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Proposed Amendments to the
Guidelines for the Heaith Assessment
of Suspect Developmental Toxicants

AGENCY: U.S. Envirormental Protection
Agency.

AcTioN: Request for comments on the
Proposed Amendments to the Guidelines
for the Health Assessment of Suspect
Developmental Toxicants.

SURMARY: The U.S. Environmental
Frotection Agency (EPA) is today
proposing amendments to the
Guidelines for the Health Assessment of
Suspect Develcpmental Toxicants that
were issued on September 24. 1886 (51
FR 34028-34040) (hereafter “current
guidelines”).

These proposed amendments are
intended to expand Agency guidance on
the analysis of developmental toxicity
data n accordance with appropnate
scientific standards and with the
policies and procedures established in
the statutes adminustered by the EPA.
The proposed amendments were
developed as part of an interoffice
guidelines development program under
the auspices of the Agency's Risk
Assessment Forum. The proposed
amendments are based, n part. on
recommendations developed in
scientific workshops.

The public 18 invited to comment and
public comments will be considered in
final Agency decisions on amending the
current guidelines. Commentors are
asked to focus on several special 18sues,
particularly, (1) a proposed new weight-
of-evidence scheme and its use. and (2)
the advantages and disadvantages of
using this scheme only for hazard
dentification versus using it in
conjunction with dose-response and
exposure assessment information. Also,
comments are invited on the use of the
special term “reference dose for
developmental toxicity (RIDpy).” The
term RfDype 18 used to distingush the
time-limited reference dose for exposure
dunng development from the reference
dose (RID). which generally refers to
chromic exposure situations.

The proposed amendments are
individually identified and explained in
the Supplementary Information section
of this notice. The full text of the
proposed guidelines 18 published 1n the
following section. As used 1n this notice,
the term “proposed gwdelines” refers to
the current guidelines as modified by the
proposed amendments The request for
comment applies only to the proposed
amendments, but EPA wil] also cons:der

any important new scientific
information bearing on the proposed
guidelines as a whole

EPA's Science Advisory Board (SAB)
slso will review the proposed
amendments at a meeting to be
announced 1n a future FEDERAL
REGISTER. Agency staff will prepare
summaries of the public and SAB
comments, analyses of major issues
presented by commentors, and Agency
responses to those comments.
Appropnate comments will be
incorporated. and the amended
guidelines will be submitted to the Risk
Assessment Forum and the Risk
Assessment Council for review. The
Risk Assessment Council will consider
comments from the public, the SAB. and
the Risk Assessment Forum in its
recommendations to the EPA
Admunistrator.
oate: Public comments must be
postmarked by June 5, 1888.

ADoAEsS: Comments may be mailed or
delivered to: Dr. Carole A. Kimmel,
Reproductive and Developmental
Toxicology Branch, Human Health
Assessment Group. Office of Health and
Environmental Assessment (RD-689).
U.S. Environmental Protection Agency,
401 M Street SW., Washington, DC
20480.

FOR FURTHER INFORMATION CONTACT:
Dr. Carole A. Kimmel, Telephone: 202-
382-7331.

Inspection and Copies This notice.
references, supporung documents, and
other relevant matenals are available
for inspection and copying at the Public
Information Reference Unut, (202) 382-
5828, EPA Headquarters Library, 401 M
Street, SW., Washington, DC, between
the hours of 8:00 a.m. and 4:30 p.m.
SUPPLEMENTARY INFORMATION: In 1984~
85. the Agency proposed nsk
assessment gudelines for
carcinogenicity, exposure assessment,
mutagenicity, developmental toxicity (48
FR 48204-48331), and chemical mixtures
(50 FR 1170-1176). Following extensive
scientific and public review. final
guidelines were 18sued on September 24,
1986 (51 FR 33992-34054). Each of the
guidelines set forth pninciples and
procedures to gumde EPA scientists in
the conduct of Agency nsk assessments,
to help promote high scientific quality
and Agency-wide consistency, and to
inform Agency decision makers and the
public about these scientific procedures.

In publishung this guidance. EPA
emphasized that one purpose of 1ts nsk
asgessment gmdelines was to
“encourage research and analysis that
will lead to new risk assessment
methods and data.” which in turn would
be used to revise and improve the

guidelines, and better gmide Agency nisk
assessors. Thus, each of the 1986 nsk
assessment guidelines was developed
and published with the understand.ng
that nsk assessment is an evolving
science and that continued study could
lead to changes.

As expected. Agency experience with
the current Guidelines for the Health
Assessment of Suspect Developmental
Toxicants suggests that additianal or
alternate approaches should be
considered for certain aspects of these
guidehnes. Proposals to amend the
current guidelines were considered soon
after their publication in September 1980
because of new reviews or re-
evaluations that focused on same of the
issues identified for research in the
guidehnes. These included several
workshops and symposia cited in the
Introduction to the current guidehnes In
addiion, much expenence has been
gained wn using these gwdelines and in
instructing others in their use Based on
thus expenence, the proposed
amendments are designed to clanfy
certain aspects of the current guidelines.
and the terminology has been updated
to be consistent with that used 1n other

Agency guidance.

As outhined below. some of the
changes tnvolve substantive revisions to
the current guidelines, while others
sumply clanfy or reorganize current
provisions. The remainder of the notice
publishes the full text of the proposed
guidelines. that 18, the current guidelines
as modified by the proposed
amendments.

Overview of Propossed Amendments

The major proposed amendments
include stronger statements concerning
gwdance on evaluating maternal and
developmental toxicity based on EPA's
1987 workshop an this topic. particularly
about the inter-relationship between
these end points (see Reference 3 1n
Secuon VLI of the proposed guidelines).
A major innovation for the proposed
guidelines is 8 weight-of-evidence
scheme for developmental toxicants
{Section [11.D) which was developed in a
1887 EPA workshop by experts from
within and outside the Agency.

Lesser changes in the proposed
guidelines include a change in the ttle
from “Gudelines for the Health
Assessment of Suspect Developmental
Toxicants” to “Proposed Guidelines for
Developmental Toxicity Risk
Assessment.” In addition. three other
sections have been revised the Human
Studies section (Section 1l B) was
reonented more towards nsk
assessment than study design. and the
Dose-Response and Risk



Federal Register / Vol. 54. No. 42 / Monday. March 6. 1989 / Notces

3387

Characterization sections (Sections [V
and V1) were reorganized so that
information on the NOAEL/uncertainty
factor approach and low-dose
extrapolaton are contained in the Dose-
Response section {Section V), and the
margn of exposure (MOE) approach 13
contawned in the Risk Charactenzation
secuon (Section VI).

One other proposed change 15 the
introduction of the term RfDpy for the
reference dose for developmental
toxsaaty derived from dividing the
NOAEL by an uncertainty factor. Thus 1s
to disunguiah the developmental toxicity
reference dose (RfDyy), which 18 based
¢n a short-term axposure as occurs 1n
most developmental toxucity studies,
from the R{D, whach the Agency denves
based on a chronic or sometimes a
subchronic exposure scenario. These
and other proposed changes are
discugsed further by section.

Section L. Introduction

This section gives the general
background information on
developmental toxicaity nsk assessment
and the magnitude of the potenual for
developmesntal toxycty problems in the
general population. In the current
gwdelines. EPA provides the general
tasis for the use of data from amumal
studies in estimating human nsk, but
docs not describe the assumptions
generally made w this process

The prmary proposed amendment 1n
this section 13 a statement of the basic
assumptions made in the ngk
assessment process for developmental
toxicity, e.g., an agent that produces an
adverse developmental effect in
experunental animal studies 18 assumed
to pose a potential hazard to humans.
and all four possible manuestations of
developmental toxicity (1.e. death,
structural abnormality. growth
alteration. functonal deficit) are of
concern for risk assessment. The
assumption of a threshoid 18 stated,
a'though this assumption 1s currently
being discussed in the literature, as
indicated in the proposed amendments.
These assumptions help to more clearly
idenufy the basis for the Agency's
approach to nsk assessment descnbed
in the proposed guidelines. In addition.
same background information and
references have been revised

Section 11. Definitions and Terminology

This secuon sets forth the defimtions
of particular terms that are widely used
in the held of developmental toxicology
These include special terms such as

developmental toxiaty,” "altered
growth,” “malformations.” and
vanatons

The only proposed amendment wn thus
section 1 the deletion of the terms
“embryotoxicity” and “fetotoxicity
Because ambiguities in these terms have
led to confusion and misuse, they are
not used int the proposed guidelines.
Thus, use of the term “developmental
toxucaty,” whuch is a broader term, 19
encouraged and ambiguities are
eliqunated.

Section . Hazard Identification of
Developmental Toxicants

This section descnbes the study
designs used 1n arumal studies and the
evaluation and interpretation of end
pownts. In the current guidelines the title
of thus section incindes the term
“quahtative assessment.” Also, this
section recommendas that other EPA risk
assessment guidelines be used when
carcinogeruc or mytagen:¢ effects from
cevelopmental exposures are of
concern. -

The proposed beading for thus section
no longer wcludes the term “qualitative
assessment.” since hazard 1dentfication
for developmental toxicity also includes
some evaluation of the dose-response
nature of an effect. This change 13
proposed because the distiaction in the
current gudelines between quahtative
and quantitative assessment has proved
ta be unsatisfactory and is not made in
actual practice when using the
guidelines to assess developmental
toxacity data.

The discussion of potential
carctnogenic effects followng
development exposure 18 proposed to be
expanded somewhat. as are the
satements on potential mutatonal
events. These changes would emphasize
the unpcrtance of considenng potential
carcanogeruc and mutagenic effects
resultng from developmental exposures.
More extensive nformation on
conducting nsk assessments for these
types of effec:s 13 provided in the
Gudelines for Carcinogen Risk
Assessment (51 FR 338982) or the
Gudelines for Mutagenaity Risk
Assessment (51 FR 34006).

A. Loboratory Animel Studies of
Developmental Toxicity: End Points end
Their Interpretation

This section provides general
information on the protocols typically
used lo assess developmental toxaty.

There are no proposed amendments to
thig section.

Al End Points of Maternal Toxiaty.

Thig secuon descnbes the types of
maternal end pownts evaluated
developmental toxicity studies and
provides guidance {or the hazard
assessment.

The proposed amendments to this
section wiclude the addition of support
from adverse histopathology findings to
the use of alterations in organ weights
as a sign of maternal toxiaty This
change would indicate more clearly the
basis fof the use of maternal organ
changes as signs of maternal toxicty

A.2. End Points of Developmental
Toxicaty.

This section describes the types of
developmental end points evaluated 12
developmental toxicity studies and
provides guidance for the hazard
assessment.

There are no proposed amendments to
this section.

A.3. Functional Developmental
Toxicolagy.

This section provides wnformation on
the state-of-the-art in the evaluaton of
functional effects resulting from
developmental exposures.
Developmental neurotoxicity s beiefly
reviewed. along with other areas of
functional evaluaton. Since the
publication of the current gudelines \n
1988, specific testing in thus area has
been proposed or required by the
Agency for certain agents. .

The proposed amendments to tus
sechon reflect the current regulatory
status for developmental neurotoxicity
tesung 1n the Agency. Tue Oifica cf
Toxic Substances (OTS) recently
proposed developmental neurctoxicaty
testing gwidelines and finalized at least
one test rule requinng such testing (see
Reference 28 in Section VIl of the
proposed guidelines). In addiuon. the
Science Advisory Panel for the Ofifice of
Pesucide Programs (OPP) has approved
the development of testing guidelines for
developmental neurotoxicity. The
proposed amendmeants note these
activities and 1dentify the proposed
bases for OPP and OTS requirements for
such testing.

A 4. Overall Evaluaton of Maternal
and Developmental Toxicity.

Thus secthon discusses the relanonship
of maternal and developmental toxicity
and the evaluauon of developmental
toxicity data in the presence of ma’ernal
toxsaity. ln the current guidelines, the
statement 13 made that developmental
effects at maternally toxxc doses should
not be discounted as being secondary to
matermal toxiaty.

A stronger statement 18 proposed wn
this secuon concerning the finding of
developmental toxicity in the presence
of maternal toxicity. 1 e, when adverse
developmental effects are produced only
st maternally toxic doses. they are still
considered to represent developmer.tal
toxicity and should not be discounted as
being secondary to maternal toxiciry
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Also. it 18 proposed that information be
added on the importance of evaluating
both matemal and developmental
toxicity for the final charactenzation of
nsk as suggested by participants st the
EPA-sponsored workshop on “The
Evaluation of Maternal and
Developmental Toxicity." This would
indicate that maternal toxicity (even in
the absence of developmental toxitity)
is an important end point to evaluate in
the context of all available toxicity data.

A.S. Short-Term Testing in
Developmenta! Toxicity.

This section summarizes in vivo and
in vitro approaches to short-term tesung
for developmental toxicity. In the
current guidelines. the Chernoff/
Kavlock assay is described. but more
recenl work, including a NIOSH-
sponsored conference on this testing
procedure, has appeared in the
Iiterature .

The proposed amendment would
update the section to include recent
information on the Chemnoff/Kaviock
assay. in particular. that from the
NIOSH-sponsored workshop on
“Evaluation of the Chemnoff/Kavlock
Test for Developmental Toxicity.”

A.6. Statistical Considerations.

This section describes approaches to
the statiztical evaluation of data from
ammal developmenta! toxiaty studies
and includes important issues of study
design that affect interpretation of data.

There are no proposed amendments to
this section. -

B. Human Studies

This section describes the evaluation
of human data for developmental toxic
effects. In the current guidehnes. this
section discusses important
considerations of study design and
evaluation. but does not provide much
guidance to the nsk assessor on the
relative importance of vanous types of
human data.

The proposed amendments would
reorganuze and modify tus section to
give more specific information
concernung the use of human data in risk
assessment (e.g., greatest weight should
be given to carefully designed
epidemiologic studies with more precise
measures of exposure; studies with o
low probability of biased data should
carry more weight In a risk assessment).
These revisions would make this section
consistentwith sumlar sections in the
Proposed Guidelines for Assessing Male
Reproductive Risk and Female
Reproductive Rusk.

C. Other Considerctions

This section discusses the importance
of pharmacolkinetic data and structure-
actvity considerations. if available. 1n

the nsk assessment of developmental
toxicants.

There are no proposed amendments to
this section.

D. Weight-of-Evidence Determination

This section describes the important
considerations in determinung the
relative weight of vanous kinds of
expenmental and/or human evidence in
estimating the nsk of development
toxicity 1n humans. In the current

1delines, vanous factors are listed as

ing important, but there is no
systematic procedure for categorizing
:lhe level of confidence in the available
ata.

A weight-of-evidence scheme is
proposed that defines three levels of
confidence for data used to identify
developmental hazards and to assess
the nsk of human developmental
toxicity. The language used in the
scheme is intentionally broad to allow
for scientific judgment i classifying
data using thus scheme, and
classification of agents using this
scheme would require expenence with
developmental toxacity data. The intent
of the discussion is that the scheme
would not be used in 1solation, but
would be the first step that must be
combined with information on dose-
response and exposure for the final
charactenzation of nsk

IV. Dose-Response Assessment

Thus section describes the evaluation
of the dose-response data from
developmental toxicity studies In the
current guidelines. certain terminology
{e.g.. NOEL. LOEL) 13 used in a way that
18 no longer consistent with its usage 1n
other Agency guidance In addition.
certain topics {e.g.. the marmin of safety,
now termed the margin of exposure} that
are discussed as dose-response issues in
the current guidelines are treated as risk
charactenzation issues 1n other Agency
guidance.

The proposed heading for this section
no longer includes the term
“‘quantitative assessment.” since 8 sharp
separation between qualitative and
quantitative assessment in the current
guidelines is not made 1n practice. Dose-
Response Assessment ts Section IV.A. in
the current guidelines

The proposed amendments to this
section incorporate terminology (eg..
NOAEL. LOAEL. RID) that would make
the proposed guidelines consistent wath
other Agency guidance The section
discusses the identfication of the
NOAEL/LQAEL. the factors used 1n
establishing the appropnate uncertainty
factor, and the calculation of the R{Dypy.
These proposed changes would also be
consistent with the way 1n which

chronic RiDs are calculated However.
in the proposed guidelines. the term
RfDpy. based on short-term exposure. 15
introduced to distinguish 1t from the
general RID. An updated discussion of
the status of mathematical approaches
for dose-response modeling and low-
dose extrapolation for developmental
toxicity 18 also tncluded.

V. Exposure Assessment

This section describes the 1s5ues of
concer for developmental tox:city in
the estimation of the human exposure
levels. In the current guidelines. this
section includes information related to
human exposure-efiect relationships
that is actually more closely related to
determining dose-effect relationsh:p in
humans.

The proposed amendments to this
section, Section IV.B. in the current
guidelines, include transferning some
gudance from the section on
determiming human exposure-efiect
relationships to Section IV (Dose-
Response Assessment) since this
discussion 1s more involved with dose-
response assessment in humans. The
remaiung information in this section
focuses pnmarily on the special
considerations concerning exposure
assessment for developmental toxicity
Another proposed change in this section
would more clearly indicate that since a
single exposure at the critical time in
development 1s sufficient to produce an
adverse developmental effect, the
human exposure estimate used to
calculate the margin of exposure 13
usually based on a smingle dose that s
not adjusted for duration of exposure.
and the number of exposures 15 not
considered important uniess there 18
evidence for a cumulative effect

V1. Risk Characterization

Thus section descnibes the
summanzaton of all the toxicology and
exposure data in the final stage of the
nsk assessmen! process. In the current
guidelines. this section also includes a
cuscussion of mathemahical approaches
to quanttative rnsk assessment.

The proposed amendments to the nsk
charactenzation section, Secuon 1V C 1n
the current guidelines, include a
discussion of the Margin of Exposure
spproach. The discussion of dose-
response models and nsk extrapolation
procedures has been moved to Section
IV, Dose-Response Agsessment in the
proposed guidelines

V1. References

This section includes a full list of
references for the proposed guidelines
and 15 Section V in the current
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guidelines. Appropnate reference
changes and additions have been made
to conform to the propased
amendments.

Date: February Z3. 1988
john A. Moore,
Chairman Rusk Assessment Counctl

Coatents

{. Introduction
A Genera)
B Background
U. Definitions and Terminology
[1. Hezard Idennfication of Developmental
Toxicants
A. Laboratory Animal Studies of
Developmental Toxaaaty: End Pomts and
Therr interpretanon
1 End Pounts of Maternal Toxuoaty
2 End Points of Developmental Toxicsty
3. Functional Developmental Toxicology
4 Overall Evaluation of Materna] and
Developmental Toxicity
S. Short-term Testing in Developmental
Toxiciry
a. ln Vivo Mammalian Developmental
Toxicity Screen
b (n Vitro Developmental Toxicity Screens
8 Statsucal Conudersuons
B Humaan Studies
1 Examunation of Clusters. Case Reparts,
or Case Senes
2 Epidemuologic Studies
a General Desygn Conmiderarions
b Selection of Outcomes for Study
¢ Reproducave Histary Studies
d Commumnty Studies/Surverilance
Programs
C. Other Considerations
1 Pharmacokineucs
2. Compansons of Molecular Structyure
D Weight-of-Evidence Determination
iV Dose-Response Assessment
V. Exposure Assessment
VL Rusk Charectenzation
VU References

Proposed Guidelines for Developmental
Toxicity Risk Assessment

! Introduction
A. General

These Proposed Guidelines for
Developmental Toxicity Rusk
Assessment (hereafier Guidelines)
descnbe the procadures that the U.S.
Environmental Protection Agency (EPA)
will follow m evaluating potential
developmental toxicity associated with
human exposure to environmental
toxicants. The Agency has sponsored or
participated in several conferences that
addressed 18sues related to such
evaluations and that provided some of
the scaentific basis for these nisk
assessment Gudelines (1-8). The
Agency's authonty to regulate
substances that have the potential to
interfere adversely with human
development 13 derived {rom a number
of statutes that are implemented through
multple offices within the EPA. The

procedures descnbed herein are
intended to pramate consistency across
program offices withun the Agency in the
assessment of developmental toxic
effects.

The developmental toxicaty
assessments prepared pursuant to these
Guwdelines will be used with the
requirements and constraints of the
applicable statutes to arrive at
regulatory decisions concermung
developmental toxicaty. These
Guidelines provide a general format for
analyzing and orgamzing the available
data for conducting nak assesaments.
The Agency previously has 1ssued
testing guidelines (7. 8) that provide
protocois designed to determune the
potental of a test substance to induce
structural and/or other adverse effects
in the developing conceptus. These nak
assessment Guidelines do not changs
any statutary or regulatory prescribed
standards for the type of data necessary
for regulatory action, but rather provide
gudance far the interpretation of studies
that follow the tesung guidehnes, and in
addition. provide linuted \nformaton for
the witerpretation of ather stud:es (e.g..
epidemiologic data. functional
developmental taxicity studies, aod
short-term tests) that are not routinely
required, but may be encountered when
reviewing data on particular agents.

The National Research Councl (9) has
defined nsk assessment as being
compnsed of some or all of the followng
components: hazard identufication, dose-
response assessment, exposure
assessment. and nsk characterization. In
genersl, the process of assessing the risk
of human developmental toxicity may
be adapted to this format. However, the
components of this format should not be
considered 1n 1s0lation. Ingtead. an
appreciation of the potental for nsk and
the consequences of exposure can come
only from consideration of the
integration of all four components. Each
component contributes to the final
assessment of nisk.

Hazard identification involves the
evaluation of all available expenmental
animal and human data to determune if
an agent s likely to cause
developmental toxicity. [n considering
developmenta! toxicity, these Guidelines
will address not only structural
abnormalities. but also fetal and
neonatal death, growth alteration. and
functional abnormalihes that may result
from developmental exposure to
environmental agents.

The dose-response assessment
defines the relationship of the dose of an
agent to the occurrence of
developmentally toxic effects.
According to the National Resecarch
Council {9), this component would

usually include extrapolation from high
to low doges and from experunental
animals to humans. Since at present
there are no mathematucal extrapolation
models that are generally accepted for
developmental toxiaity, uncertainty
factors are applied to the no observed
adverse effect level (NOAEL) to denve a
reference dase for developmental
toxacity (RfDpy). The RfDypy 13 based on a
short duration of axposure as 1s
typically used 1n developmentai toxicity
studies in expenmental anmumals The
use of the term RfDpy distinguishes 1t
from the reference dose {RfD) which
refers ta chronic exposure situations
(10). This approach is discussed further
n these Guidelines {Section V),
Potenual mathematical models are being
evaluated by the Agency for application
10 date 1n thus area (5).

The exposure assessment :dentifies
populations exposed to an agent.
describes their composition and size.
and presents the types. magnitudes,
frequencies. and durations of exposure
to the agent. The exposure assessment
provides an estimate of human exposure
levels from all potennal sources.

In nsk charactenzaton. the ekposure
assessmen! and the hazard
identification and dose-cesponse
assessment are combined to esumate
some measure of the nsk of
developmental toxicity. Here the
NOAEL and the esumated human
exposure levels may be compared to
provide a margio of exposure (MOE). As
part of nsk charactenzayon. a summary
of the strengths and weaknesses in each
component of the nsk assessment are
presented along with major
assumpuons, scienufic judgments, and.
to the extent possible. qualitative and
quanttatve esumates of the
uncertanties. The weight-of-evidence
determunaton should always be
presented in conjunction with
inforreation on dose-response and.
avauable. the human exposure estumate

Risk assessment is just one
component of the regulatory process and
defines the adverse heaith consequenses
of exposure to a toxic agent The other
component, nsk management. combines
the nsk assessment with the directives
of the enabling regulatory legislation,
together with socioeconomc. techmical,
political. and other considerations. to
reach a decision as to whether to control
future exposure to the suspected toxic
agent and. if so, the level of control The
acceptability of the uncertainty {actor or
the margin of expasure and nsk
management decisions. but the scientific
bases for establishing these values are
discussed here.
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B. Background

The background incidence of
developmenta] defects n the human
population ts quite large For example.
Hertig (11) esumated that approximately
50% of human conceptuses fail to reach
term; Wilcox (12), using biochemical
techniques for detecting pregnancy as
early as ® days postconception.
observed that 35% of pregnancies ended
in an embryonic or fetal loss.
Approximately 3% of newborn children
are found to have one or more
significant congenital malformations at
birth, and by the end of the first
postnatal year, about 3% more are found
to have serious developmental defects
(13). Of these. it 18 estmated that 20%
are of known genetc transmission. 10%
are attnbutable to known environmental
factors. and the remainder result from
unknown causes (14). Also.
approximately 7.4% of children are
reduced in weight at birth i.e.. below
2500 g) (15).

Close to one-half of the children in
hospital wards are there because of
prenatally acqured malformations (16).
The Centers for Disease Control recently
evaluated the enormity of the problem
of developmental disabilities in the
United States. Among all races,
congenital anomalies, sudden infant
death syndrome. and prematunty
combined account for more than 50% of
infant mortality in the United States
(17). In addition. among the leading
causes of estumated years of potential
Life lost (YPLL) before the age of 65.
congenital anomalies ranks fifth.
prematunty ranks sixth, end sudden
infant death syndrome ranks seventh
(18) The YPLL estimates may actually
underesumate the public health impact
of congenital anomalies because
statistics on the foliowing may not be
represented (18): (1) Anomalies in
infants who die shortly after birth may
not be diagnosed and death may not be
attnbuted to congenital anomahes: (2)
YPLL estimates are based only on hive
buths and therefore do not take into
account the number of fetuses with
anomalies that were spontansously
aborted or infants that were stillbom: (3)
with prenatal diagnoses of chromosomal
abnormalities and neural tube defects,
pregnancies may be terminated and thus
these statiatics are not represented in
the YPLL estumates.

Exposure to agents affecting
development can result 1n any one or
more of four possible manifestations
(death. structural abnormality. growth
alteration, and/or functional deficit)
Therefore. assessment efforts should
encompass a wide array of adverse
developmental end points, such as

spontaneous abortions. stillbirths.
malformations, early postnatal
mortality, reduced birth weight, and
other adverse functional or physical
changes that are manifested postnatally

Numerous agents have been shown to
be developmental toxicants in animal
test systems (18). Several of them have
also been shown to be the cause of
adverse developmental effects in
humans. including alcohol. aminoptenn.
busulfan, chlorobiphenyls,
diethylstilbestrol. isotretinoin. lead.
organic mercury. thahdomide. and
valproic acid (13, 20, 21). Although a
number of agents found to be
developmental toxicants in
expenmental animal studies have not
shown clear evidence of hazard in
humans, the available human data are
inadequate to determine a cause and
efiect relationshup. Compansons of
human and expenmental animal data
have been made for e imited number of
agents that are human developmental
toxicants (22-24). In these compansons.
there was almost always qualitative
concordance of effects between humans
and at ieast one species tested. aiso. the
mrumally effective dose (MED) for the
most sensihve ammal species was
approxamately 0.5 to 100 imes the
human MED, not accounting for
differences in the incidence of effect at
the MED. Thus, there is some basis for
estimating the nsk of exposure to human
development based on data from amumal
studies.

However, there are a number of
unknowns in the extrapolation of data
from srumal studies to humans.
Therefore, a number of assumptions
must be made which are generally
apphied. These assumptons are the
bases for the approaches taken to nsk
asscesment in these Gudelines.

First. an agent that produces an
adverse developmental effect 1n
experimental animal studies 15 assumed
to pose & potential hazard to humans
following exposure dunng development.
Ths assumption 1s based on the
compansons of data for known human
developmental toxicants {22-24) In
almost all cases, the expenmental
ammal data would have predicted &
developmental effect in humans.

It is assumed that all of the four
manfestations of developmental
toxicity (death. structural abnormahtes.
growth alterations. and functional
deficits) are of concem. In the past.
there has been a tendency to consider
only malformations or malformations
and death as end potnts of concemn.
From the data on agents that are known
human developmental toxicants {22-24).
there 18 usually at least one

expenmental species that mimics the
types of effects seen in humans. butin
other species tested. the type of
developmental perturbation may be
different Thus. the appearance of any of
the four manifestations is considered
wndicative of an agent's potential for
disrupting development and producing a
developmenta) hazard.

It is assumed that the types of
developmental effects seen 1n animal
studies are not necessarily the same as
those that may be produced 1n humans
This assumption 15 made because 1t 18
impossible to determine which will be
the most appropnate species in terms of
predicting the specific types of effects
seen 1n humans. The fact that every
species may not react in the same way
is probably due to species—specific
differences in cntical peniods.
melabolism, developmental pattems. or
mechanisms of action.

It is assumed that the most sensitive
species should be used to estimate
human risk When data are available
{e.g.. pharmacokunetic. metabolic) to
suggest the most appropriate species.
that species will be used for
extrapolation. In the absence of such
data, the most sensitive species 18 used.
based on the fact that for the majonty of
known human developmental toxicants.
humans are as sensitive or more 80 than
the most sensitive arumal species (22-
24).

In general, a threshold 1s assumed for
the dose-response curve for most
developmental toxicants. This 15 based
on the known capacity of the developing
organism to compensate for or to repair
a certain amount of damage st the
cellular, tissue. or organ level. In
addiuion. because of the multipotency of
cells at certain stages of development.
multiple insults at the molecular or
cellular level may be required to
produce an effect on the whole
organusm. There are uncertainties
concerning this assumption that are
being discussed currently in the
hiterature (25, 26).

I1. Definitions and Termunology

The Agency recognizes that there are
differences in the use of terms in the
field of developmental toxicology. For
the purposes of these Guidelines the
following defimtons and terminology
will be used.

Developmental toxicology. The study
of adverse effects on the developing
orgarusm that may result from exposure
pnor to conception (either parent).
dunng prenatal development. or
postnatally to the ime of sexual
maturation Adverse developmental
effects may be detected at any pont in
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the hife span of the organism. The major
marnfestations of developmental
toxicity include: (1) Death of the
developing organiam, (2} structural
abnormahty. (3) altered growth. and (4)
functional deficiency.

Altered Growth. An alteration in
offspning organ or body weight or size.
Changes :n one end point may or may
not be accompanied by other migns of
altered growth (e.g.. changes 1n body
weight may or may not be accompamed
by changes n crown-rump length and/or
skeletal osmfication). Altered growth
can be induced at any stage of
development. may be reversible, or may
result in a permanent change.

Functional Developmental Toxicology
The study of alterations or delays in
functional competence of the orgamsm
or organ system following exposure to
an agent duning cnitical periods of
development pre- and/or posmatally.

Malformations and Vanations. A
malformaton 1s usually defined as a
permanent structural change that may
adversely affect survival, development.
or function. The term teratogemcity,
whuch 18 used to descnibe these types of
structural abnormalites, will be used :n
these Gudelines to refer only to
structural defects. A vanation is used to
indicate a divergence beyond the usual
range of structural constituton that may
not adversely affect survival or health.
Distinguishing between vanations and
malformations 1s dafficult smce there
exista a continuum of responses from
the normal to the extreme deviant.
There 18 no generally accepted

classification of malformations and
vanatons. Other termunology that is
often used. but no better defined,
includes anomalies. deformations. and
aberrations.

{ll Hazard Identification of
Developmental Toxicants

Developments! toxicity is expressed
as one or more of a number of posaible
end points that may be used for
evaluating the potential of an agent to
cause abnormal development. The four
types of effects on the conceptus that
may be produced by developmental
expoasure (o toxicants include death,
structural abnormality, eltered growth,
and functional deficits. Of these. all four
types of effects have been evaluated in
human studies. but only the first three
are traditionally measured in laboratory
animals using the conventional
developmental toxicity {also called
teratogenicity or Segment 1) testing
protocol as well as in other study
protocols. such as the multhigeneration
study Although funcnonal deficits have
been shown to occur subsequent to
developmental exposures in humans,

such effects seldom have been
evaluated n routine testing studies in
expenimental animals. However,
functional evaluations are beginnung to
be examuned under certa:n regulatary
situations (27. 28).

Carcinogemic effects of developmental
exposures have occurred 2 hurnans
resulung from the use of
diethylstilbestrol for the maintenance of
pregnancy (28). Severai agents have
been shown to cause cancer following
developmental exposures in
expenmental animals, and it appears
from the data collected thus far that
agents which are capable of causing
cancer \n aduits may also cause
transplacental or neonatal
carcinogenesis {30). There 18 no way to
predict whether adults or developing
ammals will be more sensitive to the
carcinogenic effects of an agent. At
present. testing for carcinogenesis
followang developmental exposure 1 not
rouhnely requured. However, if this type
of effect 18 reported for an agent. it s
considered appropnate to use the
Gudelines for Carcinogen Risk
Assessment (31) for assessing human
nsk. Mutattonal events also may occur
as a result of exposure to developmental
toxicants but may be difficult to
discnminate from other possible
mechanisms 1n standard studies of
developmental toxicity. When
mutational events are suspected from
further expenments. the Gudelines for
Mutagenicity Risk Assesament (32)
should be consulted: however, these
gudelines specifically address hentable
and not somatic mutational nak.

A. Laboratory Arumal Studies of
Developmental Toxicaty: End Points and
Therr [nterpretation

This section will discuss the end
points examuned in routinely-used
protocols as well as the use of other
types of studies. including functional
studies and short-term tests.

The most commonly used protocol for
assessing developmental toxicity in
laboratory animals involves the
admimstration of a test substance to
pregnant animals (usually mice, rats, or
rabbita) duning the period of major
organogenesis, evaluation of maternal
responses throughout pregnancy. and
examinstion of the dam and the uterine
contents just pnor to term (7, & 33-38).
Other protocols may use exposures of
one 1o a few days to investigate penods
of particular senmtivity for induction of
anamalies in specific organs or organ
systems (38) In addition. developmental
toxicity may be evaluated in studies
involving expasure of one or both
parents prior to conception, of the
conceptus dunng pregnancy and over

several generations, or of offsprng
dunng the late prenatal and early
postnatal penods (7. 8, 27. 28, 3338, 37)
These Guidelines are intended to
provide information for interpreting
developmental effects related t0 any of
these types of exposure. Since many of
the end points evaluated also are
related to effects on the parental
reproductive systems. these Gudelines
should be used in conjunction with
those published on assessing male and
{emale reproducuve risk (38. 39).

Study designs should inciude. at a
munimum. a high dose, a low dose. and
one ntermediate dose. The high dose
should produce some maternal or adult
toxacity {i.e.. a level which at the least
produces marginal but sigmficantly
reduced body weight. weight gaun, or
specific organ toxicaty, and at the most
produces no more than 10% mortahty).
The low dose should demonstrate a
NOAEL for adult and offsprning effects.
A concurrent control group treated with
the vehicle used for agent
admimstration should be included. The
route of exposure s usually oral,
although data from other routes may
sometimes be useful. especially if
supported by pharmacolunetc
informaton. Test arumals should be
selected based on considerations of
species. strain, age. weight. and health
status, and should be randoouzed to
dose groups o order to reduce bias and
provide a bama for performung valid
statigtical tests.

The next three sections discuss
individual end points of maternal and
developmental toxicity as measured in
the conventiona} developmental toxicity
study and the muihgeneration study.
and. on occasion. in postnatal studies.
Other end points specifically related to
reproductive toxicity are covered in the
relevant risk assessment guidelines (38,
39). The fourth section degls with the
integrated evaluation of all data,
wucluding the relative effects of exposure
on materns] ammals and the:r offspnng,
whuch 1s umportant in assessing the level
of concern about a particular agent It |
should be noted that appropnate
histoncal control data can be belpful in
the wnterpretation of end points of
maternal and developmental toxicity

1. End Points of Maternal Toxicity A
number of end points that may be
observed as possible indicators of
maternal toxicaity are listed in Table 1.
Maternal mortality 1s an obvicus end
point of toxacaty: however. & number of
other end points can be observed which
may give an indication of the subtle
effects of an agent For examole. in weil-

conducted studies, the ferulity and
gestation indices provide informatioa un
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the general fertility rate of the animal
stock used and are umportant ind:cators
of toxic effects to adults if treatment
begins pnor to mating or implantation
Changes 1n gestation length may
indicate effects on the process of
partuntion.

Table 1. End Points of Matemal Toxicity

Mortality

Fertility Index (no. with seminal plugs or
sperm/no. mated)

Gestation Index (no. with implants/no.
with seminal plugs or sperm)

Gestation Length (when allowed to
deliver pups)

Body Weight

Day 0

gestation
Sacnifice day
Body Weight Change

Throughout gestation

Dunng treatment (including
tncrements of time within treatment
penod)

Post-treatment of sacrifice

Corrected maternal (body weight
change throughout gestation minus
gravid utenne weight or Litter
weight at sacnfice)

Organ Weights (in cases of suspected
specific organ toxuaty and when
supported by adverse
histopathology findings)

Absolute
Relative to body weight

Food and Water Consumption (where
relevant)

Clinica] Evaluations

Types, incidence and duration of
Enzdyﬁw [
e markers
Chirucal chemistnes
Gross Necropsy and Histopathology

Body weight and the change in body
weight are viewed collecuvely as
indicators of maternal toxicity for most
species, althought these end points may
not be as useful in rabbits, because
body weight changes in some strains of
rabbits are not good indicators of
pregnancy status. Body weight changes
may provide more information than a
daily body weight measured during
treatment or dunng gestation. Changes
in weight gain during treatment could
occur that would not be reflected in the
total weight change throughout
gestaton. because of compensatory
weight gain that may occur following
trestrment but before sacrifice. For this
reason, changes in weight gain dunng
treatment can be exarmned as another
Indicator or materna) toxicity.

Changes (n maternal body weight
corrected for gravid utenine weight at

sacnifice may indicate whether the effect
is pnmanly maternal or fetal. For
example, there may be a significant
reduction 1n weight gein throughout
gestaton and 1n gravid uterine weight,
but no change in corrected matemnal
weight gain which would generally
indicate an intrauterine effect.
Conversely, s change in corrected
weight gain and no change in gravid
uterine weight generally suggests
maternal toxicity and little or not
intrauterine effect. An siternate eshmate
of maternal weight change during
gestation can be obtained by subtracting
the sum of the weights of the fetuses.
However, this weight does not include
the utenne tissue, placental tissue. or
the ammotic fluid.

Changes in other end points may also
be important. For example, changes in
relative and absolute organ weights may
be signs of a maternal effect when an
agent is suspected ar causu:i specific
organ toxicity and when such findings
are supported by adverse
histopathologic findings in those organs.
Food and water consumption data are
useful. especially if the agent is
sdmunustered in the diet or drinking
water. The amount ingested (total and
relative to body weightj and the dose of
the agent (relative to body weight) can
then be calculated. and changes in food
and water consunmtion related to
treatment can be evaluated slong with
changes in body weight and body
weigirt gain. Data an food and water
consumphion are also useful when an
agent 1s suspected of affecting appetite,
waler intake, or excretory function.
Chnical evaluations of toxicity mey also
be used as mdicators of maternal
toxicity. Daily clinical observations may
be useful descnbing the profile or
matemal toxicity. Eazyme markers and
chinical chemustnes may be useful
indicators of exposure but must be
interpreted carefully as to whether or
not & change consututes taxcity. Gross
necropsy and histopathology data (when
specified in the protocol) may aid in
determining taxic dose {evels. The
minimum amount of informaton/data
considered useful for evaluating
maternal toxicaty [as noted in the
Proceedings of the Worksbop on the
Evaluation of Maternal and
Developmental Toxicity (3). includes:
morbidity or mortality; maternal body
weight and body weight gain: clinical
signs of toxucity: food (and water, if
dosing 1s via dnnking water)
consumption. and necropsy for gross
evidence of organ toxicity. Maternal
toxicity should be determined 1n the
pregnant and/or lactaing animal over
an appropnate part of gestation and/or
the neonatal penod. and should not be

assumed or extrapolated from other
adult toxacity studies.

2. End Points of Developmental
Toxicity. Because the maternal anumal,
and not the conceptus. 18 the individual
treated duning gestation, data generally
should be calculated as incidence per
litter or as number and percent of hitters
with particular end points. Table 2
indicates the way in which offspnng and
litter end points may be expressed.

Table 2. End Points of Developmental
Toxicity

Litters with implants

No. implantation sites/dam

No. corpora lutea (CL)/dam *

Percent preimplantation loss
(CL—implantations) x 100°*/CL

No. and percent live offspring ®/hitter

No. and percent resorptions/litter

No. and percent Ltters with
resorptions

No. and percent late fetal deaths/htter

No. and percent nonlive {late fetal
deaths + resarptions) tmplants/
litter

No. and percent hters wath nonlive
implants

No. and percent affected (nonkive +
malformed) implants/litter

No. and percent htters with affected
implants

No. and percent litters with total
resarptions

No. and percent stillhirths /hitter

Litters wath Jrve offspring
No. and percent litters wath lrve

affspnng )

No. and percent hve offspring/hitter

Viability of offspring *

Sex ratio/litter

Mean offspning body weight/litter ©

Mean male body weight/ltter ®

Mean female body weight/litter ¢

No. and percent externally malformed
offsprng/litter

No. and percent viscerally malformed
offspring/litter

No. und percent skeletally malformed
offspring/litter

N% and percent malformed offspning/

tter

No. and percent litters with
malformed offspring

No. and percent malformed males/
litter

No. and percent maliormed females/
litter

No. and percent offspring with
vanations/ltter

No. and percent litters having
offspnng with variations

Types and incidence of individual
malformations

Types and inaidence of individual
vanations
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Individual offspring and the:r
malformations and vanations
{grouped according to hitter and
dose)

Clinical signs

Gross necropsy and histopathology

* {mportant when treatment begins pnior (0
implantauon. May be difficult to assess in
mice

* Offspning refers both to fetuses observed
prior to term or 10 pups following birth. The
end points examined depend on the protocol
used for each study s

¢ Measured at selected intervals until
termunation of the study

When treatment begins pnor to
implantahon, an increase in
preimplantation loss could indicate an
adverse effect on the ferhlization
process. ovum tranaport. utenne
toxicitv. the developing blastocyst. or on
the process of implantation itself. If
treatment beging around the ume of
implantatior (1.e.. day 8 of gestation 1n
the mouse, rat. or rabbit], an increase in
preimplantation loss probably reflects
normal vanabulity in the animals being
used. but the data should be examined
carefully to determine whether or not
the effect 1s dose related. If
prexmplantation loss 3 related to dose in
either case. further studies would be
necessary to determine the mechanism
and extent of such effects.

The number and percent of live
offspring per litter, based on all htters,
may include litters that have no hive
implants. Resorptions and late fetal
deaths give some indication of when the
conceptus died. and the number and
percent nonlive implants per hitter (post-
implantation loss) 13 a combination of
resarpt:ons and late fetal deaths. The
number and percent of litters showng
an increased incidence for these end
points 18 generally useful but may be
leas useful than incidence per litter
because, in the former case. a htter s
counted whether 1t has one or all
resorbed. dead. or nonlive implants.

If a sigmificant incregse in
postimplantation loss is found after
exposure to an agent, the data may be
compared not only with concurrent
contrals. but also with recent historical
control data. since there 15 considerable
intechtter vanability in the incidence of
past-implantation loss (40) If a given
study control group exhibits an
unusually high or low 1ncidence of
postumplantation loss compared to
histoncal contrals, then scienufic
judgment must be used to determine the
adequacy of the study for nek
assessment purposes

The end point for affected implants
(1e. the combination of nonlive and

malformed conceptuses) gives an
indication of the total intrautenne
response to an agent and someimes
teflects a better dose-response
relationship than does the incidence of
nonlive or maiformed offspnng taken
individually. Thus 18 especially true at
the high end of the dase-response curve
in cases when the incidence of nonlive
unplants per litter 13 greatly increased.
In such cases, the maiformation rate
may appear to decrease because only
unaffected offspnng have survived. If
the incidence of prenatal death or
malformauon s unchanged. then the
incrdence of affected implants will not
provide any additional dose-response
information. In studies where maternal
arumais are allowed to deliver pups
normally, the number of stillbirths per
hitter should also be noted.

The number of live offspring per litter.
based on those litters that have one or
more hve offspring, may be unchanged
even though the incidence of nonlive in
all litters 19 tncreased. Thus could occur
either because of an increase in the
number of htters with no live offspning.
or an increase 1 the number of implants
per litter. A decrease 1n the number of
live offspnng per litter should be
accompanied by an increase tn the
incidence of nonlive implants per litter
uniess the implant numbers differ among
dose groups. In postnatal studies. the
viabulity of live bom offspring should be
determined at selected intervals untl
termination of the study.

The sex ratio per litter, as well as the
body weights of males and females. can
be examined to determine whether or
not one sex 18 preferentially affected by
the agent. However, this 18 an annual
accurrence.

A change 1n offspnng body weight s a
sensitive indicator of developmental
toxicity, in part because 19 a
continuous vanable In some cases,
offspring weight reduction may be the
only indicator of developmental toxicity
While there 13 always a question
remaining as to whether weight
reduction is a permanent or transitory
effect. little 1s known about the long-
term consequences of short-term fetal or
neonatal weight changes. Therefore.
weight reducnon should be used to
establish the NOAEL. There are other
factors that should be considered 1n the
evaluation of fetal or neonatal weight
changes For exampie. in polytocous
animals. fetal and neonatal weights are
usually inversely correlated with litter
size. and the upper end of the dose-
response curve may be confounded by
smaller litters and increased fetal or
neonatal weight Additionally. the
average body weight of males :s greater

than that of females in the more
commonly used laboratory animals

Live offspring should be examined fo
external. visceral, and skeletal
mallormations. [f only a portion of the
litter 18 examined. then 1t 13 preferable
that those examuned be randomly
selected from each litter. An increase in
the incidence of malformed offspnng
may be indicated by a change in one or
more of the following end points: the
incidence of malformed offspning per
litter. the number and percent of hitters
with maiformed offspning. or the number
of offspnng or litters with a parhcular
malformation that appears to increase
with dose (as indicated by the incidence
of mdividual types of malformations).

Other ways of examining the data
include the incidence of external.
visceral. and skeletal malformations
which may indicate the general systems
affected. A histing of individual offspring
with thetr malformations and vanations
may give an indication of the pattern of
developmental deviations All of these
methods of expressing and examining
the data are valid for determyrung the
effects of an agent on structural
development However. eareemust be
taken to avoid counting offspnng more
than once in evaluating any single end
pownt based on number or percent of
offspring or hitters. The wncidence of
individual types of malformations and
vanations should be examined for
sigmficant changes which may be
masked if the data ¢n all malformatic..s
and vanations are pooled. Appropriate
historicai control data are helpful in the
interpretation of malformations and
vanatons, especially those that
normally occur at a low incidence and
may or may not be related (o dose in an
individual study Although a dose-
related increase in malformations is
interpreted as an adverse
developmental etfect of exposure to an
agent. the sigmficance of anatomica!
vanations 1a more difficult to determ're,
and must take into account what 1y
known about developmental stage {e 2.
with skeletal assification} backgroupd
incidence of certatn vanations (e g. 12
ar 13 pairs of nbs in rabbits), or other
strain- or species-specific factors
However. if vanations are significantly
increased in a dose-related manner.
these should also be evaluated as a
possible indication of developmental
toxicity The Interagency Regulatory
Luaison Group noted that dose-related
increases in defects that may occur
spontaneously are as relevant as dose-
related increases in any other
developmental toxicity end points {41}

3 Functional Developmer.tal
Toxicology Developmental effects ‘hat
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are induced by exogenous agents are
not limited to death. structural
abnormalities. and altered growth.
Rather, it has been demonstrated in a
number of instances that subtle
alterations in the functional competence
of an organ or a variety of organ
systems may result from exposure
during critical developmental periods
that may occur between conception and
sexual maturstion. Often. these
functional defects are observed at dose
levels below those at which gross
malformations are evident (42). Such
testing bas not been routinely required
in the United States, but studies are
beginning to be required when other
information indicates the potential for
adverse functional effects (27, 28). Data
from postnatal studies. when available,
are considered very useful for the
assessment of the relative importance
and severity of findings 1n the fetus and
neonate. Often, the long-term
consequences of adverse developmental
outcomes noted at birth are unknown,
and further data on postnatal
development and function are needed to
determine the full spectrum of potential
developmental effects. In some cases.
useful data can be denved from well-
executed multigeneration studies.

Much of the early work 1n functional
developmental toxicalogy was related to
behavioral evaluations, and the term
“behavioral teratology” became
prominent 1n the mid 1970s. Recent
advances in this area have been
reviewed in several publications (43. 44).
Several expert groups bave focused on
the functions that should be included in
a behaviora] testing battery (45-47). and
these include: sensory systems,
neuromotor develapment, Jocomotor
activity, learning and memory. reactivity
and/or babituation. and reproductive
behavior. No test:ng batterv has
adequately addressed all of these
functions. but it 13 important to include
as many as possible. Several testing
batteries have been developed and
evaluated (46. 48. 48). The U.S. EPA
Office of Toxic Substances (OTS) has
developed a gudeline for developmental
neurotoxicity testing (28) that includes
some evaluation of all the categones
Listed above except for reproductive
behawvior, and also includes
requirements for brain weights and
neuropathology. Several cnitena for
selecting agents for developmental
neurotoxicity testing have been
suggested (46). including- agents that
cauge central nervous system
malformatians. pyschoactive drugs and
chemicals. adult neurotoxicants.
hormonally-active agents. and chem:cals
that are structurally related to other

developmental neurotoxicants. Data
from developmental neurotoxicity
studies should be evaluated 1n Light of
the dats that may have tnggered such
tesung as well as all other toxaaaty data
available.

Less work has been done on other
developing funchonal systems. but data
have accumulated to indicate that the
cardiopulmonary, immune, endocrine.
digestive, and unnary systems, as well
as the central nervous system are
subject to alterations in functonal
competence (30, 51) following exposure
dunng development. Currently, there are
no standard testing procedures for these
functional systems. However, when data
are encountered on a chemical under
review, they are considered and
evaluated 1n the nsk assessment
process.

Extrapolation of functional
developmental effects to humans 1s
limited by the lack of knowledge about
underlying toxicological mechaniams
and their sigmficance as is true for other
end pawnts of developmental toxaaity. In
comparisons made on a imited number
of agents known to cause developmental
neurotoxic effects in humans (52). these
agents also have been gshown to produce
developmental neurotoxic effects in
anmmal species. As for other end points
of developmental toxicaty. the
assumption is made that functional
effects in ammal studies indicate the
potential for altered development in
humans. When dats from functional
developmental toxacity stucies are
encountered for particular agents. they
should be evaluated and iocluded 1n the
nsk assesament prooess.

Same guidance is provided here
concerning important general concepts
of study design and evaiuaton for
functional developmental toxiaity
studies.

o Several aspects of study design are
simular to those important 10 standard
developmental toxiaity studies (eg.
dose-response approach with the
highest dose producing mumimal overt
maternal or peninatal toxicity. aumber of
litters large enough for adequate
statisucal power, randomuzation of
animals to dose groups and test groups,
litter generally considered the stetistical
unit, etc.).

¢ A replicate study design provides
added confidence in the interpretation
of data.

o Use of a pharmacological challenge
may be valuable 1n evaluating function
and "unmasking” effects not othewnse
detectable, particularly in the case of
organ systems that are endowed with &
reasonable degree of functional reserve
capacity.

¢ Use of functional tests with s
moderale degree of background
vanabulity may be more sensitive to the
effects of an agent than are tests with
low variability that may be impossible
to disrupt without bemg life-threatening.
Butcher et al. (53} discussed this with
relation to behavioral end points.

* A battery of functional tests. 1n
contrast to a single test, usually
provides a more thorough evaluation of
the functioan! competence of an ammal:
tests conducted at several ages may
provide more information about
maturatonal changes and their
persistence.

¢ Critical penods for the disruption of
functional competence include both the
prenatal and the postnatal periods to the
ttme of sexual maturation. and the effect
is likely to vary depending on the time
and degree of exposure.

Although interpretation of functional
dsta may be Lmited ot present. it 18
clear that functionasl effects must be
evaluated in Light of other taxicity data.
including other forms of developmental
toxicity (e.g.. structural abnormsabites,
pennatal death, and growth
retardatuon). The level of confidence in
an adverse effect may be more
important than the type of change seen.
and confidence may be increased by
such factors as rephicability of the effect
either in another study of the same
function or by convergence of data from
tests that purport to measure surular
functions. A dose-response relationship
is considered an important measure of
chemical effect; in the case of functional
effects. both monotomic and biphasic
dose-response curves are hkely. and
both may be appropnate depending on
the function being tested. Finally. there
are at least three general ways in which
the data from these studies may be
useful for nsk assessment purposes: (1)
To help elucidate the long-term
consequences of fetal and neonatal
findings: (2) to indicate the potental for
an agent to cause functional alterations
and the effective doses relative to thase
that produce other forms of toxicity: and
(3) for exasting environmental agents. to
suggest organ systems to be evaluatied n
exposed human populations.

4. Overal! Evaluation of Maternal and
Developmental Toxicity.

As discussed previously, individual
end points of matemnal and
developmental toxicity are evaluated in
developmental toxicity studies In order
10 interpret the data fully, an integrated
evaluation must be performed
considenng ell maternal and
developmental end points.

Those agents that produce
developmental toxicity st 8 dose that s
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not toxic to the maternal ammal are of
greatest concemn because the developing
organism appears to be more sensitive
than the adult. However. when adverse
developmental effects are produced only
at mimmal maternally tox:c doses. they
are still consdered to represent
developmental taxaaty and should not
be discounted as being secondary to
maternal toxiaty Current information is
wnadequate to assume that
developmenta! effects at maternally
toxic doses result only from maternal
toxicity: rather. when the lowest
observed adverse effect level (LOAEL)
13 the same for the adult and developing
organisms. it may sumply wndrcate that
both are sensitive to that dose level.
Moreover, the maternal eifects may be
reversible while eifects on the offspring
may be permanent. These are important
considerauons for agents to which
humans may be exposed at munmmally
toxic levels either voluntanly or n the
workplace, since several agents are
known to produce adverse
developmental effects at mummally toxic
doses 10 adult humans {e.g.. smoking,
alcohol).

Sunce the final nsk assessment not
only takes winto account the potential
hizard of an agent but also the nature
of the dase-response relauonstup. it1s
important that the relationship of
maternal and developmental toxicity be
evaluated and descnbed Then,
informaton from the exposure
assessment is used to determune the
likelthood of exposure to levels near the
maternally taxic dose for each agent
and the nsk for developmental toxicity
in humans.

i, an the cther hand, maternal toxiaty
1s seen 1n the absence of or at dose
levels lower than those producing
developmental toxicity, and if the effect
level 13 lower than that in evaluations of
other types of adult toxicaty. this implics
that the pregnant female 18 likely to be
more sensttive than the nonpregnant
female and the data from the pregnant
female should be used to assess nsk.
Although the eveluation of
cevelopmental toxicity is the primary
objective of standard studies within thus
area. materngl effects seen within the
cantext of developmental toxicity
studies should be eveluated as pert of
the averall toxicity profile for a grven
chemical.

Approaches for ranking agents
according to their relative maternal and
developmental toxicity have been
proposed: Schardein {20} has reviewed
several of these. Several approaches
involve the calculation of ratios relating
an adult tox:c dose to a developmentally
toxic dose {34-57} Such ratios may

describe un a qualitative and roughly
quantitative fashion the relauonship of
maternal (adult) and developmental
toxicity However. at the U S. EPA
Spansored Workabop on the Evaluation
of Maternal and Developmental Toxicity
(3). there was no agreement as to the
vahidity or utility of these approaches nn
other aspects of the nsk assessment
process. This is in part due to
uncertainty about factors that can affect
the ratios. For example. the number and
spacing of dose levels, differences in
study design (e.g.. route an/or umung of
exposure), and species dufferences in
tesponse (3. 58). can wniluence the
maternal and developmental effects and
the resuling ratios. Also, the end pouwnts
used 1n the ratios need to be better
defined to permut cross-species
companson. Untl such information is
available, the apphicability of these
approaches in risk assessment 18 not
justilied.

9. Short-term Testing in
Developmental Toxicity. The need for
short-term tests for deveiopmental
toxicity has ansen from the need to
establish testing pnontes for the large
number of agents 1n or entenng the
environment. the interest in reducing the
number of srumals used for rautine
testing. and the expense of testing. Two
approaches are considered here 1n terms
of theur contrnibotion to the overall
testing process: 1) an tn vivo mammahan
screen, and 2) a varety of in vitro
systems. Currently. neither approach 13
considered as a replacement for rounine
in vivo development toxicity testing 1n
experumental amumals. and should not be
used to make the final decision as to an
agent’s developmental toxiaity. Rather,
such tests may be useful in making
preliminary evaluations of
developmental toxucity, for evaluating
structure-activity relatonships. and for
assigning pnonhes for further, more
extensive tesung. Although such short-
term tests are not routinely required.
data somenhmes are encountered in the
review of chemicals: the comments are
provided here for guidance in the
evaluation of such data.

a. In vivo mamaiian developmental
toxicity screen. The most widely studied
in vivo short-term appeoach 1s that
developed by Chemoff and Kavlock
(58). This approach 1a based on the
hypothesis that atal injury, which
results in altered development, will be
manifested postnatally as reduced
viability and/aor impaired growth. When
originally proposed. the test substance
was admnistered o muce over the
penod of major organogeneus at a
single dose level that would elicit some
degree of maternal toxicity At the

NIOSH Workshop on the Evaluation of
the Chemoff/Kaviock Test for
Developmental Toxscity {4). use of &
second lower dose level wag
encouraged to potentally reduce the
chances of false positive results. and the
recording of umplantation sites was
recommended to provide a more precise
esumate of posumplantation loss (60).

In this approach. the pups are counted
and weighed shortly after burth, and
agatn after 34 days. End pownts that are
considered in the evaluation include.
general maternal toxicity (including
survival and weight gain}. litter size, and
viabiity, weight, and gross
malformations n the offspnng. Basic
pnonty-setung categones for more
extensive testing have been suggested.
1) agents that induce pennatal death
should receive highest pnority, 2) agents
that induce perinatal weight changes
should be ranked lower wn prionty, and
3) agents that induce no effect should
recewve the lowest pnonty (58). Another
scheme that has been proposed applies
a numencal ranking to the results as a
means of pnontzing agents for further
testing (G1, 62).

The mouse was chosen onginally for
this test because of its low cost. but the
procedure has been applied to the rat as
well (83). The test wall predict the
potential for developmental toxicity of
an agent 1n the species used while
extrapolation of nsk to other species,
including humans, has the same
limitations as for other testing protocols.
The EPA Office of Toxic Substances has
developed tesung guidelines for thus
procedure (64). Although the testng
gudelines are available. such
procedures are requred on a case-by-
case basis. Applicaton of this procedure
in the nsk assessment process within
the Office of Toxic Substances has been
descnibed (65}, and the expenences of a
number of laboratones are detailed in
the proceedings of the NIOSH workshop
(1.

b. In vitro developmenta! toxicity
screens. Test systems that {all under the
general heading of 10 vitro”
developmental toxicity screens incluce
any system that employs a test subject
other than the intact pregnant mammal.
Examples of such systems include:
lsolated whole mammalian embryos in
culture, tssue/organ culture, cell
culture, and develop:ng nonmammalian
orgamusms. These systems have long
been used to assess events associated

with normal and abnormal development,
but only recently have they been
considered for this potennal as screens
in testing {68~68) Many of these systems
are now being evaluated for their ability
to predict the deselopmental toxicity of

~
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various agents {n intact mammalian
systems. This validation process
requires certain considerations in study
design, including defined end points for
toxicity and an understanding of the
system’s ability to handle vanous test
agents (67, 69-71).

6. Statistical Considerotions. In the
assessment of developmental toxicity
data, statistical consideratons require
special attention. Since the litter is
generally considered the experimental
unit in most developmental toxicity
studies, the statistical analyses should
be designed to analyze the relevant data
based on incidence per litter or on the
number of litters with a particular end
point. The analytical procedures used
and the results, as well as an indication
of the variance in each end point. should
be clearly indicated in the presentation
of data. Analysis of vaniance (ANOVA)
techniques, with hiter nested within
dose in the model. take the litter
variable into account while allowing use
of individual offspring data and an
evaluation of both within and between
litter variance as well as dose effects.
Nonparametnc and categoncal

rocedures have also been widely used
or binomual or incidence data. In
addition. tests for dose-response trends
can be applied. Although a single
statistical approach has not been agreed
upon, & number of {actors important in
the anulysis of developmental toxicity
data have been discussed (41, 72).

Studies that employ a replicate
experimental design (e.g.. two or three
rephicates with 10 litters per dose per
replicate rather than a single experiment
with 20 to 30 litters per dose group)
allow for broader interpretation of study
results since the variabihity between
rephicates can be accounted for using
ANOVA techmques. Replication of
effects due to a given agent within a
study. as well as among studies or
laboratones. provides added strength in
the use of deta for the estimation of risk.

An important fuctor to determune 1n
evaluatng data 1s the power of a study
{1.e. the probability that a study will
demonstrate a true effect). which s
limited by the sample size used in the
study. the background incidence of the
end point observed, the variability in the
incidence of the end point. and the
analysis method. As an example, Nelson
and Holson (73) have shown that the
number of litters needed to detect a 5%
or 10% change was dramatically lower
for fetal weight (a continuous vanable
with low vanability] than for
resorptions (a binomial response with
high vanability}) With the current
recommendation tn testing protocols
being 20 rodents per dose group (7. B). 1t

is possible to detect an increased
incidence of malformations in the range
of 5 to 12 times above control levels, an
increase of 3 to 8 times the in utero
death rate. and a decrease of 0.15 to 0.25
times the feta) weight. Thus, even within
the same study. the ability to detect a
change in fetal weight is much greater
than for the other end points measured.
Consequently, for statistical reasons
only, changes in fetal weight are often
observable at doses below those
producing other signs of developmental
toxicity. Any risk assessment should
present the detection sensitivity for the
study design used and for the end
point(s) evaluated.

Although statistical analyses are
important in detenninin? the effects of a
particular agent, the biological
significance of data should not be
overlooked. For example, with the
number of end points that can be
observed in developmental toxicity
studies. a few statistically significant
differences may occur by chance. On the
other hand. apparent trends with dose
may be biologically relevant even
though statistical analyses do not
indicate a significant effect This may be
true especially for the Incidence of
malformations or in utero death where a
relatively large difference 1s required to
be statistically significant. It should be
apparent from this discussion that a
great deal of scientific judgment. based
on experience with developmental
toxucity data and wath pninciples of
experunental design and statistical
anaiysis, may be required to adequately
evaluate such data.

B. Human Studies

The category of “buman studies”
includes both epidemiologic studies and
other reports of individual cases or
clusters of events. Reports of individual
cases or clusters of events may generate
bypotheses of exposure-outcome
associations. but require further
confirmation with well-designed
epidemiologic or laboratory studies.
These reports of cases or clusters may
give added support to associations
suggested by other human or aumal
duta, but cannot siand by themselves in
nsk assessments. Greates! weight
should be given to carefully-designed
epidemiolougic studies with more precise
measures of exposure, since they can
best evaluate exposure-response
relationships (see sectior. IV)
Epidenuologic studies 1n which exposure
15 presumed based on occupational title
or residence (e g.. some case-control and
all ecologic studies) may contribute data
to quahitative nsk assessments, but are
of himited use for quantitative nsk
assessments because of the generally

broad categorical groupings. Risk
assessors should seek the assistance of
prefessionals trained in epidemiology
when conducting a detailed analysis

1. Examination of Clusters, Case
Reports, or Case Series. The
identification of cases or clusters of
edverse developmental effects 18
generally limited to those 1dentified by
the women involved. or chnically by
their phymcians. Examples of outcomes
more easily identified include fetal loss
in mud to late pregnancy or congenital
malformations. Identification of other
effects, such as embryonic loss may be
difficult to separate from subfertility/
infertility. Identification of such “non-
events” (e.g., lack of pregnancies or
children) are much harder to recognize
than are developmental effects such as
malformations resulting from in utero
exposure. While case reports may have
{mportance in the recognition of
developmental toxicants, they may be of
greatest use in suggesung topics for
further investigation (74).

2. Epidemuologic Studies. Good
epidenuologic studies provide the most
relevant information for assessing
humen nsk. As there are many different
designs for epidemiologic studies.
simple rules for their evalution do not
exist The following 15 a discussion of
factors that affect the relative weight
assigned a particular study 1n & nsk
assessment

8. General design considerations.
Factors that affect a study’s usefulness
for risk assessment include the power of
the study. potential bias in data
collection. control of potential nsk
factors, effect modifiers and
confounders. and stahstcal factors (41,
75-80):

(1) The power of the study: The
power, or ability of a study to detect a
true effect, is dependent on the size of
the study group. the frequency of the
outcome in the genera! population. and
the level of excess nsk to be 1dentfied
In a cohort study. common outcomes.
suci: as recognized embryo/fetal loss,
require hundreds of pregnancies in order
1o have a lugh probabihty of detecting &
modest increuse Ln risk (e.g.. 133 in both
exposed and unexposed groups to detect
8 twofold increase: alpha <0.05. power

= 80%), while less common outcomes.
such as the total of all malformations
recognuzed at birth, require thousands of
pregnancies to have the same
probabihity (e.g.. more than 1200 in both
expused and unexposed groups) (15. 75.
76, 81. 62). In case-control studies. study
s1zes are dependent upon the frequency
of exposure within the source
population
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A posterrori cetermunaton of power
of the actual study 18 useful in
evaluaung negative findings. Negauve
findings 1n & study of low power would
be given considerably less weight than
either a positve study, or a negative
stady with high power.

(2) Potenual hias \a data collecton:
Sources of bias may inciude selection
bias and information bias (83). Selection
bias may cccur when an individual's
willingness 10 parucipate vanes mith
certa:n charactenstics relating to the
exposure status or health status of that
indavidual In addition. selection bias
may operate un the identification of
subjecis for study. For example. for
studies of very early loas. use of hosputal
records to 1dennfy embryome or early
fetal loas will underascertmn events,
because women are not always
hospitalized for these autcomes. More
weight would be grven in a risk
assesament to a study 1n which a more
complete list of pregnancies 1s obtared
by, for example. either intermewnnyg the
women in the study or, z a prospecave
study. collecting biological data (e.g.
human chononic gonadotropin
measurements) of pregnancy status from
study members. A second example of
different levels of ascertainment of
events 18 the use of Lospital records to
study congen:tal malformations.
Hospital records contain more compiete
data on maiformations than do birth
certificates. Thus, a study using hoapital
records 10 1denufy congenutal
malformations would be given mare
weight in a nsk assessment

Informatian bias may result from
misclassification of charactenstics of
individuals or events identified for
study Recall bras, one type of
information bias. may occur when
respondents with specific expasures or
outcomes recall information differently
than those without the exposures or
cutcomes. Interview bias may result
when the intervewer knows a prrory the
category of expasurs (for cohort atudies)
or outcome {for cass-control atudies) in
which the respondent belongs. Use of
highly structured questionnaires and/or
“blinding” of the interviewer will reduce
the likelihoad of such bles. Studies wath
lower likelihood of such types of bias
should carry mare weight in a nsk
assessment.

When data are collected by interview
or questionnaire, the appropnate
respondent depends upon the type of
data or study. For example. a
comparison of husband-wife interviens
on reproduction found the wives’
responses o queslions on pregnancy-
related o\ ants to be considerably more
complete and valid than those of the

husbands {78). Studies based on
interview data from the appropnate
respandent {e g.. the woman when
examimng her pregnancy history) would
carry mare weight than those from
praxy respondents {e.g . the man when
examining his partner’s pregnancy
history).

Data from any source may be prone to
errors of bias. Validation with an
independemnt data source (e g., ital or
hospial records), or use of biomrarkers
of exposure or outcome. where posmble.
may indicate the presence or absence of
bias and increase confidence in the
results of the study. Those studies wmith
a low probabHity of biased data should
carry more weight (81, 84).

(3) Control of potential risk factars,
effect modifiers. and confounders:
Potential nsk factors may wclude
smolang, alechol consumption. drug use,
past reproductive hustory, and
environmental and occupational
exposure. Such characterstics should be
examned. where appropnate, for the
outcome under study, and should be
controlled for in the study design and/or
analyna.

The potential for characteristics of the
subjects to be effect modifiers and/or
confounders should also be considered.
An effect madifier 1a a factor that
produces different exposure-response
relationshipe at different levels of the
effect modifier, For example, maternal
age would be an effect modifier if the
nsk assocuated with a given exposure
increased with the mather's age A
confounder 18 associated with both the
exposure and outcoma. and these
interrelationships could distort both the
magnitude and direction of the measure
of aasoclation between the exposure of
\nterest and the outcome. For example,
smokuwng mught be a confounder in a
study of the assocaton of
socioecanomuc status and low burth
weight, since smokung has been
associated with both.

Hoth effect modifiers and confounders
need to be contralled wn the analysis to
improve the estimate of the effects of
exposure (85). A more w-depth
discussion may be found elsewhere (83,
86). The statsuical techmques used to
control for these {actors require careful
conmderation in thewr apphcation and
interpratation (83, 85). Studies that faul
ta account for these umportant factors
should be given less weight 1n a nsk
agsessment.

(4) Statistical factors. As 1n ammal
studies, pregnancies expenenced by the
same woman are not independent
events. la arumal studies, the hitter s
generally used as the unit of measure to
deal with nonindependence of events.

Thts approach s difficult in humans
since the pregnancies are sequential,
with the nsk factors changing for
diufferent pregnancies (15, 41. 81. 36). Uf
more than one ptegnancy per woman 13
included. as 18 often necessary due to
small study groups, the use of
norundependent observations
overestumates the true size of the
population at nak and artifically
increases the significance level (87).
Some approaches to deal wath these
13sues have been suggested (81, 88). At
this powat in ime, 8 generaily accepted
solution to this problem has not been
developed.

b. Selection of outcomes for study. As
already discussed. s number of end
points can be considered n the
evaluation of adverse developmental
effects. However, some of the outcomes
are not easuy observed 1n humans.
These mclude early embryonic loss and
reproductive capacity of the offspring.
Currently, the most feasible end points
for epidemuologic studies are
reproductive history studies of some
Fregnancy outcomes (e g.. embryo/fetal
loss, birth weight, sex rati0, congenital
malformations. pestatal funetion. and
neonatal growth and survival) and
measures of subfertihity infertility which
in some cases might be evidence of very
early embryonic lnss. Factors requinng
control in the design or analyms {such as

ither nsk factors, effect modifiers, and
confounders) may vary depending on
the specific outcomes aelected for study.

The developmental cutcomes
available for eprdemiologic examination
are himited by a number of factors.
including the relative magrutude of the
exprsure since diffenng spectrs of
outcumes may occur at different
exposure levels, the size and
demngraphic charactenstics of the
population, and the ability to observe
the reproductive cutcome in humans.
Improved methods for «denufying some
outrumes such as embryonic or very
car'y fetal loss using new human
chornonic gonadetrapin (hCG) assays
may change the spectrum of outcomes
available for study (12). *

Demographic charactenstics of the
ponulathion. such as martal stutus, age
distnbution. education, and pror
reproductiv e history are assoctated with
the probability of whether couples will
attempt 10 have children. There may
also be diiferences m the use of birth
control, which would affect the number
of outcomes available for study.
Additionally, workers may move tnn and
out of areas with differing levels and
types of exposures, affecting the number
of exposed and companson pregnancies
for study Larger populations are usually
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necessary in environmental settings.
since the exposures in environmental
settings are generally much lower than
in occupational settings.

¢ Reproductive history stucies.

(1) Pregnancy outcomes: Pregnancy
outcomes examned in human studies of
parents! exposures may include
embryo/fetal loss. congenital
malformations, birth weight, sex ratio at
birth, and possibly postnatal survival,
growth, and function. Epidemiologic
studies that focus on only one type of
pregnancy outcome may miss a true
effect of exposure. As mentioned above,
some reproductive end points can be
thought of as a continuum of adverse
effects; for example, a malformed
stillbirth would not be included in a
study of defects observed at live birth,
even though the etiology could be
identical (75, 89). Studies that examune
multiple end points could yield more
information. but the results may be
dufficult to interpret. Evidence of a dose-
response relationship is usually an
inportant cntenon in the assessment of
8 toxic exposure. However, tradiional
dose-response relationships may not
always be observed for some end
points. For example, with increasing
dose, a pregnancy might end in an
embryo/fetal loss, rather than a live
birth with malformations. A shuft 1n the
patterns of outcomes could result from
differences either 1n level of exposure or
in timing (80, 81). Therefore. a nsk
assessment should, when possible,
attempt to look at the interrelationshup
of different reproductive end points and
patterns of exposure.

{2) Measures of fertility: Normally,
studies of subfertility/infertility would
not be included in an evsluation of
developmental effects. However, in
humans it is difficult to identify very
early embryonic loss. and to distinguish
it from subfertility /infertility. Thus,
studies that examune subfertility or
infertility indirectly examine loss very
early in the gestational penod. Studies
of subfertility may be thought of as the
study of non-events: a couple {s unable
to have chuldren within a specific ime
frame. Therefore, the epidemiologic
measurement of reduced fertility is
typically indirect. and is accomplished
by companng birth rates or ame
intervals between births or pregnancies.
In these evaluations. the couple’s joint
abilty to procreate 13 estimated. One
method. the Standardized Birth Ratio
(SBR. also referred to as the
Standardized Fertility Ratio), compares
the number of births observed to those
expected based on the person-years of
observation stratified by {actors such as
time penod. age, race, mantal status,

parity. contraceptive use, etc. {92~84)
The SBR is analogous to the
Standardized Mortality Ratio (SMR). a
measure frequently used in studies of
occupational cohorts, and has similar
limstations in interpretation (87, 85) and
in ysefulness for risk assessment.

Analysis of the time period between
recognized pregnancies or live births
has been suggested as another indirect
measure of fertility (86). Because the
time interval between births increases
with increasing parity (87). compansons
within birth order (parity) are more
appropriate. A statistical method (Cox
regression) can stratify by birth or
pregnancy order to help control for
nonindependence of these events in the
game woman.

Fertility may also be affected by
alterations in sexual behavior. However,
Limited data are available linking toxic
exposures to these alterations in
humans. Moreover. such data are not
easily obtained in epidemuology studies.
More information on this subject 18
available i{n the Proposed Gudelines for
Assessing Male Reproductive Risk {38)
and the Proposed Guidelines for
Assessing Female Reproductive Risk
(39).

d. Community studies/surveillance
programs. Emdemuologic studies may
also be based upon broad populations
such as a community. 8 nationwide
probabulity sample, or surveillance
programs (such as birth defects
registries) A number of case-control
studies have examined the relationship
between broad classes of parental
occupation 1n certain communities or
countries, and embryo/fetal loss {98).
birth defects (88-101). and childhood
cancer (100, 102-104). In these reports,
jobs are typically classified into broad
categones based on the probability of
exposure to certain classes or levels of
exposure {e.g.. 100). Such studies are
most helpful in the identification of
topics for additional study However,
because of the broad groupings of types
of levels of exposure. such studies are
not typically useful for nsk assessment
of a parucular agent.

Surveillance programs may also exist
{n occupational setungs. In this case,
reproductive histones and/or chinical
evaluation could monitor for
reproductive effects of exposures. Both
could yield very useful data for nsk
assessment; however, a clinical
evaluation program would be costly to
mainiain.

C. Other Considerations

1. Pharmacokinetics. Extrapolation of
toxicity data between species can be
aided considerably by the avaiability of
data on the pharmacokinetcs of &

particular agent in the species tested
and. when available. in humans
Information on absorption, half-hfe.
placental metabohism and transfer.
comparative metabolism, and
concentrations of the parent compound
and metabolites in the maternal amimal
and conceptus may be useful in
predicting risk for developmental
toxicity. Such data may also be helpful
in defining the dose-response curve.
developing a more accurate comparison
of species sensitivity, including that of
humans (105, 106). determining
dosimetry at target sites. and comparing
pharmacokinetic profiles for various
dosing regimens or routes of exposure.
Pharmacokinetic studies in
developmental toxicology are most
useful if conducted in pregnant animals
at the stage when developmental insults
occur. The correlation of
pharmacolunetic parameters and
developmental toxicity data may be
useful in determining the contnbution of
speaific pharmacokinetic parameters to
the effects observed (107).

2. Comparisons of Molecular
Structure. Compansons of the chemical
or physical properties of an agent with
those of known developmental toxicants
may provide some indication of a
potential for developmental toxicity
Such information may be helpful in
setting pnorities for testing of agents or
for evaluation of potential toxicity when
only murumal data are available
Structure/activity relationships have not
been well studied 1n developmental
toxicology. although data are available
that suggest structure-activity
relationships for certain classes of
chemicals (e.g.. glycol ethers. steroids,
retinoids). Under certain circumstances
(e.g.. in the case of new chemicals). this
is one of several procedures used to
evalyate the potential for toxicity when
little or no data are available.

D. Weight-of-Evidence Determination

Information from all available studies.
whether indicative of potentiel concern
or noL. must be evaluated and factored
into a weight-of-evidence judgment as to
the likelihood that an agent may posc &
nisk for developmental toxicity tn
humans. The pnmary considerations are
the human data (which are seldom
available) and the expenmental animal
data. The qualitative assessment for
developmental toxicity should consider
quality of the data. resolving power of
the studies. number and types of end
points examined. relevance of route and
timing of exposure. appropniateness of
the dose selection. replication of effects.
number of species examined. and
availability of human case reports or
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series, and/or eprdemiclogic study data.
In addition, pharmacokinetic data and
structure-activity considerations. as well
as other factors that may affect the
strength of the evidence. should be
taken into account. Therefore. all data
pertinent to developmental toxicity
should be examined 1n the evaluation of
a chemucal's potental to cause
developmental toxicity i1n humans, and
sound scientific judgment should be
exercised 1n interpreting the data n
terms of the nsk for adverse human
developmental health effects.

A categonzation scheme for the
weight of evidence has been developed.
It contains several broad categones that
reflect the accumulated data base on
agents and serves as an wndicator of
whether exposure to the substance may
cause developmental toxicity 1n humans.
It represents one important atep tn the
evaluaton of agents. However, the nsk
of any given exposure {0 an agent can
only be derived from an appreciation of
its intnnsic biological achwity and the
nature of the anticipated exposure
conditions. These important aspects are
developed in subsequent sections of thus
Guidehine.

Placing an agent in a particular
weught-of-evidence category such as
“adequate evidence for human
developmental toxicity” does not mean
that it will be a developmental toxacant
at every dose (because of the
assumption of a threshold) or 1n every
mtuation (e.g. hazard may vary
significantly depending on route and
timing of exposure). Thus, n the final
charactenzation of nsk. the weight-of-
evidence determ:nation should always
be presented in conjunction with
information on dose-response (NOAEL
and/or LOAEL), and. if available, with
the human exposure estimate.

The weight-of-evidence scheme
{outlined in Table 3) defines three levels
of confidence for data used to identfy
developmental hazards and to assess
the nisk of human developmental
toxuaaty- defimuve evidence, adequate
evidence. and tnadequate evidence.
Within the defiutive evidence and
adequate evidencs categories, there are
subcategones for evidencs indicating
adverse effects and for evidence
indicating no apparent effects. In both
categones, the evidence required to
classify an agent as demonstrating no
adverse effects 1s greater than that
required to demonstrate an adverse
effect and must include evaluations of a
vanety of potential manifestations of
developmental toxicity Greater
evidence is required because 1t 18 much
more difficult both biologically and
statistically ta support 8 finding of no

apparent adverse effect than one of an
adverse effect. Most agents meeting
cufrent testing requrements would be
expecied to fall within the adequate
evidence category. while many for
which little or no informanon 1s
available would be classified in the
inadequate category. Few agents would
be expected to fall into the defimtive
evidence category because the human
data necessary to meet the critena for
this category would be difficult to
obtain.

TABLE 3. WEIGHT OF EVIDENCE
SCHEME FOR DEVELOPMENTAL
TOXICITY

Definitive Evidence for
~Human Developmental Toxcity
—No Apparent Human Developmental
Toxiaty
Adequate Evidence for:
—Potential Human Developmental Taxiaty
—No Apparent Potential Human
Developmental Toxicity
Inadequate Evidence for Determirung
Potendal Human Develapmental Toxicity

Because a complex wnterrelationship
exsts among study design, statistical
analysis and biolomcal mgmificance of
the data. a great deal of scientific
judgment. based on experience with
developmental tox:city data and with
the prinaiples of expenmental design
and statistical analysts. may be requred
to adequately evaluate the data base. To
allow for this, the language used in the
scheme 18 intentionally broad.

Definitive Evidence for

~—Human Developmental Toxicity

This category tncludes agents for
which there 1s sufficient evidence from
epidemiologic studies for the scientific
communty to judge that a cause and
effect relationship exists. Case reports
in conjunchon with other supporting
evidence may also be used.

—No Apparent Human
Developmental Toxicity

Agents in thus category have not been
associated with developmental toxicity
1n well-executed epidemiologic studies
(e.g.. case control and cohart) with
adequate power A vanety of potential
manufestations of developmental
toxicity have been studied. Supporting
ammal data may or may not be
available.

Adequate Evidence for

~—Patential Human Developmental
Toxicity

This category includes agents for
which suffictent evidence exists for
them to be cons:dered potential human
developmental toxicants The mimimum
evidence necessary {or considenng an
agent a potential human developmental

toxicant would include data from an
approprnate, well-executed study in a
single expenmental animal species that
demonstrates developmental toxiaity,
and/or strong suggestive evidence from
adequate climical/epidemiologic studies
Evidence may be modified by further
data, such as studies 1 additional
species or by other routes of exposure,
and replication of the findings.
Development of pharmacokinetic or
mechanstic information may reduce
uncertainties 1n extrapolation to the
human. The strength of the evidence
increases as it approaches the definition
for definitive human developmental
toxicity.

—No Apparent Potential Human
Developmental Toxiaty

Thus category includes agents with
data from appropnate well-executed
studies in several species {at least two)
which evaluated a vanety of the
potential mamfestanona of
developmental toxacity and showed no
developmental effects at doses that
were munimally toxic to the aduit
animal. In addition. there may be human
data from adequate studiea supportive
of no adverse effects. - e

Inodequate Evidence for Determining
Potential Human Developmental
Toxicity

This category includes agents for
which there is less than the mimmum
sufficient evidence necessary for
assessing human nsk. However. data on
agents that fall into this category may be
used to determine the need for
additional testing or information that
would then, if adequate, move the agent
into the adequate evidence category.

This category includes & vanety of
types of information such as the lack of
any data on the developmental toxicity
potenual of an agent. data from an
appropnate well-executed study in a
single species showing no
developmental toxucity. data from
poorly-conducted studies 1n animals
{e.g.. small numbers of animals,
inappropnate dose selection. other
confounding factors) or tnadequate datd
n humans. Additionally, data on
structure/activity relationships, short-
term test data. pharmacokinetic data. or
data on metabolic precursors of the
agent of interest could be used to cail for
further testing but would be considered
insuffictent by themselves to assess
human nsk,

IV. Dose-Response Assessment

When quantitative humnan dose-effect
data are available and with sufficient
range of exposure. dose-respanse
relatonships may be examined Data on
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exposure from human studies are
usually qualitative, such as employment
or remdence histones: quantitative or
dose data are frequently not avauable.
In human studies, especially
retrospective ones. linking of specific
time periods and specific exposures,
even on a qualitauve level. may be
difficult due to errors of recall or
recordkeeping (where records are
available). The appropriate exposure
depends on the outcome(s) studied, the
biologic mechanism affected by
exposure, and the half-life of the
exposure. The probability of
misclassification of exposure status may
affect the ability of & study to recognize
a true effect (15. 41. 76, 108, 109).

Since data on human dose-effect
relationships are rarely available, the
dose-response assessment 1s usually
based on the evaluation of tests
performed in laboratory animals.
Evidence {or s« dose-response
relationship is an important criterion in
the assessment of developmental
toxicity, although this may be based on
himited data from standard studies using
three dose groups and a control group.
Most human developmental toxicants
that have been studied alter
development at doses within & narrow
range near the lowest maternally toxic
dose (22]. Therefore. for most chemicals,

e exposure situatrons of concern will
be those that are potentially within this

e. For those few chemucals where
velopmental effects occur at much
lower levels than maternal effects, the
potential far exposing the conceptus to

damaging doses is much greater. As
mentioned previously (section HI.A2.),
however, traditional dose-response
relationships may not always be
observed for some end points. For
example, as the exposure level nses,
embryo/fetolethal levels may be
reached. resulting in an observed
decrease in malformations with
increasing dose (81, 80). The potential
for thus response pattern indicates that
dose-response relationships of
individual end points as well as
combinations of end points (e.8.. dead
and malformed combined) must be
carefully examined and interpreted.
Identification of a NOAEL and/or
LOAEL is based on the lowest dose at
which an adverse sffect is detected from
any adequate developmental toxicity
study. Adequacy of the data to be used
for determination must be fudged using
the weight-of-evidence approach
discussed in section 1ILD. NOAELs and
applied uncertainty {actors msy be used
to determune a reference dose for
developmental toxicaty (R{Dpe) that 18
assumed to be below the threshold for

—

an increase in adverse developmental
effects. The RfDpy is based on a short
duration of exposure as 13 typically used
in developmental toxicity studies. The
term RiDpy is used to distingwish from
the RID which refers to chronic
exposure situations (10).‘Uncertainty
factors for developmental toxicity
generally include a 10-fold factor for
interspecies variation and a 10-fold
factor for intraspecies variation. In
general, an additional uncertainty factor
is not applied to account for duration of
exposure. Additional factors may be
applied due to a variety of uncertainties
that exist in the data base. For example,
the standard study design for &
developmental toxicity study calls fora
low dose that demonstrates a NOAEL.
but there may be circumstances where 8
nsk assessment must be based on the
results of a study in which a NOAEL for
developmental toxicity was not
identified. Rather, the lowest dose
administered caused significant effect(s)
and was identified as the LOAEL In
circumstances where only a LOAEL is
available, questions relative to the
sensitivity of end points reported.
adequacy of dose levels tested. or
confidence in the LOAEL reported may
require the use of an additional
uncertainty factor of 10 (10). The total
uncertainty factor selected is then
divided into the NOAEL/LOAEL for the
most sensitive end point from the most
appropnate and/or sensitive
mammalian species to determine the
RDpr

Although the Agency currently uses
the NOAEL/uncertainty factor approach
to establish an RfDpy. discussions of risk
extrapolation procedures bave noted
that improved mathematical tools are
needed for developing estumates of
potential human developmental risk (4S.
110). Gaylor (111) suggested an
approach for estimating nak that
combines the use of mathematcal
models for low-dose esumation of nsk
with the application of an uncertainty
factor based on a preselected level of
risk. This approach is sumilar to
approaches proposed for carcinogenesis.
but does not preclude the possibuity of s
threshold. and may provide a more
quantitative approach to esumating nsk.
Another approach proposed by Rai and
Van Ryzin (112) and recently applied by
Faustman et al. [113), uses a simple two-
component developmental model in
which the first component represents a
dose-related nsk to the hitter
environment and the second component
expresses the risk to an individual
offspring conditional upon 8
predisposing nisk to the hitter These
approaches and others have been

summarized recently (). In addition.
other methods for expressing nsk are
being sought and will be applied, if
considered appropnate.

The development of biologically-
based dose-response models 1n
developmental toxicology 19 limited by a
number of factors. including a lack of
understanding of the biclogical
mechanisms underlying developmental
toxicity, intra/interspecies differences in
the types of developmental events. and
the influence of maternal effects on the
dose-response curve. A biological
threshold is assumed for most
developmental effects based on known
homeostatic, compensatory, or adaptive
mechanisms that must be overcome
before a toxic end point is manifested.
and on the rationale that the embryo 13
known to have some capacity for repair
of damage or insult (80). In addsuon.
most developmental dewiations are
probably multifactorial in nature (114).
Although a threshold 1s assumed for
developmental effects, the existence of a
NOAEL in an animal study does not
prove or disprove the existence or level
of a true threshold: it anly defines the
highest level of exposure under the
conditions of the study that is not
associated with a significant increase in
effect The uncertainties concermung this
assumphton are being discussed
currently in the literature (25, 28)

1n conclumon. dose-response findings
in developmental toxiaity studies are
used as part of the risk charactenzation
Thus use 1s dependent upon scientific
judgment as to the accuracy and
adequacy of the data. In addrtion, the
slope of the dose-response curve should
be considered in conjunction with a
determination as to the adequacy of the

“exposure levels tested. the sensiivaty of

the end points reported. and the
appropnateness of the expenmental
design to determune a level of
confidence in the dats and the resultant
confidenoe in the LOAEL. NOAEL, and
the uncertainty {actors applied to obtain
the me

V. Exposure Assessment

In order to obtain a quantntative
estimate of risk for the human
population, an estimate of buman
exposure is required. The Guidelines for
Estimating Exposures have been
published separstely (115) and will not
be discussed in detail here. In general
the exposure assessment descnibes the
magrutude. duration, schedule. and route
of exposure. This information 18
developed from momtonng date and
from esumates based on modeling of
environmental exposures. Unique
considerauons for developmental
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toxicity are duration and penod of
exposure as related to stage of
development {t.e., cntical pertods). and
the possibility that a single exposure
may be sufficient to produce adverse
developmental effects (1.e., repeated
exposure 18 not a necessary prerequisite
for developmental toxicity to be
marufested). For these reasons, itis
assumed that a single exposure at the
cntical time tn development 18 sufficient
to produce an adverse developmental
affect. Therefore, the human exposure
estimate used to calculate the margin of
expoaure 15 usually based on a single
dose that 18 not adjusted for duration of
exposure, and the number of exposures
18 not considered unportant uniess there
is enidence for a cumulative effect. It
should be recognized also that exposure
of almost any segment of the human
population (i.e., fertile men and women,
the conceptus, and the chuld up to the
age of sexual maturation) may lead to
nsk to the developing orgamusm.

V1. Risk Characterization

Many uncertainties descnibed in these
Guidelines are associated with the
toxicological and exposure components
of nsk assessments 1n developmental
toxicology In the past. these
uncertainties have often not been
readily apparent or consistently
presented. The presentation of any nsk
assessment for developmental toxicity
should be accompanied by statements
concerning the weight of the evidence,
dose-response relationships and
assumptons underlying the estmation
of the RiDpy. esumates of human
exposure, and any factors that affect the
quahty and precision of the assessment.
The nsk charactenzation of an agent
ghould be based on data from the most
appropnate species. or. If such
information 18 not available, on the most
sensitive species tested. It should also
be based an the most sensiive indicator
of toxicity, whether maternal, paternal,
or developmental. and shouid be
ccnsidered 1n relationshup to other forms
of toxicity.

In the nsk characterization, the dose-
respanse and the human exposure
estimate may be combined either by
companng the RfDyy and the human
exposure estimate or by calculating the
margin of exposure (MOE). The MOE 1s
the ratio of the NOAEL from the most
appropniate or sensitive species o the
estimated human exposure level from all
potential sources {53) If a NOAEL i3 not
available, a LOAEL may be used in the
calculation of the MOE. In this case. the
NOAEL may be estimated from the
LOAEL by applying an uncerta,nty
factor (10-fold) to assess the impact on
the MQOE {53) The MOE is presented

along with a discussion of the weight of
evidence. including the nature and
quality of the hazard and exposure data,
the number of species affected. and the
dose-response \nformation.

The RiDpy companson wath the
human exposure esumate and the
calculation of the MOE are conceptually
sumular but are used in different
regulatory situations. The choice of
approach is dependent upon several
factors, including the statute tnvolved.
the situation being addressed. the data
base used. and the needs of the decision
maker. The RfDpr and/or the MOE are
considered along with other risk
assessment and nsk management issues
in making nsk management decisions,
but the scientfic 1ssues that must he
taken 1ato account in establishing them
have been addressed here.

These Guidehnes summanze the
procedures that the U S. Environmental
Protection Agency will follow 1n
evaluating the potential for agents to
cause developmental toxicity. While
these are the first amendments to the
developmental toxicity guidelines 1ssued
1n 1986, further revigions and updates
will be made as advances occur in the
field. Further studies that: (1) Delineate
the mechamsms of developmental
toxicity and pathogenesis, {2) provide
comparative pharmacokinetic data, and
(3) elucrdate the functional modalites
that may be altered by exposure to toxic
agents, will aid in the interpretation of
data and interspecies extrapolation.
These types of studies. along with
further evaluation of the relatuonship
between maternal and developmental
toxicity and the concept of a threshold.
will provide for the development of
unproved mathematical models to more
precisely assess nsk.
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