“PBBB127105

N L HIIIIII!I

J

EDA/600/6 -37/007a

September 1987

INVESTIGATION OF CANCER RISK ASSESSMENT METHODS:
Summary

Prepared by

Bruce C. Allen
Annette M. Shipp
Kenny S. Crump
Bryan Kilian
Mary Lee Hogg
Joe Tudor
Borbara Keller

Clement Associates, Inc.
1201 Gaines Street
Ruston, Louisiana 71270

ES

This study was funded by the U. $. Environmental Protection Agency (USEPA),

the Department of Defense (through an interagency transfer of funds to
USEPA), the Electric Power Resecrch Institute, and the Risk Science
Institute. The guidance received from the Steering Committee for this

project is gratefully acknowledged. Members of this committee ore: Dr.

Albert, Lt. Col. Dennis Naugle, Dr. Roger McClellan, Dr. Warner North,
Morvin Schneiderman, Dr. Abraham Silvers, ond Dr. John Van Ryzin. The
support and interest of Dr. Chao Chen, the USEPA taosk manager, and the
USEPA Carcinogen Assecswent Group is greatly appreciated.

OFFICE OF HEALTH AND ENVIRONMENTAL ASSESSMENT
OFFICE OF RESEARCH AND DEVELOPMENT
U.S. ENVIRONMENTAL PRCTECTION AGENCY
WASHINGTON, DC 20460

| NATIONAL TECHNlCAL INFORMATION SEHVICE
SPRINGFIELD; VA 221

R AN ':.“.J . 1

,,4,._._;.__77—7

the

Roy
Dr.






/ N

TECHNICAL REPORT DATA | PB88-127105 i
{Please read Instructions on the reverse before completing)_ )}
1. REPORT NO. 2. 3. RECIPIENT'S ACCESSION N — -
EPA/600/6-87/007a ST o
4. TITLE AND SUBTITLE 5. REPORT DATE
Investigation of Cancer Risk Assessment Methods: | September 1987
Summary 6. PERFORMING ORGANIZATION CODE
7. AUTHORI(S) BY‘UCB C A'[ '| en Annette M Sh'lpp Kenny S 8. PERFORMING ORGANIZATION REPORT NO.
. s . , .

Crump, Bryan Kilian, Mary Lee Hogg, Joe Tudor,
Barbara Keller

9 PERFORMING ORGANIZATION NAME AND ADDRESS 10. FPROGRAM ELEMENT NO.
Clement Associates, Inc.
1201 Ga-ines Street 11. CONTRACT/GRANT NO.
Ruston, LA 71270 68-01-6807
12. SPONSQRING AGENCY NAME AND ADDRESS 13. TYPE OF REPCORT AND PERIOD COVERED
Office of Health and Environmental Assessment
Carcinogen Assessment Group (RD-689) ‘ 14. SPONSORING AGENCY CODE

U.S. Environmental Protection Agency

Washington, DC 20460 EPA/600/21

15 SUPPLEMENTARY NOTES EPA Project Officer: Chao Chen, Carcinogen Assessment Group

Office of Health and Environmental Assessment, Washington, DC (382-5719)

6. ABSTRACT The major focus of this study is upon making gquantitative comparisons of
carcinogenic potency in animals and humans for 23 chemicals for which suitable
animal and human data exists. These comparisons are based upon estimates of risk
related doses (RRDs) obtained from both animal and human data. An RRD represents
the average daily dose per body weight of a chemical that would result in an extra
cancer risk of 25%. Animal data on these and 21 other chemicals of interest to the
EPA and the DOD are coded into an animal data base that permits evaluation by
computer of many risk assessment approaches.

This report is the result of a two-year study to examine the assumptions,
other than those involving low dose extrapolation, used in guantitative cancer risk
assessment. The study was funded by the Department of Defense [through an inter-
agency transfer of funds to the Environmental Protection Agency (EPA)], the EPA,
the Electric Power Research Institute and, in its latter stages, by the Risk Science
Institute.

17. KEY WORDS AND DOCUMENT ANALYSIS
3. DESCRIPTORS b.IDENTIFIERS/OPEN ENDED TERMS -lc. cosaTt Field/Group
-
l JJ
|
12. DISTRIBUTION STATEMENT T 19, SECURITY CLASS {This Report)
. . . Unclassified
Distribute to public 20, SECURITY CLASS (ThTs page)
Unclassified -

EPA Form 2220-1 {8-73)






DISCLAIMER

This document has been reviewed in accordance with the U.S. Environmental
Protection Agency's peer and administrative review policies and approved for
pub1icatioﬁ. Mention of trade names or commercial products does not constitute
endorsement or recommendation for use. The information in this document has
been funded by the U.S. Environmental Protection Agency, the Department of
Defense (through Interagency Agreement Number RW97075101), the Electric

Power Research Institute, and the Risk Science Institute.

11






CONTENTS

Brief Summary of Major Conclusions
Introduction
Data Base
Analysis of Epidemiclogical Data
Analysis of Animal Dato
Investigotion of Component-Specific Uncertainty
Methods for Comparison of Animal and Humon Results
Results of Animal aond Human Comparisons
Correlation Anaclyses
Prediction Anolyses
Discussion
General Considerations
Directions for Future Research



-

DO F AN

ILLUSTRATIONS

Pest Estimotes and Upper and Lower Bounds
for RRDs From Eoch Human Study

Cerrelation
Correlation
Correlation
Correlaotion
Correlotion
Correlaotion
Correlation

of
of
of
of
of
of
of

Animal
Animal
Animal
Animal
Animal
Animgl
Animal

and
and
and
and
and
and
ond

Human
Humon
Human
Human
Human
Human
Human

iv

RRDs
RRDs
RRDs
RRDs
RRDs
RRDs
RRDs

Anolysis 0
Analysis 3b
Analysis 7
Analysis 11e
Analysis 11d
Analysis 12
Analysis 25

Poge

53

55
56
57
58
58
80
61



N

10

TABLES

Approaches to Risk Assessment Components

Summary of Animal Data by Chemicel

Chemicals for wWhich Minimal Human ond Animal Dota
Exist for Quontifying Carcincgenic Potency
Descripticons of Initicl Anolyses

Pescriptions of Supplemental Anolyses

Ranks Based on Length of Experiment and

Number of Treated Animals

Component-Specific Uncertainty: Modes and Dispersion
Factors for Ratios of RRDs, by Supplemental Anclysis
Correlation Coefficients and Assccicted p-values,

by Analysis Method

Conversion Factors Corresponding to Various Dose Units,

by Method of Analysis
Comparison of Results for Selected Analyses

Page

40
42
L4i
45
47
48
49
50
51

52






BRIEF SUMMARY OF MAJOR CONCLUSIONS

The major focus of this study is upon making quontitative comparisons of

carcinogenic potency in animals and humans for 23 chemicals for which

suitable animals and human daota exists. These comparisons are besed upon

estimates of "RRDs™ cobtained from both animal and human data. An RRD

represents the overage daily dose per body weight of o chemical thaot

would result in.on extra caoncer risk of 252. Animal dato on these and

21 other chemicals of interest to the EPA and the DOD are coded into an

animol daota bose thot permits evaluation by computer of many risk

assessment approaches.

The mojor findings of this study are as follows:

Animal and human RRDs ore strongly correlcted. The knowledge thot
this correlaotion exists between animal ond human carcinogenicity
dota should strengthen the scientific basis for concer risk assess-
ment end couse increased confidence to be ploced in estimates of

human concer risk made from animgl data.

In the mojority of cases considered, anaolysis methods for biocassay
daota that utilize lower statistical confidence limits as predictors
yield better predicticons of human results than do the some methods

using moximum likelihood estimates.

Anolysis methods for animel doto thot utilize medion lower bound
RRDs determined from the ensemble of data for a chemicol generally
yield better predictions of human results than cnalyses that utilize

minimum RRDs colculoted from all the studies avoilable.



Use of the "mg intoke/kg body weight/day" (body weight) method for
animal-to-human extropolotion generally couses RRDs estimated from
cnimol and human dato to correspond more closely then the other
methods evaluoted, including the "mg intuke/m2 surface area/day"

(surface orea) method.

The risk assessment approach for animal datoc thot was intended to
mimic that used by the EPA underestimates the RRDs (equivalent to
overestimoting human risk) obtoined from the humon daota in this
study by about aon order of magnitude, on average. However, it
should be understood thot the risk assessment approaches implemented
in this study are computer automated and do not olways utilize the

some data or provide the scme result aos the EPA approach.

Reosonable risk anaolysis methods con be defined for the chemicals in
this study that reduce the residual loss (roughly the average
multiplicotive factor by which the RRD predictors obtained from the
onimal doto ore inconsistent with the ronges of human RRDs consis-
tent with the human data) to 1.7. This is not the some as saoying
that the predictors are accuraote to within a factor of 1.7, becouse
the estimated ranges of humon RRDs that are consistent with the

human dato cover on order of magnitude or more for most chemicals.

It has been possible to identify a set of anaolysis methods using the
median lower bound estimaotes that are most appropriate for extraopo-

loting risk from animals to humans, given the current state of know-
ledge and dota onclysis. It is possible to use the information ond

results presented in this investigation to colculote ranges of risk

estimotes that are consistent with the datae and elso incorporate

mony uncertainties associated with the extrapolation procedurs.



8. The many components of risk aossessment are interrelated and evalua-
tion of risk assessment methods should focus on the complete risk

cssessment process rather than on individual components.

9. The data base and methods used in this study can provide a useful

basis for evoluating various risk assessment methods.

This study only compared human and animal results for g relatively high’
risk level. It did not exomine the uncertainty inherent in the low dose

sxtrapolation process.
INTRODUCTION

This report is the result of a two year study to examine the assump-
tions, other than those involving low dose extrapolation, used in
quantitative concer risk assessment. The study was funded by the
Department of Defense [through on interagency transfer of funds to the
Environmental Protection Agency (EPA)], the EPA, the Electric Power
Research Institute and, in its latter stages, by the Risk Science

Institute. The objectives of the study are as follows:

1. To identify and express quantitatively uncertainties that are
involved in the process of risk estimation, excluding the
uncertainties in the low dose extrapolation model;

2. To examine the impact of the different assumptions that are
made in risk estimatien:

3. To compare results calculated from human and animal data,
including the identification of the assumptions thot produce
the best correlation of risk estimotes between humans and
animals;

4. To develop guidelines for presenting o range of risk estimates

bosed on different but scientifically acceptoble assumptions or



.assumptions that have considerable bocking in the scientific

community.

These objectives are pursued using empirical methods in which carcino-

genicity daoto for 44 chemicals are anolyzed systematically in o variety
of_wuys. Particular attention is placed on those 23 chemicals for which
there exist dato from both animol aond human studies suitable for making

quantitative comparisons.

Table 1 contains @ list of components of a quantitutivé risk ossessment
based upon animal data. Each component requires a decision on the part
of the risk assessor for which there is no unique "correqt" choice.
Also listed in Table 1 are variocus possible cpproaches to each compo-
nent. The choices that o risk assessor mokes for these components
offect the resulting estimates of risk. The choices for these compo-
nents therefore are related to the uncertainty in assessment of risk

from animal datec.

Objective 2 is pursued by mcking different risk estimgtes for the 44
chemicals in the study by systematically varying the approaches to the
components listed in Table 1. Examinotion of the distributions of the
changes in the estimates associated with different approaoches to the
various components permits the examination of the impact of the various
approoches (assumptions). These distributions also relate to the
uncertainties in the process of risk estimation, so this work olso

applies to Objective 1.

A major part of the study involves making comparisons between risk
estimates derived from animal daoto and those derived from human dota for
those 23 chemicols for which suitable dota are found to exist for both
onimals and humans. This work addresses the question of whether

correlations exist between animal and human data and therefore is of



fundamental importance to the scientific wvalidity of quantitative risk
ossessment. The practice of making quantitative>estimates of human risk
from animal dota is bosed upon the hypothesis (heretofore essentiolly
untested) that such correlations do in fact exist. If quantitotive
correlations caon be shown to exist, then thesé correlations can provide
a stronger scientific basis for risk ossessment. Further, evaoluation of
the correlaotions and determinaotion of those appreoaches to the compbnents
listed in Table 1 that produce the best correlations con suggest better
risk assessment methods and assist in evaluating and presenting the
uncertainty in risk estimates derived using those methods, in accordance

with Objectives 3 ond &4.
DATA BASE

At the beginning of the project EPA provided a list of 40 chemicals for
inclusion in the project that ore of interest to the ogency. This list
was supplemented by odding additional chemicals for which suitable quan-
titotive data ore available from both animal and hHuman studies and
deleting ﬁ‘few chemicals from the originol list for which suitaoble
animal bioassay dato could not be locoted, which brought the totol
number of chemicals studied to 44 (Teble 2). The first step in the
project was to collect tﬁe relevant carcinogenicity data from the liter-
gture on each of these chemicals. Initially the data collection
included information on pharmacokinetics, metabolism, and mutogenicity
in addition to thaot on carcinogenicity, aond dato on these topics was
collected for severol chemicals. However, collection of this informa-~

tion woe discontinued early in the project due to resource limitotions.

Data Motrix: An intensive search wos made for animal or humon carcino-
genicity studies on these chemicaols. Sources searched include our
company's files, computerized data bases (Medline. Themical Exposure,

Biosis, Embase, ond NTIS), publicaotions of governmentol and other



official organizations (IARC monographs, EPA health assessments and

- similor documents, and NCI and NTP technical reports) and a carcino-
genicity dato base complied by Gold et al. (1). "The relevant articles
were obtoined ond summary informaotion extrocted from them was coded inte

a computerized doto base colled the Dota Matrix.

The Data Matrix includes informotion on species, sex, route of exposure,
length of exposure, length of observation, whether a positive carcino-
genic response was observed and whether o data set is suitable for
quantitative risk estimation. Data sets on animal studies that satisfy
this lotter condition are coded into a more detailed dota bose called
the Animaol Dota Bose. A list of the chemicals included in the study,
the number of carcinogenicity data sets summarized in the Data Maotrix,
and the number of these in variocus categories that are coded into the
Animal Doto Baose is given in Teble 2. As can be sesn from this tcbie. Q
total of 1233 data sets {(a dota set is generally composed of all the
dose response daota from o given sex and species of animals exposed vio a
reasonably common protocol in @ study) from 736 studies (a study
generally consists of all of the dota in @ single primory reference) are

summarized in the Data Motrix.

Animgl Data Base: All of the bicassays that are considered to be at

least minimally acceptable for gquontitotive risk estimation are coded
into the computerized Animal Dota Base. The criteriao that a doto set

needs to satisfy for inclusion are os follows:

. thé test species is @ non-human mammolian species;

e the protocol includes matched controls, preferably vehicle (or
sham inholation)} trected animals;

¢ dosing is consistent within a dose group, with dosages and dosing

pottern clearly stoted;



+» 0 single route of exposure is employed (early in the project it
was decided not to continue to code experiments thatréxposed the
onimals by skin pointing or subcutaneous injection; therefore the
Data Base is not complete with respect te these routes of
exposure);

» the test compound is administered alone or in an acceptable
vehicle, without pretreatment or concurrent treotment of any
kind; |

e tumor incidence is reported as number of tumor-bearing animols as

opposed to number of tumors.

Table 2 provides ¢ summary of the daoto included in the Animal Data Base
for each of the 44 chemicals. For these ¢hemicols, 631 dota sets are

included in the Data Base.

The data are coded into the dato base in sufficient detoil to permit o
wide range of onalyses to be applied to the date, including analyses
that evaluacte the approaches listed in Table 1. Inclﬁded‘in the dato
bose is the following information, whenever avoilaoble: species, stroin,
and sex; weight data; food-intuke daoto; detoiled exposure protocol
including route and time pottern of exposure; initial number of animals
per dose group; numbers of animals per dose group having various tumor
responses (see below) and number per doselgroup exomined for eoch tumor
response; time until first development of each tumor type coded ond
number in each dose group alive at this time. Within @ single data set,

the following tumor responses are coded, whenever possible:

¢ those that occur significontly more often in ony dosed group
compared to the control group;

« the tumor type most nearly significant, in coses in which none
are significant:

s the combination of all significantly increased tumors;



« the combination of all significantly increased molignant tumors;
e gll tumorst;

+ 011 malignant tumorsl;

¢« the tumor considered to be the response of interest in humans (if

Kknown ).

Early in the study individual animal pathologies were coded whenever
possible, which would make bossible time-to-tumor cnalyses. However,
this work was discontinued due to limited resources after such dota had

been coded for about dbOut five chemicols.

Selection of Chemicals for Animgol-Human Comperiscons: For o chemicol to

be included in the analyses comparing results in animols and humans,
dota had to be available from both human and animol studies thot would
support the quaontitative comparisons conducted ond for which reasonably
strong positive evidence of carcinogenicity exists in either the animal
or the human dota., A list of the chemicals sotisfying these require-
ments and which are therefore included in the comporative aonalyses is
presented in Toble 3. Thirteen industrial chemicals are included in
this list, seven drugs, o food contominant (aflotoxin), o food odditive

{saccharin), and tobocco smoke.

It is neither necessary nor sufficient that o chemicol be unequivocally
carcinogenic in humans in order to be included. Thus, a chemical such
as saccharin, which haos been ossociated with cancer only in loboratory
rodents, is included while bis(chloromethyl) ether is not included, even
though sufficient evidence apporently exists to establish that

bis(chloromethyl) ether is carcinogenic in humans (2). The reassons such

TInterstitiol cell tumors of the testes in male F344 rats, maommary gland
benign tumors in femole Sprogue-Dawley rats, malignant lymphomas in AKR
and AKR/J mice, and mammary tumors in MTV+ mice are not included in
these groups. These tumors have a very high background raote of occur-
rerce in the indicoted species, which would tend to obscure dose-
related effects at other sites. ‘



chemicals are not included generally relate to limitatiens regarding the
dota on human exposures. Of the 23 chemicals or chemical groups thot
IARC considered in 1982 to have "sufficient” evidence of human carcino-
genicity, 11 are included in this study. Twelve other chemicals are
included; three are consjdered to provide "limited" evidence, eight to
provide "inadequote® evidence in support of human carcinogenic effects,

and cigorette smoke has not been formally evaluated by IARC.

It wos considered important that the study not be limited to chemicols
whose carcinogenicity in humons has been firmly estaoblished. One of the
ultimate goals of the study is to compare the predictions of carcino-
genic potency of chemicals derived from animal data with the correspond-
ing potency in humans. If such comparisons are restricted to confirmed
human carcinogens, the ability of the aonimal data to predict human
results might be overestimoted. The same would be true if the study is
restricted to confirmed animal caorcinogens. Although a simiiur study by
the Notionol Academy of Scisnces wos restricted to confirmed human
carcinogens, the cuthors recognized the potential for bies in this

approach {3).

A thorough search was conducted for useful epidemiological daota on the
chemicals selected. Individuol researchers were queried regarding
unpublished daota thot would be helpful in our anclyses, possible updates

of their work and, perticularly, additionol infermaotion on exposure.

ANALYSIS OF EPIDEMIOLOGICAL DATA

Calculation of Risk Reloted Doses {(RRDs): The epidemiolegicnl data on

the 23 chemicals in Table 3 vary greatly in formaot ond quolity. Three
distinct types of studies are represented: prospective cohort studies

{including clinicaol trials), cose-control studies, and (in the cose of



aflotoxin) o cross-sectional comparison of caoncer rotes ond levels of
exposure in different populations. Even within one of these cotegories,
the individual studies differ considerably with respect to such foctors
as duration of exposure, latency, and methods for reporting results.
Because of the wide variations in doto from the epidemiological studies,
o systematic, standardized method of recording the human dato {(like thot
developed for the bioussay dato base) is not considered feasible.
Instead, the epidemiologic data for each chemical is cons;dered as a
whole ond risk estimates are developed using general guidelines whose
purpose is to insure thaot, to the extent possible, the methodology 1)
can be employed with a minimol amount of datd, 2) makes best use of the
dato, and 3) ensures that risk estimates moade from data of differing

types and quality are comparable.

The mojority of epidemiological studies considered ore prospective
studies. The minimum amount of information required for on onalysis of
a pfospective study consists of a-single group with known cumulotive
dose (expressed in ppm-years, for example) and observed and expected
numbers of concers. Additional information on observed and expected
responses cotegorized by exposure group is cccommodoted whenever
availaoble and may provide better estimates of carcinogenic potency.
Using the linear dose response model for relative risk of RR « 1 + jd,
where d is cumulaotive dose, the potency paraometer § is estimated by
fitting this model to the epidemiologic data by the method of maximum
likelihood.. Comparable linear dose response approaches are applied to

cose control and cross-sectional epidemioleogicul studies.

The parometer f is used in conjunction with o life table anolysis that
employs U.S. sex- ond oge-specific mortality rates for tha'ccncar in
question to estimate the "extra risk" of death by cancer from o speci-
fizd human exposure paottern. Extra risk is defined as (P - Pg}/(1 - Pg),

where P is the lifetime probability of death from the cancer under

10



considerotion in the presence of the postuloted exposure and Py is the
background lifetime probabiiity in the absence of exposure. Extro risk
may be interpreted as the probobility of death from the cancer under
consideraotion, given thaot without the exposure death would have been due

to some other cause,

A constant daily expesure for 45 years beginning ot age 20 is used as
the reference humaon exposure pattern for the calculation of human risk.
This pattern is token os a compromise between the exposure potterns
found in most of the epidemiologicanl studies (which are of occupotion-
ally exposed cohorts for the most part), and constont lifetime exposure
beginning early in life that is typicaol of aonimal bicassays. The
endpoint estimoted is tﬁe doily dose rate in mg/kg/doy under this
exposure pattern thaot will produce an extro risk of 0.25. This doily
dose rate is colled a "risk relaoted dose™ (RRD). Since the extra risk
measured in most of the epidemiological studies is less than 0.25,
estimation of RRDs will generally require extropolation beyond the dose
ranges of the epidemiologicaol data. On the other hand, an extra risk of
0.25 can generally be measured directly in stchdord aonimal biouassays;
consequently, use of 0.25 as a reference risk should make the analysss
of the animal dota robust with respect to the dose response model
selected. The choice of a reference risk of 0.25 therefore represents a
compromise designed to minimize the extrapolation required beyond the

dose ond response ronges in the animol and human studies.

Exposures in the epidemiologically studied cohorts are frequently the
socurce of consideraoble uncertointy in the anaolyses. For example,
exposures in occupational cohorts are often measured infregquently and
those ﬁeasurements that are made are sometimes of uncertain relevonce to
exposures of specific workers. It is considered to be importont to

quantify this uncertointy, olthough such guontification is difficult.

The approach adopted is to estimote uncertainty foctors that represent

M



our impression of the uncertointy of the dose estimates for ony given
study. These factors are opplied to estimate ﬁpper ond 1ower’b0unds for
the exposures in the epideﬁiological studies. To promote uniformity in
determining these factors, fairly specific guidelines for their colcula-
tions were adopted g priori and followed consistently for each chemical.
A single investigator (B.A.) developed the bounds for each chemical aond
for each study. As additional studies were analyzed, the uncertainty
bounds derived earlier were reviewed and occosionally revised. To
_minimize the possibility of unintentional bias, all of the analyses of
the epidemiological dato were performed independently of the analyses of

the onimal dato.

The upper and lower bounds on exposures in the epidemiological cohorts
are applied, along with stutisti;ul confidence limit procedures, to
estimcte upper and lower bounds for f. These bounds are then translated
inte upper and lower bounds for the RRD. The analysis of each epidemio-
logical study therefore produced o best estimate RRD and corresponding
lower and upper bounds, RRD_ and RRDy, thot reflect both the statistical
uncertointy in the observed cancer responses in the epidemioleogical

studies and the uncertainty in the exposure levels.

In mony cases, more than one triple (RRD_, RRD, RRDy) for o chemicol is
available from the epidemioclogic literature, either becouse of more than
one study or more than one carcinogenic response analyzed. Rather than
combining results for different responses or from different studies, o
single triple is selected to represent the potency of a given chemical.
The triple that is selected is one that corresponds best with the
consensus of opinion cbout the carcinogenic effect of the chemical
determined from all the literoture reviewed. However, the results from
9 study or particulaor response in @ study ore not used if the dose-
response model provided a poor fit to the ‘date or if the study is deemed

to be morkedly inferior to other studies providing RRD estimates. 1In

12



the case of vinyl chloride, for example, @ liver concer response is
chosen since ongiﬁsarcomo of the liver is considered to be undeniably
linked to vinyl chloride exposure whereas respiratory cancer, another
endpoint analyzed, is not so clearly linked. Another example is
provided by isoniozid. Overall, the literature on isoniazid does not
conclusively demonstrate its carcinogenicity in humans let clone
indicote ony particulor site of oction. Hence, the response selected is
0ll malignant neoplasms, and, moreover, the triple chosen is one that
has an infinite upper bound {consistent with no carcinogenic sffect).

Figure 1 disploys the endpoints used to calculate human RRDs for each

¢chemical.

ANALYSIS OF ANIMAL DATA

Two approaches for comparing the results of bioossay onalyses to the
estimotes derived directly from the epidemiclogy were considered.

First, correlation analyses were used to determine if the human carcino-
genicity data ore correlated at all in a quantitotive sense with the
animal dota. These analyses involve the triples of RRDs derived from
the human data ond corresponding triples (RRDa_, RRDa, RRD,) obtained
from the animal dota. If the correlotion anolysis is positive, then it
is reasonable to ask if particular RRD estimates obtained from animal
data are good predictors of the results obtoined directly from epidemio-
logicol studies. At this stoge one caon olso examine the magnitude of
errors, 1.6. the uncertainty thot results from the use of ony predictor.
Both correlation ond prediction analyses require RRDS from animaol dota

that are similor to those obtained from the epidemiological data.

Calculation of RRDs from Animol Dota. For each corcinogenic response

coded from o study testing the chemicol of interest, a multistoge model

is fit to the dose-response data (4). The model is fit by an updoted

13



version of GLOBAL82 (4), a computer program that gives (enclogous to the
estimates derived from the epidemiological dota) maximum likelihood,
lower bound, and upper bound estimates for the. RRD corresponding to on
extra risk of 0.25. The reference risk of 0.25, which is directly
measurable in most animal bioossays, was selected in order to minimize
the dependence of the RRDs upon the particular dose response model

selected.

Alterngtive Analysis Methods for Animol Dota. Gools of the research

include examination of different risk analysis methods applied to animal
data to determine the'impact of various methods and which methods
produce the best ccrrelatioﬁs with the human dota. To accomplish these
gools, alternaotive methods of analysis are defined. A single method of
analysis is'detarmined by choosing an appreoach to each of the components
listed in Table 1. From the many tens of thousands of distinct cnalysis
methods that con be determined from Taoble 1, the 38 listed in Taoble &
were initially sélected for investigation. The gpprooches that make up
Analysis 0 cre indicated in Table 1. This onolysis is caiied the base
analysis aond is used as o reference of comparison. It wos defined so as
to resemble the procedure employed by the USEPA Carcinogen Assessment
Group; however, the computer-implemented opproach used in this study may
utilize different dats than thot which EPA would utilize and conse-
quently there will be differences between Analysis 0 and EPA's approach.
Table &4 indicates how the remaining initial 37 aonalyses differ from the

base anolysis.

Table S5 lists o supplementol group of onaolysis methods thaot were
suggested by results from the initial 38 anclyses. Anclyses 31 through
50 differ from Analysis 30 in only one éomponent. Analysis 30 differs
from Analysis 0 only in that mg/kg/day aore the units assumed to yield
equivolence between animals and humans, ond all routes of exposure are

considered.

14



Eoch of the analysis methods produce one or more triple of animal RRDs
(RRDAL, RRD, ., RRDAU) for edch_of the ¢hemicals for which the analysis
approach is possible, given the dato avoilable. [An analysis may not be
applicable to all chemicals; €.5. an analysis restricted to rat data
only {Analysis 11c) would not be opplicable to a chemical for which only
mouse dota ore ovailable.]l All of the (possibly many) triples derived
from ecch of the tumor responses for sach animal data set for eny chemi-

cal must be condensed into @ single such triple.

The first step in this condensation process is to assign one unique
triple to each eligible data set (i.e. each sex-, species-, ond study-
specific set of onimals used in o unique dose response study thot
satisfies the regquirements of the qnolysis). The triple that is
selected is the one with the smollest lower limit, RRDa . on RRD. This
triple is considered to be the one that is most reflective of the
carcinogenic potential of the chemical given the type of response that
is allowed in o paorticular anclysis method (¢f. components 7 and 8 of
Table 1). These data set-specific triples are then combined according
to the choices for components 8 - 11 (which relote to averaging of

results); lower limits are combined with other lower limits, upper

"limits with other upper limits, and maximum likelihood estimates with

maximum likelihood estimates.

The following rules govern thé averaging process:

1. Harmonic averages are used (the harmonic overage of two
numbers, x and y, is defined as 1/(1/x + 1/y)).

2. Averages are corried out sequentially over sex (within study
and specises), over study (within species), and, finally, over
species.

3. Averages over sex and over study ore weighted by the initial

number of animals, aond everages over species are unweighted.
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when averaging is corried out ot every level - over sex, study, and
species (Anclyses 12 through 24d) the averaging serves to define g
unique triple for each chemical. For the femuining analyses, the
collection of RRDs must be further condensed to obtain a unique triple

for each chemical.

For analyses in which no avercging is conducted (Analyses 0 - 8c and
25), two predictors from the lower boundé on RRDs ore selected: one, Ly,
by taking the minimum of the lower bound RRDs, and the other, Lzqg, by
taking the second quartile {median) of the lower bound RRDs, first within o
species, and then toking the median of the species-specific medians.
This approoch to computing medians is similar to the method of averaoging
described above, and is designed to insure thot different species
contribute equally to the RRDs. The moximum likelihood RRDs and upper
bound RRDs are similarly combined and consequently two different types
of triples are produced: (Lm, MLEy, Uy) and (Lag, MLEpq, Usg). For
.analyses in which only partial averaging is conducted (Analyses 9v411b),
the dpprooch taken c¢an be roughly described aos the same as thot just
described for the case of no averaging, except applied to those RRDs
remaining after the cppropricte averoging process is complete. Thus two
sets of triples from the animal data are produced for gll anolyses
‘except those for which averaging is carried out ot every level (Analyses
12 - 244d).

Data Sieve. In an effort to make the Animol Data Bose as complete as
possible, oll dotao satisfying the minimal criteria listed earlier are
ingluded. This results in there being daoto of highly varioble quality
in the datae base. 1In the analysis methods discussed thus far, no
account is taoken of the quality of the dato; data from poorer studies
(e.g. those using very few animals or observing the animols only for a

short period of time) gre treated the saome os data from studies of
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higher quality. To address this problem, a data sieve was designed such

that, when opplied, only higher quality dotc ore used in an anolysis.

The sieve is composed of two screens that can operate either seporately
or in tandem. The first, the significance screen, examines each dota
set for o stotistically significant (p < 0.05) increase in respoﬁses ot
any treatment group over thot in the control group by Fisher's exact
test, or for a statiétically significont dose—respénse trend by the
Cochran-Armitage test. If ot least one of the dota sets feor a chemicol
eligible for an anaolysis satisfies this condition, oll data sets for
that chemical not satisfying the condition are deleted from the
analysis. If no dato sets for a chemical satisfy the condition, then
none of the data sets for that chemical are deieted on the basis of the

significance screen,

The second screen, called the guality screen, screens on the basis of
the length of observation and the number of dosed onimals. Each dato
set is assigned a rank according to the scheme depicted in Table 6. All
data sets assigned a rank thaot is higher than the lowsest rank of any .
data set otherwise eligible for an analysis are excluded from the

analysis.

The sieve is applied to the data sets that would otherwise be eligible
for a particular analysis. When both screens are employed, the signifi-
cance screen is opplied first. The sieve is designed to select the best
dato sets pertaining to a chemical among those eligible for a particular
analysis, but not to be the basis for the exclusion of any chemical from
an onalysis. Note in this regard that there is no way that use of
either screen caon couse oll of the doto for o chemicol to be eliminoted

from an analysis,
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INVESTIGATION OF COMPONENT-SPECIFIC UNCERTAINTY

The importance of individual components and choices for those components
{listed in Table 1) to risk assessment cre investigated by constructing
histograms of the rotios RRDy/RRDzg of RRDs cbtained from animal doto
for the various chemicols, where RRD3p represents on RRD obtained from
Analysis 30, ond RRDy represents an RRD obtoined from an analysis that
differs from 30 with respect to aon gpproach to a single risk assessment
component, Specifically, x is allowed to range over Anclyses 31 to 50,
as each of these differ from Anclysis 30 only in the opprooch to a
'single component. Sincé human data are not required for this investi-
gation, doto for all 44 chemicclé represented in the dota base (Table 2)

are utilized. Only medicn lower bound predictors (Lzqs) are considerad.

Table 7 summarizes results of this analysis by presenting modes and
dispersion factors for the histograms. The dispersion faoctor is the
average foctor by which the rotios differ from the mods. A mode close
to 1.0 indicates that the single approach thot differs from that used in
Analysis 30 mokes little difference, on averoge, in the RRD obtained. A
large dispersion factor indicates thot the effect of the approach under

consideration is highly chemical-specific.

The'dispersion factors for Analyses 31 --34. which differ from
Analysis 30 only in the dose measure assumed for animal-human
equivolence, are all relotively small. This indicoates that changing
this dose measure has about the same effect os multiplying RRDs by a

fixed constant.
The modes associated with all of the other analyses fall in the interval

[0.8, 1.25]. This suggests that the change from Analysis 30 encompassed

in these analyses do not affect the RRD colculations much, on average.
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Analyses 45 - 47 eoch differ from Analysis 30 only in the manner in
which results from different studies are combined, and each is
associoted with o relatively small dispersion factor. This indicates
that the manner used to combine dota is relatively unimportont; all

approoches ceonsidered give roughly compaorable results.

The remaining analyses differ from Analysis 30 with respect to compo-
nents that relate to length of study (Analysis 37), length of dosing
(Anaolysis 38), exposure route {(Analyses 37 ond 38), tumor type to use
(Analyses 41 - &44), and species to use (Analyses 49 - 50). These
onolyses are osspcioted with larger dispersion foctors, suggesting thot
there is greater uncertaointy ossociated with these risk assessment
components. This suggests that further reseocrch related tc these

components could reduce the overoll uncertainty in risk assessment.

METHODS FOR COMPARISON OF ANIMAL AND HUMAN RESULTS

Correlaotion Anolysis. This analysis is intended to determine whether

RRDs derived from the animol dota (the animal results) are correlated
with those derived from the human daotac (the human results). The
analysis of the individucl epidemiological studies on each chemicaol have
produced a "best"™ estimate of the RRD corresponding to a cne-in-four
risk, RRDy, and upper and lower bounds on that dose, RRDy_ ond RRDyy.
respectively. The intervol [RRDy_ ., RRDyy] represents the range of RRDs
thot are in some sense consistent with the epidemiological data, taking
into account daota uncertainty and statisticol vcriobilitvi A similar
interval is required from the animal doto to compare with that derived
from the human data. The interval selected for this comporison is [qu.
U2gql, the medians of the lower and upper bounds on the RRDs estimated

Jfrcm the animol dota.
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A stotistical test was conducted for eoch of the selected methods of
bioossoy enolysis to determine if the RRDs estimated from onimal data
were significontly correlated with those estimated from human ddta.
Specifically, the test determined whether the intervals defined by the
upper and lower bounds for the humon RRDs were significontly correlaoted
with the corresponding intervals calculated from the aonimal data. A
generalization of Spearman's rho stotistic (5) was used that applies to
. intervals rather thaon individuol points. 1In this stotistic, the inter-
val for one chemical was considered to rank higher thaon thot for a
second chemical if both the lower and upper bounds of the first interval
were larger than the respective bounds for the second interval. The
statistical significance of a particular analysis was evaluated by
randemly reassigning the human intervals to chemicols while keeping the
animal intervols ossigned to the correct chemicals {o permutotion test).
The p-value of the stotistical test represents the probability thot,
given the animocl ond humaon intervals calculoted, o correlation as large

or larger than thaot observed could have occurred by a random assignment

of these intervals to chemicals.

Prediction Analysis. If the correlotion onolysis just discussed finds a

positive correlotion between the gnimal cnd humaon RRDs, it is reasonable
to determine which particulor estimates derived from the animal data
best predict the results obtained directly from the epidemiclogicol
data, ond to determine how well these estimates predict the animal
results. The prediction onalysis therefore selects a single estimator
from the bioassay results as the estimate of RRD for each chemical.

Four types of estimotes are investigoted: the minimum ond medion of the
lower bound estimates (Lm ond Lzq) and the minimum cond medion of the

maximum likelihood estimates {MLEpm ond MLE2q).
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The humaon estimaotes are not distilled to a single point, but raother the
best estimate, RRDy, ond the interval [RRDHL, RRDyyl] ore used to
evaluote the predicters. In these evaluotions, o stroight line with
unit slope is fit to the base ten leogorithmic transform of predictor
{animal ) RRDs and the-human RRDs. Plots of these fits ore produced with
the humon volues plotted vertically ond the predictors derived from the
animal dota plotted on the horizontal axis. The unit slope insures that
the relationship estimated on the basis of the logarithmic traonsformed
data is o linear relationship on the baosis of the untransformed dotao.
Such o relationship is equivaolent to assuming that RRDs estimated from

animal data are a constont multiple of the RRDs estimated from human

datao.

The line fitting waos accomplished by minimizing a loss function calcu-
lated on the basis of the animal ond human RRDs, the straight line, and
a loss function. Three types of loss functions are considered. The
simplest, called DISTANCEZ, is the squored verticol distance (on the log
scale) from the interval [RRDyL, RRDyyl pletted on the vertical axis to
the prediction line. If the prediction line posses through this
interval the ioss is token to be zero. This loss function has. two
potential drawbacks: 1) it makes use only of the endpoints of the
interval and does not taoke into account the best estimate, RRDy: 2) it
cannot be applied when the predictor RRDs can be infinite, os is the
case whan MLEy ond MLEsg ore used os the predictors. Becouse of these
drowbacks, and to evoluate how robust our conclusions are to our choice
of loss function, two additional loss functions, CAUCHY- and TANH are

defined.
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RESULTS OF ANIMAL AND HUMAN COMPARISONS
CORRELATION ANALYSES

Table 8 contains the correlotion coefficients and their ossociated
p-values corresponding to each of the initiaol 38 methods of anclyzing
the bicassay doto studied. Figures 2 through 8 contain grophs of
selected analyses. This summary reports only results from analyses that
cpplied the data sievée described earlier, Use of the sieve gove a
higﬁer correlation in 28 of the 38 analyses and in each of the 10

exceptions the reduction in the correlation was marginol.

The results in Table B provide a strong indication of a positive corre-
lation between the animol and human RRD estimotes. Thirty-five of the
38 cnalyses had o p-volue less than 0.05, indicoting o stotisticolly
significant positive correlation between the animal and human RRDs.
Fifteen of the anaolyses had o p-value of 0.0001 or smoller, including
the Baose Case anolysis which attempts to mimic the analysis method used
by the USEPA. Not only are the correlation coefficients stotistically
significaontly positive, but they are sizable in an cbsolute sense as

well. Twenty-six of the anolyses yield a correlation coefficient larger

than 0.7.

Given these results, it is highly unlikely that these correlations are
due to chance. It is also highly unlikely that they ore due to bias in
the methods empleoyed. Unlike the eorlier study by the Nationol Academy
of Sciences (§). this study wos not limited to chemicels thot were
unequivocally carcinogenic in both onimals and humans:; thus this
potentiol source of bios was avoided. All cnimal analyses were
conducted using o computer program thot avoided chemical-specific
decictions by on investigator that might perhaps uncoﬁsciously be biosed

towards improving the correlaotions. Although the onolysés of the humgn
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dato did require judgements involving individual chemicols, these
judgements were made blind, without knowledge of the outcome of the
animaol analyses. Thus, by any reasonable stondard, the animal RRDs are
substanticlly correloted with the humon RRDs. This correlotion is very
important because it demonstrotes that it is scientifically feasible to

estimate humon risk from animal data.

Discussed below are highlights of the correlotion analysis results as

'they relate to specific individuaol or groups of anclyses.

Analyses that Averoge Over Sex, Study, and Species (Anolyses 12-24d).

Analyses thaot average response at all levels generally did not perform
os well as comporable analyses that did not avernge. Analyses thaot do
not average at every level utilize the mediaon of the individual animol
RRDs. This result suggests that median RRDs from animal data correlate
better with human dato thon overage RRDs. However, the differences
between the correlations in analyses thot averoge and comparable

analyses thot utilize medion RRDs is small in many caoses.

Analyses that Use Daota From Longer Studies or That Dose for Longer

Periods {Anclyses 1, 2, 13). These onolyses generally perform more
poeorly than comparable analyses that are not so limited (Analyses 0,12).
This result is somewhat surprising. It suggests thaot the timing of the
dose is of secondary importaonce t¢ the omount of the dose, ot leost when
dose is averaged over the length of the éxperiment as it is in this

study.

Anclyses thot Uss the Saome Exposure Route or Tumor Response as the Human

Dota (Anolysés 30, Bc, 25). Anolysis 3a that uses the some exposure

route as humans and 8c that involves a tumor response that is seen in
humans both provide somewhat peorer results than Anolysis 0 that does

not moke these restriction. On the other hand, Anaolysis 25 that uses
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both the scme route and response gs in humons has a somewhot larger
correlation than Analysis 0. These mixed results suggest thot, given
the uncertainties in the present study with respect to the human RRDs,
it doss not appear necessary to base a risk ossessﬁent on a lesion known
te result in humans from exposure to the chemical in question.
Similarly, it does not aoppear to be essentiol to limit animol dato to

experiments employing the some route of exposure as humans experience.

Analyses Based on Only Malignant Tumors {(Anolyses 7, 14). These

analyses provide essentially the same correlations as their counterparts
(Analyses 0 ond 12) that use both benign and molignont tumors, despite
the fact thaot the human results are for maglignant tumors exclusively.
This suggests that there is no clearcut choice between use of malignant
tumors only and use of both benign and molignant in risk gssessment and

that reasonable risk assessment methods could be based upon either

approach.

Analyses Restricted to Specific Species {Anolyses 11b, 11¢, 11d).

Analysis 11b that averoges results from mice ond rats provides essen-
tiolly the same correlatieon as Anolysis 11o that averoges results from
all species. This may be o reflection thot the vast majority of the
dota in the Animal Dato Base is from either mouse or rat studies (cf,
Table 2). RRDs from rat studies {Analyses 11¢), mouse studies (Analyses
11d), and both mouse and rat studies (11@) give nearly identical

results.

Choice of Dose Units (Anclyses 4o, 4b, 4¢, 4d, 240, 24b, 24¢, 24d).

Selection of dose units for assumed enimal-human equivalence has very

little effect upon the correlotions; this is expected because relatively
fow studies in the Animal Doto Baose include study-specific dota on body
weight, food consumption, and other variables thaot offect calculation of

the dose measure. However, this choice can haove a major effect upon the
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actual extraopclated human estimates derived from animal daota. This
important issue will be explored in connection with the prediction

analyses in the next section.

Identification of Anolyses Yielding Higher Correlations. Analysis 3b

(Figure 3) yields the highest correlation, p = 0.90. Interestingly,
this anaolysis is the leost_restrictive of oll, being the only one thaot
involves instillation, injection, and implantation studies as well as
the more standord govage, inholation, ond oral studies. This analysis
was the only one thot included chlorambucil, chromium, ond melphaolan,
since dota from experiments using the standard routes of exposure were
not available for these chemicals. The correlotion aonalysis was
repected for Anaclysis 3b with these three chemicols omitted tc determine
if the high”correlution is reldted to the addition of these chemicals to
‘the anolysis, The resulting correlotion was 0,88, which is very close
to the original value, p = 0.90, ond is still notably better than the

correlotion obtained from any other anolysis.

Aside from Analysis 3b, no other anolysis stands out from the others.
The next highest correlotion is 0.81 (Analysis 25) and another 16
anclyses yield correlaotions between 0.76 ond 0.81. The higher
correlation obtained from Analysis 3b which employs routes of exposure
not normally used for risk ossessment suggests that inclusion of these
routes may allow improved estimotes for some human carcinogens that, for
some reoson, cre not easily shown to be carcinogenic in animals via
roﬁtes threugh which humans are normally exposed. Further invéstigotion

of this issus maoy be warranted.
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PREDICTION ANALYSES

In the predicticon gnalyses o single RRD estimated from the animel dota
is used to predict the RRDs obtained from the human dota. The fidelity
of the prediction is measured by three loss functions: DISTANCEZ,
CAUCHY, AND TANH. Thus, whereas the correlation cnalyses consider only
whether higher ranked animal RRDs are associoted with higher ranked
humon RRDs, the prediction anolyses examines the ability of the cnimol
bioossays to predict human risk. It olso includes on examinction of the
magnitude of the errors resulting in prediction of human RRDs from

animal RRDs.

As in the correlation analysis, the use of the sieve to screen the data
appears to be oﬁpropriute ond useful. This is particulorly true when
predicters other than the lower bound median, Lpg, are used. While
agpplication of the sieve increosed average loss for some anglysis
methods when Lsg was the predictor used, this coan probably be ldrggly
attributed to cdnfounding ossociated with use of the sieve ond to random
foctors. It is concluded that definition ond applicotion of some data
screening procedure that eliminates from considerotion experiments of
lesser quality should accompany assessments of risk that depend on

animaol data,

Evaluation of Animal to Human Conversion Methods. Heretofore, animol-

tofhumun extrapolation has generally been conducted by assuming that
equal doses will produce the same lifetime risks in animals and humans
when both animal and human doses are measured in the some particular
units. The dose units studied in this report (mg/kg body weight/day,
mg/m2 surface area/day, ppm in air or water, and mg/kg body
weight/lifetime) have all been applied in the past. Becouse of
differences betwéen animals and humans in body weights, life spans,

etc., use of different units will produce different estimates of human
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risk. There is limited scientific support for use of ony porticular
dose units (7). However, results from the present study can be used to
empirically evaluate these different conversion dppronches. Specifi-
cally the "conversion factor™ 10¢, where ¢ is the y-intercept from the
best fitting line on the log-log plots of humon and animol RRDs, is an
estimote of the amount the RRDs obtained from the animal data would hove
to be multiplied by in order to agree, on average, with the RRDs
obtained from the humon dato. A conversion factor laorger than 1
indicotes that the RRDs obtained from animal data tend to underestimate

those obtained from human dota and vice-versa.

Table 9 contains these conversion factors for two loss functions
(CAUCHY AND TANH) and for three different sets of analyses chosen such
that the analyses within o set differ only with respect to the dose
units assumed to yield equivalence betwseen animals and humans. These '
sets are (0,4a,4b,4¢c,4d), {12,24a,24b,24¢,24d)}, and {31,30,32,33,34).
This table indicotes thaot use of the mg/kg/lifetime dose measure leads
to overestimation of the humon risk, for all analysis methods
considered, by estimoted focters ranging from 10 to 150. Similorly,
use of mg/m2 surface area/day also lecds to overestimaotion of risk, by
factors ranging from 1.6 to 12. This is significant becouse this is the
dose meosure generally used by EPA to estimate human risk. Actually,
the extent of overestimation by EPA may be grecater that indicated ‘in
this table (cf. Table 10); EPA's anolysis method generaolly uses
additional conservative assumptions (such ds taking the‘cnimul data
indicative of the highest risk rother that using medions or averoging
over studies) not cpplied in the analysis methods listed in Table 9.
{However it should be kept in mind that none of the analyses methods

studied will faithfully reproduce EPA's risk assessment results.)

Table 9 indicates that the dose measure mg/kg/day provides more neocrly

unbiosed estimates of human risk when the most cppropricte aonalysis
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method os determined in the prediction anolysis (i.e. method 30) is
used. Interestingly, this measure aolso generally provided about the
smallest loss among the five dose measures, although the differences in

loss were small, os expected.

There is no obvious @ priori reason why ony perticular dose measure is
the "correct™ one to use for animal-to-human conversions. Results from
the present study can be used empiricolly to determine appropriacte
conversion methods. Specificolly, multiplicotion of the animal RRD by
the conversion faoctor, 10°..provides an estimate of the human RRD in
which the bics due to systematic differences in animal and human risk
estimates found in this study hove been eliminated. With this oppreoach,
the dose units can be selected on the basis of those thot, aleng with
other facets of an analysis, produced the best correlations between
onimals and humans {or smollest losses). Application of the correction -
factor 10€ eliminates the bios ossociated with any method by corﬁecting
for any overestimation or underestimation produced, on coverage, by thot

method.

Predictors. Of the four types of predictors investigaoted {Lm. L2q.
MLEp, MLEQQ). the lower bound median is clearly superior to the others.
This is the indicated by all three loss functions used. Consider the
twenty anolyses 0-11d (ef. Table 4)}. With DISTANCEZ loss, L2g gave a
smaller loss than Ly in every cose (MLEyw and MLEpg are not considered
with this less function); with TANH loss, Lpq gave o smaller loss than
the other three types of predictors in 18 analyses; with CAUCHY loss,
L2q gove @ smaller loss thon the other three types of predictors in 15

analyses.

The superiority of Lpg over the predictors based on maximum likelihood
estimotes may be related to the foct that small changes in the binassay

date can result in sizable changes in MLE estimates of RRDs. This
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suggests that the large-sample theoretical properties of MLEs (such as
consistency and asymptotic efficiency) are not operative to any
practical extent in this situction, given the usunl sample sizes
encountered in biocassoys. The lack of staobility of the MLEs is even more
of a problem when extrapolating to low dose or low risk. Regulotory
agencies hove in the post relied more heavily on lower bound RRDs than

on maximum likelihood estimates, mainly in the interest of being
protective of human health. This study provides additioncl support for
thaot policy since the lower bound median is, in fact, o better predictor
of humaon risk estimotes thon are the MLE predictors (in the sense of

providing smoller 10ss).

Comparison of Analysis Methods. Given thot the superiority of Lzg over

the other predictors has been established, it is desirable to identify
which analysis methods based upen this predictor provide the best
estimates. This taosk is complicoted by the foct that three different
loss functions have been defined, and these do not agree completely with
respect to the anolysis yielding smallest loss. Moreover, it seems
unlikely that there would exist o single "best™ method. Consequently,
we hove identified o small set of analysis methods that perform

relotively well with respect to oll three loss functiens.

Several such analysis methods, along with others that are of genercl
interest are listed in Table 10. All of the results in this table cre
from applying the Lzg estimotor, except in the one case noted on the
table. The "incremental normolized loss®™ presented in this table is o
summory loss measure synthesized from all three loss functions. For
each loss function separately, it is possible to determins for a
particulor analysis the amount of odditionci loss over the minimum
contributed by that onalysis. The sum of these odditionol losses over
the three loss functions defines the total incremental normalized loss.

The "conversion factors™ listed in Table 10 are the average factors,
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10, by which RRDs obtained from the animal data would have to be .
multiplied by in order to agree, on overage, with the RRDs obtaoined from
the human data; these foctors were discussed in on eorlier section. The
last column in Table 10 contains values of the residual error, which
represents the average distance on o log-log plot from the intervol
defined by the human RRDs to the line thot fits best, given the onimaol
RRD predictors and the intervals determined by the human RRDs. This
residual error represents roughly the averoge multiplicative error in
estimating the human RRDs from the animal data that is not explainaoble
by the uncertaointy in the human RRDs {this uncertointy being expressed
by the intervols [RRD_, RRD_y] estimated from the human data). The

residunl error is in essence on additional expression of loss.

The Bose Anolysis (Anolysis 0) employing the minimol lower bound
estimator, Ly (second row of Table 10) hos both the largest normalized
loss and the largest residual error. Moreover, RRDs derived from this
analysis underestimote the humen RRDs on averoge by a factor of 12. By
0ll standards, this method is the poorest of those listed. This method
is aolso perhops most like thot presently employed by EPA. Modificotion
of this method by using the medion lower bound estimator, L2q., rother
than Ly, os represented in the first row of Table 10, provides an
improvement in terms of normolized loss, residual error, and requiring a
smoller conversion foctor. These results illustrote further the finding
discussed earlier that analysis methods that use median lower bound RRDs
as estimators provide smaller losses than anolysis methods that use

minimum estimates.

Use of malignant tumors only, rot dota only, or mice data only
(Analyses 7, 11c¢c, and 11d, respectively) did not provide clear improve-
ments cver estimates that included dota on nonmalignant tumors and data

from different species.
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Analyses 30, 31, 43, 45, ond 47 are presented as a group of analyses
that generslly perform well. All eof these snalyses use the mg/kg/day
method of extrapoloting‘from animals to humans (except 31, which
utilizes the mg/mzjday method), and all include routes of exposure-
(instillation, injection, and implantotion) not nermally used in
quantitotive risk assessment. Analyses'BO. 45, and 47 differ only in
the way RRDs are combined'und give fairly compaorable results; Analysis
45 which averages RRDs from different sexes in the same study, might be
considered to perform the best overall, as it has both the smallest
normalized loss and'residuol‘uncertuinty. This analysis also had the
‘1urgast correlation {0.91) of those in Table 10. Anaolysis 43 employs a
different ;urcinogenic sndpoint than the others, naomely total tumor-
bearing unimals.l Although this.onclysis has a small normalized loss,

its residual uncertainty factor is 40% larger than any from Analyses 30,

45 and 47.

Options for Presenting o Ronge of Risk Estimotes. Guidelines are -

provided for presenting a range of risk estimates for o risk ossessment
besed on Analyses 30, 31, 43, 45, and 47. Three options cre considered.
The first entails selecting, o priori, one method from the recommended
set. The results of thaot methed, including the uncertainty quontified
by the residual uncertaointy factor, are tocken as the representative
range of risk estimates. The second option uses all the methods. The
range it produces includes any value that could be obtained from ony one
or mere of the methods, and so can be considered to give the maximum
range consistent with the recommended set. Although the third option
also considers cll methods in the recommended set;'it summarizes the
resﬁlfs by the smollest range of estimotes that is consistent with the
predictions of all the onalyses. As with the first option, the last two
incorporate the residunl uncertainty factors toc define the ronges of

estimotes.
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DISCUSSION
GENERAL CONSIDERATIONS

The animal dota base unq the methods used in this study provide o useful
basis for evoluating quontitotive risk ossessment. Their use in the
present context has demonstroted the strong positive corrslation between
the animol and human risk estimates and hence relevance of animal
carcinegenicity experiments to human risk estimagtien. Moreover, it has
been possible to identify methods of unulysis of the bioossaoy dota,
inecluding the choice of the median lower bound predictor, that
satisfoctorily predict risk-related doses in humans. Application of

- these methods has led to suggested guidelines concerning the prediction
of human risks and the presentation of ranges of estimotes incorporating

the relevant uncertainties.

There are, however, certain features of this investigotion thot should be

borne in mind when evoluoting the results of this study. These are

summarized below.

¢ A risk level of 0.25 is used throughout.

¢« The bioossay daota is rather crude in severol respects. We have
oglready referred to the dato deficiencies and their impoct on
the ability to perform soms onalyses.

s+ The epidemiclogical data is of varioble quality. Some degree of
subjectivity is inheren; in the estimates of uncertainty
associoted with the epidemiological RRDs.

+ Different forms {complexes) of some chemicals were grouped
together.

s Other approoches to the components could be defined and

investigated.
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e The three loss functions employed in the prediction onalysis
lock an underlying staotistical development and so have been used
merely to rank the anolysis methods.

s Many other onalysis metheds could be investigated.

DIRECTIONS FOR FUTURE RESEARCH

In the course of the previous discussion, several proposed extensions of
this project have been mentioned. Several fall under the heading of
sensitivity anolyses of the results already cocbtained. These include
investigation of the robustness of the results to reasocnable alternative
cheoices for the epidemiclogical estimotes; examinution of other means to
analyze bioossay data, including time-to-tumor cnalyses; and
investigotion of the effect of using lower levels of risk, soy 10‘5.
which are of direct regulatory concern. A detailed statisticol
development of the loss functions used here (or a general development
for certoin classes of loss functions) might be of generaol interest.

The data that is availeble from this project could prévide an
interesting and pertinent exacmple to which that development cculd apply.
Also discussed in connection with component-specific uncertainty are
efforts directed at reducing or explaining that uncertainty. The
greatest uncertointies are reloted to the components specifying how to
handle experiments of different lengths of dosing, routes of exposure,
or test speciss and specifying the carcinogenic responses to use. Mony
aspects of these components and their uncertointies can be oddressed in
an investigotion of pharmacokinetiecs. The data base contains detailed
data on the timing ond intensity of exposure for eoch bicassay, sO @
pharmacokinetic study, which requires such. information, is entirely

feosible with the currently collected dota. Two specific proposals are

discussed hers.
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Risk estimates incorporating pharmacokinetic dotao could . be used to
determine appropriate surrogote doses. It is sometimes assumed that a
given dose megsured as averoge concentration of the active metabolite at
the torget tissue will produce the same risk in aonimols and huhuns.
However, given the many diffefences between animals and humans (size,
life span, and metabolic rates, to mention o few), it is not clear
which, if any, surrogote dose is the most appropriaote. This issue is
similar tec that of choice of the most oppropriate surrogate dose measure
for animal to human extrapolation (e.g. mg/kg/day versus mg/mZ/day)
Eonsidered in this study ond can be studied in o similor manner. Risk
estimates using phaormocokinetic doto could be used to aetermine
empirically the most appropriate surrogate dose. Even tﬁough the range
of RRDs consistent with the human doto generally cover a range of an
order of magnitude or greater, the potential surrogote doses cover an
even wider ronge. Just os the present study indicates thot certain dese
measures appear to predict human results well in conjunction with
oppropriate choices for other risk assessment components, a Sstudy using
pharmucokinetié data should allow similarvconclusions regarding the
surrogate dose. A preliminaory investigation indicotes thot possibly 16
of the 23 chemicals with suitoble humon data used in this study might
also have dato that would support o risk aossessment thot incorporotes

pharmacokinetic data.

A second potentially useful investigation incorporaoting pharmacckinetic
‘data involves using the dota in the dota base on different routes of
exposure to study the bsst means of extrapolating from route to route in
animal studies, Risk gssessment methods, including the ones éxumined in
this study, often assume a given dose rate involves the sams risk,
regardless of route. This cleorly is a gross oversimplification. The
animal dato collected for this stﬁdy contains numercus examples of

corcinogenicity studiss on the same chemical and animol species, but for
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which exposure is through different routes. Those studies could be used
to determine how pharmacokinetic data could best be applied to perform
route-to-route extropolotion. Since human dato would not be essential
in these investigations, our totcl dota base that encomposses 44 |

chemicaols could be used.

The question of different chemical classes and the consistency thot may
be opparent within any of the closses is deserving of further study. It
would be reascnable to couple this work with pharmacckinetic methods.
In the present dota baose, several claosses are represented. However, the
number within any particulor class is somewhat limited. An expanded

data base may be necessary for a thorough investigation.

In foct, one desirable goal in and of itself, but one that would enhance
the prospects for successful completion of these other proposals, is the
maintenance aond updoting of the biocassay data base. All aspects of
this, including occumulotioﬁ of more data sets for the chemicals olreody
included and addition of more substonces, may be necessary. Some
revamping of the dota ceoding format may also make future analyses easier
and more accurate. Especially for pharmocokinetic studies, for

instance, dose potterns could be recorded on o daily rother than weekly

basis.

As a counterport to the bicassoy doto bose enhancement, updating and
augmenting the epidemiologicul doto is essentiaol. Since the
epidemiological data (in particular, dota on exppsure) is the single
most limiting foctor preventing use of humon dota, any hope of
increasing the size of the somple of chemicals useful in estimating
conversion foctors and residual uncertointy must be based on an effort
to acquire such data. For those chemicals alreody onalyzed, more _
specific exposure doto would reduce the uncertainty bounds surrounding

-epidemiological RRD estimates and refine our estimates. As is the cose
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with the bicassay dota, much of the limitotion or uncertainty is solely

o motter of inodequate reporting of data.

It should be noted in passing that the methods and portions of the
computer programs developed and cpplied in this project moy be useful in
other contexts. Of particulor interest is a study of other types of
heaolth effects, e.g. reproductive sffects. fhe investigation of these
issues could include determinations of uncertainty os well as
identification of the most appropricte methods. VOther projects,
including investigation of other types of extraopolotions, e.g. from one
temporal dosing pgottern to onother or from rots to mice, could also be

facilitoted by use of the dato base, methods, ond progroms developed in

the present work.

Finally, one would like to investigate cancer risk assessment methods
appropriate when dota cveoilable to a particular assessment are limited.
We have mentioned this problem in connecticen with component-specific
uncertainty (i.e. noting thot confounding like that affecting those
uncertainty calculotions will often be present in any given risk
onalysis setting) and in connection with the set of recommended biocassay
onolysis methods. In the lotter instance, it was pointed out that eonch
analysis in the recommended set, save for Analysis 17, is capoble of
being applied to any data base but that data limitations due to
incomplete data presentation may entail that Anclyses 20 ond 43 ore not
possible. The remaining cnolyses (30, 31, 45, and 47) can be performed
ne matter whot the dato set coﬁtuins, but they may be seriously affected

by the extent and noture of the contents.

Consequently, the following investigotion is proposed as a means of
studying the effects of the limitotions on the data for any chemical of
interest and of determining how best to extropolate risks to humans.

Pick the doto in the datao base that most nearly matches the dota for the
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chemicnl‘in question. The matching moy be baosed on species, routes of
exposure, and quolity of the data. Moreover, one may wish to restrict
ottention to chemicals that ore in the scme closs of the substance of
interest. Suppose, for example, @ velaotile orgenic chemical is under
investigation ond thgt the only dota aovailaoble ore from raot inholation
studies. Then, the proposed procedure would first select rot inhalation
bioassays conducted using appropriate chemicols (i.e., perhaops limited
to volatile organics). The components of risk assessment not fixed by
the selection could be varied and the method that works best with the
selectsd dato would be the bosis for extropolating to humans risks due
to the chemical in question. Since we also have o recommended set
consisting of methods that appear to perform well for thes dotc and
chemicals considered as o whole, the risks estimoted on thot bosis (i.s.
using the recommended set) would be availeble for comparison. These
estimates reveal what would hoppen if other species, other routes, ond
other chemicols are included. The relaticnship betwesn the estimaotes
obtained by the two approacches would suggest a genergl type of
uncertointy ottributoble to use of o limited doto base {in this excﬁple,
rat inhalotion studies), A pilot study could investigote the

feasibility of such o chemicol-specific approoch to risk ossessment.
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Toble 1

APPROACHES TO RISK ASSESSMENT COMPONENTS

Length of experiment

a. Use dota from any experiment but correct for short observation
periocds.

b. Use dato from experiments which last no less than S0% of the
standard experiment length of the test animal.

Length of dosing

g. Use dota from any experiment, regardless of exposure duration.

b. Use dota from experiments that expose animals to the test '
chemical no less than 80% of the stondard experiment length.

Route of exposure
a. Use data from experiments for which route of exposure is most
similar to thot encountered by humans.

b Use data from any experiment, regaordless of route of exposure.
€. Use data from experiments that exposed animals by gavage, inho-
lotion, ony oral route, or by the route most similor to that

encountered by humans.

Units of dose assumed to give human-ocnimal equivalence
mg/kg body wt/day.

ppm in diet.

ppm in air.

mg/kg body wt/lifetime.

mg/m2 surface area/day.

|paoca

Calculaotion of aoveroge dose

o. Doses expressed as average dose up to termination of experiment.

b. Doses expressed as average dose over the first 80% of the
experiment. '

Animals to use in analysis
©. Use gll animals examined for the particular tumor type.

b. Use onimols surviving just prior to discovery of the first
tumor of the type chosen.

Malignancy stotus to consider
a. Consider malignant tumors only.
b. Consider both benign and malignant tumors.

Tumor type to use

Use combinotion of tumor types with 51gn1f1cnnt dose-response.
Use totol tumor-bearing animals.

Use response thaot occurs in humans.

Use ony individual response.

|pooa
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Table 1 (continued)

APPROACHES TO RISK ASSESSMENT COMPONENTS

9. Combining data from males and females
a. Use data from eoch sex within o study sepaorately.
b. Averoge the results of different sexes within o study.

10. Combining data from different studies
a. Consider every study within o species separately.
b. Average the results of different studies within a species.

11. Combining dota from different species
a. Averoge results from all avoiloble species.
b. Average results from mice and rots.
¢. Use dota from a single, preselected species.
d. Use all species sepcrately.

NOTE: JUnderlines indicate approach used in baose onolysis {Analysis 0).
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Table 2

SUMMARY OF ANIMAL DATA BY CHEMICAL

No. Reviewed

Number of Data Sets Coded in Animal Database

Data Oral Gavage Inhalotion Qther )

Chemical Studies9 SetsO RO mP b R M 0 R M o0 R M 0 Total
Acrylonitrile 10 19 9 0 0 4 0 0 6 0 0 0 0 0 19
Aflatoxin 62 86 23 0 3 3 1 0 0 1 0 0 2 0 33
Allyl Chloride 2 6 2 2 0 0 0 0 0 0 0 0 0 0 4
4-Aminobiphenyl a8 a o 2 o0 o o o 0 0 0 o 0 o 2
Arsenic 16 33 7 2 1] 0 (o} [} o o0 0 5 2 1 17
Asbestos 39 84 1 0 8 0 0 0 1 0 9 17 0 8 64
Benzene 13 26 0 0 0 6 2 0 2 4 0 0 1 0 15
Benzidine 8 10 0 0 0 1 0 0 0 0 0 1 1 0 3
Benzo[a]pyrene 42 51 0 0 0 ] 2 0 0 0 0 3 2 6 14
Cadmium 26 30 3 0 0 1 1 0 1 0 0 1 1 0 8
Carbon Tetrochloride 8 21 o o0 o0 2 4 0 c 0 o o 0 0 6
Chlorambucil 3 6 0 0 0 0 0 0 o 0 0 1] 1 0 1
Chlordane 3 8 2 6 0 0 0 0 Y 0 0 0 0 0 8
Chloroform 12 3 1 1 2 3 13 1) 0 1] 0 a 0 0 20
Chromium 12 16 1 0 0 0 o 0 -0 0 v} 6 1 ) 8
Cigorette Smoke 37 41 0 3 0 0 0 0 3 0 1 1 0 1 9
3,3-Dichlorobenzidene 6 ] 4 0 1 (4] 0 0 0 0 0 0 0 0 5
1,2-Dichloroethane 5 14 0 0 0 2 2 0 2 2 0 o 0 0 8
Dichloromethane 6 14 2 2 0 0 0 0 6 2 0 0o 0 o 12
Diethylstilbestrol 61 81 0 2 0 0 (4] 0 0 0 0 2 9 3 16
.Diphenylhydrazine 2 2 o 0 o0 0 o 0 0 0 0 1 o o 1
Epichlorohydrin 7 7 1 0 o 0 0 0 2 0 0 0 0 0 3
Estrogen 24 34 1 0 0 0 0 0 0 0 0 0 0 1 2
Ethylene Dibromide 7 19 0 0 o 2 2 0 4 2 0 0 0 0 10
Ethylene Oxide 10 15 o 0 0 1 0 0 9 0 0 o o0 O 10
Formaldehyde 9 15 0 0 0 0 0 0 5 4 1 0 0 0 10
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Table 2 (continued)

SUMMARY OF ANIMAL DATA BY CHEMICAL

No. Reviewed Number of Data Sets Coded in Animal Database
Data Oral Gavage Inholation Other
Chemical Studies? Sets? RO MP ob R M 0 R M 0 R M 0 Total
Hexachloraobenzenea 4 7 2 2 2 0 0 0 0 0 4] 0 0 0 6
Hydrazine 15 31 o 7 0 4 8 o0 o o0 0 a 0 0 19
Isoniazid 23 66 4 17 4 0 n 0 0 0 0 0 4 0 40
Lead 22 33 9 2 2 0 0 0 0 0 0 0 1 1 15
Melpholan 4 7 o o0 o0 0o 0o 0 0 ¢ o o0 1 0 1
Methotrexate 9 16 o 2 2 0 0 0 ¢} 0 0 2 0 0 6
Mustard Gas 2 [ + 0 0 0 0 0 0 0 0 0 4 i) 4
2-Naphthylomine 23 37 1 1 9 1 4 1 0 0 1] 0 4 0 21
Nickel 37 77 0 0 1 0 1) 0 ] 0 1] 20 1 1 28
Nitrilotriocetic Acid 7 18 9 6 0 0 0 ] 0 0 1] o 0 0 15
Phenacetin 13 21 5 6 0 1 0 0 0 0 0 (1] 0 0 12
Polychlorinated 9 12 3 3 0 o o o0 o o 90 o 0 o 6
Biphenyls :
Reserpine 2 6 2 20 0 o0 o 0 o o 0 o 4
Saccharin 19 27 14 1 1 0 0 0 0 0 a 2 0 18
2,3,7,8-Tetrachloro- " 19 3 0 0 2 3 0 0 0 0 o 2 0 10
dibenzo-p-Dioxin
Tetrochloroethylene 5 14 0 0 c 2 2 (i 2 2 0 0 0 0 8
Toxaphene 1 4 2 2 0 0 o o 0 0 0 0 0 0 n
Trichloroethylene 39 34 0 v} 0 4 8 0 3 3 2 0 2 1] 22
2,4,6-Trichlorophenol 1 4 2 2 o 0 0 0 0 0 1) 0 0 0 4
Vinyl Chloride 35 65 4 0 0 4 0 0 23 20 1 4 o o 56
Vinylidene Chloride 17 46 2 0 0 3 2 ] 10 15 ] ] (4] 0 32
TOTAL 736 1233 119 73 35 47 65 1 94 55 14 63 4t 32 631

OA study is generolly comprised of oll information contained

simple chemicaol.

DR = rot; M = mouse;

0

A data set generally comprises all of the
sex and species to animals via a common protocol in a study.
= other species.

in o single primary reference on a
dose response data from a given



Table 3

CHEMICALS FCR WHICH MINIMAL HUMAN AND ANIMAL
DATA EXIST FOR QUANTIFYING CARCINOGENIC POTENCY

Evidence for Carcinogenicity
{IARC claossification scheme)

Chemical Used In Humans In Animals
Aflatoxin (AF) F Limited Sufficient
Arsenic (AS) IcC Sufficient Inadequote
Asbestos (AB) ic Sufficient Sufficient
Benzene (BN) IC Sufficient Limited
Benzidine (BZ) ic Sufficient Sufficient
Cadmium (CD) It Limited Sufficient
Chlorambucil (CB) D Sufficient Sufficient
Chromium (CR) IC Sufficient Sufficient
Cigarette smoke (CS)P - - - -
Diethylstilbestrol (DS) D Sufficient Sufficient
Epichlorohydrin (EC) Ic Inadequote Sufficient
Estrogens (ES) (conjugated) D Sufficient Inadequate
Ethylene oxide (EO) IC Inadequaote Limited
Isoniazid (IS) {isonicotinie D Inodequate Limited

acid hydrazide)
Melpholan (ML) D Sufficient Sufficient
Methylene chloride (MC) IC Incdequate Sufficient®
Nickel (NC) IC Limited Sufficient
Phenacetin (PH) (onolgesics b Sufficient Limited
containing phenocetin)
Polychlorinoted biphenyls (PC) IC Inadequate Sufficient
Reserpine (RS) D Inodequate Limited
3accharin (SC) F Inodeguote Limited
Trichloroethylene (TC) IC Inandequate Limited
Vinyl Chloride (VC) ic sufficient Sufficient

QIC = industrial chemical: D = drug; F = food additive or contominant.

PNot considered in IARC monographs, clthough tocbocco smoke is

acknowledged by IARC as a known human carcinogen.
€although classified as "Incdequate” by IARC {2), results of studies
completed since IARC evaoluation indicate that the evidence for the
carcinogenicity of methylene chloride in animals is now "Sufficient”

(8).
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Table 4

DESCRIPTIONS OF INITIAL ANALYSES

Analysis Template9 Differences?.
) Bose [described in Table 1]
Analysis
1 o] limited to experiments of long observation
2 0 limited to experiments of long dosing
3a 0 route like human route only
3b o any route :
4a o mg/kg/day
4b o] ppm diet
4e 0 ppm Gir
4d o mg/kg/lifetime
5 o] doses averaged over first 80% of experiment
6 0 early deaths eliminoted ‘
7 0 malignant responses only
8a 0 combination of significant responses only
8b 0 totol tumor-beoring animals only
8c 4] response thot human get only
g 0 results averaged over sex within study
10 e results averoged over study within species
110 o} results averoged over all speciss
11b 0] results averaged over rats and mice only
ilc 0 rat doto only
114 0 mouse data only
12 o] results overaged over sex, study, and species
13 12 limited to experiments of long dosing and
: observation
14 12 malignant responses only
15 14 limited to experiments of long dosing and
observation
16 12 combination of significant responses only
17 186 limited to experiments of long dosing and
) observation
18 12 combinotion of malignant significant responses
only
19 18 limited to experiments of long dosing ond
observation
20 12 total tumor-bearing animals only
21 20 limited to experiments of long dosing and
observation
22 12 total malignancy-bearing animols only
23 22 limited to experiments of long dosing and
observation
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Table 4 (continued)

DESCRIPTIONS OF INITIAL ANALYSES

Anglysis Templated Differences®
24q 12 mg/kg/day
24b 12 ppm diet
24¢ 12 ppm air
24d 12 mg/kg/lifetime .
25 o

route and response that humans get only

9The template is the analysis which most closely resembles a given
anolysis. '

bPThe differences listed are ths ways in which the analysis in questien
differs from its template. For Analyses 0, no "differences" are
defined. The approaches to this analysis are indicated in Table 1.
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Table 5

DESCRIFPTIONS OF SUPPLEMENTAL ANALYSES

Anolysis Templote® Differences?P
30 0 mg/kg/doy; any exposurse route
31 30 mg/mé /day
32 30 ppm diet
33 30 ppm air
34 30 mg/kg/lifetime
35 30 limited to experiments of long observation
36 30 limited to experiments of long desing
37 30 - route like humans only
38 30 oral, gavage, inhalation, or route like humans
41 30 malignant responses only ;
42 30 combingtion of significant responses only
43 30 total tumor-bearing animals only
44 30 response that humans get only
45 30 results averaoged over sex within study
46 30 results overaged over study within species
47 30 results averaged over all species
48 30 results averged cover rats ond mice only
49 L14] rat data only ’
50 30 mouse dato only

OThe template is the anaolysis which a given analysis most closely
resembles.

PThe differences listed are the woys in which the analysis in question
differs from its template.
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Toble 6

RANKS BASED ON LENGTH OF EXPERIMENT
AND NUMBER OF TREATED ANIMALS

Length of Number of Doéed Animals
Experiment? 50+ 15-49 < 15
> 75% ‘ 1 2 - 5
50-75% 3 4 7
< 50% : 6 8 ) 9

QThese values are expressed as percentages of the stondord experiment
length of the test species.
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Table 7

COMPONENT-SPECIFIC UNCERTAINTY: MODES AND DISPERSION
FACTORS FOR RATIOS OF RRDSO, BY SUPPLEMENTAL ANALYSISD

Number of ‘ Mode of Dispersion
Analysis Chemicols Histogrom Factor®
3 44 .05 - .1 2.3
32 44 .2 - .5 1.7
33 Ly .2 - .5 1.8
34 44 .02 - .0% 1.3
35 50 .8 -1.25 28.5
38 34 .8 -1.25 86.0
37 24 .B - 1.25 5.3
38 40 .8 -1.25 33.7
41 39 .8 -1.25 280.6
42 29 .8 - 1.25 75.6
43 31 8 = 1.25 39.6
L 37 .8 -1.25 54.1
45 - 44 .8 - 1.25 1.2
46 44 .8 -1.25 1.7
47 44 .8 - 1.25 2.2
48 43 .8 -1.25 23.2
49 39 .8 - 1.25 39.8
50 . 36 .8 - 1.25 335.8

9The rotios aore of the chemicol-specific RRD estimates from the
indicated anolysis to those of Analysis 30 (¢f. Table 5).

PThe aonclyses were performed with the Log predictor and using the full
sieve.

©The dispersion foctor is the averoge factor by which the ratios differ
from the mode.
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Table 8

CORRELATION COEFFICIENTS AND ASSOCIATED
p-VALUES, BY ANALYSIS METHODY

Number of p-

Analysis Chemicals P __value
0 20 .78 .0001
1 18 .68 .001S
2 19 .49 .0153
3a 17 .73 . 0007
3b 23 .80 <. 0001
4a 20 .78 .0001
4b 20 .78 . 0001
Le 20 .78 <.0001
4d 20 .78 <. 0001
5 20 .79 ] <. 0001
6 5 .79 L0342
7 19 .76 .0001
8a 13 .58 0214
8b 17 .66 .0022
8c 18 .76 .0001
9 20 .76 .0003
10 20 .77 .0002
11a 20 .76 «.0001
11b 20 .76 <.0001
11¢ : 19 .79 <.0001
11¢ 13 .76 .0023
12 20 .75 <.0001
13 18 &3 .0416
14 19 .71 .0005
15 18 .46 .0316
16 13 .49 . 0436
17 11 . .58 L0301
18 10 .73 .0090
19 9 .79 .0058
20 17 .63 .0043
21 13 .38 .1023
22 15 .35 .1036
23 13 .18 .2821
24a 20 .75 .0001
24b 20 .74 . 0001
24c 20 .74 .0001
24d 20 .75 <. 0001
25 16 .B1 .0002

9A sieve to screen the data hos been used.
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Toble 9

CONVERSION FACTORSQ CORRESPONDING TO VARIOQUS
DOSE UNITS, BY METHOD OF ANALYSISP

Units Anglysis Method
mg/me/day Restricted routes, unaveraged (0) 1.58 - 2.07
Restricted routes, overoged {12) 3.47 - 5.61
Unrestricted routes, unaveraged (31) 8.45 - 12.02
mg/kg/day Restricted routes, unoveraged (4a) 0.28 - 0.40
Restricted routes, averaged (24a) 0.43 -~ 0.861
Unrestricted routes, unaveraged {30) 1.08 - 1.70
ppm diet Restricted routes, unaveroged (4b) 0.58 - 1.17
Restricted routes, overaged (2u4b) 1.77 -~ 2.95
Unrestricted routes, unoveraged (32) 4.52 -~ 5.94
ppm air Restricted routes, unaveroged (4c) 0.83 - 1.06
Restricted routes, averaged (24c) 1.82 - 2.86
Unrestricted routes, unaveraged (33) 1.89 ~ 6.61
mg/kg/life Restricted routes, unaveroged (4d) 10.40 - 16.87
Restricted routes, averaged (2&4d) 19.63 - 23.12
Unrestricted routes, unoveroged (34) 72.85 - 79.62

@The multiplicative factor by which biogssay-bused RRDs overestimote, on
average, RRDs obtained from human dota.

bThe range given is that suggested by the CAUCHY and TANH loss func-
tions: 0ll results bosed upon median lower bound (Log) estimctor.
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Table 10

COMPARISON OF RESULTS FOR SELECTED ANALYSES®

Bios-
Correcting Residual
Number of Correletion Totol Incremental Conversion Uncertainty

Analysis Chemicols Coefficient Normalized LossP? Foctors® Foctord
o} 20 0.78 1.15 1.6 - 2.1 5.3
0% 20 .78 1.71 12 - 12 16.2
7 19 0.76 1.40 1.6 - 3.6 5.4

11c 19 0.77 0.62 0.81 - 1.9 4.5
11d 13 0.76 1.01 3.7 - 4.3 3.1
17 1 0.58 0.27 2.8 - 2.8 4.2
20 17 0.67 0.62 0.69 - 0.78 7.1
30 23 0. 91 0.39 1.1 - 1.7 2.0
31 23 0.90 0.53 8.5 - 12 2.0
43 17 0.74 0.28 0.18 - 0.29 2.8
45 23 0.91 0.27 1.2 - 1.7 1.7
47 23 0.89 0.28 1 - 1.7 1.8

OThe results correspond to the member of the pair (with sieve, without
sieve) thot gives best results. For Analyses 11¢, 20, and 43 this is
without the sieve; for other analyses this is with the sieve. The
mediaon lower bound predictor, Lpg, is used in all onalysses except for
the exception noted.

YThis value is not the saome os that in Toble 2-8 beccuse the inclusion
of the supplemental ocnolyses reduced the minimum average loss for two
of the three loss functions and increosed the maximum loss for all
three of the functions. .

CThese values ore the factors, 10%, based on the y-intercepts from the
CAUCHY and TANH loss functions (cf. Tables 2-13 and 2-17) ond represent
the cveroge rotio of human RRDs to onimal RRDs.

dresiducl uncertainty is from Toble 2-21 or 2-22. It is the factor
computed for agll chemicals and represents the averaoge factor by which o
prediction must be multiplied or divided in order to eliminate
uncertainty not due to uncertainty in the human estimotes.

®Using minimol lower bound estimotor Lpy. '
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Figure 1. Bestestimates and upper and lower bounds for RRDs
from each human study.

© Marks the data selected to represent the chemicel when comparisons
‘with biossssy~besed estimetes sre made.

+ Marks poor fit of linesr dose-response model to data.
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from each humen study,

© Marks the date selected to represent the chemical when comparisons
with bioassey- besed estimates are made.

+ Merks poor fit of lineer dose-response model to deta.
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Log of Human RRD Estimates
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Correlation of Animal and Human RRDs - Analysis 3b

Any Route of Exposure

| 1 j w1 | | L {

-5 -4 -3 -2 ‘ -1 o 1 2

Log of Animal RRD Entimates



LS

Log of Human RRD Estlimates

Figure 4

Correlation of Animal and Human RRDs - Analysis 7T
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Log of Human RRDO Estimates

Figure 9
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Lag of Human RRD Eatimateas
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Log of Human RRD Estimates
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Figure 8
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