyl chloride, decreased
ability to detoxify organophosphates, increased susceptibility to lead and dcohal (feta acohal
syndrome), and the relationship of DES and adenocarcinoma of the vagina. Such dataled the NAS
Committee to note that “children are not little adults’ and to conclude thet:

Children’ s exposures to pesticides are greater pound-for-pound than those of adults.
. Children are lesswdl able than adults to detoxify most pesticides.
. Children’ s developing organ systems are highly vulnerable to pesticides.

. Children have more years of future life in which to develop chronic disease triggered by early
exposure.

Dr. Landrigan emphasized that the last point is important to the Workshop's discussion
because, athough childhood cancers are rdatively rare, exposures during childhood increase the risk of
adult cancer. Dr. Landrigan cited the NAS committee conclusion that “compared to late-in-life
exposures, exposures to pesticides in early life can lead to effects that are expressed only after long
latency periods have dgpsed. Such effects include cancer, neurodevel opmenta impairment and immune
dysfunction.” The NAS committee concluded that traditiona risk assessment does not reflect the
complexity of children’s exposures to carcinogens, is limited to study of too few chemicas, and largely
is based on exposures of adult animals.

Commenting on earlier Workshop discussion suggesting that consderation of children’s cancer
risks might add a complicating layer of complexity to risk assessment, Dr. Landrigan said that children’s
risk should be the core of the risk assessment Guiddines. Risk assessment in a public hedth context has
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asitsgod the protection of the most vulnerable, Dr. Landrigan said, and therefore must be based on
risks to children. Dr. Landrigan noted that the NAS committee made genera and specific
recommendations that were incorporated into the 1996 Food Qudlity Protection Act and led to EPA’s
1996 declaration that children’s hedlth is a specific focus of the Agency’s environmenta hedlth plan.

Dr. Landrigan referred to arecent journa article (Faustman, et d.) in which the authors discuss
congderation of children’s susceptibility in an overdl framework for human risk assessment and say
“An important public hedth chalenge has been the need to protect children’s hedth. To accomplish this
god, the scientific community needs scientifically based child-specific risk assessment methods” That
comment, Dr. Landrigan said, should set the stage for the Workshop discussions. Dr. Landrigan said
that defaults and safety factors have become a mgjor component of pesticide regulation, and are
applied when it is determined through research that infants and children are more vulnerable than adults
to acompound or, more commonly, when there no child-specific data are available. He said defaults
are not sufficiently emphasized in the Carcinogen Risk Assessment Guiddines and suggested that there
be explicit mention of defaultsin the Guiddines. In closing, Dr. Landrigan said that despite the work
dready doneto draft the Guiddines, they should be fundamentdly rewritten as a concise document that
clearly states goals and objectives, cites previous work, describes methods, and concludes with a
discussion and references. Other work done to date would be included as an appendix, he proposed.

TOPIC 1: CURRENT AND PROPOSED APPROACHESTO ASSESSING CHILDREN'S
CANCER RISK
William Farland

Dr. Farland said the EPA is a public hedth agency with its principa focus on disease
prevention. To this end, he said, the Agency’ s draft Guidelines have been developed to protect the

most vulnerable populaions and mogt sendtive individuas. Thisincludes an explicit consideration of
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children and their unique vulnerabilities, Dr. Farland noted. He reviewed the development of Cancer
Risk Assessment Guideines and noted that they serve not only to guide risk management but to identify
research needs and to advance the science of risk assessment, particularly asit might be applied to
children and other vulnerable populations. As aresult, he said, cancer risk assessment is an iterative
process and the Guidelines are the product of continuous dialogue and reevauation driven by new data
and models. He noted that the Guiddines are the result of interagency colloquia, peer consultation and
review, three reviews by EPA’s Science Advisory Board, multiple interagency reviews, and public
comment. He said the Agency Risk Assessment Guiddines are:

. Statements of Agency policy regarding principles, genera approaches, preferences, and default
assumptions that will be gpplied in Agency risk assessment.

. Not a cookbook.

. Not aregulation.

Thefirst Agency carcinogen Guidelines were issued in 1976, and new Guiddines based on the
“sate of the science” wereissued in 1986. The 1986 Guiddines were flexible, Dr. Farland said, but
provided little guidance on when or how to depart from default assumptions and therefore did not
provide much incentive to collect better data. Moreover, they did not include specific consideration of
children. These shortcomings led the Agency to initiate the revison of the Guidelines. The new

directions for risk assessment guidelines.

Emphasizefull characterization.

Expand the role of mode of action information and, therefore, biomarkers.

Use all information to design dose-response approach.
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. Incorporate a two-step dose-response assessment.

The two-step dose-response assessment first considers information within the range of
observation and then explicitly considers moving from these observetions into the range of inference to
make, in some cases, decisons that are not testable. The Draft Carcinogen Risk Assessment Guidelines
reflect amode-of-action andysis based on physica, chemicd, and biologica information rather than a
detailed mechanism-of-action andysis that may delay action because there would never be complete
information. Risk assessment has evolved from hazard identification that relies on traditiona toxicologic
testing to hazard characterization through evauation of mechanisms and biologically based modds
ranging from new strains of rodents to mathematical models, Dr. Farland said. Mode-of-action

condderations involve asking:

How does the chemica produce its effect?

Are there mechanigtic data that support this hypothesis?

Have other mechanistic hypotheses been considered and rejected?

Mode-of-action data is used in dose-response assessment to:

Construct a biologicaly-based or case-specific modd.
. Link the dose-response curve for precursor effect to dose-response curve for tumor effect.

. Use dose-response for other effectsin lieu of that for tumor effect if it isjudged to be a better
measure of potentia risk.

. Inform assessment of possible dose-response in range of extrapolation.

In the range of extrapolation, Dr. Farland said, the dose-response assessment is:
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Linear if:

. DNA-reactive or other evidence supports linearity.

. Not DNA-reective but there are insufficient data to characterize a non-linear mode of action.
Non-linear if:

. not DNA reactive or otherwise linear, and sufficient data exist to characterize a non-linear
mode of action.

Both if:
. Thereis differing activity at different Stes.

. Linear and non-linear gpproaches are needed to explain complex activity.

Non-linear includes amargin of exposure gpproach thet is new to the Guideines, Dr. Farland
sad. Thisisan evauation of how close the available human or animd data are to the exposure of
interest. It dlows for ajudgment asto whether or not the increment of exposureislarge enough to give

regulators confidence that they are being public-hedth-protective.

The linear gpproach is public-health-conservative because, by using an upper bound on risk; it
dlowsthe Agency to project severd orders of magnitude from observed data without making
adjustments to account for human variability, Dr. Farland said. Thisisin agreement with the Nationa
Research Council’ s suggestion that pharmacokinetic models or scaling adjustments be gpplied to
account for species differences in toxicokinetics, differences in exposure rate, or the magnitude of
exposure in a population being consdered. Low-dose extrapolation is conducted at the point of
departure—the lower 95 percent confidence limit on the lowest dose associated with tumor
response—determined under standard conditions on test rodents considered to be stressed, not
average. The draight-line extrgpolation achieves risk estimates smilar to those derived by the
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procedures described in the 1986 guiddines, and overestimates risk at low doses. The linear gpproach
assures that risk to the population is not underestimated and thereby protects public hedlth, Dr. Farland

said.

Generdized models are not able to account for differencesin risk due to human variability, Dr.
Farland noted. Therefore amargin of exposure anadlysisis used when anonlinear default is supported. If
no agent-specific data suggest a differentia responsein children, the human variability factor is gpplied
with adjustment to account for dose in children, but with no other additiond factorsto protect children,
he said. The proposed Guidelines approach to children’s risk incorporates:

. Potentid differences in exposure, dose, and response between children and adults.
. A case-by-case approach based on weight of evidence.
. Default science policy positions and procedures to be used in the absence of data.

The Guiddines cdl for separate evauation when data suggest increased sengitivity to exposures
that occur early in life and include an illudiration of how these data can be applied to caculate both adult
and childhood-specific unit risk estimates. In addition, Dr. Farland said, this gpproach provides a
lifetime risk etimate that considers, both independently and additatively, increased childhood risk as
well as effectsin adults due to early-in-life exposure. Because dope factors and unit risk for lifetime

exposure are based on adult data, the Guidelines adjust adult unit risk to account for differencesin dose
between adults and children, Dr. Farland said. These adjusments involve:

. Default procedures for adult-to-child risk adjustments based on differences in dose:

. Oral dose factor—no adjustment is proposed.
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. Inhalation unit risk (gases)—adjustment based on body weight and breathing rate.
. Drinking water unit risk—adjustment based on body weight and drinking water rate.
. Determining guidance for inhaled particles and derma exposure.

. Asking whether these default procedures are appropriate and incorporating new data.

In considering dose-response in children, if a postulated mode-of-action is supported for adults
but not for children, alinear low-dose default will be gpplied as a default for the generd population,
including children. This gpproach accounts for the possibility of increased risk to children while possibly
overestimating adult risk, thereby providing public-health-protective estimates based on possible effects
in the most sengtive population, Dr. Farland said. When there is no available information on mode of
action in children, or when there is no cogent biologica rationae that supports the assumption that
mode of action in children is the same as in adults, the postulated mode of action is not considered
gpplicable to children.

Dr. Farland said the Agency hopes to publish the new Guiddines early in 2001, and will include

a shorter supplementary guidance focused on assessment of children’srisk.

Discussion

George Lucier asked how much flexibility the Guideines would alow in order to accommodeate
factors such as differences between the ways in which children and adults are exposed or interspecies
variations such as the 100-fold difference in hdf-life of dioxin in humans compared with rodents. The
lack of information on such issuesis asgnificant problem facing implementation of the Guiddines, he
sad. Dr. Farland noted that the Guideines must ca culate human equivadent dose from anima modds.
Individua cases such as dioxin would have to be considered separately and explicitly, he said, but the
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standard human equivaent dose approach includes body weight to the three-quarters power asa
scaing factor based on metabalic rate. Exposures coming from different sources are accounted for, in
part, by the Guiddiines consideration of background exposure when caculating exposure relative to the

dose-response curve, Dr. Farland said.

Lynn Goldman said the Guidelines should clearly describe the mode of action default for
children when data exist only for adults. And, she noted, children are part of the genera population, and
referring to them as a* subpopulation” carriestherisk of trividizing the issue of childhood risks, which
effect dl humans. Dr. Farland said that children’ s risk assessment begins by making an argument for a
mode of action and then asking whether applying that mode of action will be protective of the most
sengtive individuas in the population. Unless there are data to suggest that the mode of action applies
to children or a cogent biologicd argument can be made to suggest that it gpplies, the Guiddines

assume it does not and the linear default is made.

Facilitated Discussion

Abraham Tobia: One of the Guiddines centrd pointsis the default assumption and the
movement from linear to weight of evidence or the cogent argument. The Guidelines dlow the regulated
community to generate information that addresses the cogent argument and move away from the linear
default. Dr. Tobiasaid that industry has begun to look at the cogent argument issue and to generate
data by looking at the young without ignoring the older population. He said there is aneed for more
pharmacokinetic and toxicokinetic data that address questions of saturation and differential sengtivity
between the young and old, and he urged that the Guiddines dlow industry to be flexible in developing
new studies based on emerging data relevant to the cogent argument. The Guidelines should not be
inflexible prerequisites, he said.
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Lauren Zeise: While linear defaults are conservative and protective, the current draft
Guideines missimportant exposures very early in life and very late in life when the differencein risk can
be as great as an order of magnitude. One mgor assumption implicit in the Guiddines that may leaed to
miscaculation of risk is the homogeneity assumption, she said. The Guideines should incorporate a
framework that dlows adjustments for heterogeneities such as differences across the population,
polymorphisms, and other variahility within species, timing of exposure, and the impact of lifetime dose.
The Guiddines assumption about lifetime average dose ignores important information about timing of
exposure, she said. Evduation of epidemiologica datamay reved an environmentd rolein childhood
cancers that now have no known cause. With respect to the cogent biologicd rationde, it is criticd to
include data that make it possible to caculate and integrate the effect of chronic background exposure,
she said. The mode-of action approach involves discussion of associations that support the hypothesis,
she said. The Guidelines should incorporate incentives, supported by Federd agencies, for a broader
testing of some hypotheses that are now employed in the mode-of-action approach.

Danid Krewski: Dr. Krewski said the new Guidelines emphasis on mode of action wasa
ggnificant improvement, but noted that developing sufficient informeation on specific modes of action will
be extremely difficult and emphasized that the Guiddines should encourage development of methods to
acquire this information. Assumptions about lifetime average daily dose can lead to underestimations
when early exposures are more important than later exposures because of children’s differentia
susceptibility. He noted that there is a useful body of literature that describes tools which could be used
to eva uate time-dependent exposures. He suggested that these methods could be modified to
incorporate susceptibilities as a function of time. Inter-individua variations and genetic susceptibilities
may account for more than 10-fold differencesin risk, and are not be adequately accounted for in
current animal bioassays, Dr. Krewski said, and he suggested an additiona 10-fold assumption about
risksto children. He urged that risk assessments be based on data related to in utero and perinatal
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exposures to assure that the critical period of exposureisidentified. Some carcinogens act through
mechanisms that could invoke either linear or nonlinear models for risk assessment, Dr. Krewski said,
and the Guiddines should incorporate models thet alow for congderation of both the linear and
nonlinear contributions, not one or the other. Dr. Krewski noted that pharmacokinetic sudies can bea
powerful tool to help identify specific susceptibilitiesin children. He aso cautioned againgt an “ across
the board” confidence that an assumption of linearity offers the most conservetive evauation of risk. Dr.
Krewski said the Guiddines should also develop methods to take into account the high risks that may
be associated with human genetic factors aone or through ther interaction with varied environmental

risk factors.

Frederica Perera: Molecular epidemiology studies in humans make it possble to examine the
issue of differentia susceptibilities between the fetus and the young child and the variability among
young populations. These studies take advantage of biomarkers that can detect molecular changesin
samples of blood or other tissue. This approach alows a better understanding of specific exposures,
early damage, and susceptibility. Studies involving polycyclic arometic hydrocarbons and other
aromatics such as pollution from cod burning, traffic, and environmenta tobacco smoke show that the
fetusisat least 10 times more vulnerable to damage than the mother. Other data from these studies
show adifferentid susceptibility among the children that is related to polymorphismsin the study
population. Another study of environmenta tobacco smoke and preschool-age children aso suggests
that biomarkers can be used to identify differentid susceptibility related to ethnicity. Dr. Perera
suggested that biomarkers may provide a means to identify specific susceptibilities and to gather
sufficient datato develop probabilistic mode s that could lead to improved defaults.

Discussion
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George Lucier noted that recent studies, including some involving biomarkers, have found 100-
fold variationsin vulnerability between individuas. Michael Thun observed that the presentations and
discussions at the Workshop have focused on two juxtaposed issues:

C On the one hand, abroad and “to the heart” issue of learning what causes, and what might
prevent, cancer in children.

C On the other hand, the detailed mechanical considerations of risk assessment and regulation.

In between, Dr. Thun noted, is abroad area of childhood cancer and its relationship with infectious
agents and pharmacologica agents that may act more subtly than DES. This area may be beyond the
province of the EPA, Dr. Thun said, and the Workshop should keep in mind that the EPA is not going
to be able to diminate childhood cancers. Dr. Landrigan observed that from 70 to 80 percent of
childhood cancers have unknown causes, but that it is clear that some are the result of exposure to
manmade synthetic chemicals. Human action isin part responsible for causing these cancers, Dr.
Landrigan said, and human actions such as the development of risk assessment guiddines can be used
to prevent them. Retha Newbold suggested that the Workshop should not focus on childhood cancers
to the exclusion of cancers that appear later in life but may be the result of exposures that occurred in
childhood.

Steven Galson asked Dr. Pereraif sufficient data are available now to construct probabilistic
modeling that can be used to develop new defaults. Dr. Pererareplied that in her opinion enough data
could now be gathered about the distribution of some genetic polymorphisms and nutritiond factors, as
well as known factors reated to gender and ethnicity, to begin developing such modés. Dr. Zeise
added that some of these data could be integrated into a framework that helps describe individua

differences and could be incorporated into risk characterization.
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Chris Portier said there is no convincing argument that the linear default is consarvative asarule
and that there is confusion in the Guiddines as to what the confidence bound derived from animal
estimates redlly represents in terms of protection of population-based risk compared with variants
around an estimate. He said the question of choosing a point of departure from the observable response
region to the extrapolation region is dso not dearly answered in the Guiddines. Dr. Portier said the
concept of cogent biologicd rationale might be gppropriate in adults but cannot now be applied as a
reason for moving away from the linear default in assessng childhood cancer risks because not enough
is known about mechanisms acting in childhood cancers. He dso urged the Agency to look at data thet
help eucidate the effect of long-term versus short-term exposures and carcinogenesisin children.

Dr. Farland said the Guiddines should help provide the best possible judgment about risk to the
population, and these judgments must then be applied to decison-making. It isimportant to prevent
even an extremey smadll risk, he said, and the consarvative nature of defaults makes them an important
tool in decison-making. He also said the Guiddines are open to the inclusion of additiond information
and suggested that the Guiddines might incorporate language that actively encourages the use of
information such as data on biomarkers, epidemiologic distributions, and ethnic factors. Dr. Portier
noted that the draft Guidelines suggest that the defaults would agpply when there is neither adequate data
nor a cogent biologica rationale. He urged that the Agency be very careful to support with data any
action regarding children. He said that he did not believe sufficient information was available to make a
cogent biological argument for the factors associating exposure to children’s cancer.

TOPIC 2. ENHANCED USE OF TEST DATA RELATED TO CHILDREN'S CANCER
RISK
Rochelle Tyl
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The currently-employed 2-generation reproductive toxicity test (OPPTS 870.3800) monitors
fird-generation (F-1) animals exposed from the time they are gametes through gestation, lactation,
breeding, ddivery, and weaning of second generation (F-2) animals. F-1 and F-2 generation animas
are exposed “from womb to tomb” in thisassay, Dr. Tyl said. She described in detail the protocol and
measured endpoints for evauating effects on parental animals and offspring. This study has the most
potentid for getting better information about children’s cancer risk than is now gathered. The sudy has
the right exposure—spanning development from gamete through adulthood—»but gathers the wrong
datafor assessing childhood cancer risks, Dr. Tyl said. She suggested that the study be extended to
follow development of F-2 animas beyond weaning of their offspring. Thiswould alow detection of
long-latency cancers without the expense of carrying out separate chronic studies, she noted.

The prenatd developmentd toxicity test (OPPTS 870.3700) involves exposure from
conception to birth. Because animas are necropsied at birth, this study captures only developmentd
effects of the prenata exposure and can not detect postnata effects, Dr. Tyl noted. Without mgjor

change in protocol, thistest has very little value for assessing children’s cancer, she said.

The combined chronic/carcinogenicity study (OPPTS 870.4300) involves exposure that begins
at age 6-8 weeks and continues through 18 months for mice or 24 months for rats. The 90-day toxicity
study (OPPTS 870.3100) involves exposure begun at 6-8 weeks and continued through 13 weeks.
Immunotoxicity studies (OPPTS 870.7800) begin exposure at 6-8 weeks and continue through 28
days. These sudies make it possible to detect impairment of cdllsinvolved in immune response, and
may be incorporated into the combined chronic/carcinogenicity and 90-toxicity studies. Metabolism
and pharmacokinetics studies (OPPTS 870.7485) begin a 7-day exposure at age 6-8 weeks and are
conducted only on male animas. All of these studies begin exposure on young adult animas and can
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therefore not contribute to ng risks of exposure during development or childhood, Dr. Tyl

observed.

In concluson Dr. Tyl said that the 2-generation studies, which involve exposure beginning a
implantation, hold the mogt promise for gathering information specific to childhood risk. Following up
F-2 generation animals through a chronic study would result in a study that incorporates the gppropriate
exposure with long duration study. Thiswould alow detection not only of childhood cancers but aso
adult cancersinitiated by childhood exposure.

Facilitated Discussion

Mark Miller: A systematic review of data gathered in other anima studies may reved timing
and organ-specific information on mode of action that can be used to compare adults and children. The
single-exposure carcinogeness data base may be one areathat might be fruitfully explored, Dr. Miller
said. He suggested that reviewing exigting research results to sort species by chemical may help identify
which species are best suited as models for specific chemicas. The developing area of research into
immune system effects should be integrated into testing for cancer risk in children, he said.
Precancerous conditions such as myeloplagtic syndrome, which progresses to acute myeloid leukemia,
are frequently associated with specific genetic markers and could reved some associations between

exposures and childhood cancer, Dr. Miller suggested.

Paul Foster: Current reproductive and developmenta studies involving prenatal and juvenile
exposure were not designed for cancer endpoints. With some modification these tests might reved early
indicators of change related to cancer, but as they are now designed these tests reved the most relevant
exposures but the least relevant endpoints for cancer risk, Dr. Foster said. Among the current studies,
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data gathered in multigenerationd studies have the most potentia for reveding childhood cancer risk,
but the sdlective culling of animas in these studies must be modified to include more, and more
representative, animals per generation, he said. Currently available “non-standard” data that may be
collected include responses during specific developmenta windows of opportunity and hormone-like
activity of possible carcinogens. Dr. Foster dso suggested that developmenta stages of test animals
compared with humans must be considered. For example, he noted, early brain development that
occurs prenatdly in humans takes place postnatally in rodents. Dr. Foster said that studies using
transgenic rodents may increase the sengtivity of the tests for specific cancers, but he cautioned that
results obtained from the study of increasingly sensitive rodents may have decreasing relevance to
humans. There is a huge opportunity to use the emerging knowledge of human and anima genomicsto

find common mechanistic pathways for development of cancers, he said.

Dr. Fogter said current prenatd developmenta toxicity studies look at inappropriate endpoints
and are of no practical use in sudying children’s cancers, but that current multigenerationa studies
could be modified to produce data relevant to childhood cancers. Overcoming the limitations of current
studies would require modifications such as determining correct dose levels and increasing the number
of animals sudied from each litter, but extensve modifications run the risk of making the studies too
large and complex to be conducted effectively, he said.

General Discussion

Dr. Goldman noted that the discussions of modifying current tests involve looking more and
more carefully a an increasingly homogeneous population of animals, and she contrasted that with
opinions voiced earlier in the Workshop suggesting that existing studies are too narrowly defined to

capture the variability in exposure and susceptibility in children. One aspect that needs to be more fully
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explored, she sad, is the uniquely human characterigtic of not breaest-feeding infants. Dr. Tyl noted that
even the highly inbred rodent strains used in laboratory studies do exhibit some variability, but agreed
that it issmal. It would not be possible, Dr. Tyl said, to design animals studies that reflect the
variahilities of the human population. George Lambert agreed that the world of animal science does not
reflect the conditions encountered by human children. He suggested that this disparity argues for
focusing on mechanism of action in children’s cancer sudies. George Lucier suggested thet the limited
variability encountered in anima studies could be examined more thoroughly to detect early markers
that might be related to variation. He aso noted that a common mode of action, such as a receptor-
mediated toxicant, may produce different responses depending on the timing of exposure or the organ
system involved. Lucy Anderson said that sudies that involve totd life exposure involve influences from
conception through adulthood that may be additive, synergidtic, or cance out. Identifying these effects
would require different exposure patterns (preconception only, during gestation, neonatd, and adult) to
assure that critical effects are detected. She aso agreed with earlier comments that sudies involving
unculled litters studies could provide more information about variability. Joseph DeGeorge emphasized
the importance of timing exposures to coincide with developmenta stages, and noted that current
rodent studies involve extrgpolations from one developmenta stage to another. Extending these
extrapolations il further, from rodents to humans, must be done carefully, he noted. He suggested that
more fully examining modes of action can avoid some of the uncertainties of extrgpolation.

William Farland noted that the regulatory toxicology tests are avery sengtive system thet is
used to make judgments that rodent responses are relevant to humans for hazard identification and that
what is seen at high dosesisrelevant to low doses. He dso said that anima studies are beginning to
identify biomarkers that can dso be examined in human populations. He suggested that information
gathered about human biomarkers might be incorporated into animal models through bioengineering.
Dr. Landrigan noted that exposuresin the toxicology testing mentioned by Dr. Farland began when the
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anima had aready reached adolescence and therefore is missing important endpoints. He suggested
that more meaningful data might result from tests in which exposure began in utero and necropsy did
not take place until the anima died naturdly. Dr. Farland responded that background effects of natural
aging would complicate thistype of analyss, but agreed that tests in which exposure beginsin
adolescence miss the biologicd effects of early exposure. David Wallinga questioned the usefulness of
gtandard toxicity tests using inbred animals to reflect the wide variability in humans. Moreover, he
noted, the current Guidelines implicitly assume that al humans are the same because there is no mention
of varigbilitiesin susceptibility to carcinogens.

L es Robison suggested that the development of intermediate lesons might be a useful
precancerous marker for some childhood cancers. He also expressed concern about the reliability of

data derived from animd moddsto parale the mechanisms and outcomes of human childhood cancers.

Chris Portier noted that the mode of action approach in the Guiddines likely accommodates
mogt if not al of the concerns he had raised in earlier discussion about the strength of available
information in forming a cogent biologicd rationae. He supported the idea of using the multigenerationa
study as aframework for developing a children’s cancer bioassay, but observed that the sdlection of
some animals over othersfor study in each litter could result in serioudy overestimating or
underestimating risk. The sdection, he said, might be an unintended result of culling, but dso might be a
result of the chemicd itsdlf. He dso noted that studiesinvolving enough nonHlittermates to acquire
meaningful data might require prohibitively large numbers of animas. George Lambert noted that studies
focusing on mechaniam of action would yield information relevant to risk for populaions with different
susceptibilities and inter-individud varigtions
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Chris Wilkinson noted that the discussion about problems posed by human heterogeneity and
the homogeneity of anima mode s overlooks the broader question of whether the rodent moded is
adequate to assessrisks in children in view of the fact that a newborn rat is essentialy equivaent to a
human fetus. He suggested that developing new studies might be more productive than modifying
protocols of existing models because the huge numbers of animas needed for study would pose a
serious problem. He asked that the Workshop concentrate less on environmental chemicas and
consider ways to assess the risk of pharmaceuticas, food additives, or over-the-counter drugs, which
may have subgtantid in utero impact. He said that understanding modes or mechanisms of action
makesit possble to plausibly extrapolate from adult risk to children’srisk.

David Goldsmith said the Workshop should be cautious in relying on developments that may or
may not derive from fuller knowledge of the human genome. He dso suggested that epidemiologic data
can support dose-response data gathered in laboratory studies and should be integrated more fully into

the risk assessment process.

John Doe sad that testing homogenous anima models a maximum dose can lead to false
positive associations, which is protective of public hedth. He dso said it was important to reiterate the
point that the biggest difference between adult risk and children’srisk is due to exposure and not to

hazard.

David Byrd said thet there is arich literature addressing the issue of the sengtivity of fdse
positive and fal se negative aspects of bioassays. Unfortunately, he said, the chemicals represented in
that data are not representative of the universe of environmental chemicas. He aso noted that variability
represented in the anima species used in current bioassays is much grester than the variability within the
human population.
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TOPIC 3: FUTURE DIRECTIONSFOR TOXICOLOGY TESTING TO ADDRESS
CHILDREN’'S CANCER RISK
Retha Newbold

Dr. Newbold focused on research into the effects of DES as an example of the cancer risk
asociated with prenatd exposure to estrogenic chemicas. The developing organism is extremely
sengitive to estrogenic compounds, particularly during specific stages of development, and the effects of
exposure may not gppear until much later in life. DES was prescribed as safe and effective to reduce
risk of miscarriage, but now is known to have resulted in alow incidence of vagind cancer and ahigh
incidence of mae and femade reproductive tract dysfunction on offspring. Research into the effects of
DES demongtrated that a carcinogen can act across the placenta, that its activity is different from other
carcinogens, and that its effects in humans can be accurately modeled in animals. Prenatd exposure of
anima models resultsin developmentd effects in both mae and femae mice that closdly pardld the
effects found in humans, thereby vaidating the experimenta model as a means of predicting human
disease. Neonata studies, in which exposure occurs during the first week of life, demongrate that
exposure to estrogenic compounds during the period of uterine development—yprenatad in humans and
postnatal in mice—is associated with uterine cancer. These studies confirm the critical role of timing of
exposure during developmentd stages. To determine if the changes due to estrogenic exposure could
be transmitted to subsequent generation, researchers bred females exposed prenataly or neonatally to
control males and evauated femae F-2 offspring a maturity. Among the F-2 femaes, reproductive
fertility was not effected, but the animals showed an increase in incidence of reproductive tract tumors.
Additiona research is underway to determine the mechanismsinvolved in these genertiond effects.
Research advances devel oped through these studies of estrogenic compounds may be applied to the

development of more sengitive animal models of other carcinogens.
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Facilitated Discussion

George Lambert: Risksto children from possble carcinogens can be studied in much the
same way as drugs are evauated through pharmacokinetic and pharmacodynamic (PK/PD) models,
mechanisms of action, absorption, distribution, metabolism, and effect. These studies can ducidate
some of the differential susceptibilities between children and adults as well asthose dueto
interindividud variability. PK/PD studies are well suited to identifying differences between the fetus and
child or between child and adult. In humans, cells and tissues from children and adults can be used to
identify biomarkers that may be predictive. Dr. Lambert noted that drugs, which are developed for use
in atightly defined population, are subjected to more stringent examination than chemicals to which the
whole population made be exposed through the environment. He suggested that post-marketing
survelllance of chemicaswould reved patterns of distribution, exposure, accumulated body burdens,
and adverse effects.

David Wallinga: Dr. Wadlinga noted that the Workshop has been struggling to dedl with two
different questions: what information is available and what information do we redlly need. He said that
the information available is limited and the data are poor. For example, he noted, only a small
percentage of the 80,000 registered industria chemicas have been studied in even limited detail for
toxicity or carcinogenicity. He cited the National Research Council’ s 1993 observation that current
testing protocols do not adequately address the toxicity and metabolism of pesticides in neonate or
adolescent animals. NRC dso determined that infants and children are more susceptible to risk than
adults to the toxic effects of chemicals, even though chemical-specific datamay not be available. He
noted the reasons for increased susceptibility and said that the Guidelines should incorporate strong
defaults assumptions and establish high hurdles to abandoning those defaults. He said that the “ cogent
biologica rationde’ mentioned in the Guiddinesis not wel defined and that the default assumptionsin
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the Guiddines should be closdly examined to assure that they are sufficiently hedth-protective. For
example, he said, the Guiddines do not require data bearing on variahility, interactions, or
pharmacokinetic data in developing animals. Dr. Wallinga recommended that future testing should:

. Extend developmentd toxicity tests beyond birth to account for latency.

. Assess cancer risk from pre-conceptua exposure.

. Look at effects of short-term carcinogen exposure during developmenta windows.
. Require pharmacokinetics in immature animals.

. Build devdlopmenta windows of vulnerability into the testing paradigm.
. Vadidate and test for endocrine disruption.

. Do semiquantitetive assessments of cumulative risk.

Dr. Walinga noted in closing that child-protective changes to the Guidelines can't wait, asthe
Guiddines have been gpplied since 1996 to at least 45 pegticides and will, by the end of FY 2001,
have been used to establish new or revised IRIS assessments for at least 64 other chemicals.

Joseph DeGeor ge: Dr. DeGeorge said that it isimportant to consder the appropriateness of
the juvenile anima modd before it is used to make predictions for children’srisk assessment. For
example, he noted, if atoxicant needs activation by a metabolic process that the anima modd does not
contain, the risk to children will be underestimated or missed. He said that if an anima modd is
determined to be appropriate, the model must address exposure during the proper organ
developmentd stage. The timing and method of exposure must be carefully sdected to assure that the
effects of the chemicd areisolated from confounding factors. For example, he observed, exposure
through lactation aso involves exposure to metabolites. Dr. DeGeorge recommended that more
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biomarkers be incorporated into the Guidelines, and that new biomarkers be added when they have
been vaidated. He said that improving dose-response assessment will be one of the most difficult
chalenges to the Guidelines because of the complexity of exposure in humans. For example, he noted,
the effective dose of the commonly used nutritiond supplement S. John’swort is reduce by 50 percent
in persons taking protease inhibitors, and grapefruit juice can increase the effective exposure to other

pharmaceuticals.

Discussion

Rochelle Tyl noted that much of the existing data on carcinogenicity have been based on testing
at the maximum tolerated dose. This means, as a practica matter, that the test animal’ s metabolic
capacity has been exceeded and no longer represents the effectsin norma animas. Thismay lead to
quantitative differences in the measured outcomes and lead to inaccurate conclusions about tested
chemicas. John Doe said thereisa practica problem associated with test methods that rely on the
induction of tumors as an endpoint. This approach would involve huge experiments to assess the effect
of in utero, early postnata, postnata through life, and conventiona dosing protocols. This complexity
could be avoided through concentration on identifying precursor events and other markers. The
dilemma this poses, he noted, is that these markers will not provide information that is as definitive as
tumor initiation. Penelope Fenner-Crigp noted that much of the revised and expanded testing being
discussed would have to be imposed on industries, a procedure that would require regulatory authority
that does not now exist. David Wallinga said that one of the purposes of defaults in risk assessment isto
drive research, and they should be used to drive research that generates data specific to children’ s risk.
George Lambert noted that the development of many FDA regulations has been driven by
pharmaceuticas risks to children, and suggested that the same concern might be brought to bear on
children’srisks for cancer. Angdlina Duggan noted that agriculturd industries are beginning to generate
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epidemiologic data that can be used to evduate family exposures to chemicals that are handled only by
mae farm workers. William Farland pointed out that the existing default structure accounts for human
varigbility through the implicit assumption that humans are a least as sensitive as the mogt sengtive test
animas.

TOPIC 4: EPIDEMIOLOGIC/MOLECULAR EPIDEMIOLOGY INFORMATIONTO
ADDRESS CHILDREN'S CANCER RISK
L eslie Robison

Epidemiologic research is crucid to identifying risk and working to prevent childhood cancer.
These cancers are rare and unique, which makes epidemiologic sudy difficult. Acquiring adequate
etiologic data for childhood cancer will require anationa effort to create a network for research that

would include:

. A nationd regidry of children with cancer for identifying environmenta and other causes of

childhood cancer.
. Building upon the unique nationd clinicd trids system for treeting children with cancer.
. Identifying children at the time of diagnod's, dlowing collection of tissue specimens.
. Coordination of efforts with population-based cancer regidiries.

. Support and facilitation of scientific studies of the highest merit by qudified investigators to
study causes of cancer in children.

The effort must be national in scope because of the differences between children’s cancers and
those in adults and the rdaively smdl numbers of children with any specific diagnosis. Only anaiond
effort would be able to compile enough data about the 8,700 cases of childhood cancer diagnosed each
year to make meaningful evauations of specific cancer types. A nationd network would make it
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possible to identify causes and to more fully understand known risks factors, Dr. Robison said, and it
would aso lead to advancesin molecular characterization of tumors, exposure assessment
methodology, and understanding genetic susceptibility. Among the improved methodologies and
technologies that might be developed through a nationd effort are:

GIS technologies for hypothesis generation and correlation.
. Sophisticated categorization of occupationd categories relevant to specific exposures.

. Exposure assessment through the ability to detect minute quantities of substancesin biologica
fluids and in the environment.

. Identification of biologicd markers of exposure and susceptibility.

. Identification of potentid genetic susceptibility factors.

A nationd effort would overcome the limitations of previous childhood cancer causation studies
and have the secondary benefit of making possible a sudy of patterns of care and enhancing

survelllance capabilities.

The nationd network initiative for children’s cancers could use asits foundation existing clinica
trial cooperative groups such as the Children’s Cancer Group and the Pediatric Oncology Group,
which represent more than 200 indtitutions throughout North America. These exigting groups, which will
combine as the Children’s Oncology group, have developed extensive epidemiologic data on a variety
of childhood cancer, but have not yet developed subgtantia information on the etiologic of children’'s
cancers. A framework for the structure and registration protocol, as well as a projected devel opment
time line have been devel oped. When established, the nationd network will make it possible to track

the progression of pediatric cancer survivors and examine the effects of medica exposuresto
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therapeutic radiation, intermediate markers and biomarkers of effect and progression, and cancer

outcome.

Facilitated Discussion

Michae Thun: The cancer control community is interested in what epidemiologic approaches
will have the biggest effect in identifying the causes of childhood cancer and preventing childhood
cancer. The amdl relative numbers of childhood cancers severdly limits possihilities for epidemiologic
study. For example, dthough there is a spike in the incidence of acute lymphoblastic leukemia between
ages 2 and 4, the average number of casesis fewer than 85 per million. A cohort of 1 million children

enrolled a birth and followed until age 20 would experience the following cancers.

. Leukemia
Acute Lymphoblagtic 596
Acute Mydoid 154

. Lymphoma
Hodgkins 240
Non-Hodgkins 210

. CNS - Astrocytoma 280
Thus, even a huge cohort study would not produce numbers large enough to provide meaningful
study of the incidence of the most common childhood cancers. An epidemiologic study looking at

genetic polymorphisms through relation of disease to a gene would require between 2,000 and 3,000

cases to achieve enough dtatistical power to look at gene/environment interaction.
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Dr. Thun noted that understand the causes and means of preventing childhood cancers has
been ared, pervasve, and persstent concern in the public health community and among parents. Itisa
problem that needs to be addressed across agencies, and should not be considered separately within
EPA or the Nationd Cancer Indtitute, he observed. He recommended that federa agenciesjointly fund
adata resource that could make headway against childhood cancers, which, dthough rare, cause

enormous grief.

Lucy Anderson: Anima modds should be devel oped for studying factors such as
susceptibility and stage specificity, which are not typically covered in current anima bioassays, Dr.
Anderson said. In addition, hitorica literature should be investigated to gather data on stage specificity,
susceptibility factors, and other issues that are meaningful to childhood studies. New studiesto test
putative associations, hypotheses, and the validity of biomarkers are needed. These could be well-
designed modifications of current studies or new protocols involving transgenics, but they will only be
carried out with government financid support, she said. The Guidelines should incorporate studies that
examine the role of fathersin children’srisks, an issue has been overlooked in the regulatory context
even though epidemiologica and anima evidence suggests an important role of paternd exposure, she
sad. Thereisreason to believe that a quditatively novel mechanism exigts to contribute to
preconceptional carcinogenesis related to gene expression, she said. These tests could be designed to
detect the role of paternd exposures through carcinogens in pesticides, drinking water contaminants,

and tobacco smoke.

Peggy Reynolds: Evidence of an association between increased incidence of lung cancer and
early initiation of smoking may suggest evidence of mechanisms of early exposure as a cause of later life
cancers. A multicenter study of lung cancer in nonsmoking women, which investigated the role of

environmenta tobacco smoke (ETS) in cancer among nonsmokers, found no increased risk of
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childhood cancers associated with childhood ETS exposures, but found that for adult cancers, women
with childhood exposures had nearly twice the risk associations of women with adult ETS exposures.
Thisfinding may illudrate the issue of “shdf life’ asafactor in later life development of cancers resulting
from early life exposure, Dr. Reynolds noted.

ChrisPortier: Egtablishing a cancer registry would be useful in understanding the etiology of
childhood cancer and, even if it is not environmentally related, will help usto understand better the
environmenta issues associated with childhood cancer. Developing and following large enough cohort
gtudies of biomarkers will be very difficult. The difficulties are more pronounced for cancers that occur

in adults as the result of in utero, postnatal, or childhood exposures.

General Discussion

Danid Krewski commented on the vaue of nationwide registries to examine childhood cancers,
and discussed the types of information and biologica specimensthat are acquired in Canada s cancer
registry. Adult cancer regisiries might serve as modds for childhood cancer regigtries, which would not
only be valuable in current studies but aso represent an inca culable resource for future research. Ledie
Rohbison noted that the highest single age-specific rate for childnood cancer isin the first year of life.

Some pediatric cancers have genetic origins, Dr. Robison said, but most areinitiated in utero.
He added that the evidence for a paternd role in children’s cancer is driven by data on occupation,
athough some anima models show an association between preconceptiona radiation exposure and
cancer in offspring. Dr. Robison said anationd birth cohort study would not be likely to make a

meaningful contribution to the study of children’s cancers but could reved patterns of association
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between childhood exposure and adult cancers. Moreover, he said, a birth cohort would be invaluable

asameans of tracking exposures.

William Farland and Philip Landrigan described the efforts of an interagency task force, chaired
by the Secretary of HHS, the Surgeon General, and the Adminigtrator of the EPA, to initiate a
nationwide birth cohort that would register at least 100,000 ethnicaly and racidly diverse children as
early as possble in pregnancy. Statistica information and biologica samples would be obtained from
the parents as well as the child, who would be followed with slandardized examination protocols to age
18. Many details remain to be worked out, Dr. Landrigan said, but the effort has begun and has
€normous promise as a means of increasing understanding of the etiology of childhood diseases other
than cancer. Dr. Robison noted that although the birth cohort could not directly address childhood
cancer as an outcome it would provide data on exposure assessment that could have incaculable vaue
to the ability to do cancer related research in the future. Chris Portier said that a cancer registry would
have more vaue to childhood cancers than a birth cohort. Philip Landrigan repeated his earlier
comment that it isinarguable that children are more heavily exposed to carcinogens than are adults, that
developing organ systems are more vulnerable than fully formed systems, and that children have more

years of future life in which to develop cancers than do adults.

Jodl Bender observed that the Workshop and smilar discussions may not have been able to
reduce uncertainty about the Guidelines but have been successful in articulating a nationa agendato fill
data gaps. A question that needs to be answered, he said, is whether the scientific community is
comfortable with the Guiddines until those gaps are filled. Lynn Goldman expressed confidence that
discussons would result in modifications to the Guidelines that appropriately respond to concerns about
pediatric cancer. David Goldsmith asked that serious consderation be given, when establishing a birth
cohort, to the disproportionate burden of severe environmenta and hedth problems borne by minority
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communities. He suggested that minority children be oversampled as a method of assuring that their
risks be fully incorporated into the overal consderation of public hedth.

WORKSHOP SUMMARY
GeorgeLucier

Dr. Lucier repeated the basic charge that the Workshop should serve as an opportunity to help
assure that the Guidelines for Cancer Risk Assessment accommodate as much information as possible
to adequately identify and assess risks to children. He noted the mgjor themes that emerged from the

Workshop presentations and discussions:

. Children should not be considered a specid population; rather, childhood should be considered
adage of development characterized by increased sengtivity to chemica exposure.

. Evauating margins of exposure requires better information on externa exposures from
environmenta sources such as air, food, and drinking water. Data on interna exposures, as
measured in blood or urine levels, is often not available for childhood exposures.
Pharmacokinetic and pharmacodynamic modes can help eucidate childhood exposures. All of
thisinformation should be considered with respect to exposure during critica “windows’ of
organ development and cdll differentiation.

. Important sengtivity factors include developmenta stage and genetic predisposition. Much
information that will emerge from refined test protocols, human genomics sudies, and other
resources will bear on these issues, and organizing this new information into a coherent picture
of childhood cancer will be a chalenging task. Other important sensitivity issues relate to
nutrition, “shelf life’ (i.e., when expasure occurs during childhood, thereis along latency period
avallable for cancersto develop), and interactions between multiple environmentd,
physiologica, and genetic factors.

. Mode of action (MOA) assessments should evauate conditions in which different modes lead
to different risks (children compared with adults, for example) as well as when the same mode
leads to different risks. Genotoxic and nongenotoxic are oversmplified distinctions when
consdering mode of action in the context of deciding whether to use linear or nonlinear
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assumptions about risk. Background exposures must be taken into account when considering
MOA, as multiple factors with the same mode of action could result in acumulative risk.

. Dose-response studies are difficult but important, and should take into account background
exposures, variability, dose sdection and timing, and the applicability of surrogate markers and
early indicators.

. Uncertainty factors include the redization that usng defaults to account for variability is more
difficult than using them to account for species differences. The 10-fold safety factors now used
to account for species differences are public-health-protective, but may not accurately reflect
interindividud differences or differentid genetic susceptibility; therefore additiona safety margins
may be needed. Additional factors may be needed to adequately assess children’s exposure,
and linear assumptions may not dways be the most conservative.

. Guiddines should not be overly prescriptive and should be able to stand the test of time.
Guiddines that include highly detailed descriptions of their application may prove to be too
inflexible to dlow new approaches and new models to be used as they become available.

. Regarding a cogent biologica rationde that judtifies an assumption other than the guideline
default: for children, the bar should be high enough to be public-hedth-protective, and the
models used will require rigorous peer review.

Discussion

Rochelle Tyl asked what could be expected as a result of the Workshop. Dr. Lucier replied
that the Workshop's purpose was to identify what information needs to be captured by the Guiddines
in order to more fully understand children’ srisks. Thisinformation, he said, would be used to revise the
current draft Guiddines. William Farland noted that the Workshop discussion provided vaugble ingght
into the need for data collection and generated ideas about revisions to epidemiologic studies and
laboratory testing protocols that may be incorporated into testing Guidelines to assure that they fully
address risks unique to children. He dso noted that the discussions of improved testing protocols would

be vauable in improving other Agency guiddines. David Wallinga urged that the Guidelines incorporate
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an explicit mention of principles particular to dose-response or mode of action, such as a satement
that, in the absence of datato the contrary, mode of action for children is presumed to be different than
for adults. A smilar principle could be framed for children’s exposures, Dr. Wallingasaid. Dr. Lucier
suggested that it would be necessary to develop credible models in order to obtain sufficient data to fill
the gapsin current understanding of both susceptibility and exposure.

Dr. Lambert noted that, for many children’s cancers, susceptibility may be far more significant
than exposure. Michael Firestone urged that the effort to improve testing methodol ogies be continued
beyond the revison to the Guiddines and that the issues of windows of susceptibility and differentia
exposure be built into the Guideline discussons of cogent biologicd rationae. Rochelle Tyl suggested
that the Guideines incorporate a specific definition of cogent biologicd rationde. Each researchers has
their own perception of what the term means, she said, but the Guiddines would benefit from a
definition that articulated details such as types of studies and timing of exposures that would satisfy the
requirements of producing a cogent rationae. Lynn Goldman responded that the Guidelines should be
less specific, not more detailed. Spelling out specificaly how the Guiddines are to be applied today will
make it more difficult to gpply them more effectively in the future, she said. Abraham Tobia replied that
the Guiddines do need some detailed and specific guidance to the research community, perhaps as
gppendices or illudtrative examples. Such examples, he said, would provide ingght into the thinking that
underlies the Guidelines and therefore provide valuable direction to researchers, particularly in regulated
industry. Dr. Farland noted that the Workshop discussions had generated a much clearer perception of
what information is needed to clarify issues such as cogent biologicd reationae, and suggested that the
Guiddines might benefit from inclusion of a case sudy or other example that more clearly articulates the
concept of cogent biological rationae.



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

Summary of EPA Workshop on Information Needs to Address Children’s Cancer Risk
Final Report, October 31, 2000

John Doe noted that new testing regimes need to be developed in response to the need for
specific types of new information, and said that these new testing protocols should replace older study
designs rather than being presented as add-ons to an aready-burdened testing structure. Dr. Tobia said
that any new studies must be rigoroudy tested and vaidated before they are incorporated into the
Guiddines. He noted that the add-ons to multigenerational studies discussed earlier in the Workshop
could easly lead to a protocol that requires far higher numbers of animals and round-the-clock attention
by technicians and would make testing too complex and prohibitively expensive. Dr. Goldman and
Retha Newbold both cautioned that animal welfare issues could become an important consideration if
testing protocols become more complex, and suggested that the Agency pursue development of studies
that reduce the need for animal models.

Dr. Landrigan urged that children’ s risk should be an integral part of the overal cancer risk
Guiddines, not an afterthought. Dr. Farland said that he expected the find Guidelinesto include an
explicit mention of children’ s risks. He noted that the purpose of the Guidelines was protection of public
hedlth and that protection of children as among the most vulnerable is an integral component of that
god. Thispaoint will be dearly madein the Guiddines, he said.

Dr. Landrigan and Dr. Goldman thanked the Workshop participants and observers for their
efforts and contributions. Dr. Farland expressed EPA’ s gratitude to the Workshop chair and cosponsor
and closed the Workshop by saying that al the participants could leave knowing that they had
contributed to progress.
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